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[MocnecnuproBas 3epHOBast O6apna SABISETCS
OTPOMHBIM BTOPUYHBIM CBHIPHEBBIM PECYPCOM,
NEPCIIEKTUBHBIM NIl Pa3IMYHbIX OTpaciel, B
TOM YHUCIIEe s (hapMareBTHIECKOTO HCTIONb30-
BaHMs BBHY OOTaToro conuepkaHus OMOJIOTH-
YECKU aKTHBHBIX coenuHeHui. [{enpio paboTsl
SBUJIACh OIICHKA BO3MOXXHOCTH (hpapMarieBTH-
YECKOTI'0 MCIOJIB30BaHUS MOCIECIIUPTOBOM 3€p-
HOBO# 0apibl B Ka4ecTBE BCIIOMOTATEIbHOTO
CpEICTBa IyTEM M3YUYEHHsI TOBEPXHOCTHO-aK-
TUBHBIX CBOMCTB Oapipl U BBIICJIICHHBIX U3 HEe
NEKTUHOB. MeTooM HauOOJBIIEr0 JaBICHUS
y3bIPHKOB BO3JlyXa C IMPUMEHEHUEM Ipudopa
Pebunnepa ycTraHOBIIEHBI MOBEPXHOCTHO-AK-
TUBHBIC CBOMCTBA XKUAKOW (pa3wl mociecmup-
TOBOW TIICHWYHOW Oapipl, comepikamieit 6,67
MOJIb/M® TIEKTUHOB, W TICKTHHOB, BBIACICHHBIX
13 TBepIOi (a3bl TOU ke Oap/abl: MOBEPXHOCT-
Has akTUBHOCTH 11,67 u 7,54, npenenbHblil mo-
BEPXHOCTHBIA M30bITOK 1,28 %107 1 6,25%107
MOJIb/M?, KPUTUYECKasi KOHIICHTPAIMSI MHIIEII-
noobpazoBanust 1,32 mons/M® u 1,48 monb/m?
COOTBETCTBEHHO.  |lOBEpXHOCTHO-aKTHBHbIE
XapaKTEePUCTUKHU Oapibl W BBIICICHHBIX TEK-
THHOB COIOCTaBUMBI C M3BECTHBIMH IPUPOJI-
HBIMH TIOJHICaxapuaaMu (aTbTMHATOM HATpUS,
MIOJIUTAJIAKTYPOHOBOM KHCJIOTOM, CBEKJIOBHY-
HBIM TIEKTUHOM), HCIIOJIb3YEeMBbIMU KaK BCIIO-
MOTaTeNIbHbIE CPEACTBA B TEXHOJIOTUU JIEKap-
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Distillers grains are a huge secondary raw
material resource, prospective for different
fields, including pharmaceutical use, because
of a rich content of biologically active com-
pounds. The purpose of this paper was to esti-
mate possibilities of the pharmaceutical use of
distillers grains as the additive agent by means
of surface-active properties of distillers grains
study as well as pectins, isolated from them. We
have established the surface-active properties
of the liquid phase of the distillers wheat grains
by means of higher pressure of air bubbles with
the use of Rehbinder’s apparatus. It contained
6.67 mol/m? pectins, and pectins isolated from
a solid phase of the same distillers grains: sur-
face activity 11.67 and 7.54, saturated surface
excess amounted to 1.28x10” and 6.25x10°
mol/m?, critical concentration of micelle forma-
tion amounted to 1.32 mol/m’ and 1.48 mol/m3
respectively. Surface-active characteristics of
distillers grains and isolated pectins are compa-
rable with well-known natural polysaccharides
(sodium alginate, polygalacturonic acid, beet
bin pectin), which are used as additive agents
in technology of medicinal plants. We have de-
termined the sizes of pectins molecules from
distillers grains in the unsaturated adsorption
layers, which differed from the well-known
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CTBEHHBIX InpenaparoB. OnpeneneHsl pa3Mepsl
MOJIEKYJI TIEKTUHOB M3 Oap/bl B HACBIIIEHHOM
a/ICOpPOLIMOHHOM CJIO€, OTJIUYAIOUINECS OT U3-
BECTHBIX MOJIMCAXAPUI0B MEHBIIIECH TIOIIA/IbIO
(2,658 A2), pamuycom (0,920 A), nuamerpom
nonepeunoro ceuenus (1,840 A) u o6bemom
(2727 A3) npu Gomblueii Macce Ha eIUHHUILY
noepxunoctu (1,031x10* kr) u mnune (1026
A). Tonyyennble faHHbIE IO pa3sMepaM Mole-
KyJI IEKTUHOB SIBJISIIOTCS OJIAarONPUSATHBIM (PaK-
TOPOM, CHOCOOCTBYIOIIMM MPOSIBICHUIO HMHU
BBICOKOI OHMOJIOTHUECKON TOCTYITHOCTH.

KiroueBble cjioBa: 1mociecnuproBas 3ep-
HOBas Oapja, MEeKTUHBI, TOBEPXHOCTHO-AKTHB-
HbIE CBOWCTBa, IOBEPXHOCTHOE HATSHKEHUE,
MOBEPXHOCTHAsl aKTUBHOCTh, MOBEPXHOCTHBIN
M30BITOK, KPUTHYECKAs KOHIICHTPAIUs MHIIETI-
71000pa3oBaHusl, a7COPOLIMOHHBIN CIIOM.

HanGonee kpymHBIM MPOMBIIUICHHBIM OTXO-
JIOM SIBIISIETCS [TOCIIECTIMPTOBAst 3epHOBast Oapra,
o0beM kotopoii B Poccuu cocrasmisier okono 10
wiH. M° B rox [1, 11]; B cpeanem Ha 1 m® mipo-
W3BOIUMOTO CrUpTa mnpuxoautcs 13 m* Gapabrl
[9, 10]. Hons Gapasl cpeau pasaUyHBIX OTXO-
JIOB CIIMPTOBOTO TPOU3BOJACTBA (KOHIIEHTpAT
TOJIOBHBIX IPUMECEH ATUIIOBOTO CIMPTA, ra3bl
OpOXKeHHMs, JFOTEpHAsi BOJA, CUBYIIHOE Maclio)
nocturaet 85% [9, 10]. IlepcriekTuBHOCTH (ap-
MalleBTUYECKOTO MCIOIb30BaHus Oap/bl B Kaue-
CTBE BTOPUYHOIO CHIPHEBOIO pecypca 000CHO-
BaHA €€ NPAKTUYECKOW HETOKCUYHOCTHIO [4] u
BBICOKOW KOHIICHTpAIlUe pa3HOOOpa3HbIX OMO-
noruyecku akTuBHBIX coemunenuit (BAC) [3]:
0€NKOB M aMUHOKHUCIIOT, BOCCTaHABIMBAIOLINX
caxapoB, IIEKTUHOB, KUPHOTO Macia, (praBoHO-
U/I0B, BATAMUHOB, OMOTC€HHBIX JIEMEHTOB.

K BaxHeWmmM aacopOIMOHHBIM XapakKTe-
PUCTHKaM BEILECTB, ONPEACISAIOMINUM 00JIacTh
ux (hapManeBTUYECKOr0 NPUMEHEHUs, OTHO-
CHUTCS TIOBEPXHOCTHAsI aKTUBHOCTh, HEPA3PhIB-
HO CBsI3aHHAsl C BOIPOCAMH TOBBILLICHUS Tepa-
NEBTUYECKON 3()()EeKTUBHOCTH JIEKAPCTBEHHBIX
CPEACTB, UX PALMOHAIBHON TEXHOJIOTUH, CTa-
Ounuszanuu, xpanenus. M3 MHorooOpasus co-
nepxammxcst B 6apae BAC, Ha Ham B3I,
MoJ00HYI0 aKTMBHOCTh B OOJBIICH CTENEeHU
NPOSIBIISIIOT MEKTUHBI, YTO, OE3yCIOBHO, Tpe-
Oyet noaTBepxkaAeHus. [Ipennocbuikoil K SToMy

polysaccharides by lesser square (2.658 A2),
radius (0.920 A), diameter of cross-section
(1.840 A) and the volume (2727 A3) at the big-
ger mass per surface unit (1.031x10* kr) and a
length (1026 A). The data obtained by the siz-
es of pectin molecules are the favorable factor,
which conduced their high biological availabil-

1ty.

Keywords: distillers grains, pectins, sur-
face-active properties, superficial tension, su-
perficial activity, superficial excess, critical
concentration, micelle formations, adsorption
layer.

Distillers grains are the largest industrial
wastes, which have a volume about 10 mln m?
ayear [1, 11]; in average there are 13 m’ of dis-
tillers grains per 1 m’ of the alcohol produced
[9, 10]. The share of distillers grains among the
different wastes of alcohol production (concen-
trate of head admixtures of ethanol, fermenta-
tion gas, residue water, fusel-oil) reaches 85%
[9, 10]. Perspective of the pharmaceutical use
of distillers grains as a secondary raw material
resource is conditioned by its practical non-tox-
icity [4] and high concentration of different bio-
logically active compounds (BAS) [3]: proteins
and amino acids, reducing sugars, pectins, fatty
oil, flavonoids, vitamins, biogenic elements.

The most important adsorption characteristics
of the substances, which determine the field of
their pharmaceutical application include superfi-
cial activity, closely connected with the problems
of therapeutic activity augmentation of drugs,
their rational technology, stabilization, preserva-
tion. From the variety of BAS contained in the
distillers grains we marked pectins, which show
the highest activity, but this fact requires valida-
tion. Many-sided study of pectins as adsorbents
can be a prerequisite for this [7]. In this connec-
tion the study of superficial activity of pectins,
isolated from the other components of distillers
grains becomes reasonable.

The purpose of this work was to estimate the
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CIIY’)KHT Pa3HOCTOPOHHSISI U3yUYEHHOCTh MEKTH-
HOB Kak aJIcOpOCHTOB [7], B CBS3M C 4eM MpPEJ-
CTaBISIETCS 11€7IeCO00pa3HbIM  HCCIIEI0BaHUE
MMOBEPXHOCTHOM aKTUBHOCTH MEKTUHOB, U30JIH-
POBAHHBIX OT IPYTHX KOMIOHEHTOB Oapibl.

Lemnbio paboThI BUIACH OLIEHKA BO3MOYKHOCTH
(hapMalieBTUUECKOTO UCTIONB30BAHUS TTOCIIECITHP-
TOBOW 3€pHOBOM Oapibl B KauecTBE BCIOMOTIa-
TEJIBHOTO CPE/ICTBA ITyTEM H3YyUeHHs TIOBEPXHOCT-
HO-aKTHBHBIX CBOKMCTB OapIibl U BBIICIICHHBIX W3
Hee MEKTUHOB C OMpPEAEICHUEM Pa3MepOB UX MO-
JIEKYJ B HACBIILIEHHOM aJICOPOIIMOHHOM CJIO€.

OOBEKTOM HCCIIENOBAHUS CIYXKWUIA JKUJIKAs
(haza mociecrnMpToBOl MIIEHUYHON Oapapl (co-
crapysronas okono 90% OGapbl) MPOU3BOACTBA
cnupToBbIX mpennpuatuil «Kazause» n «CyBo-
poBckHit» CTaBpOMOIbCKOTO Kpasi, HCHONb3Y-
IOIMX B CIHUPTOBBIX TEXHOJOTHSIX THIpodep-
MEHTaTUBHYIO0 00paboTky 3epHa [9, 10]. Kpome
TOrO, U3y4yeHa (hpakiisl EeKTHHOB, BBIICIEHHBIX
U3 TBepIoi (ha3bl MOCIECITUPTOBOM MIIEHIYHON
Oapapl IMyTeM UX SKCTPAKIMU PACTBOPOM OKCa-
JlaTa aMMOHHUSI, KOHIIEHTPUPOBAHUS U TIOCIIETYT0-
el 00pabOTKH AKCTPaAKTa CIIUPTOM STHIIOBBIM,
OYHCTKH 1IEIEBOTO MPOAYKTa IMEPEoCaxICHUEM
13 BOJHBIX PACTBOPOB PA3IUUHBIMHU PACTBOPUTE-
nsivu [8]. BeleneHHbIe IEKTUHBI UIMEIOT CIIe/TY-
o1ue GU3NKO-XUMHUECKUE XapaKTEPUCTHKH [4]:
pH 0,5% BonHoro pacrsopa 4,25, cpenuss Mo-
aspHasi Macca — 1650 %1073 kr/mMorb, cTerneHb 1o-
mamepu3arm — 10, cBA3bIBAIOIIAs CIIOCOOHOCTH
— 282,29 mr nonoB ceunia (II) Ha 1 r mekruHa.
HccenenoBanne NOBEpXHOCTHOM aKTUBHOCTH Oap-
TIBI TIPOBE/ICHO B TIEpecueTe Ha KOHIICHTPAIHIO
HeKTUHOB (6,67 Monb/M® win 1,1% [3]).

Nzyuenue MMOBEPXHOCTHO-aKTUBHBIX
CBOWCTB OOBEKTOB HCCIICIOBAHUS TPOBEICHO
METOZIOM HAuOOJbBIIEro JaBICHUS IMy3bIPHKOB
BO3/lyXa C MpUMeHeHueM npudopa Pebunnepa
[2]. Hnst uccnemoBaHus WCIIOIB30BAHBI: CEPUM
pacTBOPOB KUIKOU (ha3bl Oap/Ibl, ComEpIKaAIIIX
0,06+6,67 Monb/M3 TEKTHHOB, U PaCTBOPOB
TIEKTHHOB, BBIJICTICHHBIX U3 TBEPIOH (a3bl Oap-
1B, ¢ KoHmeHTpamueir 0,5+6,1 mons/m® (pac-
TBOPUTEJIEM CIIyXKUJIAa BOJIA).

W3mepenune mepemnagoB TaBICHUS Ui pac-
TBOpHUTENS (pl, MM) U pacTBOpoOB (P2, MM) IpH
temneparype (T) 293 K, ¢ yuerom noBepxHocT-
HOTro HaTsbkeHus: pactBoputens (o1, H/m), no-
3BOJIMJIO paccuuTarh 1o ypasHenwuto (1) [2] mo-
BEPXHOCTHOE HaTsHKEHHE pacTBOpoB (62, H/m):
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possibilities of pharmaceutical use of distillers
grains as an additive agent by means of study of
surface-active properties of distillers grains and
pectins isolated from it with determination of
their molecules sizes in unsaturated adsorption
layer.

A liquid phase of distillers wheat grains
(which amounts to 90% of distillers grains) pro-
duced by Kazachye and Suvorovskiy enterprises
from Stavropol Krai which use hydro fermen-
tative grain processing was the object of this
study [9, 10]. Apart from that we have studied
the fraction of pectins, isolated from the sol-
id phase of distillers wheat grains by means of
their extraction with the solution of ammonium
oxalate, concentration, and further processing
of an extract with an ethanol, purification of the
targeted product, by reprecipitation from water
solutions with different solvents [8]. The isolated
pectins have the following physical and chemi-
cal characteristics [4]: pH 0.5% of water solution
4.25, average molar weight — 1650 <107 kg/mol,
polymerization degree — 10, binding capability
amounts to 282.29 mg of lead ions (II) per 1 g of
pectin. The study for surface activity of distillers
grains was conducted in terms of pectins concen-
tration (6.67 mol/m? or 1.1% [3]).

The research for surface-active properties
of the study object was carried out by using the
method of the highest pressure of air bubble
with the use of Rehbinder’s apparatus [2]. We
used the following materials for the study: se-
ries of solutions of the liquid phase of distillers
grains which contain 0.06+6.67 mol/m3 of pec-
tins, and pectin solutions, isolated from a solid
phase of distillers grains, with concentration
0.5+6.1 mol/m* (with water as a solvent).

The measurement of the pressure difference
for the solvent (s1, mm) and solutions (s2, mm)
at temperature (T) 293 K, with the account of
superficial tension of solvent (cl, N/m), al-
lowed calculation of superficial tension of sol-
vents (62, N/m) by using the following equa-
tion:
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O, X
o, =2 P> N
D
Mepoii moBepxXHOCTHOM akTUBHOCTH (g, He-
MOJIb/M*) SIBIISICTCS TIepBasi MPOU3BOAHAS G 110
KOHIIEHTpaIu pactBopeHHoro Bemecta (C,
Mmois/M?) [2] (ypaBHeHHE 2):

do
dC

B 570l CBsI3HM, BEMUYKHY g TIPU MTOCTOSSHHOM
T (293 K) onpenensiiin ¢ UCIOIB30BaHUEM H30-
TEPMBI TOBEPXHOCTHOTO HATSKEHHSI BOJHBIX
pactBopoB: «c = f (C)», Kak TaHTeHC yIJla Ha-
KJIOHA KacaTeJIbHOM K MOJyYEeHHON KPUBOIA.

[To HalineHHOMY 3HAYEHHIO g C TIPUMEHEHHU-
€M U3BEeCTHOTO ypaBHeHus ['mb06ca [2] Berunc-
JIEH TTOBEPXHOCTHBIH n30bITOK (I, MOTB/M?) HC-
clieTyeMbIX pacTBOpoOB (ypaBHEeHUE 3):

AoxC

[=————— (3)
ACXRXT

g= (2)

20e R—yHueepcanvhas 2a306as nOCMOsHHAS,
pasnas 8,314 J]c/(monw xK).

['paduueckas 3aBUCHMOCTH MEXAY 0OOpar-
HeiMu BenmuuHamu I” u C, coracHo uzorepme
ancop6iuu JIaurMmiopa [2], sBIsieTcsl ypaBHE-
HUEM TPSMOH, MPOXOIAIIeH MapayijieIbHO OCH
abcuuce U OTCeKaroleil Ha OcHu OpIUHAT OTpe-
30K, YHCJICHHO PaBHBIN MpEAeTbHOMY MOBEPX-
HocTHOMY M30BITKY (I, MOTB/M?).

Jlanee B rpaduyeckoil cucTeMe 3aBHCU-
Moctu «lg 6 = f (Ig C)» [2] mo Touke m3ruda
MOJTYYEHHOW KPUBOW, COOTBETCTBYIOIIEH OCH
abcuuce, HaiileHa BENWYHHA, aHTHIOTApU(PM
KOTOpO# TMpencTaBiIsieT coO0M KPUTUYECKYIO
KOHIIEHTpaIuio Mutiesiiooopazopanus (KKM).

Hcnonw3ys mnpencrapiaeHus JIsHrmopa o
CTPOCHUHU TMOBEPXHOCTHOTO CJIOS, TPOBEACHBI
pacueTsl pa3MepoB MOJIEKY/I IEKTUHOB B HAChI-
MIEHHOM aJICOPOIIMOHHOM ciioe [2]:

— TUIOMIA/Ib MOTIEPEYHOT0 CEUEHUSI MOJIEKY-
76l TIeKTHHA (S, M?) B HACBIIIICHHOM aJCOPOIH-
OHHOM CJIO€ paccuruTaHa Kak BelTu4ynHa, o0par-
Hasi YHUCIy MOJEKYN, 3aHUMAIOIIUX ETUHUILY
omasy (ypaBHeHHE 4):

1

T (I_xN,) (4)

0, XP,
o, =—"—"+
! D M
The first derivative ¢ is a measure of sur-
face activity (g, Hemol/m*) by the concen-
tration of solved substance (C, mol/m?®) [2]
(equation 2):

do
dC

In this connection, g value was determined
with the use of isotherm of superficial ten-
sion of water solvents at constant T (293 K):
«o = f (C)», as a tangent of angle of descent to
the obtained curve.

We have calculated a superficial excess (G,
mol/m?) of the solvents under study by the
found value of g with the use of Gibbs’s equa-
tion [2] (equation 3):

g= (2)

AoxC

[=———— (3)
ACXRXT

where R is a universal gas constant which is
equal to 8.314 J/(molxK).

Graphic dependence between the reciprocal
quantities G and C, according to the isotherm
of adsorption of Langmuir [2], is an equation
of a line which is parallel to the abscissa and
intercepts a section on an ordinate axis, which
is equal to the maximum superficial excess
(G, mol/m?).

Then, we found a value, antilogarithm of
which is a critical concentration of micelle for-
mation, in the graphic scheme of dependence
«lg o = f (Ig C)» [2] by the hinge point of the
curve obtained, which corresponds to the ab-
scissa axis.

Using the Langmuir’s view about the struc-
ture of superficial layer we have carried out the
calculations of pectin molecules sizes in the sat-
urated adsorption layer [2]:

— cross section square of the pectin molecule
(S, m2) in the saturated adsorption layer was
calculated as the quantities, reciprocal to the
number of molecules which occupy the square
unit (equation 4):

1

= (4)
(I'_XN,)
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20e: NA — nocmosinnas Aéozadpo (6,02 x10%
Mmonv?);

— Macca neKTuHa (m, Kr), MIPUXOoIIasics Ha
SIIMHUILY TOBEPXHOCTH (M?) HACBIIIEHHOTO aJI-
COpOIMOHHOTO C10s1 (YpaBHEHHE 5):

m=I_xM ®))
20e: M — cpedussa monapnas macca nekmuma,
K2/MOJb;

— JyMHA MOJEKynbl iekTuHa (1, M) B HachI-
IIICHHOM aJICOPOIIMOHHOM CIIO€, paBHAs TOJI-
LIUHE 3TOrOo cios (ypaBHeHHE 6):

I=m/p=T_xM/p (6)

2oe: p — NIOMHOCMb NEKMUHA, K/M’;

— obwvem (V, M%), 3aHMMaeMbIii MOJIEKYIIOW
MIEKTHHA B a/ICOPOLIMOHHOM cJioe (YpaBHEeHuUE 7):
V=Sx] (7
— paguyc (r, M) u auametp (d, M) moneped-
HOTO CEYCHMSI MOJICKYJIbI IEKTHHA OIIPEICIICHBI
o gopmyIie pacueTa IIoImaay Kpyra (ypaBHe-
HHe 8):
S =nr? (8)
OKCIepUMEHTaNIbHO HAWJICHHbIE W paccyu-
TaHHbIE TOKA3aTeJId IMOBEPXHOCTHO-AaKTUBHBIX
CBOMCTB HIKOU (ha3bl U TIEKTHHOB, BBIICTICHHBIX
13 TBEpIIOH (azbl Oap/ipl, MPUBEACHBI B TAOMHMIIE 1.

where NA — is an Avogadro constant (6,02 %10%
Mmonv);

— pectin mass (m, kg), per the surface
unit (m?) unsaturated adsorption layer
(equation 5):

m=I_xM ®))
where M is an average molar mass of pectin,
kg/mol;

— pectin molecule length (I, m) in a saturated
adsorption layer, equal to the thickness of this
layer (equation 6):

[=m/p=T_xM/p (6)
where: p pectin density, kg/m’;

— volume (V, m?®), occupied by the pectin
molecule in an adsorption layer (equation 7):
V=Sx] (7)
—radius (r, m) and diameter (d, m) of a cross
section of the pectin molecule were determined
by using the calculation formula of area of cir-
cle calculation (equation 8):
S = nr? (8)
The measured and calculated indices of sur-
face-active substances of the liquid phase of
pectins isolated from the solid phase of distill-
ers grains are shown in the table 1.

Taonuya 1 — Ilokazamenu noeepxHoCmMHO-GKMUBHBIX CEOUCHIE HCUOKOU (ha3bl U NeKMUH OB,

6blOEICHHBIX U3 MEepooil (hazvl DapObl

Table 1 — The indices of surface-active properties of the liquid phase and pectins,

isolated from a solid phase

C, mons/M? / I, mons/M? / g C, mons/Mm* /
P, mm o, H/™m
mol/m? mol/m? mol/m’
1 2 3 4 5
Booa / Water
- | 42 | 72.75-10° | - | -
JKuokas ¢pasa 6apovt (no C nexkmunos) / Liquid phase of distillers grains (by C pectins)
6.67 34 58.89-10° 11.36-10° 0.82
3.33 34 58.89-103 11.62-10° 0.52
1.70 34 58.89-10° 11.38-10° 0.23
0.85 36 62.36:103 8.43-10° -0.07
0.42 38 65.82-103 6.64-10° -0.38
0.24 39 67.55-103 4.27-10° -0.62
0.12 40 69.29-10 2.84-10¢ -0.92
0.06 42 72.75-103 - -1.22
Ilexmunwl / Pectins
6.1 30 51.96-103 32.54-10°¢ 0.785
4.5 33 57.16-10° 19.20-10¢ 0.653
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Ilpooonsicenue Taonuypr 1
Continuation of Table 1

1. 2. . 4. 5.

3.0 34 58.89-10° 24.38-10° 0.477
23 35 60.63-10° 14.30-10° 0.362
1.5 36 62.36-10° 21.33-10° 0.176
1.2 37 64.09-10° 10.67-10° 0.079
0.8 38 65.82-10° 7.59-10¢ -0.097
0.5 39 67.55-10° 2.13-10° -0.301

B coorBeTcTBHM ¢ M30TEPMOM MOBEPXHOCT-
HOTO HaTsDKeHus (puc. 1), mTOBepXHOCTHAs aK-
TUBHOCTh JKUAKOM (a3bl Oapasl cocTaBuia
11,67. B cpaBHeHHHU C APYyrUMHU MOJHCAXapU-
JaMu  (aJIbTMHATOM HaTpus, IOJIUTaJaKTypo-
HOBOH KHUCIJIOTOI), MOJEKYJbl KOTOPBIX ILIEIH-
KOM YXOIAT Ha MOBEPXHOCTH [6], aKTUBHOCTH
Oapzbl MeHee BbIpakeHa: MOHOMOJIEKYISIPHBIN
CJION Ha MOBEPXHOCTH BOABI popMuUpyeTcs npu
BBICOKMX KOHLEeHTpauusx. Crenyer yuecTs,
4yro Oapza, mpeacTaBiss coOOH MHOTOKOMIIO-
HEHTHYIO CUCTEMY, IOMMMO YMEHBIIEHHUS IIO-
BEPXHOCTH, MOXKET MOHU3UTH OBEPXHOCTHYIO
sHepruto ['mb6ca mnepepacnpeneneHueM pac-
TBOPEHHOTO BEIIECTBA MEXAY 00beMOM (a3bl
Y IOBEPXHOCTHBIM (ITOTPAaHUYHBIM) CIIOEM.

In accordance with the isotherm of super-
ficial tension (fig.1) surface activity of the
liquid phase of distillers grains amounted to
11.67. In comparison with other polysaccha-
rides (sodium alginate, polygalacturonic acid),
all molecules of which fully crop up to the sur-
face [6], distillers grains activity is less sig-
nified: monomolecular layer on the water sur-
face forms at high concentrations. It is worth
noting, that distillers grains being a multicom-

ponent system can lower the surface energy of
Gibbs by the distribution of the dissolved mat-
ter between the phase volume and superficial
(border layer).

4 5 6
C , MOTB/M°

Pucynok 1 — Hzomepma no6epxHocmHoz0 HAmMAHCeHUs 600HbIX PACMBEOPOE
HcuoKoul ¢hazvl 6aposvl
Figure 1 — Isotherm of the superficial tension of water solutions of the distillers
grains liquid phase
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BenuurHa OBEPXHOCTHOM  AKTHMBHOCTH
MEKTUHOB, BBIICTIEHHBIX U3 Oapibl, ONIPEIeIeH-
Has rpau4ecKuM METOJOM IO HU30TepMe IOo-
BEPXHOCTHOTO HaTsbKeHUs (puc. 2), cocTaBuia
7,54, uto B 2,5-8 pa3 mpeBOCXOAUT MOJOOHYIO
aKTUBHOCTBL CBEKJIOBUYHOI'O IIEKTHHA, HO B 1,5-
3 pa3a HWKE aKTMBHOCTH aJIbTMHATa HATpUs U
MIOJIMTAJIAKTypOHOBOM KucioThl [7]. CoracHo
N30TEPME, MOJIEKYJIBl UCCIIELYyEMBIX ITEKTHHOB
LIEJIMKOM YXOJSIT Ha [IOBEPXHOCTD.

80

G'IUE,H M

The quantity of surface activity of pectins,
isolated from distillers grains, determined with
the use of graphic method by the isotherm of su-
perficial tension (fig. 2), amounted to 7.52, which
is 2.5-8 times higher the similar activity of beet
bin pectin, but 1.5-3 times lower the activity of
sodium alginate and polygalacturonic acid [7].
According to isotherm, molecules of the pectins
under study fully crop up to the surface.

5 6 7 8 9 10
C, MOJIb/M°

Pucynok 2 — Hzomepma nogepxnocmmuozo HAmaxceHus 600HbIX PACHEOPOE NEKMUHO8,
6bLOC/ICHHBIX U3 MEepooil (hazvl Oapobl
Figure 2 — Isotherm of superficial tension of water solution of pectins,
isolated from distillers grains solid phase

Nzorepma ancopOuuu Gapast (puc. 3) cBu-
JICTEIILCTBYET O TOM, YTO OTPE30K OPAUHATHI OT
Hayajla 0Cel 110 MepecedyeHus ¢ MpsIMOM 4Hnc-
nenHo paseH 1/I" = 7,8 x104 m*/Mons, T.e. Be-
nmuunna I' | xmaxon ¢asel 6apapl cOCTaBIsSET
1,28 x10°° M0oJIB/M?, 4TO COITOCTABMMO C U3BECT-
HBIMH TIOJIMYPOHHUAMHU: aJbIHHATOM HATPHSI
(1,67%10° Monb/M?) M TOJIHUrATAKTYPOHOBOM
kucioToi (1,11 x107° moas/m?) [12]. Takum 00-
pas3oM, ¢ yBEIWYEHHEM KOHIICHTPAI[MH MEeKTH-
HOB B PacTBOPE YHCIIO MOJIEKYI, HAXOISAIIUXCS
B ITIOBEPXHOCTHOM CJIOE€, BO3pacTaeT. IT0 NpH-
BOJIMT B IIpejiesie K 00pa30BaHUIO Ha IPAaHUYHOM
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Isotherm of distillers grains adsorption (fig.
3) gives evidence about the fact that ordinate
section from the beginning of axes to the cross-
ing with a line is equal to 1/G_ = 7.8 x104 m?*/
mol, i.e. the G_ quantity of liquid phase of
distillers grains amounts to 1.28x10° mol/
m?, which is comparable to the known polyu-
ronides: sodium alginate (1.67x10° mol/m?)
and polygalacturonic acid (1.11*10° mol/m?)
[12]. Thus, together with pectins concentration
intensification in solution the number of mol-
ecules which are located at the superficial lay-
er is increased. This leads to the formation of
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MOBCPXHOCTHU HACBIIICHHOI'O MOHOMOJICKYJIAP-
HOIro aI[COp6HI/IOHHOFO CJIOSA, B KOTOPOM MOJIC-
KYJIbI IICKTUHOB IPCACIIbHO OPUCHTHUPOBAHBI.

1/T-107 M2 /moms

Lo
o
1

unsaturated monomolecular adsorption layer at
the border surface, where the pectins molecules
are oriented to the max.

6 i S 9
1/C,m*/Momb

Pucynok 3 — Hzomepma aocopouyuu ncuokoii pazvt 6apovt
Figure 3 — Adsorption isotherm of the liquid phase of distillers grains

N3otepma amcopbmuu mekTuHOB (puc. 4)
cBuzieTeNbCTByeT 0 3Hauenuu 1/, = 1,6x104
M*/MOIb, T.€. BennunHa I mekTrHOB Gapasl co-
craBisieT 6,25 x 107 Mosb/M?, 4TO B 4 pasa BbIIIIe
AQHAJIOTUYHOTO TIOKAa3aTess JJIs allbruHaTa Ha-
Tpus, B 7,5* paza — CBEKJIOBUYHOTO MEKTHHA,
B 5,6 pa3 — MoiUrajgakTypoOHOBOUM KUCIOTHI [7].
C pocTOM KOHUEHTpaluu NEKTUHOB B PacTBO-
pe 4YUCIO MOJIEKYJ, HAXOMASIIUXCS B IMOBEPX-
HOCTHOM CJIO€, YBEIUYMBAETCS, B pe3y/bTare
Yero Ha TPAHUYHOM MOBEPXHOCTH 00OpasyeTcs
HACHIIIICHHBI MOHOMOJIEKYJISIPHBIA a1copOIIn-
OHHBIN CJIOH, B KOTOPOM MOJIEKYJIbl IEKTHUHOB
MpeIeTIbHO OPUEHTHUPOBAHBI.

[Ipu nepexone UCTUHHBIN PACTBOP <= KOJUIO-
WIHBIN pacTBOP U3MEHSETCSI pa3Mep U YUCIIO KH-
HETHYECKU aKTHBHBIX YacTHI] (MOHOB, MOJIEKYII,
MHULIEIT), TO3TOMY Ha Ipauke 3aBUCUMOCTH «G
=1 (C)» (puc. 5) Habmomaercs Touka nznoma (Ig
C =0,12), orBeyaronasi KKM mekTHHOB B KHI-
Koit (haze Oapabl — 1,32 mons/M? (nim 0,22%).

Pectins adsorption isotherms (fig. 4) gives
evidence about the quantity 1/G_ = 1,6x104
m?/mol, i.e. quantity G of pectins amounts to
6.25 %10 mol/m?, which is 4 times higher the
similar index for sodium alginate, 7.5* times
higher than beet bin pectin, 5.6 times higher
than polygalacturonic acid [7]. The number of
molecules, which are located in the superficial
layer, increases together with pectins concen-
tration growth in the solution. As the result,
there was saturated monomolecular adsorption
layer forming, where pectin molecules were
oriented to the max.

After the original solution colloid < solution
pass, the size and number of kinetically active
particles (ions, molecules, micelles) changed,
therefore there is a salient point (Ig C=0.12) in
the dependency graph “c =1 (C)” (fig. 5), which
points out CCM of pectins in a liquid phase of
distillers grains — 1.32 mol/m? (or 0.22%)).
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Pucynok 4 — Hzomepma aocopoyuu nekmuHnos, 6b10€/1eHHbIX U3 Meepooil ghazvt Gapovl
Figure 4 — Isotherm of adsorption of pectins, isolated from the solid phase of distillers grains
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Pucynok 5 — 3asucumocmo n0GepXHOCHHO20 HAMAIHCEHUS OM KOHUEHMPAUUU REKMUHOG
6 JHCUOKou paze dapowvt
Figure 5 — Dependency of the superficial tension on the pectins concentration
in a liquid phase of distillers grains
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Pucynok 6 — 3asucumocmp n0GePXHOCHIHO20 HAMAIHCEHUS OM KOHUEHMPAUUU REKMUHOG
Figure 6 — Dependency of the superficial tension on the pectins concentration

[1pu cMeneHnn paBHOBECHS B CUCTEME «HUC-
TUHHBIN PacTBOP <« KOJUIOUIHBIH PacTBOP» B
CTOpPOHY 00pa30BaHUS KOJJIOMTHOTO PacTBOpa
pasMep M YUCIIO KMHETUYECKH aKTUBHBIX Ya-
CTHI] U3MEHSETCS, O YeM Ha rpaduke 3aBHCH-
Moctu «c = f (C)» (puc. 6) CBHIETEIBCTBYET
touka uznoma (Ig C = 0,17), orpeuaromas KKM
nekTHHOB — 1,48 monb/M® (rmu 0,24%).

[IpoBeneHHBIE pacdeThl Pa3MEepOB MOJICKYIT
MEKTHHOB B HACHIIIEHHOM aJCOPOIIMOHHOM
CJIO€ TO3BOJIUIN TONYYUTh CIEIYIOIINE JaH-
HBIC:

—S=1/(6,02x10% moap"' x6,25 %10 MmoJB/
M%) = 2,658 x102° M2 (2,658 A?)

— m = 6,25x10° moas/M> x1650%x107 kr/
Moub = 1,031 x10* kr

— 1 = (6,25%10° monp/M?>*x1650x103 xr/
Moib) / 1,005 %103 xr/m* = 1,026 107 m (1026
A).

— V = 1,026x107 M x 2,658x10% M> =
2,727x107 m* (2727 A%)

— 1 =(2,658 %1020 M%/3,14) = 9,20 10" m
(0,920 A);

—d=21=1,84x10""m (1,840 A).

CpaBHEHHE TIEKTHHA W3 Oapipl C APYTUMH
MPUPOIHBIMU TIOTHCAaxapuaaMu [7], HCMONb-
3YEMbIMU B TCXHOJIOI'MH JICKAPCTBCHHBIX ITPC-
nmapatoB (Tabm. 2), moka3ajo, 4TO MOJIEKyJa
MEeKTUHA U3 Oap/bl B HACKHIIIEHHOM aJcOpPOIIN-

After the balance shift in the system “original
solution <> colloid solution” to the formation of
colloid solution the size and number of kinetical-
ly active particles changes, which is shown with
a salient point (Ig C = 0.17) in the dependency
graph “c = (C)” (fig. 6), which points out CCM
of pectins 1.48 mol/m? (or 0.24%).

The calculation of pectin molecules in the
saturated adsorption layer allowed obtaining
the following data:

—S=1/(6.02x1023 mol"' x6.25 %10 mol/
m?) = 2.658 X102 m? (2.658 A?)

— m = 6,25x10° mol/m2 x1650x10~ kg/
mol = 1.031x10* xr

—1=(6.25x10"° mol/m?*x1650 %107 kg/mol)
/1.005x10° kg/m* = 1.026x107 m (1026 A).

— V =1.026x107 m x 2.658x102° m? =
2.727x10% m?® (2727 A?)

—r="(2.658x102° m%3.14)=9.20x10"' m
(0.920 A);

—d=2r=1.84x10""m (1.840 A).

The comparison of pectin from distillers
grains with other natural polysaccharides [7],
which are used for drugs production (table 2),
has shown that pectin molecule from distillers
grain in saturated adsorption layer has less val-

81



DOI: 10.19163/2307-9266-2016-4-1(14)-72-84

Dapmayus u papmaronoeus T. 4 Ne 1 (14), 2016

OHHOM CJIO€ UMEET MEHBIIINE 3HAYCHHUS TUIOIIA-
1, o0beMa, paanyca, JHaMeTpa MOMEPEIHOTO
CCUCHHsI, HO HAWOOJIbIIINE 3HAYCHUS MACCHI,
MPUXOASIICHCS Ha EIUHHIY TOBEPXHOCTH, U
JUTMHBI. YUYUTBIBasl JHAMETP TOp OMOJorude-
ckux MmeMOpaH (3,5+4)x10-10 m [7], uepe3 HUX
MOTYT TPOXOAHUTH U3 BCEX CPABHUBAEMBIX TIO-
JUYPOHUIOB MOJICKYJIBI TIEKTHHA W3 Oapsl U
aJIbIMHATa HATPUs, YTO B ONPE/ICICHHON Mepe
ONarompUsATCTBYEeT OMOJOTUYECKON JOCTYITHO-
CTH UCCIIETyeMOTO MEKTHHA.

ue of square, volume, radios, diameter of cross
section, but more value of mass on a unit of
surface and length. Considering the diameter
of biological membrane pores (3.5+4) %10 m
[7], from all the compared polyuronides only
molecules of pectin from distillers grains and
molecules of sodium alginate can pass through
them. This in some way favors the biological
availability of pectin under study.

Tabnuya 2 — Cpagnumenvnas XapaKkmepucmuKka noaucaxapuoos
no pazmepam moJeKyil 8 HACLUEeHHOM A0COPOUUOHHOM CTl0€e
Table 2 — Comparative characteristics of polysaccharides

by the molecule sizes in the saturated adsorption layer

M, kr/von / S, M? / m? m, Xr / kg [,Mm/m V, M/ m’ r,M/m d,Mm/m
kg/mol
[lextun u3 Gapssr: / Pectin from distillers grains:

1650-10° | 2.658-10% | 1.031:10* | 1.026:107 | 2727:107 | 09:10° | 18-107
CeexoBuuHbIH TIekTHH (T. KpacHomap): / Beet bin pectin (Krasnodar):

6570-10° | 19.9-10% | 0.547-10* | 0.538-:107 | 10.736:10%7 | 25.0:10" | 5.0-10"°
CeexoBuuHbli niektuH (r. Hanpuuk): / Beet bin pectin (Nalchik):

3200-10° | 1162:10%° | 0.046:10* | 0045107 | 5262:107 | 6.1:10"° | 12.2:10°

[onuranaktyponosas kuciota: / Polygalacturonic acid:
3000-10° | 1510 | 0333-10* | 0330107 | 4935107 | 22:101° | 44107
Anprusar Harpusi: / Sodium alginate:

89700-10° | 10-10® | 15.0-10* | 14.722:107 | 146.630:107 | 1.8:10° | 3.6:10"

BoiBoabl Conclusions

1. YcTaHOBIEHO NPOSBICHUE KUIKOW (a-
30/ TIIEHWYHOW TMOCIECITMPTOBOM Oap-
IBI, coepskariei 6,67 Moab/M> EKTHHOB,
MMOBEPXHOCTHO-aKTUBHBIX  CBOWCTB, Xa-
PAKTEPU3YIOIIUXCS TOBEPXHOCTHON aKTHB-
HocThIO 11,67, mpenenbHBIM MOBEPXHOCT-
HbIM H30BITKOM 1,28 X107 mons/m?, KKM
1,32 momw/m* (wiu 0,22%).

2. JloxazaHbl MOBEPXHOCTHO-AKTUBHBIE CBOW-
CTBa MEKTUHOB, BBIJEICHHBIX U3 TBEPIOM
(ha3bl MIIIEHUYHOU MOCIIECTUPTOBOM Oapabl:
MMOBEPXHOCTHASI aKTUBHOCTH 7,54, Ipeenb-
HBI TOBEPXHOCTHBIA H30BITOK 6,25%107
mois/M?, KKM 1,48 mons/m? (niam 0,24%).

3. ComnocTaBUMOCTh IO TMOBEPXHOCTHOM akK-
TUBHOCTH KHUJKOW (pa3bl MIIEHUYHON TO-
CJIECTIUPTOBOM OapAbl U MEKTHHOB, BHIJIC-
JICHHBIX U3 TBepAoH (asbl 3Toi Oapabl, ¢
MPUPOAHBIMH TIOJTHCaXapuaamMu (aJbruHa-
TOM HaTpHsl, MOJUTATAKTYPOHOBOM KHCIIO-
TOW, CBEKJIOBUYHBIM TEKTHHOM), CO37aeT
MEPCIEeKTUBY HMX (hapMaleBTUYECKOTO HC-
MOJIb30BaHUSI B TEXHOJOTUU JIEKAPCTBEH-
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1. We have established the manifestation of
the liquid phase of wheat distillers grains,
which contained 6.67 mol/m*® of pectins,
surface-active properties which were char-
acterized by the surface activity 11.67, max-
imum superficial excess 1.28 10 mol/m?,
CCM 1.32 mol/m® (or 0.22%).

2. We have established surface-active proper-
ties of pectins, isolated from the solid phase
of wheat distillers grains: surface activity
7.54, maximum superficial excess 6.25 %10
mol/m?, CCM 1.48 mol/m? (or 0.24%).

3. Comparability by the surface activity of the
liquid phase of wheat distillers grains and
pectins, isolated from the solid phase of
these distillers grains with natural polysac-
charides (sodium alginate, polygalacturonic
acid, beet bin pectin) creates a prospect of
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HBIX IIPENapaToB B KAYECTBE BCIIOMOIaTellb-
HBIX CPEJICTB.

OmnpeneneHbl pa3Mepsl MOJIEKYTT TIEKTHHOB
u3 TBepAou (a3el Oapasl B HACKHIIICHHOM
a7IcOpOLIMOHHOM CJI0€, OTJIMYaroIuecs: OT
W3BECTHBIX MOJUCAXapPUI0B MEHbILEH III0-
mazgsio (2,658 A?), pamuycom (0,920 A),
auameTpoM rnonepeuHoro ceuenus (1,840
A) n o6semom (2727 A3) npu 6onbieii Mac-
ce Ha enunmiry nosepxHoctu (1,031x10*
kr) u mHe (1026 A). ITonydenHsie naH-
Hble ONarompUsATCTBYIOT OHOJIOTHYECKOM
JOCTYITHOCTH U3yYEHHOTO MEKTHHA.
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their pharmaceutical use in drugs technolo-
gy as auxiliary agents.

. We have determined the sizes of pectin

molecules from the solid phase of distill-
ers grains in the saturated adsorption layer,
which differs from the known polysaccha-
rides by their less square (2.658 A2), radius
(0.920 A) with more weight on the square
unit (1.031x10* kg) and length (1026 A).
The data obtained favor the biological avail-
ability of the studied pectin.
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