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The potato starch modification with acetylsalicylic acid chlo-
ride was carried out and was confirmed by elemental analysis,
and the obtained product was investigated by physicochemical
methods. There were changes in the vibration frequency bands
of native starch in the uncharacteristic region in the IR spectra:
the vibration frequency at 981.81 cm* increased and in the mo-
dified starch spectrum lied at 1022 cm, and the band with the
vibration frequency of 923 cm shifted to 860 cm™, which indi-
cated a change in the spectrum. A band at 1716 cm™ was pre-
sented in the esterified starch spectrum, which was characteristic
of C=0 in the ester group.

X-ray phase analysis of native and modified starch showed
that acylation led to a decrease in the crystalline phase from 12
to 3%.

There was occurred the deacylation of acetylsalicylic acid
during the starch modification reaction since the the modified
starch NMR spectrum lacks the methyl group signal, which was
part of the acyl group, and a signal appeared at 9.6 ppm, which
was characteristic of phenolic hydroxyl.

It was found that modified starch differs significantly from
the native starch in terms of water retention and thermal stability
according to the thermogravimetric research data.

The appearance of starches grains before and after acylation
showed the potato chemical modification starch led to the de-
struction of the grains initial shape.

The thermogravimetric research showed that chemically mo-
dified starch with acetylsalicylic acid chloride differs in water re-
tention characteristics from the original potato starch.

The obtained modification product can be used in various
food industry branches, as well as for obtaining environmentally
safe materials, in particular, biodegradable and/or edible films.
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MOAUDIKALLIA KPOXMAIIO XJIOPAHIIAPUAOM
ALEETUJICANILMNOBOI KMCNIOTU ONA NOTPEB
XAPYOBOI MPOMUCIIOBOCTI TA NAKYBAJIbHOI
IHAYCTPII

C. 1. lyabra, O. C. llyabra
Hayionanvnuti ynigepcumem xapuoux mexHonoziti

Ilposedena mooughixayis HAmMuEHO20 KAPMONIIHO2O KPOXMATI XIOPAHSIOPUOOM
ayemuacaniyunosoi KUciomu, sKka niomeepodicena elemMenmuum aunanizom, 14-cnexm-
pockoniero, AMP ananizom, a maxosic 00CIiONCeHO OMPUMAHULL NPOOYKM (DI3UKO-XIMIY-
HuMu memooamu. B 14-cnexmpax 6io6ynucs 3minu cmye 4acmomu KOIU6aHb HAmue-
HO20 KPOXMAJIIO 8 HexapaKmepucmuynitl obnacmi: yacmoma konusans npu 981,81 cv™
36inbuunacs i 6 cnekmpi Moougpixosanozo Kpoxmanto nexcums npu 1022 cm™, a cmyea
3 yacmomoro xonusamv 923 cy™ smicmunacs 0o 860 cm’™, wo exazye na 3miny cnekmpa.
icna ayunysanns 6 cnexmpi emepugbikoéanozo Kpoxmanio Hasisna cmyea npu 1716 cv’™,
wo xapaxmepro 0 C=0 y ckiadi ecmepHoi epynu.

Penmeenoghazosuii ananiz namugno2o ma Moougiko8ano2o Kpoxmanie nokasas, wo
AYUTIYBAHHS NPU3B0OUNB 00 3MEHUEHHAM Kpucmaniynoi gpaszu 3 12 0o 3%. 11i0 yac npo-
6e0eHHs peakyii Moouikayii Kpoxmanio 8i00y10csa deayuy8anHs AUemuICatiyuIo80i
Kucaomu, ockinvku 8 AMP cnekmpi MOOU@iKoearno2o Kpoxmanto ei0CYymHiti CUSHAL Me-
MUTLHOI epynuL, Wo 8xo00ums 00 CKIaody ayuny i 3’a6uecs cuenan npu 9,6 m.u., wo xa-
PAKMEPHO 0151 (YeHONLHO2O 2IOPOKCUTY.

3a danumu mepmocpasimempusHux OOCIIONCEHb BCMAHOBIEHO, WO MOOUPDIKOBAHUT
KPOXMAb 34 XapaKmepucmuKami, 000VmMpUMArHs 1l mepMiuHoi cmabiibHocmi cym-
MEBO GIOPIZHAIOMBCSA 80 BUXIOHO20 HAMUBHO20 KPOXMATIO. 306HIUHIL U2TISI0 KPOXMA-
J1i6 00 I NiCIs AYUTYBAHHS NOKA3YE, WO NPOBEOEHA XIMIUHA MOOUGDIKAYIS KADMONISIHOO0
KpOXMANo npu3gooums 00 pyuHy6anHs NOYAmMKoB8oi (popmu 3epeH.

Pesynomamu mepmoepagivempuurux 00Cuiod’ceHb NOKA3YIOMb, W0 XIMIYHO MOOU-
Qixosanuti KpOXManL XA0PAHIOPUOOM AYEeMUICATIYUN0B0T KUCIOMU 34 XAPAKMeEPUC-
MUKAMU B000YMPUMAHHS GIOPIZHAIOMbCA 60 BUXIOHO20 KAPMONISAHO20 KPOXMATIO.
Ompumanuii npooyKm MoOu@iKayii MOMCIUGULL 00 BUKOPUCTHAHHS 8 PI3HUX 2ATLY35X Xap-
40B0I NPOMUCTIOBOCMI, A MAKOIC OISl OMPUMAHHSL eKONOIUHO DEe3NEYHUX Mamepiaie,
30Kpema, NaieKu.

Knrouosi cnoea: kpoxmans, Moougixayis, caniyunosa KUCIoma, Xapioge naKy8aHHs.

Formulation of the problem. Starch is a reserve polysaccharide of plants which
accumulates in seeds, potato tubers, roots, leaves, etc. Its composed of two polysac-
charide components — amylose (20—30%) and amylopectin (70—80%). Starch is the
main component of plant raw materials for the food production. Its various chemically
modified derivatives offer a great scope of high technological value in both food and
non-food industries. Modified starches are designed to overcome one or more of the
shortcomings, such as loss of viscosity and thickening power upon cooking and storage,
particularly at low pH, retrogradation characteristics, syneresis, etc., of native starches.
Oxidation, esterification, hydroxyalkylation, dextrinization, and cross-linking are some
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of the modifications commonly employed to prepare starch derivatives. In a way, starch
modification provides desirable functional attributes as well as offering economic alter-
native to other hydrocolloid ingredients, such as gums and mucilages, which are unre-
liable in quality and availability (Tharanathan, 2005).

Native starch can be gelatinazed only under the condition of sufficient water and
temperature, modified starches are pasteurized at room temperature, which makes it pos-
sible to use modified starches as thickeners and stabilizers (Hong, 2015; Rudrapatnam,
2005).

The authors (Shulga, Shulga, & Simurova, 2021; Illyssra, 2019) were conducted by
number of potato starch modifications, which made it possible to change the properties
of the native starch for the needs of the packaging industry: biodegradable films for
bakery and confectionery products. the modification of starch, because it provide the
necessary properties of starch as a raw material for various industries.

Therefore, expanding the numerous of modified starches allows the needs the pac-
kaging, food or other industry.

The recent research analysis and publications. Starch-based materials are biode-
gradable, which makes it possible to use them as ecological packaging materials: for
example, edible coatings based on chitosan, starch-salicylic acid and starch-cinnamal-
dehyde-thymol were applied to fresh cut-mango (Santacruz, 2021) or edible coatings
was modified by adding salicylic acid or a cinnamaldehyde-thymol mixture to the cas-
sava starch (Teran, 2022).

A series of modified starches were prepared by grafting acetylsalicylic acid (AsA) into
starch by an esterification reaction then coated with polyvinylalcohol (Al-Adeemy, 2014).

Modification of starch by dicarboxylic acid anhydrides to starch esters, containing
both hydrophilic and hydrophobic groups are known to improve its emulsification pro-
perties, and can also be used for encapsulation after hydrolysis (Bhosale, 2006).

The synthesis of long-chain fatty esters of corn starch (starch laurate and starch
stearate) with a broad range in degree of substitution (DS=0.24—2.96) was described
(Junistia et al., 2008). The fatty esters were prepared by reacting the starch with vinyl
laurate or vinyl stearate in the presence of basic catalysts (Na,HPO., K,COs, and Na
acetate) in DMSO at 110 °C.

An efficient method for synthesis of hydrophobically modified starch without using
organic solvents was described. The esterification of starch was performed with long
chain fatty acid chlorides (C8, C12, C16), at two stages. At the first stage, native starch
was dispersed in an alkali reaction medium, and at the second stage, it was treated for
esterification. Finally, hydrophobic starch esters were obtained with moderate degrees
of substitution (DS-values<0.45). The reactivity of corn and potato starches under the
same reaction conditions was also studied (Namazi et al. 2011).

Starch-based composite films incorporated with salicylic acid (SA) and waxy maize
starch nanoparticles/k-carrageenan (WMSNs/KC) were used to achieve antimicrobial
activity and improve the mechanical properties. WMSNs were fabricated through enzy-
molysis and recrystallisation method, followed by individually adding KC to form
WMSNs/KC by self-assembly, and used as a nanofiller and stabilizer to be incorporated
into hydroxypropyl tapioca starch-based films at a concentration of 0—9% (Fang, 2020).

Filmogenic suspensions based on starch (S) and salicylic acid/starch (SA-S) were
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prepared and used to produce casted films (TPS and SA-TPS). An extensive characte-
rization was conducted on both suspensions and casted films to assess their properties.
Results evidenced that after storage for 120 days at 4 °C and 25 °C, the mold and yeast
counts were significantly lower in the SA-S than in the S suspensions (Diaz-Diaz, 2023).

A simple method of starch modification using dimethyl sulfoxide (DMSQO) was pro-
posed. The selected solvent was widely used in organic synthesis, as it is well soluble in
water, which allows its residues to be completely removed after the reaction. Acetylsa-
licylic acid chloride was used as a modifier. It is used in analytical chemistry, medicine,
aniline dyeing and food industry, for food preservation due to its antiseptic properties.
Derivatives of salicylic acid (sodium salicylate, cetisalicylic acid, methyl and phenyl
esters) are well-known medicinal products. In addition, salicylic acid affects the func-
tional state of wheat sprouts ([Tizuk Ta in., 2011), exhibits stress-protective and regu-
latory properties for plants (Kavulych, 2023), affects the rheological properties of starch
(Nep, 2016).

The literary sources analysis shows the proposed polysaccharide modification sche-
mes are multi-stage, complex, require expensive and toxic reagents, which is unaccep-
table for the food industry. All this complicates the new modified starch introduction
derivatives into practice, but the starch modification potential is still not exhausted.

Thus, work in the starch modification field is relevant and useful, as the search for
obtaining starch with the necessary technological properties continues.

The aim of the research was to carry out the modification of potato starch and inves-
tigate the physicochemical properties of the obtained product of starch modification with
acetylsalicylic acid chloride.

Materials and methods. Potato starch, salicylic acid, thionyl chloride, acetic an-
hydride, solvents — dimethyl sulfoxide (DMSO), dimethylformamide (DMF), metha-
nol, ethanol were used in the research.

Preparation of starch for modification. 100 g of potato starch was placed in a 500 cm?®
flask, connected to a water jet pump and heated in a boiling water bath for 9 hours. At
the end of heating, the flask is disconnected from the pump and the flask is quickly closed
with a stopper with a calcium chloride tube. Allow to cool to room temperature. The dry
starch is quickly weighed and placed in a glass with a well-polished stopper. The product
output is 87.20 g (moisture loss due to drying — 12.8%).

Preparation of DMSO. 300 cm® of DMSO was poured into a flask with a well-
polished stopper, 50 g of freshly roasted CaO at a temperature of 400 °C was added and
kept for 2 days with periodic stirring. Next, DMSO was transferred to a 500 cm? flask
and 30 cm?® of dry benzene was added. Remaining water is distilled off under atmo-
spheric pressure in the form of an azetrope with benzene, then DMSO is distilled in a
vacuum using a water jet pump.

The acylation of salicylic acid scheme with acetic anhydride is shown in Figure 1.

05O _0 05,00 Q
\

- .Co
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i Py = +  H,C-COOH
H,C—C
0

Figure 1. The scheme of salicylic acid acylation

134 Hayrosi npayi HYXT 2024. Tom 30, Ve 5



XAPYOBI TEXHOJIOTII

In a 150 cm? reactor equipped with a heated magnetic stirrer 13.8 g (0.1 M) of sa-
licylic acid are placed with a thermometer and a reflux condenser, 15.3 g (0.15 g M) of
acetic anhydride and 1 drop of sulfuric acid are added. While stirring, the mixture is kept
for 1.5 hours at a temperature of 50—60 °C. Then the temperature is raised to 90 °C and
stirred for another 0.5 hours. The mixture is cooled and, with stirring, 25 cm? of cold
water is added and the solid product is filtered, which is washed on the filter first with
ice water and then with a small amount of toluene. The obtained product is dried in air.
The product output is 15.1 g (90.1%). Acetylsalicylic acid is recrystallized from benzene
or chloroform.

The synthesis scheme of acetylsalicylic acid chloride is shown in Figure 2.

Oy, -OH O Os-Cl

C
Q’C‘CH3
+ Ssocl, ——— + SO, +HCI

Figure 2. The scheme of acetylsalicylic acid chloride

16.8 g (0.1 M) of acetylsalicylic acid is placed in a 150 cm? reactor equipped with a
heated magnetic stirrer, a dropper, a thermometer, and a reflux condenser. During stir-
ring, 17.8 g (0.15 M) of thionyl chloride are added in small portions through a dropping
funnel. Gas (SO) is released and the reaction mass is slightly heated. After 1 hour, three
drops of DMF were added, the temperature was maintained at 50—60 °C for another
5 hours. The thionyl chloride excess is driven off in the water jet pump vacuum. 16.4 g
(88.2%) of the product is obtained, which is used without additional purification.

The starch acetylsalicylic acid chloride esterification occurred according to the re-
action shown in Figure 3.
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o
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Figure 3. The reaction scheme of potato starch with acetylsalicylic acid chloride

1.8 g (0.01 M based on glucose) of dried starch and 200 cm?® of anhydrous DMSO
are placed in a 500 cm? three-necked reactor equipped with a heated magnetic stirrer, a
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pouring funnel, a thermometer, and a reflux condenser. The contents of the flask are
stirred for 3 hours at a temperature of 70 °C until a transparent, colorless jelly is formed.
Next, stop heating the flask and add 0.12 g of K,COs (approximately 2% of the starch
mass). During mixing, 2.8 g (0.15 M) of acetylsalicylic acid chloride is added in small
portions through a funnel. The reaction mass thickened and the temperature rose to 75 °C.
After 1 hour, the reaction mass turned into a thick, light-yellow pellet, the temperature
decreased to room temperature. Then 150 cm?® of methanol or ethanol was added and
intensively stirred for 1 hour. The yellowish precipitate that has fallen out is filtered off
under the water jet pump vacuum and washed with methanol or ethanol (3x20 cm?®). The
product is air-dried at room temperature. The product output is 2.36 g (83.7%).

Research methods.

FT-IR. Infrared studies were conducted on the device Nexus — 475 firm Nicolet,
KBr tablet (Chung et al., 2004).

X-ray. X-ray diffraction analysis was carried out by the DRON-3M device in CuKa
emission with Ni filter; U=35 kV, 1=20 mA; counterdisplacement angle A20 is 0,04 ;
time of intensity reckoning is 3 s (Namazi et al., 2010).

TGA. TGA (Thermogravimetric Analysis) research was carried out by the Q-1500B
device, at a heating rate of 20 °C/min (Prime et al., 2009).

NMR. NMR spectra were recorded by the Mercury NMR spectrometer, Varian,
400 MHz in DMSO-d6 (Namazi et al., 2010).

The main research results presentation.

Starch-salicylic acid (SA) inclusion complexes with different amounts of residual SA
were obtained (Guo, 2023).

Authors of this research proposed an easy method of starch modification with
acetylsalicylic acid chloride using dimethylsulfoxide (DMSO), which is well soluble in
water, which allows to completely remove its residues after the reaction and minimize
the danger of the final product.

IR spectrometric research.

The IR spectroscopy method was used to study the changes that occurred as a result
of the starch acylation reaction.

The sample of the original native potato starch and the esterified derivative have
a different spectrum from the analysis of their IR spectra uncharacteristic region
(400—1000 cmY). As it is known (Thompson, 2018), numerical valence oscillations of
C-C, C-N, N-O bonds and deformation oscillations are manifested in this region, which
practically do not lend themselves to a certain attribution. This area of carbon skeleton
vibration sensitively to minor changes in the structure of the molecule.

The changes took place as a result of the potato starch acylation reaction with ace-
tylsalicylic acid chloride and they were confirmed by a number of factors, which are
given below Thus, in the IR spectrum of the modified starch, a maximum appeared at
1716.82 cm, which is characteristic of C=0 in the composition of the ester group in the
modified starch as a result of the acylation reaction.

The IR spectrum of the original native potato starch contains a number of fluctuations
in the uncharacteristic region, in particular 982 cm?, 923 cm?, 856 cm™, 764 cm™,
710 cm™ and in the spectrum of the etherified derivative sample — 1022 cm'?, 858 cm?,
797 cm?, 759 cm, 706 cm,
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In the uncharacteristic region spectrum of the original potato starch sample, the os-
cillations frequency at 982 cm™ shifts to 1022 cm™, and the oscillations frequency at
923 cm* shifts to 858 cm™, which indicates a change in the native potato starch after
acylation. Therefore, the original native potato starch sample and an esterified derivative
have a different chemical composition due to the chemical modification of potato starch.

Confirmation of the potato starch acylation reaction was also a change in the nature
of the valence vibrations VOH band. There was a sufficiently wide intense band located
at 3389 cm™ in the native potato starch spectrum and in the esterified derivative spec-
trum, this band is more intense and less wide and is located at 3409 cm™.

It is known (Suart, 2004) the position and character of the vOH band depend on the
degree of hydroxyl group participation in hydrogen bonds. Hydrogen bonds change the
force constant of the O-H bond, which reduces the oscillations frequency. The hydroxyl
group, which participates in the intermolecular hydrogen bond, is characterized by a
broad intense absorption maximum in the region of 3200—3600 cm'™.

The vOH band of valence vibrations is narrower and more intense, lying at 3409 cm™
in the spectrum of the modified starch sample, and, this band is wider and less intense,
lying at 3389 cm™ in the spectrum of native starch. This fact confirms that there are fewer
hydrogen bonds in the modified starch, which is explained by the smaller number of free
hydroxyl groups, which affected the nature and frequency of vOH oscillations of acy-
lated potato starch.

Elemental analysis.

The elemental analysis obtained results of acylated potato starch with acetylsalicylic
acid chloride are as follows: Carbon — 48.59%, Hydrogen — 5.80% were found. The
calculated amount of Carbon is 48.48%, Hydrogen is 5.72%.

The IR spectra and elemental analysis results show acylation of starch occurred due
to the addition of a salicylic acid residue to glucopyranose chains of starch in the ratio of
acetylsalicylic acid chloride one molecule and three residues of glucopyranose rings.
According to (Chi, 2008; Shulga, 2018), the primary alcohol and hydroxyl groups at C,
are most easily acetylated. Taking into account the possible spatial hindrances in the
second position, the authors preferred acylation of the primary alcohol group.

NMR research.

During the starch modification reaction with acetylsalicylic acid chloride, deacyla-
tion of acetylsalicylic acid occurred, since the NMR spectrum of the modified starch
lacks the methyl group signal, which is part of the acyl group. In addition, a signal ap-
peared in the spectrum at 9.6 ppm, which is characteristic of phenolic hydroxy!l.

X-ray phase research.

To find out the degree of esterification process influence on the structure crystallinity
of etherified potato starch, the X-ray phase analysis method was used. The diffracto-
grams are shown in Figure 4.

According to the potato starch diffractogram (Figure 4), it was calculated the starch
before esterification has an amorphous-crystalline structure with a crystallinity degree of
12%, while the modified potato starch has a crystallinity degree of 3%.

Therefore, the chemical modification of starch leads to the crystalline structure de-
struction, which was also observed by the authors (Nep, 2016) during the study of the
rheological and structural properties of modified starches from young shoots of Borassus
aethiopium.
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Figure 4. X-ray diffraction results of original native potato starch (1) and its esterified
derivative (2) (n=3, p<0,05)

Optical microscopy results.

Using the optical microscopy method, it was found that during the acylation of native
potato starch with acetylsalicylic acid chloride, significant changes occurred in the ap-
pearance of native starch. The rounded native starch grains were destroyed during the
modification, which is clearly visible in the comparative analysis of the microphoto-

graphs (Figure 5).
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Figure 5. Appearance of native potato (a) and esterified starches (b) under a
microscope (x400) (n=3, p<0,05))

Thermogravimetric research.

The results of thermogravimetric research show the chemically modified starch dif-
fers from the original native potato starch in its water retention characteristics.

There are four segments of mass loss: the 1st at temperatures of 63—140 °C is 3.7%
on the TG curve of a native potato starch sample (Figure 6, a). The mass loss is caused by
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the separation of adsorbed water (up to 100 °C) and crystallization water (100—135 °C).
On the DTG curve of a sample of native potato starch (Figure 6, a), the given loss cor-
responds to a blurred effect of mass loss with a minimum at a temperature of 110 °C,
which should be considered as an overlap of two separate effects associated with mo-
isture removal. The second segment of mass loss corresponds to the temperature interval
of 300—380 °C and is 57.3%. On the DTG curve, this process corresponds to a sharp
and deep mass loss effect with a minimum at a temperature of 330 °C, which is caused
by the thermal decomposition of polysaccharide.

Figure 6. The derivatograms of native potato (a) and esterified starch (b) (n=3, p<0,05)

In the third segment, mass loss occurs at a temperature of 380—500 °C and is 14.5%
of the initial mass. In this temperature range, carbonization of previously formed inter-
mediate products of thermolysis occurs up to 380 °C. On the fourth segment of the TG
curve, the mass loss Ams=17.5%. This stage is caused by complete thermal decompo-
sition and charring of starch at a temperature of 600 °C. The coke residue of this sample
is 5.7% after heating to 950 °C.

Six segments can be distinguished on the TG curve of a esterified potato starch sam-
ple (Figure 6, b): 1st — 30—100 °C, associated with the release of adsorbed water
Am;<7.5%. The mass loss at temperatures of 110—240 °C is a consequence of the se-
paration of crystallization water, Am,=6.23%. In the third temperature interval of
240—280 °C and the fourth 280—320 °C Am3=36.20%, the process of anhydrous sub-
stance thermal decomposition the takes place, which depends on the chemical composi-
tion of the reaserch sample. The fifth temperature interval of 380—500 °C with
Ams=13.75% is the charring result. The sixth temperature interval of 500—640 °C cor-
responds to the further decomposition of previously formed charred products., The mass
of the modified starch sample does not change above 640 °C. The coke residue is 6.23%
after heating to 900 °C.

Thus, the conducted thermogravimetric research confirm the difference in the che-
mical structure and properties of the original native starch and its esterified derivative.
So, the modification has been successfully carried out. The established changes will also
determine the starch gelatinization parameters and the water solubility of the modifi-
cation starch.

Scientific Works of NUFT 2024. Volume 30, Issue 5 139



FOOD TECHNOLOGY

Conclusions

The native potato starch modification with acetylsalicylic acid chloride was confir-
med by elemental analysis, IR spectra, X-ray phase analysis, thermogravimetric and mic-
roscopic reaserches.

A band at 1716 cm™ appeared in the spectrum of esterified starch after acylation,
which is characteristic of C=0 in the ester group composition.

The potato starch acylation leads to a decrease in the crystalline phase from 12 to 3%.

There is no signal of the methyl group, which is part of acyl in the NMR modified
starch spectrum, and a signal appeared at 9.6 ppm, which is characteristic of phenolic
hydroxyl.

The starch modification with acetylsalicylic acid changes the water retention and
changes the appearance of the native starch.
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