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THE QUALITY IMPACT OF FRUITS OF FOUR BERRY PLANT SPECIES
AND THEIR MACERATION PERIOD ON THE QUALITY OF WINES

The research was conducted in the years 2010-ftieaDepartment of Horticulture,
WPUT in Szczecin (Poland). The quality of fruiterfr four shrub species was compared (red-
currant, black currant, blue honeysuckle and highllueberry). The influence of the macera-
tion duration (7 or 14 days) on the colour and dbehtomposition of the must and the wine
made from it. Highbush blueberry were the largests (197 g) with the highest SS (17.1 %)
and with the lowest acidity (0.53 g) at the sameetiRedcurrant fruits were the smallest (77 g),
they contained the least SS (11.2 %) and polyplenompounds (38.5 mg). The acidity level
in wines obtained from highbush blueberry fruitsswiao low (2.4 g I). The acidity of wine
obtained from black currant fruits was very highd(@ L") and the lactic acid level was equally
high (3.0 g [). The blueberried honeysuckle fruits were the estrKL* 22.38), as well the
pulp made from them (L* 22.55) and the lightestppwis obtained from redcurrant fruits (L*
34.56). During the maceration process, all pulpsbe darker (the L* parameter) and the co-
louring compounds were leached out of the skin da@meters a* and b*). The extension of
the maceration time intensified the process. Ahegi darkened during maturation. All wines
obtained had a significantly lower polyphenol contihan fruits. The length of the maceration
process had little effect on the content of thesepounds in wines.
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Introduction . Scientists keep looking for new products, which areadteri-
sed not only by nutritional properties, but also habereficial effect on health. They
should be characterised by a high antioxidant activity be rich in vitamins A, C, E,
polyphenols and carotenes (Wartanowicz and Ziesklal 999). Such products are cal-
led functional food and it includes some fruits, callsgiperfruits”, and preserves made
from them. They are rich in polyphenolic compoundBictv are antioxidants (Ehlen-
feldt and Prior 2001; Moyer et al. 2002) and activatem#ntioxidants (Sikora et al.
2008), which constitute the so-called natural nonimulis substances (Trosmka et
al. 2000). Dark fruits of berry plants are particylarhluable as they contain a lot of
substances important for human health, i.e. organic,agtdmins, minerals, polyphe-
nols and colourants — anthocyanins and flavonoids as svpbetins (Grajkowski et al.
2010; Ochmian et al. 2009 a and b; Zheng et al. 2RiE3zko and Orzot 2012). Pro-
health properties of berry fruits, especially dark-s&ahiones have been known for a
long time. They prevent numerous lifestyle diseasesufiimg cancer), strengthen the
body, have a positive effect on the circulatory systetieve gastric problems and in-
digestion (Miller and Shukitt-Hale 2012; Manach et al.£08alliwell 2001). Berries
are a valuable ingredient for the food industry, theyperfect for broadly understood
processing — they are used for making jams, marmalpiless, nectars, jellies and nu-
merous other products, including wine (Mucha 2006).

Wine, owing to its chemical properties, has a pasitnfluence on the digestive
system organs, the coronary circulatory system, #vdral and peripheral nervous
systems and the immune system, as well as inhibits caagelogment (Rein et al.
2000; Wang et al. 2002; Rasmussen et al. 2005). Fi&@l®oontained in wine have an
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antioxidant effect they fight free radicals responsible for the accefemaif the ageing
process. Drinking wine facilitates digestion of fabdis and it improves the appetite.

The first wine was probably made by accidental andninglled fermentation
of fruit juice. Those, who tasted that drink, did sty indifferent to it. The originally
primitive wine production was improved with time and tad#stailed production met-
hods of this alcohol are known. The so-called Rneparadox confirms the positive
influence on the human body — the incidence of headades is the lowest in the
French population, where grape wine is drunk witergwmeal in a limited amount
(Renauld and De Lorgeril 1992; Constant 1997). Alreimd$933, information was
published in France that the average length expectafnggople drinking water was
59 years while it was 65 years for people drinkimgewIn addition, 87 % of centenari-
ans in France are wine drinkers. This certainly previeldence that this flavonoid-
rich drink protects the body against the developmenteottimonary disease and can-
cer and lowers the blood pressure (Nigdikar et &8)9

The wine maceration process is of some importancédar pro-health proper-
ties, during which phenols (tannins), colourants @eyhnins) and aromatic substan-
ces are rinsed out of fruit seeds, skins and pulp. Iti®ayanins contained in the skin
that give wine its reddish-purple colowwiderski 1999). The polyphenol content in
red wines is several times higher than in white winesick et al. 2011), and out of
red wines; dark ones have a better influence on tathhef people who drink them.

The aim of this study was to assess the quality and nsstubf fruits from fo-
ur species of berry plants for wine production. @manof the colour and chemical
composition of the must depend on the duration ofitheeration process.

Material and methods The study was performed in the years 2010-11 at the
Department of Horticulture, West Pomeranian Universftyrechnology in Szczecin
(Poland). The research was focused on four speciégrof plants: the red currant
'‘Rondom’, black currant 'Tines', blueberried honeglsu@ielona' and highbush blue-
berry 'Brygida'. The quality of fruits was determinedrietliately after harvest and the
quality of wines obtained from them after 10 months. Bighes grew at the Experi-
mental Station in Ostoja in a luvisol made from bouldays, this soil was classified
as arable land, valuation class Illa and the good wdwaplex. This soil was rich in
macronutrients, so only nitrogen fertilisation was usesty year at a dose of 60 kg.

Soluble solidscontent was determined with a digital refractometer RAL-
(Atago, Japan). The determination of the extract contiemhg maceration and fer-
mentation was performed in accordance with PN-90 2085, and a PAL-1 refrac-
tometer was used for readings.

Titratable acidity was determined by titration of a water extract afkeberry
homogenate with 0.1 N NaOH to an end point of pH 8dagured with an multimeter
Elmetron CX-732) according to PN-90/A-75101/04ne total acid content and the
lactic acid contentwas determined using test strips, which were read asirgectro-
nic refractometer RQfleks10 (Merck USA).

The HPLC analyses of polyphenols were carried out with HPLC aps
consisting of a Merck-Hitachi L-7455 diode array deted@®AD) and quaternary
pump L-119 7100 equipped with D-7000 HSM MultisolvBedivery System (Merck-
Hitachi, Tokyo, Japan). The runs were monitored fanalic acids at 320 nm, flavo-
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nols and luteolin glucoside at 360 nm, and anthocyanirogiges at 520 nm (Fig. 1).
Retention times and spectra were compared to thairefstandards and total polyphe-
nols content was expressed as mg per 100 g fruietitandards of anthocyanidin
glycosides were obtained from Polyphenols Laboratdh®srway), while, for phenolic
acids, flavonols and luteolin glucoside from Extrasgsth(France).

Fruit, pulp and wine color were measured in a transmitted mode through Ko-
nica Minolta CM-700 d spectrophotometer in 1 cm-thitksg trays. Measurements
were conducted in CIE L*a*b* systefh* white (100) black (0), a* green (-100) red
(+100), b* blue (-100) yellow (+10D)through a 10 ° observer type and D65 illumi-
nant.

The chemical composition of fruits was examined in theejeollected from
the must immediately after fragmenting fruits. After harvieaits from the species un-
der analysis were divided into 5 kg portions, whichentien crushed using a crusher
destemmer and the pulp obtained was put into fermentatien Potassium pyrosulfite
was added to the must (0.5 gram per 5 litres of mustizh destroyed strains of wild
yeasts. It was assumed that wines should have a dl8dtol content, i.e. all should
contain 220 g of sugar per 1 litre of must blend. It alas adopted, based on the lite-
rature, that the extract contains 4 % of compounds whehat sugars. On this basis,
the amount of sugar to be added to the must was dalduksfiter 24 hours, the extract
content was examined, sugar was added to the musath 23 % and it was inocula-
ted with premium yeast cultures ICV K1W-1116. The muest mixed during fermen-
tation to remove carbon dioxide. After 7 or 14 dalepgending on the maceration time
defined in the methodology), the must was filtered uaipteated filter (the juice effi-
ciency of the individual products was determined at tih@e) and it was poured into
fermentation bottles. Afterwards, sugar was addettiganust again, thus raising the
extract level by 4 % (on the 7th day after the beginwihtermentation; the drained
must blend and the must blend are intended for 14-dmeration). During the fer-
mentation process, the tubs were placed in rooms wherairthemperature was kept
within the range of 16-18 °C and the must temperatidraat exceed 20 °C.

The values were evaluated by the Tukey test andiffegences at P<0.05 we-
re considered significant. The statistical analyses werformed using the Statistica
10.0 software (Statsoft, Poland).

Results and discussionThe fruits used for wine production had a different
chemical composition, size and the colour of skinguig. The lowest pH and the hig-
hest acidity amounting to 4.121§0 mL*was found in black currant fruits (Table 1).
In the authors' opinion (Markowski and Pluta 2003; S#éaas et al. 2006; Giongo et
al. 2008), the organic acid content in these fruits cageréiom 2.12 to 4.23 %. The
high acidity of black currant fruits translated into thghest acid content in the wine
made from these fruits (Table 1 and 5), which on aeeaagounted to 7.41g", inclu-
ding 3.0 gL of lactic acid. As shown by research (Czech et £192ahe average val-
ue of general acidity of red wines made in France4\@$ gL™, and of Bulgarian wi-
nes was 5.74-f™". Highbush blueberry fruits were characterised byldiest acidity,
as little as 0.53-¢00 mL*, and the acid content in blueberry fruits was neatiyn8s
lower than in black currant fruits. They were charaaterisy the highest extract con-
tent, on the other hand. The acidity of highbush bluglmam be higher and it may ran-
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ge from 0.83 (Ochmiagt al. 2009 a and b) up to even 1.41@p g'and is expressed
as citric acid (Giovanelli and Buratti 2009). In théter's own research, the wine ma-
de of highbush blueberry was characterised by theadity amounting only 2.4-ig

! including 1 ¢_"of lactic acid, where, according to PN-90A-79120/07 atidity of
grape wines should fall within the range of 3.5 to 9l0'gAfter analysing the results
of the tasting (the results are not placed in this studyi;hwhkias conducted according
to the formula for grape wines, the highbush bluebeotgareceived the lowest ra-
tings due to its low acidity affecting the indistinct tasthe juice of redcurrant and
blueberried honeysuckle fruits had the similar aciditg pH; however, they differed
in the extract content, which was the lowest of only 11.i2 %e redcurrant. Redcur-
rant fruits were also the smallest; the weight of 10isfiuas 77 g, which is also con-
firmed by research by other authors (Giongo et @82Clever 2010). The highbush
blueberry was characterised by the largest fruit (397 g

Table 1. Characteristics of fruits of four speciesed to make the wines

Berry plant Red currant Black currant  Blue honeksric Efggggﬁg
Mass of 100
fruits (g) 774 116 b 144 ¢ 197d
Volume of
100 fruit (cnf) 8la 104 b 158 ¢ 233d
Soluble solids (%4) 112a 16,4 ¢ 14,7 b 17.1d
Titratable addity
(9100 mLY 2,65D 412¢ 2,75 b 0,53 a
Juice pH 3,551b 3,12 a 3,46 b 3,65b

Fruitcolor— | L* [ a* | b* | L* [a* |b* |L* |a* [b* |L* |a* b*
CIE 34,5628,84 22,36 25,27 0,42(-0,69 22,38/ 2,33| -5,47(28,39 5,17 -8,82
The cdor of the|

pulp immedi- ; 'y 4 11 10 )
ately after crusi32:9319,30 16,45 23,8219,42-5,44) 22,55/12,52-11,0931,66 0,68 -1,23]

hing fruit — CIE|

“Explanation: the means signed the same letteriffet dignificantly at the 5 % level of
significance, Tukey test

On the basis of colour measurements performed in lBd_&*b* system, it
was found that the a* (28.88) and b* (22.36) pararagtmly redcurrant fruits had po-
sitive values, which indicates the red colour (Tablérihe fruit skin of the other spe-
cies, compounds responsible for the blue colour wesgept (a* from 0.42 to 5.17; b*
from -0.69 to -8.82), and these results are refleictéide chemical analyses performed.
The redcurrant fruits had the lowest amount of anthangagiving the characteristic
dark colour to the fruits (Table 2). The a* parametahefblue honeysuckle fruits was
at a similar level, while b* was considerably differéoim values obtained in the ex-
periment described in Ochmiahal. (2012 b), a* 22.49; b* 25.40. Redcurrant fruits
were characterised by the lowest colour, both of tie ahd the pulp (Table 1). The
pulp made from highbush blueberry fruits was equallytligt 31.66) and it was
lighter than the fruit surface (L*28.39). The blue haawkle fruits were the darkest,
but its pulp was as dark as the pulp made from blackiibushes. Those were values
similar to those in the pulp made from the chokebédali¢janka' fruits L* 24.90
(Ochmian et al. 2012 a). All tested fruits have flesh waitight, greenish colour, so the
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pulp colour and the wine owes its colour to the compogndsained in the skin. The
content of antioxidant compounds, such as polypheiwlsgher in the skin than in
the flesh (Chang et al. 2000; Fernandez-Pachon e, dakobek et al. 2007 a).

Table 2. The content of polyphenols in fruits andngs, made from them

Berry Phenolic compounds (0 gY)
plant Anthocya- Flavonols Lutealin-7-O¢ Total flavo-| Phenolic Total
nins glucoside noids acids | polypheno
fruits
Red currarft 34,1 a 3,2a - 37,3 a 1,2 a 38,5 %
Black
currant 331,6d 134b - 344.6 d 57b 350,7]d
Blue ho-
neysuckle 162,2 b 150b 2,6 179,8 b 25,1 204,9|b
Highbush
blueberry 211.0c 18,6 c - 229,8c¢c 46,7 d 276,3|c
wine
Berry Maceration days
plant 7 14 7 14 7 14 7 14 7 14 1 jll &
Red currantl7,1a18,3a2,6al 1,8a] - - [19,74@20,1a09a|1,6a|20,6 a21,7 4
Black
currant 82,8a¢85,1¢8,0b|8,6b| - - 190,8¢93,7¢0,9al1,7a|91,7 ¢95,4d
Blue ho- j
neysuckle 243 325,0ab2,2al 3,3a| 2,2 | 1,7|28,7p30a| 3,8h3,3ab32,5h33,3 t“
Highbush
blueberry 21,7h36506,5b|8,2b| - - 128,2144,71 7,0 c| 5,8 b|35,2 50,5 4'

A wine's color depends on several parameters suitte @agape variety, the vi-
nification techniques used, and the numerous reactiwat take place during storage
(Auw et al. 1996).

The most rapid changes in color composition occur duhe first year of sto-
rage (Sommers and Evans 1986). Storage temperafiuentes pigment degradation
and polymerization and is, according to Sommers and<E{&886) and Somers and
Pocock (1990), the primary environmental factor that érfaes changes in the color
characteristics of red wine. In the experiment, chaimgdse must colour, as well as in
the wine colour, were observed depending on the m@@ertime. A 14-day macerati-
on period made it possible to obtain a darker musa(peter L*), especially as far as
the blueberried honeysuckle and highbush bluebauitg fare concerned (Table 3). Si-
milar relationships were also observed in wines. Afeembnths, all wines were dar-
ker than the must, from which they were made, andbatest changes applied to red-
currant and highbush blueberry wines. Moreover, theucabd redcurrant wines was
found to have changed over the period from maceratidbottling (10 months). The
b* parameter took negative values, which corresportaue colours. In other wines,
changes in the values of this parameter were alsowvaosdn all wines, especially
ones made from blueberried honeysuckle and highbushdnty, the values of the a*
parameter, which define the red colour, were lower. st darkened and compo-
unds responsible for the wine colour were released inlgyapes (Ochmian et al.
2012 c).
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Table 3. The color and juice field of the must afteaceration period
and color of the wine before bottling

Berry plant Red currant Black currdBliue honeysucklfHighbush blueber
Macerationdays 7 | 14 7 14 | 7 | 14 7 | 14
Fruit must

Color L* 27,74 | 26,39 15,2_714,20 2297 | 14,80 25,91 19,4]
CIE a* 14,67 15,05 7,2 8,88 12,86 15,14 9,54 12§72
b* 6,78 3,43 | -12,3p14,794 -7,41 | -12,02| -5,63 -8,89
Juice field (%) | 74,3 d¢ 75,7e| 72,3d73,5d 68,4b| 70,1c| 64,64 65,2h
Wine after 10 months
Color L* 19,42 | 19,13 | 14,8013,96 14,44_ 13,83 16,39 13,5]
CIE a* 12,76 14,56 4,21 4,1 4,0 3,4 3,1P 3,43
b* -7,77 -6,08 | -14,5515,23 -13,59| -14,99| -12,53 -15,2“3

1N

To obtain the assumed amount of alcohol in wine (1&®the beginning of
fermentation, sugar was added to all must blends thrée level of 23 % extract
content (Table 4). The largest amount of sugar was added redcurrant must (118 g
per litre), due to the low extract content in fruits (€ab). In a similar manner, sugar
was added after a week to supplement all must blendsanidttiner 4 % of the extract
content. The fermentation process was the quickest indhk burrant and redcurrant
must and this is indicated by the greatest changes iaxtngct content in the must.
The extract content decreased most slowly in the hifhlilueberry must. After
14 days after the beginning of fermentation, the etantent in the must prepared
from highbush blueberry fruits were more than twieedktract in the musts prepared
from redcurrant fruits and it amounted to approx. 22.2No influence of fruit presen-
ce on the fermentation process was found. Fermentaticurred at a similar rate in
the must filtered on the 7th day (7-day maceratiorip dBe must with fruits (14-day
maceration). Highbush blueberry fruits are a verydgmaterial for producing red table
wines; however, due to their low acidity, problems withst fermentation may occur
(Kawecki et al. 2007).

Table 4. Changes in the content of the extract ofishof tested cultivars
during maceration

Berry plant Red currapBlack curran{Blue honeysucklpHighbush blueberrl
maceration days

Days of measuremept

"7 1 14| 7 | 14] 71 14 | 7] 14
1 day — all attemptd weight added sugar (G
have been sweetengd 118 | 66 | 83 | 59
to 23 % soluble solids (%)
3 days 19,119,3| 18,6 | 18,9 21,1 20,0 22,8 22,4
5 days 14514,7] 11,3 | 13,5 17,8 16,6 19,9 20,1
7 days 8,2 8,4 5,7 7,4 12,3 11,9 16,1 16,3

7 days — the must syi-
gar enriched by a|12,2(12,6] 9,7 11,4 16,3 15,5 20,1 20,3
further 4 %

10 days 70 64 83 8.5 13)7 12,9 17,4 17.4
12 days 55 54 57 5,3 102 9,3 14,5 15,1
14 days 40 341 3.9 3.5 7.7 6,5 11,8 12,7
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Table 5. Acidity and a content of lactic acid indlwines before bottling

Maceration days| Red currgnt c%lﬁgﬁt Bluseug(()lgey- Ellggggrsrg mean
Total acidd 7 39b 6,9 de 4.3 bc 2,3a 4.4 a
(gL 14 40b 7,8¢€e 5,6 cd 24 a 50a
mean 40Db 7,4c 50b 2,4 a -
Lacticacid 7 21b 2,9d 24c 1,1a 21a
(gL 14 2,2 bc 3,1d 2,2 bc 10a 2,1la
mean 22b 3,0c 2,3b 10a -

In many European regions, where grape wines adupea, the maximum wi-
ne production from a surface area unit is determiogadcrease the quality. If too great
a force is used while crushing the pulp, the wine tudkteriorates as the so-called
"green flavours" are released. When standard settimge used, redcurrant fruits
(approx. 75 %) and black currant fruits (73 %) Hael highest juice efficiency, while
highbush blueberry fruits were characterised by the rguiee efficiency (approx.
65 %) — Table 3. In earlier experiments, juice efficly at a level of 71 % was obta-
ined from Regent cultivar grapes and at a level of 6ffc¥a Cabernet Sauvignon
67 % (Ochmian et al. 2012.cJhe efficiency of other berry fruits ranged from 64 %
(cranberries) to 72.2 % (strawberries) — (Szajdek. 2006).

The research conducted (Table 2) showed that llarcknt fruits were charac-
terised by the largest quantity of polyphenolic compou886 mgl100 g*). Redcur-
rant fruits contained the lowest quantity of phenolic camps (38.5 mgo00 g'),
which constituted only 11 % of total polyphenolic commsinontained in black cur-
rant fruits. The concentrations of most of the compoutheistified, diminished during
the first 12 months ageing in barrel, possibly due tacimxidation and condensation
reactions (Moreno-Arribas et al. 2008).

Anthocyanins were the main group of compounds in al ghecies under
analysis, their content ranged from 76 % (bluebetni@ueysuckle) up to 94 % (black
currant) of all polyphenolic compounds determined (Tahld &is is confirmed by re-
search by other authors (Ochmian et al. 2009 a; daielli and Buratti 2009). Total
phenolic contents of anthocyanins of the wines were higiiselated with the indices
determined in the grapes and with the maximum anthotyamd total polyphenols
contents of the musts and skin extracts (Gonzéalez-Né\eds 2004). The content of
phenolic compounds in wines was distinctly lower thamuits, from which they were
made. The length of the maceration period had a deradle influence on the content
of these compounds. In the wine made from redcufraittmacerated for 7 days, the
amount of these compounds was 47 % lower and in minge from redcurrant fruits
macerated for 14 days, the amount of these compoundsdw % lower (20.6 and
21.7 mg-100 @), and in wine made from blueberried honeysuckle frititwas 84 %
lower. The largest content of phenolic compounds waaddn black currant wine
(91.7 and 95.4 mg). Those losses, however, wereehigian those observed by
Czyzowska and Pogorzelski (2002), which amounted to 26r%eficurrant wine. Ac-
cording to Borowska (2003), red wines can contain fBthto 750 mg anthocyanins
per 100 g, which is also confirmed by research caeduby Gonzalez-Nevex al.
(2004).

186 30ipHHIK HAYKOBO-TeXHIYHAX MPalb

HayxkoBmuii Bichuk HJITY Vkpainn. — 2013. Bun. 23.13

The highest phenolic acid content was shown both inititegobsh blueberry
fruits and in the product obtained from them. The presemduteolin was found only
in blueberried honeysuckle fruits and wine (Table 2).

Conclusions

1. Fruits of all the species tested were usefuithan production of wines meeting
Polish quality standards. The lower intensity & farmentation process occur-
red in the must of highbush blueberry, due to é@s/Mow acidity. All fruits, es-
pecially, redcurrant fruits were characterised bgva extract content, and sugar
had to be added to musts made from them to olt@irminimum alcohol con-
tent.

2. A longer maceration time resulted in strongeckeéng of colouring compounds
from the skin in all tested species, which resultedarker must colours and in
darker colours of wines obtained from these mises made of dark-skinned
fruits had a higher content of anthocyanins, wtach responsible for the blue
colour (the b* parameter).

3. During wine maturation, their content changed ames become darker. In all
wines under analysis, the compounds giving thecadur to them were parti-
ally reduced (parameter a*), while compounds gitimg blue colour to the wine
(parameter b*) were revealed, especially in winaslenof redcurrant fruits.

4. The level of acids in the wines obtained wagediiht. The acidity level in the
wine obtained from highbush blueberry fruits was ltwwv. The acidity of the wi-
ne obtained from black currant fruits was high, ibstill conformed to the stan-
dards. However, it is recommended that the acidetrrin this wine should be
reduced to make its flavour more delicate.

5. Black currant fruits were characterised by thighést content of polyphenols,
which were mostly anthocyanins. All wines obtairfetl a significantly lower
polyphenol content than fruits. The length of theceration process had little ef-
fect on the content of these compounds in wines.

References

1. Auw J.M. 1996. Effect of processing on the pliea@nd color of Cabernet Sauvignon, Cham-
bourcin and Noble wines and juices / J.M. Auw, \arigo, S.F. O'Keefe, C.A. Sims // Am. J. Enol. Vi-
tic. 47: 279-286.

2. Borowska J. 2003. Owoce i warzywa jakédio naturalnych przeciwutleniaczy / J. Borowska
/I Przem. Ferm. Owoc. Warz. 5: 11-12.

3. Chang S., Tan C., Frankel E.N., Barrett D.M.®00ow density lipoprotein antioxidant acti-
vity of phenolic compounds and polyphenol oxidastvity in selected clingstone peach cultivars.
J. Agric. Food Chem. 48(2): 147-151.

4. Clever M. 2010. Ein- und dreitriebige Erziehureg roten Johannisbeeren mit unterschiedlic-
hen Pflanz abstanden. Mitt. Obstbauversuchsr. Aligrdem. 65: 4-7.

5. Constant J. 1997. Alcohol, ischemic heart deseamsl French paradox. Coron. Artery Dis. 8:
645-649.

6. Czaplicki S., Borowska E.J., Sawczuk A., Krajevigs 2011. Soki z udziatem winogron i wina
jako zrodito sktadnikéw bioaktywnych. Bromat. Chem. TokalyLIV (3): 609-614.

7.Czech A, Malik A.,, Pituchal., WnoicaA. 2009. Poréwnanie zawaitd zwiazkow
bioaktywnych w winach czerwonych pochadych z régnych krajéw europejskictZywnaosé. Nauka.
Technologia. Jak@. 4 (65): 142-148.

8. Czyowska A., Pogorzelski E. 2002. Changes to polyplsenothe process of production of
must and wines from blackcurrants and cherriesrtIPTotal polyphenols and phenolic acids. Eor. F
od Res. Technol. 214: 148-154.

9. Ehlenfeldt M.K., Prior R.L. 2001. Oxygen radieddsorbance capacity (ORAC) and phenolic
and anthocyanin concentrations in fruit and lesguies of highbush blueberry. J. Agric. Food Chem.
49(5): 2222-22217.

3. TexHOIOTisi TA yCTATKYBAHHS JICOBHPOOHIUOr0 KOMILTIEKCY 187



HauionanpHuii nicorexniynmii yniBepcuter Ykpainu

10. Fernandez-Pachon M.S., Villano D., Garcia-Faivl.C., Troncoso A.M. 2004. Antioxidant
activity of wines and relation with their polyphdin@omposition. Anal. Chem. Acta. 513(1): 113-118.

11. Giongo L., Grisenti M., Eccher M., Palchettj Xrhovsek U., Mattivi F. 2008. Horticultural
and nutritionahualities of white, red and black currants. ActatHér7: 167-172.

12. Giovanelli G., Buratti S. 2009. Comparison ofyphenolic composition and antioxidant acti-
vity of wild Italian blueberries and some cultivaitearietes. Food Chem. 112: 903-908.

13. Gonzélez-Neves G., Charamelo D., Balado JreBat.., Bochicchio R., Gatto G., Gil G.,
Tessore A., Carbonneau A., Moutounet M. 2004. Fiepotential of Tannat, Cabernet-Sauvignon and
Merlot grapes and their correspondence with wimepmsition. Analytica Chimica Acta. 513: 191-196.

14. Grajkowski J., Chelfiski P., Ochmian I. 2010. Jai¢owinogron odmiany 'Regent' uprawi-
anych w rejonie Szczecina. IV Konferencja winiarddawasci w uprawie winordli i produkcji win.
Materialy konferencyjne 22-23 stycznia 2010. Ingtitaradzania i Irkynierii.: 15-22.

15. Halliwell B. 2001. Vitamin C and genomie stailMutat. Res. Fundam. Mol. Mech. Muta-
gen. 475, 1-2: 29-35.

16. Jakobek L., SerugaM Medvivovic-KosargaWi., Novak I. 2007. Antioxidant activity and
polyphenols of Aronia in comparison to other bespgcies. Agrlc Conspec. Sci. 72: 301-306.

17. Kawecki Z., 11lojko R., Pilarek B. 2007. Malo znaneslioy sadownicze. Wyd. UWM,
Olsztyn.

18. Manach C., Scalbert A., Morand Ch., Remesy fimenez L. 2004. Polyphenols: food sour-
ces and bioavailabitity. Am. J. Clin. Nutr. 79: 7247.

19. Markowski J., Pluta S. 2003. Wad@ospodarcza i przydatéoprzetworcza wybranych ge-
notypow porzeczki czarnej w latach 2000-2001. CZekz. Probl. Post. Nauk Roln. 488: 469-475.

20. Miller M.G., Shukitt-Hale B. 2012. Berry Fruinhances Beneficial Signaling in the Brain.
J. Agric. Food Chen60(23): 5709-5715.

21. Moreno-Arribas M.V., Gomez-Cordove's C., Mainarez P.J. 2008. Evolution of red wine
anthocyanins during malolactic fermentation, posténtative treatments and ageing with lees. Food
Chem. 109: 149-158.

22. Moyer R.A., Hummer K.E., Wrolstad R.E., Fiin2002. Antioxidant compounds in diverse
ribes and rubus germplasm. Acta Hort. 585: 501-505.

23. Mucha S. 2006. Wino z czarnej porzeczki (blaakant wine). MRIRW BIP Produkty Regi-
onalne i Tradycyjne. 2.10.2006.

24. Nigdikar S.V., Williams N.R., Griffin B.A., Hoard A.N. 1998. Consumption of red wine
polyphenols reduces the susceptibility of low-degnlpoproteins to oxidation in vivo. Am. J. Clin.
Nutr. 68: 258-265.

25. Ochmian I., Oszmigki J., Skupigé K. 2009 a. Chemical composition, phenolics, and
firmness of small black fruits. Journal of AppliBdtany and Food Quality. 83: 64-69.

26. Ochmian I., Grajkowski J., Skupi&. 2009 b. Influence of substrate on yield andnuial
composition of highbush blueberry fruit cv. 'SiérdaFruit Ornam. Plant Res. 17(1): 89-100.

27. Ochmian I., Grajkowski J., Smolik M. 2012 anfiarison of Some Morphological Features,
Quality and Chemical Content of Four Cultivars &fo&eberry Fruits (Aronia melanocarpa). Not. Bot.
Horti. Agrobo. 40(1): 253-260.

28. Ochmian I., SkupieK., Grajkowski J., Smolik M., Ostrowska K. 2012C¢hemical Compo-
sition and Physical Characteristics of Fruits ofcT@ultivars of Blue Honeysuckle (Lonicera caeru-
leaL.) in Relation to their Degree of Maturity ahthrvest Date. Not. Bot. Horti. Agrobo. 40(1):
155-162.

29. Ochmian I, Chelpski P., Rozwarski R., Strzelcki R., Panterki P., gélov., Stalev B.
2012 c. The fruits quality and influence of maderamethods on their fruit juice colour in two ¢ult
vars of wingrapes. Folia Pomer. Univ. Technol.iBtétgric., Aliment., Pisc., Zootech. 295(22): 38:4

30. Pieszko C., Orzot A. 2012. Zawaddenolokwasow w probkackywnaosci. Bromat. Chem.
Toksykol. XLV (2): 159-164.

31. PN-90/A-79120/01-11. Wina i miody pitne. Prziggyeanie probek i metody batla

32. Rasmussen S.E., Frederiksen H., Struntze Khogg Paulsen L. 2005. Dietary proantocya-
nidis: occurrence, dietary, intake, bioavailabjliand protection against cardiovascular diseas¢. Mo
Nutr. Food Res. 49: 159-174.

33. Rein D., Paglieroni T.G., Pearson D.A., WurS&hmitz H.H., Gosselin R., Keen C.L. 2000.
Cacao and wine polyphenols modulate platelet a@ivand function. J Nutr. 130: 2120-2126.

34. Renauld S., De Lorgeril M. 1992. Wine, alcolptételets and French Paradox for coronary
heart disease. Lancet. 339: 1523-1526.

188 36ipHEK HAYKOBO-TEXHIYHAX MPANb

HayxkoBmuii Bichuk HJITY Vkpainn. — 2013. Bun. 23.13

35. Sikora E., Cidik E., Topolska K. 2008. The sources of naturdlosidants. Acta Sci. Pol.
Technol. Aliment. 7(1): 5-17.

36. Siksnianas T., Stanys V., Sasnauskas A., \sRel Rubinskiene M. 2006. Fruit quality and
processing potential in five new blackcurrant galts. J. Fruit Ornam. Plant Res. 14, Suppl. 2: Z6b-

37. Sommers T., Pocock K. 1990. Evolution of redesi Ill. Promotion of the maturation phase.
Vitis 29: 109-121.

38. Sommers T.C., Evans M.E. 1986. Evolution ofwatks. Ambient influences on color com-
position during early maturation. Vitis. 25: 31-39.

39.Swiderski F. 1999.Zywnaé¢ wygodna izywnasé funkcjonalna / F.Swiderski // WNT,
Warszawa.

40. Szajdek A. 2006. Wptyw obrobki enzymatycznepzgi owocéw jagodowych na zawaido
polifenoli i aktywnd¢ przeciwutleniajca soku / A. Szajdek, E. dbkowska, E.J. BorowskaZhwnasé.
4(49): 59-67.

41. Troszyiska A. 2000. Naturalne substancje nigeetze (NSN) pochodzeniadimnego jako
sktadnikizywnasci funkcjonalnej / A. Trosajska, J. Honke, H. Kozlowska // Post. Fitoter. 2227

42. Wang Z. 2002. Effect of red wine polyphenolegatrol on platelet aggregation in vivo and
in vitro. Inter / Z. Wang, Y. Huang, J. Zou, K. a6 Xu, J.M. Wu // J. Mol. Med. 9: 77-79.

43. Wartanowicz M. 1999. Stres oksydacyjny oraz haeizmy obronne / M. Wartanowicz, S.
Zlemlanskl // Zyw. Czlow. Metab. 24(1): 67-80.

44. Zheng J. 2012. Compositional Differences ofrielie Compounds between Black Currant
(Ribes nigrum L.) Cultivars and Their Response &titide and Weather Conditions / J. Zheng, B
Yang, V. Ruusunen, O. Laaksonen, R. Tahvonen, Iktéte H. Kallio // J. Agric. Food Chem. 60(26):
6581-6593.

Hooposonvcka A.,Oxman 1., bawyybka Y. Bnims sikocti GpykTiB 4o-

THPbOX BUAIB ATIAHUX POCJ/IMH Ta ix BHMOYYBaHHA HaA AKICTH BUHA

Jocnimxenns 3aiticaeno y 2010-2011pp. na xadenpi caniBHUITBA 3axXiHOIOMOPCHKOTO
TexHosoriuHoro yHisepcuteTy B lllemini. IlopiBHAHO sKicTh (pyKTiB HOTHPHOX YarapHUKOBUX
BUIIB (CMOpO/IMHA YepBOHA i YOpHa, KaMyaTchka sAroja, GOpyBKa BUCOKa). BCTaHOBIIEHO Takox
BIUTHB TpUBajocTi BumodyBaHHs (7 uu 14 qHiB) Ha KoJip Ta XiMiYHMIA CKIIa/] BUTOTOBJIEHUX i3
HEUX MOJouX BUH. PpyKTH GOPYBKH BUCOKOI Oy HaiiGiibmmmu mwiogamu (1971) i3 HaiiBu-
muM BMicToM excrpakty (17.1 %)npu omHowacHiit HaliHmk4ii kicnoraocti (0.53 g).Opyktu
YepBOHOT CMOpO/NHU Oysm HavimeHiuMu (77 1), MicTiun HaiiMeHtte ekcerpakty (11.2 %)ii ro-
mq)eHonoanx 3B'S3KIB (38 5wr). Buna, otpumani i3 miozis GOpYBKI BHCOKOI, Mal HH3bKY
xucriotHicts (2.4 g 1Y), Kucnotsicts Buma, OTPHMAHOIO 3 TUIO/IiB YOPHOT CMOPOJIHHH, Oyna
Ay’Ke BHCOKOIO (7.4 g Y, Takosx BircokimM 6yB piBers MotouHoi kicotn (3.0 g LY). Haitrem-
Himmmu Oy ppykTh kamuarchkoi sroau (L* 22.38), sik i mM'ska maca 3 ux (L* 22.55), a
HalicBiTimoro Oya M'ska Maca i3 wiofiB yepBonoi cmopoaunu (L* 34.56). [Ipotsrom mporie-
Cy BIMOYYBaHHS M'Ka Maca i3 IUIOIiB KOXHOTO BUIY STiAHUX pociuH nmotemHuina (L* mapa-
MeTp) i i3 MIKIPKK BUIYrOBYBaIMCS 3a0apBIioi0Ui mirMeHTH (mapametpu a* i b*). 36inburents
TPHUBAJIOCTI BAMOYYBAHHS ITiACHITIOBAIO Liei iporiec. Takoxk BHHA B HPOLECi JO3piBaHHS TeM-
Himu. Bei oTpuMani BUHA MicTIIN 3HAYHO MeHINe NofieHotiB, Hix ¢pyktu. TpuBamicTs npo-
Lecy BAMOYYBaHHsI Mala He3HAuHUI1 BIUIMB Ha KiJIBKICTh LUX 3B'A3KiB y BUHAX.

Kniouosi cnosa: xucnoTHicTs, Koiip, GppykTH, noideHoIu, MOIoie BUHO, BUHO.

Jooposonvckaa A., Oxman H., bBawyyvkaa Y. BiusiHue kadecTBa GpyKTOB

YeThbIpeX BUI0OB ATOJAHbIX PACTEHUH U UX BLIMAYHBAHUS HA Ka4€CTBO BUHA

HUccnenosanust iposesiensl B 2010-2011rr. Ha kadepe caoBoacTBa 3araHomoMOpeKo-
ro texHonoruyeckoro ynusepcurera B lllermue. CpaBHEHO kauecTBO (DPYKTOB HETBHIPEX KycC-
TapHUKOBBIX BUIOB (CMOpO/IMHA KpacHas 1 YepHast, KaMIaTcKas arojia, 60pyBKa BICOKas). Y-
TaHOBJICHO TAK)XKE BIIMSHUEC JUTUTETBHOCTH BhiMaunBanust (7 win 14 ireif) Ha IBET U XUMUYEC-
KHii COCTAB U3TOTOBJICHHBIX U3 HUX MOJIOJBIX BUH. PPYKTHI GOPYBKH BBICOKOM OBLTH CaMBIMU
KpymHbIME ToTofaMu (197T) U3 caMbIM BBICOKHM copieprkanmeM 3kctpakta (17.1 %)mpu ox-
HOBpPEMEHHO camoit Hu3koit kucinotHocTH (0.53 9).DpyKThI KpacHON CMOPOANHBI OBLIH CaMbl-
MU MEJIKUMHU Tutogamu (77T), ¢ HauMEHbIIUM coaepxkanneM skcrpakra (11.2 %)u nomude-
HOJIBHBIX cBs3eit (38.5mr). BI/IHa MOJTy4EeHHbIE U3 TUIOI0B OOPYBKH BBICOKOIA, MMEIHN CaMyO
HUBKYIO KUCTOTHOCTS (2.4 ¢ L), Kue10THOCTS BiHA, TIOIYUEHHOTO W3 III00B YEPHOIl CMOpO-
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JWHBI, OblTa OYeHb BbICOKOU (7.4 ¢ L'l), TAKKe BBICOKMM OBUT YPOBEHb MOJIOYHOW KHCIOTHI
(3.0 g LY. CambivMu TeMHBIME GBUTH (PYKTHI KaMuaTcKo sroipl (L* 22.38), Kak 1 Msrkas
Mmacca u3 Hux (L* 22.55),a camoii cBeTI0ii Oblia MsTKas Macca M3 IUI0JIOB KPacHOU CMOPOJIH-
Hel (L* 34.56). Ha npotsbkeHnu mpoiiecca BBIMauMBaHUsI MsTKasi Macca M3 IUIOJIOB KaXI0ro
BHJIa STOMHBIX pacteHuit motemuena (L* mapamerp) ¥ W3 MIKYPKH BBIMIEIOYMIICH [[BETHBIC
NHATMEHTH! (mapameTpsl a* i b*). YBenuueHue IUIMTENBHOCTH BBIMAYMBAHKS YCHIMBAIO 3TOT
npouecc. Tarke BHHA B IpoLiecce cO3peBaHMs TeMHENU. Bee monmydeHHbIe BUHA cONEpKain
3HAYMTENIBHO MEHbIIe MOMdeHoNIoB, YeM (QpyKThL. [UTMTENHOCTh Tpolecca BbIMAYUBaHHA
MMeria He3HAUYMTENbHOE BIIMSIHUE Ha KOJTMYECTBO ITHX CBsA3el B BUHAX.
Knrouegvie cnosa: KucnoTHOCTD, LBET, PYKTHI, MOIHPEHONBI, MOJIOOEC BUHO, BHHO.

VJIK 621.[787+91] Acnip. FO.P. Kanpanv; npogh. M J]. Kipuk, 0-p mexH. Hayk,;
npog. B.M. I'onybeynp, 0-p mexn. nayk —HJITY Yxpainu, m. /Ivgie

3AJIEXXHICTb MIKPOTBEPAOCTI 3MIHEHOT'O
BHCOKOLBHUAKICHUM TEPTAM LIAPY CTAJII 45
BIJl PEXKUMHHX ®AKTOPIB

JlocmiKeHo, 3 BUKOPUCTAHHAM IUTAHyBaHHS €KCIEPHMEHTY 3a B-rianom, BIumB mBua-
KOCTI 00epTaHHS 3Mil[HIOBATILHOTO IHCTPYMEHTA-IMCKa, IBUKOCTI T0Ja4i 3pa3ka Ta HOpMaib-
HOT CHJIM NIPUTHCKAHHS IHCTpYyMEHTa-/IcKa 10 TIOBEPXHi 3pa3ka Ha MIKpOTBEPiCTh 3MilHEHO-
ro mapy. BcraHoBI€HO rpaHMYHI 3HAUYEHHS MIKPOTBEPJIOCTI 3MIlHEHOTO IIapy, sKa JOCTATHS
JUTSI BATOTOBIICHHS! HOXKIB 31 cTauti 45 1Sl pizaHHs IepPEBUHU.

IMocTranoBka npodaemu. [Ipare3naTHICTb HOXIB UIS pi3aHHS IepEBUHN 3ajie-
’KUTh Bifl (Di3MKO-MEXaHIYHNX BJIACTMBOCTEH X JIe3, 110 Ge3nocepeHb0 OepyTh yuacTb
y pizaHHi. JIe30 HOXa MOBMHHE MaTW BUCOKY MPOTH3HOLLYBAlbHY TPUBKiCTb, OyTH
BUTPHBAJIMM T[] 1i€l0 KOPO3il, MaTH BUCOKY TBEPIICTb Ta JAOCTATHIO TUIACTAYHICTD. Y
poGoTi [1] BCcTaHOBIEHO 3HAuYeHHs KoedillieHTa MUTOMOI KOHTAKTHOI TBEPIOCTi
(HU/E*) Ta BiIHOCHOTO MO3aKOHTAKTHOIO HAMPYKEHHS (Geg 3MII[HEHOTO BHUCOKOLI-
BUIKICHAM TepTsAM Mapy ctani 45. YcraHoeneHo, mo BigHomeHHs HU/E* HaitGinbm
MOBHO TMOKa3y€e CyKYIHHIA BIUIMB MPY)KHOCTi, MIilIHOCTi Ta IJIACTUYHOCTI, SIK OIip Ma-
Tepialy MeXaHiuHii 1ii. BaxnBo 3HATH 3aIeKHICTh MIKPOTBEPIOCTi 3MIIIHEHOTO BHI-
COKOUIBUIKICHUM TEPTSIM Iapy Bijl peKMMHNX (aKkTOpiB.

AHaJti3 ocTaHHIX Joc/TimKeHb Ta mybuikauiii. V po6oti [2] npoBoauiu noc-
JDKeHHST MIKpoTBepIocTi aetaneit momn 3i crami 40X, 3MiIHEHNX BHCOKOIIBHIKIC-
HHM TepTAM Ha TokapHoMy BepcTati 1K62 craneBum quckom niamerpom 250MM, sikuit
oGeprascs 3 yacTororo 7000xB™. JIoc/imKyBany BIUIMB TMTOMOTO THCKY Ta Tojiadi Ha
Bpi3aHHS TUCKa Ha MiKpPOTBEPIiCTh 3MIlIHEHOTO Iapy. MakcumanbHe 3HaYeHHS MikK-
potBepaocti cranoBuio 7 I'Tla. BennuuHy i po3nozin MikpoTBepaocTi craii 45 micns
BHCOKOINBHUIKICHOTO 3MiIIHEHHS iIHCTPYMEHTOM-IUCKOM 3 Pi3HUX MaTepialliB yCTaHOB-
neHo B [3]. Haiibinba TopuuHa ta Mikpoteepaicts (L0TTIa) Gyna min yac 3MilHEeHHs!
IHCKOM 3 THTaHOBOTO crutaBy BT6. YV poboTi [4] BCTaHOBJIEHO BIUIMB CHJIM MPHUTHC-
KaHHS IHCTPyMEHTa-I1CKa 3 THTAHOBOTO CIUIABY HAa MiKPOTBEPHICTh Ta TOBIIMHY 3Mill-
HeHoro mapy. MakcuManbHe 3HaueHHs MikpoTtBepaocti 0yno 10,871 Tla, a ToBmmMHA —
1,3mm. KommiekcHe DOCTiIKEHHS BIUIMBY PEKMMHHX (DakTOpiB HAa MiKpOTBEpHICTH
3MiIHEHOTO mapy ctaiti 45 He MPOBOIMIIH.

Memoio pobomu € BCTAaHOBJIEHHS BIUIMBY PEXMMHUX (paKTOPIB BUCOKOIIBHI-
KiCHOTO TepTsl Ha MiKpOTBEPIiCTh 3MIIIHEHOTO IIapy Ha 3pa3kax 3i craini 45.
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Buknan ocHoBHoro marepiany. JlocnmikeHHS BIUTMBY PEXWMIB 3MillHEHHS
BUCOKOLIBHIKICHAM TEPTSIM HOBUM crocoOoM [5] mpoBomin Ha eKcriepUMeHTaNbHI
ycraHoBli [6]. 3MiHHI (akTopu Ta 06nacTi iX iHTepecy HaBeieHO B Tabu. 1.

Taon. 1.3minni hakmopu ma o6nacme ix inmepecy

Konose 3HaveH- | 3HaueHHs I
H Harypaibhe . OunuI
assa ¢akropa Mo3Ha- He Minbi- | Makcu- .
MO3HAYCHHS BUMIpy
YEHHS MaJIbHE | MajbHE
IIBuaxkicte oOepTaHHs 3MILIHIO-
AKICTL 0bEp 1 X; v 40 75 mlc
BAJIBLHOTO IHCTPYMEHTA-TUCKA
IIBuakicTs momaui 3paska, 1o
A , 1ol P » 1 X5 Vg 0,25 0,75 M/XB
3MIITHIOETHCS
Benuunna cuim npuTHCKaHHS
3MII[HIOBAJIBHOTO iHCTPYMEHTA- X3 P 600 1000 H
Jicka 10 00pobroBaHoi TOBEPXHI

ITin yac mpoBeeHHs AOCIiIKEHb 3aCTOCOBYBAIN IUIAHYBAHHS €KCIIEPUMEHTY
3a B-nnanom. Marpuio B-nnaHy ekcriepiMeHTy HaBeieHO B TabI. 2.

Taon. 2. Mampuys B-nnany excnepumenmy
Ne nocizy Ko10Bi 3HaUeHHS HarypajibHi 3HaueHHsI
X1 Xo X3 V, m/c Vs, m/xB P,.H
1 -1 -1 -1 40 0,25 600
2 1 -1 1 75 0,25 600
3 -1 1 1 40 0,75 600
4 1 1 -1 75 0,75 600
5 -1 -1 1 40 0,25 1000
6 1 -1 1 75 0,25 1000
7 -1 1 1 40 0,75 1000
8 1 1 1 75 0,75 1000
9 -1 0 0 40 0,5 800
10 1 0 0 75 0,5 800
11 0 -1 0 57,5 0,25 800
12 0 1 0 57,5 0,75 800
13 0 0 1 57,5 0,5 600
14 0 0 1 57,5 0,5 1000
15 0 0 0 57,5 0,5 800

[Ticns nmpoBeneHHA eKCIEpUMEHTIB JOCTiKYBaJIM MIKpOTBEPIiCTh Ha mutidax,
SIKi BUTOTOBJIAUTH 32 BiIOMOKO METOIMKOIO [7]. MiKpOTBEepHiCTh BUMIPIOBAI Ha MiK-
potBepaoMipi [IMT-3 3 HaBaHTa)keHHSIM Ha iHaeHTOp 2 H. Y KOXHIill Touli MpoBoaU-
JIM IO TPH 3aMipu. Y Tabi. 3 HaBeAEHO pe3yJIbTaTH eKCIIEPIMEHTY 3aJIeKHOCTI MIKpOT-
BepaocTi 3pa3kiB 3i craini 45 Ha rimouni S550MKM Bi MOBEpXHIi 3pa3Ka.

Taon. 3. Pe3ynivmamu excnepumenmy

Ne nociny K1 K2 K3
1 11,0 10,1 9,6
2 9,6 10,3 11,7
3 10,4 11,3 11,7
4 11,7 10,4 10,7
5 6,8 7.4 8,2
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