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Abstract

Nowadays in Kazakhstan the assortment of products produced from goat's milk is currently not so great. The main problem with the lack
of products based on goat's milk is that goat's milk, as an industrial raw material, has been little studied. This article examines the effec-
tiveness of the use of goat milk in the production of cheese type halloumi. According to the studies, it was found that the use of whole
milk for cheese production allows increasing the yield of the finished product. Also an enzyme preparation is selected, which ensures the
optimal process of goat's milk proteins coagulation. The article also reflects the results of a comparative analysis of an experimentally
produced cheese sample with authentic Halloumi cheese made in Cyprus.
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1. Introduction

Today the assortment of cheeses is represented by a large variety.
The basic factor in the selection and formation of the preferred
assortment of cheeses by the population is a culture of cheese
consumption, national characteristics, as well as the level of the
country's well-being.

The culture of cheese consumption is one of the effective mecha-
nisms capable of increasing the productive power, the quality level
and the range of cheeses, by borrowing the technology of the pro-
ducing countries, which have its own spectrum of one or another
type of cheese.

The development of new technologies for the production of chees-
es with a short production cycle is a promising direction in
cheesemaking.

It is well known that one of the limiting elements of the produc-
tion of natural cheeses is the lack of fresh milk which is dependent
on lactation period of animals and seasonal nature. However, the
development of modern refrigeration technologies, allow preserv-
ing and storing the prepared batch of cheeses for a long time, with
no compromise in quality, especially organoleptic characteristics
of the cheese.

Practical interest from the point of view of the technological pro-
cess is the Halloumi cheese, the traditional cheese of the island of
Cyprus, which is also quite popular in the Middle East and
throughout Greece. Cheese "Halloumi" began to be made in Cy-
prus in the era of Medieval Byzantium. In 1999, the Cypriots for-
mally established the trade name "Halloumi" behind the island. In
addition, industrial and private production of this cheese is flour-
ishing in Cyprus [1].

Now this cheese is produced all over the world. Halloumi has a
high melting point, so it can be fried. Halloumi is unusual [2] in
that the production of this cheese does not use either acid or acid-

forming bacteria. Traditionally, this cheese is made from goat or
sheep milk, and also from their mixture[3]. This cheese has a
white flesh, which has a distinctive layered texture, somewhat
resembling Mozzarella. Halloumi has a salty taste. Cheese can last
for up to a year if it is kept frozen (below -18 ° C) and defrosted to
+ 4 ° C before putting it on the supermarket shelf. Technological
aspects of cheese production from cow’s milk, gomogenized and
reconstituted milk had been described by Reyad Rashid Shaker [4]
in 1988 and its characteristics manufactured from cows’, goats’
and sheep’s milkby PhotisParademas and Richard K Robinson [5].
Unfortunately, in domestic literary sources there is no developed
technological scheme for the production of Halloumi cheese. Thus,
we faced the task of optimizing the technological processes for the
production of Halloumi cheese from goat's milk. This selection of
raw materials is due to its unique composition [6], which is natural
for our body, does not cause an allergic reaction, is easily and
completely absorbed, and similarly to breast milk strengthens the
immune system [7].

A feature of the production of cheese from goat's milk is associat-
ed with a lesser ability to coagulate with enzymes, which is to
some extent explained by the fractional composition of proteins.
Calcium chloride has a positive effect on coagulation process by
increasing the titrated acidity by 3-5 °T. This acidification ensures
the rapid coagulation of goat's milk and the formation of a denser
clot [8].

The purpose of this study is to determine the chemical, amino acid
and fatty acid composition of Hallumi type cheese.

2. Materials and methods

The experimental production of cheese type “Halloumi” was car-
ried out according to the technological scheme, presented in Fig-
ure 1.
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Figure 1: Technological scheme for the production of cheese type “Hal-
loumi”

For a more detailed examination of the process of production of
cheese from goat's milk, a detailed description is presented for
each stage of the process

1 Receiving and preparing raw materials.
In the microbiological sense, the raw material must be benign.
Milk for cheese must quickly coagulate under the action of the
rennet enzyme, form a clot that separates the whey well.

2. Pasteurization and cooling. Pasteurization of milk is
carried out at pasteurization-cooling plants at t=72-74 °C with an
exposure time of 20-25 seconds. The purpose of heat treatment is
to destroy the vegetative forms of microorganisms, inactivate the
enzymes in the native state, prepare the milk for coagulation. In
the recovery section, the milk is cooled to the coagulation tem-
perature (32-34 °C).

3. Addition of CaCl and rennet. In the production of cheese, calci-
um chloride compensates for the low level of calcium in milk after
the pasteurization process, since part of the calcium salts during
the heat treatment of milk changes from soluble to insoluble state
4. Coagulation and clot processing. Rennet enzyme ensures the
formation of a firm clot in a short time. The milk is rolled at t=32-
34 ° C for 30-45 minutes. The resulting clot is cut by lyres,
crushed and kneaded for 10-15 minutes with the aim of setting the
cheese grain (size 15-20 mm). After the end of the stirring, give
the grain to settle for 10 minutes. To accelerate dehydration, the
second heating of the cheese grain is carried out under the follow-
ing conditions: t=38-41 ° C, duration 15 minutes. The grain size at
the end of the treatment is 5-10 mm

5. Removal of whey. The volume of the removed whey
is 50-60%
6.Forming. Cheese is laid out in special shapes and subjected to
self-pressing at t = 18-20 ° C, with 3-5 one-time overturning for
1.5-2 hours. The purpose of self-pressing is to compact the cheese
mass and remove free whey.

7. Cook cheese in deproteinized serum for 20-30
minutes at a temperature of 85-90 ° C until the temperature inside
the cheese reaches 75 ° C.

8.Cooling cheese to a temperature of 40-42° C and
forming. Salting with dry salt in an amount of 5%.

9. Storage. Store the product at a temperature of 4-8 ° C
for 2 months, at a temperature of -18 ° C for 12 months.

The study followed standardized methods for investigating proper-
ties of goat’s milk according to GOST 32259-2013; GOST 3624-
92; GOST 5867-90

Coagulation activity of enzyme preparations was determined ac-
cording to National Standard GOST I1SO 11815-2015

The quality of the finished product is determined by GOST 3626-
73; GOST 9225-84; GOST 32260-2013; GOST 3622-68; GOST
26932-86

Environmental safety analysis was undertaken to determine the
contents of toxic elements as follows:

-mass fraction of mercury GOST 26927-86

-mass fraction of plumbum GOST 26932-86

-mass fraction of arsenic GOST 26930-86

-mass fraction of cadmium GOST 26933-86

-mass fraction of aflatoxins B (1) and M (1) GOST
30711-2001

- mass fraction of cesium and strontium GOST 32164-
2013

- mass fraction of pesticides MU 2142-80
For the purpose of milk normalization, the method of square mix-
ing was used. In the upper left corner indicate the fat content of
the milk to be normalized, in the lower left corner - the fat content
of skim milk or milk with a fat content below 3.2%, which also
can normalize whole milk, in the center - the fat content of nor-
malized milk. Then, on the diagonal from larger numbers subtract
smaller and the resulting differences are placed at the corners of

the right side of the square. The differences show the ratio be-
tween whole and skim milk on which it is necessary to form a
mixture in order to obtain normalized milk [9].

In order to determine the milk-clotting activity 5 ml of the sub-
strate were poured into thin-walled glass vials, heated in a water
bath at 35 ° C and held for three minutes, then 0.1 ml of the en-
zyme preparation prepared according to GOST 1SO 11815-2015
was added immediately stopwatch, and the contents of the tube
immediately mixed. The beginning of the coagulation reaction
was determined by the formation of flakes in a drop of milk ap-
plied to the walls of the tube with a glass rod. After determining
the beginning of the clotting, the stopwatch was immediately
switched off. For preparing the enzyme preparation, 1 g of the
sample of the enzyme preparation was dissolved in 80.0 cm3 of
distilled water at a temperature of 35 ° C, stirred for 30 minutes,
the total volume was adjusted to 100.0 cm3 and insisted in a water
bath at 35 ° C for 15 minutes [14].

Amino-acid analysis has been performed in hydrolyzates of solid
product applying automated amino-acid analyzer Type AAA-339.
Fatty acid composition of the fat phase of goat milk was carried
out by gas chromatography, carried out in accordance with GOST
32915-2014.

The results of the study have been statistically processed. Absolute
and relative values (extensive parameters) have been applied.
Confidence estimation of the statistic indicators was carried out
applying arithmetic and geometric mean values (M), mean error
(m), Student’s coefficient (t), probability level of confidence in-
terval P.Interconnections between the phenomena were deter-
mined applying coefficient of concordance, criterion y2.

3. Results and discussions

In view of the foregoing, we faced the challenge of determining
the effectiveness of using whole and normalized goat milk for
making halloumi cheese. In order to normalize the milk for an
optimal ratio of fat and protein 1: 1,1 [11] the mixing square
method was used. The physico-chemical properties of milk are
presented in Table 1.

Table 1: Physico-chemical properties of raw milk

Type of Fat, | Pro- Nonfat Milk Pro- Pro-
milk % tein, % milk densi- | tein: tein:
solids ty, Fat NMS
(NMS), kg/m3 | ratio ratio
%
Whole 48 | 343 9,05 1034 1:1,4 0,38
milk 3
Skimmilk | 1,2 | 3,63 9,67 1035 1:2,.3 0,37
5
Normal- 34 | 3,63 9,43 1033 1:1 0,38
izedmilk | 0

According to the results of the development, it was found that the
protein coagulation process, namely the clot density and clotting
time, was identical in both samples. The results of studying the
technological and physico-chemical properties of goat milk and
cheese, produced from whole and normalized milk, are presented
in Table 2.

Table 2: Technological and physicochemical properties of raw milk and
cheese produced from whole and normalized goat milk

Component Whole goats’ Normalized goats’
milk milk
Coagulation time, min 30 +2 30 +2
Milk pH 6,6 6,6
Whey pH 6,2 6,2
Cheese pH 6,2 6,2
The yield of cheese after 22,6 20,8
self-pressing %
The yield of cheese after 16,4 15
cooking, %
Loss of cheese mass in the 6,2 5,8
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process of cooking, % 1,0 44+1 44+1 47+1

The yield of whey pro- 10 6,8 15 41+2 40+2 43+1
teins, % Rennet pepsin SG-50 «Normal»

Mass fraction of protein in 43,6 41,4 0,5 7412 7412 5!
cheese, % 1,0 42+1 431 461
Mass fraction of fat in 47,1 42,8 15 4042 40+2 44+2
cheese, % Microbial enzyme Reniplus for goat's milk

Moisture content of 44,4 46.6 0,5 57+1 55+2 5642
cheese, % 1,0 25+1 25+1 26+1
Mass fraction of moisture in 49.9 52,2 15 21+2 19+1 20+1
non-fatty matter(MSNF), % The analysis of data makes it possible to consider the most opti-

As can be seen from the table, the yield of cheese from whole milk
is higher by 1.8% than cheese produced from normalized milk.
According to the chemical composition, cheese, produced from
whole goat milk, is characterized by higher protein and fat con-
tent.

When preparing whey used for cheese heat treatment (cooking),
an albuminous mass suitable for the production of soft cheeses,
such as ricotta, is produced. When the whey serum was heated, the
yield of whey proteins was higher by 3.2% in serum derived from
whole milk. However, the loss of cheese after cooking in hot whey
is less for cheese produced from normalized milk by 0.4% than for
cheese made from whole milk

The next stage of the study was the choice of the enzyme prepara-
tion and the determination of an adequate dose of enzyme addition,
which ensures the optimal coagulation process.

Milk clotting enzyme preparations can be divided into two groups:
the first - a rennet enzyme; the second is enzymes of plant, micro-
bial origin, recombinant chymosin [12].

Milk clotting enzymes are a key component in the production of
natural cheeses. Optimal milk clotting activity - one of the main
characteristics that affect the quality of the clot in the production
of cheese [13].

As a substrate for the determination of coagulation activity, whole
goat milk was 4.83% fat and with a protein content of 3.71%. In
accordance with the standard research method, goat milk was
pasteurized at a temperature of 71 + 2 ° C with an exposure time
of 20-25 s, 30 g of calcium chloride were added per 100 kg of
milk. The introduction of calcium chloride ensures the rapid coag-
ulation of goat milk and the formation of a denser clot. The varia-
ble coagulation factors, the type and amount of the enzyme prepa-
ration have been taken as factors of research. Three types of en-
zyme preparations of animal and plant origin were studied. The
results of the clotting time of goat milk and cow milk, which was
used as a control, of all enzyme preparations are presented in
Table 3.

Table 3: Coagulation time of goat milk by various enzyme preparations

mal dose of application of the enzyme preparation 1.59/100kg for
all the enzyme preparations studied, which allows obtaining a
good quality clot for the optimal coagulation time of goat milk
Despite the impressive results of the milk-clotting activity of the
microbial enzyme Reniplus, it was decided not to use it in the
production of cheese. One of the decisive factors was insufficient
information and research on microbial enzymes, which in turn
does not guarantee the quality and provision of food safe finished
product. According to studies conducted by M.V. Polkovnikova
and L.N. Azolkina, showed that in clots obtained with the use of
preparations of animal origin, the whey is separated more evenly
than from the clot obtained with the use of the recombined drug.
Microbial and recombined enzyme preparations form a softer clot
in comparison with enzyme preparations of animal origin [15].
According to our experimental studies, preference was given to
the enzyme preparation of animal origin SG-50, since the use of
this enzyme had a more successful experience of effective use in
the production of cheese of the Halloumi type.

As a result of the study of the milk-clotting activity of enzyme
preparations in the production of cheese type Halloumi from goat's
milk, an optimal dose of enzyme preparations has been estab-
lished.

The final stage of our research was the comparative evaluation of
the cheese produced from goat's milk with Cypriot cheese "Hal-
loumi" from sheep's milk. Information on the physicochemical
composition of the Halloumi cheese produced in Cyprus is repre-
sented by scientists Anifantakis E.M. and Kominaridis S.E. (1983)
[16]. The results of the study are presented in Table 5.

Table 5: Comparative characteristics of Halloumi cheese

Clotting time, seconds

Rennet pepsin SP- Rennet pepsin SG-50 Reniplus
70“Tradition” «Normal»

M1* M2** Ml M2 Ml M2
177 159 160 143 127 104
175 157 158 141 127 107
177 155 156 145 124 102
178 155 156 140 121 104
174 154 155 141 123 102
The arithmetic mean of the clotting time, seconds

176 [ 156 [ 157 [ 142 [ 124 [ 104

* - goat’s milk
**. cow’s milk.

Based on the results of measuring the coagulation time, it can be
concluded that the microbial enzyme Reniplus

The next stage of the study was to determine the activity of en-
zyme preparations doses for coagulation of goat's milk. The re-
sults of the study are presented in Table 4.

Table 4: Determination of the activity of doses of enzyme preparations

Physicochem- | Cheese "Halloumi" devel- | Cheese "Halloumi" made
ical character- | oped in experimental in Cyprus
istic conditions
Mea | Val- Stand- Mea | Val- Standart
n ues ard n ues devita-
range | devita- range | tion
tion
Moisture % 47,1 | 465- | 091 435 | 3546 | 3,75
5) 47,6 3 -
48,56
Moisture in 522 | - - 57,1 | - -
non fat sub- 4
stance, %
Salt in mois- 25 - - 832 | - -
ture,%
Fatin dry 448 | 42,6- | 3,15 445 | 37,95 | 3,98
matter, % 47,1 2 -
50,48
Protein, % 425 | 41,4- 15 24,4 | 20,86 | 2,28
43,6 6 -
30,45

Enzyme dose, Milk clotting time, min

/100 kg t,=34-35°C | $,=32-33°C | t=30-31°C
Rennet pepsin SP-70 “Tradition”
05 | 7542 [ 75+1 | 7642

As can be seen, from the table, the cheese produced under experi-
mental conditions from goat's milk according to the protein con-
tent has great advantages. According to the content of table salt,
the authentic Halloumi cheese has a higher concentration. Howev-
er, according to Kazakh domestic standards, the salt concentration
for semisolid cheeses should be in the range of 0.2-4.0 [17].

An amino acid and fatty acid composition was performed to eval-
uate the biological value of the cheese produced in the experi-
mental conditions.

The results of the amino acid composition are presented in the
table 7
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As can be seen, from the table, the cheese produced under experi-

Table 8: Comparative characteristics of fresh and defrosted cheese

mental conditions from goat's milk according to the protein con- | Indicators Fresh cheese Defrosted cheese
tent has great advantages. According to the content of table salt, | Moisture content, % 46,6 49,8
the authentic Halloumi cheese has a higher concentration. Howev- | Mass fraction of moisture in 52,2 56,3
er, according to Kazakh domestic standards, the salt concentration r,\m/clm-faftty ;T'atte:; /olt 7 55 o
for semisolid cheeses should be in the range of 0.2-4.0 [17]. ass Trachion o3 sat, A : .
. . . . Mass fraction of fat in dry mat- 42,8 40,2
An amino acid and fatty acid composition was performed to eval- ter. %
uate the biological value of the cheese produced in the experi- ME;SS fraction of protein, % 236 207
mental conditions. ] ) N ] QMAFANM, CFU/g 1*103 1*103
The results of the amino acid composition are presented in the | Coliform bacteriain 1.0 g Not detected
table 6 Pathogenic microorganisms, Not detected
including Salmonella
Table 6: Amino acid composition of Halloumi cheese S. aureus Not detected
Amino acid Mean, mg in 100 g of pro- Listeria monocytogenes
tein The content of yeasts and molds | Not detected
Aspartic acid 2438,63 The results of physico-chemical and microbiological investigation
Glutamic acid 5816,23 show that defrosted cheese has not lost its physico-chemical prop-
Serine 1507,91 erties. It should be noted that in microbiological aspects fresh and
'é'ls“t!'”e 1405,208255 defrosted cheeses are safe.
Thré’g;}?ﬁe e We conducted research to determine the indicators of safety of
= . cheese based on goat milk. The results of the study are presented
Arginine 1067,80 in Table 9
Alanine 118530 In Table 3.
T i 1028,64 _
ng:;g: 293.64 Table 9: Food safety of the finished product
valine 1870,72 Indliators, units of measure- rernlussmle Actually received
Methionine 783,33 ments eve
Pherliylalglanme ;g%gi Toxic elements mg/kg, not
(iu0|r_1e 2 more: 05 Not detected
Iso eucine 1684,16 Lead 0,3 Not detected
Lysine 228197 Arsenic 0,2 Not detected
Trypto_phan 411,25 Cadmium 0,03 Not detected
Proline 2654,05 Mercury
The analysis of the obtained results indicates a wide spectrum of | Mycotoxins, mg/kg not more:
free amino acids in the goat cheese produced. Cheese protein is | Aflatoxin M1 0,0005 Not detected
well balanced and contains all the essential amino acids.The re- | Pesticides mg/ kg, not more
sults of the fatty acid composition of halloumi cheese from goat's | than 1,25 Not detected
milk are presented in the table 7. Hexachlorocyclohexane (a, B, v-
isomers) 1,0 Not detected
Table 7: Fatty acid composition of Halloumi cheese RD.bem(.j Its me;ali) liiEs
Fatty acid composition, % Mean ntibiotics, mg / kg, not more
: than: Not allowed Not detected
Saturated fatty acid 67,968 .
S— Levomycytin Not allowed Not detected
Oilyacid 2,397 Tetricveli
Nylonacid 2,946 elricyctine group
PARITETTS : Radionuclides Bq / kg, not more
Caprylicacid 3,506 Hhan: 50 77
GG Lol Cesium-137 100 6.4
Lauricacid 5,042 Strontium-90
= Mi;r's“ca?'d = g?gg The presence of toxic elements, mycotoxins, pesticides, as well as
entadecanoicaci : antibiotics in the investigated object were not detected, the pres-
Palmiticacid 23,531 - L
o ence of heavy metal salts were found within the permissible norm.
Margarineacid 0,540
Stearic acid 8,932 .
Behenicacid 0,146 4.Conclusion
Lignocericacid 0,182
L OV 3 8 £ Zilf ] Thus, in the course of experimental studies, optimal conditions for
Pentadeceneacid 0,295 - . .
Palmitoleicacid 0.347 the use of goat milk for the production of Halloumi cheese were
Margarineacid 0’301 identified. In the course of the study, it was found that it is more
Octadeceneacid 0:068 effecti\_/e to produce cheese_from whole milk, which guarantees a
Oleicacid 26,636 high yield of cheese and will reduce the cost of normalizing raw
Polyunsaturated fatty acid 4,367 ma_terlal_s. In addlt_lon, thg milk-clotting activity of enzyme prepa-
Linoleidin acid 0,531 rations in goat milk environment was studied. The optimum en-
Llinoleic acid 2,447 zyme preparation SG-50 "Normal" was chosen by experiment and
Linolenic acid 0,990 the dose of its application is 1.5%
Y-linolenic acid 0,399
LGl 200 Also, the biological value of cheese is determined, namely, amino

Analysis of the results of the studies shown that the produced
cheese is characterized by a full fatty acid composition.

The next step of our research was a comparative analysis of the
physico-chemical properties of fresh cheese and cheese, stored at -
18 ° C for 3 months. The results of the studies are presented in
Table 8.

acid and fatty acid composition. Comparative characteristic of the
experimentally produced cheese with authentic Cypriot cheese is
made, the results of which show a worthy match with the original
sample. In conclusion, it is worth noting that the obtained results
provide the foundation for the further development of technology
of cheese "Halloumi" from goat's milk. The organization of this
kind of production will allow to expand the assortment of the
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cheese market and reduce import of imported cheeses having
much higher prices.
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