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LETTER FROM THE EDITOR-IN-CHIEF

Dear readers,

You are holding the latest issue of the international scientific journal Foods and Raw Materials. In 2017, we
celebrate the journal’s fifth anniversary. Almost 5 years ago Foods and Raw Materials was launched at
Kemerovo Institute of Food Science and Technology (University) for Russian scientists to exchange their
opinions and ideas. Eventually, a number of foreign authors joined us. Foods and Raw Materials has risen
from a university bulletin to the journal included in the Emerging Sources Citation Index (ESCI), a new
index in the Web of Science Core Collection. Since 20186, it is indexed in SCOPUS database. Foods and Raw
Materials has become a powerful information platform, a reputable scientific journal, and an internationally
recognized leader in its academic sphere. Since the publication of the first issue, the editorial board has made
it a mission to spread the works on the topics addressed in the journal in the international scientific
community, to strengthen the presence of the shared scientific achievements on the international arena, as
well as to highlight the results of promising areas of scientific researches in food industry and related
industries.

The success of any project is measured by its final results. Coordinated work of our international editorial
board allows the readers to always be aware of the results of scientific researches, and theoretical and
experimental studies performed in both Russian and foreign organizations, as well as the results of the
authors’ independent researches. It also allows bringing together the findings of different categories of
researchers at academic and non-academic institutions, creating and supporting a common space of scientific
communication, and bridging the gap between scientific publications of regional, federal and international
levels.

Over the years, the international scientific journal Foods and Raw Materials has become a platform for
researchers from different countries to share alternative solutions to the problems of the modern society. We
hope that our journal will become your reliable guide in the scientific area and will help you to always be
aware of the relevant research issues in food industry and related spheres. We are looking forward to
welcoming you as our authors!

Yours sincerely,

Alexander Yu. Prosekov
RAS Professor, Doctor of Engineering
Editor-in-Chief of Foods and Raw Materials
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FOOD PRODUCTION TECHNOLOGY

INFLUENCE OF PLASTICIZER CONTENT ON ORGANOLEPTIC,
PHYSICO-CHEMICAL AND STRENGTH CHARACTERISTICS OF APPLE
SAUCE-BASED EDIBLE FILM
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Abstract: Biodegradable edible films are developed as alternative packaging materials. Due to their unique
chemical composition, apples can act as a raw material for the production of edible films. The aim of the work is to
create an edible film from apple raw materials using the following plasticizers: agar, carrageenan or xanthan gum.
Edible films have a yellowish color, characteristic for apple sauce. The film with the addition of xanthan gum as a
plasticizer has the most acceptable flavor properties. Microscopic examination of edible film samples was carried
out using a conventional and laser microscope. The structure of the edible film with an increase in the proportion of
fiber becomes more homogeneous. IR spectra with a Fourier resolution of the analyzed edible film samples were
obtained, which make it possible to isolate the presence of free hydroxyl groups. For edible films based on apple
sauce with the addition of agar and xanthan gum as a plasticizer, there is a tendency to increase the tensile strength
with increasing the amount of plasticizer (from 1.32 to 1.70 MPa for agar and from 1.68 to 3.50 MPa for xanthan
gum). With a longer time of exposure to water and a higher water temperature, the edible film samples are

destroyed.

Keywords: Edible film, apple sauce, agar, carrageenan, xanthan gum
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INTRODUCTION

Currently, packaging films are widely used to
preserve perishable products such as meat, fish,
confectionery, cheeses, pasta, fats, etc. Polyethylene
films made from synthetic polymers are increasingly
used for food packaging because of their low cost, ease
of molding and high mechanical and barrier properties
[1]. However, they do not decompose and do not
recycled that causes serious environmental problems due
to waste and the accumulation of environmental
pollution [2]. Interest in environmental problems is
increasing all over the world and it is especially relevant
for the Russian Federation, because for a variety of
reasons, 2017 has been declared a year of ecology in
Russia. Biodegradable food films are developed as
alternative packaging materials and are of great interest
to many researchers. Over the past 10 years, the
production of biodegradable films has increased tenfold.
Research of scientists in this area also increased
manyfold. Food films are known, made of
polysaccharides, such as cellulose, chitosan and starch
derivatives; proteins such as gelatin, corn zein, wheat
gluten and soy protein; and lipids, such as paraffins, fatty
acids and resins [3—7].

Currently, active research of the chemical
composition and physical and chemical properties of

apples is underway, as they are a widely consumed fruit,
as well as a good source of insoluble (cellulose,
xyloglucan) and soluble dietary fibers (mainly pectic
polysaccharides) [8].

Apples have a number of advantages as a raw
material for the production of edible films:

(1) wide raw material base within the Volga region and
the whole territory of the Russian Federation;

(2) presence in the chemical composition of substances
necessary for the quality of edible films: cellulose,
hemicellulose, pectin, etc.;

(3) developed technologies of processing into various
semi-finished products;

(4) ability to vary the chemical composition depending
on the variety of apple;

(5) presence of special physical properties of semi-
finished products from apples important for the
production of edible films: fluidity, pumpability,
moldability.

In addition, apples are an important source of
phytonutrients with biological activity and health effects,
such as vitamin C, potassium, dietary fiber. Due to these
components, the content of saturated fats, cholesterol,
and sodium in living systems decreases. Among medical
research, the most relevant at the moment are studies on
the effect of apple components on the development of

Copyright © 2017, Bykov et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

This article is published with open access at http:/frm-kemtipp.ru.
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cancerous diseases. In the study [9] of the effectiveness
of reducing the occurrence of breast cancer cells by the
example of apples of different varieties, important
results were obtained: apples of Red Delicious and
Golden Delicious varieties prevent the studied disease.
Brazilian researchers conducted [10] studies in 2003 on
33 women over 45 years of age and found a correlation
in the diet of apples, melons, tomatoes and the risk of
breast cancer.

Due to their unique chemical composition, apples
can act as a raw material for the production of edible
films. As a plasticizer for apple raw materials, such food
raw materials as agar, carrageenan and xanthan gum can
be used.

Agar-agar (agar) is obtained from marine red algae
of Cracolaria, Gelidium, Ahnfeltia species growing in
the White Sea and the Pacific Ocean. Depending on the
type of algae, the composition of the isolated
polysaccharides can vary (mixture of agarose and
agaropectin) [11]. The agar dissolves slightly in cold
water and swells in it. In hot water, it forms a colloidal
solution, which upon cooling gives a good, durable gel
with a vitreous fracture. In agar, this process is carried
out by the formation of double helices and their
association, regardless of the content of cations, sugars
or acids. Gel-forming ability of agar is 10 times higher
than that of gelatin. When heated in the presence of acid,
the gel-forming ability is reduced. Gels are stable at pH
above 4.5 and thermo-reversible. Agar is used in the
production of confectionery products (jelly marmalade,
pastille, marshmallow), meat and fish jellies, various
jellies and puddings, and also for clarifying juices. All of
the above allows to recommend agar-agar as a
component of edible films.

The term "carrageenans" refers to a group or family
of sulfonated galactans extracted from red algae of
Rhodophyta species by dilute alkali solutions, usually
producing the sodium salt of carrageenan [12]. They are
linear chains consisting of D-galactopyranosyl units
linked by alternating (1—3)-a-D- u (1—4)-B-
D-glycosidic bonds, most of the saccharide units having
one or two sulfate half-ester groups are esterified at the
C, or C, atom to hydroxyl groups. Galactcopyrase units
often contain 3,6-anhydride rings. The content of
sulfates in such compounds is 15-40%. In this case, the
sulphate group giving the chain a negative charge at all
pH values is ionized, so that the molecules do not
precipitate at low pH values. In modern food products,
the stabilizing and gelling properties of carrageenan are
used. It is found not only in ham, sausages, poultry
products, but also used to make the glaze of cakes and
pastries. Carrageenan forms good elastic gels, which
allows it to be used in edible films.

By chemical nature, xanthan gum is a
heteropolysaccharide consisting of the residues of D-
glucose, D-mannose and D-glucuronic acid, and is
obtained by fermentation wusing the bacterium
Xanthomonas campestris. Films of xanthan gum have
the properties of pseudoplastics with rheological
behavior in an aqueous medium. This property is
favorable for films, since xanthan gum is easily
dispersed in cold or hot water, but all this has little effect
on its viscosity, regardless of temperature and acidity
[13]. Films of gelatin saturated with xanthan gum are

transparent with excellent resistance to ultraviolet light,
low vapor permeability, improved mechanical properties
and thermal stability [14]. Xanthan gum is characterized
by formation of high-viscosity stable food systems and it
also makes it possible to use it in edible films.

[15] describes the production of biodegradable
films from agar-agar, carrageenan and
hydroxypropylmethylcellulose and glycerol, which
were used as a plasticizer. Various compositions
from biodegradable films based on natural
polysaccharides were analyzed for their rheological
properties and physico-mechanical characteristics, as
well as for preservation and ecotoxicity index. It was
found that these polymer films are biodegradable
and relatively bio-safe. Strength tests showed that
the film compositions with carrageenan have a
higher strength than polymers containing agar-agar
only. Also, biopolymers containing carrageenan
have an increased chemical resistance (prolonged
time of dissolution in hydrochloric acid).

The use of hydrocolloids of vegetable origin such as,
starch, pectin, carrageenan, and agar-agar is promising
because of their structural and mechanical properties and
micromorphological features [16]. It has been found that
with respect to strength and suitability for use in films,
the plasticizers can be arranged in ascending order as
follows: starch, carrageenan, pectin, agar-agar.

Although edible films are not so widely known to the
conventional consumer as synthetic polymeric films,
however, a number of scientific papers in recent years
have as their object of study the creation, formulation,
production technology, the study of physical properties
and mechanical strength for edible films, both on the
basis of vegetable, and animal raw materials [17].

French scientists produced an edible film based on
the hydrocolloid matrix of iota-carrageenan with the
addition of glycerol and 30, 60, 90% glycerin
monostearate by drying at 100, 150, 200°C [18]. The
structure of the film was studied by electron microscopic
examination. The data show that it was possible to
obtain a two-layer film.

For biscuit and gel from agar, an intermediate edible
film of acetylated monoglycerides is proposed [19]. The
film was obtained by melting, sputtering or pouring. The
larger the film thickness, the better its barrier properties.

In the literature, examples were found on the use of
edible films with various plasticizers as packaging
materials. For beef cutlets, several types of edible
coatings were used from wheat gluten, soy protein,
carrageenan, chitosan [20]. In cutlets, moisture loss,
oxidation level (thiobarbit ratio, hexanal content) were
monitored during storage for 3 days at 4°C. As a
control, a polyvinyl chloride film was used. Based on
the results obtained, the authors conclude that edible
films do not protect against oxidation.

d-limonene and n-hexanal were encapsulated in an
edible film of iota-carrageenan with or without lipids
[21]. Such film samples were tested for wetting ability at
temperature 25 and 35°C of medium composition (water
and 0.9% NaCl solution). All the factors considered
influence the level of retention of aromatic substances in
the film.

Thus, the prospects for creating edible films are
obvious.
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The purpose of this work is to create an edible film
from apple raw material using agar, carrageenan and
xanthan gum as plasticizers, to compare the
organoleptic, physico-chemical and mechanical
characteristics, the water-absorbing capacity of the
edible films, depending on the nature and amount of
the plasticizer introduced.

OBJECTS AND METHODS OF STUDY

Experimental work was conducted at the
Department of Technology and Organization of Public
Catering of the Samara State Technical University.

The apples used in this study grow on the territory
of the Samara Region, Russia (53 12' N and 50 06' E)
of the 2016 crop. Apples of varieties Semerenko, Sinap
and Antonovka were used. These varieties were chosen
in terms of yield and chemical composition.

Chemicals and reagents. All plasticizers used
have '"chemically pure" degree of purity: agar,
carrageenan, xanthan gum (Sigma Aldrich, Germany).

Preparation an edible film. Edible films from
apple raw material using as a plasticizer xanthan gum,

carrageenan and agar-agar were prepared as follows:
apples were cleared from inedible parts, treated with
water vapor, ground to a sauce state, the sauce was
concentrated, then a plasticizer (2—4% by weight of
apple sauce) was added to the resulting mass and a
sheet of film was made by rolling. The resulting sheet
of edible film with a thickness of 1-3 mm was dried at
55-70°C for 1-3 hours, and then cooled to room
temperature.

Organoleptic analysis of edible film. The
organoleptic analysis of edible films was carried out in
accordance with GOST R ISO 8586. The analysis
involved 14 people, whose average age was from 18 to
50 years old, trained according to GOST ISO 8586-1-
2011. The general rules of organoleptic analysis
corresponded to GOST ISO 11037-2013. For the
analysis, samples of edible films 10x10 cm were taken.
Color, taste, flavor, and consistence were used as the
evaluated parameters for organoleptic analysis of
edible films [22-25]. Table 1 shows the distribution of
scores for different indicators. The results of the
organoleptic evaluation were treated statistically.

Table 1. Organoleptic properties of edible films from apple raw material with the addition of plasticizers

Parameters | Test results | Number of points
Edible film using 2 agar
Color Pale yellow 5
Flavor Weak apple 5
Taste Sourish apple 5
Consistence Resilient 4
Chewing ability Good 4
Edible film with 4 agar
Color Pale yellow 5
Flavor Weak apple 5
Taste Apple 4
Consistence Resilient elastic 5
Chewing ability Medium 4
Edible film with 2 carrageenan
Color Pale yellow 5
Flavor Weak apple 5
Taste Sourish apple 5
Consistence Resilient 4
Chewing ability Good 4
Edible film with 4 carrageenan
Color Pale yellow 5
Flavor Weak apple 5
Taste Apple 5
Consistence Resilient elastic 5
Chewing ability Medium 4
Edible film with 2 xanthan gum
Color Pale yellow 5
Flavor Weak apple 5
Taste Sourish apple 5
Consistence Resilient 4
Chewing ability Good 5
Edible film with 4 xanthan gum
Color Pale yellow 5
Flavor Weak apple 5
Taste Apple 5
Consistence Resilient elastic 5
Chewing ability Medium 4

7
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Photographing samples of edible film.
Photographs of edible film samples were made using a
camera Sony Alpha ILCE-6000 Kit: film samples
having a size of 5 x5 c¢cm were placed on a sheet of
black velvet paper and photographed in daylight.

Microscopic examination of film samples.The
film structure was studied using a 400x, Celestron
biological laboratory microscope, and JEOL—-6390A
scanning microscope with a resolution of up to 3 nm
and magnification of 30x, 100x and 500x; accelerating
voltage 20 kV. A thin section of the edible film was
placed on the center of the slide and covered with a
cover glass on top.

IR spectroscopy with Fourier resolution. IR
spectra were recorded on a Shimadzu IRAffinity-1
instrument in a thin layer with a Fourier transform.

Water-absorbing capacity. The effect of the
introduced plasticizer on the water-absorbing capacity
of the film is determined. The water-absorbing capacity
was determined for all films by the method of
Gialamas H. with amendments [20]. Samples of films
were placed in distilled water and kept at 23°C for 30,
60, 90 minutes and at 90°C for 30, 60, 90 minutes in
the TSO-1/80 thermostat to produce films with
different moisture content. The degree of water
absorption was determined as the ratio of the film
weight after the experiment to the film weight before
the experiment in percent. After three consecutive
measurements, the average of the arithmetic mean was
determined.

Film thickness. The film thickness was measured
with a digital micrometer FIT 19909. Five
measurements were made for each film: one in the
center of the sample and in different parts of the
perimeter. The average thickness value w calculated
(Table 2).

(d)

Tensile tests. Tensile tests of film materials were
carried out on a laboratory test complex including a
tensile machine INSTRON-5988 (Testing
Laboratory for Determining Mechanical Properties
and Chemical Composition of Structural Materials,
Samara State Technical University, research
scientist A.E. Gorbunov) with the rate of application
of the load in large ranges from 0.001 mm/min to
508 mm 0.001 mm/min. Samples with a width of
10 mm were tested at a distance between the clamps
of 150 mm. Determination of deformation properties
of materials with obtaining "load-displacement",
"stress-displacement” dependence diagrams and
mathematical processing of the results was carried
out using the Bluehill 3 software (GOST R 53226-
2008).

RESULTS AND DISCUSSION

According to the technology developed by us, six
samples of edible film with different types and
contents of plasticizers were made. For the prepared
film samples, organoleptic characteristics, structure,
strength properties and water-absorbing capacity were
studied.

Photographs were obtained for all six film
samples. Fig. 1 shows that all the films have a
yellowish color characteristic for apple sauce. The
color shades of the film differ slightly. The structure
of all the film samples is dense. For a film with the
addition of agar, a decrease in the number of
inclusions of air bubbles with an increase in the
amount of the additive is observed. The film with the
addition of xanthan gum practically does not have
inclusions of air bubbles. The surface of the films is
smooth and shiny.

6]

Fig. 1. Appearance of edible film from apple raw material with the addition of plasticizers: (a) 2% agar, (b) 4% agar,
(¢) 2% carrageenan, (d) 4% carrageenan, (e) 2% xanthan gum, (f) 4% xanthan gum.
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For the conventional packaging of food products,
appearance and flavor of the material are important.
However, the edible film is a very specific type of
packaging, for which, in addition to the appearance
and flavor, taste and consistency of the edible film
are important as well. Therefore, organoleptic
testing in the case of edible film has a particularly
important role. With all the positive properties, an
edible film with poor organoleptic properties will
not find its consumer. All films have a weak taste of
apple sauce. All films have an attractive natural
pale-yellow color. Films have apple flavor,
corresponding to the natural flavor of apples. The
taste of all films is associated with apples. They
have a sourish pleasant taste. A film of xanthan gum
has the most acceptable taste properties. All edible
films have resilience and elasticity. This is
especially pronounced in the presence of plasticizers
in the film composition in an amount of 4%.
However, with an increase in the amount of
plasticizer for all types of films, the chewing ability
of films decreases. In general, it should be noted
that, despite the fact that all the edible films
obtained have an attractive appearance associated
with natural fruits — apples, samples of films with a
lower content of plasticizers are more appealing in
terms of taste and chewing ability. Increasing the
proportion of plasticizer to 4% leads to the presence
of a "rubber-like" structure. For edible films, criteria
for organoleptic tests have been developed and the
results are given in Table 1.

For packaging materials, structural properties are
extremely important, since the structure largely
determines the qualitative characteristics and
physical properties. The structure of the film was
studied using a biological laboratory microscope —
400x, Celestron and the results are shown in Fig. 2.
The mechanical properties of the edible film are
determined by the presence of a homogeneous
structure. For an edible film made from apple sauce
with the addition of agar and an increase in the
proportion of plasticizer, the density of the structure
increases and the number of air bubbles decreases
(Fig. 2a, 2b). A similar dependence is observed for
an apple sauce-based edible film with the addition of
xanthan gum (Fig. 2e, 2f). Increasing the proportion
of plasticizer, although somewhat degrades the
eating qualities of edible films, but improves their
structure. In this series of experiments, it can be
stated that agar, carrageenan and xanthan gum
exhibit stabilizing properties, making the film
structure more homogeneous.

More detailed data on the structure of the film
can be obtained by electron microscopic
examination. Fig. 3-5 shows photographs of film
samples made with the JEOL-6390A scanning
electronic microscope. Studies carried out with the
help of an electronic microscope make it possible to
obtain more extensive data on the structure of edible
films. Interestingly, edible films with carrageenan
have a more ordered structure than other film
samples studied.

Fig. 2. Microscopic examination of edible films based on apple raw material with the addition of a plasticizer: (a) 2%
agar, (b) 4% agar, (c) 2% carrageenan, (d) 4% carrageenan, (e) 2% xanthan gum, (f) 4% xanthan gum.
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(b)

Fig. 3. Electron microscopic examination of edible films with the addition of 2% agar with magnification of: (a) 30x,

(b) 100x, and (c) 500x.

Fig. 4. Electron microscopic examination of edible films with the addition of 2% carrageenan with magnification of:

(a) 30x, (b) 100x, and (c) 500x.

(b)

X500 50pm

Fig. 5. Electron microscopic examination of edible films with the addition of 2% xanthan gum with magnification of:

(a) 30x, (b) 100x, and (c) 500x.

IR-spectroscopy is a method that allows to
characterize the chemical composition of the edible
film. The IR spectrum of an apple sauce-based edible
film with agar, carrageenan, xanthan gum as a
plasticizer, is characterized by the presence of a wide
absorption band in the region of 3274-3357 cm’,
relating to the stretching vibrations of the hydroxyl
group (voy); deformation vibrations of the hydroxyl
group are observed in the region of 1338 and 1417 cm™
(Fig. 6). A weak peak of the valence vibrations of the
carbonyl group in the region of 1729 cm™ describes the
presence of agar plasticizer in the film. In the IR
spectrum of the apple sauce-based edible film with the
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addition of carrageenan, there is a broad band in the
region of 3266-3384 cm™, which refer to the valence
vibrations of the hydroxyl group (von). The band has a
high intensity, because the group participates in the
formation of intermolecular bonds. The deformation
vibrations ooy of this group are detected by a peak of
1340, 1417 cm™. The plasticizer xanthan gum on the
spectrum can be described by a weak signal of valence
vibrations of the C=0O group (1733 cm™).

Tests of the water-absorbing capacity of the edible
film (Table 2) were carried out at two different
temperatures: 23 and 40°C, and three time intervals:
30, 60 and 90 min.



ISSN 2310-9599. Foods and Raw Materials, 2017, vol. 5, no. 2

E A,
£3 ™,
‘ﬁ-—_ I|III
L '1| T
R | W
R II: .’:Ir i.“ll'- _."I I'|
g " \ A
g T‘ I.I' !;\..",J g \flhqf{ IITI :‘I:I‘.! It
i & = L= oa | ofeil
B Gl B
g gt 2R EE PR
= @] ' f* B Tk
X i | / 1 &
k] 3 1 I gl |
Bl By
° A4 i
LE §gugse %
: et — S ——
W0 S0 300 00 300 300 2000 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 00
Wavenumber (cm™)
(a)
- 1“’\’1?\\"'\
88 )1
E3 |
- \ 1
o H: \/\
é '-—' \| '\‘.l‘ l‘g’ I/\
é % t'l, | 28 .I_,\.I/\FJ'F *-"'l"l"l
T & Lasg A
g % " ¥ 358 Ié.gl??'\\
s @ \ [ s 2R 5 RN
S ! { 3 [ s
@
o \ / §'| I(
i
* —\( £
_ v L
3 i
B
W00 3600 00 3400 0 000 280 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 6
Wavenumber (cm’™)
(b)
R
w "
- \
B ———
T
3 ™ :
B oo
g Nl
P = \ ' stdi
g 8 g | §§é‘{\i\
s W \ : f e
s = : ||| H - ! -
- \ |
% \ / §=|I }
6 ) 1L
é:"ﬁ:.\?g‘\‘/ggg SE
B gae b
pEEEEEERTS
Ss~#g§aas

W00 00 X0 0 0 G0 2600 2600 2400 2200 2000 1600 1600 1400 1200 1000 60 6

Wavenumber (cm™)
(©

Fig. 6. IR spectra of edible film samples based on apple sauce with the addition of: (a) agar, (b) carrageenan,
(c) xanthan gum.
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Table 2. Water absorption capacity of edible films based on apple sauce with the addition of a plasticizer

Conditions Water absorption capacity, %
(t, 7) Agar-agar, Agar-agar, Carrageenan, Carrageenan, Xanthan gum, Xanthan gum,
’ 2% 4% 2% 4% 2% 4%

23 C? 1084.21 895.24 351.43 402.04 894.59 984.38
30 min
23°C, Sample is Sample is
60 min dissolved dissolved 428.57 477.56 1108.11 1143.75
23°C, Sample is Sample is Sample is Sample is
90 min dissolved dissolved 1143 41347 dissolved dissolved
40°C, Sample is Sample is
30 min 797.14 1016 dissolved dissolved 962.50 826.00
40°C, Sample is Sample is Sample is Sample is
60 min dissolved dissolved dissolved dissolved 1167.50 916.00
40°C, Sample is Sample is Sample is Sample is Sample is Sample is
90 min dissolved dissolved dissolved dissolved dissolved dissolved

The characterization of the water absorption edible films with agar. It should be noted that studying

capacity is very important, since water absorption on
one side characterizes the ability of the edible film to
split in the human gastrointestinal tract, and on the
other hand describes the barrier properties of the edible
film with respect to water. For all films, the general
trend is: a higher temperature (40°C) and a longer time
of contact with water (60 and 90 min) promotes
dissolution of a film. In terms of water solubility,
edible films with the addition of plasticizers can be
arranged in a row in descending order: films with agar>
films with carrageenan> films with xanthan gum.

Strength characteristics of edible films determine
primarily the ability of the film to act as a barrier to
mechanical influences. But with respect to edible films,
another aspect should be considered: The too high
strength of the edible film causes a low chewing ability
of the film. As for the edible film, one should find the
most optimal strength with good chewing ability. The
results of tests of thickness, strength characteristics of
film edible materials are summarized in Table 3. For
edible films based on apple sauce with the addition of
agar and xanthan gum as a plasticizer, there is a
tendency to increase the tensile strength with an
increase in the amount of plasticizer, however, for a
film with the addition of carrageenan, the value of the
tensile strength varies in the same range, regardless of
the amount of plasticizer. This may be due to the fact
that the edible films of agar and xanthan gum with the
increase of the plasticizing additive change the
structure with a tendency to regularity, while the
number of air bubbles decreases. Films become more
homogeneous and well-ordered.

Undoubtedly, edible films with xanthan gum and
carrageenan are more durable. At the same time, their
results are more than 2 times higher than the results of

the structure of the edible film with a laser microscope
shows that the structure of the film with carrageenan is
more homogeneous. In this case, films with
carrageenan and xanthan gum are more resistant to
water absorption. If we summarize these data with the
results of an organoleptic analysis of edible films, we
can choose two types of films: with carrageenan and
xanthan gum as the most preferred.

Thus, on the basis of the data obtained, one can
state the effect of the type and amount of plasticizer
added on the organoleptic and physico-chemical
properties of apple sauce-based edible films. The most
durable is a film with the addition of 4% xanthan gum.

The complex of studies of single-layer edible films
performed during this work allows us to draw a number
of conclusions:

(1) For edible films with addition of 2 and 4% of agar,
carrageenan, xanthan gum plasticizers the film with a
lower number of plasticizers and have more attractive
organoleptic properties;

(2) Electron microscopic examination of edible films
allows to choose carrageenan as a plasticizer with a
high stabilizing ability;

(3) At room temperature films with carrageenan are
more resistant to water, but when the temperature is
raised to 40°C, edible films with xanthan gum can be
distinguished as resistant to water for a longer period of
time;

(4) The strength characteristics of the films also depend
on the nature and content of the plasticizer. Films with
carrageenan and xanthan gum are more durable;

(5) On the totality of the studied properties and
characteristics, films with carrageenan and xanthan
gum are promising.

Table 3. The thickness of the edible film based on apple raw material with the addition of plasticizers and its tensile test

Plasticizer added to film Film thickness, mm Tensile strength, MPa Tensile strength load, N
Acar 2% 0.30 1.32 3.95
£ 4% 0.28 1.70 5.03
Carrageenan 2% 0.24 3.17 6.34
£ 4% 0.28 3.26 9.07
Xanthan eum 2% 0.31 1.68 5.04
£ 4% 0.33 3.50 10.48
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Abstract: The fractional composition of proteins of the cod-fish family — polar cod (Boreogadus saida) and blue
whiting (Micromesistius poutassou) which are currently underutilized in the food industry has been studied. A method
of multiple extraction of homogenized fish raw material with solutions of increasing ionic strength and pH was used for
protein fractionation. Water-soluble (WSP), salt-soluble (SSP) and alkaline-soluble (ASP) fractions of fish proteins
have been separated. The content of protein in a whole fish and its aqueous extracts was determined by the Kjeldahl
method as well as photometric method. The amino acid composition of the proteins was studied by high-performance
liquid chromatography. Protein of blue whiting comprises 92% of WSP and SSP fractions; while polar cod comprises
only 60%. All proteins under study contain the full set of the amino acids including essential ones. The content of lysine
both in non-fractionated proteins contained in a whole fish and their fractions is considerable (from 59.5 to 121 g kg™).
When evaluating the biological value of proteins, their usefulness is established (there are no limiting amino acids). The
data of the rationality coefficient Rc which presents the balance of the amino acid composition of the proteins indicate
the high biological value of proteins of the whole polar cod and their ASP fraction. The fish species being studied can
be used for production high-grade protein products — fish hydrolysates and isolates. The possibility of using unrefined
fish is shown that is peculiarity of novel food technologies for obtaining protein products of high biological value.

Keywords: Amino acid balance, blue whiting, fractional and amino acid composition, polar cod, protein biological value

DOI 10.21603/2308-4057-2017-2-15-23 Foods and Raw Materials, 2017, vol. 5, no. 2, pp. 15-23.

INTRODUCTION Currently, the physicochemical characteristics and

The analysis of a range of foods consumed in most biochemical composition of the majority of traditional,
countries has proved the growing phenomenon of a commercially exploited marine species, including the
protein deficiency in products of animal origin [1, 2]. Arctic  bioresources, have been studied quite
Currently, industrially processed hydrobionts are a comprehensively. Yet, the decreased fishing volume of

source of high biological value protein that closely the most nutritionally valuable species in the Arctic
resembles that of animal origin. region, and the changed structure of harvested fish

Fish products play a major role in the rational food
intake of millions of people worldwide. Therefore, the
creation of new generation food products, based on
marine hydrobionts having improved nutritional and
biological value, is of great significance to
accommodate the increasing demand for high-quality
protein fish products. These types of foods, rich in
essential components, are intended to replenish the
amino acid and bioenergetic deficiencies of the
organism.

The World Health Organization and Institute of
Nutrition of the Russian Academy of Science have
developed the main requirements for a balanced diet
and its components [3-5]. When using marine
bioresources, the principle task is to develop new
technologies for separating organic components,
which is linked with the production of new types of
fish products that can meet specific biological,
medical and technological standards [4—6].

have led to the real need to start using non-traditional
and small-sized fish, such as the polar cod (Boreogadus
saida) and the blue whiting (Micromesistius
poutassou), for instance. Thus, an abundance of data
shows significant cumulative average stocks of blue
whiting and polar cod [6, 7]. This suggests the prospect
of increasing the production volume of these species
and a need to develop new fish processing
technologies.

The existing processing methods can be broadly
classified into two universal, technological schemes
for obtaining non-specific protein. This approach is
widely used in processing protein-containing raw
materials [8, 9] and manufacturing fish products,
including hydrolysates, isolates and concentrated
protein [9]. However, development of innovative
technologies to separate protein from the whole sum
of chemical components of fish raw materials is of
vital importance.

Copyright © 2017, Derkach et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
This article is published with open access at http:/frm-kemtipp.ru.
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At the research stage, it is important to fractionate
the proteins. This protein isolation is based on the
solubility principle of various types of proteins in
water, salt and alkaline solutions. The necessity of
such research is linked with the need to obtain data on
the value and technological characteristics of the raw
materials used for processing [10, 11, 12]. The
qualitative and quantitative protein composition and
the protein distribution patterns in the tissue of
hydrobionts are important when choosing processing
methods for raw materials with the aim of
maximizing the output volume of the final products.

In this context, the use of the so-called low-value
fishes as raw materials for processing is highly
valuable. Recent research devoted to characterizing
the chemical and biochemical composition of the
abovementioned species exists. However, there has
been done no in-depth research into the nutritional
value of the blue whiting and polar cod, which are
representatives of the cod family available in large
quantities.

Therefore, this study aims to examine the protein
composition of the raw material obtained from low-
value fish species of the cod family, i.e. blue whiting
and polar cod, for further utilization and to develop an
innovative hydrobiont processing technology.

OBJECTS AND METHODS OF STUDY

Food Samples Analyzed. Both blue whiting
(M. poutassou) (whole fish) and polar cod (B. saida)
(whole fish) were analyzed. The blue whiting was
caught by the Murmansk Trawl Fleet JSC in the
central and eastern part of the Atlantic in spring
(March) and in autumn (October) of 2015. The polar
cod was caught by the same company in the Barents
sea at the same time. Atlantic cod (Gadus morhua)
fillets (boneless without skin) were used as a
reference sample for comparison. The Atlantic cod
was caught by the Murmansk Trawl Fleet JSC in the
fishing parts of the Atlantic in April 2015. All the fish
were frozen and delivered to the port of Murmansk
(Russia). Fish was frozen in vertical quick-freezing
plate devices VPF-10 produced by "Factory of cold"
LTD (Russia), and then it was stored during 1 month
at the temperature not higher than minus 18°C.

Chemicals and Standards. All chemical reagents
used were either reagent or analytical grade. All
chemical reagents were purchased from “Petersburg’s
Red Chemist” LTD (Russia). Standard amino acids
for chromatography and crystalline bovine serum
albumin for spectrometry were purchased from
Sigma-Aldrich (Germany).

Protein Extraction. Fish protein was fractionated
by multiple extractions of homogenous fish raw
material with solutions of increasing ionic strength
and pH [18]. This method is based on the solubility of
the various proteins in salt and alkaline solutions.

The frozen samples (see section Food Samples
Analyzed) were defrosted with air at 18°C and cut
into small pieces. The pieces were homogenized
(Ase homogenizer, Nihonseiki Kaisha Ltd, Japan) at
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5000 rpm for 5 min. Three protein fractions, i.e.
water-soluble proteins (WSP), salt-soluble proteins
(SSP) and alkali-soluble proteins (ASP) were
extracted. The extraction process is shown in Fig. 1.

The WSP were extracted by soaking 1 g of
homogeneous sample in 10 mL of 0.03 M KCI
solution. The prepared solution was kept at 1-5°C for
2 h, then centrifuged at 4000 rpm for 20 min, and the
solution was separated from the residue by
decantation. The residue was 5 times extracted with
0.03 M KClI solutions (1 : 5 v/v) for 1 h, respectively.
The supernatant (WSP) and residue were kept for
further processing. So, 6 subfractions of WSP were
extracted.

The SSP was obtained by soaking the residue left
from extracting the WSP with Weber’s solution
(a mixture of 0.60 M KCI, 0.0010 M Na,CO; and
0.040 M NaHCO;) at a 1:10 v/v ratio, for 20 h.
Subsequently, the liquid part was decanted, and the
residue was extracted with 0.6 M KCI solution, then
with Weber’s solution and finally with 0.6 M KCl
solution for 1 h at 1:5 v/v, and 1 h infusion time,
respectively. The supernatant (SSP) and residue were
kept for further processing. This method made it
possible to extract 5 subfractions of SSP.

The ASP were obtained by extracting the residue
remaining from the isolated SSP with 0.1 M NaOH
solution (1:10 v/v) twice, for 2 and 20 h,
respectively. Then, the whole procedure was repeated
4 times at 1:5 v/v and 1 h infusion time,
respectively. The protein was extracted by
centrifugation at 6000 rpm for 30 min in 0.1 M NaOH
solution. This procedure helped to extraction of
6 subfractions of proteins soluble in 0.1 M NaOH.
The remaining residue was soaked in 1M NaOH
solution (1:10 v/v) at 65°C for 30 min. The
supernatant (ASP) and residue were kept for further
processing.

Protein Determination. The protein content of
the original blue whiting and polar cod (see section
Food Samples Analyzed) samples was defined
according to the total nitrogen content (TN, g kg™)
determined using Kjeldahl apparatus (JP Selecta,
Spain) which contains of two modules: the BLOCK—
DIGEST-12 for protein mineralization, and the PRO-
NITRO A for ammonia distillation. The amount of
protein (P, g kg') was calculated by multiplying the
TN by a conversion factor (usually of 6.25 for fish
protein).

The protein content of the polar cod and blue
whiting extracts from fractioning (see section Protein
Extraction) was determined by Lowry’s method based
on the reaction of the proteins with the copper (II)
salts in the alkaline solution followed by reduction
using phosphomolybdenum-tungsten reagent (Folin’s
reagent). These reactions results in production of
colored substances which can be determined by
measurement at 750 nm using a T70 UV/visible
spectrometer (PG Instruments, UK). Bovine serum
albumin (0.05-0.80 mg/mL) was used to establish a
calibration curve [13, 14].
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Fig. 1. Flow chart for the extraction of WSP, SSP and ASP from polar cod and blue whiting.

Amino Acid Determination. Samples (10 g) of
homogenized whole fish (polar cod, blue whiting) and
cod fillet (see section Food Samples Analyzed) were
combined with 96% (v/v) ethyl alcohol (1:5 w/w).
The protein precipitate was degreased with diethyl
ether and air-dried. Extracts of protein fractions
were freeze and vacuum-dried using a freeze-dryer
LSM-07 (Russia) at 45°C. The samples (20 mg) were
then hydrolyzed with 4 mL 6 M HCI in glass tubes at
120°C for 24 h under vacuum. The hydrolysates were
dried by a vacuum concentrator PE-8920 (Ecros,
Russia) at 60°C and then dissolved in citrate buffer
(pH 2.2). The amino content was measured [15] by an
automatic amino acid analyzer (AAA-88, Ingos
Laboratory Instruments, Czech Republic).

The tryptophan content was determined by
hydrolyzing the samples in 2% (w/v) KOH at 80°C
for 30 min, followed by photometric assay with
p-dimethylamine benzaldehyde and measurement at
650 nm using a photoelectric colorimeter. Tryptophan
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(0.02—1.00 mg/mL) was used to establish a calibration
curve [16].

Protein Biological Value Determination. The
biological value of the proteins and protein fractions
was defined by their amino acid contents. The
obtained data was compared with the reference
protein, etalon, which fully complies with a well-
balanced amino acid protein (the reference protein).

Etalon (ideal) protein according to World Health
Organization is a hypothetical protein which can
completely satisfy the human requirement in all the
essential amino acids.

The amino acid score of the i-amino acid (44S;, %)
was calculated as a ratio of the essential amino acids in
the examined protein (A;, g kg) to its content in the
reference protein (4., g kg™), according to the following
equation (1):

AAS, =j:-100%- Q)

c
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The biological value (£/N,) was calculated as the

ratio of the sum of essential amino acids (ZAessential ,

g kg') to the sum of the non-essential amino acids (
D Avon-esentia * & kg™ in the protein, as follows:

£ — ZAessential
Ne Z Anon—essemial
The rationality coefficient (R.), which characterizes

essential amino acids against a reference protein, was
calculated as follows:

2)

R = %, G)
Ki = M , 4)
AAS

where AASmi, (%) is a minimum amino acid score, and
K; is the utility factor of i-amino acid.

Statistics. Experiments were done in triplicate. The
data were analyzed by one-way analysis of variance
(ANOVA) using Origin Pro 8.0. Differences among
means were considered significant at p < 0.05.

RESULTS AND DISCUSSION

Basic chemical composition of the whole and
gutted fish. Chemical composition of the fish is not
constant; it depends on its feeding, and it is vary along
the year. The feeding intensity of the polar cod and the
blue whiting is usually minimal in spring (during

spawning period), but it is maximal in autumn (during
interspawning period). Table 1 shows the results of
researches of the basic chemical compounds in the
spring and autumn polar cod and blue whiting (both
whole fish and fillets).

The fish caught in spring was used for the further
researches.

Protein content of whole, cutted fish and waste.
Table 2 presents data on the protein content in the
whole fish, fish fillets, and fish waste (heads, fins,
viscera, bones). The protein content in the whole fish is
from 12 to 14% for the polar cod, and from 16 to 19%
for blue whiting. The protein content in the blue
whiting and polar cod fillets is somewhat higher (15—
17%) than in the whole fish, but even the wastes from
fish gutting is significant (from 10 to 16%), which is
comparable to the whole fish. Thus, the fish waste
produced during cutting, as well as the fillets, is a good
source of proteins, and they can be used for extracting
water- and salt-soluble proteins.

The analysis of the data presented in the Table 2
shows that a significant part of proteinous raw material
can be lost during fish cutting. In case of polar cod
cutting the losses are about 64% (of mass), in case of
blue whiting they about 41% (of mass). These numbers
theoretically correspond the losses of 55 and 37% of
proteins contained in the whole fish. The obtained
results showed the rationality of processing these fish
without cutting which can use the maximal amount of
proteins contained in fish for the finished product
(hydrolysate or isolate).

Fractional composition of proteins and amino
acids content. Table 3 presents the protein
fractionation results obtained from multiple extractions
(Fig. 1) of polar cod and blue whiting.

Table 1. Basic chemical content in spring and autumn polar cod and blue whiting (whole fish and fillets)

. Chemical composition
Fish Sample Season Water Protein Fat Ash
March 825 12.0 25 2.6
Polar cod Whole October 79.0 13.8 4.1 2.8
Fillets March 82.7 15.0 0.7 1.3
October 813 15.8 13 1.4
March 77.7 16.5 2.7 3.0
Blue whitin Whole October 76.0 16.9 42 31
ue whiting Fillets March 80.0 175 1.0 1.4
October 78.8 18.5 0.9 1.5

Table 2. The protein content of the samples of whole fish, fish fillets and fish waste from cutting

Fish Sample Protein Proportion from the | Protein proportioq of the
content, % whole fish, % whole fish protein, %
Polar cod Whole fish 11 100 100
— Fillets 14 36 44
- Waste.from cutting (heads, 9 64 56
fins, viscera, bones)
Blue whiting | Whole fish 13 100 100
— Fillets 13 59 59
- Waste~fr0m cutting (heads, 13 41 41
fins, viscera, bones)
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Table 3. Content of WSP, SSP, ASP (g kg™") in polar cod and blue whiting (whole and fillets)

. . . Polar cod Blue whiting
Protein fraction Subfraction Whole Fillots Whole Fillets
1 36.8 22.8 34.0 23.0
2 5.3 3.5 9.1 3.9
3 2.4 1.4 4.0 1.5
WSP 4 1.4 1.3 3.9 1.3
5 1.2 1.2 33 1.0
6 0.9 0.1 2.9 0.9
Sum 48.0 31.2 57.2 31.6
1 9.6 10.0 23.0 13.7
2 2.4 2.4 10.7 2.2
3 2.0 2.1 10.2 2.1
SSP 4 15 13 7.1 1.6
5 0.9 1.3 0.7 1.1
Sum 16.4 17.6 51.7 20.7
1 22.4 25.1 4.3 42.8
2 14.1 13.9 2.4 16.0
ASP 3 2.6 5.2 1.0 10.5
(in 0.1 M NaOH) 4 1.5 3.1 0.8 5.6
5 1.3 2.1 0.6 2.1
6 0.8 1.6 0.6 0.7
ASP
(in 1.0 M NaOH) 1 1.4 3.6 1.0 0.0
ASP (total) Sum 44.1 54.6 10.7 77.7
Total 108.5 103.4 119.6 130.0

The content of the WSP, SSP and ASP in the whole
polar cod and its muscle tissue (fillet) is almost
identical (48 and 31 g kg of WSP, 16 and 18 g kg of
SSP, 44-55 g rg” of ASP), while blue whiting proteins
are somewhat different: WSP and SSP in the muscles
are almost twice less (57 and 32 g kg™ of WSP, 52 and
21 g kg of SSP), but ASP is almost 7 times higher.
Analysis of Table 3 shows that the amount of WSP,
SSP and ASP yields from the blue whiting were 57, 52
and 11 g kg, while the corresponding values from the
polar cod were 48, 16 and 44 g kg, respectively.
Therefore, WSP and SSP comprise 92 and 60% of the
blue whiting and polar cod protein, respectively. The
blue whiting fillets (muscle tissue) contain more ASP
(60% of total), while the polar cod fillets contain
almost equal of ASP and sum of WSP and WSP
(52 and 47% correspondently).

The amino acid content of the blue whiting and
polar cod (whole fishes) protein is shown in Table 4,
which also provides the WSP, SSP and ASP amino
acid compositions. The research of amino acid
composition of ASP of the blue whiting has not been
carried because of the low content of the ASP. Data on
the sample of Atlantic cod fillet are also included in
Table 4 for comparison. Atlantic cod muscle tissue
contains about 20% of protein and less than 0.5% of
fat, so Atlantic cod is considered a reference fish raw
material of high protein content.

All the examined proteins in Table 4 are
characterized according to the full range of amino
acids, including essential acids. Almost all the samples
contained glutamic acid, whose content ranged from
123 to 174 g kg". The blue whiting SSP, with the
highest content of asparaginic acid at 393 g kg but
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almost complete absence of pyrrolidine carboxylic
acid, was an exception. Tryptophan had the lowest
content in all the samples, and it ranged from 3.6 to
15.0 g kg'. A notable content of lysine, which is an
essential amino acid, was found in WSP, SSP and ASP
of blue whiting and polar cod (from 59.5 to 121 g kg™).
Thus, proteins extracted from polar cod and blue
whiting can be recommended as a food supplement to
enrich protein foods low in lysine, for example,
vegetable food.

The data analysis confirmed that the amino acid
content of the proteins from polar cod and blue whiting
compare favorably with the amino acids in Atlantic cod
fillet proteins, particularly the blue whiting protein
samples.

Biological value of underutilized fish species.
Table 5 lists the amino acid scores (A44S;), which
characterizes the protein quality of polar cod and blue
whiting (whole fishes, as well as their WSP, SSP and
ASP fractions). The data analysis revealed that polar
cod and blue whiting proteins do not contain limiting
amino acids. Therefore, they are complete. However,
the polar cod and blue whiting WSP, and blue whiting
SSP contained the limiting amino acid, histidine, while
blue whiting SSP contained three limiting amino acids,
i.e. isoleucine, threonine and methionine.

Fig. 2 reveals the blue whiting had the highest
biological value (£/N,). Among the fractions, the WSP
of polar cod and blue whiting had the highest
biological value.

It is possible to evaluate biological value of the
protein by the sum of essential amino acids; Fig. 3
contains these results.
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Table 4. Amino acids content (g kg™")in whole proteins, WSP, SSP, ASP of polar cod and blue whiting, in proteins of

Atlantic cod fillet, in etalon protein

Polar cod Blue whiting Atlantic
. . - - Etalon
Amino acid Whole Fraction Whole Fraction protein [3] cod
WSP SSP ASP WSP SSP fillets
Tryptophan 8.3 8.4 7.0 8.7 6.2 15.0 6.6 6.0 6.9
Lysine 100.0 121.0 117.0 109.0 139.0 128.0 59.5 45.0 120.0
Histidine 34.5 12.0 9.2 33.6 40.1 11.7 422 15.0 67.7
Arginine 77.6 90.2 86.6 76.2 72.8 74.6 27.9 — 20.6
Asparagine 102.0 95.1 112.0 91.4 83.3 112.0 393.0 - 106.0
Threonine 30.1 47.2 50.7 48.8 35.9 44.9 16.0 23.0 45.6
Serine 437 17.3 16.4 13.5 373 15.8 19.8 — 45.0
Glutamic acid 175.0 123.0 154.0 150.0 171.0 135.0 81.4 — 154.0
Proline 45.7 37.7 33.3 423 34.6 39.7 traces — 453
Glycine 70.9 422 42.0 40.4 48.2 46.6 32.3 - 48.6
Alanine 63.2 81.4 68.7 68.3 58.2 75.9 41.9 — 60.2
Valine 459 64.9 52.5 61.0 46.7 53.8 86.8 39.0 51.2
Methionine -+ 23.6 237 30.8 30.3 29.5 28.8 16.8 22,0 34.9
Cysteine
Isoleucine 37.0 55.8 47.9 50.2 39.3 49.8 17.2 30.0 47.4
Leucine 76.4 94.6 92.0 102.4 82.8 85.7 90.4 59.0 82.9
Tyrosine 293 39.2 47.6 42.0 359 38.0 60.2 380 36.0
Phenylalanine 37.6 54.4 38.7 40.0 38.8 59.8 14.9 ) 39.7

The rationality coefficient (R.) considers both
deficit and excess essential amino acids in the protein.
Therefore, it can be assumed that this parameter
provides the most objective characteristic of the protein
completeness based on the amino acid composition of
the protein and thus, its biological value. The R. for the

whole blue whiting proteins in their entirety and their
ASP was the highest, confirming its high biological
value (Fig. 4). The R, value for blue whiting was 18 %
superior to that of Atlantic cod fillet. Blue whiting
(whole fish) proteins and cod fillet proteins were
equally balanced.

Table 5. AASi (%) for the whole proteins and WSP, SSP, ASP of polar cod and blue whiting

Polar cod Blue whiting
Amino acid Fraction Fraction
Whole WSP SSP ASP Whole WSP SSP
Tryptophan 138 139 117 145 104 250 110
Lysine 223 269 213 243 309 284 132
Threonine 131 205 260 212 156 195 70
Valine 118 166 134 156 120 138 223
Methionine +
. 107 108 138 138 134 131 76
Cysteine
Isoleucine 123 186 160 167 131 166 57
Leucine 129 160 156 174 140 145 153
Tyrosine + 176 246 227 216 196 258 198
Phenylalanine
Histidine 230 30 61 224 267 78 282

§
\
\
N
X
N\
\
X

Polar cod Blue whiting Cod fillets

Fig. 2. Essential-to-non-essential ratio (E/Ne) for WSP, SSP and ASP from polar cod and blue whiting; and protein

from Atlantic cod fillet.
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Fig. 3. Summary content of essential amino acids (XAi) for WSP, SSP and ASP from polar cod and blue whiting; and
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Fig. 4. Rationality coefficient (R.) for amino acids content of whole protein for WSP, SSP and ASP from polar cod and

blue whiting; and protein from Atlantic cod fillet.

The rationality coefficient (R, considers both
deficit and excess essential amino acids in the protein.
Therefore, it can be assumed that this parameter
provides the most objective characteristic of the protein
completeness based on the amino acid composition of
the protein and thus, its biological value. The R, for the
whole blue whiting proteins in their entirety and their
ASP was the highest, confirming its high biological
value (Fig. 4). The R. value for blue whiting was 18%
superior to that of Atlantic cod fillet. Blue whiting
(whole fish) proteins and cod fillet proteins were
equally balanced.

When the proteins of all the examined samples
were graded according to their biological value i.e.
increasing value of R, the following order was
observed: polar cod SSP < blue whiting SSP < blue
whiting WSP < polar cod WSP < whole blue whiting
protein < Atlantic cod fillet < whole polar cod proteins
<polar cod ASP.

Conclusions of using the raw material for
protein hydrolysate and isolate in food production.
The fraction composition of the proteins of whole and
gutted (for fillets) polar cod and blue whiting has been
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researched for the first time. The obtained data shows
that gutting the polar cod and the blue whiting results
in losses of almost a half of the proteins from the whole
fish, so it is reasonable to use whole fish while
producing hydrolysates and isolates for maximal usage
of the protein component. The protein content of the
whole fish and its muscle tissue is almost independent
from the fishing season, but the fat content of the
whole fish is almost twice higher in autumn than in
spring. It is found that the whole fish - blue whiting
and polar cod — contains the full-grade proteins with
the high biological value. So, the explored raw material
can (and must) be possible to be used for obtaining
such valuable products as hydrolysates and isolates.
Fish protein hydrolysates contain from peptides and
amino acids. Fish protein isolates contain more than
75% of protein in its native form.

The obtained research data makes it possible to
recommend all basic technological methods of
processing of small fishes during producing fish
hydrolysates and isolates. It is recommended to use the
whole fish from spring fishing season for producing
proteinous products (hydrolysates and isolates).
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It is also recommended to hydrolyze minced whole
fish during producing hydrolysates. As for isolates
(especially actual for the polar cod because of the high
content of ASP), it is better to chop the whole fish, and
then to carry out the alkaline treatment of the
mince. Thus the alkaline extraction makes it possible to
get the whole complex of proteins without substantial
losses.

It should be said in the conclusion that it is most
rational to use blue whiting and polar cod without
gutting to reduce energy and labor costs during such
operation as “gutting”. Moreover, it will increase the
yield of fish hydrolysates and isolates.

Official statistical data of the catch of the blue
whiting and the polar cod shows that these fishes have
a significant proportion in the total catches. They are

not inferior to traditional fishing objects in their protein
content. But small sizes and some other disadvantages
(for example, high infection with nematodes of the blue
whiting) require preliminary gutting using traditional
technologies. The possibility to use undressed
fish is a feature of the new technologies of producing
proteinous products with enhanced biological value.

ABBREVIATIONS
AAS; — amino acid score; WSP — water soluble
proteins; SSP — salt soluble proteins; ASP — alkali-
soluble proteins; TN — Total Nitrogen; P — protein.
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Abstract: The combination of dairy and vegetable raw materials is considered a technological way of mutual enrichment
that allows to optimize the composition and content of fatty and amino acids to a certain extent. The ultrasonic effect
contributes to an increase the colloidal stability of products of an emulsion and suspended nature based on vegetable and
dairy raw materials. The aim of this work was the study of the process of obtaining protein-containing beverages,
vegetable-based in conditions of ultrasonic influence. The main object of the study selected the flour from oilcake of nuts
of Pinus sibirica Du Tour (cedar flour). The beverages were obtained using two methods: 1) by scalding cedar flour with
the drinking water heated to a temperature of 70°C; 2) by gradual bringing a model mixture of cedar flour with drinking
water to the boil. The mass ratios of cedar flour and drinking water were used in the study at 10 : 90 (10% of cedar flour),
10: 80 (11.1%), 10 : 70 (12.5%), 10 : 60 (14.3%), 10 : 50 (16.7%) and 10 : 40 (20.0%). The model drinks were processed
in a cavitation mode (20 W/cm?) of the "Volna" apparatus at the frequency of ultrasonic vibrations of 22 + 1.65 kHz; the
processing time was 2 and 5 minutes. The effectiveness of ultrasound exposure was estimated by the content of dry
matters, protein and fat, of size of fat droplets and the colloidal stability of the resulting emulsion. The application of an
ultrasonic field provides an increase in the degree of transition of soluble dry matters of cedar flour to the water phase up to
two times, including fat ten times and soluble proteins up to two times. As a result, the drops of Cedar oil, extracted from
the Cedar flour are dispersed effectively, resulting in enhanced stability obtained emulsions. The dosage cedar flour within
of 14-16.7% under scalding conditions followed by an ultrasound cavitation for 2 min, can be considered as optimal
conditions for producing beverages. The analysis of the resulting beverage (2.6-3.4% of protein and 2.8-3.3% of fat)
shows its comparability with cow milk.

Keywords: The combination of raw materials, cedar flour, vegetable milk, ultrasonic cavitation, dissolution efficiency,
the nutritional value of beverages, the colloidal stability of beverages.
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INTRODUCTION

The interest in the topic of combined products and
beverages has grown in recent years [1-8]. The
expediency of such products and beverages is due,
first of all, to the possibility of regulating their
chemical composition in accordance with the modern
requirements of the nutrition science. Under these
conditions, the introduction of plant raw materials
into the formulation is considered as a partial

conditions, milk protein and polysaccharides of
vegetable raw materials are limitedly compatible,
which leads to the formation of a sediment or liquid-
phase separation, depending on the specificity of the
concentration of molecular components [10]. The
latter, as is known, is determined by the component
composition of raw materials that directly determines
the functional and technological properties of
polycomponent food systems and substantially

replacement of animal proteins and lipids, which
allows to increase the content and optimize, to some
extent, the composition of fatty and amino acids in a
new product.

Some types of oil cake, in particular, the oil cake
of pine nut kernels can also be considered as the
promising food raw materials for the production of
combined products [9]. However, under normal

distinguishes them from the properties of purified
vegetable proteins.

It is well known that the structuring and
dispergating of protein and other components in food
colloidal systems is determined by a number of
physicochemical factors:

— the size of a particle of the processed object (from
animal and vegetable raw materials);

Copyright © 2017, Egorova et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
This article is published with open access at http:/frm-kemtipp.ru.
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— the ratio of the basic nutrients in the system -
proteins, fats and carbohydrates, and their properties;

— the intensity of the physico-chemical effect on the
system (temperature, pH, a dispergating method - in
the ultrasonic mode, in a pulsing device and others).
The first two factors are determined by the raw
materials used and initially form the ability of the
particles of processed raw materials to form a
relatively stable food colloidal system - emulsion,
suspension, foam, paste and so on.

The most promising way of processing food
environments that allows to give stability to a colloidal
system and accelerate the dissolution and structuring
processes without the use of specialized food
supplements is ultrasonic cavitation.

Most often, the main purpose of applying
ultrasound to various environments in the food industry
is to increase the extraction efficiency of soluble
dietary fibers [11-13] and a variety of biologically
active substances of vegetable raw materials -
polyphenolic compounds [14-20], carotenoids [21, 22]
and some other components that are specific for certain
types of raw materials [23], or the total recovery of
such components [24]. Extraction under ultrasonic
conditions is one of the most environmentally friendly
methods of intensifying the release of biologically
active substances [25, 26]. This promotes studies on
the use of ultrasound to produce finished forms of food
[27-29], especially in the dairy industry, for the
homogenization of milk and the dairy products derived
from dried milk raw materials [30].

In Russia and the CIS countries, the main areas of
applied studies in the field of ultrasound in food
industries are the production of soft drinks and their
semi-finished products [31, 32], the instantization of dry
dairy products [33-34] and the homogenization of
emulsion and paste-like meat, vegetable and dairy
products [35-38]. In the dairy industry, the roleof a
factor contributing to the homogenization of fat, a
decrease in viscosity and an increase in the emulsion
stability of reconstituted milk and serum is assigned to
ultrasonic cavitation [39].

In general, the effectiveness of ultrasound in a
cavitation mode is proven with respect to the
homogenization and structuring of both vegetable and
animal food masses (including beverages). Therefore,
it can be assumed that the application of effects of
ultrasonic cavitation should also contribute to the
stability of the beverages produced by combining
protein-containing dairy and vegetable raw materials.

The paper aims at studying the conditions for
producing protein-containing beverages on a vegetable
raw materials basis - the flour from the oil cake of pine
nut kernels (cedar flour) - under ultrasonic conditions in
the advanced cavitation mode (with an intensity of more
than 10 W/em?).

Problems to be solved:

— the systematization of literature data to identify the
nature and mechanisms of physical and chemical
processes in food environments under ultrasonic
conditions;

— the study of disperse characteristics of cedar flour,
the analysis of transition of proteins and total of
soluble dry solids of cedar flour to a beverage when
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cedar flour is instantized with water without the use
of additional methods for physico-chemical effects;

— the study of the general patterns of transition of
proteins, fat and total of soluble dry solids of cedar
flour to a beverage under conditions of selected
ultrasonic modes;

— the estimation of the effectiveness of ultrasonic
treatment to produce vegetable analogues of milk from
oil cake using the example of cedar flour, the
comparative characteristic of the nutritional value of
the beverages produced.

STUDY OBJECTS AND METHODS

The following are used as the study objects:

(1) cedar flour is flour from the oil cake of nut kernel
a Siberian stone pine (Pinussibirica Du Tour)
produced by the manufacturer through a cold pressing
of edible cedar oil, ground to a dispersion of less than
0.5 mm and packed in consumer packaging (a double-
layer polyethylene film, a vacuum) under industrial
conditions. Cedar flour has a characteristic mild nut
flavor and after-taste, of the cream color. Nutritional
value of 100 g of the product, according to the
manufacturer's label: proteins - 34 g, fats - 20 g,
carbohydrates - 25 g; the energy value is 416 kcal.
The actual values of components of the chemical
composition of cedar flour, determined using standard
methods for studying oil raw materials: fats —
21.5 + 0.2%, proteins — 36.7 + 0.1%, carbohydrates
(in total) — 21.4 + 0.5%. The shelf life stated by the
manufacturer is 12 months at a temperature of no
more than 25°C and a relative air humidity of no more
than 75%;

(2) whole milk powder 25% fat, produced and
packaged in consumer packaging (a plastic bag and a
cardboard box) under industrial conditions. Milky
cream fine powder. The taste and smell are typical of
pasteurized whole milk, without foreign flavors and
smells. Nutritional value of 100 g of the product
(according to the label): proteins - 25.4, fats - 25.0;
the energy value is 475 kcal. The shelf life stated by
the manufacturer is 8§ months at a temperature from
0 to 10°C and a relative air humidity of no more
than 85%;

(3) the beverages produced from drinking water
(pH is 6.7-6.8, the total mineralization is 0.2 g/l) and
cedar flour or the combinations of cedar flour and
milk powder.

Study methods. When studying literature data,
methods of comparative analysis and systematization
of information from scientific publications and
periodicals were used.

The structure of milk powder and cedar flour
was studied using a scanning electron microscope
"JSM-840" (Japan, JEJL).

The disperse characteristics of cedar flour and its
combinations with milk powder, as well as the
sedimentation rate (the stability of beverages), were
studied carried out using a method of sedimentation
analysis, at a temperature of 20°C, and BT type torsion
scales with a unit value of 1 mg.
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Fig. 1. The "Volna" device.

The experimental beverages were prepared in glass
thermo- and chemically resistant dishes, in two ways:
scalding and boiling. When scalding the beverages
were produced by pouring into cedar flour (or the
prepared combinations of cedar flour and milk powder)
drinking water which was preheated to 70°C, the ratio
of cedar flour : water: 10 : 90 (10%), 10 : 80 (11.1%),
10 : 70 (12.5%), 10 : 60 (14.3%), 10 : 50 (16.7%) and
10 : 40 (20.0%), bymass. In the case of preparation of a
beverage by boiling, drinking water at a temperature of
20 £ 2°C was poured into a weighed portion of cedar
flour in a mass ratio of 10 : 90 (10%), 10 : 80 (11.1%),
10 : 70 (12.5%), 10 : 60 (14.3%) and 10 : 50 (16.7%),
gradually heating the resulting suspension to boiling
(100 £ 2°C).

To improve the efficiency of conversion of cedar
flour dry matters to the emulsion of the resulting
beverage, the pre-scalded and boiled samples were
ultrasonically  exposed using an  ultrasonic
technological device of the "Volna" series of the
UZTA-0.4/22-OM model (Fig. 1). The device has been
developed at the Laboratory of Acoustic Processes and
Devices of the Biysk Technological Institute (branch)
of the Polzunov Altai State Technical University and is
intended for the intensification of processes in liquid
media and also for the intensification of dissolution and
dispergating processes [40].

Structurally, the ultrasonic device consists of an
electronic unit and an ultrasonic vibrating system
connected to it by means of a connecting cable. The
frequency of ultrasonic vibrations is 22 + 1.65 kHz, the
maximum power consumption is 400 watts.
Manufacturer's recommended operating conditions: at

Fig. 2. Micrographs of cedar flour: (a) x 200 and (b) x 1000.

26

an ambient temperature of 10—40°C and a relative air
humidity of no more than 80%.

High-intensity (20 W/cm?) native ultrasonic modes
designated by the apparatus control program were used
to process the model liquid media of beverages. An
effect of processing time on the composition and
colloidal stability of the beverages produced
from cedar flour was studied in the course of the
studies.

The diameter and number of fat droplets in the
beverages produced from cedar flour were determined
using a Gorjaev's count chamber.

The content of dry matters in the beverages
produced from cedar flour was determined using a
gravimetric method (drying of emulsions at 130 + 2°C
to a constant weight), and refractometrically, using an
IRF-454B2M refractometer.

The protein content of the beverages produced from
cedar flour was determined using a formol titration
method.

All the studies were carried out with a 3-4-fold
frequency. The results of the experimental studies were
subjected to statistical processing using a correlation
and progressive analysis implemented using standard
Microsoft Office software packages.

RESULTS AND DISCUSSION

One of the fundamental characteristics of vegetable
and animal raw materials that determine the rate of the
processes of wetting, extraction and dissolution is the
particle size [41]. Using the example of dried milk
instantization conditions, it was shown that the
minimum particle size required for their spontaneous
immersion in water is about 50 um [42].

The study of cedar flour by electron microscopy
showed that, when in the dry state, its particles are
granules of an irregular shape and are characterized by
relatively small dimensions: from 0.25 to 14.0 pm; the
average particle size is 5 pm (Fig. 2).

For comparison are given micrographs of particles
of powder milk made under the same conditions:
spheres of an irregular shape, with a diameter from
1 to 30 um (Figure 3).
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Fig. 3. Micrographs of milk powder: (a) x 200 and (b) x 1000.

A method for "crushing" casein micelles is widely
used in food technologies to improve the
homogenization of dairy and vegetable products [43].
According to the results of electron microscopy, cedar
flour particles are much smaller in comparison with
sufficiently large milk powder particles (micelles).
Therefore, it can be predicted that they will dissolve
easily, without requiring significant energy costs for
disintegration in the preparation of beverages in the
form of suspensions or emulsions.

When examining the disperse characteristics of
cedar flour and its combinations with milk powder, the
following main tasks were solved:

— the determination of the maximum and minimum
radii of particles in the system;

— the study of the fractional composition of particles;

— the determination of the average particle diameter in
accordance with the mass distribution of particles.

According to the sedimentation analysis, the weight
of the agglomerates of water-soaked cedar flour particles
is in the range from 14 to 38 mg (Fig. 4). The study of
sedimentation stability of colloidal systems based on
cedar flour or its combinations with milk powder shows
that the suspensions obtained by scalding or boiling are
separated, without the use of additional treatment
effects, into 2 phases within 30—-120 minutes. The upper
phase is a sufficiently homogeneous emulsion of a
yellowish-cream color, the lower phase is a loose
greyish-creamy sediment of the undissolved particles of
cedar flour. With the course of time there is a gradual
compaction of this sediment.

With an increase in the dosage of cedar flour in the
model beverage system, the stability of suspensions

decreases, but at the same time reduced and the speed
of separation of suspensions, which is due to the
satisfactory emulsifying properties of oil cake proteins.

The combination of cedar flour and milk powder in
a ratio of 1:1 contributes to an increase in the
solubility of the raw materials studied.

To characterize the disperse state of the systems
obtained on the basis of cedar flour, milk powder and a
composition on their basis, integral and differential
curves have been drawn. The integral distribution
function curves (Fig. 5) show the dependence of the
value Q (the percentage of particles with a radius from
I'max to 1) on the particle radius (r), which allows to
characterize the fractional composition of particles in a
colloid system with a high degree of reliability
(the approximation reliability value R* = 0.96). The
analysis of integral curves allows to conclude that the
disperse phase of the resulting suspension, after the
particles of cedar flour are wet, is made up of globule
particles with a radius from 85 to 355 um - the

particles of such sizes cannot become steady
independently in the suspended state.
It is confirmed on the example of the

homogenization conditions for pure-like products from
vegetable raw materials, that in order to conserve
particles in the suspended state, they must be 50 um or
smaller [37]. In our case, when preparing a
composition of cedar flour and milk powder in a ratio
of 1 : 1, the range of particle distribution becomes from
30 to 170 um, that is, when producing a beverage in the
suspended state, only a small fraction of cedar flour
particles will be retained, and the predominant part of
the flour will be sedimented.
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Fig. 4. Sediment accumulation curve in a water dispersion system based on cedar flour.
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Figure 6 shows the differential curves that represent
the dependence of the mass function of distribution of
particles of the disperse phase on their radius. As is
known, the narrower the interval of boundary radii on
the differential curve and the higher its maximum, the
closer the resulting suspension to the monodisperse
one. Such a function is in the case of a colloidal system
based on instantized dried milk.

The functions of distribution of particles of the
disperse phase in the suspensions based on cedar flour
and its combination with milk powder in the relation
under consideration are polydisperse. Such a relationship
can also be predicted for the milk and vegetable
combinations based on cedar flour in other proportions.

Polynomial regression equations that describe the
dependence of the mass distribution function on the
particle radius in cedar flour suspensions have been
obtained by means of the mathematical treatment of the
experimental data:

y = 3E-08x*-2E-05x+0.005x>-0.667x+27.36,
for R* = 0.90,

and a milk and vegetable composition on its basis
(ataratioof 1 : 1):

y = 4E-06x"-0.001x*+0.102x%-3.907x+51.92,
for R2=0.91.

As it has been established earlier [44], cedar flour
particles have sufficient hydrophilic and lipophilic
properties. Temperature, as a factor that has an effect on
a disperse system, in the case of cedar flour itself and
dairy and vegetable products therewith, should not have
a significant effect on the stability of the system. As the
temperature rises, the particles of plant raw materials
should swell much more. In this case, they will have
larger sizes and have a higher sedimentation rate.
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Fig. 6. Differential curve of particle distribution in a water disperse system based on cedar flour, milk powder and a
composition on their basis: (1) cedar flour; (2) cedar flour: milk powder in a ratio of 1 : 1; (3) milk pow.
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Fig. 7. Dynamics of sediment compaction in the
suspensions who obtained from cedar flour (flour) by
methods of scalding or boiling: (1) 11.1% of flour;
(2) 12.5% of flour; (3) 14.3% of flour; (4) 16.7% of
flour; (5) 20.0% of flour.

However, according to the results of a study of the
rate of sediment compactionin suspensions, when
producing beverages by boiling, the sediments are
compactedmore slowly than when producing beverages
by scalding cedar flour (Fig. 7). This is probably due to
the fact that a looser sediment is formed in the case of
scalding.

The sediment is initially formed as a lower and
denser layer when boiling and scalding cedar flour in
those cases where a higher dosage of cedar flour is
used - at a ratio with water of 10 : 60 (14.3%), 10 : 50
(16.7%) and 10 : 40 (20.0%).

The maximum rate of sedimentation of cedar flour
particles and sediment compactionis in the first
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10 minutes; after 20-30 minutes from the beginning
of observations, the process of sediment compactionis
inhibited, and by 40 minutes, the colloidal system
becomes completely stable.

It is obvious that one cannot expect an effective
transition of the most valuable food components of
cedar flour - proteins and polyunsaturated fats - into an
emulsion without the use of special physical methods
for affecting the suspended system of a beverage thus
produced, as it is impossible to achieve the necessary
colloidal stability of such beverages. In this regard, it
can be said that it is necessary to use a powerful
physicochemical effect that contributes to destroy or
prevent the stratification of the structure of milk and
vegetable compositions due to an increase in the
solubility of cedar flour particles for finer dispergating
of the particles of the considered raw materials and
achieving the required stability of such beverages from
vegetable raw materials.

Ultrasound in the advanced cavitation mode, like
some other powerful physical effects, is an effective way
to have an impact on the properties of food systems and
the behavior of technological processes. As a result of
continuous compression and microflow pulses from
movement in various directions, collapse, the fusion of
pulsating water bubbles or other solvents, ultrasonic
cavitation causes the disintegration of solids (as a
consequence of a shock wave produced by the collapse
of cavitation bubbles) and accelerates various physical
and chemical processes [30, 35, 45]. Physical effects are
followed by a change in the viscosity, disperse state and
strength of colloidal systems; chemical effects are
manifested in the intensification of heat and mass
transfer processes, including the processes of dissolution
and extraction of the components of the processed raw
materials [31, 45-49].

One of the possible consequences of an ultrasonic
effect on the organic polymers of raw materials can
be the formation of cross-linkages along the broken
bonds formed when biopolymers are destroyed,
followed by an increase in the viscosity and density
of the treated non-aqueous media [50]. Along with
this, there is a mechanical destruction of the structure
of natural polymers of food raw materials expressed
to a different degree, including protein fibers of
muscle and connective tissues [37, 51, 52]. The
degree and depth of the occurring processes are
determined by the conditions of ultrasonic exposure
[31, 52-54], including the effects from dissolved
gases [55, 56].

The main factors that determine the reaction rate of
various diffusion, chemical and other processes in food
products include a change in the phase state of water.
As a result of hydration, a strong bond of water with
vegetable biopolymers such as proteins and complex
carbohydrates (that have a basic structuring
significance in food environments) is formed. In
particular, it is this property of water that the effects of
sonochemical water treatment are based on in the
technology of instantization of dried milk and dry
whey [33, 35].
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Fig. 8. Content of solids and protein in emulsions
depending on the dosage of cedar flour and the
processing method: (1) total of dry matters, a 2-minute
ultrasound treatment; (2) total of dry matters,

a 5-minute ultrasound treatment; (3) total of dry
matters without ultrasound treatment; (4) protein,

a 2-minute ultrasound treatment; (5) protein,

a 5-minute ultrasound treatment; (6) protein, without
ultrasound treatment.

When producing emulsion products, the water
activated by cavitation effects is more easily bound by
a colloidal system as a result of the hydrolysis of the
fat molecules that adjoin the cavitating liquid and the
appearance of di- and monoglycerides and natural
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emulsifiers and thickeners in the solution. At the same
time, there are data on the coagulating effect of
ultrasound related to the destruction of the solvate shell
on the particles of the disperse phase [36, 57]. Under
real conditions, there can only be a more or less stable
equilibrium  between the emulsification and
coalescence of emulsion phases. Therefore, in each
specific case of application of the effects of ultrasonic
cavitation to a new object, it is necessary to choose
those modes and duration of effect that will provide the
production of a stable colloidal system, in this case, -
emulsion.

The conditions for producing beverages by milk
powder instantization have been studied sufficiently.
Therefore, the main task of further studies was to study
the conditions for obtaining stable emulsions from
cedar flour - vegetable milk analogues.

Unlike milk powder particles, which are dried
drops of a homogeneous solution emulsion, cedar flour
particles contain about 30% of the substances that
cannot dissolve in the aqueous medium, even under
cavitation conditions; these are, first of all, the mineral
components of ash, fiber and protein insoluble in water.
In this regard, the efficiency of dissolution of cedar
flour particles was estimated not by the solubility index
determined when estimating the efficiency of milk
powder instantization and reflecting the degree of
protein hydratability, but by the transition of total of
dry matters and soluble protein, as one of the most
significant components in nutrition, to the resulting
emulsion.

Figure 8 shows the dependence of the transition of
dry matters and protein to an emulsion on the dosage of
cedar flour and a processing method. When processed
by ultrasound, the content of dry matters in the
emulsions of beverages increases. Consequently, the
solubility of cedar flour components, the nutritional
value of the beverages produced and their colloidal
stability increase. In this case, a high correlation is
found between the results obtained using the methods
for the gravimetric and refractometric determination of
solids.

In the case of the "boiling" of a beverage, the
stability of the resulting emulsions is lower than that in
the cases of scalding. This is probably due to a more
pronounced denaturation of cedar flour proteins as a
result of a longer effect of high temperatures on them
when boiling.

As it is shown in a lot of papers, the mechanical
and chemical effects generated under conditions of
high-intensity ultrasonic exposure are manifested
primarily in the dispergating and dissolution of
components [48, 49, 57, 58]. In this case, the effects
that can be seen after 2 minutes of processing of model
media (beverages) by ultrasound can be conditionally
divided as:

(1) increasing the degree of the transition of soluble
proteins and other components that are part of the
composition of cedar flour to the aqueous phase of fat;
(2) dispergating the cedar oil drops extracted from
cedar flour particles, which contributes to an increase
in the stability of the resulting emulsions (Fig. 9).
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The increase in the duration of treatment of the
model media with ultrasonic waves from 2 to 5
minutes does not lead to an increase in the content of
dissolved fat in the resulting emulsions. However, with
an increase in the duration of ultrasonic treatment, the
diameter of fat droplets is reduced, because when
affected by continuing cavitation, the large fat droplets
extracted from cedar flour break up into smaller ones.
Taking into account the fat content of cedar flour
established according to the results of physical and
chemical studies, the obtained data confirm the
completeness of its extraction under ultrasonic
treatment.

In comparison with the beverages produced by
scalding and boiling cedar flour in water without using
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the effects of ultrasonic treatment, the size range of fat
droplets  essentially changes in the treated
beverages (Fig. 9, Table 1). The effectiveness of
ultrasound exposure is illustrated more clearly by the
photographs of experimental beverages from cedar
flour (Fig. 10).

The results obtained demonstrate the apparent
traceability of the effect of ultrasound exposure on the
composition and colloidal stability of the vegetable
milk type beverages produced from the flour from
oil cake. The comparative analysis of the data on the
content of dissolved proteins and fat in the resulting
beverage (Table 1) shows their comparability with
whole cow milk (3.3% protein, 3.5-3.9% fat,
12.6% solids).
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Fig. 9. Dependence of the diameter and volume of fat droplets in emulsions from: the dosage of cedar flour, method of
preparation and the duration of the ultrasonic cavitation treatment time: (1) 2 minutes and (2) 5 minutes.
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Sediment level after
the stratification of the scalded
suspension
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Fig. 10. Photographs of the emulsions of the experimental beverages produced from cedar flour by scalding: (a) with no
ultrasonic treatment, with the dosage of cedar flour of 14.3%; (b) with ultrasonic treatment for 2 minutes.

Table 1. Characteristics of the experimental emulsions of beverages from cedar flour

Scalding (70°C) Boiling (100 + 2°C)
Characteristics with no with ultrasonic Characteristics of the | with no with ultrasonic
of the emulsion ultrasonic processing emulsion ultrasonic processing
processing 2 minutes 5 minutes processing | 2 minutes ‘ 5 minutes
14.3% cedar flour
The average diameter The average diameter
of fat droplets, um 311 0.52 0.50 of fat droplets, um 7.50 240 230
The average volume The average volume
of fat droplets, tm 15.65 0.08 0.07 of fat droplets, um 10.30 7.23 6.37
Mass fraction Mass fraction
of solids, % 4.0+0.1 7.2+0.1 8.1+0.1 of solids, % 53+0.1 7.2+0.1 8.6+0.1
Mass fraction 1454018 | 265022 | 2.80+020 |Mass fraction 1.34+0.16 | 1.70£0.20 | 2.22£0.23
of protein, % of protein, %
Mass fraction Mass fraction
of fat, % 0.22+0.05 2.8+0.2 2.8+0.2 of fat, % 0.85+0.08 | 2.8+0.2 2.8+0.2
16.7% cedar flour

The average diameter The average diameter
of fat droplets, um 1.25 0.50 0.45 of fat droplets, um 2.46 231 2.29
The average volume The average volume
of fat droplets, um 1.00 0.07 0.05 of fat droplets, um 7.70 6.45 6.28
Mass fraction Mass fraction
of solids, % 54+0.1 7.6+0.1 9.5+0.1 of solids, % 6.4+0.1 8.4+0.1 9.6 +0.1
Mass fraction 160020 |3.17£025 | 342+020 |Massfraction 1.60£0.20 | 1.92£0.20 | 2.64+0.25
of protein, % of protein, %
Mass fraction Mass fraction
of fat, % 0.2+0.1 33+£0.2 33+0.2 of fat, % 1.1+0.1 33+£0.2 33+0.2

According to the results of the studies, the dosage
of cedar flour in the range of 14—16.7 %, both under
scalding conditions and during boiling can be
considered the optimal conditions for producing
beverages from exclusively vegetable raw materials.
The ultrasonic cavitation treatment of the resulting
suspensions increases the efficiency and the rate of
transition of dry matters to an emulsion up to 2 times
during scalding and 1.5 times during boiling.
More efficient fat emulsification is achieved
under scalding conditions followed by ultrasonic
treatment.

As it was established by the results of the
preliminary studies, combining cedar flour with milk
powder in a ratio of 1 : 1 contributes to an increase in
the solubility of the vegetable raw materials studied
even without using the effects of ultrasonic cavitation.
Therefore, when using ultrasound, it is possible to
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predict the production of stable emulsions not only
from cedar flour, but also on the basis of its
combinations with milk powder, which will allow to
produce beverages with a higher nutritional value.
Revealing the patterns of a change in the
composition and properties of the beverage
emulsions obtained by the ultrasonic treatment of
combined milk and vegetable media requires a further
study.

CONCLUSIONS AND RECOMMENDATIONS

Thus, the use of the effects of ultrasonic exposure
in the production of new protein-containing beverages
such as "vegetable milk" allows to obtain stable
emulsions from the flour from oil cake, which do not
require the use of emulsifiers and are characterized by
an increased content of soluble solids (7.2-8.4%), fat
(1.8-3.3%) and proteins (1.9-3.4%).
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The recommended limits of the used dosage of exposure in this mode (20 W/ecm®) are enough,
cedar flour, depending on a method for producing as the processing time increases, the studied
beverages (scalding or boiling), are 14.3-16.7%. characteristics of the emulsions practically do not
To produce such beverages, 2 minutes of ultrasonic change their values.
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Abstract: Milk and dairy products have a rich nutritional value and they are the main constituents of a human diet. In
recent years, the consumption of dairy drinks containing water, sugar syrups and flavorings has been common. So it is
important to find a natural alternative sweetener to remove sugar. Therefore, the purpose of this study is to produce
flavored drinking yogurt with natural sweeteners like date syrup and fig syrup as a sugar substitute. The study was made of
the comparing physicochemical properties and also of opinions about the general acceptance of flavored drinking yogurt
with date and fig syrups. The physicochemical properties such as pH, titratable acidity, viscosity, total solid, syneresis and
the sensory evaluation of samples were determined weekly at 4°C for 28 days. The results showed that the samples that
contained fig syrup had a lower acidity and syneresis percentage while their viscosity was higher compared to the samples
that contained date syrup. It can be concluded that flavored drinking yogurt with 10% fig syrup and 1% pectin was chosen

as the best treatment since it was rated the highest in general acceptance compared to other samples.
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INTRODUCTION

Milk and dairy products play a key role in healthy
human nutrition and development throughout life. In
recent decades, technological advances have supported
the development of new dairy-based products. The dairy
sector has developed techniques to produce a diverse
range of milk-based products and dairy ingredients.
Processes such as fermentation are used to produce a
variety of dairy products. Between all milk fermented
products, yogurt is more popular than others and has a
higher acceptability in the world due to its nutritional
value [1]. Yogurt, typical fermented milk, is perhaps the
most complex and biologically active of all foods
consumed all around the world [2]. In the world, the vast
majority of the human population suffers from lactose
intolerance disease. Lactose intolerance is a condition in
which people don’t have the ability to digest lactose, the
sugar found in milk products, and have the symptoms
like abdominal pain, bloating, diarrhea, gas and
nausea [3]. Yogurt containing live bacteria may be better
tolerated by lactose malabsorbers because of the
presence of the bacteria in yogurt that produce
B-galactosidase in the small intestine. Furthermore, it
takes yogurt longer to pass through the digestive system
than milk does, thus allowing for a more effective
lactose breakdown [4]. So yogurt should be included in
the diet. The Ministry of Health and Medical Education
show that people need 2 to 3 servings of dairy products a
day but unfortunately people in some countries, such as

Iranian, use only 0.7 serving of milk and dairy
products [1]. Undoubtedly, one reason for the low rate of
dairy products consumption is lack of sufficient
diversity. Today, in order to deal with the problem of
high soda and low dairy consumption, some dairy-based
drinks with high diversity including whole dairy drinks
such as fermented milk, drinking yogurt and dairy-based
beverages have been placed in the dairy production
program. Recently, the consumption of dairy drinks
containing water, sugar syrup and flavorings has been
common.

Table sugar which is referred to sucrose is a
disaccharide consisting of glucose and fructose. Fruit
syrups contain some simple sugars like fructose and
glucose, however they also contain longer chain and
complex carbohydrates that are longer to digest and
absorb. Fruit syrups are fantastic health-promoters due to
the presence of beneficial plant compounds compared to
refined sugars (sucrose). The carbohydrates in fruit are
accompanied by vitamins, minerals, protein, fibers, plant
pigments and anthocyanins that confer a host of
beneficial effects. So if a person doesn’t suffer from a
health problem such as diabetes, it is better to use syrups
instead of sugar [5].

Fig fruit (Scientific name: Ficus carica) is an Asian
species of flowering plants in the mulberry family. It is
native to the Middle East and western Asia and one of
the popular fruits enjoyed since ancient times. Fig is
now widely grown throughout the world, both for its

Copyright © 2017, Jafarpour et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http:/creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
This article is published with open access at http:/frm-kemtipp.ru.
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fruit and as an ornamental plant [6]. Fig is rich in
tocopherols, carotenoids, phenolics and vitamins such
as vitamin C that can alter the metabolic activation and
detoxification/ disposition of carcinogens. These
antioxidant compounds affect the processes that modify
the development of tumor cells [7], and avoid the
neurochemical and behavioral changes related to
aging [8]. The studies show that fruits and vegetables
are rich in phenolics decrease cardio- and
cerebrovascular diseases and cancer death rates [9].
Fig varieties with dark skin have higher amounts of
polyphenols, flavonoids and anthocyanins
accompanied by a higher antioxidant activity compared
with fig varieties with lighter skin [10]. Figs are free of
sodium, fat, and, like other fruits, are free of
cholesterol. Fig fruit is low in calories since 100 g of
fresh fig fruit contain only 74 calories. Fig fruits
contain health benefiting dietary fiber and lignin.
Fibers and lignin are non-digestible portions of a lot of
plants that absorb water, and increase in bulk. They
play a major role in preventing constipation by
accelerating the passage of material through the large
intestine [11]. The chemical composition of fig fruit
varies with the type. The average composition of the
edible part of a fresh fig with a moisture content
of 80.8% is (per 100 gm): 1.3% protein, 0.6% mineral
matter, 17.1% carbohydrates, 0.06 mg of calcium,
0.03 mg of phosphorus, 1.2 mg of iron, 270 L.U. of
B-carotene, 0.6 mg of nicotinic acid, 50 micro gm of
riboflavin (B,) and 2 mg of ascorbic acid. The total
sugar content of fresh figs is 13—20% and that of dried
figs is 42—-62% which is present mostly in the form of
invert sugar. The analysis of fresh and dried figs
showed the presence of 15.2% and 45-95% of reducing
sugars [12]. Fig syrup is an artisan derivative of fig
fruit and is a typical food product made by boiling and
concentrating fresh figs in water, without adding any
other ingredients. The obtained syrup is a dense
product defined by its brown color, sweet taste and
smell [13]. Therefore, fig syrup can be replaced by
sugar to provide sweet healthy food.

Phoenix dactylifera, commonly known as date or
date palm, is a flowering plant species in the palm
family, Arecaceae. Due to its long cultivation, the place
of origin is unknown but it probably originated from the
lands around Iraq. The date species is widely cultivated
and is naturalized in a lot of tropical and subtropical
regions worldwide [14]. It is probably one of the oldest
cultivated fruits and has been a part of a staple diet in the
Middle Eastern countries. Date is energetic food, and
when the body needs more energy, it is considered as the
best food. 100 g of dates contain 277 calories [14]. Date
production and consumption is increasing continuously
because of its therapeutic virtues besides its high
nutritive value [15]. The researches show that in a
balanced nutrition regime date fruit is an important
source of minerals and vitamins [16], so it can be useful
in strengthening bones and curing painful diseases like
osteoporosis [14, 17]. Numerous studies prove that when
dates are eaten alone or in mixed food with plain yogurt,
they have low glycaemic indexes [18, 19]. In addition,
Miller et al. [20] reported that the consumption of dates

37

may benefit in glycaemic and lipid control of diabetic
patients. There are the following health benefits of date
fruits: curing anemia, constipation; diarrhea; intestinal
disorder; allergies and intoxication treatment. Various
studies have revealed that dates have an anti-tumor
activity [21], antioxidant and anti-mutagenic properties
[22, 23]. Date fruit has been recommended in folk curing
for the treatment of various infectious diseases and
cancer [24]. Furthermore, dry date fruits are consumed
in Indian traditional medicine after a child's birth as
immunostimulants [25]. Date syrup (date honey or date
molasses) is thick dark brown, very sweet fruit syrup
extracted from dates and has the same properties of date.
It is widely used in the North African and Middle
Eastern cuisine. The average chemical characteristics of
date syrup with 82 brix degrees are: 16.5% moisture,
1.45% protein, 38.2 glucose, 39.4% fructose and 1.6%
ash [26]. Date syrup is rich in such monosaccharides as
glucose and fructose. It is therefore highly suitable for
people suffering from hypoglycaemia, or for those with
sucrose intolerance or those with pancreatic problems
who have difficulty absorbing disaccharides. Date syrup
is used by women after childbirth to stimulate their
immune system [25]. Aqueous date extract also
significantly inhibited lipid peroxidation and protein
oxidation in a dose-dependent manner [27].

Several studies have been carried out to indicate
the potential of dairy- based drinks production. Habibi
et al. [28] examined the use of a yogurt starter to
produce dairy-based drinks. They tested two species
of bacteria (Streptococcus thermophilus and
Lactobacillus delb-rueckii subsp. bulgaricus), sucrose
syrup, pectin and strawberry flavor to produce a
flavored dairy drink. They concluded that they can
produce the dairy-based drinks which can be accepted
by the customers. The impact of date syrup on kefir
physical and chemical properties was examined by
Taherian et al. [29]. They found that date syrup has
the highest general acceptance according to taste
panel opinions. Kazemizadeh and Fadaei [30] used
pomegranate peel extract and date nectar to make
flavored milk and they got very good results in the
general acceptance of the obtained product.

The taste of yogurt is most often enhanced with
fruit preserves or other ingredients [31]. Flavored
yogurts are produced by adding fruit concentrates or
flavored syrups to the cultured milk before or after
incubation [32]. Therefore, the purpose of the present
study is to optimize the formulation of flavored
drinking yogurt with two different sugar substitutes
such as date and fig syrups in order to remove sugar
and improve the health of the products. In addition,
some physicochemical properties of the produced
drinks and the general acceptance of two produced
drinks was examined and compared.

STUDY OBJECTS AND METHODS

To study the physicochemical properties and the
general acceptance of flavored drinking yogurt with
date and fig syrups, the materials and the experiments
were prepared as described below.
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Materials. The commercial yogurt starters
YO-MIX 465 and YF-L711 were obtained from the
Pardis Roshd Mehregan Company, Shiraz, Iran. The
whole cow raw milk was purchased from a
supermarket (Fasa, Fars, Iran). Fig syrup and date
syrup were taken from a local supermarket (Estahban,
Fars, Iran). All the chemicals used in this paper were of
an analytical grade.

Preparing flavored drinking yogurt. Raw fresh
milk was analyzed by MilkoScan FT1 (Denmark) and
consisted of 3.10% protein, 3.1% fat, lactose 4.88 % and
11.79% total solids. Then, milk was preheated to 65°C
and homogenized. The homogenized milk was
pasteurized at 73°C for 15 seconds and cooled to 42°C.
The pasteurized milk was inoculated with a 4% starter
and the incubation continued until the pH reached 4.2.
Yogurt drink formulation was done by adding Syrups
(dates and figs) separately as sweeteners at 5 and
10 percent and 0.5 and 1 percent pectin as a stabilizer.
And finally the product was pasteurized at 72°C in a hot
water bath for 2 minutes. To prevent evaporation, the
dishes were covered with foil, and then they were cooled
to a temperature less than 10°C. Finally, they were
packed in suitable sterile dishes and they were kept at
4°C for 28 days for further analysis [33].

pH measurement. The pH of each sample was
measured at room temperature (20°C) by using a digital
pH meter (WTW pH 525 model, Germany) during the
storage period. At first, the pH meter was calibrated
according to the manufacturer’s instructions, using
buffer standards of pH 7 and pH 4 and then placed
directly into each sample and recorded the number.

Acidity measurement. Titratable acidity was
measured for all samples according to the method
adopted by the Association of Official Analytical
Chemists with 0.1 N NaOH, and phenolphthalein as
an indicator to see a pale pink color. The results were
calculated in dornic degree.

Dry matter measurement. Total solids of
samples were measured using a forced-air drying
oven (500UNB model, Germany) at 105°C according
to the Iranian National Standard No. 637 during the
storage period. Moisture is evaporated from the
sample by oven drying. Total dry matter is determined
gravimetrically as a residue remaining after drying.

Viscosity measurement. The viscosity measurement
was carried out at room temperature of 25°C using a
Brookfield Programmable DVE Viscometer (Brookfield
viscometer DVII, USA) equipped with a spindle
No. 3 and a rotation speed of 30 rpm. The results were
recorded in centipoises (cP) after 10 s of shearing.

Syneresis measurement. The syneresis index of
different samples was determined according to the
methodology proposed by Koksoy and Kilic [34].
Dinking yogurt (40 g) was weighed in sterile scaled
plastic containers and the samples were stored at 4°C.
After 28 days of storage at 4°C, a clear layer of serum,
in case of having serum, was separated by Pasteur
pipettes and it was weighed and the percentage of
serum separation was calculated [34].

General acceptance. The analysis was performed
under normal light, in the sensory laboratory at the Azad

38

University of Fasa by fifteen trained students (eight
women and seven men aged 22-28). The test samples,
identified by a 3-digit code, were presented to the
descriptors in a randomised order, immediately after being
removed from the fridge (4°C). Since the samples were
unusable on Day 28, so the duplicate samples on days of
storage 0, 7, 14 and 21 were tested and the ratings were
presented on a 4-point hedonic scale ranging from 4 (“like
extremely”) to 1 (“dislike extremely”) according to the
Iranian National Standards [35].

Statistical analysis. The data were analyzed using
SPSS 24 software (SPSS Inc., Chicago, IL, USA).
One-way ANOVA, Kruskal-Wallis, Mann-Whitney,
Repeated Measures and Paired sample t tests were
used. The results are expressed as mean + SD with a
significance level of p < 0.05. All the experiments were
repeated three times.

RESULTS AND DISCUSSION

pH and acidity. The pH and acidity values of
flavored drinking yogurt with fig and date syrups during
storage at 4 °C are shown in Tables 1 and 2. The data
showed that by increasing the percentage of fig and date
syrups in the samples, pH increased and the titratable
acidity decreased, respectively (p>0.05). This
phenomenon is due to the high pH of fig syrup (5.02)
and date syrup (4.83) which significantly affects the final
pH of flavored drinking yogurt. However, the samples
containing date syrup had a significantly higher acidity
in comparison with the samples containing fig syrup
(p > 0.05). The pH and titratable acidity of all the
samples decreased and increased, respectively during
this period (p > 0.05). It seems that bacteria use such
monosaccharides as fructose and glucose in fig and date
syrups and produce acidic metabolites. These findings
are in keeping with those of Milani et al. [36], who also
reported that the use of date honey along with a
stabilizer guar significantly decline the pH of the orange
low-fat yogurt dessert during this period.

The different small letters indicate statistically
significant differences in columns (p < 0.05). The
different capital letters indicate statistically significant
differences between days in each sample (p < 0.05).

The different small letters indicate statistically
significant differences in columns (p < 0.05). The
different capital letters indicate statistically significant
differences between days in each sample (p < 0.05).

Percentage of dry matter. The percentages of dry
matter of samples are shown in Table 3. The results
indicated that dry matter of flavored drinking yogurt
samples containing fig and date syrups significantly
decreased when the percentage of syrup increased
(p > 0.05). In the sugars, when the molecular weight
lowered, the total solid decreased. The monosaccharides
like glucose and fructose (make the major part of
carbohydrate compounds in fig and date syrups) have a
lower molecular weight than sucrose does [37]. Thus,
when the percentage of syrups increased, the dry matter
of flavored drinking yogurt decreased. We also observed
that by increasing the pectin content in samples, the
percentage of dry matter significantly increased
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(p > 0.05). The samples containing fig syrup had a
higher dry matter compared to the date syrup samples.
This is because of a high fiber content in fig syrup that
leads to a high dry matter content. During storage, no
significant difference was found in the dry matter
content of the samples (p > 0.05). Similar results were
obtained by Gad et al. [19] that a change in the moisture
content of the product can significantly change
according to the moisture content of the fruit. There
were no significant differences between fig and date
syrup in all samples and also during storage (p > 0.05).
Viscosity properties. Table 4 illustrates the
changes of viscosity in the flavored drinking yogurt
samples during storage at 4°C. When the percentage
of fig and date syrups increased, the viscosity of the
samples significantly increased. The presence of
hydroxyl group in sugars can lead to hydrogen
bonding between sugar and water. By increasing date
and fig syrup (glucose and fructose) compared to
sucrose, the hydrogen bonds increased and when the
mobility of free water decreased, the viscosity
increased. The lower molecular weight of saccharides
is, they tend to absorb water and so the viscosity

increased [36, 37]. Glucose and fructose (the main
carbohydrate content in the fig and date syrups) have
a lower molecular weight and absorb more water [38].
In addition, pectin had a significant effect at various
levels of addition on the apparent viscosity. The data
indicate that by increasing the amount of pectin as a
thickening agent and stabilizer, the viscosity of the
samples significantly increased (p > 0.05). We
observed that the samples containing fig syrup
showed a higher viscosity than the date syrup
samples. This may be due to the high levels of fiber
along with the high levels of dry matter in the samples
containing fig syrup which hold more water and
increase the gel strength. On the other hand, the
viscosity of all samples declined with time (p > 0.05).
That can be attributed to an increase in the acidity of
samples. The results of this study are consistent with
the findings of Milani et al. [36]. They found that
frozen yogurt containing 50% date honey and 0.3%
guar had a higher viscosity compared to the samples
without date honey. Also, Gohari Ardabil et al. [37]
found that the higher viscosity in frozen yogurt
containing date syrup was due to the absorption of
water by reducing sugars.

Table 1. Mean + SEM pH of various flavored drinking yogurt samples during storage up to 28 days

Samples1 Time
Day 0 Day 7 Day 14 Day 21 Day 28
F1P1 5.81+£0.01°F 5.26+0.01° 4.88+0.01° 4.59£0.01°® 436 +0.04"
F1P2 5.81 £0.02°F 5.23 +0.04° 4.91+0.01% 4.62+0.01® 444 +£0.01
F2P1 6.09 £ 0.01°F 5.56+0.01™ 5.37+0.01 5.07+0.02™ 4.83 £0.00°*
F2P2 6.11+0.01F 5.61£0.01¢° 5.38+0.01 5.11+0.01¢8 4.87+0.01"
DIPI 5.73+£0.01%¢ 5.17 +0.02°° 4.80+0.01 4.51+0.01" 429 +0.02
DI1P2 5.72 £0.02°F 5.13 +£0.03*° 4.83+£0.01° 4.50£0.01*° 434+0.01"
D2P1 5.99+0.01°F 5.46+0.01° 5.27+0.01°¢ 4.97 £0.02% 471 £0.02%
D2P2 6.02+0.01 5.49+0.01°° 5.26+0.01°¢ 5.01+0.01® 474 +0.01%

'Abbreviations: FIP1 = 5% Fig syrup + 0.5% Pectin, F1P2 = 5% Fig syrup + 1% Pectin, F2P1 = 10% Fig syrup + 0.5% Pectin, F2P2 = 10% Fig
syrup + 1% Pectin, D1P1 = 5% Date syrup + 0.5% Pectin, D1P2 = 5% Date syrup + 1% Pectin, D2P1 = 10% Date syrup + 0.5% Pectin, D2P2 =

10% Date syrup + 1% Pectin.

Table 2. Mean + SEM titratable acidity (dornic degree) of various flavored drinking yogurt samples during storage up

to 28 days
Samples' Time
Day 0 Day 7 Day 14 Day 21 Day 28
F1P1 53.17 + 0.47% 64.78 + 0.87° 66.88 + 0.54°C 72.59 + 0.65 76.66 + 0.68°F
F1P2 55.20 + 0.96°* 65.86 + 0.72%8 69.80 + 0.319¢ 73.72 + 1.00°° 78.56 + 0.56°F
F2P1 44.07 £ 0.43* 55.00 £ 0.69*® 61.05 + 0.84% 65.84 + 0.36*° 69.30 £ 0.15%
F2P2 46.17 + 0.98% 58.22 + 0.98"8 62.68 + 0.46° 66.98 + 0.72%° 70.90 + 0.40°F
DIP1 62.23 + 0.96%* 72.89 + 0.72°B 76.83 £ 031 80.75 = 1.00%° 85.05 = 0.47¢
DI1P2 60.29 + 0.47% 71.90 + 0.87°" 74.00 + 0.54°C 79.71 + 0.65%° 83.78 + 0.68™
D2P1 49.85 + 0.43°* 61.68 + 1.76% 67.29 + 1.52°C 71.82 + 0.64°° 76.05 + 0.91
D2P2 52.43 +0.98°4 64.48 + 0.988 68.94 + 0.46% 73.24 +0.72°° 77.16 + 0.40%

'Abbreviations: FIP1 = 5% Fig syrup + 0.5% Pectin, F1P2 = 5% Fig syrup + 1% Pectin, F2P1 = 10% Fig syrup + 0.5% Pectin, F2P2 = 10% Fig syrup +
1% Pectin, D1P1 = 5% Date syrup + 0.5% Pectin, D1P2 = 5% Date syrup + 1% Pectin, D2P1 = 10% Date syrup + 0.5% Pectin, D2P2 = 10% Date syrup +

1% Pectin.
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to 28 days
Samples' Time
Day 0 Day 7 Day 14 Day 21 Day 28
F1P1 23.16 £ 0.22%4 23.22+0.36% | 23.04+0.64" | 23.23+048 | 23.19+0.20%
F1P2 27.04 +0.07% 2645+ 1.44% | 26.75+0.56" | 27.17+ 147" | 27.05+0.24%
F2P1 16.15 +0.26* 15.70 + 0.39** 16.17+0.05* | 16.15+0.32** | 16.06 +0.15"
F2P2 18.08 +0.14°* 18.01 +0.09** | 18.02+1.06™ | 17.60+0.62** | 17.71 +0.45""
DI1P1 23.11 +0.244 23.18 +0.37* | 23.06+0.54" | 23.27+0.52°* | 23.16+0.16"
DI1P2 27.04 + 0.06™ 2683+ 1.71%" | 26.78 £0.55% | 27.10+1.45* | 27.04+0.28%
D2P1 16.04 +0.18** 15.70 + 0.32%* 16.01 +0.12** | 16.05+0.33** | 16.07+0.26"
D2P2 18.04 + 0.07°* 17.96 + 0.09** | 18.09+1.02°* | 17.56+0.71** | 17.77+0.41°"

Abbreviations: F1P1 = 5% Fig syrup + 0.5% Pectin, F1P2 = 5% Fig syrup + 1% Pectin, F2P1 = 10% Fig syrup + 0.5% Pectin, F2P2 = 10% Fig syrup +
1% Pectin, D1P1 = 5% Date syrup + 0.5% Pectin, D1P2 = 5% Date syrup + 1% Pectin, D2P1 = 10% Date syrup + 0.5% Pectin, D2P2 = 10% Date syrup +
1% Pectin. The different small letters indicate statistically significant differences in columns (p < 0.05). The different capital letters indicate

statistically significant differences between days in each sample (p < 0.05).

Syneresis of the flavored drinking yogurt. The
results of the syneresis of all the flavored drinking
yogurt samples are presented in Fig. 1. The results of
syneresis percentage of the samples revealed that by
increasing the amount of pectin and syrup, the
syneresis of the flavored drinking yogurt samples
significantly decreased (p > 0.05). The similar results
reported by Amerinasab et al. [38] show that low
syneresis at an optimum date liquid syrup (DLS)
content (6%) in DLS-fortified yogurt can be attributed
to a high water binding capacity of fructose

monosaccharide in DLS composition. In addition,
Kumar and Mishra [39] reported that the use of pectin
in mango soy fortified set yogurt significantly reduced
the syneresis. It seems that stabilizers like pectin form
a hydrocolloid network which entraps casein and water
in the network and prevents syneresis. The data showed
that fig syrup significantly decreased the syneresis of
samples compared to date syrup (p > 0.05). This might
be due to high fiber in syrups especially in fig syrup
that have a higher water-binding capacity and absorb
the water.

Table 4. Mean + SEM viscosity (cP) of various flavored drinking yogurt samples during storage up to 28 days

1 Time
Samples Day 0 Day 7 Day 14 Day 21 Day 28
F1P1 123.00 = 1.00F 112.67 £ 0.58 96.67 + 0.58°C 73.33 + 0.58"8 42.67 + 0.58%*
F1P2 166.67 + 0.58™® 156.00 = 2.00™ 133.67 +£ 0.58C 112.33 £ 0.58°® 81.00 = 1.00*
F2P1 144.67 + 0.58°F 136.00 + 1.00°° 121.00 + 1.00% 98.33 + 0.58% 66.33 + 1.53%
F2P2 203.00 + 1.00" 186.00 + 3.61™ 167.67 + 1.155€ 137.00 + 1.00%® 96.67 + 0.58™
DIPI 101.67 + 1.15% 90.67 £ 1.15%° 73.00 + 0.00%¢ 50.67 £ 0.58%8 22.67 £ 1.53*
DI1P2 14133 +1.15% 132.33 + 0.58%P 117.67 £ 0.58°C 82.67 +1.53® 59.67 = 1.53%*
D2P1 119.00 + 1.00°F 109.67 + 0.58°° 96.00 + 1.00°° 75.00 + 0.00°® 44.00 + 1.00°*
D2P2 181.00 + 1.00%F 171.00 + 1.00%° 153.33 £ 1.15© 121.67 +2.08™® 82.67 £ 1.53%

'Abbreviations: FIP1 = 5% Fig syrup + 0.5% Pectin, F1P2 = 5% Fig syrup + 1% Pectin, F2P1 = 10% Fig syrup + 0.5% Pectin, F2P2 = 10% Fig syrup +
1% Pectin, D1P1 = 5% Date syrup + 0.5% Pectin, D1P2 = 5% Date syrup + 1% Pectin, D2P1 = 10% Date syrup + 0.5% Pectin, D2P2 = 10% Date syrup +
1% Pectin. The different small letters indicate statistically significant differences in columns (p < 0.05). The different capital letters indicate

statistically significant differences between days in each sample (p < 0.05).

Table 5. Mean + SEM general acceptance scores of various flavored drinking yogurt samples during storage up to

28 days, n=15
Samplesl Time
Day 0 Day 7 Day 14 Day 21
F1P1 3.40 +0.51™ 3.20 + 0.68% 2.60+0.51" 2.13 +0.74™*
F1P2 3.67 + 0.49™ 3.40 + 0.635¢ 3.13 + 03598 2.80 + 0.86°*
F2P1 3.60 +0.51%° 3.33 +(.72°5C 3.07 + 0.70°™AB 2.67 +0.62%%
F2P2 3.80 +£0.41°¢ 3.53 + 0.64%5¢ 3.20 £ 0.68™B 293 +0.59%
DIPI 3.27 +£0.46™ 3.07 £ 0.59°" 2.13 +0.64% 1.93 £0.59*
DI1P2 3.53 +£0.52%8 3.20+0.56° 2.73 +0.46%% 2.40 + ().74%cdA
D2P1 3.40 £ 0.51%8 3.13+0.52°8 2.67 +0.49%A 2.27 +0.70%A
D2P2 3.60 +0.51%° 3.27 +0.70°5C 2.87 + (.35%°0AB 2.53 + 0.64%%

Abbreviations: F1P1 = 5% Fig syrup + 0.5% Pectin, F1P2 = 5% Fig syrup + 1% Pectin, F2P1 = 10% Fig syrup + 0.5% Pectin, F2P2 = 10% Fig syrup
+ 1% Pectin, D1P1 = 5% Date syrup + 0.5% Pectin, D1P2 = 5% Date syrup + 1% Pectin, D2P1 = 10% Date syrup + 0.5% Pectin, D2P2 = 10% Date
syrup + 1% Pectin. The different small letters indicate statistically significant differences in columns (p < 0.05). The different capital letters indicate

statistically significant differences between days in each sample (p < 0.05).
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Fig. 1. Syneresis percentage of various flavored drinking
yogurt samples at day 28 of storage. (1) 10% Fig syrup +
1% Pectin, (2) 5% Fig syrup + 1% Pectin, (3) 10% Fig
syrup + 0.5% Pectin, (4) 5% Fig syrup + 0.5% Pectin,
(5) 10% Date syrup + 1% Pectin,(6) 5% Date syrup +
1% Pectin, (7) 10% Date syrup + 0.5% Pectin, (8) 5%
Date syrup + 0.5% Pectin. The different letters indicate
statistically significant differences ( p < 0.05).

General acceptance evaluation. However the
samples with high syrup and pectin presented higher
preference scores, no significant differences were
found between them (p > 0.05) (Table 5). But there was
a gradual decrease in the general acceptance score of
samples over 21 days (p>0.05). This phenomenon
may be due to an increase in acidity followed by a
decrease in viscosity. It seems that panelists prefer

samples with a higher viscosity and a better texture.
The lowest scores for the overall acceptability of
samples could probably be due to their high syneresis
in the results of low firmness and viscosity [38].
Keshtkaran et al. [26] reported that any increase in
viscosity had a positive effect on the rate of the general
acceptance of date milk drink. In addition, Dalim et al.
[2] confirmed that the general acceptance of a banana
milk drink was higher than a Chico drink because of its
higher viscosity.

Today, a variety of additives such as chocolate,
honey, strawberries and etc. are used to improve the
taste of milk and different types of dairy based healthy
drinks. Therefore, the present study used different
percentage of fig and date syrups as natural sweeteners
to make flavored drinking yogurt in order to remove
the sugar. The study was made of the comparing
physicochemical properties and general
acceptance of flavored drinking yogurt with date and
fig syrups.

In general, this study showed that samples
contained fig syrup had a lower acidity and syneresis
percentage while their viscosity was higher compared
to the samples that contained date syrup. Hence, it can
be concluded that flavored drinking yogurt with 10%
fig syrup and 1% pectin (F2P2) was chosen as the best
treatment since it was rated the highest in general
acceptance and it had a longer shelf-life compared to
other samples.
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Abstract: The development and production of new functional products is a priority for the development of the food
industry. At the same time, the quality and biological value of raw materials are of particular importance. From this
point of view, when processing milk, the use of the process of membraneless osmosis using polysaccharides is
promising. It allows to obtain dairy fractions of a high nutrition value that can be used as the main raw materials in the
technology of functional products. The paper aims at developing a functional dessert based on a protein and lipid
fraction (PLF) obtained by the fractionation of whole (or normalized) milk using the apple pectin manufactured in
Russia. Technological parameters of milk fractionation by pectin have been studied and the conditions under which the
process is most efficient have been determined. The most significant parameters were the milk pasteurization
temperature (not lower than 85°C) and the concentration of pectin in the system (0.6-0.65 kg per 100 kg of milk). The
recommended fractionation method is "cold" at a temperature of 4-6°C. Based on the technological parameters of
fractions, depending on the conditions of the process, a method has been proposed for calculating the necessary content
of the mass fraction of fat in raw materials to be regulated in PLF. As a practical implementation of the process of
fractionation of normalized milk raw materials, a formulation of a new dessert that contains milk fat and protein in the
native form has been developed. The functional value of the dairy dessert is provided by a complete replacement of
granulated sugar with raw honey, using a starter culture with a probiotic microflora, and concentrating the product with
sesame seeds. The study of the biological value of the dessert showed that it fully meets the requirements for healthy
food.

Keywords: Pectin, raw honey, fractionation, flocculation, protein and lipid fraction, sesame
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INTRODUCTION

At the present time, functional products are the
fastest growing segment of the food industry in the
world and dairy products are in the first place among
them [1, 2]. In the Russian Federation, for the majority
of the population, sweet desserts are the most attractive
dairy products, they are widely used and are in great
demand with various groups of the population and the
market of these products has been growing rapidly in
recent years. The necessary sweetness of desserts is
normally provided by adding refined sugar in the
amount of 10-12% to the formulation of the product.
The excessive use of refined sugar leads to the
development of hyperglycemia, the development of
diabetes, obesity, etc. It is the mentioned negative
properties of sucrose that make it necessary to develop
new products with a sweet functional taste, but without
the negative properties of sucrose [3, 4].

The presented study aims at creating a fermented
functional product with a complete replacement of
sucrose with raw honey that meets the objectives of the
state policy in the field of healthy nutrition. The aim of
the study is the development of a functional dessert
based on the protein and lipid fraction obtained by

fractionation of whole (or normalized) milk by apple
pectin.

To obtain the protein and lipid fraction (PLF) of
milk, the membraneless fractionation of dairy raw
materials was used with the help of the apple pectin
manufactured in Russia. The possibility of flocculation
(isolation) of casein from dairy raw materials using
polysaccharides has been repeatedly proved by the
studies of V. V. Molochnikov and other scientists. The
main advantages of the process are low energy costs,
lack of denaturing changes in the system, both fractions
(the whey-polysaccharide and protein fraction) are an
excellent basis for obtaining functional products [5-8].

The objectives of the study are to optimize the
process of fractionation of whole milk (normalized in
fat) by apple pectin, to study the physico-chemical and
technological properties of the protein and lipid
fraction, to select the formulation components for the
production of functional desserts, to study the
composition and to estimate the functional value of the
product obtained.

The developed product is intended to improve the
structure of the population's nutrition, contains
probiotics and is enriched with vital natural minerals

Copyright © 2017, Kaledina et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
This article is published with open access at http:/frm-kemtipp.ru.

44



ISSN 2310-9599. Foods and Raw Materials, 2017, vol. 5, no. 2

and vitamins. It does not contain refined sugar, the
necessary sweetness is provided by raw honey and, due
to its high sweetness, twice as little granulated sugar is
required. Honey, in addition to the high content of
monosaccharides (glucose and fructose in the amount
of more than 70% of the mass of honey), contains
about 400 different substances - vitamins, enzymes,
proteins, minerals, therapeutic and flavoring
substances. Thanks to the combination of flavor and
sweetness of sugars and the acidity of the organic acids
therein, honey is a good combination with dairy
components [9].

The original attractive properties of the product will
be provided by adding sesame to the formulation.
Sesame seeds additionally enrich the cream dessert
with a wide range of such mineral elements as silicon,
copper, calcium, nickel, iron, phosphorus, magnesium,
zinc, selenium and others, as well as polyunsaturated
fatty acids, protein and vitamins [10].

The dessert will help to strengthen the health of the
population, prevent the diseases caused by poor and
unbalanced nutrition, its production is focused on
domestic raw materials.

OBJECTS AND METHODS OF STUDY

Study objects are cow raw milk (GOST 31449-
2013, TR TS 033/2013), whole and normalized milk
with a mass fraction of fat from 0.5 to 2.0%; pectin
(TU 9199-012-01014470-04 “Apple pectin, dietary
food supplement”), manufactured in Belgorod region, a
concentrated solution of protein and lipid fraction
(PLF); raw honey (GOST R 54644-2011); sesame seeds
(GOST 12095-76); the starter culture “BioMatrix-LB1”
(Str. thermophilus, Lac. lactis subsp diacetilactis, Lac.
acidophilus, L. plantarum, L. fermentum, L. caseisubsp
rhamnosus, B. bifidum, B. longum, B. adolescentis.
Bioproduct, LLC), the direct-set yoghurt starter culture
YO-MIX™ (Str. thermophilus, Lac. lactissubsp. lactis,
Lac. bulgaricus. Danisco), the direct-set starter culture
“Sour cream vivo” (Str. Salivarius subsp. thermophilus,
Lac. Lactis subsp. lactis, Lac.lactissubsp. cremoris,
Lac.lactissubsp. diacetylactis. VIVO, Ukraine).

When carrying out a complex of physical and
chemical studies and studying the properties of objects,
standard and common methods were used:

— the determination of the mass fraction of moisture and
solids using an infrared thermogravimetric method by
means of the moisture content analyzer "Evlas-2M" and
using a thermogravimetric method by means of the dryer
"APS-1" Analit-Servis, and using an arbitration method -
drying the weighed quantity to a constant mass in a
drying cabinet at a temperature of 102—-105°C;

— the determination of the content of solids in the
whey-polysaccharide fraction using the refractometer
"IRF-454 B2M" (Komz, JSC);

— the determination of the mass fraction of fat using the
Gerber method (an acid based method);

— the determination of the mass fraction of protein
according to Kjeldahl;

— the determination of the calcium content using a
complexometric method;

— the determination of dynamic viscosity using an
Ostwald viscometer;
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— the determination of active acidity using the pH-
meter/ionometer IPL-201 (MULTITEST "Semiko");

— the determination of the composition of raw and
pasteurized milk wusing an ultrasonic analyzer
"Laktan1-4" (Sibagropribor, Russia);

— the determination of titrable acidity by titration;

— the determination of the lactose content using an
iodometric method;

— the organoleptic indicators of the product were
determined by means of a tasting assessment of experts
on a common 10-point scale.

The content of protein, vitamins, macro- and
micronutrients was determined in the testing laboratory
of Belgorod SAU, registered in the Russian state
register that meets the requirements of GOST R
ISO/IEC 17025-2006, accredited in the system of
accreditation of analytical laboratories.

A 5% pectin aqueous solution prepared by dissolving
pectin powder in hot water at a temperature of 70-72°C,
filtered through a screen filter and cooled to a
temperature of 20-25°C was used in the studies.

The content limit of pectin necessary for the
flocculation of the protein and lipid fraction was
determined using the whole milk pasteurized at 85°C
with a pectin content from 0.2 to 0.8 g at a pitch of
0.2 g per 100 g of milk in terms of dry powder. The
temperature of the components (milk and a 5%
aqueous pectin solution) was 20-25°C when mixing,
the mass of the mixture of each sample was 200 g.
30 cm’ of mixture were dispensed from each sample
into two rows of biological test tubes (three
replications). The estimation of efficiency of milk
fractionation was controlled by the height of the layer
of the separated whey-polysaccharide fraction (WPF)
expressed as a percentage of the total height of the
mixture in a test tube in two cases of process
temperatures - 4-6°C and 40°C.

To estimate the effect of the pasteurization
temperature and the temperature of the fractionation
process, pectin was applied into the samples of the
milk pasteurized at temperatures of 75, 80, 85, 90°C,
cooled to a temperature of 20-25°C, based on its
content of 0.65 g in 100 g of milk (on a dry basis) in
the form of a 5% aqueous solution at the same
temperature, the mixture was well mixed. The
efficiency of flocculation of PLF was controlled
according to the procedure described above in two
cases of the process temperatures of 4—6°C and 40°C.

The effect of the mass fraction of fat of a
normalized mixture on the fractionation process was
studied as follows. Whole milk was normalized using
skim milk to a mass fraction of fat of 0.5; 1.0; 1.5 and
2.0%. Further on, the samples of the same mass were
pasteurized at 85-87°C without holding and cooled to
20-25°C, a 5% pectin solution at a temperature of
20-25°C was applied at the rate of 0.65% of dry
powder to the mass of milk. The samples were
thoroughly mixed and left for 3 hours at a temperature
of 4-6°C. The WPF and PLF obtained in the field of
gravitational forces were separated by decanting and
the physico-chemical indicators of fractions were
analyzed.
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To study the process of fermentation of the protein
and lipid fraction of milk using a fermented microflora,
the samples were prepared according to the following
pattern. Raw honey was applied into the freshly
prepared PLF solution, the mixture was pasteurized at a
temperature of 72—-74°C with holding it for 20 seconds
and cooled to the fermentation temperature appropriate
for each kind of starter cultures: "BioMatrix-LB" -
38-39°C, YO-MIX™. 40-41°C and "Sour cream
vivo" - 27-28°C. The samples were thermostated in the
same temperature conditions. The intensity of the acid
formation process was determined by measuring the
titrable acidity at the fixed intervals during the process
of fermentation.

The proportion of components in the formulation
(PLF, honey, a probiotic starter culture, sesame) was
determined with a focus on the organoleptic
characteristics of the product.

The biological value of cream dessert was
characterized by the content of protein, fat, calcium,
phosphorus, vitamins A, E, C and such micronutrients
as zinc, iron and copper.

RESULTS AND DISCUSSION

Technology of production, technological and
physico-chemical properties of the protein and lipid
fraction. The main raw material for the development
of a functional dessert is the protein and lipid fraction,
isolated from pasteurized milk with various fat contents
with the help of apple pectin. The flocculation of PLF
is based on the colloidal incompatibility of a highly
hydrophilic pectin colloid with hydrophobic milk
components - casein micelles, colloidal calcium
phosphate and fat globules, which manifests itself in a
narrow zone of low pectin concentration. The
flocculation process is reversible and is not succeeded
by the coalescence process (irreversible changes) - the
PLF concentrate holds its homogeneous structure
characteristic of solutions.

The optimal content of apple pectin of the
indicated brand for an effective flocculation of PLF
was determined using the whole milk pasteurized at a
temperature of 85°C (without holding) with a pectin
content from 0.2 to 0.8 g at a pitch of 0.2 g per 100 g
of milk in terms of dry powder. Table 1 presents the
effect of pectin concentration on the efficiency of
fractionation of pasteurized whole milk.

As shown by the results, the effective fractionation
of whole and the previously studied skim milk
requires a pectin content in the range of 0.6-0.65 g
per 100 g of milk in terms of the dry weight of
powder. The apple pectin was applied as an aqueous
solution. More technologically advanced in viscosity
for industrial use is a 5% solution prepared by
dissolving pectin powder in hot water at a temperature
of 70 ... 72°C with continuous stirring followed by its
cooling and the possibility of using it for 72 hours
when stored at 4-8°C. When the pectin content is
reduced to 0.4% to the mass of the mixture, the rate
and efficiency of the process of PLF flocculation
decreases, and fractionation completely deceases
when the content is 0.2%. When the content of pectin
is 0.8% in terms of dry pectin powder, two processes
simultaneously proceed: the flocculation of PLF and
the partial peptization of PLF concentrate with
distinct WPF globules in its structure.

The technology for isolating PLF for the purpose of
optimizing the process was studied using bulk whole
milk. The composition of whole milk is the following:
fat is 3.6 +0.12%, MSNF is 8.25+0.05%, protein
is 2.96 £0.05%, calcium is 146+2 mg% and pH
is 6.68 £ 0.04.

Pasteurized milk was used at temperatures in the
range of 75-90°C at a pitch of 5°C. Two temperature
fractionation options were studied: at a temperature of
4-6°C (in a refrigerator) and at 40°C (in a thermostat).

Fig. 1 clearly presents the results of the analysis.

Table 1. Effect of the pectin content on the efficiency of fractionation of pasteurized whole milk (n =3, V < 5%)

Time The fractionation temperature is 4-6°C The fractionation temperature is 40°C
from the Pectin, g per 100 g of milk Pectin, g per 100 g of milk
beginning, | 02 | 04 | 06 [ 08 02 | 0.4 | 06 | 0.8
h % of the segregated whey (WPF) % of the segregated whey (WPF)
0.5 0 0 65.0 trace 0 82.6 522
amounts
| o | indistinct | oo | indistinct | 81.8 we | O amLE
border ' border turbid WPF ’
droplets
69.6
78.3 .
. 81.8 in PLF
2 0 turbid 80.0 70.0 0 turbid WPF 82.6 WPF
WPF
droplets
73.9
81.8 in PLF
3 0 78.3 80.0 75.0 0 turbid WPF 82.6 WPF
droplets
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Fig. 1. Effect of the pasteurization temperature of whole milk on the fractionation process: (a) at a temperature

of 4-6°C and (b) at a temperature of 40°C.

It follows from the results that with an increase in
the temperature of whole milk pasteurization, the
efficiency of the fractionation process increases. The
mode of milk pasteurization at a temperature of 75°C
for the fractionation of whole milk at a temperature of
4-6°C is unacceptable (raw milk is not practically
fractionated by pectin). The high-temperature
pasteurization of whole milk at a temperature of more
than 80°C increases the efficiency of its fractionation
with the use of pectin. The observed result can be
explained by the denaturation of whey proteins and the
transition of part of the soluble calcium phosphate salts
into a colloidal form. These processes lead to an
increase in the mass of particles, to the compression of
the double electrical layer of membranes and a
decrease in the electrokinetic potential both of casein
micelles and fat globules. It results in a decrease in the
aggregative (sedimentative) and kinetic stability of

these components. The fat is almost completely
displaced by pectin into a protein concentrate without a
boundary surface between the lipid and protein layers,
a common homogeneous concentrated solution of the
rich white color is formed. The process proceeds faster
at a fractionation temperature of 40°C due to a decrease
in the viscosity of the medium.

The physico-chemical characteristics of the process
of fractionation of whole milk can be seen more clearly
from the physico-chemical indicators of WPF. Table 2
presents the effect of the pasteurization temperature of
whole milk on the physico-chemical indicators of WPF
after 3 hours from the beginning of the process for the
fractionation conditions at a temperature of 4-6°C.
Table 3 presents the physico-chemical parameters of
WPF after 3 hours from the beginning of the process
for the fractionation conditions at a temperature of
4-6°C.

Table 2. Effect of the temperature of whole milk pasteurization on the physico-chemical indicators of WPF for the
conditions of milk fractionation at a temperature of 4-6°C (n =3, V < 5%)

Milk Physico-chemical indicators of WPF
pasteurization Mass fraction, g per 100 g Calcium, mg per | Active acidity,
temperature, °C solids fat crude protein 100 g pH
80 6.41 £0.02 0.04 +£0.01 0.75+0.04 63+3 6.31+0.04
85 6.39+£0.02 0.02+0.01 0.60 +0.04 55+5 6.30 £ 0.04
90 6.38 £0.02 0.02+0.01 0.60 +0.04 45+ 5 6.30 £ 0.04

Table 3. Effect of the temperature of whole milk pasteurization on the physico-chemical indicators of WPF for the
conditions of milk fractionation at a temperature of 40°C (n=3, V < 5%)

Milk Physico-chemical indicators of WPF
pasteurization Mass fraction, g per 100 g Calcium, mg Active
temperature, °C solids fat crude protein per 100 g acidity, pH
80 6.64 £ 0.02 0.03 £0.01 0.75+£0.04 79+£3 6.20 £ 0.04
85 6.58 £0.02 0.01 £0.01 0.60 £ 0.04 60£5 6.19 £0.04
90 6.57 £0.02 0.01 £0.01 0.60 £ 0.04 52+5 6.19 £ 0.04
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It can be seen from the results of Tables 2 and 3
that the fat content in WPF is independent from the
fractionation temperature at a level of trace amounts.
The milk pasteurization temperature and the conditions
for the process of fractionating whole milk using apple
pectin effect the calcium content in WPF and the pH of
the medium. With an increase in the milk
pasteurization temperature, the content of calcium in
WPF decreases, which is a consequence of the
transition of some of the soluble calcium salts and
colloidal calcium hydrogen phosphate caused by a
thermal effect on milk into insoluble -calcium
orthophosphate salt. In case of cold fractionation (the
mixture temperature is 4-6°C), in comparison with raw
milk (146 £+ 2 mg%), the calcium content is reduced by
57-70% within the limits of milk pasteurization
standards of 80-90°C. When fractionating warm milk
(the temperature is 40°C), the active acidity in WPF is
increased by 0.1 U pH and a larger amount of calcium
remains in comparison with the WPF obtained by cold
milk fractionation. It is known that even a slight
acidification of the medium shifts the salt balance of
milk towards soluble calcium salts, which leads to an
increase in the calcium content in WPF by
approximately 10 mg%.

As the pasteurization temperature rises, the residual
protein content in WPF decreases, reaching the
minimum threshold of 0.6%, which is 20% of the total
protein content in milk. At a temperature of 85°C, the
denaturation of whey proteins practically ends, which
explains the same (0.6%) protein content in the WPF
isolated from pasteurized milk at 85°C and at 90°C.

The technological characteristics of the fractions
(WPF and PLF), isolated from whole milk with a pectin
content of 0.60-0.65 g per 100 g of milk in terms of dry
pectin powder, were studied for the process conditions:
the milk pasteurization temperature is 85-87°C without
holding, the mixing temperature of components (milk
and a pectin solution) is 20-25°C, the duration of
fractionation is 3 hours. With an increase in the duration
of fractionation, the composition of fractions remains
practically unchanged. The separation process ends
when the osmotic pressure is balanced at the boundary
of the layers. Table 4 presents the obtained results.

It follows from the results of Table 4: when
fractionating cold (the temperature is 4-6°C) whole
milk with apple pectin, the yield of PLF increases by
4.5% when the solids content is reduced by 1.8% in
comparison with the fractionation of warm milk (the
temperature is 40°C). The degree of fat concentration
was 4 times when fractionating cold milk using pectin,

and 4.3 times when fractionating warm milk. When
fractionating warm milk using apple pectin (the
temperature is 40°C), the calcium content in PLF
decreases. The WPF indicators change: the content of
calcium, the content of solids and the active acidity
increase by 0.1 UpH in comparison with milk
fractionation at a mixture temperature of 4—-6°C. These
indicators indirectly show the growth of the
thermophilic microflora.

In the further studies, the milk was fractionated using
apple pectin at a mixture temperature of 4-6°C. The
recommended mixing temperature for milk and a pectin
solution is 20-25°C, a "cold" method of fractionation
method at a temperature of not higher than §°C for
3—4 hours is used. The process termination indicators are
a clear light yellow WPF solution in the upper part (the
density is 1025-1026 kg/m’, the solids content is not
more than 6.4-6.6%) and a bright white layer of a
concentrated PLF solution, well separable by decanting,
at the bottom.

A study has been carried out on the effect of the
normalizable mass fraction of milk fat in the range
from 0.5 to 2% at a pitch of 0.5% on the technological
and physico-chemical indicators of PLF when
fractionating it with apple pectin in the conditions of
the parameters specified above.

Table 5 presents the effect of the normalizable
mass fraction of milk fat on the technological and
physico-chemical indicators of PLF and WPF. The
parameters of the fractionation process are the
following: the titrable acidity of milk is 16—18°T, the
milk pasteurization temperature is 85-87°C, the
pectin content is 0.65% in terms of dry powder, the
fractionation temperature is 4-6°C and the
fractionation duration is 3 hours.

When comparing the results of the study of the
presented paper with the earlier studies on the
fractionation of skim milk using apple pectin of the same
grade, some facts come under notice. The optimal
content of pectin per 100 g of milk, regardless of the
mass fraction of fat, is 0.6-0.7 g (based on dry pectin
powder). The mass of the protein and lipid fraction
isolated from 100 g of milk with fat is less (16.8-19.6 g)
than the mass of the natural casein concentrate (NCC)
isolated from 100 g of skim milk (20-22 g). That is, the
fat phase promotes the displacement of water from the
PLF layer and an increase in the content of solids
therein. The content of solids is 27-28% in PLF and
23-25% in NCC.

Table 4. Technological characteristics of the fractions (WPF and PLF) isolated from the whole milk pasteurized at a
temperature of 85-87°C without holding (n =3, V <5%)

Fraction type
Fractionation Whey-pectin fraction (WPF) Protein and lipid fraction (PLF)
tempféature, Mass Ingredients in 100 g of WPF ;\/i[:lils Ingredients in 100 g of PLF
yield, % solids, g fat, g calcium, mg % ’ solids, g fat, g calcium, mg
4-6 78.1+£0.5 | 638+0.04 | 0.05+0.01 50+5 21.9+£0.5 | 252+04| 144+0.5 240 + 20
40 82.6+0.5 | 6.57+£0.04 0.03 £0.01 56+5 174 +£0.5 27.0+04]| 155+0.5 200 £ 20

Note. Content in bulk milk: fat is 3.60 = 0.12%. MSNF is 8.25 + 0.05%, protein is 2.96 + 0.05%, calcium is 146 + 2 mg% and pH is 6.68 = 0.04.
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Table 5. Technological and physico-chemical indicators of fractions (WPF and PLF), depending on the mass fraction of

milk fat (n =3, V <5%)

Mass fraction Fraction type
. . Whey-pectin fraction (WPF)
of fat in normalized - -
milk.% Mass Ingredients in 100 g of WPF pH
’ yield, % solids, g fat, g calcium, mg
0.5 83.2+0.5 6.2+0.1 0.02 +0.01 65+5 6.26 £0.01
1 82.8+0.5 6.3+0.1 0.02+£0.01 58+5 6.25+0.01
1.5 81.4+0.5 6.4+0.1 0.02 +£0.01 54+5 6.30 £ 0.01
2 80.4+0.5 6.4+0.1 0.03 +£0.01 50+5 6.33+£0.01
Protein and lipid fraction (PLF)
0.5 16.8 £ 0.5 27.+£0.2 3.24+0.1 290+5 6.22+0.01
1 17.2+0.5 27.7+0.2 6.5+0.1 250+5 6.22+0.01
1.5 18.6 £ 0.5 28.0+0.2 8.5+0.1 230+5 6.24+0.01
2 19.6 £ 0.5 282 +0.1 11+0.1 200+5 6.25+0.01

Note. The change in the fat content within these limits did not practically effect the content of the rest of the indicators of normalized milk: MSNF is
8.70 + 0.05%, protein is 2.96 + 0.05%, calcium is 146 + 2 mg% and pH is 6.68 + 0.04.

Since pectin attracts the aquatic environment and
keeps it well, there is a reason to assume that the
process of concentrating of the hydrophobic
components of milk during the fractionation of milk
using pectin proceeds in a similar way to the process of
removal of moisture from milk mixtures during
canning. To calculate the degree of fat concentration
during the fractionation of pasteurized milk with a
normalized fat content, we calculated the fat content in
100 g of solid matter in PLF and the fat content in the
solid matter of normalized milk. Taking into account
that milk fat almost completely transits from milk
to PLF, the degree of fat concentration (n) can be
determined usin% the ratio of these indicators
(1'1 _ FsmPLF / Fsmmll )

With regard to choosing the type of functional
product based on PLF, the ability to whip, the viscosity
and the lactose content to identify the possibility of
ripening was studied in addition to the normalization of
the fat content in PLF. The studies were carried out
using the PLF isolated from whole pasteurized milk at
a temperature of 87°C with apple pectin. The
conditions and parameters of the fractionation process
are the same as in the studies above.

The ability of PLF for whipping was checked after
preliminary holding it for 10—12 hours at a temperature
of 4-6°C in order to stabilize the structure of proteins
and fat and for the subsequent absorption of air bubbles
when whipping. An effect of the disperser rotations of
500, 1000 and 2000 rpm on PLF was studied, the
temperature of the PLF solution was 4—6°C. It should
be noted that, in contrast to the natural casein
concentrate obtained from skim milk, PLF does not
have the ability to whip and foam regardless of the
mass fraction of fat (1.5-11%). There is a process of
aggregation of fat globules, like whipping cream into
butter. We assume that the cause is the dehydration of
fat globule membranes caused by pectin and the
process of fat hardening within fat globules, leading to
the deformation of phospholipid and protein
membranes and the displacement of a part of the liquid
fraction through the emerged microcracks of mebranes.
If combined, it results in the absence of foam and the
formation of small particles plastic by touch in the
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structure of PLF when whipping. The observed effect
excludes a possibility of creating a whipped product
based on PLF.

Table 6 presents the dynamic viscosity of PLF and
the lactose content therein in comparison with raw
milk.

The results indicate a high viscosity of the PLF
solution, which is important for the development of
structured products, and the sufficient lactose content
necessary for the production of fermented product
variants.

Development of the formulation and technology
of the functional product "Cream-dessert™ with
honey and sesame. To produce PLF, pasteurized milk
with the following composition was used at a
temperature of 87°C without holding: the mass fraction
of fat is 1%. MSNF is 8.6%, protein is 3.1%, pH is
6.72 (16-17°T), calcium is 146 mg% and apple pectin
in the form of a 5% aqueous solution. The components
were mixed at a temperature of 20-25°C, the amount
of pectin to the milk mass was 0.65%, in terms of dry
powder. The mixture was left for 3 hours at a
temperature of 4—6°C, there was a distinct fractionation
during this period: WPF is the whey portion of the
mixture in the upper part of the tank and PLF is a
concentrated white solution in the bottom of the tank.

We have made an attempt to determine the possible
fat content in PLF by calculation. Based on the
previous calculations (Table 5), a fact was revealed that
the degree of fat concentration in the solid matter of
PLF relative to fat in the solid matter of normalized
milk (n = Fo tF / Fsmmﬂk) during the fractionation of
milk by 0.65% apple pectin (in terms of dry powder) is
2.0-2.2 times.

Table 6. Physico-chemical parameters of the whole
milk pasteurized at 87°C

Dynamic Relative Lactose,
Study . . . )
object viscosity, viscosity | gper 100g of
mPa-s of milk raw material
Milk 1.61 £0.05 1.0 4.55+0.05
PLF 170.4+ 0.6 105.8 23+£0.2
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Table 7. Technological parameters of raw materials for a dessert with a mass fraction of fat of 6%

Ingredients in 100 g of raw material
Pasteurized milk WPF PLF
. calcium, . calcium, . . calcium,
solids, g fat, g me% solids, g fat, g mg yield, g | solids, g fat, g mg%
9.6+0.1 | 1.0£0.1 | 146+2 | 63201 | "™ | 50+5 | 1821 | 2841 | 60402 | 250420
amounts
Table 8. Organoleptic parameters of PLF with a different honey content
Indicators Honey, g per 100 g of PLF
4 5 | 6 | 7 8
Color Bright white, uniform throughout the mass
Creamy taste, Creamy taste, Creamy taste, Creamy taste, Mawkishly
sweetness and sweetness and sweetness and a pronounced sweet,
Taste and
smell honey smells are | honey smells are | pleasant smell of | sweetness, smell | pronounced taste
imperceptible hardly perceptible | honey can be felt and taste of and smell of
honey honey
. Homogeneous consistency, opaque bright white liquid
Consistence similar to cream with 30% of fat in structure

To calculate the possible fat content in PLF, a degree
of fat concentration n = 2.1 has been set. The real
composition of the milk used: 1% of fat and 9.6% of
solids. The average content of solids in PLF on the
basis of numerous studies is 28%. The fat content of
the obtained liquid form of PLF should be equal to
6.1% as per calculation. The above calculation was
confirmed experimentally, therefore, it is possible to
normalize the fat content in raw materials and in the
product. To develop the formulation, a use of PLF with
a mass fraction of fat of 6% was assumed.

Table 7 presents the technological parameters of
raw materials for a dessert with a mass fraction of fat
of 6%.

To replace sugar in dessert with raw honey, the
possible limits of its content in PLF with a mass
fraction of fat of 6% have been determined. The
sweetness and structure of the compositions that
contain raw honey in the amount from 4 to 8 g of
honey per 100 g of PLF at a pitch of 1 g was studied.
The honey was kept in a thermostat at a temperature of
40-45°C for plasticity and was dissolved in PLF when
stirring. Taking into account the high water-binding
properties of carbohydrates and proteins, the obtained
compositions for stabilizing the structure were held in
the refrigerator at a temperature of 4-6°C for 12 hours.
On expiration, the samples were left for 30 minutes at
room temperature and were organoleptically estimated.
Table 8 presents the organoleptic indicators of PLF
with a different honey content.

A mixture with a mass fraction of honey of 7% had
the best organoleptic characteristics.

The organoleptic properties of PLF, the high
viscosity and sufficient lactose content served as an
argument for choosing the type of product - "Cream-
dessert" with honey and sesame fermented using a
starter culture with probiotic microorganisms. The
components of the product formulation were chosen
taking into account its functional focus and
organoleptic characteristics. The use of starter cultures
that contain probiotic microorganisms is the most
expedient and convenient way of enriching a dairy
product. Probiotics, in case of the natural mode of
administration, have beneficial effects on the
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physiological functions and biochemical reactions of
the human body by optimizing its microbiological
status [11, 12]. The addition of a plant supplement in
the form of sesame to the protein and lipid milk basis
allows to increase the nutritional value of the final
product, to improve its mineral composition and to
enrich it with valuable components [13].

The honey was applied in the amount of 7% to the
mass of PLF in the process of gentle heat treatment of
the freshly obtained PLF (72-74°C with holding for
20 sec). Two factors served as a basis for choosing a
mode of heat treatment: the pre-heating of milk to a
temperature of 87°C before the process of fractionation
using pectin leads to the complete destruction of lipase
and is complete for pasteurization efficiency; secondly,
the effect of high temperatures is undesirable for
retaining the natural properties of honey. Further on,
PLF with honey was cooled to the fermentation
temperature and a direct-set starter culture was applied.
Fig. 2 presents the dynamics of fermentation using the
starter cultures "BioMatrix - LB1", the yoghurt starter
culture YO-MIX and "Sour cream vivo".

© 20
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35 1o 7/ LN
ER 7 N\
é (2): él T T T T T

Fermentation durarion, h

—o— starter BioMatrix - LB1
—O—starter YO-MIX
—/A— starter Sour cream vivo

Fig. 2. Dynamics of the ripening process of the protein
and lipid fraction of normalized milk.
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In general, the process of fermentation of PLF
using starters of lactic acid cultures proceeds in a
similar way to the fermentation of any other dairy raw
material. The presence of the lag phase, the period of
active growth of microflora and the phase of
extinction of a culture is typical. The formation of a
dense curd for a yogurt starter culture and
"BioMatrix-LB1" begins on average in 3.5 hours after
the fermentation begins. For the starter culture "Sour
cream vivo" the curd was formed 4 hours after the
fermentation had begun. However, to get a more
pronounced sour-milk taste, the duration of
fermentation should be increased by 2—-3 hours for all
the crops. According to the results of the organoleptic
estimation, the fermented milk product obtained using
the starter culture "BioMatrix-LB1" had the most
attractive taste.

The honey performs several functions in the
obtained product: a natural effective sweetener, gives
the product a special taste and smell, enriches the
product with valuable ingredients inherent only in raw
honey, and the fructose contained promotes the
growth and preservation of the viability of
bifidobacteria in the chosen probiotic starter culture.

The mass fraction of sesame was selected for the
formulation of the product using a tasting assessment
made by experts with respect to 5 approved
descriptors: color, taste, consistency, aftertaste and
smell. The descriptors were graded on a 10-point
scale (Fig. 3).

The sesame was heat treated at 105-105°C for
5 minutes and was applied into the fermented protein
and lipid base with honey in a cooled state. The
product was stirred for 5 minutes and sent for
ripening at a temperature of 4-6°C to provide the
final formation of its structure and taste
characteristics. The organoleptic estimation of the
finished "Cream-dessert" was carried out at a
temperature of 20-22°C. It has been found that the
sample with a sesame content of 2% to the mass of
PLF had the most attractive organoleptic indicators.

aftertaste

consistency

— -+ 1% of sesame
— 2% of sesame
----- 3% of sesame
= = = 4% of sesame

Fig. 3. Taste profile of the formulations of "Cream-
Desert" with a different sesame content.
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The production technology of "Cream-dessert”" in
production consists of the following operations. The
derivation of a protein and lipid fraction: the
normalization of whole milk to a mass fraction of
1% fat, the pasteurization at 87°C without holding,
cooling to 20-25°C, applying a 5% pectin solution at
a temperature of 20-25°C based on its content of
0.65% to the mass of milk on a dry basis, stirring for
15 minutes, cooling to 4-6°C and fractionating for
3 hours. The indicator of completion of the
fractionation process is: a transparent WPF solution
with a density in the range of 1025-1026 kg/m’ and
the content of solids in the range of 6.4-6.6%. The
process of production of "Cream-dessert": the
separation of PLF by decanting from the bottom of
the tank, applying honey in the amount of 7% to the
mass of PLF, the heat treatment of mixture at a
temperature of 72—74°C with holding for 20 seconds,
cooling to a fermentation temperature of 35-38°C,
applying the starter culture "BioMatrix - LB1", the
fermentation to a titrable acidity of 90-100°T, cooling
to 20°C, applying sesame in the amount of 2% into
the mass of mixture, product packing, biochemical
and physical ripening at a temperature of 6—8°C for
12 hours, the technical and chemical control of the
composition, quality and safety of the product,
organoleptic estimation and implementation.

Based on the results of the organoleptic, physico-
chemical and microbiological studies of the product,
a shelf life is determined to be 10 days at a storage
temperature of 6-8°C. Table 9 presents the resulting
formulation of "Cream-dessert" with honey and
sesame. Table 10 presents the characteristics
of the composition "Cream-dessert" with honey and
sesame.

As can be seen from the data obtained, the use of
honey and sesame allows to enrich the product
additionally with macro- and micronutrients and
vitamins.

Table 9. Formulation of "Cream-dessert" with honey
and sesame

Mass
fraction
of the
component
kg per
100 kg of
the product

Component

PLF (the solids are 28-29%, the
mass fraction of fat is 6%)

Raw honey (GOST R 54644-2011) 7
Starter culture as a bacterial
concentrate that contains

a complex of probiotic
cultures of lactic acid bacteria
Sesame seeds (GOST 12095-76) 2

92

"BioMatrix-
LBI1",
(direct-set)
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Table 10. Chemical composition of "Cream-dessert”
with honey and sesame

Thus, the developed "Cream-dessert" has attractive
organoleptic properties. It has a moderate titrable
acidity (not higher than 100°T). It is characterized by a
high content of milk protein, which provides the ratio
of casein and whey proteins necessary for intake. Its
content of carbohydrates is low for a sweet dessert,

since the necessary sweetness is compensated by a high
content of monosaccharides in honey (glucose and
fructose). The portion of 200 g of the product provides

Ingredients in 100 g 50% of the recommended daily intake of calcium and
' PLF without "Creilm-. 34% of phosphorus for a person aged 25-50 [14].
Indicator: dessert" with
fillers (as the h d
control sample) oney an CONCLUSION

. Sesame The presented paper describes an innovative
Solids, g 28.6 30.2 technology of protein dessert. Protein and fat raw
Fat, g 6.0 6.2 material is concentrated simultaneously being effected
Protein, g 12.5 1_3 by the normalized milk of apple pectin, while the bulk
Carbohydrates, g 2.3 8.5 incl. of the calcium of fresh milk is concentrated and transits
: honey 6.0 into PLF, and therefore remains in the product. In the
Minerals: classical protein dessert obtained on the basis of
Ca, mg 250 273 cottage cheese, the bulk of calcium salts transits into
P, mg 163 178 whey effected by fermentation lactic acid, and micellar
Mg, mg 19.4 259 calcium casein phosphate remains practically only

Zn, mg 191 2.08 within the product.
Fe, mg 0.75 1.05 The protein and lipid fraction is enriched with
Cu, mg - 0.11 protein and milk fat in their natural (native) form. The
Vitamins: previous high temperature of milk pasteurization (87—
E, mg 0.26 0.33 90°C) provides the enrichment of casein and fat
A, mg 0.18 0.24 globules with whey proteins, which significantly
C, mg 1.48 6.34 increases the protein efficiency ratio (PER). The

selective flocculation of milk components by pectin
enriches the content of macronutrients in raw materials
(calcium, phosphorus and magnesium), micronutrients
(zinc, iron and copper) and vitamins A, E and C. The
product is additionally enriched with an appreciable
quantity of micronutrients and vitamins due to applying
raw honey and sesame seeds into it.
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Abstract: In assessing the nutritional value of a food product, its fatty acid composition is important. Meat products
contain essential fatty acids that positively influence human health, and saturated fatty acids, the high level of which
does not allow them to be attributed to healthy nutrition. The article describes the use of raw meat from various species
of animals and poultry according to their fatty acid composition; presents the possibility of changing the composition of
fatty acids to produce healthy food. The presence of trans-isomer fatty acids (TIFA) in food products is the risk factor
for human health. Meat raw materials contain trans fatty acids of natural and industrial origin. The results confirming
trans fatty acids formation at the stage of animal growth (biohydrogenation and as the result of the use of growth
promoters) and during meat processing (heat treatment at high temperatures, storage, use of sodium nitrite) are
presented. At present, meat products are not considered to be a source of health-threatening TIFA, but the results
presented in the review confirm the need for further research to identify factors that affect the fatty acids isomerization

process in meat and semi- meat products and the normalization of their content in finished products.
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INTRODUCTION

Fat is one of the main components of meat,
upon which the nutritional value and functional
properties of the finished product largely depend. Food
product, depending on the characteristics of the fat
contained in it (the level of content in the product, the
qualitative and quantitative composition), can be
attributed to the consumer productof functional,
therapeutic and preventive action, or adversely affecting
health. Along with the high level of saturated fatty acids,
meat and meat products contain TIFA [1, 2]. Due to the
negative influence of some TIFA on health [3, 4], in
many countries around the world the issue of limiting
their content in food products has been resolved at the
legislative level. Various conditions have been
determined that affect the formation of TIFA in meat
products [5, 6, 7, 8, 9], depending on which the TIFA are
divided into natural and industrial. Therefore, the
problem of the normalization of natural TIFA, which are
synthesized in the animal's organism and have a
beneficial effect on human health remains important.

In order to recommend the use of meat raw materials
for functional and dietary nutrition, the biological
effectiveness of meat lipids of various species of
productive animals and poultry was assessed, the indices
of the content of TIFA in various types of meat were
shown, and technological factors affecting their
formation were revealed.

DISCUSSION

The quality of the fat tissue of a productive animal
largely depends on the species of the animal, the breed,
and the diet. The process of digestion and formation of
tissues in ruminant and monogastric animals take place in
different ways, as a result of which the composition of the
fatty acids in the meat of these animals is not the same. In
animals with a single-chamber stomach, fatty acids from
the diet undergo slight transformation during digestion
and absorption, therefore, the fatty acid composition of the
tissues of animals with a single-chamber stomach can be
regulated by the fat-acid composition of the diet. It is very
difficult to predict the composition of fatty acids in
ruminants. Attempts to modify the fatty acid profile
require simultaneous study of both the diet of productive
animals, especially ruminants, and the mechanisms of
bioconversion in the stomach (rumen) of animals [10, 5].

Specialists of V.M. Gorbatov's All-Russian Meat
Research Institute (VNIIMP) summarized and systemati-
zed the experimental data on the composition of fatty
acids in various types of raw materials obtained from farm
animals and birds [11]. For the analysis we used m.
longissimus dorsi muscle tissue samples, selected from
adults of sheep, pigs, cows, turkeys and horses. The
obtained results showed the presence of significant
qualitative and quantitative differences in the lipid compo-
sition of muscle tissue of various animal and poultry
species: cattle, pigs, sheep, horses and turkeys (Table 1).

Copyright © 2017, Lisitsyn et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.

This article is published with open access at http:/frm-kemtipp.ru.
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Table 1. Fatty acid content in muscle lipid fraction of various animal species (% of total fatty acids)

Fatty acids lamb pork beef turkey horse meat

SFA™ 51.99 43.54 58.13 40.40 43.77
UFA” 30.3 47.45 37.80 40.91 45.14
MUFA” 23.55 36.59 30.55 28.63 22.97
PUFA” 6.75 10.86 7.25 12.25 22.17
PUFA/SFA 0.13 0.25 0.12 0.30 0.51
UFA/SFA 0.58 1.09 0.65 1.01 1.03
Elaidic acid (trans-9-Cs.1) 32 2.63 3.1 - -
Arachidonic acid (Cyp.406) 1.55 0.90 1.69 0.36 0.66
-3 PUFA 0.94 091 1.39 0.46 4.07
®-6 PUFA 5.74 9.74 5.78 11.75 18.10
63 6.14 10.76 4.15 25.82 445

Note. " SFA — saturated fatty acids; UFA — unsaturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturated fatty acids.

Saturated fatty acids (SFA) in animal raw materials
are mainly represented by myristic, palmitic and stearic
acids [11, 2, 12, 13, 6, 14, 15]. The lipid fraction of
beef is characterized by the maximum level of SFA
(58.13%), the lower content of SFA is in the lipid
fraction of lamb (51.99%). Lipids of muscle tissue of
pork and horse meat have approximately the same
amount of these fatty acids (43.54 and 43.77%,
respectively). The lowest content of SFA among the
studied meat samples was obtained in the lipid fraction
of turkey meat.

Monounsaturated fatty acids (MUFA) are basically
palmitoleic, oleic fatty acids and its trans-isomer —
elaidic fatty acid [11, 2, 12, 13, 6, 14, 15]. The lipid
fraction of pork contains the highest level of MUFA
(36.59%), then in descending order — the lipid fractions
of beef <turkey <lamb < horse meat (Table 1).

Polyunsaturated fatty acids (PUFA) are mainly:
linoleic, linolenic and arachidonic fatty acids [11, 2,
12, 13, 6, 14, 15]. The highest amount of PUFA is
contained in the lipid fraction of horse meat (22.17%),
almost three times less — in the lipid fraction of beef
and lamb (7.25 and 6.75%, respectively) and about two
times less — in the lipid fraction of pork (11.49%).
In contrast to plant fats, animal fats are characterized
by a high content of arachidonic acid (0.36—1.69%).

The balance of the fatty acid composition was
evaluated by the ratio of PUFA/SFA, the optimum
range of which should be from 0.2 to 0.4 and
UFA/SFA — 2.3 :1 [16]. The fatty acid composition
of the lipids of the muscle tissue of pork, horse meat
and turkey is more balanced than that of lamb and
beef (see Table 1).

The optimal ratio of PUFA of the »-6 and
-3 family plays an important role in healthy nutrition.
The diet is considered healthy if the ratio of ®-6 to
®-3 PUFA is 10: 1, is considered to be a therapeutic
nutrition with ratios ranging from 3:1 to 5:1.
According to the data of Table 1, horse meat and beef
meet the requirements for raw materials for preventive
and therapeutic nutrition, all other types — for raw
materials for general purpose products. Lipid
fraction of horse meat is characterized by a high
content of ®-3 PUFA. Belaunzaran et al. associate the
accumulation of ®-3 PUFA in horse meat with a
unique digestive system of horses [15].
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The high content of oleic acid trans-isomer-elaidic
acid (trans-9-Cyg.;) [11] in the intramuscular fat of
lamb (3.2%), beef (3.1%) and pork (2.63%) deserves
attention. In deer fat, this indicator was 2.2%, in
chicken — 1.4%, in maral fat — 0.9%, in wild boar
fat — 0.4%, in seal fat — 0.3% [2]. In the lipid fraction
of turkey meat and horse meat, this isomer was not
detected [11]. Some researchers report a low content of
TIFA in horse meat, the level of which depends on the
diet [15]. In the meat of maral, elaidic acid was
detected in two muscles of the three examined
(quadriceps muscle — 0%, hip muscle — 1.68%,
longissimus muscle — 1.04%). The content of TIFA in
meat of kangaroo, african ostrich, mallard, pheasant,
sea animals (Lahtak, walrus, seal, gray whale) was not
determined [17].

The review, presented by Brazilian scientists,
reports that the content of natural TIFA in food
products (milk, lamb and beef) varies from 3 to 8% of
the total amount of fatty acids [18]. According to
Stender S. et al (2008), trans fatty acids of natural
origin can account for up to 6% of fat in meat and dairy
products obtained from ruminants (cattle, sheep, goats,
buffaloes, deers, elks, giraffes and camels) [19].

In this paper, the authors adhere to the following
definition of TIFA — a type of unsaturated fats being in
the trans configuration, that is, having hydrocarbon
substituents on opposite sides of the carbon-carbon
double bond.

The studies of recent years in the field of TIFA in
food products are focused on determining the
conditions for their occurrence and their impact on
human health.

Natural and industrial sources of TIFA have
different effects on the human body. Natural trans-
isomers are not a risk factor for cardiovascular
diseases, because, unlike industrial ones, they do not
contribute to the reduction of high-density lipoproteins
and increase in low-density lipoproteins [20, 21] and
are not associated with coronary heart disease [22].

Conjugated linoleic acid (CLA) has anticarcinogenic
and anti-allergic properties [23]. CLA is a mixture of
fatty acid isomers of the trans and cis configurations,
and, therefore, it is difficult to establish the mechanism
of action of each of these isomers on the immune
function of humans and it is still unexplored. Among
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them, some trans-isomer fatty acids have a positive
effect on human health, others do not have biological
activity, and some, like industrial trans fats, can be
harmful to health [24].

In the CLA study, a mixture of cis-9-trans-11-CLA
isomers (predominant in milk and beef) and trans-10-cis-
12-CLA was used. In experiments on laboratory
animals, evidence has been obtained that two isomers of
CLA (Cygy cis-9, trans-11 and Cg, trans-10, cis-12)
inhibit the carcinogenesis of the mammary gland and
large intestine in animals. The mechanisms consist in the
anti-angiogenic activity, induction of apoptosis in cancer
cells and changes in fat metabolism [25]. In experiments
on rats and chickens, CLA's ability to activate the
immune system has been proven (no convincing human
subject research has been conducted). The results of
some studies of the effect of different CLA isomers on
the immune function led to the assumption that the
isomeric trans-10-cis-12-Cyg,, has the immunological
activity, rather than cis-9-trans-11-Cg, [24]. In young
rats, CLA can act as a growth factor and promote the
release of energy from fat stores. Human subject
research has shown that a diet rich in natural CLA leads
to weight loss [5].

Rumenic acid (cis-9-trans-11-Cyg,) has an anti-
cancer effect. The positive effect of its action on
different types of cancer has been obtained: breast, skin,
and gastrointestinal tract cancer. On the contrary, linoleic
acid (Cis,) exerts a stimulating effect on cancer cells.
Scientists argue that the high level of consumption of
CLA, and rumenic acid in its composition, provides
antitumor protection due to the fact that this substance
replaces linoleic acid in some lipoproteins, which in
large quantities increases the risk of cancer in rodents. In
experiments on animals, it has been shown that the
addition of rumenic acid to feed reduces the formation of
plaques in the aorta and reduces existing ones,
significantly lowers the level of low-density lipoprotein
cholesterol, inhibits the development of atherosclerosis,
reduces inflammation [26, 27].

The precursor of rumenic acid - vaccenic acid
(trans-11-Cys.1) also has a positive effect in oncology.
Running an experiment one should take into account
the fact that vaccenic acid is easily converted into
rumenic, and its positive effects can be justified [28].
Final conclusions about the anti-cancer properties of
these natural TIFA can be made after studying their
influence on cancer risk markers in humans.

The results of studies of the effect of natural TIFA
on health do not give an unambiguous answer to the
question of the mechanisms of their action in
comparison with industrial ones, but negative effects
on the functions of the organism have not been
established [27, 29], possibly because of their small
content in products [20].

Unlike natural TIFA, the consumption of
excessive amounts of non-natural, industrial TIFA
with food leads to a risk of developing coronary heart
disease, and more than any other source of nutrients,
abdominal obesity, diabetes, Alzheimer's disease,
breast cancer, reproductive harm, endometriosis and
cholelithiasis [30, 31].
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Consumption of TIFA during pregnancy and
lactation period can lead to deviations from normal
fetal and postnatal development, which can cause the
development of metabolic diseases [32]. People who
have low social status, who buy cheap food with a
higher content of industrial trans fats fall into the risk
group [33, 34, 35].

Based on the clinical trials conducted, WHO
experts concluded that consumption of trans fatty acids
increases the risk of cardiovascular disease and
coronary heart disease due to adverse effects associated
with increased levels of low-density lipoproteins,
decrease in high-density lipoprotein levels, provocation
of inflammation and endothelial dysfunction, and also
influence on coagulability of blood, decrease in
sensitivity of cells to insulin, replacement of essential
fatty acids in cell membranes, which leads to
dysfunction of processes associated with prostanoids
and key functions performed by membranes [29].

There are several ways of forming TIFA in meat
products: natural, as a result of synthesis in the rumen
of the animal, and in the process of industrial
processing of raw materials (industrial transisomers of
fatty acids).

The natural way of forming trans-forms of fatty
acids in meat raw materials is the biohydrogenation of
unsaturated fatty acids under the influence of the
microflora of the rumen. Mapiye C. et al (2012)
presented material on the mechanisms of synthesis of
trans-isomers and ways to increase their content in
beef [5]. In the rumen, the incoming feed lipids are
hydrolyzed by plant or microbial lipases, resulting in
the formation of free fatty acids. Free fatty acids are
toxic to microorganisms, they are detoxified through
biohydrogenation (combined isomerization of double
bonds and hydrogenation). Rumen microorganisms
(mainly bacteria), first of all, biohydrogenate the
essential fatty acids (linoleic and linolenic fatty acids)
to stearic acid (C;s.0). As a result of the experiments,
it was found that behenic acid (Cy,,) is the main end
product of the biohydrogenation of docosahexaenoic
acid (C,,.6, DHA). Different conditions in the rumen
can lead to a series of biohydrogenation intermediate
substances with one or two double bonds with
different cis and trans configurations.

At present, meat of animals grown using intensive
technologies in industrial-scale volumes contains a
lower level of natural cis and trans isomers, in contrast
to the meat of a pasture grown animal. The feed system
can regulate the level of fatty acids in meat. The
proportion of linoleic acid isomers in meat raw
materials can be increased using pasture management
(0.59% for pasture management and 0.28% for stall
barn housing). Moreover, the feed system at the final
stage of store feeding affects the fatty acid composition
of the meat and the level of isomer content of fatty
acids more than at the initial stage [6].

To increase the CLA level in meat, linoleic acid-rich
vegetable oils, sunflower seeds or safflower are added to
the cattle diet in combination with a high concentrate
feed (> 75% of the grain in dry matter). Combination of
vegetable oils with grain leads to an increase in vaccenic



ISSN 2310-9599. Foods and Raw Materials, 2017, vol. 5, no. 2

and rumen acids in beef. When feeding rations with high
grain content, trans-10-Cs. (trans-isomer of octadecenic
acid) is produced due to an increase in microbial
metabolism in the rumen through an alternative pathway
of biohydrogenation [5]. The introduction of flaxseed
into the diet of small bulls leads to a significant increase
in the content of CLA (cis-9, trans-11) [36].

The level of content, the type of concentrate and the
degree of its processing affect the mechanism of
biohydrogenation. Small grains, such as wheat and
barley with a rapidly fermentable starch, stimulate the
production of trans-10-Cg,, fatty acids. Corn starch is
more resistant to fermentation and can stimulate a
greater accumulation of vaccenic and rumenic acids
compared to starch from other cereals [5].

In the experiment of Uruguayan researchers on the
influence of a different ratio of hay and concentrates
(corn and soy) in the diet on the quality characteristics
of meat and the fatty acid composition of intramuscular
fat lambs of the Corydale breed, these data were not
confirmed [37]. There was no increase in the trans-
isomer content of oleic and linoleic fatty acids from a
change in the proportion of cereal concentrates in the
diet of lambs.

Regulation of the content of vaccenic acid
(trans-11-Cyg,1) is impossible by changing the profile
of fatty acids (SFA, MUFA, PUFA). This was the
conclusion of specialists of the Leibniz Institute of
Animal Biology [38] in the store feeding experiment
of bulls of the Holstein breed with a high proportion
of linoleic and alpha-linolenic fatty acids in the diet.
Regardless of the level of the MUFA and PUFA in
the lipid composition of feed, the content of vaccenic
acid was constant. Sausage and pate, produced from
meat from grown animals, contained the same number
of CLA isomers (cis-9, trans-11 and trans-10, cis-12)
that meat raw materials. This indicates that the heat

treatment, at which sausages and pates were
produced, maintains the level of TIFA in finished
products.

Work is under way to increase the content of
trans-linoleic acids in livestock products, both
through the use of vegetable fats, and through
synthetic conjugates of linoleic acid. V.A. Matveyeyv,
V.P. Galochkina et al. (2010) patented a method for
increasing the intensity of growth of Kholmogorsky
bull calves raised for meat production, using a
biologically active substance (BAS) based on
conjugated linoleic acid (CLA, Cig., cis-9, trans-11
isomer). BAS, added to the main diet, changed the
biochemical processes in the body of the bull calves
(due to the higher activity of the work of the Krebs
cycle in the bulls' tissues compared to glycolysis)
grown for meat production, and led to an increase in
the intensity of their growth [39].

Growth promoters, widely used in modern
technologies of growing animals, lead to an increase in
both the proportion of trans-forms of fatty acids, and
the emergence of mixed cis-, trans-forms [7]. As a
result of the study of the effect of the use of the
hormonal  estrogen  regulator  diethylstilbestrol
introduced into the pig's diet on the isomerization of
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fatty acids, it was found that animal lipids obtained by
the action of forbidden to use diethylstilbestrol
contained an increased content of TIFA and an
appreciable amount of mixed cis and trans isomers.
The authors conclude that a high content of TIFA in
meat raw materials may indicate the use of metabolic
growth regulators.

The processes of fat oxidation during storage lead
to the formation of fatty acid isomers. At the initial
oxidation period, the hydrogen atom is stripped from
the fatty acid molecule to form a fatty acid radical,
which is stabilized by delocalization via double bonds.
This leads to a shift in the double bond, in the case of
PUFA, by forming conjugated double bonds. Such a
shift forms double bonds in both cis and trans
configurations, with the predominance of the trans
configuration due to its greater stability [40]. The
process of storing meat raw materials contributes to an
increase in the proportion of TIFA, as well as to the
emergence of mixed isomers that contain both cis and
trans forms [7]. Significant contribution to the process
of cis-trans-isomerization is made by enzymes, and the
rate of formation of trans-forms under the action of
pancreatin (olienzyme preparation with broad substrate
specificity) was higher in comparison with lipase of
microbial origin (Candida rugosa lipase). Under
natural conditions of storage of raw materials (at room
temperature), the rate of accumulation of trans-forms is
much higher than at storage at a temperature of + 4°C,
and at temperatures below zero the process practically
does not develop [7].

A number of studies have shown that sodium
nitrite catalyzes cis-trans-isomerization of fatty acids
[8]. In order to verify this fact, scientists from Japan
evaluated the content of TIFA in ready-made pork
cutlets, prepared with the use of a mixture of KNO;
and NaNQ; in a ratio of 5: 1. During the production
of pork cutlets, a mixture of KNO; and NaNQO, in the
amount of 0; 100; 1000; 10000 mg/kg of meat was
introduced in the salting process. The total content of
trans-isomers of oleic and linoleic acids in the
finished product was (mg/100 g of product) 0.538;
2.65; 3.38 and 27.6 respectively. As a result of the
experiment, there was no evidence that the heat
treatment under normal salting and cooking
conditions in the presence of sodium nitrite leads to
an increase in the proportion of TIFA in finished
products. Meanwhile, it was suggested that oleic and
linoleic acids in cis-trans meat are isomerized by a
large amount of nitrite in the presence of nitric acid.
Therefore, the addition of excess sodium nitrite
during meat processing should be avoided [41].

Another way of forming TIFA is heat treatment at
high temperatures, at which the double cis-bond is
subjected to the isomerization process in the trans
position. Henon (1999) believes that for the
isomerization of alpha-linolenic acid in the trans form,
heating to 220-230°C, and for linoleic — heating to
240°C is required. Four hours of heat treatment at 270°C
led to isomerization with the formation of trans fatty
acids of 80% alpha-linolenic acid and only 13% linoleic
acid [42]. High temperature regimes are used in the
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production of certain types of meat products (fried,
baked) and can lead to isomerization of fatty acids.

The processes of conservation and storing the
finished product affect the change in fatty acid
composition, including the level of TIFA. The fatty
acid composition of the canned food "Stew pork meat"
was studied, which was produced in two ways: under a
strict sterilization regime with the achieved sterilizing
effect of 18 conventional minutes and under a moderate
sterilization regime with the achieved sterilizing effect
of 12 conditional minutes [9]. It has been established
that the strict regimes of thermal processing of meat
raw materials and the duration of storage of the
finished canned product lead to the formation of trans
isomers in the fatty acids of the product: elaidinic
(Cis.1, 9-trans) and brassidine (Cy,.; -trans).

The regimes of sterilization, strict and moderate,
affect the content of brassidic acid in different ways:
strict sterilization leads to an increase in the mass
fraction of acid in 1.6 times, moderate sterilization
reduces the content of this acid by 3.5 times. As a
result of long-term storage (7.5 months), brassidic
acid also behaves differently, depending on the
sterilization regimes. In canned goods made under the
strict sterilization regime, its proportion is reduced by
42.9%, and in canned goods, made under a moderate
regime, it increases sharply (by 260% from the initial
value). Its maximum proportion was 0.18% of the
total number of fatty acids and did not exceed the
norms established for oils for the content of trans-
isomers in food products [9].

The effect of different types of processing and
storage conditions on the content of elaidin fatty acid is
different from that of brassidine. After 1.5 months of
canned food storage, the proportion of elaidic acid in
the lipids of a product manufactured under the strict
sterilization regime increases dramatically, 5 times
with respect to the mass fraction of this acid in the
product produced under moderate regime. Its content in
the moderate product after 1.5 months of storage is
reduced and by the end of 7.5 months of storage elaidic
acid is not identified [9].

In the USA, in order to improve the consumer
quality of meat raw materials, the methods of growing
animals, the procedures for carcass cutting and
cooking methods are constantly being improved.
J. N. Martin et al. (2012) presented the results of a
study of the nutritional value of beef cuts to update
the reference materials of the US National Database

(SR24) on nutrients, indicating the content of
TIFA [43]. As a result of the evaluation of the data
obtained, 29 beef cuts were considered to be lean
because they contained less than 10 g of fat, 95 mg of
cholesterol and 4.5 g of saturated fat (per 100 g of
product) or had a fat content of no more than 10%
(Table 2). As can be seen from Table 2, the content of
TIFA depends on the way the meat product is
prepared and on the total amount of fat on the cut.

As a result of the evaluation of clinical research
data on the effects of TIFA on health, WHO experts
stated that the consumption of such fats should be
reduced to a minimum level (< 1% of the total energy
consumed, i.e. no more than 2 g of trans fats a day with
average consumption of 2000 kilocalories per day).
Consumption of more than 5 g TIFA per day is a risk
factor for health [19].

Denmark was the first European country to take
measures that banned all products, including catering
products, in which the content of TIFA exceeds 2% of
total fat. In the United States, Canada, Finland, Norway,
Austria, Hungary, Sweden and other countries,
legislative restrictions on the content of TIFA in
products have been introduced. The labels of packaged
foods must indicate the amount of trans fats. At the same
time, when determining the maximum permissible value
of trans fat in food products, Denmark did not include
natural TIFA (vaccenic, rumenic and other fatty acids) in
this list on the labels [18]. Experts recommend
consuming about 3 grams of conjugated linolenic acid
per day from animal fats or foods enriched with this acid
to maintain optimal health [44].

Foreign experience shows that the most effective
measure to reduce the consumption of industrial TIFA
by the population is the introduction of legislative
restrictions on their content in food. In Russia, the
content of TIFA is regulated only in dairy products. It is
planned to reduce the content of trans-isomers of fatty
acids in all food products to 2% by 2018. At the
moment, the Russian consumer cannot evaluate their
content in food products due to lack of this information
on the labels. Unlike the EU, in Russia there is no
harmonization of regulatory documentation regulating
the content of trans fats in meat products. Meat products
are not considered as a source of trans fats, however,
under the influence of risk factors (intravital or
technogenic origin), initiation of processes of trans-
isomerization of lipids to potentially dangerous levels for
humans is possible.

Table 2. Effect of heat treatment on the fatty acids profile and the accumulation of trans-isomers in finished beef

products
Parameter, Rib roast beef Outside skirt Inside skirt Rib steak (ribai) o4
(g/100 g) (boneless)’' steak’ steak’ (boneless)’ Back ribs

Fat mass fraction 240+ 1.6 18.8+0.8 13.9+0.6 23.0+2.7 300+ 1.9
SFA 10.7+0.9 7.7+0.6 55+0.5 100+1.4 —
MUFA 10.0+0.7 7.7+0.2 6.2+0.1 9.8+1.0 —
PUFA 0.89 +0.04 1.06 +0.09 0.59 +0.06 0.85+0.08 —
Trans fats (g/100 g) 1.8 +0.18 1.05+£0.12 0.76 £0.11 1.6 +0.27 —

Note. " Grilling to an internal temperature of 70°C; ? Grilling to an internal temperature of 80°C; ¥ Roasting in a conventional oven to an internal

temperature of 60°C; ¥ Stewing in a conventional oven at a temperature of 120°C for 150 min.
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CONCLUSION

The content of saturated fatty acids in meat raw
materials is not a limiting factor for reducing meat

natural synthesis in the rumen and can be regulated by
diets. The use of growth promoters, high-temperature
processing of meat raw materials, prolonged storage of a

product and high sodium nitrite content during meat
processing can contribute to TIFA increase in raw meat.
Positive effects on animal health from the consumption
of natural TIFA are shown, however, the mechanisms of
the influence of TIFA on the functions of the organism
are not fully explored. Consumption of foods with a high
trans fats content shows adverse effects on human
health, as a result of technological processing of raw
materials. The necessity to normalize the content of
industrial trans fats and to develop measures to reduce
their level in food production has been discussed.

consumption. Horse meat and beef are recommended for
dietary and preventive nutrition for their biological
effectiveness, and a balanced fatty acid composition of
pork, horse and turkey lipids meets the requirements for
functional foods. In meat raw materials TIFA are found,
which become a matter of concern for an increasing
number of consumers in the world and subject to close
scrutiny by scientists. Meat raw materials of ruminants
(cattle, sheep, goats, buffalo, deer, elks, giraffes and
camels, etc.) have a high TIFA level. Trans-
isomerization of fatty acids can occur as a result of
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Abstract: A carbohydrate based fat replacer is the most important constituent used in a large range of bakery products.
It exactly minimizes the role of butter, margarine and fat. It also plays a major role in the reduction of obesity.
Carbohydrate based fat replacers also effect in terms of physical and chemical properties. The present study was designed
to reveal the combined potential of pectin and banana powder as carbohydrate based fat replacers in cookies. The flour was
characterized for a proximate analysis (moisture, fat, fiber, protein, ash and NFE). Moreover, carbohydrate based fat
replacers (pectin and banana powder) were mixed with flour at different levels (0%, 5%, 10%, 15% and 20%). Fat
replacers of different flour containing levels were studied for rheological properties (farinographic) and were used in baked
products such as cookies for enhancing their quality characteristics. Moreover, physical and chemical analyses were carried
out. Furthermore, the sensory evaluation of cookies was also carried out. The obtained data from each parameter were
subjected to an appropriate statistical analysis for determining the level of significance. The results showed that the content
of crude fat was 29.82% in the controlled cookies. The fat content was reduced from 29.82% to 17.07% for T3 by using
carbohydrate based fat replacers. The current study revealed that the treatment with T3 better attributes to physical,
chemical and rheological properties. The results further affirmed that the cookies prepared from wheat flour from
15% supplementation of carbohydrate based fat replacers showed better attributes regarding color and texture and were
declared the best by the panelists.

Key words: Cookies, dough rheology, calorific value, sensory evaluation
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INTRODUCTION
Fat replacers are used in a variety of products

provide 4 kcal/g of energy. When mixed in water, they
provide 1-2 kcal/g of energy. Sometimes they provide

ranged from frozen desserts to a number of bakery
products. The most appreciable functions of fat
replacers are to control calories and provide important
nutrients. Fat replacers provide mostly the same
functions of fat. Different types of carbohydrate based

zero calories. Moreover, the rheological and pasting
properties of bakery products can be changed by
mixing different starches with hydrocolloids [1].

Fat replacers of a carbohydrate origin may be
obtained from modified starches, different types of gels,

thickening agents, emulsifying substances and fruits.
The amphiteric properties of emulsion are valuable in

replacers are pectin, fibers, gums, maltodextrin,
cellulose, modified starches and fruits. These can

Copyright © 2017, Majeed et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
This article is published with open access at http:/frm-kemtipp.ru.
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some cases and they can deposit fifty percent of fat in
food products. These give a sense of good mouth feel,
creaminess of fat and flavor. These can also reduce
calories while maintaining the original amount of fat [2].

A fat replacer ingredient can be used to provide part
or all of the function in the form of fat. Fat alternatives
are proficient to produce all or a number of the
purposeful characteristics of fat in foods [3].

It is worth mentioning that the alternative term fat
replacer means that it is a particular substance having
better physical or sensory qualities of fat without any
of the undesirable properties of fat. There are some
categories of fat substitutes and there is often
misunderstanding about how can they act as
alternatives of fat or fat mimetic. Fat alternatives act as
material intended to replace fat in a product [4].

A carbohydrate based fat replacer may be derived
from starch gums, gels, thickening agents, emulsifying
agents and bulking agents. The amphiteric characteristics
of emulsions are chiefly valuable and can put back near
to 50% of fat in food products. These may provide a
sense of mouth feel with a distinctive flavor and
creaminess of fat. It also allows for the use of a
combination of fat replacers or can be used in
combination with other components. Low fat products
are also lower in fat and decrease the energy content of
fat even when they maintain the percentage of fat in the
original product [5].

Carbohydrate based fat replacers are derived from
plants, cereals and grains. These ingredients consist
both of indigestible and digestible complex
carbohydrates. Food industries often utilized
microcrystalline cellulose as part of a fat mimetic
system. It commonly consists of hydrocolloid starch
that can be easily solubilized. Carbohydrate based fat
replacers have a wide function and can be used in cakes
and cookies. Protein based fat replacers are utilized in
baked goods, mayonnaise, butter and cheese. Fat based
fat replacers are used mainly in baked goods, salted
snacks, confections and cheese [5].

Pectin is one of the most essential polysaccharide
which has a lot of applications in pharmaceutical
industries, food manufacturing industries and many
other industries. The most important function in food
industries is that it forms gels in the incidence of
lower pH and calcium ions. During gel formation, a
lot of interactions are involved, especially that of
hydrophobic bonding and hydrogen bonding
interactions with calcium ions. There are a lot of other
applications of pectin which may include the
formation of edible films, act as plasticizers and paper
substitutes, etc. It is present in the plant’s cell wall,
pomace of apple and orange peels [6].

Banana is a fruit and mostly cultivated in the
tropical regions. These are transported to cities, where
these would be used as fruit or vegetables. If they are
not properly transported and marketed, there are a large
number of post-harvest losses. In a diet, they would be
used as fruit, which can provide protection against
chronic degenerative problems such as obesity and acts
as fat replacers in bakery products. There are more than
100 different varieties of banana in the world. Banana
belong to the genus Musa and the family Musaceae [7].
The most common edible variety is Musa acuminate.
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Gros Michel and Red Skins are some other varieties.
Musa banana has an origin in Southeastern Asia [8].

Traditional techniques such as the use of skim milk
are used as an alternative of whole milk in frozen
desserts. Using traditional techniques such as the use of
lean meats in frozen entrées, fat may be replaced in food
products [9]. Starch is the main source of energy stored
in grains, tubers and other plant parts. Starch provides
70-80% of the calories consumed by people all over the
world. Besides, being an important element in a human
diet and of nutritional value. Starch and modified
starches are the raw materials to modify the physical
properties of a lot of foods, such as crystallization
thickness, retention, adhesion, humidity and stabilizing.
Starch and the products derived from starch are also
important in numerous nonfood applications such as
pharmaceuticals, paper, textile industries, alcohol based
fuels and adhesives. Another distinctiveness of starch is
that most starch granules are composed of a mixture of
two polymers - amylose and amylopectin [10].

The objectives of this study were to discover the
combined potential of pectin and banana powder as
carbohydrate based fat replacers and their effect on the
rheological properties of flour containing different levels
of fat replacers and to develop cookies with reduced fat.

OBJECTS AND METHODS OF STUDY

Procurement of raw material. The commercial
wheat flour (white), pectin, bananas and chemicals
were purchased from a local market. The study was
carried out at the National Institute of Food Science
and Technology, University of Agriculture, Faisalabad.

Drying of bananaio Bananas were peeled, dried up
to 3—6% moisture and banana powder was formulated
for a further study. Drying of banana was carried out by
a tray drier dehydrator, Model No. R-5A, Commercial
Dehydrator System, Inc. 800-369-4283.

Measurements. Rheological characteristics of
white flour with and without the addition of
carbohydrate based fat replacers were determined by
using Farinograph according to the procedure
described in AACC [11] Method No. 54-21.

Farinographic studies. The treatments were run
through Brabender Farinograph equipped with a
50 grams bowl of a capacity to evaluate the physical
dough behavior of different flour treatments according
to (AACC, 2000) Method No. 54-21. The parameter
such as water absorption, dough development time,
softening of dough, arrival time, departure time, dough
stability time and the mixing tolerance index were
calculated from the farinograms as described below.

Water absorption. The water absorption capacity
of the flour sample was the amount of water required to
reach the curve at center, 500 Brabender units (B.U.)
line of the graph. It was directly observed from the
water level in the burette attach with the apparatus and
articulated as percentage.

Dough development time. The dough development
time was observed as the time taken by the curve to
achieve the point of maximum dough consistency
before the first indication of weakening.

Softening of dough. The softening was measured
as the difference in BU from the centre of the curve at
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the peak and the center of the curve after 12 minutes
from the peak.

Arrival time. The arrival time was recorded from
the farinogram as a difference in time between the
point where the top of the curve first intersected the
500 B.U. line and the point where it started.

Departure time. The resistance of the dough
to mixing was noted as the time from the addition
of water until the top of the curve declined from
500 B.U. line.

Dough stability time. The dough stability time
was calculated using the difference of departure time
and arrival time, that is (departure time — arrival
time = dough stability time).

Mixing tolerance index. The mixing tolerance
index value was derived in Brabender Unit (BU) as a
difference in the top of the curve at the peak to the top
of the curve after 5 minutes from the peak.

Cookies preparation. Cookies formulation
contains the following ingredients: wheat flour; water;
sugar; vegetable oil; fat replacers combination; baking
powder and eggs. Before the current experiment, a
trial was conducted to determine the maximum fat
replacers mixture level that could be incorporated in
the cookies. The fat replacement was done into
cookies at 5 levels (0%, 5%, 10%, 15%, and 20%) by
replacing amount of oil for the cookies mixture. The
cookies were placed into a tray and baked in a
preheated oven at 180°C for 10—12 minutes. The
cookies from each type of composite flours were
prepared according to AACC (2000) Method No.
10-50D with some modifications as followed.

Analysis of cookies

Physical analysis of cookies. The cookies of
different treatments were first prepared and then
analyzed for their following physical parameters.

Color measurement. The color of cookies of
different treatments was determined according to the
methods described using Color Meter (Piga et al., 2005)
with the help of a hand held tri stimulus colorimeter. The
colorimeter was calibrated by using standards (153 CTn
for dark and 181 CTn for light). The color of cookies
was determined by placing the cookies under the
photocell.

Textural analysis. The texture of all the treatment
of cookies was determined according to (Piga et al.,
2005) by using a texture analyzer (Model. TA-XT2,
Stable Microsystems and Surrey, UK) with a 5 kg
load cell. The Texture Export Program version 4 was
used for data analysis. The textural determinations
were made by using a 75 mm Compression Platen
(P/75) for a compression test. The treatments samples
were positioned centrally with the core at the right
angles to the direction of force, on the Petri plates.
Once a trigger force of 100 g has been achieved, the
compression plate proceeds to move down onto the
spread and there is a rapid rise in force. During this
stage the sample is deformed under the applied force
but there was no apparent breakdown of the product.
As the compression distance increased, small peaks
were seen on the graph profile, each peak indicating a
compressive failure of the sample. This stage ended
abruptly when the test was completed and indicated a

64

large decrease in force. The greater the distance, the
greater is the ability to withstand compression without
sample breakage.

Other physical analysis. Cookies of different
treatments were analyzed firstly for their physical
parameters after preparation. The diameter/width,
thickness and spread factor were determined
according to their respective methods described in
AACC (2000).

Thickness. To determine the thickness (T), five
cookies of same treatment were placed on top of one
another. The total height was measured in millimeters
with the help of a ruler. This process was repeated
thrice to get the average value for each treatment and
results were reported in millimeters.

Diameter. To determine the diameter (D), three
cookies of the same treatment were placed edge to
edge. The total diameter of three cookies was measured
in mm by using a ruler. The cookies were then rotated
at an angle of 90°C for duplicate reading. This was
repeated once more and the average diameter for each
treatment was reported in millimeters.

Spread factor. The spread factor for each treatment
was determined from the diameter and thickness, with
the help of the following formula:

D XCF X10
SF = ——,

where CF is a correction factor at a constant

atmospheric pressure. Its value was 1.0 in this case.

Proximate analysis of cookies. Cookies of different
treatments were analyzed for moisture, crude protein,
crude fiber and crude fat and total ash by using Methods
described in AAAC (2000). The nitrogen free extract
(NFE) was calculated using a difference method.

Sensory analysis. The cookies of different
treatments were rated using a 9-point hedonic score
system (9 = like extremely; 1 = dislike extremely) by a
taste panel [12]. They were asked to express their
opinion about the final product by giving score to the
attributes like aroma, taste, crispness, mouth feel and the
overall acceptability. During sensorial evaluation,
cookies of different treatments were placed in the
transparent plates labeled with random codes. Cold
water and crackers were supplied to panelists for rinsing
their mouths between the samples.

Statistical analysis. The data obtained for each
parameter were subjected to statistical analysis to
determine the level of significance according to the
method described by [13].

RESULTS AND DISCUSSION
Rheological studies

Farinographic  studies. @ The  rheological
characteristics of white flour containing different
levels of carbohydrate based fat replacers were
studied for the parameters such as water absorption,
dough development time, dough stability time, the
mixing tolerance index and softening of dough by
using Brabender Farinograph. The data representing
the effects of various levels of carbohydrate based fat
replacers on the farinographic characteristics of the
dough has been given in Table 1.
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Water absorption. The mean values of the data
regarding water absorption for the flour samples
containing carbohydrate based fat replacers are
presented in Table 1. The data on water absorption
indicated that the values significantly differ from each
other. It was obvious from the results that the water
absorption was higher in T4 (61.58%) followed by
T5(59.59%) T, (57.23%), T, (55.50%) Ty (54.62%) The
lowest water absorption was observed in T, (54.62%).
The results revealed that the water absorption increased
with the addition of carbohydrate based fat replacers.
The results representing the water absorption of dough
in this study are in conformity with the findings of
Azizi and Rao [13] who found out that the percentage
of water absorption increases with the addition of
carbohydrate based fat replacers. The mentioned
results for water absorption of flour are also
comparable with the findings of Ahmad [14] who
observed an increase in water absorption with the use
of carbohydrate based fat replacers.

Dough development time. Dough development time
is defined as the time required for the development of
gluten. It was found to be in the range of 4.70—6.70 min.
The data regarding the analysis of variance for dough
development time is shown in Table 1. The present
results indicated a highly significant difference among
the treatments. The mean values for the dough
development time of different treatments of
carbohydrate based fat replacers are given in Table 1.
The highest value T, (6.70 min) followed by T4
(4.70 min) was found, T, (6.20 min) and T; (5.40 min)
while it was for T, (6.00 min).

The results of this study are in agreement with the
findings of Hafeez [16] who observed a decrease in
dough development time with the use of carbohydrate
based fat replacers. The results are also in concurrence
with Asghar et al. [17].

Dough stability time. The data indicate a highly
significant difference among the treatments for the
dough stability time. The mean values of Table 1
showed that the highest value for dough stability time
was observed in Ty (12.50 min) and the lowest value

Table 1. Mean values for the farinograph parameters

was obtained in T, (4.28 min) while the mean values
for T, T, and T4 were found to be 8.60 min, 7.18 min
and 4.28 min respectively. The above findings
regarding dough stability time are in close agreement
with the results of Ravi et al. (2000) who observed that
the addition of carbohydrate based fat replacers affects
the dough stability time of different treatments. These
results are also comparable with the findings of Asghar
et al. [17] who observed an increased dough stability
time with the use of carbohydrate based fat replacers.
The results of the present study are also in accordance
to the findings of Azizi and Rao [13] who observed a
decreased dough stability time by the addition of
carbohydrate based fat replacers.

Softening of dough. The results indicate that there
is a highly significant difference among the treatments.
The mean values for softening of dough in Table 1
showed the maximum value for T, (79.00 BU) and the
minimum value for T (47.00 BU). The mean values for
other treatments were T; (63.00 BU), T, (71.00 BU),
and T; (73.00 BU. The mentioned results are in
conformity with the findings of Asghar et al. [17] who
observed an increased BU value for softening
of dough with the use of carbohydrate based fat
replacers.

Mixing tolerance index. The results indicate a
highly significant difference among treatments for
mixing tolerance index. The mean values for the
mixing tolerance index are given in Table 1. These
results show the highest value for T, (133.00 BU)
followed by T; (120.00 BU), T, (112.00 BU),
T, (70.00 BU) and it was lowest for T, (60.00 BU).
The results indicate that the mixing tolerance index
increased with the addition of carbohydrate based fat
replacers. These results are in conformity with the
values as observed by Hafeez [16] who explicated
that the mixing tolerance index varies with the
addition of carbohydrate based fat replacers. The
current findings are also comparable with the results
of Ahmad [14] who observed an increased mixing
tolerance index with the addition of carbohydrate
based fat replacers.

Treatments Water Dough development | Dough stability | Softening of | Mixing tolerance
absorption (%) time (min) time (min) dough (BU) index (BU)
Ty (0% carbohydrate
based fat replacers 54.62° 6.70° 12.50° 47.00° 60.00°
(control treatment))
0

T (5% carbohydrate 55.50° 6.20" 8.60° 63.00° 70.00°
based fat replacers)

0,
Tz (10% carbohydrate 57.23¢ 6.00" 7.18° 71.00° 112.00°
based fat replacers)

V)
T> (15% carbohydrate 59.59° 5.40° 5.20° 73.00° 120.00°
based fat replacers)

0,
Ta (20% carbohydrate 61.58° 4.70° 4.28° 79.00° 133.00°
based fat replacers)

Note. The means sharing a different letter in a column are significantly different from one another.
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Measurement
of physical characteristics of cookies

Color determination. The color value was
determined by using a color meter. It was first
calibrated with the standards having the lower and the
upper limits (51-200) respectively. The color value for
cookies prepared by using different treatments of white
flour supplemented with varying concentrations of
carbohydrate based fat replacers. These results
indicated a significant difference for color among
various treatments. The mean values for color (Table 2)
showed that the highest value was observed in T,
(181.67 CTn) and the lowest in T4 (154.67 CTn). The
mean values for other treatments were T, (179.67 CTn),
T, (177.00 CTn) and T; (166.33 CTn). The above
mentioned instrumental color values are in agreement
with Abu Ghoush et al. [19]. These observations
regarding color are also comparable to the findings of
Azizi and Rao [15] who observed that the color of
cookies is affected by the addition of carbohydrate
based fat replacers.

Cookies texture. Texture of cookies prepared by
using various treatments of white flour supplemented
with different concentrations of carbohydrate based fat
replacers were measured in terms of hardness
(firmness) and fracture ability. The hardness (firmness)
was calculated in terms of the maximum force (kg) and
the fracture ability was determined in terms of distance
(mm).

Table 2 Mean values for the color (CTn) of cookies

Treatments Color (CTn)
T, 181.67°
T, 179.67%
T, 177.00°
T, 166.33°
T, 154.67¢

Note. The means sharing the same letter in a column are not
significantly different.

Table 3. Mean values for the hardness (firmness) of
cookies

Treatments Firmness (Kg)
To 1.68¢
T, 2.22°
T, 2.79°
T, 2.91°
T, 3.91°

Note. The means sharing the same letter in a column are not
significantly different from one another.

Table 4. Mean values for the fracture ability (mm) of
cookies

Treatments Fracture ability (mm)
Ty 22.65°
T, 21.50°
T, 21.40°
T, 20.94°
T, 20.37°

Note. The means sharing different letters in a column are
significantly different from one another.
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Table 5. Mean values for the thickness (mm) of
cookies
Treatments Thickness (mm)

Ty 37.80"

T, 36.03

T, 35.93

T, 35.43°

T, 35.11¢

Note. The means sharing the same letter in a column are not
significantly different from one another.

Hardness (Firmness). Hardness can be defined as
the peak force during the first compression cycle (first
bite). It is the force required to attain the given
deformation. The values for the hardness of cookies
ranged from 1.68 to 3.91 kg. The data regarding the
analysis of variance for hardness are shown in Table 3.
The given values for hardness of cookies differ
significantly among the treatments. The mean values
given in Table 3 indicated the maximum hardness value
for T, (391kg) and the minimum value for
To (1.68 kg) while it showed a significant variation
among other treatments. The mean values for T T, and
Ty were 2.22 kg, 2.79 kg and 2.91 kg.

The results of the present study regarding the
hardness of cookies are in agreement with the
observations of Ashwini et al. [20]. Different
treatments significantly affect the hardness value of
product. The above mentioned values are also similar
to the findings of Azizi and Rao [15] who also
observed a significant effect on the hardness of product
with the addition of carbohydrate based fat replacers.

Fracture ability. Fracture ability (also known as
brittleness) is a force at a first important break in the
curve. As a break is a detectable phenomenon linked to
the macro structure of the sample, it is known as changes
in the modulation of the curve whose magnitude should
be definite. It is the force the material or the product
fractures with. These values indicate that there is a
significant difference among the treatments for the
fracture ability. The mean values for the fracture ability
of cookies are given in Table 4. It is obvious from the
mean values that the maximum fracture ability was
observed in Ty (22.65 mm) followed by T; (21.50 mm),
T, (21.40 mm), T; (20.94 mm) and T, (20.37 mm) while
the minimum value for fracture ability was observed in
T, (20.37 mm). The results determined in the present
study are similar to the findings of Ashwini et al. [20]
who observed a significant change in the fracture ability
of cookies by the addition of carbohydrate based fat
replacers. These results are also in conformity with Azizi
and Rao [15].

Cookies thickness. The thickness of cookies is
affected by various factors such as the quality of flour,
the type of ingredients and processing conditions.
Thickness should not be too high or too low as it affects
crumb grains. If the thickness of a product is too low, it
indicates a very compact and closed grain structure
whereas too high thickness results in a very accessible
grain structure. The thickness of the cookies prepared by
using various treatments of carbohydrate based fat
replacers was determined using the following methods
described in AACC (2000). The data regarding the
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analysis of variance for thickness is presented in Table 5.
The data represented a highly significant difference
among the treatments. The mean values for the thickness
of cookies given in Table 5 indicated that the maximum
value for thickness was observed in T, (37.80 mm)
followed by T; (36.03 mm) and T, (35.93 mm),
T; (35.43 mm) and T4 (35.11 mm). The current findings
are in concord with Kaur et al. (2000).

Cookies diameter. The diameter of cookies is
affected by various factors such as the quality of
flour, the type of ingredients and processing
conditions. The diameter should not be too high or too
low as it affects crumb grains. The diameter of the
cookies prepared by using various treatments of
carbohydrate based fat replacer was determined using
the following methods described in AACC (2000).
The data represented a highly significant difference
among the treatments. The mean values for
the diameter of cookies given in Table 6 indicated
that the maximum value for diameter was observed
in T4 (151.00 m) followed by T; (145.00 mm)
and T, (142.67 mm), T; (139.00 mm) and
Ty (134.67 mm). The current findings are in concord
with Kaur et al. [21] and Ashwini et al. [20].

Cookies spread factor. The cookies spread factor is
affected by various factors such as the quality of flour,
the type of ingredients and processing conditions. The
spread factor should not be too high or too low as it
affects crumb grains. The cookies spread factor prepared
by using various treatments of carbohydrate based fat
replacers was determined using the following methods
described in AACC (2000). The data represented a
highly significant difference among the treatments. The
mean values for the spread factor of cookies given in
Table 7 indicated that the maximum value for the spread
factor was observed in T4 (44.26 mm) followed by
T; (41.49 mm), T, (38.85 mm), T; (38.57 mm) and
Ty (35.62 mm). The current findings are in concord with
Kaur et al. [21] and Ashwini et al. [20].

Color. The results revealed that there was a
significant variation in the color score for cookies
among different treatments. The mean values given in
Table 8 indicated that the highest score for color was
assigned to the treatments T; (7.42) while the lowest
score (6.33) was given to Ty4. Similarly, the color score
of cookies prepared from T, and T, was 7.08 and 6.75.
These findings also revealed that the cookies prepared
by using carbohydrate based fat replacers from (T)
were 6.67. The results are comparable to the findings
of Amerine et al. [22] and Meilgaard et al. [12].

Crispiness. The mean values for this attribute
have been presented in Table 9. The highest value for
the crispiness score (7.00) was observed for
T; followed by T, having a crispiness score of 6.93.
The current results are in agreement to the findings of
Amerine et al. [22]. The lowest moistness score
(6.00) was recorded in the cookies prepared from
T4 containing 20% fat replacers.

Flavor. It is obvious from the results that the
cookies showed a significant difference in flavor by
the addition of carbohydrate based fat replacers. The
scores for flavor of the cookies presented in Table 10
indicated that the cookies prepared from T, got the
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highest scores for flavor (7.08) followed by
T; obtained (6.92) for flavor. The mean scores for the
cookies prepared from T, got 6.33 while T, and T, got
6.58 and 6.25 respectively. The current results are
also similar to the findings of Amerine et al. [22] who
declared that the addition of carbohydrate based fat
replacers in any product caused changes in taste,
flavor, texture and overall acceptability scores. The
current results are also in agreement to the findings of
Meilgaard et al. [12].

Surface. The addition of carbohydrate based fat
replacers significantly affected the surface score of
cookies. Mean scores for the surface of cookies
showing an effect of carbohydrate based fat replacers
has been presented in Table 11. The highest surface
score (7.17) was assigned to T; and followed by
T, (7.00). The results further indicated that T, cookies
got the lowest tenderness score (6.25). The current
results are in agreement to the findings of Amerine
et al. [22].

Table 6. Mean values for the diameter (mm) of cookies

Treatments Diameter (mm)
T, 134.67°
T, 139.00°
T, 142.67°
T; 145.00°
T, 151.00°

Note. The means sharing the same letter in a column are not
significantly different from one another.

Table 7 Mean values for the cookies spread factor (mm)

Treatments Spread factor (mm)
T 35.62°
T, 38.57°
T, 39.85°
T, 41.49°
T, 44.26°

Note. The means sharing the same letter in a column are significantly
different from one another.

Table 8. Mean values for the color of cookies

Treatments Color
To 6.67"
T, 6.75%
T, 7.08™
T; 7.42%
T, 6.33¢

Note. The means sharing the same letter in a column are not
significantly different from one another.

Table 9. Mean values for the crispiness of cookies

Treatments Crispiness
T, 6.33%
T, 6.93"
T, 6.83"
T; 7.00°
Ty 6.00°

Note. The means sharing the same letter in a column are not
significantly different fron one another.
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Treatments Flavor
To 6.33¢
T, 6.58"
T, 7.08"
T; 6.92°
T, 6.25°¢

Note. The means sharing the same letter in a column are not

significantly different from one another.

Table 11. Mean values for the surface of cookies

Treatments Surface
T, 6.33
T, 6.25
T, 7.00°
T, 717
T, 6.33

Note. The means sharing the same letter in a column are not
significantly different from one another.

Table 12. Mean values for the taste of cookies

Treatments Taste
To 6.33
T, 6.58"
T, 6.50
T, 7.08°
T, 6.58"

Note. The means sharing the same letter in a column are not
significantly different from one another.

Table 13. Mean values for the texture of cookies

Treatments Texture
T, 5.83¢
T, 6.17°¢
T, 6.75"
Ts 6.83°
T, 6.33™

Note. The means sharing the same letter in a column are not
significantly different from one another.

Table 14 Mean values for the overall acceptability of
cookies

Treatments Overall acceptability
T, 4.08"
T, 4.17°
T, 4.25%
Ts 4.42°
T, 3.67°

Note. The means sharing the same letter in a column are not
significantly different from one another.

Taste. The mean values for this attribute given in
Table 12 revealed that the taste scores assigned to
cookies supplemented with different concentrations of
carbohydrate based fat replacers ranged from
7.08 (T3) to 6.33 (Ty). The results further indicated
that the cookies prepared were significant regarding
their shape scores. The current results are in
agreement to the findings of Amerine et al. [22]. The
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lowest score 6.33 was assigned to the cookies
prepared from Ty.

Texture. It was indicated that the texture of cookies
was significantly affected by the increasing
concentrations of carbohydrate based fat replacers. The
mean scores assigned by the panelists to the texture of
the cookies prepared from different treatments of
carbohydrate based fat replacers are shown in Table 13.
These results revealed that the control cookies T, got the
score 5.83 for texture. The cookies prepared from T;
and T,were considered more acceptable by the
panelists regarding the texture scores as 6.83 and
6.75 respectively. The current results are in agreement to
the findings of Amerine et al. [22]. The results also
revealed that the cookies prepared from all the
treatments had significant differences for texture. The
results are also comparable to the findings of Meilgaard
etal. [12].

Overall acceptability. It was obvious from the
results that the overall acceptability scores of cookies
were significantly affected by carbohydrate based fat
replacers. The mean values given in Table 14 indicated
that the overall acceptability scores of cookies showed a
slight variation with the addition of varying
concentrations of carbohydrate based fat replacers. The
highest score (4.42) for the overall acceptability was
assigned to the cookies prepared from T;. The judges
slightly disliked the cookies prepared from T, and
assigned the overall acceptability score 3.67. The overall
acceptability score 4.25 was assigned to T,by the
panelists. The current results are in agreement to the
findings of Amerine et al. [22] regarding the sensory
evaluation of cookies for appearance, color, flavor,
texture and overall acceptability. The results are also
comparable to the findings of Meilgaard et al. [11]. The
current results regarding the sensory evaluation of the
cookies prepared using different concentrations of
carbohydrate based fat replacers revealed that the
treatments T3 carbohydrate based fat replacers showed
the best results and were assigned maximum scores by
the panelists in terms of likeness.

CONCLUSION

The current results regarding the sensory evaluation
of cookies prepared using different concentrations of
carbohydrate based fat replacers revealed that the
treatments T; carbohydrate based fat replacers showed
the best results and were assigned maximum scores by
the panelists in terms of likeness.

In conclusion, the results of this study showed that
the total phenolic, total flavonoid, rutin and tannin
contents are important components in a 50% aqueous
ethanol extract of Bulgarian dry leaves of Cichorium
intybus L. this plant, and the chicory has some of the
pharmacological effects. The results of the present
study clearly show that the yield of Cichorium
intybus L. rises rapidly with time at first, and then less
and less quickly as the progress of extraction
continues.The Bulgarian dry leaves of Cichorium
intybus L. are an important component providing a
protective/preventative health effect.
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Abstract: The study has been carried out at the All-Russian Research Institute of Grain and Its Processing Products. This
paper describes the formation of new grades of triticale flour based on the cumulative ash curves the analysis of
technological and biochemical indicators of which showed that flour of the grades T-60, T-70 and T-80 obtained from
endosperm can be used directly in bakery, flour of the grades T-120 and T-220 obtained from peripheral parts and triticale
bran can be limitedly used in bakery, and are mainly raw materials for further processing. On the basis of the study of the
kinetics and efficiency of the effect of proteolytic and cellulolytic enzyme preparations (EP) and their compositions,
optimal conditions for enzymatic modification (the EP dosage is 0.5-0.75 units of PA/g of flour, 0.3...0.4 units of CA/g of
bran, the optimum temperature is 40-50°C, pH is 5.0 and 3.5, the duration of reactions is 1.5 and 2 hours) have been
determined. It has been shown using the gel-chromatography method that the use of multienzyme compositions (MEC) of
proteases allowed to hydrolyze triticale flour proteins completely and to use the obtained hydrolyzate as a component of
hypoallergenic and gluten-free flour products. The use of cellulolytic EP allowed to increase the amount of reducing
substances and soluble protein by 1.5-2.5 times in comparison with the control sample. The biomodified bran obtained
using the MEC "Shearzyme 500 L" + "Neutrase 1.5 MG" and "Viscoferm L" + "Distizym Protacid Extra" has a high
degree of hydrolysis of non-starch polysaccharides and proteins, is characterized by a certain ratio of high-, medium-,
low-molecular peptides and amino acids, has different functional and technological properties. They can be used in the
production of a wide range of general-purpose, functional and treatment-and-prophylactic food products.

Keywords: Triticale grain, flour, bran, grain processing technology, enzyme preparations, modified grain processing
products, functional and technological properties

DOl 10.21603/2308-4057-2017-2-70-82 Foods and Raw Materials, 2017, vol. 5, no. 2, pp. 70-82.

INTRODUCTION

The relevant trends in the development of flour
technology include both the improvement of traditional

baker's flour, cereals for children's and dietary nutrition
and grits for pasta [1, 2, 3, 4].
Triticale is a new crop, this is the first grain crop

methods and the development of technologies of products
with a high biological and nutritional value, the use of
biotechnological methods in the technology of advanced
processing products, the creation of technologies of new,
non-traditional products, etc. The final objective of the
technologies being developed is to obtain products with
the specified composition and properties.

All-Russian Research Institute of Grain and Its
Processing Products conducts fundamental and applied
studies to develop the basic methods for managing
technological processes of the preparation and grinding
of grain of various crops in order to obtain products with
the specified chemical composition and properties. Thus,
using the example of processing of triticale grain into
flour and cereals, principles of the formation of stable
streams of flour from various anatomical parts of grains
have been developed, which allows to form various
types of flour with the specified properties. The
application of the developed technologies allows to
obtain such products from triticale grain as: graded

obtained by crossing wheat (Triticum) with rye (Secale).
The first report on the receipt of a wheat-rye hybrid was
published in 1875 [5]. The main manufacturers of
triticale in the world are Poland, Germany, France and
Belarus, moreover, the cultivation area of this most
promising culture expands both in the world and in
Russia. The croppage in Russia was 624 thousand tons
in 2017, according to Roskomstat. The average yield of
triticale in Russia in 2016 is 27.8 c/ha, which is the
largest value for the period of 2009-2016, and is also
4.7 c/ha more than in 2015 [6]. 75 grades of winter
triticale and 14 grades of spring triticale have been added
to the State Register of Selection Achievements
approved for use in Russia (2017). All new grades are
recommended for food purposes [7].

The biotopotential of triticale grain depends primarily
on: varietal features and growing conditions. The
nutritional value is related to a high protein content,
essential amino acids and a balanced amino acid
composition. The biological value of ftriticale grain
depends on the predominance of water and salt-soluble

Copyright © 2017, Meleshkina et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http:/creativecommons.org/licenses/by/4.0/ ), allowing third parties to copy and redistribute the material in any medium or format and to
remix, transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
This article is published with open access at http:/frm-kemtipp.ru.
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protein fractions and, as a consequence, a higher degree
of assimilation of triticale proteins, as well as the
presence of vitamins, macro- and micronutrients [4, 8, 9].

However, at present, in Russia, triticale is used
mainly in the production of mixed fodder and alcohol.
Perspective is the application of flour from triticale
grain as a component of raw materials in the
production of confectionery products: biscuits, cakes
and crackers. It is possible to use triticale flour in the
production of fast breakfasts or in the production of
dietary bread, including multi-grain bread and that
from whole grains [9, 10, 11]. There is no production
of bread from graded triticale flour currently in Russia.

The use of methods for a biotechnological effect on
various crops and their processing products with
obtaining general-purpose, functional and treatment
and prophylactic food products is a promising and
relevant trend of scientific research for the
technological development of the milling branch. At
present, the wuse of enzymatic hydrolysis of
biopolymers of food raw materials of both animal and
vegetable origin is being actively and comprehensively
studied and introduced into the practice of food and
processing industries [12, 13, 14, 15, 16].

The use of modern biotechnological methods
allows to develop methods for enzymatic modification
of grain processing products (flour of various types,
including that with a high content of peripheral parts,
bran) using multienzyme compositions (MEC) based
on proteolytic and cellulolytic enzyme preparations; to
obtain modified products (protein hydrolyzate,
structurally modified flour, biomodified bran) with
various values of degree and depth of hydrolysis of
proteins and non-starch polysaccharides with various
functional and technological properties.

The study aims at developing a flexible technology
based on the division of triticale grain into anatomical
parts to obtain new general-purpose and special
products with a high nutrition and biological value and
to obtain components with specific functional and
technological properties. The implementation of the

taken aim will allow to design food products from
grain with the specified composition and properties.

STUDY OBJECTS AND METHODS

The experimental studies have been carried out at
the Federal State Budgetary Scientific Institution "All-
Russian Research Institute of Grain and its Processing
Products". In this paper, flour was used from of triticale
grain of new grades formed on the basis of cumulative
ash curves. Since the studied samples of triticale grain
did not contain any foreign and grain impurities, the
technological process of preparing triticale grain for
milling included only hydrothermal treatment: the
grain was moistened up to 14-15% and softened for
12 hours [3]. The technological process of grain
grinding included 4 break, 6 reduction and 2 scratch
systems. The parameters and grinding regimes
corresponded to the recommended "Rules for the
organization and conduct of a technological process at
flour mills" for graded wheat milling according to a
short process scheme. 6 samples of triticale grain of
different grades were isolated for laboratory milling:
Topaz (2011, 2012); Skolot (2012); Vocaliz (2012);
Tribun (2012) and Donslav (2012). Thus, the range of
values of the quality indicators of the studied samples
was: glassiness is 55-72%, the natural weight is
715-737 g/1, the weight of 1000 grains is 40-44 g, the
ash content is 1.85-1.89%, the crude gluten content is
17-24%, the gluten quality is 46—64 units of GDI, the
falling number is 74-175 s and the protein content is
12-13% [1].

Figure 1 presents the process of grinding and
forming the quality of flour in the form of cumulative
ash curves. The presence of 3 stages of flour formation
has been established, which is clearly seen from the
graphs of cumulative curves (Fig. 1). In addition, the
statistical analysis has shown the reliability of
representation of cumulative curves in the form of three
linear sections.
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Fig. 1. Ash content cumulative curves.
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The first stage of flour formation consisted in
extracting the central part of endosperm with a flour
yield of 40-45% and an ash content of 0.60% and
included the 1st, 2nd, and 3rd reduction systems. The
letter designation A has conditionally been assigned
to the given flour stream. The second stage consisted
of 5-7 technological systems and was characterized
by a yield of triticale flour in the amount of 25-26%
and ash content of 0.91%. The letter designation
B has conditionally been assigned to the given flour
stream. The third stage consisted of scraping with a
flour yield of 5-7% and ash content of 2.20% and
included the 6th reduction system and scratch
systems. The conventional designation of flour stream
is C. Further on, the flour of each of the stages was
mixed to obtain individual flour grades, which
resulted in obtaining 5 flour grades. The conventional
designation of the grades includes the index T which
stands for triticale, and a number which stands for the
value of ash content x 100. Thus, flour T-60 was the
stream A with an ash content of 0.60%, flour T-70
was a mixture of the streams A+B, flour T-80 was a
mixture of the streams A+B+C, flour T-120 was a
mixture of the streams B+C and flour T-220 was the
stream C.

The soluble protein content was determined using the
Lowry method [17] and the protease activity - using the
modified Anson method [18], bovine serum albumin
was used as the standard substrate, amine nitrogen -
using the formol titration method, and reducing
substances (RS) - using the Bertrand method [19].
Determination of the fractional composition of proteins
according to Osborne: albumins were isolated using
distilled water, globulins - using a 10% NaCl solution,
prolamines - using 70% ethanol, and glutelins - using a
0.2% NaOH solution. The proteins and the products of
proteolysis of triticale flour and bran were fractionated
by molecular weight using the gel chromatography
method with a column with Sephadex G-75 and
Toyopearl gel HW-55F [19].

The following were used as proteolytic and
cellulolytic ~enzymatic preparations: "Neutrase
1.5 MG" a Dbacterial metalloproteinase (Zn)
produced by Bacillus amyloliquefaciens, "Alcalase
FG" - a bacterial proteinase produced by Bacillus
licheniformis (Novozymes, Denmark); "Distizym
Protacid Extra" - a fungal protease produced by
Aspergillus niger (Doéhler, Germany), "Protease
GC-106" - a fungal protease produced by Aspergillus
oryzae (Genencor, USA), "Shearzyme 500L" - a
purified xylanase produced by Aspergillus oryzae and
Aspergillus aculeatus, "Viscoferm L" - a balanced
mixture of xylanase, p-glucanase, cellulase and
a-amylase produced by Aspergillus aculeatus
(Novozymes, Denmark). All the preparations are
recommended for the hydrolysis of biopolymers of
grain raw materials [20, 21].

The functional and technological properties were
determined using the methods described in [22] and
in [23, 24]. The water absorption capacity (WAC) was
determined as the amount of water adsorbed by the
modified triticale bran after centrifugation. To determine
the fat emulsifying capacity (FEC), 50 ml of distilled
water was added to the weighed amount of 1 g of
modified triticale bran and suspended at 4000 rpm for
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1 minute. Then 10 ml of refined sunflower oil was added
to the mixture and emulsified for 5 minutes at a rate of
8000 rpm. The obtained emulsion was centrifuged for
5 minutes at 2000 rpm. FEC was calculated as a ratio of
the emulsion volume and the overall system volume
expressed as a percentage. The emulsion stability (ES)
was determined by heating the emulsion for 30 min at
80°C, then cooled and centrifuged at 2000 rpm. ES was
calculated as a ratio of the emulsion volume and the
overall system volume expressed as a percentage. To
determine the fat binding capacity (FBC), the weighed
amount was put into a pre-weighed centrifuge tube, 5 ml
of refined sunflower oil was added and mixed for
1 minute at 1000 rpm, then centrifuged for 15 minutes at
4000 rpm. The unadsorbed oil was drained, the tubes
were weighed and the FBC was calculated as a ratio of
the weight of the bound oil to the weighed amount. The
foaming capacity (FC) was determined by mixing a
weighed amount in 25 ml of distilled water in a
graduated cylinder and thoroughly mixed, the volume
was made up to 300 ml and shaken for 1 min. FC was
expressed as a ratio of a foam height (mm) to a liquid
height (%).

The analyses were performed in triplicate, presenting
the results as average arithmetic ones. The discrepancy
between parallel assays did not exceed 3% of the

average arithmetic value with the confidence probability
P=0.95.

RESULTS AND DISCUSSION

Starting to develop methods for enzymatic
modification of biopolymers of vegetable raw
materials, it is necessary to consider the following main
factors: first of all, these are the features of
biopolymers of the given vegetable raw materials, the
heterogeneity of a substrate, the presence of various
kinds of effectors capable of activating or inhibiting
both endogenous enzymes and enzymes in the
composition of enzyme preparations, the presence
concomitant enzymes in addition to the basic activity
of enzymes, etc.; secondly, the conditions for
enzymatic modification, the main kinetic parameters of
enzymatic reactions involving the studied enzyme
preparations, which may differ from the kinetic
characteristics obtained in the studies of purified
enzymes using standard substrates.

At the first stage of the study, the main
technological and biochemical characteristics of the
study objects were studied, namely, the flour samples
formed on the basis of cumulative ash curves and
triticale bran (Table 1, 2 and 3).

The flour sample T-60, which is a fraction of the
central part of endosperm, and is significantly different
in whiteness, ash content, quantity and quality of
gluten, had the best technological properties, as shown
in Table 1. The obtained data allow to estimate the
technological properties of new grades from triticale
grain flour as high, with the prevalence of a wheat
phenotype. It has been established that triticale grain is
characterized by the absence of a significant
dependence between the content of gluten and protein,
both in grain and in single flour streams. The expected
tendency of increasing the protein content in the
systems of final grain grinding has been revealed.
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2 Table 1. Quality of the formed triticale flour grades

Flour sample,| Moisture Whiteness, units Ash Amount of gluten,% Quality of gluten,
grade content, % | of RZ-BPL device | content, % Crude Dry units of GDI
T-60 12.0 53.75 0.63 22.7 8.24 70 I-—sufficient
T-70 12.1 49.75 0.72 21.0 7.96 66 - sufficient
T-80 12.1 42.2 0.85 21.7 8.20 66 - sufficient
T-120 11.7 29.95 1.14 15.8 6.10 57 1-sufficient
T-220 11.3 -8.675 1.99 0.4 0.08 89 I —satisfactory weak

Table 2. Chemical composition of new grades of
triticale flour

Flour sample, Protein Starch, Fat,
grade (N%6.25), % % %
T-60 10.14 82.28 1.00
T-70 12.23 81.11 1.14
T-80 16.84 77.68 1.25
T-120 17.65 75.60 1.60
T-220 24.88 47.34 2.90

Table 2 presents the analysis of the total content of
the main grain biopolymers in the formed grades of
triticale flour.

The data presented in Table 2 show that the studied
samples, especially the sample T-220, despite a high
protein content, are characterized by low baking
qualities, as evidenced by trial laboratory baking [1],
but can be used as valuable food ingredients.

The study of the quantitative ratio and properties of
various fractions of soluble grain albumins is, along
with theoretical interest, of great practical interest for
the technologies that use grain as the main raw
material. Despite the fact that the separation of protein
substances by solubility is rather relative, nevertheless,
it is used quite widely at the present time. However,
there are a lot of questions that remain unclear to this
day. This is due, most often, to a difference in the
methodological approach of different researchers.

The study of the fractional composition of the
soluble proteins of the formed grades of triticale flour
showed that the samples of T-60 and T-70 differ in the
lowest content of albumins and globulins, but the
highest content of prolamins and glutelins that are
concentrated in endosperm and form gluten. The main
part of albumins and globulins is found in the samples
T-120 and T-220, this is apparently due to the presence
of the refined germ and the aleuron layer in the flour
samples. In the sample T-80 flour, the percentage of all
fractions is approximately the same and is 20-25%, the
given sample has been formed by mixing 3 main flour
streams, which are characterized by a different
composition of anatomical parts of the grains (Table 3).

Table 4. Proteolytic activity of the formed grades of
triticale flour

Proteolytic power (PP)
Flour . Acid Negtral
Protein, . proteinases,
sample, proteinases, .
mg/ml . units of
grade units of PP/mg
. PP/mg of
of protein .
protein
T-60 0.080 0.60 0.85
T-70 0.080 0.80 1.20
T-80 0.100 1.40 1.80
T-120 0.160 1.40 2.10
T-220 0.400 0.80 1.00

It is known that proteolytic enzymes play an
important part in the processes that proceed in grain
when stored and processed. The flour obtained by
effecting the grain, violating its integrity and, to a
certain extent, by destroying the cellular structure, is a
completely different object of study from a
biochemical point of view. The object in which the
oxidative and hydrolytic processes are primarily
activated, including the processes related to the
proteolysis of endogenous proteins.

The proteolytic enzymes of triticale grain and triticale
flour have been studied poorly [25], much less than the
parent proteases - that of wheat [26, 27] and rye [28]. The
studies carried out at the Federal State Budgetary
Scientific Institution "All-Russian Research Institute of
Grain and Its Processing Products” on the pOroteolytic
enzymes of triticale grain, revealed the presence of three
types of proteinases that actively hydrolyze bovine serum
albumin (a standard substrate) and self-proteins: acid
proteinases with an optimum pH of 3.5; neutral
proteinases with an optimum pH of 6.5 and alkaline
proteinases with an optimum pH of 9.5 [29].

Table 4 presents data on the activity of acidic and
neutral proteinases of the formed grades of triticale
flour. The proteases were extracted as described in the
paper [29]. Determination of protease activity using the
modified Anson method.

Table 3. Fractional composition of soluble proteins of the formed grades of triticale flour

Flour sample, Fractional composition of proteins,% of the total protein content
grade Albumins Globulins Prolamins Glutelins Insoluble residue
T-60 11.05 17.82 39.25 28.08 3.80
T-70 12.00 18.14 36.78 26.64 6.44
T-80 20.58 22.24 25.68 23.47 8.03
T-120 72.02 12.04 4.08 3.50 8.30
T-220 43.79 28.95 12.53 6.78 7.95
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2 Table 5. Biochemical composition of triticale grain and triticale bran of different

r@ieile name Prot.ein (N%6.25), % .Starch, % Redl}cing sugars, % . Fiber, %
grain bran grain bran grain bran grain bran
Topaz 7.6 18.11 68.1 24.84 0.20 12.35 2.08 12.35
Skolot 14.5 18.81 62.6 25.25 0.20 14.85 2.40 14.85
Donslav 14.2 15.90 64.8 28.26 0.24 14.42 2.46 14.42
Vocaliz 12.5 17.06 66.4 32.72 0.28 14.68 2.40 14.68

Table 6. Fractional composition of triticale bran proteins, % of the total protein content

Grade name Albumins Globulins Prolamins Glutelins Insoluble residue
Topaz 36.8 24.0 9.6 14.0 20.4
Skolot 38.6 22.2 10.2 14.6 19.8
Donslav 34.0 22.6 9.8 14.8 20.4
Vocaliz 38.0 22.4 10.0 14.6 20.0

The analysis of activity of acidic and neutral
proteinases in the formed flour grades indirectly indicates
that part of the proteolytic activity in triticale grain is
related to gluten proteins, but still the highest activity was
noted for the samples T-80 and T-120, that is, these are
more likely the proteins of the germ and the subaleurone
layer. At the same time, the activity of neutral proteases is
1.5-2.0 times higher than that of acid proteases. The value
of proteolytic activity in the formed grades of triticale
flour is, in addition to other biochemical indicators, of key
importance, since proteinases are able to actively
hydrolyze their own proteins, including glutens, which
ultimately effects the technological process and the
finished product. In addition, proteolytic enzymes
participate in the regulation of the activity of other
enzyme systems, for example, amylases.

The activity of amylolytic enzymes of grain and
flour is another important technological and
biochemical characteristic that determines along with
other indicators the baking advantages of flour. It was
estimated using the method for determining a falling
number (FN). FN was 294 s for T-60; 266 s for T-70;
272 s for T-80; 245 s for T-120 and 174 s for T-220.

The falling number value for wheat flour at a level
of 230-330 s characterizes the normal amylolytic
activity of wheat flour, this value for rye flour is about
100 seconds less. The falling number values obtained
in the study of triticale flour samples show that the
activity of amylases (excluding the flour sample T-220)
is similar to the activity of these enzymes in wheat
flour, and along with other indicators confirms the
predominance of the wheat phenotype in the triticale
grain being studied.

Table 5 presents the biochemical composition of
triticale bran. The comparative analysis of the main
components of triticale grain and bran indicates a regular
increase in the content of crude protein in bran - up to
15.90 ... 20.56%, of fiber - up to 10.68 ... 14.85% and a
decrease in the starch content up to 32.72 ... 22.62%.
The significant increase in sugars in bran fractions
compared with whole grains is due, most likely, to the
presence of a refined germ [1]. It should also be taken
into account that the carbohydrate complex of triticale
grain contains a significant amount of insoluble dietary
fiber - hemicelluloses (up to 30%) [5].

The analysis of the fractional composition of
soluble proteins (Table 6) showed that the proteins of
bran from triticale grain differ in a relatively high total
content of albumins and globulins, which is generally
characteristic of triticale grain proteins, while the
number of globulins is 3 to 3.5 times higher than in
whole grain (7-8% of the total protein content). When
in a dissolved state, they are actively hydrolyzed by
endogenous proteolytic enzymes, giving a large
number of hydrolysis products with different molecular
weights. The content of prolamines is 2-2.5 times
lower than in whole grain (23.6-25.0%).

The study of streams of flour from triticale grain
allowed to reveal the most promising streams for
obtaining advanced processing products [1, 4].

The scheme of advanced triticale grain processing
(Fig. 2), which includes the stages of preparing grain
for processing, namely: the selection of grain according
to certain quality criteria, the formation of mill
mixtures, cleaning and hydrothermal treatment and the
division into anatomical parts.

Obtaining fractions that consist of: a - the

[ Triticale grain ]

Requirements for grain quality

central part of endosperm; b - the intermediate

v

part of endosperm; C - the peripheral part of
endosperm; (d) the aleuron layer and the seed

[

Preparation
for processing

Formation of mill mixtures
Cleaning and hydrothermal pretreatment

]

Separation into anatomical parts

coat; e - the seed and fruit coats.
aand b are

[
| e

bread flour

a and b are
macaroni flour

d and e are
dietary fiber

¢ and d are biomodified
flour and bran

]
I [

a, b and c are
Fig. 2. Scheme of advanced triticale grain processing.

74



ISSN 2310-9599. Foods and Raw Materials, 2017, vol. 5, no. 2

Table 7. Characteristics of the enzyme preparations of proteases during the hydrolysis of triticale flour proteins

Indicator “Neutrase “Alcalase “Protease “Digtizym
1.5MG” FG» GC-106” Protacid Extra”
Initial velocity, V (min) 30 30 30 30
Optimum temperature, °C 50 45 50 40
Optimum pH 5.5 6.5 5.5-6.0 3.5
Sﬁiﬁ‘giﬁ;"?&gﬁfﬂzym preparation, 0.50 0.5 0.75 0.75
Saturated substrate concentration, mg/cm’ 100 100 100 100

The flour of the samples A, AB and ABC (T-60,
T-70 and T-80) was obtained from endosperm and
can be used directly in bakery, which was confirmed
by trial baking [1], and also after enzymatic
modification, as the components of special products
that have specific functional and technological
properties. The flour of the samples BC and C (T-120
and T-220) from the peripheral parts of endosperm,
including the aleurone layer and the seed coat, may be
limitedly used in baking, and is mainly a raw material
for further processing.

At the second stage of the study, a study was
carried out of the effectiveness of proteolytic and
cellulolytic enzymatic preparations and the main
kinetic parameters of enzymatic reactions in which
different types of flour and triticale bran were used as a
substrate. The enzymatic modification of proteins of
vegetable raw materials, including proteins of grain
crops, is an important stage in advanced technologies
of advanced processing of grain raw materials. As a
result of modification of the protein components of
grain and flour with the use of proteolytic enzymatic
preparations, hydrolysis products with a certain profile
of peptides and a number of amino acids with specific
properties can be obtained.

In case of the traditional characteristics of enzyme
preparations, the optimum temperature and pH, as well
as other kinetic parameters, is detected using a standard
substrate [30]. At the same time, in production, in the
conditions of a specific food production technology, a
complex heterogeneous system acts as the latter, which
leads to a change in the basic kinetic parameters of the
enzymatic reaction. The composition of the grain
substrate can effect the course of the proteolysis
process and change the optimum values of temperature
and pH [20].

Table 7 presents the main kinetic characteristics of
the enzymatic reaction of hydrolysis of triticale flour
proteins using bacterial and fungal proteolytic enzyme
preparations. The hydrolysis was carried out at the
optimum pH and temperature for 30 minutes. It has been
previously established that the reaction is zero order for
30 min. The enzyme preparations were added in the
amounts from 0.25 to 1.5 units of PA/g of flour, the
substrate concentration varied from 20 to 120 mg/ml.

Taking into account the complex structure of the
cell wall (the main component of bran), enzyme
preparations with a whole complex of activities are
required to degrade it and increase the degree of
protein extraction: cellulase, hemicellulase and
pectolytic activity [31].

Table 8. Characteristics of the enzymatic preparations
"Shearzyme 500 L" and "Viscoferm L" when effecting
the non-starch polysaccharides of triticale bran

Indicator "Shearzyme 500 L" | "Viscoferm L"
Initial velocity,
Vo (min) 30 30
Optimum
temperature, °C >0 >0
Optimum pH 5.5 35
Optimal amount
of enzyme 0.3 units 0.4 units
preparation, of xylanase of cellulolytic
units/g of bran ability/g of bran | ability/g of bran

Table 8 presents the characteristics of the
enzymatic reaction of hydrolysis of non-starch
polysaccharides of triticale bran when effected by the
enzymatic preparations "Shearzyme 500 L" and
"Viscoferm L". The composition of the incubation
mixture is the following: milled triticale bran and
water (the hydromodule is 1 : 10), a phosphate-citrate
buffer 0.1 M (20% of volume) and an enzyme
preparation with the activity from 0.1 to 0.5 activity
units/g of bran. It has been established that the
reaction is zero order for 30 min. The optimum
temperature and pH were revealed when studying the
activity of the enzyme preparations under study in the
range of 20-70°C and pH of 3.0-6.0. The hydrolysis
efficiency was estimated by RS accumulation using
the Bertrand method.

Similar results were obtained using the flour
samples T-120 and T-220 as a substrate. Thus, optimal
conditions for the hydrolysis of non-starch
polysaccharides of triticale bran and flour with a high
content of peripheral parts of grains using the
enzymatic preparations "Shearzyme 500 L" and
"Viscoferm L" were selected.

The enzymatic hydrolysis of triticale bran proteins
using enzyme protease preparations was carried out
under the following conditions: the enzyme
preparations "Neutrase 1.5 MG" and "Distizym
Protacid Extra" were applied in the amounts
from 0.25 to 1.5 units of PA/g of bran; the
substrate concentration varied from 20 to 120 mg/ml
(Table 9).
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Table 9. Characteristics of the enzyme preparations
"Neutrase" and "Distizym Protacid Extra" when
effecting triticale bran proteins

Indicator "Neutrase 1]33;3‘:;?1]?
1.5 MG"
Extra"
Initial velocity, Vj (min) 30 30
Optimum temperature, °C 50 40
Optimum pH 5.5 3.5
Optimal amount of
enzyme preparation,units 0.50 0.75
of PA/g of bran
Saturated substrate 100 100
concentration, mg/cm®

To estimate the efficiency of the studied enzyme
preparations, the enzymatic hydrolysis was carried out
under the optimal conditions, which were selected
experimentally. The incubation mixture consisted of
triticale bran, water (the hydromodule is 1:10), the
appropriate buffer (20% of volume) and an enzyme
preparation based on the final concentration of the
corresponding optimum. Sampling was carried out
every 30 minutes for 2 hours, the samples were
transferred to centrifugal glasses and centrifuged at
6000 rpm for 10 minutes. The supernatant was used to
determine the reducing sugars (reducing substances)
using the Bertrand method and the amount of soluble
protein using the Lowry method.

The hydrolysis efficiency was estimated by the
accumulation of RS and soluble protein. The results are
shown in Fig. 3 and 4. It has been shown that the
enzymatic preparation "Shearzyme 500 L" increases the
amount of RS and soluble protein by 2 times; and the
preparation "Viscoferm L" increases the amount of RS
by 1.5 times and the amount of soluble protein by
2.5 times. The obtained data indirectly indicate the
possibility of a significant increase in the nutritional
value of secondary products of grain triticale processing.

The flour, obtained from different parts of
endosperm, was modified using the multienzyme
compositions (MEC) based on bacterial and fungal
microbial enzyme protease preparations.
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Fig. 3. Accumulation of RS during the hydrolysis of
nonstarch polysaccharides of triticale bran using the
preparations Shearzyme 500L and Viscoferm L.
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value
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Hydrolysis time, min
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Fig. 4. Accumulation of soluble protein during the
hydrolysis of non-starch polysaccharides of triticale bran
using the preparations Shearzyme 500L and Viscoferm L.

The enzymatic hydrolysis of triticale flour when
effected by the preparations "Neutrase 1.5 MG" and
"Protease GC-106" was carried out for 2 hours. The
suspension was then centrifuged at 6000 rpm for
15 minutes. 5 ml of supernatant was applied to a column
filled with the gel Sephadex G-75. The elution was carried
out using distilled water. The volume of aggregated
fractions is 4 ml. The optical density of the eluate in the
fractions was registered with a wavelength of 280 nm.

A water extract of triticale flour was used as a control
sample. The elution profiles are shown in Figure 5.
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Fig. 5. Fractionation of the products of triticale flour proteolysis using preparations of microbial proteases on a column

with Sephadex G-75.
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Table 10. Fractionation of the products of proteolysis of triticale flour proteins

. . % of the total
Fraction Molecular weight, Da Control “Neutrase 1.5 MG” “Protease GC-106”
11-20 > 70000 42.71 24.76 19.10
21-25 40000 + 30000 6.49 5.30 4.02
26-32 30000 + 20000 3.36 20.50 7.68
33-36 20000 + 10000 14.18 10.45 6.98
37-45 <3000 34.12 3891 62.14

Table 10 presents data on the molecular weight, the
products of proteolysis of triticale flour proteins formed
when applying the preparations of bacterial and fungal
proteases, and the percentage of different fractions.

The comparative analysis of the elution profiles
presented in Figure 5 and the data of Table 10 shows
that the application of preparations of bacterial and
fungal proteases does not only change the ratio of high,
medium and low molecular weight proteolysis
products, but also largely changes the pattern of
elution: the nature of distribution of the proteolysis
products formed as a result of the use of
different preparations is completely different in
fractions.

Thus, in case of the enzymatic hydrolysis of
triticale flour proteins using the preparation "Neutrase
1.5 MG", there is a decrease in the high-molecular
fraction (with a molecular weight of more than
70000 Da) by 42.03%, then, when effected by the
preparation "Protease GC-106", - by 55.28%. The
increase in the low molecular weight fraction (the
molecular weight is less than 3000 Da) is 16.51% and
35.21%, respectively.

When using "Neutrase 1.5 MG", the amount of the
formed medium molecular weight peptides with a
molecular weight from 30000 to 20000 Da is
approximately 2.5-3 times higher as compared to
"Protease GC-106"; in turn, when effected by "Protease
GC-106", the amount of low-molecular peptides (the

Table 11. Fractionation of products of proteolysis of
triticale flour proteins obtained using MEC

. Molecular % of the total
Fraction weight, Da Control MEC
11-20 > 70000 33.56 5.36
21 -25 40000 + 30000 8.54 4.82
26 — 32 30000 + 20000 14.01 18.94
33-36 20000 + 10000 4.57 30.92
37-45 <3000 39.29 40.01

On the basis of the studies carried out, multitalzyme
compositions have been compiled to obtain products of
proteolysis of triticale flour proteins with a different
degree of hydrolysis, and, consequently, with various
functional and technological functions [32].

The use of MEC, which includes proteolytic
enzymes with a different specific effect (the bacterial
protease preparations "Neutrase 1.5 MG" and
"Alcalase FG" and the fungal protease preparation
"Protease GC-106"), allowed to hydrolyze proteins
almost completely, as evidenced by this fractionation
of products of triticale flour proteolysis using the gel
chromatography method on a column with Sephadex
G-75 (Fig. 6).

Thus, there are practically no high molecular
weight fraction with a molecular weight of more than
70,000 and fraction with a molecular weight of
40,000-30,000 Da, while the amount of low molecular
weight peptides and amino acids in the hydrolyzate has

molecular weight is 20000 + 10000 Da) is 5.8 times increased approximately by 2.5-3.0 times in
higher than when effected by "Neutrase 1.5 MG". comparison with the control sample.
0.6
0.4 {A
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Fig. 6. Fractionation of products of proteolysis of triticale flour proteins obtained using MEC on a column with

Sephadex G-75.
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The obtained data allowed to position the
hydrolyzate obtained with the use of MEC on the basis
of enzyme protease preparations as a possible
component of hypoallergenic and gluten-free products
used for the therapeutic and prophylactic purpose.

Bran and flour with a high content of peripheral
parts containing a large number of non-starch
polysaccharides, in turn, were modified using MEC
based on cellulolytic and proteolytic enzymatic
preparations. As a result, products of enzymatic
modification of flour and bran from triticale grain with
a different degree of hydrolysis of proteins and non-
starch polysaccharides and various functional and
technological properties have been obtained [21, 31].

The composition of 2 multi-enzyme compositions
used for the enzymatic modification of triticale bran
and flour with a high content of peripheral parts
included: "Shearzyme 500 L" + "Neutrase 1.5 MG"
(MEC-1) and "Viscoferm L" + "Dystizym Protacid
Extra" (MEC-2). The choice of enzyme preparations
is caused by various specific effects and
approximately the same effect optima: the optimum
temperature is 50°C; pH is 5.5-6.0 for MEC-1 and
40°C; pH is 3.5 for MEC-2. The hydrolysis was
carried out in 2 stages. At the first stage, a cellulolytic
enzyme preparation was applied. At the second stage,
a proteolytic enzyme preparation was applied. The
dosage of enzyme preparations, the substrate
concentration and the duration of each stage were
selected experimentally [4]. Figures 7, 8 and Table 12
present the results of fractionation of the products of
proteolysis using the gel chromatography method on a
column with Toyopearl gel HW-55F.

The obtained experimental data on the kinetics of
enzymatic reactions of hydrolysis of biopolymers of a
grain substrate (different types of flour and triticale
bran); the degrees of hydrolysis and the ratio of
fractions with different molecular weights using the gel
chromatography method on a column with Toyopearl
gel HW-55F have formed the basis for the
development of biotechnological methods for
modifying the products of triticale grain processing.

The developed methods for modifying the products
of triticale grain processing include the following stages:
— the preparation of a suspension - triticale flour, bran:
water (the hydromodule is 1 : 4);

— the preparation of solutions of enzyme preparations;
the creation of MEC;

— the enzymatic hydrolysis using MEC under the
developed conditions (the substrate concentration, the
dosage of enzyme preparations, the optimum
temperature and pH);

— the inactivation of enzyme preparations; the product
being obtained is hydrolyzed flour or bran (an
unclarified hydrolyzate);

— centrifugation;

—the product being obtained is a hydrolyzate
(a supernatant) and paste (a precipitate);

— drying;

— the product being obtained is a dry hydrolyzate and
hydrolyzed flour and bran;

To estimate the possibility of using the products
obtained in food branches, their functional and
technological properties have been studied.
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Fig. 7. Fractionation of the products of proteolysis of triticale bran proteins of MEC-1 using the gel chromatography

method on a column with Toyopearl gel HW-55F.
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Table 12. Fractionation of the products of proteolysis of triticale bran proteins using MEC

0,
Fraction Molecular weight, Da Conirol % Og\f[l]?(;[?lt al MEC2
Peak I 6-13 > 700000 (blue dextran yield) 35.81 2367 19.55
Peak 11 14-15 450000 + 350000 13.26 14.79 12.62
Peak I 16-19 300000 + 100000 9.95 26.04 3.20
Peak IV~ 20-22 100000 + 50000 13.26 0 0
Peak V 23-26 50000 + 25000 10.08 5.02 1.77
Peak VI  27-30 25000 + 1500 5.31 2.54 0
Peak VII  31-36 <1000 (tyrosine yield) 12.33 51.06 62.63
Table 13. Functional properties of the modified triticale bran
Sample* WBC, g/g FBC, g/g FAC, % ES,% FFC, % FS, %
Control - C 1 1.56 1.32 52 58 50 32
Experiment 1 - El 1.80 1.50 62 53 59 28
Experiment 2 - E2 1.20 1.40 56 46 42 24

Note. * Control C 1 - bran; Experiment 1 - bran + MEC1; Experiment 2 - bran + MEC2

A wide range of physico-chemical characteristics
that determine the behavior in heterogeneous food
systems during processing, storage and consumption,
and also provide the desired structure, technological
and consumer properties of food products are to be
meant by the functional and technological properties of
proteins and protein preparations. Vegetable proteins,
as well as proteolysis products with various values of
molecular weight, can act as the ingredients of general-
purpose, treatment-and-prophylactic and special food
products. This is due to the inherent unique functional
properties [33]. Depending on the amino acid and
fractional composition, molecular weights, the
presence of charged and uncharged groups, hydrophilic
and hydrophobic groups and other structural features,
proteins can serve as gelling agents, foaming agents
and form and stabilize suspensions and emulsions,
etc. [34, 35].

The requirements for the functional properties of
proteins are specific for a certain scope and type of
product. For example, when making meat products, the
most important are the water- and fat-retaining
abilities, gelling, the emulsifying and adhesive
properties; in bakery - the water-binding, emulsifying
and foaming abilities; the main criterion for choosing a
protein preparation in the production of beverages is
solubility. To solve the problem of the applicability of
specific proteins for obtaining various food products, it
is necessary to know how their functional and
technological properties change depending on a
number of physico-chemical factors: the nature and
concentration of proteins in the system, the
temperature, pH, the presence and concentration of
concomitant biopolymers and low molecular weight
substances [33, 36].

In some cases, to improve and regulate the
functional properties in order to expand the scope of
these or other protein preparations, they are modified
using physical, chemical, enzymatic and other
methods.

The enzymatic method for the modification of
vegetable proteins is preferable to physico-chemical
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modification, since its advantage are soft reaction
modes, the ability to regulate the degree of hydrolysis,
its specific directivity and the retention of the
biological value [32, 33, 37-40].

Tables 13 and 14 present the water binding capacity
(WBC); the fat binding capacity (FBC); the fat
emulsifying capacity (FEC); the emulsion stability
(ES); the foam forming capacity (FFC) and the foam
stability (FS) of the modified triticale bran.

The functional properties of bran from triticale
grain and the hydrolyzed samples obtained using
MECI1 and MEC2 differ from each other. Thus, the
water-binding capacity of the hydrolysed bran in the
first option increases by 16%, in option 2 - on the
contrary, it decreases by 12.6% with respect to the
unhydrolyzed triticale bran. The similar pattern can be
seen with respect to the foam forming capacity
(Experiment 1: an increase of 18.0%; Experiment 2: a
decrease of 16.1%). The fat binding and fat
emulsifying capacity increases in both experimental
options by 13.6% and 6.1% and by 19.2% and 7.7%
respectively.

The stability of the emulsion and foam of the
modified triticale bran is reduced: ES - by 8.7%; FS -
by 12.5% (Experiment 1) and ES - by 20.7%; FS - by
25.0% (Experiment 2).

Similar studies were carried out using flour samples
with a high content of peripheral parts (Table 2).

There is a tendency for samples of the flour modified
using MECI of an increase in WBC by 21.3 ... 26.0%; in
FBC by 13.8 ... 16.0%; in FEC by 74 ... 9.0%. There is,
on the contrary, a tendency for samples of the flour
modified using MEC2 of a decrease in these functional
characteristics: in WBC by 11.8 ... 18.3%; in FBC by
6.7 ... 22.3%; in FEC by 3.8 ... 4.0%.

The stability of the emulsion and foam of the
modified flour from triticale grain is also reduced, as in
the case of the modified triticale bran: ES - by 8.7%;
FS - by 13.4% (Experiment 3) and ES - by 20.7%; FS -
by 26.7% (Experiment 4); ES - by 9.1%; FS - by
27.3% (Experiment 5) and ES - by 8.0%; FS - by
30.2% (Experiment 6).
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Table 14. Functional properties of the modified flour from triticale grain with a high content of peripheral parts

Sample WBC, g/g FBC, g/g FAC, % ES, % FFC, % FS, %
Control - C2 0.56 0.52 50 52 80 65
Experiment 3 - E3 0.67 0.59 54 50 83 55
Experiment 4 - E4 0.54 0.48 48 42 55 43
Control - C3 0.64 0.54 52 55 86 63
Experiment 5 - ES 0.80 0.62 57 50 98 58
Experiment 6 - E6 0.52 0.41 50 46 64 44

Note. * Control C2 - Flour T-120; Experiment 3 - T-120 + MEC 1; Experiment 4 - T-120 + MEC2; Control C3 - Flour T-220; Experiment 5 - T-220 +

MEC 1; Experiment 6 - T-220 + MEC2

It is known that the functional properties of the
products of enzymatic hydrolysis of protein raw
materials depend on the physico-chemical properties of
the initial protein, the specificity of the proteases used,
the composition of MEC used, the conditions for
hydrolysis, the degree of hydrolysis and the ratio of the
fractions of proteolysis products with different
molecular weights [36, 37].

The revealed differences in the functional
properties in the initial and modified products of
triticale grain processing are related, first of all, to the
conditions for enzymatic modification (of the pH
medium), the composition and specific effect of the
enzymes that are part of the composition of MEC;
obtaining products of various degrees of hydrolysis,
and the number of high-, medium- and low-molecular
compounds; an increase or decrease in free polar
(charged) aggregations, hydrophilic and/or
hydrophobic groups, providing interactions with
different types of substances.

The obtained results indicate that the use of MEC
on the basis of cellulolytic and proteolytic enzyme
preparations allows for an advanced destruction of
proteins of the products of triticale grain processing; to
obtain products with various degrees of hydrolysis and
the ratio of components by molecular weight, which
leads to a change in the functional and technological
properties of the initial flour and will allow to find its
new scopes in food products. Thus, the samples with
the pH values close to the neutral ones (modified using
MECI1), taking into account the values of the foam
forming and fat emulsifying capacities, can be used in
foam-emulsion systems, bakery products, cakes and
biscuits. The samples with low pH values (modified
using MEC2), taking into account their functional
properties, can be used to enrich fruit beverages,
fermented milk products, salad dressings, sauces, etc.
At the same time, it should be taken into account that
with low pH values the rate of the Maillard reaction
significantly decreases, which can have both negative
and positive effects depending on the specific food
technology, namely: the retention or reduction of the
amount of amino acids and reducing sugars; the
formation of melanoidins and a complex of aromatic
compounds.

CONCLUSION

In general, the proposed technology allows to form
various grades of triticale flour (bread, confectionery,
macaroni flour, etc.) and cereals such as "semolina"; to
carry out advanced processing of triticale bran and
flour, including that with a high content of peripheral
parts, using biotechnological methods (enzymatic

modification); to receive valuable components for the
enrichment and creation of new products with the
given properties and composition, contributing thereby
to the expansion of not only the raw material base, but
also the range of the output products.

The studies carried out have shown that the
functional and technological properties of the modified
products of triticale grain processing finally depend on
the specificity of enzyme preparations and the
composition of MEC. The use of MEC on the basis of
preparations of microbial proteases allows to hydrolyze
triticale flour proteins almost completely, and to position
the obtained hydrolyzate as a possible component of
hypoallergenic and gluten-free flour products.

The use of cellulolytic and proteolytic enzyme
preparations in the hydrolysis of biopolymers of triticale
bran allowed to increase the amount of reducing
substances (reducing sugars) by 1.5-2.0 times, soluble
protein - by 2.0-2.5 times, and the use of MEC on their
basis showed that the obtained hydrolysates have a high
degree of hydrolysis of non-starch polysaccharides and
proteins, a specific ratio of high-, medium- and low-
molecular weight peptides and amino acids.

To solve the issue of the applicability of specific
products whose proteins are modified, it is necessary to
know in various food technologies not only a chemical
composition, but also functional and technological
properties. The obtained experimental data on the study
of the water binding, fat binding, fat emulsifying and
foam forming capacities, as well as the emulsion
stability and foam stability of the modified triticale bran
and flour with a high content of peripheral parts with the
use of 2 multi-enzyme compositions showed that
enzymatic modification leads to certain changes in the
functional and technological properties of the initial
flour and bran from triticale grain; and allow to find new
and more rational scopes of the modified products as
enrichers and as functional and technological
components. Thus, the samples with the pH values close
to the neutral ones (modified using MEC1), taking into
account the values of foam forming and fat emulsifying
capacities, can be used in the production of bakery
products, cakes and biscuits. The samples with low pH
values (modified using MEC?2), taking into account their
functional properties, can be used to enrich fruit
beverages, fermented milk products, salad dressings,
sauces, etc. The results of the studies have formed the
basis for the development of methods for the enzymatic
modification of triticale flour and bran. Hydrolysates,
structurally modified flour and biomodified bran, which
can be used in the production of a wide range of general-
purpose, functional and treatment and prophylactic food
products have been obtained.
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Abstract: One of promising methods for caseic whey processing is the production of whey protein microparticulate
and its consequent application in food technology. This work is aimed at the development of fermented milk product
technology using the whey protein microparticulate based on caseic whey. The researches were carried out at the
Chair of Animal Product Technology of the Voronezh State University of Engineering Technology, at laboratories
of Kombikorm Scientific and Production Complex, Mollab LLC (Voronezh), at the laboratory and pilot shop of the
Voronezh Dairy Plant JSC. Standard and generally accepted physical, physico-chemical, chemical, microbiological,
physiological and technological research methods were applied by investigators in the course of the study. The
sequence of technological operations to obtain the microparticulate covered pre-preparation of curd whey,
ultrafiltration, heating to denaturation temperature and dispersion. This is to ensure protein particle formation
average sized 3 um and formation of unique properties of the microparticulate. Valuable properties of the caseic
whey microparticulates are applied in the technology of milk product fermentation. The chosen ferment allows
preservation of the required fermentation time (5—6 hours) and to obtain the viscous, creamy consistency of the
product. The microparticulate is efficiently proportioned, that is, 10%. We studied the option to use the caseic whey
microparticulate in the technology of kefir production. It is found that microparticulate facilitated intensification of
process fermentation (10 h long) and maturation (6 h), enhancement of kefiran synthesis by kefir fungi
microorganisms, intense formation of carbon dioxide and other osmophoric compounds. Formulations of kefir and
sour milk drink are suggested that allow using 10% of microparticulate. Production schemes have been developed
and customized to the HACCP system that consider introduction of supplementary operations to obtain the caseic
whey microparticulate. The technological solutions developed are known for the following key advantages:
realization of the complete production cycle; increase in food biological value; reduction of technological process
length due to souring stimulation.

Keywords: Caseic whey, whey protein microparticulate, fermented milk products
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INTRODUCTION

Dairy products are of key importance to ensure
food security in the Russian Federation. However,
consumption of dairy products by the Russian
population is below the national medical standards (it
was 230 kg in 2015 at 320-340 kg/year/person (Order
Ne 614 of the Ministry of Health of the Russian Federation
dd. 19.08.2016 on “Approval of Recommendations for
rational norms of food consumption to meet current
requirements of healthy nutrition”)). Major problems
that restrain the dairy industry development in Russia
include the factors like insufficient volume of high
quality raw milk and seasonal production variability.
Use of milk whey is of high concern as the important
source of raw materials. The increase in cottage cheese
production volume results in the increase in caseic
whey resources, where its share as the processed
product is not adequate for food products [1, 2]. Caseic
whey is the complex raw stock for food industry. It is
widely used for food purposes compensating its short
shelf life, low mass fraction of solids, high titrated

acidity, specific flavor that converts to final products
when processed. A significant portion of caseic whey is
not subject to industrial processing; it is discharged to
water bodies causing the great environmental damage.

The development of new promising ways to modify
the composition and properties of caseic whey enable
using its biotechnological potential in food production and
meet current concepts of healthy food, refers to urgent
task of dairy industry in the Russian Federation [3].
Caseic whey is the important source of functional
nutrients. The protein composition of caseic whey is
efficiently balanced by amino acids; whey proteins
widely function in the human body as follow: stimulate
the immune system, lower the cholesterol content in the
blood, participate in hormone and enzyme synthesis, and
are the source of biologically active substances [4—0].
One of promising directions for caseic whey processing
is the production of whey protein microparticulate and
its further use in food technology.

The microparticulation technology is known in the
Russian Federation [7-10] and in other countries [11-14].

Copyright © 2017, Melnikova et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
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The method to obtain the microparticulated product titled
Simpless was first patented in '80s of the last century
by Nutra Sweet Company. The microparticulation
technology has been improved to enhance the quality
and engineering and technical properties of the product.
Whey protein micropariculates have the creamy taste,
smooth consistency and they imitate the flavor of milk
fat. Microparticulates are used to produce a wide range
of food products: sour-milk drinks, cheese, sour cream,
ice cream, etc. [15, 16] as the effective fat substitutes.
At the same time, commercial products to be sold (dry
microparticulate) are of high cost and are normally
produced based on cheese whey. For milk processing
plants based in Russia, the use of caseic whey to obtain
native microparticulates is of particular interest as well
as their implementation in process technology of dairy
products, including national food products.

This work is aimed at the development of
fermented milk production using whey protein
microparticulates based on caseic whey.

OBJECTS AND METHODS OF STUDY

The caseic whey obtained during the production of
cottage cheese with the mass fraction of 9% fat and skim
cheese produced by the Russian GOST 31453-2013
"Cottage cheese. Technical specifications", whey
protein  microparticulate, and sour-milk  drinks
produced based on that were used as the research
objects. Cottage cheese was produced at the Voronezh
Dairy Plant JSC (Russia). The production technology
included the milk acceptance, its separation,
normalization, pasteurization, cooling, fermentation
(mesophilic lactate streptococci were used), ripening,
clot slicing, whey separation, clot pressing, cooling and
packaging.

The caseic whey was microparticulated at the
machinery shop of Voronezh Dairy Plant JSC (Russia)
based on the pilot plant by Kieselmann. The sequence
of process operations to obtain the microparticulate
included preliminary preparation of caseic whey. For
this purpose, the whey was cleaned of fat and casein,
pasteurized and subje-cted to ultrafiltration to get the
concentrate with 14-18% mass fraction of solids.
Further on, organoleptic, physical and chemical
properties of the obtained UV concentrate were
modified using the EcoProt + heat exchanger equipped
with the dispersing device.

Two types of fermented milk were considered: with
lactic fermentation and mixed lactose fermentation.
Lactic fermented drink was produced based on yogurt
technology with sugar added by the reservoir method by
ripening the normalized mixture at 39 + 1°C until the
dense cluster was formed at the 85-90°T acidity. The
normalized mixture was the combination of whole and
skim milk with sugar added to make 2.6% mass fraction
of fat. To produce the drink, we considered mixed starter
cultures Streptococcus thermophilus and Lactobacillus
bulgaricus produced by Christian Hansen as follow:
YFL 901, YF L 706, YF LX 700, YF L 702.

The drink with the mixed lactose fermentation was
produced by kefir technology. Kefir is the fermented
dairy product produced by lactic and ethyl-alcohol
fermentation using kefir grains-based fermentation
starters. The technology of kefir production is known

84

for the standard sequence of operations: skim milk
fermentation using the kefir yeast starter (5—10% of
the milk weight) at 20-25°C until the dense cluster of
85-100°T in acidity is formed (fermentation length was
8-12 h). Upon fermentation, kefir was exposed to
maturation at 14—16°C. The skim kefir was used as the
reference sample obtained by the standard technology
with no microparticulate.

Sampling and preparation of research objects for
testing complied with ISO 707: 2008 (IDF 50: 2008)
Milk and milk products. Guidance on sampling.
Organoleptic properties were evaluated as per
ISO 22935-2: 2009 Milk and milk products. Sensory
analysis. Part 2: Recommended methods for sensory
evaluation. Composition parameters of research
objects, their physical, chemical and microbiological
properties were determined in line with Russian
standards. The dry solids weight ratio was evaluated
by the test sample weight loss in percentage during
the sample product drying at the constant temperature.
The mass fraction of total protein, whey proteins,
non-protein nitrogen was determined by the Kjeldahl
method. This method is based on organic matter
mineralization of the test sample product with the
catalyzing concentrated sulfuric acid to form the
ammonium sulfate, convert it to ammonia, distill it to
boric acid solution, evaluate the ammonia by quantity
by titrimetric method, and calculate the protein mass
fraction in the test sample. The lactose mass fraction
was determined by the method of Bertrand based on
the property of reducing sugars to reduce the divalent
copper to copper oxide (I) in alkaline medium, that is
oxidized with iron ammonium alum, followed by
titration of the reduced ferrous iron with the
potassium permanganate solution. The fat mass
fraction of was determined by the acidic method that
consisted of fat isolation of the research object under
the action of concentrated sulfuric acid and isoamyl
alcohol, followed by centrifugation and measurement
of the volume of released fat in the graduated part of
the oleometer. The active acidity was determined by
potentiometric method based on measurement of
potential  difference between two electrodes
(measuring and reference electrode) immersed in the
test sample. The titrated acidity was found by the
titrimetric method. The density was assessed by the
densimeter. The method to determine the amount of
mesophilic aerobic and optionally anaerobic
microorganisms QMAFAnM is based on the count of
colonies of microorganisms growing on the solid
nutrient medium QMAFAnM at the temperature
(30 £ 1)°C for 72 hours.

To evaluate the antagonistic activity of kefir fungi
microorganisms in presence of microparaticulate
against pathogenic microorganisms, the volume
displacement diffusion method (in vitro) was applied.
Escherichia coli, Staphylococcus aureus, and
Salmonella cultures were used as testing cultures.
A well of 5-7 mm in diameter was drilled in the agar
layer with the test strain using the test drill; the kefir
fungi starter was placed inside the well. The Petri dish
was placed in refrigerator, then in the thermostat to
incubate; the inhibition area of the test strain around
the well was measured. The dynamic viscosity of
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cottage cheese samples was determined using the
Brookfield RVDV-II + Pro rotary viscometer. For
purposes of microstructural study, the native
preparation of fermented milk drinks was obtained by
applying a thin layer of the sample onto the test slide.
The prepared specimen was examined under
conditions equal to those in the "wet chamber"”
followed by micro-pattern photofixation using the
microphotosystem installed similar to BIOMED-2
microscope and CANON digital camera. The amino
acid composition was determined by capillary
electrophoresis using the Kapel-105 device. Samples
were centrifuged to find the syneretic ability of clots
followed by determination of the isolated serum
portion. For quantitative analysis of total kefiran
content, we used the colorimetric method as samples
were pre-test treated as per [17-19].

The content of carbon dioxide in kefir was
evaluated by weight gain using the Liebig potash bulb.
Toxic properties of fermented milk products were
measured in experiments on laboratory animals (white
rats). 25 white rats weighing 150-200 g were selected.
They were monitored to record the health state
considering clinical symptoms of intoxication. The
number of died and survived animals was counted for
14 days upon exposure. The preparation was
administered to rodents intragastrically, the starting
dose was 2 ml/kg, the interval between doses was
1 ml/kg. The following doses were administered: 2, 3,
4,5,6,7,8,9, 10 ml/kg per body weight. Allergenic
properties of fermented milk drinks were studied on
rabbits by taking conjunctival samples. One drop of 1,
5, 10% aqueous solution of fermented milk was put
under the upper eyelid of the right eye of three rabbits.
One drop of control saline solution was put in the left
eye of same animals. Results were measured at
5 minutes, 24 and 48 hours. Such factors as the state of
eye and eyelid mucous membrane, presence of vascular
injection, and tear secretion were considered
accordingly. The effect of absorption through skin was
studied on white rats by the tail dipping method. 10 rats

were fastened in the special device so that their tails
were immersed in 2/3 of the test tube height filled with
50% aqueous suspension of the drink. The animal
response was measured at 4 hours by appearance of local
changes in the tail, lethal case, extent of intoxication and
changes in the body weight of animals.

Test results were processed by mathematical
statistics methods based on data obtained in 5 to
10 studies repeated three times. Graphical forms of
dependencies are presented as the experimental data
were processed by the method of least squares. The
data were calculated, plotted and described using
Microsoft Office 14 and Excel 14 for Windows 10.

RESULTS AND DISCUSSIONS

We studied the options to obtain the whey protein
microparticulate from the caseic whey. This raw material
is highly acidic (Table 1) and has specific organoleptic
properties that impede its processing and use for
alimentary purposes. The caseic whey was pre-
concentrated at the ultrafiltration unit. Then, the
resulting concentrate was exposed to microparticulation.
When the concentrate was heated, disulfide bridges
disintegrated that were responsible for the molecular
structure of whey protein. SH groups within the tertiary
structure were released.

The exposure of reactive groups was followed by the
enhancement of the protein molecule tendency to
aggregate. They formed new bonds with other denatured
molecules of whey proteins. As a result, occurring
molecule unions exceeded colloidal state in size and
proteins collected in compact aggregates. It is known
that all whey proteins denaturate within the temperature
range 62-78°C. However, the lactose with the mass
fraction of over 4% in the UV concentrate protects the
globular proteins against solubility losses during heat
treatment, stabilizing their structure against thermal
expansion. The high lactose content in the concentrate
slows the denaturation response. In this view, more
severe heat treatment of UV concentrate is required for
microparticulation, that is, from 85 to 110°C.

Table 1. Composition and properties of caseic whey and microparticulate

Value
Parameter Caseic whey Microparticulate
Dry solids weight ratio, % 5.9 14.2
Mass fraction of total protein,% 0.48 7.46
Mass fraction of plain protein,% 0.33 7.33
Mass fraction of whey proteins,% 0.23 5.67
Content of total nitrogen,% 0.08 1.23
Content of non-protein nitrogen, % 0.0271 0.063
Mass fraction of lactose,% 4.3 5.2
Mass fraction of fat, %: less than 0.01 0.4
Ash,% 0.65 0.67
Viscosity, 10° Pa's 2.7 223
Titrated acidity, °T 63 87
Active acidity, units pH 4.7 4.5
Density, kg/m’ 1024.5 1043
Appearance and consistency Homogeneous liquid Homogeneops, opaque, moderately
viscous liquid
Taste and smell Typical to milk whey - sourish Pure m;lllfg Stfnsgl Vgllvtgosllllligt flavor
Color Pale green White with cream tint
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To stop the spontaneous aggregation of protein
particles and precipitate formation, the UV concentrate
was exposed to shearing force of applicable intensity
when heated at the same time. This resulted in
formation of spherical particles of the microparticulate.
By regulating modes of thermomechanical treatment,
protein particles sized 3 pm on average formed along
with unique properties of the microparticulate. Based
on methods of mathematical modeling, the best process
parameters for caseic whey microparticulation were
identified wusing the equipment by Kieselmann
Company to produce microparticulates of various
composition and properties.

The flavor of the caseic whey changed during
procedures above. Its specific odor was adjusted by
high-temperature treatment of the UV concentrate. The
melanoidin  reaction  resultants contributed to
generation of the pleasant "nutty" taste and smell of the
microparticulate.

Valuable properties of caseic whey microparticulate
were used to produce fermented milk products. For
these purposes, whey protein microparticulate was
selected with the protein concentration ratio of 15. The
microparticulate composition was characterized by the
increase in the valuable protein part fraction, in
particular, whey proteins (casein/whey protein ratio
was 25/75) (Table 1). The content of "plain protein" in
the microparticulate was 7.33% which is essential to
increase the yield of milk-intensive dairy products and,
consequently, increase the production efficiency. The
amino acid composition was analyzed to conclude on
saturation of the caseic whey microparticulate with
essential amino acids. Their ratio is close to the
FAO/WHO scaling to prove the high biological value
of the microparticulate.

The use of microparticulates is practiced in yogurt
production that proves the favorable effect on the
rheological and sensory properties of the resultant, as
well as the increase in exopolysaccharide synthesis by
starter cultures [20-25]. High acidity of caseic whey
microparticulate significantly changes properties of the
normalized mixture for fermented milk drinks. In this
view, of certain concern is the impact of the
microparticulate obtained based on the caseic whey on
production process and qualitative parameters of
fermented milk drinks.

60

Selection if starter cultures is highly emphasized for
products with the modified ratio of components [26].
For this purpose, cluster organoleptic and rheological
parameters, dynamics of acid formation were studied
when fermenting the drink with the lactic acid
fermentation. The cultures YF L 901, YF L 706 that
committed to obtain the dense cluster for 5-6 h were
identified as cultures with the best acid-forming
property in normalized mixtures with  the
microparticulate added (Fig. 1).

Sucrose is one of components of the fermented milk
drink produced with lactose homofermentation. Use of
sucrose in formulations of sour-milk products increases
the synthesis of exopolysaccharides by starter cultures
to be the strain-specific property. In presence of
microparticulate as the component with prebiotic
properties due to the high content of lactose, protein
and free amino acids, exopolysaccharide production is
enhanced. And the quality of the finished product is
improved: the density and viscosity of the lactic acid
cluster increases, the syneresis slows down. This is
specifically important when producing fermented milk
drinks with lower fat content that is to exclude or
significantly reduce the mass fraction of stabilizers and
thickeners. The use of YF L 706 starter did not extend
the process of normalized mixture ripening and helped
to produce the fermented milk drink with viscous,
creamy consistency (Fig. 2).
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Fig. 1. Dynamics of acid formation of normalized
mixture with caseic whey microparticulate.

50

40 +—

30 —

20 +—

10 +—

Dynamic viscosity, Pa s

YF-L 901

YF-L 706

YF-L 702 YF-LX 700

Name of starter culture

O with microparticulate

O with sucrose

Fig. 2. Influence of whey protein microparticulate and sucrose on the finished product viscosity.
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Fig. 3. Rheogram of fermented cluster with microparticulate.

The use of microparticulate accelerated the process structural pores like fat globules. The high density and
of normalized mixture fermentation. The required strength of bonds of the acid cluster with the
acidity value was reached at 5 to 6 hours with all test microparticulate reduced its ability to syneresis
doses of the microparticulate. An increase in the mass (Fig. 4). A softer cluster formed which is especially
fraction of caseic whey microparticulate contributed to important for low-fat gels known to be coarser and
the increase in the portion of synthesized stronger than full-fat gels.
exopolysaccharides that affects rheological and
syneretic properties of the cluster. x 90

The use of -caseic whey microparticulate g 80 1
influenced coagulation and gelling processes and s 70 +—
facilitated the formation of stronger bonds between the 2 60 1
cluster structural elements and increasing viscosity. >

. . . . . . o 50 +—
The normalized mixture viscosity remained practically §
the same during the induction period. The e 40 17— ]
microparticulate introduction facilitated an increase in o 30 1 |
the normalized mixture acidity which affected the rate 2 20 —
of casein micelle destabilization and cluster formation. § 10 +— —
The induction period duration was shortened (Fig. 3). = 9 : : :
The introduction of caseic whey microparticulate 0 5 10 15
shortened the process of cluster solidifying. . . . .

The formed acid gel with the reduced mass Mass fraction of microparticulate, %
fraction of casein has a larger pore size unlike the
control one. The microparticulate particles were Fig. 4. Influence of the microparticulate mass fraction
mechanically captured by the cluster and filled on the cluster syneretic ability.
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Fig. 5. Influence of microparticulate mass fraction (%) on the dynamics of change in the titratable acidity of kefir

during fermentation.
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To produce kefir, the whey protein microparticulate
was added to the skim milk at 5-15%. The complexity
of kefir fungi microbiological symbiosis specifies
difficulties to achieve the stable and optimal kefir
quality produced using the normalized mixture of
modified composition.

It was found that the increase in the mass fraction
of the microparticulate facilitated intensification of
kefir fermentation process. The standard cluster
acidity was achieved for 9 to 11 hours at various
microparticulate doses (Fig. 5).

One of factors responsible for the kefir dietary
properties is the presence of kefiran, the specific
polysaccharide [27]. An increase in the microparticulate
mass fraction contributed to the enhancement of kefiran
synthesis by kefir fungi microorganisms (Fig. 6) due to
an increase in their nutritional factors.

Introduction of the microparticulate intensified the
growth of the kefir titrated acidity (Fig. 7) and resulted
in lactic a