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Investigation of the effect of acetylation
on the physicochemical properties of grain starches

Use of acetylated starches in the production of composite biodegradable materials is a promising direction,
since acetylation increases the water-resistant properties of starches. This article presents the results of studies
on the effect of acetylation of wheat A and corn starches with glacial acetic acid on the physicochemical
properties of polysaccharides and the study of the potential of using modified starches to obtain a composite
mixture of biodegradable films. Comparative studies of the physicochemical properties of polysaccharides
and their modifications have illustrated that acetylation leads to a decrease in the proportion-of amylose in
starch, and also reduces the swelling of starch. It has been revealed that the degree of substitutionin starches
increases only at the initial stages of the acetylation reaction, which is possibly associated with the rheology
of starches common to corn and wheat A during swelling and gelatinization. With'a decrease in the amount of
acetylating agent, a more uniform course of the reaction is observed, the granules destroyed after absorbing
the maximum amount of moisture still have access points for replacement with acetyl groups, the reaction
proceeds more slowly, but deeper. Solubility depends more on the reaction time. The optimal technological
parameters for obtaining acetylated starches have been determined:“For wheat starch A, the following are
optimal: the concentration of glacial acetic acid is 1: 6, the reaction time'is 40 minutes; for corn starch:
concentration of glacial acetic acid 1: 5, reaction time 60 minutes. Samples of acetylated starches obtained
under such conditions are convenient for preparing a composite mixture of biodegradable materials.

Keywords: wheat A starch, corn starch, amylose, <swelling, solubility, acetylation, rheology, starch
modification.

Introduction

The packaging materials, mainly polyethylene, which is durable and degradable for more than hundred
years, creates a serious problem for the environment all over the world. This problem is also highly relevant
in Kazakhstan. In addition, according to the EU Directive (EC 94/62 “SDA-Green Mark”), the responsibility
of the packaging manufacturer ‘for the life cycle of the packaging put into circulation on the market is
determined. As a member-of the World Trade Organisation (WTO) being fully compliant with its
requirements, the problem of packaging recycling is also arised in our country.

The most attractive alternatives to petroleum-based or synthetic-based plastic packaging are polymers
derived from a variety of renewable natural resources such as starch, cellulose, chitosan, plant and animal
proteins. An affordable, inexpensive, renewable, and degradable natural polymer is starch. However, poor
water resistanee and low strength are limiting factors for the use of materials made from starch. These
problems are solved' by chemical modification of starch, which allows obtaining optimal functional
properties for packaging materials.

Despite a plenty of studies being done on biodegradable starch-based materials, there are
still challenges and opportunities to improve productivity and reduce costs, in particular to improve
the recognized weakness of starch-based materials: moisture sensitivity.

Starch is a polysaccharide that can be synthesized by plants and is found mainly in fruits, root tubers,
legumes and cereals, usually its content varies from 25 to 90 %. Unlike other polysaccharide polymers,
which are harvested or recovered by destroying plants, starch can be harvested in most cases without
destroying them [1]. Starch is stored by plants in a partially crystalline, water-insoluble granule form, the
size and composition of which depends on the plant source [2, 3]. Due to its complete biodegradability [4],
low-cost and renewability [3—5] starch is considered as a promising candidate for the development of
environmentally friendly materials. The hydrophilic nature of starch is a major limitation that severely limits
the development of starch-based products, so chemical modification is a way to solve the problem when
making waterproof materials [6]. Acetylation is one of the best studied and implemented chemical
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modifications on the industrial level and is based on the esterification of starch with acetyl groups (~COCH3)
to form starch acetates [7]. The introduction of acetyl groups helps to reduce interactions between the outer
chains of amylopectin and amylose chains, imparting new properties to the polymer. Authors found that the
introduction of acetyl groups during acetylation reduces the bond strength between starch molecules and
thereby increases the swelling and solubility of starch granules, reduces starch coagulation, and provides
improved freeze-thaw stability. As with all chemical reactions, acetylation depends on factors such as
reagent concentration, reaction time and pH, which finally determine the number of acetyl groups [8].

Aim of this work is to study the potential of wheat A and corn starches acetylated with glacial
acetic acid to obtain a composite mixture of biodegradable materials.

Experimental

Materials. Industrial samples of starches were used in the work: corn starch was purchased from
Zharkent Starch Plant LLP, Zharkent, wheat A starch was provided by BioOperations LLP; Taiynsha. All
used chemicals were of analytical grade.

The total protein content was determined on a semi-automatic complex (Keltron 4005, Sibagropribor,
Russia), which includes a digestor, a scruber, and a distillation unit, titration was carried out manually,
according to the Association of Official Agricultural Chemists (AOAC) method 2011.11 “Protein (crude) in
animal feed, plant tissues, grain and oilseeds”, the method of block ashing using a copper sulfate catalyst
with steam distillation into boric acid.

Lipid content was determined on an automated Buchi device (Extraction Unit E-812). To carry out the
analysis with an error of no more than 0.1 g, a sample of starch 25-50 g was transferred into a disposable
cellulose cartridge and weighed. Then the cartridge was placed in an extraction sleeve and mounted on the
device. Chloroform in a volume of 100 ml was used as a solvent.. The:analysis was conducted in three stages:
1. Extraction takes place at 100 % heating and lasts 60 minutes, includes 6 cycles; 2. Drying lasts 60 minutes
at 100 % heating; 3. Rinsing lasts for 25 minutes at 70 % heat. After the completion of the extraction, the
cartridge was weighed with an error of not more than 0.001 g and the percentage of lipids was calculated.

Content of amylose and amylopectin was identified according to the method described by Juliano [9].

Determination of phosphate content. The content of phosphates in native and oxidized starches was
determined according to GOST 7698-93 “Starch. Acceptance rules and methods of analysis”.

Preparation of acetylated corn and wheat A starch

Acetylated starch was prepared according to the study by Kumoro, Amalia, Budiyati, Retnowati, and
Ratnawati with modifications. 100 g of starch was dispersed in 500 ml of distilled water to obtain a starch
suspension with a concentration of 20 %. A magnetic stirrer was applied to get a uniform suspension. Then
the pH from the suspension was raised to a value of 8 by adding a solution of 1 M NaOH, after which the
temperature was raised to 50 °C. Then, to the reaction suspension was added a predetermined amount of
glacial acetic acid (1:5, 1:65 1:7), which led to a sharp decrease in pH. The pH was returned to its original
state by the addition of 1. M NaOH. The reaction proceeded from 40 to 60 min, after which the reaction was
stopped by bringing the pH to '5:5 by adding 1 M HCI, the acetylated starch after precipitation was washed
three times from acid with distilled water, and then dried at room temperature, after which the degree of
substitution, the ability to swell and solubility was increased [10].

Determination of Acetyl Group Content (%) and Degree of Substitution (DS)

To determine the degree of substitution (DS), the percentage of acetyl groups (% Ac) ((1), (2)) was
determined by titration according to the method of Wiirzburg (1986). Acetylated starch (1.0 g) was placed in
a 250 ml flask.and 50 ml of 75 % diluted ethanol in distilled water was added. The samples were heated in a
water bath at 50 °C for 30 min, and after cooling, 40 ml of 0.5N hydrochloric acid was added. NaOH, then
the mixture was kept under stirring at 200 rpm for 72 hours. The excess alkali was titrated with 0.5 N. HCL,
using phenolphthalein as an indicator. The neutralized solution was stirred for 2 h and the excess alkali was
titrated. A control sample was also used with the original unmodified starch [11].

[(Control Sample (ml) —Sample (ml)) x Molarity HCI x 0.043 %100
Sample weight ( g)
163xAcetyl groups (%)
[4300 - (42 xAcetyl groups (%))] '

Acetyl groups % = ) (1

)
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Determination of solubility and swelling

Water solubility (WS) and swelling power (SP) of native and acetylated starches were analyzed based
on the method of Li and Yeh (2001). A 1.0 g starch sample (W0) was accurately weighed and quantitatively
transferred into a clear dried tube and reweighed as W1. Then the starch was dispersed in 50 ml of distilled
water. The resulting suspension was heated at 60 °C for 30 min with constant stirring. The mixture was
cooled to 30 °C and centrifuged at 100 x g for 15 min.

Aliquots (5 ml) of the supernatant were dried to constant weight at 110 °C and designated as WC. The
residue, obtained after drying the supernatant, represented the amount of starch dissolved in water. Solubility
was calculated as g per 100 g starch based on dry weight according to formula 3.

ws="C %0500 . 3)
wo' s

The supernatant was separated, the swollen starch was weighed as a precipitate. The residue, obtained
in the aforementioned experiment (after centrifugation) with the water stored therein, was. quantitatively
transferred to a clean drying test. The previously used tube was weighed (W2). To calculate the swelling
capacity, the weight of the residue was divided by the original weight after subtracting the solubility [12].

Rheology of Acetylated Starch

The rheology of starches was determined using a Rapid Visco Analyzer «(RVA 4500, Perten
Instruments, Sweden). Distilled water (25 ml) was added to starch weighed:portions weighing 3 g (in dry
form), then the samples were first equilibrated at 50 °C for 1 min, then<heated to 95 °C at a rate of
12 °C/min, held for 2.5 min, then cooled to 50 °C at 12 °C/min, held for 2 min.

Statistical Analysis

The results of experimental studies are represented by the average values determined from three parallel

measurements. Mathematical processing of measurements was.performed using standard computer programs
MS Office Excel 2010, IBM SPSS Statistics.

Results

Currently, most of the starch acetylation is carried out using acetic anhydride and vinyl acetate, which
are expensive and hazardous to human health. In this work, glacial acetic acid was used as a modifying
agent.

Acetylation of wheat and corn starch“was conducted by the suspension method using distilled water as a
dispersing agent and sodium hydroxide as.a catalyst at a temperature of 53 °C. The influence of the mass
fraction of glacial acetic acid on the solubility in water and the swelling power of acetylated starch are
presented in Table 1.

Table 1

Influence of differentratios of glacial acetic acid and wheat A starch on water solubility (WS),
swelling power (SP) and degree replacement of acetylated starch at pH 8

Time WS IS:PS WS lég WS ;»7
(minutes) | o100 | % DS 5100 % DS 1 gioog | % DS
4 405+ 7 539+ . 405+ | 539+ o | 405+ | 5302 .
0178 | 0.001 0.178 | 0.001 0.178 | 0.001
" 549+ | 528+ | 208+ | 406 489+ | 12+& | 345+ | 545+ | 193
0204 | 00007 | 0017 | +0.011 | 00003 | 0026 | 0495 | 00006 | 0.0422
0 330 | 555+ | 202+ | 406+ | 496+ | 197+ | 356+ | 546+ | 213+
0127 | 0004 | 0077 | 0138 | 00008 | 0031 | 0575 | 0.0009 | 0.0178
0 308+ | 588+ | 195+ | 773+ | 618+ | 205+ | 286+ | 567+ | 215+
0.128 | 0001 | 0004 | 0149 | 00006 | 0.044 | 0691 | 00007 | 0.009

The values of the degree of substitution in starches increased only at the initial stages of acetylation
reaction, which is possibly associated with the rheology of starches common to corn and wheat
A during swelling and gelatinization. The granules absorbed water and retained it while swelling and
increasing the viscosity, since the acetylation process was carried out in an environment with a temperature
of 53 °C. This effect was pronounced in samples, where the reaction medium had a greater amount of glacial
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acetic acid, absorbing the medium inside the granules undergoing a violent reaction, but with an increase in
the reaction time, the supramolecular structures holding the structures of the granules were destroyed and the
acetylating agent could no longer carry out the acetylation reaction, since the reaction surface was already
acetylated due to the aggressive initial reaction. With a decrease in the amount of acetylating agent, a more
uniform course of the reaction was observed, the granules destroyed after absorbing the maximum amount of
moisture still had access points for replacement with acetyl groups, the reaction proceeded more slowly, but
deeper. This phenomenon was also discovered by a group of scientists led by Kumoro et al. [10].

As can be seen from Table 1, native wheat A starch has a low swelling power and solubility in water,
which are 5.39 (%) and 4.05 (g/100 g), respectively. The amylose content in wheat A and corn starch is
23.51 and 24.32 %, respectively.

Table 2 indicates that native corn starch, as well as native wheat A starch, has a low swelling power and
solubility in water, which are 5.28 (%) and 4.4 (g/100 g), respectively.

Table 2

Influence of different ratios of glacial acetic acid and corn starch on water solubility (WS),
swelling power (SP) and the degree of substitution of acetylated starch at pH 8

Time WS 1S:PS WS 1SP6 WS lS:P7
(minutes) | 100 g % DS 5100 g % DS | on00e | % DS
. 440+ | 528+ . 440+ | 528+ . 440+ | 528+ .
0251 | 0.001 0251 | 0.001 0251 | 0.001
20 S66= | 744x | 069+ | 492+ | 742+ | oo HTA35E | 799+ | 08+
0.025 | 0.001 0.009 | 0185 | 0002 % 0421 | 0001 | 1.1102
i 491+ | 549+ | 091+ | 534= | 7,54+ | 0.79% | 201+ | 664+ | 084=
0688 | 0002 | 0008 | 0574 | 0002 | 20004 | 0.124 | 0004 | 0.009
0 809+ | 593 088 | 441+ | 814+ | 086+ | 199+ | 547+ | 086+
0.109 | +0.0008 | +0.018 | 0.176 4. 0.0008 | 0008 | 0.728 | 0003 | 0.013

The high content of amylose in starch granules leads to the fact that amylose molecules in crystalline
form become more compact and intertwined with amylopectin. These structures form a surface; the starch
granules become almost solid and prevent the diffusion of water molecules into the starch granules [13].

These patterns are also observed in corn starch, but the degree of substitution in corn starch is less than
that in wheat A, perhaps this is due to the increased content of amylose in native corn starch, since amylose
is destroyed during acetylation'and the destroyed molecular structure of amylose is not further exposed to
acetylation, which reduces the overall degree of substitution.

Tables 1, 2 also show that the use of more glacial acetic acid for acetylation does not always increase
the solubility of starch in water. Solubility depends more on the reaction time. A similar result was also ob-
tained by Singh et-al. on the acetylation of corn and potato starches and Raina et al., who studied the acetyla-
tion of rice starch. From the data in Tables 1 and 2, it follows that increasing the reaction time does not al-
ways improve the solubility of starch in water in accordance with an increase in the degree of substitution.
The high content of amylose in corn starch slows down the rate of the acetylation reaction, as well as an in-
crease in the degree of acetylation. At a low degree of substitution, starch granules of starch are predomi-
nantly crystalline or retrograde, which are insoluble in water at ambient temperatures. The slow rate of the
acetylation reaction with increasing amylose content may be due to crystals or complexes of amylose [7—14].

According to the data of Tables 1 and 2, DS in starches obtained by acetylation with acetic acid at dif-
ferent concentrations and at different times can be considered high since their limit ranges from 0.69 to 2.15.
In this connection, the increase in the swelling of the granules after acetylation was not proportional to the
introduction of acetyl groups. Josiane Bartz et al. also illustrate in their studies that acetylation increased the
swelling of granules in all modified starches; however, the increase in pellet swelling after acetylation was
not proportional to the introduction of acetyl groups, which were more significant in starches with low DS
(0.047 and 0.098) and less significant in starch with higher DS (0.125) [15].

Since research is conducted in order to obtain raw materials for the production of biodegradable films,
the following samples of acetylated starches were selected for further research: wheat A obtained under con-
ditions: concentration 1:6, reaction time 40 minutes; corn: concentration of glacial acetic acid 1:5, reaction
time 60 minutes. This choice is based on the authors’ statements that the degree of substitution above 3 leads
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to the fact that films obtained on the basis of acetylated starches with this degree of substitution do not un-
dergo degradation in vivo, and the degree of substitution above 1.9 leads to a two fold increase in the de-
composition time. Films compared with samples with a degree of substitution of 1.2 [1, 16].

Comparative studies of the physicochemical properties of native wheat A, corn starch and their modifi-
cations (Table 3) demonstrated that the amount of amylose in corn and wheat A starch is approximately at

the same level, 24.3 % and 23.5 %, respectively.

Physical and chemical properties of starch

Table 3

Indicator Native wheat A starch Acetylated wheat Native maize starch Acetylated maize
starch A starch

Moisture, % 9.42 + 0.0823° 8.6700 + 0.1356° 10.006 + 0.05414 9.2200 + 0.0096%
Ash, % 0.2463 +0.0162* 0.2351 +0.0228° 0.2061 + 0.0223 0.1753+0.0128°
Phosphate content, % 0.0375 £ 0.0006* 0.0165 + 0.0021° 0.0416 £ 0.0014° 0.0359 + 0.0004*
Protein content, % 1.7066 + 0.0644° 1.2103 + 0.0488° 1.4300 £ 0.0133° 1.0006.£0.0511?
Amylose content, % 23.5100 + 0.3399* 22.5266 + 0.4444* 24.3233 + 0.61472 232126 £ 0.2135*
Content, % 0.3347 £0.0168* 0.2101 £0.0102° 0.5769 £ 0.0127° 0.3659 £ 0.0230"

Note. p <0.05; Mean value + SD from three repetitions.

The content of phospholipids in starch granules of cereal starches is proportionally related to the content
of amylose, since phospholipids, as a rule, form complexes with amylose and-long branches of amylopectin
and affect the solubility of starch [13]. Physicochemical properties of native starches will have a significant
effect on the properties of derivatives, which must be taken into aceount when modifying starch.

Table 3 designates that the amount of phosphates and lipids. correlates with the amount of amylose. The
highest amount of amylose (24.32 %), as well as phosphates (0.0416 %) and lipids (0.5769 %), is observed
in native corn starch. Wheat A-starch contains amylose (23.51 %), lipids (0.3347 %), phosphates (0.0375 %),
and proteins (1.7 %) and ash content (0.2463 %).

Whereas in acetylated starches all these indicators; albeit to an insignificant extent, but decrease. This is
due to the use of glacial acetic acid and the constant maintenance of the pH of the suspension at an alkaline
level during the acetylation process. A high alkaline environment washes out lipids. Since lipids and phos-
phates are interconnected and form a phospholipid complex, lipid loss leads to a decrease in phosphate con-
tent.

Thus, studies have shown that acetylation of starch leads to a decrease in the proportion of amylose, as
well as the swelling of starch: At the same time, with an increase in the mass fraction of amylose,
the solubility of acetylated starches decreases and vice versa.

From the data presented in Table 4, it follows that the highest viscosity index achieved during gelatini-
zation has corn starch, but after acetylation, this indicator decreases, perhaps, this is due to the fact
that acetylation of starch leads to the destruction of the supramolecular structure of starch because of substi-
tution by acetyl groups.

Table 4
Rheological properties of native and acetylated wheat A and corn starches
Sample Peak 1 Trough 1 Breakdown | Final Visc Setback Peak Time P,?Zgll;g
Wheat A starch  |3059 £ 12.52]2363 £ 25.66 | 696 + 12.66 |3589 +45.66| 1226 + 28.33 | 6.40 = 0.01 |81.50 + 0.00
ﬁcs‘zglcaged wheat | 04642223 | 1703 + 17.46| 343 +15.69 |2270 = 52.33 | 567+29.33 | 6.80 +0.03 | 88.05 = 0.05
Native cornstrach | 3753 + 37.66| 1743 £ 19.33 | 2010 +45.23 |3510 + 66.66 | 1767 £ 25.66 | 4.53 £ 0.02 | 76.70 £+ 0.00
‘:;;fctilated oM 13036+ 38.33 [ 1298 +26.33 | 1738 + 42.66 [2967 + 48.33| 1669 = 15.95 | 4.47 = 0.02 | 75.15 = 0.00

Note. p <0.05; Mean value = SD from three repetitions.

After all the starch granules are completely destroyed, amylose and amylopectin are completely re-
leased from the crystal structure and are in free movement in the Breakdown suspension, the lowest viscosity
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is observed in acetylated samples, that is 343.00 and 1738.00 for wheat and corn starches, respectively,
which is possibly due to the higher degree of substitution in wheat A starch, which, in comparison with na-
tive starch, lost two times in viscosity, while acetylated corn starch with a lower relative degree of substitu-
tion lost 15 % compared to native starch.

The value of the final viscosity achieved after the end of gelatinization followed by cooling. Wheat A
starch has the highest final viscosity, which is 3589.00 versus corn 3510.00 for native starch (Fig. 1, 2).
However, with acetylation, this indicator changes in the opposite direction and is 2270.00 for wheat versus
2967.00 for corn starch.

Figure 1. Viscograms of native and acetylated wheat A starch

Figure 2. Viscograms of native and acetylated corn starch

Greatest difference between peak and viscosity after disintegration of wheat starch A granules probably
due to the large size of the granules.

Accelerated peak viscosity (4.53) is noted for corn starch, which indicates that corn starch is easier to
gelatinize. Relatively, low gelatinization temperature of corn starch at 76.7 °C in native starch is probably
due to the small size of granules.
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Conclusions

Comparative studies of the physicochemical properties of polysaccharides and their modifications have
shown that acetylation leads to a decrease in the proportion of amylose in starch, and also reduces swelling.

It was found that with a decrease in the amount of the acetylating agent, a more uniform course of the
reaction is observed, the granules destroyed after absorbing the maximum amount of moisture still have ac-
cess points for replacement with acetyl groups, the reaction proceeds more slowly but deeper. Solubility de-
pends more on the reaction time.

During the research, the optimal technological parameters for obtaining acetylated corn and wheat A
starches were determined. The optimal acetylation parameters for wheat A starch are: the concentration of
glacial acetic acid is 1:6, the reaction time is 40 minutes; for corn starch: concentration of glacial acetic acid
1:5, reaction time 60 minutes. The samples of acetylated starches obtained under these conditions are suita-
ble for the formation of biodegradable materials from them in terms of their physicochemical properties.

Acknowledgements

The authors express their gratitude to the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan for funding this research within the framework /of grant funding (Grant
No. AP08857439).

References

1 Ojogbo E. Chemical and physical modifications of starch for renewable polymeric materials / E. Ojogbo, E.O. Ogunsona,
T.H. Mekonnen // Materials Today Sustainability. — 2020. — Vol. 7, No. 8. = P. 150-161. https://doi.org/10.1016/j.mtsust.
2019.100028

2 Buleon P. Starch granules: structure and biosynthesis / P. Buleon, P. Colonna, V. Planchot, S. Ball // Int. J. Biol. Macromol.
— 1998. — Vol. 5, No. 23. — P. 85-112.

3 Jenkins P.J. A universal feature in the structure of starch granules from different botanical sources / P.J. Jenkins,
R.E. Cameron, A.M. Donald // Starch —Stiarke. — 1993. — No.45. — P. 417-420.

4 Miles M.J. The roles of amylose and amylopectin in the gelation and retrogradation of starch / M.J. Miles, V.J. Morris,
P.D. Orford, S.G. Ring // Carbohydr. Res. — 1985. — No. 135. — P. 271-28]1.

5 Aratjo M.A. Enzymatic degradation of starch-based thermoplastic compounds used in protheses: Identification of the degra-
dation products in solution / M.A. Araijo, A:Cunha, M.Mota // Biomaterials. — 2004. — No.25. — P.2687-2693.
https://doi.org/10.1016/j.biomaterials.2003.09.093

6 Zhang J.F., Sun X.Z. Mechanical properties of PLA / starch composites compatibilized by maleic anhydride / J.F. Zhang,
X.Z. Sun // Biomacromolecules. — 2004.— No. 5. — P. 1446-1451. https://doi.org/10.1021/bm0400022

7 Luo Z. Effect of Ultrasonic Treatment on the Physicochemical Properties of Maize Starches Differing in Amylose Content /
Z.Luo, X.Fu, X.He, F.Luoy Q.Gao, S.Yu // Starch-Stirke. — 2008. — Vol. 11, No.60. — P.646-653.
https://doi.org/10.1002/star.2008000 14

8 Singh J. Factors. influencing the physico-chemical, morphological, thermal and rheological properties of some chemically
modified starches for food applications — A review / J. Singh, L. Kaur, O.J. McCarthy // Food hydrocolloids. — 2007. — Vol. 21,
No. 1. — P. 1-22. https://doi.org/10.1016/j.foodhyd.2006.02.006

9 Juliano B.O. A simplified assay for milled-rice amylose / B.O. Juliano // Cereal Science Today. — 1971. — Vol. 16, No. 11.
— P. 424-426.

10-Kumoro-A.C. Preparation and characterization of physicochemical properties of glacial acetic acid modified Gadung (Dio-
corea hispida Dennst) flours / A.C. Kumoro, R. Amalia, C.S. Budiyati, D.S. Retnowati, R. Ratnawati // Journal of Food Science and
Technology. — 2015. — Vol. 10, No. 52. — P. 6615-6622. https://doi.org/10.1007/s13197-015-1723-5

11 Wurzburg O.B. Converted starches. Modified starches: Properties and uses / O.B. Wurzburg. — Orlando: Orlando University
Press, 1986. — 403 p.

12 LiJ. Relationships between Thermal, Rheological Characteristics and Swelling Power for Various Starches / J. Li, A. Yeh //
Journal of Food Engineering. — 2001. — No. 50. — P. 141-148. http://doi.org/10.1016/S0260-8774(00)00236-3

13 Cornejo-Ramirez Y.I. The structural characteristics of starches and their functional properties / Y.I. Cornejo-Ramirez,
0. Martinez-Cruz, C.L. Del Toro-Sanchez, F.J. Wong-Corral, J. Borboa-Flores, F.J. Cinco-Moroyoqui // CyTA — Journal of Food.
—2018. — No. 16. — P. 1003-1017. http://doi.org/10.1080/19476337.2018.1518343

14 Raina C.S. Some characteristics of acetylated, cross-linked and dual modified Indian rice starches / C.S. Raina, S. Singh,
A.S. Bawa, D.C. Saxena // Eur. Food. Res. Technol. — 2006. — No. 223. — P. 561-570. https://doi.org/10.1007/s00217-005-0239-z

15 Bartz J. Acetylation of barnyardgrass starch with acetic anhydride under iodine catalysis / J. Bartz, J.T. Goebel,
M.A. Giovanaz, E. da Rosa Zavareze, M.A. Schirmer, A.R. Guerra Dias // Food Chemistry. — 2015. — Vol. 6, No. 23. — P. 178-
242.

28 BecTHuk KaparaHgmMHckoro yHMBepcuteTa



Investigation of the effect of acetylation ...

16 Sarka E. Application of wheat B-starch in biodegradable plastic materials / E. Sarka, Z.Kruli§, J. Kotek, L.Razek,
A. Korbarova, Z. Bubnik, M. Rizkova // Czech J. Food Sci. — 2011. — No. 29. — P. 232-242.

E.E. Epmekos, JI.b. ToiimbaeBa, C.I'. Kamanoga, JI.A. Mypar,
M. Mypartxan, C.A. Canyaxacosa, ['.C. Aitgapxanosa, I'.X. OcnankynoBa

AleTHWICHAIPYAIH JOHII KpaxmMaJaapablH GU3NKA-XUMHSJIBIK
KacueTTepiHe dcepiH 3epTTey

KoM1o3uTTi OHONIOTHSIIBIK BIABIPANTHIH MaTepHAILIApIbl OHIIPYIe aleTHIACHICH KpaxMaaapabl KOJIaHy
TIEPCTICKTUBTI OarbIT OOJBINT TAaOBUIANbI, OUTKEHI aleTWIAey KpaxMalmapAblH CyFa Te3iMAi KacHeTTepiH
apTThipapl. Makananga A GuAaiibIH )KOHE XKYrepi KpaxMalIapblH MY3/bl CipKe KbIIIKBUIBIMCH aleTHIICY/IC
noNucaxapuaTepaiH Gpu3HKa-XUMHUSIIBIK KaCHETTEPiHe dcepi sKoHEe OHONOTHSUIBIK BIABIPAHTHIH IIJICHKANAP IbIH
KOMITO3MIMSIIBIK KOCHAChIH ajly YIUIH MOAM(UKAUMSIAHFAH KpaxMaliapibl KOJJIaHy OJNICYeTiH 3eprrey
OolibIHIa HoTIOKENEpi Kenripiired. [Tonucaxapunrep MeH oylapIbIH MOAMGHUKATTAPbIHBIH (QU3HKA-XHUMHSJIBIK
KAaCHETTEePiH CalbICTHIPMAJbl 3epTTey AaueTHIACYAIH KpaxMajgarbl aMIJIO3aHBbIH YJICCIHIH TOMEH[eyiHe
OKeJIeTiHiH, COHBIMEH KaTap, KpaxMaJIblH iCiHyiH TeMeHJeTeTiHiH kepceTTi. Kpaxmangapaarsl aaMacTeipy
JIOpexeci aleTWIAey PEeaKIUsACHIHBIH 0acTalKbl Ke3eHAepiHJe FaHa ©CeTiHI aHBIKTANABI, Oy iCIHY KoHe
KJIeiicTepu3anys Ke3inzae Kyrepi MeH A OHIailbIHBIH KpaXMalIapbIHbIH OPTAK PEOIOTUsCHIMEH OailIaHbICThI
00JIybl MYMKIH. ATIETHJIICYIII areHT MOJIIEePiHiH a3alobl Ke3iH/e peaKIIIHbIH OIpKeIKl arbIMbI OaiKaia s,
€H KOIl MeJIIepAe bUFaiAsl ©3 OoWbIHAa CIHIPreHHEH KeiiH BIABIparaH TYHIPINIKTEp aleTHI TONTaphIH
IMAacCThIpy HYKTeJepiHe wue, peakuus Oasy, Oipak TepeHipek ypemi. EpIFIUTIK peakuusiHbIH IKYPY
YaKbITbIHA GallyIaHBICTBI. ALCTHIIZICHICH KpaXMaJiap/ibl OHAIPYIiH OHTAIJIbl TEXHOIOTHSIBIK apamMmeTpiiepi
anpikTanabl. CoHbIMEH, A OUIaibl KpaXMaibl YIIH: CipKe My3 KBIIIKBUIbIHBIH KOHIIEHTPALHCHI 1:6, peakuus
yakpIThl 40 MHHYT; Kyrepi KpaxMaibl VIOiH: CipKke My3 KbIIIKBUIBIHBIH KOHLEHTPALHACH 1:5, peakims
y3akTblrbl 60 MuHyT. OcbIHIAil Jkarjainapia anublHFAH . AUCTHIJICHICH KpaxMalJapiblH YJrinepi
OMOJIOTHSIIBIK BIIBIPAHTHIH MaTepHaNIapIbIH KOMIO3UIMSUIBIK KOCHIACHIH ATy YIIiH )KaKChl COHKec Kelei.

Kinm co30ep: A Gupalibl KpaxMaibl, )KYrepi Kpaxmalbl, aMII03a, iCiHy, epiriluTik, aleTHICHAIPY, PEOTOTHs.

E.E. Epmexkos, J1.b. Toiimb6aeBa, C.I'. Kamanoga, JI.A. Mypar,
M. Myparxan, C.A. Canyaxacosa, ['.C. Alinapxanosa, I'.X. Ocnankynosa

HccnenoBanve BIaMsIHUS ACTUINPOBAHUSA
Ha (l)n:;mco-ngnqecmle CBOlCTBA 3€PHOBLIX KpaxmMaJioB

Hcnonp3oBanue aneTMIINPOBAaHHBIX KPaxMaloB B MONYyYEHHHM KOMIIO3UTHBIX OMOpa3laracMbIX MaTepHalloB
SIBJIETCS] IEPCIIEKTUBHEIM HaIlPaBJICHNEM, TaK KaK alleTHIMPOBAHUE YBEIMINBAET BOJOPE3UCTEHTHEIE CBOM-
CTBa KpaxMmajoB. B cTaTbe TpencTaBiIeHsl pe3ynbTaThl UCCIEIOBAHUM MO BIUSHUIO alleTHIMPOBAHUS JEas-
HOM YKCYCHOM KMCIIOTOW IIIEHUYHOTO A M KyKypy3HOrO KpaxmauoB Ha (hPM3MKO-XMMHUYECKHE CBOICTBA MO-
JMCaXapua0B M H3YYCHHIO MOTEHIMaNa HCIOJIb30BaHUS MOAWU(UIMPOBAHHBIX KPaXMaJIOB UL IOJIyYEHUS
KOMIO3UIIMOHHOM cMech- 6HopasiaraeMblX IUIeHOK. CpaBHUTENbHBIE HCCIEIOBAHUS (DU3UKO-XMUMHYIECKHX
CBOICTB MONMCAXapUa0B ¥ MX MOJU(HUKATOB ITOKA3AIH, YTO alleTHIMPOBAHUE IIPUBOJNUT K CHIDKCHHUIO JIOJIN
aMMIIO3BI B KPaxMalle, a Takke HabyXxaeMOCTH KpaxMaia. BEISBICHO, YTO CTEIEHb 3aMEICHUs B KpaxMaiax
pacTeT TOJIbKO Ha HAadaJbHBIX JTalax pPEaKlUH aleTHIMPOBAHHS, YTO, BO3MOXKHO, CBS3aHO C PEOJIOTHEH
KpaxmMaJioB, 00X UL KyKypy3HOTO U IIIEHHYHOTO A, BO BpeMst HaOyxaHus U kielicrepu3anui. C yMeHb-
HIEHHEM KOJIMYECTBa alleTHINPYIOIIEro areHTa Haboraercst 0oaee paBHOMEPHOE TeUEHHE PEaKIny, TPaHy-
JIbI, Pa3pylIeHHbIE TOcIe BOMpaHus B ce0sl MAKCUMAaIbHOTO KOJIMUECTBA BJIATH, BCE €I UMEIOT TOUYKH J0-
CTyma Ul 3aMEIleHUs] aleTHIbHBIMH TPYIIaMH, PEakKiis MpOTeKaeT MeJIeHHee, HO rimyOxe. PacTtBopu-
MOCTb OOJbIIIe 3aBUCUT OT BPEMEHH MPOXOXKAEHUS peakiuu. OnpeneneHbl ONTUMAIbHBIE TEXHOJIOTUYECKHE
MapaMeTphl MONydeHHs aleTUINPOBAHHBIX KpaxManoB. Tak, A MIIEHHYHOTro A Kpaxmaia ONTHMalbHbIMU
SIBJIAIOTCS: KOHIIEHTPALHS YKCYCHOM JeAsIHOM KUCIOTH 1:6, Bpems peakuuu 40 MHH; JUIst KyKypy3HOTO Kpax-
MaJjla: KOHLEHTpauusl YKCyCHOM neqsHoi kucnotsl 1:5, nnurensHocts peakuuu 60 muH. IloryuenHsie npu
TaKWX YCJIOBUSX 00pa3sIlbl alleTHINPOBAHHBIX KPAaXMaJOB XOPOIIO ITOIXOIAT JUIS MOTyUeHUS] KOMIO3UIIMOH-
HOU cMecH OHopasiiaraeMbIX MaTepuajoB.

Knioueswie cnosa: MmeHNYHbIH A Kpaxmall, KyKypy3HbIi KpaxMal, aMHiii03a, HabyXaeMoCTh, PACTBOPUMOCTb,
aleTUINPOBAHKE, PEOTOTHS.
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