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Sorption of alkyl acetates from aqueous solutions 
by corn starch cryotextures 
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Capillary gas chromatography was used to study noncovalent sorption of n-butyl, 
n-hexyl, and n-octyl acetates from aqueous solutions by corn starch cryotextures. In the 
concentration range of 0.5--15.0 mmol L -I ,  about 38% n-butyl acetate, 70% n-hexyl 
acetate, and 98% n-octyl acetate are extracted from aqueous solutions. The sorption of the 
alkyl acetates depends on the alkyl chain length, indicating the hydrophobic character of 
their interaction with the corn starch cryotexture. No competitive sorption between acetates 
in the mixture was observed. Binding of alkyl acetates occurs during the cryosponge 
formation, due probably to the templation at the stage of starch sol, fixation in the 
eryosponge, and sorption on the surface of its walls. 

Key words: corn starch cryotextures, n-alkyl acetates, noncovalent binding, aqueous 
solutions, capillary gas chromatography. 

Studies o f  in teract ions  o f  low-molecula r  a roma c o m -  
pounds with po lymer  mac rocomponen t s  o f  food prod-  
ucts, in part icular ,  polysaccharides,  have recent ly evoked 
increasing interest .  It is impor tant  to study polysaccha-  
rides, because native and modif ied starches and mal to-  
dextrins are widely  used as inert  supports in the produc-  
tion of  dry forms of  flavorings. The  quali ty and stability 
of  products and flavorings depends to a considerable 
extent  on the s t rength o f  binding volatiles. 

Aroma c o m p o u n d s  can be bound by polysaccharides 
due to noncova len t  interactions,  mainly electrostatic 
and hydrogen bonds.  The  formation of  inclusion com-  
plexes in amylose  helix and amylopect in  fragments in 
starch sols is possible, t - 5  These helix fragments are 
formed around molecu les  with functional groups ca- 
pable of  d o n o r - a c c e p t o r  interactions with O H  groups of  
starch. Depend ing  on the structure of  an organic mol-  
ecule,  the helix f ragments  can contain from 6 to 8 
glucose units. 5 Sorpt iou depends on the structure of  
sorbates and type of  funct ional  groups, I - 3 J t - 8  moisture 
content  in the system, 9 and nature and structure of  
polysaccharide.  I~ To  de te rmine  the quant i ta t ive  pa- 
rameters o f  sorpt ion,  a me thod  of  separat ion of  sorbed 
and nonsorbed parts o f  a roma  compounds  should be 
developed. 

It is known that  freezing of  an aqueous  starch sol 
leads to the fo rmat ion  o f  a cryotexture,  which can be 
easily and c o m p l e t e l y  separa ted  from the  aqueous  
phaze.t2 We have shown that  the componen t s  of  rose- 
mary oil, which  belong to different classes of  com-  
pounds, show different  degrees of  sorpt ion on corn 
starch cryotextures  depending  on their structures. 13 

In this work, we studied the effect of  the structure 
and concent ra t ion  o f  alkyl acetates on the degree of  
their  sorption by corn starch cryotextures.  

Experimental 

Delipidized corn starch with 25--27% amylose obtained 
from the Research Institute of Starch Products (Russian Agri- 
cultural Academy) was used. Corn starch sol was prepared by 
heating a 3% starch suspension (600 g) in distilled water to 
90 *C with vigorous stirring. The .sol cooled to room tempera- 
ture was poured (in 40-g portions) into polypropylene tubes 
with caps. Freshly distilled n-butyl acetate, n-hexyl acetate, or 
n-octyl acetate was added to the sol with intense shaking in 
order to obtain colloidal solutions with the concentration of 
alkyl acetate from 0.5 to 15 mmol L -1 (Table I). Samples of 
sol containing two or three acetates introduced in different 
orders were prepared by the same procedure (Table 2). Natural 
food products contain alkyl acetates in the same concentra- 
tions. 

Samples of sols with additives of alkyl acetates were kept at 
+5 ~ for 3 h and then at -18  ~ for 24 h. After freezing out 
and storage at room temperature for 16 h, the aqueous phase 
was separated flora the cryosponge that was formed. The 
aqueous phase (38 mL) contained no amylose, which was 
confirmed by the negative reaction with iodine. 

To determine the nortsorbed part of alkyl acetates, a 
t.0-mL aliquot of the aqueous phase was taken, and an ethereal 
solution (10 mL) of n-heptyl acetate used as the internal 
standard was added. 

Gas chromatographic analysis of  samples of aqueous phases 
was carried out on a Pye-Unicam-104 chromatograph modi- 
fied for work with capillary columns and a flame-ionization 
detector (temperature of the detector 200 ~ temperature of 
the evaporator 220 ~ A glass column with an OV-101/KF 
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Table 1. Sorption of n-butyl, n-hexyl, and n-octyl acetates by 
corn starch cryosponge 

Introduced in sol Found Sorbed Degree of 

mmol L -I ttL L -I /gL L -I /gL L* sorption (%) 

n-Butyl acetate 

0.49 65 39.0 26.0 40 
0.95 125 77.5 47.5 38 
1.52 200 i 17.3 82.7 41 
2.09 275 165.0 110.0 40 
3.04 400 234.5 165.5 41 
4.94 650 402.5 247.5 38 
7.03 925 575.0 350.0 38 
10.08 1325 762.5 562.5 42 
15.02 1975 1137.5 837.5 42 

n- Hexyl acetate 

0.50 85 32.5 52.5 61 
1.00 170 60.0 110.0 64 
1.62 275 92.5 182.5 67 
2.01 340 102.0 238.0 70 
2.95 500 137.5 362.5 72 
5.01 850 217.5 632.5 75 
6.93 1175 350.0 825.0 71 
10.03 1700 470.0 1230.0 72 
15.04 2550 532.5 2017.5 79 

n-Octyl acetate 

0.50 100 2.5 97.5 97 
1.01 200 3.0 197.0 98 
! .51 300 3.5 296.5 99 
2.02 400 5.0 395.0 99 
3.03 600 10,5 589.5 98 
5.04 1000 42.5 957.5 96 
7.06 1400 127.5 1272.5 91 
9.96 1975 192.5 1782.5 90 
15.01 2975 260.0 2325.0 91 

* Amount of acetate sorbed from 1 kg sol of 30 g cryotexture. 

stationary phase was used 130 m x 0.3 ram), thickness of the 
phase layer 0.4 gin. 14 The temperature of the column was 
90 ~ for samples with n-butyl acetate and 120 ~ for samples 
with n-hexyt and n-octyl acetates. Each sample was analyzed 
5--6 times. The concentration of the nonsorbed part of alkyl 
acetates was calculated from the surface areas of peaks of the 
substance and standard. The degree of sorption was calculated 
from the change in the concentration of the starting solution 
and after separation of the cryosponge. 

Results and Diseu~ion 

The results of determination of the degree of  sorp- 
tion (in percentage) of  n-alkyl acetates by the corn 
starch cryosponge at different concentrations of  n-alkyl 
acetates (0.5--15 mmol L -I)  are presented in Table 1. 
The error of gas chromatographic determination of  the 
nonsorbed part ofn-alkyl acetates was from 4 to 13 rel.%, 
and reproducibility of  the degree of  sorption for different 
experiments varied from 5 to 7 rel.%. As follows from 
the data in Table 1, the fraction of bound n-butyl 
acetate depends slightly on its content in the starting sol 
and is equal, on the average, to 38%. 

Table 2. Sorption of a mixture of alkyl acetates of corn starch 
cryosponge 

Order of Introduced into Found Degree of 
introduction sol/gL L -1 /gL  L - j  sorption (%) 

1) HxAc 170 75.5 56 
2) BuAc 132 74.0 44 
I) HxAc 170 63.3 62 
2) OcAc 198 5.8 97 
1) OcAc 198 4.8 98 
2) BuAc 132 85.0 35 
1) OcAc 198 3.8 98 
2) HxAc 170 60.0 64 
3) BuAc 132 85.5 35 
1) BuAc 132 88.0 33 
2) HxAc 170 60.0 64 
3) OcAc 198 3.8 98 
1) HxAc 170 67.5 60 
2) BuAc 198 4.9 35 
3) OcAc 132 85.0 97 
I) BuAc* 132 90.0 32 
2) HxAc* 170 65.0 62 
3) OcAc* 198 5,0 97 

* The preliminarily prepared mixture of acetates was intro- 
duced into the corn starch sol. 

The sorption of  n-hexyl acetate is higher than that of  
n-butyl acetate and equal, on the average, to 70% (see 
Table 1). When the concentrat ion of  n-hexyl acetate is 
7 and 10 mmol L -~, the degree of  sorption decreases. 

The sorption of  n-octyl acetate by the cryosponge is 
different. At low concentrations, n-octyl acetate is bound 
to the corn starch cryosponge by 97--99%, and as the 
concentration increases, the degree of  binding decreases 
to 90%. Thus, it is quite evident that the sorption of  
n-alkyl acetates by the corn starch cryosponge depends 
on the alkyl chain length: the longer the molecule,  the 
higher the sorption. 

Binding of alkyt acetates by biopolymers can occur 
both at the stage of their introduction into the starch sol 
and during the formation of the cryosponge. Different 
alkyl acetates have different effects on elasticity of  the 
cryosponge and its structure. The differences in structures 
of cryosponge walls obtained without and with additives of 
alkyl acetates (1 mmol L -I)  were observed by electron 
microscopy. 15 The pure starch cryosponge without acetate 
additives is characterized by an undeveloped uniform 
relief of the surface. The cryosponge obtained with an 
additive of n-butyl acetate has the same surface. The 
surface of  the walls of the starch cryosponge obtained with 
n-octyl acetate has a nonuniform structure. Regions (2-- 
3 i.tm) with strongly developed relief distributed uniformly 
over the whole surface of the cryosponge walls were 
observed. Probably, the process o f  sorption of  acetates by 
cry.osponges formed from the sol containing aroma com- 
pounds differs from the formation of  inclusion complexes 
in starch sols. ! It is established that 1% aqueous starch 
sols form inclusion complexes with aliphatic alcohols, and 
their concentration in the complexes decreases as the 
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alkyl chain in the alcohols increases, t By contrast, in the 
cryosponge--alkyl acetate--water systems studied, under 
equilibrium conditions, the concentration of alkyl acetates 
bound by the cryosponge obtained from the sol containing 
alkyl acetates increases with the length of the alkyl chain. 
As the alkyl chain length doubles (n-butyl acetate--n- 
octyi acetate), the degree of binding also increases almost 
twofold. 

During the sorption of the mixture of two or three 
acetates, each taken in the concentration of ~ l mmol L -I ,  
they behave as individual compounds (see Table 2). 
Comparison of the data in Tables 1 and 2 with account of 
the error of determination shows that the degree of sorp- 
tion of n-hexyl and n-octyl acetates is almost independent 
of the nature of other acetates and the order of their 
introduction into the starting sol. Thus, alkyl acetates 
exert no effect on each other during sorption on the corn 
starch cryotexture. This can be attributed to the variety of 
binding sites on the cryosponge, whereby binding occurs 
via several mechanisms: in particular, due to templation 
of starch polymeric molecules by acetates at the stage of 
sol aging (3 h, 5 ~ due to inclusion complexes formed 
during the formation of the cryosponge, and due to 
sorption on the surface of its walls. 

Thus, the study of sorption of n-alkyl acetates from 
aqueous solutions by corn starch cryosponges shows that 
the degree of binding of n-alkyl acetates increases as the 
aikyl chain length increases. This indicates the hydro- 
phobic character of their interaction with the corn starch 
cryotexture. 

This work was financially supported by the Russian 
Foundation for Basic Research (Project No. 97-03- 
33109a). 
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