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Gas chromatographic determination of sorption of aroma 
substances by corn starch cryosponges 
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The sorption of Rosmarinus Offieinals L. essential oil components by the corn starch 
cry. osponge was studied. The hydrophobic interactions of monoterpene hydrocarbons with 
polysaccharides of the starch result in their quantitative sorption. The sorption of aroma 
compounds containing oxygen atoms is twofold lower. The templating effect of mono- and 
disaccharides (glucose. sucrose, maltose, and some essential oil components) was found. 
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In recent years, templating and imprinting of syn- 
thetic polymers are of  interest for many researchers. 
G. Wulff t studied templating, i.e., sorption of molecules 
to form cavities in organic polymers ("stamping" cavi- 
ties), and imprinting (sorption of molecules in the cavity 
after removal of  the template). The main results of the 
development of molecular templating and experimental 
data are presented in the previously published works. 2-6 
To obtain highly specific binding sites with a definite 
shape containing functional groups in the predetermined 
orientation, a suitable template has to be chosen. Re- 
moval of these templates gave polymers with the formed 
cavities, whose structure and environment of the func- 
tional groups were predetermined by the chemical na- 
ture of the template. The functional groups in these 
cavities retain a definite mutual orientation. The fixation 
of the polymer conformation offered new possibilities of 
its sorption activity. It was shown that when the tem- 
plate was fixed due to uoncovalent bonds, more than 
90% of it can be easily removed. The empty cavities 
formed can be subsequently reoccupied by 80--90% by 
new molecules in organic solvents. However, when the 
reoccupation is performed in an aqueous medium, the 
binding effect decreases to 10--15% due to the relax- 
ation and swelling of  the polymer, resulting in a change 
in the shape of  the cavities and losses in their sorption 
activity. 3-6 

For food biopolymers, unlike synthetic polymers, 
information on templating and imprinting processes is 
scarce. 2,7-tt  It has been shown previously 12 that freez- 
ing of polysaceharide sols gives water-insoluble cryo- 
texturates with retained food properties. Polysaccharide 
molecules in the cryotexturates are additionally bound 
to form the rigid texture of  the sponge. 

Sorption properties of  polysaccharide cry otexturates 
obtained from food biopolymers have not yet been stud- 
ied. The purpose of  this work is to establish conditions 
for preparing the corn starch cryosponge; to study the 
sorption by the cryosponge of  a mixture of  essential 
rosemary oil components from 0.05% aqueous solutions; 
to determine the effect of  the saccharide-templates on 
the sorption of aroma compounds by the cry osponge; 
and to evaluate the nature of  noncovalent interactions of 
the aroma compounds with the cry osponge. 

Experimental 

Preparation of corn starch sol and cryotexturates. The 
corn starch sol (the content of amylose in the corn starch was 
25--27%) was obtained by heating a 3% slurry of starch 
(300 mL) in distilled water to 90 ~ with vigorous stirring. The 
sol cooled (for 3 h) to ~20 ~ was divided into 40-g aliquots. 
which were placed in polypropylene tubes with caps. The 
rosemary oil Rosmarinus Officinals L. (Robertet) (20 rag) and 
carbohydrates (400 mg) (glucose, sucrose, or maltose), which 
gave concentrations of oil and saccharide in the solution of 
~0.05 and 1.0%, respectively, were used as additives to the sol. 
The mixture of the sol with the additives was vigorously 
shaken. The samples of the original sol and the sol with the oil 
or saccharide additives were stored for 3 h at 5 ~ and for 16 h 
at -18 ~ After slow freezing out (16 h) at ~20 ~ the 
cryosponge formed was separated. The negative reaction with 
iodine showed that the dissolved starch was completely absent 
in the aqueous phase. Un~orbed oil components in the aque- 
ous phase were determined by capillary gas chromatography 
(GC). The sorption properties of the cryosponge were studied 
in special experiments. Each experiment was twice repeated. 

Characterization of samples. Sample I, The rosemary, oil 
(20 mg) was added to a 3% aqueous solution of the starch 
slurry (40 g) with stirring, and the mixture was stored for 3 h. 
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The starch was separated by centrifuging, and the aqueous 
phase was analyzed by GC. 

Samples If--IV, Cryosponges were obtained from the sol 
with an additive of the rosemary oil (20 rag). After freezing out 
at -20 *C, the aqueous phase was separated from the cryosponge 
for the G C  determination of the unsorbed oil components. 

Sample V. Cryosponges were obtained from the starch sol. 
After freezing out, the rosemary oil (20 mg) was added to the 
aqueous phase above the cryogel, the mixture was thoroughly 
stirred and stored at 20 ~ for 16 h, and the aqueous phase was 
separated from the cryosponge for the gas chromatographic 
determination of the unsorbed oil components. 

The cryosponge of  sample II was washed with 
distilled water (5x100 mL) to remove the sorbed oil compo- 
nents, and the mass of the sponge was brought to 40 g by 
distilled water. The rosemary oil (20 rag) was added, the 
mixture was stored at 20 ~ for 16 h, and ' the  aqueous phase 
was separated from the cryosponge for the GC determination 
of the unsorbed oil components.  

SamNe VII. The cryosponge obtained from the sol with 
the glucose additive (400 rag) was separated and washed with 
distilled water {5• 100 mL) to a negative reaction for glucose 
(the silver mirror reaction). The mass of the sponge was 
brought to 40 g by distilled water, and the rosemary oil (20 mg) 
was added with vigorous shaking. The sample was stored at 
20 ~ for 16 h to establish equilibrium. The unsorbed oil 
components were determined by GC. 

SamNe V I I !  A cryosponge was obtained from the sol with 
the sucrose additive (400 rag). For subsequent procedures, see 
sample VII. 

Sarrtple IX. A eryosponge was obtained from the sol with 
the maltose additive (400 rag). For subsequent procedures, see 
sample VI I. 

Reference sample. The rosemary oil (5 rag, 0.05%) was 
added to distilled water (I0 mL), and the mixture was vigor- 
ously stirred. The oil components  in the sample were deter- 
mined by G C  after  add i t ion  of  an internal  s tandard 
(n-dodecane, 500 lag) and extraction of organic compounds 
with diethyl ether (2 mL). 

Gas chromatographic analysis. To determine the unsorbed 
oil components,  the internal standard (n-dodecane, 500 lag) 
was added to the aqueous phase (10 mL) obtained after separa- 
tion of the cry osponge in samples II--IX, and the organic 
compounds were extracted with diethyt ether (2 mL). The 
analyzed probe was I p.L of the ether  extract. 

Ether extracts of samples I - - IX and the reference sample 
were analyzed by G C  on a Hewlett--Packard 5730A chro- 
matograph using a fused silica capillary SPB-I column (60 
m x 0.32 ram, d r = 0.25 txm) in the temperature-programmed 
regime (from 60 to 250 ~ with a rate of 8 deg rain -1. The 
temperature of the injector and detector was 250 ~ and the 
flow rate of the cartier gas (helium) was 1.5 mL rain - l .  The 
retention time and peak areas were recorded on a Hewlett-- 
Packard 3390A integrator. Each sample was analyzed 3--4 
times. The concentrat ions of unsorbed oil components in the 
solution were calculated from the peak areas of the compound 
and standard. The averaged data of  the analyses of two parallel 
samples were used for the calculation of the sorption percent- 
age of the compounds, which was determined from the differ- 
ence between the concentrat ions of the compounds added 
(reference sample) and the concentrat ion of samples t - -IX 
found in ihe solution. 

Results  and D i s c u s s i o n  

N o n c o v a l e n t  hyd rogen  b o n d s  a n d  e lec t ros ta t i c  in ter -  
ac t ions  are the  mos t  i m p o r t a n t  types  o f  b ind ing  in 
polysacchar ides .  H y d r o p h o b i c  i n t e r a c t i o n s ,  w h i c h  are 
typical  of  p ro te ins ,  are no t  u sua l l y  cons ide red .  In our  
case,  the  reac t ions  o f  the  O H  g r o u p s  o f  the  c o r n  s tarch  
wi th  the  func t iona l  groups  o f  l o w - m o l e c u l a r  a r o m a  c o m -  
p o u n d s  ma in ly  occur.  

Ini t ial ly we supposed  t h a t  t h e  low oil c o n c e n t r a t i o n  
(0 .05%) in the  co rn  s ta rch  sol resu l ted  in t he  a lmos t  
quant i t a t ive  so rp t ion  of  all c o m p o u n d s  c o n t a i n i n g  the  - -  
O H ,  - - O - - ,  or  - - C O  groups  a n d  in lower  so rp t ion  of  
t e rpene  hydroca rbons .  However ,  u n e x p e c t e d  resul ts  were 
ob ta ined  for the  sorp t ion  o f  t h e  essent ia l  oil c o m p o -  
nents .  As can  be seen in Tab le  1. t he  c o r n  s ta rch  (3%) in 
the  aqueous  slurry. ( sample  I) so rbs  the  h y d r o c a r b o n s  
( the  first five c o m p o u n d s )  by  6 8 - - 9 8 %  and  y - t e r p i n e n e  
by 45%. The  y- te rp inene  m o l e c u l e  con t a in s  doub le  bonds.  
T h e  c o m p o u n d s  wi th  the  f u n c t i o n a l  groups  are  sorbed  
by 10--42%. 

The  c ryosponges  o b t a i n e d  f r o m  the  sols c o n t a i n i n g  
0 .05% oil ( samples  I I - - I V )  so rb  m o r e  the  c o m p o u n d s  
wi th  the  hydroxyl ,  ca rbonyl ,  a n d  e t h e r  f u n c t i o n a l  groups 
(on  the  average,  51 - -58%) .  T h e  t e r p e n e  h y d r o c a r b o n s  
are sorbed by 75 - -87%,  i n c l u d i n g  ,~- terpinene (82%) 
(see Table  1). The  c ryosponge  sorbs  the  essent ia l  oil 
c o m p o n e n t s  be t t e r  t han  the  s t a r c h  slurry., wh ich  suggests 
h y d r o p h o b i c  in te rac t ions  b e t w e e n  t he  t e r p e n e  h y d r o c a r -  
bons  and  the  s ta rch  cry. osponge .  T h e  low so rp t i on  per-  
cen tage  for t he  c o m p o u n d s  wi th  t h e  func t iona l  g roups  in 
the  case of  the  s tarch slurry m a y  ind ica te  the  c o m p e t i -  
t ive sorp t ion  with wate r  m o l e c u l e s ,  wh ich  also form 
hyd rogen  b o n d s  with the  O H  groups  o f  the  s ta rch  
po lymer .  

Table 1. Sorption of the rosemary oil components  
by the corn starch cryosponge 

Compounds Sorpt ion (%) 

I II III IV II--IV" 

t t-Pinene 94 88 82 85 85 
Camphene 80 89 83 83 85 
13-Pinene 90 87 86 87 87 
13-Myrcene 87 86 86 87 86 
p-Cymene 68 77 75 74 75 
1,8-Cineole t9 58 56 53 56 
-t-Terpinene 45 80 83 82 82 
Linalool 10 52 51 52 51 
Camphor 15 52 49 52 51 
Terpinen-4-oI 42 58 50 51 53 
ct-Terpineol 32 62 57 55 58 
Bomyl acetate 28 86 86 82 85 

Note. I is the sample of a slurry of the corn starch 
in distilled water; lI, I l l ,  and IV are cryosponge 
samples obtained from the c o r n  starch sol contain-  
ing 0.05% oil. * Average value (%). 
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The pure cryosponge obtained from the starch sol 
without additives (Table 2, sample V) sorbs from. an 
aqueous solution of  essential oil a smaller amount of 
p-cymene and 1,8-cineole than the cryosponge obtained 
from the sol containing 0.05% oil (sample IV). 

When the s tarch c ryosponge  was prel iminar i ly  
templated by the oil components  and washed out from 
the template molecules (see Table, sample VI), the 
repeated sorption of  the same compounds is consider- 
ably greater than that for the untreated cryosponge V. If 
the sorption of  each of the compounds in sample V is 
assumed to be 100%, in cryosponge VI, tbr example, the 
sorption is increased to 171% for p-cymene,  to 139% for 
1,8-cineole, to 118% for -c-terpinene, to 119% for cam- 
phor, and to 113% for bornyl acetate. A comparison of 
the sorption properties of  the starch slurry (sample I) 
and the cry osponge templated by the oil components 
(sample VI) shows that the sorption of all components is 
increased by 1.5--6.0 times for alcohols and by 3--4 
times in the case of  ethers, esters, and ketones (samples 
I and VI). 

Thus, cry. ostructuring of the corn starch sol increases 
the sorption activity of  the cryosponge obtained due to 
the additional noncovalent interactions resulting in con- 
formational changes and fixation of the polysaccharide 
structure. In our case, the cry. osponge is probably formed 
by the formation of  a three-dimensional  polymer net- 
work stabilized by noncovalent interactions as has been 
previously shown for the chemically cross-linked poly- 
mers. 13 

The increase in the sorption of the aroma com- 
pounds by the oi l- t reated cryosponge (see Table 2, 
sample VI) is related to an increase in the surface of the 

Table 2. Sorption of the rosemary, oil components by the 
corn starch cryosponge treated with the oil, glucose, 
sucrose, or maltose 

Compound Sorption (%) 
V V! VII VIII IX 

c~-Pinene 82 94 97 96 97 
Camphene 83 99 98 99 99 
13-Pinene 87 98 99 97 100 
!3-Myrcene 89 97 97 97 96 
p-Cymene 55 94 97 96 97 
1,8-Cineole 48 67 70 72 73 
y-Terpinene 80 95 89 84 97 
Linaloo[ 52 59 70 71 71 
Camphor 52 62 67 69 68 
Terpinen-4-ol 58 61 73 75 76 
ct-Terpineol 62 64 86 72 79 
Bornyl acetate 84 95 80 81 88 

Note. Cryosponge samples obtained from the corn starch 
sols: V, without template additives; VI, tempiated by the 
rosemary oil; VII, templated by 1% glucose; VIII, 
templated by 1% maltose; and IX, templated by 1% 
sucrose. 

starch polymer due to noncovalent interactions of  the 
compounds with the polymer and the formation of 
cavities around the sorbed molecules. In the case under 
question, these cavities are fixed, because they are formed 
at the stage of formation of the cryosponge. This makes 
it possible to study sorption in aqueous solutions. 

We also studied the effect of  glucose, sucrose, and 
maltose as template-molecules on the sorption proper- 
ties of the corn starch cryosponge. Mono-  and disaccha- 
rides stabilize starch sols due to the formation of  inclu- 
sion complexes. 1~-16 It can be assumed that the orien- 
tation of the polysaccharide fragments of  the starch and 
the formation of the cavities in the polymer  occur due to 
the hydrogen bonds of the OH groups of amylose and, 
perhaps, the starch amylopectin. In this case, after 
removal of  the templates by water, the sorption activity 
of the cryosponge should increase as compared to the 
untreated sponge. In fact, after the removal of glucose, 
the glucose-templated sponge VII (see Table 2) sorbs 
more linalool (70%), terpinen-4-ol  (73%), and ct-terpi- 
neol (86%) than the nontemplated (sample V) and oil- 
templated (sample VI) sponges. 

A similar effect was established in the case of sucrose 
and maltose, whose molecular weights are twofold higher 
than that of  glucose. Sucrose and maltose should form 
half as many cavities as glucose with sizes twice as large 
as those of  glucose. The sorption properties of  the 
cryosponge templated by 1% glucose, sucrose, or mal- 
tose were equivalent (see Table 2). This sponge sorbs all 
the substances 11--12% better than that untreated with 
mono- and disaccharides. Such high sorption of  aroma 
compounds in an aqueous solution under equilibrium 
conditions was obtained for the first t ime. 

Thus, the results obtained allow one to conclude that 
the corn starch ery osponge sorbs low-molecular-weight  
aroma compounds  from aqueous solut ions due to 
noncovalent hydrophobic interactions and hydrogen 
bonds. The templating effect of low-molecular-weight  
food compounds such as glucose, sucrose, and maltose 
results in an increase in the sorption of essential oil 
components.  
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