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INVESTIGATION OF THE COMPOSITION OF POLYPHENOLIC SUBSTANCES
OF THE JUICE FROM ARTICHOKE TUBERS

Abstract. Currently, the growth of diseases with diabetes, metabolic disorders, and obesity
increases the demand for preventive and functional products. Currently available technologies for the
production of preventive products provide for the replacement of sugar with sugar substitutes or its
complete absence, which naturally reduces the nutritional and energy value of the products produced.

One of the main promising areas of the processing industry is the production of new products and
sugar substitutes based on non-traditional types of plant raw materials that have a rich carbohydrate
complex in their composition.

These types of raw materials among vegetable crops include jerusalem artichoke. Currently,
jerusalem artichoke juice is of particular interest for use in the production of soft drinks, as it has a rich
chemical composition, which makes Jerusalem artichoke indispensable in dietary nutrition, in the
preparation of highly effective medicines.

In this article, the chemical composition of tubers and juice-semi-finished products from jerusalem
artichoke is investigated. The results of the studies showed that the bulk of the dry substances in jerusalem
artichoke tubers are carbohydrates, most of which are represented by fructosides. In the semi-finished
juice passes: oligosaccharides 22.54 %, monosaccharides 1.61%, as well as part of the structural
polysaccharides-fiber 0.07 %, pectin substances 1.84 %.

The change in the fractional composition of the polyphenolic substances of the pulp and semi -
finished juice was studied when the pulp was kept for 30 minutes. When developing the technology for the
production of juices and beverages based on jerusalem artichoke, it was found that the polyphenolic
substances of jerusalem artichoke tubers have a great influence on the technological properties of raw
materials, the quality and nutritional value of the finished product. It was found that the enzymatic process
of oxidative transformation of polyphenols occurs as much as possible in the first 5-10 minutes.

Key words: jerusalem artichoke, chemical composition, nutritional value, polyphenolic substances.

Introduction. The constant growth of diseases with diabetes, metabolic disorders, and obesity
increases the demand for preventive nutrition products. Currently existing technologies for the production
of canned food for preventive purposes provide for the replacement of sugar with sweeteners or its
complete absence, which naturally reduces the nutritional and energy value of these products [1,2].

One of the main promising areas of the food industry is the production of new products and
sweeteners based on non-traditional types of plant raw materials that have a rich carbohydrate complex in
their composition. These types of raw materials among vegetable crops include jerusalem artichoke [3].

Of great interest is its ability to produce relatively large amounts of fructose polymers as spare
carbohydrates. The rich composition of biological active substances makes jerusalem artichoke
indispensable in dietary nutrition, in the preparation of highly effective medicines [4,5,6]. Jerusalem
artichoke is one of the few inulin-bearing plants in nature and surpasses all other plants in terms of the
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content of inulin and its polymers [7,8]. Inulin is poorly absorbed by the human body. In this regard, one
of the most important scientific and technical tasks facing the food industry is to find an effective way to
convert inulin into fructose, which can be successfully used as a sugar substitute in the production of
canned food for preventive purposes, meeting the modern concept of a balanced diet.

Jerusalem artichoke is a promising agricultural crop for the production of industrial products, fuel
production, as well as as a raw material for the food and biochemical industries [9,10,11]. The plant
produces a large crop of tubers, can be cultivated on various soils, is resistant to agricultural pests, plant
diseases and low temperatures.

Early studies show that the dry matter content of tubers varies greatly - from 19 % to 30 %.

The chemical composition of tubers largely depends on the place and conditions of growth, the
weather conditions of the harvest year, and of course on the biological characteristics of the Jerusalem
artichoke variety itself [12]. Carbohydrates occupy an exceptionally large place in the diet. Their share in
human food is 50-60 % (in terms of calories) [13].

The chemical composition of jerusalem artichoke is mainly represented by a carbohydrate complex
(80 %), the highest homologue of which is inulin. Inulin in the human body is absorbed by 60 %, which is
one of the main tasks for scientists of our time, finding an effective way to convert inulin into sweet, fully
digestible in the body and having dietary properties of fructose [14].

D-fructose, or fruit sugar, is a representative of ketosis. The imperial formula is C6H1206. It is a
white crystal that tastes 1.5 times sweeter than sucrose. It is soluble in warm and cold water. Fructose is
obtained by hydrolysis of various Sugars, in this case inulin.

Carbohydrates in the storage of food, raw materials, and its processing into finished products
undergo various and complex transformations. They depend on the composition of the carbohydrate
complex, conditions (humidity, temperature, pH of the medium), the presence of enzymes, and the
presence in processing products of other components that interact with carbohydrates (proteins, lipids,
organic acids, etc.) [15].

The total acid content in jerusalem artichoke tubers ranges from 6 % to 9 % by dry weight, of which
35-50% is accounted for by di - and tricarboxylic acids [16].

DTA is represented by lemon, fumar, apple and amber. Malic acid-the predominant, its amount
reaches 90 % of the total content of these acids.

The purpose of this study is to study the chemical composition of tubers and jerusalem artichoke
juice, as well as to study the changes in polyphenolic substances depending on various factors.

Objects and methods of research. The object of research was jerusalem artichoke tubers of the
"Dietetic" variety, zoned in the East Kazakhstan region. The research base was the NIL "Food Safety" of
the Almaty Technological University.

To determine the total amount of polyphenols, methods are used based on the property of phenols to
form reactive quinones, which give colored compounds when oxidized with certain reagents. In this study,
the widely used photometric Folin-Denis method [17] was used, based on the formation of blue complexes
during the reduction of W*® to W*2 under the action of most polyphenols with the Folin-Denis reagent in
an alkaline medium.

The results of the study. To achieve the intended goal, the initial task of the study was the need to
study the chemical composition of jerusalem artichoke tubers of the "Dietetic" variety and semi-finished
juice product taken from it.

The results of the studies showed that the bulk of the dry substances in jerusalem artichoke tubers
are carbohydrates, most of which are represented by fructosides. Homologous series of fructosides starts
with sucrose ( n = 0), the lower homologue. And each of the following is different from another by one
remainder of fructose. The highest homologue of this series is inulin ( n = 35), it is valued as a reserve
polysaccharide. In tubers, natural saccharification of inulin to oligofructosides can occur, and eventually to
fructose (80 - 95 % ) and glucose, respectively (20-5 %). Free sugars in tubers are represented by fructose
and glucose. The results of hydrolysis of the oligosaccharides of jerusalem artichoke tubers show that
they, in turn, consist of fructose and glucose.
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Jerusalem artichoke tubers contain ( by dry weight ) inulin - 46.52 %, oligosaccharides-19.28 %,

monosaccharides-1.02 %.

Structural polysaccharides ( Table 1), which are part of the cell walls, are represented by fiber (by
dry weight ) 9.01 %. Pectin substances are contained in an amount of 3.45 %.

In the semi-finished juice passes: oligosaccharides 22.54 %, monosaccharides 1.61%, as well as part
of the structural polysaccharides-fiber 0.07 %, pectin substances 1.84 %.

Table 1-Polysaccharide content in tubers and semi-finished jerusalem artichoke juice

Indicators

Content,% per dry weight

tubers semi-finished juice
Monosaccharides 1,01 1,61
Oligosaccharides 19,8 22,54
Inulin 46,5 14,73
Pectin substances 3,5 1,84
Fiber 9,3 0,07

Jerusalem artichoke tubers are characterized by active components that have P-vitamin activity.
The composition of polyphenolic substances includes chlorogenic acid-35 %, leucoanthocyanins-29 %,
flavanols-22.6 %, coumarins - 6.08 % (Table 2).

Table 2 - Content of polyphenolic substances in tubers and jerusalem artichoke juice

Name of Content of polyphenolic substances, mg per 100g

samples common | flavanols leucoanthocy | chlorogenic coumarins
anins acid

Jerusalem  artichoke | 230 52 67 81 14

tubers

Jerusalem  artichoke | 9,64 - - 2,12 -

juice

The vitamin composition of jerusalem artichoke tubers is represented by vitamins of group B (B1,
B., Bs), ascorbic acid, nicotinic acid (Table 3).

Table 3 - The Content of vitamins in the juice and tubers of Jerusalem artichoke

Name of Vitamins, mg per 100g

samples B; B, Bs C PP
Jerusalem artichoke tubers | 0.17 0.12 0.185 12.05 0.27
Jerusalem artichoke juice 0.15 0.11 0.17 6.42 0.19

Jerusalem artichoke tubers in the production of juice at the main stages of the technological

process lose most of the original content of the components of the chemical composition.

Changes in the polyphenol complex in the production of semi - finished jerusalem artichoke juice
indicate the course of deep oxidative processes. The semi-finished juice retains the content of
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polyphenolic substances - 4 %, and chlorogenic acid-2.6 %, flavanols, leucoanthocyanins and coumarins
are almost completely oxidized.

Polyphenolic substances are products of normal metabolism in the life of higher plants. The use of
specific methods for determining the qualitative and quantitative content of polyphenols in the study of the
chemical composition of fruits allowed a new assessment of the nutritional value of many of them. The
predominance of certain polyphenolic substances determines a certain nutritional value, and leaves an
imprint on the conditions of technological processing of fruitsm [18].

When developing the technology for the production of juices and beverages based on jerusalem
artichoke, it was found that the polyphenolic substances of jerusalem artichoke tubers have a great
influence on the technological properties of raw materials, the quality and nutritional value of the finished
product [19].

The quantitative content of flavanols is represented by the sum of catechins and
leucoanthocyanins capable of producing colored compounds with vanillin reagent, and chlorogenic acid-
by the sum of isochlorogenic, chlorogenic and neochlorogenic acids.

The main part of the polyphenolic substances is oxidized at the stages of crushing and pressing the
jerusalem artichoke pulp, part of the polyphenolic substances is lost with the pomace that is formed after
the juice is separated. In the process of obtaining semi - finished juice, the color changes and the resulting
samples have an aesthetically undesirable appearance.

Having studied the qualitative and quantitative composition of jerusalem artichoke tubers and
semi-finished juice, we can say that the polyphenol complex of jerusalem artichoke tubers is destroyed by
the action of oxidative enzymes in the production of semi - finished juice. The resulting juice cannot be
allowed for further processing, due to its unsuitability.

To determine the optimal conditions for technological processing of raw materials, the influence
of crushing processes, the duration of keeping the pulp of tubers, pressing and the enzymatic processes
occurring at the same time on the polyphenolic substances and the color of the juice was traced.

Jerusalem artichoke tubers were crushed and the pulp was kept in the air at room temperature for a
long time. 0, 5, 10, 15, 20, 25, 30 minutes from the moment of grinding.

The process of crushing and pressing fruits in industrial conditions lasts a little more than 30
minutes, so the time limit was chosen in accordance with the applicable technological modes.

Changes in the fractional composition of the polyphenolic substances of the pulp and semi-
fabiricate juice during the aging of the pulp are shown in Figures 1-4.

Quantitative determination of the polyphenol complex showed that the process of enzymatic
oxidation of polyphenols mainly occurs in the first 5 minutes after the crushing of tubers (Figure 2).

Figure 1. Fractional composition of polyphenolic substances when the pulp is kept for 30 minutes
1 - the contents of polyphenolic substances in tubers;
2,3,4,5,6, 7 - the content of poliphenolic substances when the pulp is kept for 5, 10, 15, 20, 25, 30
minutes respectively
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Figure 2. Fractional composition of polyphenolic substances

1-polyphenolic substances, 2-flavonols, 3-leucoanthocyanins, 4-chlorogenic acid, 5-coumarins;
Pulp - pulp, aged for 5 minutes; Juice - juice, pressed from pulp, aged for 5 minutes

After 5 minutes, the content of polyphenolic substances decreased to 16 %, and the content of
flavonols to 10 %, leucoanthocyanins to 13 %, chlorogenic acid to 16.7 %, coumarins to 15.6 % of their

original amount.

10

0 mjuice1

pulp 1
juice 1 >

Figure 3. Fractional composition of polyphenolic substances

1-polyphenalic substances, 2-flavonols, 3-leucoanthocyanins, 4-chlorogenic acid, 5-coumarins;
Pulp 1 — pulp, aged for 10 minutes; Juice 1 - juice pressed from pulp aged for 10 minutes
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Figure 4. Fractional composition of polyphenolic substances

1- polyphenolic substances, 2-flavonols, 3-leucoanthocyanins, 4-chlorogenic acid, 5-coumarins;
Pulp 2-pulp aged for 15 minutes; Juice 2-pressed from pulp aged for 15 minutes

In 10 minutes (Figure 3), the content of polyphenolic substances was 12 % (from the beginning),
flavonols-8 %, leucoanthocyanins-4.7 %, chlorogenic acid-6 %, coumarins-1 %.

Jerusalem artichoke pulp aged for 15 minutes (Figure 4) had polyphenolic substances -8.5 %,
flavonols-7 % and chlorogenic acid-1 %. Leucoanthocyanins and coumarins are completely oxidized by
this time. When kept for 20 minutes, only flavonols -2% are found in the pulp. Even with a large
expenditure of polyphenolic substances, we decided to trace the dynamics of the destruction of the
polyphenol complex during the pressing of the pulp, aged for 5, 10, 15 minutes, where a small part of the
polyphenolic substances is still preserved.

When pressing the pulp (exposure time-5 min) (Figure 2), 54% passes into the semi - finished
juice, including flavonols 55%, leucoanthocyanins 25%, chlorogenic acid - 66%, coumarins 9 %. In the
semi-finished juice obtained from the pulp (aging - 10 min) (Figure 3), the amount of PFV was 25 %. In
the juice - after 15 and 20 minutes of aging, the pulp of polyphenolic substances was not detected (Figure
4).

The change in the color of the juice is related to the rate of enzymatic processes of oxidative
transformation of polyphenolic substances. Instantaneous browning of the pulp begins from the moment of
crushing and is accompanied by the accumulation of colored condensed compounds.

The maximum color change is observed after 15-20 minutes, which indicates the formation of
colored compounds as a result of secondary oxidative processes and the contact of polyphenolic
substances and the amino acid complex /4, 33/.

By a sharp decrease in the content of polyphenolic substances, a change in the color of the juice, it
is possible to judge the depth of the enzymatic processes occurring during the mechanical grinding of
tubers.

Conclusion. From the above, we can draw the appropriate conclusions:

1. the enzymatic process of oxidative transformation of polyphenols proceeds as much as possible
during the first 5-10 minutes;

2. in order to more fully preserve the nutritional value and quality of juices, it is necessary to use
non-corroding continuous equipment and reduce the duration of pressing to a minimum.
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TONMMHAMBYP TYUHEKTEPIHEH AJIBIHF AH HIBIPBIHHBIH, IMTOJIU®EHOJIJIbI
3ATTAPABIH KYPAMBIH 3EPTTEY

AnHotamusa. Kazipri yakeiTTa KaHT AuaOeTiHIH ©cyi, 3aT aJMacybIHBIH OY3bUTYBI, CEMi3JIiK
aypynapblHbIH ecyi JkoHe (YHKIMOHAJIIBIK MAaKCaTTaFbl OHIMIEpre CYPaHBICTHl  apTTHIPAJIbI.
[podunakTHKAIBIK eHIMACPAl OHAIPYIiH Ka3ipri Ke3/Ieri TeXHOJIOTHJIaphl KAHTTHI TOTTUICHAIPTilITepre
aIMacThIpyasl HEMECE OHBIH TOJBIK OOJMayblH KaMTaMachl3 eTelli, OyJl ©HIMHIH TaraMIbIK >XOHE
SHEPreTHKAJIBIK KYHIbUIBIFBIH TOMEHIECTE].

OHzey ©HEpKaciOiHIH HeTi3ri MepCIeKTHBANBIK OaFbITTapbIHBIH Oipi - KypaMbl OoiibIHIIA
KeMipCyJap KellleHi 6ap oCiMAIK MHUKI3aTHIHBIH JIOCTYPIIi eMec TypJiepiHe HeTi3[eNreH xaHa oHiMIep MeH
KaHT aJIMacCTBIPFBILTAPAbI LIBIFapy.

Kekenic eHiMIepiHiH IMIHIETT OCHl MIMKI3aT TYpJIEpiHE TOMMHAMOYPABI JKAaTKbI3yFa OOJabl.
Kazipri ke3me TomnHamOyp WIBIPBIHBI aKOTOJBCI3 CYCHIHAAP OHIIPICIHAE epeKIle KbI3BIFYIIbLUIBIK
TyIbIpajbl, OTKEHI OHBIH 0all XUMHSJIBIK Kypambl 0ap, o1 TOMUHaMOYpIbl AUETAJBIK TaMaKTaHyAa, eTe
THIMITI JOPUTIK 3aTTap Il JalbIHIAY A TalITEIPMAaNHIB.

Byn wmakanmama TyHHEK IeH WIBIPBIH-KapThUIaldl (QaOpuKaTTaFrbl TOMWHAMOYPIBIH XUMHUSIIBIK
KypaMbl KapacThIpblIaabl. 3epTTey HOTHIXKENEpl KOPCEeTKeHICH, TOMMHaMOyp TYHHEKTepiHIeri KypFak
3aTTapAblH HETi3ri Oejiri kKemipcynap OOJNBIT TaOBUIAABI, OJAPIBIH KOIMIUIr (GPyKTO3UATEpMEH
yeoiapFad. [IBIpelH KypambiHAa - sKapThutail ¢abpukat: onmrocaxapuarep 22,54%, mMoHOcaxapuarep
1,61%, coHbIMEH KaTap KYpPbUIBIMJBIK MOJIHCAXapuaATep i Oemiri - kieruyarka 0,07%, NEeKTHHIIIK 3aTTap
1,84%.

BoIKbIp MEH MIBIPBIHHBIH JKapThiiai GpadpuKaTTapIbiH MOIU(EHOIIbI 3aTTAPbIHBIH QPaKIHSITBIK
KypaMbIHBIH 63repyi 00mkbIpabl 30 MuUHYT ycTaranaa 3eprrengi. TonnHamOyp Heri3iHae WBIPhIHAAp MEH
CYCBIHAAP OHIIPIiCIHIH TEXHOJOTHMACHIH jKacaraH Ke3[e TONMMHAMOyp TYHHEKTEpiHiH Nonru(eHOIIbI
3aTTapbIHBIH IIUKI3aTThIH TEXHOJIOTHSUIBIK KAacUEeTTepiHe, JailblH ©HIMHIH camachl MEH TaraMIbIK
KYHJBUIBIFBIHA YJIKEH acepi Oap exeHmiri aHwsIKraimapl. [lomndeHonmmapAslH TOTBIFY KOHBEPCHSCHIHBIH
(epMeHTaTHBTI IpoLeci aiFalukbl 5-10 MHHYTTa MaKCUMyMAa OOJIATBIHIBIFB] AHBIKTAJIIBL.
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HNCCIEAJOBAHUE COCTABA ITOJIM®EHOJIBHBIX BEHIECTB
COKA M3 KJIYBHEW TOITMHAMBYPA

AHHoTanus. B Hacrosmmee BpeMs pocT 3a0oJeBaHM caxapHBIM Ara0eToM, HapylieHHeM oOMeHa
BEIIECTB, OXXHPEHHEM YBEIUYMBAECT CIPOC HA MPOAYKTHl MPO(UIAKTHYECKOrO0 M (YHKIMOHAILHOTO
Ha3zHaueHus. Mmeromuecs B TaHHOE BPEMsI TEXHOJIOTHH MPOU3BOJCTBA MPOAYKTOB MPO(UIAKTUIECKOTO
Ha3HA4YEHUs] NPEeNyCMaTpUBAIOT 3aMEHy caxapa CcaxapO3aMEHHMTEISIMH WIH XKE €ro MOJHOE OTCYTCTBUE,
YTO ECTECTBEHHBIM 00pa3oM CHIKAET NHIIEBYI0 M OJHEPreTHYECKYI0 I[IEHHOCTh IPOU3BOJUMBIX
MPOAYKTOB.
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OmHUM ¥3 TIIABHBIX TEPCHCKTUBHBIX HANpaBICHUH IepepabarhiBalonieli MPOMBIIUICHHOCTH
SIBJISIETCSI TIOJIYYCHHE HOBBIX MNPOAYKTOB M CaxapO3aMEHUTENICH Ha OCHOBE HETPATUIIMOHHBIX BHJIIOB
PaCTHTENBHOTO CHIPhSI, UMEIOMINX OOTaThIN YTIIEBOAHBIN KOMITJIEKC B CBOEM COCTAaBe.

K nmasHBIM BHIAM CHIpbS CPEOH OBOIIHBIX KYJIBTYP MOKHO OTHECTH TONMHMHaMOyp. B HacTosiee
BpeMsl COK TONMMHaAMOypa WpPEACTaBiseT OCOOBIH HWHTEpPEC IS HCIOJB30BAaHHUS B IPOU3BOICTBE
0€3aJIKOTOJIHHBIX HAIUTKOB, TaK KaK WMeeT OOraThli XMMHYECKHH COCTaB, YTO JENaeT TOMWHAMOYp
HE3aMEHUMBIM B JHETHYECKOM THTAaHWH, B MPHUTOTOBICHWH BBICOKOI(D(PEKTHBHBIX JEKapCTBEHHBIX
CPEICTB.

B nmanHOW craThe WHCCIENOBAaH XHMMHUYECKHH COCTaB KIyOHed u coka-moiydabOpukara u3
TonuHaMOypa. Pe3ynbTaThl HCCIEMOBaHMN TOKA3ald, YTO OCHOBHYIO MacCy CyXHUX BEIIECTB B KITyOHSIX
TOMMHAMOYpa COCTaBIISIOT YTJIEBOJBI, OOIBIIAS YacTh KOTOPBIX IMpejacTaBieHa (pykrozugamu. B cok-
nosyaOpukar mepexonuT: oaurocaxapumoB 22,54 %, wmoHocaxapumoB 1,61%, a Takxke yacThb
CTPYKTYpHBIX nonucaxapuaos-kieryatku 0,07 %, nekTuHOBBIX BeniecTs 1,84 %.

Nzyueno wu3mMeHeHHWe (paKIMOHHOTO COCTaBa TOJIH(EHONBHBIX BEHIECTB ME3TH U COKa-
noydabupukaTa TpH BhICP)KUBAHUKU Me3rdn B TedueHme 30 muuyT. [Ipm pa3paboTke TEXHOJIOTHH
MIPOM3BOJICTBA COKOB U HAIIUTKOB Ha OCHOBE TOIMMHAMOYpa YCTaHOBJICHO, YTO MOJU(EHOIBHBIE BEIIECTBA
KITyOHE# TomnHaMOypa OKa3bIBalOT OOJBIIOE BIHMSHIE HA TEXHOJOTHUECKHE CBOMCTBA CHIPHsI, KAYECTBO U
MUIIEBYIO IEHHOCTh TOTOBOTO MPOJYKTA. Y CTAHOBJIEHO, YTO ()epMEHTATUBHBIN MPOIIECC OKUCIUTEITHHOTO
MPEBPALICHUS MOJM(PEHOIOB MAKCUMAJILHO MPOTEKAeT B mepBble 5-10 MUHYT.

KaroueBble ciaoBa: TonmHaMOyp, XUMUYECKHH COCTaB, MUINEBas IEHHOCTh, MONU(DEHOIbHBIC
BEIIECTBA.
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