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THE INFLUENCE OF SOME
BIOCHEMICAL PARAMETERS OF APPLES
ON THE ORGANOLEPTIC PROPERTIES
OF APPLE JAM

E.S. Salina, M. Yu. Akimov, N.S. Levgerova, 1.A. Sidorova

Abstract

Background. The content of dietary fiber, sugars, organic acids, and calcium
in apples are important technological indicators that affect the quality of apple jam.
Knowledge of the relationships between the chemical and technological charac-
teristics of fruits and the quality of the finished product would make it possible to
determine the importance of a particular technological indicator in the formation of
the organoleptic qualities of the processed product and its nutritional value.

The purpose of these studies was to establish the influence of some biochem-
ical parameters of raw materials on the quality of apple jam. To achieve this goal,
the following objectives were formulated: to characterize the fruits of apple trees
of different varieties in terms of the content of dietary fiber (soluble and insoluble),
sugars (glucose, fructose, sucrose and their sum), acids (malic, citric, hydroxycin-
namic), calcium; to form a sensory profile based on visual descriptors and analyze
apple jam based on it; to identify the relationships between the biochemical param-
eters of the raw material and the sensory characteristics of the jam obtained from
it; to describe the received interactions using regression equations.

Material and methods. The influence of some biochemical parameters of fruits
of 6 local apple genotypes on the quality of apple preserve was studied. We studied
6 local apple genotypes: Bolotovskoye, Veniaminovskoye, Kurnakovskoye, Candil
Orlovsky, Rozhdestvenskoye and Sinap Orlovsky. The raw materials were analyzed
according to the hardness of the fruits, the content of dietary fibers, sugars, and or-
ganic acids, Ca™. The preserve was made according to the current standards. the
organoleptic analysis included visual, gustatory and olfactory assessment. The as-
sessment was carried out by experts who took part in closed tastings. The experts —
members of the tasting group (n = 15, 3 men, 13 women, aged 27-60 years) were
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selected among the staff of the VNIISPK according to the level of taste sensitivity
on a voluntary basis.

Results. High content of the dietary fibers (2.12-2.16%) in raw materials re-
vealed in Candil Orlovsky, Kurnakovskoye, Veniaminovskoye. The fruits of apple
varieties contained on average fructose 5.79%, glucose — 2.17%, sacharose — 1.59.
There was a high level of malic acid (180.90 — 1029.98 mg/100 g) and a low level
of citric acid (2.59 — 12.04 mg/100 g). Calcium content in the fruits varied from
8.85 mg/100 g (Sinap Orlovsky) to 22.03 mg/100 g (Bolotovskoye). The average
value of hardness of the fruits amount to 4.59 kg/cm?, the scope of variability was
from 3.56 kg/cm? (Veniaminovskoye) to 6.03 kg/cm? (Sinap Orlovsky). Sensory
analysis of preserves has shown that all samples have got fine acceptability scores.
It was determined that the most preferred preserve with clear syrup and whole slic-
es with a crispy consistency. The syrup quantity and its gelatinous characteristics
was of no great matter but soft consistency of the slices reduced the acceptability
scores. A direct reliable relationship between the transparency of the syrup and the
content of organic acids and inverse relationship between the transparency of the
syrup and calcium content have been revealed. A direct relationship was noted be-
tween the consistency of apple slices and the content of insoluble dietary fiber and
hydroxycoric acids and the inverse relationship between this indicator and the con-
tent of citric acid. The data obtained make it possible to predict the quality of apple
preserve and design a product with specified quality parameters.

Keywords: dietary fiber; preserve; sensory assessment; descriptors; biochem-
ical parameters
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Hayunast cratbst

BJIMAHUE HEKOTOPBIX
BUOXUMHNYECKUX TAPAMETPOB ABJIOK
HA OPTAHOJIEIITHYECKHUE KAYECTBA BAPEHbBS

E.C. Canuna, M.1O. Akumoes, H.C. Jleszeposa, H.A. Cudoposa

Annomauusn
O6ocHoBanue. Coneprxanue B sI010Kax MUIIEBBIX BOJIOKOH, CaXapoB, OpraHu-
YECKHUX KHCIIOT, KalbliHsl, YYaCTBYIOIHX B ()OPMUPOBAHUHU CBOMCTB IIPOTOILIACTA
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(MSIKOTH TIIOZIOB), SIBJISIFOTCS BaKHBIMU TEXHOJIOTHUECKUMHU 10KA3aTeNsIMHU, BIIH-
SIFOIIMMH Ha KayeCTBO BapeHbsl. 3HAHHE B3aHMMOCBS3EH MEXKIY XMMHUKO-TEXHOJIO-
TMYECKUMHU [TPU3HAKAMU IIOJOB U Ka4€CTBOM I'OTOBOTO NMPOIYKTa MO3BOJIMIIO OB
OIIPE/ICNIUTh 3HAYUMOCTH TOTO WJIM MHOTO TEXHOJIOTHYECKOTO TMoKa3zarelsi B (op-
MHUPOBAHUHU OPraHOJIENTUYECKUX Ka4eCTB MPOAYKTa NepepaboTKU U ero MHUIEeBOI
LIEHHOCTH.

IleabI0 TaHHBIX MCCIIENOBAHUN OBUIO YCTAHOBUTH BIMSIHHE HEKOTOPBIX OHO-
XMMUYECKHX ITapaMeTPOB ChIpbsl Ha KaueCTBO s0J04HOr0 BapeHbs. s nocTuxe-
HUsI TIOCTABJICHHOH e ¢c(hOPMYIUPOBAHbI 3a1a4l: JaTh XapaKTePUCTUKY IUI0AAM
SIOIOHH PA3HBIX COPTOB IO COACPKAHMIO MUIIEBBIX BOJIOKOH (PacTBOPUMBIX M He-
PacTBOPHMBIX), caxapoB (IJTIOKO3BI, (PYKTO3BI, CAXapo3bl U MX CyMBI), KUCIIOT
(s10J104HOM, TUMOHHOMH, IMIPOKCUKOPUYHOMN), KaJdbLus; COPMHUPOBATH CEHCOP-
HBIH IPOGUIH 110 BU3YaIbHBIM AECKPUIITOPAM U MPOBECTH HA €T0 OCHOBE aHAIU3
BapeHbs U3 IJIO0B PA3IUYHBIX TEHOTHUIIOB S10JIOHHU; BBIABUTH 3aBUCUMOCTH MEKIY
OMOXMMHYECKMMHU TTapaMeTPaMU ChIPbsl 1 CEHCOPHBIMHU XapaKTePUCTUKAMHU IOy~
YCHHOT'O U3 HETO BapCHbs, a TAKKE ONMUCATh IMOJYUYCHHBIC B3aHMOHCﬁCTBHH YpaB-
HEHMSMHU PErpeccu.

Marepuanbl U MeTobl. OObEKTaMU HCCIISIOBAHUS CIY)KHWIH 6 T€HOTUIIOB
somonun cenexipn BHUVCIIK: Bonorosckoe, BenbsimuuoBckoe, KypHakoBckoe,
Kanauis opnosckuii, PoxxaectBenckoe, Crunar oprioBckuid. ChIpbe OBLIO ITpoaHa-
JIM3UPOBAHO I10 TBEPILOCTH ILJI00B, COAEPKAHUIO IIUIIEBBIX BOJIOKOH, CaXapoB, Op-
ranudeckux kuciot, Ca™'. BepaboTKy BapeHbsl OCYIIECTBISLIH COITACHO TEKYIIIUM
crangapram. OpraHojenTH4eCKUi aHaIu3 BKJIIOYaJl BU3yaJIbHYI0, BKYCOBYIO U 000-
HATEJbHYIO OLEHKY. OLileHKa TPOBOANIACH IKCIIEPTAMU, KOTOPBIE IPUHSAIN y4acTHe
B 3aKPBITHIX JETYCTALUAX. DKCIEPTHI — WIEHBI ATYCTallMOHHON rpymnnsl (n = 15,
3 myxumH, 13 xeHuuH, B Bozpacte 27-60 siet) Obu1i 0ToOpaHbl Ha 100POBOJIBHOM
OCHOBE CPEJM COTPYAHUKOB MHCTUTYTA IO YPOBHIO BKYCOBOI YyBCTBUTEIBHOCTH.

Pesyabrarnl. Beicokoe coneprkanue NMUIIEBBIX BOJIOKOH (2,1-2,2%) B chIpbe
BBIABJIEHO y copToB Kanauins opaosckuid, KypHakosckoe, BenbsimuHosckoe. [1nogst
COPTOB sI0JIOHU coiep Kaiy B cpeiHeM (GpyKTo3bl 5,8%, Titoko3bl — 2,2%, caxapo-
3b1 — 1,6. OTMeueH BBICOKHH ypoBeHb s1010uHOoN KucioTsl (181,0 — 1030,0 mr/100
') M HU3KUH — JTUMOHHOM (2,6 — 12,0 mMr/100 r). ConeprkaHue KaJIbIHs B IDIOIAX
BapbupoBaiio oT 8,9 Mr/100 r (Cunan opnoscekuii) 1o 22,0 mr/100 r (bonorosckoe
n Kanauie opioBckuit). CpeniHee 3HaYCHNE TBEPAOCTH MSKOTH TUIOJIOB COCTABH-
110 4,7 Kr/cM?, pa3Max W3MEHYHBOCTH IIPU 3TOM ObLT OT 3,6 Kr/cM2 (BeHbsIMUHOB-
ckoe) 110 6,2 kr/cm2 (borxoroBckoe). CeHCOPHBIN aHAIN3 BapEHbs 6 COPTOB SOIOHH
II0Ka3aJl, YTO BCe 00pa3libl MOMYUYHUIN BBICOKHE OLIEHKHU IpuemieMoctu. Camble
BBICOKHE OLICHKH IOJy4msIo BapeHbe copToB PoxnectBeHckoe n KypHakoBckoe.
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VYcraHOBIEHO, YTO HAaHOOIIee TPEIIIOYTUTEIBHO BAPEHBE, C IPO3PAYHBIM CUPOIIOM
Y LEJIBIMU JI0JIbKaMH ¢ XpycTsiieil koncucteHiuen. Koiauuectso cupona u npu-
3HAKH €T0 JKeJIMPOBAHUS OONIBIION PO HE UTPaJIH, @ HEXHAs (MSATKast) KOHCUCTEH-
LT TOJIEK CHIDKAJa OLEHKY NMPUEMIIEMOCTH. YCTaHOBJICHBI 3aBUCHMOCTH MEXIY
OpraHOJIENTUYECKUMH [10Ka3aTeIsIMU BapEHbsI U HEKOTOPHIMH OMOXUMHYECKUMHU
napaMeTpaMu ChIpbs. BbIsABIeHa mpsMast 10CTOBEPHAsl 3aBUCUMOCTb MEKAY IPO-
3paYyHOCTHIO CHPOTIA U COIEPIKAaHUEM OpraHUUeCKUX KUCIOT (1= 0,88* myst mumMoH-
HOU KucnoThl; T = 0,86* st 16109HOM KUCHOTHL; T = 0,89* M5l THAPOKCUKOPHUYHBIX
KHCJIOT) U 00paTHas — conepxkanueMm Ca++ (r =-0,87*). OTmeueHa npsimast 3aBHCH-
MOCTb MEXIY KOHCHCTECHIMEH SOJOUHBIX 0K U COACPIKaHUEeM HEPacTBOPUMBIX
MUIIEBBIX BOIOKOH (1 = 0,80%) u ruipokcHKOpUYIHBIX KHCIOT (r = 0,81%) u oOpar-
Hasi MEXJy TUM I10Ka3aTelIeM U COAEp:KaHuEeM JIUMOHHOM kuciotsl (r = -0,80%).
[onyueHHble HaHHBIE O3BOJSIIOT MPOTHO3UPOBATH KAYECTBO SIOJOYHOTO BapEHBS
Y MIPOEKTUPOBATh MPOAYKT C 3alaHHBIMH ITapaMeTpaMu KauecTBa.

KiioueBble ci10Ba: sI0J10HS; BapeHbE; CEHCOPHAsI OLICHKA; A€CKPUIITOPBI; O1O-
XHUMHAYECKHE TTapamMeTpbl
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Introduction

The preparation of sugary fruit products is one of the oldest canning pro-
cesses known to mankind, which significantly reduce post-harvest losses in
temperate climates and consume fruits both in season and in the off-season.
In this case, food preservation is achieved, in addition to heat treatment, by
increasing the dry matter content (decrease in water activity) and acidity (de-
crease in pH) [20; 21;28].

Despite the high sugar content in preserves, its negative effect is offset by
the high content of biologically active substances and, especially, dietary fiber.
All types of fiber, both soluble and insoluble, which are contained together with
fructose and glucose in fruits and berries, slow down the rate of absorption of
simple sugars and cause a calm release of insulin. Therefore, preserve, jam and
other processed fruit products made with sugar are considered as natural healthy
food products containing useful components of fresh fruits and possessing their
pharmaceutical properties, but requiring metered consumption.

The production of sugary fruit products, including jams, is promising from
the point of view of small business development. The adoption of the law ,,On
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agricultural products, raw materials and food* (entered into force on March 1,
2022), aimed at producing products for the population with improved character-
istics, also sets the task of using raw materials, according to their characteristics,
most corresponding to the production of fruit sugary confectionery products,
including preserve [19]. The creation of a raw material base of fruits and berries
for the production of various types of canned fruit with sugar implies the selec-
tion of cultivars with the best suitability for processing for a specific type. For
apple preserve the cultivars, on the one hand, should be with a high content of
soluble solids (SS) and dense pulp, so that the fruit slices do not boil when cook-
ing, on the other hand, with a sufficient acid content to avoid candying during
storage, be more harmonious in taste. The optimal degree of fruit maturity for
the preserve is also of great importance. The fruits should be ripe but with dense
flesh. When using unripe fruits, the preserve turns out to be non—aromatic, the
slices are dry and hard to taste, since under the action of sugar syrup they un-
dergo strong plasmolysis of the protoplast occupying most of the cells, which
is typical for immature fruits and the syrup often gels. Thus, the quality of the
preserve is determined mainly by the pulp of the fruit, that is, the quality of the
mesocarpium — the presence of dietary fibers, sugars, and organic acids in it.

One of the main indicators of fruit pulp — hardness — describes its texture
and is often used by manufacturers to determine the optimal date of harvest [16;
20]. The maturity of fruits affects their density: during the ripening process, the
density of the pulp decreases, as protopectin passes into pectin. The hardness of
the pulp characterizes the mechanical properties of fruits and is of great impor-
tance for technical processing, since the structure of the fruit pulp determines
the quality of the final product.

According to GOST 34844-2022 [5], dietary fiber is defined as carbohy-
drate polymers, plant polysaccharides that are not fully exposed to enzymes
of the gastrointestinal tract and are not absorbed in the small intestine, and the
consumption of dietary fiber of at least 20 g per day is considered sufficient for
a healthy diet. Dietary fibers are conventionally divided into insoluble dietary
fibers (IDF) and soluble dietary fibers (SDF) depending on their solubility.
IDF include cellulose, hemicellulose, lignin, etc., whereas SDF include pectins,
B-glucan, oligosaccharide, inulin, etc. [5; 27; 32]. Fiber is a good example of
dietary fibers that polyphenols bind to. The fiber of apples also causes a signif-
icant increase in the viscidity of jelly [22].

Sugars (carbohydrates), which perform an energy and support function, have
a sweet taste and are easily absorbed by the body. In combination with organic
acids, they form the taste of fruits. Fructose, which share in the total sugar con-
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tent is on average 50-60%, dominates in apples [6; 18; 19; 25]. According to
S.M. Motyleva and A.A. Borisova [10], the content of other identified 10 sugars
in apples — galactose, mannose, arabinose, ribose, allopyranose, levoglucosan,
sorbitol, turanose, talose, tagatose — depends on the cultivar. M. Y. Akimov and
co-authors [1] determined in the analysis of fruits of a number of fruit and ber-
ry crops that the highest relative fructose content (>5.00%) is characteristic of
apple fruits. Their research showed that the total carbohydrate content in ap-
ples was 10.4%, of which 5.74% was fructose, 2.16% was glucose, 1.49% was
sucrose. Since sugars predominate in the total amount of SS, they significantly
affect the condition of fruits when cooking preserves.

When studying the content of organic acids in apples of 24 varieties, it was
found that malic and citric acids are predominant, which account for 441.7
and 6.18 mg/100 g, respectively [1]. Malic acid is the dominant organic acid
in apple fruits, which can account for up to 90% of the total amount of organic
acids [23; 29].

Apple fruits are a source of many mineral elements, primarily K, P, Ca,
Mg, etc., which are involved in many physiological processes in fruits. Calci-
um, potassium and magnesium and their ratio in mature apple fruits affect their
quality, cell wall structure and shelf life. The high calcium content in fruits is
important for successful storage and processing. Different varieties may have
different contents, but usually within the range of 45...60 mg/1 kg of crude
weight [15]. According to some authors, the proportion of calcium in the ash
of apple fruits ranges from 0.01 to 0.25 wt% [10], others — 22.2-73.8 mg/100
g [1]. Calcium is a part of pectin substances and affects the resistance of the
cytoplasm to mechanical influences. It is possible that calcium regulates the
expression of key genes involved in sorbitol metabolism, which leads to the
accumulation of sugar in fruits [30]. Calcium intake into apple fruits occurs in
the first 4-6 weeks after flowering and as cells age, its concentration increases
[18]. The maximum accumulation of calcium in apple fruits occurs at the stage
of their development (about 30 mg/100 g). As apples reach maturity, the con-
tent of this element gradually decreases to 8...14 mg/100 g, which is optimal
during the harvest period [11]. Summer cultivars accumulate less calcium in
fruits than autumn and winter [15].

Based on the presented data, it is obvious that the content of dietary fibers,
sugars, organic acids, and calcium in apples, which are involved in the forma-
tion of protoplast properties (fruit pulp), are important technological indicators
that affect the quality of preserves. Of great interest is the identification of var-
ious dependencies between the chemical and technological characteristics of
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fruits and the quality of the finished product. Knowledge of such relationships
would make it possible to determine the importance of a particular technolog-
ical indicator in the formation of the organoleptic qualities of the processed
product and its nutritional value. The chemical composition of the fruits does
not guarantee the high quality of the processed product. Only an assessment of
its quality indicators allows us to make a final conclusion about the suitability
of the cultivar for a particular type of processing.

The objectives of the study were as follows:

- to characterize the apple fruits of different cultivars in terms of the content
of dietary fibers (soluble and insoluble), sugars (glucose, fructose, sucrose and
their sum), acids (malic, citric, hydroxycoric) and calcium;

- to form a sensory profile based on visual descriptors and analyze preserve
from fruits of various apple genotypes based on it;

- to identify the dependencies between the biochemical parameters of the
raw material and the sensory characteristics of the preserve obtained from it;

- to describe the resulting interactions using regression equations.

The realization of this goal will make it possible to identify the most import-
ant descriptors for the characteristics of apple preserve from the point of view
of sensory analysis; expand the modern database of organoleptic analysis and
the dictionary of descriptors, as well as reasonably approach the development
of recommendations for the use of various apple cultivars in processing from
the point of view of sensory and biochemical characteristics.

Material and methods

Objects. We studied 6 local apple genotypes: Bolotovskoye, Veniamino-
vskoye, Kurnakovskoye, Candil Orlovsky, Rozhdestvenskoye and Sinap Or-
lovsky. These genotypes were bred by Russian Research Institute of Fruit Crop
Breeding (VNIISPK) and grown in Oryol region. For the production of pre-
serves, the fruits were selected in a technical degree of maturity.

Technological and biochemical parameters. The raw materials were ana-
lyzed according to the hardness of the fruits, the content of dietary fibers, sug-
ars, and organic acids, Ca'".

The hardness of the pulp of apples was determined using the FHT 803 pen-
etrometer.

The determination of the content of IDF and SDF (enzymatic method) was
carried out in accordance with the Guidenles R 4.1.1672-03 [13]. The method
makes it possible to determine soluble (in ethyl alcohol) and insoluble dietary
fibers, which differ in physiological action. The mass fraction of pectin sub-
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stances (soluble dietary fibers) was determined by the volumetric method ac-
cording to S.Ya. Raik and GOST 29059-91 [3; 12].

The mass fraction of total sugar, monosaccharides and sucrose was deter-
mined using the Bertrand method [6], which is based on the ability of sugars
to reduce copper sulfate to copper oxide in an alkaline medium, the amount of
which was used to calculate the mass fraction of sugars in solution. The de-
termination of mono- and disaccharides was carried out by high-performance
liquid chromatography (HPLC) on columns filled with silicalegem with grafted
amino groups in Ca form with refractometric detection [9].

The determination of organic acids was carried out under HPLC conditions
with photometric detection according to ,,Methods of analysis of minor biolog-
ically active substances of food* edited by V.A. Tutelyan and K.I. Eller [9]. The
determination of hydroxycinnamic acids was carried out by HPLC method in
the mode of gradient elution with photometric detection at a wavelength of 330
nm; the acid content was determined in terms of chlorogenic acid [9].

The determination of calcium content was carried out by atomic absorption
method according to [13]. The method is based on spraying a solution of the
mineralized sample in an air-acetylene flame. The metals in the mineralized
solution, falling into the flame, passed into the atomic state. The amount of ad-
sorption of light with a wavelength corresponding to the resonance line is pro-
portional to the value of the metal concentration in the test sample.

Preserve production. The preserve was made according to the current
standards [4]. The apples were thoroughly washed, peeled, cut into slices and
blanched for 5 minutes at a water temperature of 90 °C. The prepared raw mate-
rials were poured with 50% sugar syrup and kept in it for 8 hours. The preserve
was brewed in 4 steps with an intermediate stand for 8 hours. The total cooking
time did not exceed 40 minutes. The corked preserve was stored for 4 months
before sensory and chemical analyses.

Organoleptic analysis. In our study, the organoleptic analysis included vi-
sual, gustatory and olfactory assessment. The assessment was carried out by
experts who took part in closed tastings. The experts — members of the tasting
group (n =15, 3 men, 13 women, aged 27-60 years) were selected among the
staff of the VNIISPK according to the level of taste sensitivity [7; 8; 24; 26].
The experts took part in the organoleptic analysis on a voluntary basise. The
appearance of the product was evaluated: the quality of the syrup, the integ-
rity and consistency of the slices. To assess the intensity of the manifestation
of qualities, a 5-point continuous scale was chosen (1 — sign was not detected,
5 — sign was expressed intensively) [25]. Also, the participants of the tasting
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committee were asked to rate the product on a 5-point hedonistic acceptance
scale (1 — extremely dislike, 5 —like very much).

Each sample was encrypted with a three-digit number. Each participant of
the tasting committee had a glass of water.

Statistics analysis. All measurements were carried out on three parallel
samples for each variable, and the data were expressed in Tables as an average
value + standard error (SE). Statistical processing was carried out by general-
ly accepted methods using standard Microsoft Excel computer programs. The
reliability of the results was assessed by the Student‘s t-test at p<0.05. The sig-
nificance of the differences between the cultivars was assessed using variance
and a posteriori (Tukey post hoc test) analyses [31].

Results and discussion

Biochemical parameters of raw materials. Apples are one of the most im-
portant sources of dietary fiber for our diet. It was found that the level of dietary
fiber in the studied apple varieties ranged from 1.88% (Rozhdestvenskoye) to
2.39% (Bolotovskoye) (Table 1). A relatively high content of dietary fiber (2.12-
2.16%) was found in the cultivars Candil Orlovsky, Kurnakovskoye and Veni-
aminovskoye, the average — in Sinap Orlovsky (1.99%). It was found that the
average SDF content (1.28%) exceeded the IDF level (0,88%). Bolotovskoye,
Veniaminovskoye and Sinap Orlovsky were characterized by the highest SDF
content. Comparatively low SDF content was noted in the fruits of Candil Or-
lovsky and Rozhdestvenskoye. Candil Orlovsky stood out for the highest IDF
content (1.22%). The minimum content of IDF was in Sinap Orlovsky (0,60%).

Table 1.
Biochemical parameters of raw materials for apple preserve

Dietary fiber, % Sugars, % Organic acids, o |4

mg/100 g S |8,

. = |8 E

H 5] 1) ) .2 5 = O
Variety el e | B2 E] g | 2| 2 |EEl 2|ED
|88 |28|2|2|2|8| 2 |2 s |87

= =

= Qo n © f?, O £
Bolotovskove  [39% [1:00= {144+ 16,57+ |1.04+ [1.54+ [11.05(8.00+ [245.95% |2.11+ [22.03+ 545+
VSKOYC  lo.14 |o.01 |0.04 [0.14 [0.01 [0.01 [0.12 [0.02 [3.31  o.0o1 [0.95 [0.76
Veniaminov- (2,124 0.72+ [1.43+ [4.92+ [1.81+ |1.31% [9.04+ [8.04+ [889.88+ |4.06+ [9.12+ [3.56+
skoye 0.01 [0.02 0.02 [0.09 [0.03 [0.01 [0.07 [0.38 [6.89  [0.04 [035 [0.57
. 216+ [1.22+ [1.02+ [5.71= [2.56+ [1.51% [11.00+ [4.02+ [180.90% 21.834 [4.18+
Candil Orlovsky |yo6 1002 [0.02 |05 [0.03 (003 [o11 [015 669 |~ %%|o4s  [0.43
Kumakovskove [13% [0-82% [L31+ [5.47% 2,10+ [1.41+ 0,98+ [2.50+ [480.40+ |1.89+ |20.20+(3.77+
u VSKOYC 10.03 0.02 [0.03 [0.18 [0.02 [0.03 [023 [0.06 [3.94  [0.04 034 [0.45
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Rozhdestven-  [1.88+ 0.89: [1.04 [6.18% 2,49+ [2.16% [12.055(5.03+ [280.01% |_ 1[18.95%(4.53+
skoye 0.04 [0.04 |0.06 [0.11 [0.03 [0.06 [0.13 [0.19 |4.16 lo.7s o2
Sinap Orlovsky [1:9%F [0:60% 141 [5.86+ [2.14+ [1.61= [10.912[12.04+1029.98+6.81+ [8.85+ 603+
map Orlovsky 102 [0.03 [0.02 [0.06 [0.03 [0.02 [021 [0.12 [10.63 [0.02 [034 [0.69

— 2114 [0.88% [1.28 [5.79+ [2.17+ |1.59+ [10.67+[6.62+ [517.85% [2.50% [16.83+ [4.59+

X 0.07 [0.09 [0.08 (023 [0.12 [0.12 [0.42 [1.40 [146.76 [1.06 [2.52 [0.40
LSD 05 028 (035 031 [0.92 [0.48 [0.48 [1.66 [5.51 [576.97 |4.16 [9.92 [1.56

The studied apple cultivars had significant differences in the amount of sug-
ars, as well as in the content of fructose, glucose and sucrose (Table 1). Analysis
of the sugar content in the fruits of the studied apple cultivars showed that on av-
erage they contained fructose 5.86%, glucose 2.14%, sucrose 1.61%. Significant
differences in the total content of sugars in apple fruits were revealed — from 9.04
to 12.05%. According to the data of N.I. Savelyev and co-workers [14] and E.N.
Sedov and co-workers [17], the sugar content of > 11% in apple fruits is high.
Among the studied apple cultivars, this group includes Rozhdestvenskoye, Bo-
lotovskoye and Candil Orlovsky. The fructose content in the fruits of the studied
apple cultivars ranged from 4.92 to 6.57%. The highest content for this indicator
was distinguished by Rozhdestvenskoye and Bolotovskoye, the lowest — Veni-
aminovskoye. The glucose level in the fruits of the studied apple cultivars was
significantly lower than the fructose level and ranged from 1.81% (Veniamino-
vskoye) to 2.56% (Candil Orlovsky). The level of sucrose in apple fruits varied
from 1.31 to 2.16%, which was slightly lower than glucose and significantly
inferior to fructose. The highest content — 2.16% — was in Rozhdestvenskoye.

It was found that apple fruits had a high level of malic acid (180.90 —
1029.98 mg/100 g) and a relatively low level of citric acid (2.59 — 12.04 mg/100
g). In terms of acid content, Sinap Orlovsky stood out in particular. High ac-
cumulation of malic acid in fruits (889.88 mg/100 g) was noted in Veniami-
novskoye. The highest saturation of citric acid in fruits was found in Sinap
Orlovsky, Bolotovskoye and Veniaminovskoye. In terms of the content of hy-
droxycinnamic acids in fruits, Sinap Orlovsky was distinguished (6.81 mg/100
g), while in Rozhdestvenskoye and Candil Orlovsky, the content of hydroxy-
cinnamic acids did not exceed 0.05 mg/100 g.

The calcium content in the fruits of the studied apple cultivars ranged from
8.85 mg/100 g (Sinap Orlovsky) to 22.03 mg/100 g (Bolotovskoye). The culti-
vars were mainly characterized by an average calcium content, the relatively low
calcium content in the fruits was in Veniaminovskoye along with Sinap Orlovsky.

The determination of the hardness of the pulp of apples showed that with
an average value of 4.59 kg/cm?, the variability ranged from 3.56 kg/cm? (Ve-
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niaminovskoye) to 6.03 kg/cm? (Sinap Orlovsky). The fruits of Bolotovskoye
were also characterized by a rather dense pulp (Table 1).

Sensory evaluation analysis. The appearance of apple preserve was evaluat-
ed on two aspects: the quality of the syrup and the quality of the slices (Table 2).

Table 2.
Groups of descriptors for sensory analysis of apple preserve

Visual descriptors that characterize
the syrup quality

Visual descriptors that characterize
quality of slices

Transparency Integrity
Amount (1 point — no syrup, 5 points — Density

a lot of syrup)

Gelling Starchiness

Rough consistency of the slices (hardness)

Crispy consistency
Tender consistency

Transparency of the
Syrup —— Bolotovskoye

Tender consistency
of slices

Gelling of the syrup L
—— Veniaminovskoye

—— Candil Orlovsky

Crispy consistency Amount of the
of slices syrup
——Kurnakovskoye
Rough consistency Integrity of slices _EOZthStVenSkOY

of slices

——Sinap Orlovsky
Starchiness of slices Density of slices

Fig. 1. Descriptive characteristics of apple preserve samples.
The statistically significant difference between cultivars is confirmed by the data
of the analysis of variance and the Tuke test

Almost all samples were characterized by a typical appearance for apple pre-
serve: whole slices evenly distributed in the syrup (Fig. 1, Table 2). The appearance
of the preserve Candil Orlovsky was noted to be different from the rest of the sam-
ples. This sample was characterized by boiled slices and an almost complete ab-
sence of syrup, which is a significant disadvantage for preserves. At the same time,
according to the integrity of the lobules and the amount of syrup, Candil Orlovsky
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significantly differed from all other cultivars, which is confirmed by the Tuke test.
Also reliably on the same level were Kurnakovskoye and Rozhdestvenskoye with
a small amount of syrup as well as Veniaminovskoye and Sinap Orlovsky.

Table 3.
Sensory analysis of apple preserve, point
Syrop characteristics Characteristics of slyces
> ° %l & &
Q 12} [ ) [5) — —
. g = on 2 > 5 5o & Z
Cultivar = E £ i= Z £ |3 ig 8% 8%
& g > §° 5 § SR NP 5| 58
g < o} = a s 285 x|l & v*
= n |2z 8| E 5
z:2|0 =
Bolotovsk 418+ [236+ [247+ [418+ [3.14+ [2.00= [1.56+  [3.39+ [2.94+
olotovskoye 012 o1 |0.19 013 [0.07  [0.13  [o.10 0.13 0.1
Veniaminovskove 374+ [334+ [1.48+ [4.03+ [2.86+ [239+ [1.60+  [2.69+ [3.17+
vSKoy! 018 [o.18  |o.12 013|013 |o.16  [0.14 0.19 |0.12
Candil Orlovsk 424+ [121+ [1.59+ [1.81+ [2.58+ [2.61= [L.69+  |2.64+ [2.72+
VSKY 0.18 007 029 |o.16 o4 o7  [0.13 0.15 [0.12
Kumakovsk 377+ |L67+ [2.96+ [3.44+ [2.97+ [237+ [1.80+  [3.00+ [2.97+
urnakovskoye 019 [0.10  [030 0.5 [0.08  [0.17  [0.12 0.18 [0.13
Rozhdestvensk 3.92+¢ [171= [2.92+ [3.85+ [3.03+ [231+ [1.40+  [2.92+ [3.33+
ozhdestvenskoye 020 [0.10 (023 014 [0.09 |0.14  [0.08 0.17 [0.09
Sinap Orlovsk 394+ 325+ [172+ [3.13+ [2.14+ [2.14+ [1.08+  [1.29+ |4.19+
ap Driovsky 0.3 |05 |0.14 013|013 [023  [0.05 0.11 |0.12
_ 397+ .26+ [2.19+ [341+ [.79+ [230+ [1.52¢  [2.66+ [3.22+
x 008 (036 [028 (036 [0.15  [0.09 [o0.10 029 0.21
LSD 05 033|142 [1.09 [140 059 (034  [0.41 116 [0.83

Despite the disadvantages of the preserve of some cultivars, in general, all
samples received high acceptance ratings (Table 4). The all preserves were high
rated, Candil Orlovsky was rated the lowest. According to our data, the preserve
characterized by transparent syrup and whole slices with a crispy consistency
is most preferable. At the same time, the amount of syrup and signs of its gell-
ing do not play a big role, and the delicate consistency of the slices reduces the
assessment of acceptability (Fig. 1, Table 4).

Table 4.
Assessment of the acceptability of apple preserve, point
Cultivar Appearance Taste General
Bolotovskoye 4.30+0.20 4.00+0.04 4.35+0.13
Veniaminovskoye 4.35+0.19 4.38+0.06 4.3740.13
Candil Orlovsky 4.03+£0.12 4.334+0.03 4.17+0.03
Kurnakovskoye 4.33+0.12 4.33+0.18 4.33+0.07
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Rozhdestvenskoye 4.23+0.07 4.37+0.03 4.33+0.07
Sinap Orlovsky 4.30+0.10 4.30+0.07 4.30+0.10

% 4.26+0.05 4.29+0.06 4.3240.03
LSD 05 0.19 0.23 0.12

The influence of raw material parameters on the organoleptic character-
istics of the final product. The influence of some biochemical parameters on
the preserve taste is confirmed correlation coefficients (Table 5).

Table 5.

The relationship (r) between the parameters of raw materials
and the organoleptic characteristics of apple preserve

Syru .. .
yrup Characteristics of slices
NE characteristics
o .
2
; 8‘ " consmtency
- wn 1
18| E|l 22|28
S| 5| 2|E|®|Z|E|S- =
Sl 8|13 | 2| 5|85 2|3
3 = s | = | o s |<= gl 5 £
= | 8 = 7= &
B
o
e
Dietary fiber (amount) 0.32 | 0.64 |-0.07 [ -0.10 | -0.21 | 0.31 |-0.21| 0.49 | 0.49 | -0.58
IDF -0.06 | 0.80% | -0.78 | 0.08 | -0.45 | 0.34 | 0.38 | 0.54 | 0.54 |-0.80*
SDF 0.35 [-0.32| 0.79 |-0.18 | 0.50 | -0.09 | -0.60 | -0.16 | -0.16 | 0.37
Citric acid 0.67 | -0.07 | 0.88% | -0.52 | 0.25 | -0.59 | -0.68 |-0.80%*| -0.64 | 0.77
Malic acid 0.05 | -0.68 | 0.86* | -0.48 | 0.17 |-0.58 | -0.22 | -0.56 | -0.72 | 0.79
Hydroxycinnamic acids | 0.38 | -0.41 | 0.89% [ -0.46 | 0.18 | -0.63 | -0.49 | -0.62 | -0.72 | 0.81*
Ca++,mg/100 g 0.01 | 0.67 [-0.87%| 0.57 |[-0.18 | 0.56 | 0.15 | 0.61 | 0,71 | -0,77
Pulp hardness, kg/cm? 0.52 | 0.33 | 0.00 | 0.17 |-0.33 |-0.87*| -0.60 | -0.26 | 0.43

* - significant at the level of probability P=0,95

A pronounced feedback characterizes the dependence of the amount of syrup
and the delicate consistency on the amount of calcium and the coarse consisten-
cy on the content of citric acid (Table 5). The amount of syrup in the preserve
is influenced by the content of organic acids. Since the correlation coefficient
has not been statistically confirmed in the case of the influence of citric and
malic acids on the delicate consistency of preserve slices, we can talk about
the tendency of the influence of organic acids: with a high acid content, intense
destruction of protopectin occurs [2], that is, cultivars with a high acid content
are not suitable for the production of jam due to the digestibility of fruit slices.
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The high content of IDF in the raw materials ensures the transparency of the
syrup, and the low content of IDF gives a delicate consistency of the slices.
There is a significant feedback between the hardness of the fruits and the starchy
consistency of the preserve slices, which confirms the importance of both the
selection of cultivars and the use of fruits in the optimal (technical) degree of
maturity for the preserve.

The approximation of the obtained data has shown that the revealed depen-
dencies are described by linear and polynomial regression equations. The effect
of calcium in fruits on the amount of syrup in the preserve can be described
using linear regression (1):

A=-0.3114-Ca + 3.34; R?=0.75 (1)
where: 4 — the amount of the syrup in the preserve, point; Ca — amount of cal-
cium, mg/100 g.

The analysis of Tables 1 and 3 shows that the largest amount of syrup was
typical for Veniaminovskoye and Sinap Orlovsky, the fruits of which had the
lowest calcium content.

The amount of syrup in the preserve also depends on the content of malic
(2) and citric (3) acids in the raw material, which is described by the regres-
sion equation:

A=03743-m+0.94; R*=0.76 2)

A=0.0029-c+2.24; R*=0.78 3)
where: 4 — the amount of the syrup in the preserve, point; m — malic acid,
mg/100 g; ¢ — citric acid, mg/100 g.

The effect of malic (4) and citric (5) acids of fruits on the delicate consis-
tency of preserve slices is subject to polynomial dependencies of the second
degree:

TC =2E-06m? +-0.0017-m + 3.2083; R*= 0.70 4

7C=0.0245-¢? - 0.2366-¢c + 3.4753; R?=0.75 (5)

where: TC — tender consistency of preserve slices, point; m —malic acid, mg/100
g; ¢ — citric acid, mg/100 g.

As already reported above, with a high acid content, the destruction of pro-
topectin occurs more intensively, which leads to softening of the lobules and a
larger volume of syrup in the preserve.

Fruit hardness is one of the indicators of the degree of fruit maturity [20].
Since we used fruits with a technical degree of maturity, and there was no goal
to study the effect of different degrees of maturity on the consistency of preserve
slices, the relationship between the hardness of fruits and the starchy consisten-
cy of the slices can be considered linear for the obtained sample, which allows
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us to determine the correlation coefficient (Table 5). Nevertheless, it is more
logical to describe the effect of hardness on the consistency of the lobules using
a polynomial equation of the second degree (6):

S=-0.0962-h+0.7848-h + 0.838; R?=0.82 (6)
where: S — starchy consistency of slices in the preserve, point; 4— fruit hard-
ness, kg/cm?.

Conclusions

The study of the technological qualities of six apple cultivars for suitability
for preserve has shown that they largely depend on the biochemical parameters
of the raw materials. First of all, this applies to such indicators as the amount of
syrup in the preserve, the integrity and consistency of the slices.

According to the sensory analysis data, all samples except Candil Orlovsky
were characterized by a typical appearance for apple preserve: whole slices
evenly distributed in the transparent syrup. At the same time, the preserve from
Rozhdestvenskoye and Kurnakovskoye received the highest acceptance rating,
while Candil Orlovsky and Sinap Orlovsky — the lowest rating. The results of
sensory analysis showed that preserve characterized by transparent syrup and
whole slices with a crispy consistency is most preferable.

The obtained data on the relationship of some chemical and technological
indicators of raw materials and the quality of the finished product — preserve —
allow us to predict the quality of the finished product and design a product with
specified quality parameters.
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