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THE OPTIMAL FREEZING TEMPERATURE
OF COW MILK AND CAMEL MILK

Abstract. In the freezing process of cow milk and camel milk, three areas of temperature variations were
identified. Specifically, on the first period, both types of milk cooled, then supercooled and further the formation
process of ice crystals a taken place. On the second area, it was observed the isothermal area and the phase
transformation of water into ice was present. On the third stage, the weakly bound water contained in cow milk and
camel milk completely transited into ice. Based on a study of the pattern of changes in the amount of frozen
moisture, it was found that, at the minis temperature of t=-15 °C, more than 95% of the water consisted in both types
of milk are frozen, and further reducing of temperature had monotonously insignificantly increasing behaviour of the
freezing. Therefore, from the point of view of energy savings and maximum preservation of the initial qualities
during the shelf-life of cow milk and camel milk, the optimal freezing temperature range is recommended.

Key words: freezing, milk, frozen moisture, isothermal process, free and bound water.

Introduction

One of the most consumed groups of products in Kazakhstan households and abroad is milk and dairy
products [6]. However, storage of raw milk by energy saving benefits with a prolonged shelf-life is actual
problem for the dairy technology specialists.

There are several advantages of using freeze-drying instead of conventional sensory characteristics
within the food product. These advantages make freeze-drying an adequate technology among the new
trends of functional and nutraceutical products in the food industry [4].

Freeze drying method is used for the increasing a shelf-life of dried milk as one of the significant
parameters and to maximize the amount of preserved nutrients [10, 14].

Review of the available literature shows that currently among researchers engaged in the field
of vacuum freeze-drying of the food products, there is no consensus regarding of a selection of the freeze-
drying temperature of milk [3]. For example, according to the authors’ opinion [8], for the maintenance of
the original quality during of the freeze-drying of the product, a lower value of the freezing temperature is
sufficiently within t= -45 °C. However, the authors [12] consider that the initial quality of the dried milk
can be achieved at the temperature range: t= -10...- 13 °C, where until 90-92% of water in milk are frozen,
residual water content is not available for the spoilage of food. (in remain, it will be 8% of water that has
an insignificantly value)

As a result of freezing of mare and camel milk, powder remains, which when re-diluted with water
retain practically all the beneficial properties of milk [9].

On average camel milk contains 81.4-87% water, 10.4% dry matter, 1.2-6.4% milk fat, 2.15-4.90%
protein, 1.63-2.76% casein, 0.65-0.80% whey protein, 2.90-5.80% lactose and 0.60-0.90% ash [1].

The fat content in camel milk varies in a fairly wide range, which depends on the species, season,
forage, individual and other factors [13].
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Water of cow milk and camel milk is a weakly bound and with its dry framework, besides the forms
and energy of bond of this moisture are various [8].

Within a temperature dropping below T=0°C, i.e. below the cryoscopic temperature, a part of water of
cow milk and camel milk is frozen [5]. In the refrigeration technology, water that has turned into a solid
state is called frozen. The amount of frozen water is presented as a fraction of its total mass in the product [11].

In accordance with the existing classification of the food products there are available a free and bound
water [3]. At the freezing of camel milk a tightly bound water is not involved in phase transformations.

It is known that at a temperature below of cryoscopic value, free water is gradually transformed into
ice. At the vacuum freeze-drying, in the initial drying period, firstly a frozen part of the free moisture and
then the associated part of the water are outlets. In our opinion, on the base of the foregoing statement, by
using the parameter of frozen water amount, as a parameter that describes the state of water in the drying
process and reveals qualitative changes when camel milk is frozen. Objectively, it is possible to set a
lower limit temperature during a vacuum freeze-drying of camel milk [12].

The purpose of this work is a determination of the lower limit of the freeze-drying temperature by
amount of frozen water in cow milk and camel milk.

Materials and methods

As the study objects, cow milk and camel milk of the “Gulmaira” farm (Turkestan
region, Kazakhstan) were used.

To study of the physico-chemical properties of cow milk and camel milk, the following analytical
devices were applied:

- Water content in milk was determined by the standard method of drying at a temperature of 105 °C.

- pH was measured by the ionomer SCHOTT Instrument Lab 850 (Germany) device.

- For the determination of density, proteins and fats content the Lactan-4 of “Sibagropribor NPP”
(Russia) device was used.

Both milks were frozen in the freezer device at a temperature of —-18 ° C in the
form of a cylinder: diameter 30 mm, height 50 mm. Previously, a thermometer sensor
was installed in the center of the cylinder, fixed on all sides, and then placed in a
refrigerator/

The electronic LCD  thermometer TE-850 brand  was used for the measuring
a temperature.

The amount of water in milk was determined by the standard method of drying in the ALTO
SHAAM VECTOR VMC-H2 3F convection multifunctional oven, according to the GOST 3626-73, until
constant weight at the temperature of 105 ° C.

A quantity of frozen water in the milk was determined by the formula of G.B.Chizhov [2]
that is widely used in practice:

Leryos
t

w=1-—

wherew —a quantity of frozen water at cryoscopic temperature ¢.,.; t— start
temperature, ©°C.

Results and discussion

Physico-chemical properties

The quality of milk depends on its chemical composition, i.e. protein, lipids, lactose, etc. In this
regard, the studies were carried out on the physicochemical properties of cow milk and camel milk. The
results of the physico-chemical properties are shown in Table 1.

Table 1 - Physico-chemical properties of cow milk and camel milk

Neo Indicator Cow milk Camel milk
1 Mass fraction, %:
- dry matter 8,5 12,6

— 20 ——
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- fats 3,00 4,38
- proteins 3,10 4,25
- lactose 4,50 4,32
2 Density, kg/m’ 1027 1029
3 pH 6,70 6,80

The obtained results meet the standards for raw milk. The value of dry matter of camel milk is more
than for cow milk. The contents of protein, lipids and lactose in camel milk are high then in cow milk. The
values of density and pH are equal for both milks.

Studyoftheprocessoffreezing cow and camel milk

It was experimentallyfound that a water content in camel milk W = 84.7%, and in cow milk W =
87.0%. Water in both milks can be represented as a medium in that other components are dissolved. Lactic
acid and it salts that contained in water basically form true solutions; proteins and other high-molecular
compounds transform to the colloidal solutions in water. Fats and other poorly soluble compounds form
emulsions when dispersed with water [8]. Based on the above mentioned, it can be concluded that the
composition of cow milk and camel milk have a complex colloidal solution.

The results of the study of the freeze-drying process of cow milk and camel milk are presented in
Figure 1.

Thermogram’s analysis shows that in the freeze-drying process of the cow milk and camel milk there
are three areas of temperature variations. On the first section, both types of milk are not only cooled, but
also supercooled till a cryoscopic temperature. The duration of this period for camel milk is 46 minutes,
and for cow milk is 72 minutes. Further it was observed the isothermal area that has a long duration,
particularly the phase transformation of water into ice. The duration of this second area for camel milk is
70 minutes or in the range from 46 minutes to 116 minutes, and for cow milk is 44 minutes or in the
range from 72 minutes to 116 minutes. As known from the refrigeration technology, the freezing process
is considered as a complete when the centre frozen product temperature reached T=-8°C. In this regard the
third area is a short, and on this stage water containing in camel and cow milk transforms into ice. The
duration of this area for both types of milk is 15 minutes, or in the range from 116 minutes to 135 minutes.
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Figure 1 - Thermograms of the freezing of cow milk (0) and camel milk (A)

The Kinetics dependence of the freezing process of cow milk and camel milk
For a more detailed analysis of the phase transition process of water contained in cow milk and camel
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milk, its freezing thermograms (Figure 1) were differentiated by time, and the dependence of cooling rate
of both milks by time were obtained. The kinetics dependence of the freeze-drying process of cow milk
and camel milk are presented in Figure 2.

I I

=

40

25 Y, 2z
a1 L
sl L.
10
05 —

i

05

N

N\

Freezenig rate, °Cimin

i [N W W—_— - —_—
—— e — — — —— ——

-
- —— o e e e e — — 1

- — -

&
g-|- ——

15 30

.-
kd
(=]
-
L
v

105

Time min

Figure 2 — Kinetics dependence of the freezing process of cow milk (a red curve) and camel milk (a blue curve)
I - cooled and supercooled phase, II - isothermal area and a phase transformation of water into ice,
IIT — ice forming phase

Figure 2 shows availability of an area with a zero cooling rate that corresponding to the isothermal
field of moisture crystallization beginning in cow milk and camel milk. In addition, it can be determined
the end point of the crystallization process of free and bound moisture: it corresponds to the inflection
point on the cooling rate curve (point A) or t=-3°C.

Study of the amount of frozen water in cow milk and camel milk
The following step in our study was a research of the amount of frozen water in cow milk and camel
milk. The obtained results are presented in Figure 3.
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Figure 3 - The amount of frozen water in cow milk (0) and camel milk (A)
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Analysis of Figure 3 shows that in the range from the cryoscopic temperature till -5 °C in the
composition of camel milk, over 70% of the moisture freezes. However, over 80 % of water is frozen in
cow milk. At the subsequent temperature decreasing a dependence on the amount of frozen water by a
temperature for both types of milks have a monotonously increasing behaviour.

For example, in camel milk, at the temperature range from -5 °C till -10 °C 88% of water is frozen,
then at the temperature range from-10 °C till -15 °C, up to 95% of moisture is frozen, and at temperature -
20 °C 96% of water is frozen. In cow milk at the temperature range from -5 °C till -10 °C freezes 91 % of
moisture, then at the temperature range from -10 °C till -15 °C freezes like in camel milk up to 95%
moisture, and at temperature -20 °C 96% of water is frozen.

Based on the above mentioned, it can be concluded that from the point of view of energy savings,
lowering the minus temperature below t=-15 °C is economically unprofitable. Because if it is considered
a refrigeration machine, where a cold is produced, for the lowering of the temperature in one °C, the power
consumption for the production of cold increases for 4,5%.

Conclusion

In the freeze-drying process of cow milk and camel milk, three areas of temperature variations were
identified. The first freezing period for camel milk duration is 46 minutes, and for cow milk is 72
minutes. At the second area the phase transformation of water contained in cow milk and camel milk into
ice is present. For cow milk duration is 44 minutes, i.e. from 72 minutes to 116 minutes, and for camel
milk is 70 minutes, i.e. from 46 minutes to 116 minutes. The third area has a comparably short time for
both milks, and the weakly bound water completely transforms into ice. The duration of this area for both
types of milk is 15 minutes, i.e. from 116 minutes to 135 minutes.

The kinetics dependence of the freeze-drying process indicates the inflection point of the cooling rate
at the temperature t=-0,5°C. The study of patterns of the freeze-drying process shows the major part of the
water contained in the cow milk and camel milk, frozen till a temperature of t=-10 °C. From the point of
view of energy savings, lowering the minus temperature below t=-15°Cis economically
disadvantageous. Therefore, in the case of using of vacuum - freeze drying process of cow milk and camel
milk, the lower limit of the sublimation temperature, a temperature of -13 °C ...- 15 °C is recommended.
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CUBIP MEH TYHE CYTIHIH M¥3JATYHBIH OHTAWJIBI TEMIIEPATYPACHI

AnHotauust. CUBIp CYTi MEH Tyie CYTiH My3[aTy Ke3iHIe TeMIepaTypaHbIH ©3repyiHiH YII aiiMarbl aHBIKTAIIIbL.
Aran ailiTkaHna, OipiHII Ke3eH1e CYTTIH €Ki Typi Jie CalKbIHAAThUIA b, CO/IaH KEHiH aca CalIKbIHIAThUIAIbI )KOHE 0/1aH opi
MY3 KpUCTAIAaphIHBIH Maiina Oomy mporeci xypexmi. ExiHmi yuyackeae M30TEpMHSIIBIK aiiMak OaiKajblll, CyIbIH My3Fa
(hazanbIK aliHamybl Oalikanael. YIIIHIII K€3€HIE CUBIP XKOHE TyHe CYTiHeri aici3 OalinaHbICKaH Cy TOJBIFBIMEH MY3Fa OTTI.
KaTpim KanraH bUIFaJd MOJILEPiHIH ©3repy CHIATBIH 3epTTey Herizinge muHyc T=-15°C Temmeparypanma CYTTIH eKi
Typiepinae 6onateiH cyabiH 95% - naH acTaMbl My3JaThUIa/Ibl XKOHE TEMIIEPAaTYPaHbIH OJaH opi TOMEHJEYi OipKaJIbINThI
a3pIpaK OCIN Kele jKaTKaH CUITaTKa ue Oomapl. JleMek, CHBIp CYTi MeH Tyie CYTiH My34aTy Ke3iHIe SHEPrHsHBI YHEMJEY
&KoHe OacTamKbl KacUeTTepiH OapbIHINA CaKTay TYPFBICBIHAH CyOIMMAalusi TeMIEepaTypachlHbIH OHTAMIIbI AMANa3OHbI
YCHIHBUIIBL.

KinT ce3aep: cyT, My31aTbUIFaH bUIFaJl, H30TEPMUSUIBIK IIPOLIECC, EPKiH JKoHE OalIaHBICKAH Cy.

VIK: 637.133.1
MAS TaCTeMI/II)OBal, P.C. A.J'll/lﬁeKOBz, nu. Hnnponuqa3, AY. ]_HI/lHl“l/ICOBz, P.b. MyXTapxaHOBal, 3.Y. Maiiabi6aesa’

' Anmmatuncknii TeXHOTOTHYECKHiT VYuusepcuret, yin.Tone-6u, 100, Anmmatst, 050012, Kazaxcran;
*FOxH0-KasaxcraHckuit Il'ocynapcreennsiii YHuBepcureT umenu M.Ayazosa, npocnekt Tayke Xana, 5, IlIpiMKkenT,
160012, Ka3axcras;
3Yl-u/lBepcmeT €CTEeCTBEHHBIX HayK U TexHonoruil Jlareum, yi.Pixkckas, 22, Enrasa, LV 3004, JlatBus

OIITUMAJIBHASI TEMIIEPATYPA 3AMOPAKUBAHUSA KOPOBBEI'O MOJIOKA

H BEPBJIIOKBEI'O MOJIOKA
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AHHoTauus. B npouecce 3aMopakuBaHUs KOPOBBETO MOJIOKA M BepPOIIIOKBEr0 MOJIOKA ObUIM BBISBIICHBI TP 001aCTH
W3MEHEHHUS TeMIIepaTypbl. B 4acTHOCTH, B NEPBBII MepHoa 00a THIA MOJIOKA OXJIaXKIAIOTCS, 3aTeM IEPEOXIIaXIatoTCs U
Jlanee MPOUCXOJUT Ipoliecc 00pa30BaHUs KPUCTAIOB ibaa. Ha BTopoM ydacTke HaOuofanach U30TepMuyeckas o0acTs,
W TIPUCYTCTBOBAJIO (ha30BOe MpeBpalleHne BoAbl B Jyied. Ha Tperbem drame ciaaOocBsi3aHHAs BOJAA, COAEPIKALIAsCS B
KOPOBBEM MOJIOKE U BepONIOKBEM MOJOKE, MONHOCTBbIO Hepexoamna B jeld. Ha ocHoBaHMM M3ydeHMs XapakTepa
M3MEHEHUH KONMYeCTBa 3aMep3Ilell BIark ObUIO YCTAHOBIICHO, UTO IpH Temreparype Mmunyc T=-15°C Gonee 95% Bompl,
cozeprkamielicss B 000MX THIIAX MOJIOKA, 3aMOPAXMBAETCs, U JajbHEHIIee CHIDKCHHE TeMIIepaTypbl HMEN0 MOHOTOHHO
HE3HAUUTEJIbHO Bo3pacratoiiee nosezeHue. CrienoBaTenbHO, ¢ TOYKH 3PEHHS SKOHOMHUHM SHEPrHMH M MaKCHMAlIbHOTO
COXpaHEHHUS IEPBOHAYAIBHBIX KaUueCTB, IPH 3aMOPAKUBAHNH KOPOBLETO MOJIOKA U BEPOIIOKBEr0 MOJIOKA, PEKOMEH Ty eTCs
ONTUMAJIBHBIH MaNla30H TeMIIEpaTyp cyOnuMaruu.

Ki1ioueBble cj10Ba: MOJIOKO, 3aMOPOKEHHas BJara, N30TePMUIECKHUH IpoIecc, CBOOOIHAS U CBSI3aHHASI BOJA
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