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Abstract. The article analyses the candied fruit market in Ukraine and describes the main technological operations per-
taining to processing of non-traditional candied products — celery and parsnip roots. Darkening of the roots surface caused by
the enzyme oxidation is one of the problems arising when processing white roots, which leads to worse marketable condition
of the product. To prevent darkening, the developed technology provides for soaking raw material in 1% citric acid solution
immediately after peeling. To improve the diffusion and osmotic processes and to soften roots before boiling in sugar syrup,
the steam blanching has been applied. The constructed Gantt diagram proves that the developed technology can shorten the
candied fruit cooking period. The biochemical indicators of the obtained new products have been studied. It was established
that the candied fruit possess the appropriate physical and chemical indicators and original organoleptic properties resulting in
a demand by consumers. The results of the taste evaluation of the experimental specimen confirmed a high quality of the prod-
ucts.
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AHoTamisi. YV cTaTTi IpoaHami30BaHO PUHOK IyKaTiB B YKpaiHi, BHUKJIQJICHO OCHOBHI TEXHOJOTIYHI omepamii 3
nepepoOKK HETPAJUIIIHOT A IyKaTIiB CHPOBHHU — KOPIHHS celiepH Ta nactepHaky. OHi€r0 3 MpoOieM MpU TEXHOJIOTTYHiM
nepepoOLi OLINX KOPEHIB € NMOTEeMHIHHS IOBEPXHI KOPEHEIUIONIB Yepe3 ()epMEHTaTHBHE OKHUCHEHHS, L0 IPH3BOIUTH JIO
MOTIPIICHHS TOBApHOTO BHAY MNPOAYKTY. [l IONepe/pKeHHS MOTEMHIHHSA 3a PO3pOOJICHOIO TEXHOJIOTIEI0 IHependaueHo
3aMOYyBaHHS CHUPOBUHH Y 1 %-BOMY DO34MHI JMMOHHOI KMCJIOTH OJpa3y MiCls OYMLIEHHS. [l MOMIMIIEHHS NPOTiKaHHS
IQy31HHO-OCMOTHYHUX TIPOLECIB, a TaKOX PO3M’ AKIICHHS KOPEHEIUIOAIB Mepel YBapIOBaHHAM Yy IIyKPOBOMY CHpOI,
3acTocoBaHO OyaHmIyBaHHS mapor. [loOymoBano miarpamy ['aHTa, sika JAOBOAMTH, IO PO3pOOJICHA TEXHOJOTIS JO3BOJISIE
CKOPOTHUTH Yac NPUTOTyBaHHS I[yKaTiB. BuB4eHi 0i0XiMiuHI ITOKa3HUKH OTPUMAHHUX HOBHX NMpOXyKTiB. [IpoBeneHo excriepTHY
OLIIHKY ITyKaTiB 32 OPraHOJENTHYHUMH BIaCTUBOCTSMH. BcTaHOBIIEHO, IO IyKaTH MAlOTh HAIEXH] (Pi3MKO-XIMiYHI ITOKa3HUKH
Ta OpUTiHAJbHI OPraHOJICNTHYHI BIACTUBOCTI, BHACIIOK 4Oro OyAyTh KOPUCTYBATHCS IIONHMTOM y CIIOXKHBauiB. Pe3ynbraTti
JeTyCTaliiHOT OLIHKH €KCIIEPUMEHTAIBHUX 3pa3KiB MiATBEPIUIN BUCOKY SIKICTh IPOIYKTIB.

KurouoBi ciioBa: KopiHHS cenepu, NacTepHaKy, LyKaTH, TEXHOJIOTis, Jiarpama ['aHTa, OpraHoJIeNTHYHI MOKAa3HUKH.
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Besides good taste and flavour, the celery and

parsnip roots as well as the dishes cooked on their ba-
sis possess such health-promoting properties as diges-
tion improvement and better food consumption, awak-
ening of appetite, diuretic action, strengthening of

The food industry of Ukraine increases output of
sweet products rather dynamically [1]. Candied fruit
made of non-traditional raw products such as white

roots used for cooking desserts is a promising direction
for extending the product range, upgrading their nutri-
tional value and improvement of the organoleptic indi-
cators of such kind of products.

Spicy taste and peculiar flavour of celery and
parsnip roots are due to a high content of ether oils (to
0.5 %) which include octyl ether of oleic acid as well
as the ethers of propionic, heptylic and butylacetic ac-
ids. Flavours of these raw materials: alcohols, ether
oils, volatile acids and aldehydes contribute to special
peculiar odour and evoke human organism, including
appetite [2].
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blood vessels and immunity reinforcement, support of
the respiratory system performance and restorative ef-
fect [2].

The existing methods of candied fruit produc-
tion are characteristic of long lasting processes, par-
ticularly of blank boiling, considerable energy con-
sumption, loss of vitamins and other biologically active
agents. It is possible to shorten the raw material proc-
essing time by implementing new processing methods
that allow of reducing consumption of resources for
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candied fruit production and enhance the ready product
quality.

Problem statement

Candied fruit product range in Ukrainian
market is limited and presents, basically, the products
made of fruit and berries. Besides, some of them
contain artificial colouring agents that make it
impossible to refer them to the healthy foods category.
As prices of candied fruit are high, a wide circle of
consumers cannot afford it. Therefore, production of
such a dessert out of a non-traditional raw material that
is cultivated in Ukraine make it possible to enhance the
range of candied vegetables of domestic production.
The existing techniques of cooking such products are

lasting and necessitate rigid processing modes; that is
why it is desirable to apply such a processing
technology for making ready products, which leads to
preservation of nutrients.

Review of literature

Candied fruit mean those products that are made
of fruit, vegetables and berries saturated with sugar
and/or natural sweeteners added or not added with edi-
ble acids, flavours and colouring agents, dried, dusted
with sugar powder or glazed [3].

Candied fruit are classified according to the
used raw material, shape and method of use, and is
shown in Fig.1.
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Fig. 1. Candied fruit classification

It is evident from Fig. 1 that the widest range of
candied products comprises the traditional domestic
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raw material, the most popular vegetable raw materials
being watermelon, carrots, marrows and beetroots. The
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use of these products is also diverse: they can be used
as an individual dish or as fillers of various food prod-
ucts and for their decoration [4].

Fig. 2 describes the candied fruit market dis-
tribution in Ukraine by segments according to the used
raw material.

of spicy and
aromatic raw others
material 204
of vegetables 3% of citrus

of traditional §
domestic raw
material
24%

of skins

17%

of tropical fiuit
29%

Fig. 2. Candied fruit market in Ukraine in 2015 - 2016

The diagram indicates that the share of candied
vegetables comprises 16 % only. As distinct from can-
died fruit and berries, candied vegetables contain more
fibres required for digestion. Such products contain
proteins, cargohydrates, potassium, calcium, phospho-
rous, magnesium and vitamins A, C, B, and B,, PP.

Due to high concentration of sugar, candied fruit
are well storable. The surface layer of the ready prod-
uct prevents overdrying and spoilage by microorgan-
isms. It also preserves the inner structure and the
chemical composition of the product close to their ini-
tial condition [5].

Use of celery and parsnip roots makes it possi-
ble to produce candied fruit almost throughout the year
beginning from October — it is particularly important
that this raw material can be processed in winter [6].

The above described data preconditions topical-
ity of development of the candied product technologies
with the use of the non-traditional raw materials [7].

The method of making candied products [8] that
includes preparation of fruit-and-vegetable raw mate-
rial followed by boiling in a fruit or berry juice (with
70 % content of dry substances), separation of raw ma-
terial from the liquid phase and drying is known. A
drawback of this method is a long time required for
boiling candied products in the concentrated fruit or
berry juice for 4 hours. Preparation of such concen-
trated juices increases the ready product cost of the
ready product while the lasting thermal treatment (boil-
ing for about 4 hours) reduces the nutritional value of
the product.

There exists also a method of candied beetroots
production [9] that provides for washing roots and their
thermal treatment with the aid of high-frequency heat-
ing at a specific power rating of 450 — 500 W/kg dur-
ing 18 — 25 min. The processed roots are peeled and
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cut into lumps, afterwards they are electrochemically
activated in the anode zone of the activator until reach-
ing pH 2.0 — 2.5 at water duty 1.0 — 1.5. Then the roots
lumps are boiled in sugar syrup, separated from the
syrup, dry a bit and powdered with sugar. The resulted
candied vegetables are dried until their moisture con-
tent reaches 14 — 17 %.

Application of thermal treatment by high-
frequency heating and electrochemical activation re-
quire additional equipment for the enterprise engaged
in production of candied fruit which results in higher
cost of the final products and lengthens the candied
product preparation period, besides such candied prod-
ucts have low nutritional value.

As follows from the review of literary sources,
the candied products made of non-traditional spicy and
aromatic raw materials, except ginger candied products
(Fig 2) are not present in the Ukrainian market and the
known roots processing methods have a number of
drawbacks.

Main part

This paper was aimed at developing a technol-
ogy of candied white roots, namely, the celery and
parsnip roots, which widens the range of such products
that acquire original taste and high nutritional value.

The chemical composition of candied products
depends both on the raw material used and on the pro-
duction technology.

When processing white roots, namely, when
making such mechanical operations as peeling, cutting
and shredding the raw material becomes darker which
influences considerably not only organoleptic proper-
ties of ready products but also leads to a loss of their
nutritional value because of the redox enzyme action

Volume 10 Issue 2 /2016



TexHonozisa i 6e3nexka NnpodyKkmie xapuyeaHHA

which activity becomes higher in the presence of am-
bient oxygen.

Therefore, in order to reduce losses of nutri-
tional substances and improve the organoleptic proper-
ties of dishes based on celery and parsnip roots, it is
advisable to apply certain techniques aimed at inactiva-
tion of such enzymes as polyphenol oxidase, ascorbate
oxidase and peroxydase [10].

To preclude darkening and stabilize colouring, a
technology has been developed that provides for soak-
ing whole roots in 1 % citric acid solution at once after
peeling. To facilitate diffusion and osmotic processes
as well as to soften the raw material before boiling in
sugar syrup, steam cooking was applied which, in its
turn, made it possible to preserve water-soluble vita-
mins and other biologically active agents.

The developed technology for producing can-
died celery and parsnip is shown in Fig. 3.
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Fig. 3. Technology of making candied white roots

Concentrations of the citric acid solution and the
sugar syrup have been established experimentally.
Physical and chemical indicators of ready products
have been determined and the organoleptic properties
assessed.

Duration of the candied product technological
cycle was analysed with the aid of the constructed
Gantt diagram (Fig. 4).

These diagrams indicate a reduction of the can-
died white roots technological process by the devel-
oped technology due to shortening the boiling time to
30 min.

XapuoBa HayKa i TEXHOJIOTis

Analysis of the biochemical composition of
candied celery and parsnip confirms their high
nutritional value (Table 1).

The data supplied in Table 1 indicate that there
is more vitamin C in candied celery, which is due to
their initial content in the raw material. This vitamin is
an indispensable component of the human ration, it is
an antioxidant and a good restoring agent. On the con-
trary, there is more thiamin the candied parsnip. It is
known that this water soluble vitamin participates in
the carbohydrate, energy, protein and water-salt me-
tabolism, and produces a regulatory action on the nerv-
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ous system. Deficiency of thiamine in the organism
leads to accumulation of lactic and pyroacemic acids in
muscle tissue, it results in a disturbance of the acetyl-

Powdering with sugar

choline synthesis and deterioration of the nervous, car-
diovascular and digestive systems [11,12].

I
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Duration of the process, minutes

O Duration of roots stay in sugar syrup

Fig. 4. Gantt diagram

Table 1 — Biochemical composition of candied white roots (as absolutely dry substance)

Description of indicator Candied parsnip Candied celery
Vitamin C, mg/100 g 17.08 21.66
Thiamin, mg/100 g 1.480 0.050
Phenol compounds, mg/100 g 495.49 715.00
Mass fraction of mineral substances, %, incl. 0.810 1.360
calcium 0.316 0.188
magnesium 0.233 0.113
iron 8.780 23.57
potassium 0.080 0.220

Candied celery roots contain almost 1.5 times
more phenol compounds than the candied parsnip
roots. They play important part in metabolism and are
of great practical significance. The majority of phenol
compounds are antioxidants. Their antioxidant activity
is due to two factors: phenol compounds fix heavy
metal ions in stable complexes thereby depriving the
latter of catalytic activity; they serve as acceptors of
free radicals that are being formed at auto-oxidation.
These substances participate in the oxide phosphoryla-
tion and influence activity of a number of important
cell enzymes (including the digestive enzymes) and
possess pronounced anticancer properties due to their
antioxidant properties [13].

Among the studied mineral substances attention
is drawn to the mass fraction of iron (there is 2.67
times more iron in the candied celery roots) which par-
ticipates in blood formation, breathing, oxidation, re-
dox reactions and immunobiological processes. Iron is
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contained in blood and in more than one hundred of
enzymes.

Organoleptic indicators of the developed can-
died products were studied: aroma, colour, appearance,
taste and structure. The assessment was made accord-
ing to 5-point scale [14-16]. The obtained results are
shown in profilographs (Fig. 5).

According to organoleptic indicators the
developed products are characterized as follows:
appearance — cubes that are transparent at edges, not
shrivelled, homogenous by size and shape, powdered
with sugar powder and not sticking; consistence —
dense, not dry, roots are uniformly boiled, easy to cut,
no crystallized sugar crumbs; taste — pleasant odour
with the spice and aromatic raw material flavour;
colour — ranging from light to dark hot-yellow (with
celery), and pink (with parsnip), all mass is
homogenous, transparent at cutting; taste — sweet-sour
with spicy smack.
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Fig. 5. Organoleptic assessment of candied products

Results of the analysis for microbiological
indicators of products made at once after production
and after 3 months storage are indicative of compliance

of the experimental specimen with the hygienic safety
requirements. Results of the study are shown in
Table 2.

Table 2 — Analysis of the microbiological indicators of ready candied products

Description of the Candied celery Candied parsnip Standard value
indicator after production after after production after
3 month storage 3 month storage
QMA&OAMO, (1.5£0.5)x10% | (6.0£1.0)x10* | (1.0£0.5)x10* | (5.0£1.0)x10* | Not more than
CFU/g 5x10°
Escherichia coli- Not detected Not detected Not detected Not detected Not allowed in
group bacteria (coli- 10g
forms),
inlg
Pathogenic, includ- Not detected Not detected Not detected Not detected Not allowed in
ing Salmonella, in 250¢g
250¢g
Yeast, CFU/g Not detected Not detected Not detected Not detected  |Not more than 50
Mold, CFU/g Not detected Not detected Not detected Not detected  |Not more than 50
After 3 months storage period candied celery
Conclusions

and parsnip roots have no signs of mould and yeast,
coli-group bacteria (coli-forms) and pathogenic
organisms, including Salmonella-group bacteria [17].

The obtained experimental data confirms that
the organoleptic, biochemical and microbiological in-
dicators of candied celery and parsnip are stable
throughout the storage period not exceeding 3 months
at temperature ranging from 0 to 20 °C and at relative
air humidity of 60 — 70 %.

Application of the study results. The pro-
posed technology of candied celery and parsnip roots
may be recommended for use in restaurants, both as an
individual dish or as various desserts.
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AHHOTanus. B crarbe NpoBesieH aHaIu3 PhIHKA IIyKaTOB B YKpauHE, U3J10)KEHbl OCHOBHbIE TEXHOJIOIMUYECKUE OIepa-
LUK TI0 epepaboTKe HETPaJUIHOHHOTO JUISl I[yKaToB CBIPbsl — KOPHEH cenbaepes U nacrepHaka. OnHol U3 mpobieM npH Tex-
HOJIOTHUYECKOH MepepaboTke OebIX KOPEHbEB SIBISIETCS OTEMHEHNE MTOBEPXHOCTH KOPHETIOAOB B CBA3U C (hDepMEHTATUBHBIM
OKHCIJICHHEM, YTO MIPUBOAUT K yXYAIICHUIO TOBAPHOTO BU/A MPOAYKTA. JIIs MpeaynpexaeHus IOTEMHEHHS 10 pa3paboTaHHON
TEXHOJIOTUH MPEeTyCMOTPEHO 3aMadiBaHKE CHIPhSA B 1 % pacTBOpe TMMOHHON KHCIOTHI Cpa3y MOCHIe OUUCTKH. Jljist yirydmeHus
nporekanust UG y3HOHHO-0CMOTHIECKHIX HPOIECCOB, a TAKXKE Pa3MATdeHHs] KOPHEIUIOJOB Nepel] yBapUBaHHEM B caXapHOM
cuporne, IpUMEHSIOT OaHImpoBanue napoM. IToctpoena nquarpamma ['aHTa, KOoTOpast yka3sIBaeT, 4To pa3paboTaHHas TEXHO-
JIOTHS TIO3BOJISIET COKPAaTHTh BPEMs IIPUIOTOBJIEHHS LyKaToB. M3ydeHbl (M3MKO-XMMHYECKHE CBOMCTBA HOBBIX IPOJYKTOB.
IIpoBenena 3xcnepTHas OLEHKA IyKaTOB 10 OPraHOJICNITUYECKUM II0Ka3aTelsiM. Y CTAHOBJICHO, YTO LyKaTbl UMEIOT HaJjlexa-
mye OMOXMMUYECKHE TOKa3aTeqd U OPUTHUHANBHBIE OPTaHOJENTUYECKHE CBOMCTBA, B PE3yNbTaTe yero OyIyT MOJIb30BAThCA
CIpocoM y moTpebuTenei. Pe3ynabTaTsl AeryCTallMOHHOM OLEHKN 3KCIEPUMEHTANBHBIX 00pa3IoB MOATBEPIAMIN BBICOKOE Ka-
YECTBO MPOIYKTOB.

KitioueBble ¢j10Ba: KOPHH CelbAepes, TaCTepHAKa, IlyKaThl, TEXHOJIOTH, JUarpaMma ['aHTa, opraHoirenTuiecKkue mokasare-
JIHL
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