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Abstract. Expertise of four samples of potato snacks with the
flavours Barbecue, Ketchup, Cheese, Sour Cream and Onion has been
carried out with the use of analytical physicochemical methods. It has been
found that the mass fraction of moisture in the samples under study ranges
4.4 t0 4.7%, and the mass fraction of chlorides does not exceed 2.5%. The
mass fraction of starch, which was determined polarimetrically, varies
from 66.1% (Sample 2) to 66.7% (Sample 3). The mass fraction of sugars
in the potato snack samples does not exceed 1.9%. None of the samples
contains foreign material and mineral impurities. The product’s
physicochemical quality parameters established by the tests conform to the
manufacturer’s indication that the product contains such ingredients as
starch and potatoes (starch and proteins are part of potatoes), oil,
maltodextrin, sugars, salt, proteins. Based on characteristic absorption
bands in the composition of snacks, FTIR has allowed detecting the
presence of the two main components: triglycerides of fatty acids (oils)
and polysaccharides (the latter include starches and maltodextrins). Optical
microscopy has revealed that the samples have a porous (cellular)
structure, with pores distributed throughout the whole mass, which is
typical of snacks. Heat treatment of the snacks in the course of extrusion
and frying changes the structure of starch to the glassy state: only single
whole starch grains are found in the samples. The dietary supplement
monosodium glutamate E621 has been identified by thin-layer
chromatography on chromatographic plates Sorbfil AF-A-UV. The mobile
phases were mixtures of ethanol and distilled water in the ratio 7:3, and n-
butanol, acetic acid, and water mixed in the ratio 3:1:1. It has been shown
that the turmeric extract E100(i), a natural yellow food colourant, being
adsorbed on potato snacks, can be identified in them by its own spectra of
diffuse reflection and luminescence spectra, without destroying the
samples.

Keywords: expertise, potato snacks, optical microscopy, FTIR
spectroscopy.

Introduction. Formulation of the problem

of determining the quality of food is a topical and

promising task. The modern analytical chemistry

The country’s environmental and food safety is a
primary national concern. Unfortunately, nowadays,
the food industry throughout the world is focused not
only on manufacturing high-quality foodstuffs, but also
on production of cheap ersatz food containing
concentrates, preservatives, chemical colourants,
nature-identical components, and chemical additives.
These aspects of food security pose problems that
should be solved. Today, the quality and safety of food
is controlled mainly by classical analytical methods,
which are laborious and time-consuming. So,
development of simple, rapid, highly sensitive methods
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techniques characterised by simplicity, expressiveness,
high sensitivity, and in some cases selectivity, include
the methods of ultraviolet-visible spectroscopy.

Analysis of recent research and publications

The English term snack, which has become an
international word, denotes food the main purpose of
which is helping to overcome quickly the feeling of
hunger between meals. Depending on the recipe,
snacks can have different merchandising names and be
of different types: croutons, crackers, nuts, sweet bread
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straws, maizepuffs, crisps, biscuits, sunflower seeds,
etc. A special place among them is occupied by potato
snacks. Snack foods are considered healthy if they are
low in fat and salt. Eating unhealthy snacks can lead to
obesity, hypertension, and cardiovascular disease [1].
Potato snacks are products shaped like three-
dimensional objects (shells, horns, spirals, etc.). They
are made from a mixture of potatoe-based powdered
raw materials fried in oil, with or without salt and
various food additives and flavourings (fillers)
added [1]. The quality and safety of products are
formed at different stages of the technological process,
and also depend on the conditions and terms of their
storage and sale [2-7]. The paper [4] describes
analytical methods of measuring various compounds
present in potatoes (dry matter, starch, sugars, etc.) and
their effect on the quality of potato shacks.
Implementation of the HACCP system in production is
mandatory, as it is the most effective of the known
methods of obtaining safe products. According to the
HACCP scheme provided by the manufacturer, the
technological scheme of potato snack production
includes: reception of raw materials, pellets, palm
olein, spices, and condiments, storage of the raw
materials, portioning the raw materials, frying, cooling
and separation of oil, flavouring with spices, packaging
the finished products. During the technological
processes of extrusion (product formation) and frying,
under the action of significant rapid changes in the
parameters and of high temperatures, mechanical
energy transforms into heat. This leads to changes,
more or less profound, in the quality of the raw
materials (protein denaturation, starch gelatinisation,
and other biochemical changes). The nature and depth
of the changes and their effect on the product quality
depend on the technological mode and its duration [2].
Besides, the chemical composition of snacks is
determined by frying (moisture removal): in oil, at
above 150°C, the water contained in potatoes
transforms into steam, and its expansion in volume
expands the product, too, making it porous and
crunchy [8]. State Standard of  Ukraine
(DSTU) 4608:2006 only provides for determination of
such components of potato snacks as mass fractions of
moisture, fat, and chlorides. In this regard, it is
important to improve the existing tests and develop
new modern analytical rapid methods of determining
the physicochemical characteristics, structure, and
composition of potato snacks.

The purpose of this research is to carry out an
expert examination of potato snack samples and
establish whether they comply with the quality
requirements of regulatory documents and with the
manufacturer’s labelling. The objectives of the research:

1) to study the structure of the potato snack
samples using optical microscopy and FTIR-
spectroscopy;

2) to determine the physicochemical parameters of
the potato snack samples;
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3) to develop a rapid method of identifying sodium
glutamate in the potato snack samples;

4) to develop a rapid method of identifying
curcumin adsorbed on snacks.

Research materials and methods
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Four commercial samples of potato shacks were
selected for the study. They were produced by ITAL
FOOD SA, had the flavours Barbecue (Sample 1),
Ketchup (Sample 2), Cheese (Sample 3), and Sour
Cream and Onion (Sample 4) and the net weight 50g
in hermetically sealed packages. The manufacture date
of the samples tested was the second half of 2019, and
the shelf life was nine months.

The substances used for the study were n-butanol
p. a. (Merck KGaA, Darmstadt, Germany), acetic acid
puriss.p.a. (Azot, Ukraine), ethanol (Lux, Ukraine), n-
hexane puriss.p.a. (Germany), ninhydrin to detect
amino acids (Sigma-Aldrich).

Monosodium glutamate was identified by thin-
layer chromatography using chromatographic plates
Sorbfil AF-A-UV (Krasnodar, Russia). The mobile
phases were mixtures of ethanol and distilled water in
the ratio 7:3, and of n-butanol, acetic acid, and water in
the ratio 3:1:1 respectively [9,10]. After the elution, the
chromatographic plates were dried in an air stream,
ninhydrin solution (0.3g of ninhydrin in 100 ml of n-
butanol with 3 ml of acetic acid) was sprayed onto the
surface of the plates, the plates were dried with warm air
for 10-20 s and heated at 105°C for 5min to detect pink-
purple spots of glutamate on the chromatographic plate.

The FTIR spectra were registered with a
spectrometer  Spectrum  One  (Perkin-Elmer). The
spectrum resolution was 4 cm™, the number of scans 32.

The luminescence spectra were recorded with a
Cary Eclipse spectrofluorometer (Varian, Australia)
with a 150 W xenon lamp.

The diffuse reflection spectra in the coordinates F
(R)=f (A, nm), where F (R) is the Kubelka-Munk function,
were registered on a spectrophotometer Lambda-9
(Perkin-Elmer) with a special attachment in cuvettes. The
layer of the powder material under study was 3 mm thick
in relation to the comparison sample MgO.

The morphological characteristics of snacks were
examined by optical microscopy using a microscope
MBS-10 and a biological microscope SM-6.

The  moisture content was  determined
gravimetrically according to DSTU 7804:2015, the fat
content was determined by n-hexane extraction in a
Soxhlet extractor according to DSTU 4941:2008, the
content of chlorides was determined argentometrically
by the Mohr method according to DSTU 4939:2008,
the starch content by polarimetry according to
DSTU 4953:2008, the protein contentby Kjeldahl
according to DSTU 7824:2015, the content of sugars
by the permanganatometric method according to
DSTU 4954:2008, the mineral impurities content by
flotation in water according to DSTU 4913:2008.
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Results of the research and their discussion

According to the manufacturer, potato snacks
consist of 35% of dehydrated potatoes, potato starch,
salt, turmeric extract, vegetable oil, palm olein, and
condiments: 6% of barbecue, 6%of ketchup seasoning,
4% of cheese seasoning, and 5% of sour cream and
onion seasoning.

According to the manufacturer, the samples of
potato snacks contain turmeric extracts. Turmeric
extracts are those containing the natural yellow food
colourant curcumin E100 (i). The colourant is obtained
by extraction from a powdered turmeric rhizome
(Curcuma longa). The colourant consists of such
curcuminoids as curcumin (the main component),
demethoxycurcumin, and  bisdemethoxycurcumin,
which are polyphenols by their chemical nature [11].

Samples of snacks have the form of fragile hollow
parallelepipeds (Fig. 1). The product is yellow, with
orange and brown inclusions on the surface. The
samples have the taste of fried potatoes and flavours
corresponding to the additives, and are slightly salty.

Optical microscopy has revealed that the samples
have a porous structure, which appears during
intensive water evaporation, the pores are distributed
throughout the whole mass of snacks, which is typical.

The walls of the pores formed are hard and
become fragile. When snacks are powdered, sharp-
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Fig. 1. Outward appearance of the samples (A),

and their cross-sections (B): Barbecue (Sample 1), Ketchup

(Sample 2), Cheese (Sample 3),
and Sour cream and onion (Sample 4)

cornered particles are formed, which is characteristic
of the glassy state of starch (see Fig. 2).

Heat treatment of snacks in the course of extrusion
and frying changes the structure of starch: only single
whole starch grains are found in the samples [12,13].

To assess the quality of the potato snack samples
studied, their physicochemical parameters have been
quantified: the content of fats, proteins, carbohydrates,
moisture, sugars, starch, etc.

The physicochemical parameters of the snacks are
shown in Table 1.

As can be seen from the table, the moisture
content in the test samples ranges from 4.4 to 4.7%.
The content of chlorides does not exceed 2.5%. There
are no standards for the starch content in potato snacks.
Its mass fraction has been determined polarimetrically
and ranges from 66.1% (Sample 2) to 66.7%
(Sample 3). Sugars in the samples do not exceed 1.9%.
Thin-layer chromatography has revealed that all
samples contain monosodium glutamate as a flavour
enhancer. In all samples, there is no foreign material
and mineral impurities. The tests conform to the
manufacturer’s indication that the product contains
such ingredients as starch and potatoes (starch and
proteins are part of potatoes), maltodextrin (a product
ofstarch breakdown into oligosaccharides, maltose,
glucose), salt, monosodium glutamate, oil [14].

Fig. 2. Microphoto of a powdered potato snack,
magnification 28x

Table 1 — Physico-chemical parameters of the snacks (n=2, P=0.95)

Requirements
Name of the indicator qDSTU San;ple San21ple Sarr31p|e Sarzple
4608:2006
Moisture content, % <5,0 4,610,1 4,4+0,1 4,6+0,1 4,5+0,1
Fat content, % <33,0 25,56+0,04 25,23+0,04 | 24,80+0,03 25,17+0,05
Chlorides content, % <3,0 2,51+0,03 2,46x0,01 2,44+0,04 2,37+0,04
Starch content, % - 66,4+0,2 66,1+0,2 66,7+0,2 66,2+0,2
Proteins content, % - 3,24+0,18 3,41+0,09 3,09+0,18 3,37+0,13
Sugars content, % - 1,88+0,01 1,92+0,01 1,75+0,01 1,83+0,01
The presence of monosodium present
glutamate
The presence of impurities not allowed absent
Mineral impurities content, % <0,01 absent
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Fig. 3 presents the IR spectra of oil extracts of the
samples, which were obtained by determining the mass
fraction of fat according to Soxhlet. The IR spectra
contain absorption bands of fatty acid triglycerides
(ails): absorption bands with maxima at 3005 cm?,
2924 cm? (asymmetric stretching vibrations of
aliphatic  CH,-groups), 2853 cm? (symmetric
stretching vibrations of aliphatic CHs- and CHa-
groups), 1746 cm™ (stretching vibrations of —C=0
group), 1465 cm™? (deformation vibrations of aliphatic

T. %

CH:- and CHy-groups), 1377 cm? (deformation
vibrations of CHs- groups), 1237 cm® (stretching
vibrations of C-O group), 1164 cm? (stretching
vibrations of C-O group), 1100 cm™ (stretching
vibrations of the C-O group in —-C-O-C-), 723 cm
(rocking vibrations of CH,-groups) [15].

Fig. 4 shows the IR spectra of powdered potato
snacks defatted with n-hexane and dried at 105°C until
complete removal of the solvent.
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Fig. 3. IR spectra of oil extracts from the potato snacks Barbecue (1), Ketchup (2), Cheese (3),
and Sour Cream and Onion (4)
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Fig. 4. IRspectra of defatted powdered potato snacks Barbecue (1), Ketchup (2), Cheese (3),
and Sour Cream and Onion (4)
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The IR-spectra of defatted snack powders contain
absorption bands of polysaccharides (mashed potatoes,
potato starch and maltodextrin): absorption bands with
maxima at 3420 cm™ (stretching vibrations of -OH
groups), 2927 cm? (stretching vibrations of CH-
groups), 1645 cm™ (vibrations of OH groups of water
and torsional vibrations of CH, -groups), 1460 cm
(deformation vibrations of CH-groups), 1381 cm
(symmetrical deformation vibrations of CH-groups),
1242 cm™ (deformation vibrations of -OH groups),
1157 cm?® (asymmetric stretching vibrations of
-C-O-C- groups), 1080 and 993 cm™® (stretching
vibrations of C-O groups), absorption bands in the
range between 1080 and 990 cm™ are characteristic
absorption bands of polysaccharides related to
deformation vibrations of C-O-C groups and OH
groups, 929, 858, 763 cm™ (vibrations of C-O-C
groups of the carbohydrate ring) [15-17].

The turmeric extract in the samples analysed has
been identified by means of the diffuse reflection
spectra (Fig. 5) and luminescence spectra of curcumin
(Fig. 6). Since the diffusion reflection spectra and the
luminescence spectra of potato snack samples are
identical, in the figures, they are only shown for
Sample 1. Depending on the nature of the organic
solvent, the absorption maxima of the curcumin
solutions are 410430 nm, whereas the luminescence
spectra of curcumin are 460-560 nm [18,19].

0.6

F(R)
=]

Fig. 5. Diffuse reflection spectra of the turmeric extract
applied onto the potato starch powder (1) and the
powdered defatted potato snack
of Sample 1 (2) (Amax=430nm)

The diffuse reflection spectra of the defatted
powdered potato snack are broad bands with the
maxima 430 nm and coincide with the maxima of the
spectra of the curcumin extract applied onto the potato
starch powder (curcuminoids were applied onto the
potato starch from ethanolic solutions by removing the
solvent). The intensity of the absorption bands of
adsorbates, which is expressed in the units of the
Kubelka-Munk function F(R), is proportional to the
content of adsorbate molecules.

The luminescence spectra of the powdered
defatted potato snack are broad bands with the maxima
524 nm and coincide with the maxima of the
luminescence spectra of the curcumin extract applied
onto the potato starch powder. Thus, it has been shown
that diffuse reflectance spectroscopy and luminescence
spectroscopy can be used as a rapid non-destructive
method of qualitative determination of curcumin in
potato snack samples.

I au.
800+
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200+

500 550 600  A,nm
Fig. 6. Luminescence spectrum of the turmeric extract
applied onto the potato starch powder (1) and the
powdered defatted potato snack
of Sample 1 (2) (Aex=450nm)

Conclusion

Expert examination of four samples of potato
snacks with the flavours Barbecue, Ketchup, Cheese,
Sour Cream and Onion has been carried out with the
use of analytical physicochemical methods. The
composition of the samples has been studied, and the
content of nutrients and food additives has been
determined. The product’s physicochemical quality
parameters established by the tests conform to the
manufacturer’s indication that the product contains
such ingredients as starch, proteins, oil, potatoes,
sugars, salt. Based on characteristic absorption bands
in the composition of snacks, FTIR has allowed
detecting the presence of the two main components:
triglycerides of fatty acids (oils) and polysaccharides
(starches and maltodextrins). Optical microscopy has
revealed that the samples have a porous structure, with
pores distributed throughout the whole mass, which is
typical of snacks. The dietary supplement monosodium
glutamate has been identified by thin-layer
chromatography. It has been shown that the turmeric
extract E100(i), a natural yellow food colourant, being
adsorbed on potato snacks, can be identified in them by
its own spectra of diffuse reflection and luminescence
spectra, without destroying the samples.
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I'.O. Crenanosal

Amnoranist. [IpoBeieHO ekcriepTr3y aHANITHYHAMY (i3UKO-XIMIYHUMH METOIAMH YOTHPHOX 3Pa3KiB KaPTOIUISTHUX CHEKIB 3i
cmakamu «bapbekio», «Keruymy, «Cupy, «Cmerana ta nuOysis». BuBueHo ckiaj 3pa3kiB, BU3HAUYCHO BMICT MOKUBHUX PEUOBUH
Ta XapuoBHX 100aBOK. BCTaHOBICHO, [0 MAcOBa YacTKa BOJIOTU y AOCHIKyBaHUX 3pa3kax KOMHBA€ThCsl B Mexax 4,4—4,7%,
XJIOpUAIB — He nepeBulrye 2,5%, NONIpUMETPUYHUM METOAOM BH3HAYEHO MACOBY 4YacTKa KPOXMAIIo, sika CKiazae Bij 66,1%
(3pasok 2) no 66,7% (3pazok 3). MacoBa yacTka IyKpiB y 3pa3kax KapTOIUIIHHX CHEKiB He nepesuiye 1,9%. Y Bcix 3paskax
BIZICYTHI CTOpPOHHI 1 MiHepaibHi JoMiliky. Tectd Ha (I3UKO-XIMiYHI MOKA3HUKH SKOCTI MPOIYKLIl He cymepedaTs iHpopmarii
BHUPOOHHKA TOBapy PO MPHUCYTHICTh TAKHMX IHTPEJI€HTIB SIK KPOXMalb Ta KapTOIIsA (KpOXMaib Ta OLTKH BXOSTH A0 CKIALy
KapTOIUTi), OIS, MAIbTOACKCTPHH, ILYKpPH, ciib, OinkoBi peuoBuHH. Meromom FTIR-cnekrpockomii mo XapakTepHCTHYHUM
CMyraM TOTJIMHAHHS y CKJIa/li CHEKiB BCTAHOBJICHO MPUCYTHICTh JBOX OCHOBHHX KOMITOHEHTIB: TPHUITILEPU/IB KUPHUX KHUCIOT
(omi) Ta momicaxapumiB M0 SKHX BIAHOCATHCS KPOXMaji, a TaKOK MAaJbTOACKCTPHHH. METOIOM ONTHYHOI MiKPOCKOMIT
BCTaHOBJICHO, 1110 3pa3KK MAIOTh MOPUCTY (KOMIpUYaCTy) CTPYKTYPY, MOPH PO3MOIIEH] MO BCii Maci, 1110 XapaKTepHO JUisi CHEKiB.
Ipu TepmMo0OPOOL i Yac eKCTPy3ii Ta 0OKApIOBaHHI CHEKIB 3MIHIOETBCS CTPYKTYpa KPOXMAJIIO: y CKIai 3pa3KiB BHSBICHI
JIUIIE TOOAMHOKI It 3epHa Kpoxmaimo. OCHOBHA Maca KPOXMAJF0 3HAXOAUTHCS Y CKIIOMOMIOHOMY cTaHi. XapuoBy N0OaBKY
rayramar Harpiro E621 ineHTndikoBaHo METOIOM TOHKOMIAPOBOi XpoMarorpadii Ha xpomarorpadiunux rmiatiskax Sorbfil AF-A-
UV, B sikocTi MOOLTBHIX (a3 BUKOPHCTOBYBAIM CYMIllli €TAHONY Ta TUCTUIILOBAHOI BOM Y CHiBBiIHOIICHH] 7:3 Ta H-OyTaHOMY,
OLITOBOI KHCIOTH Ta Boau y criBBiaHomeHHi 3:1:1. IToka3aHo MOXIMBICTH ineHTU(DIKALT HATYPAIFHOO XapuoOBOTO YKOBTOIO
OapBHHKa — ekcTpakTy Kypkymu E100(i) B KapTOIUISIHMX CHEKaX MO BJIACHUM CIeKTpaM AU(Y3HOro BIIOWTTS Ta CIEKTpam
JIIOMiHECLICHITIT 0e3 pyiiHyBaHHsI 3pa3KiB, B aCOPOOBAHOMY Ha CHEKaX CTaHi.

Kutro4oBi cj10Ba: excriepTusa, KapTOIUIsIHI CHEKH, onTuaHa Mikpockomis, FTIR-cmexkrpockomist.
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