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[Ipencrariensl pe3yiabTaThl U3yUYSHHUsI IUIOJ0B U MPOAYKTOB UX MEPEpadOTKU KaK UCTOYHHKOB
BEIIECTB aHTHOKCHAAHTHOW HANpaBI€HHOCTH (BUTAMMHOB, OPTraHMYECKHUX KHCIOT M Pa3InYHBIX
(heHOJIbHBIX BENIECTB) B PAIIMOHE YEJIOBEKA. YCTAHOBIICHO, YTO CYIIIECTBYET BAPHATHBHOCTD CO/IEP-
JKAIIUXCS B TUTO/IAX OMOJIOTHYECKH IIEHHBIX BEIIECTB B 3aBUCHMOCTH OT MECTa MPOMU3paCcTaHus, yc-
JIOBHI KYJIBTUBUPOBAHMS U IpyTuX. Llenb nccnenoBanms — 1aTh OIEHKY IIeIIeCO00pa3HOCTH pHUMe-
HEHUS TPaIUIIMOHHOTO JiIsi CHOMPCKOTO PETHOHA TIOIOBOTO CHIPhS (KIFOKBEI, ODYCHUKU 1 ADOHUN )
KaK OCHOBBI HAUMHOK 151 XJ1e000ynouHbIX u3aenuid. OObEKT UCCIeJOBaHUI — CBEKUE TUKOPACTY-
IIMe TUTOJIBI KITIOKBBI U OpycHuKH (ypoxkait 2021 r., 3arotoBka Tomckoro Oonmorpedcorosa LlenTpo-
coro3a P®) u moas! apoHUH (COPTOCMECH, BEIpaIieHHasT Ha TeppuTopuu KemepoBckoii o0ractu u
peanmzyeMas Ha TOTPEOUTETHCKOM phIHKE). OpraHONeNTHYECKYTO OIEHKY HAUWHOK OCYTIECTRIISITH
1o 5-0aJuThHOM 1IIKajie, CyMMapHYI0 aHTHOKCHIAHTHYIO aKTUBHOCTh — KyJOHOMETPHYECKHM JKC-
pecc-MeToAoM Ha npubope «Ikcnpecc-006-AHTHOKCHAAHTEY. Ha 0OCHOBaHWYM MIPOBEICHHBIX HC-
CJIEJIOBAaHUIN yCTAHOBIIEHO, YTO CBEXHE IUIOJBI 110 AHTHOKCUAAHTHOW aKTHBHOCTH PAHKHUPYIOTCS
CIJIC/IYIOIIUM 00pa3oM: KIIFOKBBI > apOHHUH > OPYCHHKH. YCTaHOBJIICHO, YTO HA MOKA3aTellb «BHEII-
HUH BUJ ¥ KOHCHCTEHIU» HAYMHOK /IS XJ1e000yT0UHBIX N3NNI OKa3bIBalOT OCHOBHOE BIIMSTHUE
CTPYKTYpooOpa3oBaTeiv, KOTOpbIe paHXKUPYIOTCs chenyrommM odpazom: 1,0% arapa > 2,0% mnex-
tuHa > 1,5% arapa > 6,0% kpaxmana moxuduurpoBaHHoro. Ha 3amax u BKyc HaUMHOK OCHOBHOE
BJIIMSIHUE OKa3bIBAET HCIOJIB3YEMOE IUIOI0BOE CHIPhE, & CTPYKTYPOOOpa3oBaTesid — OMOCpeI0BaH-
Hoe. CymMMmapHasi aHTHOKCHJAHTHAsI aKTUBHOCTh HAYMHOK JUTS XJIeOOOYIIOUHBIX M3ACIHUN 3aBUCHT
OT pa3pyuIeHUs] OMOJIOTHYECKH aKTUBHBIX BEIIECTB TUIOIOB IPU U3TOTOBIEHUH, @ HE OT UCIIOJIb3Ye-
MBIX CTPYKTypooOpa3oBareneii. Pe3ynbTarsl TaHHBIX HCCIE0BAHNN OyIyT TOJIE€3HBI IPH CO3TaHUHU
(hyHKIIMOHATEHOW MTUTIIEBOH TPOYKITHH.

KuaroueBble ci10Ba: 1107161, aHTUOKCHIAHTHAS aKTUBHOCTh, HAYMHKHU, CTPYKTYpooOpa3oBaTen,
IoKa3aTeau KauecTBa
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The results of the study of fruits and their products as sources of antioxidant substances
(vitamins, organic acids and various phenolic substances) in the human diet are presented. It was
found that there is a variation in the biologically valuable substances contained in fruits depending
on the place of growth, cultivation and other conditions. The purpose of the study is to assess the
feasibility of using traditional for the Siberian region fruit raw materials (cranberry, lingonberry and
chokeberry) as the basis for the filling of bakery products. The object of research was fresh wild
fruits of cranberry and lingonberry (harvest of 2021, harvested by the Tomsk Regional Consumer
Union of the Russian Federation) and chokeberry fruits (variety mix, grown in the Kemerovo region
and sold in the consumer market). The organoleptic evaluation of the fillings was carried out on a
5-point scale, total antioxidant activity - by coulometric express method on the device "Express-006-
Antioxidants". Based on the studies conducted, it was found that fresh fruits are ranked as follows in
terms of antioxidant activity: cranberry > chokeberry > lingonberry. It was found that the indicator
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"appearance and consistency” of fillings for bakery products is mainly influenced by structural
formers, which are ranked as follows: 1.0% agar > 2.0% pectin > 1.5% agar > 6.0% modified
starch. The smell and taste of fillings are mainly influenced by the fruit raw material used, and
the structure-forming agents are indirectly influenced by them. Total antioxidant activity of bakery
fillings depends on the destruction of biologically active substances of fruit during manufacturing,
rather than on the used structure-forming agents. The results of these studies will be useful in the

creation of functional food products.

Keywords: fruits, antioxidant activity, bakery fillings, structure-forming agents, quality indicators

Has uurupoBanus: /Jaevioenxo H.U., Ynvanosa I'C., Tonyoyosa FO.B., Cepeeesa M. IO. TlpuMeHEeHHE MII0I0BOTO ChHIPbS
CHOHpPCKOro perroHa Kak OCHOBBI HAYHHOK IS XJ1e000yI0uHbIX u3zienuii // CHOMPCKHUA BECTHHK CEIIbCKOXO3SHICTBCHHOM HayKH.
2022. T. 52. Ne 2. C. 73-81. https://doi.org/10.26898/0370-8799-2022-2-9. EDN MEGHZI.

For citation: Davydenko N.I., Ulyanova G.S., Golubtsova Yu.V., Sergeeva I.Yu. The use of fruit raw materials of the Siberian
region as the basis of fillings for bakery products. Sibirskii vestnik sel'skokhozyaistvennoi nauki = Siberian Herald of Agricultural
Science, 2022, vol. 52, no. 2, pp. 73-81. https://doi.org/10.26898/0370-8799-2022-2-9. EDN MEGHZI.

Konduukr nnrepecon

ABTOpBI 3a5BISAIOT 00 OTCYTCTBUHM KOH(IIMKTa HHTEPECOB.
Conflict of interest

The authors declare no conflict of interest.

INTRODUCTION

The peculiarities of modern human nutrition,
the emergence of new data on the functional
properties of food ingredients, including natural
origin, contribute to the development of tech-
nologies for obtaining food products with given
properties having physiological value [1]. At the
same time, plant raw materials are a valuable
source of essential nutrients of different physi-
ological orientation, allowing it to be used for
the production of combined products in combi-
nation with the basis of animal origin [2].

Oxidative stress resulting from inadequate
functioning of the antioxidant system leads to
metabolic disorders. As a consequence, inflam-
matory processes arise in the human body, lead-
ing to chronic diseases, as well as widespread
nutritional (food-related) diseases [3]. In this
regard, the development and production of food
products containing natural functional food in-
gredients are of interest in order to solve the
problem of reducing oxidative stress.

The process of designing the ingredient
composition of a food product with functional
properties consists in a multivariate selection
of valuable raw ingredients for all product sys-
tems under the condition of a complex struc-
ture. Products with fillings consisting of two
ingredient systems with different properties can
be used as an example [4].

Oxygen is the main guarantor of the vital
activity of living organisms, but as a result of
normal metabolic processes free radicals are
formed in the cell, damaging the cell mem-
branes. Therefore, the lack of timely neutraliza-
tion of active oxygen leads to irreversible dam-
age to the body. Humans exist under constant
stress, the situation is exacerbated by emotional
stress, environmental conditions, air pollution,
and the prevalence of smoking. In this regard,
free radical damage is due to their excessive
amount. Antioxidant protection of the body is
necessary for humans to level the consequences
of destructive oxidative processes [5].

The main sources of antioxidants are fruits,
especially those with a pronounced sour and
sour-sweet taste, blue, red, and orange. Various
groups of substances show antioxidant prop-
erties: vitamins E, C, carotenoids, flavonoids,
polyphenols, trace elements (such as selenium)
and others. Especially rich in antioxidants are
rosehips, cranberries, blueberries, black cur-
rant, wild strawberries, blackberries, goji, sea
buckthorn, cranberries, etc. Fruit flavonoids are
mainly anthocyanins, proanthocyanides, flavo-
nols, and catechins [6, 7]. A number of authors
have shown that significant variation in the
content of biologically valuable substances in
fruits is associated with the variety, cultivation
conditions, and place of growth [8-10]. At the
same time, there are not enough studies of the
variability of antioxidant activity of the ingre-
dient composition of fruit processing products.
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The purpose of the research is to assess the
feasibility of using traditional for the Siberian
region fruit raw materials (cranberries, lingon-
berries and chokeberries) as the basis for the
filling of bakery products.

The following tasks were solved within the
framework of the stated goal:

- the total antioxidant activity of cranberry,
lingonberry and chokeberry fruits was deter-
mined;

- evaluation of organoleptic characteristics
and total antioxidant activity of the toppings for
bakery products from the studied fruit raw ma-
terials depending on the used structure-forming
agent was carried out.

MATERIAL AND METHODS

Studies were conducted in October 2021 in
the laboratories of the departments of technolo-
gy and organization of public catering and tech-
nology of processing of raw materials of plant
origin of Kemerovo State University.

The object of research is fruit raw material
(cranberry, lingonberry and chokeberry), which
has antioxidant activity, and semi-finished
products (stuffing for bakery products) based
on it.

Fresh wild fruits of cranberry and lingonber-
ry of 2021 harvested by Tomsk Regional Con-
sumer Union of the Central Union of Consumer
Cooperatives of the Russian Federation, fresh
fruits of chokeberry, mixed varieties grown in
the Kemerovo region and sold on the consumer
market were studied in the work.

For the structuring (thickening) of the fill-
ings we used:

— pectin according to GOST 29186-91 "Pec-
tin. Technical conditions";

— agar according to GOST 16280-2002
"Agar food. Technical Conditions";

— corn starch modified with cold swelling
GLETEL BAW E1422.

Stuffing was prepared as follows: fresh
chopped fruits (particle size 1-4 mm) were
mixed with sugar in the ratio fruit: sugar - 80:
20, heated and brought to a boil; then thickener
was added in various amounts, brought to a boil
and boiled for 4 minutes. Then it was cooled
at room temperature until formation of gelled

structure. The amount of structure agents was
introduced according to the manufacturers' rec-
ommendations for the fillings as percentage
of the mass of fruit and sugar mixture: 1.0%
and 1.5% agar, 2.0% pectin, 6.0% corn starch
(GLETEL BAW-23).

Organoleptic evaluation of the fillings was
carried out on a hedonic 5-point scale: 5 points
- excellent quality; 4 - good; 3 - satisfactory;
2 - poor (unacceptable); 1 point - very poor
(unacceptable). When examining the indicator
"appearance and consistency" of the products,
descriptive characteristics and scoring were
carried out in terms of the behavior of fruit fill-
ing during baking, its uniform distribution in-
side the baked product, including after cooling.

Total antioxidant activity (AOA) was deter-
mined by the coulometric express method on
the device "Express-006-Antioxidants". AOA
was measured by preparing an aqueous-alco-
holic extract of fruits or fillings: solid portions
of crushed fruits or fillings were poured into
aqueous-alcoholic mixture (40%) in the ratio 1:
4 (portions to mixture) and incubated in a cabi-
net without light at 20 + 2 ° C for 2 hours. The
duration of infusion was determined by experi-
ment - after 2 h the AOA parameters were sta-
bilized and did not change essentially. The use
of water-alcohol mixture allowed maximum
extraction of water- and alcohol-soluble sub-
stances exhibiting antioxidant activity.

When evaluating the antioxidant activity of
the filling, it was preheated to 98 ° C and in-
cubated for 10 minutes, simulating the heating
of a bakery product during baking, then cooled
and measured.

RESULTS AND DISCUSSION

At the first stage of the experiment, the total
antioxidant activity of fruit samples was deter-
mined: cranberry, lingonberry and chokeberry.
The choice of these fruits is explained by their
local origin (within Siberia), as well as by the
content of the nutrient composition of a signifi-
cant number of physiologically valuable sub-
stances. According to the literature data [11-
16], the fruits selected for the study contain the
following biologically active substances that
determine the antioxidant orientation:
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— cranberry: citric, benzoic, quinic, ursolic,
chlorogenic, apple, oleic, y-oxy-a-ketobutyric,
a-ketoglutaric acids; in trace amounts - oxalic
and succinic acids; betaine and bioflavonoids:
anthocyanins, leucoanthocyanins, catechins,
flavonols and phenolic acids;

— lingonberry: citric, apple, oxalic, benzoic,
acetic, glyoxylic, pyruvic, oxypyruvic, a-keto-
glutaric acids, etc.;

—black chokeberry: rutin, anthocyanins, cat-
echins, flavonols, organic acids: citric, malic,
tartaric, salicylic, tartronic.

The results of AOA studies of cranberry,
lingonberry and chokeberry fruits are presented
in Table 1.

The studied fruits differ from each other by
AOA, they can be ranked as follows: cranber-
ry> chokeberry> lingonberry (see Table 1). It
was noted that the AOA of chokeberry fruit is
insignificantly inferior to cranberry fruit, on av-
erage, by 7%, but superior to lingonberry fruit,
on average, by 20%.

Stuffings were prepared from cranberry,
lingonberry and chokeberry fruits. The results
of the evaluation of organoleptic characteristics
of the fillings are presented in Tables 2, 3.

The data in Table 2 indicate that the best
appearance and consistency were the fillings

Taoa. 1. CymmapHas aHTUOKCUIAHTHAS
AKTUBHOCTb TUIOJOBOTO ChIPbS (11 = 3)

Table 1. Total antioxidant activity of fruit raw
materials (n = 3)

Fruit Total antioxidant
activity, mg/100 g rutin
Cranberry 219,24 + 3,74
Lingonberry 162,33 +£2,49
Chokeberry 204,12 £3,74

made from cranberry, lingonberry and choke-
berry fruits, made with 1.0% agar as a structur-
al agent, the average score being 4.7 (the mass
is thick, jelly-like, and spreadable). Fruit fill-
ings made with pectin were slightly inferior in
appearance and consistency to products made
with 1% agar, with a score only 5% lower (a
thick, viscous, smeary mass). Stuffings made
from cranberries, lingonberries and chokeber-
ries containing 1.5% agar were inferior to the
products containing 1.0% agar by an average
of 7%, as the mass became excessively dense.
Samples of stuffing from cranberry, lingonberry
and chokeberry fruits with 6.0% modified cold
swelling starch as a texture formulator, as rec-
ommended by the manufacturer, obtained low

Taba. 2. OpranojgenTuaeckast OICHKA MTOKa3aTels «BHEITHUH BUI U KOHCUCTCHITHS TIIIOOBBIX

HaYMHOK (1 = 5)

Table 2. Organoleptic evaluation of the fruit fillings indicator "appearance and consistency" (n = 5)

Sample Descriptive characteristics of the stuffing Integrai)(e)itlitm ation,
Cranberry + 1,5% agar Thick, jelly-like mass that does not spread on the surface 4,5+04
Lingonberry + 1,5% agar 4,4+0,1
Chokeberry + 1,5% agar 4,1+0,1
Cranberry + 1,0% agar Thick, jelly-like, smearing mass 4,9+0,1
Lingonberry + 1,0% agar 4,6+0,3
Chokeberry + 1,0% agar 4,5+0,2
Cranberry + 2,0% pectin Thick, viscous, smearing mass 4,7+0,2
Lingonberry + 2,0% pectin 45+0,4
Chokeberry + 2,0% pectin 4,1+03
Cranberry + 6,0% starch Dense, kisselike mass 2,9+0,7
Lingonberry + 6,0% starch 35+0,5
Chokeberry + 6,0% starch 3,1+£0,5
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organoleptic scores for the studied index (3.2
points on average), because the mass became
too dense, jellylike. The results of organoleptic
evaluations of the studied organoleptic indica-
tor did not depend on the type of fruits used.
The smell and taste of the fillings depended
primarily on the individual characteristics of
cranberry, lingonberry and chokeberry fruits
(see Table 3). The use of agar as a structuring
agent in fruit fillings, regardless of its concen-
tration, had no effect on product smell, but al-
lowed creating a more pronounced bright taste

of fruits used as a base, compared with pectin -
the average score was 4.6 and 4.1, respectively.
The smell of the fillings was characteristic of
the fruit from which they were made; there were
no extraneous tones. It should be noted that the
products made with 1.0% agar had a more pro-
nounced smell than those with 1.5% agar, and
the products with 2.0% pectin had more soft-
ness. The taste was sour for fillings made from
cranberry and lingonberry fruits, the latter had a
slight pleasant bitterness in the aftertaste; sweet
and astringent - from chokeberry. Cranberry

Taoa. 3. OpFaHOHeHTH'{CCKaﬁ OIICHKA IMOKa3aTeJIsd «3allaX U BKYC» IJIOJOBbIX HAYMHOK (I’l = 5)

Table 3. Organoleptic evaluation of the fruit fillings indicator "smell and taste" (n =5)

Descriptive characteristics Integral
Sample estimation,
Taste Flavor point
Cranberry + 1,5% agar A pronounced, sour-sweet characteris- | Harmonious, characteristic | 4,5+0,2
tic of cranberries, with no off-flavor of cranberries, odorless
Lingonberry + 1,5% agar Expressed, sour-sweet, peculiar to the | Harmonious, characteristic 49+0,1
lingonberry, with a slight bitterness in | of lingonberries, odorless
the aftertaste, with no off-flavor
Chokeberry + 1,5% agar A pronounced, sweet and astringent | Harmonious, characteristic | 4,1 +0,2
characteristic of chokeberry, of chokeberry,
with no off-flavor odorless
Cranberry + 1,0% agar A pronounced, sour-sweet characteris- | Harmonious, pronounced, 4,6+0,1
tic of cranberries, with no off-flavor | characteristic of cranberries,
odorless
Lingonberry + 1,0% agar Expressed, sour-sweet, peculiar to the | Harmonious, pronounced, 49+0,1
lingonberry, with a slight bitterness in | characteristic of lingonber-
the aftertaste, with no off-flavor ries, odorless
Chokeberry +1,0% agar A pronounced, sweet and astringent Harmonious, pronounced, 43+0,2
characteristic of chokeberry, with no | characteristic of chokeberry,
off-flavor odorless
Cranberry + 2,0% pectin | Sour-sweet, typical of cranberries, with | Harmonious, soft, character-| 4,0 + 0,2
no off-flavor istic of cranberries, odorless
Lingonberry + 2,0% pectin | Sour-sweet, peculiar to the lingonberry, | Harmonious, soft, charac- 43+04
with a slight bitterness in the aftertaste, | teristic of lingonberries,
with no off-flavor odorless
Chokeberry + 2,0% pectin A pronounced, sweet and astringent | Harmonious, soft, character-| 3,9 +0,3
characteristic of chokeberry, with no | istic of chokeberry, odorless
off-flavor
Cranberry + 6,0% starch | Sour-sweet, typical of cranberries, with | Characteristic of cranber- 2,7+0,5
an extraneous flavor ries, with extraneous tones
Lingonberry + 6,0% starch | Sour-sweet, typical of lingonberries, | Characteristic of lingonber- | 2,5+ 04
with an extraneous flavor ries, with extraneous tones
Chokeberry + 6,0% starch A pronounced, sweet and astringent | Characteristic of chokeber- 2,5+0,7
flavor typical of chokeberry, with an ry, with extraneous tones
extraneous flavor
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and lingonberry fillings made with agar regard-
less of its concentration had a more pronounced
taste than products made with pectin. The indi-
cator of "expressiveness" of taste of products
made from chokeberry, the structure-forming
agent (agar or pectin) did not have a signifi-
cant effect, but only on its overall impression.
The smell and taste of cranberry, lingonberry
and chokeberry fillings are most influenced by
modified starch, the organoleptic evaluation of
the best samples showed that this occurs on av-
erage by 44% - there appeared "floury" tones
and aftertaste (see Table 3). Figures 1-3 show
the research data on the total antioxidant activ-
ity of fruit fillings.

The data in Table 1 and Fig. 1-3 indicate that
temperature exposure first during preparation
of the filling and then during the simulated bak-

Cranberry + 6% starch &
Cranberry +2% pectin &
Cranberry +1.5% agar

Cranberry +1.0% agar

85 90

ing process reduced the antioxidant activity by
more than 2-fold. At the same time, the stron-
gest destruction of antioxidant substances was
observed in chokeberry. The antioxidant activ-
ity of the toppings was influenced by the type
of fruit rather than by the structural agent used
(see Figs. 1-3). For example, cranberry fruit top-
pings, depending on the structure-forming agent
used, ranked as follows in terms of antioxidant
activity: 1.0% agar> 2.0% pectin> 1.5% agar>
6.0% starch. Stuffings from chokeberry fruit
had almost the opposite ranking: 6.0% starch>
2.0% pectin> 1.0% agar> 1.5% agar. Stuffings
from lingonberry fruits were ranked as follows
in terms of antioxidant activity, depending on

100,48

95 100

105

Total antioxidant activity, mg rutin/100 g

Puc. 1. CymmapHas aHTHOKCHAAHTHAS aKTUBHOCTh KIIOKBEHHBIX HAYMHOK (17=3)

Fig. 1. Total antioxidant activity of cranberry fillings (n = 3)
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Puc. 2. CymmapHasi aHTHOKCHIAHTHAsI aKTUBHOCTh OPYCHUYHBIX HAUUHOK (71 = 3)

Fig. 2. Total antioxidant activity of lingonberry fillings (n = 3)
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Chokeberry + 6% starch
Chokeberry +2% pectin
Chokeberry +1.5% agar

Chokeberry +1.0% agar

66 68

72,83

72.45

70 72 74

Total antioxidant activity, mg rutin/100 g

Puc. 3. CymmapHast aHTHOKCHIAHTHASI aKTHBHOCTh APOHHUEBBIX HAUWHOK (17 = 3)

Fig. 3. Total antioxidant activity of chokeberry fillings (n = 3)

the structural agent used: 2% pectin> 1% agar>
1.5% agar> 6% starch.

CONCLUSION

The paper presents data on the antioxi-
dant status of wild cranberry, lingonberry and
chokeberry cultivated in households. It was
shown that according to the total antioxidant
activity, the studied plant raw materials were
distributed as follows: cranberry> chokeberry>
lingonberry. Sensory characteristics of fillings
for bakery products were significantly influ-
enced not only by the type of fruit raw material,
but also by the type of structure-forming agent
used in their manufacture. Model samples with
1% agar and 2% pectin had the best indicators.
It was revealed that during the preparation of
the fillings there was a destruction of biologi-
cally active substances, depending on the type
of fruit (ranking by antioxidant activity as fol-
lows: cranberry> lingonberry> chokeberry),
but not on the used structure formers.
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