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T he a r tic le  p re se n ts  th e  resu lts  o f  stu d ies  o f  free ze -d ry in g  o f  va r iou s typ es  o f  honey. T he p u rp o se  o f  th e  
research  w a s  to  de term in e  th e  o p tim a l p a ra m e te rs  f o r  th e  fre e ze -d ry in g  o f  honey. The p h y s ic a l a n d  ch em ica l 
p a ra m e te rs  o f  th ree  typ es o f  h o n ey  p ro d u c e d  in  th e  E a s t K azakh stan  reg ion  w ere  p re v io u s ly  studied . The resu lts  
sh o w ed  th a t th e  s tu d ie d  p ro to typ e s  m e e t th e  regu la to ry  req u irem en ts  f o r  th e  qu a lity  o f  n a tu ra l honey. I t  h as  
been  es ta b lish ed  th a t in te rm s  o f  m o is tu re  con ten t, su n flow er h on ey d iffers  f r o m  m ou n ta in  h on ey a n d  sw ee t c lo
ver  (15% , 17 .3  a n d  17 .2% , respectively), a n d  a lso  con ta in s a h igh  a m o u n t o f  red u c in g  su gars (87.9% ), how ever, 
th e  m a ss  f ra c tio n  o f  su cro se  is  2 .5  %. I t  is n o ted  th a t th e  h ig h est co n ten t o f  su cro se  in  m ou n ta in  h on ey is 4 .5% . 
T he d ia sta se  n u m b er is  an  in d ica tor o f  th e  q u a lity  a n d  n a tu ra ln ess o f  h o n ey  and, a ccord in g  to  th e  requ irem en ts  
o f  G O ST, sh o u ld  b e  a t lea s t 8  G ote units, th e  resu lts  sh o w  th a t th e  s tu d ie d  sa m p les o f  h on ey con ta in  f r o m  13.1 to  
15.1 units, w h ich  con firm s th e  in flu en ce o f  th e  g eo g ra p h ica l orig in  o f  honey. A cco rd in g  to  th e  va lu e  o f  w a ter  
activity , a ll typ es  o f  h o n ey  are  p ro d u c ts  w ith  lo w  h u m id ity  a n d  lon g -term  storage. The o p tim a l te ch n o lo g ica l  
m o d es o f fre e ze -d ry in g  o f  h on ey h a ve  been  es tab lish ed , w h ich  ra n g e  f r o m  m in u s 3 0 °C  to  m in u s 40°C  degrees.

Keywords: honey, freeze drying, technological parameters, temperature, humidity, sublimation.
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М ац ал ада  б алды ц  э р т у р л і т ур л ер ін  субли м ац и я лы ц  кеп т іруд і зер т т еу н эт й ж ел ер і келт ір іл -  
ген .Ж ургізіл ген  зерт т еул ерд іц  м ац сат ы  балды  субли м ац иялы ц  к еп т іруд іц  оц т айлы  п арам ет рлер ін  
ан ы ц т ау болды . Ш ы гы с  Ц азацст ан об лы сы н да  вн д ір ілет ін  б алды ц  уш  т ур ін іц  ф изикалы ц -хим иялы ц  
к вр сет к іш т ер і алды н  ала  зерт т елді. Н эт и ж ел ер  зерт т елген  т эж ір й б ел ік  ул гіл ер  т аби ги  б алды ц  са-  
п а сы н а  ц ойы лат ы н  норм ат ивт ж  т алап т арга  сэй к ес  келет ін д ігін  к вр сет т і.К ун б а гы с балы н ы ц  ы лгал  
м в л ш е р і т а у  м ен  т уй еж оц ы ш ц ад ан  (сэй кесін ш е 15% , 17 ,3  ж эн е  17 ,2% ) ер екш елен ет ін і аны цт алды , 
сон ы м ен  ц ат ар азай т ат ы н  цан т т ы ц  (87 ,9% )ж огары  м в л ш е р і бар, б ірац  сахарозан ы ц  м а сса л ы ц  ул ес і  
2 ,5 %  цурайды . Тау балы н дагы  сахарозан ы ц  ец  ж огары  м в л ш е р і 4 ,5%  цурайды . Д и а ст а з  сан ы  балды ц  
сап асы  м ен  т аб и ги лы гы н ы ц  к вр сет к іш і болы п  т аб ы лад ы  ж эн е  М С  т ал а п т а р ы н а  сэй к ес  к ем ін де 8 
Г о т  б ір л ігі болуы  керек, алы н ган  н эт и ж елер  бой ы н ш а зерт т ел ген  бал  ул гіл ер ін іц  ц урам ы н да  13 ,1-ден  
15,1 б ірл ікке дей ін  бар  ек ен д ігі байцалады , б ул  б алды ц  гео граф и я лы ц  ш ы гу т егін іц  эсер ін  р а ст а й д ы . Су- 
ды ц  б ел сен діл ігі т ур гы сы н а н  б алды ц  барлы ц  т у р л ер і ы лгалды л ы гы  т вм ен  ж эн е  уза ц  сац т алат ы н  
ен ім д ер ге  ж ат ады . Б ал д ы  субли м ац и я лы ц  к еп т іруд іц  оц т айлы  т ехн ологи ялы ц  р е ж и м д ер і орн ат ы лды , 
олар  м и н у с  30С -т ан  м и н у с  4 0 С  градусц а  дейін.

Негізгі сездер: бал, сублимациялык кептіру, технологиялык параметрлер, температу
ра, ьь^алды лы к, сублимация.
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В  ст а т ье п редст авлен ы  р езул ь т а т ы  и сследован ий  субли м ац и он н ой  суш ки  р а зл и ч н ы х  видов  
м еда . Ц ел ью  п ро во д и м ы х  и ссл едован и й  бы ло  оп редел ен и е  о п т и м ал ьн ы х  п арам ет ров  субли м ац ион н ой  
суш ки  м еда . П редвари т ел ьн о  бы ли  и зучен ы  ф и зи ко-хи м и ч ески е п оказат ели  т р ех  видов м еда , п рои зво 
ди м ого  в В ост оч н о-К азахст ан ск ой  област и. Р езульт ат ы  п оказали , чт о и ссл едуем ы е о п ы т н ы е образ
цы  соот вет ст вую т  н орм ат и вн ы м  т ребован и я м , п редъ явл яем ы м  к  ка ч ест ву  н ат уральн ого  м еда. 
У ст ановлено, чт о п о  сод ерж ан и ю  влаги  п одсол н еч н и ковы й  м е д  от ли чает ся  от  горн ого  и дон н и ка  
(15% , 17 ,3  и 17 ,2%  соот вет ст вен н о), а  т а к ж е сод ерж и т  вы со к о е  к оли чест во  р ед уц и р ую щ и х  сахаров  
(87,9% ), одн ако  м а ссо ва я  доля  сахарозы  со ст авля ет  2,5% . О т м ечено, чт о сам ое вы со к о е  со д ерж ан и е  
сахарозы  в горн ом  м е д е  и со ст авля ет  4,5% . Д и а ст а зн о е  чи сло  я вл я ет ся  п оказат ел ем  качест ва  и 
н ат уральн ост и  м е д а  и согласн о  т реб ован и я м  Г О С Т а  долж н о бы т ь н е  м е н е е  8 един иц  Г от е, п о  п ол у
чен н ы м  р езул ь т а т а м  видно, чт о и ссл едован н ы е образц ы  м ед а  сод ерж ат  от  13,1 до  15,1 единиц, чт о  
п одт верж д ает  вл и я н и е  гео граф и ч еск ого  п рои схож ден и я  м еда . П о  зн а ч ен и ю  акт и вн ост и  воды  все  ви
ды  м е д а  от н ося т ся  к  п родукт ам  с  н изкой  влаж н ост ью  и дл и т ельн ого  хран ен и я . У ст ановлены  оп т и 
м а л ьн ы е  т ех н о л о ги ч еск и е  р еж и м ы  субли м ац ион н ой  суш ки  м еда , к о т о р ы е сост авля ю т  от  м и н у с  30°С  
до  м и н у с  40°С  градусов.

Ключевые слова: мед, сублимационная сушка, технологические параметры, темпера
тура, влажность, сублимация.
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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 liq
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 properties 
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].

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 
indicators 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.

187



Алматы технологиялык унйверсйтетініц хабаршысы. 2022. №3.

Table 1 Physical and chemical indicators

Name of indicator Type of honey Requirements 
according to 

GOST
Sunflower Sweet clover with 

sainfoin
mountain

flower
Mass fraction 

water, %, no more
15,0 17,2 17,3 20

Mass fraction 
reducing 

sugars, %, 
at least

87,9 86,5 83,3 65

Mass fraction 
sucrose, %, 

no more

2,5 3,9 4,5 5

diastase number 
units Gotha, 

at least

14,6 15,1 13,1 8

General acidity, 
cm3 NaOH, no more

2 3 2 1-4

Quality
response to HMF

negative negative negative negative

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

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 0 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, each 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-
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zation has a stronger effect on those types of hon- ference between the water activity of different
ey that contain relatively more glucose. The dif- types of honey lies in its varied sugar composition.

Table 2 Water activity in honey

Type of honey Water activity (Аw)
Ада 1 Ада 2 Ада 3 Аw среднее

Sunflower 0.54 0.56 0.56 0.55
Sweet clover with 

sainfoin
0.48 0.55 0.55 0.52

Mountain flower 0.57 0.59 0.58 0.58

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.

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).

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

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 of the 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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n o t  r e d u c e d  b e l o w  - 5 0 ° C ,  d u e  t o  t h e  f a c t  t h a t  m i n u s  5 0 0 C ,  l o s e s  i t s  h e a l i n g  p r o p e r t i e s  [ 9 ] .

h o n e y ,  w h e n  e x p o s e d  t o  t e m p e r a t u r e s  b e l o w

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

T h e  o b t a i n e d  r e s e a r c h  r e s u l t s  s h o w e d  ( F i g 

u r e  2 )  t h a t  t h e  m a x i m u m  p r o p o r t i o n  o f  f r o z e n  

m o i s t u r e  i n  t h e  p r o c e s s  o f  s u b l i m a t i o n  i s  o b s e r v e d  

a t  t e m p e r a t u r e s  f r o m  m i n u s  3 0 0C  t o  m i n u s  4 0 0C ,  

d e p e n d i n g  o n  t h e  t y p e s  o f  h o n e y  [ 3 0 ] .

T h e  d r y i n g  t e m p e r a t u r e  i s  o n e  o f  t h e  e s 

s e n t i a l  d r y i n g  f a c t o r s .  H o n e y  s a m p l e s  w e r e  

d r i e d  a t  a  t e m p e r a t u r e  o f  4 0 ° C .  I n c r e a s i n g  t h e  

p o s t - d r y i n g  t e m p e r a t u r e  a b o v e  4 0 ° C  c a n  l e a d  t o  

a  d e c r e a s e  i n  t h e  q u a l i t y  o f  t h e  p r o d u c t ,  b u t  t h i s  

r e d u c e s  t h e  d u r a t i o n  o f  t h e  p r o c e s s .

W h e n  c a r r y i n g  o u t  f r e e z e  d r y i n g ,  i t  i s  

n e c e s s a r y  t o  d e t e r m i n e  s u c h  p a r a m e t e r s  o f  t h e  

p r o c e s s  t e m p e r a t u r e  f o r  t h e  s t u d i e d  t y p e s  o f  

h o n e y ,  a t  w h i c h  t h e  d r y i n g  t i m e  w i l l  b e  m i n i m a l  

[ 2 4 ] .  A t  t h e  s a m e  t i m e ,  i t  i s  i m p o r t a n t  t o  t a k e  

i n t o  a c c o u n t  t h a t  d r i e d  h o n e y  s a m p l e s  a r e  p r o d 

u c t s  w i t h  h i g h  q u a l i t y  i n d i c a t o r s ,  a s  w e l l  a s  r e 

t a i n i n g  t h e  b i o l o g i c a l  a n d  n u t r i t i o n a l  v a l u e  o f  

n a t u r a l  h o n e y  a s  m u c h  a s  p o s s i b l e  [ 3 1 ] .

Conclusions
T h r e e  t y p e s  o f  h o n e y  f r o m  t h e  E a s t e r n  r e 

g i o n  o f  K a z a k h s t a n  w e r e  s e l e c t e d  f o r  f r e e z e 

d r y i n g :  s u n f l o w e r ,  s w e e t  c l o v e r  w i t h  s a i n f o i n  

a n d  m o u n t a i n  f l o w e r .  T o  c o n t r o l  t h e  n a t u r a l n e s s  

a n d  s a f e t y  o f  h o n e y  s a m p l e s ,  a  s t u d y  o f  t h e i r  

p h y s i c a l  a n d  c h e m i c a l  i n d i c a t o r s  w a s  c a r r i e d  

o u t :  m a s s  f r a c t i o n  w a t e r ,  r e d u c i n g  s u g a r s  a n d  

s u c r o s e ,  d i a s t a s e  n u m b e r ,  t o t a l  a c i d i t y  a n d  h y -  

d r o x y m e t h y l f u r f u r a l  c o n t e n t .

T h e  r e s u l t s  s h o w e d  t h a t  t h e  s t u d i e d  p r o t o 

t y p e s  m e e t  t h e  r e g u l a t o r y  r e q u i r e m e n t s  f o r  t h e  

q u a l i t y  o f  n a t u r a l  h o n e y .  I t  h a s  b e e n  e s t a b l i s h e d  

t h a t  i n  t e r m s  o f  m o i s t u r e  c o n t e n t ,  s u n f l o w e r  h o n e y  

d i f f e r s  f r o m  m o u n t a i n  h o n e y  a n d  s w e e t  c l o v e r

( 1 5 % ,  1 7 .3  a n d  1 7 . 2 % ,  r e s p e c t i v e l y ) ,  a n d  a l s o  

c o n t a i n s  a  h i g h  a m o u n t  o f  r e d u c i n g  s u g a r s  

( 8 7 . 9 % ) ,  h o w e v e r ,  t h e  m a s s  f r a c t i o n  o f  s u c r o s e  i s  

2 . 5  % .  I t  i s  n o t e d  t h a t  t h e  h i g h e s t  c o n t e n t  o f  s u 

c r o s e  i n  m o u n t a i n  h o n e y  i s  4 . 5 % .  T h e  d i a s t a s e  

n u m b e r  i s  a n  i n d i c a t o r  o f  t h e  q u a l i t y  a n d  n a t u r a l 

n e s s  o f  h o n e y  a n d ,  a c c o r d i n g  t o  t h e  r e q u i r e m e n t s  

o f  G O S T ,  s h o u l d  b e  a t  l e a s t  8  G o t e  u n i t s ,  t h e  r e 

s u l t s  s h o w  t h a t  t h e  s t u d i e d  s a m p l e s  o f  h o n e y  c o n 

t a i n  f r o m  1 3 .1  t o  1 5 .1  u n i t s ,  w h i c h  c o n f i r m s  t h e  

i n f l u e n c e  o f  t h e  g e o g r a p h i c a l  o r i g i n  o f  h o n e y .

A c c o r d i n g  t o  t h e  v a l u e  o f  w a t e r  a c t i v i t y ,  

a l l  t y p e s  o f  h o n e y  a r e  p r o d u c t s  w i t h  l o w  h u m i d i 

t y  a n d  l o n g - t e r m  s t o r a g e .

T h e  r e s u l t s  o b t a i n e d  i n d i c a t e  t h a t  a l l  t h e  

s t u d i e d  s a m p l e s  o f  h o n e y  m e e t  t h e  r e g u l a t o r y  

r e q u i r e m e n t s  a n d  c o n f i r m  i t s  h i g h  q u a l i t y  a n d  

n a t u r a l n e s s .

A l l  t y p e s  o f  h o n e y  s a m p l e s  i n  t e r m s  o f  

w a t e r  a c t i v i t y  ( 0 . 5 5 ;  0 . 5 2 ;  0 . 5 8 )  a r e  p r o d u c t s  

w i t h  l o w  m o i s t u r e  c o n t e n t .  T h u s ,  h o n e y  s a m p l e s  

a r e  s a f e  p r o d u c t s ,  p r o t e c t e d  f r o m  m i c r o b i o l o g i 

c a l  s p o i l a g e [ 3 ] .

W h e n  s e l e c t i n g  t h e  t e c h n o l o g i c a l  p a r a m e 

t e r s  o f  f r e e z e - d r y i n g ,  i t  w a s  d e t e r m i n e d  t h a t  t h e  

o p t i m a l  v a l u e s  o f  t h e  d r y i n g  p r o c e s s  f o r  a l l  

t y p e s  o f  h o n e y  a r e :  h o n e y  f r e e z i n g  t e m p e r a t u r e  -  

m i n u s  4 0 ° C ;  f r e e z e - d r y i n g  t e m p e r a t u r e  -  m i n u s  

3 5 - 4 0 оС ;  d r y i n g  t e m p e r a t u r e  4 0 ° C .
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