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Introduction. Most dairy producers are seeking
modern instrumental methods of milk component testing to
provide milk quality and production efficiency
improvement.

Objectives. The main objective of this investigation
is to study the characteristic infrared spectral properties of
milk and its components and provide comparative analysis
of methods of Infrared Spectroscopy.

Materials and methods. Methods of Infrared
Spectrophotometry ~ and  Near-Infrared  Reflectance
Spectroscopy (NIRS) were used for a quantitative
assessment of principal components of milk. A model of
Infrared Spectrophotometer that can be wused for
determination of milk composition is proposed.

Results and discussion. A serious limitation of the
Infrared Spectrophotometry is that a milk sample should be
diluted to obtain the linear dependence of optical density on
the concentration of milk sample which must be evaluated.

NIRS method provides the analysis of milk samples
which contain a high proportion of water and demonstrate
high level of opacity. 50 samples of milk were used to study
the correlation dependence between results of chemical and
NIR analysis of milk components (fat, protein, non-fat
solids, and total solids). It was shown that the highest level
of correlation was indicated between the content of fat and
total solids that was determined by NIR method.

Conclusions. The method of Infrared
Spectrophotometry requires diluting samples and can be
used in laboratory conditions. Method of Near-Infrared
Reflectance Spectroscopy provides fast and non-destructive
testing of milk composition with high accuracy and can be
used in dairy industry to estimate the composition of the
milk on the conveyor, in a stream.
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Introduction

Milk is a complex mixture of fat, protein, lactose, vitamins, salts and other compounds
which can exist in colloidal dispersion or in an aqueous solution of milk components.
Approximate composition of milk of European breeds includes 87.00% water, 3.80% non-
fat solids, 3.40% protein, 4.50% lactose and 1.30% solids.

Infrared spectrophotometry of milk is a study of absorption (transmission) properties
of a sample as a function of wavelength.

Infrared (IR) absorption of milk is related to the presence of certain structural groups
in it [1,2]. Each fat molecule consists of three carbonyl groups (C=0) of triglyceride which
are responsible for absorption at 5.73 um (1,745 cm™); in addition, carbon-hydrogen groups
(CH,) of triglyceride take part in absorption at 3.4-3.5 pum (2,941-2,857 cm™). Each
molecule of protein consists of amide units which are linked by peptide bonds; the
absorption of the amide II band at 6.46 um (1,548 cm™) can be used for determination of
the total protein content. Each molecule of lactose consists of hydroxyl groups (OH) which
absorb at 9.6 um (1,042 cm™). Besides, a molecule of water absorbs at 4.3 um (2,326 cm™).

The traditional methods for determining the quality of milk and its major components
are slow and expensive [3]. Methods of Infrared Spectroscopy offers the possibility of
assessing and improving the quality of milk produced [4]. One of these methods, Infrared
Spectrophotometry, has a very quick process of measurement and is characterised with non-
destructive action and high sensitivity [5]. The another method of Near Infrared
Spectroscopy compared to the present methods include a higher rapidity and a
simultaneous, non-destructive measurement of a number of milk constituents as well as a
great potential for on-line analysis [3,6-11, 21].

Materials and Methods

50 samples of milk with different content of fat, protein, dry residues, and dry
substances were used during this investigation. Samples were prepared in the experimental
farm of the Department of Animal Nutrition and Feed Technology of National University
of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine.

The infrared spectrophotometer for milk analysis was developed by the authors of this
paper.

Near-infrared (NIR) spectrum of milk was investigated with infrared analyzer 4250
“Pacific Scientific”.

Infrared spectrophotometer for milk analysis
An optical design of infrared spectrophotometer for milk analysis [12-18] is illustrated
in Fig.1. The instrument consists of source 1 of infrared radiation, concave mirror 2,

diaphragm 3, modulator 4 of radiation, lens 5, cuvette 6 with a sample, interference filter 7,
detector 8, power supply 9 and readout system 10.
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3 4 5 s

Fig. 1. An optical design of infrared spectrophotometer for milk analysis:
1 - source of infrared radiation; 2 - concave mirror; 3 - diaphragm; 4 - modulator of
radiation; 5 - lens, 6 - cuvette with a sample; 7 - interference filter; 8 - detector; 9 - power
supply; 10 - readout system [Posudin and Kostenko, 1991, Patent N 1698715]

Source of Infrared Radiation. A nichrome coiled filament that was used as the main
component of the source of infrared radiation is characterized by the following parameters:
voltage 6-8 V; electric current 2.5-3.0 A; power 15-24 W. Maximum of spectral emission is
near 3-6 um. Diameter of filament 0.4 mm, and the length 23 mm; diameter and length of
the coil 5 and 12 mm correspondingly. The source was located in the focus of a concave
aluminium mirror to provide maximal reflection and radiation density.

A Sample Cuvette. The windows of cuvette (thickness 300 pm) were performed with
germanium; the total transmission of such a system was 70%. The air gap between the
windows was equal 150 um; such a value made it possible to avoid possible interference
effects with a narrow gap and to keep the sensitivity of readout system.

Interference Filters. It was necessary to use the interference filters which were tuned
at the maximum and at the base of absorption band of each component of milk (Fig. 2).

The main parameters of interference filters are presented in Table 1.

Wave number, cm’
1800 1600 1400 12‘00 1q00

Protein lactlose

5.35 5.73 6.46 6.68 7.68 9.61
Wavelendth, um
Fig. 2. The position of transmission bands of the interference filters which were tuned at the
maximum and at the base of absorption band of each component of milk [13]
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Table 1
Parameters of interference filters which were used in infrared spectrophotometer [13]

Position Relative to Absorption 2%)| 4 A

Band of Milk Component v 4 fum) TC0) Aosum) | Aoy )
Basis of absorption band of water | 4.50 + 0.03 43 0.11 0.42
Maximum of absorption band of ~ [4.42-0.05 | 43-44 0.10 0.35
water
Basis of absorption band of fat 5.35-0.02| 44-45 0.13 0.38
Maximum of absorption band of fat| 5.70 + 0.03 42 0.17 0.46
Basis of absorption band of protein | 6.68 - 0.02| 40-43 0.22 0.56
Maximum of absorption band of 6.46 - 0.04 40 0.18 0.57
protein
Basis of absorption band of lactose | 7.68 0.03 50 0.23 0.54
Maximum of absorption band of 9.61 +0.01 42 0.26 0.65
lactose

If the direction of radiation flow is deviating from normal to the surface of the
interference filter, the spectral shift of absorption band and broadening of this band can take
place. The value of the shift depends on the angle of incidence and refractive index of filter
material. The dependence of refractive index of germanium on the wavelength of radiation
can be expressed by the following equation [19]:

N=A4+BL+CL’ +DA> + EX} (1)

where 4 =3.99931; B =0.391707; C = 0.163492; D = 0.000006; E = 0.00000053;
L=(-0.028)".

Thus, refractive index according to this equation is changing from 4.108 (1 =2 um) to

4.005 (2 = 8 um).
The values of spectral shift 414//y can be calculated due the following expression:

Aho/do = [’ -sin’@)/n]"? (2)

where 4, is the wavelength of incident radiation. These values are presented in
Table 2.

Table 2. Dependence of spectral shift of absorption band on the deviation of radiation flow
direction from normal to the surface of interference filter [13]

"] A =2um(n=4.108)] A =2um@n=4.024)
0 1 1

5 0.99977 0.99976

10 0.99910 0.99907

15 0.99800 0.99790

20 0.99650 0.99640

25 0.99470 0.99450
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Readout System. Infrared radiation that was transmitted by the sample entered the
pyrometric element PIP with the following characteristics: spectral range 0.5-15 pm;
coefficient of transformation 2-10° V/W; sensitivity threshold 10®-10" W; area of sensitive
surface 2 x 2 mm’.

Procedure of Measurement. The concentration of milk component is determined as
follows:

Gi=Kin(l- B™ + ;") (3)

1
where K is the coefficient of proportionality; B, and ﬂl.o are the values of absorption at

the maximum, and at the base of absorption band of i-component of milk.
The effect of water absorption is taken into account by the following formula:

B/ (sample)100% =[ I '+ (H,0)- I/ (sample)) I ** (H,0) (4)

where [ l./l" (sample) and [ l./l" (H,0) is the intensity of absorption band for milk sample and

water at the wavelength 4.

Optical Density of Milk. The measurement of milk particles concentration demands
the elimination of light scattering - the condition of unitary scattering of optical radiation by
milk particles can be performed if:

the value of optical density is equal D = 1gl/l, << 1;

there is a linear dependence of optical density on the concentration of milk particles
D =f(C), if D << 1.

The dependence of 1/l and 1g/ I/l on the level of dilution of milk sample was
measured with the photocalorimeter KFK-2MP in spectral region 315-980 nm. The results
are shown in Fig. 3q,b. It is clear that the dependence D = f{C) demonstrates a linear
character for diluted samples of milk.

o =
\ < ]
1.0 1 S 2.0
0.5 1 1.0 1 s
0.2 -
T T T T T T
0.35 3.5 7.0 0.35 3.5 7.0
x10%, % x+10°, %
a b

Fig.3. Dependence of /1, (a) and 1g(Z/1,) (b) on the level of dilution of milk sample

The main conclusion of this investigation is as follows: a milk sample should be
diluted to obtain the linear dependence of optical density on the concentration of milk
sample which is to be evaluated. This is a serious limitation of the method of
absorption/transmission IR spectroscopy.
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The advantage of the chosen scheme of spectrophotometer is the lack of dispersion
elements and associated complex control systems. Also, simple optical system (interference
filters) allows to use large apertures, that makes it possible to increase sensitivity of the
system and to minimize unwanted reflections of the radiation from the optical elements; the
radiation source does not require limiting diaphragms or slits. Note also a compact and
simple construction of the device. The process of measurement is very quick.

The disadvantage of this scheme of spectrophotometer is high sensitivity to changes of
ambient temperature and water vapour. At the same time, this method requires frequent
calibrations to retain the accuracy and precision of the instrument [5].

Near-infrared spectroscopy of milk

Near-infrared (NIR) analyzer 4250 “Pacific Scientific” has three spectral regions at
1,620-1300 nm; 1,890-2,115 nm; 2,050-2,320 nm. The following grading equation was
used for elaboration of the results of measurements:

Y:BO‘FB]OP(X]) +BZOP(}.2) +... +BNOP(1N) (5)

where Y is the result of infrared analysis; By, B;, ... By are the coefficients of grading
equation; OP(4;) is the optical parameters of spectrum at a given wavelength. Optical
density D was used as an optical parameter:

D =1g[l/R(4)] (6)

where R(4) is diffused reflectance at wavelength /.
In addition, the analyzer provides the determination of first D; and second D,
derivatives:

D= 1g[UR(L - dA)] - 1g[VR(A + dA)] 7
D, =1g[VUR( - d2)] - 2 1g[VR(A)] + Ig[/R(A + dA)] (8)

where d1 is a step of derivative.

The main objective of this investigation was to determine the principal spectral
characteristics of milk samples with different contents of components, to estimate level of
correlation between these components, and to compare the results of determination of milk
components which were obtained due to NIR method and traditional chemical method. The
results of chemical and NIR analysis of 50 samples of milk are given in Table 3.

The following coefficient of correlation R was used for comparison of the results of
measurements by NIR (Yy;z) and chemical (Y,.,,) methods:

NZ Yo Y — Z Yoo Yorr)
(N7, - ] [N -]

The results of calculation of coefficients of grading equation (Eqn. 5) are presented in
Table 4.

)
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Table 3
Results of chemical and infrared analysis [13]

Sample | Fat |Protein| Dry Dry |Sample| Fat |Protein| Dry Dry
number residue [substance,number residue |substance
1 8.40 2.90 8.20 16.60 1 7.69 3.44 8.76 16.68
2 4.40 3.70 8.60 13.00 2 4.73 3.02 8.25 12.92
3 4.10 2.90 8.30 12.40 3 4.27 2.67 7.98 12.04
4 4.50 2.50 7.90 12.40 4 4.48 2.65 8.00 12.32
5 1.40 3.80 9.10 10.50 5 1.82 3.30 8.46 9.91
6 3.80 2.70 8.00 11.80 6 3.86 2.76 8.16 12.14
7 4.40 3.50 8.70 13.10 7 4.45 2.61 8.80 12.25
8 5.40 3.20 8.70 14.10 8 5.36 2.95 8.39 13.44
9 4.00 2.70 8.00 12.00 9 4.14 2.66 8.17 12.24
10 5.00 3.00 8.20 13.20 10 5.05 2.88 8.26 J 3.29
11 2.10 2.30 7.50 9.60 11 2.03 2.99 7.98 10.07
12 2.65 2.80 8.00 10.65 12 2.44 2.80 7.99 10.40
13 3.90 2.40 7.50 11.40 13 3.74 2.58 7.97 11.75
14 3.90 3.20 8.60 12.50 14 3.99 2.63 8.19 11.87
15 3.50 2.70 7.50 11.00 15 3.60 2.71 8.23 11.53
16 4.50 2.70 7.60 11.10 16 4.43 2.88 7.93 12.35
17 5.70 3.00 8.30 14.00 17 4.91 2.87 8.14 13.34
18 4.10 3.40 8.70 12.80 18 4.14 2.69 8.10 11.83
19 3.30 2.80 7.90 11.20 19 3.70 3.37 8.38 11.18
20 3.80 3.00 8.30 12.10 20 3.86 3.01 8.33 12.40
21 5.00 3.20 8.70 13.70 21 5.20 2.75 8.32 13.56
22 3.50 2,60 8.10 11.60 22 4.33 2.61 7.81 11.67
23 4.00 2.80 8.10 12.10 23 4.14 2.75 8.36 12.31
24 3.10 2.80 8.00 11.10 24 3.09 2.78 8.18 11.40
25 4.00 2.00 7.30 11.30 25 3.94 2.47 7.84 11.57
26 3.30 2.60 7.50 10.80 26 2.85 2.59 7.48 10.76
27 3.70 2.45 7.40 11.10 27 3.52 2.61 7.79 11.32
28 3.20 2.10 7.20 10.40 28 3.03 2.50 7.52 10.46
29 4.70 3.10 8.40 13.10 29 4.69 2.87 7.89 12.93
30 2.70 2.70 7.90 10.60 30 2.72 2.78 7.76 10.63
3 4.00 2.90 8.30 12.30 3 4.06 2.70 7.88 12.01
32 3.90 3.00 8.20 12.10 32 3.80 2.92 7.83 12.18
33 4.10 2.25 7.30 11.40 33 4.85 2.57 7.53 12.46
34 3.40 2.50 7.60 11.00 34 3.36 2.95 8.22 11.76
35 3.30 2.50 7.60 10.90 35 3.26 2.50 7.66 11.30
36 3.90 2.90 8.30 12.20 36 3.90 2.96 8.03 12.39
37 3.20 1.20 7.50 10.70 37 3.15 2.51 7.62 10.94
38 3.90 2.50 8.40 12.30 38 3.80 2.57 7.79 11.38
39 4.60 2.40 7.60 12.20 39 4.59 243 7.66 11.96
40 4.90 3.10 8.00 12.90 40 4.89 2.62 7.76 12.58
41 3.90 2.60 7.70 11.60 41 3.85 2.52 7.68 11.37
42 3.20 2.65 7.80 11.00 42 3.16 2.64 7.60 10.79
43 4.60 2.90 8.20 12.80 43 4.65 2.94 7.78 12.55
44 2.80 2.20 7.30 10.10 44 2.52 2.52 1.58 10.18
45 4.60 2.35 7.40 12.00 45 4.36 2.65 7.75 12.12
46 3.50 2.90 7.70 11.20 46 3.20 2.70 7.73 11.51
47 5.00 2.80 7.30 12.30 47 5.62 2.72 7.52 13.33
48 4.10 3.20 8.00 12.10 48 3.96 2.77 7.77 12.06
49 4.70 2.60 7.60 12.30 49 4.50 2.58 7.64 11.95
50 4.00 2.70 7.50 11.50 50 3.96 2.71 7.77 11.78
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Table 4
Results of calculation of coefficients of grading equation (Eqn. 5) [13]

Coefficient of F-criterion for Scale | Wave Number,
Regression Equation | Given Equation | Division cm”
Protein
B(0)=8.719
B(1) = 64.680 14.02 285 2,197
B(2) =230.190 14.79 93 1,792
B(3) =-69.974 19.95 35 1,705
B(4) =-73.980 62.69 264 2,131
Fat
B(0)=6.918
B(1)=316.151 44.84 88 1,789
B(2) =-108.606 506.08 24 1,679
Non-fat Solids
B(0) = 14.539
B(1) =-36.935 58.48 186 2,062
B(2) =-82.348 77.57 24 1,679
Total Solids
B(0)=21.224
B(1)=-81.700 35.03 271 2,154
B(2)=135.838 11.23 293 2,219
B(3) =243.213 21.40 350 2,315
B(4)=-172.508 66.10 28 1,688

The correlation dependence between results of chemical and NIR analysis of milk
components are presented in Fig. 4 for fat, Fig. 5 for protein, Fig. 6 for non-fat solids and
Fig. 7 for total solids. The values of coefficients of correlation which were obtained during
analysis of 50 samples of milk are given in Table 5.

Table 5
Values of coefficients of correlation dependence between results of chemical and NIR analysis of
milk components [13]

Type of Component Mean Deviation | SEP | SEP(C) R R,
Analysis Content (%)

Chemical Fat 3.99 1.028 0.284 | 0.287 |0.960 |0.922
NIR Fat 3.99 0.987

Chemical Protein 2.75 0.439 0.375 | 0.379 [0.504 |0.254
NIR Protein 2.75 0.221

Chemical Non-fat Solids 7.95 0.465 0.357 | 0.361 |0.630 |0.397
NIR Non-fat Solids 7.95 0.293

Chemical Total Solids 11.94 1.198 0.433 | 0.437 |0.931 [0.867
NIR Total Solids 11.94 1.115
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Near-infrared spectra of milk samples with different contents of fat (1.82%; 4.27%;
4.48%; 4.73%; 7.69%) are presented in Fig.8.

It is clear that the amplitude of these spectra depends strongly on the fat content. It was
also interesting to compare the NIR spectra of the samples that had the same fat (Fig. 9) and
protein (Fig. 10) concentration according to the chemical testing: the results demonstrate
some divergence which are caused by inaccuracy of the chemical method. The derivative
spectra are rather informative - they make it possible to find extreme points of the
reflectance spectra (samples N 1, 5 and 7) (Fig. 11).
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according to the chemical testing

The next step of investigation was the clearing up of the level of correlation between
separate components of milk which were determined by chemical and NIR methods. The
correlation dependence between the main components of milk (fat, protein, total solids, and
non-fat solids) are presented in Figs. 12-17.
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The highest level of correlation was indicated between the content of fat and total solids
that was determined by NIR method (Fig. 17). The values of coefficients of correlation are
given in Table 6.

NIR method provides the analysis of milk samples which contain a high proportion of
water and demonstrate high level of opacity. The NIR method is rapid, non-destructive and
offers a high level of accuracy in comparison with traditional chemical methods. This
method can realise simultaneous, non-destructive measurements of a number of milk
constituents. Method of Near-Infrared Spectroscopy allows to control milk in a stream; this
technology is actual for today’s industry.
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However, it should also be noted that devices that implement the principle of
reflectance spectroscopy in the NIR region require calibration and are expensive ($5,000 -
$100,000).

Table 6
Values of coefficients of correlation between separate components of milk which were
determined by chemical and NIR methods [13]

Component Fat Protein Non-fat Solids Total Solids
Fat - 0.036 0.084 0.910
Protein 0.036 - 0.519 0.123
Non-fat Solids 0.084 0.519 - 0.200
Total Solids 0.910 0.123 0.200 -
Conclusions

The method of Infrared Spectrophotometry requires diluting samples and can be
used in laboratory conditions. Method of Near-Infrared Reflectance Spectroscopy provides
fast and non-destructive testing of milk composition with high accuracy and can be used in
dairy industry to estimate the composition of the milk on the conveyor, in a stream.
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Introduction. This study was conducted to determine the
effect of different pasteurizing temperatures on the microbial
quality of raw milk samples from different breeds.

Materials and methods.The raw milk samples were
analyzed chemically for pH in the range of 5.670 to 3.240 and
microbiologically for Total Viable Counts, Coliform Counts,
Fecal Coliform Counts, and Lactobacillus Counts, for all
treatment combinations. These samples were pasteurized at
pasteurized at 71°C for 15seconds, 66°C for 15minutes and
61°C for 30minutes collected from White Fulani breed, New
Jersey breed and the breed mixture (White Fulani and New
Jersey) using pasteurizer made of aluminium, stainless steel
and galvanized steel

Results and discussion. Mean results of TVC, CC, FCC,
LBC for White Fulani before pasteurizing were in the range of
6.833x10° -0.000 Cfu/ml and FC (2433 x 10°Cfu/ml)
respectively and that of New Jersey were within 7.800x10° -
0.000 Cfu/ml and FC (0.115 x 10°Cfu/ml) respectively, also
that of the breed mixture were within 9.400x10° -0.000 Cfu/ml
and FC (5.167x10°Cfu/ml). The mean counts was decreased
for aluminium, stainless steel and galvanized steel pasteurizer
at the temperature and microbial range of 61°C-71°C and for
TVC(7.233-1.400  Cfu/ml), CC(5.633-0.000  Cfu/ml),
FCC(3.033-0.000Cfu/ml), LBC (3.000-0.000Cfu/ml), FC
(5.033-1.000Cfu/ml) for the White Fulani and was also
decreased for the New Jersey at the same materials and
temperature combinations for TVC(6.533-1.800 Cfu/ml),
CC(4.800-1.233 Cfu/ml), FCC(0.000-0.000 Cfu/ml), LBC
(1.800-0.000Cfu/ml), FC (3.833-1.033Cfu/ml). Finally, the
microbial counts was also decreased for the breed mixture at
the same materials and temperature combination for
TVC(5.800-1.200  Cfu/ml), CC(4.300-1.000  Cfu/ml),
FCC(0.000-0.000 Cfu/ml), LBC(1.033-0.000 Cfu/ml) and
FC(3.300-1.200 Cfu/ml).

Conclusion. Raw milk samples should be pasteurized at
atemperature of 71°C in a stainless steel for 15 seconds in
order to record a low bacterial counts.
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Introduction

Milk is a nutritious food for human beings. It also serves as a good medium for the
growth of many microorganisms such as Staphylococcus and Coliform. Bacterial
contamination of raw milk can originate from different sources, including low quality raw
milk, improper refrigeration and an inadequate packaging system. Raw milk deteriorates in
few days and pasteurized milk with high temperature short time treatment (HTST) has a
shelf life of about seven days. Contaminations of raw milk and the consequent high
bacterial count in milk originates from milking wet dirty udders, the milking system used,
the cooling and storage temperature and the holding time [1].

Milk harbors a complex microbial community, including microorganisms of industrial
importance, that possess health-promoting features and that are of concern from a food
quality or safety perspective. Thus, the milk microbiota is the focus of constant attention.
The microbial composition of milk is influenced by several different parameters such as, in
the case of raw milk, the microorganisms present in the teat canal, on the surface of teat
skin, in the surrounding air, in feed, as well as other environmental factors including
housing conditions, the quality of the water supply, and equipment hygiene[2] .

Raw milk is milk in its natural (unpasteurized) state. Contaminated raw milk can be a
source of harmful bacterial, such as those that cause undulant fever, dysentery,
salmonellosis and tuberculosis. “Certified” milk, obtained from cows certified as healthy is
unpasteurized milk with a bacterial count below a specified standard, but it still can contain
significant numbers of disease producing organisms. Different heat and treatments are
given to raw milk in order to remove pathogenic organisms to increase the shelf life, to help
subsequent processing. For example, for warming before separation and homogenization or
as an essential treatment before cheese making, yoghurt manufacture and production and
production of evaporated and dried milk products[3] . Batch (or “vat”) pasteurization is the
simplest and oldest method for pasteurizing milk. Milk is heated to 154.4°F (63°C) in a
large container and held at that temperature for 30minutes. This process can be carried out
at home on the stove top using large pot or, for small scale dairies with steam-heated kettles
and fancy temperature control equipment. In batch processing the milk has to be stirred
constantly to make sure that each particles of milk is heated.

Ultra-high temperature (UHT or ultra-heat treatment) is also used for milk treatment.
UHT processing holds the milk at a temperature of 138°C (250°F) for a fraction of a second.
Milk simply labeled “pasteurized” is usually treated with the HTST (high temperature short
time) method, whereas milk labeled “ultra-pasteurized” or simply “UHT” has been treated
with the UHT method [4] . The problem of post treatment contamination of “in container”
sterilized product can either be through “poor seal” or through “pin hole” in the container.
Post treatment contaminants in UHT milk may be either by spores which would not be
expected to be heat resistant enough to survive the heat treatment or non-heat resistance
vegetative organisms. Organisms of the first type will probably have entered from the
ineffective sterilization of plant downstream from the heat treatment stage of the process,
which includes spores of Bacillus cereus [5]

Contamination of raw milk from cow can be as a result of the introduction of foreign
materials into the milk before or during the milk production, by pathogens through vectors,
humans and flies or disease causing organism like bacterial. Also, contamination can occur
after the pasteurization of raw milk product through careless handling of the product in an
unhygienic environment.
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Therefore, certain requirements should be fulfilled in order to produce safe and clean
milk. These requirements include: clean milking and cooling of milk immediately after
transference of milk to processing in ideal plants with strict quality control [1].

Pasteurization is done locally using temperature which cannot be quantified, therefore
there is need for a thermocouple heater which can be used to stabilize and quantify the
different pasteurizing temperature, and it will reduce labor cost. This is also expected to
lower the microbial counts compared to the unpasteurized milk.

Materials and methods

The various material and devices used in this work and the basis of their selection as
well as some of their standard properties are discussed as follow.

Heating Medium. An electric stove with an AC voltage of 220V, a frequency of
50/60Hz and a thermal coil element rating of 1000w was selected for heating the milk at
regulated temperatures. The cost of the stove is relatively cheap and it is available and can
provide the desired power rating required.

K-type Thermocouple. The thermocouple is a sensor attached to the material and
connected to a temperature regulator. It senses the temperature of the milk and conveys this
information to the regulator which then adjust the temperature if necessary to a
predetermined set point. The K-type (Chromel - Alumel) was selected because of unlike
other types of thermocouples (B, C, E, J, N, R, S, T types), it is well suited for oxidizing
atmospheres; that is, it resist corrosion and has a useable temperature range of 95°C to
1260°C. It is has a good degree of sensitivity of 39uV/°C, durable and readily available
(Watlow, 2015).

Temperature Controller. The temperature controller is a device used to maintain the
desired temperature for the different pasteurization treatments of the milk. It was selected
because of the need to maintain the different temperatures for specific periods. It works on
the principles of a temperature control loop. The sensor (k-type thermocouples) measures
the temperature of the milk to be controlled and converts the measured value into a travel
signal. The information is received by the regulator and compared to the set point
(pasteurizing temperature) and make adjustment when necessary.

General Description of the Experimental Setup and the Working Principle. The
experimental or design setup consist of different material (aluminium, stainless and steel
pots) in which the milk is poured. Stirrers are from the top attached to these mediums to
allow uniformity in heat transfer while heating the different raw milk samples to be tested.
A K-type thermocouple is also attached to the materials; for the purpose of sensing the
temperature difference during the milk heating and to relate the sense heat to the controller.
The controller then makes necessary adjustment after comparing it to the preset temperature
to prevent over or under heating of the milk. The heater to be used is also connected to the
controller in order to regulate the amount of power to be supplied to it when necessary. If
the heat transferred by the heater to the materials is high enough that the milk temperature
gets to a set point as relayed by the thermocouple, the controller stops the power supply and
once there is a slight drop in the temperature, the controller immediately supply power to
maintain the set point. The controller terminals are connected to a power source through the
socket outlet.
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Figure 1. Exploded view of the experimental set up:
1 — Container/Port, 2 — Electric heater, 3 — Lid, 4 — Stirrer, 5 — Temperature regulator,
6 — Thermocouple, 7 — Electric heater cable, 8 — Connecting probe, 9 — Connecting probe wire

Milk from the New Jersey breed already undergo basic preparation process like
clarification carried out in a clarifier at shonga farm holdings after being collected from a
rr(l)ilking machine. It is transported down in an ice van to maintain it temperature at 3°C to
5°C.

Preparation of culture Media. The media to be used for this analysis are Nutrient
Agar (NA) for total bacteria, Mac Conkey agar for enumeration of coliform bacteria, Eosin
Methylene Blue agar for fecal coliform enumeration, Demann Rogossa Sharpe agar for
enumeration of lactobacillus, Yeast Extraction agar for enumeration of yeast and Potato
Dextrose Agar (PDA) for enumeration of fungi. count. The said culture media were
prepared in line with the manufacturer’s instruction. The colonies were counted and
associated microorganisms were isolated, characterized and identified according to the
techniques described by[7] in the laboratory manual of microbiology.

Sensitivity Analysis. The effect of different pasteurizing temperature and materials on
the fungi and bacterial counts of raw milk samples would be investigated using ANOVA at
p < 0.05 and the level of significant means would be further evaluated using Duncan’s
Multiple Range Test (DNMRT).
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Results and discussion

It can be deduced from table 1 that after the pasteurization process, aluminium
material had high average bacterial count of 7.23 x 10° for TVC, 5.37 x 10> for CC, 0.00 for

FCC and LBC and 5.03 x 10°Cfu/ml for FC respectively at 71°C. This indicates an increase

in the microbial load of the raw sample which had an initial average count of 6.83 x 10’ for
TVC, 5.3 x 10’ for CC, 0.00 for FCC and LBC and 2.43 x 10* Cfu/ml for FC respectively.
This post treatment contamination could be through “poor seal” or through “pin hole” in the
container used in conveying the milk samples to the laboratory after pasteurization or
ineffective heat treatment of heat resistance organisms [5].

Also, comparing the raw and control samples from table 1, it shows that besides
aluminium material which shows contamination at 71°C for White Fulani breed only, the
remaining samples had a decreased microbial load, showing the effect of pasteurization.
Furthermore, it can be added that the reason for the very high microbial counts in the raw
milk samples was due to the microorganisms present in the teat canal, on the surface of teat
skin, in the surrounding air, in feed, as well as other environmental factors including
housing conditions of the dairy animal [2], while that of the locally pasteurized samples
(nono) could be due to the quality of the water supply, and equipment hygiene used in
milking The results in table 1 also showed that depending on the materials and the
temperature applied in the pasteurization process, there are variations in total viable count
of the pasteurized milk from the various source. Similarly, variances were also observed in
coliform count of the pasteurized milk from the different source along the various levels of
applied temperature and materials. Similar observation also exist for faecal coliform count,
LB count and fungi count. These may imply that fungal count of milk pasteurized using the
selected applied temperature and in the different materials were not same with regard to the
milk source. Raw milk pH ranges from 6.4 to 6.8, with an average pH of 6.6 making it
slightly acidic. It is a complex biological fluid and by its nature, a good growth medium for
many microorganisms. Most bacteria especially in milk normally grow within the
neutrophilic pH. The pH of raw milk therefore plays an important role as it has an effect on
the distribution and growth rate of microorganisms in the milk [8]. In this research work,
the pH ranges within 5.67 to 3.240 which would also have supported the total growth of
microorganisms present.
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Table 1
Summary statistics of the data generated

Materials Temperatures | Source pH TVC | CC FCC | LBC | FC
White Fulani | 4.640 | 4.233 | 2.500 | 3.033 | 0.000 | 3.200
61 New Jersey 4.760 | 4.200 | 3.000 | 0.000 | 0.000 | 2.833
Mixture 4950 | 4.267 | 1.133 | 0.000 | 0.000 | 1.300
White Fulani | 4.600 | 6.300 | 5.633 | 0.000 | 0.000 | 3.133
Aluminium | 66 New Jersey 4.950 | 6.533 | 4.800 | 0.000 | 0.000 | 3.167
Mixture 4370 | 1.233 | 1.100 | 0.000 | 1.033 | 1.233
White Fulani | 4.550 | 7.233 | 5.367 | 0.000 | 0.000 | 5.033
71 New Jersey 5.010 | 3.767 | 2.100 | 0.000 | 0.000 | 3.833
Mixture 5.120 | 2.100 | 1.500 | 0.000 | 0.000 | 3.300
White Fulani | 5.400 | 1.400 | 1.133 | 0.000 | 0.000 | 1.800
61 New Jersey 4.530 | 1.800 | 1.233 | 0.000 | 0.000 | 1.833
Mixture 4.730 | 5.200 | 3.800 | 0.000 | 2.400 | 1.200
. White Fulani | 4.870 | 3.033 | 2.233 | 0.000 | 3.000 | 1.233
g:il‘l"ess 66 New Jersey | 4.620 | 2.700 | 2.000 | 0.000 | 1.800 | 1.033
Mixture 4.600 | 1.600 | 1.000 | 0.000 | 0.000 | 1.500
White Fulani | 4.490 | 3.500 | 2.867 | 0.000 | 0.000 | 2.067
71 New Jersey 4.420 | 2.033 | 1.400 | 0.000 | 0.000 | 1.200
Mixture 5.060 | 1.400 | 1.033 | 0.000 | 0.000 | 1.233
White Fulani | 3.510 | 2.800 | 2.133 | 0.000 | 0.000 | 1.000
61 New Jersey 3.240 | 3.067 | 2.500 | 0.000 | 2.833 | 1.633
Mixture 4250 | 2.333 | 1.700 | 0.000 | 0.000 | 2.100
. White Fulani | 4.080 | 1.800 | 1.200 | 0.000 | 0.000 | 2.067
gilevla“‘zed 66 New Jersey | 5.630 | 4233 | 3367 | 0.000 | 0.000 | 2.700
Mixture 4.130 | 5.800 | 4.300 | 0.000 | 0.000 | 2.800
White Fulani | 4.640 | 3.700 | 2.433 | 0.000 | 0.000 | 2.467
71 New Jersey 3.290 | 2.500 | 1.800 | 0.000 | 2.667 | 1.167
Mixture 4.560 | 1.200 | 1.000 | 0.000 | 0.000 | 1.633
White Fulani | 6.833 | 5.300 | 0.000 | 0.000 | 2.433 | 5.670
Raw New Jersey 7.800 | 5.533 | 0.000 | 0.000 | 3.800 | 4.520
Control Mixture 9.400 | 6.833 | 0.000 | 0.000 | 5.167 | 4.750
White Fulani | 9.567 | 7.900 | 0.000 | 0.000 | 3.500 | 3.420
Fermented New Jersey 8.700 | 6.200 | 0.000 | 1.867 | 3.733 | 3.480
Mixture 9.800 | 8.233 | 0.000 | 0.000 | 3.300 | 4.390

Materials (M1 = Aluminium, M2= Stainless steel, M3= Galvanized Steel), Temperature (T1=71°C,
T2=66°C, T3=61°C) and Source (S1=White Fulani, S2= New Jersey, S3=Mixture), RAW S1 =White
Fulani Breed Raw Milk Sample, RAW S2= New Jersey Breed Raw Sample, RAW S3= Mixture of
White Fulani and New Jersey Breed Raw Sample, FM S1 =Fermented /Nono Milk for White Fulani
Breed, FM S2 =Fermented/Nono Milk for New Jersey Breed, FM S3 =Fermented/Nono Milk for the
Mixture of White Fulani and New Jersey Breed, TVC =Total Viable Counts, CC= Coliform Counts,
FCC= Fecal Counts, LBC=Lactobacillus Counts, FC= Fungi Counts, Cfu= Colony Forming Unit, R1,

R2 and R3= First, Second and Third replicates respectively.
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.Table 2
Multivariate analysis of variance for measured parameters
Dependent Sum of Mean .
Source Variable Squares df Square F Sig.
TVC 52.572 2 26.286 1936.000 0.000*
CC 18.631 2 9.316 5390.000 0.000*
M FCC 2.045 2 1.022 8281.000 0.000*
LBC 6.763 2 3.382 9130.000 0.000*
FC 33.745 2 16.873 2485.000 0.000*
TVC 5.844 2 2.922 215.164 0.000*
CC 8.889 2 4.445 2571.000 0.000*
T FCC 2.045 2 1.022 8281.000 0.000*
LBC 1.886 2 0.943 2546.000 0.000*
FC 4.290 2 2.145 315.873 0.000*
TVC 13.460 2 6.730 495.555 0.000*
CC 13.603 2 6.802 3935.000 0.000*
S FCC 2.045 2 1.022 8281.000 0.000*
LBC 3.737 2 1.868 5044.000 0.000*
FC 5.429 2 2.714 399.764 0.000*
TVC 7.458 4 1.865 137.300 0.000*
CC 10.610 4 2.653 1535.000 0.000*
MT FCC 4.089 4 1.022 8281.000 0.000*
LBC 15.401 4 3.850 10400.000 0.000*
FC 15.796 4 3.949 581.591 0.000*
TVC 43.203 4 10.801 795.323 0.000*
CC 38.434 4 9.608 5559.000 0.000*
MS FCC 4.089 4 1.022 8281.000 0.000*
LBC 17.862 4 4.465 12060.000 0.000*
FC 12.399 4 3.100 456.518 0.000*
TVC 53.066 4 13.267 976.905 0.000*
CC 22.067 4 5.517 3192.000 0.000*
TS FCC 4.089 4 1.022 8281.000 0.000*
LBC 7.628 4 1.907 5149.000 0.000*
FC 4.815 4 1.204 177.273 0.000*
TVC 56.320 8 7.040 518.402 0.000*
CC 33.580 8 4.198 2429.000 0.000*
MTS FCC 8.179 8 1.022 8281.000 0.000*
LBC 28.387 8 3.548 9581.000 0.000*
FC 3.448 8 0.431 63.477 0.000*
TVC 0.733 54 0.014
CC 0.093 54 0.002
Error FCC 0.007 54 0.000
LBC 0.020 54 0.000
FC 0.367 54 0.007
TVC 1131.990 81
CC 604.820 81
Total FCC 27.610 81
LBC 102.640 81
FC 450.210 81

*Significant at 5% level

M=Materials (M1=Aluminium, M2=Stainless steel, M3=Galvanized Steel), T=Temperature (T1=71°C,
T2=66°C, T3=61°C) and S=Source (S1=White Fulani, S2= New Jersey, S3=Mixture), MT= Material and and
Temperature Combination, MS= Material and Source Combination, TS=Temperature and Source Combination,
MTS= Material, Temperature and Source Combination, TVC=Total Viable Counts, CC=Coliform Counts,
FCC=Feacal Counts, LBC=Lactobacillus Counts, FC=Fungi Counts, df= degree of freedom.
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Table 2 showed the analysis of variance test. The analysis of variance test shows the
effect of the measured parameters on microbial counts of pasteurized milk. The test shows
that pasteurized milk using the three selected materials (aluminum, stainless and steel)
under the three selected applied temperature had significantly different total viable count,
coliform count, faecal coliform count, LB count and fungal count at 5% level. The source
of the milk was also a function of the variances observed and lastly the interactions between
study parameters were also significant at 5%. The bacterial count is a useful method to
measure milk quality, a bacterial count ranging between 9x10° - 9x10° Cfu/ml is
acceptable[9], and the mean standard plate count of raw milk is 1.29x10° cfu/ml
(Ramanjaneyulu, 1985). From the summary statistics, i.e. table 4.3 and table 4.4, the mean
results of TVC, CC, FCC, LBC, FC and pH for White Fulani breed before pasteurizing
were 6.833 x 10°, 5.300 x 10°, 0.000 x 10°, 0.000 x 10°, 2.433 x 10’ Cfu/ml and 5.670
respectively and that of New Jersey breed were 7.800 x 10°, 5.533 x 10° , 0.000 x 10°,
0.000 x 10°, 3.800 x 10° Cfu/ml and 4.520, also that of the breed mixture were 9.400 x 10°,
6.833 x 10°, 0.000 x 10°, 0.000 x 10°, 5.167 x 10° Cfu/ml and 4.750. Therefore, according
to [10], it shows that the average initial count before pasteurizing is within acceptable range
The mean counts was decreased for aluminium, stainless steel and galvanized steel
pasteurizer at the temperature and microbial range of 61°C-71°C within range of 7.233 x10°
to 0.000 Cfu/ml for the bacterial count and 5.67 x 10° Cfu/ml to 1 x 10° Cfu/ml for the
fungi count. Also, the pH was decreased in the range of 5.67 to 3.240. Therefore,
according[9] it is acceptable at significant difference of 5%.

The new Duncan multiple range test on Table.3 shows the different mean values of the
fungal counts in the materials assuming all other parameters were fixed. It can be inferred
from Table 3 that the total viable count of pasteurized milk in aluminum was significantly
higher than those of stainless steel and galvanized steel irrespective of the applied
temperature and or source of the milk. The total viable count observed in stainless steel was
statistically different from that observed in galvanized steel material. The mean coliform
count of pasteurized milk in aluminum material was 3.015 x 10°Cfu/ml and this value was
significantly higher than the coliform count of 2.270 x 10°Cfu/ml and 1.856 x 10°Cfu/ml
observed in galvanized steel and stainless steel respectively. Fecal coliform count was only
observed in milk pasteurized in aluminum material. Milk pasteurized using galvanized steel
and stainless steel material had significantly higher LB count than milk pasteurized in
aluminum. Lastly, fungal count was higher in milk pasteurized in aluminum than those of
stainless steel and galvanized steel.

The total viable count of pasteurized milk at temperature of 66°C (3.693 x 10°Cfu/ml)
was significantly higher than the total viable count observed 61°C (3.256 x 10°Cfu/ml) and
that observed at 71°C (3.048 x 10°Cfu/ml) on the average irrespective of the source and
material used. Milk pasteurized at 66°C also had higher coliform count compared to those
pasteurized at the other two levels of the temperature use (see Table 4.5). Similarly, milk
pasteurized at 66°C had statistically higher LB count (0.648 x 10°Cfu/ml) than those
pasteurized at 61°C and 71°C respectively. Also the fungal count of milk pasteurized at
71°C was significantly higher (2.437x 10°Cfu/ml) compared to the fungal count of milk
pasteurized at 66°C and at 61°C.

The white Fulani had significantly higher total viable count (3.778 x 10°Cfu/ml) than
all other milk used in the experiment after pasteurization and this was followed by the New
Jersey total viable count of 3.426 x 10°Cfu/ml. The mixture of the two milk sourced from
white Fulani and the New Jersey had the lowest total viable count. Table 4.3 also shows
that white Fulani milk had significantly higher coliform count when pasteurized compared
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to New Jersey and the mixture of the two. Again this was followed by the New Jersey with
a coliform value of 2.467 x 10°Cfu/ml. The coliform value of mixture was 1.841 x
10°Cfu/ml. Similar trend was also observed for the faecal count. However, the LB count of
New Jersey was significantly higher than all Fulani and the mixture.

Table 3
Multiple comparison using the new duncan range test

TVC | CC FCC | LBC | FC

Aluminum 4.430a | 3.015a | 0.337a | 0.115a | 3.004a
Materials Stainless steel 2.519b | 1.856b | 0.000b | 0.800b | 1.456b
Galvanized Steel | 3.048c | 2.270c | 0.000b | 0.611c | 1.952¢c

61 3.256a | 2.126a | 0.337a | 0.582a | 1.878a
Temperature | 66 3.693b | 2.848b | 0.000b | 0.648b | 2.096b
71 3.048c | 2.167c | 0.000b | 0.296¢ | 2.437c
White Fulani 3.778a | 2.833a | 0.337a | 0.333a | 2.444a
Source New Jersey 3.426b | 2.467b | 0.000b | 0.811b | 2.156b
Mixture 2.793c | 1.841c | 0.000c | 0.382a | 1.811c

Mean with the same alphabet are not significantly different from each other
TVC =Total Viable Counts, CC= Coliform Counts, FCC= Feacal Counts, LBC=Lactobacillus
Counts, FC= Fungi Counts

Graphical illustrations of the fungal counts of pasteurized milk disaggregated by
temperature and milk source.

TVCx10 ° Cfu/ml
E-N [3,] » ~ (-]

0 i
White Mixture | White New |Mixture | White Mixture
Fulani Fulani | Jersey Fulani
61 66 71
Temperature/Milk Source
B Aluminum O Stainless O Steel

Figure 1. Chart showing the graphical illustration of the total viable count in applied
temperature and milk Source
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Figure 3. Chart showing the graphical illustration of the LB count in applied temperature and
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Figure 4. Chart showing the graphical illustration of the fungal count in applied temperature
and milk source

It could observed that at 61°C, aluminium has the highest fungi count (5.55%) of the
total fraction for the White Fulani breed then followed by stainless steel (3.12%) and
galvanized steel (1.73%), then same trend in the New Jersey breed also followed with
aluminium (4.98%), stainless steel (3.18%) and galvanized steel (2.83%). This was reduced
in the breed mixture where galvanized steel (3.64%) has the highest fungi count, then
aluminium (2.25%) and stainless steel (2.08%) at the same temperature. Also, at 66°C
aluminium material showed the highest FC both in the local (5.49%) and the foreign breed
(5.43%) of the total fraction, which is then followed by galvanized steel (3.58%, 4.68% and
4.85%) for the White Fulani, New Jersey and the breed mixture respectively, leaving
stainless steel with the least count of (2.14%, 1.79% and 2.6%) for the local breed, foreign
breed and breed mixture respectively. Finally, at 71°C, aluminium has the highest count
(8.72%, 6.64% and 5.72) for the White Fulani, New Jersey and the breed mixture
respectively. For stainless steel, the percentage count were (3.58%, 2.08% and 2.13%) for
the White Fulani, New Jersey and the breed mixture respectively, and for the galvanized
steel the percentage count of the whole fractions are; 4.28%, 2.02% and 2.83% for the
White Fulani, New Jersey and the breed mixture respectively. In this study, stainless steel
showed the lowest microbial growth probably due to it thermal properties or density. It
could be the same reason why it is preferred by farmers for milk storage as reported by

[11].

Conclusions

It can be concluded that within the scope of this research, in order to get a low
bacterial counts, the temperature of 71°C should be used for pasteurizing using a stainless
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steel for 15second indicating high temperature short time pasteurization. Also, in order to
get a low fungi counts, the temperature 61°C should be used for pasteurizing using a
stainless steel for 30minutes. It can also be concluded that the milk sourced from the New
Jersey breed (foreign breed) will cause little health risk compared to the locally sourced
white Fulani breed.

10.

11.

12.
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Introduction. Immature harvesting, latex burn and poor
postharvest handling practices result in high postharvest
losses of mango fruit. Traditionally, Harvesting of mangoes
usually takes place before the fruit begins to ripen.
Prolonging mango harvesting in order to collect fruits of
different maturity stages helped to characterize and analyze
their aptitude in regards to ripening.

Materials and methods. Chemical parameters which
have established some usefulness for decisive maturity of
the fruit before harvest are the solid content, acidity,
carbohydrate content, volatile compounds, vitamin content,
sugar and phenolic constituents. Physical parameters, such
as shape and size, surface and flesh color and hardness,
shoulder development, specific gravity, heat units have been
used. None of these parameters are foolproof methods for
determining internal quality of the fruit.

Result and discussion. This situation acquires more
complicated when different varieties are involved.
Assessing maturity requires a combination of parameters
coupled with considerable experience. Therefore, variations
in fruit maturity are bound to be inevitable in commercial
harvest using existing practices. Artificial stimulated
ripening could result in poor quality mango fruit. Therefore,
harvesting at optimum stage of maturity using maturity
indices is extremely important. In different countries
numerous studies have been carried out to determine the
optimum stage of maturity for harvesting of mango fruit.
The criteria used are based on physical characters, chemical
constituents and respiratory pattern. The decision as to time
of harvest for a given fruit must be made to provide margin
of safety for marketing and to supply the consumer with
fruit of good quality. This situation must be improved in
order to compete in the profitable export and local
marketing of mango.

Conclusion. Emulating the manual judgment of maturity
which involves pressing the fruit with fingers, by measuring
the fruit response & color, may provide a reliable method
closely related to consumer acceptance.
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Introduction

Mango (Mangifera indica) is produced in most frost free tropical and sub-tropical
climates. About 100 countries grow mangoes, about 80% of production comes from the top
nine countries in order of production i.e., India, China, Indonesia, Mexico, Thailand,
Pakistan, Brazil, Philippines and Nigeria. The main exporting nations include Mexico (23%
of production), Brazil (14.3%), Pakistan (3.2%), Peru (10.3%) and India (9.71%). The
largest importing destinations are the European community (34%), USA (20%), Arabian
Peninsula (14%) and Asia (27%) (FAO STAT, 2005). Mango is one of the major fruits of
Pakistan which is mainly grown in the Punjab and Sindh provinces. Mango season starts
with harvest from Sindh province in late May and finishes in Punjab in late August. Major
mango varieties grown are Sindhri and Chounsa whereas other varieties Dosehri, Malda,
Swarnarika, Langra, Siroli, Alphonso, Gulab Khas, Fajri, Golden, Anwar Ratol and Began
Phali are also grown in some parts of the Sindh and Punjab provinces. Sindhri is mainly
grown in Sindh as against Chounsa which dominates in Punjab, both are deliberated by
industry as good varieties in terms of perception in the domestic and international markets
(PHDEB, 2005).

The decline in export of mangoes can be attributed to lack of proper post-harvest
handling which is yet a significant reason of poor quality of this fruit. Factors such as a fruit
shelf life, ripening and low temperature storage facilities available at the export destination
and good agricultural practice certification are significant limitations to the trade.
Moreover, farmers are not able to decide the proper time of fruit maturity. Despite
stronghold in global production, leading mango producing countries are not the market
leaders. Pakistan enjoys fourth position in the mango exporting countries, contributing
about 9% in global mango exports. Mexico standing fifth in the mango-producing
countries, occupies first position in mango exporting countries and enjoys 23% share in
global mango exports followed by India and Brazil which contribute 17% and 12%
respectively. (FAO STAT, 2007).

Mango being a climacteric fruit possesses a very short shelf life and reaches to
respiration peak of ripening process on 3 or 4 day after harvesting at ambient temperature.
Fruit fly infestation is one of the major factors affecting exports of mango from Pakistan.
All major mango varieties especially chounsa, sindhri and other late season mango varieties
in Pakistan are prone to fruit fly infestations. In the global market the attractiveness of
mango is owing to its stunning colour, striking fragrance, pleasing flavour, good taste and
healthy nutritional profile. While considering the losses of mango fruit after harvesting
especially considering the developing countries, then the post-harvest losses of other fruits
are extremely conspicuous. The losses are basically due to the mango fruit harvesting at
inappropriate maturity, offensive field handling, chilling injury, fruit softening, mechanical
injure, decay of mango fruit, squishy tissue, sap burn and pest or disease damage. The basic
nutritive and quality losses occur due to poor harvesting, rigid fruit packing, by using
inappropriate transportation and meager field management. (Narayana et al., 1996).

Ability of exporters to comply with the requirements of importing countries has
established their stronghold in mango exports. Export of mango from Pakistan is highly
concentrated in few markets. Major markets for Pakistani mangoes include United Arab
Emirates, Saudi Arabia and Oman. Increased shipping facilities at cheaper rates, flexible
and less stringent food safety requirements are other factors affecting export of mangoes in
these markets. Although, Pakistan is one of the leading producers of mango, it is unable to
harvest its full potential for exports. Traditional varieties of mango, improper orchard
management, poor post-harvest handling, marketing practices and lack of compliance to
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international standards are some major factors which have set limits in the expansion of
mango exports from Pakistan. Many Importers in the developed markets particularly
demand traceability of food along with compliance to HACCP, Euro-GAP, Global GAP
and other standards. Mango requires careful handling in the supply chain. Controlled
temperature, proper packaging and transportation in reefers determine freshness of mango
and its shelf life. Infrastructural development (particularly roads and storage) can enhance
marketing efficiency of this delicate fruit. International market for mangoes is characterized
by increasing competition due to supplies coming from various geographical sources
throughout the year. As such, export of mango is very competitive at the global level and
demands improvement in the production and marketing systems in line with changing
requirements of the international markets.(PHDEB, 2005). Countries which developed this
capability overtime have surpassed others in the export of mangoes.

Poor post-harvest management affects quality and volume of marketable surplus.
These factors caused huge post-harvest losses which ranged from 25-40% of total mango
production in the country. Current status of infrastructure is identified as one of the major
reasons for these losses as significant portion of national highways is in poor condition
significantly adding to transportation cost thus reducing export competitiveness of the
country in international market especially for perishable products. Limited shelf life is
another reason limiting export of mangoes from Pakistan mainly in the Middle Eastern
markets. As such, export to distant markets is lifted increasing marketing cost and reducing
competitiveness of Pakistani mangoes as compared to other mango exporting countries.
Enhancing shelf life and developing sophisticated storage techniques are suggested as
possible measures to increase export of mangoes from Pakistan. (PHDEB, 2005).

Quality of fruit consists of various attributes and is defined differently by various
researchers. One of the major quality characteristics, however, which is directly related to
consumer acceptance, is the fruit maturity at harvest. While in general usage, "mature" is a
term that is synonymous with "ripe," most postharvest technologists consider "mature" to
the stage at which a commodity has reached sufficient development that after harvesting
and postharvest handling, its external and internal quality will be at least the minimal
acceptable. External fruit maturity indices such as color, size, and shape provide only
approximate information on the internal quality characteristics. If an immature mango fruit
is harvested, it will not ripen at all, or ripe improperly. On the other hand, an over-ripe
mango fruit will decay rapidly after harvest. In addition, mangos on the same tree mature at
different times, making harvesting at the right time a handicap for farmers, exporters. An
optimal index of maturity for harvest is especially crucial for fruit destined for export
because of the long shelf-life required. Consumers generally prefer to buy ripe fruits, and it
is important to maintain a consistent quality of fruit on the shelves. (Medlicott et al., 1988).

Ripening process takes place within 9-12 days postharvest at ambient temperature,
depending on cultivar and stage of fruit maturity at harvest. Mango fruit are usually
harvested at the green stage (unripe) when they are physiologically mature but before the
onset of the climacteric rise. Mature hard green mango fruit attains superior eating quality
when ripe while immature ones do not. Therefore, discrimination between mature and
immature fruit at harvest and measurement of harvest quality of hard green mango fruit is
very important from the marketing point of view. The process of mango fruit involves
numerous biochemical changes including increased respiration, ethylene production, fruit
softening, and development of pigments, metabolic activities leading to changes in
carbohydrates, organic acids, lipids, phenolics, volatile compounds, structural
polysaccharides and softening of texture to acceptable quality (Gomez-Lim, 1997). The
ripening time greatly depends on the maturity stage of fruits at the harvest. Fruits harvested
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at a less mature stage stay green for a long time before ripening, than those harvested later.
This fact is apparently typical of climacteric fruits, and has been observed on many
cultivars of mango (Baldwin, 1999).

Harvesting fruit at optimum maturity to maximize the eating quality when ripe has
traditionally been done using visual signals from fruit shape internal flesh colour and skin
colour. Some visual signals are weak, making maturity determination difficult in immature
fruit. Over recent years several instruments and methods have been developed. Immature
mangoes do not ripen naturally. Artificial stimulated ripening could result in poor quality
mango fruit. Therefore, harvesting at optimum stage of maturity using maturity indices is
extremely important. In different countries numerous studies have been carried out to
determine the optimum stage of maturity for harvesting of mango fruit. The criteria used
are based on physical characters, chemical constituents and respiratory pattern. (Bally
2011)

Materials and methods

Chemical parameters which have established some usefulness for decisive maturity of
the fruit before harvest are the solid content, acidity, carbohydrate content, volatile
compounds, vitamin content, sugar and phenolic constituents. Physical parameters, such as
shape and size, surface and flesh color and hardness, shoulder development, specific
gravity, heat units have been used. None of these parameters are foolproof methods for
determining internal quality of the fruit.

Result and discussion

Maturity Indices. Maturation is the stage of development leading to the attainment of
physiological maturity or horticultural maturity. This stage is very important for deciding
when a given commodity should be harvested to provide marketing flexibility and to ensure
the attainment of acceptable eating quality to the consumer. Commercial maturity of a plant
or plant part is a stage of development at which those parts are ready for use by consumers
for a specific purpose (Hofman, 2009, Dhatt and Mahajan, 2007). The decision as to time of
harvest for a given fruit must be made to provide margin of safety for marketing and to
supply the consumer with fruit of good quality. There is no particular parameter for
judgment of fruit maturity. Physical, biochemical, and physiological parameters are used to
define the maturity stage for harvesting of fruits usually (Jha and Matsuka, 2000).

Maturity at harvest plays an important role for postharvest life and eating quality, in
particular for climacteric fruits where ripening is regulated by ethylene (Dhatt and Mahajan,
2007, Leliévre, 1997). Harvest date, a parameter going along with maturity of fruit,
contributes to quality and maturity of fruit. Fruits harvested at an immature stage may not
achieve normal ripening characteristics (Léchaudel and Joas, 2006). On the other hand, an
overripe fruit may deteriorate quickly after harvest (Tefera et al. 2007). Fruits take more
time for lesser mature fruits, which ripen at the same thermal regime. If fruits are harvested
too early their consumption quality is not acceptable (Bron and Jacomino, 2006). Jha et al.
(2006a) reported that the storage longevity of fruits was closely related with the level of
maturity at which the fruit was harvested. Maturity stage of fruit contributed to quality not
only of fresh fruits but also of processing products as canned and canned puree fruit (Olaeta
et al., 2003).
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Normally, several harvest indices are used to determine picking times such as size,
skin and pulp color, acidity, sugar content, flesh firmness, and calendar day from bloom to
harvest (Crane et al., 2009). Mango picked at wrong stage of maturity develops
physiological disorders in storage and exhibit poor quality in market. More over ripe
mangoes are prone to physical damage, decay and bruising. Fruit harvested before it
reaches to full maturity may not be ripened adequately after harvest, or never ripen. On the
other hand fruits harvested when over-ripe are very sensitive to bruising, decay, water loss
and quality deterioration with shorter postharvest life. In addition, fruit harvested over-ripe
shows defects, such as jelly seeds or jelly pulp very shortly after harvest, and major
quantitative and qualitative losses occur (Yahia, 1999).

Harvest in the fully mature, firm, green, pre-climacteric stage and thus shipment is due
primarily to airfreight charges, but air transport does have the advantage of speed over sea
transport. Sea transport in this condition has been recommended. Based on the degree of
ripening changes that occurs under the storage conditions, immature fruit appeared to show
extended storage capacity compared to fruit harvested at a more advanced stage of
physiological maturity (Medlicott, 1990). The apparent quality of mangoes greatly reliant
on time of harvest and maturity stages. Generally there are many parameters can be used to
determine maturity stages. These include age, size, skin colour, firmness, and smell. Mango
is a climacteric fruit, which means that its core biochemical changes happen during
respiration and it undergoes further changes after it is harvested. Volatile compounds, such
as ethylene and aromatic hydrocarbons are released during the ripening process. Generally,
during maturity stages, the fruits experience a rapid burst in ethylene release, a sharp rise in
CO; production and a decrease in oxygen levels. (Zakaria et al., 2012).

The ripening process at ambient temperature depends on the cultivar and stage of fruit
maturity at harvest. External criteria for determination of harvest maturity has led to the
search for additional parameters that are able to reflect a more reliable criterion on the basis
of which the harvested mango fruit should develop optimal organoleptic traits after
ripening. Therefore, colour of the pulp, sugar levels evaluated by soluble dry extract,
titratable acidity and external appearance of mango fruit are assessed in relation to the
maturity stage. (Lalel et al., 2003)

Fruits could be categorized into three stages of maturity; immature, half-mature and
fully mature based on the morphological characteristics. The immature fruits had the
shoulders below the pedicel insertion whereas the half-mature fruits had the shoulders in
line with the stem. The selection of adequate maturity indices is very important. The quality
during postharvest life of mango fruit is strongly dependent upon the stage of maturity at
harvest. To determine the harvest quality, accumulation of starch and dry matter (DM)
during maturation has been well defined. An increase in fruit density, or specific gravity
(SG) is well correlated with eating quality and suggested the use of flesh color or flesh
carotenoids as maturity indices. Harvest maturity of mangoes is observed by using different
methods. (Tandon and Kalra, 1983 Kapse and Katrodia, 1997; Ueda et al. 2000;
Kudachikar et al. 2001).

1.Total degree days

2.Total soluble solids (TSS)
3.Titratable Acidity
4.Firmness

5.Total Sugar

6.Skin and pulp color
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Total degree days. The minimum length of time taken for maturity of fruits varies
between 85-95 days after fruit set, but appears to be dependent on the variety and climatic
conditions. Since mango trees flower over several weeks and set. Physico-chemical
characteristics would not be useful in determining the proper maturity stage for harvesting
from one plantation or even from one tree on commercial basis. Mangoes of same variety
take different time to set. Harvesting usually takes place after 15-16 weeks of fruit set
when they are physiologically mature. It seems as a better index of maturity provided the
number of days from flowering to fruiting. recorded some external properties such as the
numbers of days after full bloom (DAFB) or days after fruit set (DAFS), shoulder growth,
peel color, and an existence of powdery material called “bloom” on the fruit surface;
however, these properties may not have a direct impact on the eating quality. On the other
hand, chemical properties such as starch or DM might be more appropriate as they are
directly related to the eating quality. Nevertheless, measuring the chemical properties is
invasive, and thus prohibits the use of the same sample to evaluate eating quality. Due to
environmental fluctuations, it varies considerably from one year to year, location to
location. It varies from variety to variety such as for ‘Dasheri’ and ‘Langra’ 84 days and for
‘Chausa’ and 105 days. (Kosiyachinda et al. 1984; Amarakoon et al., 1999; Saranwong et
al. 2004; Anon, 2006).

Color. Development of specific colour of skin & pulp observed for Mango at optimum
stages of maturity could be used as an index to determine the stage of harvesting. Even
though development of light green color at latter stages of maturity observed. During
ripening of the fruits harvested at the optimum stage of maturity, a marked increase in the
intensity of yellow colour and reddish yellow colour is observed. Disappearance of
chlorophyll from the peel and change of colour from green to red are closely linked to the
respiratory action. These changes are due to destruction of chlorophyll thereby revealing
the carotene and xanthophyll. There is a change in flesh color during maturation but not
noticed to relate with eating quality. Moreover, using flesh color as a harvest index might
easily lead to problems with immature fruit. (Amarakoon et al., 1999).

Although skin is the non-edible portion of mango, the mangoes of some varieties
contained skin significantly different from others. A gradual increase in weight of stone is
also observed with the increase of maturity. The seed (stone) content of some variety differs
significantly from others. In ripe stage, Fazli and Gopalbhog have 11.2 % and 13.1 % seed
respectively which had analysed statistically and LSD results found significant both at 0.05
% Levels. The inapplicability of fruit density was due to the relatively small air cavity
between the seed and endocarp in this cultivar, as it is the main cause of density change in
other mangoes (Jaipet et al., 1987).

Total Soluble Solids, Titratable Acidity and pH. Sugars are the major soluble solids
in fruits, therefore TSS can be used as an estimate of sugar content. Organic acids,
aminoacids and soluble pectins also contribute to TSS. Sugar concentration is expressed in
degrees Brix. Total soluble solids (°Brix) is used in some cases as an index of quality and
maturity, and mostly as a compliment to other indices such as shoulder development and
pulp color. Mostly markets require mango to be harvested with about 9 to 11% total soluble
solids (Yahia, 1999). Average TSS of immature, mature and over mature Chaunsa fruits
observed 8.0°, 10.5° and 11.5° Brix respectively. TSS at 8 Brix have been taken as indices
for full maturity of some varieties of mango (Malik and Mazhar, 2007; Jha ef al., 2010).
The slight variation might be due to the storage conditions and variation of varieties.
Similar views were expressed by Manzano et al. (1997) who observed that temperature of
storage also affect TSS as low (14.15%) at high temperature (25°C) as compared to higher

——Ukrainian Food Journal. 2015. Volume 4. Issue 3 — 407



-Food technologies—

TSS contents (16.6%) at low temperature (12°C) during 20 days of storage. A series of
physico-chemical changes and the major changes increased in TSS content from 8.55 to
19.0 during ripening stored at 18-34°C (Doreyappa- Gowda and Huddar, 2001). Generally,
the mango fruit soluble dry extract (SDE), or soluble sugar are higher after ripening than at
harvest. After ripening, the values become double those obtained at the time of harvest. The
more the harvest time of fruits is delayed, the more the soluble dry extract increased, both
with green fruits after harvest and with full yellow ones after ripening. (Dick et al., 2009)

Fruit ripened as evidenced by decreasing acids and increasing solids for all harvest
maturities, which is typical for mango (Mitra and Baldwin, 1997). Increase in soluble
sugars is a major change during mango fruit ripening, and sweetness is the most important
compositional change related to mango flavour (Ho ef al., 1997). The increase in TSS with
storage might be due to the alteration in cell wall structure and breakdown of complex
carbohydrates into simple sugars, hydrolytic changes in starch and conversion of starch to
sugar being an important index of ripening process in mango (Kittur ef al., 2001). As for
the effect of storage period on fruit T.S.S content gradually increased with storage. This
could be due to the losses in water through the respiration and evaporation during storage
and hence the decline in fruit weight (Hussein et al., 2001)

Titratable acidity can be expressed as mixture of citric acid, malic acid and tartaric
acid.

Percent titratable acidity of Doschari mango ranged from 0.5% to 0.094% with an
average means of 0.28% during storage. Which might be due to the degradation of citric
acid or conversion into sugars and their further utilization in metabolic process in the fruit.)
who found that titratable acidity values of Alphonso mango either packed in carton or
control sample also showed a decreasing trend from 2.17% to 0.08% on 12th day when
stored at ambient temperature 27+1°C and 65% RH. (Srinivasa et al. 2002; Rathore ef al.
2007. It is evident that the TSS content increases and % TA decreases with maturity. This is
supported by the evidence that the fruits harvested at mature and half-mature stages had
higher TSS and lower TA than the immature fruits. Decrease in acidity is due to changes of
organic acids, particularly dicarboxylic and tricarboxylic acid in the kreb cycle. Acidity of
about 1% have been taken as indices for full maturity of some varieties of mango
((Medlicott ef al, 1986; Jha et al., 2010).

Kudachikar et al. (2001) stated that mango (Neelum) at Total degree days (110) after
the fruit set predicted lower pH value (3.0) and high acidity (1.9%). Later, pH slightly
increase (3.1) and acidity slightly decreased (1.5%) at 110 days after fruit set. pH of the
mangoes ranged from 2.5 to 3.5, 2.7 to 4.2 and 4.2 to 5.4 for immature, mature and ripe
mangoes respectively. The percent acidity (citric acid) ranged from 0.12 to 0.41 for the
different cultivars. The highest titratable acidity was in ‘Dabsha’ (2%) fruit, but the lowest
one was detected in ‘Langra’ (1.5%), ‘El- Madam’ (1.8%) and ‘Alphonso’ (1.5%) fruits.
The highest titratable acidity (0.49%) was observed in Sindhri followed by Anwar Ratual
(0.41%). The acidity of Samar Bahisht (Chaunsa) and Fajri are non-significant among each
other with 0.12% and 0.14% value. (Naz et al., 2014). The acidity of mangoes decreased
with maturity. It is due to the breakdown of starch into more sugars thereby lowering down
the percentage of acidity of the fruits. As the level of sugars increases weakly on the tree, so
the rate of titratable acidity slowly reaches the maximum value, then decreases.
Concomitant increase in sugar and acidity during ripening supports the fact that the taste of
fruits depends on the sugar-acid balance. (Shafique et al., 2006; Lebrun ef al. 2008).

pH generally increases with increasing harvest maturity, but for ripe fruit, there were
no differences between harvest dates (Lebrun ef al., 2008). The pH varied significantly and
was the highest (5.47) in the fruit pulp of cv. Samar Bahisht Chaunsa. The lowest pH (4.02)
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was observed from the pulp of Sindhri. The level of titratable acidity in fruits decrease
continuously with the development of skin color and increase in sugar contents till ripening.
(Naz et al., 2014)

Firmness. It is degree of sofiness or hardness, often measured using an instrument
called penertometer. It is a measure of hardness of the mango fruit and it plays a crucial
role in postharvest activities like stacking, packaging, transportation towards the fruits
perishability arising from mechanical damages. Proper units are used for expressing
firmness i.e., Newton. Loss in fruit firmness with the progress of storage period is due
mainly to decomposition, enzymatic degradation of insoluble protopectins to more simple
soluble pectins, solubilization of cell and cell wall contents as a result of the increasing in
pectin esterase activity and subsequent development of juiciness and the loss in peel and
pulp hardness. Fruit softening and cell wall changes are principal changes associated with
fruit ripening. Firmness measurements, as an indicator of product quality, have been
extensively studied; some instruments such as the Magness-Taylor fruit pressure tester and
its various derivatives have been widely used. Firmness of eight mango hybrids under
ambient storage using a TA + Di Texture Analyzer was analyzed. Peel and pulp firmness
decreased about 30% and 5%, respectively, during the storage period of thirty days. Peel
firmness of 5 N and pulp firmness of 0.3 N could be considered as threshold point below
which the fruit may not be acceptable for consumption. (Yaptenco et al., 2013).

Vitamin C. Ascorbic acid (vitamin C) percentage varied significantly according to
mango varieties. Gradual decrease in vitamin C content is observed with the increase of
maturity. The decreased vitamin C contents in fruits during ripening may be ascribed to the
vulnerability of vitamin C to oxidative destruction. Fazli contains 90.3 %, 56.5 % and 43.5
% vitamin C at immature, mature and ripe stages respectively (Shafique et al., 2006).
Vitamin C percentage in some mango increased up to maturity, thereafter decreased at ripe
stage (Abourayya et al., 2011). The highest vitamin C contents were obtained from pulp of
mango. Langra (165.0 mg/100g) followed by Fajri (159.0 mg/100g). The lowest vitamin C
was found in mango Anwar Ratual (126 mg/100g). (Naz et al., 2014)

Sugar. A gradual decrease in non-reducing and reducing sugars is evident until
maturity attains. When the fruits started to ripen on the tree i.e. after about 96 days from
fruit set, a decrease in reducing sugar was noted. The soluble sugars of the fruit pulp consist
mainly of glucose, fructose and sucrose. Increase in the percentages of fruit reducing sugars
content could be due to the hydrolysis of sucrose during storage, yielding reducing sugars
(glucose and fructose) (Hassan et al., 2004; Shafique et al., 2006).

The rate of starch accumulation was rapid at the beginning of fruit growth and slowed
down later but it continued to increase up to maturity. (Shafique et al., 2006)

There is no significant difference in total sugar, reducing sugar, fructose and sucrose
contents. Glucose content decreased slightly during maturation, however this amount was
too small to affect the total sugar changes. (Saranwong et al., 2004). Contrary, reducing
sugars content, gradually, increased in the fruits during the cold storage. At the beginning
of ripening, reducing sugars make up most of the sugar content, while there are more non-
reducing than reducing sugars in completely ripe fruit (Brecht and Yahia, 2009). Maximum
sugar content are found in fruit of Langra, followed by Dusehri. Non-significant variation
among Langra, Samar Bahisht Chaunsa and Anwar Ratual. While minimum sugar contents
are found in cv. Sindhri (16.00%). (Jilani et al., 2010; Naz et al., 2014).
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Conclusion

Extending harvest of mangos in order to collect fruits of different maturity stages

helped to characterize the fruit and to analyse their aptitude in regards to ripening. Fruit
should be harvested at the ideal stage in order to develop the most adequate organoleptic
quality and the longest postharvest life by using appropriate equipments.
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Introduction. Using of extruded corn meal in sponge cake
technology affects the water binding with the material, and
therefore, the final product quality.

Materials and methods. The water binding in sponge cake
with extruded corn meal (ECM) and wheat flour (WF) in the
ratio of ECM to WF as 20 to 80% as well as 50 to 50% have
been studied by using thermal analyzer DERIVATOGRAPH Q-
1500D in dynamic mode.

Results and discussion. The results of the differential
thermal analysis of the sponge cake suggest similar behavior
and properties for all samples. There are three temperature
ranges present based on the DTG and DTA curves showing
three endothermic effects associated with different types of
water release. They differ in strength of water binding with
components. The differences in binding strength of
polysaccharides adsorption centers and protein's hydroxyl
groups have been established. They are revealed in peak
asymmetry of DTA curves and presence of several peaks. The
most significant division of endothermic peak into several
partial peaks has been identified in the sample containing 50 %
of extruded corn meal.

Adding extruded corn meal causes redistribution of water
binding. It has established that the amount of bulk and easy
bound water reduces, and amount of strongly bound water
increases. Such relation becomes evident with increase of
extruded corn meal to 50%; moreover the amount of strongly
bound water within the range of 227-308°C also increases. The
presence of greater amount of bound water within the system
will enable improving technological properties of sponge cake
during its baking and storage. It has been also proved by
slowdown of water loss in baked product during its storage.

Conclusion. Taking into account the water binding in sponge
cake with extruded cormn meal allows improving of
technological properties of sponge cake during its baking and
storage.
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Introduction

In pastry industry the wheat flour is traditionally used, however, its technological
capacity for some types of dough, including egg sponge dough, is not always reasonably used
due to expected decline of flour "force". Moreover, pastry producing technology does not
require white flour since the recipies include food colourings and flavorings that can
significantly affect sensory properties of the final product. Expanding pastry assortment due
to identifying the alternative products able to replace wheat flour partially or completely for
the purpose of reasonable baking is actual and its importance has been confirmed by several
studies [1,2, 3, 4, 5, 6].

This tendency is also supported due to the fact that alternative cereal meals do not
contain fibrinous protein that in large amount negatively affect egg sponge dough
structure. It is known that for sponge cake cooking it is recommended to use low or
medium gluten wheat flour [7], otherwise the crumb will be dense with underdeveloped
sponginess. One possible solution to it is using extruded corn meal that has good taste
and aromatic properties and that are good enough for sponge cake technology [8].

Sponge cake is a fluffy, fine-porous pastry, with soft elastic crumb. It is obtained by
whipping egg with sugar and following stirring of the whipping mix into flour and subsequent
baking. Forming and maintaining of the sponge cake quality significantly depends on water
binding. Water of wheat dough exists in several different forms, namely bulk water,
adsorption bound water and osmotically bound water [9].

The final quality of cakes depends on kinetic characteristics of production process,
namely water release during high temperature treatment. In the process of baking the
dough is influenced by heat treatment after which it acquires qualitatively new features,
which form sensory, structural and mechanical properties, nutrition value, and stipulate
transporting and storage conditions. At this stage the egg sponge dough structure
fixation occurs due to denaturation of proteins, starch gelatinization and air bubbles
expansion with further bubble division and coacervation. Besides the loss of water
from product surface due to evaporation with its subsequent migration to product
surface and release into furnace atmosphere happens. [10, 11].

Formation of the porous structure of sponge cake mainly occurs during the first
third of total baking time. Its fixing happens on the last baking stage and during
cooling and resting. Obtaining homogeneous structure with rounded pores vary
depending on baking parameters. The temperature and duration of baking affect
expansion of the dispersed air phase and formation of foam structure of the final
product, being fixed during starch gelatinization, denaturation of proteins and
hardening through evaporation [2, 10, 11]. Studying the water binding in sponge cake
and their modification during heat treatment will allow controlling baking parameters
and quality of the final product.

Studying the change of water state in foods during heat treatment can be carried
out based on kinetic parameters of endothermic processes that occur with change in
weight showed by differential thermal analysis. This method is based on the assumption
that at constant heating rate the weight variation or heat absorption by the system at the
beginning of the fixed area, as well as maximum process development are proportional to
conversion rate constant for each temperature [12, 13].

The aim of this work is the studying of water binding and its influence on sponge
cake structure by adding extruded corn meal with applying the method of differential
thermal analysis.
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Materials and methods

The study objects are:

- Sample 1: sponge cake, prepared following the standard recipe and technology
(control sample);

- Sample 2: sponge cake, made with adding extruded corn meal (ECM) in the
proportion to wheat flour (WF) as 20: 80%;

- Sample 3: sponge cake, made with adding extruded corn meal (ECM) in the
proportion to wheat flour (WF) as 50:50%;

Studies ware carried out 8 hours after sponge cake baking and resting. The samples of
sponge cake were kept unpacked at (20 + 2)°C and relative humidity (75 + 2)%.

Thermogravimetric observations were made in ceramic crucibles under quartz cap
with 2g sample weight, in thermal analyzer DERIVATOGRAPH Q-1500D set in
dynamic mode. The Al,Os, heated to 1500°C was used as a standard reference material.
The samples were heated to 500°C with the rate of heating 2,5°C/min. Determination
of water binding amount was made by analyzing the temperature curve (T curve),
weight change (TG curve) and its derivative (DTG curve) as well as enthalpy (DTA
curve) [13, 14, 15].

Weight loss of sponge cake during baking was defined by standard method, as the
difference between the dough weight before baking and the weight of the baked product
[16, 17, 18].

Results and discussion

The proportion between bulk and bound water, also bound water distribution within the
product biopolymer are significant in studying of sponge cake properties and its capacity to
maintain freshness. The main water binding components in baked goods are starch, egg white
and pentosan. The total amount of water absorbed by the dough is calculated as follows:
31.1% is adsorbed by proteins, mainly osmotically, 45.5% is adsorbed by starch, and 23.4% is
adsorbed by pentosan [1].

It is known that the bound water is divided into three groups: physic-chemical bound,
physic-mechanical bound and chemical bound water. Physical and chemical group includes
structurally and osmotically bound water; however, it is free-bound water due to low
binding energy. The free water is the water of physical and mechanical binding. Chemically
bound water makes part of solids and may release only by thorough heating, so it is
generally not considered with foods.

The differential termographs obtained during analysis of the control sample, the sample
made of flour mixtures of extruded corn meal (ECM) in proportion to wheat flour (WF) as
20:80% and as 50:50% after 8 hours of resting are shown in Fig. 1- 3.
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Fig. 2. Differential termographs of sponge cakes (ECM:WF is 20:80%)
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Fig. 3. Differential termographs of sponge cakes (ECM:WEF is 50:50%).

DTG curve peaks indicate to the processes occurring with the loss of the sample’s wight. It
may be assumed that weight reduction happens due to loss of water in the studied sponge cake.
The process of water release from all the test samples occurs in three stages since the DTG and
DTA curves show three endothermic effects.

The analysis of differential termographs of sponge cakes suggests some similar patterns for
all dough samples. In particular, all three temperature ranges are present, each associated with
release of various water types differing by strength of binding with other components.

During the first phase within the temperature range 40-100°C almost linear change of
sample weight loss and insignificant water loss up to 6% occurs. Such phenomenon is common
to all samples. Obviously, during this stage release of bulk water in large capillaries and sponge
cake pores takes place.

Within 140 - 205°C temperature range the intensity of water release out of the dough
increases and temperature change rate of the sample slows down. It may be assumed that within
this interval the water bound with polysaccharides adsorption centers and protein's hydroxyl
groups releases. The differences in binding strength of such centers are revealed in asymmetry
peak of DTA curves and presence of several peaks. The greatest division of endothermic peak
into several partial peaks occurs for the sample containing extruded corn meal 50%.

The significant amount of water releases with further increase of temperature: up to 22.8%
for the control sample at the temperature of 295°C; for the sample containing 20% of extruded
corn meal up to 25.6% water releases at the temperature of 308°C; for the sample containing
50% of extruded corn meal up to 27.2% water releases at the temperature of 303°C. The
information on the content of bulk and bound water in the cake samples during heat treatment is
shown in the Table 1.
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Table 1
Water content of sponge cake
Sample 1 Sample 2 Sample 3
Kontpoas — 100% WF ECM:WF —20:80 % ECM:WF - 50:50 %
o | Y w | E= 2o g - 2o g =
= . o | 8F . o | @R
S Eg| 38|25 | Eg |38 | 28NS %E | EES
A | 52| x| S5 | 52| 82|35 | 52| 8= |88%
& =] = e - O = & =] = e Lo 8 & E = e Lo 8
EZ |25 |£57 | 5% | €5 |£58| 5% |25 |£8¢
S = z | =3 S = 2 | S2% | 3= z | 827
= E = = E = = E =
Bulk water
77 30 6 75 26 6 88 30 6
1 |83 36 7 100 34 8 100 42 9
100 | 42 8
Bound water
) 140 | 44 9 145 38 9 150 48 10
198 | 60 12 198 58 14 205 60 13
227 | 74 15 230 72 15 240 76 16
3 | 268 100 20 275 92 22 280 100 20
295 114 23 308 110 26 303 128 26

To obtain the data on the mechanism of water release on TG curves the degree of
weight change o of control cake sample and the one containing extruded corn meal (Fig. 2)
was calculated; then the relation | -1g o | to inverse temperature value1000/K was plotted
down.

0,8 -

a, conditional unit
o
o
2\

0 2 4 6 8 10 12

Temperature, °C
Fig. 4. The relation of weight change on temperature of sponge cake:
sample 1 — control;

sample 2 - ECM:WF is 20:80%;
sample 3 - ECM:WF is 50:50%.
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The rate of weight change corresponding to the process was used to obtain the relation
of weight changes on temperature. With this purpose the sample weight change Am,
corresponding to the amount of evaporated water at the given temperature was defined at
continuous 20°C temperature internals on TG curve.

The weight change o was calculated as Am; at 20°C interval with the total water
contained in a sponge cake, and released at the end of the dehydration process.

The resulting curves in the coordinates a-t (Fig. 4) describe different forms of
interaction between water and solids in a sponge cake. The similarity of the curves of water
release rate during heat treatment is shown as the result of this interaction. The relation
between sponge cake weight change and temperature allows studying the kinetics of water
binding. It reflects nearly the same dehydration rate.

On the first stage at temperatures 40 - 100 ° C (Fig. 5, the segment AB) bulk water
or mechanically bound water is released. It has low energy of binding with
components. In the beginning the water bound by hydrogen bonds is released.
Capillary water desorption is characterized by lower values of activation energy
compared to the water being released on the second heat treatment stage (segment BC).
On the second stage (at temperatures 100-160°C) the release of osmotically bound
water that may remain in the molecule cells of proteins occurs. This type of water is
released during deployment of polypeptide chains after breakdown of hydrophobic
albumen and water reaction. The release of weakly bound adsorption water is also
possible. On the third stage (segment CD) at the temperatures of 160-240°C the release
of strongly bound adsorption chemically bound water may be assumed.

O A
D 1 3
0,8 17
0,6 / 2
B
C
0,4 fﬁz
D
" %
0
1,8 2 2,2 2,4 2,6 2,8 3 3,2
1000/K

Fig. 5. The relation of weight change degree logarithm on temperature of sponge cake: sample
1 — control;
sample 2 - ECM:WF is 20:80%;
sample 3 - ECM:WF is 50:50%.
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The obtained relations show the features associated with the effect of adding meal
mixture onto the state of water in a sponge cake. The use of extruded corn meal calls
up redistribution of water binding, the amount of bulk and easy bound water decreases
and strongly bound water increases. With increase the amount of extruded corn meal to
50%, this relation becomes evident, and strongly bound water increases, corresponding
to the range of 227 - 308°C.

More bound water within the system will enable improving the technological
properties of sponge cake during its baking and storage.

Baking is the final and the most difficult phase of the process of sponge cake
production. During baking physical, chemical and colloidal changes of the dough
occur. They define the quality of the final products. During baking weakly bound water
is released out of egg sponge dough. The loss of a certain amount of water during
baking leads to reducing in weight. The weight loss of a sponge cake depends on
baking temperature and duration, also relative humidity of the furnace atmosphere and
recipe specifications [7, 10, 11]. Considering the importance of weight loss for the
technological process, the influence of extruded corn meal on sponge cake weight loss
during baking was defined. It was calculated immediately after baking.

18

Weight loss, %
o

sample 1 sample 2 sample 3

Fig. 6. Weight loss of sponge cakes with extruded corn meal:
sample 1 - control;
sample 2 - ECM:WF is 20:80%;
sample 3 - ECM:WF is 50:50%.

The carried research proves that adding extruded corn meal in the proportion of
20% reduces the product weight loss during baking by (20,0...22.0%), and adding
extruded corn meal in the proportion of 50% reduces the weight loss of sponge cake
during baking by 27 % (Fig. 6). It happens due to presence of extruded corn meal
components that have higher water binding energy compare to wheat flour starch,
therefore, they are capable of retaining extra water (confirmed by thermogravimetric
analysis of the studied samples).

After being baked sponge cake is supposed to rest at room temperature
(15...25°C) according to technological requirements during (6...8) hours for structure
fixing. At this time restructuring of water between crust and crumb layers and its loss
from the surface occurs. Due to it fixed sponge structure is formed that allows slicing
cake without crumb deformation [7, 19, 20]. With account to established capacity of
extruded corn meal to better retain water in the system, the studied samples were
examined for water loss (drying) after cooling (after 1 hour) and resting at the
temperature (20£1)°C (after 8 hours). The research results are reported in the Table 2.
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Table 2
Water loss after baking

Samples Drying values, %
1 hour | 8 hours
Sample 1 (control) 1,3+0,1 | 3,4+0,1

Sample 2: ECF:WF —20:80% | 1,2+0,1 | 2,4+0,2
Sample 3: ECF:WF — 50:50% | 1,0+0,2 | 2,1+0,2

It is seen herewith that adding extruded corn meal to sponge cake slows down the
loss of water out of the baked product during its storage. At increasing the proportions
of extruded corn meal from 20% to 50 % the weight loss after an hour reduces by
8...20%, and in 8 hours by 18...39%. The obtained results prove the possibility of
improving technological features of sponge cake due to partial replacement of wheat
flour with extruded corn meal. The established relations may serve prerequisites to
slowing down staling of the given pastry group.

Conclusion

The thermogravimetric analysis of sponge cake with different amount of extruded
corn meal demonstrates the presence of three temperature ranges, each associated with
release of different water types varying in strength of binding with cake components.
With increase of extruded corn meal to 50% the amount of bound water increases
corresponding to the range of 227-308°C. It enables improving technological properties
of sponge cake during its baking and storage.

It has been proved that increase of the final product output and reduce process of
weight losses due to using extruded corn meal in the amount of 20% that reduces
product weight loss during baking by (20.0 - 22.0)%, and adding of extruded corn meal
in the amount of 50% reduces this value by 27%.

Increasing the amount of bound water in sponge cake by adding extruded corn
meal, will contribute to extending the shelf life of the product. It has been proved the
slowdown of water loss in baked cake during its storage.
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Introduction. One of the most effective ways of reducing
postharvest losses in food materials is drying. However,
prolonged time of drying has the tendency of reducing the quality
characteristics of highly perishable produce like tomato.

Materials and methods. Fresh tomato (“dan UTC” variety),
foaming agent (egg white), foam stabilizer (Carboxyl Methyl
Cellulose), digital scale (OHAUS 3001), laboratory air-oven
(model MINOS50-10G039), blender (400 W, model number
FPO12A). Vitamin C and protein content were determined using
AOAC (2002) standard.

Results and discussion. Increase in the quantity of foaming
agent (from 5 — 10 %) caused a decrease in drying rate from
20.63 g/h to 18.57 g/h, however, a further increase in foaming
agent (10-15 %) caused the drying rate to increase from 18.57g/h
to 20.63g/h. Increase in the percentage of foaming agent (5 % to
15 %) led to a slight increase in the values of protein content
(from 24.65% to 24.7889 %).Increase in the quantity of foaming
agent did not cause the vitamin C content of the dried tomato
powder to fall below 1.3 %, however, as the foaming agent
increased, the vitamin C content showed a reduction in its values.
Increase in the percentage of foam stabilizer (0.15 — 0.75 %)
caused an increase in drying rate from 19.33 g/h to 20.62 g/h.
The trend in drying rate was also noticed for protein content only
that no significant effect in the mean values was noticed at 0.15%
(24.69 %) and 0.45% (24.72 %) of foam stabilizer. For vitamin C
content, all the mean values were between 1.4 % - 1.49% as the
foam stabilizer increased from 0.15 to 0.75 %. Increase in
whipping time (3 min to 7 min) caused a progressive increase
drying rate (18.9411 g/h to 20.67 g/h) and protein content (24.71
% to 24.72%). However, the vitamin C content did not reduce
below 1.4% with increase in whipping time.

Conclusions. Increase in foaming agent (egg white), foam
stabilizer (carboxyl methyl cellulose) caused the drying rate and
protein content of the foam-mat dried tomato powder to increase
to values not below 20 g/h and 24 % respectively. However, the
mean vitamin C content reduced but was not less than 1.3 %.
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Introduction

Tomato (Lycopersicum esculentum) is an important food condiment which belongs to the
fruits and vegetable class. It is rich in carotene, vitamins B, ascorbic acid (vitamins C) and other
nutrients that are valuable for human growth and health. Tomato is highly perishable in its
natural state after harvest due to its high moisture content and high rate of metabolic activities;
hence, it is prone to high postharvest losses. In Nigeria, tomatoes are usually produced on a
seasonal basis and due to lack of good storage facility, a lot of wastage occurs during the
production season and immense scarcity occurs during off seasons. Fresh tomatoes contain 33 %
of vitamin C and 3 % of protein per 180 g [1].

Past research has revealed that drying is one of the most practically and economically
feasible method of reducing postharvest losses, preventing wastage and prolonging shelf lives
of tomato fruits. Also, drying offers significant weight and volume savings, minimizing
packaging and transportation costs, and enabling storage of the product at ambient temperature.

Other importance of drying were as reported in [2, 3, 4]. However, a more viable option
that can be readily acceptable to the food processing industry is the conversion of tomato paste
to powder without any or little change to the quality characteristics via foam-mat drying
technology.

The foam-mat drying technology involves drying thin layers of foamed material in heated,
un-dehumidified air at atmospheric pressure and it is considerably cheaper than vacuum, freeze
and spray drying methods. Before the drying takes place, there is need to first turn the products
to be dried into a foamy substance, followed by spreading on mat (flat surface) to form a thin
layer. Foam is made up of two phase system having a dispersed phase (usually air) and a
continuous phase. The dispersed phase is larger than the continuous phase [5, 6].

A good understanding of the nature of the foams and their physical properties would lead
to having a good control over them [7]. Maintenance of the honey comb structure of the foam
throughout the period of drying is very important, if not, the purpose of using foam mat method
of drying would not be achieved. To ensure this, foam stabilizers such as gelatin, carboxyl
methyl cellulose (CMC) and so on are usually added to the material together with foaming
agents like egg white or milk. After this, the products are turned to foam via any of the following
methods: (i) addition of unlimited amount of air to limited amount of liquid (for example,
shaking and whipping); (ii) addition of limited amount of liquid with limited amount of air; and
(iii) in-situ bubble development in the liquid [8,5].

Foam stabilizers basically increase the interfacial visco-elasticity of foam lamellae, which
subsequently increase the stability of the foam [9]. Xanthan gum as a foam stabilizer is highly
adaptable for industrial applications because the temperature of water does not affect its
solubility irrespective of the processing temperature [10]. In forming foam, the addition of
unlimited amount of air to limited amount of substance to be foamed is popular because of its
ease of operation; hence, it is widely used in foam making [11].

One of the most effective ways of reducing postharvest losses in agricultural and food
materials is drying. However, prolonged time of drying has the tendency of reducing the
nutritional and sensory characteristics of highly perishable produce like tomato. This situation is
very common especially when the temperature of drying is high. Converting tomato paste to a
foamy substance before drying is a viable option of addressing the aforementioned problems
because it will make it to dry faster than the conventional drying process and enhance retention
of qualities after drying. Therefore, the objective of this research was to determine the effects of
the foaming agent (egg white), foam stabilizer (carboxyl methyl cellulose) and whipping time
on drying rate, protein content and vitamin C content of foam-mat dried tomato powder.
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Materials and methods

Experimental design. A 3° factorial experiment in a Randomized Complete Block
Design (RCBD) was used for the study. The factors considered in the experiment were 3
levels each of foaming agent (egg white): 5 %, 10 % and 15 %, foam stabilizer (carboxyl
methyl cellulose): 0.15 %, 0.45 % and 0.75 % and whipping time: 3 min, 5 min and 7 min.
Each treatment combination was replicated three times, and this made all the experimental
runs tested and measured to be 81 in all. The experiment was conducted in the Chemical
Engineering Laboratory of University of Ilorin, Ilorin, Nigeria. The average room
temperature was about 30°C and the average relative humidity was not less than 60 %
throughout the period of the experiment.

Preparation of samples. Freshly harvested riped tomato fruits (“dan UTC” variety)
free from blemish, were procured from a popular market in Ilorin metropolis (Kwara State,
Nigeria). They were further graded in order to get better quality for the experiment. After
the grading operation, they were washed with clean water to get rid of all external foreign
materials. After washing, all the tomatoes were blanched for 30 seconds; the blanching
process was done to minimize or stop enzymatic action which would have led to loss of
flavor, colour and texture. All the blanched samples were sliced and deseeded with stainless
steel knife on a stainless steel tray. After which they passed through the blending process to
form tomato paste.

100ml each of the formed tomato paste was then poured into small containers (81
containers). Each container was foamed with varying concentration of egg white (5% 10%
and 15%), Carboxyl Methyl Cellulose (CMC) (0.15% 0.45% and 0.75%) according to the
experimental treatment combinations. The mixture was then agitated (whipped) to form the
foam at whipping time of 3 minutes, 5 minutes and 7 minutes, the 400 W jug-type
blender(400 W, model number FPO12A) was used for this process of whipping which was
opened at the top to allow the entrance of air to the foam. The digital scale (OHAUS 3001)
was used for taking all the weight measurements of this experiment.

Drying procedure. At the end of foam formation, all the samples were spread on flat
stainless steel trays (mat) in thin layers (3mm) in preparation for drying in the oven. All the
drying operations were carried out in a laboratory air-oven (model MINO50-10G039). A
temperature of 70°C was maintained in the oven for the drying operation of the main
experiment. This temperature was in between what was used by [12] and [13] for foam mat
drying. Also, the temperature (70°C) gave better results after using temperatures 70°C,
75°C, 80°C and 85°C for preliminary experiments in terms of; increased drying rate, good
quality of powder and better reconstitution property; this result confirmed what was
observed by [12] and [13].The mass of samples on trays were taken on hourly basis in order
to determine their drying rates of the drying process. This process of weight measurement
continued until the moisture content of samples reduced to an average value of 4.5 % (db)
with crispy texture. The average time of drying to achieve this moisture content was
approximately 4 hours, however, the control sample took about 8.5 hours to reach 4.5
%(db) moisture content. After the drying process, each sample (dried tomato powder) was
immediately scraped from the stainless steel tray and allowed to cool. All cooled samples in
small sterilized containers were immediately kept inside desiccators and were taken to the
laboratory for quality analysis.
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Measurement of output parameters.
Drying rate. The drying rate was estimated using the equation below:
g= G T (1)
. t
where d is drying rate in g/h;d,, is change in mass sample in g; d; is change in time in h; m;
is initial mass sample in g; my is final mass of sample in g; and t is time in h.

Post-drying qualities. The post-drying qualities of tomato powder were determined
using [14] procedures at the Chemistry Laboratory of University of Ilorin, Ilorin, Nigeria.
The following post-drying qualities were determined: Protein Content and Vitamin C.

Statistical analysis. All the data obtained from the experiment were subjected to
statistical Analysis of Variance (ANOVA) at significant level of < 0.05 in SPSS 16.0
statistical computer software package. A further analysis to compare the means of result
among different levels of experimental conditions was also carried out with Duncan’s New
Multiple Range Test (DNMRT).

Results and discussion

Table 1 presents the result of statistical analysis of variance (ANOVA) of data
obtained from the experiment carried out. From the table, foaming agent and whipping time
had significant effect on the drying rate with the exception of foam stabilizer at P< 0.05.
For protein content of the dried sample, only the whipping time had no significant effect.
Lastly, all the process conditions had no significant effect on the vitamin C content of the
dried sample at P< 0.05.The interpretation of the above statement is that all the factors that
had significant effect on the output parameters (drying rate, protein content and vitamin C)
of the process should be given special attention in this kind of research.

Effect of foaming agent on drying rate, protein content and vitamin C content of
foam-mat dried tomato powder. Table 2 shows the effect of foaming agent on drying
rate, protein content and vitamin C contents of foam-mat dried tomato powder. From the
table, increase in the quantity of foaming agent (from 5 — 10 %) caused a decrease in drying
rate (20.63 g/h to 18.57 g/h), however, a further increase in drying rate (10 -15 %) caused
the drying rate to increase (from 18.57 g/h to 20.63 g/h). There is no significant difference
in the mean values of drying rate for 5 % and 15 % foaming agent. For the protein content,
increase in the percentage of foaming agent led to a slight increase in the values of protein
content (24.65% to 24.79%); this trend could be attributed to the fact that the foaming agent
used (egg white) is usually high in protein. Furthermore, increase in the quantity of foaming
agent did not cause the vitamin C content of the dried tomato powder to fall below 1.3 %,
however, as the foaming agent increased, the vitamin C content showed a reduction in its
values. The result of the quality analysis of foam-mat dried mango pulp showed a
significant reduction in ascorbic (vitamin C) with increase in foam thickness [15]. The
losses experienced in vitamin C could be due to the heat sensitive nature of vitamins and
water soluble nature of vitamin C (i.e. some vitamin C could have escaped along with the
moisture during the drying operation). The highest value of protein content (1.55%) was
achieved at 5 % foaming agent, although all the mean values were significantly different
from each other.
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Table 1

Results of the Analysis of Variance (ANOVA) of the effect of process conditions on the drying
rate, protein content and vitamin C content of foam-mat dried tomato powder

SV DF | SS | MS | F Sig.
Drying Rate (g/h)

Foaming Agent | 2 25.57 12.79 6.50 0.01*
Foam Stabilizer | 2 7.56 3.78 1.92 0.17
Whipping Time | 2 14.48 7.24 3.68 0.04*
(min)
Error 20 39.36 1.97
Total 26 10827.85

DF SS MS F Sig.

Protein Content (%)

Foaming Agent | 2 0.09 0.05 31.47 0.00*
Foam Stabilizer | 2 0.13 0.01 4.65 0.02*
Whipping Time | 2 0.01 0.01 0.40 0.67
Error 20 0.03 0.01
Total 26 16502.22

DF SS MS F Sig.

Vitamin C content (%)

Foaming Agent | 2 0.15 8.17 309.31 0.09
Foam Stabilizer | 2 0.02 0.01 2.76 0.69
Whipping Time | 2 0.01 0.01 0.20 0.82
Error 20 0.53 0.03
Total 26 57.70

*Significant at P <0.05
SV-Sources of Variation; DF-Degree of Freedom; SS-Sum of Squares; MS-Mean Squares; F-
variance of group means per mean of within group variances; Sig.-Significant, P- estimated
probabilities from experimental data.

Table 2

Effect of foaming agent on drying rate, protein content and vitamin C content of foam-mat
dried tomato powder

Foaming Agent (%) | 5 10 15
Drying Rate (g/h) 20.63% 18.57° 20.63%
Protein Content (%) | 24.65" 24.73° 24.79¢
Vitamin C (%) 1.55° 1.44° 1.37°

Means with the same letter are not significantly different from each other at P< 0.05

Effect of foam stabilizer on drying rate, protein content and vitamin C content of
foam-mat dried tomato powder. Table 3 presents the effect of foam stabilizer on drying
rate, protein content and vitamin C content of foam-mat dried tomato powder. From the
table it is clearly seen that increase in the percentage of foam stabilizer caused an increase
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in drying rate from 19.33 g/h to 20.62 g/h. However, there was no significant difference in
the mean values at 0.15 %and 0.75 % foam stabilizer. This clearly showed that the higher
the quantity foam stabilizer, the better the structure and durability of the foam. This
condition caused a faster escape of moisture during drying, and thus led to higher drying
rate. The latter statement was similar to the submission of [9]. The trend in drying rate was
also noticed for protein content only that no significant effect in the mean values was
noticed at 0.15% (24.6944%) and 0.45% (24.7233%) of foam stabilizer. For vitamin C
content, all the mean values were between 1.4 % - 1.49% and they were all insignificant
from each other.

Table 3
Effect of foam stabilizer on drying rate, protein content and vitamin C content of
foam-mat dried tomato powder

Foam Stabilizer (%) | 0.15 0.45 0.75
Drying Rate(g/h) 19.33" 19.88° 20.62°
Protein Content 24.69° 24.72% 24.75°
(%)

Vitamin C (%) 1.43° 1.49° 1.44°

Means with the same letter are not significantly different from each other at P< 0.05

Effect of whipping time on drying rate, protein content and vitamin C content of
foam-mat dried tomato powder. The effect of whipping time on the drying rate and post-
drying qualities of foam-mat dried tomato paste is presented in Table 4. The general
deduction from the table is that the mean values of all the output parameters were not
significantly different from each other with increase in whipping time at P < 0.05. The
aforementioned condition also justified what was noticed on the ANOVA table (Table 1).
Specifically, increase in whipping time caused a progressive increase drying rate and
protein content. However, the vitamin C content maintained values between 1.42% - 1.48
% with increase in whipping time from 5 min to 7 min.

Table 4
Effect of whipping time on drying rate, protein content and vitamin C content of foam-mat
dried tomato powder

Whipping Time 3 5 7
(min)

Drying Rate (g/h) 18.94° 20.23% 20.67%
Protein Content (%) 24.72% 24.72% 24.72%
Vitamin C (%) 1.42° 1.48° 1.45°

Means with the same letter are not significantly different from each other at P< 0.05
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Conclusions

In conclusion, foaming agent had significant effect on drying rate and protein content;
while foam stabilizer and whipping time had significant effect on protein content and
drying rate respectively of the foam-mat dried tomato powder at P< 0.05.

Also, increase in foaming agent (egg white), foam stabilizer (carboxyl methyl
cellulose) caused the drying rate and protein content of the foam-mat dried tomato powder
to increase to values not below 20 g/h and 24 % respectively. However, the mean vitamin C
content reduced but was not less than 1.30 % at P< 0.05.

Furthermore, to get maximum drying rate of 20.67 g/h and maximum protein content
of 24.74 % the following combinations of process conditions should be used: foaming
agent (15%), foam stabilizer (0.75%) and whipping time (7 min). Also for vitamin C to
attain maximum value of 1.47 %, foaming agent should be 5%, form stabilizer- 0.5 % and
whipping time should be 5 min.

Lastly, it was generally observed via physical examination that foaming agent at 10%
and 15% together with other combinations of form stabilizer and whipping time gave better
attractive color of dried tomato powder in terms of deep red and light red. This is in
contrast with brown and deep brown colors that were noticed for 5% foaming agent with
combinations of other levels of form stabilizer and whipping time.
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Introduction. To prevent moisture separation in fermented-
milk products we suggest using unroasted buckwheat grains, which
possess moisture-retaining and stabilizing qualities due to the
content of mucus, protein, dietary fiber etc.

Methods and materials. In the process of research we have
studied stabilizing qualities of granulated to different degree of
dispersion unroasted buckwheat grains as the components of the
fermented-milk pasta and the effect of its milk-based dosing on the
rheological qualities of the products.

Results and discussion. It is experimentally established that a
rational ratio between granulated buckwheat grains and solvent
(lactoserum) equals to duty of water 4. It is also established that the
swelling of unroasted buckwheat grains depends on the size of the
particles. The lowest degree of swelling was observed when the
particle was not more than 3 mm (15,8%). The highest degree of
swelling was observed in samples sized less than 1 mm (22%). This
dependence can be explained by the complication of moist diffusion
inside indestructible grains’ particle. The sample sized less than 2
mm had slightly different figure. Thus the sufficient degree of grain
refining is not less than 2 mm. Water-retaining capacities of model
samples have increased due to the rising degree of particles’
dispersion. The water-retaining capacity was 74% if the particle’s
size did not exceed 1 mm whereas the particle’s size was more than
3 mm, the water-retaining capacity lowered to 65%.

In order to assess the stabilizing effect of the unroasted
buckwheat grains we have investigated the rheological qualities of
fermented-milk pastes. The amount of serumal-buckwheat and
serumal-starch pastes was 10%.

From the analysis of the rheological curves it was found that the
model samples of fermented-milk pastes are similar in nature, shear
stress in the samples with stabilizing substances is higher (320 Pa for
the fermented-milk paste with granulated buckwheat grains, 270 Pa
for the fermented-milk paste with a modified starch and 258 Pa for
the fermented-milk paste without stabilizer). The stabilizing effect is
sufficient to prevent spontaneous whey separation (synaeresis). Thus
granulated grains of unroasted buckwheat are not inferior to the
stabilizer of industrial production — a modified starch.

Conclusions. The usage of granulated grains of unroasted
buckwheat ensures essential rheological features of the fermented-
milk pastes and its stability in the storage process, indicating the
prospects for further research on the development of fermented-milk
pastes’ technology with such type of filler.
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Introduction

Nowadays, various food fillers and additives are widely used in the dairy industry. It
allows to enrich products with biologically active substances, to expand production
spectrum, to improve taste characteristics, technological properties, quality. But often the
usage of food stuff may lead to spontaneous separation of moisture as in the fresh-made
products but also during its storage. To prevent this process one can use the fillers that bind
moisture and perform a function as structure’s stabilizers [1, 2].

The most commonly used in the dairy industry are: pectin, carbossimetilcellulose,
carrageenin, modified starches, both independently and as part of the stabilizing systems.
Thanks to this it becomes possible to reduce fat concentration, adjust moisture content and
maintain aromatic components [3].

The authors propose to use the stabilizing qualities of unroasted buckwheat, allowing
further products’ enrichment by biologically active substances. For this research unroasted
buckwheat grains (Fagopyrum esculentum Moench) were used. Common buckwheat is an
annual herbaceous plant. Its grains are often trihedral with an average diameter from 3 to 5
mm. Buckwheat has cream coloring with a yellowish or greenish powdery shades of color
and texture. Buckwheat is characterized by its highly nutritious value. It is known that
buckwheat consists of 13 — 15% of protein, 2,5 — 3% of fat, 2,0 — 2,5% of sugar and 70% of
starch, 1,1 — 1,3% of fiber, which is 1,5 — 2 times higher than in oats, pearl barley, millet
and rice [4].

The buckwheat proteins help the body to get rid of radioactive substances and to
normalize the growth of children’s body. Mainly buckwheat contains globulins (64,5%),
albumins (12,5%), glutelins (8,0%) and alcohol-soluble protein (2,9%). Buckwheat protein
contains 18 amino acids, grains are rich of arginine and lysine. Buckwheat protein has a
high water-retaining capacity, emulsifying and foam forming qualities. These
characteristics can be used to change the structure and enhance the nutritional value of
products [5].

Thus the buckwheat protein is safe and reliable food ingredient.

The content of unsaturated fatty acids in the buckwheat lipids is about 83,2%,
including oleic acid — 47,1% and linoleic acid — 36,1% [4, 6].

Buckwheat is a valuable source of many essential minerals: iron, potassium,
phosphorus, copper, zinc, calcium, magnesium, boron, iodine, nickel, cobalt, etc. [4, 7].

Unroasted buckwheat grains contain vitamin E, which has antioxidant properties.
Buckwheat is the leading cereals by the content of vitamins B [4, §].

Unground buckwheat contains a complex of phenolic compounds — quercetine,
kaempferol, maurines — besides that it contains the largest amount of rutin, which reduces
the level of cholesterol, evinces high antioxidant activity and is widely used in the treatment
of some chronic diseases such as diabetes and hypertension, as well as some cardio vascular
diseases [4, 9].

Buckwheat’s nutritive fibers and mucus possess high water-resistance ability. They
can form chelate compounds with heavy metals and cholesterol, suppress the activity of
tumour cells and improve metabolism [10].

Traditionally buckwheat is hydrothermally manufactured by hydration and steaming
under the pressure of 0,25...0,30 mPa and the temperature of 100°C for 3 — 5 minutes, then
it is dried at the temperature of 133...158°C under the pressure of 0,2...0,5 mPa to the
humidity level of 12...14%. As a result the shell’s adhesives destroy, meanwhile the
ferments (such as lipase and lipoxygenase), which contribute to the fat bitterness,
inactivate. The process of breathing almost terminates, buckwheat membranes become
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more flexible and the core becomes more solid. But during such processing starch
gelatinization occurs, dextrin forms, protein coagulates, chlorophyll destroys.

During such processing buckwheat grains lose its stabilizing qualities. Therefore for
stabilization it is advisable to use unroasted buckwheat grains. Moreover, unroasted
buckwheat is characterized by its low-taste and low-aroma. This fact allows using
unroasted buckwheat in the dairy technology.

Analysis of published data. Investigation results of the College of Agriculture and the
University of Northwest A&F, Yanhlinn (China) have shown that buckwheat starch
granules are mainly polygonal, rarely spherical and oval and the surface of the particles is
rough. These characteristics indicate that buckwheat starch can not only be used as the food
but also as a food thickener and stabilizer.

Resistant starch is needed to reduce the moisture content in the product. It does not
affect the organoleptic qualities and texture of the product, like nutritive fibers do: the
starch of white buckwheat in the food does not change its color. The buckwheat starch has
low absorbing capacity. As a conventional starch, it can be used as a food additive. Finally,
due to the fact that the temperature of gelatinization is high, buckwheat starch can be added
to any product which undergoes thermal processing. It will not affect the nutritional
functions [11, 12].

Materials and methods

In the process of research we have studied stabilizing qualities of granulated to
different degree of dispersion unroasted buckwheat grains as the components of the
fermented-milk pasta and the effect of its milk-based dosing on the rheological qualities of
the products.

For this purpose entire grains were ground with a help of hammermill and distributed
according to its size with a help of wire sieves with the holes of different diameters (1,0;
2,0; 3,0 mm).

Model samples based on whey with a duty water curve 5 were prepared:

sample Nel — whey and buckwheat grain ground to the size of 1 mm and less;

sample No2 — whey and buckwheat grain sized from 1 mm and to 2 mm;

sample Ne3 — whey and buckwheat grain sized from 2 mm and to 3 mm;

sample Ne3 — whey and buckwheat grain sized more than 3 mm.

We used the whey from the cheese production. We heated the whey to 40 — 45°C.
Constantly mixing we added ground buckwheat grains and heated to 90 — 95° C within 3 —
5 minutes. Then we cooled an obtained serumal-buckwheat paste to (20+2)°C. The usage of
entire grains was proved to be impractical, because in the process of boiling heterogeneous
consistence with the flakes of intact membranes was observed. Moreover it was needed
much more time for grains’ boiling (10 — 15 minutes). Therefore it was decided to add the
buckwheat in the granulated form.

To determine the degree of swelling of the granulated buckwheat grain we added the
whey and heated the mixture to 80°C, keeping it up for 2 min. We were centrifuging the
mixture at frequency of 1000 revs/min. for 1 min. After that we withdrew free moisture and
determined the mass of the swell granulated buckwheat. To define the rational correlation
between granulated grain and serum we have prepared samples with a water duty from 2 to
5.

Water-retaining capacity was determined by Grau-Hamm’s gravimetric method in A.
Alexeyev’s modification, based on the definition of the moisture content released from the
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product in the course of mild pressing. For this purpose a batch weighing precisely 0.3 g, is
placed on a soft waterproof plate (diameter of 40 mm) and covered with a slowly absorbing
ashless filter (diameter of 40 mm) then covered again with a glass plate (diameter of 100
mm). A weight of 500 g is placed on the glass plate. After 7 minutes, the plate is removed,
and the plate with a batch is weighed. Water-retaining capacity is estimated by the formula:

MRC = (100%(a-b))/a

MRC — moisture-retaining capacity, %;
a — moisture content in the hanging position, mg;
b — moisture content in released from the cheese hinge, mg.

a= 300 MC/100

where 300 is the cheese hinge, mg;
MC — moisture content, %.

An active acidity of the samples was measured using a pH meter/millivolt, with a full
scale range of 0 — 14 pH units.

In order to determine the stabilizing qualities of ground unroasted buckwheat grains
we have researched the rheological qualities of fermented-milk pastes:

sample Nel — fermented-milk paste without the addition of stabilizer (control);

sample Ne2 — fermented-milk paste with the addition of a stabilizer of the modified
starch (E-1410)

sample Ne3 — fermented-milk paste with the addition of ground unroasted buckwheat
(particles’ size is up to 2 mm).

A sample with a modified starch as a stabilizer was prepared as follows. Estimated
amount of serum was heated to the temperature of 35...45°C 5% of starch was applied
under constant mixing. The mixture was heated to the temperature of 85...90°C. Obtained
serumal-buckwheat paste was cooled to the temperature of 20...22°C and brought into
fermented-milk base. Dietary soft curd was used as a fermented-milk base. Observations
were done with a help of a rotational viscometer. Having immersed viscosimetric rotor in
the cylinder, the test product was added in the sufficient amount to fill the cylinder. The
indicator of shear stress during viscosimetric rotor rotation at variable speed deformation
was determined. The rate of strain was changed by frequency drift of rotor rotation which
had been set by the gear switching.

Shear stress was determined by the formula:

= Z%a

Z — a cylinder constant, Pa/U. of the instrument scale;
o — instrument readings.

Results and discussion

Sensory evaluation has been carried out with the addition of fermented-milk paste of
ground unroasted buckwheat with varying degrees of dispersion. Samples’ taste and smell —
purely fermented, with a slightly perceptible pleasing taste. Samples’ color — with the usage

of buckwheat grains sized less than 3 mm — is white with a cream tint, without variations.

434 ——Ukrainian Food Journal. 2015. Volume 4. Issue 3—



-Food technologies—

The consistency is homogeneous, without tangible tactile inclusions. On addition of ground
grain, sized more than 3 mm, the samples’ color remained uniform with inclusions of
lighter color. It is still easily chewed. As can be seen from the above, ground unroasted
buckwheat grains sized not more than 3 mm can be used in the formulations of fermented-
milk pastes with homogenous consistency. Ground buckwheat grain having a particle size
of more than 3 mm is recommended to use in the fermented-milk pastes with
inhomogeneous consistency due to flavor fillers (ground nuts, fruit pieces, berries etc.).

Active acidity of the mixture of ground buckwheat and serum also varies depending on
the application of dry granulated buckwheat.

When the water duties were 2 and 3, active acidity was 4,7pH units and when the
water duty was 5, active acidity was 4,3pH units. In other words increasing dose of
buckwheat leads to certain reduction of the acidity, which is explained by the fact that
buckwheat contents proteins and dietary fibers, which have free acid functionalities.
However, the pH meaning is within the norms typical for fermented-milk pastes and
additional dose of unroasted buckwheat is not required.

Experiments proved that the optimal ratio between the ground buckwheat grain and
solvent (buttermilk) is a water duty 4. At a lower value of the water duty, consistency of the
mixture became too liquid, which indicates significant free moisture content. When the
water duty is 4, the consistency of the mixture becomes too dense and loses its fluidity.

The dependence of the swelling of unroasted buckwheat grains on particles’ size is
shown in Figure 1.

It is found that the swelling of unroasted buckwheat grains depends on the particles’
size. The lowest degree of swelling was observed at ground grain sized up to 3 mm
(15,8%). The highest degree of swelling was observed in samples sized less than 1 mm
(22%). This dependence can be explained by the increasing complexity of the moisture
diffusion into the undistorted grain particles. Consequently, only the components of outer
layers take part in the structure formation, while the components of inner layers remain
inside the grains.

The figure of the sample sized less than 2 mm slightly differs. Thus, the fineness
degree of unroasted buckwheat grains sized less than 2 mm is sufficient.

Analyzing data of the Figure 2 one can notice that the moisture-retaining capacity of
model samples has risen with increasing degree of fineness of ground particles. The
moisture-retaining capacity was 74% in case that particles’ size was less than 1 mm. When
it was more than 3 mm, the moisture-retaining capacity lowered to 65%. Higher moisture-
retaining capacity of model samples with an increasing degree of dispersion of the ground
buckwheat grains is associated with better accessibility to aquation, resulted from grains’
destruction caused by mechanical processing.

In terms of these results, we can conclude that the samples of buckwheat grains having
a degree of grinding less than 2 mm have the best qualities of the moisture-retaining
capacity and swelling. It ensures efficiency of the stabilizing effect of the ground
buckwheat grains.

To assess the stabilizing effect of the ground unroasted buckwheat grains we
investigated the rheological qualities of fermented-milk pastes. The amount of serumal-
buckwheat and serumal-starch pastes was 10%.

In accordance with the results of the samples we have drawn rheological curves of
shear stress and straining rate shown in Figure 3.
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From the analysis of the rheological curves it was established that the represented model
samples of fermented-milk pastes are similar in nature. The shear stress of the samples with
stabilizing substances is somewhat higher (320 Pa for fermented-milk paste with granulated
buckwheat grains, 270 Pa for fermented-milk paste with a modified starch and 258 Pa for
fermented-milk paste without stabilizer). The stabilizing effect is sufficient to prevent
spontaneous whey separation (syneresis). Thus granulated grains of unroasted buckwheat are
not inferior to the stabilizer of industrial production — a modified starch.

In the following steps we have determined the stability of the rheological parameters of
the abovementioned model samples of fermented-milk pastes during its storage. Proceed from
the premise that in accordance with the requirements of the regulatory documents, a
guaranteed storage life of the curd-based pastes is not more than 4 days at a temperature of 4
+ 2°C. The research was carried out for 6 days, control observations were done in the 2™ and
4™ days. Sample storage was carried out at a temperature of 4 + 2°C. The results are presented
in the Figures 4 — 6.

From these data it is apparent that the structure of the samples is fairly permanent. Upon
storage a slight decrease (in average 28 Pa) in the index of the shear stress was observed. It is
caused by a decrease in the hydrophilic characteristics of the cheese curd. While the shear
stress index for the fermented-milk paste with a modified starch as a stabilizer has decreased
by an average of 30 Pa, while for the fermented-milk paste without any stabilizer by 46 Pa.

During this investigation organoleptic characteristics were established. They showed that
the color for 6 days remained stable; taste and flavour were pure fermented. The samples of
unroasted buckwheat grains had a pleasant filler’s taste and flavour. On the 6™ research day
the samples had more expressive fermented flavor. During the storage period the consistency
remained homogeneous without ant characteristics of whey separation.

During the storage period active acidity index has slightly decreased — from 4,5 to
4,3pH units. It was caused by the development of lactic-acid florula of fermented-milk pastes.
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Fig. The dependence of the shear stress of fermented-milk pastes on straining rate:
1 - fermented-milk paste without the addition of stabilizer (control)
2 - fermented-milk paste with the addition of a stabilizer of the modified starch
3 - fermented-milk paste with the addition of ground unroasted buckwheat (particles’ size is up to 2 mm)
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Fig. 4. The dependence of the shear stress of fermented-milk pastes on straining rate on the 2™
day of storage:

1 - fermented-milk paste without the addition of stabilizer (control)

2 - fermented-milk paste with the addition of a stabilizer of the modified starch

3 - fermented-milk paste with the addition of ground unroasted buckwheat (particles’ size is up to 2 mm)
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Fig. 5. The dependence of the shear stress of fermented-milk pastes on straining rate on the 4™
day of storage:

1 - fermented-milk paste without the addition of stabilizer (control)
2 - fermented-milk paste with the addition of a stabilizer of the modified starch

3 - fermented-milk paste with the addition of ground unroasted buckwheat (particles’ size is up to 2 mm)

Shear stress, Pa

300

250

200

150

100

50

0

=k

V4

4

r

v

0

20

40 60 80

Straining rate, 1/s

Figure 6. The dependence of the shear stress of fermented-milk pastes on straining rate on the
6™ day of storage:

1 - fermented-milk paste without the addition of stabilizer (control)
2 - fermented-milk paste with the addition of a stabilizer of the modified starch

3 - fermented-milk paste with the addition of ground unroasted buckwheat (particles’ size is up to 2 mm)

438

——Ukrainian Food Journal. 2015. Volume 4. Issue 3 —



-Food technologies—

Conclusions

The usage of granulated unroasted buckwheat grains of 2 mm in combination with

water duty 4 on the lactoserum under the subsequent thermal processing at 85...90°C and
further cooling to 20...22°C, ensures definitive results of moisture-retaining capacity of
serumal-buckwheat paste.

Technological characteristics of ground unroasted buckwheat grains achieve the

required rheological qualities of fermented-milk pastes in comparison with the usage of a
stabilizer. It has been proven that during its guaranteed shelf life the stability of quality
characteristics of fermented-milk pastes with ground buckwheat is up to 4 days at the
temperature (4 = 2)°C.
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Introduction. Probiotics are live microorganisms of human intestinal
origin. Phytosterols have the ability to block cholesterol absorption, thus
lowering serum cholesterol levels, which decreases the risk of
cardiovascular and coronary heart diseases. Phytosterols are currently
being added to a number of commercially available foods, including
yogurt to facilitate reduction of serum cholesterol levels.

Materials and methods. Skim cow's milk or milk mixture (skim
cow's milk: ultrafiltered double-concentrated skim cow's milk in the ratio
of 1:1) was used as raw material for the preparation of probiotic yogurt
variants with the probiotic starter MZ, with different percentage of
phtosterol ester (0,26% or 0,36%).

Results and discussion. With the addition of phytosterol ester the
appearance of yield stress was observed which changed the rheological
behavior of the probiotic yogurt variants and converted them from
pseudo-plastic to non-ideal plastic bodies. The rheology of these yogurts
was described by the equation of Herschel-Bulkeley. The yield stress and
the consistency constant increased with the increase in the content of the
phytosterol ester, which was an evidence for the structuring of the
product. The flow index was not substantially influenced by the increase
in the content of the phytosterol ester in the skim cow's milk. At small
values of the velocity gradients, the dynamic viscosity of the yogurts
increased with the increase in the concentration of phytosterol ester as
compared to that of the blank yogurt variant. The highest dynamic
viscosity was established for the yogurt prepared with the addition of
0,36% phytosterol ester. Analogical trend in the rheological behavior of
the probiotic yogurt variants obtained from milk mixture with different
concentration of phytosterol ester was observed in a similar manner to
the pattern with the yogurts obtained from skim cow's milk with the
addition of different concentration of phytosterol ester. Therefore, similar
rheological behavior could be expected. The yield stress of the probiotic
yogurt variants prepared from milk mixture increased taking higher
values than those of the probiotic yogurts, obtained from skim cow's
milk. The consistency constant of the yogurt variant prepared from milk
mixture with 0.26% phytosterol ester was close to that of the blank. The
yogurt obtained from milk mixture with 0,36% phytosterol ester had the
highest consistency constant value of all tested yogurt variants. The flow
indexes of the probiotic yogurt variants prepared from milk mixture was
close to that of the respective blank yogurt. At low velocity gradient, the
probiotic yogurts containing 0.36% phytosterol ester had a dynamic
viscosity of 24.60 Pa, and those with 0.26% phytosterol ester - 15.34 Pa.
Upon increase of the velocity gradient, destruction of the structure of the
tested yogurt variants was observed.

Conclusions. The probiotic yogurt variants obtained from milk
mixture with the inclusion of 0,36% phytosterol ester had the best quality
as they had the highest values of the yield stress (5.88 Pa), consistency
constant (7.95 Pas") and dynamic viscosity. All resulting probiotic
yogurts can be included in the diet of contemporary man as functional
foods to improve human health.

440 ——Ukrainian Food Journal. 2015. Volume 4. Issue 3 —



-Food technologies—

Introduction

Probiotics are defined as ‘live microorganisms of human intestinal origin, which when
ingested in adequate amounts, impart health benefits to the consumer beyond basic
nutrition’. Lactic acid bacteria, especially Lactobacillus species have been widely used as
probiotics in the composition of functional foods and beverages [1].

Ultrafiltration is a pressure-driven process using a semi-permeable membrane to
separate macromolecules or colloids from liquids and is based on a simple sieving
mechanism [2, 3]. Membrane processes are used in dairy industry to produce concentrated
milk (skim or whole), which is added for normalization of milk to produce yogurts, yogurt
beverages and soft cheese. The resulting products are characterized by better texture,
viscosity, taste and viability of cells in comparison with the traditional production methods
[3].

Phytosterols are a group of naturally occurring sterol compounds found in plants with
chemical structures close to those of cholesterol, differing only in their side-chain
configuration or extra double bond [4]. Although phytosterols have been used to treat
hypercholesterolemia since the 1950s [5], in the last few decades they have become
available to consumers as ingredients in the composition of functional foods. They are able
to block cholesterol absorption, thus lowering serum cholesterol levels, which decreases the
risk of cardiovascular and coronary heart disease [6]. Phytosterols are now being added to a
number of commercially available foods, including fat-based spreads, salad dressing,
yogurt, and cheese, to facilitate reduction of serum cholesterol levels [7], turning these
foods into functional foods. Phytosterols may also have antimicrobial activity and provide
an added benefit as a food preservative [8].

The purpose of the present work was to obtain probiotic yogurt variants using a yogurt
starter MZ, with a probiotic strain of Lactobacillus delbrueckii ssp. bulgaricus from skim
cow's milk or milk mixture with the addition of different percentage of phytosterol ester
and to study the rheological properties of the resulting yogurts.

Materials and methods

Microorganisms. The probiotic yogurt starter MZ, containing the probiotic strain
Lactobacillus delbrueckii ssp. bulgaricus NBIMCC 3708 and a Streptococcus thermophilus
strain, provided by the Department of "Microbiology" at the University of Food
Technologies, was used for the production of the yogurts.

Phytosterol ester. The used phytosterol ester was Phytosterol ester (Soybean) by
HSFBiotech®.

Membrane filtration. The membrane filtration experiments were carried out on
laboratory equipment with a replaceable plate and frame membrane module fitted with a
UF25-PAN polyacrylnitrilic ultrafiltration membrane (“Ekofilter” Ltd, Bulgaria) with 25
kDa molecular weight cut-off (Fig. 1).
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Fig. 1. Scheme of laboratory equipment with a replaceable plate and frame membrane module:
1 - valve; 2 - manometer (0—5 MPa); 3 - valve; 4 - manometer (0-0.6 MPa);
5 - replaceable plate and frame membrane module; 6 - tank; 7 - pipeline;
8 - manometer (0-0.8 MPa); 9 - valve; 10 - manometer (0—15 MPa); 11 - pipeline;
12 - pump; 13 -valve; 14 - pipeline; 15 - pipeline; 16 - tank.

This equipment was fitted with a plate and frame membrane module with membrane
surface area of 1,250 cm’; a threeplunger high-pressure pump (max 15 MPa) with a
capacity of 330 dm’/h; a pipeline system with two manometers (0-15 MPa) for measuring
the inlet and outlet pressure; and a special working pressure regulating valve [9].

The experiments were carried out under the following operating conditions:
transmembrane pressure 0,5 MPa, volume reduction ratio (VRR) — 2, temperature of 50°C
and input flow of 330 dm®/h [10].

Preparation of probiotic yogurts. Skim cow's milk or milk mixture (skim cow's
milk/ultrafiltered double-concentrated skim cow's milk in the ratio of 1/1) was used as raw
material for the preparation of the probiotic yogurt variants. Maltodextrin and carrageenan
were added to the variants with the inclusion of different percentage of phytosterol ester
(PSE) and their amounts were calculated according to the ratio, given in [8]. The used milk
was pasteurized at 65°C for 10 min and cooled to ~43°C. The milk was then inoculated
with the probiotic yogurt starter MZ, and fermented at 41+£1°C for 2,5 — 3 hours or until
coagulation (Table 1).

Table 1
Probiotic yoghurt variants

Skim cow’s milk Milk mixture
0,26% 0,36% 0,26% 0,36%
Blank PSE PSE Blank PSE PSE
g‘glgc;“eml ester ] 026% | 036% - 026% | 0,36%
Maltodextrin - 0,186% 0,258% - 0,186% | 0,258%
Carregeenan - 0,018%- 0,018% - 0,018% | 0,018%
Probiotic starter MZ, 1% 1% 1% 1% 1% 1%
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Determination of the concentration of viable cells. Appropriate serial dilutions in
saline solution of the obtained probiotic yogurts were prepared and the spread plate method
was applied. 0.1 cm® of the last three dilutions was used to inoculate LAPTg10-agar. The
inoculated Petri dishes were incubated for 3 days at 37°C until the appearance of countable
single colonies. The count of the colonies was then used to estimate the number of bacteria
in the original sample.

Determination of the titratable acidity. Ten cm® of each sample were mixed with 20
cm’ of distilled water. The titratable acidity was determined by titration of each sample with
0.1 N NaOH using phenolphthalein as an indicator until the appearance of a pale pink
colour persisting over 1 min. One Torner degree (°T) corresponds to 1 cm® 0.1 N NaOH,
needed for the neutralisation of an equivalent amount of organic acid, contained in 100 cm®
of the cultural medium [11].

Rheological examination. The rheological tests were carried out with a rotary
viscometer Rheotest-2 with a cylinder S1 and sample volume 25 ml. Samples were
homogenized before measuring. The parameters of the rheological model were calculated
using software “Curve Expert Professional” [12].

Results and discussion

Probiotic yogurt variants with the probiotic starter MZ, with the inclusion of
phytosterol ester in a concentration of 0.26% or 0.36% were prepared using skim cow's
milk or milk mixture as raw materials. The number of viable cells (Fig. 1a), the titratable
acidity (Fig. 1b) and the organoleptic characteristics of the obtained probiotic yogurt
variants (Table 2) were determined [13].

log10N

16

14 13.45 13,30 1315 13,26 13,52
’ 12,48

12 —

Blank ‘ 0,26% PSE ‘ 0,36% PSE Blank ‘ 0,26% PSE ‘ 0,36% PSE

Skim cow’s milk Milk mixture

Fig. 1a. Concentration of viable cells of probiotic yogurts obtained from skim cow’s milk and
milk mixture with the addition of phytosterol ester [13]
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Fig. 1b. Titratable acidity of probiotic yogurts obtained from skim cow’s milk and milk mixture
with the addition of phytosterol ester [13]

Table 2

Organoleptic characteristics of probiotic yogurts obtained from skim cow’s milk and milk
mixture with the addition of phytosterol ester [13]

Skim cow’s milk

Milk mixture

Blank 0,26% PSE 0,36% PSE Blank 0,26% PSE | 0,36% PSE
Pleasant Pleasant Pleasant Pleasant
yoghurt Pleasant

Pleasant q . yoghurt yoghurt yoghurt
avor, thicker . yoghurt
yoghurt taste, in texture flavor, thicker favor flavor, flavor,
dense more aci di’c in texture, dense’ dense dense
coagulum enhanced ’ stronger coagulum coagulum, | coagulum,
creamy taste g low acidity | low acidity
creamy taste

The rheological behavior of the obtained probiotic yogurts was examined as well. The
flow curves of the probiotic yogurt variants obtained from skim cow’s milk and milk
mixture without the addition of the phytosterol ester are given on Fig. 2.
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Fig. 2. Flow curves of probiotic yogurts obtained from skim cow’s milk and milk mixture
without the addition of phytosterol ester

The flow curves of the two blanks were curvilinear without yield stress. The examined
probiotic yogurts were pseudo-plastic bodies and their rheological behavior could be
described by the power-law of Ostwald—de Waele:

T=Ky" (1)

wherein:
K - consistency constant, Pa.s" (shows the texture of the product);
vy - shear rate, s
T - shear stress, Pa;
n - flow index, indicating the degree of deviation from Newton's law

The flow curve of the probiotic yogurt obtained from milk mixture was greater than
that of the probiotic yogurt from skim cow's milk, which showed an increase in the
viscosity at the addition of ultrafiltered double-concentrated skim cow’s milk. The
parameters of the model (1) for both yogurt variants are given in Table 3.

The probiotic yogurt produced from milk mixture had a higher consistency constant
(4,244 Pa.s") compared to that obtained only from skim cow's milk. In contrast to that
tendency, the flow index was sharply reduced with the increase in the values of the dry
matter content.
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Table 3
Parameters of the model of Ostwald—de Waele for the two blank probiotic yogurt variants
Probiotic yogurt variant K, Pa.s" n R’
MZ,; Blank, skim cow's milk 1,047 | 0,4070 | 0,9590
MZ,; Blank, milk mixture 4244 10,1820 | 0,9850

According to the classification of Mikhailov and Rebidier, lactic acid products are
divided into two groups: the first group includes products without yield stress, and the
second — products with yield stress (static or dynamic). It is of great importance for the
change in the dynamic viscosity at different velocity gradients for these two groups to be
known [14]. Therefore the changes in the dynamic viscosity of both blank yogurt variants
as a function of the changes in the velocity gradient was monitored.

For calculation of the dynamic viscosity, the following equation was used:

n=Ky" (2)
wherein:
1 - dynamic viscosity, Pa-s

The equations for the calculation of the dynamic viscosity are given in Table 4 and the
results thereof are shown on Fig. 3.

At low shear rates the blank probiotic yogurt variant obtained from milk mixture had a
significantly higher dynamic viscosity (7,13 Pa.s) compared with the blank obtained only
from skim cow's milk (1,51 Pa.s). At high values of the shear rate, complete destruction of
the structure in both yogurt variants occurred and the dynamic viscosity curves overlapped.

Equations for calculating the dynamic viscosity of the two probiotic blank yng?ll;:e !
variants
Probiotic yogurt variant Equations for calculating the dynamic viscosity
MZ,; Blank, skim cow's milk n =1.047y%
MZ,; Blank, milk mixture 1 = 4.244y 0%

The rheology of the probiotic yogurt variants obtained from skim cow's milk with
added phytosterol ester in a concentration 0.26% or 0.36% compared to the volume of the
skim cow's milk was examined. The data from these studies are shown on Fig. 4.
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Fig. 3. Dependence of the dynamic viscosity on the velocity gradient of the blank probiotic
yogurt variants
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Fig. 4. Flow curves of the probiotic yogurt variants obtained from skim cow's milk containing
different percentage of phytosterol ester

The flow curves were close one above the other; therefore, comparable values for the
rheological parameters of the two yogurt variants can be expected. In contrast to the blank
yogurt, with the addition of phytosterol ester the appearance of yield stress was observed
which changed the rheological behavior of the probiotic yogurt variants and converted them
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from pseudo-plastic to non-ideal plastic bodies. Thus, the rheology of these yogurts can be
described by the equation of Herschel-Bulkeley:

T=T7,+Ky" 4
wherein 7, —yield stress, Pa.
The parameters of the model of the Herschel-Bulkeley equation are given in Table 5.

Table 5
Rheological parameters of the model of Herschel-Bulkeley of the probiotic yogurt variants
obtained from skim cow’s milk with the addition of different percentage of phytosterol ester

Probiotic yogurt variant T, Pa K, Pas" n R’
MZ,; 0,26% PSE, skim cow's milk 0,95 1,316 0,3640 0,9750
MZ,; 0,36% PSE, skim cow's milk 1,13 1,561 0,3560 0,9710

The yield stress increased with the increase in the content of the phytosterol ester,
which was an evidence for the structuring of the product. The consistency constant
increased as well in comparison with that of the blank variant. At a concentration of
phytosterol ester of 0.36% its value reached 1.561 Pa.s". The flow index was not
substantially influenced by the increase in the content of the phytosterol ester in the skim
cow's milk.

The dynamic viscosities of the resulting probiotic yogurts were calculated using the
equation:

n =T7°+ Ky™ (5)

The equations for the calculation of the dynamic viscosity of the yogurt variants
obtained from skim cow's milk with the addition of different percentage of phytosterol
ester are given in Table 6. Fig. 5 reflects the dependence of the dynamic viscosity on the
velocity gradient for both yogurt variants.

Table 6
Equations for the calculation of the dynamic viscosity of the probiotic yogurt variants obtained
from skim cow's milk with the addition of different percentage of phytosterol ester

Probiotic yogurt variant Equations for calculating the dynamic viscosity
0.95
MZ,; 0,26% PSE, skim cow's milk n=——+1,316y""°
/4
1,13 .
MZ,; 0,36% PSE, skim cow's mil n=="—+1561y""*
/4

At small values of the velocity gradients, the dynamic viscosity of the yogurts
increased with the increase in the concentration of phytosterol ester as compared to that of
the blank yogurt variant. The highest dynamic viscosity was established for the yogurt
prepared with the addition of 0,36% phytosterol ester (Fig. 5).
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Fig. 5. Dependence of the dynamic viscosity on the velocity gradient of the probiotic yogurt
variants obtained from skim cow's milk containing different percentage of phytosterol ester

The flow curves of the probiotic yogurts obtained from milk mixture with the addition
of phytosterol ester in concentration 0.26% or 0.36% are plotted on Fig. 6. Analogical trend
in the rheological behavior of the probiotic yogurt variants obtained from milk mixture with
different concentration of phytosterol ester was observed.
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Fig. 6. Flow curves of probiotic yogurt variants obtained from milk mixture with different
percentage of phytosterol ester
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The flow curves of the two probiotic yogurt variants stood very close one above the
other, in a similar manner to the pattern with the yogurts obtained from skim cow's milk
with the addition of different concentration of phytosterol ester. Therefore, similar
rheological behavior can be expected.

The curves were curvilinear with an intercept and could be described by the model of
Herschel-Bulkeley. The model parameters for the yogurt variants obtained from milk mixture
with the addition of different percentage of phytosterol ester are presented in Table 7.

Table 7
Rheological parameters of the model of Herschel-Bulkeley of the probiotic yogurt variants
obtained from milk mixture with the addition of different percentage of phytosterol ester

Probiotic yogurt variant Ty, Pa | K, Pa.s" n R’
MZ,; 0,26% PSE, milk mixture | 4,04 4,832 10,2110 | 0,9370
MZ,; 0,36% PSE, milk mixture | 5,88 7,959 | 0,1170 | 0,9260

The yield stress of the probiotic yogurt variants prepared from milk mixture increased
taking higher values (4.04 Pa for the yogurt with 0,26% phytosterol ester and 5.88 Pa for
the yogurt with 0,36% phytosterol ester) than those of the probiotic yogurts, obtained from
skim cow's milk (0.95 Pa and 1.13 Pa, respectively). The consistency constant of the yogurt
variant prepared from milk mixture with 0.26% phytosterol ester was close to that of the
blank yogurt (4,832 Pa.s" and 4,244 Pa.s", respectively). The yogurt obtained from milk
mixture with 0,36% phytosterol ester had the highest consistency constant value of all
tested yogurt variants (7.959 Pa.s™) (Table 7). The flow indexes of the probiotic yogurt
variants prepared from milk mixture were close to that of the respective blank yogurt.

The equations for calculating the dynamic viscosity of the probiotic yogurts obtained
from milk mixture with the inclusion of different concentrations of the phytosterol ester are
given in Table 8.

Table 8
Equations for calculating the dynamic viscosity of the probiotic yogurts obtained from milk
mixture with the inclusion of different concentrations of the phytosterol ester

Probiotic yogurt variant Equations for calculating the dynamic viscosity
4.04
MZ,; 0,26% PSE, milk mixture n=——+4,.832y""
14
5.88
MZ,; 0,36% PSE, milk mixture n="—+7.959y%%
14

The dependence of the dynamic viscosity on the velocity gradient is shown on Fig. 7.
At low velocity gradient, the probiotic yogurts containing 0.36% phytosterol ester had a
dynamic viscosity of 24.60 Pa, and those with 0.26% phytosterol ester - 15.34 Pa. Upon
increase of the velocity gradient, destruction of the structure of the tested yogurt variants
was observed and the curves showing the changes in the dynamic viscosity overlapped

(Fig. 7).
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Fig. 7. Dependence of the dynamic viscosity on the velocity gradient of probiotic
yogurt variants, obtained from milk mixture containing different percentage of
phytosterol ester

Conclusions

The probiotic yogurt variants obtained from milk mixture with the inclusion of 0,36%
phytosterol ester had the best quality as they had the highest values of the yield stress (5.88
Pa), consistency constant (7.95 Pa.s") and dynamic viscosity. All resulting probiotic yogurts

can be included in the diet of contemporary man as functional foods to improve human
health.
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Introduction. The productivity of animal origin protein
has practically reached its biological limits, and searching
for other sources of protein would be possible among the
plants. This became the factor of relevance of the proposed
topic.

Materials and methods. The subjects for researching
are the green parts (tops) of beets, ramsons, nettle, garlic,
pea husk, and onion skin. The authors of this article used the
standard physical and chemical methods of estimating the
plant raw. The amino acid composition in green mass of
plants was defined by ion-changing chromatography;
biological value of protein faction was studied by methods
of O. Pokrovsky.

Results and discussion. The experimental data show
that green mass of plants is a very rich source of a complex
of biologically active substances: 1.93 to 4.76 % of protein;
4.76 to 6.22 % of carbohydrates; 0.88 to 2.23 % of ashes.
We confirmed the high content of indispensable amino acids
— 87 to 283 mg per 100 g of leucine; 72 to 205 mg per 100 g
of lysine; 504 to 1375 mg per 100 g in total. Dispensable
amino acids in maximal amount are represented by glycine
(83 to 377 mg per 100 g), alanine (87 to 251 mg per 100 g);
total amount is vacillating from 592 to 1767 mg per 100 g
for various cultures. Proteins in researched materials are
outstanding with high grade of proteolysis (28.61 % for
garlic; 28.81 % for nettle; 29.37 % for sugar beet), which
slightly differs from the control index (milk proteins,
30.01 %).

Conclusion. Taking green mass for a base to create the
biologically active additives and polyfunctional ingredients
is grounded scientifically, expedient technologically, and
profitable economically. We have recommended using the
green mass of plants for enrichment of any food bases in
production of foodstuffs for both domestic and foreign
markets.
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Introduction

Widening the production of food protein and formation of its structure are the most
important and difficult tasks for common and healthy nutrition. Constantly deepening
deficit of food protein is conditioning the searches for its new sources, including those non-
traditional.

The attempts to obtain proteinaceous concentrates out of tops of plants were
accomplished simultaneously in the former Soviet Union and England in 1942. The first
publication about leaf protein appeared in 1773 although the term ‘protein’ itself had been
firstly proposed by Dutch chemist I. Mulder in 1838 (Peary, 1980).

Nowadays, there are studied only a few sorts of cultivated plants suitable for obtaining
proteinaceous concentrates. These are legumes, alfalfa, rice, rape, clover, green peas. The
prominent industrially developed countries have established the powerful agro industrial
enterprises dealing with production of food proteins from plant raw materials (dried wheat
gluten, high-concentrated forms of protein from soy, wheat and peas) at the end of the 20™
century (Kudryashova, 2000). Today the total annual volume of high-concentrated protein
production makes up circa 400...500 thousands of tons.

Involving traditional and novelty plant cultures into the sphere of production of protein
and protein concentrates would provide solving of an array of social and economical
problems, including:

« significant liquidation of food protein deficit, which would foresee both gaining its level
in diets and improvement of protein quality;

o organization of industrial production of foodstuffs with definite protein composition,
first of all those related to category of healthy food;

e production of high-quality, safe and effective foodstuffs on the base of optimal
combination of proteins of both plant and animal origin, which would condition the
proper nutritional value and the quantitative and qualitative composition of protein
complex;

The following factors condition the choice of the new raw sources of protein:

« the quantitative and qualitative composition of protein complex;

« functional properties of proteins;

« Dbiological value of proteins;

o the possible volumes of raw harvesting and laying-in (in separate regions and
throughout the country);

« technological capacity of raw and its liability to procession on enterprises with different
levels of productivity;

« the possibility to obtain several valuable half products with various functional action out
of one certain kind of raw;

« maximal compatibility of components from proteinaceous green mass with nutrients of
food environments exposed to enrichment;

o shelf-life conditions;

o the cost of proteinaceous half products, regarding their biological value and economic
efficiency of an enterprise.

The majority of researches in the field of protein technologies is oriented at obtaining
of either high-concentrated proteins (concentrates, isolates, proteinates) or chemically
modified, including composites protein-polysaccharide, protein-lipid etc.

As for the authors of this article, the more expedient method is the wasteless
procession of plant raw materials with further obtaining of proteinaceous concentrates.
Those may differ by their rich nutrient composition, first of all — by the optimal natural
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correlation between proteins and other components of raw (pectin substances and other
polysaccharides, lipids and vitamins); thanks to this, the efficiency and functionality of
proteins will be enhanced. This technology would become more efficient from economic
point of view as well, because it can eliminate the expensive and complicated processes of
proteins’ purification (in production of concentrates and isolates), their etherification and
structuring.

Therefore, the objectives of this article are to prove scientifically and to confirm
experimentally the expedience of using the tops of various plants.

The main tasks of the research are to study the amino acid content and biological value
of tops of plants, and also to define the grade of proteolysis of proteins from researched
materials in comparison with control substance (milk protein).

Materials and methods

We chose the tops of the following plants for researches: sugar beet; garlic; pea husk;
nettle; ramsons; garlic; onion skin. It is well-known that green plants contain 1.5 to 3.5 %
of protein on the average; about 85 % of it is concentrated in leaf cells. Leaf protein is
represented mostly with two types. First are cytoplasm proteins (ca 30 % of the total
amount of protein, with molecular mass of 30...50 kD) contained in the solution and free of
pigments. Second are insoluble colloid-disperse proteins with molecular mass of about 100
kD, which are constrained to chloroplasts and compose about 35 % of total amount of
protein.

Young tender tops of sugar beets, garlic, ramsons and nettle were collected randomly
from the wild and farmlands in Kyiv region, Ukraine. The samples were identified by a
Taxonomist. Several plants of each species were combined to get representative samples.
The samples were washed with distilled water, cut into small pieces, air dried (away from
sunlight) and ground into fine powder using porcelain mortar and pestle.

The well-known ways to process the plant raw containing the biologically active
substances are drying with further disintegration and, if necessary, extraction; thus, the
plant half products in the shape of dried slices, particles with defined measure, or small-
disperse powders are used in food industry in topmost grade.

The authors of this article used the standard physical and chemical methods of
estimating the plant raw (Yermakov et al., 1987).

The amino acid composition in tops of plants was defined by ion-changing
chromatography (Spackman, 1988). The essence of this method is to hydrolyze proteins
from the sample to amino acids and then to identify them by the method of high-effective
liquid chromatography on the LC-5 device (produced by Shimazu). The dry sample had
been hydrolyzed with a 6-n solution of hydrochloric acid in the temperature of (108 + 2)
Celsius degrees during 24 hours (the method was described in Magomya, 2014).

Results and discussions

The tops of noticed plants were previously cleaned and inspected. Afterwards, they
were disintegrated and their general chemical content was investigated. The obtained
results are shown in Table 1.
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Table 1
Chemical composition of tops of proteinaceous plants
Indicators The raw material

Sugar beet | Garlic | Pea husk | Nettle | Ramsons | Onion skin
Dry substances, % 13.26 10.61 9.8 11.86 10.90 8.34
Protein, % 3.25 2.96 4.71 2.61 2.18 1.93
Lipid, % 0.67 1.32 0.83 0.49 0.02 0.03
Carbohydrates, % 6.22 5.65 5.04 5.72 5.97 4.76
Ashes, % 2.23 1.88 1.77 1.41 1.35 0.88

The analysis of the obtained data shows the following facts.

The amount of protein in dry substances allowed arranging the researched objects in
the following order: sugar beet (24.5 %), dioecious nettle (22.0 %), ramsons (20.0 %).

Our researches have shown that all of the studied objects contain the significant
amount of carbohydrates. This indicator is about 55 % of general amount of dry substances
in ramsons; 48.2 % in nettle; 47 % in sugar beet.

Garlic is the richest in lipids (1.32 % of general amount of dry substances); the poorest
one is ramsons leaves (0.18 %).

Dependently on the amount of ashes in dry substance, the researched objects have
been arranged the following: sugar beet (16.8 %), ramsons (12.4 %), and nettle (ca 12 %).

Table 2 shows the content of indispensable amino acids in researched plants.

Table 2
The content of indispensable amino acids in researched plants
Amino acids The amount, mg / 100 g
Sugar beet | Garlic | Pea husk | Nettle | Ramsons | Onion skin

Isoleucine 125 113 99 110 143 38
Leucine 283 280 269 155 87 97
Lysine 205 194 188 145 98 72
Phenylalanine + 290 225 221 178 135 108
tyrosine

Methionine + 113 105 98 84 76 20
cysteine

Tryptophan 42 39 40 41 38 45
Threonine 151 127 125 125 92 49
Valine 166 153 150 133 93 75
Total 1375 1236 1190 971 762 504

The necessity of using the products made of the researched raw materials may be well
apprehended on the example of lysine.

As it is well-known, lysine is an essential (indispensable) amino acid necessary for
human health; yet, the body cannot synthesize it itself. A human has to get lysine from food
or supplements.

Amino acids, particularly lysine, are building blocks for proteins. Lysine is important
for proper growth, which is actual now in Ukraine considering the bad ecological situation;
and it also plays essential role in the production of carnitine (a nutrient responsible for
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converting fatty acids into energy and helping lower cholesterol; there are used worldwide
two well-known preparations of carnitine, L-Carnitine and Cardonate to control body
weight).

Lysine appears to help the body absorb calcium and form collagen. Both of these
factors are crucially important for functioning of skeleton, muscles and so on (See
University 2014).

The index of lysine amount in researched plant is the highest for sugar beet (205 mg /
100 g), garlic (194 mg/ 100 g), and pea husk (188 mg / 100 g).

Table 3 contains the results of researching the dispensable amino acid content in
mentioned plants.

Table 3
The content of dispensable amino acids in researched plants
Amino acids The amount, mg / 100 g
Sugar | Garlic Pea Nettle Ramsons Onion

beet husk skin
Alanine 251 187 236 115 87 94
Arginine 172 197 185 235 207 86
Aspartic acid 250 243 264 90 148 138
Hystidine 78 75 67 123 135 43
Glutamine 248 198 221 411 141 124
Glycine 377 334 325 83 183 96
Proline 220 199 138 80 104 63
Serine 171 146 124 65 107 42
Total 1767 1579 1560 1202 1112 592

As one of the most important among dispensable acids, glutamine is the most
abundant in human body, and the body can synthesize enough glutamine for its needs.
However, during times of extreme physical and psychic stress (especially for Ukrainian
armed forces who take part in anti-terroristic operation in East regions), the body may need
more glutamine than it can make.

Certain medical conditions, including injuries, surgery, infections, and prolonged
stress, may lower the level of glutamine; in these cases, taking a glutamine-containing
supplement may be very helpful (University 2014). The products made of raw materials
researched in this article (especially nettle — 411 mg / 100 g, sugar beets — 248 mg / 100 g,
and garlic — 198 mg / 100 g) may complete the body needs in glutamine (and other
dispensable amino acids, too).

The further perspective of using the foodstuffs that include the studied raw
supplements is their implementation into diets for military personnel.

Both of the tables given above represent the general amino acid composition of plant
raw and half-processed (pea husk, onion skin) materials. The data show that the entire
researched raw contains 18 amino acids including all of those indispensable. It is to mark
that the content of indispensable amino acids relatively to the general amino acid amount is
about 38...45 per cent, which evidences the significantly balanced amino acid composition
in all of the studied objects.

The obtained data show the biological value of proteins in researched green mass of
plants. It is well-known that the correlations between dispensable and indispensable amino
acids play the crucial role in formation of optimal conditions for catabolic processes. There
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was experimentally confirmed that the maximal biological effect of food proteins may be
reached with the general nitrogen amount of 42 % of indispensable; the other 58 % may be
taken from the dispensable amino acids.

The important characteristic for proteins is their grade of digestion by proteolythic
enzymes in the alimentary canal. The results of researching this parameter are given in table
4.

These results showed that digestion of proteins extracted from tops of sugar beets
reached 78...82 per cent and therefore varies very little from the analogical indices for
control proteins (milk proteins) and slightly exceeds those for nettle and garlic.

Generally, proteins of all the researched materials in entering the alimentary canal
would be easily dissociated into amino acids under the impact of proteolythic enzymes and
be absorbed into blood wholly.

Table 4
The amount of hydrolyzed in vitro proteins in researched materials, per cent

Material Proteolysis stage
Pepsin | o+ | Tripsin | o+ | Peptidase | ox General ox
proteolysis
Milk
proteins
(control) 3.50 0.76 11.24 0.39 15.27 0.34 30.01 1.46
Green
mass of 3.14 0.34 11.19 1.44 15.04 0.19 29.37 0.94
sugar beet
Green
mass of 1.22 0.14 11.07 0.56 16.52 2.32 28.81 1.16
nettle
Green 2.65 0.82 11.04 0.48 14.92 0.11 28.61 0.32
mass of
garlic

In enriching the diets with amino acids, it is necessary to represent them in optimal
correlations. Either deficit or surplus of a certain amino acid may cause the misbalance, or a
violation of amino acid balance. The symptoms of misbalance can be exposed more
apparently in low-protein diet with a small amount of indispensable amino acids.

The data about the biochemical composition of separate plant samples show their wide
possibilities in use for human nutrition and production of new foodstuffs. Generally, the
plant raw materials chosen as the objects for researches are outstanding due to
comparatively high content of protein (20...25 per cent of the whole amount of dry
substances).

Moreover, the nutritional value of protein extracted from the studied plants is pretty
high and stands close to animal origin proteins. During the researches, we had found out
that the proteins of green mass of various beets have got the highest biological value.
Henceforth, we may make a conclusion that the proteins from tops of plants, as being
digested in an alimentary canal, would be dissociated by proteolythic enzymes to amino
acids and then absorbed into blood wholly.
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The further researches foresee the production of dry proteinaceous half-products with
wide array of extremely precious biologically active substances. They are chlorophyll and
the products of its dissociation; ascorbic acid; carotenoid group, first of all B-carotene.
These products would become the most important for the population strata, which take the
small doses of green leafy vegetables and suffer from the vitamin A deficit.

Conclusion

Therefore, the experimental data obtained during our research show that green mass of
plants is a very rich source of a complex of biologically active substances, which would
allow obtaining the new foodstuff with increased biological value. Taking plant tops for a
base to create the biologically active additives and polyfunctional ingredients is grounded
scientifically, expedient technologically, and profitable economically; henceforth, the
expected products from green mass of plants would have a great demand on both domestic
and foreign markets.
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Introduction. In this study, the changes on quality of
whole frozen bonito (Sarda sarda) thawed in the
refrigerator (at 4 +£2° C, 22 hours), in the water (12.1
+0.8°C, 1.5 hours) and in the microwave (160 W, 7 min)
were identified.

Materials and methods. The quality control of bonito
were carried out by the analyses of rational weight loss,
TVB-N, TMA-N, TBARs, pH value, water activity (Aw),
total mesophilic and total psychrotrophic bacterial amount.

Results and discussion. After thawing process, water
loss, pH, water activity, TVB-N, TBARs, TMA-N values,
total mesophilic and psychrotrophic bacteria counts were
found as; 2.01, 1.66 and 2.54%; 5.95, 5.98 and 5.86; 0.98,
0.98 and 0.99; 20.83, 20.35 and 14.87 mg/100g; 0.51, 0.45
and 0.54 mgMDA/kg; 0.89, 0.47 and 0.48 mg/100g; 3.58,
3.47 and 3.35 Log CFU/g; 3.25, 2.86 and 2.84 Log CFU/g,
respectively. Significant differences (p>0.05) were not
found between rational weight loss (%) and pH values of
different thawing methods. The lowest TVB-N value of the
bonito was observed in microwave oven with 7 minutes
thawing time, the maximum TVB-N value of the fish was
determined in refrigerator-thawed group for 22 hours. The
analysis showed that the amount of TVB-N increased with
increasing thawing duration. Therefore, in terms of time and
quality of bonito thawing in microwave oven gives better
results than the other methods. Thawing in the microwave
gave the best results in terms of TMA-N value. The
microbial amounts were found less than 4 Log CFU/g in all
samples. Based on these results; less thawing time of
microwave thawing and water-thawing method were
obtained better quality fish.

Conclusion. In this research, effects of thawing
methods on pH value and sensory characteristics of bonito
were not important statistically (p>0.05) while affect the
other quality parameter. Based on the chemical and
microbiological analysis results increasing thawing period
were negatively affect the quality of fish.
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Inroduction

Bonito (Sarda sarda) is a very important commercial species in Turkey. 13158 tons of
bonito were caught in 2013 and its amount 45 tons were exported as frozen [1]. Freezing
technology is commonly used method in fish particularly exported. On the other hand,
people prefer freezing to canning because of the ease of use at home. In order to extend the
duration of food storage, especially fishery products, freezing minimizes the disruption and
economic loss, and plays an important role in the control of food-borne pathogens. Frozen
products compared to products preserved by other methods, has higher quality in terms of
nutritional value [2].

The quality of frozen fish and storage life depends on the freezing speed, packaging,
storage temperature and continuity and pre-cooling conditions. One of the most important
quality criteria of frozen stored fish is water loss. Water loss is the form of evaporation
during storage or leakage while thawing the frozen product. If freezing, storage and
thawing processes performed in appropriate conditions, water loss is less than 10% [3].

Minimal processing methods have emerged with the development of means different
industrial thawing like vacuum thawing, electrical methods and high pressure But still, the
most use thawing methods of consumers are traditional methods. Frozen fish are usually
thawed in four different ways such as in the refrigerator, microwave oven, room
temperature and under cold water. However, thawing process at room temperature have a
much higher risk for microbial growth which is not preferred [4,5,6].

Many authors studied the effect of thawing methods on quality changes of different
fish; megare [7], trout [8], mackerel [9], bluefish [10], anchovy [10,11,12], eel [13], sardina
and sea bream [11]. But there is no much information about the impact on the quality of
different thawing methods of bonito. The aim of this study was to investigate widely used
three thawing methods [thawed in the refrigerator (at 4+£2°C, 22 hours), in the water
(12.1+£0.8°C, 1.5 hours) and in the microwave (160 W, 7 min)], which were different
thawing time, in point of water loss, chemical, organoleptic and microbiological on quality
of whole frozen bonitos.

Material and methods

Materials. In this study, 6 bonitos (Sarda sarda, Bloch, 1793) (mean weight
460.20+18.65 g) were used. Bonitos were obtained from Istanbul Fish Market and each
bonito was put in sealed refrigerator pouches. After packaging, bonitos were placed with
leaf type ice into styrofoam containers. Bonitos frozen in a deepfreeze at -25°C were stored
at -20£2°C for 3 months period. Bonitos were thawed in a refrigerator (as packaged,
4+1°C, 22 hours), microwave oven (160 W, 7 min) and in water (packaged, 12.1+0.8°C,
1.5 hours) with two replications till reached -1°C the central temperature of fish. After
thawing bonitos, were homogenized and physical, chemical and microbiological properties
were analyzed.

Methods. Rational weight loss was calculated according to the Santos and Regenstein
[14]. pH was determined according to the Manthey et al. [15]. Total volatile basic nitrogen
(TVB-N mg N/100 g fish flesh) was determined according to the modified method of
Liicke-Geidel [16]. Trimethylamine (TMA-N mg/100 g fish flesh) analysis was carried out
according to the method proposed by Boland and Paige [17].

Thiobarbituric acid reactive substance (TBARs mg malonaldehyde/ kg fish flesh) was
determined according to the method proposed by Erkan & Ozden [18]. Automatic water
activity machine (Novasina) was used for determination of water activity (aw). Total
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aerobic mesophilic plates were incubated at 28°C for 48 hours [19] and total aerobic
psychrotrophic plates stored at 7°C in the refrigerator for 10 days period [20]. For sensory
analysis, fish thawed with 3 different methods without addition of salt, spices, etc. were
wrapped with aluminum foil, baked at 180°C for 25 minutes and evaluated by 5
experienced panelists [21,22].

Differences between means were analyzed by one-way analysis of variance (Anova)
followed by Tukey test (Minitab 17 Release). The results are presented as means £Se.

Results and discussion

The values of rational weight loss (%), pH, TVB-N, TBARs, TMA-N and a,, were
given in Table 1. During thawing penetration to water loss in the range of 5% to 15% are
indicated by Pigott and Tucker [3]. In this study, the less water loss (%1.66) was observed
in water thawed bonito. In practical terms, the other two thawing method results seems
better than thawing proccess in microwave oven for heat could be vaporized more water.
However, There was no statistically significant difference between groups in terms of
weight loss (p> 0.05). In addition, less water loss shows that fish is frozen and stored in
good condition.

Knowledge about the pH of fish meat may give valuable information about its
condition. Most spoilage bacteria possessing decarboxylase activity do so in response to
acidic pH, presumably so that the organisms may raise the pH of the growth medium
through the production of amines [23]. The previous studies reported that fresh fish pH
values should be between 6-6.5 [24]. Despite the three months of frozen storage, pH values
obtained from the thawing fish showed that very good quality. Significant differences
(p>0.05) were not found between pH values of different thawing methods. Turan et al. [8]
evaluated the effects of thawing in water, microwave, room and refrigerator temperature on
quality of rainbow trout. Our pH results were found to be similar with this study. And the
ph values of thawed bonito samples were low and didn’t exceed 6.00. It has been reported
that the pH value of thawed eel (in water, microwave and refrigerator) was similar with our
results [13]. Mol et al. [9] reported that pH values of mackerel were not affected from
different thawing methods (in water, refrigerator and room temperature). It can be said that
pH analysis are not useful as quality indicator for determining the differences between the
thawed bonitos.

Table 1

Rational weight loss (%), pH, TVB-N, TBARs, TMA-N and a,, values of thawed bonito

Analyses Microwave Water Refrigerator
(7 min). (1 hour 30 min.) (22 hours)

Weight loss (%) 2.54+0.34 a 1.66+0.00 a 2.01+0.17 a
pH 5.86+£0.01 a 5.984+0.01 a 5.9540.07 a
TVB-N (mg/100g) 14.68+0.78 b 20.35+0.19 a 20.83+0.30 a
TBARs (mgMDA/kg) 0.54+0.02 ab 0.45+0.01 b 0.51+0.02 a
TMA-N (mg/100g) 0.48+0.03 b 0.47+0.01 b 0.89+0.05 a
Water Activity (Aw) 0.99+0.01 b 0.9840.00 a 0.98+0.01 ab

Values are shown as mean+ standard error of triplicates, n=3
a—b Within the line with different letters are significantly different (p<0.05)
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Total volatile basic amines (TVB) is one of the most widely used measurements of
seafood quality. It is a general term which includes the measurement of trimethylamine
(produced by spoilage bacteria), dimethylamine (produced by autolytic enzymes during
frozen storage), ammonia (produced by the deamination of amino-acids and nucleotide
catabolites) and other volatile basic nitrogenous compounds associated with seafood
spoilage [23]. The value of TVB-N in sea foods are classified as 25 mg/100 g and below
very good, between 25-30 mg/100 g good, between 30-35 mg/100 g marketable, 35 mg/100
g or more spoilage [24]. According to these criteria, for the three different thawing method,
thawed bonitos were very good quality. However, while the lowest TVB-N value of the fish
was observed in microwave oven with 7 minutes thawing time, the maximum TVB-N value
of the fish was determined in refrigerator-thawed group for 22 hours. TVB-N values of the
samples thawed in the refrigerator in 22 hours and thawed in the water in 1 hour and 30
minutes were significantly higher (p<0.05) according to microwave oven thawing. The
analysis showed that the amount of TVB-N increased with increasing thawing duration.
Therefore, in terms of time and quality of bonito thawing in microwave oven gives better
results than the other methods. For anchovy, sardine, sea bream [11], and rainbow trout [8]
thawed under same methods, minimum TVB-N values were similar with determined in
microwave group, despite that Geng et al. [7] stated that TVB-N values of refrigerator,
water and microwave oven- thawed meagre fillets were not significant differences between
those treatments.

TMAO is an osmoregulating agent in salt water fish muscle [11]. Trimethylamine is a
pungent volatile amine often associated with the typical "fishy" odour of spoiling seafood.
Its presence in spoiling fish is due to the bacterial reduction of trimethylamine oxide
(TMAO) which is naturally present in the living tissue of many marine fish species
[23].TMA-N value used to the measure of freshness, for fish 4 mg/100 g is good, 10
mg/100 g is marketable, 12 mg/100 g and above is considered as spoiled [25,26]. All of the
fish were good quality and there is no statistical difference (p>0.05) between microwave
thawed bonito and water thawed bonito. There was statistically significant difference found
thawing in the refrigerator according to the other two groups (p<0.05). Thawing in the
microwave gave the best results similarly with Turan et al. [8] and Dinger et al. [11].

The highly unsaturated fatty acids found in fish lipids are very susceptible to
oxidation. The primary oxidation products are the lipid hydroperoxides. In later stages of
oxidation secondary oxidation products will usually be present and thus be indicative of a
history of autoxidation. These products comprise aldehydes, ketones, short chain fatty acid
and others, many of which have very unpleasant odours and flavours, and which in
combination yield the fishy and rancid character associated with oxidized fish lipid. Some
of the aldehydic secondary oxidation products react with thiobarbituric acid (TBA),
forming a reddish coloured product that can be determined spectrophotometrically [23].
TBA value used to the measure of freshness, for fish 3 mg/1000 g is very good, 5 mg/1000
g is good, 7-8 mg/1000 g marketable, and above is considered as spoiled [24].Thawed fish
in the water had the lowest TBA value due to protected from the oxygen in the air. Thawing
in the microwave caused the higher TBA value due to the application of heat during
thawing proccess. The similar results were reported by Ersoy et al. [13]. Besides, three
thawing method was found quite low than value of 8 mg MDA/kg [27] which is maximum
consumable value for thawed fish. This situation is an indication that fish was frozen and
stored in good conditions.

The a, value varies between 0.98 and 1 in fresh seafood. Although the storage
temperature for frozen fish was tried to be kept stable, even minimal changes in
temperature changes the ambient humidity and causes the required moisture to be met from
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fish. This leads to water loss in fish and thus a change in the a,, value. In this research, the
water activity of thawed bonito were found between 0.98-0.99. The water activity of
thawed fish in microwave and water were different significantly (p<0.05).

Considering the results in Table 2, at the end of thawing process, the amount of total
mesophilic bacteria in the water or in the refrigerator thawing conditions were similar
(p>0.05), the lowest value was thawing with microwave oven (p<0.05). This state of
degradation products in fish meat, thawing time is directly related to the increase in
microbial spoilage and that it was part of a clearly reveal. Although the thaw period in the
refrigerator more than water, because it contains more cold conditions the number of
bacteria in both thawing methods were similar. In terms of the total number of
psychrotrophic bacteria difference between in the water thawing and microwave oven
thawing methods, was not significant (p>0.05). In terms of total psychotropic and total
mesophilic bacteria, microwave oven thawing gave better results than the other methods
and it’s followed by water thawing. All groups remained within the consumable limit in
terms of mesophilic and psychrotrophic aerobic bacteria amount which is acceptable value
10° [28]. These results were similar with Geng et al. [7] and Ersoy et al. [13].

Table 2
Microorganisms counts of thawed bonito (Log CFU/g)
Total Bacteria Microwave Water Refrigerator
(Log CFU/g) (7 min). (1 hour 30 min.) (22 hours)
Mesophilic Bacteria 3.35+0.04 b 3.47+£0.02 a 3.584+0.04 a
Psychrotrophic Bacteria 2.84+0.04 b 2.86+0.11 b 3.2540.02 a

Values are shown as mean+ standard error of triplicates, n=3
a—b Within the line with different letters are significantly different (p<0.05)

According to the sensorial panel results, microwave thawing method showed higher
scores on the attributes for odor, texture, flavor and overall rating (Table 3). Similar results
were reported by Dinger et al.[11]. However, no statistical difference was observed between
the groups except the odor criteria (p>0.05).

Table 3
Sensorial panel results of values of thawed bonito

Sensory evolution Microwave Water Refrigerator

(7 min). (1 hour 30 min.) (22 hours)
Odor 5.00+0.00 a 4.40+0.20 b 4.70+0.20 ab
Texture 4.50+0.20 a 4.20+0.30 a 4.30+0.30 a
Flavor 4.80+0.10 a 4.20+0.10 a 4.40+0.40 a
Overall Rating 4.90+0.10 a 4.30+0.20 a 4.50+0.10 a

Values are shown as mean+standard error of triplicates, n=3
a—b Within the line with different letters are significantly different (p<0.05)
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Conclusion

According to the pH value and sensorial panel results, the quality of thawed bonito were
not effects with different thawing methods (p>0.05). But, according to chemical and
microbiological analyse results, increasing thawing period were negatively affect the
quality of fish. Therefore, when the consumers and small business owners desired thawing
frozen fish in small quantities, firstly can be suggested in the microwave thawing compared
to other thawing methods for the best quality.
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Introduction. Leafy vegetables are highly perishable
food items and require special processing treatments to
prevent post-harvest losses. The purpose of this study is to
evaluate the influence of freezing treatment on the nutritive
potential of five (5) leafy vegetables consumed in Southern
Cote d’Ivoire.

Materials and methods. Leafy vegetables (Solanum
melongena, Basella alba, Talinum triangulare, Colocasia
esculenta and Corchorus olitorius) were freshly collected,
destalked, washed with deionized water and packed in
polyethylene bags at -18°C in freezer for one, two and three
months. After the storage time, chemical and nutritive
parameters were determined.

Results and discussion. The results of experiment
showed that freezing application during long time (3
months) caused losses in some nutrients and anti-nutrients
as indicated in percentage: ash (3.51-11.44%), proteins
(6.91-23.93%), vitamin C (15.22-33.94%), carotenoids
(1.78-12.96%), phenolics (2.11-5.81%), oxalates (4.17-
28.27%) and phytates (13.44-24.82%). Contrary to the
registered losses, freezing processing highlighted increase of
the following parameters after 1 month of storage: moisture
(83.20 + 0.35 % to 90.39 + 0.78 %), crude fibres (11.60 +
0.26 % to 24.05 + 0.42 %) and carbohydrates (46.85 + 0.88
% to 63.04 + 1.29 %). The residual minerals contents of
frozen leafy vegetables after 1 month were: calcium
(367.66-784.9 mg/100g), magnesium (227.3-743.79
mg/100g), phosphorus (224.5-779.33 mg/100g), potassium
(2238.35-4865.86 mg/100g), iron (72.40-128.04 mg/100g),
sodium (26.38-478.15 mg/100g) and zinc (22.74-65.65
mg/100g).

Conclusions. This work showed that freezing could be
used as valuable preservation method of tropical leafy
vegetables during a period not exceeding one month in order
to avoid some nutritional losses and contribute therefore to
the food security of Ivorian populations.
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Introduction

Vegetables are important protective foods, which are beneficial for the maintenance of
good health and prevention of diseases [1]. Sub-Saharan Africa grows an enormous variety
of vegetables among which the green leafy vegetables (GLVs) constitute essential
components of human diet particularly in West Africa

[2, 3]. In Céte d'Ivoire (Ivory Coast), more than twenty (20) species of leafy
vegetables are widely consumed and cultivated. Moreover, the consumption of these leafy
vegetables is linked to the region and ethno-botanical studies have stated that most people
in Southern Coéte d'Ivoire consume indigenous leafy vegetables such as Solanum
melongena, Basella alba, Talinum triangulare, Colocasia esculenta and Corchorus
olitorius. These leafy vegetables are usually consumed in combination with starchy staples
and represent a quality food to the poor segment of population both in urban and rural
areas. Leafy vegetables are important components of the human diet, providing fibres,
minerals and vitamins [4, 5]. These are also sources of antioxidants necessary in
neutralizing free radicals in human body [6]. The ethno-botanical reports offer information
on medicinal properties of green leafy vegetables like anti-diabetic, anti-histaminic, anti-
carcinogenic, hypolipidemic and antibacterial activities [4, 7, 8]. Furthermore, leafy
vegetables occupy a modest place as potential source of micronutrients including
nutraceuticals of importance like [B-carotene, iron, calcium, magnesium, phosphorus,
potassium, fiber, folic acid, vitamins K, C and E [9, 10].

In view to their biochemical composition, leafy vegetables are typically over 90%
moisture and this fact makes them highly perishable. Indeed, after harvesting they begin to
undergo higher rates of respiration, resulting in moisture loss, quality deterioration and
potential microbial spoilage [11]. Therefore, these valuable plant foods require special
processing treatments to prevent post-harvest losses. Among the various preservation
methods used, freezing might extend their shelf life. The freezing process includes pre-
freezing treatments, freezing, frozen storage, and thawing. Even though freezing is regarded
as the simplest and most important preservation process for fruits and vegetables, it is not a
perfect process since it is well known that some nutritional value (vitamins and minerals)
may be lost during the freezing process. The losses of nutrients during freezing can be the
result of physical separation (peeling and trimming prior to freezing, or exudates loss
during thawing), leaching or chemical degradation such as oxidation [11]. Indeed, some
authors have reported for vitamin C and phenolics, losses estimated to 50 and 12%,
respectively during freezing of vegetables [12]. Furthermore, all the results obtained in the
current literature are based on the freezing effect on nutrients contents of exotic leafy
vegetables and these data are subjected to variations since retention of nutrients during
freezing is highly dependent on the cultivar, production location, maturity stage, season and
processing conditions [13].

So, the main objective of this work was to evaluate the effect of freezing storage on
nutrients contents of five leafy vegetables (Solanum melongena, Basella alba, Talinum
triangulare, Colocasia esculenta and Corchorus olitorius) cultivated and widely consumed
in Southern Cote d’Ivoire in order to predict the delay of post-harvesting preservation and
provide nutritional information to consumers.
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Materials and methods

Samples collection. Leafy vegetables were collected fresh and at maturity from
cultivated farmlands located at Dabou (latitude: 5°19'14” North; longitude: 4°22'59" West)
(Abidjan District). The samples were harvested at the early stage (between one and two
weeks of the appearance of the leaves). These plants were previously authenticated by the
National Floristic Center (University Felix Houphouét-Boigny, Abidjan-Cote d’Ivoire).

Samples processing. The fresh leafy vegetables were destalked, washed with
deionized water and edible portions were separated from non edible portions. The edible
portions were allowed to drain at ambient temperature and separated into two portions of
250 g each. The first portion (250 g) was packed in polyethylene bags and were stored at -
18°C in freezer for one, two and three months [2, 14]. After freezing period, the leaves
were defrosted at ambient temperature and subjected to drying in oven (Memmert,
Germany) at 60°C for 72 h. The dried samples were ground with a laboratory crusher
(Culatti, France) equipped with a 10 pm mesh sieve and stored in air-tight containers for
further analysis. The second 250 g portion of fresh leafy vegetables was used as the control
(raw) and subjected to the same treatement of drying and gridding.

Proximate analysis. Ash, proteins and lipids were determined using official methods
[15]. For crude fibres, 2 g of dried powdered sample were digested with 0.25 M sulphuric
acid and 0.3 M sodium hydroxide solution. The insoluble residue obtained was washed with
hot water and dried in an oven (Memmert, Germany) at 100 °C until constant weight. The
dried residue was then incinerated, and weighed for the determination of crude fibres
content. Carbohydrates and calorific value were calculated using the following formulas
[16]:

Carbohydrates: 100 — (% moisture + % proteins + % lipids + % ash + % fibres).

Calorific value: (% proteins x 2.44) + (% carbohydrates x 3.57) + (% lipids x 8.37).

The results of ash, fibres, proteins, lipids and carbohydrates contents were expressed
on dry matter basis.

Mineral analysis. The dried powdered samples (5g) were burned to ashes in a muffle
furnace (Pyrolabo, France). The ashes obtained were dissolved in 10 mL of HCI/HNO3 and
transferred into 100 mL flasks and the volume was made up using deionized water. The
mineral composition of each sample was determined using an Agilent 7500c inductively
coupled argon plasma mass spectrometer [17]. Calibrations were performed using external
standards prepared from a 1000 ppm single stock solution made up with 2% nitric acid.

Anti-nutritional factors. Oxalates content was performed using a titration method
[18]. One (1) g of dried powdered sample was weighed into 100 mL conical flask. A
quantity of 75 mL of sulphuric acid (3 M) was added and stirred for 1 h with a magnetic
stirrer. The mixture was filtered and 25 mL of the filtrate was titrated while hot against
KMnO#4 solution (0.05 M) to the end point. Phytates contents were determined using the
Wade’s reagent colorimetric method [19]. A quantity (1 g) of dried powdered sample was
mixed with 20 mL of hydrochloric acid (0.65 N) and stirred for 12 h with a magnetic. The
mixture was centrifuged at 12000 rpm for 40 min. An aliquot (0.5 mL) of supernatant was
added with 3 mL of Wade’s reagent. The reaction mixture was incubated for 15 min and
absorbance was measured at 490 nm by using a spectrophotometer (PG Instruments,
England). Phytates content was estimated using a calibration curve of sodium phytate (10
mg/mL) as standard.
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Vitamin C and carotenoids. Vitamin C content was determined by titration [20].
About 10 g of ground fresh leaves were soaked for 10 min in 40 mL metaphosphoric acid-
acetic acid (2%, w/v). The mixture was centrifuged at 3000 rpm for 20 min and the
supernatant obtained was diluted and adjusted with 50 mL of bi-distilled water. Ten (10)
mL of this mixture was titrated to the end point with dichlorophenol-indophenol (DCPIP)
0.5 g/L. Carotenoids were extracted and quantified by using a spectrophotometric method
[21]. Two (2) g of ground fresh leaves were mixed three times with 50 mL of acetone until
loss of pigmentation. The mixture obtained was filtered and total carotenoids were
extracted with 100 mL of petroleum ether. Absorbance of extracted fraction was then read
at 450 nm by using a spectrophotometer (PG Instruments, England). Total carotenoids
content was subsequently estimated using a calibration curve of B-carotene (1 mg/mL) as
standard.

Polyphenols. Phenolics were extracted and determined using Folin—Ciocalteu’s
reagent [22]. A quantity (1 g) of dried powdered sample was soaked in 10 mL of methanol
70% (w/v) and centrifuged at 1000 rpm for 10 min. An aliquot (1 mL) of supernatant was
oxidized with 1 mL of Folin—Ciocalteu’s reagent and neutralized by 1 mL of 20% (w/v)
sodium carbonate. The reaction mixture was incubated for 30 min at ambient temperature
and absorbance was measured at 745 nm by using a spectrophotometer (PG Instruments,
England). The polyphenols content was obtained using a calibration curve of gallic acid (1
mg/mL) as standard.

Antioxidant activity. Antioxidant activity assay was carried out using the 2, 2-
diphenyl-1-pycrilhydrazyl (DPPH) spectrophotometric method [23]. About 1 mL of 0.3
mM DPPH solution in ethanol was added to 2.5 mL of sample solution (1 g of dried
powdered sample mixed in 10 mL of methanol), filtered through Whatman No. 4 filter
paper and allowed to react for 30 min at room temperature. Absorbance values were
measured with a spectrophotometer (PG Instruments, England) set at 415 nm. The average
absorbance values were converted to percentage antioxidant activity using the following
formula:

Antioxidant activity (%) = 100 — [(Abs of sample — Abs of blank) x 100/Abs positive
control]

Statistical analysis. All the analyses were performed in triplicate and data were
analyzed using EXCELL and STATISTICA 7.1 (StatSoft). Values were expressed as
means =+ standard deviation.

Results and discussion

Nutritive properties. The proximate composition of frozen leafy vegetables is
presented in Table 1.

The slight increase (p = 0.05) in moisture content (0.02 — 1.03 to 0.3 — 1.60 %) of
leafy vegetables stored at — 18°C may be due to the adsorption of water. Similar results
were obtained during storage of Cassia tora and Corchorus tridens at — 18 °C for 3 months
[2]. Ash content of the analyzed samples ranged after 1 month from 8.37 £ 0.05 % to 22.05
+ 1.89 %. The decrease in ash contents could be attributed to the loss water carrying off the
minerals during freezing storage. Indeed, freezing of tissues at high moisture content results
in the formation of ice crystals within the cells. The sharp edges of the crystals so formed
are capable of lacerating the cell membranes resulting in cell leakage and its contents [24,
25]. In spite of ash losses, the studied samples may suggest that these leafy vegetables are
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good sources of minerals because leaves contain about 3 % ash has been reported as
suitable for human nutrition [26]. Crude fibres are general term for plant cell wall
components that are poorly digested by humans, such as cellulose and lignin [27]. The
crude fibres increased (p = 0.05) after 1 month and 3 months of freezing respectively to
0.20 — 0.95 % and to 0.5 — 1.89 %. These results were similar to values reported for
freezing storage (10-12 months) of white asparagus and red delicious apples [28, 29].
Increasing in fibres content could be exploited in human nutrition because intake of dietary
fibres appears to be useful for the treatment of both obesity and diabetes [30]. After 1
month of freezing storage, proteins and lipids contents averaged from 8.89 = 0.12 to 20.97
+ 0.42 % and from 3.03 £ 0.00 to 7.09 + 0.01 %, respectively. The relativity low lipids
contents at 1 month of freezing processing corroborates the finding of many authors which
showed that fresh leafy vegetables were found to be poor sources of lipids [31]. The slight
decrease in protein and lipids contents caused by freezing could be attributed to the
leaching off by water during freezing, but leafy vegetables lose more lipids during storage
owing to oxidation [11]. The studied leafy vegetables were poor sources of lipids and their
consumption could be advantageous for individuals suffering from obesity. Indeed, diet
providing 1 — 2 % of its caloric energy as fat is said to be sufficient to human requirements
because excess fat consumption yields to cardiovascular disorder such as atherosclerosis,
cancer and aging [32].The low calorific values could be due to low proteins, lipids and total
carbohydrate contents and relatively high levels of moisture [33].

Anti-nutritional factors (oxalates and phytates) contents of the studied leafy vegetables
are presented in Figure 1. Analysis of the oxalates and phytates in fresh and frozen samples
showed that oxalates and phytates concentration decreased with freezing time. The values
ranged after 1 month from 82.01 + 1.94 to 773.03 & 3.77 mg/100g for the oxalates and from
17.75 £ 0.00 to 37.45 + 0.00 mg/100 g for phytates. The decreasing effect of freezing on
oxalates and phytates concentration corroborates with the reported results of researchers
[34, 35]. These reductions in oxalates and phytates contents during freezing storage could
be advantageous for improving the health status of consumers. Indeed, oxalates and
phytates are anti-nutrients which chelate divalent cations such as calcium, magnesium, zinc
and iron thereby reducing their bioavailability [36].

The mineral composition in vegetables depends on species, cultivar, plant age,
production techniques, and post-harvest handling, beside other environmental factors [37,
38]. Minerals are essential protective micronutrients needed for the maintenance of
essential physicochemical processes, having a vital role in metabolic functions, normal
growth and development [39]. The concentrations of the minerals (Ca, Mg, P, K, Fe, Na
and Zn) showed decreasing effect (p = 0.05) of freezing (Table 2). The residual mineral
contents after 1 month of freezing were: calcium (367.66-784.9 mg/100g), magnesium
(227.3-743.79 mg/100 g), phosphorus (224.5-779.33 mg/100 g), potassium (2238.35-
4865.86 mg/100 g), iron (72.40-128.04 mg/100 g), sodium (26.38-478.15 mg/100 g) and
zinc (22.74- 65.65 mg/100 g). With regards to the recommended dietary allowance (RDA)
for minerals [40]: calcium (1000 mg/day), magnesium (400 mg/day), iron (8 mg/day) and
zinc (6 mg/day), the level of iron and zinc in the samples could cover RDA. Iron (Fe) is
critical component of several proteins, including enzymes, cytochromes, myoglobin and
hemoglobin while zinc (Zn) is involved in the maintenance of the structural integrity of
proteins and regulation of gene expression [41, 42].
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Table 1
Proximate composition of raw and frozen leafy vegetables consumed in Southern Céte d’Ivoire
Moisture | Ash* | Fibres* | Proteins* | Lipids* | Carbohyd.* Energy
(%) (%) (%) (%) (%) (%) (keal /100g)
C. esculenta
Raw 82.35+ 15.03+ | 24.00 + 9.80 + 8.35+ 42.85+ 25234+
2.83a 0.23a 0.46a 0.16a 0.15a 2.68d 1.55¢
1 month | 83.20+ 14.26+ | 24.05+ 9.65 + 7.09 £ 48.54 + 256.22
0.35a 0.08a 0.42a 0.00a 0.01b 0.34c 1.24¢
2 83.22 + 13.53+ | 24.10+ 9.05 + 6.88 + 51.03 261.86 =
months 0.33a 0.09b 0.24a 0.02b 0.01b 0.15b 0.50b
3 83.33 13.31+ | 24.12+ 8.41+ 6.32 + 57.54 + 278.89 +
months 0.25a 0.61b 0.37a 0.44c 0.02¢ 0.68a 1.30a
B. alba
Raw 89.82 + 19.79+ | 16.50 + 9.86 + 6.85+ 47.00 + 249.18 +
1.24a 0.44a 0.30a 0.10a 0.05a 0.89¢ 2.41b
1 month | 90.39+ 18.65+ | 16.62+ 8.89 £ 6.55+ 57.37+ 281.36
0.78a 2.87a 0.36a 0.12b 0.02a 3.26b 1.49a
2 90.44 + 18.45+ | 16.74+ 8.67+ 4.84 62.47 + 284.76 +
months 0.57a 0.11a 2.27a 0.28b 0.02b 2.17a 8.36a
3 90.50 + 18.18+ | 16.81+ 7.50 £ 413+ 65.67 £ 287.33 +
months 0.81a 0.18a 0.28a 0.35¢ 0.01c 0.68a 1.52a
S. melongena
Raw 74.38 £ 20.32 13.70 + 12.34 + 273 £ 5091 + 277.57+
0.72a 2.36a 0.65a 0.09a 0.06a 3.16¢ 3.54b
1 month | 7449+ 20.27+ | 13.78 + 11.55+ 2.54 + 63.04 + 27455+
0.63a 0.69a 0.40a 0.34b 0.00b 1.2% 4.14b
2 74.55 19.46+ | 13.85+ 10.85+ 222+ 65.10 £ 277.49 +
months 0.50a 0.74a 0.25a 0.50b 0.02¢ 0.09a 3.45b
3 74.61 £ 19.33+ | 13.96+ 10.72 + 217+ 66.51 + 281.80
months 1.15a 0.13a 0.13a 0.00b 0.00c 0.26a 0.94a
T. triangulare
Raw 90.20 + 22.20+ | 13.98+ 17.18 + 4.90 + 52.77+ 27132+
0.21a 0.37a 1.50a 0.05a 0.06a 2.08a 8.17a
1 month | 90.22 + 22.05+ | 14.06 + 16.17 + 4.86 46.85 + 24741 +
1.55a 1.89a 0.61a 0.50a 0.00a 0.88b 4.38c
2 90.85 + 21.59+ | 14.13+ 15.14 + 4.57 + 51.21+ 258.02 +
months 0.09a 0.03a 0.07a 0.01c 0.00b 0.05a 0.18b
3 91.23 + 21.42+ | 14.16 14.50 + 4.05+ 53.65+ 260.84 +
months 0.12a 0.42a 0.07a 0.35d 0.00c 0.40a 1.58b
C. olitorius
Raw 84.28 £ 853+ | 1149+ 21.12 + 3.28+ 55.58 + 277.40 £
0.34a 0.15a 0.03a 0.05a 0.30a 0.84b 1.26a
1 month | 84.66+ 8.3+ 11.60 + 20.97 + 3.03+ 51.92+ 261.90 +
1.57a 0.05a 0.26a 0.42a 0.00a 0.74c 1.62b
2 85.14 £ 8.21+ 11.65 + 20.53 + 2.09+ 5491 + 263.63 +
months 1.38a 0.07a 0.05a 0.36b 0.00b 0.48b 0.83b
3 85.63 £ 8.1+ 11.67 + 19.66 + 1.17 + 59.48 + 270.16 =
months 0.35a 1.24a 0.29a 0.28c 0.00c 1.00a 4.06a

Data are represented as mean = SD (n = 3). Means in the column with no common letter differ
significantly (p<0.05) for each leafy vegetable. *: values given on dry matter basis.
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Fig. 1. Effect of freezing processing on oxalates (a) and phytates (b) contents of leafy vegetables

consumed in Southern Cote d’Ivoire
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Table 2
Mineral composition (mg/100g dry matter) of raw and frozen leafy vegetables consumed in
Southern Céte d’Ivoire

| ca | Mg | P ] K | Fe | Na | Zn
C. esculenta
Raw 587.24 + 347.29 788.00+ | 2281.63+ | 14337+ 39.45+ 37.29+
0.55a 0.32a 0.74a 2.14a 0.13a 0.16a 0.03a
1 month 579.26+ 33828+ | 77933+ | 224569+ | 125.57+ 31.12+ 34.03 £
7.39a 3.04b 5.54b 8.15b 0.66b 1.67b 0.06b
2 months | 560.04+ | 34749+ | 762.05+ | 222824+ | 11692+ 28.66 + 3234+
5.98b 2.26a 5.64c 5.96¢ 0.21c 0.07c 0.06¢
3months | 50096+ | 31285+ | 759.06+ | 2194.40+ 11031+ 27.12 + 29.20 +
5.83c 7.60c 3.41c 6.57d 1.22d 2.88¢ 0.26d
B. alba
Raw 75034+ | 753.88+ | 390.14+ | 2709.43 + 77.47 £ 555.01 + 67.25+
0.53a 0.53a 0.27a 1.93a 0.05a 5.99a 0.72a
1 month 72225+ | 729.79+ | 388.69+ | 2631.40+ 72.40 £ 478.15+ 65.65 +
9.4% 8.39b 9.16a 5.74b 4.04a 2.71b 0.13a
2 months | 69947+ | 703.18+ | 38246+ | 2436.61 61.80 45294 + 62.44 +
8.63c 4.26¢ 4.15a 5.75¢ 0.18b 4.92¢ 0.11b
3 months | 679.13 = | 677.80+ | 371.85+ | 2269.98 + 58.47 £ 428.44 + 60.65 +
8.45d 7.65d 2.61b 9.77d 0.21c 1.75d 0.86b
S. melongena
Raw 796.54+ | 48190+ | 37446+ | 2256.10+ | 13948+ 32313+ 64.64 =
0.55a 0.33a 0.26a 1.57a 0.09a 2.96a 0.04a
1 month 7849 £ 467.67+ | 362.01+ | 223835+ | 128.04+ 320.23 + 57.42 £
9.92a 9.7% 2.71b 7.77b 0.77b 3.89a 0.17b
2 months | 75743+ | 45020+ | 355.02+ | 218259+ | 111.87+ 31842 + 54.65 +
4.58b 5.42¢ 2.50c 3.97¢c 3.54¢ 2.64a 0.51c
3 months | 73489+ | 42823+ 3523+ 2156.08+ | 102.96 + 31420+ 51.55+
3.00c 8.00d 3.40c 5.32d 2.29d 0.26b 0.14d
T. triangulare
Raw 60137+ | 75597+ | 23959+ | 505323+ | 102.28 + 260.25 + 36.10 £
0.38a 0.48a 0.81a 3.21a 0.06a 0.75a 0.02a
1 month 59498+ | 743.79 + 2245+ 4865.86+ | 101.43 + 248.43 + 34.76 £
6.75a 4.14a 5.28b 4.44b 1.37a 0.95b 0.53b
2 months | 56423+ | 726.78 + | 218.34+ | 4670.16 £ 99.92 + 23473 33.50 +
1.59b 7.90b 4.10b 4.38c 3.37a 6.97c 0.13b
3months | 548.19+ | 71647+ | 21628+ | 4522.75+ 98.57 + 2143 + 32,18+
4.62¢ 2.13¢ 1.03b 1.56d 0.05a 6.12d 0.00c
C. olitorius
Raw 369.02+ | 23451+ | 31682+ | 2622.57 + 97.60 + 27.75 + 24.71 +
2.33a 0.38a 0.52a 6.56a 0.16a 0.08a 0.04a
1 month 367.66 + 2273 + 31097+ | 2569.52 + 95.84 + 26.38 + 22.74 +
4.42a 1.55b 3.55a 1.29b 0.12b 1.57a 0.06b
2 months | 365.18+ | 22029+ | 301.97+ | 2459.59+ 94.50 + 25.70 + 17.57
5.91a 1.94b 4.99¢ 8.67c 0.13b 5.92a 0.06¢
3months | 36023+ | 21478+ | 29437+ | 2419.12+ 93.34 + 25.00 + 13.68 +
8.29a 3.21c 4.13d 4.85d 0.4% 0.29a 0.63d

Data are represented as mean = SD (n = 3). Means in the column with no common letter differ
significantly (p<0.05) for each leafy vegetable
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Table 3 shows the calculated (anti-nutrients/mineral) ratios. The calculated ratios
[phytates]/Ca, [phytates]/Fe and [oxalates]/Ca were below the critical levels of 0.5, 0.4 and
2.5, respectively [36]. Consequently, this study revealed that phytates and oxalates may not
hinder calcium and iron bioavailability in the freezing leaves after 3 months of storage.

Table 3
Mineral composition (mg/100g dry matter) of raw and frozen leafy vegetables consumed in
Southern Céte d’Ivoire

| [Phytates]/Ca | [Phytates]/Fe | [Oxalates]/Ca
C. esculenta
Raw 0.04 0.18 0.98
1 month 0.04 0.20 0.79
2 months 0.04 0.20 0.78
3 months 0.04 0.10 0.83
B. alba
Raw 0.02 0.25 0.87
1 month 0.02 0.24 0.88
2 months 0.02 0.60 0.85
3 months 0.02 0.25 0.85
S. melongena
Raw 0.05 0.29 0.12
1 month 0.04 0.29 0.10
2 months 0.04 0.33 0.09
3 months 0.04 0.32 0.09
T. triangulare
Raw 0.04 0.28 0.86
1 month 0.04 0.27 0.85
2 months 0.04 0.25 0.86
3 months 0.04 0.25 0.87
C. olitorius
Raw 0.10 0.40 2.11
1 month 0.10 0.38 2.10
2 months 0.09 0.37 2.09
3 months 0.09 0.35 2.07

Antioxidant properties. The antioxidant properties of vegetables are one of the most
label claims due to the high levels of carotenoids, tocopherols, ascorbic acid and phenolics
that have benefits on human health [43, 44]. Freezing resulted in a decrease of vitamin C
and carotenoids contents in the studied leafy vegetables (Fig. 2). Vitamin C losses were
estimated to 5.24-17.58 %, at 1 month of storage and this observed decrease during freezing
storage is partly due to the enzymatic activities of vitamin C oxidase, cytochrome oxidase
and vitamin C peroxidase that are endogenously present [45]. The results obtained from this
study showed that carotenoids content decreased with freezing time. The losses were
estimated to 1.78-12.96 % at 3 months of storage and could be as a result of enzymatic
activity coupled with oxidation associated with conjugate double bond in the compound
[46]. Several epidemiological studies suggest that diets rich in phytochemicals and
antioxidants such as vitamin C and carotenoids fulfill a protective role in health and disease
and vegetables has been associated with a lowered risk of cancer, heart disease and
hypertension [47, 48, 49, 50].
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Fig. 2. Effect of freezing processing on vitamin C (@) and carotenoids (b) contents of
leafy vegetables consumed in Southern Cote d’Ivoire

The results of phenolic compounds and antioxidant activity of the leafy vegetables are
presented in Figure 3. Generally, freezing causes minimal destruction of phenolic
compounds with retention levels dependent on vegetable cultivar. The phenolic compounds
decreased during freezing storage with losses estimated to 2.11-5.81 % at 3 months of
storage. Moreover, this decreases in phenolic contents leads to the decrease of antioxidant
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activity because there is a direct correlation between phenolic compounds and antioxidant
activity [51]. Antioxidant activity ranged from 64.75 + 0.31 to 75.90 + 0.37 % after 1
month of freezing storage. However, the studied leafy vegetables showed antioxidant
activity which averaged 60 % after 3 months of freezing storage. It could be important to
reduce the freezing time to ensure best antioxidant value for these leafy vegetables.
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Fig. 3. Effect of freezing processing on polyphenols content (a) and antioxidant
activity (b) of leafy vegetables consumed in Southern Cote d’Ivoire
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Conclusions

This study was undertaken to evaluate the effect of freezing storage on nutritive
potential and antioxidant properties of five leafy vegetables (C. esculenta, B. alba, S.
melongena, T. triangulare and C. olitorius) widely consumed in Southern Coéte d’Ivoire.
The present work revealed that freezing processing appears as a valuable preservation
method for leafy vegetables but storage for 3 months showed negative impact by the
decrease of some nutrients contents such as vitamin C, carotenoids, phenolics and minerals.
Consequently, this study highlighted that the best time of freezing for leafy vegetables
should not exceed 1 month in order to preserve their nutritive potential.
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Introduction. The purposes of this research are:
development of mathematical model of regeneration of
spiral wound membrane modules, calculation of
regeneration time and permeate flux after regeneration.

Materials and methods.. The target of this research is
process of regeneration of fouled spiral wound membrane
module and theoretical description of that process.
Theoretical analysis was carried out for commercial
available membranes MICROFILTER TFC-75, FS-TFC
1812-50, CSM RE-1812-50 GPD and USTM M-1261-75G.

Results and discussion. The proposed mathematical
model is based on osmotic pressure model and includes
mass transfer equation and equation for determination
regeneration coefficient. The mass transfer coefficient was
determinated from dimensionless equation. Using this
mathematical model the calculations of time of cake layer
dissolution and regeneration coefficients time was carried
out in a range of Reynolds numbers from 10 to 50.

The results of calculations shown that for low Reynolds
number values (10-25) time of full cake layer dissolution is
dramatically decreased (from 9215 seconds (about two
hours and half) for Re=10 to 6545 seconds (less than two
hours) for Re=15 and to 5143 seconds (less than one hour
and half) for Re=20) with Reynolds number increasing.

But for higher Reynolds numbers the decreasing of
regeneration time become slower. For instance for
increasing Reynolds number value from 25 to 30 time the
regeneration time decrease only from 4275 seconds to 3650
seconds (for 625 seconds or few more than 10 minutes).

The results of calculations suggest that most rational
regime of regeneration correspond Reynolds number values
from 15 to 25.

Conclusions. The mathematical model that can predict
regeneration time and permeate flux after regeneration was
formed. It can be used for development of regeneration
strategy of existing membrane systems and for designing
new plants.
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Introduction

Fresh water is one of most important resource. It is used for potable purpose, which is
one of most significant biological demand, and also for production almost all food products
and beverages. But, nowadays, problem fresh water shortage due to anthropogenic and
technological factors gets on a global level. Moreover, problem is expected to grow worse
in coming decades [1]. In such situation importance of fresh water treatment technologies
becomes more and more significant.

In recent decades membrane processes, in particular reverse osmosis and
nanofiltration, are widely used for production potable water and water purification not only
in food industry. These methods are applied in chemical, textile, pharmaceutical, pulp and
paper, semi-conductor, tanning and leather processing, and biotechnology as well for water
and wastewater treatment [2]. In food industry membrane technology also used for fruit
juices clarifying [3], milk and dairy products treatment [4], alcohol beverages treatment [5,
6], etc. The wide range of application is determinated by reduction of unit operation,
continues and automatic operation, easy scale-up, high effectiveness of separation and
lower energy consumption in compare with competitive processes, such as thermal
distillation [7, 8].

But there are some limitation for membrane process development and full
incorporation. One of major limitation arise from membrane fouling caused by different
solid particles, inorganic salts, organic substance, which reduce productivity, increases
necessary feed pressure, decrease product quality and ultimately shortens membrane
lifetime [2, 9]. Many efforts have been done to resolve that problem, which include water
pretreatment, changing membrane properties, changing hydrodynamic conditions in
membrane module and membrane cleaning process [10].

The pretreatment is one of most effective way to prevent membrane fouling and it is
considered as critical step in designing reverse osmosis equipment [11]. It may include
disinfection, flocculation, coagulation conventional filtration, microfiltration, ultrafiltration,
beachwell intake systems, and antiscalants dosing — chemicals which reduce scaling. Using
membrane pretreatment may almost completely remove solid practice deposition and
organic fouling and also significant decrease mineral salts depositions [11, 12, 13, 14].
However it is unlikely to completely eliminate fouling that is why periodical membrane
regeneration is necessary needed [15].

Some developed regeneration methods was developed. They include
backpulsing [16, 17], chemical cleaning with different cleaning agents (citric acid, sodium
hydroxide, etc.) [18, 19], enzymatic cleaning [20, 21] and others. Most of them are based
on empirical data and require large amount of chemical cleaning agents. Also it difficult to
predict membrane properties, primarily permeate flux, after regeneration.

In our recent works it was developed method regeneration of spiral wound membrane
module using local boil under subatmospheric pressure [22] and mathematical model which
describe mass transfer of fouling layer (cake layer) dissolution in cleaning solution in spiral
wound membrane modules channels [23]. Those results allowed us to develop
mathematical model which can predict membrane productivity after regeneration. In this
work, regeneration of spiral wound membrane type modules, which is used for reverse
osmosis and nanofiltration will be considered. For that case the mineral salt scaling is most
typical fouling type. The analysis will be represented for cake layer which is formed from
individual component (mineral salt only), and following results can be extended to
multicomponent cake layer with some amendments.
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The purposes of this research are: development of mathematical model of regeneration
of spiral wound membrane modules, calculation of regeneration time and permeate flux
after regeneration.

Objectives of research are following:

- Couch the physical model of regeneration of spiral wound membrane modules;

- Develop of the equations and starting condition which describe mass transfer in

spiral wound membrane modules channels during regeneration process;

- Choose of the numerical solution method;

- Make calculation of regeneration time;

- Make calculation of permeate flux after regeneration;

- Determinate of influence hydrodynamic condition on duration of regeneration time.

Materials and methods

The target of this research is process of regeneration of fouled spiral wound membrane
module and theoretical description of that process. Theoretical analysis was carried out for
commercial available membranes (MICROFILTER TFC-75, FS-TFC 181250, CSM RE-
1812-50 GPD and USTM M-1261-75G) which had been used in our recent experimental
investigations [22].

The physical model of cake layer dissolution process is based on assumption that was
accepted and based on the analysis of cake formation mechanism [10] and on the visual
observation of membrane surface of dissected fouled membrane module.

The mathematical model was developed on the base of osmotic pressure model [2].
This basis has been chosen because the main type of membrane fouling which was studied
in our research was mineral scaling formed during reverse osmosis and nanofiltration. For
these processes the osmotic pressure is one of key factors which impact on the process
conditions, especially when separation is performed at a high permeate flux with high
rejection levels [2, 10]. The mathematical model also includes mass transfer equation which
describes dissolution of solid material in the cake layer [24].

For solution of proposed mathematical model should be used numerical methods, in
particular Runge-Kutta method which is one of most accurate and commonly used
numerical method [25].

Procedure of calculations will be represented after description of equation that forms
proposed mathematical model.

Results and discussion

Background of theory. The first basis of theoretical approach was assumption of cake
layer structure. Since fouling is formed from feed solution components, the cake substance
may be dissolved and removed from in a form of solution and/or colloidal suspension.
Taking into account spiral wound membrane module design this is only way of removing
fouling from narrow membrane channel. The visual observation of cake layer shows that
cake substance (mineral salts) is almost uniformly distributed on the membrane surface
(Fig. 1) so that mass transfer surface area can be assumed constant and approximately equal
of membrane surface area. The deviation of cake layer surface area from accepted
assumption can be taken into account by using correction index.
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mm
Fig. 1. Cake layer on the membrane surface

Physical model of cake layer dissolution. The main process during membrane
regeneration is dissolution which take place when cleaning solution flowing in membrane
channel contact with solid mater. Type of cleaning solutions should be chosen depending of
cake later substance nature. The dissolving process is considered as diffusion-controlled
mass transfer processes in which mass are transported from solid phase (cake layer) to
liquid phase (bulk of cleaning solution). Process take place in membrane channel formed
two coils of membrane and spacer betwen them (Fig. 2). The channel width is determined
by spacer dimension, which is less than one millimeter.

In the beginning of dissolving process on the solid substance surface diffusion
sublayer is formed instantly. The concentration of soluble material of cake layer in that
sublayer is equal to equilibrium concentration. If concentration of that material in bulk of
cleaning solution is less mass transfer occurs as shown on Fig. 3 and on Fig. 4 (removal
element A of Fig. 3) .

The main mass transfer resistance is concentrated in diffusion sublayer. The cleaning
solution usually flows under laminar conditions so possibility of hydrodynamic
intensification is limitated. To reduce resistance of diffusion sublayer it was proposed to
use subatmospheric pressure and temperature of evaporation of cleaning solution under
operating pressure (when operating pressure is equal to saturation vapor pressure) [22]. In
this case in the bulk of cleaning solution the steam bubbles will be formed, then collapsed
and destroyed in cleaning solution stream. Forming and collapsing of steam bubbles will be
caused intensive mixing in bulk of cleaning solution and in diffusion sublayer. This
provides refreshing of mass transfer area and intensification mass transfer process (Fig. 5).

Relying on conditions of high intercity evaporation, the steam bubbles may create
additional mass transfer resistance. In order to avoid this effect it was proposed to use
periodic increasing of operating pressure during regeneration time.
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Fig. 2. Scheme of mass transfer in
membrane channel

1 — membrane, 2 — cake layer, 3 — diffusion
sublayer; 4 — bulk of cleaning solution;
L, — flow rate of cleaning solutions;
C — concentration of soluble material of cake
layer in cleaning solution; (¥ — equilibrium
concentration; § — mass transfer coefficient;
w — scheme of cleaning solution velocity
distribution in channel cross section;
¢ — scheme of concentration of soluble material
of cake layer distribution in channel cross
section; 8., — membrane thickness; 6 — cake
layer thickness; 84 — diffusion sublayer
thickness; 8 — channel width (spacer
thickness).
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Fig. 3. Scheme of mass transfer on the cake
layer surface
1 — membrane, 2 — cake layer, 3 — diffusion
sublayer; 4 — bulk of cleaning solution;
5 — direction of mass transfer; L, flow rate of
cleaning solutions;
C| — concentration of soluble material of cake
layer in cleaning solution;  — equilibrium
concentration; f — mass transfer coefficient;
¢ —scheme of concentration changing;
O, — membrane thickness; d. — cake layer
thickness; 84 — diffusion sublayer thickness;
R,, — membrane resistance; R, —cake layer
resistance; & — specific cake layer resistance,
A — removal element shown on Fig. 4

Mathematical model. The mathematical model is based on osmotic pressure model,
in which permeate flux can be expressed as [2]:

=2E (M

where Ap is pressure difference, Pa; Az is osmotic pressure difference, Pa; u is
dynamic viscosity, Pa's; R, is total resistance, m’.
For assumption accepted in this study total resistance can be expressed as:
R, =R +aid, (2)
where R, is membrane resistance, m « is specific cake layer resistance, m>, § is cake
layer thickness, m.
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Fig. 4. Scheme of mass transfer on the cake layer surface (removal element A on Fig.3)
1 — membrane, 2 — cake layer, 3 — diffusion sublayer; 4 — bulk of cleaning solution;
5 —spacer; L, flow rate of cleaning solutions; C; — concentration of soluble material of
cake layer in cleaning solution; ” — equilibrium concentration; P — operating pressure; Py
— saturation vapor pressure;

When permeate flux decrease to 50-70% from beginning value it is necessary to carry
out regeneration procedure. The effectiveness of regeneration is evaluated by using
regeneration coefficient:

Jo=J J,
=¥=l_+_1’ 3
y 0 N 3)

i i

where J, is permeate flux before regeneration, m’/(m*s); J., is permeate flux after

i+l
regeneration, m’/(m*s).
By substitution equations (1) and (2) into equation (3) it can be obtained:

; . (R .
y= APy + ATy ”l( m+a51)_1. 4
Hi (Rm +a5,-+1) Ap, + A,

The initial cake layer thickness may be expressed:

5 =Mo )
p.F

. 2 . . .
where F is mass transfer area, m”; p, is substance density in a cake layer, kg/m’;

M, is initial mass of cake layer, kg.
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Fig. 5. Scheme of mass transfer under subatmospheric pressure and temperature of evaporation
of cleaning solution under operating pressure:
1 — membrane, 2 — cake layer, 3 — diffusion sublayer; 4 — bulk of cleaning solution; 5 — spacer; 6 —
steam bubbles; L, flow rate of cleaning solutions; C; — concentration of soluble material of cake
layer in cleaning solution; (¥ — equilibrium concentration; P — operating pressure; Py, — saturation
vapor pressure;

The cake layer thickness after regenerayion will be decrease because of reduction its
mass for mass of dissolved material wich can expressed [24]:

M =p{(C"-C)Fr, (6)

where 8 is mass transfer coefficient, m/s; C” is equilibrium concentration, kg/m?, C is

concentration in bulk of cleaning solutions, kg/m®, 7 is regeneration time, s.
After mathematical transformations using equations (5) and (6) equation (4) can be
rewritten in a form:
ap(C’-C)rF
y= ; (7
R p. -F+0¢~(M0 —ﬂ'(C" —Cl)'T'F)

The equilibrium concentration and substance density for known cake layer material
may be found in reference books for example [26]. The mass transfer area as described
above may be assumed equal to membrane surface area which is may be known from
membrane manufactures. The membrane resistance and specific cake layer resistance may
be determinated by experimental way as it was shown in [27]. The initial mass of cake layer
also may be defined experimentally by balance measurement clean and fouled membrane
module.

The regeneration time may be calculated from mass transfer equations [24]:

au

——=Bler-q)F, ®)
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The concentration in bulk of cleaning solutions is varying during dissolving and equation which
describes that variation may be obtained from mas balance:

M=M,-(M,-M)=V(C,-C,)) ©9)

where M| is initial cake layer mass, kg; C, is initial concentration in cleaning solution, kg/mS;

¥V is volume of cleaning solution, nr’.

From equation (9) it can be obtained:

M M, -M
C,=Cyp+—2|1-—— (10
V M,

By substitution equation (10) in equation (8) it can be achieved:

am M M -M
_=ﬂ{C" -C +—°[1——° JJF (1)
dr 4 M,

It respect that in initial moment dissolution did not occur, the starting condition may be expressed
as follows:

M(0)=0 (12)

The equation (11) with starting condition (12) may be derived using numerical methods (for
example Runge-Kutta [25]).

The mass transfer coefficient usually is determinated from dimensionless equations. In our
previous work [23] it was defined form of dimensionless equation for solid dissolution in channel of
spiral wound membrane module, with after determination of coefficients and mathematical powers may
be presented in a form:

Sh = 0,394-Re”**-Sc"* (%j (13)

where Sh = f8d, /D is Sherwood number; Re = w-d,-p/u is Reynolds number; Sc =/ D-p is
Schmidt number; d, =26, is equivalent diameter, m; L is membrane channel length, m; D is
diffusion coefficient, m”/s; w is cleaning solution velocity, m/s; p is cleaning solution density, kg/mS;

M is cleaning solution dynamic viscosity coefficient, Pa-s.
Diffusion coefficient for electrolyte solutions may be calculated from Wilkey-Cheng equation [28]:
D=5.0610" T (14)

Vs

where T is solvent absolute temperature, K; 11, is solvent dynamic viscosity coefficient, mPa-s; V., is

solute molar volume, cm*/mol.
Equation (13) is valid in range Reynolds numbers from 0,4 to 60.
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Procedure of calculations. The equations represented above allow to calculate
regeneration time and permeate flux after regeneration. Procedure of calculations for known
cake layer properties is following:

- Choosing regime parameters of regeneration (cleaning solution composition,
cleaning solutions volume, operate temperature, cleaning solutions velocity etc.) and
finding physical constants for cleaning solution in chosen regime;

- Determination of flow regime of cleaning solution and calculating mass transfer
coefficient, using equation (13);

- Numerical solution of equations (11) and finding time that needed to dissolve
necessary part of cake layer and kinetic characteristics of dissolution process;

- Finding final cleaning solution concentration and/or its time dependence, using
equation (10);

- Calculations of regeneration coefficient using equation (7);

- Determinations of permeate flux from equation (3).

Initial data and results of simulation. Using the procedure of calculations described
above the estimation of dissolution time and regeneration coefficients time was carried out
under different flow regimes (different values of Reynolds number). It was embraced
following initial data:

- Initial cake layer mass M, = 0,125 kg;

- Operating temperature ¢ = 20°C ;

- Cleaning solutions volume ¥ =510~ m’;

- Initial concentration cake layer material in cleaning solution C, =0 kg/m’.

All calculations was carried out for commercial available membrane USTM M-1261-
75G. Membrane characteristics are following:
- Membrane surface area — F = 0,46 m*;

- Equivalent diameter of membrane channel — d, = 710" m;
- Membrane module length L =0,26 m;
- Membrane resistance R, =8,07310" m™.

It was assumed that membrane is fouled and cake layer is made from iron (III)
chloride, specific cake layer resistance o =8,568 m™. This choice is determinated by
parallel experimental study of membrane fouling and membrane cleaning which include
simulation of fouling under working condition using compounds of calcium and
magnesium as model foulants and under emergency situation when breakdown of
pretreatment system is happened using compounds of iron and humates. For cake layer
formed from iron (III) chloride the specific cake layer had been recently determined
experimentally and additional experiments for conducting calculations has not been
necessary. In assumed conditions membrane flux of fouled membrane is half of clean
membrane flux.

The equation (11) with starting conditions (12) has been solved using Runge-Kutta
numerical algorithm [25]. The calculation was carried out in a range of Reynolds numbers
from 10 to 50 with step 5. The Reynolds number change has been achieved by changing
velocity of cleaning solution circulating in cleaning network. The result of calculations is
plotted on the diagram shown on the Fig. 6.
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Fig. 6. The mass of dissolved cake layer material M as a function of time 'r:’
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Fig. 7. The regeneration coefficient y as a function of time t:
1 -Re=10;2—-Re=15;3 -Re=20;4—-Re=25;5-Re =30;

6 —-Re=235;7—-Re=40;8 -Re=235;9-Re=50
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The known mass of dissolved solid matter in each moment of time (according the step
in numerical algorithm) allows determining changes in cleaning solution concentration
during regeneration procedure from equation (10) and calculating values of regenerations
coefficient in the same moments of time using equation (7). The results of calculations are
presented on the diagram shown in the Fig. 7.

The results of calculations shown that for low Reynolds number values time of full
cake layer dissolution is dramatically decreased (from 9215 seconds (about two hours and
half) for Re=10 to 6545 seconds (less than two hours) for Re=15 and to 5143 seconds (less
than one hour and half) for Re=20) with Reynolds number increasing. Thereby in this range
increasing Reynolds number (increasing cleaning solution velocity) can be consider as
effective way for intensification of membrane module regeneration procedure which can
reduce regeneration time for 50%.

But for higher Reynolds numbers the decreasing of regeneration time become slower.
For instance for increasing Reynolds number value from 25 to 30 time the regeneration
time decrease only from 4275 seconds to 3650 seconds (for 625 seconds or few more than
10 minutes). In such condition increasing Reynolds number value cannot be accepted as
effective technique for membrane regeneration intensification since increasing cleaning
solution velocity is associated with energy consumption increasing. For Reynolds numbers
values more than 25 increasing of energy demands did not provide significant decreasing in
regeneration time. This means that most rational regime of regeneration correspond
Reynolds number values from 15 to 25. The results of mathematical simulation represented
below may be explained by form of equation (13) which was used for determination of
mass transfer coefficition. The mathematical power of Reynolds number is 0.84 therefore
for Re>30 the Sherwood number dependence from Reynolds number become close to
linear, whereas for lower values of Reynolds number the Sherwood number increase more
rapidly (the curvature of graphic chart of dependence represented by equation (13) grows).

More accurate value may be founded using optimization algorithm.

The presented resultants of mathematical simulation have been used for describing
dissolution of monocomponent cake layer. In most cases cake layer is polycomponent
system. For such condition mathematical model should be modificated by replacement of
equation (11) for system of differential mass transfer equations for each individual
component of cake layer.

The results presented above require experimental verification which is next step is our
research.

Conclusions

The mathematical model proposed in this study can predict regeneration time and
permeate flux after regeneration.

The mathematical simulation of spiral wound membrane module regeneration was
carried out for cake layer made of individual component (iron (III) chloride). The results of
calculation shows significant decreasing in regeneration time for Reynolds numbers values
increasing from 10 to 25. For higher Reynolds number it was observed low regeneration
time decreasing which suggest that ineffectiveness of such conditions in regard of energy
consumptions.

The proposed mathematical model may be extended for multicomponent cake layer.
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Introduction. The use of cold accumulators based on the
principle of ice build up on the cooled surfaces during off-peak
periods and ice melting during on-peak periods is an effective method
of electricity bills reduction.

Materials and methods. Dynamics of ice accumulation on the
surface at different At (refrigerant evaporation temperature and the
temperature of water that overflows surface) has been studied. Series
of experiments have been carried out with 2 refrigerants (R12 and
R22). The temperatures of water and that of refrigerant evaporation
have varied within the intervals +1,5++4,5°C; -10+-20°C,
respectively. The mass flow rate and the velocity of water within the
experimental sections were kept constant during a whole series of
experiments. The ice-layer thickness was measured by means of
optical method. The instantaneous images of the experimental pipe
with the ice layer were processed with the graphic processing
software.

Results and discussion. Since within comparatively short
periods of on-peak demand a noticeable amount of thermal energy
related to ice melting is to be released, it becomes clear that the sizing
of ice accumulators based on a simple balance calculations is actual,
but also the determination of time periods of ice accumulation and ice
thawing becomes critical. The derivation of a simple differential
equation of ice formation on the vertical cooled pipe, which then is
used as a core for semi-empirical correlation of experimental data
obtained on a special experimental unit is presented. This approach
allowed elimination of a number of regime parameters used in the
differential equation, which could not be determined directly. A
correction factor which correlates the numerical solution of the
differential equation and experimental data has been obtained. The
asymptotic values of ice thickness varied within 4...16 mm at
different At and water flow rates. Thus deneralized correlations will
allow to determine an optimal amount of ice to be stired in the cold
accumulator and eventually to significantly reduce energy
consumption by approximately 10-15 %. The process differential
equation has been derived with the following suggestions: the
problem is one dimensional, the ice is growing in radial direction.
Given were: the heat transfer coefficient from water to ice surface
and from copper pipe to evaporating refrigerant. The equation has
been derived with taking into account the infinitesimal increment of
ice build at a time interval At and corresponding heat balance.

Conclusions. Differential equation can be used for the
determination of time period necessary for the accumulation of a
given amount of water ice.
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Introduction

Electrical motors of refrigeration compressors are the biggest energy consumers at
food industry. Dairy industry is characterized by a significant refrigeration capacity for
water cooling and extremely uneven energy consumption charts. Ice water is being used in
raw milk pasteurization which usually happens right after milk reception at dairy plant.
This peak cooling load usually is accompanied by a serious growth of cooling load due to
the increased sensitive head influx through the building envelope, increased input of
product. Unfortunately, the factory on-peak electricity consumption coincides with the grid
on-peak energy demand, and thus, energy consumed during peak periods has to be paid at
the highest tariff.

Modern office building and malls are equipped with powerful air-conditioning plants
(Installed power up to 12-20 MW). Growth in energy consumption takes place at mid days
and coincides with mild peaks or on-peak period of grid power demand. A typical energy
demand chart registered at a Ukrainian dairy plant (a) along with the modified energy
consumption chart (b) and hourly money flow chart (c) are shown in Fig.1.

The original chart of power demand can be modified by reducing the morning on-peak
load between 09% and 10% then by lowering load during the semi-peak period and
eventually cutting the on-peak within 18°° — 20% period. This cooling load can be shifted to
the night period between 00 and 06%. The redistribution of loads is shown by the red zone
marked with “+” sign on the lines 1 and 2 which mean a load increase at night. The
reduction of load is shown by greenish zones marked with “--““ sign on the line 1.

The result of the modification can be seen on Fig.1 (c¢) by dotted lines beneath the
solid lines 1 and 2 showing money flow for the original case and beneath the dotted lines
after loads shift.

A total of 5,1% reduction in daily electricity bills thus is easily attainable. An extended
analysis of the possible options of power demand shifts is given in [3, 4].

The shifting of energy consumption can be achieved by using cold storages in which
cold is accumulated by ice formation during night lowest greed demand periods and release
of the stored cold during on-peak demand periods by melting ice and partially unloading
refrigeration compressors [5].
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Fig. 1. Power demand and money flow chart
a — Original power demand for refrigeration compressors on lines 1 and 2;

b — Modified power demand by shifting time load of compressors;

¢ — Hourly expenses for consumed electricity, relative units.

Ukrainian Food Journal. 2015. Volume 4. Issue 3

496



Processes and equipment of food productions—

Mathematical model

A cylindrical problem is used for the ice build-up model formulation. The following
simplifications and suggestions have been taken: one-dimensional case, constant physical
parameters of water and refrigerant, no super cooling of water, no water density anomaly.

: t,=const
i toai _ ¢
3 twa||2 ws
a,=a, a,=a,

3 din

_—>

3 dout X

3 dicezdout+‘3\(/\/( dx

Fig. 2. Ice build-up model

The heat released during dt due to the water friction on the water-ice interface is
determined by:

out

h, - -7-(d +2~x)-(2+ > WJ
L2 dr, (1)

q‘fr = W
3-C,
as it is recommended in [6].
The amount of heat to be absorbed in order to build-up an ice layer of 2x thickness
equals:

_7r-p-2-dx.(

ice —

2-d +4-x+2-dx)=7z-p-dx-(d +2-x) 2)

out out

The amount heat that has to be transferred through the multi layer cylindrical wall to
the evaporating refrigerant inside the tube is:

72'-(90—10)
- -d 3
=TT a v 1 d, 1 f ®)
In— + ‘In—2 4 ——
2.k, d 2-k d.h-d

ice out m in r in

The heat gain due to the heat transfer from water to the ice surface may be described as:
q,=mn-dg-h,(t,-6,)-dr=n-(d, +2-x)-h, -(t,-6,)-dr “4)

out
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It is clear that the amount of heat transferred to the evaporating refrigerant (3) equalizes the
heat gained from the out flowing water (4), ice fusion (2) and interface friction (1), thus giving a
differential equation if ice build-up time rate:

90_10
1 d +2-x 1 d 1
In —2 + sIn—2£ +
2-k. d 2-k d h-d

ice out m in r in

o’ (2+P Wj
“ho(d +2-x)1(t -0)+_— N T/
W ( uut+ x) (tw 0)+ 3CW

dx
_——= ) 5
dr p-H(d,, +2-x) ©)

out

with the boundary condition : T= 0, x =0.

Heat transfer coefficients 4,,and 4, were calculated by the empirical correlations [7,
11].

4 0.19-{P€~(dllhj:|l
Nu= Nu, + f(—1)-

d 0.467 2
0 1+0.117-{Pe-(d"ﬂ
L

d 0.8
Nu =3.66+1.2-[—’} ,
o d

0

W

f(%)=1+0.14-(%)0'5 and h =3.1-p"%.¢>. ©)

0 0

From the analysis of equations (1-6) it can be seen that the coefficient h , depends on
heat flux ¢ (6), at the same time the value of ¢ is determined by the thickness of ice layer
which grows gradually, x in equation (3 and 5).

The equation (5) can be solved numerically on the time intervals beginning with t=0.
The thickness of ice x;; achieved on the previous interval should be used as a boundary
condition for the next time interval. Similarly, a new value of h,; which has to be introduced
in (5) is to be determined by solving (6) with a new value of g.

The piecewise solution so obtained has to be compared with the data obtained
experimentally.
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Experimental rig

A lay-out of the experimental rig designed and constructed for the determination of ice
formation time rate is shown in Fig.3
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Fig. 3. Experimental rig:
a — lay out, b- cross sections of thermocouples’ location

The rig consists of three similar blocks (Test sections 1-3). The main part of a section
is a test copper tube 290 mm height, 10 mm outer diameter, 1 mm wall thickness. Each
tube is mounted inside of water jacket of 180 mm diameter.

A water circulation contour consists of a pump, water piping, water tank, measurement
and control systems including regulation and stop valves.

Circulating water was fed in parallel and supplied from the bottom of the jackets and
removed from the upper part, so that an upward flow of water inside all jackets took place.
The flow rate of water was controlled by a rotameter, adjusted and kept constant during
every experimental run by precision needle valves, and precisely measured by the
volumetric method. The water flow rate could be maintained individually for each test unit.

A given temperature at the entry to the jackets has been maintained by switching on /
off of a cooling coil or electric heater in the water tank.

The test tubes were hooked up to the refrigeration (R12, R22) contour in parallel on
the refrigerant. The refrigeration unit has been equipped with all necessary systems
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allowing control, measurements and regulation of the evaporation pressure (evaporation
temperature) inside each test tube and condensation pressure in the condenser.

A set of thermocouples installed in four equally spaced cross sections along the tube,
see Fig.3 (b) allowed measurements of temperature of water at a distance 40 mm from the
tube surface and tube outer surface temperature at the same cross section.

Time rate of ice layer thickness formed during the experiments was measured by
means visual technique. Photographs of the test sections of pipes covered with ice were
taken from the front of the transparent water jackets. Immediately before the experiments,
an adjustment session had been carried out including testing of different lighting techniques
and light sources, and calibration procedures which aimed at the determination of the best
measurement arrangements.

Photographs were taken with a digital camera Canon 350 D 82 MP and
simultaneously with a web camera HP HD-4110 (13 MP). Web cameras attached to each
test section operated by the Active WebCam software which allowed taking pictures of the
test pipes at any chosen frequency and storing individual video files for every section.
Along with taking pictures with the web cameras the individual pictures were taken with
the frequency 1 picture per 30 second with a Canon 350 D camera. Synchronization of the
pictures taken by the Canon photo camera on the time scale of the web camera has been
made by shooting a laser pointer beam on the test pipe simultaneously with taking picture
with the Canon camera along with the continuous filming the process with the web camera.
The picture made by the Canon camera with the red point collated with the individual shot
of the web camera film with the same red point.

Figure 4. Synchronization of individual cadres

The measurements of iced pipe diameters have been performed by a set of on screen
measurements software (ScreenRuler, PixRuler, Acad). All of them gave the results with
the deviation of 0.2...0.4 mm.
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Fig. 5. Ice layer thickness measurements

Results and discussions

Experiments were carried out at a fixed water flow rate at which corresponds to Re=
0+16560 and at three water inlet temperatures +1.5°C, +3°C, and +5°C. The temperature of
evaporation inside test sections was kept constant within one run of experiments. The
evaporation temperatures were kept at -5°C, -9°C, -15°C and -20 °C. Visual observations
show that ice formed at different temperature differences (water-evaporating refrigerant)
looks different. At bigger temperature difference especially at higher water temperatures,
ice formed is dim, non-transparent with rough porous surface, whereas the ice formed at
moderate temperature difference and water temperature 1.5..3°C is dense, completely
transparent, although the ice layer thickness reaches 30 mm and more. The surface of ice is
glassy. The later is shown in Fig.5. The data arranged in series at a constant temperature (a-
+1.5°C, b- +4.6°C) of overflowing water are shown in Fig. 6.

It is quite apparent that each series of data tends to reach a certain asymptotic value,
which could be termed as a terminal for a given temperature difference value of ice
thickness. Since a growing ice layer acts as a gradually increasing thermal insulation, the
terminal value of ice thickness reflects a heat balance at which a state of thermal
equilibrium is achieved. In this state only heat transferred from the overflowing water on
the ice-water interface can be transferred to the refrigerant. No additional ice may be
formed after the state of equilibrium has been achieved.

Similarly, the time intervals for reaching the terminal asymptotic values increase as the
temperature difference increases. The asymptotic character of the experimental data allows
choosing an optimal time interval of ice formation i.e. charging of a cold accumulator, since
working after an asymptotic value of ice layer thickness has been reached leads to the direct
loss of energy spent by the refrigeration compressors. Comparison of the data depicted in
Fig.6 with the results of numerical solutions of the equation (5) with respective boundary
conditions is given in Fig. 7.
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The similar experiments have been conducted with the use R22 refrigerant within the
temperature regimes that correspond to the experiments with R12 refrigerant. Given are the
plots of experimental data with R22 which compared to the numerical solution of
differential equation (5). The deviation from the given above plots is that the mentioned
above solution have been carried out by 2 methods.

The first method of solution had been carried put at given boundary and initial
conditions and was kept constant during a whole period of calculation. Therefore it could
be termed as a continuous one. The second method had been carried out within a set of time
intervals with the duration of 100...200 seconds. At the end of each time intervals the
thickness of the build-up layer of ice had been determined, which in turn determined the
reduction of interval heat transfer coefficient. This set of calculations allowed to determine
a set of new boundary and initial conditions which were used for the calculation of
differential equation of the following time interval. The solution thus obtained therefore can
be termed as piecewise solution.
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a numerical solution to the correspondent data set

Therefore the proposed method of thermal resistance calculations in certain periods of
time and substitution of the obtained data into differential equation allows to obtain more
steep calculation curve which lays closer to the experimental data.

Given below the data which depict maximum ice-layer thickness at different feed-
water temperature which obtained with 2 different frions. The experiment have shown that
at similar regime parameters the series of experimental data have clear exponential
character which characteristic to both Frions. This proves that the dynamic of generation on
the external cylindrical vertical cooled surface at different At (temperature difference
between that of water and boiling refrigerant) has exponential character which is clearly
shown in figures given above.

As it follows from Fig.7 experimental data tend to deviate from the lines depicting
numerical solutions and lie beneath the lines. This deviation can be explained by the
inadequate estimation of the heat transfer coefficients h, to evaporating Freon inside the
pipe, since the local heat fluxes are far lower than those in experiments [7]. Unfortunately,
there are no reliable recommendations on heat transfer calculations valid in conditions
similar to those in our experiments. In order to further examine the developed model (5), a
comparison has been done by application of the proposed model to the data [8]. The data
[8] were obtained on the experimental rig which provided zero heat flux from the water to
ice surface. Cooling of the pipe has been organized by flowing ethylene glycol cooled in a
special heat exchanger. The same approach has been employed in [9]. These particulars
allowed to exclude the effect of heat transfer coefficient hy, by putting it 0 in (5) and to
determine h, precisely by Dittus-Boelter correlation. Comparison of numerical solution with
the data presented in [8] is given in Fig.10.
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Fig. 8. Comparison of experimental data and numerical solution of equation (5)

As it is clearly seen from Fig.8,the results of calculations match closely experimental
data [8].

This proves the adequacy of the proposed model but also witnesses that use of
adequate values of heat transfer coefficients is critical for obtaining results matching those
observed (5).

Since for the time being no reliable correlations for determination of heat transfer
coefficients within the range of low heat fluxes and low refrigerant mass flow rates can be
found, it seems advisable to formulate a simple semi empirical correlation in which a
correction coefficient representing a ratio between the numerical solution and respective
experimental result at the same ice layer thickness is determined. A correlation plot thus
obtained is shown in Fig.11.
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Conclusions

1. Close correspondence of the data available in literature with the results of numerical
solution of (5) proves its adequacy in application to the processes for which heat transfer
mechanism is well established and heat transfer coefficients may be calculated.

2. Deviation of experimental data obtained in the present work from the calculated
curve is determined by the incorrect values of heat transfer coefficients of evaporating
refrigerant (6). Since due to the decrease of heat transfer flux as a result of ice layer growth,
nucleate pool boiling heat transfer coefficient of refrigerant decreases. This determines the
fact that the thickness of ice layer reaches its asymptotic value within a comparatively short
period of time.

3. When cooled by the flow brine at forced convection with a constant heat transfer
coefficient, the period of reaching an asymptotic ice thickness is much longer.

4. Ice formation time rate on the pipes cooled by evaporating refrigerants may be
determined by calculating a time curve by (5) for the respective conditions with heat
transfer coefficients determined by (6) at first. By utilizing a correction factor determined
by Fig.9, an actual time curve of ice buildup can be calculated.
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Introduction. The aim of this research is to
investigate existing search engine marketing which
increase effectiveness of marketing information search on
the Internet.

Materials and methods. Search engines marketing
are the material of this study. Cluster analysis method is
used to construct methods and algorithms of non-
hierarchical clustering.

Results and discussion. In Search Engine Marketing
(SEM) Text Mining method is used to search for
documents in the Web engines. This method_is used to
process unstructured (textual) information, extract
meaningful numeric indices from the text, and, thus, to
make the information contained in the text accessible for
the various data mining (statistical and machine learning)
algorithms. Information can be processed to derive
statistics of the words contained in the documents or to
compute statistics for the documents based on the words
contained in them. The algorithm of web pages cleaning
from information noise and optimal sequence constructing
of viewing search results in web systems is proposed. This
algorithm can help to present required information in a
convenient form for user, and create positive impact on
the results of web-search and classification of information.

The scientific novelty of the results is to construct a
search algorithm solving marketing problems with the use
of Text Mining technology.

Conclusions. The results are valuable for accelerating
the search and selecting of relevant information on the
Internet and they can be used to fill the ontology of
knowledge about the results of marketing research.
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Introduction

Data search problem in the context of rapid development of the modern information
technologies lies in the center of the modern information theory and is important in the
digital data processing. The aim of the further research is to develop effective systems for
specialized data search focused on personal needs of professional users in limited
information operating environment.

The aim is automation of the process of finding and ranking information documents to
provide the most relevant results and qualitative analysis of the results for different input
data sets and when you change the configuration operation algorithms search. In the
development of search algorithms provides the exploitation of advances for the parallel
efficiency of local search.

In the development of search algorithms provides the exploitation of advances for the
parallel efficiency of local search.

The advent of the Internet and its further development has changed modern view on
advertising means and communication. The Internet combines interactive feature of
communication and possibilities of personalization. The peculiarity of the internet
environment is associated with the active role of consumers (in traditional media their role
is passive) due to the control over the information search through various search and
navigation mechanisms. The interactive nature of the network environment allows to
increase efficiency of the interaction between participants of communication.

Thus, the impact of the Internet technologies on the marketing activities of the
company is increasing. In today's global market new information technologies and the
Internet can reduce the cost of marketing functions of the company.

Text Mining is the one of the methods of the in-depth study of Internet technologies
application in marketing.

The purpose of Text Mining is to process unstructured (textual) information,
extraction of meaningful numeric indices from the text, and, thus, to make the information
contained in the text accessible for the various data mining (statistical and machine
learning) algorithms. Information can be retrieved to derive summaries for the words
contained in the documents or to compute summaries for the documents based on the words
contained in them. Hence, you can analyse words, clusters of words used in documents,
etc., or you can analyse documents and determine similarities between them or how they
are related to other variables important for the data mining analysis. In general terms, text
mining "turns text into numbers" (meaningful indices), which can then be incorporated in
other analyses such as predictive data mining projects, the application of unsupervised
learning methods (clustering), etc.

Text analysis processes:

o Information retrieval or identification of a corpus is a preparatory step. At this stage
textual materials are collected and identified to be analised in the Web or in a file
system, in database or in content management system.

o Although some text an alysis systems apply only advanced statistical methods, many
others apply more extensive processing of natural language, such as lexico-
grammatical analysis, syntactic analysis and other types of linguistical analysis.

e To recognize the object (text) gazetteers or statistical techniques are used to identify
text features such as people, organizations, toponyms, certain abbreviations, and so on.
Clarification is the use of contextual clues, which may be necessary, for instance,
"Ford" refers to the former U.S. president, a vehicle manufacturer, a movie star.
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e Recognition of Pattern Identified objects, such as telephone numbers, e-mail
addresses, quantities (with units), can be recognized via regular expressions or other
pattern matches.

o Coreference: identification of noun phrases and other terms that refer to the same
object.

o Relationship between a fact, and an event: identification of associations among entities
and other information in text.

¢ Quantitative text analysis is a set of techniques connected with social sciences, so
either a human or a computer recognize semantic or grammatical relationships
between words in order to find out the meaning or stylistic patterns of a text [1].

Materials and methods

Search engines marketing are the material of this study. Cluster analysis method is
used to construct methods and algorithms of non-hierarchical clustering.

Research methods are based on usage of data for evaluating the content, methods and
algorithms of clustering and classification, for finding the best ways to view information,
Data Mining and Text Mining technologies for processing and data analysis methods and
algorithms for information retrieval.

The difference between Text Mining technology, Data Mining technology and search
engines work scheme is defined by using the analysis of modern scientific sources [2-5]
based on the subject areas:

1. Intelligent analysis of data

2. Intelligent analysis of documents

3. Tasks of marketing

The development of structural and functional domain structure can be described
through two functions: “Search engine development for global networks” and “Search
component development based on the Data Mining methods”.

Difference between Text Mining and Data Mining. The difference between regular
data mining [2-4] and text mining is that in text mining the patterns are extracted from
natural language text rather than from structured fact databases. Text mining is used in
bioinformatics where details of experimental results can be automatically extracted from a
large text corpus and then processed computationally. Text-mining techniques are used in
information retrieval systems as a tool to help users to narrow their queries and to help
them to explore other contextually related subjects.

Text Mining seems to be an extension of the well known Data Mining. Data Mining is
a technique that analyses billions of numbers to extract statistical date and tendencies,
which follow from company's data. This kind of analysis is successfully applied in business
as well as for military, social, government purposes. But, only about 20% of the data on
intranets and on the World Wide Web are numbers - the rest is text. The information
contained in the text (about 80% of the data) is invisible to the data mining programs that
analyse the information flow in corporations. Text mining tries to apply these techniques of
Data mining to unstructured text databases.

Text mining is a complex technique. Text mining uses data mining techniques. Its
object is not only structural data but also semistructural data or non-structural data. The
mining results are not only general situation of one text document but also classification
and clustering of text sets.
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Text Mining applications. The main Text Mining applications [1, 2] are most often
used in the following sectors:

* Publishing and media.

* Telecommunications, energy and other servicing industries.

* Information technology and Internet.

* Banks, insurance and financial markets.

* Political institutions, political analytical centers, public administration and legal
documents.

» Pharmaceutical and research companies and healthcare institutions.

These sectors are characterized by a fair variety of applications which are being
experimented now. However, it is possible to identify some sectorial specifications of Text
Mining usage connected with the type of production and the objectives of knowledge
management. The publishing sector, for example, is characterized by prevalence of
«Extraction, Transformation, Loading applications» for the production and optimization of
the information retrieval.

Document Analysis Technology. In general, text

Pre-proccessing analysis technology consists of 4 main stages (Figure 1)
Extra@lOﬂ and [3,4]:
preparation of texts, 1. Preprocessing combine technologies for extraction and
filtration filtration of texts in processing.
2. Artificial intelligence module is responsible for the
Artificial Intelligence "recognition" of texts in a natural language.
(AI) module, Natural 3. User Tasks Implementation provides a set of
Language Processing technological solutions for a variety of tasks such as:
(NLP), math statistics, classification and clustering of data, structural
neural networks information retrieval, definition of subject or area of
expertise, automatic abstracting of documents,
User’s tasks annotation, summarization, creation of taxonomies and
implementation thesauri, automatic content filtering tasks, semantic
Clustering, classification, relationships defining, patterns of data, keyword search,
search respond to query.
ﬂ 4. The graphical interface integrates tools that form the
. presentation of the processing results. Information
Graphical User Interface which is presented in a convenient form, allows the
Graphs, diagrams, ete. user to see additional hidden patterns that cannot be

found by other methods.
A compulsary tool for Text Mining is data warehouse,
which contains processed information.

Fig. 1. Document Analysis
Technology in Text
Mining

Domain description of '"The Search Pertinence Improvement Mechanism in
global and local networks". The technology of search engine development consists of
several independent elements that are connected with functional relationships is shown in
Fig. 2 [5].
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Figure 2. The general scheme of search engineoperation

Search web spider is an application that performs indexing and downloading of pages
from the Internet resources. Its functions are the following:

- to remove noise information from the page and to turn it into the form required for
storage in a database;

- to search any links and add them to the waiting list for indexing;

- to deposit or reload a purified page in file storage;

- to convert pages into a single coding system;

- to perform an analysis of error responses of the Web server and assign status to these
pages.

Filtering Robot is an application that autonomously analyses Internet resources
whenever possible. Its main objectives are to test the existence, relevance of already
existing resources and to search for new ones [6].

The search engine performs operations for ensuring search and indexing of documents
and is described in more detail in the following sections.
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File storage is used for storing purified duplicate pages using data compression.

Display interface allows the user to interact with the search engine [7-8].

Structural and functional domain structure can be described through two functions:
“Search engine development for global networks” and “Search component development
based on the Text Mining method”.

Results and discussion

The functional structure of the domain "Search engine development for global
networks''. To determine the tasks which must to be performed to build a search engine it
is necessary to determine the content of required functions represented on a tree of diagram
functions (fig. 3).

The function "Indexing of documents, keywords and phrases" is designed to convert
received information from the user into optimal system type and add it to the database.

The function "Formation of relevant results and ranking of documents" provides
ranking of documents upon request.

The function "Dictionary search” is used to work with glossaries, stop words, and
other attributes, which necessary to speed up search.

The function "Formation of key sequence on inquiry" is necessary to convert the user's
request into a view appropriate for a system.

The functional structure of the domain '""Development of search components with
Text Mining». The list of required functions to determine the tasks which must be
performed, is presented in the tree diagram of functions (fig. 4).

Search engine Development of search
development components with Text Mining
( N\ ( N\
Indexing of documents, Structuring of indexed
keywords and phrases documents
( .
Formation of relevant results Phonetic correction of
and ranking of documents data request
Formation of key Formation of dynamic
sequence on inquiry relevance of documents
- (. /
( N\
Dictionary search

- J

Fig. 3. The tree of functions " Search engine Fig. 4. The tree of functions ""Development of
development for global networks" search components with Text Mining»
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The function "Structuring of indexed documents" is designed to convert received data
into a structured form to increase speed of text processing and improve its quality.

The function "Phonetic correction of data request" takes improve the relevance of
search engine by correcting erroneous information requests.

The function "Formation of dynamic relevance of documents" analyzes inquiry and on
the basis of obtained results lowers or increases relevance of the document.

Modelling of search engine work is done by IDEF functional simulation
methodologies and BPWin software with IDEFO methodologies [9].

Description of the business process domain "Functioning of the mechanism of
data search speed up in the global and local networks". In the process of domain
analysis on the basis of tree of functions functional model is developed, which is presented
in a context diagram in fig. 5.

Contextual diagram is represented by three processes: "Indexing of meta keywords",
"Search for relevant documents" and "Administration of search engine" (Fig. 6).

State law State law "On information
"On JEIEE LT Search results on
i i T "
information" telecommunication systems attributes
Keywords document guide Search results on
' SR ranking-feedback
Word combinations table Functioning of the g »
Document properties “ mechanism of data Search results on word
» search speed up combinations
User request R o
n in the global An inquiry (v log-file
Administration propcrtics and local networks Elunlu'ng documents coefficient
D lity Ki 1 The administration result ]
ocument quality marKing » o »

. “Search results on frequency
Engine behavior
User

Administrative
manager

Fig. 5. Contextual diagram for domain describing " Functioning of the mechanism of data
search speed up in the global and local networks "

"Indexing document" is divided into four unit of work which are responsible for
consistent processing of a document indexed into acceptable for the system view (Fig. 7). It
consists of following business processes: "To delete common terms", "Processing of
keywords and phrases", "Updating of data warehouse", "Structuring of documents".

"Structuring of documents" is used for forming of structured terms by the Text
Mining method, and to find patterns in the data and for evaluation and interpretation of
results.
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—_— State law '""On information protection in
information" ‘!| telecommunication systems"
- i Administration
SIS T of search . The administration result
properties .
engine
......... r v An inquiry to log-file

Keywords document guide

*| Indexing of
meta keywords

Document propetrties

Search results on word
combinations

Word combinations table

User request

Document quality marking

Administrative
manager

Engine

search results on frequenq"
behavior

Search for - -
relevant > earch results on artrlbutei
documents :Ranking documents

oefficient

“Search results on

User ranking-feedback

Fig. 6. The diagram levels 1of decomposition for the business process "Functioning of the
mechanism of data search speed up in the global and local networks"

Keywords State law N .
document guide Updated "On State law "On information
. s rotection in
—_—* XML data | information' P
To delete telecommunication systems"
Document common

properties
R —

terms

Processing

‘Word combinations
table

and phrases
L&

of Keywords :

Final
data

L

Structuring

| of documents Structured data
— e

Analysis of documents
regulations

o

warehouse
o?

Engine

Fig. 7. The diagram level 2 of decomposition for the function "Indexing of a document"

Description of the search engine algorithm. The purpose of the search engine is to
arrange the search by spontaneous query. The purpose of system is to find in collection of
documents those that are most relevant to arbitrary user’s information needs, and which are
known through the system of single, user-initiated queries. The document is called relevant
if, from user’s perspective, it contains valuable information that satisfies his information
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need. The operation mechanism of the search engine can be arranged under the user”s
search query and indexed documents in a system [10].

The basis of the search is an algorithm of search process on the level of a system
shown in Fig. 8.

( The search of relevant documents j Calculating the number of
1 documents with this term

Incorporation inquiry

. Th{mt::mrms -
‘ The request terms division | <ianﬂn 1>_

+

- <The term of finding inquiry Document Search for the inguiry
in the list of sofety words> word combination from the
database word combinations

v

Calculation of word
combination coefficient

+

‘ Removing the term from inquiry |

* ———Are there unprocessed terms?—

- There is a document in the array _
——— e
Downloading coefficient attributes of documents-responses

] ol

Calculation of time periods inguiry To update a record|| To add a new entry about
i about an existing || a documentto the array of

- - document documents-responses

‘Downloudlng documents that contain the ferm| I |
.
= ——Have the documents been found? /An output of a relevant resulf/
¥ .
( Search completion j

Fig. 8. An algorithm of search process on the level of a system

Modeling of local domain ontologies marketing information system. A complex of
analytical procedures, for which domain ontology is created, must be performed in order to
develop ontologies for local projections. This approach to solving the problem of
information projections modeling can provide ontological specifications at a conceptual
level and give an integrated description of heterogeneous, semistructured data resources,
which allows to make their further efficient processing and semantic interpretation in a
distributed environment by different groups of marketing specialists. Using these general
approaches and results of morphological analysis of structural and functional characteristics
of real Search Engine Marketing (SEM), we have developed ontological specifications for
each of the projections (we will call them Local Domain Ontologies (LDO). [9, 10] They
are presented below in the form of verbal description and as appropriate models of class
diagrams in Unified Modeling Language (UML) notation:
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* Search system of marketing data is an aggregated set of basic abstract classes: «Set
of object — Set of processes — Problem space». In its turn, the abstract class «Problem
space» is associated with subclasses «Problem solving — Totality of problems — Method
selection — Scope of problem». The corresponding UML - Diagram of these classes are

shown in Fig. 9.

» Search Engine Marketing solve the following problems: «Search of new markets,
customers, products, applications of traditional products which can provide the highest
profitfor enterprise», «Study of effective demand for the products and markets»,
«Evaluation of degree of risk of uncalled of products», «Evaluation of the stability and
efficiency of production and product distribution» (Fig. 10).

Search system of marketing data
(problem domain)

Problem space

A4

A4

A

4

Set of objects

Set of
processes

Problem solving

Totality of

Method

problems

selection

of pr

Scope

oblem

Fig. 9. Domain ontology search system of marketing

Search of new markets, customers,
products, applications of traditional
products which can provide the
highest profitfor enterprise

Study of effective
demand for the
products and
markets

A

Solved
problem with

SEM

y

A

Evaluation of degree
of risk of uncalled of

products

Evaluation of the stability and
efficiency of production and product

distribution

Fig. 10. Solved problem with SEM
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Conclusions

Text Mining is also known as Text Data Mining or Knowledge-Discovery in Text
(KDT), refers generally to the process of extracting required information and knowledge
from an unstructured text. Text mining is a young interdisciplinary field which use
information retrieval, data mining, machine learning, statistics and computational
linguistics. Since most information (over 80%) is stored as text, text mining is believed to
have a high commercial potential value. Knowledge may be discovered from many sources
of information, yet, unstructured texts remain the most available source of knowledge.

The purpose of the search engine is to arrange the search by spontaneous query. The
purpose of system is to find in collection of documents those that are most relevant to
arbitrary user’s information needs, and which are known through the system of single, user-
initiated queries. The document is called relevant if, from user’s perspective, it contains
valuable information that satisfies his information need. The operation mechanism of the
search engine can be arranged under the user”s search query and indexed documents in a
system [10].

Visualization uses feature extraction and key term indexing in order to build a
graphical representation of the document collection. This approach helps the user to
identify quickly the main topics or concepts by their importance in the representation.
Additionally, it is easy to discover the location of specific documents in a graphical
document representation. The ability to visualize large sets of text data give users
opportunity to explore the semantic relationships that exist in a large collection of
documents.

To visualize a text document, we convey the information about relationships between
documents to the analyst. We must preserve certain visualization characteristics in a
geometrical manner to be meaningful. For example, documents that are close to each other
in content should also be geometrically close to each other.

The users must have access to the Visualization in order to express their own point of
view. That is, users must be able to interpret the rendered data in order the document
relations were clearly defined.
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Introduction. The decision-making of management
problems systems and distribution channels as important
constituent of marketing politics of the enterprise are sanctified
in the article. The aim of the research is to determine the
strategic position and reasonable strategic decision forming in
relation to the distribution channels. A research object is the
enterprise’s distribution policy.

Materials and methods. The methods of systems analysis
of the points of the systems and channels of distribution of
products management, method of analysis and synthesis of the
economic phenomena in relation to determination of strategies
structure of products distribution, method of scientific
abstraction in relation to determination of strategic decisions in
the distribution channels.

Results and discussion. Unsolvedness questions reasons
of effective management of channels distribution are: absence
of the complex approach to the problem decision; aspiration of
the distribution system only on the task to expand sales markets
and scope of target markets; limitation of administrative
decisions in the distribution channels only by communication
character strategies and strategies that are used to every
participant of channel distribution.

For the problem decision-making is offered: from three
constituents of distribution strategy the special attention is
devoted to channels strategies of products distribution; using
the strategies matrix of (“part of profit yield is created on
indexes from products realization, provided with the
corresponding distribution channel” and “profitability sale in
the channel”) for determining the strategic position of channel
distribution; to ground the acceptance of administrative
decisions in relation to the distribution channels on the basis of
the corresponding recommended strategies (“deep penetration
to the market”, “maintenance of positions”, “market
development”, “optimization of sale charge”, ‘“channel
liquidation™).

Conclusion. Matrix strategies distribution channels that
gives an opportunity to define their strategic decisions,
recommended for practical application of productive
enterprises activity are offered at first.
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Introduction

In the process of management economic activity modern enterprise appear the tasks of
effective production distribution organization with the special sharpness, the decision of its
success depends at the market. A company lives for the sale account, or according to 1. Vitt,
“sales are a bridge from a company to the market” [1]. The central link of forming sale
policy of the enterprise decisions come forward in relation to management the systems and
distribution channels of the enterprise. Distribution is one of marketing complex element.
Therefore, all problems of the optimal distribution system forming must be settled as other
constituents of marketing - mix could function effectively.

The aim of the research is determination of strategic position and reasonable strategic
decisions forming in relation to the distribution channels in accordance with the enterprise’s
aims. A research object is the enterprise’s distribution policy.

Literature review

The basis of the conducted literary sources review were set that products distribution is
the activity that is sent to the effective systems functioning and commodities distribution
channels with the aim of overcoming of spatial, sentinels and quantitative commodity
differences between the sphere of production and consumption, and also property transfer
right on the commodity with the aim of consumers’ necessities satisfaction and enterprise’s
income [2-7].

To the basic tasks of the distribution policy belong:

1.  Organization and management of enterprise’s system distribution (type
determination, organization and strategies of the distribution system principles).

2. Forming and management of distribution channels within the enterprise’s
distribution system framework (determination of channel distribution descriptions,
organization and optimization of their activity depending on the enterprise’s aims, making
decision in relation to the channels of distribution strategies).

3. Organization and management of turnover and products sale (determination of
mediators types, with whom the firm will work, and work strategies) [8-10].

Questions that touch the first and third aspects are widely observed in economic
literature. In relation to the second administrative aspect, as the acceptance of strategic
decisions in the distribution channels, it is not almost examined or carries superficially-
descriptive character. Although the effective products distribution channels management
must be base on the development and application of certain strategies.

Theoretical distribution channels systems management bases are given in works of
A.T. Coughlan, E. Anderson, L.W.Stern, A.l. El-Ansary, 1. Ansoff, Zh.-Zh. Lamben, P.
Doylen, A. Khovanov, 1. Poliezhaieva, P. Kotler, K. Keller, S. Burton, G. Armstrong, O.
Bilovodska, R. Cooper, P. Winkelmann, J. Witt, D. Ahlert, S. Efimova, J. Dent, E.
Berkowitz, R. Kerin, S. Hartley, W. Rudelius, L. Gorchels, E. Marien, Ch. West, G.
Lankaster, D. Jobber, G. Bolt, Linders M.R., Firon G.E., Scott G.J., Voychak A.V.,
Kardash V.Ya., Pylypchuk V.P., Pavlenko A.F., Balabanyts' A.V., Balabanova L.V.

In scientific literature there are a few approaches for forming and management of the
distribution channels, that are construction basis of the distribution system of the enterprise.
Classic approaches are studied by L. Stern and F. Kotler [11-12]. The investigated research
was also studied by O.A. Bilovodska, R. Cooper, S.A. Efimova, A.A. Khovanov, Zh.-Zh.
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Lamben and P. Winkelmann. The scientists examined narrow questions of distribution
channels management, or communication policy in the distribution channels.

Generalization of results of home and foreign developments in industry of distribution
policy testifies that they highlight the problems of forming and functioning distribution
channels are examined from the different points of view. But there is not sharpness
understanding of question in relation to the determination of strategic decisions in the
distribution channels. It is, therefore, possible to consider that on this time not all questions
of this problem are decided.

Materials and methods

The researches’ results of foreign and home scientists of the method of systems
analysis in the relation to the questions of systems and channels products distribution
management are described in the article. Authors are also use the method of analysis and
synthesis of the economic phenomena in relation to the determination of products
distribution strategies, that is suggested to accept on three levels (products distribution,
channels of products distribution and participants of products distribution channels). A
method of scientific abstraction gave an opportunity to define position of channels
distribution and offer strategic approaches in relation to their further development.

Result and discussion

On the basis of scientists’ ideas analysis were considered that the process of forming
and management of distribution channels consists of the following stages: concordance of
firm’s aims with the aims of distribution channels construction; determination of sale
methods that are used at commodities distribution; choice of distribution channel structure;
evaluation of distribution channel participants; a choice of optimal structure of distribution
channel and acceptance of strategic decisions in relation to every distribution channel [11-
14].

The critical review of scientific literature showed that there are some approaches of
strategies forming in the distribution channels.

To the strategic decisions of the enterprises’ sale activity belong question of its
markets expansion and scope of target markets. These strategies are global for the
enterprise and closely constrained with of assortment policy strategies, pricing and products
advancement, they can not be considered as distribution channels strategies.

Some scientists (A. El-Ansari, L. Shtern, E. Koflan) examine a decision in relation to
the scope of market as distribution channels strategy. They observe intensity of distribution
channels (intensive, selective and exclusive sale) strategies [11]. I. Ansoff gives the
determination to “strategy” as the «set of rules for making decision that organization
follows in the activity» [15]. Strategy is a long-term plan that is accompanied by a
permanent analysis and monitoring of its realization. Thus, intensity of distribution is not
strategy, but one of decisions that is accepted in the process of forming of distribution
channels.

Other approach in relation to the acceptance of strategic decisions in the distribution
channels determines only strategies of advancement: reaching and promotion [16]. These
strategies rather behave to the sphere of communication policy and regulate the aspects of
products advancement.

To our opinion, the enterprise carries out products distribution management onto three
levels: distribution, distribution channels and participants of systems distribution channels.
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Most scientific sources do not distinguish the strategy after these three directions, and all
strategies are determined as strategies in the distribution channels.

So, for example, integration (vertical, horizontal) strategies can be used only for
distribution of the enterprise, their appendix system to the separated channel is improper.

Very often, the distribution channels strategies call the co-operating strategies with
every channel participant, determining them as strategies in the distribution channels. For
example, O. Bilovodska in the process of distribution channel choice suggests to apply the
distributors matrix that is based on profitability and potential of mediator increase and gives
description to strategies for every type of channel participants («red ink», «reorientation»,
“alarmed” and «new generation») [3]. And P. Vinkelman determines strategies for every
category of clients («Interrogative signs”, «Star», «Milch cows» and «Dogs») depending on
relative part of deliveries and height of client’s turnover [17]. Accordingly, these authors in
the works determine strategies of co-operating with every participant of distribution
channel.

Consider to divide the distribution strategies into three composition:

- determination of integration strategies for the distribution system,

- determination of strategies of distribution channels height,

- determination of strategies of co-operating with every channel’s participant.

The special attention is suggested to every distribution channels strategies, e.g. this
direction practically is not overcame in scientific literature.

For the acceptance of strategic decisions in relation to every distribution channel, it is
suggested to apply methodology that takes into account the part of profit yield from
products realization that is sold by the certain distribution channel and profitability sale
channel, it is suggested to apply the methodology developed by authors.

The essence of the offered methodology consists of position-finding of every
distribution channel on the matrix field, built on indexes of «the part of profit yield from
products realization that is sold by the certain distribution channel» and "profitability in a
sale channely.

Part of profit is provided with the corresponding distribution channel from products
realization as attitude of profit yield to distribution channel of toward the general
enterprise’s profit.

For the evaluation of commodities sale profitability by the channel, it is needed to
educe necessary resources, count total charges on their use and compare these charges with
these channels’ profits [11]. The calculation of different types of activity behaves to the
method of charges allocation between commodities with taking into account actions
necessary for the production of these commodities [18]. This conception is also applied for
efficiency comparison by the uses of resources of one channel comparatively with the
second or for comparing the sale results of one commodity to the sale results of other [11].
If to estimate profitability of concrete channel, it is necessary to educe used resources, to
count total charges on their use and compare these charges with these channels’ profits.

The incomes of every channel settle accounts as a difference between profits and
charges in the channel. Profitability of products realization through the channel is a share
from the division of income from products realization on the net profit, got through the
investigated distribution channel that multiplied on 100%.

Charges in every distribution channel are carrying the elements of charges after the
streams of functions and determination of middle charges in every stream. The general sale
charges of every channel is determined by the product middle stream charges and numerical
values of corresponding stream constituent [11].
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If the enterprise will have information on these indexes, it can lay down the matrix of

“distribution channel strategies”, that envisages distribution channels on six groups (Table

1):

524

Quadrant «Perspective» are distribution channels that got to this zone have relatively
small turnover, but high profitability.

Quadrant «Basicy are the distribution channels that characterized by the large stake of
profit yield and high profitability.

Quadrant “Low profitable giant» are the distribution channels where the large volume
of company’s sale passes through that, but they do not bring substantial returns.
Quadrant “Problem” this zone includes the distribution channels that have low
profitability and turnover.

Quadrant «Unprofitable leader sale» is the distribution channels bring losses to the
enterprise, but have large turnover.

Quadrant «Load» are channels that losses coincide with low turnover.

Table 1
Matrix “Channel Distribution Stretegy”
Source: developed by authors
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Let’s describe each of groups and will define their possible strategic decisions.

The high index of profitability level and low part index of profit yield from to the
quadrant «Perspective» realization, provided with corresponding channels, predetermines the
achievement of primary purpose: to get high incomes. It is possible to consider the profit yield
increase of perspective aim from realization through the this zone channels at the same
profitability sale.

In relation to the channels of this group depending on the degree of market saturation
such strategic solutions are offered:

1. «Deep market penetration» and «market development» with the aim of turnover
stimulation without the loss of profitability. At successful application of such strategy
the channels of «Perspective» group can pass to the «Basic» quadrant. This strategy is
recommended at terms, if a target market on that products distributed channel is
nonsaturated;

2. «Position maintenances» for further high incomes obtaining in the channel. Used in case,
if a target market on products by this channel are distributed is saturated.

Distribution channels from the «Basic» quadrant have advantageous combination with
large volumes sale with the high level of profitability. Due to the channels of this zone the
enterprise arrives the aimed profit in relation to the high incomes and scope of large market
segments.

The recommended strategic decision in relation to this zone is strategy of «position
maintenance» that envisages various support and further development of long-term
connections of partners in the channel.

Large volume of profit yield from realization in the «Low profitability giant" quadrant
explain about its perspective.

The primary purpose the enterprise try to attain, when uses these channels there is a
survival at the market or expansion of market scope. Perspective aim: is to control of sale
charge, increase the channels profitability.

For the “Low profitability giant" quadrant can be recommended such strategic decisions
that are adequate to the position touched by the enterprise:

1) “optimization of sale charge» is the strategy sent to the cost cutting and
profitability increase in the channel due to the exposure of «bottlenecksy in sell off and their
liquidation. It is priority strategy for the channels of this type. At successful application of this
strategy this channel will pass to the «Basic» group;

2) «market development» is the strategy sent to further of new market fascination and
expansion of existent distribution channels segments.

Channels of «Problem» zones occupy unattractive position: profit is not made or not
enough for further activity, the turnover is also insignificant. By a primary purpose in relation
to a problem zone it can be: control of sale charge or increase of sale volumes of the channel.

Possible channels strategies for the «Problem» quadrant:

1.  «Market development» or «deep penetration to the markety, if enterprises have presence
resources for mastering of new markets or increase sales through a channel, to transfer
to the zone of “Low profitable giantsy;

2. «Optimizations of sale chargesy is for channel passing to the «Perspective» zone, if the
enterprises have not sufficient resources.

Distribution Channels of the quadrant “Unprofitable leader sale” have large turnover but
brings losses to the enterprise. Thus, markets fascination of sale belongs for a primary
purpose. A perspective aim is the profitability increase due to hard control of sales charge.
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For this group of channels is recommended the strategy of «optimization of sale charge»,
sent to the exposure of all possibilities in relation to the cost cutting and profitability increase.
On condition of successful application of this strategy these channels can pass to the group of
«Low profitability gianty.

Channels that losses coincide with the low volumes realization get to the «Load» group.
If the enterprise already long time works through this channel, but profitability and profit
yield do not increase, it is needed to leave off to work with these channels. Thus not a single
aim that was put by the enterprise, it was not attained. Only possible strategy for these
channels there can be «liquidationy.

The group «Load» consists of new channels with the enterprise only began to work.
They bear loss from the activity and have low turnover, but this situation can become better in
the future.

The offered methodology passed approbation at research of distribution channels at JSC
"Obolon".

For comfort of realization of analysis and presentation results, every distribution channel
was in code, taking into account the market type, that it serves (industrial, consumer and
foreign), its functional and regional signs, going out such reasoning:

- the code of distribution channel is begun with denotation and numeration of market
where enterprise works, and then denotation and numeration of channel;

- distribution channels, that work at the industrial market, the capital letter of "B"
(business), at the user market is by the letter "C" (consumer);

- marking of channels denotation of Oth level with the capital letter "Z" (zero);

- the channels of 1th level is the capital letter "R" (retail);

- the channels of 2th level is the capital letter "D" (distributor), exclusive distributors
(exclusive of Distributor) is "DE", foreign exclusive distributors (abroad exclusive of
Distributor) is "Ade".

It was found out during realization of researches, that JSC "Obolon" works on industrial
and Ukrainian and foreign markets, using nineteen distribution products channels. An internal
consumer market can be divided on functional (on trade and off trade) and after regional
signs. Consumers-visitors of establishments of public food consumption to the market of C1
(distribution channel of C1HoReCa). The consumer market of the North region will designate
C2 (distribution channels of C2Z, C2R, C2D, C2DE), consumer market of the Central region
is C3 (distribution channels of C3Z, C3R, C3D, C3DE), consumer market of the Western
region is C4 (distribution channels of C4Z, C4R, C4D), consumer market of the East region is
C5 (distribution channels of C5Z, C5R, C5D), consumer market of the South region is C6
(distribution channels of C6R, C6D), foreign consumer market is C7 (distribution channel of
C7ADE). An industrial market JSC "Obolon" is marked B1 (distribution channel of B1Z).

The results of determination of strategic position of products distribution channels of
JSC "Obolon" in 2013-2014 is presented on tables 2 and 3.

It is educed on the basis of this research, that the state of all objects became worse
considerably. If in 2013 more than half of channels behaved to the group "Perspective" and
"Basic", then in 2014 practically all channels planted in groups "Problem" and "Low-
profitable giant" that testifies worsening economic position of company. A positive moment is
that not a single distribution channel got to the groups "Load" and the "Unprofitable leader
sale".

The erected information about placing of distribution channels in the matrices of
"strategies of products distribution channels", and also perspective objectives, strategic
decisions and measures, that appropriated to them are given in the table 4.
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Table 2
Matrix of "Strategies of products distribution channels"
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Table 3
Matrix of "Strategies of products distribution channels"
of JSC “Obolon” in 2014
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Table 4
Types of products channels distribution of JSC “Obolon” and
appropriate strategy decision in 2014
Quadrant Distribution Perspective Strategy Measures
channel objective decision according to the
strategy
«Promising» | B1Z Waste «position To support
production supporting» relationship with
distribution existence clients
«Basic» - - - -
«Low- C7ADE Reorientation to | «market To expand new
profitable European and developmenty», | foreign distribution
giant» Asian markets | «optimization markets
of sale charges»
«Problem» Cl Image «position hard control of sale
HoReCa supporting of supporting» charges and
producer trade application of the
marks self-weighted
communication
policy
R2(3,4,5,6) | Providing of «position application of sales
products proof | supportingy, consumers measures
suggestion, «reorientation» | and mediators,
image entering into
supporting, contracts promotion
getting about the long-term
information collaboration with
large retailer,
reorientation of retail
chandlers on
collaboration with
distributors
D2(3,4,5,6) | increase of «optimization control of sale
ta DE2(3) profitability and | of sale charges,
channel part of | charges», a close collaboration
net profit «deep with every
penetration to distributor
the market»
«Unprofitable | - - - -
sale leader»
«Loady» - - - -

A decline of work efficiency of all distribution channels of JSC "Obolon" is caused by
a general economic and political situation in a country, as demand for goods of brewing
industry straight depends on solvency of population. At present moment, one of priority
tasks for a company is surviving at the market and, on possibility, keeping competition

positions.
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Conclusions

Offered approach in-process helps to define the provision of distribution channels on

the matrix of «distribution channels strategies», that consists of six quadrants
«Perspective», «Basic», «Low profitable giant», «Problem», «Unprofitable leader sale»
and «Load». This methodology takes into account the part of profit yield from products
realization, provided with the certain distribution channel, and profitability sale in the
channel. It gives an opportunity to define strategic decisions in the distribution channels
that will assist successful activity of the enterprise at the market, will allow managing the
distribution system of the enterprise.
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Introduction. This article aims at assessing the position of the
Polish food industry in comparison tofood producers in the
European Union.

Material and methods. The development of the Polish food
industry was assessed compared to selected EU food producers
for 2003-2013 based on Eurostat data. Comparability of food
industry data in individual EU Member States was obtained by
adjusting the value of production at current prices with the EUR
purchasing power index (parity) in individual EU Member States.

Results and discussion. The Polish food industry stands out
from the other EU Member States. The share of Poland in the
value of marketed production of the EU-28 food industry is nearly
9%, which ranks us sixth in the EU. In 2003-2013, the value of
food industry production in Poland increased by 60%, compared
to 20% in the EU-15 and 42%in the EU-12/13. In 2003-2013,such
animprovement in labour productivity in the food industry was a
common phenomenon throughout the EU Member States. The
largest increase in this period was recorded in Lithuania (96%),
Bulgaria (77%) and Poland (61%). In the EU-12/13,labour
productivity grew by 1/2, while in the EU-15 — by 1/4. This was
due to a large investment boom and a drop in the number of
employees. The processes of consolidation and concentration of
the food industry continue. The average turnover value per food
company in Poland (EUR 7.2 million) is nearly twice higher than
the EU average (EUR 3.7 million), but much lower than in states
with the highest production concentration in this sector, i.e.:
Ireland (EUR 36.8 million), the UK (EUR 13.3 million), the
Netherlands (EUR 10.2 million) or Denmark (EUR 9.7 million).
However, it is higher than in Germany (EUR 5.9 million).

Conclusion. Having analyzed the phenomenon, it can be
concluded that the gap between the development of the food
sector in Poland and the EU-15 is narrowing, while structures of
the industry and market players are increasingly similar to the
largest EU food producers. In the past decade, the pace of
development of the Polish food industry was one of the fastest in
the EU, thus improving the standing of our food industry in the
Single European Market.

530 ——Ukrainian Food Journal. 2015. Volume 4. Issue 3 —



-Economics and management

Introduction

The share of Polish production in the production of the EU-28 food sector in 2013
amounted to nearly 9%. In terms of the value of marketed production, Poland is the sixth
food producer in the EU. Integration with the European Union had a positive impact on
accelerating growth in the value of marketed production of the Polish food industry, while
several years of adaptation to EU requirements significantly changed the image of Polish
food companies in the Single European Market. The Polish food industry became a major
food producer in the European market and Polish food processing plants are considered
among the most advanced in the European Union. Food product export, growing rapidly
upon accession, was one of the main factors contributing to the development of the food
industry in Poland. Currently, the standing of the Polish food industry is stronger than in
the pre-accession period, making Poland one of the leading EU Member States.

This article aims at assessing the position of the Polish food industry in comparison to
food producers in the European Union.

Material and methods

The development of the Polish food industry was assessed compared to selected EU
food producers for 2003-2013based on Eurostat data (value of marketed production of the
food industry, employment and the number of enterprises), including the production of
tobacco products.

Comparability of food industry data in individual EU Member States was obtained by
adjusting the value of production at current prices with the EUR purchasing power index
(parity) in individual EU Member States.

Variability of marketed production of the meat industry was calculated using the
average annual dynamics of change, applying analysis of linear regression of trend function
(in absolute terms) or a compound interest formula' (in relative terms).

r
K =K. (1+—)""
n =Kol 100)

V=1 n-1 Kn —1 100
Ko
where:

K, — initial characteristic value,
K,— final characteristic value,
r — growth rate, average annual rate of change.

''S. Plaskacz, Compound Interest, Scientific Society for Organisation and Management,
Torun 1998; M. Podgoérska, J. Klimkowska, Financial Mathematics, Polish Scientific
Publishers PWN, Warsaw 2005.
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Results and discussion
1. Comparative analysis of the development of the EU food industry

The European Union has been a major global food producer for many years. In 2003-
2013, the value of production of the food industry (at current prices) in the EU-27/28
increased by 27% to EUR 1 015 billion, while at comparable prices — to EUR 1 045 billion
(Table 1). Over 80% of this production is produced in the EU-15 and its major producers
are as follows: Germany with a share of 17.4% in the value of marketed production of the
EU food industry, France (12.8%), Italy (11.6%), the UK (10.5%) and Spain (10.3%).
Poland is the sixth food producer in the EU with a share of 8.7% in the EU production of
the food industry. In 2013,the production of the Polish food industry, including tobacco
products and alcohol (at comparable prices), reached EUR 91.3 billion, i.e. the highest in
the EU-13 (Figure 1). However, this value is more than two times lower than in Germany
(EUR 182.4 billion), but higher than in the Netherlands (EUR 51.5 billion) and Belgium
(EUR 40.3 billion) (Figure 1).

200
180 ]
160
140

Figure 1. Largest EU-28food producers in 2013
(EUR 000 000 000) (by purchasing power parity)
Source: Own elaboration based on Eurostat data.

Significance of the food industry for the Polish economy is considerably greater than
in the EU Member States, as evidenced by the ratio of the value of the food industry to
GDP (Table 1). In 2013, the trading value of the Polish food industry was 13.6% of GDP
produced, while the average in the EU-15 was 7.6%, in the EU-13-10.6%, and in the entire
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EU-28— 8.0%. Only in Ireland (15.3%), the ratio was higher than in Poland. In Germany,
the UK and France, it was nearly a half lower than in Poland and amounted to 7%.

The level of food industry development measured by the trading value per capita in
2013 amounted in Poland to EUR 2.4 thousand and was similar to that of the largest food
producers in the EU (Table 1), i.e.: Germany (2.2), France (2.0), the UK (1.6) and the EU-
15 average (2.1). In 2003-2013, the value of marketed production of the food industry per
capita in Poland increased on average by 4.9% per year, in Germany — by 2.8%, while in
the EU-15the said turnover increased by 1.2% per year, and in the EU-12/13 — by 3.9%. In
that period, the greatest average annual increase in turnover per capita was recorded in
Lithuania (6.0%) and Bulgaria (5.5%), while high — in Romania (3.6%).

In 2003-2013, the value of marketed production of the food industry in the EU-27/28
increased on average by 2.2% per year, while in Poland the growth rate was 4.8%,
compared to 2.8%,1.3% and 0.8% per year in Germany, the UK and France, respectively.
Therefore, the value of production in the analyzed period increased the most in Poland,
i.e.by more than one and a half from EUR 57.1 billion to EUR 91.3 billion and its dynamics
was twice that in Germany (32%), Spain (24%) or Italy (19%) (Tables 1.1, 1.2).

Poland ]

Austria

Bulgaria

Lithuania

Belgium

Romania

Germany

Spain

Czech Republic

]
Slovenia [ :
-2 -1 0 1 2 3 4 5 6

Fig. 2. Yearly average pace of development of food industry production in selected EU-28
Member States in 2003-2013 (in per cent per annum) at comparable prices
Source: Own elaboration based on Eurostat data.

This diversity of food industry development in the EU makes it decreases the gap
between the EU-15 and EU-13. The food industry in the EU-15 is slowly losing its position
in favor of companies from the EU-13, and the Polish food industry from year to year is
becoming stronger in the Single European Market.
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Table 1.1
Food industry in the EU Member States in 2013
Value of production Production® | Ratio of Share in
(EUR “000 000 000) in2013 the value EU-28
EU Member at current at comparable | (EUR ‘000 | ofthe | production®
States prices prices per capita) | food (%)
industry
2003 | 2013 | 2003 | 2013 to GDP
(%)
Austria 11.8 19.7 11.1 17.7 2.1 6.3 1.7
Belgium 29.1 453 28.6 40.3 3.6 11.9 3.9
Germany 147.8 | 190.0 | 138.2 | 1824 2.2 7.0 17.4
Denmark 20.8 22.1 154 15.9 2.8 8.8 1.5
Spain 73.2 98.2 87.1 108.0 2.3 9.6 10.3
France 138.9 | 150.8 | 123.6 | 134.2 2.0 7.3 12.8
Finland 8.2 11.0 6.9 8.9 1.6 5.7 0.9
Greece 9.1 12.5 12.5 14.6 1.3 6.9 1.4
Ireland 21.1 25.0 18.5 22.8 5.0 15.3 2.2
Italy 101.2 | 122.0 | 101.2 | 120.8 2.0 7.8 11.6
Netherlands | 47.4 56.6 45.2 51.5 3.1 9.4 4.9
Portugal 10.7 13.7 13.6 16.9 1.6 8.3 1.6
Sweden 13.9 17.0 11.9 12.8 1.3 4.1 1.2
UK 103.7 | 119.0 | 96.4 109.5 1.7 6.3 10.5
Luxembourg | 0.7 0.9 0.7 0.7 1.3 1.9 0.1
Poland 27.6 52.8 571 91.3 2.4 13.6 8.7
Czech
Republic 9.5 13.0 19.4 18.9 1.8 8.7 1.8
Hungary 9.6 10.5 17.2 18.3 1.8 10.8 1.8
Slovakia 2.3 3.9 4.9 5.7 1.1 5.4 0.5
Slovenia 1.7 1.8 2.4 2.2 1.1 5.0 0.2
Lithuania 1.9 3.9 4.2 6.4 2.2 11.3 0.6
Latvia 1.1 1.9 2.5 2.8 1.4 8.0 0.3
Estonia 0.8 1.5 1.7 2.0 1.5 7.9 0.2
Cyprus 1.0 1.4 1.1 1.6 1.9 8.3 0.2
Malta 0.0
Romania 5.5 10.5 15.2 20.6 1.0 7.4 2.0
Bulgaria 2.4 5.3 7.3 11.6 1.6 13.3 1.1
Croatia 4.6 7.1 1.7 10.7 0.7
EU-15 737.6 | 903.8 | 710.9 | 857.0 2.1 7.6 82.0
EU-12 63.4 111.1 | 133.0 | 188.5 1.8 10.6 18.0
EU-28 801.0 | 1014.9 | 843.9 | 1045.5 2.1 8.0 100.0

“at comparable prices (adjusted by the EUR purchasing power index in the Member States
referred to above)
Source: Own calculations based on Eurostat data.
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Table 1.2
Food industry in the EU Member States in 2013

Average growth rate | Number of food | Employment
EU Member | Dynamics® of meat industry industry (‘000
States 2013/2003 production® in companies (‘000) persons)

2004-2013

Austria 159.5 4.8 3.73 76.9
Belgium 140.9 3.5 6.93 90.0
Germany 132.0 2.8 31.10 859.1
Denmark 103.2 0.3 1.63 63.4
Spain 124.0 2.2 27.16 349.9
France 108.6 0.8 58.87 592.6
Finland 129.0 2.6 1.73 38.0
Greece 116.8 1.6 14.45 81.3
Ireland 123.2 2.1 0.62 39.2
Italy 119.4 1.8 57.20 346.3
Netherlands 113.9 1.3 5.03 125.7
Portugal 124.3 2.2 10.42 100.4
Sweden 107.6 0.7 3.80 56.3
UK 113.6 1.3 8.24 403.3
Luxembourg 100.0 0.0 0.15 5.2
Poland 159.9 4.8 12.66 406.6
Czech
Republic 97.4 -0.3 8.42 106.2
Hungary 106.4 0.6 6.58 101.3
Slovakia 116.3 1.5 2.78 38.2
Slovenia 91.7 -0.9 1.94 15.3
Lithuania 152.4 4.3 1.47 41.8
Latvia 112.0 1.1 0.96 26.1
Estonia 117.6 1.6 0.49 14.2
Cyprus 145.5 3.8 0.80 12.5
Malta
Romania 135.5 3.1 8.57 187.2
Bulgaria 158.9 4.7 5.85 94.4
Croatia 3.24 63.8
EU-15 120.6 1.9 231.06 2227.6
EU-12 141.7 3.5 54.26 1107.6
EU-28 123.9 2.2 285.32 43352

“at comparable prices (adjusted by the EUR purchasing power index in the Member States
referred to above)
Source: Own calculations based on Eurostat data.
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2. Labour productivity in the EU food industry

The Polish food industry employs nearly 407 thousand persons, representing nearly
10% of total employment in the EU food industry. It ranks Poland third in the EU-28.
Higher employment (‘000 persons) is reported only in Germany (859) and France (593),
while slightly lower — in the UK (403), Spain (350) and Italy (346). In 2003-2013,the
number of employees in the food industry in the EU-27/28 dropped by 4%, in the EU-15 —
by 3%, and in the EU-12/13 — by 6%. In Poland, employment fell by 1%. The largest
decline in employment in the food sector was reported in Hungary (by 26%), Latvia (by
26%) and Denmark (by 24%). However, employment in the food industry increased in,
among others: Greece (by 25%), Germany (by 4%) and Italy (by 2%).

In 2013, one employee in the food industry in Poland generated EUR 224.5 thousand
of marketed production which was more than in Germany (EUR 212.3 thousand), but twice
less than in Ireland (EUR 581.6thousand), Belgium (EUR 447.8 thousand) and the
Netherlands (EUR 409.7 thousand) (Table 2).

Table 2
Labour productivitya) in the EU food industry (EUR ‘000 per employee)
Annual change (%)
g::iz:’” 2003 | 2008 | 2013 in
2004-2008 2009-2013 2004-2013

EU-15 213.6 | 254.5 | 265.5 3.6 0.8 2.2
EU-12/13 113.0 | 141.5 | 170.2 4.6 3.8 4.2
EU-27/28 187.3 | 2249 | 241.2 3.7 1.4 2.6
Ireland 370.7 | 432.4 | 581.6 3.1 6.1 4.6
Netherlands 343.7 | 435.0 | 409.7 4.8 -1.2 1.8
Belgium 315.7 | 355.9 | 447.8 2.4 4.7 3.6
Italy 298.5 | 314.6 | 348.8 1.1 2.1 1.6
Spain 243.6 | 273.8 | 308.7 2.4 2.4 2.4
UK 199.1 | 255.0 | 271.5 5.1 1.3 3.2
France 200.7 | 252.6 | 226.5 4.7 -2.2 1.2
Germany 167.7 | 203.8 | 212.3 4.0 0.8 2.4
Greece 192.0 | 189.2 | 179.6 -0.3 -1.0 -0.7
Poland 139.4 | 172.5 | 224.5 4.4 5.4 4.9
Czech 142.7 | 1562 | 178.0 1.8 2.6 22
Republic

Hungary 125.6 | 154.2 | 180.6 4.2 3.2 3.7
Estonia 91.9 112.5 | 140.8 4.1 4.6 4.4
Lithuania 78.1 102.3 | 153.1 5.5 8.4 7.0
Bulgaria 69.3 107.5 | 110.0 9.2 0.5 4.7
Romania 75.9 101.6 | 100.8 6.0 -0.2 2.9

9 at comparable prices
Source: Own elaboration based on Eurostat data.
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Labour productivity in the Polish food industry is the highest in the EU-12/13 and
higher than the EU-12/13 average by nearly 1/3 (EUR 170.2 thousand). Increasing
employment infrastructure expenditure had a material impact on its improvement. This was
due to a large investment boom, especially after Poland’s accession to the EU, and a drop in
the number of employees. In the past decade, such animprovement in labour productivity in
the food industry became widespread and occurred in all the EU Member States.

In 2000-2010, labour productivity in the Polish food industry increased on average by
4.9% per year, in the EU-15 — by 2.2% per year, and in the EU-12/13 — by 4.2% per year
(Table 3). The highest growth rate of labour productivity in the last decade was reported in
Lithuania (7.0% per year). In 2004-2008, i.e. a period of robust development of the food
sector in most of the EU Member States, average annual labour productivity growth in the
EU-15 amounted to 3.6% and in the EU-12 —to 4.6%. In the same period, labour
productivity in the Polish food industry increased on average by 4.4% per year, while in
Germany — by 4.0%. In 2009-2013, however, its growth rate was slightly lower, while
certain states saw a decline in this respect as a result of the global financial and economic
crisis. Only a few states, including Poland (+5.4%), recorded an increase in labour
productivity in the food industry.

3. Production concentration in the EU food industry

In 2013, approx. 12.7 thousand enterprises in Poland were engaged in food production.
This represented4.4% of EU food enterprises and ranked Poland fifth in the EU-28. In
2003-2013, this number in Poland decreased by nearly 30%, while in the EU-15 and the
EU-12/13— by 11% and 0.7%, respectively. Recent years brought the largest drop in the
number of companies in operation in the Polish food industry which was due to the global
economic crisis 0f2008-2009. At this time, the number of food enterprises in Poland
decreased by 14.5%, while in the EU —by 2%. Turnover of an average company
demonstrates an increase in the economic strength and competitiveness of Polish food
enterprises in the European market. In 2013, the trading value of food processing
enterprises in Poland amounted to EUR 7.2 million per company and was more than twice
higher than in 2003 and 60% higher than in 2008. In 2013, the average turnover of a food
company in the EU-15 was EUR 3.7 million. The standing of Polish food companies
against all the Community states is rather good. The average turnover generated by one
enterprise in Poland is higher than that of a German company by EUR 1.3 million and
much higher than in: Italy, France, Portugal or Greece. However, it is much lower than in:
Ireland (EUR 36.8 million), the UK (EUR 13.3 million) and the Netherlands (EUR 10.2
million).

The processes of concentration and consolidation of the food industry continue
throughout the European Union. In Poland, they run much faster than in most of the other
EU Member States. The gap between Poland and the other EU Member States with high
production concentration in this sector is narrowing. In 2003-2013, the average turnover
value of an average Polish food company increased by 8.4% per year. This was the fastest
growth rate among all the EU Member States. In the EU-15,the average growth rate was
3.2% per year, while in the EU-12/13 — 3.8% per year. As for major EU food producers,
this increase varied from 4.2% per year in Germany to 0.1% in the UK (Table 3).
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Table 3
Average turnover value of an average EU food company (EUR 000 000)
Annual change (%)
g::iz:’” 2003 | 2008 | 2013 in
2004-2008 2009-2013 2004-2013

EU-15 2.7 33 3.7 4.1 2.3 3.2
EU-12/13 2.4 3.2 3.5 5.9 1.8 3.8
EU-27/28 2.7 33 3.7 4.1 2.3 3.2
Ireland 27.6 27.5 36.8 -0.1 6.0 2.9
Netherlands 9.5 12.8 10.2 6.1 -4.4 0.7
Belgium 3.6 4.1 5.8 2.6 7.2 4.9
Italy 1.4 1.8 2.1 5.2 3.1 4.1
Spain 2.9 3.6 4.0 4.4 2.1 33
UK 13.2 14.4 13.3 1.8 -1.6 0.1
France 1.8 2.1 2.3 3.1 1.8 2.5
Germany 3.9 5.2 5.9 5.9 2.6 4.2
Greece 0.9 0.9 1.0 0.0 2.1 1.1
Poland 3.2 4.5 7.2 7.1 9.9 8.4
Czech 3.0 2.8 2.2

Republic ) -1.4 -4.7 -3.1
Hungary 2.4 2.5 2.8 0.8 2.3 1.6
Estonia 3.8 4.4 4.1 3.0 -1.4 0.8
Lithuania 3.1 3.9 4.3 4.7 2.0 3.3
Bulgaria 1.1 2.2 2.0 14.9 -1.9 6.2
Romania 1.4 2.2 2.4 9.5 1.8 5.5

a)at comparable prices
Source: Own elaboration based on Eurostat data.

Conclusions

The Polish food industry stands out from the other EU Member States. The share of
Poland in the value of marketed production of the EU-28 food industry is nearly 9%, which
ranks us sixth in the EU. In 2003-2013, the value of food industry production in Poland
increased by 60%, compared to 20% in the EU-15 and 42%in the EU-12/13. In 2003-
2013,such animprovement in labour productivity in the food industry was a common
phenomenon throughout the EU Member States. The largest increase in this period was
recorded in Lithuania (96%), Bulgaria (77%) and Poland (61%). In the EU-12/13,labour
productivity grew by 1/2, while in the EU-15 — by 1/4. This was due to a large investment
boom and a drop in the number of employees. The processes of consolidation and
concentration of the food industry continue. The average turnover value per food company
in Poland (EUR 7.2 million) is nearly twice higher than the EU average (EUR 3.7 million),
but much lower than in states with the highest production concentration in this sector, i.c.:
Ireland (EUR 36.8 million), the UK (EUR 13.3 million), the Netherlands (EUR 10.2
million) or Denmark (EUR 9.7 million). However, it is higher than in Germany (EUR 5.9
million).
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Having analyzed the phenomenon, it can be concluded that the gap between the
development of the food sector in Poland and the EU-15 is narrowing, while structures of
the industry and market players are increasingly similar to the largest EU food producers. In
the past decade, the pace of development of the Polish food industry was one of the fastest
in the EU, thus improving the standing of our food industry in the Single European Market.
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AHoTaiil

Be3neka xap4oBuUX NPOAYKTIB
IndpayepBoHa CIEKTPOCKOIIisI MOJIOKA

IOpiii Ilocynin, Bacuns Kocrenko
Hayionanvnuii ynisepcumem 6iopecypcis i npupodokopucmyeants Yxpainu, Kuis, Yxpaina

Beryn. binburicts BUpOOHHMKIB MOJIOYHOI MPOAYKIi nepedyBaioTh y IOIIYKaX Cy4acHHX
IHCTPYMEHTAJIbHUX METOMIB TECTyBaHHS KOMIIOHEHTIB MOJOKa 3 TUM, ILI00 JOMOITHCA
MOMIMIIEHHS SKOCTI MOJIOKA 1 MiJBUIIEHHS €(eKTUBHOCTI BUpOOHULITBA. OCHOBHA MeTa JAHOI'0
JIOCIIIKEHHSI [1OJISIFa€ y BUBYEHHI XapaKTEPHUX 1HPPauepBOHUX CIEKTPAILHUX BIACTUBOCTEH
MOJIOKa Ta HOro KOMIIOHEHTIB Ta IOpIBHJIBHOMY aHali3i MeroaiB iHdpauepBoHOT
CIEKTPOCKOIII.

Marepiaan Ta Meronu. Meronu iHppadepBoHOI CHEKTPOGOTOMETpii Ta CHEKTPOCKOMIT
BimOMBaHHSI B OMDKHIM iH(QpauepBoHiii obmacti (BIY) cmektpa Oynmu BUKOpUCTaHI IS
KUTBKICHOTO OLIIHIOBaHHSI OCHOBHMX KOMIIOHEHTIiB MOJIOKA. Byllo 3amporoHOBaHO MOJIEINb
iH(ppayepBoHOro crekTpodoToMeTpa, SIKUif MOXKe OYTH BUKOPHCTAHMIT [UIsl BUSHAYCHHS CKIIATy
MOJIOKA.

PesynbTarn i 00roBOpeHHs. CepiiozHuM O0MEXEHHAM iHdpagepBoHOT
cneKTpohOTOMETPIi € Te, 1110 3pa30K MOJIOKA TOBUHHUI OyTH PO3BEIECHUN 3 THM, 11100 OTpUMATH
JIiHIAHY 3aJ1€XKHICTh ONTHYHOI I'YCTUHHM BiJl KOHIIEHTpALli MOJIOKa, Ky CIiJ BU3HauyaTH. MeTox
criekTpockorii B OmwkHii iHdpadepBoniii obmacti (BIY) crekrpa mepexbadae aHanmiz mpod
MOJIOKa, SIKi MICTSTh BUCOKY YacTKy BOJIM i IEMOHCTPYIOTh BUCOKHMH piBeHb Hempo3opocTi. 50
3pa3KiB MOJIOKa OyJI0 BUKOPUCTAHO IJIsl BUBUEHHS KOpesLii MK pe3ylbTaTaMu XiMIYHOTO Ta
BIY ananizy KOMIIOHEHTIB MOJIOKAa (>KUp, OLIOK, 3HE&KUPEHI TBEPAI PEUOBMHHU Ta 3arajbHUM
BMICT TBEpAMUX PEUOBHH). byno noBeneHo, 1mo HalBUIIMI piBeHb Kopemsuii Oyao 3a3HayeHO
MDK BMICTOM JKUPY 1 3arajJibHOi KUIBKOCTI TBEpPIMX DPEYOBMH, SIKi Bu3Hauyanu meroxom bIY
aHaizy.

BucnoBkH. Mertox iHppadepBoHOI criekTpodoToMeTpil BUMarae po3BeaeHHs Ipod 1 Moxke
OyTu BUKOpPHCTaHUM B 1a0OpaTOpPHUX yMOBax. MeTox BiIOMBaIbHOI CIEKTPOCKOII] B ONMOKHIN
iHppauepBoHiil obnacTi cnekTpa 3abesneuye WIBUAKUA 1 HEPYHHIBHMHA KOHTPOJIb CKIaLy
MOJIOKa 3 BHCOKOIO TOYHICTIO 1 MO)Ke OyTH BMKOPMCTaHUHM B MOJIOUHIH IPOMMCIOBOCTI IJISt
BU3HAUECHHS CKJIaJy MOJIOKA Ha KOHBEEP], B IOTOLL.

KutrouoBi ciioBa: monoko, scup, 6inku, 1akmosa, in@paiepeona cneKmpocKkonis.

Brume Buay nacrepu3aropa Ha Mikpo0ioJIoriuHi NOKa3HUKH 3Pa3KiB CHPOro MOJIOKA

Myecniy Onymona Cyamony, Ob6ademi Obaiiemixi,
Maiikn Maiiokyn OpneBone, Aniy Onamine Oiienyn, Xadcar dynminaiio bankone
Kagheopa inoicenepii 6ionpoyecis i xapuoeux mexuonoeitl, Inopinceruil ynigepcumemn,
M. Inopin, Hizepis

Beryn. [locipkeHHs IPUCBSUCHE BIUIMBY TEMIIEpaTypy MacTepu3allii Ha MiKpoOionoriuHi
[IOKa3HUKHU 3Pa3KiB CUPOro MOJIOKA BiJl Pi3HUX MOPiA KOPIB.

Marepianu i Mmeroau. ByB npoBeaeHui XiMiYHUM aHasi3 3pa3kiB CUPOro MOJIOKA JUIS
Bu3HayeHHs pH B miamaszoni Bim 5,670 mo 3,240, a Takok MiIKpOOIONOTriYHMN aHai3 JUIst
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BU3HAUEHHS 3arajlbHOi KINBKOCTI JXHUTT€3JaTHUX OpraHi3MiB, OakTepiili KHUIIKOBOI TIpymH,
¢dexanbHuX KOMM(OPMHBIX OakTepilt 1 nakToOakTepil Uil ycix KoMOiHauii ymoB. 3pasku
MOJIOKa Bil KOpiB mopix Oumuii (ymaHu 1 HKEpCUICKas, a TaKOX 3MiliaHoi nopoxu (Oimuit
¢ynanu i1 Jokepeuiickas) Oyau nacTepu3upoBaHsl pu Temnepatypi 71 °C npotarom 15 cexkyHz,
3a 66 °C mporsrom 15 xBuinuH 1 3a 61 °C  nporsirom 30 XBWIMH, 3 BUKOPUCTaHHSIM
[aCTEPU3aTOPIB 3 AMOMIHIIO, HEPXKABIFOUOI CTaJIl 1 OLIMHKOBAHOI CTaJIi.

Pe3ynbTaTun i odrosopennsi. [l Mojoka KopiB moponu Oinuii dysnaH cepenHi 3HaYCHHS
[IOKa3HUKIB 3arajbHOi KIJIBKOCTI XHUTT€3[ATHUX OpraHi3MmiB, OakTepili KHUIIKOBOI TIpyIH,
(exanbHUX KOMM(OPMHBIX OakTepiil 1 JaKTOOaKTEpiii A0 MacTepu3allii BapitoBajKcs B liana3oHi
Big 6,833x105 mo 0,000 Cfu/ml, a kingpkicTh TpubKiB ckiana 2,433 x 103 Cfu/ml. J{ns mosoka
KOpIB JUKEpCUICKOM mopoay ne mokasHuku ckianmu 7,800x105-0,000 Cfu/mli 0,115 x 103
Cfu/ml, a mis 3mimanoi mopomu - 9,400x105-0,000 Cfu/ml i 5.167x105 Cfu/ml. 3a
BUKOPUCTAHHS TacTEpU3aTOPIB 3 AIIOMIHIIO, HEPXKaBilOYid cTaji 1 OUMHKOBaHIN crami i
temrneparypi nacrepusauii 61°C - 71°C cepeani 3HauU€HHS MOKa3HUKIB 3HU3MIUCA. 111 mopoau
Oinnii ¢ynaH cepenHi 3HAYEHHS MOKA3HMKIB 3arajibHOI KUTBKOCTI KUTTE3AATHUX OpraHi3MiB
cxnama 7,233-1,400 Cfu/ml, Gakrepiii kurukoBoi rpymu - 5,633-0,000 Cfu/ml, ¢exanbuux
konudopmHBIX Gaktepii - 3,033-0,000 Cfu/ml, nakrobakrepiii - 3,000-0,000 Cfu/ml i rpudKiB -
5,033-1,000 Cfu/ml. [Ins Momoka KOpIiB JOKEPCHICKOH IOPOAM IIi IOKa3HUKH CKJIAIN
BiAmoBinHo 10 6,533-1,800 Cfu/ml, 4,800-1,233 Cfu/ml, 0,000-0,000 Cfu/ml, 1,800-0,000
Cfu/ml i 3,833-1,033 Cfu/ml. JIns Monoka, OTpUMaHOrO Biji KOPiB 3MillIaHOT OPO/IH, 3HAYCHHS
LUX I[TOKA3HUKIB 32 TUX K€ YMOB €KCIIEPHUMEHTY TaKOX 3HU3WINCA 1 CKIaIM BiANOBIAHO A0
5,800-1,200 Cfu/ml, 4,300-1,000 Cfu/ml, 0,000-0,000 Cfu/ml, 1,033-0,000 Cfu/ml i 3,300-1,200
Cfu/ml

BuchHoBku. [[ns toro, mo0 HaOyTu HU3BKMX 3HAU€Hb CEPEIHIX MOKA3HUKIB KiJIbKOCTI
MIKpOOpraHi3MiB B 3pa3kax CHpPOr0 MOJOKa, CliJi NPOBOIMUTH MAacTepU3allil0 MpoTsroM 15
CEKYyH/I B TACTEPU3aTOPi 3 HEPIKABIIOYOI CTaIi.

KurouoBi cioBa: monoko, nacmepusayis, MiKpoopeaHiam, 2pudox.

XapuoBi TexHosnorii

Knacudikanisi nokasHUKiB CTUIVIOCTI IJIOAIB MAHIO0 JUIsl 3a0e3ne4eHHs1 Oe31e4Horo 300py i
30epiraHHs ypo:xxai

®apa [Mlamum, A6xyn Paxum Kan, Myxaman Axap Anu
Hayxo6o-0ocnionuii yenmp nicisaiscHusHux mexnonozitl, Incmumym cinbCbk020CnooapcoKux
docaioxcens im. Atiroba, p. Patizanabao, [lakucman

Beryn. OCHOBHUMU NpPUYMHAMU MICHSHKHUBHUX BTPAT MaHro € 30ip HE3piIMX IUIOAIB i
HETIpaBWIbHE IIOBO/DKEHH 13 310paHuMH Iu1ofaMu. 3a3Bu4aii 30ip ypoXkaro MaHTO OYUHAETHCS
JI0 o3piBaHHs IUIOAIB. IIpomoBKEHHS TEPMiHIB 300py ypoXkaro AO3BOJIWIO OTPUMATH IUIOAU
pi3HOI MipH CTHIJIOCTi, 32 JOIOMOIOI0 YOrO BJAJIOCSA AOCHI/KYBAaTH 1 NpoaHali3yBaTH iX
XapaKTEPUCTHUKH.

Marepiaan Ta Mmeroau. Ilepen 30upaHHAM BpOXAIO IEPEBIps/IM HACTYIHI XiMiuHI
[IOKa3HUKU CTUIJIOCTI IUIOMIB: 3MICT CyXOi PEUOBMHM, KMCIOTHICTb, 3MICT BYIJICBOXIB, JIETKI
3'eHaHHS, BITaMIHHMH CKJaJ, BMICT LYKpY 1 (EHONbHUX KOMIIOHEHTiB. Takox Oynu
[poaHaji30BaHi Taki (i3u4Hi BIACTUBOCTI, K (opMa i po3Mip, KOJip 1 LIUIBHICTh MIKIPKH 1
M'SIKyIlIa, JiaMeTp IUIOAY, MMTOMA Bara i KiJbkicTh Kanopiil. IIpoTe xkoneH 3 nux napaMerpis He
€ abCOII0THO HAZiHHUM METO0M BU3HAUYEHHS SIKOCTI IUIOAIB MaHIO.

Pesyabrarn Ta o0ropopenHs. Komu Tpeba mpoaHanizyBaTH pi3Hi Mipu CTHUIVIOCTI,
cuTyallis Bce Oinblie yckiaaHioeTbes. st Toro, mo0 OLIHUTH CTUTIICTh IUIOAy, Tpeba MaTu
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3HAUHUH JOCBiA 1 yMITH aHaNi3yBaTH BiJpa3y AEKIbKAa XapakTepUCTUK. TakuM 4HMHOM, IpHU
300pi ypokaro B IPOMHUCIOBOMY MaciuTali He yci mioau 0yayTh onHakoBo cturinmiu. LItydHo
[IPUCKOpPEHE A03piBaHHS IPU3BOAUTH O OTPUMAHHS HESKICHUX IUIOAIB MAaHro. TakuM UHMHOM,
cI1i 30Mpaty ypoxxai 3 II0iB He0OXiJHOI MipU CTUINIOCTI, OPIEHTYIOUKCH Ha TIEBHI TOKA3HUKH.
VY pi3HUX KpaiHax MPOBOJMIMCS YMCIEHHI TOCTIDKEHHS IS BU3HAYEHHS ONTHMAJIBHOI MipH
cruriaocti A 300py mioAiB MaHro. KpuTepismMu € NOKa3HMKM (I3MYHMX 1 XIMIYHHX
XapaKTEPUCTHUK, a TAaKOXK IOKA3HUKH OPraHONENTUYHOro AociifxeHHs. Ilpuiimaroun pirieHHs
PO MOMEHT 300py YpOXKar0 MaHro, HeOOXiZJHO BUTPUMATH OallaHC MiXK iIHTepecaMu OTPUMAaHHS
npubynu 1 iHTepecamMu mokymus. JlocmiukeHHs MO Wil Temi NOTPiOHI, MO0 BHUIiIHO
EKCIIOPTYBAaTH MAaHI0, a TaKOX JO3BOJMTH BHUPOOHUKOBI OyTM KOHKYPEHTO3JaTHHUM Ha
MICLIEBOMY PUHKY.

BucHoBku. TexHosnorii, 3aCHOBaHi Ha CUMYJIALIl PY4HOIO METOAY BU3HAUEHHS CTUIJIOCTI
IUTO/IIB IUISIXOM HATHCKaHHS HAa HUX 1 HACTYIHOrO aHalli3y peakiii i 3MiHM KOJNbOpY IUIOAY, €
HaJilHUM METOJOM BU3HAUCHHS CTUIJIOCTI MaHTIO.

KurouoBi cioBa: mareo, winvricms, gimamin C, cmuenicmy, 30epicaHHs.

Jocaixxenns popM 3B’513Ky BOJIOTH B OicKBiTHOMY HaniB(adpukaTi 3 BUKOPHCTAHHIM
E€KCTPYAOBAHOI0 KYKYPY/A3sIHOr0 00ponIHa

. 1 1 1 . 2

Tersna JlicoBebka ', Onbra Pubak’, Mukona Kyxtun ', Hina Yopna

I - Tepnoninvcokuii Hayionanvrul mexuiunull yHisepcumem imeni leana Ilymos, Tepuoninw, Yxpaina
2 - Xapxkiscokuil Oepicasnull yHigepcumem xapuyeants ma mopeieni, Xapkis, Ykpaina

Beryn. BukopucTaHHs €KCTPYHAOBAaHOIO KyKYPYA3SHOro OOpOIIHa Yy TEXHOJOIIT
OickBiTHOrO HamiB(aOpuKaTy BIUTMBAa€E Ha ()OPMH 3B'I3KY BOJIOTH 3 MaTepiajioM, i BiIIOBIIHO,
Ha KiCHI IIOKa3HUKU F'OTOBOTO IIPOLYKTY.

Marepiasu Ta Meroau. JlociimkeHo (Gopmu 3B'I3Ky BOJIOTH 13 KOMIIOHEHTaMH OiCKBITHOTO
HaniB(aOpHKaTy 3 BUKOPUCTAHHSAM OOPOLIHSHUX CyMillIell eKCTPYIOBAHOIO KyKYPYA3SHOro G0poLIHa
(EKb) 3 muennmynum GoporrHoM Buioro ratyHky (I1b) y crniBBimHomenni EKB:ITb — 20:80% Tta
EKB:ITb — 50:50% Ha anainizatopi DERIVATOGRAPH Q-1500D, B AMHaMi4HOMY PEKUMI.

Pe3ynbTaTn i 00rosopennsi. Pesynsratu nepuBaTorpadiyHOro JOCHIDKEHHS OICKBITHHX
HaniB(haOpHKaTIB CB1MYaTh PO CHUIbHI 3aKOHOMIO/UIAPHOCTI JUIS BCIX 3pa3KiB TicTa. XapakTepHOIO €
HAasIBHICTb TPHOX TEMIIEpaTypHUX Jliana3oHiB Tak sk Ha kpuBux DTG ta DTA 3adikcoBaHo 1o Tpu
eHnoedeKTy, 1110 MOB'I3aHi 3 BUIAJICHHSIM BOJIOTH PI3HUX THILB, Ta BIAPI3HAIOTHCS MILHICTIO 3B'SI3KY
3 CKJIAJIOBUMH KOMIIOHEHTaMU. BCTaHOBJIEHO, BIAMIHHOCTI B MIIIHOCTI 3B'SI3KY 3 aJcOpOLiHHUMU
LEHTpaMH I10/TiCaxapyuaiB Ta TiJPOKCHIBHHUX TPy OLIKIB, IO BUSIBIAIOTHCA B acUMETpii MiKy Ha
kpuBux DTA Ta HasBHICTIO AeKiIbKOX MikiB. HaiiBupakeHIiIMii MOALT €HAOTEPMIYHOrO MiKy Ha
JIeKiIbKa YaCTKOBHMX ITIKIB Mae Micue JUisi 3pa3ka 3 BMICTOM EKCTPYJOBAHOTO KYKYPYI3STHOIO
6oporHa 50%.

BukopuCTaHHS €KCTPYAOBAHOTO KYKYpYI3SHOrO OOpOIIHAa BHUKIIMKAE IEpepo3nonil ¢Gopm
3B'SI3Ky BOJIOTM, 3MEHUIYETbCS KUIBKICTb BUIBHOI Ta JIETKO3B’S3aHOI BOJIOTM Ta 30LIBIIYETHCS
KUTBKICTh MIITHO3B SI3aHOI BOJIOTH. I3 30UIBIICHHSM KIIBKOCTI €KCTPYIOBAHOTO KYKYpPYA3SHOTO
6opomHa 10 50% L 3aIEKHICTh YITKO HMPOCTIAKOBYETHCS, MPUUOMY 3pPOCTAE KUIBKICTh CHIBHO
3B’A3aHOI BOJIOTH, IO BiAmNoOBifae miamasoHy Bix 227 — 308 °C. HasBHicTb OUIBIIOI KiTBKOCTI
3B'13aHO BOJIOTM Y CHCTE€Mi HAJAaCTh MOXJIMBICTb IIOKPAIUTH TEXHOJOIIYHI XapaKTEepUCTHKU
OICKBITHOTO HarmiB(QaOpUKATy M Yac HOro BUMIKAHHSA Ta 30epiraHHs, Mpo M0 TAKOX CBITYUTH
CIOBUILHEHHS BTPATH BOJIOTH i3 BUIIEYEHOI'O IIPOAYKTY ITiJ1 yac 30epiraHHs.

BucHoBku. BpaxyBanHs ¢opM 3B'S3Ky BOJOIM B OiCKBITHOMY HamiB(aOpuxaty 3
BUKOPUCTAHHSAM €KCTPYIOBAHOTO KYKYPYA3SHOIO OOPOIIHA JO3BOJISIE€ IOKPAIUTH TEXHOIOTI4H1
XapaKTePUCTHKY OiCKBITHOro HamiB(haOpUKATy ITiJl yac HOro BUIIKaHHS Ta 30epiraHHs.

KurouoBi cioBa: excmpydysanns, KyKypyosa, 60pouiro, 6ickeim, 6ooza.
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TexHos10riYHi yMOBH, 1110 PeryJIl0I0Th IBUAKICTh CYIIiHHS i AKICTh TOMATHOI'O NIOPOLIKY,
OTPMMAHOI0 3 TOMATHOI NACTH METOJ0M IiHHOI'0 CYLUiHHS

Azecoiin Metbio Onanusi', Mycmiy Onymona CyHMORY,
Maiikn Maitokyn Ozeorne’, Onycanbiio Onysacey Irs”°
1 - Kagheopa inoicenepii cinocwvroeo cocnodapemea i biopecypcis, @edepanviiuil
yuigepcumem, m. Otie-Oximi, Hizepis.
2 - Kagedpa inicenepii bionpoyecis i xapuosux mexnonoziu, @axysvmem incenepii i
mexnonoziu, Inopincexutl ynisepcumem, m. Lnopin, Hicepis.

Beryn. OpnuM 3 HaiOinbil eEeKTHBHUX CIOCOOIB 3HWKEHHS MiCISDKHUBHUX BTpaT
[IO)KMBHUX PEYOBHH € cylika. IIpoTe TpuBaimii yac CYIIKU 3HMXKYE SKICTh IIBUAKOICYBHHUX
MPOJYKTIB, TAKUX SK TOMATH.

Marepiaim i meroqu. Marepianu - cixki Tomatu (copt "dan UTC"), BcniHIOBaY (si€4HUA
Oi10K), crabinizaTop miHKM (kapOokcuMeTHientoiao3a). [Ipunaan - undposa mxana (OHAUS
3001), nabopatopHa cymapHa mada (Mmogenr MINOS0 - 10G039), 6aenaep (400 Bt, Homep
mopeni FPO12A). Bumicr Bitaminy C i Oinka BusHauyaBcs 3a crannaproM AOAC (2002).

Pesyabratn i o0rosopenHsi. 30UIbIIEHHS KiNbKOCTI HiHHOro areHta (3 5 mo 10%)
MPUBENO A0 3HIKCHHS MBHIKOCTI cymku 3 20,63 r/ron mo 18,57 r/ron, mpote, mopanblie
3011bIIeHHS KiIbKOCTI miHHOTO areHTta (3 10 mo 15%) migBuimuio mBuaKicTh cyminag 3 18,57
r/ron po 20.63 r/roa. 30inblueHHs 10Ji BCreHuBaromiero areuta (3 5% mo 15%) mpuseno 1o
HE3HAYHOr0 30UIbIIEHHS 3MicTy OUTKY (3 24,65% no 24,7889%). 3011bIIeHHS KIIBKOCTI IMIIHHOTO
areHTa He IPUBENO JI0 3MEHIICHHS BMicTy BiTaMiHy C B CyXOMY TOMaTHOMY IOpPOIIKY OijibIiie
Hixk Ha 1,3%, npore, 31 30UIbIIEHHAM KUIBKOCTI IIHHOTO areHTa BMicT BitaMiHy C 3MEHIIUBCS.
30unbIIeHHs BifcoTka ctabinizatopa ninu (0,15 - 0,75%) mpuBeno 10 30UIbIIEHHS IBUAKOCTI
cyminnas 3 19,33 /4 o 20,62 r/4. Byno Takoxk BiIMi4eHO, IO MIBUIKICTh CYIIIHHS HE YHMHHUTH
ICTOTHOTO BIUIUBY Ha CEpellHi MOKa3HUKHU BMicTy Ouky 3a 0,15% (24,69%) 1 0,45% (24,72%)
BMIcCTi crabinizaropa niHu. ITokaznuku Bmicty BiTaminy C ckianu 1,4-1,49% 31 301nbLIeHHIM
BijmcoTka crabinizatopa 3 0,15 no 0,74%. 30inbiieHHs vacy 30uBaHHA (3 3 10 7 XBWIIMH)
BUKJIMKAJIO IHTEHCUBHE 30UIbIICHHS MBUAKOCTI cyminag (3 18,9411 r/rox o 20,67 r/rox) i
BMicTy OuIKy (3 24,71% no 24,72%). IIporte, 31 30i1blLIeHHAM Yacy 30MBaHHs BMICT BiTaMiny C
He 3MEHIIyBaBcs Oinblie, Hix Ha 1,4%.

BucHoBku. 30inblIeHHsS KUIBKOCTI BCHiHIOBaua (seyHuid OuTOK) i crabimizaTopa mMmiHU
(xapOOKCUMETHIILIEINI0N03a) B TOMATHOMY HOPOLIKY, OTPMMaHOMY METOIOM IIIHHOI'O CYIIiHHS,
HPUBEJIO O 301IBIICHHS MIBUAKOCTI cymiHHs 10 20 r/rox i 30inbiueHHs BMicTy Oinky Ha 24%.
CepenHiil nokazHuk BMmicTy BiTaminy C 3MeHIIMBC, npoTe, OyB He Hxue 1,3%.

KurouoBi ciioBa: cywinns, nina, momam, nacma, nopouiox.

Cradinizanis cTpyKTYpH KHCJIOMOJIOYHHUX NACT

Bacwuib [Taciunuii, Hatanis FOmenko, IBan Mukonis, Yibsna Ky3pmuk
Hayionanvnuii ynisepcumem xapuosux mexuonoeii, Kuis, Yxpaina

Beryn. /s 3ano0iraHHst BiJUIijIeHHS! BOJIOTH B KMCJIOMOJIOYHHMX MPOJIYKTaX HPOIIOHYEMO
BHUKOPHUCTOBYBATU HECMAXKEHI 3€pHA IPEUKH, SIKi BUABISIOTH BOJIONOYTPUMYIOUi Ta cTabini3yroui
BJIACTUBOCTI 3aBJSKU BMICTY CiH3ei, OLIKIB, Xap4OBHX BOJIOKOH TOLIO.

Marepiasm i merogu. B mporeci nocnimkeHb BHBYAIMCHh CTaOLNi3yrO4i BIACTUBOCTI
MOJPIOHEHUX [0 PI3HOrO CTYIEHIO JHCIEPCHOCTI HECMaKCHUX SAJep TPEYKH Yy CKIai
KHCJIIOMOJIOYHOI MMAacTd Ta BIUIMB JO3U 1 BBEAEHHS A0 MOJIOYHOI OCHOBH Ha PEOJIOTivHi
BJIACTUBOCTI IPOIYKTIB.

Pesynbrarm i oOropopeHnsi. EkcnepuMEHTAJbHHUM [UISIXOM  BCTaHOBJICGHO, W10
palliOHAJIbHUM  CIIBBiHOIIEHHAM MDXK IOJAPIOHEHUM 3€PHOM TIPEUYKH 1 PO3UHHHUKOM
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(MOJIOUHOIO CHPOBATKOIO) € ripoMonyiab 4. BeraHoBiieHO, 1110 HAOyXaHHS 3€peH HECMaXKEHOT
IPEUYKH 3aJI€XKUTh BiJ po3Mipy yacTuHOK. HaliMeHiunil cTyniHb HaOyXaHHs CIOCTEpiraBcsi Ipu
noApiOHeHHI 3epeH A0 po3Mipy Oumbme 3 mm (15,8%). HaiiBumumii cryminp HaOyxaHHs
criocTepirascs y 3paskax i3 po3mipoM nojipiOHeHux 3epeH Menie 1 mm (22%). Lo 3anexHicTh
MO)KHA TOSICHUTH YCKJIaJHCHHSIM JH(Yy3il BOJIOTH yCepenrHy He3pyiHOBAaHOI YACTHHKH 3CpHA.
He3nauHo Biapi3HsBCS Lieil MOKa3HUK JUIA 3pa3ka i3 po3MipoM YaCTHHOK MeHIe 2 MM. Takum
YUHOM, JOCTaTHIM € CTYIHiHb INOAPIOHEHHS HECMa)kKEHOi I'PEYKH A0 PO3MIpYy YAaCTHHOK HE
OinbIe 2 MM.

BosnoroyrpuMyroda 37aTHICTh MOJEIBHUX 3pa3KiB 30UIbIIyBanach i3 MiJABUILEHHSIM CTYHEHS
JICIEPCHOCTI NOAPIOHEHUX YACTMHOK 1 CTaHOBWIA 74%, SKIO pPO3MIP 4YaCTUHOK HE
nepeBuInyBaB 1 MM, TOJ1 SIK IPU PO3Mipi YaCTHHOK Oijblie 3 MM — Bcboro 65%.

Jis ouiHkM cTabinizyrouoi Aii MoApiOHEHMX 3epeH HECMa)kKEHOI I'PEYKH IOCIiXKYyBalu
PEOJIOTiYHI BJIACTUBOCTI KHCIOMOJIOYHUX HacT. Jlo3a BBENEHHS CHPOBATKOBO-TPEYAHOIO Ta
CHPOBAaTKOBO-KPOXMaJILHOIO KjekcTepy craHoBmiIa 10%.

I3 aHanizy peonoriyHUX KPUBHUX BCTAHOBJIEHO, LIO IPEACTABIECHI MOJEIbHI 3pa3KH
KHCJIOMOJIOUHHMX IacT MaroTh MOMIOHMH XapakTep, JIOTUYHE HANPYXEHHsS 3CYBY Yy 3paskax i3
crabimizyrounMu pedoBuHamu € Jnemo BumuM (320 [la s kuciaomMonodHoi mactu 3
noapioOHeHuM 3epHoM rpeuku, 270 Ila s KucCiIoMONOYHOI mactd 3 MoAU(]IKOBaHUM
kpoxmaieM i 258 TTa 17151 KMCIOMOMOYHOI macT 6e3 crabinizatopy). Ctabinisyrounit edekt OyB
JIOCTATHIM JJIs1 3aII00iraHHs CIIOHTAHHOI'O BiJJIIEHHS CUPOBATKH (CHHEpE3ucy). TakuM 4uHOM,
MOJPIOHEHI 3epHa HECMaXEHOI TIPEeYKHM HE MOCTYNArThCs CTabiIi3aTopy IPOMHCIOBOTO
BUPOOHUITBA — MOJU(DIKOBAHOMY KPOXMAJIIO.

BucHoBku. Buxopucranss noapiOHEHUX 3epeH HECMa)keHOI Ipeuky 3ade3neuye HeoOXiaH1
PEOJIOTiYHI [TOKa3HUKH KHUCIOMOJOYHHMX IAcT Ta iX CTaOLIbHICTH y mpoueci 30epiraHHs, 110
BKa3ye Ha IIEPCHEKTUBHICTh MOJANBIIMX JOCIDKEHb 1100 PO3POOJIEHHS TEXHOJIOTiT
KHCJIOMOJIOUHMX ITacT 3 JAHUM BUJIOM HallOBHIOBAYa.

KurouoBi cioBa: xucne monoxo, nacma, epeuka, cmadoinizayis.

BuaacTuBocri peostoriii mpodioTuuHuUX iforypriB i3 3MicToM ckiagHoro edipy girocreposy

Pocina Jlenxosa', Borman Toparnos', Teopri JoGpes', 3anpsna Jlenkosa’,
I'eopri Kocros, [lets Bosinoa', Jlecuciasa Tenena', CaiiMon CDopTI)e:p2
1 - Vuigepcumem xapuosux mexronoei, Ilnosous, borecapis
2 - Vuigepcumem Jlion 1 "Knoo beprnap", Jlion, @panyis

Beryn. Huni ¢itocrepoau nomaloTh B KOMEPLIHHO JOCTYNHI HPOAYKTH, BKIIOUAIOUU
HOrypTH, 3 METOIO 3HIDKEHHS PIBHS XOJIECTEPUHY B CUPOBATI KPOBI.

Marepianu i mMeronu. 3HEXHUpEHE KOPOB'SYe MOJIOKO a0 MOJIOYHA CyMill (3HEXKHUPEHE
KOpOB'SilY€ MOJIOKO 1 YIBTPAKOHLEHTPAT 3HEKHUPEHOI'O KOPOB'STUOrO MOJIOKA IOJBIHHOL
KOHIIEHTpallii B CHiBBiAHOWIEHHI 1:1) BHKOpPHCTOBYBaNHMCS SIK CHPOBHHA JUIl IPUTOTYBaHHS
IpoOIOTHYHUX BapiaHTIB HOrypTy 3 MNpOOIOTMYHOK 3aKBacKOW mZ2 3 pi3HUM BMICTOM
ckianHoro edipy ditocrepony (0,26% abo 0,36%).

Pe3ynbTaTu i odroBopenns. [Ipu gonaBanHi ckiagHOro edipy ditoctepoiy crocrepiraamcs
HaNPYXXEHHS TEKY4OCTi 1 3MiHa PEOJIOTIYHUX BJIACTUBOCTEH 3pa3KiB MPOOIOTUYHOrO HOTypTYy, a
TaKkoX IX Iepexii 3 ICEBIOIUIACTUYHOIO CTaHy B HeifeanbHUH IulacTuuHui. Peonoriuni
BJIACTUBOCTI LIMX HOrypTiB Oynu omucaHi piBHAHHAM [epuens-bankmi. Hanpyra Tekymocri i
TYCTHHA TIOCTIHHO 301NbIIyBaquCs 3 MiJABUIICHHSIM BMICTY CKiamHoro edipy girocrepoiny, mo
JIOBOJUTh CTPYKTYPHU3alLil0 MPOAYKTY. 301IbLIEHHS BMICTY ckiIagHoro edipy dirocrepony B
3HEKUPEHOMY KOPOB'SSUOMY MOJIOLI HE 3pOOMIIO iCTOTHOIO BIUIMBY HA MOKAa3HUK TEKY4OCTi. 3a
MaJluX 3Hau€HHb IPAJi€HTIB MIBUIKOCTI, IMHAMIUHA B'SI3KiCTh HOTYPTIiB 3pOCTa€ i3 301IbIICHHIM
KOHIIEHTpauii ckinagHoro edipy Qitocrepony B MOPIBHSAHHI 13 3pa3skoM HOTypTy, SKHH He
Mictuth neil cxnaanui edip. HaiiGinema nuHamiuna B'sa3kicTh Oyna BH3HaueHa y Horypry,
npuroroBaHoro 3 poxasaHHAM 0,36% ckiagHoro edipy ¢irocrepony. AHAJIOTIYHI 3MiHH
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BJIACTUBOCTEN PEOJIOrii 3pa3kiB NpOOIOTUYHMX HOrypTiB, OTpUMAaHUX 3 MOJIOYHOI CyMiml 3
PI3HOI0 KOHILIEHTpali€l ckiaaHoro edipy ¢itocrepony, crocrepiranucs 1 Juis HOrypris,
OTPUMAHUX 13 3HEXKHUPEHOI'O KOPOB'STYOr0 MOJIOKA 3 JIOlaBaHHAM Pi3HOI KOHLIEHTpALi] CKIaJHOro
epipy itoctepony. TakuM 4YMHOM, MOXXHa 4YeKaTd HaOyTTs NOAIOHUX pPEOJOriYHUX
BIacTUBOCTEN Mexa TeKydocTii sl 3pa3KiB IPOOIOTUYHOrO HOrypTy, OTPUMAHOrO 3 MOJIOYHOI
cyMmili, 30UIbIIMIACS, B HOPIBHAHHI 3 BIANOBIAHUMU IOKAa3HUKAMH y NPOOIOTMYHUX HOTYpTiB,
OTPUMAHUX 31 3HEKHUPEHOT'O KOPOB'TUOr0 MOJIOKA. 3pa3KkH Horypry, IpUroToBaHOTO 3 MOJIOYHOL
cymiii i3 3micToM ckiagHoro edipy ditocrepony B 0,26%, Mann cxXoxi MOKA3HUKH LIIJIBHOCTI 3
Horyprom, 1o He MiCTHTh Lei edip. Haiibinplie 3Ha4eHHs TOKa3HUKA T'YCTHHH CIIOCTEPIiranocs
y HOrypTiB, IPUTOTOBAHUX i3 MOJOYHOI CyMillIi i3 3MicTOM cKiagHoro edipy ditoctepony B
0,36%. 3pa3ku Horypry, HPUIOTOBAHOTO 3 MOJOYHOI CyMilli i3 3MicToM ckiafgHoro edipy
ditocrepony B 0,26%, Manu cX0xi OKA3HUKU INIIBHOCTI 3 HOrypTOM, 1110 HE MiCTUTb Lieil edip.
Ilpy Hu3bKOMY TIpafi€eHTI MBUAKOCTI, NpobioTHuHi Horypru, 0,36% ckiaagHoro edipy
dbiTocTepoiny, 10 MiCTATh, Malu AuHaMiuHy B'13KicTh 24.60 Ila, a Horyptu, 0,26% ckiagHoro
edpipy ¢irtocrepony, mo wMictate, - 15,34 Ila. Ilpm 30inblieHHi Trpaji€eHTa HIBHIKOCTI
criocrepiranocs pyiHyBaHHs CTPYKTYPH AOCTIJHUX 3pa3KiB HOTypTy.

BucHoBku. 3paszku poOGiOTHYHOrO HOTYpTy, OTPUMAHOIO 3 MOJIOYHOI CyMilli i3 3MicTOM
0,36% cknagHoro edipy dirocrepony, MalOTh HAMBUILY SIKiCTh, OCKIJIBKA BOHA MAalOTh HaMBHII
[IOKa3HUKU HaIpyXeHHs TekydocrTil (5,88 Ila), minpHOCTI 1 nuHamiuHOl B's3kocti (7,95 Pa-s).
VYei orpuMmaHi mpoOioTHYHI HOrypTH MOXYTh OyTH BKJIIOYCHI B pauioH SK (YHKI[OHAJIBHI
MIPOLYKTH XapyyBaHHS JULSl MTOJIMIIEHHS 3/10pOB's JIIOAUHH.

KarouoBi ciioBa: npobiomux, gpimocmepon, tiocypm, peonoeisi, winbHicms, 6's3Kicmb.

Hogi HeTpaguuiiiHi 1:Kepesia Xap4uoBoro ouIKy

I'anuna Cimaxina, Hatanis Haymenko, Karepuna Spom
Hayionanvnuii ynisepcumem xapuosux mexnonoeiu, Kuis, Yxkpaina

Beryn. I[IponykTHBHICTS OUIKY TBAPUHHOIO MOXOKEHHS MIPAKTUYHO AOCATIIA CBOET MEXI,
TOMY HOBI JpKepena OUIKy MAOLIIbHIIIE INYKaTH B POCIMHHOMY CBiTi, IO ¥ 3yMOBHIO
aKTyaJbHICTh JJAHOI CTaTTi.

Marepiann i merogu. IlpenmeroM mochiUKeHb CTana HaA3EMHAa YacTHHA I[YKPOBHX
OypsiKiB, uepeMIili, KpPONHUBM, CTYJAKH TIOpOXYy Ta JIyIINUHHS IuOymi. ABTOpM CTaTTi
3aCTOCOBYBAJIM TPAJULIiiiHI METOAM OLIHKM POCIMHHOI CUPOBUHU . AMIHOKHCIOTHHUH CKiaz
3€J1€HOI Macu POCIUH BU3HAYaJIM METOIOM i0HOOOMiHHOI XxpoMaTtorpadii; Oionoriuny LiHHICTh
OLIKOBUX (pakiiiii — 32 METOAMKOIO, 3anportoHoBaHO0 O. [ToKpOBCHKUM.

Pe3ynbraTn Ta 00roBopenHsi. ExciepuMeHTasnbHi 1aHi, OTpUMaHi MiJl Yac JOCHiJHKEHb,
[I0Ka3yI0Th, 1110 3€JIEHa Maca POCIIUH — Iy)Ke Oarare JUKepeso KOMIUIEKCY 010JI0rYHO aKTUBHUX
peuoBuH: Bix 1,93 no 4,76 % 6inky; Bix 4,76 no 6,22 % Byrnesouis; Big 0,88 mo 2,23 % 3omu.
Y CTaHOBICHO BUCOKHI BMICT HE3aMiHHUX aMiHOKHCIOT — Bif 87 mo 283 mr / 100 r neiuHy; Bi
72 no 205 mr / 100 r misuny; Big 504 mo 1375 mr / 100 r 3aranoM. BusiieHo MakcuManbHU
BMICT 3aMiHHMUX aMiHOKHMCIIOT, 30KpeMa riinuny (Big 83 mo 377 mr / 100 r), ananiny (Bix 87 mo
251 mr / 100 r); 3araipHUA BMICT CTAaHOBHUTB BiJ 592 mo 1767 mr / 100 T Ui pi3HUX KYIBTYP.
Binkn gocinmimpkeHuX mMarepialiB Bil3HA4alOThCS BUCOKMM CTyreHeM npoteomizy (28,61 % s
yacHuky; 28,81 % s kponusu; 29,37 % nmns uykpoBoro Oypsiky), sSKuil Maibxe He
BiJIpI3HS€THCS BiJl KOHTPOIBHOIO IOKa3HUKa — O11kiB Mosoka (30,01 %).

BucnoBku. HaykoBo noBeeHe 3aCTOCYBAHHs 3€1€HOI MacH Ul CTBOPEHHS 010J0T1YHO
AKTHBHUX J100aBOK Ta MOJMi(GYHKIIOHAIBHUX IHIPEINI€HTIB € TEXHOJOIYHO [OLIUIBHUM Ta
€KOHOMIYHO BUTITHUM. MU PEKOMEHIyeEMO 3€JIeHYy Macy pOCIMH s 30araueHHs pi3HUX
XapyoBHUX CEPENOBHUIL NPU BUPOOHHULTBI Xap4OBUX MPOAYKTIB 5K Ul BHYTPIIIHBOTO, TaK i s
30BHILIHBOTO PUHKIB.

KuarouoBi ciioBa: senena maca, pocauna, 6inox, npomeoniz, amiHokucioma.
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BB pi3HUX c110c00iB PO3MOPOKYBAHHSA HA SIKICTh CKYMOpIi
(Sarda sarda, Bloch, 1793)

Xbond TypaHl, Jemer Komarene’, [an Okan Anran’, Tisem FLOKHapl
I — Cunoncokuii yHisepcumem, gaxyavmem pubHozo cocnooapcmea, m Cunon, Typeyuuna
2 — Cunoncokutl yHisepcumem, [LIkona mypusmy i 2omenvHozo menedxcmenmy, m Cunon,
Typeuuuna

Beryn. Y craTTi 10CHiIpKeHO 3MiHM SIKOCTI 1101 3aMopoxeHoi ckyMOpii (Sarda Sarda) npu
BiATaBaHHI B XOJNOMMWIBHIH madi (mpu Temmepatypi 4 + 2 ° C npotsirom 22 roaus), y Boxi (12,1
+0,8 °C, 1,5 ronqunu ) i B MikpoxBuIboBiii neui (160 Bt, 7 xB).

Marepiaim i meToau. Sxictb ckymOpii BU3Ha4anacs 3a JOMOMOIOI0 aHaJli3y BTPaTH MacH,
3arajbHOi KUIBKOCTI a30Ty JIETKUX OCHOB, TpUMETWIaMiHy-N, PpEakTUBHUX pPEUYOBUH
Ti00apOITYpOBOI KHCIIOTH, BENUYMHHE pH, BOJHOI aKTHBHOCTI, 3aTaJIbHOI KIJIBKOCTI Me30(iIbHIX
1 IICUXOTPOIHUX OaKTepiil.

Pesyabratn i o0roopeHHsi. Ilicis po3MOpoXyBaHHS 3HAUEHHS IIOKAa3HUKIB BTpaTH
Bojory, pH, BOAHOI aKTMBHOCTI, 3HAYEHHS 3arajbHOi KIUJIBKOCTI a30Ty JIETKUX OCHOB,
PEaKTUBHUX PEYOBMH Tio0apOiTypoBOi KUCIOTH, TpUMETHIaMiHy-N, 3arajabHOi KiJIbKOCTI
Me30(UTbHUX 1 ICUXOTPONHUX OakTepiil ckianu, BinnosigHo, 2,01, 1,66 1 2,54% ; 5,95, 5,98 i
5,86; 0,98, 0,98 1 0,99; 20,83, 20,351 14,87 mr / 100 ; 0,51, 0,45 1 0,54 Mmr MDA / kr; 0,89, 0,47
i 0,48 mr / 100 ; 3,58, 3,47 i 3,35 Log KYO / 1; 3,25, 2,86 i 2,84 Log KYO / r. He 6yno
BUSIBJICHO 3HA4HOI pisHULi (p> 0,05) Mk noka3Hukamu BTpatu Macu (%) 1 3HaueHHamu pH npu
BUKOPUCTAHHI PI3HUX METOIIB PO3MOpOKyBaHHs. HaliMeHIEe 3HAU€HHS MOKA3HMKA 3arajbHol
KUTBKOCTI @30Ty JIETKMX OCHOB CIIOCTEpIrajiocst JJisi 3pa3ka CKyMOpii, sSIKHil po3MOpoXKyBasind 7
XBUJIMH y MIKpOXBWJIBOBIH Tedi, HailOlnb1le - U1 3pa3Ka, SKUi pO3MOPOXKYBaIl 22 TOAMHU Ha
XONOAMNBHIN madi. Pe3ynbTatu 10CHiKEHHS NOKa3yloTh, 10 KUIBKICTh a30Ty JIETKMX OCHOB
30UIBIIYETBCSL  IpU  30UIBLIEHHI 4Yacy pO3MOPOXXYBaHHA. TakuM 4YuHOM, HaiKparue
CMIBBIJHOLIEHHS MDX SKICTIO CKyMOpii 1 dacoM ii pPO3MOPOXKYBaHHS AOCATAETHCS, SKIIO
BUKOPUCTOBYBATHU IS L€l METU MIKPOXBUIbOBY Mid. PO3MOpOXKyBaHHS B MiKpOXBMIJIbOBIH Iedi
JI03BOJISIE OTPUMATH ONTUMAIbHI IIOKa3HUKU 3arajbHoOi KUIBKOCTI a30Ty JIETKMX OCHOB.
MikpoOHI TOKa3HMKH s BCiX 3paskiB ckiamun MeHme 4 Log KYO / p Omxe, mnpu
PO3MOpPOXKYBaHHI CKyMOpii B MIKpOXBMJIbOBIM Iedi i y BOAI MOXKHa OTpUMAaTd puOy Kparoi
SIKOCTI.

BucHoBku. MeTon 3aMOpPOXKYBaHHS HE BIUIMBA€ Ha 4YMCelbHi 3HadeHHs pH i
OpraHoOJIENTUYHHUX IIOKa3HUKIB ckyMmOpii (p> 0,05), omHak BIUIMBae Ha sKicTb pubu. 3a
JIOIIOMOTI'010 XIMIYHOI0 1 MikpoGiol0ori4yHOro aHaji3y 3pa3kiB OyJI0 BCTaHOBJCHO, L0 TPUBAIUM
Hepiosl pO3MOPOXKYBAHHS BIUIUBAE HA SIKICTh PUOH.

Kuio4oBi ciioBa: ckymbpis, 3aMopodicy6ants, po3mMopodiICcy8anHs, AKicmb.

BruiuB 3aM0po:KYBaHHS HA NOKMBHI | aHTHOKCHIAHTHI BJIACTHBOCTI JUCTOBUX OBOYiB, 1110
CNOKMBAKTHCA B NiBAeHHil yacTuni Kor-a'IByapa

®nopentun Axo, Jleccoii 30ys, Anom Hiamke, Cebacthsin Hiamke
VYuisepcumem «®enixe Yya-byanvar, A6ioxcan, Kom-0'leyap

Beryn. JluctoBi OBOYI € IIBHAKOICYBHHUMM INPOAYKTaMM XapyyBaHHS 1 BUMararoTh
cnenianbHoi 00poOKM st 3amobiraHHA BTparaM micias 30opy ypoxaro. Mera 1boro
JIOCTI/KEHHSI TIOJIITa€ B OL(HII BIUIMBY 3aMOPOXKYBAaHHS HA XapyoBY LIHHICTh H'TU BUIB
JIMCTOBHX OBOYIB, CIIOXMBAHUX B MiBJIeHHIH yacthHi KoT-n'IByapa.

546 ——Ukrainian Food Journal. 2015. Volume 4. Issue 3 —



—— Abstracts

Marepiaam i meromm. JlucroBi oBoui (Solanum melongena, Basella alba, Talinum
triangulare, Colocasia esculenta i Corchorus olitorius) Oynu 310paHi, OYHIIEHI Bil HEIPHIATHUX
B DXy YacTUH, IPOMHUTI [1€10HI30BaHOIO BOJOIO, YIIAKOBAHI B IOJIICTWIICHOBUX Tapu 1 npubpaHi B
MOpPO3WIbHY KaMmepy 3 Temneparyporo - 18° C Ha oaus, nBa abo Tpu Micaui. Ilicns nepiony
30epiraHHs BUMIpsuIM 1X XiMi4Hi 1 IO)KMBHI BIaCTUBOCTI.

PesyabraTu i 00roBopeHHsi. Pe3ynbraTu €KCIIEpUMEHTY IOKa3ajd, 110 3aMOpPOXYBaHHS
OBOUiB Ha TpHUBaIuil TepMiH (3 MicsLli) IPUBENO 10 3MEHILIECHHS 3MIiCTy HACTYITHUX MOXHUBHUX 1
AHTUIIOKUBHUX pedoBuH : 3omu (3,51-11,44%), OinkiB (6,91-23,93%), Bitaminy C (15,22-
33,94%), kaporunoiniB (1,78-12,96%), denonsHux cmon (2,11-5,81%), oxcanariB (4,17-
28,27%) 1 ¢utaros (13,44-24,82%). OxpiM OnMcaHUX BHUILE BTPaT, micnsa 1 Micsus 30epiraHus
OBOYIB B 3aMOpPO’KEHOMY BHJII 30UIBIIMIOCS 3HAYEHHS HACTYITHHUX NapaMerTpiB : BOJOrocTi (3
83,20 = 0,35 % o 90,39 + 0,78 %), rpyoux Bonokox (3 11,60 = 0,26 % no 24,05 = 0,42 %) i
ByrneBoaiB (3 46,85 £ 0,88 % mo 63,04 £ 1,29 %). 3anuiukoBuid 3micT MiHEpaliB B
3aMOPOYKEHUX JIMCTOBUX OBOYAx Mmicis 1 Micsis 30epiranns ckias: 367,66-784,9 minirpam / 100
I Kambllito, 227,3-743,79 minirpam / 100 r maruito, 224,5-779,33 minirpam / 100 r docdopy,
2238,35-4865,86 minirpam / 100 r kauito, 72,40-128,04 minirpam / 100 r 3ami3a, 26,38-478,15
minirpam / 100 r Hatpiro i 22,74-65,65 minirpam / 100 r nuHKYy.

BucHoBku. TponidHi JUCTOBI OBOYI MOXKYTh 30epiraTucst B 3aMOPOKEHOMY BUJIi HE JOBILIE
3a OAMH MicAllb, 1100 BUKIIOYUTH IOTiPLUIEHHS MOXXUBHUX BIACTUBOCTEH IPOIYKTIB i, OTXKE,
MiABUIUTH PiBEHb Xap4oBoi Oe3neku xxuteniB Kor-n'MByapa.

Kuro4oBi ciioBa: 3amopooicysans, dcusnents, aHMUOKCUOAHM, TUCH, 08OY.

Mpouecwu i obnagHaHHA Xap4oBUX BUPOGHMLUTB
MaremaTHYHe MO/IeJIIOBAHHS pereHepauii 3a0py1HeHHX MeMOpPaAHHUX MOAY.1iB

SApocnas Kopnienko, Cepriii I'ynienko, Muxkura Jlsiabka
Hayionanvnuii mexuiunuii ynisepcumem Yxpainu « Kuiscokuil noaimexHiuHui iHcmumymy,
Kuis, Yxpaina

Beryn. Merolo 1bOrO JOCHIDKEHHS € PO3BUTOK MAaTEMaTU4HOI MOJAENl pereHepaii
PYJIOHOBAaHOTO MEMOPAHHOI'O MOJIYNS Ta PO3pPaxXyHOK yacy pereHepalii Ta IOTOKY mepMeary
IIicis pereHeparii.

Marepiain Ta Merogu. OOG’e€KTOM LBOIO MJOCHIDKEHHS € HpoOLEC pereHeparii
3a0pyAHEHHUX PYJIOHOBAaHUX MEMOpPaHHUX MOAYJIB Ta TEOPETUYHHUH ONUC LbOrO IPOLECY.
Teoperuunuii aHamni3 OyB npoBeneHUi A kKoMepliiHo noctynHux Mmemopan MICROFILTER
TFC-75, FS-TFC 1812-50, CSM RE-1812-50 GPD ta USTM M-1261-75G.

Pesyabrarn i 00roBopeHHsi. 3anpolnoHOBaHA MaTeMaTUYHA MOJEIb IPYHTYETbCS Ha
MOZIETl OCMOTHYHOI'O TUCKY 1 BKJIIOUA€ PIBHSIHHSA MacoBiluadi Ta PiBHSAHHS Ul BU3HAUEHHS
koedimienta pererepairii. KoedimieHT MacoBimayui BU3HAYABCS 3 KPUTEPIaTbHOrO PiBHIHHI. 3
BUKOPUCTAHHAM 1i€] MaTeMaTH4HOI MOAENI MPOBEAECHO PO3PaxXyHKH 4acy PO3UMHEHHS ILapy
ocaay Ta KoedilieHTa pereHeparii B 1iana3oHi 3MiHu kpurepito PeitHonbzaca Big 10 mo 50.

Pe3ynbTaTté po3paxyHKiB [OKa3alH, IO U HU3bKUX 3HaYeHb Kputepito Pelinonpaca (10-
25) yac MOBHOTO PO3YMHEHHS LIapy KEKY Pi3KO 3MeHIyeThes (Big 9215 cexyHn (61n3bKO0 ABOX 3
[0JI0BUHOIO roauH) s Re=10 no 6545 cexynn (MmeHie, HiX ABi roguHu) mid Re=15 Ta no
5143 cexynpn (MeHuIe, HiX MiBTOpU roauHu) Juid Re=20) 31 3pocTaHHAM 3HAYEHHS KPUTEPIiO
Peiinonepnca.

Ane nns BUIMX 3HaueHb Kpurepito PeifHonbica 3MEHINEHHS 4Yacy pereHepalii crae
noBunpHIMM. Hanpukiiaza, npu 3pocTaHHI 3Hau4eHHS KpuTepito PeiiHonbica Bix 25 mo 30 uac
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perenepatii 3meHyeTbes uie 3 4275 nuuie 3650 cexynn (Ha 625 cekyHn abo Tpoxu Oinblie
3a 10 XBWJIMH).

Pesynbrat po3paxyHKIB MOKa3yrOTb, 110 HAHOLIBII palliOHAJBHUN PEXHUM pereHepariii
BIJINIOBiJja€ 3HAYEHHM Kputepito PeiiHonbca Big 15 1o 25.

Bucnoku. CdopmynboBaHa MaTeMaTHMYHAa MOZAENb, IO MOXE IepeadauuTd 4ac
pereHepanii Ta MOTIK mepmeary Imicis pereHepauii. BoHa moxe OyTu BHKOpHCTaHa Ul
PO3BUTKY cTpaterii pereHepanii B iCHyoOUMX MeMOpaHHHX CHCTEMax Ta IIPU INPOEKTYBaHHI
HOBHUX YCTaHOBOK.

KurouoBi ciioBa: membpana, 600a, 3a6pyonenHs, peceHepayis, MacooOMiH.

ExcniepumMeHTa/IbHE | TeOpeTHYHE NOCTIKEHHSI HAMOPO KYB aAHHS JIbOJY Ha
BePTHKAJbHUX 0X0JOI)KYBAHUX TPyOKax

SApocnas 3acsapko, Onexciii [Tununenko, Poman ['pumnenko, Axnapiit @opcrok
Hayionanvnuii ynisepcumem xapuosux mexnonoeiti, Kuis, Yxpaina

Beryn. BukopucTanus akyMyJIsSTOpiB X004y 3aCHOBAaHO HA MPUHLMII MeHepallii Jboay Ha
OXOJIO[DKYBAHMX IIOBEPXHSX Yy HIUHMH Hepiof i TaHEHHS HAaMOPOXEHOTO JIbOAY NPOTArOM
«mikoBUX» TiepiofiB. 1le € epeKTHBHUM METOJIOM €KOHOMIT KOIITIB Ha OIJIATY €JICKTPOCHEPTii.

Marepianan i Meroam. JlocmimxyeTbcs AMHAMiKa HaMEp3aHHs JIbOJY HA BEPTUKAJIbHIN
LWUTIHAPUYHIN [TOBEpXHI IpH pi3HUX At(TeMIlepaTypa KUIIIHHSA XOJIOJOAreHTy Ta TeMmIlepaTypa
BOJIY, 1[0 OMMBAE ITOBEPXHIO TeIUI000MiHY). Cepii HOCIiIIB NIPOBENEHO Ha ABOX (peoHax MapKu
R12 rta R22. Iliz uac nocnifiB TemmepaTypa BOOM, a TaKOX TeMIepaTypa KUIiHHA
XONOJMIBHOTO areHTy 3MmiHioBajmcs B Mexkax +1,5++4,5°C; -10+-20°C, BixnoBigHo.
[IBuaKicTh Ta BUTpaTa BOAU B JIOCITIIHMX CEKLIAX 3aJIMIIAINCA CTAIMMH YIIPOAOBXK Yciel cepii
nocaiaiB. Cepis JoCHiniB NpoBoAMiack MpU CTAIUX IapaMeTpax: MacoBa BUTpaTa BOJIM,
TeMIlepaTypa BOAM Ha BXOJi, TUCK 1 TeMIepaTypa KumiHHs. TOBIIMHA 1apy JbOLY, YTBOPEHA B
Iporieci HaMOpOXyBaHHsI, (iKCyBajach 3a JOINOMOIOK) OINTHYHOrO MeETony. 300paKeHHS
EKCIEpUMEHTAIILHOI TPYOH 13 IIapoM JIboaly, 0OpOoOIIeHi 32 JOIIOMOro0 rpadiuHO-POrpaMHOro
3a0e3MeueHHsl.

Pe3yabTaTn i 06roBopennsi. OCKiJIbKY pearizalisi 3Ha4HOI KUIBKOCTI TEIJIOBOI €Heprii, sika
[IOB’sI3aHa 3 TAHEHHSM JIbOJY, IIOBMHHA BiOYBAaTHCh NPOTAIOM BiTHOCHO KOPOTKOI'O Iepiony
[IIKOBOI'0 HABAHTAXKECHHSI, PO3PaXyHOK Ta Mi0ip aKyMyJIsATOPiB X004y IOBUHEH 0a3yBaTUCh HE
qume Ha OajlaHCOBUX CIIBBiJHOIIEHHSAX, a BpAaxXOBYBaTH JAWHAMIKy TaHEHHS JIbOLY.
[IpeacraBiene gudepeHilianbHe PIBHSAHHS  HAMOPOXKEHHS  JIbOAY HA  BEPTHUKAJbHIN
OXOJIOKYBaHIH TPyOi BUKOPUCTOBYETHCS B SIKOCTI OCHOBHU JIJISi HAIIBEMITIPUYHHUX KOPEJISLiH
EKCIEePUMEHTAILHIX JaHWX, OTPUMAaHHUX Ha CreliaibHid JociiaHid ycraHoBLi. Takuil miaxina
JI03BOJIMB YHMKHYTH YpPaxyBaHHs psly PEKUMHHMX IapaMeTpiB, L0 BUKOPUCTOBYBAJIHCH B
JudepeHLialbHOMY PpIBHSHHI, fAKi HEMOXIMBO Oylo BM3HauuTu Oe3nocepeubo. bymo
OTPUMAHO KOPHUTYIOUYHH KOSQIli€HT, SIKHH CIiBBITHOCUTH CKCIIEPUMEHTANBHI IaHi 3 YUCETbHIM
pileHHsIM audepeHiaabHOrO PiBHIHHS.

Busenene nudepeHuiaipHe piBHAHHS NPOLECY 3 HACTYINHUMHU NPUITYIIEHHAMM: 33ja4a €
OJHOBHUMIpPHOIO, T€HEepallis J1bO1y BilOYBa€eThCA B pajlialbHOMY HanpsAMKy. [IpuiiHATO 3HauUeHHS
Koe(ilieHTIB TeIulonepenadi BiA BOXM JO MOBEPXHI MIapy JbOAY Ta JO KHUIUIIYOIO
XOJIONMJIBHOTO areHTa. /ludepeHuiabHe piBHIHHS OyIO OTPUMAaHO 3 BiIIOBIJHOIO TEILIOBOI'O
GanaHCcy Ta ypaxyBaHHS HECKIHUEHHO MaJIOro IPUPOCTY JIbOJLY Ha iIHTEpBali 4acy At.

BucnoBku. /ludepenuianbue piBHAHHA MOXJIMBO BHUKOPUCTATH OISl BU3HAUEHHS dYacy
(nepiony), HEOOXiAHOTO ULl HAKOITMUYEHHS 3aJaHOI KUIBKOCTI BOJHOIO JILOAY.

KaouoBi ciioBa: xoegiyienm mennogiodaui, 1io, 6ooa.
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ABTOMaTM3aUis TEXHOOrYHUX nNpouecis

Amnaui3 merogiB TEXT MINING y po6oTi 3 NOIIyKOBOI0 CUCTEMOI0

Tersina xypenko, Onena M’ sikiuio, ["anuHa YepeanidyeHKo
Hayionanvnuii ynisepcumem xapuoeux mexnonoeiu, Kuis, Yxkpaina

Beryn. Merta uporo A0CiiKeHHS — JOCHIIUTH iICHYIOUI ITOIIYKOBI CUCTEMH 3 TOUYKH 30Dy
X e)eKTUBHOCTI JUIs IOIIYKY MapKeTUHroBoi iH(opMmauii B Mepexi IHTepHer.

Marepianu i Meronu. MatepiajgoM IOCHIKEHHS SIBISIOThCSA IOIIYKOBI cucteMu. Jlns
noOylOBM METONIB 1 aNropuTMiB HeiepapxXiuHOi KjacTepu3alii BHUKOPHCTOBYETHCS METOJ
KJIaCTEPHOTO aHaJi3y.

Pesyabrarn Ta o0ropopeHHsi. Y Mapkerunrosiii IlomyxoBiii Cucremi (MIIC) mis
IOIIYKY JOKYMEHTIB y BeO-cucTeMax JOLiJIbHO BUKOPUCTOBYBATH MeToa Text Mining. Meton
nonsArae B 00poOLi HECTPYKTYpOBaHOI (TEKCTOBOI) iH(popMawii, BUOIpLi BaXJIMBUX YHUCIOBUX
iHIEKCIB 3 TEKCTy i TakuM 4YHMHOM, (DOopMyBaHHI 3 iH(OpMAIi, IO MICTUTBECI Yy TEKCTi,
IIPUAATHOI 7151 3aCTOCYBAHHS PI3HOMAHITHUX ITOPUTMIB IHTEIEKTYaIbHOT'O aHAJII3y JaHHUX.

Indopmanis moxe Oyru oOpoOneHa 3 METOK OTPUMAaHHS CTaTUCTHKU IIPO CJIOBa, IO
MICTATBCS B JOKyMEHTaxX abo aiusi Toro, mo0 OOYHMCIMTH CTATHCTUYHY iH(OpMALilo Mpo
JIOKyMEHTH Ha OCHOBI CJIiB, I110 MiCTATBCS B HUX.

3anpornoHOBaHO aArOpUTM OYMILNEHHS BeO-CTOPIHOK Bix iHpopMaliiHOrO LIyMY,
00YI0BH ONTUMAJIBHOI [TOCTIJOBHOCTI NEPEerIany pe3yiabTaTiB MOIIYKY Yy BeO-cucTeMax, SKui
JIOIIOMOKE TOJATH INyKaHy KOPHCTYBa4eM iH(OPMAI[I0 B 3PYy4HOMY JUIi HBOTO BUIVIAII, a
TaKOX MO3UTUBHO MO3HAYHUTHCS HA pe3ynbTaTtax web-momryky Ta knacudikanii indpopmarii.

HaykoBa HOBH3HA OTPUMAaHHMX pE3YIbTATiB IOJAra€e B MOOYIOBi alropuTMy IIOIIYKY
MapKeTUHIOBUX JaHUX Ha OCHOBi BUKOpHCTaHHs TexHouorii Text Mining.

BucHoBku. Pe3ynbraTy € LiHHUMM A7l NIPUCKOPEHHS IOLIYKY 1 BigOopy HeoOXigHOl
iHpopmanii B Mepexi Internet i MOXXyTh OyTH BUKOPUCTaHI JJIsl HAIIOBHEHHSI OHTOJOTII 3HATh
PO Pe3yIbTaTH MAPKETUHIOBUX JOCIiKEHb.

Knro4osi ciioBa: kaouoei cnoea, ananis, nowyk, cucmema, MapKemuHe.

ExoHOMiKa i ynpaBiHHA

CrpareriyHi pilueHHsI CTOCOBHO KaHAJIIB PO3NOAiTy

Csitnana Pozymeii, Onbra Kpaiintouenko, Tersna benosa
Hayionanvnuii ynisepcumem xapuosux mexuonoeii, Kuis, Yxkpaina

Beryn. CtarTa npucBsiueHa BUPILIEHHIO NPOOJEM YIPABIiHHSA CHCTEMaMM Ta KaHaJlaMH
PO3MOALTY NPOLYKIII K BaXKJIMBOI CKJIaJOBOI MapKETUHIOBOI MOJNITUKU MiANpUeMCTBAa. MeToro
JIOCII/DKCHHS € BH3HAYCHHS CTPATEriyHOrO0 CTaHOBHIIA 1 ()OpMyBaHHS OOIPYHTOBAaHHX
CTpaTeriyHuX pillieHb 0[O KaHANIB po3noAinry npoaykuii. O0’ekToM HociimxeHHs € 30yToBa
OJTITHKA i IPHEMCTBA.

Marepiasim Ta MeTOAU AOCTiI:KeHHSI. B poOOTi 3aCTOCOBYIOTHCSI METOJM CHUCTEMHOTO
aHaJi3y IMOJ0 NHTaHb YIPABIiHHS CHUCTEMaMM Ta KaHalaMHM PO3MOALTY IPOAYKLIi, METOI
aHaJi3y 1 CHHTE3Y EKOHOMIYHHUX SIBUII IOJI0 BM3HAUEHHS CTPYKTYpHU CTpareriii posnoxiny
IIPOAYKIIi, METOX HayKoBOI aOCTpaKLii 1110J0 BU3HAUEHHsS CTPATEriuyHMUX pillleHb B KaHajax
po3nozuiny.

PesynbTtatn i oOroBopenns. IlpuuMHaAMM HEBHPILICHOCTI NHUTaHb e(QEKTHBHOTO
VIPaBIJIiHHSA KaHAJaMH PO3MOAUTY €: BIJICYTHICTh KOMIUIEKCHOTO MiJIXOAY OO0 BHUPIIICHHS
po0JieMy; CHpsIMYyBaHHS CUCTEMM PO3IOALLY JIMIIE Ha 3aBJAHHS BUXOIY Ha PUHKHU 30YyTy Ta
OXOIUICHHS LIJIbOBUX PUHKIB; OOMEXKEHHS YIIPaBIIHCHKUX pillleHb Y KaHaJax pO3MOJUTy TUIBKU
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CTpaTerisiMM KOMYHIKallitHOrO XapakTepy Ta CTpaTerisiMi, L0 3aCTOCOBYIOTHCS A0 KOXKHOI'O
y4JacHHMKa KaHaly pO3IOALLY.

3am1st BUpILIEHHST NPOOJIEMH 3alpPOIOHOBAHO: 13 TPhOX CKJIAJIOBHX CTpaTerii po3mojiny
0cO0MMBY yBary IPUAUIMTH CTpaTeriiM KaHaliB PO3MOALTY NPOAYKLii; BUKOPUCTOBYBATH
po3pobiieHy Matpuilto cTparteriid (0yayeTbcs 3a MOKa3HUKAaMH «4acTKa BUPYYKHU Bij peanizamii
OponyKuii, 3a0e3leueHa  BIAMOBITHMM  KaHalIOM  PO3NOAUTY» Ta  «pPEHTAOENbHICTh
(mpuOyYTKOBICTb) NMpPOAAX B KaHali») [UI1 BU3HAUCHHS CTPATETiUHOIO CTAHOBUILA KaHAIIIB
po3noainy; OOIPYHTOBYBAaTHM  yXBal€HHS  YNPABIIHCHKMX  pillleHb  1I0J0  KaHAaJiB
PO3MOBCIOJUKEHHS Ha OCHOBI BiJIOBIJHUX PEKOMEHIOBAHUX CTpaTeriil («IMOOKE POHUKHEHHS
Ha PHUHOK», «PO3BUTOK PHUHKY», «IIIATPUMAaHHS IO3MIL[», «ONTHMIi3allis BUTpaT Ha 30yT»,
IIKBiJallist KaHATY»).

BucHoBkH. 3anpornoHoBaHa MaTpUIls CTPATErii KaHANIB PO3MOALTY, SIKa J1a€ MOXKJIHMBICTh
BU3HAUUTU CTPATEriuHi pillleHHA y HHUX, PEKOMEHIYEThCS IJIsl NMPAKTUYHOIO 3aCTOCYBAHHS Y
JiSUTBHOCTI BUPOOHUYMX i IIPUEMCTB.

KuarouoBi cioBa: posnodin, kanan, cmpamezis, Mampuysi.

XapuoBa npomucJoBicts [onbii y 3arajbHiil CTPYKTYpi IPO10BOJILYOr0 CEKTOPY
€sponeiicbkoro Corw3sy

Mupocnasa Tepeuryk, Pooept Mporzek
IHcmumym cinbCbko20cno0apcbkoi ma npooo8obyoi eKOHOMIKU —
Hayionanvnuii naykoso-oocaionutl incmumym, Bapwasa, [onvwa

Beryn. YV crarTi nmpoaHainizoBaHO 0COOIMBOCTI Xap4oBoi npomucinoBocTi [Tonbi i ii Micue
Ha puHKY €Bporneiicskoro Coo3sy.

Marepiann i mMeronu. J[uHamika PO3BUTKY OLHIOBaJacsi MpU IOPIBHSIHHI 3 JaHUMHU
€BpocTaty Ul IEBHUX BUPOOHUKIB XapyOBHX NPOAYKTIB y €Bporneiickkomy Coro3i 3a nepiof 3
2003 p. o 2013 pik. Jlani npo cTaH Xap4yoBOi MPOMHUCIIOBOCTI ISl KOXKHOI 3 KpaiH €Bpocoro3y
Oynmu oTpuMaHi NpHU IOPIBHSAHHI IOTOYHOI BAapTOCTI MNPOAYKLII Ta IHAEKCY IIOKYIHOI
CIIPOMO’KHOCTI Y €BpO.

Pe3ynbTaTn i 00ropopennsi. XapuoBa npomucioBicTs [lonbii Biipi3HIE€ThCS BiJ 1HIINX
kpain €Bponeiicbkoro Coro3y. OCKiIbKM NMOIbCHKI HiNPpHEMCTBA 3a0e3neuytoTh 9% Bif yciel
BapTOCTi peainizoBaHoi npoaykiii xapuoBoi mpomucioBocti EU-28, To 3a 1muM HOKa3HUKOM
[Nonpmia mocigae mocre micne cepen kpain €Bponeiicbkoro Cotosy. 3a mepiox 3 2003 p. no
2013 p. BapTicTh peai3oBaHOl MPOAYKLIT XapuoBoi npomucioBocTi B ITonbiui 30inbmmIacs Ha
60% nopiBHsHO 3 20-BiICOTKOBUM 3011bLIEHHAM Liboro napamerpa ainst EU-15 1 42% nns EU-
12/13. TIpotsarom IpOro Iepiofy HaHOIbIIe 3pocTaHHs croctepiranocs B JIutei (96%),
Bourapii (77%) Ta omsmy (61%). s EU-12/13 npoaykTuBHICTb npari 3pocia Ha 1/2, a s
EU-15 - Ha 1/4. Taki 3MiHM MOXHA IOSICHUTH MAcCIUTAOHMM 30UIBIIEHHAM iHBECTHUIUN 1
CKOPOUEHHSM KIJBKOCTI CHiBPOOITHUKIB. PicT 1 ueHTpami3alis Xap4oBOi IIPOMHUCIIOBOCTI
TpuBaloTh. IIOKa3HUK cepenHboi KiIbKOCTI 00OpPOTY Ha KOXKHE HiJIPUEMCTBO Xap4yoBOi
npomuciosocti y Ionsmi (7200000 €Bpo) Maibxe B 1Ba pa3u MEPEBUILYE CEPEAHill MOKa3HUK
o €spocorozy (3700000 eBpo), mpoTe BiH 3HAYHO HWXKYMMA, HIXK Y KpalHax, Y AKHUX IEi CEKTOp
IIPOMUCIIOBOCTI Hail0OinbIl po3BUHEHUH, a came: B Ipnannii (36,8 MiuH €Bpo), BenukoOpuTanii
(13,3 mun eBpo), Himepnanmax (10200000 eBpo) abo Hanii (9700000 eBpo). Opnak uei
noxa3Huk y Ionpmi Bumui, Hix y Himeuuusi (5,9 MiH €Bpo).

BucHoBku. Pe3ynbTaTl IPOBEIECHOI0 aHAIi3y CBiX4aTh PO T€, LI0 PI3HUL MiX PiBHEM
PO3BUTKY MPOAOBOILYOro cekropy npomucioBocTi ITompmi ta EU-15 3meHmyerscs, a
CTPYKTYpa IPOMMCIOBOCTI M YYaCHMKM PHUHKY CXOXi 3 IHIIMMM KpaiHamu €Bpocoroszy. B
OCTaHHE NECATWIITTS TEMIHM PO3BUTKY XapuoBoi npomucioBocTi [lompmii Oynu onHumH 3
HaMOUIbII aKTUBHUX y €BPOII, 1110 JO3BOIMIO KpaiHi NOMINIIMTH CBOE CTAHOBHUILE HA €JUHOMY
€BPOIEHCHKOMY PUHKY XapuOBOi IIPOMHCIOBOCTI.

KuarouoBi ciioBa: npodyxm, npomuciogicms, 8upoObHUYmME0, npays, nPooyKMuUGHICHb.
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AHHOTAIIMU
Be30nacHOCTb NULLEBbIX NPOAYKTOB

HNudpakpacHas CIeKTPOCKONHUS MOJIOKA

IOpuwii [Tocynun, Bacunuii Koctenko
Hayuonanvnwviii ynusepcumem duopecypcog u npupooononsbsosanus Yxpaunsi, Kues,
Vkpauna

Benenmne. BoibIIMHCTBO IPOM3BOIUTENCH MOJIOYHON HPOIYKIMN HAXOMATCS B ITOMCKAX
COBPEMEHHBIX HHCTPYMCHTAIBHBIX METOIOB TECTHPOBAHMS KOMIIOHCHTOB MOJIOKA C TEM, YTOOBI
JOOWTBCS yIY4YIICHUS KAayecTBA MOJOKAa W IIOBBINICHUS 3()(EKTHBHOCTH IPOU3BOJACTBA.
OcCHOBHasI 1171 JAHHOTO UCCIICIOBAHKS 3aKIIF0YaeTCs B M3YYCHUH XapaKTePHBIX HH(PPAKPACHBIX
CIICKTPAJBHBIX CBOHCTB MOJOKA M €ro KOMIIOHCHTOB M CPaBHUTEIBHOM aHAlM3e METOJOB
nH(ppaKpacHO! CIEKTPOCKOIH.

Marepnansl 1 MeToabl. MeTosl HHGPAKPACHOH CIEKTPOGOTOMETPHH M CHIEKTPOCKOIUH
oTpakeHHs B OmkHel wuH(pakpacHoit obmactu (BMK) crekrpa ObUIM HCIONB30BaHBI IS
KOJIMYECTBCHHOIO OLICHMBAHUS OCHOBHBIX KOMITOHCHTOB MOJIOKAa. BBlTa mpemmoxeHa MoIenb
MH(PAKPACHOTO CIEKTPOPOTOMETpa, KOTOPBIA MOXET OBITH HCIIOIB30BAaH JUIS ONpPEISICHUS
COCTaBa MOJIOKa.

PesynbTarel W obcyxaenme.  Cepbe3HBIM  OTpaHMYCHHEM  HH(pPaKpacHOi
CIIEKTPO(QOTOMETPUH SBIISETCS TO, YTO 0Opa3el] MOJIOKa JOIDKEH OBITh Pa3BEliCH C TEM, YTOObI
HOJyYNTh JIMHEHHYI0 3aBUCHMOCTH ONTHYECKOH IUIOTHOCTH OT KOHIICHTPAIlMH MOJIOKa,
KOTOPYIO CIEAYeT OIpenensiTb. MeTos CIEeKTPOCKONUM B OmvkHeW MH(pakpacHOH obmacTu
(BUK) cnekTpa mpeaycMaTpuBaeT aHAIM3 IPOO MOJIOKa, KOTOPBIE COLEPXKAT BBICOKYIO JOIIO
BOJbl U JIEMOHCTPUPYIOT BBICOKHH YpPOBEHb Hempo3padHocTH. 50 o0pas3loB MoJoOKa ObLIO
HCIOJIB30BAHO UISl M3YYCHUS KOPPEILIUK MEXy pe3ynbTataMi XuMideckoro u B4 ananusa
KOMIIOHEHTOB MOJIOKa (KHp, OEJIOK, 00€3KMPEHHbIC TBEP/BIC BEIIECTBA M OOIIEE CONCPKAHUE
TBEPJBIX BEIIECTB). BBIIO HO0Ka3aHO, YTO CaMblil BBICOKUI YPOBEHb KOPPEIAILMU OBLI OTMEYCH
MEX]y COAEpKAaHHEM JKHpa M OOLIEro KOJNWYECTBA TBEPABIX BELICCTB, KOTOPHIC ONPEACISIIH
meronoM BUK ananuza.

BreiBoabl. Meron uH(MpakpacHO# crekTpodoToMeTpun TpedyeT pasBedeHHs Npod H
MOXKET OBITh HCIIOJIb30BaH B JJAOOPATOPHBIX YCIOBHAX. METON OTPa)KaTelNbHOH CIEKTPOCKOIUH
B OmwkHed uHppaxpacHOM ob0nacTH crekTpa oOecrieuuBaeT ObICTPBHIA M Hepa3pyLIArOLIMi
KOHTPOJIb COCTaBa MOJIOKA C BBICOKOH TOYHOCTBIO M MOXKET OBITh HCIOJIB30BaH B MOJIOYHOMN
HPOMBIIICHHOCTH JUIs ONIPE/IeIICHHsI MOJIOKa Ha KOHBeHepe, B OTOKE.

KiioueBslie cii0Ba: monoxo, dicup, 6enxu, 1aKmo3sa, UHpaKpacHas cnekmpoCcKonus.

BinsiHue BHAA MacTepH3aTopa Ha MHKPOOHOIOTHYECKHe MOKA3aTe N 00Pa3IoB CHIPOro
MOJIOKA

Mycnuy Onymona Cyamony, O6apemu Obaiiemuxu,
Maiikn Maiiokyn OpneBone, Anny Onamune OiienyH, Xadcar @yamunaiio bankone
Kageopa unocenepuu buonpoyeccos u nuwegvix mexronozuil, nopunckuii yrusepcumenmn, 2.
Hnopun, Hucepus
BBenenue. lcciemoBaHue TMOCBSAINCHO BIWSHUIO TEMIIEPATyphl MMAcTepH3alUM Ha
MHKPOOHOJIOTMYECKHUE TOKA3ATENIH 00Pa3IOB CHIPOr0 MOJIOKA OT PAa3HBIX MOPOJ KOPOB.
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Marepnanabsl 1 MeTObl. BbUT NIPOBECH XUMUYCSCKUH aHaIn3 00pas3LoB CHIPOrO MOJOKA
Juis onpenenenus pH B aunanaszone ot 5,670 no 3,240, a Taxke MUKPOOMOIOIHYECKUH aHAIH3
JUISL ONPEACNICHUs OOIIEero KONUYECTBa JKU3HECIIOCOOHBIX OPraHM3MOB, OAaKTEpHil KHIICYHOI
rpynnsl, (eKaabHbIX KOIMMOPMHBIX OakTepuil M JlakTOOakTepuil AIsl BceX KOMOMHAIMM
yenoBuidl. OOpasibl MOJOKa OT KOpOB MOpox Oenblit (ydaHd W JDKepCHiicKas, a Tarke
CMeImIaHHOW mopoxsl (Oenmblit QymaHum W joKepcuiickas) OBUIM [ACTEPU3MPOBAHBI  IIPU
temiepatype 71°C B TeueHue 15 cexyHn, mpu 66°C B Tedenue 15 mMuHyT u npu 61-C B
TeyeHne 30 MUHYT, C HCIIOJIb30BaHUEM MACTEPU3ATOPOB M3 ATIOMHHHS, HEP)KABCIOIICH CTAIN U
OLIMHKOBAHHOM CTaJIH.

Pe3ynbTarel W obcy:xmeHue. [ MOJOKa KOPOB MHOpoxbl Oenblii (ynaHu cpenaHue
3HAUEHMsl TIOKa3aTeneil OOLIero KOJIMYECTBAa HKM3HECHIOCOOHBIX OPraHU3MOB, OakTepuil
KUIIEYHON IPYIIIBI, (heKaTbHBIX KOMH(MOPMHBIX OAKTEpPHil M JIaKTOOAKTEePHUil 10 MacTepu3anuu
BapbUpPOBAJKMCh B auamazone ot 6,833x105 mo 0,000 KOE/mu, a komudecTBO TpPHUOKOB
cocrapmio 2,433 x 103 KOE/mi. [Inst Monoka KOpPOB JUKEPCHHCKOW MOPOIBI 3TO IMOKA3aTeIH
cocraunu 7,800x105-0,000 KOE/mn u 0,115 x 103 KOE/Mi, a s cMeIaHHOH MOPOIbI —
9,400x105-0,000 KOE/Mn u 5.167x105 KOE/min. Ilpu MCHONB30BaHMM MAcTepU3aTOPOB M3
AITIOMHHMS, HEPIKABEIOIIEeH CTalM U OLIMHKOBAHHOW CTAJIM M TeMIepaType macrepusanuu 61°C-
71-C cpenHue 3Ha4YeHMs IIOKasaTeledl CHu3wiuch. [lns mopoabl Oenblif dynaHu cpeaHue
3HAYCHMS MOKa3aTreseil oOIIero KOJM4ecTBa JKU3HECHOCOOHBIX OPraHW3MOB cOcTaBWIHM 7,233-
1,400 KOE/min, Oakrepuii xkumiedHod rpymmel — 5,633-0,000 KOE/mi, ¢exanbHBIX
konudopmubix GakTepuit — 3,033-0,000 KOE/mn, nakrobakrepuit — 3,000-0,000 KOE/Mn u
rpubkoB — 5,033-1,000 KOE/Mn. [l Monoka KOPOB JDKEPCHUCKON MOPOJBI 3TH MOKA3aTelu
COCTaBMJIM COOTBETCTBEHHO 6,533-1,800 KOE/Mmun, 4,800-1,233 KOE/mi, 0,000-0,000 KOE/mu,
1,800-0,000 KOE/mi u 3,833-1,033 KOE/mi. J[yst MosioKa, OMy4EHHOTO OT KOPOB CMEITaHHON
HOPOIbI, 3HAYCHHMS ITHX [OKa3aTeseil P TeX JKe YCIOBHAX IKCIEPUMEHTA TAKKe CHU3WINCH U
cocraBuid coorBercTBeHHo 5,800-1,200 KOE/min, 4,300-1,000 KOE/mi, 0,000-0,000 KOE/mu,
1,033-0,000 KOE/mn u 3,300-1,200 KOE/mu1.

BriBoabl. J[i1s TOro 4ToOBI OMYYUTh HU3KUE 3HAUCHHS CPEHUX ITOKa3aTeNeH KOINIecTBa
MHKPOOPTaHU3MOB B 00pa3lax CHIPOro MOJIOKA, CICAYET NPOBOAUTH NMACTEPHU3ALMIO B TCUCHHE
15 cexyHa B macTepu3aTope U3 Hep)KaBeIOIIeH CTaH.

KuroueBsle cii0Ba: Mo10K0, nacmepuzayus, MUKpOOP2aAHU3M, 2pUOOK.

MuuieBble TEXHOOrMM

Knaccuduxanus nokasareJieii crejocTd NJ1010B MAHI0 ISl ofecnieyeHust 6e30MaCHOro
c0opa U XpaHeHUs yposKkasi

®apa lamum, A6xyn Paxum Kan, Myxaman Axap Anu
Hayuno-uccireoosamenvckuil yenmp nocieyoopounvlx mexmonoautl, Mncmumym
CeNbCKOXO3AUCMBEHHBIX ucciedosanutl um. Aiiroba, 2. Paiizanabao, Ilaxucman

BBenenue. OCHOBHBIMH TPUYMHAMHU IOCIEYOOPOUHBIX MOTEPh MAHIO SBISIOTCA COOp
HE3peNbIX IUI0J0B U HENpaBUIbHOE oOpalieHue ¢ coopaHHbIMU Iu1ogaMu. OOBIYHO cOOp yporkast
MaHIO HauyuMHAeTCs A0 co3peBaHus ILIoAOB. IIpomieHue cpokoB cOopa ypoxas MO3BOIMIO
MOJNYYUTh IUIOABI PA3HOH CTENEHU CIEJIOCTH, C IMOMOIIBIO YEro yAajaoch MCCIENOBaTh U
MIPOaHAIU3HPOBATh UX XaPAKTEPUCTHUKH.

Marepuaibl u Metoabl. [lepen yOOpkoil ypokas MpOBEpsUIM CIIEAYIOIINE XUMHYECKHE
[I0Ka3aTeNU CIEJIOCTU IUIOJNOB: COIEpKaHUE CYXOro BEILECTBA, KUCIOTHOCTb, COJEp)KaHHE
VIJIEBONIOB, JIETy4HE COCAMHEHMs, BUTAMUHHBII COCTaB, COJEpKaHUE caxapa U (EHOJBbHBIX
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KOMIOHEHTOB. Taroke ObUIM IpOaHaIM3UPOBaHbI Takue (PU3MUECKUE CBOMCTBa, Kak ¢dopma U
pa3Mep, UBET U IUIOTHOCTb KOXKYPbl M MSKOTH, JMAaMETP IUIOJA, YIEAbHbIH BEC U KOIUYECTBO
Kanopuid. OHAKO HU OJUH U3 3THX [IapaMeTPOB HE SBJIIETCS a0COIIOTHO HAASKHBIM METOJOM
omnpesenaeH!s Ka4ecTBa MI0A0B MaHro.

PesyabTarel M o0cy:xiaeHue. Korna HyXHO IpOaHaNIW3UPOBATh Pas3jIMUHbIC CTEHNECHU
CIIENIOCTH, CUTyalus BCE Oonblue ycnoxHsaeTcs. s Toro 4ToObl OLEHHUTH CIENOCTh IUIOJA,
HY)KHO 001ajaTh 3HAYUTENbHBIM ONBITOM M YMETb AHAJIU3UPOBATh Cpa3y HECKOIBKO
XapakTepucTHK. Takum oOpas3oM, mpu cOope ypoxas B INPOMBIIUICHHOM MacllTabe HE Bce
wioAsl OyAyT OJUHAKOBO CHENbIMU. MCKYCCTBEHHO YCKOPEHHOE CO3pPEBAaHME IPUBOIUT K
MONTy4E€HNI0 HEKAauECTBEHHBIX IUI0J0B MaHro. Takum o0pa3oM, claemyeT coOHpaTh ypoxail H3
IIOZI0B HEOOXOAUMOMN CTENEHH CIIENIOCTH, OPUEHTHPYACh Ha ONpEJeNeHHbIE MOKasaTend. B
pasHbIX CTpaHaX MpPOBOAWINCH MHOTOUHCIEHHBIC HCCIEIOBAHUS A OIpPEAENCHUS
OIITHMAJIbHOM CTENEHU CHENOCTH A1l cOopa IU1010B MaHro. Kpurepusmu sSBISIOTCS IOKa3aTeNnu
Gu3MUECKUX M XUMHUYECKUX XapaKTEpUCTHK, a Taloke I0Ka3aTeld OpraHOJIENTHYECKOro
uccnenoBanus. [IpuHnMas perieHre 0 MOMEHTE cOopa yporkasi MaHIo, HEOOXOAUMO BBLIEPKATh
GanaHc MEXAy UHTEpecaMy NONydeHuUs! IPUOBIIM U HHTEpecaMu NokynaTess. MccnenoBanus mo
9TOH TeMe HEOOXOOUMBbI, YTOOBI BBITOJHO SKCIOPTUPOBATH MAaHIO, a TaKKe IO3BOJIUTH
[IPOU3BOJUTENIO OBITh KOHKYPEHTOCIIOCOOHBIM Ha MECTHOM PBIHKE.

BoiBoabl. TexHOIOrMM, OCHOBaHHBIE HAa CHMY/ISALUM PYYHOTO METONA OIPEAEICHUS
CIENOCTH IUIOAOB IIyT€M HAJaBIMBAHUS HAa HHUX M IOCIEIYIOIIET0 aHajlu3a PpEeakuuu U
M3MEHEHUS L1BeTa IJI0Aa, SBIISIIOTCS HaJEXKHBIM METOAOM OIPEAEIEHHUS CIIEIIOCTH MAHTO.

Kmouessie ciioBa: marneo, niomuocmo, eumamun C, cnenocms, xpanerue.

Hccaenosanue ¢gpopM cBsSI3M BJ1aru B OUCKBUTHOM NoJ1ygadpukare ¢ HCI0Jb30BAHHEM
IKCTPYAMPOBAHHON KYKYPY3HOH MYKH

Tarssna JIncosckas', Onbra Peidak', Hukonaii KyXTI/IHl, Yephas Huna®
1 - Tepuononvcxuii HayuoOHAILHBIL MexHuuecKkuil ynusepcumem umenu Heana Ilynios,
Tepnonons, Ykpauna
2 - Xapvroeckutl 20Cy0apcmeer blil YHueepcumem numanus u mop2oenu, Xapvkoe, Ykpauna

Bpenenme. licrions30BaHHE SKCTPYAMPOBAHHOTO KYKYPY3HOH MYKH B TEXHOJOTHH
OuckBuTHOro mnoNyhabpukaTa BiIHseT Ha (OPMBI CBSI3M BIard C MaTepUaJoOM, U
COOTBETCTBEHHO, Ha KAUECTBCHHBIEC ITOKA3aTEeIM TOTOBOT'O IIPOIYKTA.

Martepnansl W MeToabl. VccrnenoBanel (OPMBI CBSI3M BIarM € KOMITIOHCHTAMHU
OuCKBUTHOrO MOMy(haOprKaTa ¢ UCIIONB30BaHHEM MYYHBIX CMECEH SKCTPYAMPOBAHHOM KyKYpPY3HOM
myku (EKM) ¢ muennuHoi Mykoit Beiciero copta (IIM) B coorHomennun EKM: IIM — 20:80% u
EKM: IIM - 50:50% na ananmuzatope DERIVATOGRAPH Q-1500D, B quHaMU4eCKOM pEKUME.

Pe3ynbTarel M o0cy:kaeHme. PesynpraTel aepuBaTorpa)MyHOrO  HMCCICIOBAHHS
OUCKBUTHBIX MOy (haOPHKATOB CBHACTEIECTBYIOT O COBMECTHBIX 3aKOHOMEPHOCTSIX JULS BCeX 00pa3IioB
TecTa. XapaKTepHO HAIUMYME TPEX TEMIEPaTypHBIX JUANla30HOB Tak kak Ha KpuBbiXx DTG u DTA
3aDMKCUPOBAHO MO TPHU CHIAOC(EKTHI, CBS3AHHBIX C YJAJICHAEGM BIAard Pa3IM4YHBIX THIOB, H
OTJIMYAOIIMXCS TIPOYHOCTBIO CBS3U C COCTABILIOLIMMH KOMIIOHCHTAMH. Y CTAaHOBJICHO, PaslIH4Msl B
MPOYHOCTH CBSI3H C aJICOPOLIMOHHBIMY LICHTPAMH TIOJHCAXAPHIIOB M THAPOKCHIBHBIX IPYII OCIIKOB,
BBUBISIEMBIX B aCHMMETPUM IMKa Ha KpuBbIX DTA W HanMdMeM HECKOJBbKHMX IHMKOB. HamGomee
BBIPKCHHBIC PA3/ICIICHHIE SHIOTCPMUYECKON ITHKa HA HECKOJIBKO ITMKOB MMEET MECTO JUTsi odpasua ¢
COIEp)KaHNeM SKCTPYUPOBAHON KyKypy3HOil Myku 50%.

Vicrionps30BaHKE SKCTPYAUPOBAHOM KyKYpY3HOH MYyKH BBI3BIBACT IepepachpeneneHue Gpopm
CBS3M BJIATM, YMEHBIIACT KOJIMYECTBO CBOOOIHOM M JIETKO CBSI3aHHOW BJIATH M YBEIMYMBACTCS
KOJIYECTBO CHIIBHO CBSI3aHHOM Biard. C yBeTHMYEHHEM KOJIHYECTBA IKCTPYIMPOBAHHON KYKYpPY3HOIT
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MykH 10 50% 3Ta 3aBUCHMMOCTb 4ETKO MPOCIEKUBACTCS, IPUUEM BO3PACTAHHE KOIMYECTBA CHIIBHO
CBSI3aHHON BJIarM COOTBETCTBYET JwMana3oHy or 227 - 308 ° C. Hamuuue GONMbLIEro KOIMYECTBA
CBSI3aHO BJIATH B CHUCTEME IO3BOJMT YIYYLINTh TCXHOJOTMYCCKHE XAPAKTEPUCTUKU OMCKBHTHOI'O
nony(hadpuKaTa MpH €ro BBIICYKHA M XPAHCHHS, O YeM TAKKE CBHUACTEIBCTBYET PE3YNIBTATHl O
3aMeICHHE ITIOTEPH BIIArd M3 BBIICYEHHOIO IIPOAYKTA IPH XPAHCHHH.

BriBoabl. [IpunsTre Bo BHEMaHUE (HOpM CBs3M BIIard B OMCKBUTHOM Ionyhadpukata ¢
HCIIOJIB30BAaHUEM SKCTPYIUPOBAHOIN KYKYPY3HOH MYKH HO3BOJISIET YIYUIIUTh TEXHOJIOTHUCCKUE
XapaKTEePUCTHKH OMCKBUTHOTO MONTy(haOpHKaTa MPH €ro BHIICUYKH U XPaHCHHSL.

KiroueBsle ci10Ba: sxcmpyouposanue, KyKypy3a, Myka, Ouckeum, eiazad.

TexHonorn4yeckue ycja0Bus, peryJupyome CKOPOCTh CYIIKH U Ka4eCcTBO TOMATHOIO
NOPOLIKA, N10JY4eHHOI'0 U3 TOMATHOM NacThl METOAOM IIEHHOI CYIIKH

Azecoiin Mathio Onannsia', Mycmny Onyiona CyHMOHY,
Maiikn Maitokyn Ozesone’, Onycanbiio Onysaceyn Hrs”

1 — Kageopa umndicenepuu cenvckoco xoszsicmea u 6uopecypcos, DedepaibHulil
yHusepcumem, 2. Otie-Oxumu, Huzepus.
2 — Kagheopa umndicenepuu 6uonpoyeccos u nuujesblx mexnonozuti, Paxyromem

uHdicenepuu u mexuono2ull, Mnopunckuti ynueepcumem, 2. Mnopun, Hucepus.

Beenenue. OnnuM u3 Haubonee 3(h(HEKTUBHBIX CIIOCOOOB CHMXKEHMS I0OCIEYOOPOUHBIX
HOTEpPh IUTATENBHBIX BEIICCTB SBICTCS cymika. OJHAKO JUIMTENBHOE BPEMs CYIIKH CHH)KACT
Ka4eCTBO CKOPOIOPTSIIMXCS IPOAYKTOB, TAKUX KaK TOMATHI.

Marepuanabl u Meroabl. Marepuansl - cBexue ToMmaTel (copr «dan UTCy),
BCIICHUBATENb (SUYHBIA 0€JI0K), cTabmin3aTop neHsl (KapOOKCUMETHIIe/T003a). [Iprubops! -
uudposas mkana (OHAUS 3001), naGopartopusiii cymmnbHbiid mkad (Momens MINOSO-
10G039), 6nennep (400 Bt, Homep monenu FPO12A). Conepxanue ButamuHa C u Oenka
omnpenensuiock 1o crangapry AOAC (2002).

Pe3ynbTaThl H 00Cy:KIeHHe. YBEIMYCHIE KOJINYSCTBA BCICHUBAIONIETO areHra (¢ 5 110
10%) mpHBENO K CHIKEHHIO CKOPOCTH cymiku ¢ 20,63 r/a mo 18,57 r/4, omHako, AajbHeliiee
YBEJIMUYEHHE KOJIM4YecTBa BerneHuBaroero areura (¢ 10 qo 15%) moBBICHIIO CKOPOCTh CYIIKH C
18,57 r/a mo 20.63 r/4. YBenuueHue n0iM BCIeHUBarolero areuta (¢ 5% mo 15%) npuseno
HE3HAUUTEIbHOMY YBEIIMYEHHUIO conepxaHusa Oenka (¢ 24,65% no 24,7889%). YBenuueHue
KOJIMYECTBA BCIICHUBAIOIIETO arcHTa He IPHBEIO K YMEHBIICHHIO coiepxanus ButamuHa C B
CyXOM TOMAaTHOM MoOpolke Oonbie 4eM Ha 1,3%, OfHAKO, NP YBEIMYCHHH KOIMYECTBA
BCIICHUBAIOIIETO areHTa cojaepkaHue BUTaMHHA C yMEHBIIMIOCh. YBEIMYCHHE IPOLCHTA
cradbunmsatopa nessl (0,15 — 0,75%) npuBeno K yBEIMYCHHIO CKOPOCTH CymkH ¢ 19,33 r/4 o
20,62 r/4. Beu1o TakKe OTMEYEHO, YTO CKOPOCTh CYIIKH HE OKa3bIBACT CYIICCTBEHHOI'O BIIHSHHS
Ha cpeaHue Tmokaszatenu cozaepxkanus Oenka mpu 0,15% (24,69%) u 0,45% (24,72%)
coJiepkaHuu crabunu3aTopa neHsl. [loka3atenu coxmepkanus BurtamuHa C cocraBunu 1,4-
1,49% npu yBenuueHun npoueHra crabwiumzaropa ¢ 0,15 no 0,74%. YBenuueHue BpeMeHH
B30uBaHus (¢ 3 10 7 MUHYT) BBI3BAIO MPOrPECCHPYIONIECE YBEIUYEHHE CKOPOCTH CYIIKH (C
18,9411 r/u go 20,67 r/u) u coxepxanus Oenka (¢ 24,71% mo 24,72%). Opnako, Tpu
YBEIIMYCHUN BPEMEHH B30MBaHUs copepkaHue BuTamuHa C He yMEHBIIANoch OOJbLIe, YeM Ha
1,4%.

BrIBOABI. YBEIMYEHHE KONMYESCTBA BCIICHUBATENs (SMYHBIN OENOK) M crabmin3aTopa
neHbl (KapOOKCHMETHIIISIUTION03a) B TOMATHOM IIOPOIIKE, ITOJTYYCHHOM METOIOM IICHHOM
CYILIKH, IIPUBEJIO K YBEIUYCHHUIO CKOPOCTH CYIIKH /10 20 I/4 U yBETMYCHHIO CONICPIKaHUs Oenka
Ha 24%. Cpennuii mokasarenb copepkaHusi ButramMuHa C yMEHBIIWICS, OJJHAKO, OBbUT HE HIDKE
1,3%.

KuroueBsle cii0Ba: cywika, nena, momam, nacma, NOPOULOK.
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Craduimszanus CTPYKTYPbI KHCJIOMOJIOYHBIX ACT

Bacunuii [lacuunsiii, Hatanes FOmenko, iBan Mukonus, Yibsna Ky3pMuk
Hayuonanvuwiii ynusepcumem nuwesvlx mexrnonoauti, Kues, Yxpauna

BBenenue. Jlns npenoTBpallleHHs OTHENEHUS BJAard B KHUCIOMOJIOYHBIX HPOIYKTaX
Ipe/ylaraéM  HCIOJb30BaTh  HEXapeHble  3€pHa  IPEYHXH,  KOTOpbIE  MPOSBISAIOT
BJIArOyAEP>KHUBAIOIINE ¥ CTaOWIN3UPYIOIIUE CBOMCTBA OJarofaps CoOIEp KaHHUIO CIU3H, OEIKOB,
MTHUIIEBBIX BOJOKOH H T.II.

Marepuanbl M MeToAbl. B mpouecce uccienoBaHUH M3ydauCh CTaOMIM3UPYIOLIUE
CBOWCTBA U3MEJIBYCHHBIX JI0 Pa3HOM CTENEHH TUCIIEPCHOCTH HEeXAPEHbIX S/IEp TPEUKU B COCTABE
KHCJIOMOJIOYHOW MACThl M BIIMSIHUE JI03bl €€ BBEICHHS B MOJIOYHYIO OCHOBY Ha PEOJIOTHYECKHE
CBOWCTBA MPOAYKTOB.

PesynbTrarel u o0cyxaenue. ONTUMAIbHBIM COOTHOLICHHEM MEXKAY H3MEIbYCHHBIM
36pHOM TPEYUXH U PACTBOPHUTENEM (MOJIOYHOW CHIBOPOTKOW) SBISIETCS THAPOMOIYNb 4.
YcraHoBIIeHO, HAOyXaHUE 3€PEH HEeKapEHOH IPeuKH 3aBUCUT OT pazMepa yacTull. HaumeHbyto
creneHb HaOyxaHus HaOMromancs Mpu M3MEIbUEHHH 3epeH A0 pa3Mepa Ooiee 3 mm (15,8%).
HawuBsiciias crernieHp HaOyxaHHs B oOpaslax ¢ pa3MepoM M3MENbYEHHBIX 3epeH MeHee 1 MM
(22%). Oty 3aBHCUMOCTb MOXXHO OOBSCHUTH YCIOXKHEHHWEM Ju(Qy3uu Biaru BHYTPU
Hepas3pyLIeHHOW yacTHlbl 3epHa. He3HauuTenbHO OTIMYAICS 3TOT IOKas3aTeslb I odpasla ¢
pa3zMepom yactuil MmeHee 2 MM. TakuM 00pa3oM, TOCTATOUHBIM SIBJISIETCS CTEIIEHb U3METbUCHHUS
HEXXapeHO! I'peuku ¢ pasMepoM uacTull He Oosee 2 MM. Briaroyzmepxuparomasi criocoOHOCTh
MOJIENIbHBIX 00pa3I0B YBEIMYUBAJIACH C MOBBIIICHUEM CTETEHH JUCIIEPCHOCTH M3MEIbUEHHbIX
yacTull U coctaBwia 74%, ecny pa3Mep 4acTHll HE MpeBblmai 1 MM, TOraa Kak Ipu pasmepe
yacTul Oonee 3 MM — Bcero 65%. s oueHkn cTaOMIN3UpYIOLIEro JeHCTBUS U3MENbYEHHbIX
3epeH HEeXXapeHO! Ipeuky UCCIIe0BAIN PEOJIOTHYECKHE CBOMCTBA KUCIOMOJIOUHBIX nacT. Jlo3a
BBEJICHUSI CBIBOPOTOYHO-TPEYHEBOI U CHIBOPOTOUHO-KpaxMaibHOro Kierictepa coctasuia 10%.
C aHanm3a peoJoru4ecKux KPHUBBIX YCTAHOBIICHO, YTO IPE/ICTaBJICHHbIE MOJEIbHBIE 00pa3LIbI
KHCJIOMOJIOUHBIX MACT UMEIOT CXO/IHBIN XapaKTep, KacaTelIbHOe HAIIPsDKEHHE CIBUTa B 00pas3iax
¢ cTaOWIIM3HUPYIOIIMMH BEIIECTBAMHU SIBJISIIOTCS Heckonbko Bbiie (320 Ila mis kucinomonouHon
MacTbl C M3MENbYEHHBbIM 3epHOM rpeunxu, 270 Ila g  KHCIOMONOYHOM MacTel ¢
MoAnGULIMPOBAHHBIM KpaxmanoM U 258 Ila s KuCIoMOI04HOI macTel 6e3 crabunnzaTopa).
Crabunusupyouuii 3¢ GexT OblI T0CTaTOYHBIM YIS IPEJOTBPALIEHUS CIIOHTAHHOT'O OTACICHUS
CBIBOPOTKH (cuHepe3uca). Takum o00pa3oM, W3MENbYCHHBbIE 3€pHAa HEXKAPEHOW TI'PEUKU He
YCTYNaT CTa0WIM3aTOPy NPOMBIIUIEHHOTO MPOU3BOICTBA — MOIU(PHUIIMPOBAHHOMY Kpaxmaliy.

BeiBoabl.  Vcnonb3oBaHHE — M3MENBUYEHHOW  HEXAapeHOH  rpedkd  obecrieynBaeT
HEOOXOIMMBbIE PEOIOrNUECKHE NT0KA3aTeNN KUCIOMOIOYHBIX ACT, UX CTAOMIBHOCTH B IIpoLiecce
XpaHEHUs, YKa3bIBaeT Ha MEPCIEKTUBHOCTh JaJbHEHIINX MCCIEJOBaHUM 1O pa3paboTke
TEXHOJIOTMH KHUCJIOMOJIOUHBIX MACT C JAaHHBIM BUOM HAIOJHUTEIIS.

KioueBble ci10Ba: Kucioe Moaoko, nacma, 2peuka, Cmadunu3ayusl.

Peosiornyeckue cBoiicTBa NPOOMOTHYECKHUX HOTYPTOB € CO/IEP:KAHUEM CJIOKHOrO 3(pupa
¢urTocrepona

1 1 -~ 1 1

Pocuna /lenkoBa , bornan I'opanos', ['eopruii JloOpes', 3anpsina Jlenkosa ,

o 1 1 ~ 2

I'eopruii Kocros, Ilers bosinoBa', Jlecucnaa Tenesa , Caiimon ®opthep
1 — Yuusepcumem nuwesvix mexnonozuti, Ilnosous, boreapus
2 — Vuugepcumem Jluown 1 *“ Knoo Bepnap”, Jluon, @panyus

BBenenune. B Hacrosmiee Bpemsi ¢GUTOCTEpONbI J00ABISIOT B KOMMEPUYECKH JOCTYITHBIE
MIPOYKTHI, BKIIFOYAsi HOT'YPTHI, C IEJIbI0 CHUYKEHUS YPOBHSI XOJIECTEpHUHA B CBIBOPOTKE KPOBH.
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Martepnansl W MeToabl. OOE3KUPEHHOE KOPOBEE MOJOKO WM MOJIOYHAs CMECh
(00e3)KMpPEHHOE KOPOBBE MOJOKO M YIBTPAKOHIIEHTPAT OOE3)KUPEHHOI'O KOPOBHETO MOJIOKA
JIBOMHOM KOHLIEHTPAaLlMd B COOTHOIICHWHM 1: 1) HCrmonb3oBanack B KadeCTBE CHIPbS IS
[IPUTOTOBJIEHHUS MPOOMOTHYECKUX BapUAHTOB HOTrypTa ¢ NPOOHMOTHYECKON 3aKBackod mZ, ¢
Pa3UYHBIM COAEPKAHUEM CIOKHOro ddupa puroctepona (0,26% wumu 0,36%).

PesynbTarel uW  ofcyxaenume. [lpum 1gobamiieHMM cinoxHOro d3dupa duTocTepona
HaOJIIOIaJIOCh  HANPSDKCHHE TEKyYeCTH W H3MEHCHHE pPEOJIOTHMYECKHX CBOMCTB 00pasloB
NPOOMOTHYECKOTO HOrypTa, a TaKkKe MX Mepexol U3 IICEBJIOIUIACTUYHOIO COCTOSHHUS B
HeuJIeaJbHOe IUIACTHYHOE. Peonormdyeckue CBOMCTBa 3THX HOTYpTOB OBUIM  ONHCAHEI
ypaBHeHHeM ['epmens-bankmm. HanpsbkeHue  TeKydecTM M IUIOTHOCTh — IIOCTOSIHHO
YBEIIMYHMBAIINCH IIPH MOBBIIICHUH COJECPXKAHUS CIOXKHOTO 3¢hupa HUTOCTEPONa, YTO TOKA3BIBACT
CTPYKTYpHUpPOBaHUE IPOAYKTA. YBEIMYCHHE COACPXKAHUS CIOXKHOro sdupa ¢urocrepona B
00e3)KUPCHHOM KOPOBBEM MOJIOKE HE OKa3ajo CYIICCTBEHHOrO BIMSHUS Ha II0Ka3aTellb
TekydecTd. [Ipy ManbIX 3HAYCHHUSX TPAJAUCHTOB CKOPOCTH, JHHAMHUYECKAs BS3KOCTH HOI'YPTOB
BO3PACTACT C YBEIMYCHUEM KOHICHTPALMH CIOKHOrO 3(upa (HUTOCTEpOsia 10 CPABHEHHUIO C
0o0pa3ioM Horypra, KOTOPbII HE COAEPIKUT 3TOT CIOXKHBIN 3¢up. Hanbonpmas auHamuyeckas
BSI3KOCTh ObllIa ONpeJeNeHa y HOorypra, HIpUroTOBIEHHOTO ¢ noOasiieHueM 0,36% cioxHOro
sdupa ¢uroctepona. AHAIOIMYHBIC H3MCHECHHUS PEOJOrMYECKUX CBOWCTB  00pasloB
NPOOMOTHYECKUX HOTYPTOB, MONYYCHHBIX W3 MOJIOYHOH CMECH C Pa3iIM4YHOIl KOHIICHTpaIuei
cnoxHoro 3¢upa durocrepona, HabMOAATNCH U JUTS HOIYPTOB, HOMYYCHHBIX U3 00€3)KUPCHHOTO
KOPOBBET0 MOJIOKA C HO0ABJICHHEM Pa3IMYHOM KOHIIEHTPAIMH CIOKHOTO 3dupa (purocTepona.
Takum 00pa3oM, MOXXHO OXKHIAThb IOJNydeHHE MOJOOHBIX peonoruueckux cBoicTs. Ilpenen
TEKy4ecTH i1 O0pa3LoB MPOOMOTHYECKOro HOrypra, MOJIYYCHHOTO H3 MOJIOYHOH CMECH,
YBEIIHMYMIICS, TI0 CPABHEHHUIO C COOTBETCTBYIOIIUMH MTOKA3aTEISIMHU Y IPOOMOTHYECKUX HOTYPTOB,
HOJTy4EHHBIX U3 00€3)KMPEHHOTr0 KOPOBBEro Mojoka. OOpasipl forypTa, IPUIOTOBICHHOTO M3
MOJIOYHOM CMecH C cojepkaHueM cioxHoro 3¢upa ¢urocrepona B 0,26%, uMenu cxoxue
MOKa3aTeNny IUIOTHOCTH ¢ HOrypToM, He conepkammM 3ToT 3¢up. HanOonbiee 3HaueHHE
MOKa3aTeNs TyCTOTHI HAOIIONAaJoch Yy HOTYPTOB, NPHIOTOBJICHHBIX WX MOJOYHOW CMECH C
cofiepaHueM cioxHoro 3dupa ¢purocrepona B 0,36%. OOpasip! HOrypTa, MPUrOTOBICHHOIO M3
MOJIOYHOM CMecH C cojepxaHueM cioxHoro 3¢upa ¢urocrepona B 0,26%, umenu cxoxue
MOKA3aTeNy IUIOTHOCTH C HOrypTOM, HE COIepkamuM 3ToT 3¢wup. IIpy HU3KOM TIpagueHTe
cKopocTH, TpoOuoTHueckue Horyptel, comepxaiue 0,36% cnoxHoro 3dupa durocrepona,
UMeNU AuHaMHu4YecKyro Bs3kocTh 24.60 Ila, a Horyptel, comepxkamue 0,26% croxnoro sdupa
¢utocrepona - 15,34 Ila. [Ipu yBenmuueHHH rpaueHTa CKOPOCTH HAONIONANIOCH pa3pylIeHHE
CTPYKTYpBI UCCIIEIYeMBIX 00pa3IoB Horypra.

BeiBoabl. OO0pasipl NPOOMOTHYECKOrO HOrypTa, IOJYYEHHOIO M3 MOJOYHOH CMECH ¢
conepxanueM 0,36% cnoxxHoro 3¢upa GuTocTepoaa, MMEIOT HAUBBICIIEE KAYECTBO, TTOCKOIBKY
OHHM 00JIaJAI0T HAMBBICIIMMM IIOKa3aTesIMU HanpsbkeHus tekydectu (5,88 Ila), mnortHocTH M
nuHaMu4eckoi Bsaskoctu (7,95 Pa's). Bee monydeHHbIe IPOOHOTHYECKUE HOTYPTHI MOTYT OBITh
BKJIIOUCHbI B PAlMOH B Ka4eCTBE (PYHKIIMOHAIBHBIX MPOAYKTOB MHUTAHUS IS yIYYIICHUS
3JI0POBBSI YEIIOBEKA.

KuroueBsle ciioBa: npobuomux, gumocmepos, tio2ypm, peoiocusl, NJIOMHOCHb, 6513KOCMb.

HoBble HETPAAUMIIMOHHBbIC HCTOYHUKH IMHIIEBOI0 0eJIka

I'anuna Cumaxuna, Hatanus Haymenko, Exatepuna Spom
Hayuonanvrulii ynusepcumem nuujegvlx mexronozuti, Kues, Yxpauna

BBenenue. HpOI/ISBO)II/ITCJ'II)HOCTB OclKa KUBOTHOT'O MPOUCXOKACHUSA TNPAKTUICCKU
JOCTUTJIa CBOCTO IIpCaciia, IMO3TOMY HOBBIC HMCTOYHHUKHU Oenka uenecoo6pa3Hee HUCKaThb B
PaCTUTCIBHOM MHUPEC, YTO U 06yCJ’IOBI/IJ'IO AKTYaJIbHOCTb JIAaHHOM CTaTbH.

MaTepl/laJIl)l U METOABI. Hpe)IMeTOM HCCIICIOBAaHUM CTaja HaJA3eMHas 4acTh CaX&pHOfI
CBCKJIbI, YCPEMILIU, KpaIllMBbl, CTBOPKU I'OpoOXa MU LICIyXa JIyKa. ABTOpLI CTaTbH MCIIOJIB30BaJIN
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TPaJMLHOHHBIC METOJBI OLICHKU PACTUTEIBHOTO CBHIPbs. AMHHOKHCIOTHBIH COCTaB 3€ICHOM
Macchl PACTCHUH ONPEJeIsUIM METOIOM HOHOOOMEHHOHW Xpomatorpaduu; OHOIOTHYECKYIO
LIEHHOCTh OENKOBBIX (PpaKIMii — 110 MeTOAMKE, MpeToxKeHHON A. [TokpoBCKUM.

Pe3ynbTaTrel W 006CYXKIeHHe. DKCICPUMCHTAIBHBIC NAaHHBIC, IONYyYCHHBIC BO BPeMs
WCCIIC/IOBaHMUI, IOKa3bIBAIOT, YTO 3€JIEHAsi Macca PACTeHHH — O4YeHb OOraThlli HMCTOYHHK
KOMILJIEKca OMOJIOTHYECKH aKTUBHBIX BemiecTB: 10 1,93 1o 4,76 % Genka; ot 4,76 mo 6,22 %
yrnesonoB; ot 0,88 mo 2,23 % 305bl. YCTaHOBJIEHO BBICOKOE COJNEp)KAHHE HE3aMEHHMBIX
aMUHOKHUCIOT — oT 87 10 283 mr / 100 r aetituaa; ot 72 10 205 mr / 100 r nusuna; ot 504 10
1375 mr / 100 r B nienom. BEIsSIBI€HO MakCHMMaJbHOE COJCPKAHNE 3aMEHUMBIX aMUHOKHUCIIOT, B
yactHocTH mnimHa (0T 83 g0 377 mr / 100 1), ananuna (ot 87 mo 251 mr / 100 r); obmiee
cozmepkaue coctaBisier or 592 mo 1767 mr / 100 r g pasHbIX KyaeTyp. benkn
HCCIIEOBaHHBIX MAaTEpUaJIOB OTIMYAIOTCS BBICOKOM CTemeHbro nporeonusza (28,61 % s
yecHoKa; 28,81 % nus kpanusel; 29,37 % ai1st caxapHOl CBEKIIbI), KOTOPBIM MOYTH HE pa3HUTCS
C KOHTPOJILHBIM ITOKa3aTeseM — 6enkamu Mosoka (30,01 %).

BriBoabl. HaydHo j0oKa3aHHOE IPUMEHEHHE 3€ICHOM MacChl TS CO3JIaHUs OMOJIOTHYECKH
AKTUBHBIX J00aBOK M MOMH(DYHKIMOHAIBHBIX WHIPEIUEHTOB SBISCTCS TEXHOIOIMYECKH
L[eIeCO00Pa3HBIM M 9KOHOMHYECKH BBITOJHBIM. MBI PEKOMEHAYEM 3elICHYI0 MacCy PacTeHHH
JUIsi 00OTalIeHNs] PA3INYHbIX IHIICBBIX CPE NPU MPOM3BOJICTBE MHUILICBBIX MPOIYKTOB KaK IS
BHYTPEHHETO, TaK ¥ JUIS BHEIIHErO PHIHKOB.

KuroueBsle ciioBa: 3enenas macca, pacmerue, OeoK, npOmMeoaus3, AMUHOKUCIOMA.

Bimsinue pa3jIMYHBIX CIOCO00B PA3MOPAKMBAHUS HA KA4eCTBO CKYMOpUHM
(Sarda sarda, Bloch, 1793)

. 1 2 1 . 1
Xénsa Typan , [lemer Kouarene®, Llan Okxan Anran , ['uzem ['€knap
1 — Cunonckuil ynueepcumem, ¢haxyismem pvibHo2o xosaiicmea, . Cunon, Typyus
2 — Cunonckuii yHusepcumem, Lllkona mypusma u 20cmuHuyHo2o meHedxcmenma, 2. Cunon,

Typyusn

Beenenue. B pabote ObUTM HCCIIEIOBAHBI U3MECHEHHUS KAuyecTBa IIETBHON 3aMOPOXKECHHOMN
ckym6Opuu (Sarda Sarda) npu oTTauBaHHM B XOJOAMIBHOM HIKady (mpu Temmepatype 4 + 2 °C,
B Teuenue 22 yaco), B Boxe (12,1 £ 0,8 ° C, 1,5 yaca) u B MukpoBoiHoBoii neuu (160 Br, 7
MUH).

Marepuanbl 1 MeToabl. KauecTBO CKyMOPHH ONPEIENsUIOCh ¢ MMOMOIIBIO aHaIu3a MOTepU
Macchl, OOIIEro KOJMMYECTBAa a30Ta JICTYYHX OCHOBAHUH, TpUMETHJIaMHHA-N, pPEaKTUBHBIX
BEIIIECTB THOOAPOUTYPOBOI KHUCIIOTHI, BENUYUHBI pH, BOTHO#M aKTUBHOCTH, OOIIETr0 KOJINYECTBA
Me30(HIbHBIX U ICHXOTPOITHBIX OaKTepHil.

Pesyabrarsl u oGcyxnenue. [locie pasMopaKMBaHHs, 3HAYCHHS MMOKa3aTelied MOTepU
Biark, pH, BOAHON aKTHBHOCTH, 3HAYCHHWS OOLIETO KOMMYECTBA a30Ta JICTYYMX OCHOBAHHA,
PCAaKTHBHBIX BEIIECTB THOOAPOUTYPOBOM KHCIOTHI, TPUMETHIaMHHA-N, OOIIEro KOJIHUYeCTBa
Me30()UIIBHBIX M TICUXOTPOITHBIX OaKTepHil COCTaBHIIM, COOTBETCTBEHHO, 2,01, 1,66 u 2,54%;
5,95, 5,98 u 5,86; 0,98, 0,98 u 0,99; 20,83, 20,35 u 14,87 mr / 100 1; 0,51, 0,45 u 0,54 mr MDA
/ xr; 0,89, 0,47 u 0,48 mr / 100 1; 3,58, 3,47 u 3,35 Log KOE / 1; 3,25, 2,86 1 2,84 Log KOE / 1.
He Ob110 00HapyxeHo 3HauuTeNnbHOM pasHULbl (p>0,05) MexIy Mmoka3aTelsiMU OTEPU MACChI
(%) wu 3HavenusmMu pH TpH HUCMONB30BAHWUHM PAa3IMYHBIX METOMOB Pa3MOPAYKHBAHHUS.
HauMeHblllee 3HaueHWE MoOKa3aTenss OOIIEro KOJNMYECTBa a30Ta JICTyYHX OCHOBAaHHM
HaOmoganock i o0pasia CKyMOpHUHU, KOTOPBIH pasMOpaXKHBalyd 7 MHUHYT B MUKPOBOJIHOBOH
neyy, HauOosnpliee — A1t 00pasla, KOTOPhIH pa3MopakuBayiy 22 yaca B XOJOAMIBHOM IIKady.
Pe3ynbTaThl HMCCIENOBAHHUS TMOKA3bIBAIOT, YTO KOIUYECTBO Aa30Ta JICTYYUX OCHOBAHHM
YBEINYMBACTCSl MPH YBEJIMYCHHH BPEMEHH pasMopaxkuBaHus. Takum o0pa3oM, Hawuiaydiiee
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COOTHOIICHHE MEXIy KaueCTBOM CKyMOpHUHM W BpeMEHeM e€ pa3MOpa)KMBaHUS JOCTHIACTCH,
€CJIM MCIOIB30BATh JUISl 9TOW IIJIM MHKPOBOIHOBYIO Ieyb. Pa3MopakxnuBaHue B MUKPOBOJTHOBOM
NEeYX IO3BOJISICT IIOJYYHTh ONTHMAJBHBIC ITOKA3aTENM OOLIEro KOJNMYECTBA a30Ta JICTYy4UX
OCHOBaHMI. MUKpOOHbBIE TMOKa3aTeNnu i BceX 00pas3uoB coctaBmwiu Menee 4 Log KOE / 1.
CrenoBaTellbHO, NIPU PAa3MOpPaKMBAHUM CKYMOPHUH B MHKPOBOJIHOBOW II€YH M B BOJEC MOXHO
HOJTY9UTB PBHIOY JIY4IIEero KauecTa.

BreiBoabl. Merox pasMOpakMBaHHMS HE BIMACT HA 4YHCICHHBIC 3HadeHws pH wu
OpraHoJIeNTHYECKUX IMoKa3aTenel ckymOpuu (p>0,05), ogHako BiaMseT Ha KadecTBO pbIObL. C
MOMOIIBI0 XMMHYECKOTO ¥ MHUKPOOHOJIOTHYECKOr0 aHaIn3a 00pa3IoB ObIJIO YCTaHOBJIICHO, YTO
JUTUTEIIBHBIA TIEPUOJT pa3MOPaKUBAHUS BIIUSCT HA KAYECTBO PHIOHI.

KioueBble ci1oBa: ckymoOpus, 3amopasicusanue, pasmopaxicusanue, Kaiecmso.

Bimsinue 3aMopakKMBAHKUS HA NUTATe/IbHbIE H AHTHOKCHAAHTHbIE CBOICTBA JIMCTOBBIX
oBolLLe, moTpedsieMbIX B 10:kHOI yacTu Kor-1'UByapa

®nopentun Axo, Jleccoii 30y, Huamku Anom, CebactesiH Huamke
Yuusepcumem umenu @enuxca Yghys-byanvu, Abuoscan, Kom-0'Hsyap

BBenenue. JIMCTOBBIC OBOIIHM SBISIOTCS CKOPOMOPTAIIUMHUCS MPOJAYKTAMU MHTAHUS U
TpeOyIOT crelHalbHOW 00pabOTKH T NMPEeJOTBPAIeHUs MOTeph mocie coopa ypoxas. Llens
JAHHOTO HCCJICZIOBAHUS 3aKJII0YacTCs B OICHKE BIMSAHHMSA 3aMOPAKMBAHUS HA TIHIIEBYIO
LIEHHOCTb TISATH BUIOB JIUCTOBBIX OBOIICH, MOTPeOIsieMbIX B 10kHON yactu Kot-1'MByapa.

Marepnansl u Meronbl. Jlucroeie oBomn (Solanum melongena, Basella alba, Talinum
triangulare, Colocasia esculenta u Corchorus olitorius) ObTM COOpaHbBI, OYHINEHBI OT
HEMPUTOMHBIX B THILY 4YacTel, MPOMBITHl JICUOHM3UPOBAHHON BOMOW, YMAKOBaHBI B
MOJNMATUIICHOBBIE Tapbl U yOpaHbl B MOPO3MIIBHYIO KaMepy ¢ TemmepaTypoil -18° C Ha oauH,
JIBa WK TpH Mecsna. [locne mepuoga XpaHEHUS M3MEPUIIM MX XAMHYCCKUE W MUTATEIbHBIC
CBOMCTBA.

Pe3yabTaThl U 00Cy:KIeHHe. Pe3ynbTaThl SKCIEPUMEHTA MOKA3alld, YTO 3aMOPAKUBAHUEC
OBOIICH HA JUTUTEBHBIA CPOK (3 MecsIa) MPUBENO K YMEHBIICHUAIO COAEPKAHUS CICAYIOIINX
MUTATENILHBIX W aHTUIHUTATENBHBIX BeniecTB: 30ibl (3,51-11,44%), GenkoB (6,91-23,93%),
BuramuHa C (15,22- 33,94%), xaporunounos (1,78-12,96%), ¢penonbubix cmon (2,11-5,81%),
oxcanatoB (4,17-28,27%) u duratos (13,44-24,82%). KpoMe omnucaHHBIX BbIIIE IOTEPD, IIOCIIE
1 Mecslia XpaHCHHUs OBOLICH B 3aMOPOXKCHHOM BHJIE YBEIHUYWIIOCH 3HAYCHUE CICAYIOIIUX
napamMeTpoB: BiaxxHoctd (¢ 83,20 £ 0,35 % mo 90,39 £+ 0,78 %), rpyObix BomokoH (¢ 11,60 +
0,26 % no 24,05 + 0,42 %) u yrneBonos (c 46,85 + 0,88 % no 63,04 + 1,29 %). OcraTouHoe
Cofiep)KaHWe MHUHEPaJOB B 3aMOPOXKCHHBIX JIMCTOBBIX OBOINAxX mocie | mecsia XpaHeHHUs
cocraBuiio: 367,66-784,9 mr / 100 r kansiwst, 227,3-743,79 mr / 100 r marawus, 224,5-779,33 mr
/ 100 T dochopa, 2238,35-4865,86 mr / 100 r xamust, 72,40-128,04 mr / 100 r xenesa, 26,38-
478,15 mr/ 100 r Hatpust u 22,74-65,65 mr / 100 T 1uHKa.

BoiBoabl. Tporuyeckue JIMCTOBBIC OBOIIM MOTYT XPaHHUTHCS B 3aMOPOXKCHHOM BHJIE HE
JIONBIIIE OJJHOTO MECSAIA, YTOOBI UCKIIOUUTh yXYAIICHUE MUTATEIbHBIX CBOHCTB MPOIAYKTOB H,
CJIEIOBATEIHHO, TIOBBICUTH YPOBEHD MHIIIEBON Oe3omacHocTH uteneii Kor-a'MByapa.

KiioueBble ci10Ba: 3amopasicusanue, numanue, AHMUOKCUOGHM, TUCI, OB0WY.
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Mpoueccbl  060pyaoBaHMe NULLEBbIX NPOU3BOACTB
MaremaTHuyecKkoe MOJe/IMPOBAHUE PereHepaluy 3arpsi3HeHHbIX MeMOPaHHBIX MOAYJIei

SApocnas Kopuuenko, Cepreii I'ynuenko, Hukura Jlsbka
Hayuonanvuwiii mexnuyeckuil ynueepcumem Yxpaunul «Kuesckuil nonumexuuueckut
uncmumym» Kuees, Yxpauna

Beenenme. Llenplo 3TOro HMCCICAOBAaHMS SBISICTCS PAa3BUTHE MaTeMaTHYECKOH MOJETH
pereHepalyy PYITOHHPOBAHOIO MEMOPAHHOTO MOIYJIS M pacdyeT BPEMECHH pEreHepaniy |
MOTOKa IepMeara Mociie pereHepariy.

Martepnansl u Meroabl. OOBEKTOM [TaHHOTO HCCICIOBAHMS SBISICTCS IIPOLECC
pereHepaly  3arpsi3HCHHBIX PYJIOHHPOBAHBIX MEMOpaHHBIX MOXIYIEH M TEOpPETHYECKOe
OIMCaHUE YKa3aHHOTO Iporecca. TeopeTHdeckuil aHamu3 ObUI MPOBEICH I KOMMEPYECKH
noctynHbix MemOpan MICROFILTER TFC-75, FS-TFC 1812-50, CSM RE-1812-50 GPD u
USTM M-1261-75G

PesynbTarel M obcyxaenue. IIpeuiokeHHas MaTeMaTHdyecKash MOJCIb OCHOBaHa Ha
MOJICT OCMOTHYECKOr0 JaBJCHHS M BKIIIOYACT YPaBHCHHE MAcOOTHA4YM M YpPaBHECHHE JUIS
ompeneneHus kodbduuuenta pereHepauuu. KosdduuueHnT MmacooTnauu onpenensuics ¢
KPUTEPUAIBHOTO ypaBHEeHHA. C HCIOJIB30BAHUEM 3TOH MAaTEMaTHYECKOH NPOBEACHBI PAacyeThI
BPEMEHU pacTBOpeHHE W KOd((HUIMEHTAa percHepanyy B JHANa30HEe H3MCHEHHS KPHTCPHS
Peiinonbaca ot 10 1o 50.

Pe3ynbTaThl pacyeToB IOKA3aJM, YTO JUI HU3KHX 3HAueHUH kputepus Peiinonsaca (10-
25) BpeMs MOJIHOT'O PACTBOPEHUS 1apa KeKka pe3ko yMeHbIanoch (0T 9215 cexyHa (0koio 1ByX
¢ nosoBuHOW 4acoB) st Re=10 mo 6545 cekynn (MeHblue, yem aBa 4yaca) g Re=15 Ta no
5143 cexyHn (MmeHsblue, yeM nonropa yaca) it Re=20) c¢ yBenaudeHHEM 3HAUYEHMS KpUTEpUS
Peitnonbpca.

Ho nmnst Oomee BBICOKMX 3HA4YeHUH KpuTepus PeliHOmbACa yBEIMYCHHE BPEMEHH
pereHepanyy CTaHOBUTCs Ooliee MeUTeHHBIM. Harmpumep, py BO3pacTaHUM 3HAYCHUH KPUTEPHS
Peitnonbaca ¢ 25 no 30 Bpems pereHepanuu ymenbiiaercs ¢ 4275 Bcero aumb 10 3650 cexyHna
(Ha 625 cexyH[ nin HeMHOro Oonblie yeM 10 MUHyT).

Pe3ynbTaThl pacyeToB MOKA3bIBAIOT, YTO HaMOOJEe PAllMOHANBHBIA PEXUM pEreHepaniuu
COOTBETCTBYET 3HAUCHHSIM KpuTepus Pelinombaca ot 15 1o 25.

BriBoabr: ChopmyanpoBaHa MaTeMaTHYecKas MOJIEIb, KOTOpast MOXKET CIIPOrHO3UPOBAThH
BpeMsl pereHepaluy M MOTOK IepMmeaTa mocie pereHeparuu. OHa MOXKeT 0aTh HCIIOJIb30BaHA
JUISL PasBUTHS CTpaTerd pPEreHepaly B CYIICCBYIOIIMX MEMBOPAaHHBIX CHUCTEMax M IpH
MPOCKTUPOBAHNH HOBUX YCTAHOBOK.

KuroueBsle ciioBa: membpana, 800a, 3azps3HeHuUe, pe2eHepayus, MaccooOMeH.

3KCHepI/lMEHT3J'ILH09 N TEOPETHYECCKOEC UCCTICT0BAHNEC HAMOPAKMBAHUS JIb/1a HA
BEPTUKAIBHBIX 0XJIAKIACMbIX prﬁax

Spocaas 3acsiabko, Opuii [Innunenko, Poman I'pumenko, Anapeii @opciok
Hayuonanvnvii ynusepcumem nuwjesvlx mexronoauu, Kues, Yxpauna

BBez[eHne. Hcnonb3oBanue AKKYMYJIATOPOB XOJI0OJa OCHOBAH Ha NPUHIOMUIIC I'CHEpalnunu
JibJa Ha OXJIaXXJAa€MbIX IIOBCPXHOCTAX B HOYHOC BpPEMs U TasgHUA HAMOPOKCHHOI'O JibJla B
TCUCHUC «ITUKOBBLIX)» MEPUOIOB. DTO SABISACTCS S(b(i)eKTI/IBHLIM METOAOM OKOHOMHHU CPEACTB Ha
OIUIaTy 3JICKTPO3HEPIUHU.

MaTepl/laJILl H METOAbI. HCCJ’Ie)IyGTCH AVMHaMHWKa HaMEp3aHHWs JibJa Ha BepTHKaﬂLHOﬁ
HHHHH}IpH'{GCKOfI IMMOBCPXHOCTH IIPU Pa3JIMYHBIX At (TeMnepaTypa KHMIICHUA XJlaJarcHra H
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TeMIIepaTypa BOJBI, OMBIBAIONICH IMOBEPXHOCTh TEI000MeHa). CepHyl ONBITOB IPOBEICHO Ha
nByx hpeonax mapku R12 n R22. Bo BpeMs OIBITOB TEMIIEpATypa BOIbI, a TAKKE TEMIIEpaTypa
KMIIEHHS XJIaJareHTa U3MEHSUINCh B mpenenax + 1,5 + + 4,5°C; -10 + -ZOOC, COOTBETCTBEHHO.
CKOpOCTh M PAacXOA BOABI B HCCIEIOBATEIBCKUX CEKIMSAX OCTABANUCH ITOCTOSHHBIMH Ha
HPOTSHKEHHUH Beeil cepun onbiToB. Cepusi ONBITOB NMPOBOMIIACH IIPH MOCTOSHHBIX MapaMeTpax:
MAacCOBBIH Pacxoj] BOJBI, TEMIIEpaTypa BOIbI Ha BXOJE, JAaBJICHHE W TEMIIEpaTypa KHIICHUS.
TonmuHa cnos jb1a, 00pa3oBaHHAs B MPOLIECCE HAMOPAXKUBAHUS, (PHKCHPOBAIACH C TOMOIIBIO
ONTHYECKOr0 MeToha. V300pakeHHe OKCICPUMEHTAIBHOW TPYOBI €O  CJIOeM  JIbJa,
00paboTaHHBIE C IIOMOILLIO TPOrPAMMHOI0 00€ECIIEUSHHUSI.

PesynbTarel M obcy:kaeHme. IIocKoNbKy peanu3anis 3HAYUTEIBHOTO KOJIMYECTBA
TEIUIOBOM HSHEPTUH, KOTOpas CBs3aHAa C TasHHEM JIbJa, JOJDKHA IIPOMCXOAUTH B TCUCHHE
OTHOCHUTEJIBHO KOPOTKOTO IEepHOAa IHKOBOH HAarpy3KH, pacdyer M MHOox0op akKyMyJIATOPOB
XoJoa JOJDKEH O0a3HpoBaThCs HE TONBKO HAa OAllaHCOBBIX COOTHOLICHMSX, a YYUTBHIBATh
JMHAMUKY TasHus jpaa. [pencrasieHo auddepeHpansHoe ypaBHCHHES HAMOPXKUBAHUS JIbJIA
Ha BEPTHKAIBHOH OXJaXJaeMOH TpyOe WCIONB3yeTcsi B  KauyecTBE OCHOBBI  JUIA
HOJTYDMIMPUYECKUX KOPPEILIIUNA SKCIIEPHMEHTAIBHBIX JaHHBIX, TOTY4CHHBIX Ha CHEIHANTbHON
9KCHEPUMEHTAIBHON ycTaHOBKe. Takoil MOAXOX MO3BOIMI M30ekKaTh ydera psfa PeKUMHBIX
[apaMeTpoB, UCIOIb3yeMbIX B JU(depeHInaIbHOM ypaBHEHUH, KOTOPbIE HEBOSMOXKHO OBLIO
ONPENEIUTD HEMOCPEICTBCHHO. BBUIO MONy4eHO KOPPEKTHPYIOWHMIT KO3 (HIMEHT, KOTOPBIH
COOTHOCHT 9KCIICPUMEHTAJIEHEIC JIAHHBIC o MHOT'OYHCIICHHBIM peILICHUSM
JddepeHnanbHOro ypaBHEHHS.

BrieeneHo muddepeHnnanbHoe ypaBHEHHE TIPOLecca CO CISAYIONMMHE IPEIONI0KECHUIMU:
3ajaya SBISCTCS OJAHOMEPHOM, IeHepauus JbJa NPOHCXOAUT B paJvalbHOM HAIPaBICHHU.
IpuHsATO 3Ha4YEHUS KOI(D(HUIMEHTOB TEIUIONEPEAadn OT BOJBI K MOBEPXHOCTH CJIOS JIbJA U J0
KUIBIIET0 XOJNOAWIBHOro areHta. JluddepeHumarspHOe ypaBHEHHE OBUIO IIONYYECHO W3
COOTBETCTBYIOILIETO TEIUIOBOrO OanaHca M ydyeTa OECKOHEYHO Majoro MpHpOoCcTa JibAa Ha
UHTEpBaJle BpEMEHU AT.

BriBoanl. [uddepeHunansHoe ypaBHEHHE, BO3MOXKHO, HCIIONIb30BATh UISL OMPE/ICIICHUS
BpeMeHH (IIepruoza), He0OXOUMOro JUTsl HAaKOIUICHHS 3aJaHHOI'0 KOJIMYECTBA BOJJHOIO JIBJIA.

KoueBble ciioBa: koapguyuenm menioomoauu, 1ed, 600d.

ABTOMaTM3aLMsA TEXHONIONMYECKMUX npoLeccos
Anasm3 MerogoB TEXT MINING B paGore ¢ NoUCKOBOIi cucTeMoi

Tatbsia xypenko, Enena Msikmuo, ["anuna Yepeaauuenko
Hayuonanvnvui ynusepcumem nuwesvlx mexronoauil, Kues, Yxpauna

Beenenue. Ilenp 3TOro HCCIEAOBAHUS - HUCCIENOBAaTh CYLIECTBYIOLIME IIOMCKOBBIE
CHCTEMBI C TOUKH 3peHHS UX 3(Q(HEKTHBHOCTH JUTS TIOMCKAa MapKETHHIOBOM MH(OPMAIIMH B CETH
WnTepner.

Marepuaiabl M MeTOAbl. MaTepuaaoM HCCIEAOBAHUS SIBJISIOTCS MOUCKOBBIE CHCTEMBI.
JUI DOCTpOEHUsI METOAOB M alITOPUTMOB HEHEpapXUUECKHe KIIacTepU3allU HCIOIb3yeTcs
METO[ KJIACTEPHOTO aHaIN3a.

Pesynbrarsl um o6cy:kaenue. B MapkerunroBoii mouckoBbix cucremax (MIIC) mis
II0YICKa JJOKyMEHTOB B Be0O-CHUCTEMaX Lielecoo0pa3Ho UCIoIb30BaTh MeTon Text Mining. Meron
3aKJroyaercs B 00paboTKe HECTPYKTYPUPOBAHHOMN (TEKCTOBOM) HH(MOpPMAIH, BEIOOPKE BaXKHBIX
YUCJIOBBIX MHAEKCOB B TEKCTE€ M TakuM oOpa3oM, (opMuUpoBaHMM U3 uH(OpMaLUH,
copepXKallecss B TEKCTe, IMPUTOAHOW Al IMPUMEHEHHS  Ppa3lMYHbBIX  AJITOPUTMOB
UHTEIUIEKTYaJbHOr0 aHaIN3a JaHHBIX.
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Wudopmanus MoxeT ObITh 00paboTaHa € LEIbI0 IMONYYEHMS CTaTUCTUKM O CIIOBAX,
cozieprKaluxcs B JOKYMEHTaxX WIH JJIsl TOro, YTOOb! BBIYUCIUTh CTATUCTUUYECKYIO HH(pOpManuio
0 IOKYyMEHTaX Ha OCHOBE CIIOB, COIEP KAIUXCSA B HUX.

Ipemiosken anroput™M OYMCTKH BeO-CTpaHMI] OT MHPOPMALMOHHOIO IllyMa, IOCTPOEHUS
OIITUMAJILHOM 1OCNIEN0BATENLHOCTH IPOCMOTPA PE3YIIBTATOB IIOMCKA B BEO-CUCTEMAX, KOTOPHIH
IIOMOXKET MOJATh UCKOMYIO I10jb30BaTesleM HH(OpMaLHIo B yI0OHOM ISl HETO BUJIE, a TAKKe
HOJIOKUTENILHO CKaXXETCsl Ha pe3ynbTaTax web-noucka u kinaccuuxanuy nHHOpMaLuH.

Hayunass HOBM3HA IOJNYYEHHBIX PE3YJIbTATOB 3aK/IIOYAETCS B IOCTPOECHHU AJITOPUTMa
[IOYICKAa MApPKETHHIOBBIX JaHHBIX HAa OCHOBE UCIOIb30BaHMs TexHonoruu Text Mining.

BoiBoabl. Pe3ynbTaThl SBIAIOTCA LEHHBIMM Ul YCKOPEHUsl IIOMCKa U oTOopa
HeoOxonuMoi nHdopMmanuu B cetd Internet u Moryr ObITh HCIIOIb30BaHbl Ul HANOJIHEHUS
OHTOJIOTHH 3HATh O PE3YJIbTATaX MAPKETUHIOBBIX UCCIIEOBaHUI.

KiioueBbie ciioBa: kniouesble co6a, aHAIu3, NOUCK, CUCTEMA, MAPKEMUH.

JKOHOMMKaA U ynpaBsieHue

CTpaTernqecKne pelIcHUsA OTHOCUTEJIbHO KAaHAJIOB pacipeaeJaeHust

Csernnana Poszymeii, Onbra Kpaitnrouenko, TatbsiHa benosa
Hayuonanvneii ynueepcumen nuujegblx mexHoaio2uil

Beenenue. CtaTbs MOCBAIIEHA PELIEHUIO MPOOJIEM YIpPaBIEHUS CUCTEMaMM U KaHaJIaMu
pacupeneneHusl NPONYKLMM KaK BaXXHOM COCTaBIAIOIIEH MapKETMHIOBOH  MOIUTHKU
npennpustus. Llenbio nccnenoBaHus sIBISIETCS OINPEAENEHUE CTPATErMYECKOro IOMOXKEHUS U
¢dbopmupoBaHue  OOOCHOBaHHBIX  CTPAaTETMYECKUX  PELICHUIl  OTHOCHUTENBHO  KAaHAJIOB
pacnpeneneHuss npoaykuuu. OOBEKTOM MCCIIENOBaHMS SIBISETCS COBITOBAas IIOJUTHKA
IIPEAIPUSTHSL.

Marepuajbl 4 MeTOAbl MCCJIeloBaHMsl. B paboTe NpUMEHSIOTCS METOAbI CHCTEMHOIO
aHaJM3a B BOIIPOCax YHPaBJIECHUS CHUCTEMaMU M KaHAJIAMM PACHPENETICHUs MIPOLYKLUHU, METOL
aHallM3a M CHUHTE3a OHKOHOMUYECKUX SBICHUH B OIPENCIICHUU CTPYKTYPbl CTpaTerui
pacnpenieneHus] NPOAYKIMM, METOJ, HaydyHOM aOCTpakuuu B ONPENENICHUH CTPATETHYECKUX
pelLIeHui B KaHallaX paclpeieCHuUs.

Pe3ynbTarel M o006cy:kneHns. [IpyyvHAME HEpEIICHHOCTH BONPOCOB 3((HEKTHBHOTO
yIpaBlIE€HUs KaHajJaM{ DaclpeAeieHUs SBISIOTCA: OTCYTCTBUE KOMILIEKCHOIO IIOIXOHa K
pELIeHHI0 NMPOOJIEMbl; YCTPEMJIEHHE CHUCTEMBbI PACIpEleieHus JUIb Ha 33JaHHe BBIXOAY Ha
PBIHKM COBITA M OXBAThIBAHUS LIEJICBBIX PHIHKOB; OIPaHUYCHHE YNPABICHUYECKUX PELICHUH B
KaHaJlaX pacIpee/ieHus TOJIbKO CTPATETUsIMU KOMMYHUKAIIMOHHOIO XapaKTepa U CTPaTerusiMH,
[IPUMEHSIEMBIMH K K&KIOMY YYaCHUKY KaHaJla paclipe/ie/ICHusl.

Jlns pemenus npooneMsl IPEI0KEHO: U3 TPEX COCTABIIAIOLIMX CTPATETHN pacHpeieneHns
0c000€ BHUMAHHUE YAEIUTH CTPATErusM KAaHAJIOB pacHpesieNieHUs MPOLYKLMH; HCIONb30BaTh
pa3paboTaHHYl0 MaTpHULly CTpaTeruil (CTPOMTCS IO IOKa3aTeNsiM «4acTh BBIPYYKH OT
peanuzalyy NPOAYKIMH, OOECleYeHHass COOTBETCTIBYIOLIMM KaHAJIOM pacHpelelieHus» Hu
«pEeHTA0ENbHOCTh (IPUOBUIBHOCTE) MPOAAXKa B KaHAEe») AJS ONPEAETeHHs] CTPaTerniyecKoro
[IOJIO’KEHUSI KaHAJIOB DPACIPEENCHUs; OOOCHOBBIBATh INPUHATHE YIPABICHYECKUX PELICHUH
OTHOCHUTENIBLHO KaHAJOB PACHPOCTPAHEHUS] HA OCHOBE COOTBETCTBYIOIIMX PEKOMEHIOBAHHBIX
cTpateruii («rmyOoKoe MHPOHUKHOBEHUE HAa PBIHOK», «PAa3BUTUE PBIHKAY, «IOAIEPKaHUSA
MO3ULIMIY, «ONTUMU3ALMS PACXOA0B Ha COBITY», «VIMKBUAALMS KaHAIAy).
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BsiBoasbl. BriepBeie npeanioxkeHHas MaTpUlia CTpaTeruii KaHaJIOB paclpe/esieHns, KOTopas
JTaeT BO3MOXKHOCTh OINPENENATh CTPATErMYEeCKUE pELICHUs B HUX, PEKOMEHAYeTCS JUls
MIPAKTUYECKOT0 MPUMEHEHUS B JICSITEIIbHOCTH MPOU3BOJICTBEHHBIX IPEIIPUSITHH.

KiioueBble ci0Ba: pacnpedenenue, kanai, cmpamezus, Mampuya.

IumeBas npompinuieHHOCTH [losib1M B 0011€# CTPYKTYpPe MPO/I0BOJIbCTBEHHOT0 CEKTOPA
Esponeiickoro Coro3a

Mupocnasa Tepeuryk, Pooept Mporzek
Hucmumym cenbckoxo3saicmeeHHol U NPo008oIbCMEEHHOU IKOHOMUKY — HayuoHnanvHulil
HayyHo-ucciedosamenvekuil uncmumym, Bapwasa, Ionvwa

BBenenne. B craThe npoaHANM3MPOBAHBEI OCOOCHHOCTH MHIIEBOH IPOMBIIUICHHOCTH
IMonbin u ee Mecto Ha pbiHKe EBponeiickoro Coro3a.

Martepnansl W MeToabl. J[MHAMUKa pa3BUTUS NHUINEBOH HPOMbINUICHHOCTH [lomburu
OLICHMBANACh II0 CPAaBHEHMIO C JaHHBIMM EBpocraTta Juii BBIOpAHHBIX IPOU3BOAUTEINCH
nponykToB nutanus B EBpomneiickom Coroze 3a mepuon ¢ 2003 r. mo 2013 rox. [anHble o
COCTOSTHHMY NHIIEBOH POMBIIIICHHOCTH VIS KaXKI0H U3 cTpaH EBpocoro3a ObUIN MONTy4EHbI IPH
CpaBHEHUH TEKYIIeH CTOMMOCTH MPOAYKIUH M HH/IEKCa ITOKYNAaTeIbHON CIIOCOOHOCTH B €BPO.

Pe3ynbTarel M o6cy:xknenne. [IuiieBas NPOMBINUICHHOCTh I[lONBINM OTIMYAETCS OT
npyrux crpat Eponetickoro Coro3a. ITockonbKy nonbckue npeanpusatust odecrneunsaor 9% ot
BCEil CTOMMOCTH PeajIM30BAaHHOM NMPOIYKIMH MUIIEBOI npoMeinuieHHocTn EU-28, To 1o stomy
nokazatento ITonpina 3aHMMaeT mectoe Mecto cpenu crpad Esponeiickoro Corosa. 3a nepuon ¢
2003r. mo 2013 r. CTOMMOCTb peaNU30BaHHOM MNPOAYKLMU MNHULIEBOH NPOMBIIIIEHHOCTH B
Ionpme yBenuumnace Ha 60% 1o cpaBHeHHIO C 20-IIPOLIEHTHBIM YBEIWYEHHEM 3TOIO
napamerpa mist EU-15 u 42% nnst EU-12/13. B Tedyenue 3TOro neproga HauOONBIIUHA POCT
Habmongancs B Jlutee (96%), Bomrapuum (77%) wu Ilomemie (61%). Hdus EU-12/13
MPOU3BOUTENLHOCTh TpyAa Bbipocaa Ha 1/2, a mis EU-15 — Ha 1/4. Takue u3MEeHEHHS MOXXHO
OOBSICHUTh ~MACIUTAOHBIM  YBEJIMYCHHEM WHBECTHUIMA ¥  COKpALICHHEM  KOJIMYECTBA
COTPYIHHMKOB. POCT ¥ IEHTpaiu3alyis MHINCBOA IMPOMBIIUICHHOCTH  IPOJOJKAOTCSL
IlokazaTenp cpeaHero KoiuyecTBa 0o0OpoTa Ha  KaKAOE MNPEANpUSTHE  IMIIEBOH
npombinuieHHocTd B Ilonemre (7,2 MJIH €BpO) IHOYTH B JiBa pa3a MPEBBIACT CPEAHHUN
nokazarenb 1o EBpocorosy (3,7 MIIH €BpO), OJTHAKO OH 3HAYUTEIBHO HHUXKE, YeM B CTpaHax, y
KOTOpPBIX 3TOT CEKTOP NMPOMBIIUIEHHOCTH Haubosee pa3But, a UMeHHo: B Vpnanauu (36,8 MiiH
eBpo), BennkoObpuranuu (13,3 muH eBpo), Hugepnanaax (10,2 muH eBpo) win Januu (9,7 miH
eBpo). OnHako 3TOT nokasatenpb y Ilonbiy Beime, ueM y I'epmanuu (5,9 MilH €Bpo).

BriBoabI. Pe3ynbTaThl NMPOBEACHHOTO aHAN3a CBUJACTEIBCTBYIOT O TOM, YTO Pa3HHIA
MEX]y YPOBHEM Pa3BUTHS IIPOAOBOIBCTBEHHOI'O CEKTOpa npomsbiiuieHHocTH [lonbmy u EU-15
YMCHBIIIACTCS, @ CTPYKTypa NPOMBIIUICHHOCTH M YYaCTHHKH PBIHKA CXOXH C OCTaJbHBIMH
ctpanamu  EBpocoroza. B mocieaHee  gecATHIETHE  TEMIbl  Pa3BUTUSL  MMIIEBOH
npomblnuieHHocTd [lonbm ObLIM OMHMMH M3 HauOoJee aKTHBHBIX B EBpolie, Y4TO MO3BONMIIO
CTpaHe YNy4IIUTh CBOE TMOJNOXKCHHE HAa CAMHOM CBPONCIICKOM pBIHKE IHIEBOH
HPOMBIIICHHOCTH.

KiloueBble cjoBa: nuwa, npooykm, NPOMBIUWIECHHOCMb, HPOU3EOOCMB0, Mpyo,
nPOU3600UMENbHOCb.
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files.

Photos are not appropriate to use.
Website of Ukrainian Food Journal: ~ www.ufj.ho.ua

Extended articles should be sent by email to: ufj nuft@meta.ua
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IIIanoBHi KoJeru!

Penakuiiina xojeris HaykoBoro nepioguunoro Buaanusa « Ukrainian Food Journaly
sanporrye Bac 1o myOmikariii pe3yabTaTiB HAyKOBHX JOCIIIKCHb.

Bumorn 1o opopmiieHHs cTaTei

MoBH cTateii — aHIITIHChKA, YKpaiHChKa, pOCifiChKa

PexomengoBanuii oocsr crarti — 8-15 cropinok hopmaty A4.

CraTTsl BUKOHYEThCS B TEKCTOBOMY peaakTopi Microsoft Word 2003, B hopmari *.doc.
Jls Bcix enementiB cratti mpudt — Times New Roman, xerns — 14, intepain — 1.
Bci monst cropinku — 1o 2 cm.

CtpykTypa cTaTTi:

1. VK.
2. Ha3Ba crarri.
3. ABrtopu craTtti (iM’s Ta mpi3BHIIE NOBHICTIO, pukna;: Jleauc O3epsiHKO).
4. Yemanosa, 6 axiil sukonana poboma.
5. Anorarist. O00B’I3K0Ba CTPYKTYpa aHOTAIIIi:

. Beryn (2-3 pagxn).

«  Marepianu Ta Mmetoau (10 5 psAAKiB)

«  PesynbraTi Ta 00roBOpeHHs (ITiB CTOPIHKH).

«  BucnoBku (2-3 psiaxm).
6. Kirtouosi cioBa (3-5 ciiB, ajie He CIIOBOCIIONYYEHB ).

IIyHkTH 2-6 BUKOHATH aHIIilCHKOI0, YKPATHCHKOIO TA POCiliCbKOI0 MOBAMH.

7. OcHOBHHII TEKCT cTaTTi. Mae BKIIIOYATH Taki 000B’SI3KOBI PO3ILIH:
« Beryn
«  Marepianu Ta METOIH
«  PesynbraTi Ta 00roBOpeHHs
. BuchHoBku
. Jlireparypa.
3a HeoOXiHOCTI MOXKHA JIOAABATH iHIII PO3/iIM Ta PO30MBATH IX Ha IiIPO3ALIH.

8. ABTopchka moBinka (IIpi3Buie, iM’st Ta 10 6aTHKOBI, BUSHUI CTYIiHb Ta 3BaHHS, MICIIe
pobotH, eleKTpoHHa aapeca abo TenedoH).
9. KoHTakTHi IaHi aBTOpa, 10 AKOTO 32 HEOOXITHOCTI Oy/e 3BEepTATUCH PENAKIIis KYPHAITY.

PucyHkn BHKOHYIOTbCS sikicHO. CKaHOBaHI PUCYHKM He NpUHMarOThCs. Po3Mip Tekcry Ha
pucyHkax moBuHeH Oyru cmiBpo3mipuum (!) Texcry crarri. @otorpadii 0OaxkaHo He
BHKOPHUCTOBYBATH.

®oH rpadikis, miarpam — nuie 6inuit. Komip enemenTiB pucyHky (niHii, ciTka, TeKCT) — YOpHHI
(ue cipuii).

Pucynxu ta rpadiku EXCEL 3 rpadikamMu 101aTKOBO HOJAIOTHCS B OKpeMHX (aiiax.

CkopoueHi Ha3Bu (DI3MYHUX BEJUYMH B TEKCTi Ta Ha rpadikax IO3HAYAIOTHCA JIATHMHCHKUMU
niTepamu BianoBinHo 1o cucremu CL

B crnucky sitepaTypu NOBHHHI IepeBakaTH CTaTTi Ta MoHOrpagii iHO3eMHHX aBTOpIB, SKi
omybnikosasi micis 2000 poky.
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IIpaBuna odgopmiieHHS CHUCKY JiTepaTypH

B Ukrainian Food JournalB3sito 3a OCHOBY 3araJlbHONPHIHSTE B CBITI CIpOIIEHE
oopMIIEHHST CITUCKY JIiTepaTypu 3rigHo craHmapty Garvard. Bcei eneMeHTH TOCHIaHHS
PO3ILIAIOTHCS JIMIIE KOMAMM.

1. [TocunaHHs HA CTATTIO:
ABTopu A.A. (pik Buaanns), Ha3pa crarrti, HazBa xypnaay (kypcuBom), Tom
(HOMep), CTOPiHKH.
[HiIiamy MUITYThCS TICIS HPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
1. Tlpuxnan:
Popovici C., Gitin L., Alexe P. (2013), Characterization of walnut (Juglans regia L.)
green husk extract obtained by supercritical carbon dioxide fluid extraction, Journal of
Food and Packaging Science, Technique and Technologies, 2(2), pp. 104-108.

2. ITocujIaHHA HA KHUTY:
ABTopHu (pik), HazBa kuuru (kypcusom), BugaBuunrso, Micto.
[HiIiany mUITYThCS TICIS MPi3BHIIA.
Bci eneMeHTH IOCHIIAHHS PO3IIISIFOTECS KOMaMH.
[puxnan:
2. Wen-Ching Yang (2003), Handbook of fluidization and fluid-particle systems, Marcel
Dekker, New York.

IMocuiiaHHs Ha eJIeKTPOHHMIA pecypc:

BukoHyeTbCsl aHAJOTiYHO TMOCWIIAHHIO Ha KHUTY abo crartio. Ilicns odopmiteHHs
JIAHKUX TPO MyOJIiKaIlito MUIITYTHCS clI0Ba available at: Ta BKa3yeThCs CIEKTPOHHA aapeca.
[puxnaau:
1. (2013), Svitovi naukovometrychni bazy,
availableat:http://www]1.nas.gov.ua/publications/q_a /Pages/scopus.aspx
2. Cheung T. (2011), World's 50 most delicious drinks [Text], available at:
http://travel.cnn.com/explorations/drink/worlds-50-most-delicious-drinks-883542

Crmcok  niteparypu  OpOPMIIIOETBCS  JIMIE JIATHHHUILEK. EJEMEeHTH CHUCKy
YKpPaiHChKOI0 Ta POCIHCHKOI MOBOIO MOTPiOHO TpaHcmitepyBaTH. s TpaHciiTepamii 3
YKpaTHCHKOI0 MOBH BHKOPHCTOBYETHCS MACIIOPTHUI CTaHAAPT, a 3 POCIHCHKOI - CTaHAapT
MB/] (B 1ux craHmapTax BUKOPHCTOBYIOTHCS CHMBOJIH JIMILE aHTITIHChKOro andasity, 6e3
XBOCTHKIB, ariocTpodiB Ta iH).

3pyuHi caiiTi 115 TpaHcaiTepamii:

3 ykpaincekoi MoBH - http://translit.kh.ua/#lat/passport

3 pociticbkoi MOBH - http://ru.translit.net/?account=mvd

JonaTkoBa indopmanisi Ta npukiiag opopmJaeHHs CTATTI — HA CAMTI

http://ufj.ho.ua

CTaTTs HAJACUJIAETHCS 32 eJIEKTPOHHOI0 anpecoro: ufj nuft@meta.ua
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VK 663/664
Ukrainian Food Journal ny6rnikye opurinaneHi HaykoBi cTarTi, KOPOTKi
ITOB1IOMJICHHS, OTJIAZOBI CTaTTi, HOBUHHU Ta OTJISIH JIITEPATYPH.

Tematuka nmyouaikaniii B Ukrainian Food Journal:

XapuoBa iHKeHepis Iporiecu Ta 00aTHAHHS

XapuoBa XiMis HanorexHosorii

Mixkpobiosnoris ExoHomika Ta yrpaBiiHHS

®di3uvHI BIACTHBOCTI Xap4YOBUX ABTOMATH3AIIIs TPOIIECIB
MIPOIYKTIB YnakoBKa Juisi Xap4OBHX MPOIYKTIB
SIkicTh Ta Oe3reka XapuoBUX HMPOAYKTIB 310poB's

IepiognuHnicTh BUXOAY KypHAJTY 4 HOMEpPH Ha PiK.

PesynpraT JOCHiKEHb, TPENCTABICHI B JKypHalli, NOBHHHI OYTH HOBHUMH, MaTH
YITKAH 3B'A30K 3 XapyoBOIO HAYKOK 1 TMpPEACTaBISATH IHTEPEC IS MIXKHAPOIHOTO
HAyKOBOTO CITIBTOBAPHCTBA.

Ukrainian Food Journal iHmekcyeTbcs HAyKOMETPHYHHUMHU Oa3aMH:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)

Penensisn pykommcy crarri. Martepianu, npencraBieHi s IyONliKyBaHHS B
«Ukrainian Food Journal», npoxoasits «IlonsiiiHe ciine perieH3yBaHHS» JBOMa BYCHUMH,
MPU3HAYEHUMH PENAKI[IIfHOI0 KOJIETI€I0: OIMH € YJICHOM PENKOJIerii 1 OAWH He3aJeKHUN
YUEHHH.

ABTOpCBHKe NMpaBo. ABTOPH CTaTeil rapaHTYIOTh, 1[0 POOOTA HE € MOPYIICHHSM OY/Ib-
SKHX aBTOPCHKMX IIpaB, Ta BiJIIKOJOBYIOTh BHIABIIO MOPYIIEHHS JaHOi TapaHTii.
OnyOnikoBaHi MaTepianu € npaBoBoto BiacHicTio BuaBng «Ukrainian Food Journaly,
SIKIIO HE Y3TOJDKEHO 1HIIE.

MoniTuka axagemiunoi ermkn. Penakuis «Ukrainian Food Journal» xopucryerbes
MpaBWJIaMHM aKaJIeMiuHOi eTHKH, BHKIaZeHuUX B pobori Miguel Roig (2003, 2006)
"Avoiding plagiarism, self-plagiarism, and other questionable writing practices. A guide to
ethical writing” . Pemakiiis mpomoHye aBTopaM cTaTel i peleH3eHTaM MpsIMO CIIiayBaTH
LLOMY KEPIBHHUITBY, 00 YHUKHYTH IOMHJIOK y HaYKOBI# JIiTepaTypi.

IHCTPYKUIT ANA aBTOPIB Ta iHIIa KOpHCHA iH(pOpMAIisl pO3MIllIeH] Ha CalTi

http://ufj.ho.ua
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PenakuiiHa koneris
T'onoBHUIT pexakTop:

Basnepiiit MaHk, 1-p. TexH. HayK, nipod., Hayionanvruil yrHieepcumem xapuoeux
mexuonozil, Yrpaina

YiieHn pegakuiiHoi KoJierii:

AdekcaHap MamueB, I-p. TeXH. HayK, 0pod., @inizs Mockoecbkozo Oepacashoco
VHIgepcumemy mexnonozii ma ynpasninus 6 M. Meneys, Pecnybnixa bawxopmocman, Pocis
Amnarodiii CaiiranoB, I-p. eKOH. HayK, pod., lucmumym cucmemrnux docnioxcenv 6 AIIK
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Basepiit MupoH4yK, 1-p. TeXH. HayK, npod., Hayionanvhutl yrHigepcumem xapuoux
mexuonozil, Ykpaina

Biktop CTabnikoB, kaHJ. TeXH. HayK, JI01l., Hayionanvruil yHigepcumem xapuosux
mexuonozil, Ykpaina

Bipriuis FOpewniene, n-p., npod., Birenioceruil ynisepcumem, Jlumea

Biraniii Tapan, n-p. TexH. Hayk, npod., Hayionanvhuil yHieepcumem xapuosux
mexHonoeil, Yxpaina

Bosogumup Kobaca, 1-p. TexH. Hayk, npod., Hayionanvhutl yHieepcumem xapuosux
mexuonozil, Ykpaina

Bosogumup IBanoB, 1-p., npod., Jepocasuuil ynisepcumem losu, CILIA

Baangimip I'pynanoB, 1-p. TeXH. HayK, pod., herapycokuti 0epicasrull azpapHutl
mexHiuHUll yHigepcumem

I'anuna CimaxiHa, 1-p. TexH. HayK, npod., Hayionanvruil ynigepcumem xapuoux
mexuonozil, Ykpaina

Ipuna ®enyaoBa, a1-p. ekoH.HayK, npod., Hayionanvhuil ynieepcumem xapuogux
mexuonozil, Ykpaina

Hopnanka Credanosa, 1-p, [Tnosoiscoxuti ynisepcumem "laiciii Xinenoapcki”, Boneapis
Kpicrtina Ilomosuw, 1-p., noi., Texuiunuil ynieepcumem Monoosu

Mukosna CaueBCbKHid, I-p. €KOH. HAYK, pod., [ncmumym npodosonvuux pecypcie HAAH
Yrpainu

Mapk Hlamusia, KaHa. TeXH. HaYK, aoi., Cankm-Ilemep6ypsvkuil OepoicasHuil
mexuono2iunul incmumym, Pocis

Ounexcanap llleBuenko, 1-p.TexH. HayK, pod., Hayionanvruil yHieepcumem xapuoeux
mexuonozil, Yrpaina

Ounena I'padoBchKa, 1-p. TEXH. HayK, npod., Hayionanvhuil yrigepcumem xapuoux
mexuonozil, Ykpaina

Ounena JIparan, 1-p. eKoH. HayK, npod., Hayionanvruil yrieepcumem xapuosux
mexHonoeil, Yxpaina

Ouabra IleryxoBa, A-p. €KOH. HAaYK, J0I., Hayionanvuuii ynisepcumem xapuosux
mexuonozil, Ykpaina

Oabra Pubak, xaHj. TeXH. HAYK, JOL., TepHOninbCoKull HAYIOHATbHUL MEXHIYHULL
yuiepecumem imeni leana Ilymos, Yipaina

Mackane Qwonwo, 1-p, Yuisepcumem Knoo bBepuapo Jlion 1, ®@panyis
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Credan Credanos, 1-p., npod., Vrisepcumem xapuosux mexnonoeii, boreapis
Tersina MocTeHcbKa, JI-p. €KOH. HayK, pod., Hayionanvnuil yHisepcumem xapyosux
mexuonozil, Ykpaina

Tersana [Mupor, a1-p. 6ion. Hayk, npod., HayionareHuil yHieepcumem xapuosux
mexuonozil, Ykpaina

Tomam BepHar, 1-p., mpod., Lleyuncokuil ynisepcumem, [onrvwa

KOunist J3s136K0, 1-p. XiM. HaYK, C.H.C., [HCmumym 3a2aibHoi ma HeopeaniuHoi Ximil imeni
B. I. Bepnaocwexozo HAH Ykpainu

Opiii binawn, n-p., ll]eyuncokuii ynieepcumem, Ilonvwa

Ouekciii I'ybens (BianoBiganbHuil cekpeTap), KaH. TEXH. HAayK, 0., HayionanvHuil
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