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Background. The important problem of biosurfactants production is biosynthesis optimization. But lack of
effective isolation methods elaboration with simultaneous new costeffective products is the greatest weaknesses
of existing technologies.

Objective. The aim of the study is rational technology elaboration for isolation of biosurfactants obtained
from strains Pseudomonas sp. PS-17 and P. fluorescens 8573. Investigation of the influence of different acids
and temperatures on the efficiency of isolation of the surfactant products, study the properties of the ob-
tained products. Determination of the possible directions of the use of supernatant obtained after precipita-
tion of the biocomplexes (SPL) as a new inexpensive product.

Methods. Rhamnolipid surfactant concentrate was precipitated from culture liquid supernatant (CLS) by
acidification to pH 3-4 with acid solutions (HCI, H,SO4, H3POs, HNO3;, CH3;COOH), kept at 100 °C for
25 min, cooled to room temperature, centrifuged before the phase separation, the supernatant was decanted.
The surface tension of the SPL was determined by du Noiily method (with a platinum ring). The emulsifica-
tion index of biosurfactants was determined regarding mineral oil and sunflower oil. The RLs were isolated
from the SPL by extraction with a mixture of ethyl acetate and isopropanol, their composition was deter-
mined by thin layer chromatography. Influence on plants was assessed by their morphometric parameters
after presowing seed treatment.

Results. The rational technology for surfactants isolation from strains Pseudomonas sp. PS-17 and P. fluo-
rescens 8573 was developed It was shown that the suitable method of the isolation of the biosurfactants of
Pseudomonas sp. PS-17 and P. fluorescens 8573 is acidic precipitation from CLS with heating. As a result,
the product yield was increased by 20%, and the duration of the process was reduced. The physico-chemical
properties of the SPLs after the isolation of biosurfactants from the CLS were studied. SPLs have been
shown to be effective oil emulsifiers, foaming and wetting agents for various surfaces. It was shown that SPLs
(at dilutions 1:10) do not exhibit phytotoxic effects and stimulate the growth of watercress.

Conclusions. The new wasteless technology for Pseudomonas strains biosurfactants isolation has been pro-
posed, which provides for the elimination of the extraction stage with solvents, as a result, the yield of the
target products has been increased. Thus, the technology has economic and environmental advantages. It
was shown that SPLs, being inexpensive and effective products, can be used in environmentally friendly
technologies: in agriculture (for stimulation of plant growth), for remediation of contaminated soils, produc-
tion of detergent compositions.
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Introduction

Nowadays environmental technologies have
become a priority, so biogenic surfactants are con-
sidered as an alternative to synthetic [1]. Among
the promising producers, the bacteria of the genus
Pseudomonas deserve the attention, since they syn-
thesize the rhamnolipids (RLs) with high surface
activity. According to their chemical structure, RLs
are the ethers of rhamnose and fatty acids. Due to
their diphylic structure, the biosurfactants are
characterized by the same properties as synthetic
ones: surface and interfacial tension, critical mi-

celle concentration, hydrophilic-lipophilic balance,
stabilization of hydrocarbon emulsions, foaming
ability, etc. Rhamnolipids are able to reduce the
surface tension of solutions up to 29 mN/m, emul-
sify a number of hydrocarbons, vegetable oils, min-
eral oils, petroleum, etc. In aqueous solutions, bio-
surfactants are adsorbed on solid surfaces, changing
their adhesion and wetting. RLs specifically influ-
ence the microorganisms and viruses: they provide
antimicrobial effects in higher concentrations while
increasing the permeability of cell membranes in
lower concentrations. These properties of biosur-
factants determine their ability to enhance the ac-
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tion of other substances while using them. They
can be used in agriculture (complex plant protec-
tion and nutrition), in the food, pharmaceutical
and cosmetic industries. Thus, due to physico-
chemical properties combined with the biocom-
patibility the rhamnolipid surfactants can replace
synthetic products in environmentally priority
technologies.

Nowadays the economic accessibility of bio-
surfactants is limited by the cost of their synthesis,
and even more by the costs of isolation and purifi-
cation of the products. In addition, the knowledge
of physico-chemical and biological properties of
biosurfactants, which are necessary for assessing
their practical potential, is not always complete [2].
The most problematic stage in the production of
RLs is their isolation from the culture liquid. Even
with optimized biosynthesis, the production effi-
ciency depends heavily on rational methods of iso-
lation of the target products. In this connection,
there is a growing need for the optimization of the
processes of isolation of biosurfactants. For in-
stance, the cost of raw materials is up to 20—40%
of the total cost of production [3]. To replace tra-
ditional substrates (sugar, alcohol) it is proposed to
use economically viable carbon sources (industrial
wastes, renewable substrates, etc.) [4, 5]. Previous-
ly, soybean, sunflower oils, technical glycerol —
a by-product of biodiesel production were used for
the rhamnolipid biosynthesis [6—8], the mathemat-
ical methods were applied for the synthesis optimi-
zation [9—11]. However, it is known, that the pro-
cesses of biosurfactants allocation are up to 50—80%
of the total cost of their production [2]. Currently,
solvents are often used for extraction of pure bio-
surfactants, but they do not fully extract products,
and also are toxic [12]. The economic availability
of rhamnolipids technology can be increased via
obtaining their complexes: culture liquid superna-
tant (CLS), rhamnolipid biocomplex, etc. The
maximum use of components of the post-fer-
mentative culture liquid is also a rational way to
the production efficiency.

The aim of the present study is the rational
technology elaboration for isolation of biosurfac-
tants obtained from strains Pseudomonas sp. PS-17
and P. fluorescens 8573. The tasks of the study: to
investigate the influence of different acids and
temperature conditions on the efficiency of isola-
tion of the surfactant products of Pseudomonas
strains and to study the properties of the obtained
products. To determine the possible directions of
the use of supernatant obtained after precipitation
of the biosurfactants as a new inexpensive product.
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Materials and methods

The following strains were used for the study:
Pseudomonas sp. PS-17 and P. fluorescens 8573 —
producents of extracellular biosurfactants from the
collection Department of Physico-Chemistry of
Fossil Fuels of L.N. Litvinenko InPOCC, NAS of
Ukraine. Cultivation was carried out on a rotary
shaker, 220 rpm, (WL-2000, JV Electronic, Po-
land), 30 °C, 5 days [6]. Rhamnolipid biocomplex
was precipitated from CLS [13] by acidification to
pH 3-4 with acid solutions (HCI, H>SO4, H3POs,
HNOs;, CH;COOH), kept at 100°C 25 min,
cooled to room temperature, centrifuged (8000 rpm,
20 min) before the phase separation, the superna-
tant obtained after precipitation of the biosurfac-
tants (SPL 1) was decanted. For comparison, bio-
surfactant was isolated from the acidified CLS
upon cooling (4 °C) — SPL 2. The surface tension
of the SPL was determined by du Noiiy ring
method with a platinum ring on the Tensiometer
KRbSS K6 ("KRUSS" Gmbh, Germany) [14],
the relative concentration of biosurfactants was
determined by the critical micellar dilution
(CMD) [15]. The emulsification index of SPL
(E24) was determined with respect to vaseline oil
and sunflower oil. The RLs were isolated from the
SPL by extraction with a mixture of ethyl acetate —
isopropanol 2:1, their composition was deter-
mined by thin layer chromatography (Merck Sili-
ca gel 60, Germany), chloroform-methanol-water
65:2:4, visualization — by 5% phosphomolybdic
acid [16]. Presowing treatment of watercress seeds
was carried out by soaking in SPL, sprouting,
germination was determined according to State
Standard of Ukraine DSTU 4138-2002 [17]. The
contact angles of wetting of the SPL were deter-
mined on the cathetometer KM-8, foaming for-
mation — according to State Standard of Ukraine
DSTU 3789-98 [18]. The experiments were
repeated three times. The results were statistically
processed using Microsoft Excel software by the
method of average error.

Results

The new technology for surfactants isolation
of the strains Pseudomonas sp. PS-17 and P. fluo-
rescens 8573 was developed.

The CLS was acidified (to a pH of 2.5—4.0),
then heated (Method 1) or cooled (Method 2),
centrifuged to obtain SPL 1 and SPL 2 and a con-
centrate of rhamnolipid surfactant (Table 1).
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It was shown that when the acidified CLS of
both strains was heated, the yield of the rhamno-
lipid surfactant concentrate increased by 7—28%,
depending on the acid nature. The maximum yield
was 6.6 g/L for Pseudomonas sp. PS-17 (with
HCl), for P. fluorescens 8573 — 6.2 g/L (with
H2SOs4). The properties of the obtained SPL were
studied to assess their practical potential. It was
fined that 3—5 g/L of the lipids have remained
in the SPL (depending on the method used)
(Tables 1, 2). SPLs, obtained by acidification and
followed CLS cooling (method 2), are capable of
emulsifying hydrophobic substances (Ex — 45—
59% — for sunflower oil, 40—50% — for vaseline
oil), so they can be used as emulsifying agents of
various oils, fats, hydrocarbons, etc.

SPLs promotes the wetting of surfaces (Table 2).
The contact angle of wetting the geranium leaves
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by solutions of SPLs, obtained by the method 1
was 75°, and by the method 2 — 15—30° (for water —
110°). A similar effect was obtained for a hydro-
phobic surface of polytetrafluorethene (PTF).
Thus, SPLs can be used in the composition of ag-
ricultural agents and other means for wetting en-
hancement.

For practical application of SPLs of Pseudo-
monas sp. PS-17 strain, their phytotoxicity was
assessed with the test plant — Lepidium sativum
(Table 3).

SPLs (1:10) do not exhibit phytotoxic effect;
they even stimulate the growth of Lepidium sativum:
its morphometric indices were increased. The length
of the shoots was on 5—18% higher than control
(4 days), the length of the roots — on 6—17%, simi-
lar effects were observed after 9 days and 16 days.
Therefore, SPL is a low-toxic product.

Table 1: Effect of various acids and temperatures on the yield of Pseudomonas biosurfactants

Pseudomonas sp. PS-17 P. fluorescens 8573
4°C,24h 100 °C, 25 min 4°C,24h 100 °C, 25 min
Acid Rhamnolipid RL in SPL, Rhamnolipid RL in SPL, Rhamnolipid RL in SPL, Rhamnolipid RL in SPL,
concentrate, g/L concentrate, g/L concentrate, g/L concentrate, g/L
g/L g/L g/L g/L
gggH 457+0.16 | 39+£03 [ 588+£0.12| 3502 [439%+0.12| 42%+03 |571£0.13| 34%0.3
H;PO4 539+0.12 | 46+03 |620+0.13 | 3.94+0.3 | 568 +0.15| 48+0.2 [579+0.21] 3.7+0.2
HCI 544+£0.15 | 46+£04 | 659+0.15] 33+£03 [521+0.16| 44+£02 |6.13+£0.26| 3.5%+0.3
H)SO4 541 +£0.21 | 45+£05 |586+0.15] 3.7+£03 |517+0.13]|42+03 |620+0.19| 3.6 0.3
HNO;3 5324031 | 48+£0.5 (1639+0.18] 3.1 +£0.2 [554+0.14] 46+0.2 |563£0.18] 3.9+0.2
Table 2: Physico-chemical properties of the SPLs of Pseudomonas sp. PS-17 strain obtained by various methods (pH 7)
Contact angles
. Eu, % 0, deg. Surfactant
Acid for Foam
Product N . content,
precipitation stability, %
. g/L
Sunflower Vaseline Leave of
. . PTF :
oil oil geranium
SPL 1 HCI 50.3 £ 0.7 20.5 £ 0.5. 1.5+ 0.5 403 +0.7 | 753+0.7 33 £04
H2S04 80.5 £ 0.5 50*+0.5 1.2 £ 0.8 756 £ 04| 754 %0.5 3.7+03
SPL 2 HCl 92.2 £ 0.8 59.2 £ 0.8 50.2 £ 0.8 | 40.3 £0.7 155+ 0.5 4.6 £0.3
H.SO4 93.5£0.5 45.7+£0.3 403 +£0.7 | 425+05 | 304 £0.6 45 £0.3
Table 3: Morphometric indices of Lepidium sativum after seed treatment with SPL solutions of Pseudomonas sp. PS-17 strain
Germi 4 days 9 days 16 days
- ermi-
Dilution nation, % | Shoot length, Root length, Shoot length, Root length, Shoot length, Root length,
’ cm cm cm cm cm cm
C(g;g‘)’l 98 2644015 | 4314014 | 4164013 | 7724016 | 6.11+0.14 9.10 + 0.14
1:150 98 2.78 £ 0.13 5.08 £ 0.14 418 £ 0.15 7.36 £ 0.16 6.13 £ 0.18 9.12 £ 0.18
1:100 98 2.76 £ 0.13 5.06 + 0.13 4.66 £ 0.16 7.38 £ 0.18 6.64 £ 0.19 9.55 + 0.18
1:50 98 2.79 £ 0.14 4.38 £ 0.15 5.02 +£0.18 7.62 £ 0.19 6.12 £0.18 11.09 £ 0.17
1:25 98 3.12 £ 0.15 3.84 £ 0.13 542 +0.16 6.84 £ 0.17 6.21 £ 0.19 10.08 £ 0.17
1:10 97 2.94 + 0.15 3.14 £ 0.14 5.46 £ 0.18 6.54 £ 0.15 6.31 £0.17 11.52 £ 0.19
1:5 84 1.58 + 0.13 0.86 £ 0.11 3.16 £ 0.17 2.78 £ 0.18 5.02 £ 0.18 5.31 £ 0.18
1:1 76 0 0 0 0 0 0
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Figure: The scheme of Pseudomonas strains biosurfactants isolation

Thus, a new wasteless technology for
Pseudomonas strains biosurfactants isolation has
been elaborated (the Figure). The technology in-
cludes the solvent extraction stage.

The identified physico-chemical properties
(emulsification, wetting, foaming) of the obtained
products, as well as their low toxicity, are a real
basis for their use in agricultural technologies (e.g.
plant growth stimulation), the remediation of con-
taminated soils, in detergent compositions as it was
shown in our previous works [19, 20].

Discussion

Rhamnolipids are effective surface-active pro-
ducts synthesized by the bacteria of the genus
Pseudomonas. 1t is known, that the processes of bi-
osurfactants isolation make up to 50—80% of the
total cost of their production [2]. In addition,
physico-chemical and biological properties of bio-
surfactants, which are necessary for the assessment
of practical potential in specific industries, are still
not sufficiently characterized.

Currently, solvents are often used for extrac-
tion and purification of biosurfactants, but they do
not extract products completely, and also are toxic.
The economic feasibility of rhamnolipids can be
increased via obtaining their complexes: culture
liquid supernatant, rhamnolipid biocomplex, etc.
The maximum use of components of the post-
fermentative culture liquid can also be a rational
method to the increase in production efficiency.

In this work, the methods of rhamnolipid sur-
factant isolation from the CLS of Pseudomonas
strains using different acids and different tempera-
ture regimes were improved. The rational parame-
ters for the deposition of biosurfactants of Pseudo-

monas strains were developed. The advisability of
surfactants isolation from the CLS of Pseudomonas
sp. PS-17 and P. fluorescens 8573 by acid precipi-
tation with obtaining of biosurfactant precipitate
and supernatant was established. The optimum
mode of acid precipitation of surfactants was
determined — heating of the CLS to 100 °C for
25 min. As a result, the yield of the rhamnolipid
surfactant concentrate was increased up to 20%.
Thus, the advantages of the developed method are
the time saving, energy costs reduction due to the
absence of the cooling stage of the acidified CLS
as well as an increase in the yield of the product.

The physico-chemical properties of SPL (after
the precipitation of biosurfactants from CLS of the
Pseudomonas strains) for the evaluation of their
practical potential were investigated. SPLs, ob-
tained by acidification and followed cooling, are
capable of emulsifying hydrophobic substances
(various oils, fats, hydrocarbons).

The differences in emulsifying and foaming
properties of SPL, obtained by various methods, are
explained by a lower concentration of surfactants in
SPL, obtained with heating, due to their more
complete precipitation. Obviously, SPL obtained by
this method are promising for composite detergents
(with other surfactants), in cosmetics — for emulsi-
fying oils and fats, etc. SPL obtained with cooling
can also be used for the remediation of oil-
contaminated soils (due to emulsifying properties).
The wetting properties of SPL are important for the
removal of oily stains, soot, and metallic dust from
hydrophobic surfaces. Moisturizing properties of
SPL also can be used in the pharmaceutical, cos-
metic means. It is also shown that SPL (in dilutions
of 1:10 and more) do not show a phytotoxic effect,
but even stimulate the growth of watercress.
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Table 4: Comparative characteristics of biosurfactants of Pseudomonas strains with commercial preparations

Product Pseudomonas Sodium Triton X-100 AGAE Urumgi Unite

characteristics biosurfactants | dodecyl-sulphate Technologies BioTechnology
Critical micelle 0.05-0.14 0.26 0.65 0.02-0.15 0.05-0.10
concentration, g/l
Interfacial tension
(water-kerosene), 0.009—0.2 0.1 0.4 0.08 0.09
mN/m
Foaming capacity 7 8 6 9 6
Price, USD/kg 70—180 90 70 320 400—1600

SPLs can be a promising agent for crop pro-
duction, a basis for detergents (with other surfac-
tants), as components of anticorrosive composi-
tions, etc. [21, 22].

Thus, a new wasteless technology for Pseudo-
monas strains biosurfactants isolation has been pro-
posed. This technology has economic and environ-
mental advantages.

Thanks to the strategic planning technique
used to identify strengths, weaknesses, opportuni-
ties, and threats related to the obtained biosurfac-
tant products (SWOT-analysis) [23] it has been
shown that their advantages over synthetic ones are
high efficiency, heat resistance, non-toxicity, bio-
compatibility and biodegradability (Table 4). Re-
newable raw materials including production waste
can be used for the biosynthesis. It is shown that
their predicted cost is 70—180 USD/kg depending
on the concentration, whereas for commercial bio-
surfactant (Urumqi Unite Bio-Technology, AGAE
Technologies) — 320—1600 USD/kg [24]. Thus,
the unique physicochemical and biological proper-
ties of the obtained substances, their low toxicity,
and the mild effect on the cells of microorganisms
and plants are a powerful argument for their use as
environmentally safe products in modern industrial
and agricultural technologies. So, thanks to poly-
functional properties and environmental safety, the
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T.A. MokmHbbpoAa, |1.B. Kapnenko, I'.I". MigsiHa, O.A. KapneHko

BUAOUEHHA CYP®AKTAHTIB BAKTEPIN PSEUDOMONAS | LOCTIOXEHHSA X BTIACTUBOCTEN

Mpo6nemartuka. Baxnueoto npobremoto BMpobHULTBa GiocypdhakTaHTiB € onTumisauis 6iocuHTesy, NpoTe HanbinbLi TPYAHOLL iCHYHO-
YMX TEXHOMOTIN — BiACYTHICTb €(PEKTUBHNX METOAIB iX BUAINEHHS AN OTPUMaHHS HOBMX EKOHOMIYHO BUTiAHUX MPOAYKTIB.

MeTa. Po3pobka pauioHanbHoOi TexHonorii BuaineHHs GiocypdakTtaHTiB wramiB Pseudomonas sp. PS-17 i P. fluorescens 8573. Bu-
BYEHHS! BNMMBY Pi3HMX KUCIOT | TEMNepaTypHUX YMOB Ha edeKTUBHICTb BUAINEHHS cypdakTaHTiB wramiB Pseudomonas i focnimKeHHs
BNacTMBOCTEN OTPMMaHWX NPOAYKTIB. BU3Ha4YeHHs NOTEHLiIMHNX HanpsIMiB BUKOPUCTaHHS O4ep)XaHoro NpoaykTy — HagocaaoBoi PiguHu,
OTPMMaHOI Nicnsa ocaKeHHs GiOKOMMNEKCIB.
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MeTopuka peanisauii. PamHoninigHui Giokomnnekc ocamxyBanu i3 cynepHaTaHTy KynbTyparnbHOi piavHW NiAKUCNEHHAM pOo3YnHaMun
kucnot (HCI, H,SO,4, HsPO4, HNO3;, CH3COOH), Butpumysanu npu 100° C 25 xB abo oxonogxysanu, LeHTpudyrysanu, Hagocanoy
pianHy AekaHTyBanu. [NoBepxHEBUIN HaTAr GiOreHHNX NOBEPXHEBO-AaKTUBHMX PEYOBWMH BM3HaYanuM MetodoMm A Hyi 3 nnaTtmHoBUM Kinb-
ueMm. IHaeKkc emynbryBaHHsi 6iocypdakTaHTiB BU3Ha4Yanu LWoAo Ba3eniHOBOI Ta COHALWIHMKOBOI oni. Jlinign BUainsanu 3 HagocagoBoi pi-
OWHW eKCTpaKuieo eTunaueTaToM 3 i3onponaHonom, cknag Bu3Havanv 3a JOMOMOror TOHKOLapoBoi xpomaTorpadii. Bnnve Ha pocnu-
HY OUiHIOBann 3a MOpPOMETPUYHUMY NMOKA3HUKaMM MiCNS NepeanociBHOi 06pObkN HACIHHS.

PesynbTtaTtu. Po3pobneHo pauioHanbHy TEXHOMOTi BUAINEHHs NOBEPXHEBO-aKTUBHMX pevoBUH wtamiB Pseudomonas sp. PS-17 i
P. fluorescens 8573. Moka3aHo, WO HaNGINbLW NPUAHATHUM METOAOM BUAINEHHS pamMHoninigHux GiocypdakTaHTiB € iX KMCNoTHe oca-
[PKEeHHS i3 cynepHaTaHTy KynbTypanbHOI piAvHM 3 HarpiBaHHAM. Y pe3ynbTaTi Buxig npoaykTy 36inbwmecs Ha 20 %, a TpuBanicTb npo-
Lecy ckopoTtunacsl. BuB4eHo hisnko-ximiuHi BNacTMBOCTI HaAOCaA0BOI PiAMHN Micns BUAiINEHHA Giokomnnekci. MokasaHo, Wo BOHA €
edeKTVBHUM eMyrnbraTopom, MiHOYTBOPIOBAYEeM i 3MOYyBaribHUM areHTOM Afs pi3HMX NOBepxOoHb. Hagocagosa piguHa B po3BedeHHi
1:10 He nposBNsE PITOTOKCMYHOrO eddeKTy 1 CTUMYMIOE PIiCT Kpec-canary.

BucHoBku. 3anponoHoBaHO HOBY 6e3BiaXoAHy TEXHOMOri0 BUAineHHs biocypdakTtaHTiB wWTamiB pogy Pseudomonas, sika nepenbavae
BUKIIOYEHHS CTaAii ekcTpakuii po3uynmHHUKamu, y pesynbTaTi NigBULLYETbCA BMXiA LiNboBMX NpoaykTiB. MNokasaHo, Wwo Hagocagosa pign-
Ha K AeleBui NpoayKT MOXe BUKOPUCTOBYBATMCS B €KONOMYHO YMCTUX TEXHOMOrSX: ANS CiNlbCbKOro rocnopgapcraa (CTUMYMOBaHHSA
POCTY pPOCNVH), peKynbTuBaLii 3abpyaHeHVX 'PYHTIB, y CKNadi MUAHUX KOMMO3MLIN.

KnroyoBi cnoBa: pamHoninigHi cypdaktaHTy; di3nKko-xXiMivHi BNaCTUBOCTI; KNCMOTHE OCaKEHHS; CTUMYNATOPU POCTY POCIUH.

T.A. MokmHbbpoga, WN.B. Kapnenko, I'.I'. MugsHa, A.A. KapneHko

BbIAENEHUE BUOCYP®AKTAHTOB EAKTEPUA PSEUDOMONAS U U3YYEHUE UX CBOWUCTB

Mpo6nemaTtuka. BaxHow npobnemoin nponsBoacTeBa 6MocypdakTaHTOB ABMSETCA onTUMmn3auns BuocnHTesa, Ho HanbonbLuMe TPyaHO-
CTU CYLLECTBYIOLUNX TEXHOMOMMNI — OTCYTCTBME 3DPEKTUBHBIX METOAOB MX BblAeNeHUs AN NOMyYeHUsi HOBbIX 3KOHOMUYECKN BbIrOAHbIX
NPOAYKTOB.

Llenb. Pa3paboTka paumoHansHON TEXHONOrMK BbiaeneHns 6uocypdaktaHToB wrammoB Pseudomonas sp. PS-17 u P. fluorescens 8573.
M3yyeHne BnUSHUS pasnMyHbIX KUCNOT W TemnepaTypHbIX YCMOBUMM Ha 3dPEKTUBHOCTb BblAeNeHUs cypdakTaHTOB LUTaMMOB
Pseudomonas n nccnegoBaHue CBOMCTB NOMNyYeHHbIX NpoaykToB. OnpeaenexHve noTeHuManbHbiX HanpaBneHni UCNornb30BaHUS Mony-
YEHHOTO MPOoAYKTa — HaJoCaA0uYHOM XUAKOCTU, MONyYEHHOW nocrne ocaxaeHnst BUOKOMMNIEKCOB.

MeToauka peanusauyuu. PamHonMnuaHbI GUOKOMMNIEKC Ocaxaanu U3 cyrnepHaTaHTa KynbTypanbHOW XWAKOCTU NOAKUCIIEHNEM pac-
tBopamu kucnoT (HCI, H,SO,4, H3PO,s, HNO3;, CH;COOH), Beigepxusanu npn 100° C 25 MyH nnn oxnaxaganu, LeHTpudyrnposanm,
Ha[0CafoYHYI0 XUAKOCTb AekaHTMpoBanu. [MoBepXHOCTHOe HaTshKeHMe GUOreHHbIX MOBEPXHOCTHO-aKTUBHBLIX BELLECTB Onpeaensnu
MeTodoM At Hyu ¢ nnatvHOBLIM KoMbLOM. MIHOEKC aMynbrupoBaHusi GuocypdakTaHToB onpeaensnm OTHOCUTENBHO Ba3enuHOBOMO U
NOACOMNHEeYHoro Macen. Jiunuabl BuIAENSANN N3 HaA0CaA04HOW XNOKOCTM IKCTPaKUMeln aTunauetatom ¢ 3onponaHonom, CocTae onpe-
0enanu TOHKOCNOMHON xpomartorpaduen. BnnaHme Ha pacteHus oueHuBanu no MopdoMeTpUYecKMM napameTpam rnocne npeanoces-
HoW 06paboTkn CceMsiH.

PesynbTtatbl. PaspabotaHa pauyoHanbHas TEXHOMOrVSA BblAeNeHNs MOBEPXHOCTHO-aKTMBHbIX BELLECTB WwWTammos Pseudomonas sp. PS-17 n
P. fluorescens 8573. lNoka3aHo, 4To Hanbonee nNpMemMremMbiM METOAOM BbiAENEHUS paMHONUNUAHBIX BruocypdakTaHToB ABMNSEeTCA UX
KUCNOTHOE OCaXAeHWe U3 cynepHaTaHTa KynbTyparibHOWM XMAKOCTU C HarpeBaHueM. B pesynbTaTe Bbixod npoaykTa 6bin yBenuyeH Ha
20 %, a NpoAoMKMTENBHOCTL MpoLecca yMeHbLUMNach. MsyveHbl r3NKO-XMMUYECKNe CBOWCTBA HAA0CaA0YHON XMOKOCTM Mocne Bbl-
neneHust buokomnnekcoB. NMokasaHo, YTO HafoCafoYHasA XMOKOCTb SBMSeTCS 3hMEKTUBHBIM 3MyNbraTopoM, neHoobpasoBaTenem n
CMayMBaloLLMM areHTOM pasfu4yHbIX NOBepxXHOCTeN. HagocagoyHasa XuakocTb B passefeHusax 1:10 He nposBnseT pUTOTOKCMYECKOro
ahbdekTa n CTUMYynMpyeT POCT Kpecc-canara.

BbiBopbl. [MpeanoxeHa HoBasi 6e3oTxofHas TexHonorus BblgeneHus GuocypdakTaHToB LWTamMMoB poda Pseudomonas, kotopas
npegycMmaTpvBaeT UCKNIoYeHe CTaguy KCTpakLMn pacTBOPUTENSIMU, B pe3ynbTaTe MOBbILLAETCA BbIXOA LieneBblX NPoAyKTOB. Takum
obpa3om, aTa TEXHOMOrMA MMEET IKOHOMUYECKME W SKOMOrM4eckne npenmMyLlecTsa. bbino nokasaHo, YTO HaAOCaA0UHbIE XUAKOCTU Kak
AeLleBbli MPOAYKT MOTYT MCMOMb30BaTbCA B 9KOMOMMYECKM YUCTBIX TEXHOMOrMSAX: AN CeNbCKOro Xo3AncTBa (CTMMyNMpoBaHne pocTa
pacTeHuit), pekynbTUBaLMKN 3arpsi3HEHHbIX MOYB, B COCTABE MOILLMX KOMMO3ULLWIA.

KnioueBble cnoBa: pamHonunuaHble cypdakTaHTbl; (PU3NKO-XMMUYECKME CBOMCTBA; KMCIIOTHOE OCaXAeHWe; CTUMYMATOpbl pocTa
pacTeHun.



