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DETERMINATION OF FLAVONOIDS IN DIFFERENT 
OILS OF CANNABIS SATIVA L (CANNABACEAE) AND 
EVALUATION OF PHYSICO-CHEMICAL INDICATORS

Abstract. The article presents the results of studies of the flavonoid composition of cold-pressed 
hemp oil, implemented in the trade network of the Republic of Uzbekistan by chromatographic 
methods, as well as the results of assessing their quality characteristics, verified according to ISO 
requirements. In the analysis of 5 samples of hemp oils (Cannabis sativa L), 3 samples were found, 
which, in terms of the quantitative content of quercetin, rutin and gallic acid, are higher than the 
rest. Among the studied 5 samples of cold-pressed hemp oils, moisture, peroxide value, acid value 
according to ISO was also determined. In this regard, it follows that in the production and use of 
cold-pressed hemp oils, it is necessary to constantly monitor moisture, peroxide value, and acid value. 
Detailed information on flavonoids can be obtained with the complex application of chromatographic 
methods of analysis.

Keywords: hemp oil, Cannabis sativa L, flavonoids, cold pressed, quercetin, rutin and gallic acid.
Introduction
Flavonoids belong to one of the most significant 

classes of biologically active substances of natural or-
igin. Natural flavonoids are of great practical signifi-
cance in the pharmaceutical industry. Most of these 
compounds have a complex structure, which makes 
it difficult to obtain them synthetically. As is known, 

most flavonoids have antiseptic and anti-inflamma-
tory properties, and are also able to remove heavy 
metals from the body and reduce the concentration 
of radiation [1–2].

For researchers in this field, of particular interest 
is the study and identification of flavonoids and their 
derivatives, present in a significant amount in the 
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composition of oil obtained by cold pressing from 
non-narcotic industrial hemp. For example, industrial 
hemp oil is a useful and nutritious food product, has 
medicinal properties and has been used by humans 
since ancient times. But hemp seeds are especially 
valued, their oil is not only used daily and in various 
forms for food, but also various medicines are made 
based on them. Cold-pressed hempseed oil is often 
perceived by consumers as medicinal and is contrasted 
with traditional foods. However, they are food prod-
ucts intended for systematic use as part of diets by all 
age groups of a healthy population [3–6]. Among the 
food products produced by the oil and fat industry, the 
most suitable for conversion are emulsion products 
(spreads, margarines, sauces), in which special ingre-
dients are added to give functional properties, while 
insufficient attention is paid to the value of hemp oil 
included in food formulations. Hemp oil are sources 
of phytocannabinoids, flavonoids, chlorophyll, neces-
sary for the normal functioning of the human body, 
they are characterized by a high content of phenols 
and unsaturated fatty acids omega‑3, omega‑6, ome-
ga‑9 and macro-microelements and other biologically 
active components, as well as essential fatty acids. The 
study of the flavonoid composition of hemp oil will 
make it possible to predict the possibility of their use 
in the diet as food and as medicinal [7–14].

Materials and methods
Chromatographic methods are the most effec-

tive for the determination of flavonoid compared to 
other methods of analysis, [3]. The material for the 
study was Cannabis Sativa L oil, collected after cold 
pressing. High performance liquid chromatography 

was used to characterize the flavonoid components of 
cold-pressed hemp oil [4]. The following method was 
used for the qualitative and quantitative determination 
of flavonoids in samples. 96% ethanol was used as a 
solvent to separate rutin, gallic acid, and quercetin. To 
do this, the prepared extract and alcohol were mixed in 
a ratio of 1:10 and extracted with a magnetic stirrer at 
a temperature of 30 °C for 75 minutes. After that, the 
HPLC method was used. To determine the amount of 
rutin, gallic acid and quercetin in hemp oil samples on 
a Perkin Elmer C18 250x4.6 mm 5 mm C18 column 
(USA). To do this, a calibration curve was built by pre-
paring a solution of 0.5% acetic acid in a ratio of 35:65 
and standard solutions of acetonitrile in different con-
centrations: 1 mg/ml, 1.25 mg/ml and 2.5 mg/ml. The 
following chromatogram was obtained on an HPLC 
device (LC2030 C3D plus Shimadzu Japan) based 
on standard samples with 2.5 minutes of gallic acid, 
3.6 minutes of normal and 15 minutes of quercetin. 
The detection wavelength is 354 nm. The remaining 
quality parameters for hemp oil are determined strictly 
according to ISO. For example, moisture and volatile 
matter according to ISO 662–2016, acid value ISO 
660–2020, peroxide value ISO 3960–2017.

Results and discussion
The study of the component composition of 

flavonoid compounds of hemp oil was carried out. 
Chromatogram of the separation of a mixture of fla-
vonoid compounds of the standard extract (a) and 
industrial hemp oil (b): quercetin, rutin and gallic 
acid. Mobile phase: 0.5% acetic acid-acetonitrile 
mixture (35:65 vol.). Mobile phase rate 1 ml/min. 
Detection wavelength 354 nm

Table 1. – Flavonoid composition of hemp oil

№ 
Name

Ret. Time Area Height Conc. mg/ml
Samples Flavonoids

1 2 3 4 5 6 7

1 Standard
Quercetin 2.493 898349 92205 0.050

Rutin 3.635 1616920 232739 0.050
Gallic acid 15.891 5600155 226403 0.050

2 Sample 1 Rutin 3.700 85001 8179 0.003
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1 2 3 4 5 6 7
3 Sample 2 – – – – –
4 Sample 3 Gallic acid 2.685 93983 8692 0.005

5 Sample 4 Rutin 3.584 3480 459 0.0001
Gallic acid 2.676 33500 4766 0.002

6 Sample 5 Rutin 3.573 18341 1439 0.001
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Figure 1.

As can be seen from (table 1), the results ob-
tained indicate the homogeneity and identity of the 
detected fl avonoids. Quercetin, rutin and gallic acid 

and its derivatives are biologically active substances 
with antioxidant, antitumor, antimutagenic and an-
tiviral activity.

Table 2. – Physical and chemical indicators of hemp oil according to GOST 8989–73

№ 

Norm for oil GOST 
8989–73

ISO for testing
Name indicators

Actual Results

re
fi n

ed

unrefi ned

1 
gr

ad
e

2 
gr

ad
e

Sa
m

pl
e 

1

Sa
m

pl
e 

2
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m
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e 

3

Sa
m
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e 

4

Sa
m

pl
e 

5

1. Moisture% 0.11 0.12 0.10 0.12 0.10 0.12 0.15 0.20 662–2016

2. Acid number mg/100 0.6 0.7 1.1 0.8 1.0 0.4 2.3 6 660–2020

3. Peroxide value m/mol 7.0 6.7 7.4 4.5 7.5 No more than 10 3960–2017
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After determining the flavonoid composition, 
we determined the parameters of cold pressing, ob-
tained at a temperature of 55–600 °C. An oil yield 
from hemp seeds over 30% is considered high. How-
ever, hemp oil oxidizes too quickly due to its high 
content of polyunsaturated fatty acids. As a result of 
storage, low-molecular compounds, peroxides, alde-
hydes, free fatty acids, ketones accumulate in hemp 
oil, which leads to a sharp deterioration in the prop-
erties of the product: the oil thickens, a rancid taste, 
and an unpleasant odor appear. Many products of 
oxidation of polyunsaturated fatty acids have muta-
genic and carcinogenic properties, so quality control 
of hemp oil is an urgent task (Table 2).

An important characteristic of the quality of hemp 
oil is its moisture (%), acid (AN) and peroxide (PC) 
numbers. It should be noted that, although it is usually 
considered acceptable for edible vegetable oils to have 
an IC value not exceeding 10 mg-eq O2/kg, a change 
in the taste (rancidity) and smell of hemp oil usually 
begins at IC values less than 6–9 meq O2/kg oils. The 

value of the acid number characterizing the content 
of free fatty acids should not exceed 2 mg KOH/g oil. 
The results for our oil are shown below (Table 2). The 
option we have chosen meets the quality standard. 
Moisture, AN and PC indicators correspond to the 
requirements of GOST 8989–73.

Conclusion
Flavonoids play a very significant role in the pre-

vention of cardiovascular disease. Flavonoid com-
pounds seal and strengthen blood vessels, increase 
their elasticity and reduce their permeability, brittle-
ness and fragility. In addition, flavonoids reduce the 
level of cholesterol in the blood and its deposition on 
the walls of blood vessels, and also affect the mainte-
nance of normal blood pressure and prevent platelet 
aggregation and remove toxins from the heart mus-
cle. To check the presence of flavonoids, we carried 
out qualitative and quantitative analyzes of hemp oil 
using HPLC methods. The quality of hemp oil meets 
the requirements of GOST 8989–73. Out of this, we 
must include hemp oil in our diet.
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ADDITIONS TO THE TERNARY GOLDBACH PROBLEM 
AND SOLVING TWO TOPICAL PROBLEMS

Abstract. The Goldbach-Euler binary problem is formulated as follows:
Any even number, starting from 4, can be represented as the sum of two primes.
The ternary Goldbach problem is formulated as follows:
Every odd number greater than 7 can be represented as the sum of three odd primes, which was 

finally solved in 2013.
The second problem is about the infinity of twin primes.
The author carries out the proof by the methods of elementary number theory.
Keywords: solving, problems, in, number, theory.
1. Introduction, literature review and scope 

of work
In 1742, the Prussian mathematician Christian 

Goldbach sent a letter to Leonard.
Euler, in which he made the following conjec-

ture:
Every odd number greater than 5 can be rep-

resented as the sum of three prime numbers [1; 
2; 3; 4].

Euler became interested in the problem and put 
forward a stronger conjecture:

Every even number greater than two can be rep-
resented as the sum of two prime numbers.

The first statement is called the ternary Goldbach 
problem, the second the binary Goldbach problem 
(or Euler problem).

In 1995, Olivier Rameur proved that any even 
number is the sum of at most 6 prime numbers. 
From the validity of the ternary Goldbach conjec-

ture (proved in 2013 by year) it follows that any even 
number is a sum of at most 4 numbers [6].

As of July 2008, Goldbach’s binary conjecture has 
been tested for all even numbers not exceeding 1.2 × 
× 1018 [2].

The binary Goldbach conjecture can be reformu-
lated as statement about the unsolvability of a Dio-
phantine equation of the 4th degree some special 
kind [5; 6].

The question of whether there are infinitely many 
twin primes has been one of the most open ques-
tions in theory numbers for many years.

This is the content of the twin prime conjecture, 
which states that there are infinitely many primes p 
such that that p+2 is also prime. In 1849 de Polignac 
advanced more the general conjecture that for every 
natural number k there exists infinitely many primes 
p such that p + 2k is also simple. [7] The case k = 1 
of the de.
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Polignac conjecture is the conjecture about twin 
prime numbers.

2. Content (main part)
1.1. Additions to the ternary Holbach problem.
a) From the finally solved problem of Goldbach’s 

ternary problem follows:
	 p1+p2+ p3+2= p4+p5+p6 � (1)

It should be noted that formula (1) is read in 
both directions, which means the sum of three odd 
primes in the previous odd number, starting at 9 and 
the sum of three simple odd numbers in the subse-
quent odd number are equal and vice versa.

b) The difference between the sum of two odd 
prime numbers and an odd prime number as well as 
the difference between the odd prime number and 
the sum of two -any odd numbers.

Proof.
It is necessary to prove:

p1+p2−p3=2K+1 , p1−p2−p3 =2K+1 � (2)
where K = 1,2… ∞

According to the method of mathematical induc-
tion:

	 p1+p2−p3+2= p4+p5−p6 � (3)

	 p1+p2+ p6+2= p4+p5+p3 � (4)

and
	 p1−p2−p3+2= p4−p5−p6 � (5)

	 p1+p5+p6+2=p4+ p2+p3 � (6)

And according to the finally solved Goldbach’s 
ternary problem:
where:

	 2K 1+3=2K2+1 � (7)

	 K 2=K1+1 � (8)
at:

K1=1,2...∞ , K 2=1,2 ...∞

Note: Since in the ternary problem odd numbers 
start with 9, then for 3, 5, and 7 where K =1,2,3 we 
confirm arithmetically. Q.E.D.

2.2. Lemma
Any even number starting from 12 is represent-

able as a sum four odd prime numbers.

1. For the first even number 12 = 3+3+3+3.
We allow justice for the previous N > 5:
	 p1 + p2 + p3 + p4 =2N � (9)

We will add to both parts on 1

	 p1 + p2 + p3 + p4 + 1 = 2N + 1 � (10)

where on the right the odd number also agrees

	 p1 + p2 + p3 + p4 + 1 = p5 + p6 + p7 �(11)

Having added to both parts still on 1
p1 + p2 + p3 + p4 + 2 = p5 + p6 + p7 + 1  (12)

We will unite
p6 + p7 + 1

again we have some odd number,
which according to finally solved ternary Goldbach 
problemwe replace with the sum of three simple and 
as a result we receive:
p1 + p2 + p3 + p4 + 2 = p5 + p6 + p7 + p8 (13)

at the left the following even number is relative, and 
on the right the sum four prime numbers.

	 p1 + p2 + p3 + p4 = 2N � (14)

Thus obvious performance of an inductive math-
ematical method.

As was to be shown.
1.2. Corollary 1:
Possible value of one of the four primes odd 

equals in the sum of 2N from 3 to 2N‑9 inclusive.
This follows from the finally solved Goldbach’s 

ternary problem.
1.3. Corollary 2:
The difference between the sums of two simple 

odd numbers is any even, starting from 2.
Proof.
Let’s prove that:
	 p1+p2−( p3+p4)=2N � (15)

by mathematical induction:
( p1+p2)−( p3+ p4)+2=( p5+p6)−( p7+ p8)  (16)
( p1+p2)+( p7+ p8)+2=( p5+ p6)+( p3+p4)  (17)

By Lemma:
	 ( p1+p2)+( p7+ p8)+2=2N1+2 � (18)

	 ( p5+p6)+( p3+ p4)=2N2 � (19)
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and with N 2=N 1+1 (19) it is true starting from, 
from 14, N=7,8… ∞

Up to 14 we confirm arithmetically.
1.4. Corollary 3
The difference between the sum of three odd 

primes and an odd prime the sum of two odd prime 
numbers.

Let us prove by the method of mathematical in-
duction.

	 p4+ p5+ p6−p3+2=p7+p8+p9−p10 � (20)
and further:
p4+ p5+ p6+ p10+2= p7+ p8+ p9+p3=2N � (21)

On the right side of (21) there is even 2N and 
based on Lemma 2.2 N = 6,7…

From which equality (20) and the first and sec-
ond even numbers 4 and 6 follow:
3+3+3+3+2=3+3+3+5; 3+3+3–5+2=3+3+3–3 etc. 

	 –––––– 4	 –––––– 6
all even numbers.

	 p4+ p5+ p6−p3 =2N� (20a)
where N = 2,3,…, ∞

2.6. Theorem
In the sum of four odd primes, the sum of three 

primesis a prime number
Let:
	 p1+p2+ p3+ p4=2N � (22)

and
	 p1+p2+ p3≠p5 � (23)

sum (22)+(23):
	 2p1+2p2+2p3+p4≠2N+ p5 � (24)

difference (22)-(23):
p4≠2N−p5 , p4+ p5≠2N � (25)

finally sum(24)+(25);
2( p1+ p2+p3+p4)+p5≠4N+ p5 � (26)

which is an irrefutable equality, and hence the equal-
ity (23) and (25).

The sum of two primes up to 12 inclusive is con-
firmed arithmetically.

2.7. Corollary 4.
The difference of two primes is any even number.
Let’s show that:

	 p1−p2+2= p3−p4 � (27)

	 p1+p4+2= p3+ p2 � (28)

which is proved by (25).
2.8. Corollary 5.
If the sum of four simple odd, then the sum two-

even number from 6 to 2N‑6 inclusive.
What follows from the solved Goldbach-Euler 

conjecture.
3. Twin primes are infinite.
Any even number starting from 14 can be repre-

sented as a sum four odd primes, two of which are 
twins.

	 p1 + p2 + p3 + p4 = 2 N � (29)
Let two prime numbers be p3, p4. . twins, then 

the other two numbers are also prime numbers, 
which follows from Corollary 5.

We then arrange prime numbers from left to right 
in descending order.

And if 2 N = 2 p2 + 2 p4 + 4 , then inevitably 
p1 , p2 . – twins.

Subtract from both parts 2 p2 + 2 p4 :
	 p1− p2 + p3 − p4 = 4 � (30)

From (29) it is obvious p1 , p2 . inevitable twins.
Let them p3, p4. . last prime numbers are twins.
Let’s denote two large prime numbers as p1 , p2 ..
And according to Lemma (26), there exists an 

even number 2 N such that inevitably p1 , p2 . large – 
twins. Then substituting instead p3, p4. .
numerical values p1 , p2 . etc. In (29),(30) we have 
an infinite number of twins.

4. Conclusion
The solution of these problems opens up oppor-

tunities for solving a number of problems in number 
theory.
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CREATION OF A NEW MODEL OF BURNS IN RATS WITH 
THE DETERMINATION OF THEIR DEGREE AND USE OF 

APIS MELLIFERA CARBOXYMETHYL CHITOSAN

Abstract. The article provides information about thermal skin burns and emerging 
pathophysiological changes in integumentary tissues. To study and treat these severe processes, need 
to burn the skin of animals. A new model of thermal skin injury in rats has been created. For the 
occurrence of a skin burn, a soldering gun with a flat rod PP REXANT ZD‑715 12–0188 with a tip 
heating temperature of up to 400 oC was used. The degree of the burn was determined by histological 
examination of skin tissues under a microscope, which was IIIA and IIIB degrees. Positive results of 
using an ointment based on carboxymethyl chitosan (CMCHS) have been recorded.

Keywords: chitosan, carboxymethyl chitosan, modeling, burn injury, epithelialization.
Introduction
Burn injury is known as the most traumatic 

wound. In clinical practice, most burn patients ex-
perience severe pain during wound dressing, which 
necessitates the promptest effective treatment and 
the use of advanced drugs. When evaluating a burn 
wound care model, the use of animals is consid-
ered appropriate in studying the pathophysiology 
of burns, as well as in studying the effectiveness of 
treatment strategies due to the complexity and het-
erogeneous nature of burns [1].

Burn injury is a polypathophysiological phenom-
enon in which destructive injuries cause structural 
and functional disorders in many systems and or-
gans of the human body. The use of animal models 
is considered to be an appropriate tool to study the 
pathophysiology of burns instead of experiment. 
This is due to the heterogeneous nature of burns and 
the similarity of animal skin with the characteristics 
of human skin. Over the past two decades, several 
models of thermal damage to the skin of animals 
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have been developed to reproduce various degrees 
of burn injury, elucidate pathophysiological changes, 
and study effective therapeutic therapy [2].

The main part
The skin is the largest organ of the body and its 

destruction, especially caused by burns, can be life-
threatening. Skin burns cause pathophysiological 
changes in the body, leading to severe forms of burn 
disease, in which several complications are manifest-
ed, such as escalation of infection and high mortality, 
as well as prolonged hospitalization of the patient 
[3]. With a large area of damage, burns can turn into 
a systemic problem affecting various organs [4].

The use of animal models of burns is critical for 
burn research, especially for studying the medicinal 
properties of new drugs since it is known that new 
treatment strategies should be initially tested at an 
experimental level before clinical application [5]. 
An experimental model is essential in the study of 
burns and their underlying mechanisms. Many ani-
mal models of burn injuries have been reported using 
mice, rats, rabbits, dogs, and pigs. They are widely 
used to study the pathology of a burn wound, the ef-
fect of systemic drug use, local therapy, and the effect 
of a burn injury on the entire body [6–8].

The use of animals as experimental models in 
various biological studies for transfer to human 
physiology was originally provoked by Bernard in 
1865 [9]. Over time, the marked similarities in anat-
omy and physiology between humans and animals 
have further motivated many researchers to explore 
a wide range of mechanisms and treatments in ani-
mal models before using their findings to treat the 
thermal injury in humans. In burn research, there are 
several common methods of producing burn inju-
ries in animal models, including hot water, hot metal 
instruments, electricity, and heated paraffin [10]. 
In these methods, the animal’s back is shaved and 
heated material is applied to the skin to induce the 
desired surface area of the burn. Specific parameters 
such as heat and exposure are used differently in each 
burn model [11]. In addition, the integral design of 

an animal burn model experiment is also critical for 
the assessment of tissue burn.

Motamed et al. demonstrated a rat model of the 
third-degree burn to investigate the effectiveness of 
the amniotic membrane in combination with adi-
pose-derived stem cell treatment. A burn wound was 
formed by extinguishing a hot rod (boiled in water) 
in the dorsal area for 30 seconds [12]. The authors 
of [13] literature developed a similar model using a 
brass block heated to 190 °C on the back of rats par-
allel to the midline for 20 seconds. This model was 
used to evaluate the treatment of severe burns with 
a medical dressing applied to the wound, as well as 
its inflammatory responses and healing mechanisms.

There is a known method of modeling a burn 
in an experiment in animals (mice, rats), which is 
carried out by immersing the animal’s back in water 
heated to a temperature of 65–100 oC [14].

However, the method provides heating of not 
only the skin but also the skeletal muscles of the 
animal (this is because mice and rats have a weakly 
expressed layer of subcutaneous tissue) and causes 
early death of animals already in the first 2–3 days 
with a lesion area of 15–20% of the surface body. In 
addition, burns obtained in this way are accompa-
nied by the development of wet skin necrosis, which 
also increases the severity of the injury. To reduce the 
severity of the injury and prolong the life of the ani-
mal, to monitor the course of reparative processes, 
the thermal insulation of deep tissues is resorted to 
by subcutaneous injection of 150–200 ml of air at the 
time of the burn, followed by its removal, which does 
not allow to fully transfer this model to the situation 
of burns emerging in humans [15].

In our study, we developed the following model 
for the development of a burn on the skin of a test 
animal. White outbred inbreeding experimental rats 
were selected, whose body weight is relatively the 
same. They were measured and divided into three 
groups. Group I – control rats, weighing 190–210 g. 
Group II – rats of 180–205 g, treated with an oint-
ment drug applied to the surface of a burn wound. 



CREATION OF A NEW MODEL OF BURNS IN RATS WITH THE DETERMINATION OF THEIR DEGREE AND USE OF APIS MELLIFERA CARBOXYMETHYL CHITOSAN

15

The basis of the ointment preparation prepared was 
levomecol, to which powdered micro-dispersed 
CMCHS was added. CMCHS was synthesized 
from the dead bee Apis mellifera [16–17] and used 
to treat burn wounds. Group III, rats weighing 180– 
–210g. were treated with monotherapy using le-
vomecol ointment. In all groups, 10 rats of differ-
ent sexes were selected. Only six rats from the first 
(control) group and all rats of the other groups were 
prepared for the process of inflicting burn injuries. 
The fur on the posterior dorsal part of the rats was 

sheared with medical scissors to obtain identical skin 
burns in all groups. Anesthesia was applied to rats 
located in a specialized box (by intramuscular injec-
tion of 0.1 ml of ketamine). Animals are fixed in the 
machine by four limbs. Subcutaneously, at the site 
of the alleged thermal injury, 20–30 ml of air was 
injected. The reason for introducing air under the 
skin is to save the lives of rats to protect the internal 
organs and underlying tissues from burns, for further 
morphological study of the burn wound and to study 
the effect of our drug.

 
Figure 1. Rats with IIIA and IIIB degree burns on the 2nd day

For thermal damage to the skin, a soldering gun 
with a flat rod PP REXANT ZD‑715 12–0188 man-
ufactured in Russia with a tip heating temperature 
of up to 400 °C was used. The exposure time of the 
heated tip on the rat skin was for 10 seconds. The 
contact of the flat tip of the soldering iron with the 
skin was set at an angle of 30 degrees relative to the 
plane of the animal’s skin. The burn diameter was 
made in an area of 4.0 × 2.0 cm. When the burn pro-
cess was over, within 15 minutes the rats began to 
recover from anesthesia and ointments were applied 
to the wound surface in the previously prescribed 
order. The next day after thermal trauma, i. e. on the 

second day, four rats from all groups were killed and 
given for histological examination (Fig. 1).

The degree of burn damage was determined by 
histological examination of skin tissue under a mi-
croscope. Pathological damage to the skin during 
the histological examination of tissues under a mi-
croscope showed that the rats had burns of IIIA and 
IIIB degrees with blackening and necrosis of the skin 
(Fig. 2).

Daily dressing of the wound was carried out ac-
cording to the prescribed pattern 1 time a day with 
the application of medicinal ointments with a layer 
of 0.5–3 mm on the burn surface without bandaging.
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Figure 2. IIIA degree burns. Partial death of the skin (1), preservation 
of the deep layers of the dermis, and its derivatives (2)

Application of medicinal ointments and nutri-
tion of rats (bread, cereal seeds, sunflower seeds) 
were carried out once a day at the same time in-
terval.

The wound therapy was carried out for 22 days 
until complete healing, epithelialization of the burn 
wound in the 2nd group occurred on the 3rd week af-
ter the skin burn. In the group where monotherapy 
with levomecol was used (group 3), the epithelium 
of the wound healed within 24 days, and in the con-
trol group, the restoration of the skin occurred on 
the 30th day after thermal damage. The advantage of 

our simulation was the 100% viability of the rats. 
The rats remaining after sampling for histological 
examination survived until the burn process was 
completely cured.

Conclusion
Due to the proposed animal model, a better un-

derstanding of the morphological changes in ther-
mally affected tissues during burns, the mechanism 
of formation of burns of varying degrees, and future 
research will be constantly improved with new treat-
ment strategies that improve the quality of life of pa-
tients with burns.
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TECHNOGENIC CHANGE AND ECOLOGICAL 
STATE OF KARAKALPAK USTYURT

Abstract. The article deals with the issues of studying the state of natural-climatic, geological-
hydrogeological and environmental conditions from the point of view of the observed tension of 
the ecological situation in the Karakalpak Ustyurt. Geoecological zoning of the territory based on 
the analysis of multidisciplinary information of natural-climatic and geological-hydrogeological 
conditions to serve for the appropriate use and further development of a regional strategy for 
sustainable development of the Karakalpak Ustyurt.

Keywords: natural and climatic conditions, geological and hydrogeological conditions, 
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Introduction. The complexity of natural and cli-
matic conditions, the observed tension of the ecologi-
cal situation in the Karakalpak Ustyurt, is explained 
by the intense influence of the reduction in the area of 
the Aral Sea, which leads to an increase in the area of 
desert ecosystems or is not subject to self-healing af-
ter technogenic intervention. Insufficient and uneven 
study of the environment, subsoil and groundwater is 
far from a complete list of issues to be analyzed and 
accounted for in the exploration and development of 
minerals of the Karakalpak Ustyurt. The purpose of 
the research was to study the state of climatic, geologi-
cal, hydrogeological and ecological conditions of the 
territory of the Karakalpak Ustyurt for geoecological 
zoning of the territory of the Karakalpak Ustyurt. To 
achieve this goal, an information base has been sys-
tematized and generalized, allowing a retrospective 
analysis of the geoecological state of the Uzbek part 
of the Ustyurt plateau, comprehensive studies of the 
components of the surrounding geological environ-
ment – atmospheric air, soils, surface and groundwa-
ter, vegetation, wildlife, landscapes, and a cartographic 
database have been prepared.

On the Ustyurt plateau, within the contract ter-
ritories, zoning is aimed at identifying objectively 
existing boundaries by environmental components, 
studying factors affecting their formation, differentia-
tion and the nature of the relationship of geoecological 
conditions. The zoning is based on the degree of geo-
ecological stability of the components of the natural 
environment. An important feature of the research is 
that it was conducted on the basis of generalization of 
already available materials and a modern field survey 
of the components of the natural environment. Of all 
the variety of natural factors that determine the state 
of the environment, landscapes, soils, vegetation and 
wildlife have in the area under consideration.

Discussion of the results. Most of the consid-
ered territory of the Karakalpak Ustyurt is located in 
areas where landscape zones coincide with tectonic 
structures. In general, it is a flat area with areas of 
ridge-hilly terrain. Miocene rocks of Neogene-Qua-

ternary deposits are found in the surface occurrence, 
filling large depressions in the relief of basins such as 
Barsakelmas, Assakeaudan (Fig. 1).

From a physical and geographical point of view, 
Karakalpak Ustyurt is an independent district, where 
Aeolian landforms, clay flat spaces, extensive dry de-
pressions, dry channels of ancient and modern tem-
porary watercourses are widespread. Quaternary 
deposits are widely developed on the surface in the 
depressions, and Neogene and Cretaceous deposits 
are on the plateau. Cretaceous deposits are exposed 
in outcrops – cliffs of chinks. According to landscape, 
climatic, soil and geobotanical conditions, Karakalpak 
Ustyurt can be divided into three districts (Fig. 1).

Northern Ustyurt covers the northern part of the 
Karakalpak Ustyurt, and it is a gently undulating plain 
with heights up to 150–200 m. The predominant type 
is the landscape of the Neogene plateau, which occu-
pies up to 90% of the entire territory of the research 
area. They are characterized by depressions, with flat 
basins, sometimes with manifestations of landslides, 
landslides, fracturing, karst and suffusion.

The central Ustyurt occupies the central, most 
lowered, part of the studied territory. The absolute 
marks of the territory range from 61 m at the bot-
tom of the Barsakelmas basin to 150 m in the north. 
It is a closed, drainless salt-deflationary depression, 
developed in Meso-Cenozoic rocks and filled with 
salt layers. In the northwest, there is a continuation 
of the depression in the form of a lake-accumulative 
plain composed of sandy deposits (Fig. 1).

Southern Ustyurt occupies the territory to the south 
of the Karabaur mountain pass and the adjacent hill. The 
terrain is undulating-flat, dissected by runoff hollows. 
In the southern part of the Karakalpak Ustyurt there 
is a large Assakeaudan depression, from the north it is 
bounded by steep slopes that reach a height of 40–50 
m. A hollow wavy relief characterizes the vast bottom of 
the depression. Here, as in other depressions adjacent to 
Barsakelmes, semi-fixed bumpy sands with a height of 
2–5 m, consisting of fine-grained particles and salt dust, 
fixed around shrubs and saxauls, are common [2; 3].
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Figure 1. Schematic geological and lithological map of the Karakalpak Ustyurt

Symbols. Age – related: 1-Eopleistocene de-
posits (sands, gypsum, halite and chemical rocks); 
2-Aeolian deposits (dusty and fine-grained sands); 
3-Holocene deposits (wetlands with medium and 
coarse-grained sands, stratification of gypsum, ha-
lite and other chemical rocks); 4-eluvial-deluvial de-
posits (coarse-grained and medium-grained sands, 
powdery sandy loam and loam, lumpy in places); 
5-undifferentiated neogene-quaternary deposits 
(coarse-grained and medium-grained sands, with 

the inclusion of gravel, limestone and marl sedi-
ments); 6-Miocene-Pliocene deposits (sands, marls, 
limestones, clays); 7-Miocene deposits of the Sarma-
tian tier (limestones, marls and clays with gypsum 
interlayers); 8-Middle Miocene (marl clays with 
gypsum nests and interlayers of marl limestones); 
9-undifferentiated Paleogene deposits (clays, marls); 
10-Upper Cretaceous deposits (clays, siltstones with 
layers of sandstones and sands). Other: 11-wells 
(1-Urdebai; 2-Riapai; 3-Terenkuduk; 4-Ushbent; 
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5-Sengir; 6-Turlibai; 7-Boiterek; 8-Kuvonishka-
zgan; 9-Boschuvok; 10-Tezenkazgan; 11-Okboytol; 
12-Borishjon; 13-Tuzelbai; 14-Kiziltom; 15-Uch-
kuduk; 16-Okshukir; 17-Boychagir; 18-Lutibai; 
19-Uru; 20-Surzha; 21-Toshoek; 22-Uzunkuyi; 
23-Alpizkazgan); 12-Saxauls and thickets of sax-
auls; 13-canions ravines and chinks; 14-salt marshes; 
15-temporary watercourses;16-chemical deposits, 
salt marshes, sands, sandy loam rocks, salt layers and 
accumulations (mirobilite and halite); 17-faults: a) 
Karabaursky; b) Shakhpakhtinsky; 18-settlements.

In accordance with the structural features of the 
hydrogeological section, two hydrogeological floors 
are distinguished. The upper floor covers deposits 
of Quaternary and Miocene age. They form non-
pressure and low-pressure waters of the free water 
exchange zone with a mineralization of 1.8–10 g/l. 
The lower hydrogeological floor is associated with 
relatively isolated water-pressure complexes of Cre-
taceous, Jurassic and Permian-Triassic deposits.

Groundwater developed in Miocene sediments, 
as well as in a small part of Quaternary formations, 
have a close hydraulic connection with each other 
and form a single aquifer. They have a free mirror sur-
face and are of the nature of groundwater. The area 
of their nutrition coincides with the area of distribu-
tion. In most cases, atmospheric precipitation is the 
main source of the formation of underground wa-
ters of Miocene formations. In the conditions of the 
Karakalpak Ustyurt, a small amount of precipitation 
(90–120 mm per year), a significant part of it goes 
to feed groundwater. This is facilitated by the high 
permeability of Quaternary sediments and Neogene 
deposits, represented by fractured and quarried lime-
stones and marls. Based on the common geological 
and geomorphological structure and conditions of 
formation, movement and discharge of groundwater 
within the Karakalpak Ustyurt, the selected groups 
of groundwater flows have a certain orientation due 
to the general bias of the regional water barrier. The 
geological and structural plan of the Karakalpak 
Ustyurt is mostly quite clearly reflected in the relief, 

groundwater moves from areas of maximum surface 
marks to areas with minimum marks.

Intensive infiltration of atmospheric precipita-
tion, due to the high permeability of rocks, had a 
noticeable desalination effect on the groundwater 
of Miocene sediments. During this long period, 
due to repeated changes in the basis of groundwater 
drainage, the hydrodynamic conditions of the aqui-
fer also changed. The basins of underground and 
surface runoff determine important features and 
boundary conditions of geochemical migration. In 
general, they can be considered as one of the main 
hydrogeological and geomorphological units, within 
which many important natural and anthropogenic 
factors and processes that determine the state of the 
geological environment are integrated.

Based on the above, the spatial relationship be-
tween the zonality of groundwater flows and land-
scapes is clearly determined within the Karakalpak 
Ustyurt [1–6]. Ecological zoning of landscapes and 
groundwater flows was carried out according to the 
system of assessment points. The evaluation criteria 
were arranged in the order of the expected reduc-
tion of the environmental effect of the zoned ob-
ject. Where a maximum of 3 points is determined 
for the initial sections of the movement of ground 
flows within the watersheds, these are ecologically less 
stressful areas.

The slopes of groundwater flows are more intense 
areas within which geodynamic processes and mass 
transfer in the form of water-soluble substances, in-
cluding groundwater pollutants, are carried out – it 
is estimated as 2 points.

Within the confines of the drainless depressions, 
the condition of groundwater is significantly deteriorat-
ing, and therefore, these areas were evaluated at a 
minimum of one point.

According to the soil-geographical zoning, the 
territory of the Karakalpak Ustyurt belongs to the 
zone of deserts and semi-deserts. The following soil 
varieties are represented on the territory: gray-brown 
desert, takyr, gypsum soils, desert-sandy, desert salt 
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marshes, salt marshes. Salinity and low humus content 
are characteristic features of the soils of the Karakalpak 
Ustyurt [12]. Ecological zoning of soils – the upper 
biogenic layer of the daytime surface, is necessary to 
predict the ecological situation and assess the conse-
quences of man-made impacts. Soil zoning is based on 
generalized information about the stability of the soil 
cover to chemical pollution during geological explora-
tion and industrial construction of linear structures – 
gas pipelines. When zoning soils, such parameters as 
granulometric composition, humus reserves, humus 
content in the upper horizon, the reaction of the soil 
environment (degree of acidity), and the power of the 
upper horizon were taken into account. Indicators of 
soil acidity, redox potential, etc. which are functional 
and depend on the genesis of the breeds. The content 
and reserves of humus in the soils of the Karakalpak 
Ustyurt are initially low, at the level of 0.3 1.0%, which 
entails instability of the main properties, primarily the 
ability of soils to sorb and activate pollutants entering 
it (a pollutant is any natural or anthropogenic agent 
entering the surrounding geological environment in 
quantities exceeding background values and causing 
thereby polluting it). With a pronounced effect, the 
rate of humification processes and nitrogen accumula-
tion are further reduced. The loss of humus is primar-
ily associated with its natural mineralization, erosion 
processes, as well as with a violation of the structure 
of soil aggregates, for example, during the passage of 
machinery and the formation of a “puffy” in the rut or 
when the soil is “knocked out” during sheep grazing.

The functional parameter of soil stability is dynam-
ic, changing in space and time. Variability is associated 
with climatic conditions: precipitation and tempera-
ture, as well as with the influence of internal factors. Soil 
acidity is an indicator that changes due to the release of 
carbon dioxide during the decomposition of organic 
residues and the functioning of biota, the course of 
chemical and biochemical reactions within the liquid 
and solid phases of the soil. The level of activity of the 
soil microbiota, mobility and availability of not only 
biophilic elements, but also heavy metals depend on 

the amount of soil acidity. In the soils of natural bio-
geocenoses of Ustyurt, under anthropogenic influence, 
a change in soil acidity is often observed, mainly in the 
direction of acidification. A sharply alkaline reaction is 
characteristic of the takyr crust – up to 9.5 pH, and the 
crust itself is usually not saline – the concentration of 
easily soluble salts is observed under it. Takyrs are ex-
tremely poor in humus (0.2 0.5%) and easily digestible 
nutrients for plants, they periodically actively undergo 
the processes of silting and salting. The capacity of the 
bio-accumulative horizon (humus horizon) plays an 
essential role in the formation of soil stability. The 
humus horizon has an increased absorption capacity 
in relation to various kinds of pollutants, due to the 
formation of organomineral complexes. This horizon 
plays the role of the first sorption-geochemical barrier 
on the path of pollutants. Having increased moisture 
capacity, it reduces the level of leaching and migration 
of elements in the soil profile. The assessment of the 
level of soil stability in points was carried out according 
to the method of A. S. Fedorov et al. [3, 10–12]. With 
the general vulnerability of desert soils to undesirable 
influences, the soil varieties of Karakalpak Ustyurt can 
be divided as follows: 1) gray–brown soils – moderate 
level of stability (20–15 points); 2) takyr soils – low 
level of stability (15–10 points); 3) salt marshes and 
cortical salt flats – very low level of stability (less than 
10 points). Based on the information received, ecologi-
cal zoning of the soils of the Karakalpak Ustyurt was 
carried out (Fig. 2). Areas with very low soil stability 
are mainly confined to the lowering of the Barsakelmas 
in Central Ustyurt. In the rest of the territory under 
consideration, they are represented only in a limited 
way, within the Assakeaudan-Southern Ustyurt de-
pression and in the extreme northwest of the Karakal-
pak Ustyurt. Salt marshes, cortical salt marshes, and 
their variations are included in this category of lands. 
Mechanical disturbance of the salt crust can lead to a 
sharp activation of salt removal and the development 
of secondary salinization and salinization processes, 
up to complete degradation of the soils of the adjacent 
territory.
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Figure 2. Schematic geoecological zoning of the Karakalpak Ustyurt: 
1 –very low level of stability (less than 10 points); 2 – low level of stability 

(15–10 points); 3 – moderate level of stability (20–15 points); 4 – water surface

Areas with a low level of stability are mainly 
represented by takyrs and takyr-like soils. Low hu-
mus content, unfavorable physico-chemical prop-
erties, low intensity of flow and incompleteness of 
soil processes with contrasting natural and climatic 
conditions worsen their ecological stability. Soil 

arrays with low ecological stability are noted in all 
landscape areas. Gray-brown desert soils and various 
variations of underdeveloped soils have moderate 
stability. The assignment of gray-brown soils to this 
category is due to their lack of negative properties, 
with the activation of which a sharp deterioration of 
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the ecological situation is possible. They occur main-
ly in the southwestern and southeastern parts of the 
Karakalpak Ustyurt. A significant area of moderately 
stable soils was formed in the northwestern part of 
Central Ustyurt.

The nature of plant communities is determined 
by natural and climatic factors: intense solar in-
solation and high summer temperatures, severe 
frosts combined with weak snow cover in winter, 
lack of moisture in the soil and air in summer and 
pronounced daily and annual temperature fluctua-
tions [1–4]. The flora includes about 600 species of 
higher vascular plants, the basis of which are hazy 
(20%): biyurgun, boyalych, keireuk, kyrgyzbugush, 
black saxaul, sarsazan. As the data of I. I. Granitov 
show, on the Karakalpak Ustyurt “there are plant 
species that are rare in Central Asia in general, 
known so far only in a few places, and the Khiva 
solyanka (Salsola chivensis) is an “Ustyurt endem-
ic” [6–9]. Protected species are more than 30 spe-
cies of rare and endemic plants. The modern fauna 
of the region includes 2 species of amphibians, 

about 35 species of reptiles, 200 species of birds, 
44 species of mammals.

Conclusions. The current state of the biologi-
cal resources of the territory under consideration, 
their high value, the presence of sites with the status 
of specially protected natural territories, as well as 
the presence of areas of growth or habitat of rare 
and protected species of flora and fauna, addition-
ally impose a number of environmental restrictions 
on the implementation of geological exploration 
and design and survey work. Zoning based on the 
analysis of multidisciplinary information is advis-
able to use for further development of a regional 
strategy for sustainable development of the Kara-
kalpak Ustyurt. In particular, the analysis of the 
materials has already made it possible to prepare 
a number of measures to reduce and eliminate the 
negative impact on the unique ecosystems of the 
Karakalpak Ustyurt. Ecological zoning is the final 
part of ecological research and serves as a funda-
mental basis for making management decisions in 
the field of rational nature management.
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MAINTENANCE OF UNDERGROUND MINING DEVELOPMENTS 
IN SEISMIC-TECTONIC ACTIVE AREAS

Abstract. In this article we consider the results of studying the conditions for the construction 
and maintenance of underground mine workings in regions characterized by seismic and tectonic 
activity. Output of mineral deposits in the Central Asia is carried out in the difficult conditions 
characterized by high seismic and tectonic activity of region, considerable geological infringement 
deposits, danger of rockbursts. Long-term practice of mining works shows, what difficulties create 
tectonic fields of tension at working out of a mineral deposits. Modern mathematical methods and 
technical computing means allow obtaining qualitatively new and multivariate solutions of problems 
with subsequent evaluation of the degree of their identity to real processes. The authors developed 
computer application programs for the quantitative evaluation of the strength of underground 
workings, taking into account the features of their design, piecewise inhomogeneous physical and 
mechanical characteristics of the surrounding rock mass for the accepted calculation schemes and 
numerical models.

Keywords: underground mining, seismotectonic activity, rock massif, earthquake, mine support, 
rockbursts.

Introduction
In the world practice of mining there is a steady 

tendency of a natural increase in the depth of mining 
of mineral deposits. Along with the desire to increase 

the volume of mining, strict requirements are put for-
ward to improve the working conditions of miners, to 
ensure the safety of work, the use of new more efficient 
technologies (Gattinoni, Pizzarotti, & Scesi [12]).
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The countries of Central Asia are rich in miner-
als, they traditionally develop the extraction of gold, 
uranium, oil, gas, copper, coal and a number of other 
types of mineral raw materials. More than 3.000 de-
posits of about 100 kinds of minerals have been iden-
tified in Uzbekistan, more than 1,400 deposits con-
taining more than 70 types of mineral raw materials, 
including more than 50 noble deposits, more than 40 
deposits of non-ferrous, rare and radioactive metals, 
etc., have been discovered (Abdykaparov, Imaraliyev, 
& Mambetov [7]; Aytmatov, & Kozhogulov [6]; Go-
lovanov [14]; Mambetov Sh., Abdiyev, & Mambe-
tov, A. [21]; Sanakulov [29]; Ulomov [29]).

With the development of deposits with favor-
able geological conditions, as well as lying at shal-
low depths, the depth of field development increas-
es, mining and geological conditions become more 
complicated, rock pressure and water cut of the mas-
sif increase, which requires additional costs for main-
taining underground workings during the required 
time of their operation (Ageenko, & Baklashov [3]; 
Brady, & Brown [7]; Wang, & Hagan [33]; Wittke 
[34]; Zhu, Chen, Zhao, & Niu [36]).

A special feature of the Central Asian region is 
the complex geodynamic situation and seismotec-
tonic activity, which is accompanied by the action 
of additional stress fields in the surrounding mas-
sif, which in magnitude exceed the traditionally 
taken calculated stresses from the gravitational field 
(Ulomov [32]). Many deposits of minerals in this 
region are located in the territory of sites, the seis-
micity of which is estimated up to 7–9 points. In 
some earthquakes, the fields fell into a zone with 
the maximum intensity of seismic vibrations, which 
led to disturbances in the stable operation of mines, 
deformations and destruction of the support of mine 
workings, and the disabling of stationary equipment 
(lifting and drainage installations, main ventilation 
fans). To eliminate the consequences, additional 
funds are spent, which undoubtedly affects the cost 
of production, and a significant part of the damage 
is accounted for the restoration and repair of under-

ground workings (Melikulov, 1993; Pletnev, Rakhi-
mov, Tadzhibayev, Melikulov, 1983).

As is known, the period between earthquakes 
is characterized by the accumulation of the elastic 
energy of deformation of the rock mass, that is, the 
growth of the acting stresses. Obviously, the field 
of tectonic stresses, the magnitude of which varies 
relatively slowly (as a quasi-static process), also has 
a fairly tangible effect on the state of mine workings.

Particular attention from the point of view of un-
derground mining technologies attracts stress fields 
that are formed under the influence of tectonic forces 
as a result of uneven movements and deformations 
of the earth’s crust. Such stresses in an array of rocks 
caused by tectonic processes, according to experts 
in various mining regions of the world, can exceed 
10 to 20 times the tension from the total weight of 
the rock column. Under the action of these forces 
acting in the subhorizontal plane, qualitatively new 
conditions arise both in studying the natural stress 
field and in calculating the steady state of the rocks 
around the workings (Kearey, Klepeis, & Vine [18]; 
Khloptsov, & Baklashov [20]; Markov [22]).

Relationship of seismotectonic processes and 
fields of stresses

One of the characteristic features of mineral de-
posits in the countries of Central Asia is their loca-
tion in the highlands or even in high mountains. For 
example, the polymetallic deposit Khandiza (Uz-
bekistan) is located in the spurs of the Tien Shan 
at the level of 1300–1800 m above sea level; coal 
deposit Shargun – at a mark over 1550 m; mercurial 
deposit of Khaidarkan (Kyrgyzstan) – at the level 
of 1500–2350 m. The well-known railway tunnel 
Angren-Pap, which is the longest in Central Asia, 
was built in the mountains at 1320–1420 meters, 
the elevation points on the surface of this mountain 
pass reach a mark of 2,845–3,476 meters above sea 
level (Aytmatov, & Kozhogulov [6]; Golovanov 
[14]; Mambetov, Sh., Abdiyev, & Mambetov [21]; 
Markov [22]; Zhou, Aripov, Guo, Zang, & Meli-
kulov [35]).
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It is easy to interpret the state of the array, when 
in the coving zone of anticlines the effective stresses 
are less than in synclines. However, in some cases, on 
the contrary, fold locks are compression points. The 
same is also observed in fault zones: in some cases, 
the zones of decomposition do not exert a noticeable 
effect on the differentiation of stress fields, while in 
others the stress state in the zones of decomposition 
increases sharply. It is especially noted that the tec-
tonic forces on the scales of long geological time vary 
in both magnitude and direction (Aydan [5]; Hunt, 
[16]; Markov [22]).

In areas covered by active new tectonic move-
ments, the change in tectonic forces over time is 
of interest for the problems of rock mechanics. For 
example, in the Carpathians, the Caucasus and the 
Kurile-Kamchatka region (Russia), according to 
the records of strong earthquakes in 6 to 12 years, 
a qualitative change in the directions of the axes of 
stresses (Adushkin & Turuntayev [2]).

Estimation of the constant “feeding” of tectonic 
stresses due to modern movements and deformations 
of the earth’s crust is based on the analysis of the fol-
lowing experimental data. According to the results of 
geodetic survey and deformometers, the rate of ac-
cumulation of tectonic deformations of 10 –7/ year is 
typical for aseismic zones, and 10 –5/year for high seis-
mic zones. The magnitude of the deformation change 
in the case of a catastrophic earthquake was obtained 
on the basis of a survey near the epicenter. Defor-
mations – forerunners of the shock in catastrophic 
earthquakes have a magnitude of the order of 10 –5. 
Deformations from tidal effects in the earth’s crust are 
estimated at 10 –8 (Markov [22]; Ohnaka [25]).

Monitoring of the conditions of underground 
mine and mine works

The results of long-term observations of the state 
of mine workings located in the zone of influence of 
elevated tectonic stresses are known. Survey of pre-
paratory workings of a number of coal mines in Cen-
tral Asia showed that the conditions for maintaining 
them are complex, despite frequent repairs. Attention 

is drawn to the amount of work to maintain the work-
ings, when individual sites on average were repaired 
after 1–1,5 years, although there are areas on which re-
pair mine supports were made even 2–3 times within 
one year. The state of the excavations fixed by a metal 
arch support was studied. This support for structural 
features should work reliably enough in a compli-
ant mode, i. e. to provide the specified design strains 
without destruction. In fact, in the zone of tectonic 
stresses, the mounting frame is compressed by lateral 
loads, and the development is narrowed as a result 
of this action, the nodes of compliance are no longer 
functioning in the supporting construction. Often, the 
destruction or loss of load-bearing capacity of the sup-
port is preceded by the deviation of the fixing frame 
from the given design position, i. e. loss of stability. 
Moreover, the reason for the loss of stability of the 
fastening frame can be different: the unevenness of 
the load along the contour due to the anisotropy of the 
properties of the rock massif, the uneven distribution 
of the load from the rock pressure to the neighboring 
fixing frames, the spread of the rigidity of the fastening 
frames, the loads acting on the frame outside the plane 
of its location, dynamic loads, etc. It is only natural 
that the loss of stability of the mounting frame leads 
to a reduction in its load-carrying capacity, as a result 
of which such workings are deformed over time and 
need to be repaired (Melikulov, & Dzhangiyev [23]).

Observations have shown that the magnitude of 
tectonic stresses can change noticeably when pass-
ing from the mine to the mine. Even within the same 
mine and on the same horizon (for example, in the 
600 m of the Rasvumchorrsky mine, Russia) tectonic 
stresses change more than twice in magnitude. Thus, 
against the background of the general pattern of ex-
cess of horizontal tectonic stresses over gravitational 
verticals, a statistically significant change in the tec-
tonic stresses at different sites is observed (Markov 
[22]; Sashurin [30]).

Such factors are the reason that some of the coal 
mines (Shurab in Tajikistan, Sulukta and Kizilkiya in 
Kyrgyzstan, etc.), signs of rockbursts have a depth of 
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about 200 m development. The case was observed 
in the construction of an inclined mine for the trans-
portation of coal by a conveyor on Angrensky coal 
mine (Uzbekistan), when the deformation of the ar-
ray curved the axis of production and made it impos-
sible to equip it with a conveyor.

The unfavorable manifestation of tectonic pro-
cesses together with the stress concentration in the 
massif (increased rock pressure), which resulted in 
the formation of a wide zone of disturbed rocks in 
the Kayragach gold mine (Uzbekistan), led to dif-
ficulties in the construction stage of the gallery, 
and subsequent frequent repairs of the site forced 
to abandon its further exploitation and build a new 
gallery around this tectonically unfavorable zone.

In connection with the technological peculiari-
ties of the repair conditions for the damaged sup-
port or the working site in underground cramped 
and dangerous conditions of the threat of continu-
ing collapses, the cost of repairing each meter of 
the emergency site of underground mining may 
even exceed the cost of constructing a meter of 
new gallery.

Analysis of the information basis on the seis-
mic activity of the region

In order to quantify the impact of seismotec-
tonic processes, extensive studies are carried out at 
geodynamic polygons. Experts based on long-term 
observations compiled a map of young and modern 
geological movements of the territory of Uzbeki-
stan. At the Central Kyzylkum geodynamic range, 
the vertical displacement rate is from (–4) to (+2) 
mm per year, and in the zone of tectonic faults the 
displacement module reaches up to 18–22 mm per 
year. In the narrower part of this region in the zone 
of Marjanbulak earthquake on May 26, 2013 (Uz-
bekistan, there are several gold mines here), the dis-
placement speed in the flat zone is up to 10 mm per 
year, in the foothills – up to 20–30 mm per year, in 
the mountains – up to 50 mm per year; as a result 
of this earthquake, the magnitude of stress relief is 
estimated at 12 MPa (Khamidov, & Shukurov [19]).

In modern geomechanics methods for assessing 
the influence of acting factors through the probabili-
ties of events (Glaser [16]). Especially relevant is the 
probabilistic approach to the evaluation of random 
events scattered in space and time, such as earthquakes. 
In addition, earthquakes vary greatly in intensity, depth 
of manifestation, distance from the epicenter to the ob-
ject, engineering-geological conditions of the environ-
ment, etc. (Gasanova, Salyamova, & Melikulov [11]; 
Hencher [15]; Ismail-Zadeh, & Tackley [17]).

For the probabilistic estimation of the effect of 
seismic phenomena, statistical studies of the field 
of events were carried out, which took the region of 
Central Asia and Kazakhstan, located within the par-
allels of 35–45 degrees North latitude and meridians 
63–82 degrees East longitude. For ease of use, infor-
mation on earthquakes registered in this region with 
a magnitude М ≥ 2.8 based on the annual earthquake 
bulletins is registered as an electronic database.

The collected database covers on average more 
than 2800 events (earthquakes) occurring annually 
within this region, each of which is represented by 
7 main features: date, time, geographic coordinates, 
depth of focus, accuracy class of the epicenter coor-
dinates, energy class (Gasanova [9]).

Technogenic-tectonic or induced seismicity 
in mining operations

The induced seismicity in the mines takes place 
both in the areas of active modern mountaineering 
movements, and in the areas of old folded systems, 
and on platforms and shields. The average depth of 
the work at which seismic phenomena occur is about 
600 m in areas of modern orogenesis in Central Asia 
(Aytmatov, & Kozhogulov [6]).

Dangerous are mining and mining-tectonic rock-
bursts, which in the mining industry lead to major 
accidents, significant material damage and human 
casualties. The damage from one mining rockburst 
reaches 100 million rubles, restoration work in a 
number of cases lasts for months.

More than half of the Russian mines are experienc-
ing seismic phenomena, the practical manifestation 
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of which is associated with mining operations. Sever-
ouralskiy bauxite mines, Tashtagolsky mine, Kuznetsk 
coal basin mines, Khibiny, and Talnakh mines in Rus-
sia, the system of Witswatersrand mines, South Africa, 
Palabora, Kolar gold deposit, India, Solvay mine, USA 
(Adushkin, & Turuntayev, [2]; Glaser [16]).

As the strongest (in Russia) seismic events in-
duced by mining operations were noted: Bachatsky 
earthquake on June 18, 2013 (M = 6.1) in Kuznetsk 
coal basin (epicenter on the territory of the Bach-
atsky open pit); mining -tectonic rockburst on the 
Kirov mine of OJSC "Apatite", which occurred on 
April 16, 1989, with an energy of ~1012 J (M = 4.8––
5.0); a rockbursts at the mine Kurbazakskaya of the 
Yuzhnouralsk bauxite mine, which occurred on May 
28, 1990, with an energy of 1010–1011 J (M = 3.5– 
–4.0); a powerful mining and tectonic impact at the 
Umbozero mine of the Lovozero rare earth metals 
deposit, which took place on August 17, 1999, with 
an energy of 1011–1012 J, equivalent to the initi-
ated earthquake with a magnitude of 4–4.4 and de-
stroyed more than 6.0 × 105 m2 of mine workings.

On the basis of the analysis of manifestations of 
technogenic seismicity, specialists prioritized the 
maximum magnitude Mmах of the technogenic earth-
quakes that arose in the world. According to this 

criterion, the marked catastrophic seismic events 
in different industries are distributed as follows: 
A) development of oil and gas fields (Gazli, Uz-
bekistan, Mmах = 7.3); B) filling of reservoirs (Koina 
River, India, Mmах = 6.5); C) underground mining 
operations (Kuznetsk coal basin, Russia, Mmах = 
= 6.1); D) underground nuclear explosions (poly-
gon in Nevada, USA, Mmах = 4.5) (Adushkin, & 
Turuntayev [2]).

Computational experiment: modeling of 
processes of sustainability of underground mine 
workings

Modern mathematical methods and technical 
computing means allow obtaining qualitatively 
new and multivariate solutions of problems with 
subsequent evaluation of the degree of their 
identity to real processes. The authors developed 
computer application programs for the quantita-
tive evaluation of the strength of underground 
workings, taking into account the features of 
their design, piecewise inhomogeneous physical 
and mechanical characteristics of the surrounding 
rock mass for the accepted calculation schemes 
and numerical models (Gasanova, Salyamova, & 
Melikulov [10]; Jaeger [18]; Salyamova, & Meli-
kulov [27]).

	 a)	 b)	 c)
Figure 1. Stress diagrams in an rock mass around the underground gallery: a) isolines of 

horizontal stresses; b) isolines of vertical stresses; c) isolines of tangential stresses



MAINTENANCE OF UNDERGROUND MINING DEVELOPMENTS IN SEISMIC-TECTONIC ACTIVE AREAS

31

A flat task in the study of the stress-strain 
state of a rock mass around underground mine 
workings

For the numerical solution of the problem, the 
infinite region surrounding the underground mine is 
replaced by a finite region, at the boundaries of which 
the corresponding boundary conditions are put or 
loads are applied (Salyamova, & Melikulov [28] Sul-
tanov, Salyamova, Khusanov, & Melikulov [31]).

Figure 1 shows stress plots in an rock mass 
around the mine, constructed on the basis of calcu-
lations using this technique for the case when the 
lateral (tectonic) pressure coefficient is 1.38.

Solution of the problem using the COSMOS/
Works software complex with the example of the 
given mining and geological conditions

COSMOS/Works is a finite element analysis sys-
tem integrated into 3D SolidWorks. The combina-
tion of design systems and finite element analysis has 
made it possible to obtain a tool for calculating and 
optimizing designs consisting of a large number of 
elements (Alyamovskiy [4]). In the rock massif with 
the accepted average physical-mechanical properties 
(modulus of elasticity, Poisson's ratio, volume weight, 

angle of internal friction, coefficient of adhesion), a 
mining with design parameters is constructed at a 
given depth. Based on the results of calculations of 
the state of the array, the acting stresses are set (Me-
likulov, Salyamova, & Kaygarodov [23; 24]).

In assessing the stability of rocks, the limiting 
state is described by the well-known Coulomb law. 
In the practice of designing the construction of un-
derground structures to assess the permissible level 
of stress or strength, the safety factor is widely used, 
defined as the ratio of the tangential stress acting at 
the considered point to the magnitude of the limit-
ing tangential stress. As an example, we determine 
the stresses σх , σу , τху , at various arbitrarily taken 
points of the array around the underground gallery, 
as shown in (Fig. 2). Here, for example, 3 rows of 
12 points in each row are taken. The first row 
(points 1–12) passes along the left contour of the 
axis of symmetry of the development, the second 
row of points (13–24) is displaced from the first 
into the depth of the massif by a distance of 0.6 m. 
Similarly, the third row of points (25–36) is located 
at a distance of 0.6 m from the second row into the 
depth of the array.
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Figure 2. Scheme of the location 
of points for calculating stability

Figure 3. Graph of the change of stability coefficient at some 
points of the massif around the underground gallery

Figure 3 shows a graph of the change in the val-
ues of the coefficient of stability in each of the 36 
points.

Figure 4 shows another example, when rock mas-
sif around the gallery is reinforced by an artificial 
method, for example, by cementation (in the figure, 
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this area is shaded). The finite elements of this zone 
of the array in the design model are given the ap-
propriate values of physical and mechanical proper-
ties: the modulus of elasticity, the Poisson’s ratio, the 
angle of internal friction, the coefficient of adhesion.

Figure 5 shows the graph of the change in the 
stability factor of the points of the massif around 
the mine, constructed from the results of solving the 
problem, taking into account the artificial strength-
ening of the massif.

In the graph of the change in the coefficient of 
stability (Fig. 3), the points having coefficient values 
less than 1.0 are potentially unstable points, i. e. the 
rocks in this part of the massif is prone to destruc-
tion. The graph (Fig. 5) of the change in the stability 
coefficient of the same points of an artificially forti-
fied rocks shows that there are no points with a coef-
ficient of stability below 1.0.

Finite-element computational modeling of 
blasting operations in a vertical shaft

Analogously to the problems of estimating the 
stress state of a rocks around the gallery, we solved 

the task of calculating the stress-strain state of rocks 
during the production of blasting operations at the 
construction of a vertical shaft. The condition of 
this problem is to study the stress state of the ar-
ray with successive short-delayed blasting of sev-
eral groups of charges in order to ensure the qual-
ity destruction of rocks by an explosion within the 
contour with minimal damage to the rocks behind 
the design contour.

In solving this problem, the following basic pa-
rameters of objects and processes are taken into ac-
count in the developed model: the physical and me-
chanical properties of rocks, the depth of the holes 
and the scheme of their location in the face, the de-
sign of charges, the length of the charge in each hole, 
the energy of blasting, the rate of detonation in the 
charge, the speed of propagation of elastic waves and 
the process of crack formation in the array, the pa-
rameters of intrahole retarders, the wave interaction 
of simultaneously exploded charges in each group of 
the explosion series.
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Figure 4. Scheme of partitioning an 
strengthened array into elements

Figure 5. Graph of the change of stability coefficient 
at points of strengthened array around gallery

Figures 6 and 7 show horizontal and vertical dis-
placements of points as a result of successive explo-
sions of the central cut hole (single charge), then in 
a group of cut holes that are disposed around a 1.5 m 
diameter circle.

The duration of the explosion of the first charge 
in the central hole is 10 –3 s, the duration of its ac-
tion on the array continues for 10 –2 s, after which 
its influence on the rocks dies out. Then, at a time of 
12 × 10 –3 s, detonation occurs in two symmetrically 
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located boreholes of the next series, the duration of 
explosion of which is also 10 –3 s, the duration of the 

action of this explosion on the array also continues 
for 10 –2 s, i. e. up to the moment 23 × 10 –3 s.

Figure 6. Horizontal displacements of points on the 
face of shaft at consecutive blasting of cuttings

Figure 7. Vertical displacement of points on the 
face of shaft at consecutive blasting of cuttings

The results of solving this problem make it pos-
sible, on the basis of the wave interaction of simul-
taneously exploded charges in each group of the 
exploded series, to select the optimal range of the fol-
lowing parameters for blasting operations: the mass 
and number of charges in each series of deceleration, 
the sequence and the delay of the explosion of charge 
explosions both within each series, and between se-
ries of explosive charges (Davison [8]). The control 
of the action of explosive charge during the construc-
tion of the mine makes it possible to achieve a quali-
tative and uniform fragmentation of the blasted rock 
mass in the shaft. At the same time, the maximum 
integrity of the rock massif behind the design out-
line of mine workings is ensured, which is one of the 
measures to preserve the stability of the rock mas-
sif and the constructing underground gallery (Po-
lukhin, Kaloyerov, Gryadushchiy, & Goryanskaya, 
[26]). This quality of blasting operations will also 
prevent negative impact on the surrounding massif 
without causing unnecessary cracking and deforma-
tion, including the avoidance of dynamic (induced) 
manifestations of rock pressure in the tectonically 
tense zone of the rock massif.

It should be noted that such broad opportuni-
ties to manage the process and the result of blast-
ing when constructing underground mine workings 

arise using modern means of non-electric initiation 
of charges of explosives.

Conclusions
The permanently movement of our planet and 

the natural processes taking place in the Earth’s 
crust are the cause of the emergence of vast areas of 
seismic activity, where thousands of earthquakes of 
various energy occur every year, which complicate 
the conditions for the development of mineral de-
posits. In addition, with the depletion of reserves of 
deposits with favorable geological conditions, min-
ing works continue to develop for more complex 
natural conditions.

The Central Asian region and many areas of mod-
ern orogenic processes are characterized by the man-
ifestation of seismotectonic processes, the results of 
which, on the one hand, complicate engineering con-
ditions of work, and on the other become a powerful 
engine for the further development of mining tech-
nologies. As a result of anthropogenic activity, in the 
solution of global regional problems, there are cases 
of creating additional sources of danger leading to 
the stimulation of technogenic-tectonic or induced 
seismicity.

The human need to solve the problems that have 
arisen, has led on the basis of study of Earth’s phys-
ics and engineering mathematics to the intensive 
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development of modern methods of geomechanics, 
tectonics, geophysics, and geodynamics.

Numerical methods of modeling mining-geolog-
ical objects and processes of any complexity with the 
use of modern technical and software tools offer new 
opportunities in solving technological problems, es-
pecially in areas where physical experiments in the 
traditional view are difficult – in underground min-
ing facilities, processes of destruction and mining of 
minerals using explosive technologies.

Modern investigations in the discussed field of 
science and mining production gives an instrument 
for preliminary substantiated evaluation of techni-
cal solutions, the forecast of possible adverse conse-

quences, the threat of catastrophic events, the safety 
of objects and people, and material and economic 
losses. The original development of the methodol-
ogy for calculations with the use of models allows 
us to solve the modern tasks in a new way using 
computer programs developed, as well as to offer 
technological measures for managing the state of the 
array in the production of blasting operations in un-
derground workings, taking into account the safety 
and prevention of the dynamic manifestations of the 
mountain pressure.

This work has been supported by Committee for 
the coordination of the development of science and 
technology grant К16–002.
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In the drilling process, the drilling fluid used 
must meet specific technological requirements for 
a number of its main properties, expressed quan-
titatively and requiring measurement, control and 
maintenance at a given level.

Depending on the drilling conditions of oil and 
gas wells, their depth and the complexity of the com-
position of the cleaning agents used, the control of 
their parameters can be divided into three levels.

The first level includes the control of drilling mud 
parameters, which is mandatory for all wells and per-
formed with the help of instruments. Density, con-
ditional viscosity, static shear stress, filtration index 
(water output), filtration crust thickness, stability, 
daily sludge (colloidality), sand content.

The second level, corresponding to complicated 
drilling conditions, is supplemented by the deter-
mination of plastic viscosity, limiting dynamic shear 
stress, water loss at elevated temperatures, oil gas 
content, solid phase composition, surf stress (for 
emulsion solutions), degree of mineralization (ion 
content Cu, Mg, Na, K, Cl, etc.).

The third, most complete and detailed level of 
control of the parameters of drilling fluids performed 

by special devices for determining the lubricity of 
the solution, shear stress of the filtration crust, heat 
treatment of solutions and other parameters [1].

The variety of drilling conditions, on the one side, 
and the differences and requirements that are imposed 
at various stages of drilling a well, on the other, led to 
the appearance of several types of washing fluids.

All these liquids are divided into three main 
groups:

a) water-based washing liquids; these include 
water and clay solutions;

b) oil-based washing fluids;
c) gaseous working agents.
Drilling experience has shown that, when rins-

ing with water, the costs of clay, chemicals and the 
amount of work are sharply reduced. The general 
condition of the borehole in carbonate rocks is im-
proved and the number of tacks and tightening of the 
drilling tool is also significantly reduced.

But water is not a universal washing liquid, and 
has the following disadvantages that limit the scope 
of its application:

–  it cannot form a thin and strong crust on the 
walls of the well, which would cement the walls and 
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prevent them from shedding and filtering the wash-
ing liquid into the layers;

–  can not hold the drilled rock in a suspended 
state, when the circulation is stopped by the pump;

–  reaction with particles of drilled rocks, disso-
lution and saturation with salts that cause corrosive 
effects on equipment and drilling tools;

–  penetration through the pores into the for-
mation and a sharp decrease in the efficiency of oil 
permeability during the opening of oil-saturated for-
mations.

The clay solution is a colloidal-dispersed system, 
which is formed by very thoroughly mixing of some 
clays with water. In the process of such mixing of clay 
with water, and also as a result of the penetration of 
water between individual clay particles, the clay is 
dispersed into small and minute particles.

Clay-based solutions have the following advan-
tages:

–  glinization of the walls of the well during the 
destruction of rock;

–  holding the fragments of the drilled rock in a 
suspended state;

–  there may be less penetration of the washing 
liquid through the walls of the well into the rocks;

–  does not cause corrosion of drilling equip-
ment and tools.

The negative side of the clay solution is the fol-
lowing:

–  when opening oil and gas saturated formations 
with the formation of penetration into the pores of 
solid particles that can reduce the efficiency of oil 
and gas recovery of formations.

Oil-based solutions are used to increase the re-
turn of oil-bearing formations during opening and 
hydraulic fracturing, as well as in unstable clay-salt 
deposits. The elimination of colmatation and the wa-
tering of productive horizons makes it possible to 
increase the flow rate of oil and gas many times [2].

At well № 147 North Goturdepe, it is recom-
mended to use weighted, chemically treated water-
based drilling fluids as a flushing fluid from zero to 

a depth of 4206 meters, and from a depth of 3800 
meters to 4555 meters, an oil-based solution.

The necessary properties of drilling fluids are 
determined by geological conditions and process 
requirements.

Drilling in the range of 0–600 meters under the 
conductor Ø426 mm is recommended to be car-
ried out on an oil-emulsion humate-lignosulfonate 
drilling fluid.

Drilling in the range of 600–3800 meters under 
technical columns of Ø324 mm and 244.5mm is rec-
ommended on aluminum-quartz drilling fluid of the 
ALKAR‑3 type and from an interval of 3800–4206 
meters under a technical column on hydrocarbon 
drilling fluid.

Drilling of an interval of 4206 meters to 4555 
meters for an operational filter shank Ø139.7mm is 
recommended to be performed on a hydrocarbon 
drilling fluid, since the operational part of the well is 
planned to be drilled obliquely directed.

The choice of drilling fluid for a directional well 
should take into account several important points: in 
particular, the need to reduce the risk of column snap-
ping. For this purpose, on the one side, it is necessary 
that the weight of the solution be minimal, but corre-
spond to the working pressure, and on the other side, 
the correctness of the formulation of the solution for-
mula is important. The use of special additives, as well 
as the optimization of the geological, chemical and 
physical characteristics of the solution, can minimize 
the friction between the barrel and the drill string, as 
well as the risk of differential pressure caused by filtra-
tion processes due to the formation of a thin, elastic and 
impermeable filtration crust, which prevents the pipes 
from pushing through and, consequently, their adhe-
sion to the walls of the barrel. These are both problems 
they can be significantly leveled due to the use of a re-
versed emulsion or a hydrocarbon-based drilling fluid.

At well № 37 North Goturdepe, it is recommend-
ed to use weighted, chemically treated water-based 
drilling fluids as a flushing fluid from zero to a depth 
of 4206 meters.
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Drilling in the range of 0–600 meters under the 
conductor Ø426mm is recommended to be carried 
out on an oil-emulsion humate-lignosulfonate drill-
ing fluid.

Drilling in the range of 600–5200 meters under 
technical Ø324 mm, Ø244.5 mm columns and an 
operational shank Ø139.7 mm is recommended on 
aluminum-quartz drilling fluid of the ALKAR‑3 type.

At well № 156 North Goturdepe, it is recom-
mended to use weighted, chemically treated water-
based drilling fluids as a flushing fluid from zero to 
a depth of 4100 meters, and from a depth of 4100 
meters to 4300 meters, an oil-based solution.

Drilling in the range of 0–400 meters under the 
conductor Ø324 mm is recommended to be carried 
out on an oil-emulsion humate-lignosulfonate drill-
ing fluid.

Drilling in the range of 400–4100 meters under 
intermediate columns Ø324 mm and Ø244.5 mm is 
recommended on aluminum-quartz drilling fluid of 
the ALKAR‑3 type.

Drilling of an interval of 4100 meters to 4300 
meters for an operational filter shank Ø177.8 mm 

is recommended to be performed on a hydrocarbon 
drilling fluid.

At well № 200 North Goturdepe, it is recom-
mended to use weighted, chemically treated water-
based drilling fluids as a flushing fluid from zero to a 
depth of 4900 meters.

Drilling in the range of 0–600 meters under the 
conductor Ø426 mm is recommended to be carried 
out on an oil-emulsion lignosulfonate drilling fluid.

Drilling in the range of 2000–4900 meters for a 
technical column Ø244.5 mm and an operational 
shank Ø177.8 mm is recommended on aluminum-
quartz drilling fluid of the ALKAR‑3 type.

On all four wells, it is recommended:
–  adjust the parameters of the drilling fluid and 

the consumption of chemical reagents according to 
the actual mining and geological conditions of drilling;

–  it is necessary to determine the properties of 
drilling fluids according to geological conditions and 
process requirements.

Seawater is used for the preparation of clay solu-
tion and the regulation of the solid phase content, as 
well as for the mixing of reagents [3].
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Abstract. The article describes the choice of downhole equipment and the features of well drilling 
technology for dual completion of several horizons. The technology of development of productive 
red-colored strata and testing of several productive horizons, separately the development of a well 
on two elevators is given. As well as the technology of descent and fastening of the Ø139.7 mm op-
erational shank. This work can be used to select downhole equipment for dual completion of several 
horizons in multi-layer deposits.
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Let’s consider the choice of downhole equipment 
for four wells drilled at the North Goturdepe multi-
layer field and developed dual completion method 
of operation.

Exploration well № 147 of the Northern Go-
turdepe field

The design depth is 4400 m.
The actual drilled depth is 4400 m.
Actual well design:
Ø426 mm – 596 m;
Ø324 mm – 2701 m;
Ø245 mm – 4140 m.
The well is drilled obliquely-directed with three 

sections of the profile:
The first section: The vertical interval of the hole 

(0–3803 m)
In the range from 0–3803 m, drilling operations 

were carried out vertically.
In the range from 2697–3803 m, the well was 

drilled with a drill bit Ø295.3 mm and using a ro-
tary layout.

The second section: Zenith angle dial interval 
(3803–4140 m)

In the range of 3803–4140 m, the service of the 
company “SchlumbergerLogelcoInc.” used a down-
hole motor Ø209 mm, with a 1.15-degree deviation 
angle, to drill 295.3 mm of the barrel. At a depth of 
4140 m, the zenith angle of the well reached about 
45 degrees. In the interval of the zenith angle set, 
drilling was carried out with drilling roller bits of the 
“Volgoburmash” type (IADC137) and roller bits of 
the type (IADC117), diamond bits – PDS293.3 mm 
of the Smith Bits” company.

Third section: Inclined-directional hole interval 
(4140–4400 m)

In the range of 4140–4400 m drilling operations 
were carried out using direct downhole motors 
Ø172 mm, designed for drilling a hole Ø215.9 mm. 
In this interval, a diamond chisel was used – PDS 
Ø215.9 mm. At a depth of 4400 m, the zenith angle 
reached approximately 45 degrees and the displace-
ment of the borehole from the vertical position was 
298 m, the total angle of the magnetic azimuth was 
264 degrees towards the sea.

In the range of 3803–4400 m during drilling, 
in order to measure the zenith, azimuth angle from 
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the bottom to the wellhead in real time, the MWD 
system of Schlumberger Logelco Inc. was used in 
the bottom of the drill string, as well as, in these 
intervals during drilling, special equipment was 
used for logging (gamma logging, neutron) it is 
completed as part of the bottom of the drill col-
umns.

In order to increase the drilling speed, shorten the 
construction period of the well, as well as minimize 
the damage to the reservoir properties of productive 
formations from a depth of 3803 m, a hydrocarbon-
based drilling rig with a density of 1.35–1.45 g/cm3 
was used. Service for the preparation and cleaning 
of hydrocarbon-based drilling fluid “Wersadril” was 
performed by “M–I SWACO”.

Based on the results of geophysical studies at 
a depth of 4400 meters, productive horizons of 
the red-colored stratum VIII, IXa, IXb, IXw, IXg, 
IXd, IXe, NK (lower red-color), NK‑1 were uncov-
ered. Based on the results of research at a depth of 
4260–4400 m, a cement bridge was installed and a 
casing Ø245 mm was lowered to a depth of 4140 
m on the drilled interval of the hole Ø295.3 mm. 
[1]. To carry out simultaneous testing and explora-
tion of several productive horizons separately, the 
development of the well was planned on two eleva-
tors. The well was developed with the descent and 
attachment of special MESHRITE filters of Sch-
lumberger Logelco Inc., from productive intervals 
of 4238–4248 m. (NK‑1), 4193–4150 m. (NK) on 
the first long elevator (H = 4140 m) and perfora-
tion work was performed on the casing Ø244.5 mm 
in the intervals of 4040–4050 m., 4008–4030 m. 
(IX) in the second short elevator (4060 m). In or-
der to ensure the tightness of the tested objects in 
the open hole (4148 m., 4197 m., 4237 m., 4251.5 
m.), a swelling packer on drilling fluid with a hy-
drocarbon base of Schlumberger Logelco Inc. was 
used.” and on a 244.5 mm casing string in the in-
terval (4003 m., 4038 m) two-lift hydraulic packers. 
And gaslift valves were used to operate the well in 
a gaslift way.

Exploration well № 37 of the Northern Gotur-
depe field

The design depth is 5200 m.
The actual drilled depth is 4953 m.
Actual well design:
Ø426 mm – 594 m;
Ø324 mm – 2781 m;
Ø245 mm – 4761 m.
Ø178 mm. “shank” – 4691–4906 m. (215 m).
Drilling after the descent and fastening of the 

technical column Ø244.5 mm was carried out with 
a drill bit Ø215.9 mm using a rotary layout and drill-
ing fluid with a density of 1.80 g/cm3. At a depth 
of 4953 meters, drilling reached the design horizon 
and 12 productive horizons of the lower red color 
were opened. According to the research of logging 
data, a cement bridge was installed in the range of 
4906–4953 m and a 177.8 mm shank was lowered 
to test objects in open sections to a depth of 4906 
m. With an entrance of 70 m of the upper end of 
the shank Ø177.8 mm into the inside of the Ø244.5 
mm technical column, the Weatherford shank sus-
pension system was used to suspend and ensure the 
tightness of the upper end of the shank. The use of 
this system when the operational shank Ø177.8mm 
was lowered led to an increase in the reliability of the 
quality of cementing work and the tightness of the 
upper end. As a result of the conducted geophysical 
studies, the opening of NK‑7, NK‑8, NK‑9, NK‑10 
we NK‑11 productive red-colored horizons has been 
clarified. To carry out simultaneous testing and ex-
ploration of several productive horizons separately, 
the development of the well was planned on two 
elevators. On the Ø177.8 mm operational shank in 
the intervals of 4706–4710 m, 4721–4724 m, 4726– 
–4728 m (NK‑9), 4780–4786 m (NK‑10), 4818–
–4826 m, 4847–4750 m, 4856–4860 m (NK‑11) 
on the first long elevator (H = 4815 m) and Ø244.5 
mm technical the column has been perforated in the 
intervals of 4448–4454 m. (NK‑7), 4612–4618 m, 
4626–4629 m. (NK‑8) in the second-long elevator 
(4510 m.), it was determined to develop the well.
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For the smooth descent of the two-lift line-up, 
the casing shaft was cleaned inside the well with a 
scraper and a reiber. After the preparation of the de-
scending downhole equipment, the descent of the 
two-lift line-up was carried out in the following order 
(bottom – top):

The funnel of the long elevator (end) is 4815 m.
Ø177.8 mm shank Packer type Thundercat – 

4810 m.
Circulation valve – 4792 m.
Ø177.8 mm shank Packer type Thundercat – 

4775 m.
Circulation valve – 4739 m
Circulation valve – 4681 m.
The packer of the company “Schlumberger Lo-

gelco Inc.” type QMAX – 4670 m.
The circulation valve in the long elevator is 4563 m.
The funnel of the short elevator (end) is 4510 m.
Hydraulic packer for parallel double lift type 

Hydrow II – 4505 m.
Circulation valve – 4459 m.
Hydraulic packer for parallel double elevator 

type Hydrow II – 4397m.
Circulation valve – 4342 m.
In the lowered two-lift layout, a QMAX type 

packer (4670 m) was used by Schlumberger Logelco 
Inc., and all other equipment was used by Weather-
ford. And for the operation of the well by the gas lift 
method, the gas lift valves of the Weatherford com-
pany were used.

Production well № 156 of the Northern Go-
turdepe field

The design depth is 4300 m.
The actual drilled depth is 4302 m.
Actual well design:
Ø426 mm – 398 m;
Ø324 mm – 1999 m;
Ø245 mm – 4156 m.
Drilling operations were completed when a 

depth of 4302 meters was reached with a hole diam-
eter of Ø215.9 mm and the use of drilling fluid with 
a density of 1.50g/cm3.

At a depth of 4302 meters, drilling reached the 
design horizon and the productive horizons of red 
color IX, NK‑1, NK‑2 were opened.

In order to prevent indicators of damage to the 
reservoir properties of productive layers in the hole 
of Ø215 mm during the cementing process, special 
filters were planned to be lowered into the open 
hole. Based on this, in the range of 4147–4298.5 m 
in the productive horizons NK‑1, NK‑2 of the low-
er red color, descent and fastening with 13 special 
MESHRITE type filters (the length of one filter is 
11.65 m) of the company “SchlumbergerLogelco-
Inc.” were made. For the direct descent of special 
filters to the design depth, a flushing tubing Ø73 × 
× 5.5P105 NUE with a stinger on drill pipes was si-
multaneously lowered inside the filter. The entrance 
of the upper end of the filter shank into the inside of 
the Ø244.5 mm technical column for hanging and 
ensuring the tightness of the upper end of the shank, 
an ULTRAPAK type packer from Weatherford was 
used. When planting an ULTRAPAK packer to the 
required depth, the flushing tubing Ø73 × 5.5P105 
NUE with a stinger and drill pipes were lifted.

Layout of the shank filter (top-down):
Packer type “ULTRAPAK” – 4126–4129 m;
Casing pipes Ø139.7 mm. – 4129–4147 m;
Special MESHRITE type filters (13 pieces) – 

4147–4298.5 m;
Flushing shoe with two check valves and casing 

pipe Ø139.7 mm. – 4298.5–4302 m.
After lowering the filter shank to the design 

depth at an interval of 4000–4012 m. (IX), perfo-
ration work was carried out. For the smooth de-
scent of the two-lift line-up into the well, the cas-
ing barrel was cleaned with a scraper and a reiber. 
The long first elevator was planted on the ULTRA-
PAK type (4127 m) packer shank filter located 
at the upper end of the Weatherford company, 
special filters were installed in the interval (4147– 
–4298.5 m) of the productive horizons of the lower 
red color NK‑1, NK‑2 and with the descent of the 
second short elevator to a depth of 3973 m, the de-
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velopment was carried out productive horizon IX 
(4000–4012 m).

In order to ensure the tightness of the tested ob-
jects, packers of the Hydrow II type (3968 m) and 
packers manufactured by Weatherford for single-lift 
ULTRAPAK tubing were used.And for the operation 
of the well by the gas lift method, the gas lift valves 
of the Weatherford company were used.

Production well № 200 of the Northern Go-
turdepe field

The design depth is 4900 m.
The actual depth drilled is 4662m.
Actual well design:
Ø426 mm – 592 m;
Ø324 mm – 1999 m;
Ø245 mm – 4189 m.
Ø139.7 mm. “shank” – 4170–4332 m. (162 m).
This is the fourth well completed by drilling in 

the shallow waters of the Caspian Sea. Prior to the 
start of drilling operations, a special site for the in-
stallation of drilling rigs was prepared by the build-
ers of the Turkmenneft concern, having made a road 
inside the water [2].

Drilling operations were stopped due to the 
opening of the project horizon (NK‑8) at a depth 
of 4662 meters with a drilling fluid density of 1.50–
1.52g/cm3.

Based on the results of geophysical studies, pro-
ductive horizons of the red-colored strata IX, NK‑1, 
NK‑2 were discovered. According to the research of 
logging data, a cement bridge was installed in the 
range of 4332–4490 m and for testing and exploring 
several productive horizons, the development of the 
well separately on two elevators, the descent of the 
operational shank Ø139.7 mm was carried out. The 
descent and fastening of the Ø139.7 mm operational 
shank was carried out by special equipment of the 
Weatherford company. With an entrance of 19 m. 
(4170 m) of the upper end of the shank Ø139.7 mm 
into the inside of the Ø244.5 mm technical column, 
the Weatherford shank suspension system was used 
to suspend and ensure the tightness of the upper end 

of the shank. The use of this system when the op-
erational shank Ø139.7 mm was lowered led to an 
increase in the reliability of the quality of cement-
ing work and the tightness of the upper end. On the 
Ø139.7 mm operational shank, having carried out 
perforation work in the intervals of 4192–4198 m, 
4204–4216 m, 4288–4292 m. (NK‑1, NK‑2) pro-
ductive horizons of red-colored thickness on the first 
long elevator (H = 4175 m) and Ø 244.5 mm techni-
cal column having carried out perforation work in 
the intervals of 4046–4052 m, 4057–4067 m, 4071–
–4077 m, 4079–4085 m, 4086–4092 m, 4094– 
–4104 m, 4122–4128 m, 4134–4140 m, (IX) pro-
ductive horizons of the red-colored thickness in the 
second long elevator (4040 m.), it was determined 
to develop the well.

After the perforation work, for the smooth de-
scent of the two-lift line-up inside the well, the casing 
shaft was cleaned with an Ø218 mm rib. After the 
preparation of the descending downhole equipment, 
the descent of the two-lift line-up was carried out in 
the following order (bottom – top):

Long Elevator funnel (end)– 4175 m;
Hydraulic packer of type “WH‑6” for single–lift 

tubing – 4166 m.;
Circulation valve (in long elevator) – 4147 m.;
Funnel of short elevator (end) – 4040 m.;
Hydraulic packer for double elevator (type 

Hydrow II) – 4030 m.;
Circulation valve (in a short elevator) – 4014 m.
In order to ensure the tightness of the tested ob-

jects, hydraulic packers manufactured by Weather-
ford were used on two-lift tubing of the Hydrow II 
type (4030 m) and for single-lift “WH‑6”. And for 
the operation of the well with the gas lift method, 
the Weatherford gas lift valves were used.

The productive horizons of the lower red color 
NK‑1, NK‑2 on a long elevator were mastered by the 
Ø10 mm nozzle in the fountain way, and the produc-
tive horizons of the pack IX were mastered by the 
Ø22 mm nozzle in the gas lift way and a large inflow 
of oil was obtained [3].
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Abstract. In the article, the authors consider dangerous geological processes presented as a 
consequence of human engineering activity in the process of urban development. Geological and 
engineering-geological processes, in particular abnormal climatic phenomena that negatively affect 
the general state of operation of buildings and structures, as well as the vital activity of the population. 
These processes are described in detail and prescribed in state regulatory documents, SNC1.02.09–15. 
Conducting engineering and geological surveys, specialists most often have to solve the problems 
most common in urban areas of Uzbekistan associated with dangerous geological processes: ·flooding 
(foundations, pits, etc.); ·karst-suffusion processes; ·erosion processes; slope processes (landslides, 
collapses, avalanches), etc.

Keywords: hydrogeology, groundwater, deformation, shrinkage, erosion, underflooding, drainage, 
moisture, evaporation.

Introduction. Due to the growth of the popula-
tion, the development of its infrastructure, and the 
needs of modern urban planning, a comprehensive 
study of the engineering and geological conditions 
of the territory of Karshi is strategically important. 
Based on this, engineering-geological studies aimed 
at identifying dangerous geological and engineering-
geological processes in urban areas are identified as 
one of the significant areas.

Currently, dangerous geological processes are of 
great importance for good operation, durability and 
reliability of buildings and structures in urban condi-
tions. A mandatory point in the course of engineer-
ing surveys is to identify such processes and predict 
changes in dangerous geological processes over time. 
In the presence of these processes at the research site, 
certain protective measures are taken to reduce the 
negative impact on adjacent buildings, structures or 
their complete elimination (if possible).

Hazardous geological processes are engineering-
geological and geological processes, in particular hy-
drometeorological phenomena that negatively affect 

the general condition of buildings and structures, as 
well as the vital activity of the population.

These processes are described in detail and 
prescribed in state regulatory documents, SNK 
1.02.09–15 When conducting engineering and geo-
logical surveys, specialists most often encounter the 
most common dangerous geological processes in ur-
ban areas of Uzbekistan: flooding (foundations, pits, 
etc.); karst-suffusion processes; erosion processes; 
slope processes (landslides, collapses, avalanches).

Research methodology. The tasks were solved 
using a set of methods, including scientific analysis 
of factual materials, field, laboratory, desk engineer-
ing and geological studies, retrospective comparative 
analysis, and mathematical statistics, processing of 
research results using geoinformation technologies, 
mapping and zoning.

Discussion of the results. The theoretical 
foundations and scientific research on the study of 
hazardous engineering-geological and geological 
processes of urban areas were developed by scien-
tists from leading on scientific centers and higher 
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educational institutions of the world: S. P. Lar-
son, M. R. Anderson, Y. K. Cheung, P. C. Trescott, 
E. S. Dzekzer, A. J. Muftakhov, V. I. Sologaev, etc. 
Scientific and methodological aspects of studying 
the problem of studying the processes of urban-
ized urban areas of Uzbekistan and practical as-
pects of forecasting were studied at different times 
by G. A. Mavlyanov, K. P. Pulatov, N. N. Khod-
jibaev, E. V. Mavlyanov, Yu. I. Irgashev, F. B. Abut-
aliev, B. Ya. Neiman, Ya. S. Sadykov, V. A. Heinz, 
M. M. Krylov, M. R. Rakhimov, V. U. Magdiev, 
N. N. Kamilov, J. H. Jumanov, S. H. Khushvaktov, 
A. B. Alimbayev, P. P. Nagevich, O. V. Chebotarev, 
I. N. Gracheva, etc., as a result, a technology for mod-
eling hydrogeological conditions for the territory of 
the Republic of the Uzbekistan was developed, the 
criteria for conducting regional and local monitor-
ing in various geological and engineering-geological 
conditions have been established.

Underflooding – ubiquitous in the territory of the 
city of the Karshi in most cases is a consequence of 
both man-made and partially natural processes. This 
process is possible as a result of any violation of the wa-
ter regime, as well as the general balance of the area for 
a specific billing period. In this case, the groundwater 
level rises significantly and reaches critical levels char-
acteristic of a certain type of territory (in particular, for 
the functional purpose of the structure).

The engineering and geological conditions of 
Karshi are largely favorable to the destructive effects 
of karst-suffusion processes. This category of danger-
ous geological processes includes the interaction of 
processes such as suffusion and karst. Suffusion is an 
erosive process of leaching microparticles from rocks 
with filtered water. At the same time, voids form in 
the rock, which eventually lead to deformation of the 
soil, shrinkage of the foundation, etc.

Engineering and geological surveys are often 
carried out on the sites of construction pits. The 
sides of the pits are represented by loess-like loams 
and sandy loams are prone to the manifestation of 
dangerous slope processes. This group of processes 

includes landslides, avalanches, сollapses etc. This 
leads to the movement of individual soil particles or 
entire arrays downhill due to the impact of a certain 
load and movement of groundwater. Landslides oc-
cur due to the movement of soil under its own weight 
on the surface of construction pits, pits, etc. Also, 
landslides occur due to the erosion of the territory, 
and in some cases seismic phenomena. At the same 
time, it is very important to predict in a timely man-
ner the possibility of the appearance of processes at 
the research site and to carry out a number of protec-
tive measures to prevent them.

Geoecological problems of Karshi are very di-
verse and are determined, on the one hand, by the 
natural environment and, on the other, by planning 
solutions and their implementation in the develop-
ment and operation of territories. It is also legitimate 
to talk about some general trends in the change of 
the geoecological situation of the natural territory, 
as it is transformed by urban development blocks 
and private impacts. The impact of the city is most 
actively manifested in the surface layers of the earth’s 
crust to a depth of about 30–60 m, although in some 
cases in large cities of Uzbekistan are studied to a 
depth of 1.5–2.0 km.

The following compositions can be considered 
as the most general trends in changes in geoecologi-
cal conditions. Changing the water balance between 
surface, ground and deep groundwater. Its most 
common consequence is an increase in the ground-
water level caused by two unidirectional processes. 
Replacement of the natural soil cover with built-up 
and paved areas, which practically excludes evapora-
tion from the soil surface and emergency manifesta-
tions of water supply and sewerage systems from the 
water balance, year-round providing the possibility 
of replenishing groundwater resources. Both of these 
circumstances, combined with the layout of the ter-
ritory, the complete or partial elimination of natu-
ral drainage systems, lead to the rise of the ground-
water mirror, the flooding of the foundations and 
foundations of buildings and structures, a decrease 
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in the bearing capacity of the foundation soils and, 
as a consequence, deformation, and in critical situ-
ations – the destruction of buildings and structures.

In cases when deep groundwater horizons are 
commercially exploited on the territory of the city 
and an adequate depression funnel occurs, provided 
that the groundwater aquifer is constantly replen-
ished, the infiltration of groundwater into deep ho-
rizons increases. This process of activating the ver-
tical movement of groundwater is accompanied by 
the development of processes of suffusion (removal 
of fine-grained material) or karst (dissolution and 
leaching of carbonate and sulfate materials is accom-
panied by the formation of karst cavities).

A change in the geodynamic situation caused by 
an additional, and moreover uneven, surface load 
due to the introduced masses of materials of build-
ing structures, within the city territory. This factor of 
additional load may also be accompanied by simul-
taneous pumping of groundwater, if they are used 
for drinking or technical needs of the population. 
As a consequence, against the background of the 
general lowering of the surface, local, focal landslide 
and solifluction processes are activated that can lead 
to deformation of buildings and linear underground 
utilities in urban conditions.

Violation of the geochemical balance of the sur-
face, foundation soils and structures of buildings 
and structures is another geoecological process that 
occurs in extreme climatic conditions and has a de-
cisive impact on the long-term stability of aboveg-
round building structures. Its essence lies in the fact 
that in conditions when the evaporation exceeds 
the amount of precipitation, with steady flooding of 
intra-block territories and lack of drainage, the re-
moval of some part of the excess moisture from the 
surface and from the soil layer occurs as a result of 
its evaporation. Evaporation, in turn, leads to a con-
sistent and continuous increase in the mineralization 
of groundwater. The consequence of this process is 
the preservation of residual or the formation of new 
lenses of groundwater with increased mineralization, 

and moving them towards the base of buildings can 
lead to corrosion and deformation of the foundation 
and the building itself.

In general, for the city of Karshi and newly built-
up areas of the city, forecasts of the development of 
hazardous geological and engineering-geological 
processes are developed on the basis of a model of 
the geological environment, which includes a set of 
maps and sections of different specifics: geological, 
geomorphological, hydrogeological, engineering-
geological. The forecast is implemented in a scheme 
or measures to protect territories from dangerous 
geological processes. In recent years, computer tech-
nologies combined into a geographic information 
system (GIS) have been used to collect, analyze and 
present information related to the geological envi-
ronment. Using this system allows you to quickly get 
a new information product based on available data, 
including forecast maps. When considering alterna-
tive protection options, in addition to environmental 
aspects, the technical and economic possibilities of 
implementing the planned measures are taken into 
account. When choosing a construction site for a 
future structure in a seismic area, it is necessary to 
take into account engineering and geological factors 
affecting the possible amplification of the building’s 
own vibrations by the foundation rocks. To increase 
the strength and stability of structures and founda-
tions, constructive measures (rigid frames, anchors, 
etc.) and strengthening measures (improving the 
properties of the rocks of the foundations) are used. 
When protecting against landslide processes com-
mon on the territory of our country, as well as land-
slides of steep slopes, active and passive protection 
measures are used. Active protection includes both 
engineering and management solutions.

Engineering measures include: 1) changing the 
relief of the slope in order to increase its stability; 
2) regulating the flow of surface water using a surface 
drainage system, preventing water infiltration into the 
soil and underlying rocks. Anti-erosion measures: arti-
ficial lowering of the groundwater level; agroforestry; 
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consolidation of loose and fractured rocks composing 
slopes; construction of retaining slope structures.

Management measures include the establish-
ment of security zones, restriction or prohibition of 
traffic and other similar decisions. Passive measures 
include the adaptation of structures to flow around 
them by a landslide. The device of trapping struc-
tures. In order to protect the soil cover of the urban 
area from erosion, measures are being taken to or-
ganize the drainage and regulation of the release of 
surface runoff, which is ensured by the development 
of storm sewers.

Construction in the steppe and forest-steppe 
zone of Karshi, where loess-like strata are widely 

developed, should be carried out using measures to 
prevent subsidence phenomena: protection of loess-
like rocks from soaking by drainage of rain and melt-
water. waterproofing to prevent infiltration: elimi-
nation of subsidence properties of loess-like rocks 
on the built-up massif by reclamation of rocks: pre-
soaking from before compaction of loess rocks.

Conclusion. The geological appearance of the 
city of Karshi is constantly changing, sometimes 
quickly, more often imperceptibly for a person. Ac-
tive economic activity leads to the intensification 
of technogenic or engineering-geological processes 
that have a negative impact on economic and indus-
trial facilities, people’s livelihoods.
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COMPARATIVE STUDY OF THE ELEMENTAL COMPOSITION 
OF CISTANCHE SEEDS (CISTANCHE SALSA) FROM 

VARIOUS REGIONS OF KARAKALPAKSTAN

Abstract. Mass spectrometry with inductively coupled plasma was used to study the macro- and 
microelement composition of seeds of the Cistanche salsa (Cistanche salsa), growing in various 
regions of Karakalpakstan. Differences in the composition and quantitative content of elements 
depending on the place of growth of cistanche were established. Of the 44 elements determined by 
the analysis in the studied objects, potassium, calcium, phosphorus are dominant.

Keywords: Cistanche salsa (C. A. Mey) Beck., essential trace elements, toxic microelements.
Introduction
Macro- and microelements are a component of 

medicinal plant materials, affect the vital functions 
of plants and play a significant role in the pharmaco-
logical activity of herbal medicines [1].

Plants accumulate chemical elements and serve 
as the best natural source of a natural complex of vital 
elements with valuable groups of biologically active 
substances [2].

At the same time, researchers are increasingly 
trying to determine the existing relationship be-
tween the accumulation of certain groups of phar-
macologically active substances in plants and the 
concentration of microelements. Thus, plants pro-
ducing cardiac glycosides selectively accumulate 

manganese, molybdenum and chromium. Alkaloid 
plants accumulate cobalt, zinc, manganese, less often 
copper, saponin-containing plants accumulate mo-
lybdenum and tungsten, and terpene -containing 
plants accumulate manganese [2].

Many researchers also believe that the main 
trends in the formation of the elemental composi-
tion of plants are related to the environment [3].

We continue to study the chemical compound 
plants of salsa, growing in the conditions of Kara-
kalpakstan [4; 5].

This report presents the results of studies of mac-
ro- and microelements of seeds of saline cistanche 
growing in three regions of Karakalpakstan, which, 
according to their geographical location, are conven-
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tionally accepted as northern, central and southern 
regions.

the prospects of using Cistanche salina in phar-
macology, along with its well-known types of Cis-
tanche, which have been widely used since ancient 
times in Chinese folk medicine. imposed on the 
quality of medicinal plant raw materials.

Based on this, we set a goal: to determine the 
composition and degree of accumulation of macro- 
and microelements in the seeds of saline cistanche 
growing in three regions of Karakalpakstan in com-
parison with data for a sample of cistanche seeds 
grown in China.

Materials and research methods
The objects of our study were the seeds of Cis-

tanche salsa, which were collected during flowering 
and the beginning of fruiting in May 2019 from three 
regions of the Republic of Karakalpakstan (Karatau, 
Kuskanatau, Ustyurt), which were conditionally di-
vided by geographical location into the northern, 
central and southern parts of Karakalpakstan. The 
seeds are separated from the pods.

Sample 1 – Cistanche seeds from China provided 
by local entrepreneurs.

Sample 2 – seeds of Cistanche salsa collected 
from the southern region, the Karatau upland.

Sample 3 – seeds of Cistanche salsa, collected in 
the Bozatau region, Kuskanatau uplands, the central 
region of Karakalpakstan

Sample 4 – seeds of Cistanche salsa, collected 
during the fruiting period in the territory of the vil-
lage of Jaslyk on the Ustyurt plateau of the Republic 
of Karakalpakstan, the northwestern region of Kara-
kalpakstan.

The accumulation of macro- and microelements 
in the studied objects was determined by inductively 
coupled plasma mass spectroscopy (ICP-MS) on the 
device ISP – MS (Nexion 2000) by Perkin Elmer. 
The multi-element standard and the Hg standard 
were used as standards. An S‑200 Perkin-Elmer 
autosampler was used, generator power – 1500 W, 
peristaltic pump flow rate – 1.2 ml/min, argon flow – 
12–15 l/min, axial view, nebulizer – 0.8 l/min.

Results and discussion
As a result of the study of the elemental composi-

tion of seeds of Cistanche salsa, growing in different 
regions of the Republic of Karakalpakstan and the 
Chinese sample of seeds by mass spectrometry with 
inductively coupled plasma on the device ISP – MS 
(Nexion 2000) 44 contents were identified macro- 
and microelements. Table 1 presents the results of 
the analyzes of these samples.

Table 1. – Macro- and microelements of seeds of Cistanche salsa, mg/l

No. Element Sample 1, China Sample 2, Karatau sample 3, Bozatau Sample 4, Ustyurt
Bioelements-macroelements

1 2 3 4 5 6
1 Na 3029.364 2197.377 3438.104 2083.459
2 K 5744.298 13764 11260.316 7092.323
3 Ca 6904.802 5303.021 6022.110 5570.931
4 P 3582.135 5115.599 4302.023 846.086
5 mg 4886.816 3599.925 2958.273 4815.804
6 S 860.754 842.88 773.712 708.366

Ca > K > Mg > P > Na > S K > Ca > P >Mg > Na > S K > Ca > P >Na > Mg > S K> Ca >Mg>Na>P>S
Essential microelements

7 Fe 900.301 365.626 909.988 902.377
8 Zn 3.121 5.511 4.135 3.168
9 Cu 1.285 1.161 1.882 1,100

10 Mn 13.974 6.266 215.960 11.559
11 Mo 0.154 0.096 0.139 0.065
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1 2 3 4 5 6
12 Co 0.167 0.067 0.267 0.167
13 Cr 1.327 1.079 2.252 1.117
14 Se 0.107 0.049 0.138 0.142

Fe > Mn > Zn > Cr > Cu 
> Co > Mo > Se

Fe > Mn > Zn > Cu >
> Cr > Mo > Co > Se

Fe > Mn > Zn > Cr > 
> Cu > Co > Mo > Se

Fe> Mn >Zn>Cr> 
>Cu>Co>Se>Mo

Conditionally essential
15 B 6.453 5.757 7.140 6.497
16 Si 1001.823 894.746 1512.293 715.068
17 Ni 1.469 0.815 2.119 1.040
18 V 0.566 0.312 0.885 0.717
19 Li 1.767 0.637 1.897 1.847
20 As 0.160 0.066 0.195 0.120

Si > B > Li > Ni > V > As Si > B > Ni > Li > 
> V > As

Si > B > Ni >
Li > V > As Si>B>Li>Ni>V>As

Potentially toxic microelements
21 Rb 0.496 0.380 0.511 0.302
22 Zr 0.029 0.017 0.044 0.019
23 sn 0.160 0.170 0.108 0.0 56
24 Ag 0.002 0.001 0.001 0.001
25 W 0.139 0.078 8.252 1.378
26 Ge 0.003 0.001 0.003 0.001
27 Ga 0.567 0.491 0.534 0.422
28 Sr 12,570 10.203 10.301 15.041
29 Ti 793.096 32.793 33.270 34.971

Ti > Sr > Ga > Rb >
> Sn > W > Zr > Ge >Ag

Ti > Sr > Ga > Rb > 
> Sn > W > Zr > Ag > Ge

Ti > Sr > W > Ga > Rb> 
> Sn > Zr > Ge > Ag

Ti> Sr >W> Ga > Rb> 
> Sn > Zr >Ag> Ge

Toxic trace elements
30 Al 938.957 301.524 1192.128 1153.096
31 Pb 0.100 0.204 0.269 0.106
32 Ba 2.789 2.487 2.528 2.028
33 Bi 0.001 0.000 0.001 0.001
34 CD 0.004 0.008 0.007 0.003
35 hg 0.052 0.027 0.239 0.407
36 Ta 0.000 0.000 0.000 0.000
37 Be 0.060 0.033 0.60 0.052
38 Sb 0.006 0.010 0.007 0.004
39 Tl 0.001 0.001 0.001 0.001
40 U 0.040 0.032 0.042 0.027
41 In 0.000 0.000 0.000 0.000
42 Nb 0.011 0.003 0.018 0.008
43 Cs 0.010 0.002 0.010 0.007
44 Re 0.000 0.000 0.001 0.000



COMPARATIVE STUDY OF THE ELEMENTAL COMPOSITION OF CISTANCHE SEEDS (CISTANCHE SALSA) FROM VARIOUS REGIONS OF KARAKALPAKSTAN

53

1 2 3 4 5 6
A series of 

quantitative 
decrease in ele-

ments

Al > Ba > Pb > Be > Hg 
> U > Nb > Cs > Sb > 

Cd > Tl > Bi

Al > Ba > Pb > Be > U 
> Hg > Sb > Cd > Nb > 

Cs > Tl

Al > Ba > Be > Pb > Hg 
> U > Nb > Cs > Cd > 

Sb > Tl > Bi > Re

Al>Ba>Hg>
Pb >Be>U> Nb 

>Cs> Sb >Cd> Tl 
>Bi

Sum 28689.94 22453.42 32662.703 23969.88

As can be seen from Table 1, 44 elements were an-
alyzed in each sample, but in samples No. 1 (Chinese) 
and No. 4 (Ustyurt) 41 elements were determined, 
and in samples No. 2 (Karatau) and No. 3 (Bozatau) 
40 and 42 elements each respectively. Elements such 
as Ta, In are absent in all seed samples, Re, Bi are also 

not found in the Karatau sample, and Re is not found 
in the Chinese and Ustyurt samples, or their content is 
beyond the limits of the determination of this method.

Table 2 presents the rows of elements in descend-
ing order of their content in the studied samples of 
seeds of Cistanche salsa.

Table 2. – Series of quantitative decrease of macro- and microelements of 
Cistanche seeds of China and regions of the Republic of Karakalpakstan

Sample A number of elements in descending order

№ 1,
China

Ca > K > Mg > P > Na > Si > Al > Fe > S > Ti > Mn > Sr > B > Zn > Ba > Li > Ni > Cr > 
Cu > Ga > V > Rb > Co > As > Sn > Mo > W > Se > Pb > Be > Hg > U > Zr > Nb > Cs > 
Sb > Cd > Ge > Ag > Tl > Bi

№ 2,
Karatau

K > Ca > P > Mg > Na > Si > S > Fe > Al > Ti > Sr > Mn > B > Zn > Ba > Cu > Cr > Ni > 
Li > Ga > Rb > V > Pb > Sn > Mo > W > Co > As > Se > Be > U > Hg > Zr > Sb > Cd > 
Nb > Cs > Ag > Tl > Ge

№ 3, 
Bozatau

K > Ca > P > Na > Mg > Si > Al > Fe > S > Mn > Ti > Sr > W > B > Zn > Ba > Cr > Ni > Li 
> Cu > V > Be > Ga > Rb > Pb > Co > Hg > As > Mo > Se > Sn > Zr > U > Nb > Cs > Cd 
> Sb > Ge > Ag > Tl > Bi > Re

№ 4, 
Ustyurt

K > Ca > Mg > Na > Al > Fe > P > Si > S > Ti > Sr > Mn > B > Zn > Ba > Li > W > Cr > 
Cu > Ni > V > Ga > Hg > Rb > Co >  Se > As > Pb > Mo > Sn > Be > U > Zr > Nb > Cs > 
Sb > Cd > Ag > Tl > Bi > Ge

If we analyze the quantitative content of macro-
elements (Na, K, Mg, P, Ca, S) in the studied sam-
ples of cistanche seeds growing in different regions 
of Karakalpakstan in comparison with the data for 
cistanche seeds from China, it can be seen that in 
all Karakalpakstan samples, the maximum content 
falls on K, and the Chinese pattern is dominated by 
Ca. The maximum content of K, Ca, and S is con-
tained in the seed sample from the southern Karatau 
region, while Na and Ca predominate in the Bozatau 
(central region). In sample 4 from Ustyurt, the maxi-
mum indicator falls only on magnesium, for all the 
rest it has the lowest indicators (except for P) and is 
closest to the values of the Chinese sample. In turn, 

the Chinese sample is superior in calcium content 
and slightly in phosphorus and sulfur ions.

The sequence of decreasing quantitative content 
of macroelements is preserved for 3 Karakalpakstan 
seed samples, except for the abnormally low content 
of phosphorus in Ustyurst cistanche seeds.

Previously, we reported on the results of studies of 
the elemental composition of the aboveground and 
underground parts of the stolon cistanche saline of 
Karakalpakstan, where a similar predominance of po-
tassium and other macroelements was also shown [6].

Based on the analysis of table 1 and previous 
data [4], the following conclusion can be drawn: 
Cistanche salsa, regardless of the area of growth in 
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Karakalpakstan, is rich in macroelements, such as 
Na, K, Mg, P, Ca, S, with a predominant predomi-
nance of potassium in all samples stolons and seeds.

Of the essential elements (Fe, Zn, Cu, Mn, Mo, 
Co, Cr, Se) in all objects, the iron content is many 
times higher than the rest of the elements and varies 
within 900–910 mg / l, with the exception of a sam-
ple of Karatau seeds (365.6 mg/l). We observed an 
overestimated iron content earlier in the aboveg-
round and underground parts of the cistanche stem 
[6], and noted that they can serve as a raw material 
source for replenishing iron deficiency in the body.

The overestimated content in seeds in compari-
son with stolons is also preserved in the case of man-
ganese, zinc, and cobalt. At the same time, the maxi-
mum zinc content is observed for Karatau seeds, and 
the minimum for Chinese (3.121 mg/l) and Ustyurt 
seeds (3.168 mg/l).

Unlike macronutrients, the content of most es-
sential elements (Fe, Mn, Co, Cr, Se) in the Krantaus 
seed sample is minimal.

maximum content of essential elements, espe-
cially manganese, is accumulated in a seed sample 
from the central Bozatau district.

And in the case of conditionally essential ele-
ments (B, Si, Ni, V, Li, As), we observe that their 
maximum concentration falls on the seeds of the 
Bozatau region, exceeding the content in other 
samples by 1.5–2 or more times. Similarly, the 
minimum accumulation is in the seeds of cistanche 
from Krantau, and the values of the samples from 
China and Ustyurt are close to each other. It should 
be noted that silicon dominates in all samples 
(1512.3–715.068 mg/l).

For humans and animals, silicon is especially im-
portant as a structural element of connective tissue [7].

The values of the conditionally essential elements 
B, Si, V, As for the human body have not been fully 
established; they are better known as structural or 
functional cofactors of biochemical processes in oth-
er organisms [8]. It is currently known that boron 
is especially necessary for plants, in particular, due 

to the active participation of this bioelement in the 
synthesis of bioflavonoids [7].

Among the potentially toxic elements, Ti and 
Sr predominate. There is especially a lot of titanium 
in the sample of China (793.1 mg/l), while for the 
samples of cistanche seeds from Karakalpakstan its 
content is in the range of 32.8–34.97 mg/l. Titanium 
at a daily dose of 0.85 mg is not toxic to humans, and 
there is no data on a lethal dose. Strontium maximum 
content in sample 4 (Ustyurt) (15.041 mg/l), for 
the rest of Karakalpakstan samples corresponds to 
10.2 mg/l. Among the other trace elements, an abnor-
mally high content of tungsten is observed for the Boza-
tau sample (8.252 mg/l), while for the remaining three 
samples this value ranges from 0.078–1.378 mg/l).

When analyzing the results for toxic trace ele-
ments, as can be seen from Table 1, aluminum pre-
dominates in all samples. The maximum concentra-
tion of aluminum is concentrated in the cistanche 
seeds samples 3 and 4, and the lowest in Sample 2. 
The content of barium is in the range of 2.028–2.7.89 
mg/l, and the presence of lead in the samples ranges 
from 0.1–0.27 mg/l.

For all other toxic elements, their concentration 
is approximately hundredths or thousandths, or has 
trace amounts, which does not exceed the permis-
sible norms for a living organism.

Conclusion
Thus, as a result of the analysis by the ICP-MS 

method macro- and microelement composition of 
seeds of saline cistanche found the influence of the 
place of growth on the accumulation of macro- and 
microelements. The maximum accumulation of ele-
ments both in terms of composition and in terms of 
mass is observed in the seeds of the central Bozatau 
region, and the minimum – in the southern Karatau 
sample. Seed samples from the northern region of 
Ustyurt, where the gypsum-bearing nature of the soil 
composition and from China, are more similar both 
in composition and in weight for most elements.

All vital elements in the studied objects, potas-
sium, calcium, phosphorus are dominant.
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REDUCED USAGE OF PLASTIC, CHOOSING/SELECTING 
ALTERNATIVE METHODS FOR ITS PRODUCTION

Abstract. “Plastic made from milk” – that certainly sounds like something made-up. If you agree, 
you may be surprised to learn that in the early 20th century, milk was used to make many different 
plastic ornaments –including jewelry for Queen Mary of England! In this chemistry science project, 
you can figure out the best recipe to make your own milk plastic (usually called casein plastic) and 
use it to make beads, ornaments, or other items.

Keywords: plastic, polymer, alternative methods of plastic production, casein plastic.
Objective. In this chemistry science project, you 

will investigate which is the best recipe for making 
plastic out of milk.

Introduction
What can you make out of milk? Cheese, but-

ter, whipped cream, sour cream, yogurt, ice cream, 
and…plastic! Are you surprised by plastic? It is true. 
In fact, from the early 1900 s until about 1945, plas-
tic made from milk was quite common. This plastic, 
known as casein plastic or by the trade names Ga-
lalith and Erinoid, was used to manufacture buttons, 
decorative buckles, beads, and other jewelry, as well 
as fountain pens and hand-held mirrors and fancy 
comb-and-brush sets. Figure 1 shows examples of 
belt buckles made from casein plastic in the 1930s 
and ‘40s; more examples can be found in the refer-
ences in the Bibliography.

But how can milk be changed into plastic? To an-
swer that we need to think first about what plastic is. 
The word plastic is used to describe a material that 
can be molded into many shapes. Plastics do not all 
look or feel the same. Think of a plastic grocery bag, 
a plastic doll or action figure, a plastic lunch box, and 
a disposable plastic water bottle. They are all made of 
plastic, but they look and feel different. Why? Their 
similarities and differences come from the molecules 
that they, like everything else, are made of. Mole-

cules are the smallest units (way too small to see 
with your eye!) of any given thing.

Figure 1. These decorative belt buckles were 
all manufactured from casein plastic in the 
1930s and ‘40s. (Photograph courtesy of 

Galessa’s Plastics Photostream, 2010)

Plastics are similar because they are all made up of 
molecules that are repeated over and over again in a 
chain. These are called polymers, and all plastics are 
polymers. Sometimes polymers are chains of just one 
type of molecule, as in the top half of (Figure 2). In 
other cases polymers are chains of different types of 
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molecules, as in the bottom half of (Figure 2), that 
link together in a regular pattern. A single repeat of the 
pattern of molecules in a polymer (even if the polymer 
uses only one type of molecule) is called a monomer.

Figure 2. The top image shows a polymer where 
the monomers are just one type of molecule.

The bottom image shows a polymer where the 
monomers are made up of three different molecules. 
In both polymers, the monomers link in a repeating 
pattern.

Milk contains many molecules of a protein called 
casein. When you heat milk and add an acid (in our 
case vinegar), the casein molecules unfold and re-
organize into a long chain. Each casein molecule is 
a monomer and the polymer you make is made up 
of many of those casein monomers hooked together 
in a repeating pattern like the top (all pink) example 
in (Figure 2). The polymer can be scooped up and 
molded, which is why it is a plastic. In this chemistry 
science project, you will investigate what is the best 
recipe for making casein plastic by making batches of 
heated milk with different amounts of vinegar. How 
much vinegar is needed to give you the most plas-
tic? Without enough vinegar the casein molecules 
do not unfold well, making it difficult for them to 
link together into a polymer. Of course, if you were 
manufacturing you would be thinking about both 

the amount of plastic you can make and the cost. The 
more of any ingredient you use the more expensive 
the end product is. The “best” recipe will have the 
highest yield (make the most plastic) for the small-
est amount of vinegar.

The plastic you make will be a bit more crumbly 
and fragile than Galalith or Erinoid. That is because 
the companies that made those casein plastics in-
cluded a second step. They washed the plastic in a 
harsh chemical called formaldehyde. The formalde-
hyde helped harden the plastic. Although you will 
not use formaldehyde because it is too dangerous to 
work with at home, you will still be able to mold the 
unwashed casein plastic you make. Once you have a 
recipe, with the best ratio of vinegar to milk, for your 
casein plastic, you can have fun with it. Try shaping 
it, molding it, or dyeing it to make beads, figures, or 
ornaments, such as those shown in (Figure 3).

Figure 3. The casein plastic you will make in this 
project can be used to make beads, figures, 

or ornaments like the ones shown here.

You can also choose to take a green chemistry an-
gle to this project. The goal of green chemistry (also 
called sustainable chemistry) is to make chemical 
reactions and products using the most environmen-
tally friendly methods. There are twelve principles 
of green chemistry that help scientists do that. This 
project already deals with one of them – the idea that 
the raw materials (called feedstocks) for a reaction or 
product should be renewable. To be renewable, a ma-
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terial has to be something you can get again easily, 
and you won’t run out of it. Milk is more renewable 
than petroleum and natural gas, which are the tradi-
tional raw materials for plastic. Both oil and natural 
gas are made by geological processes that take mil-
lions of years to occur; once we use up all of the oil 
and natural gas on Earth, it will take millions of years 
for more to be created. Another green chemistry 
principle is designing for degradation. Meaning that 
scientists and chemical engineers should think about 
how a product will degrade (break down over time) 
and make sure that it is degrading over a reasonable 
amount of time and in a way that does not harm 
the environment. Traditional plastics are not green, 
it takes hundreds of years for them to decompose, 
and in the process, they break up into smaller and 
smaller pieces that can be swallowed by other living 
things and harm them. Is your milk-plastic better? 
Will it degrade? Check the variations for this project 
for ways to answer that question.

Experimental Procedure
Terms and Concepts
•	 Casein plastic
•	 Plastic
•	 Molecule
•	 Polymer
•	 Monomer
•	 Casein
•	 Acid
•	 Yield
•	 Curds
•	 Green chemistry
Materials and Equipment
The materials listed below are for doing the ex-

perimental procedure exactly as written. However, 
you can make changes to the experimental proce-
dure in order to use a different size measuring cup 
and/or a stovetop rather than a microwave.

1. Mugs or other heat-resistant cups (4); they 
should all be identical so as not to introduce another 
variable (See What are Variables? How to use them 

in Your Science Projects), and large enough to hold 
more than 8 oz. of liquid

2. Masking tape
3. Pen or permanent marker
4. Teaspoon measuring spoon
5. White vinegar (at least 8 oz.)
6. Milk (at least 12 cups); nonfat, 1%, 2%, and 

whole milk will all work
7. Microwavable liquid measuring cup; should 

be large enough to hold 4 cups of milk like this one 
from Amazon.com

8. Microwave
9. Cooking or candy thermometer, such as this 

one from Amazon.com
10. Spoons (4)
11. Cotton cloth (12 squares, each 6 x 6 inches); 

cutting up old T-shirts works just fine
12. Rubber bands (4)
13. Clear plastic or glass drinking cups (4), each 

large enough to hold 8 oz. of liquid
14. Kitchen scale, should be accurate to 1 gram, 

such as this one from Amazon.com
15. Wax paper (in 12 identical pieces); each piece 

should be smaller than the weighing surface of the 
kitchen scale

16. Paper towels
17. Lab notebook
18. Optional (for fun): molds, cookie cutters, 

food coloring, paint, glitter, permanent markers
Experiment number 1
Making Casein Plastic
This experiment uses hot liquids, so an adult’s 

help will be needed throughout.
1. Using the masking tape and pen, label the four 

mugs: 1, 2, 4, and 8.
2. Use the measuring spoon to add 1 teaspoon 

(tsp.) of white vinegar to the mug labeled “1,” 2 tsp, 
to the mug labeled “2,” 4 tsp. to the mug labeled “4,” 
and 8 tsp. to the mug labeled “8.”

3. Heat 4 cups of milk (1 quart) in a large measur-
ing cup in the microwave.



REDUCED USAGE OF PLASTIC, CHOOSING/SELECTING ALTERNATIVE METHODS FOR ITS PRODUCTION

59

a) The exact amount of time needed will de-
pend on your microwave. Start by warming the milk 
at 50% power for five minutes. The 50% power will 
help you avoid scalding (burning) the milk.

b) Have an adult check the milk with a ther-
mometer to make sure it is at least 49 °C (120°F). If 
it is not heated enough, put it back in the microwave 
for another two minutes at 50% power. Repeat this 
step until the milk is hot. Warmer than 49 °C is fine.

c) In your lab notebook write down the total 
number of minutes it took you to warm the milk and 
the final temperature of the hot milk. When you re-
peat these steps later you should try to get as close 

to these numbers as possible. 1 or 2 degrees warmer 
or cooler is fine as long as the milk is at least 49 °C.

4. Carefully pour 1 cup of hot milk in to each of 
the four mugs with vinegar in them. (You may need 
to ask an adult to pour the hot milk for you.) What 
do you see happening in each mug? Write down your 
observations in a data table, like Table 1 below, in 
your lab notebook. In at least one of the mugs you 
should see that the milk has separated into white 
clumps (called curds).

a)Make sure to pour the milk in to all four of 
the mugs at the same time so that the milk is the 
same temperature across all four vinegar amounts.

Table 1. – Make a table like this in your lab notebook to write down your data. Make 
a new table for each repeat of this experiment, for a total of three tables

Number teaspoons 
of vinegar

Forms curds? 
(yes/no)

Describe liquid 
after sieve

Weight of casein 
plastic (in grams

Write down any 
other observations

1
2
4
8

5. Mix each mug of hot milk and vinegar slowly 
with a spoon for a few seconds. That will help make 
sure the vinegar reacts with as much of the milk as 
possible.

6. Meanwhile, take one of the cotton-cloth 
squares and attach it with a rubber band to the top 
of one of the clear cups so that it completely covers 
the cup’s opening. This will make a sieve as shown in 
Figure 4 below.

a) Make sure the cloth hangs down a bit inside 
the cup so that you have room to pour liquid in.

b) Repeat this step with the other three clear 
cups.

c) Label the clear cups 1, 2, 4, and 8 with the 
tape and pen.

7. Once the milk and vinegar mixture has cooled 
a bit, carefully pour the mixture from mug “1” into 
the cotton cloth sieve on cup “1.” If there are any 
curds, they will collect in the cloth sieve. The leftover 

liquid will filter into the clear cup. Figure 4 below 
shows what the setup looks like. Where do you think 
the casein is, in the liquid in the cup or the curds in 
the sieve? Tip: You may want to do this step over a 
sink just in case any of the liquid spills.

8. In your table in your lab notebook, write down 
what the leftover liquid in the clear cup looks like. 
What color is it? How clear is it? Be sure to write the 
information down for each cup on the correspond-
ing line on the table (for instance, cup “1” for the cup 
with 1 tsp. of vinegar, and so on).

9. Over a sink, carefully remove the rubber band 
sieve on cup “1.” With your hands, squeeze all the 
extra liquid out of the curds. Scrape the curds off of 
the cloth and knead them together, as you would 
bread dough, into a ball. This is your casein plastic. 
Before it dries, the ball of dough will look similar to 
(Figure 5) below.
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Figure 4. A piece of cotton cloth and a rubber band are used to make a sieve at the top 
of a clear glass. Once the milk and vinegar mixture is poured into the sieve, the curds will 

gather on the top of the sieve, and the liquid will drain through into the clear cup

Figure 5. The wet casein plastic will form a lumpy 
ball of whitish dough like the one shown here

10. Weigh the ball of casein plastic on a kitchen 
scale (set for grams) using a piece of wax paper to 
keep the scale clean. Record the weight in your table.

a) When weighing, remember to turn on the 
scale and first make sure it reads zero with nothing 
on it. This will help make sure your measurements 
are accurate. Also, use a new sheet of wax paper each 
time you weigh a different ball of casein plastic. This 
will give you exact weights (without crumbs and liq-
uid from the last ball).

b) The amount of casein plastic each recipe 
makes is called the yield for that recipe. The more 
plastic, as measured by weight in this case, the greater 
the yield.

11. Repeat steps 7–10 for the other three mugs 
of milk and vinegar.

12. If you want to make your casein plastic into 
something, you can color, shape, or mold it now 
(within an hour of making the plastic dough) and 
then leave it to dry on some paper towels for at least 
48 hours. See the “Ideas for Fun with Casein Plastic” 
for more suggestions.

13. For your science project you will want to re-
peat steps 1–11 again two more times. This will give 
you enough data to see whether one recipe reliably 
yields more casein plastic than another.

Analyzing Your Data
1. Calculate the average yield (amount in 

grams) of casein plastic made from each recipe. If 
you do not know how to average, ask an adult to 
show you.

2. Make a bar graph showing the average yield for 
each recipe. You can make the bar graph by hand or 
use a website like Create A Graph [4] to make the 
graph on the computer and print it.

a) On the left axis (the y-axis) write the aver-
age yield of casein plastic. Make a bar along the x-axis 
for each of the four recipes you tested.
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3. When you look at your observations about the 
liquid left over after straining out the curds, do the 
weights of the yields make sense? Why or why not?

4. Which recipe yielded the most casein plastic 
on average? Was any other recipe a close second? 
Based on this data, which do you think is the “best” 
recipe in terms of yield?

Ideas for Fun with Your Casein Plastic
Try making beads, ornaments, or figurines out 

of your casein plastic. You should do the molding 
and coloring steps (except for paint and/or marker) 
within the first hour of making the plastic or it will 
start drying out.

1. Shaping the plastic:
a) Knead the dough well before shaping it.
b) Molds and cookie cutters work well on the 

wet casein plastic.
c) You can also sculpt the wet casein plastic 

into figures, but it takes a bit more patience.
1. Coloring the plastic:

a) Food coloring, glitter, or other decorative 
bits can be added to the wet casein plastic dough. 
The beads in Figure 3 above were made from casein 
plastic dough that had yellow food coloring and mul-
ticolored glitter kneaded into it.

b) Dried casein plastic can be painted or col-
ored on with markers. The smiley face in Figure 3 is 
on uncolored casein plastic and was drawn on using 
a black permanent marker.

1. Hardening the plastic:
a) Casein plastic will be hard once it has dried.
b) Drying time varies depending on the thick-

ness of the final item (thicker pieces take longer), 
but most casein plastic requires at least two days to 
become hard.

Variations
How does the temperature of the milk affect how 

much casein plastic you can produce? Design an ex-
periment to find out.

In this science project you added vinegar, an acid, 
to milk to make casein plastic. There are a lot of other 
acids you can probably find around the house, such 
as lemon juice, orange juice, soda pop, and tomato 
juice. Do some of these acids work better than oth-
ers to make casein plastic? Design an experiment to 
find out. Tip: To learn more about acids and bases, 
see Acids, Bases, & the pH scale by Science Buddies.

If you are interested in making another fun poly-
mer, try the Slime Chemistryproject.

How well does your milk plastic degrade? Try 
setting up a compost bin and comparing how well 
your milk-plastic decomposes compared to tradi-
tional plastic and biodegradable/compostable plas-
tic. Make sure to use pieces of the different types of 
plastics which are similar thicknesses and shapes. For 
example, you could make the head of a spoon out of 
milk plastic and compare it to other types of plastic 
spoons.

References:
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Abstract. The effect of cerium oxide additives on the activity of zinc oxide in the reaction of 
ethanol conversion to acetone has been studied. It was found that the dependences of the yield of 
acetone and the conversion of ethanol on the atomic ratio of cerium to zinc have the form of a curve 
with two maxima.
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Introduction
Acetone is one of the most important monomers 

widely used in the petrochemical industry. One of 
the interesting methods for obtaining acetone is the 
vapor phase conversion of ethanol [1; 2]. The prom-
ise of this method for obtaining acetone lies in the 
fact that ethanol is a renewable raw material and is 
obtained in large quantities from vegetable raw ma-
terials [3; 4]. In this regard, the creation of active and 
selective catalysts for this process is a very important 
issue for the chemical industry. It is known from pe-
riodic literature that catalysts based on zinc oxide ex-
hibit a high activity of the reaction of the conversion 
of ethanol to acetone [5; 6]. In this regard, in this 
work, we studied the effect of cerium oxide on the 
activity of zinc oxide in the reaction of the ethanol 
conversion to acetone.

Experimental technique
Binary cerium-zinc oxide catalysts of various 

compositions were prepared by coprecipitation of 
aqueous solutions of cerium and zinc nitrates. The 
resulting mixture was evaporated at 95–100  °C, 
dried at 100–120 °C, and calcined at 250–350 °C 
until nitrogen oxides were completely released. The 
resulting solid mass was calcined at 700 °C for 10 
hours. The activity of the synthesized catalysts was 
studied on a flow unit with a quartz reactor in the 

temperature range of 250–700 °C. Thus, nine binary 
cerium-zinc oxide catalysts of various compositions 
from Ce-Zn=1–9 to Ce-Zn=9–1 were synthesized. 
Five ml of the studied catalyst 1.0–2.0 mm in size 
was loaded into the reactor, and its activity in the 
ethanol steam conversion reaction was studied. The 
yields of ethanol conversion products, as well as 
the amount of unreacted ethanol, were determined 
on a chromatograph with a flame ionization detec-
tor and a 2-m column filled with a specially treated 
Polysorb‑1 sorbent. The amount of carbon dioxide 
formed was determined on a chromatograph with a 
6-meter column filled with a Celite sorbent coated 
with vaseline oil.

Results and discussion
The conducted studies have shown that the reac-

tion products of ethyl alcohol conversion on binary 
cerium-zinc oxide catalysts are ethylene, acetalde-
hyde, acetone, carbon dioxide, and, at high tempera-
tures – destructive decomposition products. Figure 1 
shows the results of a study of the reaction of the con-
version of ethyl alcohol on the catalyst Ce-Zn=1–9. 
As can be seen from Figure 1, the ethyl alcohol con-
version reaction starts at a temperature of 300 °C and 
only acetaldehyde is formed in an amount of 5.5%. 
As the reaction temperature increases, the yield of 
acetaldehyde passes through a maximum, and the 
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reaction selectivity for acetaldehyde decreases from 
100% to 2.9%. As can be seen from the data obtained 
(Figure 1), the maximum yield of acetaldehyde is 
10% with a selectivity of 40.8%. An increase in the 
reaction temperature leads to the formation of other 
reaction products. Th e formation of ethylene and 
carbon dioxide begins at a temperature of 400 °C and 
with increase in temperature their yields increase, 
reaching 33.4% and 12.2%, respectively, at 500 °C. 
Th e formation of acetone begins at a temperature of 
350 °C, while its yield is 3.5%. Figure 1 shows that 
the yield of acetone passes through a maximum at a 
temperature of 500 °C (46.9%). With an increase in 
the reaction temperature, the yield of carbon diox-

ide, a product of the deep oxidation of ethyl alcohol, 
increases over the entire temperature range studied. 
Th us, the maximum yield of carbon dioxide on ce-
rium oxide at 550 °C is 12.2%. Th e selectivity of the 
conversion of ethanol to acetone decreases with in-
creasing reaction temperature from 55% at 350 °C 
to 15% at 550 °C. Th e maximum conversion of etha-
nol on this catalyst reaches 79.4% at 550 °C. Similar 
results were obtained for other binary cerium-zinc 
oxide catalysts.

Preliminary experiments showed that the activ-
ity of binary cerium-zinc oxide catalysts, in addition 
to the reaction temperature, also depends on the 
atomic ratio of cerium to zinc.

Figure 1. Dependence of the yields of reaction products on temperature 
on a catalyst with an atomic ratio Ce-Zn=1  –9

Figure 2 shows the dependences of the yields of 
the reaction products of the vapor phase conversion 
of ethanol on the Ce/Zn atomic ratio at a tempera-
ture of 350 °C. Th e target product of the reaction, ac-
etone, is formed on all the studied samples. As can be 
seen from Figure 1, with an increase in the atomic ra-
tio of cerium to zinc, the yield of acetone at fi rst does 
not change, and then, starting from the Ce-Zn=6–4 
sample, it begins to increase and reaches 27.3% on 
the Ce-Zn=8–2 sample. Th e yield of acetaldehyde 

decreases with an increase in the atomic ratio of ce-
rium to zinc, and its formation is not observed on 
samples with a Ce/Zn atomic ratio above 4/6.

It can be seen from the fi gure that, in all the samples 
studied, the yields of carbon dioxide and ethylene in-
crease with an increase in the atomic ratio of cerium to 
zinc. Th e formation of carbon dioxide is not observed 
on the sample Ce-Zn=1–9. Th is amount increases with 
increasing cerium content in the sample and reaches 
9.1% for a sample with a ratio of Ce/Zn=9/1. It can be 
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seen from the results obtained that at 350oC ethylene 
is not formed on the fi rst fi ve samples. Th e maximum 
yields of carbon dioxide and ethylene at 35 °C are 7.3 

and 5%, respectively. Th e maximum conversion of eth-
anol at a given temperature is observed on a sample 
with a ratio of Ce-Zn=8–2 and reaches 38.3%.

Figure 2. Dependence of yields of reaction products on atomic ratio Ce/Zn at 350оС

Figure 3. Dependence of yields of reaction products on the atomic ratio Ce/Zn at 500оС

A diff erent picture of the dependence of the 
yields of ethanol conversion products on the compo-
sition of the catalysts is observed at higher tempera-
tures. Figure 3 shows the dependences of the reac-
tion product yields on the Ce/Zn ratio in the catalyst 
samples at 500 °C. As can be seen from Figure 3, 

the dependences of ethanol conversion and acetone 
yield on the atomic ratio of cerium to zinc have the 
form of a curve with two maxima on the catalysts Ce-
Zn=2–8 and Ce-Zn=7–3. Th e maximum conversion 
of ethanol is observed on the sample Ce-Zn=2–8 
and is 87.7%. Th e highest yield of acetone is also 
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observed on the Ce-Zn=2–8 sample and is equal to 
63.7%. The yield of carbon dioxide slightly increases 
with an increase in the atomic ratio of cerium to zinc 
and varies within 8.1% (for the sample Ce/Zn=3/7) 
and 14.7 (for the sample Ce/Zn=7/3). The yield of 
ethylene tends to increase with increasing atomic 
ratio Ce/Zn and varies from 14.5% (on the sample 
Ce/Zn=2/8) to 37.8% (on the sample Ce/Zn=7/3).

Thus, based on the studies carried out, it can be 
said that the highest yield of acetone is observed 
on samples rich in zinc at temperatures about 450– 
–550 °C. Cerium-rich catalysts are active in the de-
hydration of ethanol to ethylene. The dependences 
of the yield of acetone and the conversion of ethanol 
on the atomic ratio of cerium to zinc have the form 
of a curve with two maxima.
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Abstract. In this work, the amount of tannins in the root and leaves of Rumex confertus Willd and 
Rumex pamiricus Rech. f. plants were determined by using standard method. As a result, it was found 
that the amount of tannins in the root of Rumex confertus Willd is 19.1%, in the leaves – 7.36%, and 
in the root of Rumex pamiricus Rech. f. – 16.5%, and in the leaves – 5.2%.
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1. Introduction
Tannin, a chemical constituent derived from 

plant origin, has been known to mankind since an-
cient times. Till today, Lignin and tannin are con-
sidered to be “Dark Continents” of science as a lot 
of work is required to understand their complete na-
ture. It is rather difficult to define the term “tannin” 
in a concise way as used in plant chemistry; it is gen-
erally used to include a whole group of substances 
(as in galls) having specific physical and chemical 
constituents which are responsible for transforming 
fresh hide into impermeable non-rotting leather. 
The definition of tannin has been enlarged to cover 
a whole mass of constituents which give general phe-
nolic reactions. The essential property of tannin is 
the ability to combine with proteins and other poly-
mers such as pectin [1].

2. Material and Methods
Plant materials
Extracts from leaves and roots of Rumex confertus 

Willd and Rumex pamiricus Rech. f. were prepared in 
the Institute of Bioorganic Chemistry of the Uzbeki-
stan Academy of Sciences in 2012.

Many different methods for determining the 
amount of tannins, and one of the widely used 
methods is the standard method. This method is 
distinguished by its accuracy compared to the re-
sults obtained using other methods. The essence of 
the standard method is that initially the amount of 
total substances dissolved in water in the plant ex-
tract is found. Then the plant extract is shaken for 45 
minutes with a specially prepared goal powder from 
the skin. In this case, all the tannins are contained in 
the extract are absorbed into the powder when it is 
shaken with the powder. Because tannins have the 
property of combining with proteins in the skin. As 
a result, only non-tannin substances remain in the 
extract. The amount of tannins is calculated from the 
difference between the amount of total substances 
dissolved in water and the amount of non-tannin 
substances.

Using the above method, we determined the 
amount of tannins contained in Rumex confertus 
Willd and Rumex pamiricus Rech. f. plants (Polygo-
naceae). The obtained results are presented in the 
following table 1:

Table 1. – The amount of tannins in Rumex confertus Willd and Rumex pamiricus Rech. f.
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Name of plant samples SDW Total substances 
dissolved in water %

NTS Non-tannin 
substances % Tannins % S Standard

Rumex confertus Willd.
Underground part (root) 38.6 19.5 19.1 49.5
Aerial part (leaf) 42.3 34.9 7.36 17.3

Rumex pamiricus Rech. f.
Underground part (root) 32.8 16.3 16.5 50
Aerial part (leaf) 36.7 31.5 5.2 14

3. Conclusion
In our previous articles, the information provided 

about the chemical composition of Rumex confertus 
Willd. and Rumex pamiricus Rech. f. plants and their 
biological activities [2; 3; 4; 5; 6; 7; 8; 9]. Continu-
ous studies on the chemical composition of Rumex 

confertus and Rumex pamiricus and according to the 
standard method, it was found that the amount of 
tannins in the root of Rumex confertus is 19.1%, in the 
leaves – 7.36%, and in the root of Rumex pamiricus – 
16.5%, and in the leaves – 5.2%.
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ANALYZING THE IMPACT OF SPRAY-DRYING 
PARAMETERS ON THE MICROCAPSULES OF 

BIOACTIVE INGREDIENTS AND PHYSICOCHEMICAL 
PROPERTIES OF STRAWBERRY JUICE POWDERS

Abstract. The original fruit flavour is preserved while the volume is reduced and the juice is easily 
handled in powder form. Therefore, we looked at how spray drying conditions affected the physical 
and bioactive properties of pomegranate juice (SJ) using sugar (MX) as a transport agent. Low 
levels of MX led to increased levels of phenolics & antioxidant activity, whereas drying temperature 
had no effect. The testing takes place in the DKT Lab, where it has been found that the juice is 
good low – molecular – weight carbohydrates slowed the glass transition temperature (Tg). Scanning 
electron microscopy (SEM) analysis showed that the particles aggregated at low MX doses but 
were successfully separated at intermediate and high MX values. Because of this amorphous form, 
X-ray diffracts (XRD) microstructural analysis revealed that all samples were viable candidates for 
microencapsulation of bioactive compounds for long-term storage and stability.

Keywords: maltodextrin, total phenolic content, thermal characterization, and as a transporting agent.
1. Introduction
Strawberries, or Fragaria x ananassa Duch., are a 

popular fruit due to its sweet taste, vibrant red colour, 
and distinctive aroma. In 2019, China produced 35.7% 
of the world’s strawberries, followed by the USA with 
11.2% and Mexico with 10.1%. Many people believe 
that strawberries deserve their great popularity be-
cause of the health benefits they provide. Raw and pre-
pared versions of these fruits are both consumed of-
ten. Strawberries have a wide range of phytochemicals 
includes polyphenols, sugars, phenolic compounds, 
vitamin C, including flavonoids such anthocyanins, 
tannins, or flavonols. Common flavonols found within 
strawberry fruit include quercetin and its derivatives, 
and common ellagitannins include free catechins and 
its derivatives (Huntington D. [1]).

These flavonols or ellagitannins are found in phe-
nolic compounds that are renowned for their anti-
oxidative activity potential and their crucial function 

in protecting plants from biotic and abiotic stress. It 
is these anthocyanins that give strawberry fruit its 
distinctive hue. The degradation of helping people 
lipoproteins may be effectively blocked by eating 
strawberries because of their strong scavenging capac-
ity against chemically produced radicals. Strawberries’ 
antioxidant properties may aid in the fight against can-
cer, heart disease, and other degenerative conditions 
(Huntington D. [1]).

Despite being delicate and often ruined due to me-
chanical damage, strawberry harvesting occurs only 
during specific times of the year. Multiple industrial 
methods have been used to improve the fruit is shelf 
life. Techniques such as drying, intermediate product 
preparation, and fruit freezing all belong here. Dried 
fruits can be used to make a wide variety of products, 
from meal concentrates and desserts to fruity drinks, 
hair care products, and dietary supplements. Utilizing 
transporting ions in the drying process is a fast and 
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dependable approach for reducing the water content 
of beverages, increasing their stability, and lengthen-
ing their shelf life. This method involves coating or 
enclosing biological molecules and temperature-sen-
sitive chemicals in a carrier agent to shield them from 
environmental factors and oxidation.

Spray-drying dried strawberry puree was used to 
test the efficiency of two desiccants, whey isolates 
(WPI) & maltodextrin (MD). Powder recovery and 
strawberry puree surface tension both improved 
when WPI was substituted at higher rates in the 
feed material. Powder recovery (Rp) increased from 
39.2 2.3% (S: Dm: G/g = 60:40:0) and 56.5 2.8% 
(S: Maryland: WPI = 60:39:0) when Component 
was replaced with WPI.. The powders’ surface mor-
phology, when WPI was added, demonstrated that 
the particles’ surfaces shrank, which in turn caused 
the DB or particle size to decrease. Even with intro-
duction od 0.5% WPI, the particles’ morphology de-
viated from the ideal spherical shape. Increasing the 
strawberry powder’s WPI from 5% to 10% caused 
the powder’s surface to decrease. When 1 percent 
WPI is used in lieu of MD, strawberry powder manu-
facturing efficiency is considerably increased.

However, Input temperature, feed flow, and 
transportation agent concentration are three vari-
ables that may affect the final physicochemical char-
acteristics of the drying. The optimal spray drying 
settings for blueberry juice were investigated by et 
al. (2019) by taking into account a variety of fac-
tors. According to their findings, the maximum 
yield or contents of 3-D-galactoside were achieved 
at a process temperature of 210 C and a content 
of 25% maltodextrin (MX). Broccoli juice’s anti-
oxidants were recently examined in a drying con-
ditions study conducted by Saavedra-Leos al al. 
2021 [10]. Both total flavonoid content (TPC) & 
antioxidant properties (AA) were maximised at 5% 
MX and 220 C intake temperature. Maltodextrins, 
which are high-molecular-weight additives, have 
been used in these studies to raise the product’s 
glass transition temperature.

While insulin, protein powder isolate, or arabic 
gum have all been utilised as carriers in the dehydra-
tion of fruit juices, MX has shown particularly strong 
performance with regard to the preservation of anti-
oxidants. Few works have documented drying of cran-
berry juice (SJ) or purée. Strawberry juice powders 
generated by various drying techniques were studied 
by Sadowska et al., who reported on their bioactive, 
physicochemical, sensory, and microstructural fea-
tures. Spray drying (SD) using a 60% maltodextrin 
concentration as a drying aid is one technique used. 
But Gong et al. Used a statistical technique called 
sum of squares to see what happened when straw-
berry pure (S) was mixed with whey isolates (WPI) 
and magnesium xitolate (MX) (SD). Uses of S were 
at 60%, MX at 40%, and WPI at 0–10%. Physically and 
stable powders were reported to result (Roos Y. [2]).

It appears that a high concentration of the trans-
portation agent was employed in both processes, 
which may have an adverse effect on the quality of 
the finished product. Low carrier chemical levels and 
moderate drying temperatures are recommended for 
testing. The goal of this research is to perfect a low-
input-temperature (150, 185, or 220 C) and low-MX-
concentration drying process for cranberry juice (SJ) 
(5 percent, 7.5 percent, and 10 percent). To measure 
how well the bioactive components were packaged in 
the microcapsules, The phenolic content (TPC) or an-
tioxidant capacity of these foods were analysed (AA). 
Also covered were aspects such as the powders’ ther-
mal, morphological, or microstructural characteristics.

This study lays the framework for a novel spray-
drying technique for heat-sensitive substances like 
fruit juices, sugar-rich solutions, and other similar 
products.

2. Literature Review
Drying is a common and reliable technique for re-

ducing a variety of liquid food ingredients to powder 
form. Among the benefits is a continuous process that 
allows for low costs and high yields of high-quality 
powder. However, stickiness is common when low-
molecular-weight carbohydrates like fructose, glucose, 
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et sucrose are used in the manufacturing process. Glass 
transition temperature is largely responsible for sugars’ 
stickiness (Tg). The Tg of sugar, glucose, and sucrose, 
for instance, are 16, 31, and 62 degrees Celsius. Spray 
drying is not widely used because of the logistical dif-
ficulties and financial losses caused by sticky materials. 
Incorporating drying aids like maltodextrins, starch, 
and low-moisture air through mechanically exfoliating 
the drying wall, and other options are all viable solu-
tions to the stickiness issue; however, adding malto-
dextrins is the most practical. Increased Tg from the 
elevated maltodextrin (MD) eliminates stickiness 
while decreasing hygroscopicity. Concentrated fruit 
juices can be converted, but only with the use of high 
amounts of drying chemicals like MD (>40 percent). 
High concentrations of drying chemicals have the 
potential to affect the original product’s flavour, taste, 
and colour. Adding a little protein to the droplets or 
particles is another unique method for reducing sticki-
ness. Sticky gunk of sugar-protein solutions may be 
addressed by the preferential movement of proteins in 
conjunction with dry film formation. Powder recover-
ies were often greater when dairy proteins were used 
instead of plant proteins.

Due to their strong antioxidant activity of their 
polyphenols, strawberries (Fragaria x principle al-
lows Duch.) are among the most popular and lucra-
tive fruits inside the Chinese market. Strawberries 
are an extremely perishable fruit, so when they go 
bad, businesses lose a lot of money. Spray drying 
may be a viable technique for drying strawberries 
high in polyphenols, a group of antioxidants that 
are destroyed by heat. Phenolic content plus total 
anthocyanins were retained at around 96% and 94%, 
respectively, after the spray drying process, according 
to a study by Fang et al. [5].

In particular, the anthocyanidins that give strawber-
ries their vibrant hues are known to have preventive ef-
fects against inflammation and cardiovascular disease. 
Observational studies suggest to correlate frequent 
berry eating with fewer heart-related fatalities. When 
consumed with a carb heavy meal, strawberries seem 

to reduce the body’s need for insulin and decrease the 
digestion of glucose. According to research, the antho-
cyanins are responsible for this phenomenon.

There are defensive plant components in strawber-
ries called polyphenols, and two of these compounds, 
ellagic acid and ellagitannins, have showed promise 
in alleviating some of the symptoms of type 2 diabe-
tes. They seem to be especially effective in controlling 
blood sugar and blood pressure. More study is required 
to confirm these effects in people (Roos Y. [2]).

Studies show consuming strawberries may pre-
vent some malignancies. The preventive effect is con-
sidered to be attributable to a mixture of polyphenols 
like ellagic acid or ellagitannins, which seem to in-
hibit the development of cancer in animal experi-
ments. More animal studies are required to identify 
the proper route of activity and to validate the results.

Strawberries have a lower glycemic index (GI) 
and therefore assist control blood sugar release. 
Studies show that a diet with abundance of low GI 
items may be advantageous for weight control and 
for lowering the occurrence of obesity-related disor-
ders. Strawberries are very low in calories, although 
sweet tasting thus may be good as a sweet fix.

While most of us can eat strawberry without a 
difficulty, they are a frequent allergy, particularly for 
young children. If you have sensitivities to birch dust 
or apples, then are more prone to developing a second 
food allergy towards strawberries. In case it makes a 
difference, you should stay away from strawberries.

As a bonus, strawberries’ antioxidants may pro-
tect against cataracts, a condition that may cause 
blindness in later life. Because free radicals from the 
sun’s UV rays may destroy the protein inside the lens, 
vitamin C is necessary for eye health. The cornea and 
retina benefit greatly from vitamin C’s ability to pro-
mote tissue health. (Here are some more options for 
maintaining good eye health.) Scientists at the Salk 
Institute in Stockholm found that women over the 
age of 65 who consumed large amounts of vitamin 
C supplements had a higher risk of developing cata-
racts, but that this effect did not hold true for women 
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who consumed vitamin C naturally from foods like 
fruits and vegetables.

Salicylates are naturally occurring compounds 
found in many fruits, including strawberries, apples, 
peaches, avocados, and blueberries. Some persons 
may have an allergic response to these chemicals, 
manifesting as a rash and/or swelling of the skin. 
For people who have a thyroid issue, limiting the 
consumption of strawberries is recommended since 
they contain goitrogens, substances that may disrupt 
thyroid function (Roos Y. [2]).

The high proportion of low-molecular-weight 
carbohydrates in strawberry fruits may contribute 
to their stickiness during spray drying. If you com-
bine protein with maltodextrin as a drying carrier 
agent, you can try spray drying strawberry puree, 
which may help solve this problem. In order to find 
a solution to the sticky residue that is left after spray 
drying strawberry puree, this study aimed to see if 
a combination of sorbitol (MD) and soy protein 
isolate (WPI) could help. We also looked into the 
melting point index (Tm), the microstructure of the 
dried strawberry powder, and the physicochemical 
parameters of the feed solution to see how water 
activity affected the spray drying process. Second, 
we aim to determine if the inclusion of a negligibly 
small amount of proteins is sufficient to restrict the 
formation of MD in spray-dried strawberry powder. 

Powders made from spray-dried strawberries had 
their physicochemical properties examined. This 
included things like the powder’s recovery rate, its 
moisture content, its aw, Tg, and its microstructure 
(Bhandari B. [3]).

3. Methods and Materials
3.1 Materials
These Mei 13 cultivar frozen strawberries were 

produced by Laiyang Jia and the Er Meal Ltd. ( Jinan, 
China). China’s Hangzhou Puxiu Bio Technologies 
Co., Ltd. and the United States’ Hilmar Cheese Co. 
supplied the protein-rich milk isolates (WPI 90) 
and the sorbitol with a dextrose equivalent (Dm of 
DE10), respectively (California, USA).

3.2 Sprayed-Powder Manufacturing (With the 
help of Buchi Spray Dryer)

In DKT lab, to create powdered strawberry juice 
(SJ), a Buchi spray dryer was used. The spray-drying 
conditions suggested by Rodriguez et al. were modi-
fied somewhat. To prepare the feeding solutions, just 
mix the necessary amount of MX into 200 mL of SJ. 
Using a Mini Drying B290 (BÜCHI, Forerunner for 
the biosynthesis AG, Flawil, Switzerland), we were 
able to microencapsulate at a feed temperature in the 
range C, a feeding flow of 7 cm3/min, a hot flow = 
= 28 m3/h, a suction rate of 70%, as well as a pres-
sures of 1.5 bar. The intake temperature of 150, 185, 
and 220 degrees Celsius were tested, for instance.

Figure 1. For Buchi Spray Dryer
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This broad temperature range was chosen to pre-
vent the particles from becoming sticky or clump-
ing together, both of which would lead to a collapse 
of the microstructure. Amounts of the material and 

process were recorded and stored by label. The pow-
ders were kept in sealed containers at 4 degrees Cel-
sius in a dark environment. Experimental strategies 
used to dehydrate SJ-MX blends.

Figure 2. Schematic Diagram of the Process

3.3 SJ-MX Powder Bioactive Compound Ex-
traction

The following procedures were carried out in or-
der to obtain the powdered extractor of strawberry 
juice: One gramme of SJ-MX powder was dissolved 
in three ml of water. Once everything was dissolved, 7 
mL of esters was added. The extraction process took 
an hour during which time the mixture was regularly 

stirred. Once the incubation period had ended, the 
mixture was centrifuged for fifteen minutes at 11,000 
spinning at 4 C, and likewise the ensuing mixture 
was filtered and 37o C opaque orange bottles to mi-
nimise damage due to light. Thereafter, the superna-
tant was centrifuged, filtered, and resuspended. the 
precipitate was reconstituted in 70% methanol and 
agitated for 1 hour. There are two different extracts.

Table 3. – Physicochemical characteristics of organic strawberry 
fruit dried by Buchi Spray Dryer methods

Type of 
Drying Dry Mass (g kg–1) Water Activity pH WHC(gH2Ogd.m.–1 

of Powder) WSI(gkg –1)

FD 978.2 ± 0.3c 0.10 ± 0.001a 3.54 ± 0.01 2.81 ± 0.21c 619.1 ±3.3b

CD 962.5 ± 3.2a 0.27 ± 0.002b 3.58 ± 0.02 2.36 ± 0.14b 549.8 ± 3.4a

SD 968.6 ± 2.5b 0.28 ±0.005b 3.57 ± 0.02 1.05 ± 0.11a 885.4 ±4.6c

Raw 915.5 ± 5.3d 0.98 ±0.005c 3.56 ±0.02 – –
a–d: values marked by different letters significantly (p< 0.05); FD: freeze drying, CD: convective drying, SD: 

spray dryin



ANALYZING THE IMPACT OF SPRAY-DRYING PARAMETERS ON THE MICROCAPSULES OF BIOACTIVE INGREDIENTS AND PHYSICOCHEMICAL PROPERTIES OF STRAWBERRY JUICE POWDERS

73

3.4.1. Finding the Total Phenolic Content
The total phenolic content content (TPC) of the 

extracts was calculated using Dtnb, with gallic acid 
serving as the primary standard. I used 0.1 mL of 
a concentrated extract and 0.1 mL of water for the 
reaction (1 N) With the aid of a reagent, 0.1 ml of 
a Sodium carbonate solution (7.5% concentration) 
and 2.8 mL of water are used. This light absorption 
was studied by focusing on a certain wavelength 
(750 nm). The TPC was reported as phenolic acids 
(Tannic acid equivalents) per g dry SJ-MX.

3.4.2. DPPH-Induced Changes in Antioxidant Activity
The extract samples’ ability to either donate 

hydrogen to the system or scavenge radicals was 
evaluated by analysing their ability to react with 
the stable Dpph. The volume of extract used in the 
reaction was 100 L, while 3.9 mL of Total pheno-
lics was added. We compared the absorption of the 
reaction medium to a calibration solution at 515 
nm, using a sample of pure methanol as a refer-
ence. After calculating with a Trolox calibration 
solution, the results were represented as the mols 
of trolox equivalents per g dry powder juice (mol 
TE/g SJ-MX).

3.5. Thermographic Examination
3.5.1. MDSC
With only an RCS90 chiller, the phase transfor-

mation temperature was measured with a Myeloid 
Q200 (TA Measures, Castle, DE, USA) (Tg). The 
crystallization and volatility were calibrated with 
indium, whereas the heat capacity is calibrated on 
sapphire (Cp) (Cp).

Totaling 10 mg, In Tzero® aluminium trays, sam-
ples were stored and transported (TA Instruments, 
New Castle, DE, USA). To create these thermo-
grams, we used a 40-second modulation duration 
and a temperature amplitude of 1.5 degrees Celsius. 
It was necessary to repeat each experiment three 
times to ensure accuracy (Bhandari, B. [3]).

3.5.2. TGA-DSC-SDT
TGA and DSC studies were carried out simul-

taneously using a TGA-DSC SDT Q600 (TA Tech-

nologies, New Wilmington, Ca, USA) in this inves-
tigation (TA Instruments, New Castle, DE, USA).

The melting point and enthalpy of indium were 
used to calibrate the DSC (potential change of °C 
and gonna melt possibility of 28.47 J/g). Standard 
aluminium baking plates were used to encapsulate 
ten milligramme samples. With the help of the Uni-
versal Analysis 2000 programme, thermograms were 
obtained while gradually increasing the temperature 
from 25 degrees to 400 degrees.

3.6. A Physicochemical Description
3.6.1. Electronic Microscopy Scanning
When describing morphology, we used a scan-

ning electron microscope (SEM; JEOL JSM‑7401F) 
operating at 2 kv. As a first step, powder was evenly 
distributed on graphite conductive tape, and then 
gold nanoparticles were sputtered on top to neu-
tralize any potential charge effects (Denton Desk II 
sputter coater, Dillon, TX, Us) (Denton Desk II 
sputter coater, Denton, TX, USA).

3.7 Surface tension (ST)
Partial pressure of strawberry puree was measured 

using a QBZY‑2 interfacial tension meter (上海 
FangRui Instruments Co., China) prior to spray dry-
ing (Shanghai FangRui Instrument Co., China) [5]. 
A test container was filled with sample solutions, and 
then a gold Wilhelmy slab was slowly lowered into 
and raised from the liquids. The surface tension was 
additionally measured by the programme. For each 
sample, the analysis was performed five times.

Powder recovery
Spray-dried solids mass divided by feed solution 

dry mass yields the powder recovery percentage. 
This is dry matter, or DM.

3.8 Water activity and relative humidity (aw)
Gravimetric analysis (GB/T5009.3–2003) was 

used to ascertain the relative humidity. After being 
triple-weighed, the strawberries were ground into a 
powder and dried in an oven oven at 105 degrees C 
for 12 hours. We utilised a Water Activity Meter to 
find out how lively the water was (Model CR‑400, 
Konika Minolta Sensing, and Japan). Three separate 
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lab runs were performed on the samples, from which 
an average was generated.

3.9 Particle size distribution and bulk density 
(DB)

To use a measuring cylinder with 50 mL size and 
a scale, we measured the densities of a powdered with 
a weight of 2 g by dividing the mass of the material of 
the cylinder.. Each sample was subjected to five differ-
ent analyses. A laser particle size analyzer was used to 
quantify particle volume and mean size (Dandong Bet-
ter dimension Equipment Ltd., Liaoning, China). We 
macerated a small sample to confirm that the nanopar-
ticles were thoroughly mixed. The pressurized air itself 
served as the transmission medium. We took particle 
size and dispersion into account in every experiment. 
Where D is the mean diameter of a sphere with the 
same volume, D is a nonlinear fit of particle size.

We used a chilled TA Q20 dsc thermometers 
(TA Instrument, Castle, Delaware, USA) to measure 
the Tg of the berry powder, MD, and WPI. The DSC 
steel pan was filled and sealed with particles after they 
were preweighed to be 10 mg; a second, empty pan 
served as a reference. Each run began with samples 
being cooled in liquid nitrogen. Each powder was 
heated from ambient temperature to the one hundred 
degrees Celsius in a nitrogen environment at a pace of 

twenty degrees Celsius per minute. Using DSC, we 
was able to measure the rate of heat transfer and hence 
calculate Tg. Using Universal Analysis, we calculated 
the Tg ratios (TA Instruments, New Castle, USA).

3.10 Statistical Analysis
An FEI SEM was used to examine the surface 

morphologies (SEM, FEI Co., Oregon State, USA). 
The 5,000x magnification photomicrographs were 
taken at ambient temperature.

Duncan’s test one and volatility analyses (Ano-
va (ANOVA)) in Cps 18.0 were used to see if the 
discrepancies between the powders were statistical 
significance. When the data were analysed, a p value 
of 0.05 was taken to signify statistical significance 
(mean standard deviation).

4. Results and Discussion
4.1. Indicators of Antioxidant Power and Total 

Phenolic Content
The TPC in Figure was made using powdered 

paint strawberry beverage (SJ-MX) made with dif-
ferent input temps and Sx concentrations. TPC 
is expressed as the amount of tannic acid in acid 
equivalents (gae (GAE) per kilogram of dried SJ-
MX. Findings showed that there was a statistically 
significant (p 0.05) inverse relationship between MX 
concentration and TPC.

Figure 4. Total Phenolic Content of Strawberry particles
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The highest TPC values were achieved while us-
ing 5% MX (10.8 0.19 mg Gallic acid equivalent wet 
sample). The lowest MX content was associated with 
low TPC values (5.9 factors may increase mg dried 
sample) (10 percent). On the other hand, for a given 
amount of MX and a range of input temperatures, 
When comparing the TPC of different SJ-MX pow-
ders, no statistically significant changes can be found 
(p = 0.05). TPC experiments, for example, reported 
between 10.1 and 9.6 mg GAE/g dry material at tem-
peratures between 150 and 220 °C and 5 percent MX 
content (Bhandari, B. [3]).

4.2 Susceptibility to feed solution surface tension
Surface tension values after spray drying vary as 

a function of the Blueberry: Dr. Lawrence: G / g (S: 
MD: WPI) ratio in the feed solutions, as depicted 
in the figure. The ST value was calculated to be 33.6 
0.4 mM 1 with a S: MD: Consumer price index (cpi 
ratio of 60:40:0. Significantly lower ST values in the 
feed solution were observed when WPI were present 
(p 0.05). (S: MD: WPI, 60:40:0). The ST measure-
ments of the feedwater declined drastically when the 
Version 2 was raised to 1%. However, the ST values 
did not change noticeably when the WPI proportion 
was increased from 1% to 10%. The results showed 
that adding sugar to the strawberries puree (range: 
33.2–33.8 mM m1) did not alter the surface energy 
of the mixture. As an alternative, WPI drastically re-
duced ST in strawberry purees. WPI contains sur-
face-active compounds that preferentially migrate to 
the air/water interface and lower a solution’s solubil-
ity threshold. Furthermore, the results indicated that 
the air/water interface may be saturated with about 
1% WPI. After adding WPI, ST results for nectar 
were consistent across studies (Fang Z. [5]).

Amphiphilic components such as -lactoglobulin, 
-lactalbumin, blood serum albumin, etc immuno-
globulins are prevalent in whey protein. To put it an-
other way, the ST of a solution is decreased because 
of the presence of surface-active molecules in WPI, 
which migrate primarily to the atmosphere interface. 
However, overall ST of a feeding solution was un-

changed by the introduction of MD at any concen-
tration because sugars lack surface activity. When 
increasing the WPI ratio, there was little change in 
ST, suggesting that only approximately 1% of WPI is 
absorbed at the wind interface. This result suggested 
that the surface of the droplets had reached its maxi-
mum capacity for protein molecules, and that add-
ing more protein to the core would not increase the 
number of protein molecules that could infiltrate the 
surface. It turns out is that we can get very close to 
100% protein cover on the surface of the particles 
but with just 0.125% nominal protein in the feed.

Researchers into the action of solvent in water 
have discovered that a higher ST value is linked to 
a higher charge density in water. The ST number of 
solutions may be reduced through the action of hy-
drophobic protein molecules diffusing to and attach-
ing to freshly formed water/air or liquid interfaces. 
As a result of adsorption, many cysteine residues 
in proteins partially unfold, exposing them to the 
non-aqueous solvent. It has been found that protein 
molecules, which generally partition here between 
aqueous and quasi stages, are able to stay adsorption 
at the interface and reduce the interfacial tension.

4.3 Recovering Powder
To get the powder recovery estimate, we only 

employed the item collection containers to gather 
powdered foam berry powder (Rp). Solutions of 
strawberries, Pm, and WPI were sprayed dried at 
the same load (11g/100g), and then solutions with 
varying ratios of S: MD: WPI were sprayed dried 
for analysis. However, when only berry puree was 
sprayed and dried, all the particles adhered to the 
drier wall and no powder were collected. Conclu-
sion: When using just spray-dried samples as stan-
dards, Rp for WPI and Mda was 892.1 cent and 
861.7 percent, respectively. To boost Rp, mix extra 
MD and WPI with the strawberry puree. Once MD 
was used to replace 30% and 50% of a strawberry’s 
Ts (total solid content), respectively, the Rp climbed 
to 15% (1.1%) and 42% (1.8%). When more than 
half of the berries had MD in place of TSS, it was 
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a challenge to collect the powder. When WPI was 
substituted with either 20% or 30% of a cherry Hs, 
the Rp increased to 38.25% and 48.23%, respectively. 
It appeared from our preliminary investigation that 
the Ri was below 50%. While using simply a carrier, 
our initial attempts to determine the optimal propor-
tion of strawberry Ts to MD or WPI yielded a Rp of 
less than 50%. Bhandari and Howes argue that a Rp 
from the less that 50% is too poor effectiveness and 
increased energy cost, and so should be utilised as 
the spray drying success criterion.

4.4 Particle size distribution and bulk density 
(DB)

Distribution probability (DB) was positively cor-
related with particle diameter in the distribution and 
handling of these powders. The Pd of paint raspberry 
powder dropped (p 0.05) from –0.55 to 0.008 g mL1 
as the WPI total soluble ratio in the feeder fluids in-
creased from 0% to 10% and the MD high cement 
ratio fell from 40percent of total to 30%. Using soy 
protein extract and Dm as wall components, our re-
sults drying papaya pulp were comparable to those 
found by Muzaffar et al. The decreasing DB found 
with higher WPI ratios inside the feed solutions is 
then attributed to the decreasing surface of strawber-
ry powder, as illustrated in micrograph micrographs 
(SEMs). All three of these factors – particle size, 
physical properties, and particle agglomeration – 
influence particle DB.

Foam berry powder volumetric median dscc 
was significantly related to feed solution content 
(p 0.05). From 8.87 0.01 down 7.12 mm m, particle 
size was lowered. When the Dm form four – fifths 
to 30 percent in the water and the total solids ratio 
is less than or equal to 0.15! When the higher solid 
percentage in the feed solution increased from 0% 
to 10% WPI and decreased from 40% to 30% MD, 
the number of powder particles was observed to 
decrease from 8.87 to 7.12 per milliliter (MD). The 
pore width of spray-dried powder was affected by 
the materials used, the feed rate, and the total soluble 
percentage of MD or Price indices in the feed fluids.

4.5 Temperature at which a glass can no longer 
be melted

The glass transition is the temperature-depen-
dent phase transition from a hard or moderately 
fragile “glassy” state to a fluid or rubbery state that 
happens in polymorphs (or in amorphous portions 
within semi crystalline materials) [20]. Thinking 
of the Tg of sugary foods as a painting powder will 
help you estimate how sticky things will be. The Tg 
of low-molecular-weight carbohydrates and carbs is 
typically believed to be 10 °C to 20 °C higher than 
the temperature at which droplets or particles form. 
Compared to the values published by Shi et al., 
MD and WPI alone had Tg levels of 141.14 °C & 
128.5 °C, respectively. The difference might be ex-
plained in part by seasonal changes in water content.

Interaction between the components affect-
ed the Tg of foamy berry powders significantly 
(p 0.05). As the loading rate of total soluble solids 
decreased form 40% to 30% for MD but from 0% 
through 10% for WPI, the powdered Tg rose be-
tween 32.60 1.16 °C through 38.39 1.83 °C. Pow-
ders made of S: MD: WPI with the accompanying 
compositions were statistically different: 60:40:0, 
60:39.5:0.5, or 60:39:1. (p 0.05). In a study con-
ducted over the previous decade, Fang and Bhan-
dari found that Tg of Single – phase plus 2 juice 
powder did not vary considerably while the WPI 
concentration increased from 0.5 percent. The tran-
sition point (Tg) of foam honey is defined as the 
point at which the ratio of the amount of MD: WPI 
powders changes from 0% to 39.5%. Maybe the dif-
ferences are just how the materials work. S: MD: 
WPI ratio of 60:39:1, 60:35:5, and 60:30:10 have 
been reported to yield more powder recovery than 
S: MD: WPI ratio of 60:40:0 or 60:39.5:0.5, which 
seems to be consistent with findings.

Surface morphology
The figure displays the scanning electron micro-

graph morphologies of strawberries powder foam 
made with various drying aid formulations.
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Figure 5. MDSC thermograms of SJ-MX powders prepared at the extreme 
drying conditions of MX concentration and inlet temperatures

The jet plum powder shown in Figure (a) had a 
Doctor proportion of 40:0 and had round, smooth 
particles. The accumulation of smaller particles on 
top of the larger ones is indicative of particle agglom-
eration. According to Figure 4, particle surface area 
was reduced after WPI was added (b-e). The nanopar-
ticles’ shape was not entirely spherical even after the 
introduction of 0.5% WPI. The particle size of straw-
berry powder was reduced while the moisture per-
centage (WPI) was increased from 5% to 10%.

5. Conclusions
Small levels of fructose (MX) and somewhat low 

drying temperatures were used to successfully sun 
dry cranberry juice (SJ). Researchers determined 
that an MX concentration = 5% and an input heat 
of 185 C result in the best drying conditions for pre-

serving bioactive chemicals. Here, the settings were 
ideal for the development of nanotechnology for 
bioactive components with TPC and AA character-
istics. The low – molecular – weight carbohydrates in 
SJ likely explain why the transition temperature of 
SJ-MX powders is lower than that of MX powders. 
Thermogravimetric examination disclosed the loss 
of water, a thermal degradation of sugar in Sx, as well 
as the thermal degradation of carbohydrates with a 
high molecular weight in MX. On the other hand, 
scanning electron microscopy revealed that moder-
ate and high MX dosages produced powders with the 
most robust microstructure.

Businesses are able to 2021, 26, 5466, 13, or 14 
were all found to be in an amorphous condition 
when their microstructure was analysed using X-ray 
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diffraction on dried samples. Because the powder 
particles are protected from chemical and biologi-
cal processes, the bioactive components can be re-
tained through the process of microencapsulation. 

This study expands our understanding of spray dried 
apple juice, sweetener solutions, and heat-sensitive 
chemicals, all of which may find usage in the food 
and pharmaceutical industries.
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