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Abstract: Using sodium bicarbonate (SB) in cooking meat products is a controversial subject. The aim of this study
was to estimate an effect of different SB concentrations on the quality characteristics and organoleptic properties of
meat in Kubideh Kebab, an Iranian popular meat product. Ground meat was divided into four groups (a, b, ¢, and d).
After that, SB was added in ratio 0.25, 0.50, 1.00, and 2.00 g/kg respectively. A sample without SB was considered as a
blank sample. The Kebab samples were prepared and cooked properly at 350°C for 4-6 minutes and at 450°C for
2—4 minutes. A significant difference was observed in the pH values and the cooking loss between the blank sample and
those Kebab samples that were cooked at 350°C and 450°C and pre-treated with SB in the amount of 0.25-2.00 g per
1 kg of meat (P < 0.05). The amount of residual bicarbonate ions increased significantly in the cooked Kebab samples
at both treatment temperatures in the a-d group in comparison with the blank sample, as well as between the groups

(P =0.00). The organoleptic properties did not change in the a-d groups in comparison with the blank sample.

Keywords: Ton chromatography, Kebab, meat, sodium bicarbonate
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INTRODUCTION

Kebab is a traditional and highly consumed food
which is extremely popular in Iran, Anatolia, Central
Asia, Russia, and Armenia. It is made from ground lamb,
beef, or poultry mixed with chopped onion. To cook
Kubideh kebab, one originally had to place meat on a flat
stone and smash it with a mallet; modern Kubideh
kebabs are made from ground meat barbecued with
herbs, tomato and green pepper. Marinating is a
traditional technique used to improve the meat quality
before thermal treatment. Beef is soaked in marinade
(water, salt, and other essential ingredients); alternatively,
the marinade can be injected into the meat. Marinating
improves meat flavour and prolongs shelf life, since
spices and various extracts provide it with antimicrobial
and antioxidant properties [1]. Some researches show
that nonmeat additives increase the water holding
capacity (WHC) of the processed meat [2]. Being a base
component of raw meat, water is not a valuable additive
for meat products. However, it is usually considered as a
nonmeat additive [3]. In general, pH in the isoelectric
point of myofibrillar proteins (5.2-5.3) corresponds to
the lowest level of water holding capacity. Thus, it is

possible to increase the WHC of meat products by
accreting the ionic backbone as a result of pH
adjustment [4—6].

According to Offer and Trinick [7], it is possible to
improve WHC using marinating, since electrostatic
repulsion makes beef fibres expand, which allows the
added water to penetrate into the myofibrillar network.
It is known that some additives are able to enhance the
low moisture assimilation of meat products, and sodium
chloride and phosphates are among them [1]. Actually,
the application of sodium chloride concentrations
alignment from 4.6 to 5.8% provides the optimal
amplification of myofibrils distension with the optimal
damp uptake. It has been universally accepted that
sodium chloride alters the solubilization of myofibrillar
protein, water absorption, and gelling properties of meat
[4-6]. This mechanism of improving the WHC of meat
by using sodium chloride was recommended by Offer
and Knight [8] and Ruusunen and Puolanne [9].
Moreover, the application of phosphate salts also
improves the water retaining and the binding capacities
of meat [10]. For instance, by adding 0.3% of phosphate
in beef, one can raise its pH, promote the formation of

Copyright © 2018,Akbari-adergani 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.
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ionic bonds, as well as magnesium- and calcium-binding
proteins with an increase in the solubilization of myosin
and actin.

In addition, Xiong et al [11] observed a strong
synaeresis between sodium chloride and phosphate in
poultry meat. Hence, marinades with sodium chloride
and polyphosphates are used to improve various
characteristics of muscle-based meat [12, 13-14].
Although it is universally accepted that phosphates
affect meat characteristics, some countries banned their
use in meat processing [3]. Therefore, phosphates can
be replaced some of alternative substances in meat
products. Only a few studies focused on the use of
bicarbonate to improve the quality of pork [15, 16-17]
and poultry [18, 19]. Furthermore, some recent empiric
studies actually promote the efficiency of SB
(NaHCO:s) in pork and poultry products because it can
reduce shear force [20-22]. Bicarbonates possess a
higher buffering capacity and ionic potency, if
compared with phosphates, which explains their
efficiency [17]. Unlike sodium chloride and
polyphosphates, the basic mechanisms of the SB action
remain understudied. The researches mentioned above
studied meat marinated with sodium chloride,
polyphosphate, and bicarbonate. However, there is a
significant gap in data concerning the role of water
with the biopolymers injected inside the intra- and
extramyofibrillar spaces during marinating.

On the other hand, marinating increases the product
yield, reduces the water loss during cooking [23], and
raises the tenderness of meat. As a rule, the main
ingredients of marinade are sodium chloride and
phosphates [23]. Both can improve WHC by increasing
the electrostatic repulsion of myofibrillar proteins [23].
Another effective ingredient is SB, as it reduces drip loss
and shear force [17, 24-25] and increases the yield of
cooked meat [24, 26]. By marinating sirloin and flank in
a SB solution, one can achieve a balance between
flavour, tenderness, and cost. Generally, the WHC of
meat is minimal when its pH is close to the isoelectric
point of myofibrillar proteins (about 5.2-5.5). The ionic
strength could be steadily increased by adjusting the
pH, thus leading to a higher level of WHC in meat
products [27]. It is believed that the organoleptic
properties of cooked meat, such as flavour, smell,
appearance, and palatability, depend not only upon the
pH of the muscle tissue and its nutritional status at the
time of slaughter but also upon the type of ingredients
used in marinating. The cooking loss tended to
decrease as SB level went higher: the cooking loss
reduced by 1.8% when the concentration of SB was
0.10% per unit. The use of SB did not change the
overall appearance of meat, while reducing its hardness
[28]. Additionally, SB is an excellent marinating agent:
it can be used to process poultry with no phosphates
added, which meets the demand and raises the
nutritional properties. A recent research showed that
the highest marinade performances were achieved
when SB was combined with phosphates [24]. The
present research focused on evaluating the effect of
different concentrations of SB on the quality
characteristics and the organoleptic properties of kebab
meat cooked at different temperatures.
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Table 1. Properties of the lamb meat used for
preparing kebab samples

Parameter Results
Total bacteria, per g 4.2x10°
Moisture, % 65.4
Protein, % 16.84
Total fat, % 16.6
Total starch, % trace
Ash, % 1.39

Table 2. Properties of the kebab samples cooked at
350°C and 450°C

Parameter Results at Results at

350°C 450°C
Total bacteria, per g 1.1x10° 10°
Moisture, % 55.5 55.1
Protein, % 16.52 16.30
Total fat, % 16.40 16.22
Total starch, % trace trace
Ash, % 2.3 2.3

STUDY OBJECTS AND METHODS

Chemicals and reagents. Sodium bicarbonate,
sodium chloride, nitric acid, and sodium hydroxide
were supplied by Merck (Darmstadt, Germany).
Distilled and deionized water with 18.0 MQ specific
resistance was prepared by Milli Q Water System
(Millipore, Le montsur-Lausanne, Switzerland).

Sampling. To prepare kebab samples, sirloin and
mutton flank (13:1, w/w) were pounded and mixed with
salt, a diluted saffron solution, grated onion, and black
pepper. This mixture was divided into four groups: a, b,
¢ and d. The groups contained 0.25, 0.50, 1.00, and
2.00 g/kg of SB respectively; an individual blank group
was provided for the raw and the cooked samples. For
each group, five kebab samples were prepared and
cooked at two different temperatures: 1) 350-400°C
with a long cooking period (4-6 min), the internal
temperature of meat being 68-70°C); 2) 450-500°C
with a short cooking period at (2—4 min), the internal
temperature of meat being 89-91°C.

Sample preparation. Initially, 1.50 g of each raw
and cooked Kebab sample were mixed with 10 ml of
concentrated nitric acid (65%) and homogenized with a
magnetic stirrer for at least 3.0 hours until a completely
transparent liquid was obtained. Then the samples were
diluted with NaOH 1.0 M and put in an 80 ml
(volumetric flask. Finally, the pH of the extracts was
adjusted to 8.3-8.7 by NaOH 10 M, and the extract
solutions were filtered by a 0.45 pm filter before being
injected into the ion chromatograph. These experiments
were conducted in three replicates for each sample.

Equipment. A Metrohm 844 UV/Vis compact ion
chromatograph was used to identify and determine
bicarbonate ions in the extracted samples. A Rehodyne
model 77251 injector with a 50 puL loop was used to
inject the extracted samples. Chromatographic
separations were achieved using an anionic A Supp 8§,
5 um, 4.0 x 150 mm analytical column. A degassed
and filtered solution of sodium chloride was used as a
mobile phase. Due to this, 10.0 g of sodium chloride
was dissolved in some deionized water in a 100 mL
volumetric flask and then diluted up to its volume. This
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solution was conveyed in the isocratic mode at a flow
rate of 1.0 mL/min. All the analyses were carried out at
215 nm, and the ion chromatographic data were
acquired and processed using PC and IC Net Ver. 1.1
chromatography manager software.

Determination of pH in the kebab samples. The
pH value of meat samples was determined according to
the standard method of ISO 2917:1999 [29]. A
calibrated digital Metrohm pH meter (model 744)
equipped with a combined glass—calomel electrode was
used to obtain the pH of meat samples and control the
pH of the solutions, as well as to adjust the mobile
phase in the chromatographic analysis.

Estimation of organoleptic properties. The
hedonic test method was used to estimate the
organoleptic properties (smell, flavor, appearance, and
palatability) of the kebab samples. The samples were
labeled with a random three-digit number and then
served to forty panellists. This protocol was used to
estimate the smell, appearance, flavour, and palatability
of Kubideh kebab using a 9-point hedonic scale.

Cooking loss. The raw meat samples were slightly
blotted with paper towels and weighed, then cooked
separately at two temperature levels: 350—400°C for
4-6 minutes and 450-500°C for 2—4 minutes. After
that, the cooked samples were once again slightly
blotted with paper towels and weighed. The cooking
loss was calculated as follows:

% Cooking loss = % %X 100,

where w; = Weight of raw meat before cooking, and
w, = Weight of meat after cooking

Chemical and microbial properties of the lamb.
A few physicochemical and microbial properties of the
lamb wused for preparing kebab samples were
determined for each sample. The moisture was
determined by calculating the meat weight after drying
it at 105 = 2°C. The meat protein content was
determined by the Kjeldahl method. The meat fat was
analyzed using the Soxhlet apparatus method. The
carbohydrates were measured by the starch test. The
ash content was determined using a 600°C furnace
[30]. Likewise, all the meat samples were analyzed for
the total of aerobic mesophilic microorganisms using
the aerobic plate count (APC) of colony forming units
(CFU) and reported as log CFU per g of meat samples
using the Ercolini et al. [31].

Statistical analysis. All the data were analyzed
using SPSS software. The significant differences
between the treatments were assigned by using the
paired samples t-test at a 5% probability level
(P < 0.05). It was carried out to reveal the difference
between two individual parameters. It was performed
using statistical SPSS version 16 software.

RESULTS AND DISCUSSION

Chemical and microbial properties of the lamb.
Tables 1 and 2 show the main chemical and microbial
properties of the lamb. In this study, the total content of
the bacteria was studied to ensure that the meat was
safe for human consumption and to determine how the
pH value was affected by bacteria activity. The total of
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bacteria, % moisture, % protein, % total fat, % total
starch, and % ash contents were compatible with the
national regulations of Iran for meat products.

Physicochemical properties of the marinated
raw and cooked samples. All of the treated samples
were estimated for pH, cooking loss, and the amount of
bicarbonate ions before and after cooking. Tables 3, 4,
and 5 show the effects of marinating ingredients and
heat treatment. The results revealed that the a-d
marinated meat samples had a higher pH value, more
bicarbonate ions, and a lower cooking loss compared to
the control groups (P < 0.05). Petracci et al [29]
showed that breast fillets treated with SB and cooked at
the maximum heat (80-200°C) had a higher ability to
retain water than those treated with phosphate (67.3 vs.
65.7%, P < 0.05). Marinating ingredients including
sodium chloride accounted for an increase in the
solubility of meat proteins as well as an increase in the
ionic strength [23]. SB and sodium tripolyphosphate
(STPP) increased the number of the ions that reacted
with the protein and increased hydration [17, 32].

In addition, a combination of two or more of these
ingredients has been reported to result in a lower
cooking loss than when they are used individually [26].
It was found that the drip loss correlated with protein
solubility increasing the solubility of myofibrillar,
sarcoplasmic, and total proteins [28]. In addition, SB
produced holes during cooking due to the generation of
carbon dioxide leading to a coarser microstructure
which could also improve the physical entrapment of
water [26].

There was no significant dependence between the
SB content and the cooking temperature. The statistical
analysis revealed that there was no significant
correlation between an increase in the amount of SB
from 0.25 to 2.00 g/kg in the meat samples
(a-d groups) and the cooking temperature from 350°C
to 450°C. The similar was observed for the pH value
and the cooking loss. However, the amount of
bicarbonate ions decreased when the temperature
changed from 350°C to 450°C (Fig. 1).

1.6
12 -

=

< 08 1

0.4 -

0.0 . . .
0.0 0.5 1.0 1.5 2.0

Sodium bicarbonate (g/kg)

1 raw samples at 24°C
2 cooked meat at 350°C
3 cooked meat at 450°C

Fig. 1. Mean amount of sodium bicarbonate (as mAU)
in the raw and cooked samples at 350°C and 450°C.
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Table 3. Physicochemical properties of the marinated raw samples compared to the control sample

pH Raw samples
a b c d
mean P mean P mean P mean P

6.10 = 0.00 0.03  6.20+0.00 0.01 6.30 £ 0.00 0.01 6.56+0.05 0.0l
Bicarbonate ions, mg/g 0.31 +0.00 0.00 0.49 +0.00 0.00 1.10 £ 0.01 0.00 1.68 £0.00  0.00

Note. a: 0.25 g of sodium bicarbonate per kg meat, b: 0.50 g of sodium bicarbonate per kg meat, c: 1.00 g of sodium bicarbonate per kg meat,

d: 2.00 g of sodium bicarbonate per kg meat

The data were represented as the mean + standard deviation of triplicate tests. The differences between the analyzed physicochemical properties of
marinated raw samples compared to the control were statistically significant (P < 0.05).

Table 4. Physicochemical properties of the marinated cooked samples at 350°C compared to the control sample

pH Cooked samples at 350°C

a b c d

mean P mean P mean P mean P

6.16+0.05 0.01 6.20+0.00 0.01 6.31£0.00 0.00 6.53+0.05 0.00
Cooking loss, % 25.0+0.03 0.03 24.0+0.02 0.00 23.0+0.01 0.00 21.0+0.00 0.00
Bicarbonate ions, mg/g 0.16+0.00 0.00 0.41+0.00 0.00 0.63+0.00 0.00 1.40+0.05 0.00

Note. a: 0.25 g of sodium bicarbonate per kg meat, b: 0.50 g of sodium bicarbonate per kg meat,
c: 1.00 g of sodium bicarbonate per kg meat, d: 2.00 g of sodium bicarbonate per kg meat

Table 5. Physicochemical properties of the marinated cooked samples at 450°C compared to the control sample

pH Cooked samples at 450°C

a b ¢ d

mean P mean P mean P mean P

6.14 +0.03 0.00 6.20+0.00 0.01 6.32+0.01 0.00 6.61 +0.01 0.00
Cooking loss, % 27.0+0.00 0.04 27.5+0.04 0.05 25.4+0.04 0.05 21.0+0.02 0.01
Bicarbonate ions, mg/g 0.13 +0.00 0.00 0.21+0.00 0.00 0.48 £ 0.00 0.00 0.68 +0.00 0.00

Note. a: 0.25 g of sodium bicarbonate per kg meat, b: 0.50g of sodium bicarbonate per kg meat, c: 1.00g of sodium bicarbonate per kg meat,

d: 2.00g of sodium bicarbonate per kg meat

The data were represented as the mean =+ standard deviation of triplicate tests. The differences between the analyzed physicochemical properties of
marinated cooked samples at 450°C compared to the control were statistically significant (P < 0.05).

The amount of residual bicarbonate ions increased
240 in cooked kebab samples at two different temperatures
when the SB concentration was increased from 0.25 to
220 2.00 g/kg in meat, if compared to its value in the blank
200 | sample, as well as between the groups (P = 0.00). In
1 this method, the amount of bicarbonate ions was
180 decreased by increasing temperature from 350°C to
160 450°C in both the blank and the kebab samples
(P =0.00) (Fig 2). While NaHCO; was heated above
o 1404 110°C, it was observed that both H,O and CO,
é 1201 . underwent some chemical changes. Hence, by
b increasing the core temperature of the cooked samples
100 from 68-70°C (direct heating at 350°C) to 89-91°C
30 (direct heating at 450°C), the level of bicarbonate ions
| decreased. The pH of the meat samples treated with
60 bicarbonate did not change after cooking. This result
40 was not in agreement with Sindelar et al, who found
that the pH of marinated sow loins with bicarbonate
20 and polyphosphate increased after cooking [33]. These
S e —— outcomes were most likely because of the essential
R groups of the amino acids (histidine) during heating.
The second probable reason may refer to the nature of
marinade environment, as the alkaline environment

1-2.00 gr/kg, 2-1.00 gr/kg, 3 -0.50 gr/kg, may increase the pH value after marinating.
4 -0.25gr/kg, 5 — blank Organoleptic evaluation. The sensory properties
of Kubideh kebab were evaluated by 40 panellists
Fig. 2. Ion chromatograms of bicarbonate extracted according to a 9-point hedonic scale. The
from the a-d meat samples. organoleptic properties (smell, appearance, flavour,
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and palatability properties) did not change when SB
was added from 0.25 to 2.00 g/kg of meat, in
comparison with the blank group. This differed from
the results of a research that showed that Golek
chicken marinated with NaCl/STPP/NaHCO; (Tr6)
had the lowest acceptance score compared to other
treatments (P < 0.05) because of the slight darkening
of the meat surface. The darker colour of the meat
was probably due to the denaturation of muscle
protein after it reacted with NaHCO; The
denaturation resulted in an increase in the reflection
and scattering of light and, hence, a paler meat colour
[23, 34], as well as in an increase in extracellular
water as a result of the marinating process. However,
Young & Lyon found no effect of salt and phosphate
marinade on meat lightness [14].

CONCLUSION

Marinating lamb meat before processing it into
Kubideh kebab affected the quality and the cooking
loss of the product. It is the first time that the detection
and determination of the residual of bicarbonate ions

has been studied in cooked and raw meat. Kubideh
kebab cooked at four different SB levels (from 0.25 to
2.00 g/kg) resulted in a high pH value, a high level of
biacrbonate ions, and a low cooking loss at different
temperatures, while no differences in its organoleptic
properties were detected.
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Abstract: In the current conditions of import substitution, the effective use of secondary raw materials in the meat
industry is a relevant issue. A significant source of animal proteins is by-products, the yield of which is about 10% of
livestock weight. Some by-products, including beef rumen, contain collagen-containing tissues which require
modification for tenderization and deodorization. In order to modify rumen tissues, the biotechnological method of
treatment with an enzyme solution, lysate, obtained from a whole bovine abomasum was preferred to the known method
where enzyme solution is prepared from an abomasal mucosa. The purpose of this project was to study the activity of
lysate from a whole bovine abomasum for the modification of rumen tissue to use it in cooked sausage formulations.
We have suggested the method of obtaining enzyme solution based on infusing the minced abomasum in a reaction
mixture — water, chlorohydric acid, and sodium tripolyphosphate — followed by filtering. The dependence of proteolytic
and collagenase activities of the solution obtained from phosphate dose introduced have been studied; it have been
revealed that 1.5% of tripolyphosphate is the optimal dose for efficient extraction of enzymes from the whole
abomasum. Besides, an effect of the enzyme solution on functional and technological properties of a heat-treated rumen
has been studied, and the improvement of hydro- and lipophilic characteristics has been revealed. Paste with modified
rumen has been developed and found that the maximum possible dose of rumen for use in cooked sausage from
horsemeat is 15%. The color on the cut of sausage developed was identical to that of beef sausage. Thus, paste made on
the basis of modified rumen contributes to the formation of functional and technological properties, the stabilization of
the color characteristics of the final product, as well as the effective use of basic meat raw materials and the expansion
of the range of economy class high-protein sausage production.

Keywords: Modified rumen, cooked sausage, formulation, functional and technological properties, quality
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INTRODUCTION

In the current conditions of import substitution, the
effective use of secondary raw materials in the meat
industry to create natural, protein-containing products
of high quality using innovative technological methods
is a relevant issue.

A significant source of animal proteins is by-

modify rumen allows the degree of collagen
assimilation to be increased. In addition, collagen,
being hard to digest, can act as dietary fiber, improving
gastrointestinal tract peristalsis [1, 3, 5, 6].

One of factors limiting the possible effectiveness of
by-products use is the specificity of their morphological
composition: internal organs are composed of muscular,

products [1-4], the yield of which is about 10% of
livestock weight. Most of by-products are characterized
by rather low fat content and increased mass fraction of
connective tissue; the latter brings about reduced
biological value.

Collagen-containing by-products contain a large
amount of connective tissue, which is difficult to digest
in humans. However, modern scientific research on
processing of collagen-containing raw materials has
shown that the use of innovative technologies to

connective, fatty, and parenchymal tissues. Since various
types of raw materials differ in their composition and
structure, it requires the use of individual methods for
their preliminary processing, which predetermines final
product quality as a whole and, in particular,
organoleptic indicators and functional and technological
properties. Most of the traditional technologies in
sausage-canning manufacture, however, include the
grouping of secondary protein-containing raw
materials in accordance with external morphological

Copyright © 2018, Danilov 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.
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characteristics (fleshy, meat-and-bone, and mucous),
heat treatment under high temperatures, and the
homogenization of raw materials to destruct connective
and cartilaginous tissues, whereas taking into
consideration the chemical composition features,
organoleptic characteristics, and morphological structure
of certain types of secondary raw materials would
provide great opportunities for making fundamentally
new types of meat products with high quality
characteristics.

The low efficiency of using collagen-containing by-
products is mainly due to the specificity of chemical
and morphological composition and the need for a
variety of technological methods aimed both at
improving organoleptic characteristics and modifying
functional and technological properties, such as water-
binding capacity, swelling capacity, water and fat
absorbing ability, emulsifying ability, etc.; each type of
raw material requires individual methods for their
preliminary processing.

The efficiency of wusing both food and
biotechnological potential of collagen-containing by-
products is the subject of many studies. Researchers
suggest using collagen-containing by-products in
formulations of protein-oil emulsions [7], gelatin [8],
preparations for zootechnics [9], and meat products
[10-12].

Local and foreign researchers suggest various ways
of technological processing by-products: physical,
chemical, and biotechnological. Rumens, abomasums,
stomachs are deodorized by single or multiple cooking
in water, broths, spice solutions, milk, whey, weak
solutions of organic acids (acetic, ascorbic), or
hydrogen peroxide solution; this allows both structural-
mechanical and functional-technological properties to
be improved.

There are many studies on modification of
collagen-containing ~ raw  materials by  the
biotechnological method of processing [13—18]. This
method is the most effective but the use of ready-made
enzyme preparations in the meat industry is limited due
to high cost. Moreover, it is difficult to select an
appropriate enzyme which would be exposed to

structural proteins of both muscle and connective
tissues.

Pepsin, the enzyme preparation isolated from
mucous membrane of young calves' abomasums, has
proteolytic effect and can be used to soften proteic
materials, including collagen-containing ones. The
manufacturing process of this enzyme preparation,
however, is laborious, since it requires separation of
mucous membrane first and then treatment to isolate
pepsin. We have suggested a technique for obtaining the
enzyme solution from the whole bovine abomasum
which can be used to tenderize collagen-containing raw
materials.

In connection with the above mentioned, the
purpose of the project was to study the activity of
lysate from the whole bovine abomasum for
modification of rumen tissue to use it in cooked
sausage formulations.

STUDY OBJECTS AND METHODS

Experimental research was carried out at the
Technology of Meat and Canned Products Department
Laboratory of the East-Siberian State University of
Technology and Management (Ulan Ude, Russia).

The subjects of the research were bovine
abomasum, rumen, sausage mixture, and cooked
sausage.

In the previous study we suggested [19] a method
of obtaining an enzymatic solution, lysate, from a
whole bovine abomasum which contains a mixture of
proteolytic enzymes. The lysate was obtained by
infusing minced abomasum in a reaction mixture
containing water, chlorohydric acid, and sodium
polyphosphate. In order to create optimal conditions
for activating pepsinogen by adjusting a dose of
hydrochloric acid, the reaction mixture acidity was
maintained as large as 2.0. The pepsin solution was
prepared according to the traditional technique for
pepsin isolation from mucous membranes, but whole
rumen was used instead of mucous membrane due to
difficulty in separating it. This technique is presented
in Fig. 1.

The enzyme solution for rumen fermentation must be
used within six hours at the storage temperature 2—4°C.

Reception of abomasums frozen (storage at
from -18°C till -20°C no longer than 6 months)

Preparation of reaction mixture with pH 2.0 (chlorohydric
acid with p = 1.19 g/sm’, sodium polyphosphate, water)

1]

Defrosting of abomasums at 20-25°C for 4-5 hours

7

Mincing of abomasums (holes diameter is 2—3 mm)

1]

Mixing with the reaction solution (

1.0 kg of abomasums, 2.6 1 of the solution)

17

Infusion (at 31-34°C for 7-8 hours)

Y

Filtering

7

Quality evaluation of lysate

Fig. 1. Technological scheme of pepsin solution preparation from whole bovine abomasums.
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In the course of the experiments, organoleptic
indicators were determined by organoleptic tasting,
protein mass fraction by the Kjeldahl method, fat mass
fraction by the Soxhlet method, water content by
drying to constant weight, and mineral substances
content by ashing. Functional and technological
properties, such as water-holding capacity (WHC), fat-
holding capacity (FHC), and thermal stability, were
determined by the VNIMMP method [20], moisture
binding capacity by Grau-Hamm method, and critical
shear stress with a penetrometer. The number of
pigments was studied with a photoelectric colorimeter
based on the optical density of colored solutions. The
mass fraction of common salt was determined in water
extract by Mohr's method, residual sodium nitrite
content by the photometric method, which is based on
the measuring of color intensity formed as a result of
interaction between nitrite with sulfonylamide and
N-(1-naphthyl)-ethylenediamine dihydrochloride in a
protein-free filtrate. Collagen content was determined
from the amount of oxyproline (GOST R 50207-92)
multiplied by a factor of 8.07 [21].

In order to study lysate proteolytic activity, the
method of Ganguly and Bhaler with some modification
was used: casein agar was substituted by myosin one as
a substrate [22]. The substrate was poured into Petri
dishes, holes with a diameter of 12 mm were made in
the solidified medium, after that the enzyme solution
was poured for incubating. The diameter of the
precipitate zone determined solution activity (in mm).

The collagenase activity of the lysate was studied by
spectrophotometric method [23] where collagen was
used as a substrate. Collagen was obtained from the
Achilles tendon of cattle by removal of extraneous
proteins by precipitation, further repeated centrifugation,
washing, and drying the collagen resulted. Collagenase
activity was determined as follows: 5 ml of the lysate
was added to 20 mg of collagen and incubated at 37°C
for 18 hours. In addition, two control samples were
prepared: in the first one, the substrate was incubated
with the lysate heated at 60°C for 2 minutes to inactivate
enzymes, while the second sample was prepared as the
experimental one, but without incubation. The samples
were cooled, filtered, and an equal volume of biuret
reagent was introduced into. The experimental and the
first control samples were measured with the green filter
of a colorimeter against the second control sample. The
collagenase activity was determined from an extinction
value (E); to convert it to percentage of protein
dissolved, the standard data presented in Table 1
were used.

Denaturation temperature was measured by using a
device with accordance to GOST 32078-2013 [24].
The amino acid composition of proteins was
determined with an amino acid analyzer.

Experiments were carried out in three replications.

RESULTS AND DISCUSSION

Researchers working in this field are developing
food with modified collagen from hide, splits,
connective tissue, etc. It has been established that
collagen has properties of dietary fiber and exerts
favorable effect on intestinal tract peristalsis and
beneficial microflora function.
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We have conducted research on modification of
collagen-containing rumen properties by the
biotechnological method using enzyme solution
obtained from a whole abomasum.

The technological scheme of preparing the enzyme
solution is represented in Fig. 1. We used sodium
polyphosphate (SP) to improve an efficiency of
pepsinogen extraction. In order to prevent the process
of enzymes extraction from an influence of the medium
pH, the latter had the constant value (2.0) due to
introduction of chlorohydric acid solution. When
adding 0.5% of sodium polyphosphate to the reaction
mixture volume, pH was 2.02, and 2% of sodium
polyphosphate led to pH =2.1.

Sodium tripolyphosphate promotes the loosening of
the epithelial layer of the abomasum, thereby assisting
enzymes release into the solution, since the epithelium is
a loose connective tissue with a touch of reticular one.

In the meat industry, introduction of sodium
tripolyphosphate in amount of 1-2% is sufficient to
increase hydrophilic activity of muscle proteins.
Proteolytic and collagenase activities of enzyme
solutions without SP and with 1.0, 1.5, and 2.0% of SP
were investigated. The enzyme solution obtained from
mucous membrane of bovine abomasum was used as a
control sample, while experimental samples were
prepared from whole abomasum. This method of
obtaining the enzyme solution eliminates the difficult
process of mucous membrane separation. Fig. 2 shows
the change in the proteolytic activity of the solution as
a function of a SP dose.

The data in Fig. 2 indicate that addition of sodium
polyphosphate increases the proteolytic activity of the
solution, for instance, 1.0% of SP raises the
proteolytic activity by 18.5% however its level
remains below the control value. Introduction of SP in
amounts of 1.5 and 2.0% increases the proteolytic
activity up to 18.4—18.9 mm that is 4.0-6.0% higher
than in the control sample. This must have been due
to an increase in pepsinogen concentration, which
indirectly confirms that SP improves enzyme
extraction.

Further, the collagenase activity of the enzyme
solution was analyzed (Fig. 3).

According to the data in Fig.3, SP increases both
proteolytic and collagenase activities of the lysate.
Introduction of SP in the amount of 1.5 increases the
collagenase activity of the pepsin solution up to
29.93%, which is close to that for the control sample
(30.16%). A further increase in SP dose up to 2.0%
increases the lysate collagenase activity slightly.
Probably, SP facilitates a breakage of bonds between
polypeptide chains and fibers separation in the
abomasum structure, which assist the process of
pepsinogen molecules release.

Table 1. Dependence of extinction value on protein
cleavage degree

Indicators Values

Extinction 0.174 0.115 0.088 0.062 0.029
value, E

Collagen 5451 36.00 27.81 23.71 11.60

dissolved, %
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Fig. 3. Change of collagenase activity of enzyme
solution containing SP.

Based on the data obtained, the optimal SP dose was
accepted to be 1.5%, since it ensures high proteolytic
and collagenase activities of the solution. Table 2 shows
qualitative indicators of the lysate with SP obtained by
using the technological scheme suggested.

The findings from Table 1 show that the pepsin
solution obtained from the whole abomasum is similar
in appearance to that obtained from the mucous
membrane and has high enzyme activity.

On the next stage, experiments on modification of
rumen properties with the enzyme solution obtained

Table 2. Qualitative indicators of enzyme solution

were carried out. As known, rumen tissue contains
about 7% of collagen and 0.5% of elastin. Collagen and
elastin fibers are able to stabilize rumen connective
tissue and to give it high mechanical properties. For
this experiment, we used prepared rumen meeting the
requirements of the documentary standard. Chemical
composition and technological properties of bovine
rumen were analyzed (Table 3).

The data indicate that the total protein content in
rumen is as high as 15.2% which is almost equal to that
in muscle tissue; the protein fraction of rumen,
however, contains about 65% of collagen.

According to the results of rumen technological
parameters analysis, rumen has low water-binding
capacity (55.4%) and high shearing force value
(6.8 x 10°Pa); this is due to high mechanical
characteristics of collagen and elastic fibers, which
impart an increased hardness to rumen tissue.

Denaturation temperature is an important indicator
of collagen which characterizes its structural changes;
for bovine rumen its value is 66.3°C. At this
temperature, collagen bundles diminish to the
maximum, bend, and intra- and intermolecular
interactions in collagen structure tend to weaken. This
made it necessary to study the modification process of
rumen tissue after a short-term heat treatment, which
retards the contamination process.

For modification, rumen was held in the enzyme
solution prepared from the bovine abomasum. For this,
30% of the enzyme solution was added to minced
rumen and the fermentation process was carried out at
35-36°C for 12—-14 hours. This duration was chosen
based on the fact that pepsin hydrolyzes proteins and
peptides far slower than other proteinases do [23].
In addition, pH was reduced to 5.3-5.5, since at pH 5.6
and higher an inhibitor inactivates enzymes; moreover,
acidic conditions contribute to microorganism growth
inhibition.

Indicators Enzyme solution (lysate) obtained from
Mucous membrane of bovine Whole bovine abomasum
abomasum (control) (experimental)
Color Light-beige Beige
Texture Slime Slime
Aroma Specific Specific
Proteolytic activity, mm 17.81 18.42
Collagenase activity(amount of dissolved collagen, %) 30.21 29.81
Table 3. Chemical composition and technological properties of bovine rumen
Organoleptic ~ Characteristics Chemical composition Value Technological Value
indicators properties
Appearance  Fat-free, cut up, separated from Mass fraction of protein, % 152+ 1.0  Water-binding 554+1.0
mucous membrane, washed, — collagen, % 9.6+0.5 capacity, %
with no dark spots
Color Yellowish-white, with grayish tint Mass fraction of fats, % 49+04 Shearing force, 6.8 +0.2
x10” Pa
Aroma Typical of good by-products, typical Mass fraction of mineral 1.4+0.1 Denaturation 66.3£2.0

of rumen, without foreign smell substances, %

temperature, °C
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In order to analyze the modification process, an
effect of the enzyme solution obtained on the amount
of collagen dissolved at various holding duration of
rumen samples in the enzyme solution was studied

(Fig. 4).
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Table 4. Characteristics of paste based on modified
rumen

Organoleptic Value Physical and Values

indicators chemical
indicators

Appearance  Grey-white ~ Mass fraction  79.8 £ 1.4

color of water, %

Texture Pasty Mass fraction  13.4+0.7
of proteins, %

Aroma Flavorless Mass fraction 1.2+0.1
of ash, %

Taste Tasteless Mass fraction 5.4 +0.2
of fats, %

The results in Fig. 4 demonstrate a considerable
increase of dissolved collagen amount with an increase
of the holding duration of the substrate in the enzyme
solution, which can indicate the increase of collagen
fragmentation degree. Since after 12 hours of holding
changes in the studied indicator was insignificant, the
optimal time was 12 hours. It should be noted that
pepsin is able to destroy hydrogen and disulfide bonds
between polypeptide chains that leads to formation of
“open” forms of protein molecules. As a result of
modification, morphological changes in muscle,
collagen and elastin fibers can occur which contribute
to improve rumen properties. In order to prove this,
functional and technological characteristics of rumen
tissue modified were studied (Fig. 5).

The results demonstrated in Fig. 5 show a favorable
effect of holding rumen in the enzyme solution on
improvement of water- and fat-holding capacities
which speaks for modification of collagen-containing
rumen properties by treatment with pepsin solution
obtained from the whole bovine abomasum.
Undoubtedly, the factors that contribute to
improvement of functional and technological properties
of rumen are changes in the structure of collagen and
unstriped and cross-striped muscle fibers of rumen with
formation of active functional hydro- and lipophilic
groups.

Modified rumen was then finely minced and
diffused until paste was obtained. Table 4 represents
qualitative characteristics of the paste based on
modified bovine rumen.

The next stage was to find a possibility to include
the resulting paste in the formulation of horse cooked
sausage. In order to determine the optimal amount of
the paste, the functional and technological properties of
horse mince with 10, 15, 20, and 25% of the paste were
analyzed. Fig. 6 illustrates the effect of the paste
amount on the water-holding capacity of the mince.

The data in Fig. 4 show that 15% of the paste
increases meat hydrophility by 3-4%. Further increase
of the paste amount makes the mince water-logged
therefore WHC declines.

The indicators of water- and fat-holding capacities
of the mince after heat treatment were now studied
(Fig. 7).

The results indicate improvement of functional and
technological properties of the heat-treated mince with
increasing amount of the paste. The paste in amount of
25% increases WHC and FHC by 3% and 2%,
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respectively. Denaturation of modified collagen fibers
also improves the functional and technological
properties, since gelling agents are able hold additional
water molecules. Collagen play a critical part in this
process, but the role of unstriped and cross-striped
muscle fibers, which contribute to active functional
hydro- and lipophilic groups, is also significant.

Further, critical shear stress, a parameter which
characterizes rheological properties of the system, was
studied (Fig. 8).

According to the results from Fig. 8, the critical
shear stress of the mince is 450 Pa. Introduction of the
paste in amounts of 10% and 15% causes the decrease
in critical share stress by 2.3% and 4.9%, respectively;
with the increase of the paste amount, the magnitude
decreases markedly (by 11-13%) due to the mince
watering.

Further, sausages with spices and various amounts
of the paste were made according to the formulation of
2" grade cooked horse sausage; the content of nitroso
pigments, which provide for forming the color and
appearance of the product, was studied. The reason for
using horse sausage was the fact that the paste contains
a small amount of muscle tissue which is able to react
with sodium nitrite to form nitroso pigments, and horse
meat contains more the pigments than beef and pork
do. Fig. 9 illustrates the change in nitroso pigments
content in horse sausage samples with the paste in
amounts of 10, 15, 20, and 25% in comparison with
that in control samples of pork, beef, and horse
sausages.

The data in Fig. 9 indicate that the paste affects
nitroso pigments content, since the rate and the
efficiency of their formation depend on myoglobin and
oxymyoglobin content in the mince. Myoglobin
content is 72.8% in pork sausage, which is light pink in
color, 79.3% in beef sausage, and 84.4% in horse
sausage, which is dark red in color. The values
obtained are consistent with pigments content in these
meats. Introduction of the paste caused discoloration of
the product as a result of depigmentation. In the
experimental sample containing the paste in amount of
15%, color is identical to that of beef sausage, and
color of the sample with 20% of the paste is similar to
that of pork sausage.

Based on the research conducted, the amount of the
paste was established to provide optimal functional and
technological properties and color of the product: the
paste in amount of 15% was used in the formulation of
the cooked sausage instead of 10% of horse meat and
5% of fat. The formulation of the cooked sausage
named “Zaigraevskaya” with 15% of the paste based
on modified rumen was developed (Table 5).

As seen from Figure 10, organoleptic parameters of
the experimental sample are similar to those of the
control one.

Quality parameters of the cooked horse sausage
with the paste are represented in Table 6.

Since cooked sausages are a mass-consumption
product, a priority target on their manufacturing is to
keep the balance between proteins and fats, as well as
between water and dry matter contents.
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Immediately after manufacturing, quality inspection
by all parameters of control and experimental samples
was performed.

Seven experts participated in sensory analysis of
sausages developed; their evaluations were entered in a
tasting sheet. The tasting evaluation data were recorded
in the form of scores (using nine-point scale method)
and description of each indicator by members of the
taste panel.
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Fig. 8. Effect of amount of paste based on modified
rumen on critical share stress.
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Fig. 9. Nitroso pigments content in cooked horse
sausage samples with paste based on modified rumen.

Table 5. Formulation of cooked

“Zaigraevskaya”

sausage

Raw materials Amount of raw, kg
(per 100 kg of raw )

Horse cooked Cooked sausage

sausage “Zaigraevskaya”

control experiment
1* grade trimmed 83.0 73.0
horse meat
Fat 15.0 10.0
Starch 2.0 -
Paste based on - 15.0
modified rumen
Soya protein - 2.0
Total amount 100.0 100.0
Salt 2.5 2.5
Sodium nitrite 0.005 0.005
Sugar 0.1 0.1
Black pepper 0.05 0.05
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Fig. 10. Profilogram of organoleptic evaluation of
cooked horse sausage “Zaigraecvskaya” with paste based
on modified rumen.

Table 6. Quality parameters of cooked horse
sausage ‘“Zaigraevskaya” with paste based on
modified rumen

Parameter ~ Characteristics Physical =~ Value

and
chemical
parameters
Appearance Clean dry Mass 16.2+0.5
surface fraction of
fat, %
Texture Elastic Mass 17.5+0.6
fraction of
protein, %
Colorand  Pink, minceis  Mass 24+£03
appearance mixed fraction of
on a cut uniformly salt, %
Aroma and Typical of this  Mass 0.002 +
taste product, no fraction of 0.0001

foreign taste and sodium
odor, with spicy nitrite, %
flavor, properly

salted

Fig. 10 demonstrates tasting sheets data.

The data in Table 10 show that the chemical
composition and organoleptic  parameters  of
experimental samples conform to requirements
GOST R 52196-2003 for cooked sausages of grades
A and B according to which the mass fraction of fat is
no more than 20-30%, protein — no less than 10-12%,
salt —up to 2.4%, and sodium nitrite — up to 0.005%.

CONCLUSION

As a result of the research, a beneficial impact of
the enzyme solution obtained from a whole bovine
abomasums with added sodium tripolyphosphate on
tough rumen tissue has been established. It has been
determined that the optimal time for holding rumen in
the pepsin solution is 12 hours. Biotechnological
treatment of rumen tissue by holding it in the solution
for 12 hours at the temperature of 35-36°C facilitates
the improvement of functional and technological
characteristics and the increase of collagene
fragmentation degree. Based on fine rumen tissue,
paste with high organoleptic and technological
properties was developed. The paste was used in the
formulation of cooked horse sausage. The maximum
possible amount of the paste from modified rumen
which contributes to form hydrophilic and structural
and mechanical characteristics of the mince has been
established (15%) to use it in the formulation. It has
been revealed that horse sausage with 15% of the paste
is similar in color to beef sausage. Thus introduction of
the paste based on modified rumen into horse sausage
composition provides the formation of functional and
technological properties and the stabilization of
organoleptic parameters of the final product as well as
the efficient use of basic meat raw materials and the
expansion of the range of the economy-class high-
protein sausage production.

CONFLICT OF INTEREST
The authors declare no potential conflict of interest.

FUNDING
The research was financially supported by the grant
for the “Young scientists of VSGUTU-2018" project
on the topic “Development of functional meat product
technology”.

REFERENCES

. Antipova L.V. and Glotova I.A. Osnovy ratsional’nogo ispol'zovaniya vtorichnogo kollagensoderzhashchego syr'yva
myasnoy promyshlennosti [Basics of rational use of secondary collagen-containing raw meat industry]. Voronezh:
VGTA Publ.,, 2012. 248 p. (In Russ.).

. Budaeva A.E., Bazhenova B.A., and Madagaev F.A. Yak by-products food value. ESSUTM Bulletin, 2012, no. 2,
pp. 74-78. (In Russ.).

. Kovaleva O. and Shulgina L. By-products of livestock as raw material for new species of functional purpose canned.
Engineering — from theory to practice, 2014, no. 38, pp. 100—-104. (In Russ.).

. Uzakov Ya.M. and Kaimbaeva L.A. Using meat and offal of marals in production of meat products. Meat Industry,
2015, no. 8, pp. 40-43. (In Russ.).

. Coro F.A., Youssef E.Y., and Shimokomaki M. Age related changes in poultry breast meat
collagen pyridinoline and texture. Journal of Food Biochemistry, 2002, vol. 26, no. 6, pp. 533-541.
DOI: https://doi.org/10.1111/.1745-4514.2002.tb00771 x.

262



Danilov A.M. et al. Foods and Raw Materials, 2018, vol. 6, no. 2, pp. 256-263

6. Boutten B., Brazier M., Morche N., et al. Effects of animal and muscle characteristics on collagen and consequences
for ham production. Meat Science, 2000, vol. 55, no. 2, pp. 233-238. DOI: https://doi.org/10.1016/S0309-
1740(99)00148-5.

7. Titov E.I, Apraksina S.K., Mitaseva L.F., et al. Ratsional'nyy sposob pererabotki kollagensoderzhashchikh
subproduktov [Rational way of processing of collagen-containing by-products]. Meat Industry, 2006, no. 9,
pp- 28-30. (In Russ.).

8. Antipova L.V. and Do Le Huu Nam. Investigation ability of applying proteolysis ferments in technology gelatin
from new raw resources. Proceedings of the Voronezh State University of Engineering Technologies, 2011, no. 3,
pp- 12—-17. (In Russ.).

9. Chernukha .M., Bogatyrev A.N., Dydykin A.S., et al. Effect of polypeptides isolated from cattle abomasum on
stomach regenerative processes in rats. Problems of Nutrition, 2014, vol. 83, no. 5, pp. 26-32 (In Russ.).

10. Tsibul'skaya S.A. Ispol'zovanie subproduktov v myasnom proizvodstve [Use of by-products in meat production].
Meat business, 2015, no. 6, pp. 48—49. (In Russ.).

11. Zharinov A.L., Khlebnikov V.I., and Madaliev 1.K. Vtorichnoe beloksoderzhashchee syr'e: sposoby obrabotki i
ispol'zovaniya [Secondary protein-containing raw materials: methods of processing and use]. Meet Industry, 2013,
no. 1, pp. 22-24. (In Russ.).

12. Patshina M.V. Prakticheskie aspekty ispol’zovaniya kombinirovannykh belkovykh geley v myasnykh produktakh
[Practical aspects of the use of combined protein gels in meat products]. Myasnoy ryad [Meat row], 2017, no. 1,
pp. 76-80. (In Russ.).

13. Tarasova 1.V., Rebezov M.B., Perekhodova E.A., et al. Otsenka pokazateley kachestva polufabrikatov myasnykh
rublennykh s biomodifitsirovannym syr'em [Evaluation of quality indicators of semi-finished meat-dried meat with
biomodified raw material]. Young Scientist, 2014, vol. 67, no. 8, pp. 279-281. (In Russ.).

14. Vasilieva 1.O. Prospects for the use of the modified collagen in the production of meat products. Vestnik
Rossiyskogo Gosudarstvennogo Agrarnogo Zaochnogo Universiteta [Bulletin of the Russian State Agrarian
Correspondence University], 2011, vol. 11, no. 16, pp. 62—65. (In Russ.).

15. Titov E.I, Apraksina S.K., and Litvinova E.V. Vliyanie biomodifikatsii na svoystva kollagensoderzhashchego
syr'ya [Influence of biomodification on the properties of collagen-containing raw materials]. Innovations and
Investments, 2016, no. 6, pp. 196—199. (In Russ.).

16. Khabibullin R.Eh., Ezhkova M.S., Minivaleeva Eh.L., et al. Vliyanie ehkzogenno ymolochnokisloy fermentatsii na
mikrostrukturu govyazh'ikh subproduktov 2 kategorii [Influence of exogenous milk-silicone fermentation on the
microstructure of beef smoked products 2 categories]. Vestnik tekhnologicheskogo universiteta [Bulletin of the
Technological University], 2011, no. 15, pp. 189-194. (In Russ.).

17.Kidyaev S.N. and Litvinova E.V. New possibilities for using the biomodified collagen containing raw material in
food industry. Materialy Mezhdunarodnoy nauchno-prakticheskoy konferentsii, posvyashchennoy pamyati
V.M. Gorbatova [Materials of the International Scientific and Practical Conference dedicated to the memory of
V.M. Gorbatov], Moscow: 2015. 225 p. (In Russ.).

18.Li Y.C., Zhu D.Y., and Jin L.Q. Preparation and analysis of collagen polypeptide from hides by enzymes. Journal of
the Society of Leather Technologists and Chemists, 2005, vol. 89, no. 3, pp. 103—106.

19. Bazhenova B.A. and Danilov A.M. Preparation of the enzyme solution from the whole bovine abomasum for
modification of properties of the collagen containing rumen. Theory and practice of meat processing, 2017, vol. 2,
no. 4, pp. 62-75. DOI: https://doi.org/10.21323/2414-438X-2017-2-4-62-75.

20. Salavatulina R.M. Ratsional'noe ispol'zovanie syr'va v kolbasnom proizvodstve [Rational use of raw materials in
sausage production]. St. Petersburg: GIORD Publ., 2005. 248 p. (In Russ.).

21. Antipova L.V. Metody issledovaniya myasa i myasoproduktov [Methods of research of meat and meat products].
Moscow: Kolos Publ., 2001. 376p. (In Russ.).

22.Teply M., Mashek Ya., and Gavlova Ya. Molokosvertyvayushchie fermenty zhivotnogo i mikrobnogo
proiskhozhdeniya [Molokokvertyvayuschie enzymes of animal and microbial origin]. Food industry, 1980, 225 p.
(In Russ.).

23. Wilson K. and Walker J. Principles and Techniques of Biochemistry and Molecular Biology (Russ. ed.: Levashov
A.V. and Tishkov V.I. Printsipy i metody biokhimii i molekulyarnoy biologii. Moscow: BINOM.
Laboratoriyaznaniy Publ., 2015. 848 p.).

24. GOST 32078-2013. Dressed fur and sheepskins. Method of determining shrinkage temperature. Moscow:
Standartiform Publ., 2015. (In Russ.).

ORCID IDs

Andrey M. Danilov'® http://orcid.org/0000-0002-0121-0080
Bayana A. Bazhenova' https://orcid.org/0000-0001-7380-5959
Michail B. Danilov “https://orcid.org/0000-0002-8369-3329
Alexandr V. Gerasimov' http://orcid.org/0000-0002-4973-2662

263



FROM

Foods and Raw Materials, 2018, vol. 6, no. 2

ISSN 2308-4057 (Print)
ISSN 2310-9599 (Online)

Review Article
Open Access

DOIL: http://doi.org/10.21603/2308-4057-2018-2-264-280
Available online at http:jfrm.ru

Prospects for using pine nut products in the dairy industry

Lyubov S. Dyshluk®®, Stanislav A. Sukhikh®®, Svetlana A. lvanova®*®,
Irina A. Smirnova®®, Margarita A. Subbotina®, Anna V. Pozdnyakova®®,
Evgeniy N. Neverov®, and Sergey Yu. Garmashov?

*Kemerovo State University,
Krasnaya Str. 6, Kemerovo 650043, Russian Federation

® Immanuel Kant Baltic Federal University,
A. Nevskogo Str. 14, Kaliningrad 236016, Russian Federation

*e-mail: pavvm2000@mail.ru

Received August 24, 2018; Accepted in revised form October 17, 2018; Published December 20, 2018

Abstract: Functional products are currently attracting a lot of research interest. Modern people’s diet does not satisfy
their need for nutrients, vitamins and minerals, and functional products can make it more balanced. In particular, our
diet is lacking in protein. This paper discusses the prospects for enriching dairy products with plant protein derived from
pine nuts and their products. Pine nut paste, fat-free milk and oil cake are a valuable source of fatty acids, vitamins, and
microelements. The protein, lipid, vitamin, and mineral content of these products makes them suitable for combining
with milk. Their water-holding and fat-emulsifying capacities allow their use as stabilizers and emulsifiers. Siberian
pine nuts grow wild in the Kemerovo Region, which makes their use as a raw material economically feasible. The
article introduces a number of functional dairy products enriched with pine nut products, such as cheese, ice cream, and
cottage cheese. Further, it describes the production process and the products’ nutritional value. The chemical
composition of new types of dairy products shows that using pine nut oil cake, fat-free flour, paste and oil enriches
them with plant proteins, vegetable fats, vitamins as well as macro- and microelements. Replacing dairy raw materials
with plants does not reduce the nutritional value of new dairy products. Dairy foods are rich in protein, fat, and
minerals. The vitamin content of new dairy products with functional ingredients is similar to that of dairy-based
products. Moreover, using functional products (pine nut oil cake, fat-free flour, paste and oil) enriches new types of
dairy products with tocopherols.

Keywords: Pine nut processing, functional foods, dairy products, dietary supplements, pine nut paste, pine nut oil cake,
fat-free pine nut flour
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INTRODUCTION

The 21% century has significantly changed our
lifestyle in many ways. Such factors as adverse
environmental conditions, physical inactivity, and high
mental stress lead to a rapid destruction of vitamins and
minerals in the human body. The majority of Russian
people suffer from malnutrition for social and
economic reasons: most accessible are high-calorie
foods with a low nutritional value.

Modern diet is characterised by a high proportion
of industrially produced foods. As a result of a curing
process, such products lose a considerable part of
biologically active components — vitamins, minerals,
some amino acids, and other substances that play a
significant role in the body’s metabolism. The
deficiency of such essential nutrients weakens the
body’s defences against adverse environmental

factors, contributes to chronic fatigue, and decreases
mental and physical performance [1].

On the other hand, there is a growing interest in
balanced nutrition and an increased demand for
products that not only satisfy hunger, but also minimize
the harmful effects of the environmental and stress
factors. This is due to the rising cost of medical care
and raised consumer awareness of the principles of
healthy eating. Another reason is a recent increase in
life expectancy and the desire of older people to keep
healthy [2]. The modern food industry, with its
research and production facilities, is able to meet this
growing demand for healthy eating and produce a wide
range of foods with improved composition, properties,
and functions.

Modern principles of healthy eating highlight a
need for low-calorie and low-cholesterol foods, as well

Copyright © 2018, Dyshluk 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.
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as special natural supplements, preferably of plant
origin. Functional products are a current global trend,
since nutrition problems are common for the whole
world, not only Russia. Foreign studies claim that
developing new eating habits is a prerequisite for
improving people’s health [3].

In Russia, providing the population with affordable
and high-quality products is part of the state
agenda [4]. “The Russian policy of healthy eating”
underlines a need to provide various social groups with
balanced functional foods. This paper looks at
developing functional foods based on raw milk with
the use of pine nut products as one of the ways to
improve nutrition in Russia.

STUDY OBJECTS AND METHODS

Our objects of study included:
— Siberian pine seed kernel products, such as pine nut
oil, pine nut paste, pine nut oil cake, and fat-free pine
nut flour;
— low-fat cottage cheese (GOST R 51074-2003);
— skimmed milk powder (GOST R 52791-2007); and
— dairy prototypes, such as processed cheese, cottage
cheese and plant mixture, ice cream, and mayonnaise.

The following studies were conducted with the
following methods to determine the nutritional value:
(1) The fractional composition of proteins — by the
Yermakov method, sequential extraction of proteins
with a 10% aqueous NaCl solution, a 0.2-normal
NaOH solution, and a 70% alcohol solution, followed
by albumin and globulin separation by dialysis. To
measure the amount of glutelins, a co-extraction of
prolamins and glutelins with a 0.2% solution of NaOH
was carried out after the extraction of albumins and
globulins, followed by precipitation of glutelin at pH
10 in the presence of NaCl.
(2) The amino acid composition — by ion-exchange
chromatography with an automated amino acid
analyser AAA-339M after the preliminary hydrolysis
of proteins and fractionation of amino acids.
(3) The fatty acid composition of primary and end
products — by chromatography.
(4) The mass fraction of fat — by extracting it with a
mixture of chloroform and ethyl alcohol in the Soxhlet
apparatus, followed by removing the solvent, drying at
103 £ 2°C, and weighing (GOST 23042).
(5) The amount of retinol — by a colorimetric method,
vitamin B; (thiamine) and vitamin B, (riboflavin) — by
a fluorimetric method, and vitamin Bj; (pantothenic
acid) — according to GOST 50929.
(6) The amount of vitamin E — by a photocolorimetric
method.
(7) The content of mineral substances — according to
GOST 26176-84 and MU 01-19/47-92.
(8) The mass fraction of macro- and microelements —
by the atomic absorption spectrophotometry according
to GOST 30178-96.
(9) Functional and technological properties of pine nut
oil cake and fat-free flour, namely their water
absorption (swelling) and fat absorption capacity as an
amount of water (or fat) held by the sample when
soaked in a free state without mechanical load
(centrifugation) — by weighing the sample before and
after watering.
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(10) The fat-emulsifying capacity was a relation
between the emulsion layer volume and the total
mixture volume. The water-holding capacity was a
relation between the amount of water bound by the
protein product and its weight after drying at 105°C for
4 hours.

(11) The titratable acidity of the end products was
measured according to GOST 3624-92.

(12) The organoleptic evaluation of the end products
was conducted according to GOST 8756.1 in the
following order:

— appearance: shape, surface,
absence/presence of impurities;

— colour vs. typical colour of a given product;

— aroma: typical features, aroma balance, a so-called
‘bouquet’, absence/presence of foreign odours;

— consistency: homogeneity, absence/presence of solid
particles;

— taste vs. typical taste of a given product.

(13) The caloric value was based on the actual content of
protein, fat, and carbohydrates in the dry protein product,
given that 1 g of fat is equivalent to 9.3 kcal, 1 g of
protein — 4.1 kcal, and 1 g of carbohydrates — 3.75 kcal.
(14) All the experiments were performed three times.
The data were processed by standard methods of
mathematical statistics. The homogeneity of the
sampling effects was checked using the Student’s
t-test. The differences between the means were
considered significant when the confidence interval
was less than 5% (p < 0.05).

Functional foods. In recent years, great efforts
have been made to return food its health benefits.
Modern nutrition science calls for new types of
products or functional foods containing ingredients that
benefit human health and increase its resistance to
disease. Functional foods can improve many
physiological processes in the human body.

One of the first functional food projects started in
Japan in 1984, resulting in as many as 100 functional
foods produced in 1987. Soon, the concept of foods for
specified health use (FOSHU) took off in many other
parts of the world. It is estimated that in the next few
years the market of functional foods will exceed 30%
of all foods sold in Europe.

The problem of functional food production attracts
a lot of research efforts both in Russia and abroad
[5-8]. The Functional Food Centre (FFC) defines
functional foods as natural or specially processed
products containing biologically active components in
an amount sufficient for preventing disease and
improving health [9]. Functional foods are widely
used along with ordinary foods by both healthy and
sick people [5, 10-12].

The technology for developing functional foods is
based on the modification of traditional foods to
increase their content of wuseful ingredients and
biologically active components. Functional foods are
characterized by a high content of nutrients that our
diet is usually lacking in, namely amino acids, fatty
acids, vitamins and minerals, as well as dietary fibre.

Functional foods acquire beneficial properties due
to their complex composition, which depends on the
formulators’ ability to adequately combine various
ingredients. In other words, the beneficial properties of

uniformity,
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one ingredient should not be neutralized by those of
another.

The goal is to increase the content of valuable
nutrients to a level consistent with the physiological
norms of their consumption. The content of enriching
ingredients in functional foods ranges from 10 to 50%
of the average daily requirement. Their quantity
depends on how well they can preserve their properties
during production or storage so that it does not get
lower than the recommended level at the end of the
storage period.

A high content of vital nutrients is not the only
benefit of functional foods. They are meant to regulate
the proportion of harmful substances in the body and
produce a positive effect on the immune system,
metabolism, and other physiological processes [6, 13—
15]. This role is performed by vitamins, minerals, and
antioxidants.

The development of foods containing functionally
interrelated nutrients of different nature and structure
should be based on reliable information about their
physiological effect on the metabolic and regulatory
functions of the organism, taking into account their
synergistic and integrated action.

Unlike traditional products, functional foods
enriched with vital nutrients can meet the body’s needs
in them without leading to excessive eating.

One of the main stages in the development of a
functional product is a justifiable selection of
functional ingredients that create new properties related
to the product’s ability to exert a physiological effect.

The potential ability of functional ingredients to
change the taste, aroma and texture of the finished
product plays an important role here. However, new
foods should be as appealing to the consumer as
conventional ones and have the same organoleptic
properties. The new taste, aroma, and texture should
be consistent with most consumers’ cultural traditions
and eating habits.

To produce new functional foods with a desired
structure, as well as technological and consumer
characteristics  (including storage stability and
affordability), the developers need to use additional
ingredients that improve their appearance and flavour.
Functional foods should be as good as traditional ones,
and this is the task that modern nutrition science is able
to fulfil.

The technology for developing functional foods
makes it possible to regulate their caloric content,
which is a very important issue for those people who
have a high calorie intake, with the resulting health
implications. As a rule, functional foods have a
reduced calorie content alongside an increased content
of nutrients that our diet is deficient in.

Functional food production is a science-based
sector, and studying the impact of nutrition on human
health is currently one of the most promising areas of
food science [16]. Experimental research in healthy
nutrition confirms the beneficial effect of functional
foods on the body. In particular, our diet can affect the
following aspects of our health:

— immunity;
— the cardiovascular system;
— blood cholesterol level;
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— intestinal microflora and the gastrointestinal tract;
— blood glucose level;

— arterial pressure;

— minerals assimilation degree; and

— osteogenesis [17].

Functional foods have a number of major functions,
in particular they 1) make up for the deficiency of
biologically active components identified as a result of
studying the actual diet that people in a particular
region live on; 2) help our organs and systems maintain
their normal functions due to a high content of essential
vitamins and minerals; 3) reduce the risk of disease by
making the diet more balanced; and 4) create a
favourable dietary background by enhancing beneficial
microflora to ensure sufficient absorption of nutrients
ingested with food.

Researchers divide functional ingredients into the
following main groups: dietary fibre, vitamins,
antioxidants (tocopherols), minerals, and
polyunsaturated fatty acids [13, 14]. Below are their
key characteristics.

Dietary fibres are polysaccharides that can be
structural  (cellulose, hemi-cellulose, and pectin
substances) and non-structural (gums, mucus). Not
digested or absorbed by the body, they regulate the
physiological and biochemical processes in the
digestive organs and improve the digestibility of food
nutrients [18, 19]. The most common food fibres are
cellulose, pectins (glycanogalacturonans), slimes, and

gums.
Cellulose is the most common plant
homopolysaccharide and the main structural

component of the plant cell membrane. Its major
physiological effect lies in its ability to bind water (up
to 0.4 g water per 1 kg fibre). Cellulose largely
texturizes food and is almost indigestible in the
intestine: its digestibility ranges from 6 to 23%,
depending on its origin, content in the diet, and the
nature of processing.

Microcrystalline cellulose, carboxymethylcellulose,
and methylcellulose are widely wused in food
production. Hemicelluloses are a group of high-
molecular polysaccharides which, unlike cellulose, are
easily dissolvable in water and aqueous solutions of
alkalis, and are able to hydrolyse in aqueous solutions
of acids. They are the second largest component of
plant cell walls, after cellulose. One of their most
important functions in food is that they are able to
retain water and bind cations. Also, as dietary fibres,
they are part of the indigestible bulk, which is
extremely important for intestinal motility. Finally,
hemicelluloses help to remove bile acids and lower
blood cholesterol.

Pectic substances (glycanogalacturonans) are
biopolymers that make up the cell wall and act as a
structuring agent. Pectin is often used as a gelling agent
and a stabilizer. One of the most important properties
of pectic substances is their ability to interact with
heavy metal ions and radionuclides, which makes them
a valuable additive in food production for health-
promoting purposes. The prophylactic dose of pectin,
recommended by the Food and Agriculture
Organization (FAO) and the World Health
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Organization (WHO), is 24 g per day or 8§-10 g per
day for those working in adverse conditions.

Slimes and gums are a group of complex
unstructured polysaccharides, including water-soluble
carbohydrates forming viscous and sticky solutions.
Gum substances have a structure similar to
hemicelluloses, but a lower molecular weight. Gums
are widely used in food production as binders,
thickeners, emulsifiers, and stabilizers owing to their
valuable properties of swelling, increased viscosity and
stickiness. Arabic gum and locust bean gum are among
the most commonly used gums in the food industry.

It is a well-known fact that dietary fibre deficiency
is a risk factor for a number of diseases, including
colon cancer, irritable bowel syndrome, hypomotor
dyskinesia of the colon, diverticula, cholelithiasis,
obesity, atherosclerosis, ischemic heart disease,
diabetes, varicose dilatation of veins, etc. The FAO and
the WHO point to a low consumption of dietary fibre
almost in all the countries.

Vitamins are low-molecular biologically active
compounds that take part in all essential functions of
the body and are therefore vital to man. They are
involved in metabolism and provide protection against
harmful environmental factors and diseases. Since the
human body is not able to synthesize vitamins or store
them for future use, they must be regularly supplied
from outside. However, the standard daily diet cannot
provide the content and variety of essential vitamins
that meet the physiological needs.

Many vitamins combine with proteins and form
enzymes, which makes them especially important in
nutrition. As a rule, vitamins are coenzymes, i.e. active
groups of enzyme systems. Lack of vitamins can delay
the formation of enzymes and cause impaired
digestion, which in turn leads to metabolic disorders.

There are a number of natural compounds that can
be converted to vitamins by metabolic processes. Such
substances are called provitamins. For example,
carotenoids are provitamins of vitamin A, sterols are
provitamins of the D group, and nicotinic acid is a
provitamin of nicotinamide (vitamin Bs).

Vitamin B,; (thiamine), a coenzyme of several
enzymes, is involved in metabolic processes and
energy metabolism, necessary for the mnormal
functioning of the nervous system. Vitamin B, is found
in baker’s and brewer’s yeast, soybean, rice bran, pine
nuts, and buckwheat. Liver and kidneys are the sources
of vitamin B; among animal products. In addition, this
vitamin is synthesized by certain types of bacteria.
Vitamin B, (riboflavin) is involved in the metabolism
of carbohydrates, fats and proteins, and is necessary for
the normal functioning of the visual organs. Pine nut
kernels are rich in vitamin B,.

Antioxidants. Tocopherol (vitamin E) is the most
important intracellular antioxidant that protects fats and
other easily oxidizable compounds from oxidation.
Also, vitamin E is a carrier of electrons in redox
reactions and is necessary for normal metabolism in the
muscle tissue. Lack of this vitamin leads to muscle
atrophy and also affects the vascular and nervous
tissues. Approximately 20—30 mg of tocopherol comes
with food; however, only 50% or less is absorbed in the
intestine [14]. Pine nut products are a possible source
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of tocopherol: 30 g of pine nut kernels can satisfy a
daily human need for this substance.

Minerals. The human body contains about 3 kg of
various mineral substances, including 81 out of
92 naturally occurring chemical elements. Many
elements are contained in a bound state, in the form of
mineral salts, complex compounds ions and organic
substances. Twelve elements (C, O, H, N, Ca, Mg, Na,
K, S, P, F, and Cl) are structural, since they constitute
99% of the body’s elemental composition. Fifteen
microelements (such as Fe, J, Cu, Zn, Cr, Mo, Ni, V,
Se, etc) are essential for vital activities, despite their
low content.

Minerals are constituent elements of proteins; they
are involved in the biosynthesis of nucleic acids as well
as carbohydrate and lipid metabolisms. They also
perform a catalytic function, activate and regulate
enzymes; they are involved in the biosynthesis of
vitamins and in the synthesis of hormones, affecting
their activity. Although minerals do not have the
energy value (like proteins, fats or carbohydrate), they
need to come in regularly. Their main source is food,
although the standard daily diet does not contain all the
necessary minerals.

Calcium is the most abundant of all the minerals in
the human body (1-2 kg), 98-99% of it contained in
the bone and cartilage tissues. Also, calcium
participates in the transmission of nerve impulses,
promotes blood clotting, and affects the work of the
heart muscle. Dietary calcium mainly comes from
dairy products, of which there should be plenty.
However, there may be certain problems with its
absorption, e.g. in a diet rich in fats.

Phosphorus is a biological companion of calcium.
The human body contains 600-900 g of this element,
of which 90% is found in the bone tissue. As part of
adenosine triphosphoric acid (ATP), phosphorus is
involved in different metabolic processes, including
energy metabolism. Phosphorus metabolism is closely
related to calcium metabolism; therefore, the
consumption of these two substances must be balanced.

Magnesium is involved in enzymatic, carbohydrate
and phosphorus metabolism. This element is important
for the normal functioning of the nervous and muscular
tissues. The need for magnesium increases in older
people who are prone to hypertension and have
elevated levels of cholesterol in the blood.

Magnesium enters the body mainly with food. The
richest source of magnesium is plant products, such as
cereals, legumes, bran, pine kernels, and vegetables.
Magnesium is a calcium antagonist; therefore, it is
important to consume them separately and maintain
their balance in the diet.

Sodium is an important extracellular and
intracellular element. It is involved in maintaining a
constant volume of fluid in the body and in maintaining
an acid-base balance. Sodium is important for the nerve
reactions, and its content directly affects the state of the
nervous system. The main source of sodium is table
salt, whose consumption rate is 8—12 g per person.
Excessive salt intake, however, is harmful to the body.

Potassium is an intracellular element that regulates
the acid-base balance in blood. It participates in the
transmission of nerve impulses and regulates certain
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enzymes. The human body contains 160-250 g of
potassium, of which 98% is intracellular. One of its
most important functions is to maintain the potential
forming on the cell membrane and regulate osmotic
pressure in the cells. In some physiological processes,
potassium acts as a sodium antagonist, and its
increased concentration leads to the release of sodium

from the body.
Potassium deficiency impairs the functioning of the
neuromuscular and cardiovascular systems and

manifests itself in depression. Its excess, however, can
cause sudden cardiac arrest. The daily need for
potassium ions ranges from 2.5 to 5.0 g. Normal
metabolism requires the 1:2 ratio of potassium and
sodium in the diet.

In addition to the main “structural” elements, all
organisms contain microelements (or trace elements),
whose  concentration is  0.001-0.00001%, and
ultramicroelements, with a concentration of 0.00001%
or less. Fifteen of those elements (iron, iodine, copper,
zinc, cobalt, chromium, molybdenum, nickel,
vanadium, selenium, manganese, arsenic, fluorine,
silicon, and lithium) are considered essential, or vital.

Trace elements play a very important role in the
human body. They perform a structural function, as
components of hard and soft tissues (silicon,
strontium, fluorine, and aluminium). However, their
main role is to contribute to all the physiological
functions of the body.

Trace elements ensure the most important functions
of proteins. As structural elements of protein
substances, they take part in the biosynthesis of nucleic
acids and thus affect the functioning of the genetic
apparatus, and cell growth and division. Also, they are
involved in the formation of high-molecular
compounds (nucleoproteins and lipoproteins) and
enhance phospholipids, which are important for
nervous activity.

Trace elements are involved in carbohydrate
metabolism, affecting insulin activity, and in lipid
metabolism, which is important in the prevention of
obesity and fatty infiltration of internal organs.

Additionally, trace elements perform a catalytic
function as metalloenzyme components or enzyme
activators and regulators, and participate in the

biosynthesis of vitamins, contributing to their
absorption and use by the body.
Further, microelements are involved in the

synthesis of hormones and other biologically active
substances (kinins, serotonin and vasopressin) and
mediators, affecting their activity.

It is worth noting the relation between
microelements and malignant growth processes. On the
one hand, an excess of some microelements and a
deficiency of others can predispose the organism to the
development of tumours; on the other hand, some
microelements have a strong antitumor effect.
Moreover, some trace elements (silver, mercury and
manganese) have antimicrobial action and others have
an anti-stress effect.

However, industrial development and the use of
fertilizers contribute to an excessive intake of various
trace elements, which can harm the human body. At the
same time, trace elements can also have an antitoxic
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effect by increasing the immunobiological reactivity of
the body.

To sum up, both the deficiency and excess of some
trace elements can affect the vital functions of the
body.

Iron is necessary for the formation of haemoglobin
and a number of enzymes, taking part in the transport
of oxygen: 80% of iron contained in the human body is
a component of haemoglobin. Iron deficiency leads to
anaemia and a number of other diseases. Due to
unbalanced nutrition, every fifth person in the world
suffers from iron deficiency.

Zinc is predominantly found in the muscles, red
blood cells, plasma, prostate gland, spermatozoa, and is
a component of the insulin hormone. Also, zinc is a
part of metalloenzymes involved in various metabolic
processes, including the synthesis and breakdown of
carbohydrates and fats. It is important for the
functioning of a number of enzymes that ensure the
normal operation of the pituitary gland and the
pancreas. Zinc takes part in the synthesis of proteins
and nucleic acids; it is important for stabilizing the
structure of DNA, RNA and ribosomes and is involved
in the translation process. Thus, zinc affects the
functioning of the genetic apparatus, cell growth and
division, keratogenesis, osteogenesis, and reproductive
function, and contributes to the immune response and
wound healing. Finally, zinc affects the production of
behavioural reflexes, brain development, and flavour
perception.

Manganese is mainly found in bones, liver and
kidneys. Its major biological property is in its influence
on the bone tissue. Further, manganese has a
significant effect on growth, reproduction, immunity,
and metabolism. Its biological role is also associated
with osteogenesis processes and the metabolism of
proteins, carbohydrates, and mineral salts. Manganese
activates redox processes and has a positive effect on
the blood-forming organs. It takes part in carbohydrate
metabolism (ensuring normal insulin secretion and
increasing glycolytic activity), lipid metabolism
(preventing the deposition of fat in the liver) and in the
synthesis of cholesterol. Finally, it is a component of a
number of enzymes.

Lipids containing polyunsaturated higher fatty
acids. The recommended fat content in the diet is
90-100 g per day, with 30% of this intake coming from
vegetable oils. Polyunsaturated fatty acids should
comprise about 10% of the total fat content. If there is
a pathology of lipid metabolism, the ratio of
polyunsaturated to saturated acids should be 5:1. In the
nutrition of elderly people and patients with
cardiovascular diseases, this ratio should be 2:1 [20].
Polyunsaturated fatty acids are components of cell
membranes and other structural elements of tissues.
They contribute to the regulation of cell metabolism
and platelet aggregation, affect the exchange of
cholesterol, participate in the metabolism of group
B vitamins, and increase the body’s resistance.
A deficiency of polyunsaturated fatty acids increases
the risk of cardiovascular diseases, leads to the
disruption of normal kidney function, and reduces the
body’s resistance.
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According to the monitoring data, Russian people
consume plenty of oils containing ©-6 fatty acids
(sunflower, soybean and corn oils) and almost no oils
rich in ®-3 fatty acids (linseed, rapeseed, camelina,
mustard, and hemp oils).

Obviously, enriching traditional foods with
functional ingredients has a direct impact on human
health. It should be noted that functional foods are not
drugs: they are products of mass consumption and
often part of a regular diet. In the structure of modern
nutrition, functional foods occupy an intermediate
position between ordinary and medical foods. Ordinary
foods are chosen according to one’s eating habits and
income to satisfy hunger. Medical foods are prescribed
by the doctor as part of a therapeutic diet to be
consumed during the period of therapy or medication.
Functional foods agree with standard eating habits and,
at the same time, help maintain health. Unlike drugs,
they have no contraindications for prolonged use.

Healthy people use functional foods to prevent
disease. Groups of people in need of functional foods
include children of different ages, elderly people,
workers in hazardous industries, polar explorers,
people living in environmentally unfriendly regions,
etc. The composition of multicomponent functional
foods may vary according to consumers’ differentiated
needs. By changing the formula, we can develop
specialized baby foods or dietary foods.

Functional foods must meet
requirements:

— have scientifically-proven beneficial properties;

— have a daily intake rate established by experts;

— possess specific physico-chemical characteristics and
precise methods for their measurement;

— have no negative impact on the nutritional value;

— be used as ordinary foods and have similar consumer
characteristics; and

— contain natural ingredients [9, 13, 21].

Functional food production requires compliance
with hygienic requirements established for each
ingredient, as well as the finished product. In terms of
quality and safety, functional foods must:

— guarantee safety for prolonged use;

—produce a physiological effect on the body, when
consumed daily in moderate amounts;

— be easily and fully digestible; and

— have their biochemical composition and biomedical
properties complying with the so-called ‘life formula’,
in terms of both essential substances and their balanced
content.

Functional products must be adapted to the Russian
food market and be compatible with the local staple
foods. It is expected that their organoleptic properties
will be what local consumers are accustomed to. In the
long term, regular use of functional foods should lead
to a remarkable improvement in the structure of
everyday nutrition.

The Kemerovo Technological Institute of Food
Industry (Kemerovo State University) has developed a
concept of producing new generation foods from
complex dairy-based raw materials with the use of
Siberian pine nuts and their products to give them
functional properties.

the following
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According to the concept’s biomedical aspects,
functional foods will:

— make up for the deficiency of essential nutrients in
people’s diet and meet their physiological needs for
nutrients;

—increase the body’s resistance to adverse
environmental conditions with Dbiologically active
substances contained in Siberian pine seeds; and

— contribute to the regulation of the body’s organs and
systems.

The development of foods with Siberian pine nut
products is governed by the following principles:

— natural origin, diversity, availability, stability of
physico-chemical properties, and environmental safety
of ingredients;

— compliance of the composition with the requirements
of modern nutrition science;

—ensuring consumer appeal through flavour, colour,
texture, and other properties;

— simplicity of production process without long setup
times or changeovers;

—improved efficiency of enterprises
Siberian pine seeds; and

— diversification of functional dairy products [17].

Protein content in the diet. According to the
principle of rational nutrition, the ratio of proteins, fats
and carbohydrates in the human diet should be
1:1.2:4. Proteins that enter the body with food are
broken down into amino acids, essential and non-
essential, during the digestion process. To provide the
body with a sufficient amount of essential and non-
essential amino acids, the diet should include both
animal and plant proteins, whose most beneficial ratio is
1:1[22].

Protein is an indispensable nutrient and a
component of all our organs. Proteins make up 15-20%
of human body weight, while the normal proportion of
fats and carbohydrates is 5-6% or less [18]. The need
for proteins lies in their functions: in particular, they
are involved in metabolic processes and are the basis of
such vital substances as enzymes, hormones, and
antibodies.

The human need for protein can vary under a
number of factors, but its average adult intake should
be 1 g per 1 kg of body weight to ensure the normal
functioning of all vital systems. Protein deficiency
disrupts metabolism and lowers immunity. Since
proteins are part of enzymes, their deficiency reduces
enzymatic activity. Also, lack of protein affects the
functioning of the musculoskeletal, cardiovascular,
respiratory and other systems.

The biological value of protein coming with food
depends on the amount and balance of amino acids
contained in it. Although it used to be thought that
amino acids were only important for the synthesis of
proteins, and their ratio had to correspond to DNA and
RNA codes, now researchers are increasingly
discovering new amino acid functions and their special
influence on certain types of the body’s vital activities.
Almost all amino acids are transformed into essential
biochemical substances that have an important effect
on human health.

Amino acids have a beneficial effect on the brain,
restore the liver and kidneys functions, and are highly

processing
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effective in parenteral nutrition, especially during
intensive care. Also, they improve the cardiovascular
system and the hematopoietic function of the bone
marrow. By accelerating the adaptation of the heart
muscles to increasing loads, amino acids contribute to
better sports performance.

The most important amino acids for human health
are arginine, aspartic acid, glutamine, proline,
threonine, lysine, cystine, methionine, valine, leucine,
and isoleucine. The best source of essential amino
acids are products of animal origin (eggs, milk, meat,
and fish). Non-essential amino acids are contained in
vegetable proteins coming from legumes, grains,
cereals, and oil plants.

Nutrition studies have revealed a deficiency of
plant and animal proteins in the Russian diet and a
general imbalance between them. Therefore, one of the
priorities of the Russian food industry is to enrich
people’s diet with essential proteins and enhance the
nutritional and physiological value of foods.

Making wup the deficiency requires two
simultaneous measures: 1) increase total protein intake
and 2) improve the quality of proteins consumed by the
population. It is also important to combine animal and
plant proteins in such everyday foods as milk, bread,
sour cream, and others. This is one of the most
promising directions of the Russian food industry and
the development of functional foods [23, 24].

To compensate for the lack of protein, functional
products are based on milk, dairy whey, or eggs. They
may also use plant proteins from secondary raw
materials (e.g. oil cake). Plant proteins have a high
nutritional value and are therefore used in the
development of combined animal- and plant-based
functional foods.

There are four main groups of functional foods
currently popular in different parts of the world: grain-
based, dairy-based and fat-based foods, as well as non-
alcoholic drinks. These four groups can become a good
foundation for functional nutrition [25].

Dairy products account for 65% of the modern
functional foods market. The Russian market of
functional dairy products is growing by 25-30% per
year, three times as fast as the entire dairy market in
Russia. However, this is not the only reason why
functional dairy products play such an important role in
the human diet.

Nutritionists recommend daily consumption of
dairy products, as they contain most of the nutrients we
need and are a valuable source of proteins, fats,
carbohydrates, calcium, phosphorus, and other
minerals. Also, dairy products contain a number of
vitamins and trace elements that are well balanced and
easily digestible [23].

However, the fatty acid composition of milk fat,
despite the presence of arachidonic and linoleic
essential acids, is not well balanced for adults. The
content of linoleic acid in it is too low against a high
content of saturated fatty acids. It is a fact that a low
content of linoleic acid is not good for the body’s
metabolic processes [25]. Therefore, the dairy industry
is actively developing new foods with a complex
composition of fats combining milk fat with vegetable
oils and their modifications.
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Quite promising is a combination of dairy products
with plant-based ingredients, such as cereals,
vegetables, fruits, and berries. They are a valuable
source of dietary fibre (cellulose and pectin), vitamins
and minerals. This opens up broad possibilities for the
regulation of the amino acid and vitamin composition
of the combined foods.

Plant raw materials. Using plant materials in the
technology of dairy products is already a steady trend.
Plant-based components can be rich in not only protein,
but also in other functional ingredients, including
polyunsaturated fatty acids with high biological
activity. Functional foods enriched  with
polyunsaturated fatty acids have a beneficial effect on
the nervous, immune and cardiovascular systems,
helping maintain normal levels of cholesterol and
triacylglycerols in the blood.

Plant ingredients have a multifunctional nature:
they contain a wide range of biologically active
substances, often in high concentrations. These
include amino acids, polyunsaturated fatty acids,
vitamins, minerals, dietary fibre, etc. Using plant
materials makes new products highly balanced in
terms of amino acids, fatty acids, minerals, and
vitamins. Cereals stand out among other plant
ingredients because of a high content of insoluble
dietary fibre, various vitamins, and calcium.

According to published research, the most promising
types of protein-containing raw materials in Russia are
legumes: lentils, peas, beans, and chickpeas. Also
popular are grains, mainly in the form of extruded
products, and secondary raw materials, including bran.
Finally, plant protein comes from oil-bearing plants of
the legume family (soybean, peanut), Asteraceae
(sunflower, safflower), Malvaceae (cotton), and
Cruciferae families (rapeseed, mustard, winter cress, and
sesame) [26, 27].

Another promising source of proteins might be
unconventional types of oil-containing raw materials,
such as tomato pomace (canning industry waste), grape
seeds (winemaking industry waste), and corn germ
(flour-milling and starch production waste). Grape
seeds, for example, contain up to 10—12% of oil, 21%
of protein, 45% of carbohydrates, and 12% of tonic
substances. There is also increased interest in some
species of plants, in particular amaranth, lupine, and
flax, whose industrial use is expected in the near
future [26]. Grain crops and wild plants play a major
role in solving the problem of food protein deficiency.

Nuts, especially pine nuts, are another valuable
source of plant materials. A distinctive feature of pine
nut kernels is that they are highly variable in
composition depending on the geochemical conditions
of Siberian pine habitat, environmental factors, the
quality and degree of maturity, their storage conditions,
method of shelling, and other factors.

Until recently, only oil was considered the main
component of Siberian pine seeds and it was mainly
used in the cosmetic industry, but also in medicinal and
preventative nutrition. However, Siberian pine nuts are
also a source of valuable nutrients and therefore they
can be successfully used in the food industry.

Pine nut oil cake and flour are rich in plant protein
and have a balanced composition of amino acid, which
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makes them a good alternative to soy protein. Pine nuts
also contain significant amounts of polyunsaturated
fatty acids whose content in the finished product is
regulated by pine nut oil used as a functional
ingredient.

Pine nuts have certain advantages over other types
of plant materials. For example, oilseeds and their
products (oil cake and oil meal) contain not only a
large amount of plant protein, but also some harmful
substances. Sunflower seeds contain a lot of
polyphenolic compounds (chlorogenic acid). Rapeseed,
mustard and other plants of the Cruciferae family have
a high content of phytic and erucic acids. Proteins
obtained by processing pine nuts, however, do not
contain any undesirable substances and can be used in
food production.

An important factor is that the proteins of milk and
pine nut kernels are complementary in terms of
limiting amino acids. Their compatibility has great
advantages for enriching the diet.

Pine nut proteins are characterized by relatively
high solubility: an average content of soluble proteins
is 71.5%. Also, they contain all essential amino acids,
including isoleucine, lysine, and tryptophan, and some
non-essential amino acids, such as arginine, proline,
glutamic, and aspartic acids. Siberian pine nut proteins
are of exceptional biological value and, due to their
amino acid composition, they can be successfully used
in food enrichment.

This combination of amino acids suggests
cholesterol-lowering properties; therefore, pine nuts
could be recommended as a medicinal or preventative
product in the treatment of cardiovascular diseases.

The lipid composition of pine nuts is characterized
by a high content of linoleic and y-linolenic acids.
Linoleic acid plays an important role in lipid
metabolism. It is converted into arachidonic acid in the
presence of group B vitamins and tocopherols, which
also come from pine nuts. The physiological effect of
y-linolenic acid is determined by its transformation into
prostaglandins of the first type, which regulate the
body’s numerous cellular and tissue functions. In
particular, they contribute to platelet concentration,
vessels contraction and expansion, improved immune
system, and increased endurance [15].

Pine nut kernels contain significant amounts of
minerals, such as phosphorus, potassium, magnesium,
and iron. Like any nuts, pine nuts have a low content of
calcium; however, this deficiency is easy to
compensate for by using pine nuts as an ingredient in
multicomponent functional foods. It seems quite
promising to combine pine nuts with foods rich in
calcium, such as dairy products.

Pine kernels are richer in vitamins than any other
nuts. Also, they have a high content of tocopherols,
which makes them biologically active and easy to store.

The concentration of toxic substances in pine nuts
does not exceed the permissible level, which makes
them absolutely safe for consumption. Pine nuts can be
used fresh or processed, with no restrictions as to
processing methods.

Research evidence suggests that pine nuts can be
classified as a multifunctional food material with a high
content of technologically significant components [15].
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Given their high nutritional value, pine nut products
can be used by all people regardless of their age or
physiological state, as well as in treatment and
prevention of disease. This type of wild plant is optimal
for the production of functional foods of high nutritional
value.

Economic aspects. Modern food industry has an
increased interest in the use of biologically active
substances from natural plant materials, including wild
plants. Scientists are seeking new sources of raw
materials to satisfy a growing demand for multi-
component functional products. To ensure their
biological value, raw materials should have a good
capacity to synthesise biologically active substances.

Siberia is home to a large number of plants with
beneficial properties. Many of them have a high content
of biologically active substances. Coniferous species are
of remarkable value for the medical and cosmetic
industries, while Siberian pine is of great interest to the
food industry. Siberian pine nuts are popular all over the
world due to their nutritional value, and their gathering
has been a common trade in Russia for a long time.

Siberian pine, which plays an important role in the
plant community, has an enormous habitat, stretching
from the north-east of the European part of Russia to
Eastern Siberia. Most of the habitat is taiga, located far
from large cities. This area is not treated with
pesticides, herbicides or chemical fertilizers and is least
affected by dust and gas emissions from industrial
enterprises. Pine nut harvesting areas are
geographically isolated from the sources of
technogenic pollution and have a relatively low level of
toxic elements, radionuclides and pesticides, ensuring
the safety of raw materials and foods [28, 29].

It should be noted that most of the pine forests in
Kuzbass (Kemerovo Region) are located in remote
mountainous and lowland areas, away from transport
routes and other infrastructure facilities. Pine nuts
harvesting covers a relatively small part of the forests
spread out near the villages along the river banks and
some other accessible areas. Altogether, the harvesting
area accounts for no more than 3.9% of all Siberian
pine forests, or approximately 0.11% of the region’s
total forestry [30].

According to the statistics, the Kemerovo Region
harvested 143 tons of Siberian pine seeds in 2006, which
is only 5.8% of the potential yield [30]. The nut
harvesting area in Kuzbass covers 7,100 hectares, which
is less than 3.8% of the total pine forestry in the region.

Biologically, however, Kuzbass is one of the most
promising regions for the nut industry [29]. It is a
sustainable area of Siberian pine productivity.

Siberian pine nut crops are known to be uneven,
with high-yielding years alternating with low-yielding
years, which has certain implications for harvesting
and production planning. However, Kuzbass does not
have such dramatic leaps in seed productivity as some
other regions; moreover, it has the most frequent
increased yields — one in every 3-5 years. This can be
explained by the optimal correspondence between the
rhythm of physiological and biochemical processes in
Siberian pine, on the one hand, and external conditions,
on the other. The average annual biological yield of
Siberian pine nuts in the Kemerovo Region is 50 kg per
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hectare. To sum up, the region has good forest
resources to develop the nut industry and organize the
production of pine nut oil and other useful products.

On the other hand, in view of a difficult
environmental situation in the Kemerovo Region, the
task of providing the population with balanced
nutritional foods acquires a special importance. In this
regard, the use of unconventional plant materials, in
particular Siberian pine seeds, seems to be quite a
promising direction for the food industry. Firstly, it
ensures sustainable use of natural resources. Secondly, it
is a new source of food raw materials. Finally, it expands
the range of foods for general and functional purposes.

The fact that Siberian pine grows wild in remote
areas makes pine nuts quite an expensive product.
Therefore, it is important to ensure the maximum yield
of high quality products. The technological properties
of Siberian pine seeds depend not only on their genetic
features, as well as the climatic and geographic
conditions of their habitat, but also on the conditions of
their post-harvest treatment and storage.

Siberian pine seeds are biologically unequal. Small
seeds (with a diameter of 7 mm or less) have a lower
technological quality (high acid number, low content of
crude lipids and protein), compared to large seeds.

The post-harvest ripening of pine seeds also depends
on their size. Large seeds display an increased oil
content, a decreased acid number with a relatively high
lipase activity, and a reduced peroxide number with a
stable lipoxygenase activity. Large seeds ripen longer
than small ones, which makes it possible to control this
process by technological means in order to increase the
oil yield from the seeds and improve its quality.

At constant temperature and relative humidity,
different seed tissues absorb a different amount of
moisture from the air. Nut shells have a higher water-
absorbing capacity than kernels or seeds. This creates
favourable conditions for the development of
microorganisms on the seed surface.

Because of sorption hysteresis, seeds may retain a
different content of moisture even after prolonged
storage in a dry state, which must be taken into account
when establishing the optimal conditions for post-
harvest seed treatment, drying and storage.

Drying significantly reduces the content of mould
and bacterial flora. Dry seeds display a poor
development of microflora and a limited number and
variety of microorganisms, which contributes to longer
storage. When stored in favourable conditions, the
content of oil in the kernel, as well as its acid and
peroxide numbers, remains almost unchanged.

Observing the optimal storage conditions for dried
seeds (temperature: 4 + 2°C; relative humidity of air:
70 £ 5%) maintains their quality throughout the year.
Also, optimal storage contributes to nuts maturation,
increasing the content of oil in the kernels and thus
improving their quality [17].

RESULTS AND DISCUSSION

Pine nut kernels and their products are used as
ingredients in the production of pine nut milk, dairy
products, bakery and confectionery, alcoholic drinks,
medicinal and preventative drinks, dietary supplements,
hygiene products, soap, toothpaste, and cosmetic creams.
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Pine nut oil is the main end-product of processed
kernels. It has a mild nutty aroma, light amber colour,
and a slightly bitter taste. The quality of pine nut oil
depends on the quality of raw materials, post-harvest
treatment and storage, as well as methods and modes of
extraction. Cold pressed oil has the finest flavour and
nutritional qualities. The combination of essential and
biologically active substances in pine nut oil opens up
good prospects for its use as a dietary oil and as a
biologically active additive in dairy products with a
pronounced therapeutic effect.

Pine nut oil is produced by pressing or extraction.
Pressed oil is used for dietary, cosmetic, medicinal, and
preventative purposes. Extracted oil has a dietary use
after refining.

Modern technologies allow us to diversify and
increase the output of target products. They help make
pine kernels processing more cost-effective and create
new ingredients for functional foods, for example, pine
nut paste, oil cake and fat-free flour.

Cakes and meals made from oil plants, which are
classified as secondary raw materials, are important
additional ingredients in food production. They are a
source of high-grade protein, easily digestible
carbohydrates, vitamins, and minerals. Flour obtained
by extracting lipids from fat-containing material (cake
or meal) is the cheapest and most accessible form of
plant protein.

Pine nut products are recognized as safe and easily
producible materials that can be used as complex
enriching agents in the production of functional foods
due to their nutritional value and functional properties.

Pine nut paste. Siberian pine seeds are introduced
into complex dairy products in the ground form.
A disintegrator is used as a fine grinder to produce a
homogeneous, plastic and viscous paste, resistant to
separating. The product has a light cream colour, a
sweet and slightly astringent taste, and an intense nutty
aroma.

Pine nut paste has the same organoleptic
characteristics as its raw material, Siberian pine seed
kernels, but a more intense taste and aroma. Its
chemical composition is almost identical to that of the
raw material. However, it has a lower amount of fibre
and ash and a higher content of protein and fat due to
the partial separation of the kernel shells.

Mechanical treatment does not affect the amino
acid composition of pine nuts. However, the
destruction of the kernel cellular structures and a high
degree of fineness increase the protein digestibility
coefficient, making proteins more accessible to
digestive enzymes. The high fineness of pine nut paste
also contributes to its uniform distribution in the
product enriched.

Pine nut oil cake. Pine nut oil cake is a light
cream-coloured powder without any foreign inclusions
that has a light aroma, characteristic of pine nut
kernels, and a sweetish taste. Its main components are
proteins, lipids, carbohydrates, and minerals. The oil
cake protein includes 19 amino acids, at least 40% of
which are essential. Among the deficient amino acids
are leucine, methionine and phenylalanine.

Oil cake carbohydrates, which are of great nutritional
and functional importance, affect the taste and the
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digestibility of end-products. The vitamin and mineral
value of pine oil cake depends both on the chemical
composition of the processed pine nuts and on the
residual oil content after pressing. Pine oil cake has an
increased content of phosphorus and magnesium. Like
pine kernels, it is characterized by a low calcium content
and a pronounced predominance of potassium over
sodium. Calcium deficiency can be compensated by
combining pine oil cake with calcium-rich dairy
products.

The vitamin value of pine nut oil cake is in its
content of water-soluble B vitamins (B;, B,, B3, Bs, and
B¢), and tocopherols. Vitamins B;, B;, and Bs are
present in significant amounts, while the content of
thiamine and tocopherols is lower than in the nut
kernels. Tocopherols perform an antioxidant function,
contributing to the product preservation. However, it is
recommended to store both the oil cake and the
products containing it at a low temperature to ensure
minimal loss of vitamin E.

Pine nut flour. Pine nut fat-free flour is a light
cream-coloured powder with a subtle aroma,
characteristic of pine nut kernels, and a sweetish taste.
Its major chemical components are proteins and
carbohydrates, resulting in its classification as protein-
and carbohydrate-rich raw material with a high content
of mineral substances. Table 1 shows the amino acid
composition of pine nut flour.

Fat-free pine nut flour has at least 40% of essential
amino acids. Its well-balanced protein has a high
content of lysine, which is deficient in cereals, and
arginine, as well as glutamic acid. However, we should
also note the presence of a limiting amino acid, leucine.

The protein digestibility coefficient of pine nut
flour averages 78.5%, which is common for plant
materials. However, it is a few times lower than that of
pine nuts, possibly due to the protein denaturation as a
result of heating when extracting oil. The carbohydrate
composition of pine nut flour is characterized by a high
content of sucrose and starch. In addition, the product
is rich in dietary fibres, mainly cellulose and pentosans.
Fat-free pine nut flour is also rich in B vitamins and
minerals (excluding calcium).
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The most important functional and technological
properties of plant-based supplements are those
resulting from the interaction of proteins and water,
namely, hydration, swelling, solubility, viscosity,
thickening, water- and fat-holding capacity, as well as
emulsifying and foaming capacities. Good swelling
capacity of pine nut flour and oil cake, and their ability
to absorb and retain moisture, are important for the
product consistency.

Fig. 1 shows the degree of increase in the volume
of pine nut oil cake and fat-free flour during hydration
depending on temperature.

Both products are characterized by the maximum
degree of swelling at a temperature of 75-80°C. Pine
nut flour has a greater swelling capacity and is more
hydrophilic than pine nut oil cake.

The ability to bind and firmly hold fat is another
important characteristic of a raw material intended as a
protein fortifier in the production of fat-containing
dairy and emulsion products.

Pine nut oil cake and fat-free flour have good fat-
holding and fat-emulsifying capacities, which can be
maximized by regulating the time of mixing, as well as
the temperature and duration of emulsification.

Table 1. The amino acid composition of pine nut flour
compared to ideal protein

Amino acid Ideal protein Pine nut flour
(FAO/WHO)
g/100 g Score, g/100g  Score,
protein % protein %

Valin 5.0 100 5.20 104.00
Isoleucine 4.0 100 5.00 125.00
Leucine 7.0 100 5.86 83.70
Lysine 5.5 100 6.40 116.36
Methionine 3.5 100 3.50 100.00
+ Cystine
Threonine 4.0 100 4.00 100.00
Tryptophan 1.0 100 2.40 240.00
Phenylalanine 6.0 100 7.90 131.66
+ Tyrosine
Total 36.0 100 40.26
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Fig. 1. The degree of increase in the volume of fat-free pine nut flour 7 — and oil cake 2 — when swelling in water

(a) and milk (b).
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Table 2. The fat-holding capacity of pine nut oil cake
and fat-free flour depending on temperature

fat, on the contrary, decreases on average by 1.2% per
each percent of the added component.
Changes in the composition affect the properties of

Type Temperature, °C milk. In particular, titratable acidity of milk and plant
ofadditive ~ 20+£2  40+2 60+2 80+2 mixtures is higher than that of milk and is directly
Pine 1503 160+£3  175£3  193+£2 proportional to the mass fraction of the plant
nut oil cake component. Active acidity of milk and plant mixtures
Fat-free pine 205+2 240+5  252+3  285%3

nut flour

According to a study of their functional properties,
pine nut oil cake and fat-free flour can be used as
emulsifiers and stabilizers. Therefore, they can be used
in the production of emulsion products, such as
cheeses, sauces, paste-like dairy products, and creams.
In particular, we could recommend their use in the
production of foods whose technological properties can
be improved by binding fat or water.

The chemical composition of pine nut oil cake and
fat-free flour and their functional and technological
properties justify their wide use as a protein and
mineral supplement to increase the nutritional and
biological value of functional foods. Adding fat-free
pine nut flour and pine nut oil to dairy products (for
example, ice cream) creates a high-quality functional
product that contains easily digestible proteins (of milk
and flour) with a balanced amino acid composition,
essential  fatty acids, important bio-elements
(magnesium, zinc, iron, and iodine), and vitamins
(E and B group).

It is possible to add a small amount of pine nut oil
to butter to balance the lipid composition of the end-
product by changing the proportion of saturated,
monounsaturated and polyunsaturated fatty acids.
Butter in this case is produced in the traditional way.

In general, pine nut oil cake and fat-free flour are
well compatible with food materials, including dairy
products, and can be used as a stabilizer of protein-fat
emulsions (sauces, pastes, and creams).

A study of cultivating lactic acid microorganisms
on the basis of milk and pine nut material revealed
good prospects for combining pine nut oil cake with
dairy materials. Such a combination is expected to
expand the range of low-calorie dairy products with an
increased nutritional and biological value.

Adding pine nut oil cake or fat-free flour to dairy
materials significantly changes the content of proteins,
fats and minerals. Introducing oil cake increases their
content by 10.0%, 8.0%, and 7.4% respectively per
each percent of the added plant component. When pine
nut flour is added, the protein content increases by
13.3% and minerals by 9.0%, but the mass fraction of

is weakly dependent on the amount of the protein
component. However, it decreases with an increase in
the amount of pine nut oil cake or fat-free flour. This
process can be explained by the ongoing restructuring
of proteins and accumulation of alkaline groups [31].

The process of ripening in milk and plant mixtures
is different from ripening in the milk medium. Adding
pine nut products to milk activates the lactic acid
process, reducing the time of ripening and increasing
the rate of lactic acid accumulation. The reproduction
of microorganisms becomes more intense, which
affects the ripening process. Active reproduction of
lactic acid bacteria changes the properties of the
product, increasing the average size of casein particles
and the number of peptides and free amino acids [32].

A combination of pine nut oil cake with a dairy
base is also used to produce cottage cheese and yogurt.
The mixture is pasteurized, cooled and fermented with
lactic acid bacteria. The use of oil cake as an active
additive intensifies the process of ripening, reducing its
length and improving the quality of curd.

Pine nut meal is used in the production of fermented
milk products. Due to a significant content of poly-and
oligosaccharides, it is used as a prebiotic in the
production of bifidus-containing fermented milk
products. Pine nut milk can be used as a base for
preparing a fermented product obtained either from pine
nuts or from pine nut oil cake and water or buttermilk in
the ratio of 1:15 to 15:1. A small amount of skimmed
milk powder can be added to the formulation, from 0.5
to 3.0% of the mixture weight [17]. The use of pine nut
products can significantly reduce the amount of
expensive raw milk and produce foods that are rich in
plant proteins and have good consumer appeal.

In general, pine nut oil cake and fat-free flour are
dry, light, compact and easily stored products with low
transportation costs. When used in traditional food
production, they do not require any special equipment
or capital investment. Thus, the use of these ingredients
does not increase production costs.

To sum up, the benefits listed above make the use
of pine nut paste, oil, oil cake and fat-free flour highly
desirable in the production of functional dairy
products, especially fermented milk products.

Table 3. The composition and properties of milk and plant mixtures with pine nut oil cake

Indicator Cow milk Mass fraction of pine nut oil cake, %

1 2 3 4 5
Mass fraction of dry substances, % 11.00+0.10° 11.70+0.10* 12.36+0.10* 13.51 £0.10°  14.30+0.10° 15.12+0.10°
including:
protein 3.0+0.1° 33+0.1° 3.6+£0.1° 3.9+0.1° 42+0.1° 45+0.1°
fat 2.50+0.05°  2.70+0.05° 2.90+0.05 3.10+0.05° 3.40+0.05°  3.60+0.05°
carbohydrates 470+0.10° 4.98+0.10° 527+0.10° 5.55+0.10° 5.84+0.10° 6.12+0.10°
ash 0.67+£0.02¢ 0.72+0.02 0.76+0.02¢ 0.81 +0.02¢ 0.85+0.02¢  0.9+0.02¢
Titratable acidity, °T 18.0+£03*  185+02° 19.0+03*  21.0+0.3° 23.0+03*  25.0+0.2°
Active acidity, pH unit 6.60 6.63 6.68 6.72 6.75 6.80

Note. The values followed by the same letter in the table do not differ significantly (p-value < 0.05).
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At the next stage, we studied possible uses of pine
nut products in dairy products.

Processed cheese. Recent years have seen
intensified research efforts to develop new types of soft
cheese products, since they are more cost-effective in
production than hard cheeses, they do not require
maturation and have a high nutritional value. Processed
cheese is a very popular product, relatively inexpensive
but highly nutritional. Its production process allows
producers to satisfy various tastes, even when there is a
shortage of raw materials.

Processed cheese production technology offers
ample opportunities for diversifying its composition.
Functional additives in processed cheese production
include fruits, berries, vegetables, marine products,
vegetable fats, and other components [33, 34].

Production of dairy products using pine nut oil cake
and fat-free flour is based on the joint precipitation of
animal and plant proteins. Introducing pine nut products
into milk leads to changes in the protein and fatty
phases, carbohydrate and salt composition, significantly
increasing the content of proteins and minerals. Pine nut
oil cake increases the content of lipids, while pine nut
flour produces the opposite effect.

The titratable acidity of milk and plant mixtures is
higher than that of milk, and is directly proportional to
the mass fraction of the plant component. The active
acidity, on the contrary, is inversely proportional to the
amount of pine nut oil cake and fat-free flour.

Introduction of protein supplements (pine nut oil
cake and fat-free flour) into milk changes its
organoleptic and technological properties. In particular,
milk acquires a nutty aroma and taste which intensify
as the amount of the protein component increases. The
colour of the milk changes from white to light cream.

An increase in the protein component (pine nut oil
cake and fat-free flour) reduces rennet coagulability
and curd synergistic ability, prolonging the duration of
renneting. Titratable acidity of whey decreases, while
its active acidity increases, changing the quality of
curd. Less whey is released and the curd becomes
moister. When a milk and plant mixture is used, the
curds are softer than those obtained by coagulating
milk. This effect is produced by the hydration
properties of pine nut oil cake and fat-free flour.

The release of whey during curd syneresis
decreases to a greater extent when pine nut oil is
introduced, rather than fat-free flour. Unlike the latter,
pine nut oil cake contains lipids, which leads to an
increased amount of fat in the milk and plant mixture.
Fats slow down the release of whey. In general, larger
amounts of pine nut oil cake or fat-free flour in milk
and plant mixtures contribute to increased curd yield.
The dependence is almost linear: the more oil cake (or
fat-free flour) is used, the greater the curd yield. This
occurs due to increased protein content and curd
moisture, lowering the cost of production.

The ripening of dairy and plant mixtures containing
pine nut oil cake or fat-free flour is accompanied by an
increased number of microorganisms, higher titratable
acidity and lower active acidity, as well as improved
coagulability and syneresis capacity. The clotting time
gets shorter. Thus, the use of pine nut products not only
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enriches the end-product with useful substances, but
also optimizes the production process.

The process of making a cheese product is also
influenced by a number of technological factors, such
as the temperature of curd processing and cheese
forming, the duration of self-pressing, and the method
of salting, maturation and storage. These factors were
studied to determine their optimal values [17].

It was established that raising the curd-processing
temperature decreases the mass fraction of moisture
and salt in the cheese and increases the active acidity of
the cheese mass. Changes in the cheese composition
caused by the differences in the curd processing
temperature from 35 to 39°C affect the organoleptic
properties of the product. The optimal curd-processing
temperature, which significantly improves the
organoleptic properties, is 37 + 1°C.

The optimal duration of self-pressing was
established as 16 hours. A series of experiments with
varying methods of salting confirmed that the best
method was curd salting.

The optimal duration of cheese product ripening
was established as 24 hours. This period ensures good
organoleptic characteristics of the cheese product and
makes it ready for consumption. A longer period of
ripening only leads to insignificant changes in
organoleptic characteristics [17].

Pine nut paste is also used in the production of
processed cheese. Replacing milk with pine nut paste is
not equivalent in terms of protein content, since the
mass fraction of protein in pine nut paste is lower than
in animal products. However, pine nut paste has a
balanced amino acid composition with all the essential
amino acids. Thus, using pine nut paste to replace only
part of dairy ingredients can ensure a similar biological
value in processed cheese products.

The main component of pine nut paste are lipids,
in particular, triacylglycerols. Compared to milk fat,
pine nut oil contains 10 times as much linoleic acid
and more than 20% of biologically valuable
y-linolenic acid, which is completely absent in animal
fats. The use of pine nut paste in processed cheese
production can significantly change the fatty acid
composition of the product’s fat phase and increase its
biological value.

Experimental data show that the complete
replacement of animal fats with pine nut products has a
negative effect on the organoleptic indicators. The
optimal amount is 5 to 10% pine nut paste replacing
some part of butter and skimmed milk powder.

Processed cheese has a moderate cheesy flavour
and a light nutty aroma, a moderately firm texture and
a light cream colour.

Several studies were conducted to assess the
influence of major process factors (such as melting
temperature and a mass fraction of paste and fat) on the
organoleptic, structural and technical properties of
processed cheeses with pine nut paste, and to identify
optimal indicators. They showed that the best flavour
and aroma were achieved at a melting temperature of
75-85°C, a paste mass fraction of 8.75 to 10.0%, and a
fat mass fraction of 40 to 45%.
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Table 4. The organoleptic indicators of processed cheese

Amount Flavour and aroma Texture Colour Total

of additive Characteristic Score  Characteristic Score Characteristic Score score

Control Moderate cheesy 14 Moderately firm 8 Light cream 2 28

5.0 Moderate cheesy 14 Moderately firm 8 Light cream 2 28

10.0 Moderate cheesy and nutty 15 Moderately firm 8 Light cream 2 29

15.0 Moderate cheesy, nutty, 13 Slightly sticky 7 Light cream 2 26
and slightly bitter

Table 5. The organoleptic properties of ice-cream with fat-free pine nut flour

Number of sample  Degree of replacement, %

Organoleptic assessment, score

Colour and appearance Flavour and aroma Texture Total score
1 1.0 5.0 5.0 3.0 13.0
2 1.5 5.0 4.5 3.0 12.5
3 2.0 5.0 5.9 3.0 13.9
4 2.5 5.0 6.0 2.9 13.9
5 3.0 5.0 5.8 2.8 13.6
6 35 4.8 5.8 2.6 13.2
7 4.0 4.0 5.3 2.4 11.7

A study of the temperature-texture dependency
established the optimal temperature as 75°C. Increasing
a mass fraction of pine nut paste up to 7.5-12.5% made
the texture more plastic and softer. Its fraction of
8.75-10.0% added a light pine nut flavour to the
product, improving its organoleptic properties
compared to the control cheese.

Finally, the optimal dosage of pine nut paste was
established as 8.75-10.0%, both in terms of the quality
and biological value.

The stage of entering pine nut paste into the cheese
base affects the fatty acid composition of the end
product. Prolonged heat exposure leads to the
formation of free fatty acids as a result of partial
hydrolysis. At the same time, low molecular weight
fatty acids are partially distilled off with steam.
Therefore, it is recommended to minimize the heating
time of the fat phase, which includes pine nut paste,
and introduce the latter 5—7 minutes before the end of
melting. In this case, the product texture will meet all
consumer requirements.

Cottage cheese and plant products. Pine nut paste
is also used in the production of cottage cheese and
plant foods based on low-fat cottage cheese.
Functionally, pine nut paste enriches the product with
polyunsaturated fatty acids, plant protein, minerals
(Mg, Fe, and Zn), vitamins, and antioxidants.

Pine nut paste affects the rheological characteristics
of the end-product. First, cottage cheese has a
coagulation and condensation structure with a high
moisture content, both in the free and in the bound
state. Free moisture affects the mobility of
macromolecular protein bodies and dissolves low
molecular weight compounds. Ultimately, free
moisture affects the ductility. Pine nut paste reduces
the moisture content of the cottage cheese and plant
product and, as a result, increases its viscosity.

In the experimental study, the mass fraction of pine
nut paste in the cottage cheese and plant mixture
ranged from 5 to 30%. The samples with a paste
content of 15 and 20% showed the best organoleptic
characteristics.
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The cottage cheese and plant foods made with pine
nut products contain 5-8 times as much linoleic acid
and 10-20 times as many polyunsaturated fatty acids as
ordinary 9%-—fat cottage cheese.

Pine nut paste enriches cottage cheese with
manganese, which the latter contains in negligible
amounts, as well as potassium, magnesium,
phosphorus, iron, and zinc.

Ice cream. Ice cream is less often modified to
improve its nutritional properties, compared to other
dairy products. Nevertheless, there is a need for ice
cream consistent with the principles of healthy eating.
For this, ice cream needs to have a reduced calorie
content, a lower fat and sugar content, and be enriched
with vitamins, minerals, and biologically active
substances [7, 8]. Such functional ingredients as pine
nut oil and fat-free flour can increase the nutritional
and biological value of ice cream by enriching it with
essential amino acids, polyunsaturated fatty acids,
vitamins, and mineral elements. Fat-free pine nut flour
also has good stabilizing and emulsifying properties
and can improve the texture and appearance of ice
cream.

Due to its high nutritional and biological value, fat-
free pine nut flour can be used instead of skimmed
milk powder. It can also improve ice cream overrun.
The optimum mass fraction of fat-free pine nut flour is
2.5 to 3.5%, while pine nut oil can replace 10-30% of
cream butter. These amounts of pine nut products give
ice cream a pleasant milky and nutty flavour and
aroma.

The use of pine nut oil and fat-free flour in ice
cream production does not impair the quality of the
end-product, but it allows producers to use less raw
milk and reduce production costs. The combination of
animal and plant proteins makes ice cream more
resistant to melting and improves its structure and
texture. New types of ice cream enriched with pine nut
oil and fat-free flour are characterized by high
organoleptic scores.

It was established that homogenized cream
mixtures where milk fat was replaced with pine nut
oil had 1.3 times as many fat globules up to 1.5 ym in
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size, compared to milk fat mixtures. Ice cream
mixtures with smaller fat droplets had a larger number
of small bubbles forming during the freezing process
that are resistant to mechanical stress and do not burst
during mechanical processing in the freezer,
compared to large ones.

Replacing milk fat with plant oil (pine nut oil) in
the range of 10-30% of the total fat phase has a
positive effect on the organoleptic characteristics of ice
cream, giving it a pine nut flavour and aroma.

After studying the effect of fat-free pine nut flour,
pine nut oil and stabilizer doses on ice cream flavour,
aroma and overrun, we established their optimum
dosage as 2.8-3.4%, 20-25%, and 1.5% respectively,
ensuring good organoleptic, structural, and mechanical
properties of the end-product.

The use of unconventional raw materials in ice
cream production (namely fat-free pine nut flour and
pine nut oil) affects the quality and technological
properties of liquid cream mixtures. A study of their
homogenisation modes showed that the process of
homogenisation changed the structure and properties of
protein substances. In particular, the size of casein
micelles decreased, and some of them broke up into
submicelles, which were adsorbed on the surface of fat
globules. A higher degree of the protein phase
dispersion (total surface) led to an increase in surface
charge and enhanced the hydration properties. Milk
proteins spread on the surface of fat globules and
protected them from sticking, which prevented fat from
settling in the process of mixture maturation and
storage and improved overrun, with no grains of butter
forming during freezing.

The homogenization of liquid ice cream mixtures
was carried out in laboratory conditions at different
temperatures — 70, 80 and 90°C — and a constant
pressure of 12.5 MPa. It was found that introducing
2.8-3.4% of fat-free pine nut flour instead of skimmed
milk powder did not reduce the quality of the
homogenized mixtures.

Since the use of pine nut flour increased the mass
fraction of protein in the mixture, its dispersion rose
from 76.4 to 89%, while the degree of homogenization
decreased from 9.5 to 6.5%. The presence of plant
proteins contributed to the formation of strong and
stable fat globule membranes.

According to the experiments, 80°C was the
optimum temperature of mixture homogenization that
ensured a high-quality product. At this temperature, the
average size of fat globules was no more than 1.5 um,
and there was an increase in the kinetic stability of the
fat phase.

The pressure of homogenization is another factor
affecting the emulsion stability. Studies showed that
12.5 MPa was the optimum pressure [17].

A study was conducted to measure the impact of
freezing modes on the quality of ice cream containing
pine nut flour and oil. Freezing leads to the formation
of ice crystals and a structure of the product. The size
and shape of ice crystals depends on the freezing rate,
the mixture composition, the mass fraction of bound
moisture, overrun, and the size of air bubbles. The
presence of fat-free pine nut flour has a positive effect
on the overrun. An increase in the mass fraction of pine
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nut flour from 3.0 to 3.4 improves the overrun by
12.0%. Moreover, a combination of animal and plant
proteins makes ice cream more resistant to melting.

In addition, when using pine nut flour and oil,
producers can economise on milk raw materials
(skimmed milk powder and butter) and therefore
reduce production costs.

Mayonnaise. A current trend is to produce
medium- and low-calorie mayonnaise that does not
contain cholesterol and is enriched with vitamins and
biologically active substances [12, 35-38].

Unlike high-calorie mayonnaise, medium- and low-
calorie mayonnaise needs emulsifiers and stabilizers.
However, the choice of emulsifying and stabilizing
agents should provide a high physiological value of the
product. Natural plant-based emulsifiers are the safest
and the most active biologically. Partial or complete
replacement of egg powder, the traditional emulsifier,
with plant materials will also reduce the cholesterol
level in the end-product.

In particular, mayonnaise emulsions can be based
on a combination of skimmed milk powder and fat-free
pine nut flour in the ratio of 2.6:1.0, respectively. This
optimum ratio ensures a high content of protein and
essential amino acids, including limiting amino acids,
methionine and cystine. Adding fat-free pine nut flour
to skimmed milk powder enriches the milk and plant
mixture with potassium, magnesium, phosphorus, iron,
zinc, and manganese.

The milk and plant mixture has a high solubility
and a fat emulsifying capacity. According to the
equations analysis, the maximum stability of the
emulsion, high viscosity and maximum organoleptic
scores were observed in those mayonnaise samples
which had the following composition: 30.0-35% fat,
1.5-2.0% egg powder, 12-14% dry milk and plant
mixture (3.4-3.8% fat-free pine nut flour) [17].

The final stage of the study aimed to determine the
nutritional value of dairy foods with pine nut products,
which is the key quality criterium.

The chemical composition analysis of the new dairy
products containing wild plant materials (Siberian pine
seeds and their products) showed that pine nut oil cake,
fat-free flour, paste, and pine nut oil enriched the
products with plant protein, vegetable oil,
polysaccharides (starch, fibre, and pentosans),
vitamins, and macro- and microelements. Replacing
raw milk with plant materials does not reduce the
nutritional value of new dairy products, which have a
high content of protein, fat and minerals.

The use of pine nut oil cake, fat-free flour and paste
as a component of fermented milk products
supplements animal proteins with plant proteins.

A comparative analysis of the amino acid
composition showed that adding pine nut oil cake or
fat-free flour to soft cheese products did not reduce
their nutritional value. These plant ingredients led to a
slight decrease in essential amino acids, compared to
the control sample, but increased the amount of
sulphur-containing amino acid, which limits dairy
product proteins, and tryptophan.

According to the quality assessment, the proteins of
processed cheese with pine nut paste have a well-
balanced content of essential amino acids and a high
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biological value. The enrichment of cottage cheese
with pine nut paste leads to a slight decrease in
essential amino acids and, at the same time, an increase
in isoleucine and leucine. Also, the product acquires
some non-essential amino acids (arginine, aspartic and
glutamic acids), compared to the control sample.

Ice cream and dietetic mayonnaise enriched with
fat-free pine nut flour have a well-balanced content of
essential amino acids (over 100% score). Cottage
cheese enriched with pine nut paste acquires a few
times as much vitamin E, 5-8 times as much linoleic
acid, and 10-20 times as much polyunsaturated fatty
acids as ordinary 9%-fat cottage cheese.

Further, functional ingredients (pine nut oil cake,
fat-free flour, paste and oil) enrich new types of dairy
products with tocopherols.

All the dairy products with pine nut additives
described in the paper have a biologically balanced
amino acid composition. Combinations of animal and
plant proteins are easily digestible and have a
beneficial effect on the maintenance of human nitrogen
balance. The products are adapted to the Russian food
market; they are compatible with the main foods and
do not change their organoleptic properties, familiar to
every person.

It was also established that pine nut products did not
reduce the shelf life of new dairy foods. The use of pine
nut oil cake and fat-free flour did not affect the
microbiological indicators during storage. Storing
processed cheese at a temperature of (4 + 2)°C for
7 days led to no changes in organoleptic characteristics
(taste, aroma, texture, and appearance). Storing a 9%-fat
cottage cheese and plant product at a temperature of
(4 £+ 2)°C maintained its organoleptic characteristics for
15 days. The microbiological indicators of liquid ice
cream mixtures remained within permissible limits for
48 hours at a temperature of (4 + 2)°C.

Thus, pine nut products used as biologically active
ingredients in functional foods do not reduce their shelf
life, compared to traditional dairy products.

CONCLUSIONS

Siberian pine seeds and their products are
promising plant raw materials, with a wide range of
physiological properties, a unique biochemical
composition and a set of biologically active substances.
Always comprising a large proportion of the Siberian
food balance, pine nuts have not lost their value or
local appeal.

Modern processing technologies are able to
increase the output of pine nut oil and expand the range
of by-products. Pine nuts are a raw material for
producing pine nut paste, oil cake and fat-free flour,
which are used as supplements in the food industry.

Siberian pine seeds (pine nuts) contain extremely
valuable substances, such as fats rich in
polyunsaturated fatty acids, proteins with a well-
balanced amino acid composition, soluble and
insoluble  carbohydrates, minerals (phosphorus,
magnesium, iron, zinc, and iodine), B vitamins, and
tocopherols. Their high content of functional proteins,
polyunsaturated  fatty  acids,  vitamins, and
biocomponents makes them a good ingredient for dairy
products. Siberian pine seeds and their products (pine
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nut oil, oil cake and meal) are widely used in the
production of dairy and fermented milk products,
namely, cottage cheese, sour cream, kefir, yogurt, and
desserts, including whipped milk drinks, confectionery
creams, cheese and others.

Dairy products enriched with Siberian pine nut
ingredients have a high nutritional and biological value
due to their unique biochemical composition. The
synergistic effect of dairy and plant raw materials is
manifested in increased digestibility of new dairy
products, improved physico-chemical and organoleptic
indicators, inhibited development of undesirable
microflora, and a longer shelf life.

The nutritional and biological value of dairy
products containing pine nut oil, oil cake or meal
improves as a result of enriching the finished
product with plant proteins with a balanced amino

acid composition, polyunsaturated fatty acids,
minerals (magnesium, iron, and iodine), vitamins, and
ballast substances (cellulose, hemicellulose, and
pentosans).

Adding a plant component containing over 60% of
oil changes the ratio between monounsaturated and
polyunsaturated fats and enriches the dairy product
with vitamin E, essential amino acids, and minerals.

Given their valuable properties and accessibility,
Siberian pine nuts and their products are used to
create a variety of new functional foods. The
development of competitive multi-component foods
with beneficial functional properties seems to be a
promising direction in the current environmental,
social and economic situation.

The chemical analysis of new dairy products
showed that adding pine nut oil cake, fat-free flour,
paste or oil to their formula enriched them with plant
protein, vegetable oil, polysaccharides (starch, fibre,
and pentosans), vitamins, and macro- and
microelements. Replacing raw milk with plant
materials did not reduce the nutritional value of new
dairy products. They had a high proportion of protein,
fat and minerals and were as rich in vitamins as their
dairy-based counterparts. Also, the use of functional
ingredients (pine nut oil cake, fat-free flour, paste and
oil) enriched new dairy foods with tocopherols.

Thus, including functional dairy foods enriched
with Siberian pine nut products in the daily diet ensures
efficient nutrition of cells and has a comprehensive
therapeutic and health-promoting effect on the human
body in the long run. Finally, the development of
functional dairy-based products with pine nut
ingredients is worthwhile both technologically and
economically.
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Abstract: Pasta is one of the most popular meals in the world. It is affordable, easy to combine with other foods and
easy to cook. Unfortunately, pasta is energy-rich and nutrient-poor. Whole-wheat pasta is somewhat better in nutritional
quality, but further improvements may be made. One option is to add different raw materials and specific nutritive
components (vitamins, polyphenols, fiber, protein, etc.) to semolina. However, this approach changes its physico-
chemical properties, e.g. cooking loss, texture, etc., which cannot be disregarded. The current research investigates
possibilities for production of barley-enriched pasta with acceptable cooking qualities. To ensure the beneficial health
effects of B-glucan, B-glucan-rich barley was selected asa starting material. Pasta enriched with 10-50% fB-glucan-rich
barley flour was produced in the mini-press and the laboratory extruder and then dried at low, medium and high
temperature regimes. Colour, cooking quality and microstructure of the enriched pasta were investigated to determine
its acceptability. The research showed that barley-enriched pasta of good cooking quality might be produced by
selecting an optimal combination of suitable production parameters for forming and drying.
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INTRODUCTION

Pasta is very popular, yet nutrition-poor.
Traditionally, it is made from durum wheat semolina,
and it is a good source of low glycaemic index
carbohydrates [1]. It is affordable, easily to cook and
convenient, which makes it a staple food both in low-
income and high-income countries. Since consumers’
awareness regarding food quality and its health impact
is rising, current food industry, including pasta
producers, is forced to seek solutions for healthier
products with quality and taste similar to the ones

There have been a number of research that dealt
with the influence of flour, flour fractions and pB-glucan
enriched flours on pasta quality [7-10]. They showed
that addition of fibre, starch and/or other flours led to
‘dilution’ of gluten and resulted in reduced cooking
quality. Hence, pasta manufacturers have to find an
appropriate solution to overcome this problem.
Pressure applied during pasta forming process and the
drying temperature influence its texture properties and
cooking quality. For instance, higher drying
temperature would result in increased hardness of pasta

consumers are used to.

Recently, health benefits of B-glucan have gained
much attention both in scientific and
consumer community [2]. In 2009 and 2011
[3—4], the European Food Safety Authority (EFSA)
published scientific opinion regarding the beneficial
effect of B-glucan on cholesterol level and postprandial
glucose in blood. Primarily, barley used to be grown for
brewery and animal feed, but it is a rich source of
B-glucan. Thanks to the novel understanding of health
effects of B-glucan, crops rich in B-glucan are now
produced for human consumption [5]. Among barley
varieties, hull-less barley is recognized for its superior
nutritional quality [6].

due to a more pronounced protein denaturation,
resulting in a more compact gluten network
[11-13]. The aim of the present research was to enrich
durum wheat pasta with B-glucan-rich barley flour and
to define the influence of pasta forming process and
drying temperature on product features.

STUDY OBJECTS AND METHODS

The durum semolina was produced by Sgambaro,
Italy, and the hull-less barley Osvit (harvest 2015) was
kindly provided by Agricultural Institute Osijek. The
hull-less barley was milled in a laboratory mill (IKA
WERKE 10.1, Staufen, Germany) with a 1 mm sieve.
The durum semolina had 11.06% moisture, 1.07% d. m.

Copyright © 2018, Kosovi¢ 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.
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minerals, 11.77% d. m. proteins, 1.11% d. m. fat and
70.36% d. m. starch. The barley flour contained 10.14%
moisture, 2.32% d. m. minerals, 14.11% d. m. proteins,
2.42% d. m. fat and 54.72% d. m. starch, and was used
as a source of B-glucan (it contained 5.16% B-glucan).
For pasta formulations, tap water (40 £ 2°C) was used.

Pasta preparation. Control pasta sample was
produced from semolina, without barley flour (BF)
addition. For barley-enriched pasta, samples with 10,
20, 30, 40 and 50% of BF were prepared.

For pasta produced in the laboratory pasta press
Fimar MPF2.5N (Lineapasta, Cittadella (PD), Italy),
dry ingredients were added directly into the press, and
calculated amount of tap water was added through the
opening in the press with stirring to obtain a dough
with 36% moisture. After the water was added, the
dough was stirred for 15 min, at which point the press
was turned on to pasta formation process. At the exit of
the press, a fettuccine die was placed to cut pasta into
specified length. Finally, the pasta was put on
perforated drying plates.

In case of the pasta produced in the laboratory
extruder, mixtures were prepared in the laboratory
mixer. Dry ingredients were added to the mixing bowl
of the laboratory mixer (Kenwood KMMO020,
JVCKenwood, Uithoorn, Netherlands), and tap water
was added with stirring until 34% moisture was
reached. After the water was added, stirring continued
for further 10 min, at which point the dough was
placed into a plastic bag and conditioned for 30 min to
ensure that moisture spread evenly. Extrusion was
performed in the laboratory single-screw extruder
19/20 DN (Brabender, Duisburg, Germany) with the
following parameters: screw 3:1, temperature regime
35/40°C, cooling with water in last section, just before
the die, 7 X 2 mm fettuccine die coated with teflon. The
extruded pasta was cut by hand and put on perforated
drying plates. The moistures of the samples were set
according to a preliminary research, where optimal
water quantity had been investigated.

The fresh pasta was dried in Climacell 111 chamber
(MMM GmbH, Munchen, Germany), with pre-drying at
40°C and air moisture 60% for 35 min. The main drying
was performed at one of the following conditions:
50°C/air moisture 70%/450 min; 70°C/air moisture
70%/240 min; 90°C/air moisture 70%/120 min. The
specified drying time was determined during a
preliminary research of the time necessary for pasta
moisture to sink below 13.5% at the end of the process.
After drying, the pasta was conditioned at the ambient
temperature, packed into plastic bags and stored in the
refrigerator at 4°C before analysis.

Colour determination. The colour of the samples
was measured by Konica Minolta CR-400
chromameter (Konica Minolta, Japan) after calibration
of the apparatus on the white calibration tile. Five
fettuccini were placed closely together on a white mat,
and their colour was measured in 5 replicates in
CIELab* system, where L denoted lightness (0 is black
and 100 white), a — redness (positive values)/greenness
(negative values) and b — yellowness (positive
values)/blueness (negative values).

Total colour change AE was calculated according to
equation (1) in relation to the control sample (without
barley flour):
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AE = \/(L —Lo)2+ (a—ap)?+ (b—by’, (1)

where L, a, b represent values for the sample and L,
a,, by— values for the control sample.

Cooking quality. The optimal cooking time and
cooking loss were determined in two parallels [14].
Briefly, 10 g of pasta was added to 200 mL of boiling
water, and after 5 min loss of white core was monitored
every 30 sec by squeezing pasta between two glass tiles.

The cooking loss was determined after cooking pasta
for optimal cooking time. Briefly, cooking water and the
water used to wash pasta were collected and dried at
115°C until the constant mass was reached, and the
cooking loss (CL) was calculated according to Eq. 2:

CL (%) = (weight of dry residue/weight

2
of dry pasta) x 100.

The water absorption index and the swelling index
were determined in two parallels [4]. Briefly, after
being cooked for an optimal period of time, the pasta
was washed over a colander, drained, weighed and
dried at 105°C to constant mass. The water absorption
index (WAI) was calculated according to Eq. 3:

WAI (%) = [(mass of cooked pasta — mass

of dried pasta)/mass of dried pasta] x 100 3)
and swelling index (S7) — according to Eq. 4:
ST (g H,0/g dried pasta) = (mass of cooked
pasta — mass of pasta after 4)

drying)/mass of pasta after drying.

Microstructure of pasta. The microstructure of the
selected pasta samples was determined by Scanning
Electron Microscope JSM 7000F (Jeol USA Inc.,
Peabody MA, USA) at 1000 x magnification. The
cooked samples were freeze-dried prior to analysis.

Statistical analysis. Statistical analysis was
performed using Statistica® 12 (StatSoft Inc, USA), by
Main effects ANOVA and Fisher’s LSD at p < 0.05.

RESULTS AND DISCUSSION

The colour of pasta samples is shown in Table 1.
Barley flour addition resulted in a darker surface of the
fresh pasta, expressed as reduction of L* values
(eg. from 78.78 + 1.54 for fresh control sample to
71.72 + 0.22 for fresh sample with 50% barley flour
produced in the extruder), with more pronounced
differences for samples produced in the laboratory
pasta press (from 75.72 + 0.39 to 67.88 + 0.31,
respectively). a* values increased, indicating increase
of red component, while b* values decreased
(decreased yellow component) proportionally to barley
flour addition, again, with more pronounced effects for
samples produced in the press. Compared to the
samples with the same proportion of barley flour
produced in the extruder, the fresh samples produced in
the press had lower L* and b* and higher a* values,
probably due to higher moisture. Total colour change
AE increased with the increase of barley flour
proportion regardless of process used.
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Table 1. Colour of pasta samples measured in CIELab* system, with total colour difference AE calculated in relation to
corresponding sample without barley flour

Extruder Press
Fresh pasta
Barley L* a* b* AE L* a* b* AE
flour (%)
0 7878+ 1.54° 3.96+0.11° 3540+ 0.48 7572£039° 335+0.13° 2835+ 0.45°
10 77.07+0.26%  -2.14+0.19°  33.16+0.52° 0335 72.26+0.16° -0.93+0.15° 24.13+043% 05.97
20 7490 +0.55°  -0.60+0.14°  30.85+0.53% 06.86 71.47+020° -0.34+020° 23.12+0.19° 07.38
30 73.92+0.49°  0.48 =0.15¢ 28.98+£0.54° 09.20 68.87+0.38°  0.82+0.16° 22.67+0.26°  09.83
40 72324033 1.42+0.16° 26.94+043° 1192 68.20+045*  1.50+0.23° 21.04+0.66° 11.56
50 71.72+£0.22°  2.02 +0.08" 25.01+£0.61* 1391 67.88+0.31*  1.81+0.08 19.46 +0.25*  12.93
Dried pasta
50°C AE  50°C AE
L* a* b* L* a* b*
0 7329+0270 247+021* 2050+ 0.63¢ 7538 £0.400  3.33+£026° 2628+ 0.54°
10 7220+024°  -1.98+0.12°  20.09+0.60¢ 0126 71.69+0.80° -1.92+0.51° 2596+028°  03.96
20 71.40+031¢  -0.86+0.22°  18.84+024° 0299 6591+0.53% 0.48+0.30° 23.44+0.199  10.59
30 69.21 +£0.39°  1.30+0.13¢ 18.19+0.13°  06.02 63.30+047° 1.55+0.27¢ 2238+ 0.46° 13.59
40 67.76 £036°  1.92+0.11° 18.03+0.06®° 07.47 60.37+0.35° 3.15+0.19° 2134+0.37°  17.08
50 66.52+0.41*° 271 +0.22F 1750037  09.03 58.97+0.30*° 3.52+0.26° 19.75+0.26*  18.94
70°C AE  70°C AE
L* a* b* L* a* b*
0 7447 +030°  -3.03+031° 21.72+0.35° 7528 +£026° -339+0.17°  29.34+0.78°
10 73.73+028° -2.18+0.18°  20.55+030° 01.62 66.10+0.59¢  1.09 +0.28° 25.52+0.50° 1091
20 7253 +031¢  -1.42+027° 19.56+0.44%  03.32 6598+0.13¢ 1.37+032%  2344+035  12.00
30 7143 +£035 -098+0.14°  18.68+0.29° 04.76 65.12+043° 1.68+0.14° 23.10+£0.33°  12.96
40 68.42+0.29°  0.60 = 0.30° 18.15+0.29° 0791 58.96+0.14> 3.84+0.21¢ 2220+0.28°  19.23
50 66.52+0.33*  2.40+0.29 17.11£0.04*  10.66 57.80+0.35*  4.46+0.35° 21.46 £0.40°  20.73
90°C AE  90°C AE
L* a* b* L* a* b*
0 6946+ 0317 -1.92+021° 2433 +045° 725240370 249+0.12° 3135+021"
10 68.19+0.22° -1.12+0.07°  23.26+028  01.83 70.36+0.39° -0.59+027° 2838+037° 04.13
20 66.74+0.42%  020£0.06° 22.00+040° 03.97 67.33+036% 1.53+0.34° 27.25+0.24¢  07.74
30 65.98 +0.09°  1.08 +0.08¢ 20.54+0.53° 0595 6547+043°  2.14+0.24¢ 23.47+£031° 1154
40 65.30+0.28°  2.08 +0.05° 19.53+0.21°  07.50 6226+0.41° 3.52+0.34° 23.05+0.14*  14.50
50 64.58+0.32°  3.12+0.10° 17.70 £0.49*  09.65 61.44+031* 4.63+0.37 2226+0.16°  16.01
Cooked pasta
50°C AE  50°C AE
L* a* b* L* a* b*
0 7631 +0.82"  -3.54+£024°  19.90 £0.95° 76.85+0.76° 4294025  2534+224°
10 7535+0.60° -2.72+027°  19.19+£049° 01.46 72.63+0.73° -2.07+0.40° 2551+1.64° 04.77
20 7457+0.67Y  -130+038°  17.65+0.90*°  03.62 69.29+1.33% -038+0.14° 22.17+0.73°  09.09
30 7320+ 0.29°  0.06 = 0.60° 17.34+0.05* 0541 67.66+1.88°  0.91 +0.60° 21.98+£0.84"  11.09
40 72.08+0.19°  1.13+0.47° 17.05+0.04* 0692 62.94+1.74*  2.68+0.59° 20.16+1.32*  16.40
50 7049 +0.53*  2.15+0.28" 1691 £0.06° 08.67 62.45+2.09*° 2.61+0.53° 1851 £0.16° 1737
70°C AE  70°C AE
L* a* b* L* a* b*
0 7652+ 0.86%  -3.51+0.04°  19.97 + 1.56° 7653+ 041°  -4.13+0.19°  28.43 £2.26°
10 7630+ 0.09%  -322+0.10°  19.53+0.11° 0057 67.71+2.35" 0.37+1.09° 23.88+1.39°  10.89
20 75.85+0.13°  -2.07+0.08°  18.89+0.10® 01.92 67.03+2.41" 0.89+1.14° 23.05+1.85*  12.01
30 75.11+£0.10°  -1.16+0.07  18.02+0.07® 03.63 67.30=1.14>  1.07+0.54° 22.08 +0.85" 12.34
40 74.94+0.08"  -0.18£0.08°  17.58+£0.07° 0439 60.49+224"  328+0.74° 21.42+0.88°  19.01
50 7421+0.09° 1.22+0.07" 17.11£0.04* 0599 60.32+1.56*  3.68+0.25° 20.06+1.75*  19.84
90°C AE  90°C AE
L* a* b* L* a* b*
0 7256+ 1.64° -1.92+021°  23.15+1.33¢ 74.07+£041°  -401+030° 3035+ 0.46°
10 72.31+0.44°  -1.12+0.07° 21.17+£0.17° 215 7229+132% -0.89+0.43° 2584+185° 577
20 71.99£0.09° -020+0.06° 20.67+0.32° 3.06 6850+1.17° 0.98+0.46° 26.11+1.28°  8.59
30 70.50 + 0.46°  1.08 = 0.08¢ 1934+£020° 526 6654+1.16° 1.83+0.48¢ 21.22+0.60°  13.20
40 70.01 £0.17®®  2.08 +0.05° 18.46 £ 0.40°  6.67 6336+140*° 3.01+0.52° 22.21+0.98  15.18
50 69.23+0.18*  3.12+0.10° 18.12+£0.10°  7.96 63.00+1.58  3.29+0.51° 21.12+1.18  16.15

Note. Data are presented as mean value + standard deviation (n = 5)
Different letters in the same column for appropriate drying temperature represent statistically significant difference (p < 0.05)
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Addition of barley flour reflected in the decrease
of L* and b* values, as well as in the increase of a*
values in the dried samples. When comparing drying
conditions, the brightest samples were obtained in the
medium temperature regime (70°C), followed by
samples dried at the low- (50°C) and high
temperature  (90°C) regimes. There was no
statistically significant difference between colour
parameters L* and a* of the samples dried at low- and
high temperature regime, as shown in Fig. 1.
However, b* values significantly increased following
the increase of drying temperature. These phenomena
may be ascribed to Maillard reactions during drying
at elevated temperatures [15]. Drying at 70°C was
much shorter than drying at 50°C, resulting in a
similar advancement of Maillard reactions, unlike
drying at 90°C, where the high temperature had a
much more pronounced influence on the reaction
progress. The trend of influence of barley flour
addition on the colour of cooked pasta was similar to
the dried samples, with a slightly larger statistical
significance (Fig. 1).

Only trained sensory analysts can perceive the
colour difference between the dried control sample
and the dried sample with 10% barley flour
produced in the extruder, regardless the drying
temperature [16]. Addition of 40% and 50% of barley
flour resulted in a large colour difference, easily
perceived by ordinary people. When samples were
produced in the pasta press, an obvious colour
difference was perceived already at 20% barley flour,
and a further increase in barley flour content made the
colour difference extreme [16]. This can also be
ascribed to higher initial moisture of the samples,
which enabled a higher extent of browning reactions,
such as Maillard reactions.

When considering barley content regardless of
production and drying processes, it is evident that it has
a significant influence on pasta colour (Fig. 1).
Production process also produced a visible effect,
which cannot be said about the drying temperature,
except for high temperature drying, in which case
statistical significance is evident (Fig 1).

The optimal cooking time is shown in Table 2.
Barley addition did not significantly influence the
optimal cooking time (F-test, p-value = 0.018) (Fig. 2),
as opposed to pasta enriched with quinoa flour [17] and
amaranth [18], in which case the optimal cooking time
was significantly reduced. However, both quinoa and
amaranth contain less fibre than barley examined in this
research, and when a part of semolina was replaced with
carob fibre, it did not influence the optimal cooking time
significantly [19].

The press-made pasta had a shorter cooking time
than the extruder-made samples regardless the barley
content and drying temperature (Table 2, Fig. 2). This
can be ascribed to lower mechanical energy applied
during production in the press, which results in a less
compact product that needs less time to fully
gelatinise [20].

284

When considering the influence of drying regimes,
it is evident that pasta dried at low-temperature regime
requires longer cooking time than the one dried at
medium- and high temperature, and there is no
statistical difference between the latter two (F-test,
p-value < 0.001) (Table 2, Fig. 2). There was no
difference in cooking time between the semolina pasta
dried at low- and high temperature regimes [20], while
“the optimum cooking time for spaghetti samples
decreased as the drying temperature profile
decreased” [21]. Padalino et al. [22] stated that “higher
temperatures induced cross-link density of both protein
and starch, decreasing water diffusion”. The present
research differs from that performed by Padalino et al.
in the aspect of barley flour added, which probably
interfered with the effect of temperature on protein
cross-linking.

Unlike cooking time, barley flour proved to be an
important factor when it comes to cooking loss (F-test,
p-value < 0.001) (Table 2, Fig. 2), increasing it
proportionally, with minor exceptions. Addition of
barley flour caused formation of a weaker and
discontinuous protein network, reducing its ability to
hold dry matter during cooking, and starch leached into
the surrounding water [5]. Similar results were reported
for pasta with barley p-glucan [7], with oat
B-glucan [21] and oat flour [23]. On the contrary,
B-glucan does not influence cooking loss
significantly [7].

The extruder-produced samples had a smaller
cooking loss than their press-made counterparts,
probably because a larger pressure during extrusion in
the extruder results in a more compact protein network
that holds dry matter better during cooking (F-test,
p-value < 0.001).

The increase of drying temperature resulted in the
decrease of cooking loss (F-test, p-value < 0.001)
(Table 2, Fig. 2). The same trend for pasta made from
semolina was reported, which can be explained by
protein denaturation and formation of stronger protein
network at higher temperatures [24], and by the fact
that “the increase in drying temperature (90°C
vs. 55°C) promoted the covalent aggregation of
proteins in pasta, enhancing their resilience and
reducing their cooking loss, without altering the degree
of protein hydrolysis” [25].

The water absorption index decreased slightly,
although not significantly, after adding barley flour
(F-test, p-value = 0.250) (Table 2, Fig. 2) [9]. Although
high fibre content should theoretically raise the
hydration, Aravind et al. [9] assumed that B-glucan
competed for water with gluten and starch during
mixing and therefore did not have significant influence
on water absorption during cooking [9]. On the
contrary, an increase of the water absorption index
after addition of different fibres was reported; however,
the authors also noticed that some types of fibres
influenced it to a lesser degree [26]. They ascribed it to
the particle size and the structural difference between
the fibres.
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Fig. 1. Statistical influence of barley flour content, forming device (E — extruder, P — press) and drying temperature on
colour parameters of dried and cooked pasta. Interval for each value represents statistical error.
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Fig. 2. Statistical influence of barley flour content, forming device (E — extruder, P — press) and drying temperature on
pasta cooking quality. Interval for each value represents statistical error.

The water absorption index of the press-made pasta
is evidently larger than the extruder-made counterparts
(F-test, p-value = 0.003) (Fig. 2). As it has already
been mentioned in regard to cooking time, the pasta
production in the extruder resulted in formation of a
more compact network, which hindered water
molecules penetration, whereas in the case of the press-
made pasta, protein network is weaker and water
penetrates more easily.

The swelling index generally followed the same
trend as the water absorption index and was consistent
with the previous research [9, 27]. It is worth
specifying that only addition of 10 and 20% barley
flour had a significant influence on swelling reduction.
A further increase of barley content slightly raised it,
but with no statistical significance (Fig 2).
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The microstructures of selected dried and cooked
pasta samples are shown in Fig. 3-5.

The microstructure of the samples without barley
flour revealed that combination of extrusion with
medium and high drying temperature influenced starch
granules (Fig. 3 A, C, E), causing their disruption and
starch leakage, gelatinisation and interactions (starch-
protein, starch-lipid, starch-starch complexes). In the
press-made samples, starch granule disruption was
reduced significantly even when high drying
temperature was applied (Fig. 3 B, D, F), but granules
did swell partially. In the samples with 50% barley
flour the same trend was observed: the extruded
samples dried at high temperatures had fewer untacked
starch granules, and the press-made samples
demonstrated partially swollen granules (Fig. 4).



Table 2. Cooking quality of pasta with addition of 10-50% barley flour, produced in the extruder and in the mini-press,
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dried at 50, 70 and 90°C

Barley Extruder Press
flour (%)
optimal cooking time (min)

50°C 70°C 90°C 50°C 70°C 90°C
0 10.17 £0.10% 10.17 £0.15° 10.33 £ 0.06™ 9.44 £ 0.05° 8.39 + 0.04° 8.31+0.01°
10 10.14 + 0.05" 10.45 £ 0.05* 10.20 £ 0.26™ 9.46 + 0.05° 7.52 + 0.05¢ 8.25 + 0.05°
20 10.28 + 0.09% 10.18 = 0.08* 10.23 £0.38" 9.25 + 0.05% 8.27 +0.06° 8.29 + 0.09°
30 10.11 + 0.09° 10.11£0.11° 10.30 & 0.53% 9.18 £ 0.28° 8.28 £0.03" 9.48 +0.03°
40 10.38 + 0.08" 10.34 + 0.08% 10.14 + 0.09% 8.45 £ 0.06¢ 8.25+0.30° 7.48 + 0.08¢
50 10.40 + 0.10% 10.27 + 0.03% 10.37 +0.12° 9.09 +0.03° 9.27+0.28" 8.55+0.05°

cooking loss (%)

50°C 70°C 90°C 50°C 70°C 90°C
0 4.85+0.19¢ 436+ 041 3.95+0.23° 5.09+0.11° 5.02 £ 0.05° 475+0.19°
10 4.84 +0.22¢ 432+0.21¢ 4.01+0.23° 5.16 + 0.06° 479 +0.16° 431 +0.06¢
20 5.18 +0.02% 4,03 +0.23¢ 4.00 +0.07° 5.26+0.15° 4.16 + 0.06° 426 +0.10°
30 5.30+0.21% 4.03 +0.04% 4.30 +0.20% 532+ 0.04° 5.00 +0.15° 439 +0.13
40 5.62 +0.23% 5.11+0.12° 430+ 0.23% 579 £0.15° 5.41+0.11° 4.61 +0.08"
50 5.90 £ 0.22° 6.15+0.12° 4.50 + 0.06° 6.09 = 0.14° 6.12£0.14* 5.11+0.12°

water absorption index (%)

50°C 70°C 90°C 50°C 70°C 90°C
0 148.87 £ 1.67° 147.45 £ 0.10° 154.24 +7.32° 151.82 +1.38%  144.76 + 5.37° 145.05 £ 2.34*
10 142.67 +1.63"°  155.48 + 3.60¢ 141.65 + 1.03* 151.73 £0.21%° 14507 £2.97° 143.36 + 1.83*
20 142.66 +4.11°  146.09 +2.65*  147.37+0.11% 149.65 + 0.63* 145.66 + 0.36 143.31 + 0.46°
30 146.23 £2.67°  142.03+£0.08°  143.45+2.95° 151.60 £ 0.43°  146.05+0.74* 14630 +1.93"
40 139.02 £2.06°  143.03+0.21°  144.00 = 0.04° 152.68 £0.32  147.16 +4.44* 14688+ 1.73°
50 141.70 £2.06®  137.57+2.47*°  139.53 + 1.06" 153.50 £ 1.00° 14872 +£0.96*  145.42+2.10°

swelling index (g H,O/g drie