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DETERMINATION OF THE PARAMETERS OF FREEZE-DRYING HONEY
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The article presents the results of studies of freeze-drying of various types of honey. The purpose of the
research was to determine the optimal parameters for the freeze-drying of honey. The physical and chemical
parameters of three types of honey produced in the East Kazakhstan region were previously studied. The results
showed that the studied prototypes meet the regulatory requirements for the quality of natural honey. It has
been established that in terms of moisture content, sunflower honey differs from mountain honey and sweet clo-
ver (15%, 17.3 and 17.2%, respectively), and also contains a high amount of reducing sugars (87.9%), however,
the mass fraction of sucrose is 2.5 %. It is noted that the highest content of sucrose in mountain honey is 4.5%.
The diastase number is an indicator of the quality and naturalness of honey and, according to the requirements
of GOST, should be at least 8 Gote units, the results show that the studied samples of honey contain from 13.1 to
15.1 units, which confirms the influence of the geographical origin of honey. According to the value of water
activity, all types of honey are products with low humidity and long-term storage. The optimal technological
modes of freeze-drying of honey have been established, which range from minus 30°C to minus 40°C degrees.

Keywords: honey, freeze drying, technological parameters, temperature, humidity, sublimation.
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Maxanaoa b6anovtyy apmypJii mypiepin cybauMayusiblK Kenmipyoi 3epmmey HImMudicenepi Keamipin-
2en.JKypeizineen 3epmmeynepoiyy maxcamol 6anovl CyOnUMAYUsILIK, Kenmipyoid OHmAilisl napamempiepin
anvikmay 6on10v1. Ilvizeic Kazaxcman obavicoinoa endipinemin 6anovty yui mypinityy (oU3sUKaIbIK-XUMUsTbIK
Kepcemkiuimepi anovin ana zepmmendi. Homuowcenep zepmmenzen maxcipubenik ynzinep mabuzu 6anosiy ca-
RACBIHA KOUBLIAMBIH HOPMAMU MK MATANMAP2A CIliKeC Keleminodizin repcemmi.Kynbazeic 6anvinpiy vlnzan
Monuiepi may men myilexconpiuirkaoan (caiikecinuie 15%, 17,3 scone 17,2%) epexuienenemini anvikmanowl,
COHBIMEH Kamap azaimamvti Kaummoty, (87,9%)xcozaper monutepi 6ap, bipax caxapo3ansvty mMaccaivix, yaeci
2,5% xypaiiovr. Tay 6anvinoaszet caxapo3anviy ey sycozapvl monuiepi 4,5% xypaitovt. quacmas canvlt 6anosiy
CAnacvl MeH maouUTILIZBIHBLY KepcemKiuti bonvin mabdwvinaost xcone MC mananmapeina caiikec keminoe 8
T'om 6ipnizi 60oysl Kepek, anvinzan HamMuUdCeNep bOdbIHUA 3epmmenzen 6an yazinepiniy Kypamvinoa 13,1-oen
15,1 Gipnixke Oeiiin 6ap exendizi 6aiikanaovt, 6y 6an10bIH 2e02paguansik wibl2y meziniy acepin pacmaiiost. Cy-
OblH Oenicendinizi MEp2vICbiHAN OANObIH OAPABIK, MYpPaepi blI2AI0bLTbIZEI HOMEH MHcoHe Y3dK CAKMAIAMmbIH
onimoepze ycamaowl. Banovt cybnumayuansik, kenmipyoin, OHMai1ul Mexno102UATIBIK, peXcumoepi OpHamoli1osl,
onap munyc 30C-man munyc 40C zpadycka oeiiin.

Herizri ce3gep: 6aj, cy0auManHsyIbIK KeOTipy, TEXHOJOTHSUIBIK, IapaMeTpJiep, TeMIepary-
PAa, BLUIFAJIABUIBIK, CyOJIHMALHSs.
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B cmamvbe npedocmaenenst pezynbmampl UCCNEO08AHUN CYONUMAYUORHOU CYWIKH DA3TUYHBIX U006
Mmeoa. Ilenvio nposodumsix ucciedosanuii 6u110 onpedeneHue ONMUMAILHLIX NAPAMEMPO8 CYOTUMAUUORRON
cyuiku meda. Ilpedsapumenvro 6viau usyuensl uzuko-xumuueckue noKA3ameny mpex euooe meod, NpoU380-
oumozo 6 Bocmouno-Kazaxcmanckoit o6nacmu. Pezynpmamul noxkazanu, 4mo ucciedyemvie Onbimuble o6pas-
Ubl COOMBEMCMEYIOM HOPMAMUBHBIM MPEOOGAHUAM, NPEOBAGIAEMbIM K KAUECEY HAMYPAIbHOZ0 Meod.
Ycemanoeneno, umo no cooepircanuio 6énazu NOOCOIHEUHUKOGHIH MeO OMIUUAEMCA OM 20PHO20 U OOHHUKA
(15%, 17,3 u 17,2% coomeéemcmeenno), a MAKIce COOEPIHCUM 6bICOKOE KOJIUUECEO PEOYUUPYIOUIUX CaxXapos
(87,9%), oonaxo maccosas oonsa caxaposwvt cocmagisem 2,5%. Ommeueno, umo camoe 8vlcoOKoe cooeprcanue
caxapos3sl 6 20pHom mede u cocmaensem 4,5%. Juacmasznoe uucio A61s1emcs NOKA3AmMenNeM Kauecmed u
HamypanvHocmu medd u coxndacio mpebosanuam I'OCTa oonxcno 6vimo ne menee 8 eounuy I'ome, no nony-
YEHHBIM PE3VTbMAmam 8UOHO, YUMo UCC1e008annble 00pasysl meoa codepycam om 13,1 oo 15,1 eounuuy, umo
noomeepcodem sausnHue 2e02pauueckozo npoucxodxrcoenus meod. Ilo 3nauenuio akmusnocmu 600wt éce 6u-
0bl Meda OMHOCAMCS K RPOOYKMAM C HUZKOU 61AICHOCHBIO U ONIUMEIbHO20 XPAHECHUA. YCMAHO0GEHbl Onmu-
MAIbHBIE MEXHOIOZUUECKUE PEXHCUMBL CYOTIUMAUUORHOIL CYWKU Medd, Komopble cocmasnsiom om munyc 30°C
00 munyc 40°C zpadycoe.

KuroueBbie cnopa: men, cy0JMMAaLOHHAS CYLIKA, TEXHOJOTHYECKHE NApaMeTpbl, TeMIepa-
TYpa, BJAKHOCTb, CyOauMAanHs.
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Introduction

Justification of the choice of the article
and goal and objectives

Honey is a food that consumers associate
with nature and ecology, valued for its complex
content and considered functional food [1].

Honey is a sweet product with a pleasant
aroma, produced by bees from the nectar of flow-
ers, honeydew, or a mixture of these sugary lig-
uids. The composition of honey is very complex: it
contains about a hundred different components
valuable for the body - glucose, levulose, sucrose,
vitamins, microelements, mineral, hormonal, anti-
bacterial and other substances [2, 3, 4]. Despite the
value of honey, only a small amount of it is used
on an industrial scale [5].

Honey in its natural form has a number of
disadvantages due to its high viscosity and density,
which cause difficulties in transportation and
dosage [6,7]. Also, honey can change its propertics
as a result of crystallization, which can contribute
to the development of osmophilic yeast and
fermentation.

Various methods have been developed for
drying honey: spray drying, vacuum drying and
freeze drying.

Freeze drying (lyophilization) is one of the
most progressive and efficient drying methods in
the food industry and allows you to get finished
products that are as close as possible in terms of
quality to native raw materials 8,9, 10].

Freeze drying makes it possible to preserve
to the maximum extent not only the chemical
composition of the product, but also its rheological
properties [11]. Quantitative changes in the
chemical composition of sublimated products are
minimal.

Due to the lack of conditions for the
development of microorganisms, freeze-dried
products are the least susceptible to microbiological
spoilage. The quality of sublimated products
depends on many factors: the physical and
chemical composition of the product itself, the
technological modes of dehydration, the type of
packaging, etc[12,13].
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Thus, the development of technology for
freeze-drying honey is an urgent task.

Materials and Research Methods

The physicochemical parameters of honey
were determined in accordance with the regula-
tory documents. (GOST 19792-2017) [14]

The mass fraction of water in honey was
determined by the refractometric method using a
digital refractometer model SNEL-104[3].

The mass fraction of reducing sugars and
sucrose - by colorimetric method, calculating
the optical density of a solution of potassium
ferricyanide after it reacts with the reducing
sugars of honey[4].

The diastase number was measured on
FEK-3 by the method of colorimetric determina-
tion of the amount of the substrate cleaved un-
der the conditions of the enzymatic reaction, and
its subsequent calculation|[15,4].

The total acidity was determined by the
titrimetric method.

To assess the content of hydroxymethyl-
furfural (HMF), the Selivanov-Fige method was
used, based on the formation in an acidic medi-
um of the product of the interaction of HMF
with resorcinol, painted in cherry red, with a
positive reaction and the content of HMF not
less than 25.0 mg/kg.

Determination of water activity (Aw) in
the studied samples of honey was carried out
using a portable high-speed device Aqualab
PAWKIT Meter (USA)[16].

Studies to determine the technological
modes of freeze-drying of honey were carried
out on a laboratory unit ALPHA 1-2 LDplus

Results and their discussion

The object of research was honey from api-
aries of the East Kazakhstan region of three types:
sunflower, sweet clover with sainfoin and moun-
tain flower. To determine the quality and natural-
ness of honey, a study of physical and chemical
mdicators was carried out: mass fraction water,
reducing sugars and sucrose, diastase number, to-
tal acidity and hydroxymethylfurfural content.

The research results are presented in table 1.



Table 1 Physical and chemical indicators
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Name of indicator Type of honey Requirements
Sunflower | Sweet clover with | mountain | according to
sainfoin flower GOST
Mass fraction 15,0 17,2 173 20
water, %, no more
Mass fraction 87.9 86,5 83.3 65
reducing
sugars, %,
at least
Mass fraction 2.5 3.9 4.5 5
sucrose, %,
no more
diastase number 14,6 15,1 13,1 8
units Gotha,
at least
General acidity, 2 3 2 1-4
cm3 NaOH, no more
Quality negative negative negative negative
response to HMF

The results obtained indicate that all the
studied samples of honey meet the regulatory
requirements GOST.

The mass fraction of water in honey is an im-
portant indicator in the examination of honey. Honey
containing less than 20% free water is not fermented
by yeast. Honey with a moisture content of more
than 21% turns sour at lower or higher temperatures
[8-17]. In the studied samples of three types of hon-
ey, the mass fraction of water ranged from 15.0% to
17.3%, which does not exceed the permissible limits.
The diastase number of Gote units in honey shows
its quality and naturalness and must be at least 8, and
the higher its number, the better the honey. In the
studied samples of honey: sunflower, donik with
exparcet and mountain, the diastase number was 14;
15.1 and 13.1 Gote units, which confirms its high
quality and naturalness. The mass fraction of sucrose
ranged from 2.5 to 4.5%, while its smallest amount is
noted in sunflower honey and the largest in mountain
honey. To determine the quality and maturity of
honey, we studied the content of reducing sugars,
which consist of glucose and fructose. If this indica-
tor is below 80%, then it is considered that the honey
was subjected to heat treatment or falsified honey. In
our experimental samples, the mass fraction of re-
ducing sugars ranged from 83.3 to 87.9%, which
confirms the originality and quality of honey. [8-17].
The results of the study on the content of hy-
droxymethylfurfural in honey samples showed a
negative reaction, which means the absence of this
carbohydrate and confirms the quality of the product.

However, the moisture index does not re-
flect the entire complex of interactions that are
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present in the food product and in which water
is a participant. At the same time, there is the
“water activity” indicator, which is the main
criterion for characterizing the state of water in
food products and is widely used throughout the
world, both to predict the technological proper-
ties of products, and the quality of the food
product and its shelf life [18,19,20] Water activ-
ity itself is a dimensionless quantity and is de-
fined in the range from O to 1.

Water activity is one of the most critical
parameters in determining the quality and safety
of products that are consumed every day. Water
activity affects the shelf life, safety, structure
and smell of foods. [18,20,21]

Considering that water activity is im-
portant for monitoring the safety and quality of
honey, we conducted studies to determine the
water activity for the studied types of honey
(Table 2) [22, 23].

The water activity of honey water de-
pends mainly on the content of fructose and glu-
cose. During crystallization, glucose begins to
crystallize first. Fructose has a higher solubility
and stays in solution longer. All five hydroxyl
groups of glucose interact with water molecules.
After crystallization, glucose is found in the
form of glucose monohydrate, cach glucose
molecule fixes only one molecule of water.
Consequently, less water is fixed in the crystal-
lized state. The free water content is higher and
corresponds to the water activity.

The type of honey has different ratios of
fructose and glucose. Therefore, glucose crystalli-



AnMaTbl TEXHOOTVANBIK YHINBEPCUATETIHIL, XxabapLubicbl. 2022, Ne3.

zation has a stronger effect on those types of hon-
ey that contain relatively more glucose. The dif-

Table 2 Water activity in honey

Type of honey

Aml

Sunflower 0.54

Sweet clover with  0.48
sainfoin

Mountain flower 0.57

Water activity in honey was in the range of
0.5-0.58, the temperature of honey samples was
23.2+0.20C. The data obtained show that all types
of honey in terms of water activity (0.55; 0.52;
0.58) are products with low moisture content.
Thus, honey samples are safe products, protected
from microbiological spoilage. This is due to the
fact that with a decrease in water activity, the pos-
sibility of using moisture for the metabolism of
microorganisms decreases [3,9].

Based on the research, it was found that
honey samples selected for freeze-drying are
high-quality and safe products.

Figure 1- ALPHA 1-2 LDplus laboratory setup

Preliminary freezing of the studied honey
samples was carried out at temperatures: -20°C, -
30°C and -40°C. The results obtained showed that
the process of freeze drying for all types of bee
honey from the initial sample temperature of -
40°C has a minimum drying time (from 7 to 9
hours), despite the decrease in the intensity of the
drying process in the initial period [27].

Then the frozen samples were subjected
to freeze drying. The process of freeze drying is
carried out in two stages: at the first stage, under
conditions of temperature and pressure below
the cryohydration point, the crystallized mois-

ference between the water activity of different
types of honey lies in its varied sugar composition.

Water activity (Aw)

A2  Am3 Aw cpeHee
0.56 0.56 0.55
055 0.55 0.52
0.59 0.58 0.58
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As you know, the technology of freeze
drying includes two main stages: preliminary
freezing of the materials to be dried and subse-
quent removal of the frozen part of the moisture
in vacuum by the ice-vapor phase transition. At
the same time, the level of preservation of the
native properties of preserved objects depends
decisively on the methods and modes of prelim-
inary freezing, on the temperature level, remov-
al of moisture by sublimation, and the tempera-
ture of drying the drying object [24,25, 26].

Studies to determine the technological
modes of freeze-drying of honey were carried out
on a laboratory unit ALPHA 1-2 LDplus (Figure 1).

ture is sublimated into the environment, while
most of the moisture - 80 - 90% - is removed
from the product. At the second stage, heat is
supplied to the product (up to a temperature of
40 - 50 ° C), thereby removing the remaining
part ofthe moisture [28,29].

To select the sublimation temperature, a
study was made of the change in the relative
mass of honey and the drying rate over time at a
certain temperature and a layer thickness of 10
mm. The freeze-drying temperature was varied
from -5 to -45°C in increments of 5 degrees
(Figure 2)[23]. The freezing temperature was
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not reduced below -50°C, due to the fact that

honey, when exposed to temperatures below

minus 500C, loses its healing properties [9].

Figure 2 - The dependence of the amount of moisture removed from the sublimation temperature

The obtained research results showed (Fig-

ure 2) that the maximum proportion of frozen

m oisture in the process of sublimation is observed
at temperatures from minus 300C to minus 400C,
depending on the types ofhoney [30].

The drying temperature is one of the es-

sential drying factors. Honey samples were
dried at a temperature of 40°C. Increasing the
post-drying temperature above 40°C can lead to

a decrease in the quality of the product, but this

reduces the duration ofthe process.

W hen carrying out freeze drying, it is
necessary to determine such parameters of the
process temperature for the studied types of
honey, at which the drying time will be minim al

[24]. At the same time, it is important to take

into account that dried honey samples are prod-

ucts with high quality indicators, as well as re-

taining the biological and nutritional value of

natural honey as much as possible [31].
Conclusions
Three types of honey from the Eastern re-

gion of Kazakhstan were selected for freeze-

drying: sunflower, sweet clover with sainfoin

and mountain flower. To control the naturalness

and safety of honey samples, a study of their

physical and chemical indicators was carried

out: mass fraction water, reducing sugars and

sucrose, diastase number, total acidity and hy-

droxymethylfurfural content.

The results showed that the studied proto-

meet the regulatory requirements for the

types

quality of natural honey. It has been established

thatin terms of moisture content, sunflower honey

differs from mountain honey and sweet clover
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17.3 and and also

high

(15% , 17.2%, respectively),

contains a amount of reducing sugars

(87.9% ), however, the mass fraction of sucrose is

2.5 %. It is noted that the highest content of su-

crose in mountain honey is 4.5% . The diastase

number is an indicator of the quality and natural-
ness of honey and, according to the

0of GOST,

requirements
should be at least 8 Gote units, the re-
sults show that the studied samples ofhoney con-

tain from 13.1 to 15.1 units, which confirms the

influence ofthe geographical origin ofhoney.

According to the value of water activity,

all types ofhoney are products with low humidi-

ty and long-term storage.

The results obtained indicate that all the

studied samples of honey meet the regulatory

requirements and confirm its high quality and

naturalness.
All

of honey terms of

(0.55; 0.52;

samples in

0.58) are

types

water activity products
with low moisture content. Thus, honey samples
are safe products, protected from microbiologi-
cal spoilage[3].

W hen selecting the technological parame-
ters of freeze-drying, it was determined that the

optimal values of the drying process for all
types of honey are: honey freezing temperature -
minus 40°C; freeze-drying temperature - minus

35-400C; drying temperature 40°C.
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