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Microstructure and surface composition of corn starch cryogels
with sorbed organic flavoring agents
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The surface composition and surface microtopography of corn starch crvogels obtained
from a 3% starch sol containing organic flavoring agents were studied by X-ray photoelectron
spectroscopy and scanning electron microscopy. The cryogels with n-octanol, n-octyl methyl
ketone, and n-octyl acetate have a weli-developed microtopography and their surface layer
(3—20 nm) is enriched in sorbed compounds. n-Octyl acctate, unlike n-butyl acetate,
influences the composition and microstructure of the crvogel surface. The sarbed n-octyl
acetate occupices 20—235% of the surface, which has a well-developed topography and a porous
structure. Drying and evacuation do not change the concentration of the organic sorbates

having a Cq alkyl group in the surface layer.
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Study of the sorption properties of starch and starch
gels toward organic components of food flavoring agents
is of interest for both theoretical and practical purposes.

It was shown previously! that cycles of freezing and
thawing of starch sols can give cryogels with porous
structures. In the studies devoted to the structure and
physicochemical properties of synthetic polymeric sys-
tems, 23 these specific features have been explained by
accumulation of the solvent during crystallization. The
structure of starch cryogels has not been studied. The
sorption capacity of corn starch cryogels toward alkyl
acetates or alcohols was first studied in previous publi-
cations.*5 This work is devoted to the influence of a
sorbed low-molecular-weight compound on the surface
composition and structure of corn starch cryogels.

Experimental

The corn starch cryogels used in the work were prepared by
freezing of 40 mL of a 3% sol at —i8 °C for 24 h and
‘subsequent thawing for 16 h in order to atain equilibrium in
the water~—cryogel system.¥5 Five samples were studied, the
initial crvogel and four cryogel samples obtained from sols
containing | mmol L™! of, an organic sorbate. n-Buty} acetate,
n-octyl acetate. n-octyl methyl ketone, and n-octanol were
used as the sorbates. The three last-mentioned compounds
containing the n-Cgy alkyl group attached to a functional group
are capable mainly of hydrophobic interactions with crvogels. 4

The amounts of flavering compounds sorbed by cryogels (in
percent of the amount introduced) determined by capillary gas

chromatography were 88% for n-octanol, 93% for n-octyl acetate.
96% for methyl octyl ketone, and 38% for n-butyl acetate 43

The samples of cryogels were studied by scanning electron
microscopy (SEM) and X-ray photoelectron spectroscopy (XPS),
which provide information on the microstructure and composi-
tion of a 5—20-nm thick surface layer. The crvogel microstruc-
ture was studied using an $-25300 Hitachi scanning electron
microscope (Japan) at an accelerating voltage of 15 kV in the
secondary electron mode. The materials were prepared by the
freezing—drying procedure.3 A thin laver of a cryogel was
frozen 1n liquid nitrogen, dried lvophilically at =80 to —90 °C.
The cryogenic preparation conditions were determined by ther-
mal analysis using an ISK instrument (the "Elektron” associa-
tion. Ukratne). which allows detection of ice cryvstals on freez-
ing of a water-containing sample & The resuiting thermograms
were analyzed in order to choose the best conditions for the
crvogenic preparation of samples, which were freezing at a rate
of 100 K s™! followed by drying in vacuo at —80 to —90 °C; this
made it possible to avoid artefacts associated with crystalliza-
tion or recrystallization of ice. A thin layer of gold was applied
in vacuo onto the surface of a lyophilically dricd sample to form
a conducting surface.

The surface composition of the cryogels was determined by
XPST using a Kratos XSAM-800 instrument (LK) in a vacuum
of about 1077 Pa. The spectra were cxcited by the characteristic
emission of magnesium (Av = [253.6 eV). The power of the
X-ray gun in the experiments did not exceed 60 W (15 kV,
4 mA). no radiation-induced destruction of samples was ob-
served under these conditions. The X-rav photoelectron spectra
were processed using the DS-800 program package. The starch
and sorbate concentrations in the 3—20-nm thick surface layers of
cryogel were determined from the ratio of the integral intensities
of individual carbon components using a known procedure.”
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Results and Discussion

Bused on the electron-microscopic study. the corn
starch cryogels show porous structure. Two types of
pores, with narrow (1—13 um) and wide (60—70 um)
dimensions, were detected in each sample. No grams of
the initial starch were found inside the pores; appar-
ently, all polysaccharides form the cryogel walls during
cryostructuring. The nature of supramolecular organiza-
tion of the porous structure found in the five samples is
similar, probably due to identical conditions of
cryostructuring.

It should be noted that the surface topography of the
crvogel walls in the sampies is different. According to an
SEM examination, the cryogel of the imitial com starch
has a poorly developed surface topography (Fig. 1. a)
compared to those prepared in the presence of organic
sorbates. The nitial cryogel is characterized by a uniform
surface structure comprising uniform spherical particles.
The surface of the cryoge! formed in the presence of
n-butyl acetate almost does not differ from that of the
crvogel prepared without the addition of a sorbate. This
might be due to the fact that n-buty! acetate is adsorbed
on the surface and removed during evacuation when the
sample is prepared for the investigation.

The surface of the starch cryogel containing n-octyl
acctate shows heterogeneous structure. In addition to the
uniform areas typical of the sorbate-free cryogel. areas
with a well-developed topography with large particles of
up to 2—3 um can be distinguished (see Fig. 1, ). These
_particles, aggregated in clusters, cover 30—30-um areas
adjacent to more uniform and smoother surfaces.

The particle size in the crvogel prepared from the octyl
methyl ketone-containing sol ranges trom 0.5 to 4 um.

In the case of n-octanol, most particles on the
cryogel surface are smaller (0.5~1 um) but larger par-
ticles can also be found occasionally. The areas with
well-developed surface topography are inferior to those
in the starch cryoget with n-octyl acetate. The structures
with a well-developed topography cover, on the aver-
age, 20—25% of the surface of the starch cryogel with
n-octyl acetate and 10—13% of the surface of the cryogels
containing n-octyl methyl ketone or n-octanol. Probably,
the formation of the cryogel surface layer is due to the
introduction of a low-molecular weight organic com-
pound into the strarch sol before cryostructuring.

According to the XPS data, the surface of the starch
cryogel is enriched in the sorbate. The Cls line of the
X-ray photoelectron spectrum of the initial starch cryogel
is presented in Fig. 2, a. By resolving the experimental
carbon line into the contributions of individual chemi-
cal groups, one can distinguish the components caused
by the carbon atoms not linked to oxygen atoms (CC,
bond energy — £ = 285.0 eV), those bonded to one
oxygen (CO. £, = 286.5 eV). and those connected to
two oxygens (COO, £, = 288.0 ¢V). Since all C atoms
in starch are bonded to O atoms, the presence of the
component with £, = 285.0 ¢V in the X-ray photoclec-
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Fig. 1. Electron photomicrographs of the wall surface of the
corn starch cryogel prepared from the 3% initial sol (g) and
from a sol containing n-octyl acetate (6).
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Fig. 2. Cls XPS line of the initial corn starch cryogel (¢) and
that containing sn-octyl acetate (b).
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tron spectra of the cryogel is due to the possible admix-
tures.

The Cls line in the spectrum of the cryogel prepared
from the sol containing n-octyl acetate has a greater
contribution of the CC component (£, = 285.0 eV),
whereas the intensity of the starch components is mark-
edly lower (see Fig. 2, b). Since n-octyl acetate consists
mainly of C atoms that are not linked to O atoms, the
observed changes might be due to the sorption of this
compound by cryotexturate. Quantitative analysis shows
that the intensity of the CC component (£, = 285.0 eV)
in the sample with a-octyl acetate increases by ~20—
25% with respect to that in the initial sample (sec Fig.
2, a), which is due to the sorption of n-octyl acetate by
the surface layer.

Comparison of the results of quantitative XPS analysis
with the SEM examination data suggests that the areas
with a well-developed topography on the photomicro-
graphs match the regions enriched in the low-molecu-
lar-weight sorbate. Verification showed that the sub-
stance sorbed by the cryogel is not evaporated from the
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surface tn a high vaccum or on prolonged storage. On
heating in water, the low-molecular-weight sorbate passes
into the aqueous medium and the cryogel structure is
destroyed. Thus, it was shown for the first time that
flavoring agents are bound noncovalently by the polysac-
charides of a starch cryogel.

This work was financially supported by the Russian
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