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Selecting sterilization conditions for the explants
of different potato varieties to be in vitro introduced into the culture

An explant is a fragment of plant tissue or organ that is incubated on its own or used to produce a primary
callus. The introduction of any plant’s tissues into the culture in vitro begins with the selection of an uninfect-
ed viable explant. The authors presented the results of the effect of various sterilizing agents as well as the
treatment timing on the viability of plant explants during microclonal propagation of potatoes of the follow-
ing varieties: Aladin, Gala, Nevsky, Udacha and Kostanay Novosti. The meristem sprouts from potato tubers
were used as parent material. The following commercial sterilizing agents were used: Bleach (Belizna),
Tween 20, Lyzoformin 3000, 96 % ethyl alcohol. The influence of sterilizing agents as well as the timing of
the treatment on the viability of explants and their contamination is analyzed. As a result of the experiments,
it has been found that the most effective sterilizing agent is the 3 % bleach and 96 % ethyl alcohol with expo-
sure duration of 10 minutes. Based on the results of the experiment, it is proposed to use the 3 % bleach with
an exposure time of 10 minutes as the main sterilizing agent, and the 96 % ethyl alcohol as some pre-
treatment of explants to reduce surface contamination. The authors believe that the 96 % ethyl alcohol is the
best option for sterilizing solutions since it is a non-toxic, gentle method of sterilization with minimum dam-
age of the plant material tissues.

Keywords: potato tubers, meristem sprouts, sterilizing solutions, explant, exposure, sterilization.

Introduction

An important stage of microclonal propagation of plants and vegetable crops is the selection of the ex-
plant, its in vitro introduction into the culture and obtaining an aseptic culture. Epiphytic microflora and
rhizosphere microorganisms [1] accompany the surface of cells, tissues and explants of plants and vegetable
crops. When plant cells are introduced into callus culture, the problem of sterility of explants is acute. The
selection of sterilization conditions is an important stage in all the works on the culture of isolated cells, tis-
sues and explants of plants and vegetable crops. The choice of sterilizing substance, its concentration and
exposure time are determined depending on the type of cells, tissue, explants of plants and vegetable crops.

In addition, the substance should not penetrate deeply into the tissue and should be easily washed out.
When injected into culture in vitro, the sterilizing substance and exposure time are selected in such a way as
to neutralize the concomitant epiphytic and rhizosphere microflora and at the same time not to significantly
damage the explant tissues [2—4].

In the scientific literature [5—7], a wide range of different sterilizing substances is used: those contain-
ing active chlorine (calcium or sodium hypochlorite, chloramine), mercury preparations — sublimate,
diacide, and oxidizing agents — hydrogen peroxide, potassium permanganate, etc.

Potatoes are one of the most important crops after wheat for the Republic of Kazakhstan [8]. Potato (So-
lanum tuberosum) is a species of perennial tuberous herbaceous plants from the Solanum genus of the
Solanaceae family. The massive spread of bacterial, fungal, viral diseases on potatoes and the great damage
caused by them to the yield and quality of tubers develop the need to produce seed materials by using active
healing methods, such as microclonal propagation with a combination of cryopreservation of meristematic
tissues in liquid nitrogen at the temperature —196 °C. These prerequisites will not only reliably preserve the
potato gene pool for a long time, but also allow for obtaining the planting material during subsequent regen-
eration freed from phytopathogenic microorganisms [9-10].

Potatoes are heterozygous crops, which makes it difficult to preserve the genetic purity of a cultivated
variety through continuous vegetative propagation [11].

To prevent the loss of potato genetic resources, the method of long-term storage of plant samples in
gene banks, gene resource centers and cryo-collections is used in the CIS and foreign countries [12—14].
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Storing and preserving genetic resources in gene banks is very important due to the high biological val-
ue as a breeding sample and for the further scientific research in biotechnology, crop production, and agricul-
ture. Therefore, in order to preserve the genetic resource of the studied plant samples during long-term stor-
age, the cryopreservation method is considered to be the best option today [15].

One of the advantages of cryopreservation storage at very low temperatures is the ability to significantly
slow down or even stop metabolic processes and biological destruction in the cells of living organisms. In
this case, the plant material remains genetically stable, which does not lead to genetic changes [16].

Currently, in the major gene banks worldwide, such as the International Potato Center (CIP), Argenti-
na— INTA (INTA Balcarce Potato Collection); Czech Republic — CRI (Crop Research Institute) and PRI
(Potato Research Institute, Havlickov Brod); Republic of Korea — NAC (National Agrobiodiversity Center);
Peru — CIP (International Potato Center); Leibniz Institute of Plant Genetics and Crop Research (IPK), the
Vavilov All-Russian Research Institute of Plant Production (VIR), the Scientific and Practical Center for Po-
tato and Horticulture of the National Academy of Sciences of Belarus (SPC NASB) store potatoes using
three storage systems: natural conditions (field collections), in vitro, at ultra-low temperatures
(cryocollections) [17-18].

Thus, one of the stages of microclonal propagation that is the sterilization of plant explants is aimed at
obtaining sterile explants and viable explants when introduced into culture in vitro, which is of great current
Interest.

The aim of the given study is to identify the effect of various types of sterilizing agents on the efficien-
cy of disinfection of explants of different varieties in order to further obtain callus crops.

Experimental

The 5 varieties of potatoes (Fig.) of Kazakhstani selection, namely, Aladin, Gala, Nevsky, Udacha and
Kostanay Novosti (Kazakh Agrotechnical University named after S. Seifullin (Astana) (KazATU) were se-
lected to be the test subjects for the research.

AdANE

Figure. Varieties of potatoes: Aladin, Gala, Nevsky, Udacha and Kostanay Novosti

Kostanay Novosti: The variety is medium-late, table purpose. The plant is tall, upright, medium foliage
with the stems colored with anthocyanin. The nest is very compact. The color of the flowers is bright red-
purple, which turns pale by the end of flowering. The berry formation is moderately abundant. The tubers are
round-oval with small eyeholes, red peel, weakly mesh, and yellow flesh.

The potential yield is 45.0-50.0 tons/ha. The starch content is 14-20 %. The taste is good. It is relative-
ly resistant to viral diseases, heat and drought. When tested, it is easily distinguishable from other varieties.
Tubers are capable of long-term storage. It has been included in the State Register of Breeding Achievements
of the Republic of Kazakhstan since 2007 and has been zoned in the Kostanay region since 2008 [19].

Gala: The Gala variety is classified as early-ripening. It takes 75 to 80 days for it to ripen after planting.
The plants have a spherical shape, blooming with white flowers. The stems are dense, dark green. Medium-
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sized potato tubers grow up to 8 cm in length. Root vegetables are oval-shaped, yellow in the section, glossy
dense peel with a waxy sheen.

Gala is a high-quality early-ripening table variety with beautiful round-oval and oval tuber shapes. The
ripening period of the fully-ripen crop is only 70-80 days from the moment the seeds are planted in the
ground. Tubers of medium size (average weight of one tuber is 100-120 grams), covered with a yellowish
skin of medium thickness. The flesh is pale yellow to rich yellow, has a low starch content (11-13 %) and
good taste. Gala is a high-yielding variety (up to 25 tubers from one plant) and highly marketable (98 %)
with numerous advantages. The yield of marketable tubers on the 40th day after germination is 170 tons/ha.
At the end of the growing season the total yield reaches 700 t/ha.

Aladin is a high-yielding mid-season table potato variety with round-oval tubers. The ripening period is
100-110 days. Aladin belongs to the Dutch selection. Potato tubers are large. The color of the peel is red; the
flesh on the cut has a light cream color. Aladin is very unpretentious to growing conditions and is suitable for
planting in loamy and sandy soils. Aladin is highly resistant to late blight, resistant to nematode. The starch
content is 21 %. It has good palatability traits. Tubers have shallow eyeholes, marketable condition and are
well stored. The yield of Aladin at the end of the growing season reaches 780 quintals per hectare.

NevsKky. It is a medium-early table variety. The period from germination to the technical ripeness of the
tubers is 70—80 days. Tubers have an oblong-rounded shape with even peel without any roughness, white-
yellow in color with slightly pinkish unburied eyeholes. On the cut of the tuber, a delicate white flesh is visi-
ble, which does not darken for a long time. The average weight of the tuber is 90—130 g. It is precisely be-
cause of the attractiveness of the tubers that this potato has earned recognition. Besides, it is easy to clean,
wash and it does not fall apart when cooked. The potato has good storability (better than that of many mid-
late and late varieties). No special storage conditions are required; the tubers do not sprout for a long time
and retain their commercial appearance throughout the winter. Potato plants are lush, of medium height,
semi-upright, of intermediate type. The stems are well-leafed with medium-sized light green leaves with a
slight wavy edge. The inflorescences are compact, consisting of many small white flowers. The flowering of
the plants is very abundant but short-lived. It has been zoned in the East Kazakhstan region since 1987.

Udacha is an early variety that reaches maturity in 55-60 days after planting. It is characterized by high
yield — 42 tons/hectare. The plant has a strong stem and dense leaves. It blooms for a short time, with white
inflorescences and bent sepals. Under the plant, 10—15 round tubers of yellowish-cream color weighing
about 150 g are formed. The flesh of the tubers is white and gets slightly yellow during thermal processing.

It is an early-ripening table variety. The plant has a spreading, medium-tall, heavily foliated structure.
The tubers are round-oval with a blunt tip, white smooth skin, small eyeholes, and white flesh. The potato
shoots are characterized by rare berry formation. The flowers are white, medium-sized, and the sepals are
strongly curved downward. The sprout is spherical with a red-violet base. Udacha potato variety stands out
for its good yield and allows harvesting from 10 to 15, sometimes even up to 20 tubers weighing 100—
150 grams from each healthy plant.

An early-maturing variety, which is excellent for harvesting and consumption in summer and autumn,
intended for table use. It has versatile applications. Under optimal storage conditions, the storability of
Udacha ranges from 88 % to 97 %. The tubers are not very susceptible to mechanical damage, making them
convenient for commercial cultivation. The marketability is 96 % [20-21].

It is characterized by low susceptibility to diseases and is not affected by viral infections. It is low-
maintenance. The ripening and yield of the potatoes are not dependent on weather conditions and soil types.
Thanks to the fast formation of tubers, it attains marketable quality within 45 days after the emergence of the
first sprouts. With proper care, it yields high harvests, which is 500 quintals per hectare.

The tubers were sprouted as follows: for the first 2-3 weeks, the tubers were sprouted in darkness at a
temperature of +10—12 °C until the sprouts reached a length of 1-1.5 cm. Afterwards, the tubers were trans-
ferred to light (a bright room) and continued their sprouting for another 2 weeks at a temperature of +25 °C
to obtain strong sprouts (green or violet in color).

Apical meristems, measuring 3—5 mm, isolated from the eyes of the tubers, were used.

In the beginning, the potato tubers were washed with a soapy solution in tap water for 5—10 minutes,
and then rinsed in running tap water for about 15 minutes. All further manipulations were carried out under
aseptic conditions in a laminar flow cabinet.

The explants were sterilized by the following methods:

1. The washed potato tubers and meristematic shoots were sterilized in a sterilizing solution: a commer-
cial chlorine-containing reagent called bleach (2.8 % active chlorine sodium and 2.0 % hydroxide) diluted
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with distilled water at a concentration of 3 % for 5—10 minutes. Afterwards, the shoots were rinsed with ster-
ile distilled water for about 5—10 minutes, repeating the process 3—4 times.

2. The washed potato tubers and meristematic shoots were sterilized in a sterilizing solution: Tween 20
(Tween 20, a viscous liquid, polyoxymethylene sorbitan monolaurate), diluted with distilled water at a con-
centration of 10 % for 5-10 minutes. Then the shoots were rinsed with sterile distilled water for about
5 minutes, repeating the process 3—4 times.

3. The washed potato tubers and meristematic shoots were sterilized in a solution of Lyzoformin 3000
(glutaraldehyde, glyoxal, dodecyldimethyl ammonium chloride) diluted with distilled water at a concentra-
tion of 2 % for 5—-10 minutes. Then the shoots were rinsed with sterile distilled water for about 5 minutes,
repeating the process 3—4 times.

4. The washed potato tubers and meristematic shoots were sterilized in 96 % ethanol diluted with dis-
tilled water at a concentration of 2 % for 5-10 minutes. Then the shoots were rinsed with sterile distilled wa-
ter for about 5 minutes, repeating the process 3—4 times.

All sterilized tubers of the potato varieties Aladin, Gala, Nevsky, Udacha, and Kostanay Novosti were
transferred to growth stimulators such as Biostimulator, Epin, Heteroauxin, Kornevin and Humate. All
stimulators were diluted with distilled water in a ratio of up to 250 ml and poured into sterile jars until the
potato tubers were completely covered with the solution. All the jars containing the solutions and potato tu-
bers were left in the laminar flow cabinet for 24 hours. For introduction into in vitro culture, the potato tuber
pith was used, and the Murashige and Skoog nutrient medium was applied with 30 g/L sucrose, 4 g/L agar,
pH 5.7 with added various concentrations of plant growth regulators (phytohormones) [22-24].

Results and Discussion

The efficiency of different options for sterilizing explants of different potato varieties using antimicro-
bial agents was compared and presented in Table 1.

Table 1
Efficiency of different sterilization options for explants of different potato varieties
with the use of antimicrobial agents
Number of infected explants, %
Sterilizing |  Solution Gala Udacha Nevsky I;"jiiﬁly Aladin
Agents concentration :
Exposure, min

5 10 5 10 5 10 5 10 5 10

Bleach 30 75 58 69 55 87 69 85 76 81 73
+1.47 | £2.16 | £1.78 | £1.63 | £1.41 | £2.27 | £1.08 | £1.87 | £2.55 | £1.22

Tween 10 % 100 100 100 100 100 100 100 100 100 100
+0.00 | £0.00 | £0.00 | £0.00 | £0.00 | £0.00 | £0.00 | +£0.00 | £0.00 | +£0.00

Lyzoformin 20 100 97 100 98 100 96 100 98 100 97
+0.00 | #1.78 | £0.00 | #£1.87 | £0.00 | £2.16 | £0.00 | £1.87 | £0.00 | +1.47

Ethyl 96 % 76 69 78 61 82 73 92 76 89 64
Alcohol +1.08 | £0.41 | £0.41 | #£1.08 | £2.12 | £2.16 | £1.78 | £0.82 | £0.71 | +1.08

Note: The data in the table are presented as the arithmetic mean + SD, p<0.05.

The results of the conducted experiments showed that when using 10 % Tween and 2 % Lyzoformin as
sterilizing agents, there was a 100 % contamination of the entire plant material. With an increase in exposure
time to 2 % Lyzoformin by 10 minutes, the percentage of potato explants infection slightly decreased from
96 % to 97 %.

When using 96 % ethyl alcohol with an exposure time of 5 minutes, the number of infected explants
ranged from 92 % to 73 %. With an increase in exposure time by 10 minutes in 96 % ethyl alcohol, the per-
centage of explant infection decreased significantly by 3.5 times.

The use of 3 % bleach for sterilizing the plant material resulted in a significant reduction in the percent-
age of infection in the potato explants. Increasing the sterilization timing with 3 % bleach to 10 minutes led
to a 1.5 times reduction in potato explant infection and the complete absence of bacterial and fungal infec-
tions on the explants.
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The choice of sterilizing agent directly affects the preservation of explants in a viable state (Table 2).
The use of disinfecting agents, such as a solution of 2 % Lyzoformin and 10 % Tween with prolonged expo-
sure (5 and 10 minutes) led to high death rates of shoots. At the same time, medium overgrowth was ob-
served when using 10 % Tween solution: the Gala variety — 36 %, Udacha — 42.3 %, Nevsky — 68.2 %,
Kostanay Novosti — 90.5 %, Aladin — 58.3 %. No medium overgrowth was observed when using the 2 %
Lyzoformin solution. The treatment with the disinfecting agents, 2 % Lyzoformin and 10 % Tween solu-
tions, did not significantly increase the number of sterile viable explants.

Table 2
Regeneration of explants after treatment with disinfectants (percentage of the total explants)
Sterilizing Aseptic Aseptic Infected Infected
Variety Potato agents, Viable non-viable Viable non-viable
Solution Explants Explants Explants Explants
concentration Abs. % Abs. % Abs. % Abs. %
Gala 22 88 3 12 2 8 1 4
Udacha Bleach 24 923 2 7.7 3 11.5 2 7.7
Nevsky 30, 19 86.4 3 13.6 2 9.1 1 4.5
Kostanay Novosti 18 87.7 3 14.3 4 19.1 2 9.5
Aladin 19 79.2 5 20.8 3 12.5 2 8.3
Gala 0 0 25 100 0 0 9 36
Udacha Twin 0 0 26 100 0 0 11 42.3
Nevsky 10 % 0 0 22 100 0 0 15 68.2
Kostanay Novosti 0 0 21 100 0 0 19 90.5
Aladin 0 0 24 100 0 0 14 58.3
Gala 1 4 24 96 0 0 0 0
Udacha Lvzoformi 2 7.7 24 923 0 0 0 0
Nevsky yz‘z’ f;rmm 2 9.1 20 90.9 0 0 0 0
Kostanay Novosti ° 1 4.8 20 95.2 0 0 0 0
Aladin 1 4.2 23 95.8 0 0 0 0
Gala 12 48 13 52 3 12 5 20
Udacha Ethanol 13 50 13 50 4 15.4 6 23
Nevsky 96 % 9 41 13 59 2 9.1 5 22.7
Kostanay Novosti 11 52.4 10 47.6 2 9.5 4 19
Aladin 11 45.8 13 54.2 3 12.5 5 20.8
Note: The observed differences with potato varieties are statistically significant at p <0.05.

The use of bleach based on sodium hypochlorite for sterilization showed high viability of explants.
However, in this case, there was also significant mortality of explants: Gala — 12 %, Udacha — 7.7 %,
Nevsky — 13.6 %, Kostanay Novosti — 14.3 %, Aladin — 20.8 %.

During the growth of explants using the described treatment method, the development of infection was
observed. Microorganisms grew on the surface of the agar layer around the explant, originating from the tis-
sues and contaminating the nutrient medium. The infected viable explants showed the following percentages:
Gala — 8 %, Udacha — 11.5 %, Nevsky— 9.1 %, Kostanay Novosti — 19.1 %, Aladin — 12.5 %.

When treated with 96 % ethyl alcohol compared to the bleach, the viability of explants was moderate:
Gala — 48 %, Udacha— 50 %, Nevsky — 41 %, Kostanay Novosti — 52.4 %, Aladin — 45.8 %. The aseptic
non-viable explants were observed in the experiment: Gala — 52 %, Udacha— 50 %, Nevsky— 49 %,
Kostanay Novosti — 47.6 %, Aladin — 54.2 %.

At the same time, a number of viable explants with infection and a low yield of non-sterile explants
ranged from 9.1 % to 15.4 %.

The laboratory experiment on the effect of sterilizing solutions on the yield of aseptic viable explants
did not reveal significant differences between the potatoes varieties used.

The best result was obtained using the following procedure:

1. The washed potato tubers and meristematic shoots were sterilized in a sterilizing solution: a commer-
cial chlorine-containing reagent — bleach (active chlorine — 2.8 %, sodium hydroxide — 2.0 %), diluted
with distilled water to a concentration of 3 %, for 5-10 minutes. Afterwards, the shoots were rinsed with
sterile distilled water for about 5—10 minutes, 3—4 times.
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2. The washed potato tubers and meristematic shoots were sterilized with 96 % ethyl alcohol diluted
with distilled water to a concentration of 2 %, for 5-10 minutes. Then, the shoots were rinsed with sterile
distilled water for about 5 minutes, 3—4 times.

Conclusions

Thus, the obtained results indicate that the success of introducing meristematic potato shoots of the
Aladin, Gala, Nevsky, Udacha, and Kostanay Novosti varieties into in vitro culture is influenced by the
method of explant’s sterilization.

During the laboratory experiments, it was found that the most effective sterilizing agents are 3 %
bleach (Belizna) and 96 % ethyl alcohol with an exposure time of 10 minutes. Based on the experiment re-
sults, we propose using 3 % bleach as the main sterilizing agent with a 10-minute exposure time and for re-
ducing surface contamination, preliminary treatment of explants with 96 % ethyl alcohol is recommended.
The authors believe that 96 % ethyl alcohol is the most optimal option for sterilizing solutions since it is non-
toxic, provides a gentle sterilization, and minimally damages the plant material tissues.
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H.I'. AmanTtaeB, M.M. CunantbeBa, B.T. Xacanos

OPTYPJli KAPTON COPTTAPBIHBIH IKCIVIAHTTAPBIH in Vifro JKarJiaibIHIa
JAKbLIFA eHri3y MaKcaTbIH/Aa 0J1ap/ibl 3apapCchbI3AaHAbIPY “KOJIbIH TAHIAY

OKCIUIAHT — OCIMAIK YINACHIHBIH HEMEece OpraHbIHBIH (parMeHTi. Ke3 kenreH oCiMIIKTiH YINACkH in vitro
JKaFmakaa JaKpulFa eHrizy OapbichiHIa MHQeKIusIaHOaraH, TIPIIUTIKKE KaOileTTi IKCIUIaHTTHl TaHAAydaH
Oacranmanel. Makanana «Anaaun», «[amay, «Hesckuit», «Yaaua» xoHe «KocTaHail jkaHAJIBIKTapbD» aTTh
KapToN COPTTapblH MUKPOKJIOHAIB! KOOSHTY YIIiH OJapIblH SKCIUIAaHTTAPBIHBIH TIpIIUTIKKE KaOiIeTTiuIiriHe
OpTYpJIi 3apapChI3AaHbIPAaTBIH areHTTEPIIH ocepi, COHMail-aK OMapabl OHACY YaKbITHIH 3epTTey HOTIXKENIepi
KepceTireH. bacTanksl MaTepua peTiHae KapTol TYHHEKTepiHeH albIHFaH MepHCTEMANIBIK OCKIHAEp OOIIBL.
Bemmzna, Teun 20, JImzodopmmu 3000, 96 % >Tunm cnupTi CHSIKTH KOMMEPHSUIBIK 3apapChI3aHIbIpy
areHTTepi KonmgaHburraH. ToxipmOe HoTIDKenepi OOMBIHIIA HETi3ri 3apapChI3faHIbIpy areHTi peTiHue
9KCIo3uIMs yakbIThl 10 MuHYT OonatsiH 3 % Benn3HaHBl KonmaHyIIbl )KoHE OCTKEHIIK JIaCTaHYBIH a3auTy
YLIIH 3KCILTaHTTapAbl 96 % 3THI CHUPTIMEH aJbIH aja eHJey YChbIHbUIFaH. ABTopiap 96 % sTun cnupti
epITIHAICIH 3apapChI3NaHbIPYAbIH €H KaKChl HYCKACHl JIell CaHaiIbl, OUTKeHI SKCIUIAHTap YLIiH epiTiHIl
YIIBI €MeC, 3apapChI3AaHABIPYIbIH KYMCAK dfici )KOHE OCIMIIK MaTepHAaJIbIHBIH TIHACPIH a3 3aKbIMIalIbI.

Kinm co3dep: xapTon TyHHEKTepi, MEPUCTEMANBIK OCKIHIED, 3apapChI3aHbIPaThIH ePITIHAIEp, SKCIUIAHT,
9KCIO3HLIHS, 3apapChI3AaHIBIPY .

H.I'. AmanTtaeB, M.M. CunauntbeBa, B.T. Xacanos

ITondop yc10BMii CTepUIN3ALUM IKCIJIAHTOB Pa3IMYHbIX COPTOB KapTodes
AJIsl BBeleHUS B KYJbTYPY in vitro

OKCIUTaHT — (parMeHT TKAHU WIN OpraHa PacTeHUH, MHKYOUPYeMBIil CAMOCTOSTENIFHO MM UCHONIB3YEMBIH [T
TIOJTy"IeHHNs! TIEPBIYHOTO KaTyca. BBeneHne B KynbTypy TKaHEH in vifro JM000T0 pacTeHUs] HAYMHACTCS C TTOA-
6opa HEeMH(UIMPOBAHHOTO >KM3HECIIOCOOHOTO JKCIUIAHTA. ABTOpaMH IIPHUBEICHBI Pe3yJbTaThl MCCICIOBAHUS
BIIVSIHUSL Pa3iIMYHBIX CTEPIIIM3YIOIINX areHTOB, a TAKKe BPEMEHN HX 00pabOTKH Ha KU3HECTIOCOOHOCTh PACTH-
TEJBHBIX SKCIUIAHTOB MPH MHUKPOKJIOHAIBHOM Pa3MHOXKEHHH KapTodernst copToB «Aiutaguny», «['ama», «Hes-
ckuit», «Ynaua» u «Kocranaiickue HOBOCTWY. MICXOOHBIM MaTepUalioM SBISUTHCH MEPUCTEMHBIC POCTKU H3
Ki1yOHel kaprodens. Vcrnonb30BaHbl Takie KOMMEPUYECKHE CTepUIIH3YIOLINe areHThl, kak bemusna, Teun 20,
JImzodopmun 3000, 96 %-Hblil >THIOBEI crupT. [IpoaHanM3upoOBaHO BIHSHHE CTEPHIM3YIOIINX arcHTOB, a
TaKXKe BPeMEHH MX 00pabOTKM Ha KHU3HECTIOCOOHOCTh HKCIUIAHTOB U X KOHTaMHHAIMIO. B pesynbrare mpose-
JICHHBIX JKCIICPHIMEHTOB OBUIO YCTaHOBJIEHO, 4TO Hambosee 3(eKTUBHBIMH SBISIIOTCS 3 %-Has benmsna n
96 %-HBIi1 STHIIOBBII CIIAPT € JTUTENBHOCTHIO dKcno3uuy 10 MuH. [To pesynbTaTam SKcIieprMeHTa Ipejyiara-
€M B KaueCTBE OCHOBHOI'O CTECPUIIM3YIOIIEr0 areHTa HCIoNb30BaTh 3 %-Hyto bensHy co BpeMeHeM SKCHO3UIIN
10 MuH, a 1711 yMEHBIIEHNS TOBEPXHOCTHBIX 3arpsI3HCHUH TPUMEHSTh NPEIBAPUTEIILHYI0 00pabOTKY SKCIUIaH-
TOB 96 %-HBIM 3THJIOBBIM CITUPTOM. ABTOPBI CHUTAIOT, YTO 96 %-HBbIi 3TUIOBBII CIUPT ABISETCS HanOoIee oIl-
THMAJIbHBIM BAPUAHTOM CTEPUITH3YIOMINX PACTBOPOB, TAK KAaK HE TOKCUUEH, ABIISIETCS MIAASAIIIM CIOCOOOM CTe-
PHIM3aLIH ¥ MHHIMAJIBHO MOBPEX/aeT TKaHH PACTHTENFHOI0 MaTepuaa.

Kniouesvie cnosa: xiyOHM KapTodens, MEpPUCTEMHBIE POCTKH, CTEPUIH3YIOIINE PACTBOPHI, SKCIUIAHT,
OKCIIO3UIINS, CTePUITH3AIIL.
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