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MNPEAT'OBOP

[1y6nukyBameTo Ha JBAaHAECETTOTO MU3/laHNe Ha ['OMIIHKOT 300pPHUK Ha
3emjonencku akyaTeT npu Y usep3uter ,,['oue demues” — llTum, 2014, BoJ.
12, e yuuTe efieH €BUCHTEH JIOKa3 3a MOCBETEHOCTa Ha HAIIMOT (haKyJITeT BO
HayKaTa U Hej31HATa ariMKaiyja BO 3eMjofIeJICTBOTO.

JIBaHaeceTToTO Wu3faHMe Ha [oguiuHMOT 300pHUK Ha 3eMjofIesICKU
(hakysTeT € NpBO M3/IaHKEe KOE BO LEJIOCT € U3BEyBaHO MPEKY €JIEKTPOHCKUOT
cuctem Y]] sxxypHanu fjocTaneH Ha BeG-cTpanunara Ha Y '], Ha JMHKOT

http://js.ugd.edu.mk/

EnekTpoHckunoT cucreM 3a nyomnukyBame uan UGD Publishing System
ru ondaka cure nepuopnuHu u3faHuja Ha Y1, 300pHMIM U MelyHapOaHU
CIMcaHWja Ha KOM wu3faBay e YHuBep3uteTor ,loue [lemue” — Iltum.
HayuyHu, cTpyyHM M amiMKaTHBHM TPYJAOBU Off BKYNMHO 14 (YeTMpUHaeceT)
NepUOJIMYHKM U3JlaHMja JIOMAlllHM M MeryHapojHu ce oOjaByBaaT OHJIAjH.
[IpujaByBameTO, pEeLEH3UPAmETO M LEJOCHOTO W3/laBarbe Ha TMpHjaBeHUTE
paxkonucH 3a nyOJMKyBame € UCKITyUUBO eJIeKTPOHCKH npeky Y 'l skypHanu, a
3a MyO/IMKYyBambe Ha Hay4YHU, CTPYYHHU U alNIMKATUBHU TPY/0BU BO ['ofiIHUOT
360pHuK Ha 3P, Y]] e nocraneH JUHKOT

http://js.ugd.edu.mk/index.php/YFA

CoBpemeHuTe WH(MOPMATUYKM M KOMYHUKALMCKM TEXHOJOIMU, KaKo
U HOBUTE TEXHMKM 32 HAy4YHO MCTpaKyBame, HaJOXKHja MNPOMOBHMpaHE
Ha EJIeKTPOHCKM TMpuUcTan BO MyOJMKYBAaWkEeTO Ha pEe3yaTaTuTe Off
Hay4YHOMCTpasKyBaykaTa JIeJHOCT Ha Y HuBep3uTeToT. Toa co3pasie norpeda ja
ce KOPUCTH HOB ¥ COBPEMEH MPUCTAI BO N3/IaBAIITBOTO CO YNOTpeda Ha MOKHU
aJlaTKM Kako LITO ce e->KypHayu U e-6ubnmnoteka Ha YI']I.

Haykarta e mpumapeH akTop 3a KOHCTPYKTHMBEH pa3BOjOT Ha ceKoja
obnacT oj] coBpeMeHOoTo omuTecTBo. HayyHuor Kamap op 3eMjofesicKuoT
(pakyTET MOCTOjaHO ' CJIE/IM HOBUTE IOCTUTHYBaHa BO HAYKaTa U COBPEMEHOTO
3eMjojieJIie M T'M UMIUIEMEHTHpa HOBUTE TPEHJOBUM BO HAYyYHO-CTPYUHUTE
UCTpaxKyBata Kako M BO CTYAMCKHUTE MPOrpaMu Off cuTe TpU UuKiaycu. Op
CeTO TOa MNpou3JieryBaaT [BaHaeceTTe u3faHuja Ha [omuineH 300pHUK,
aKpeMTUPaHU TIOBEeKe CTY/MCKHU MPOrpaMy 3a CUTE UMKIYCH Ha CTYAUPAE
Ha 3eMjojielicKuoT (pakynTeT, OpOjHM TMPOEKTH [OMAIIHM M MeryHapOJiHH,
YUYECTBO Ha MPECTUXKHU HAYYHU U CTPYYHM MaHU(PECTAUMN Ha HAYYHUOT Kajiap
o7 pakynTeTOT, U OPOjHU JJOCTUTHYBaha M yCrellHa MPUMEHa Ha HayKaTa BO
COOJIBETHATA 3eMjOfIeJICKa MPaKTHKA.

N3naBauku onoop OaroBopeH ypemHuK
IlITun, nekemspu 2014 ropm. PexTop, npod. a-p Cama Mutpen
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YJIK:663.2:547.917 OpuruHajieH Hay4deH TPy
Original research paper

ONPEJAEJTYBAIBE HA SO, U PETYIIUPAYKHA HEKEPH BO
MAKEJOHCKH BUHA

Buonera NBanosa-Ilerponynoc'*, Camma Mutpes!

Kparok u3zBanok

SO, penyBa Kako aHTMOKCHJIAHT, CNPEYyBajKM ja aKTMBHOCTA Ha
OKCHJIa3UTe, HO M KaKO aHTMMHUKPOOEH areHc, a MOKaxKyBa M MOTEHUMjall 3a
00ellyBame Ha MMTMEHTHUTE U eJTIMMUHALIMja Ha HEMPUjaTHA MUPHUCH Kaj BUHATA.
I'nyko3ata u ¢pykrTos3ara ce IriIaBHUTE jarJexujipaTd BO rpo3je U BUHO, KOU
BOOOMYAHO Ce HapeKyBaT peayuupadku ekepu. Bo oBa wucTpaxyBame
€ M3BpIIEHa NMPOBEPKA Ha TUTPALMCKA METOAM 3a onpefenyBambe Ha SO,
(cnoGopeH M BKyNEH) M Ha peflyuMpaduky miekepu Bo BuHA. JIMHeapHoCTa,
TOYHOCTA M TPEUM3HOCTa Ha METOjUTe Oelle MOTBpjeHa CO TMpUMEHa Ha
cranapau pacteopu of SO, v peyuupayky mekepu (hpyKTosa 1 rkiyKo3a)
NOJI'OTBEHM BO OMNpeiesieH KOHUEHTPALMCKH OIICeT, KAKO U CO HUCKH, CPEIHU
M BUCOKM KOHLEHTpaluuu. [loNONMHUTEHO, TOYHOCTAa HA METOAUTE € MOTBECHA
CO MeTojlaTa Ha CTaHjapiHu foparouy. bea mpoBepeHM M MOBTOPJIMBOCTA U
penpoayuMOMIHOCTa Ha METOJIUTE CO TUTpAalja Ha PeajHu MPUMEPOLY BUHA,
aHAJM3MPAHU CO COOfIBETEH OpOj Ha MOBTOpPYyBamwa. Banmuaupanure meroau ce
NPUMEHETH 32 ONPEJIENTYBakb€ Ha COJIPKMHATA Ha CIIOOOJIEH 1 BKyNeH SO, , Kako
M peayuMpadky HieKepu BO JIECET BUHA Of] cOpTaTa @parel, NPOU3BEJICH! CO
pa3iuyHu KBacuy 3a (pepMeHTaluja.

Kuyunu 360posn: SO,, peoyyupauxu wekepu, 6uno, mumpayuja

1 Yrusepsumem ,,I'oye eaues”, 3emjooeacku paxyamem — llmun, Penybauxa Maxeoonuja
University Goce Delcev, Faculty of Agriculture — Stip, Republic of Macedonia
Corresponding author: Violeta Ivanova Petropulos, e-mail: violeta.ivanova@ugd.edu.mk
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DETERMINATION OF SO, AND REDUCING SUGARS IN
MACEDONIAN WINES
Violeta Ivanova-Petropulos'*, Sasa Mitrev!

Apstract

SO, acts as an effective antoxidant, preventing the activity of the oxidases
and antimicrobial agent, showing a potential for bleaching the pigments and
elimination of unpleasant odour in wines. Glucose and fructose are the main
carbohydrates in grapes and wine, usually called reducing sugars. In this
study, three titrimetric methods for determination of SO, (free and total) and
reducing sugars in wines were checked. The linearity, accuracy and precision
of the methods were confirmed using standard solution of SO, and reducing
sugars (fructose and glucose) prepared in appropriate concentration range, as
well as with low, medium and high concentrations. Additionally, the accuracy
of the methods was confirmed by standard additions. Repeatability and
reproducibility were confirmed with titration of real samples, analyzed with
appropriate repetitions. Validated methods were applied for determination of
the content of free and total SO,, as well as reducing sugars in ten Vranec wines
produced with different yeasts for fermentation.

Keywords: SO, reducing sugars, wine, titration

1. Introduction

Wine is a complex mixture of a large number of compounds including
carbohydrates, alcohols, aldehydes, esters, acids, proteins and vitamins. It
also contains a number of elements, polyhydroxy aromatic and polyphenolic
compounds, such as tannins, anthocyanins and flavonols, which contribute
highly to colour and taste [1-5].

Sulfur dioxide is naturally present in wine, which can be produced at
concentrations up to 64 mg/L. by the yeast metabolism [6]. However, most
of the yeasts cannot produce more than 10 mg/L SO,, so that contents of SO,
higher than 30 mg/L usually are result of doses added during the vinification.
The use of SO, in winemaking is due to its ability of an effective antoxidant,
preventing the activity of the oxidases. Also, it has significant activity as
antimicrobial agent, as well as potential for bleaching the pigments and
elimination of unpleasant odours (as a result of oxidation). Because yeasts
are very sensitive to SO, (also, to other stress factors), it can selectively act
against the wild yeasts, which come from the grape skin or equipment in the
winery, and stop their activity. Sulfur dioxide can be added in a form of a
salt, potassium metabisulphate (K,S,O,), which can be ionized in acid media,
releasing gaseous SO,.

8
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Sulfur dioxide is present in wines as free and total SO,. SO, that is bound
to aldehydes (acetaldehyde), sugars, tannins and anthocyanins is bound SO,.

Free and bound SO, in wine exist in a dynamic equilibrium:
SO, (free)«—SO, (bound)

Only free SO, possesses antiseptic and antioxidant properties. Higher
amounts of SO, negatively influence the wine quality (flavor and taste).

The content of SO, (free and total) is usually determined by iodine
titration, according to the Ripper’s method [7], using standard solution of
iodine in presence of stretch as an indicator and sulfuric acid. Before titration,
solution of NaOH is used in order to release the bound SO, . Iodine reacts with

sulfur dioxide in the following way:
SO, +1, + 2H,O —— H,SO, + 2HI

In addition, glucose and fructose are the main carbohydrates in grapes
and wine, usually called reducing sugars. The content of sugars in grapes
depends on variety, maturity and health conditions. Varieties of Vitis vinifera
accumulate about 20 % sugars and even more during the ripening phase, while
varieties from Vitis labrusca and Vitis rotundifolia rarely achieve this level of
sugars.

During fermentation, sugars are broken down by the action of the yeast,
thus forming an alcohol (ethanol) and carbon dioxide:

CH,O0——2CHOH + 2CO,

The ratio of glucose/fructose decreases from 0.95 initially to 0.25 at the
end of fermentation. In fact, the glucose ferments at the beginning since it is used
by different yeasts, which means that fructose is more prevalent then glucose.
Dry wines contain residual sugar whose content is less than 1.5 g/L. At this
concentration, which is low, the sweetness of wine is not felt.

For determination of reducing sugars in must and wine, chemical methods
based on reduction-oxidation (redox) reactions that take place between sugars
and Fehling’s solution, are usually applied. Fehling’s solution contains copper
(II) ions that can be reduced by some sugars to copper (I) ions. This reaction
can be used for the quantitative analysis of reducing sugars.

The aim of this work is validation of the methods for determination of SO,
and reducing sugars in wines using titration methods, and then, application of
the methods for analysis of different wine samples from Macedonia.
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2. Materials and methods
2.1. Reagents
Standard solution of SO, and standards of glucose and fructose were
purchased from Sigma Aldrich (St. Louis, MO). All other reagents used were
with analytical grade of purity.

2.2. Wine samples
In total, 10 red wines from Vranec variety (vintage 2013) produced with
different yeasts for fermentation were analyzed.

2.3. Determination of SO,

Free SO,. A volume of 50 mL wine is transferred to flask of 250 mL,
followed by addition of 10 mL 25 % (v/v) solution of sulfuric acid (1+3) and
2-3 mL 1 % solution of stretch as an indicator. Sulfuric acid is added since the
oxidation in acid conditions is more intensive. The prepared wine is titrated
with a standard solution of iodine with concentration of 0.01 mol/L until the
endpoint of titration (change of color to dark-blue). The following equation is
used for calculation of the content of free SO,

Free SO,/mg/L = V(L) - ¢(I) - M(SO,) - 1000/V (wine)
Free SO,/mg/L=V(,) - 12.3

Total SO,. A volume of 25 mL of 1 M NaOH is transferred to flask of 250
mL, followed by addition of 50 mL wine. The sample is mixed, closed with
a rubber stopper and left for 10 min in a dark place. Then, 10 mL 25 % (v/v)
solution of sulfuric acid (1+3) and 2-3 mL 1 % solution of stretch are added
and the sample is titrated with standard solution of iodine (0.01 mol/L) until
the endpoint of titration (change of color to dark-blue). The following equation
is used for calculation of the content of total SO

Total SO /mg/L = V(L) - ¢(I,) - M(SO,) - 1000/V(wine)
Total SO /mg/L =V(I,) -12.3

The content of SO, (free or total) can be directly read out from Table 1,

using the consumed volume of I, for titration of the sample.

2.4. Determination of reducing sugars
For determination of reducing sugars, wine is diluted 10 times and then,
10 mL of the diluted wine is transferred to a flask (250 mL) that contains 10 mL
Fehling I and 10 mL Fehling II solutions. The flask with the sample is heated

10
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on a moderate temperature until boiling temperature (or until appearance of
1-2 bubbles), followed with a change of color to red-brown (depending on the
sugar content in wine). After heating, the flask is cooling (under tap water), and
then, 10 mL 20 % (m/v) solution of KI and 10 mL 25 % (v/v) sulfuric acid are
added to the flask. The flask is closing with a rubber stopper and left in a dark
place to stand 2-3 min. Then, 2-3 mL of 1 % solution of stretch is added and the
sample is titrated with 0.1 mol/L solution of Na,S O, until change of color from
yellow-brown to milky-white. Previously, a blank sample should be prepared
and titrated in a same way as wine, using distilled water (20 mL). Then, the
total consumed volume of Na S O, is calculated as a difference between the

27273
volumes of N212$203 consumed for titration of the blank and wine:

V(N32S203) = V(Nazs - V(NaZSZOS)BMHO)

203)cnena npo6a

and used for determination of the value for sugars content, found in a
table (Table 2).

Table 1. Table for SO, (mg/L) in wine

YOI o L 1 | 2 | 3| a4l s | 6| 7| 8| 9
mL

0 0.00 | 128 | 226 | 3.84 | 5.12 | 640 | 7.68 | 896 | 10.24 | 11.52
12.80 | 14.08 | 15.36 | 16.64 | 17.92 | 19.20 | 20.48 | 21.76 | 23.04 | 24.32
25.60 | 26.88 | 28.16 | 29.44 | 30.72 | 32.00 | 33.28 | 34.56 | 35.84 | 37.12
38.40 | 39.68 | 40.96 | 42.24 | 43.52 | 44.80 | 46.08 | 47.36 | 48.64 | 49.92
51.20 | 52.48 | 53.76 | 55.04 | 56.32 | 57.60 | 58.88 | 60.16 | 61.44 | 62.72
64.00 | 65.28 | 66.56 | 67.84 | 69.12 | 70.40 | 71.68 | 72.96 | 74.24 | 75.52
76.80 | 78.08 | 79.36 | 80.64 | 81.92 | 83.20 | 84.48 | 85.76 | 87.04 | 88.32
89.60 | 90.88 | 92.16 | 93.44 | 94.72 | 96.00 | 97.28 | 98.56 | 99.84 [101.12
102.40{103.68|104.96/106.24|107.52]108.80|110.08]111.36|112.64|113.92
115.20{116.48]|117.76|119.04|120.32]121.60|122.88]124.16|125.44|126.72
10 1128.00(129.28]130.56|131.84]133.12|134.40(135.68[136.96|138.24|139.52
11 [140.80/142.08|143.36]144.64|145.92|147.20|148.48|149.76/151.04/152.32
12 1153.60[154.88]156.16|157.44]158.72|160.00(161.28]162.56|163.84|165.12
13 1166.40[167.68]168.96|170.24]171.52|172.80({174.08]175.36|176.64|177.92
14 1179.20(180.48]181.76|183.04]184.32|185.60(186.88|188.16|189.44|190.72
15 1192.00/193.28]194.56|195.84]197.21|198.40(199.68|200.96|202.24|203.52
16 |204.80|206.08|207.36|208.64|209.92|211.20(212.48|213.76|215.04|216.32
17 |217.60|218.88|220.16|221.74|222.72|224.00|225.28|226.56|227.84|229.12
18 [230.40|231.68|232.96|234.24|235.52|236.80|237.08|238.36|239.64|240.92
19 |243.20|244.48|245.76|247.04|248.32|249.60|250.88|252.16|253.44|254.72
20 |256.00]257.28|258.56|259.84|261.12|262.40|263.68|264.96|266.24|267.52
21 [268.80]270.08]271.36|272.64(273.92]257.20]276.48]277.76|279.04|280.32

\O (G0 |~ |\ U [ (9 (DN | =
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Table 2. Table for reducing sugars (g/L) in wine

sz%qy 0o | 1| 2|3 |45 |6 7|8/ 09
0 00 | 03] 06| 10| 13| 16|19 ] 22| 26 | 29
1 32 | 35 | 38 | 42 | 45 | 48 | 51 | 54 | 57 | 61
2 64 | 67 | 710 | 74 | 77 | 8.1 | 84 | 87 | 90 | 94
3 907 100 | 104 | 107 | 110 | 114 | 117 | 120 | 123 | 12.7
4 130 | 133 | 137 | 140 | 144 | 147 | 150 | 154 | 157 | 16.1
5 164 | 167 | 17.1 | 174 | 17.8 | 181 | 184 | 188 | 19.1 | 19.5
6 198 [ 20.1 | 205 | 208 | 212 | 215 | 218 | 222 | 225 | 229
7 232 | 235 | 239 | 242 | 246 | 249 | 252 | 256 | 259 | 263
8 265 | 269 | 273 | 276 | 280 | 283 | 28.6 | 290 | 293 | 297
9 200 | 303 | 307 | 310 | 313 | 317 | 320 | 327 | 32.7 | 330
10 334 | 337 | 34.1 | 344 | 348 | 35.1 | 354 | 358 | 36.1 | 365
11 368 | 372 | 375 | 379 | 382 | 38.6 | 389 | 393 | 396 | 400
12 403 | 407 | 410 | 414 | 417 | 42.1 | 422 | 428 | 431 | 435
13 438 | 442 | 445 | 449 | 452 | 456 | 459 | 463 | 466 | 470
14 473 | 477 | 480 | 484 | 487 | 49.1 | 494 | 498 | 50.1 | 505
15 508 | 512 | 515|519 | 522 | 526 | 529 | 533 | 53.6 | 540
16 543 | 547 | 550 | 554 | 558 | 562 | 565 | 568 | 573 | 57.6
17 530 | 584 | 58.8 | 59.1 | 59.5 | 599 | 603 | 607 | 61.0 | 614
18 618 | 622 | 62.5 | 629 | 633 | 637 | 640 | 644 | 6458 | 65.1
19 655 | 659 | 663 | 667 | 67.1 | 675 | 678 | 682 | 686 | 69.1
20 694 | 698 | 702 | 706 | 710 | 714 | 717 | 721 | 725 | 72.9
21 733 | 737 | 741 | 745 | 749 | 753 | 756 | 760 | 764 | 768
2 772 1776 | 780 | 784 | 788 | 792 | 79.6 | 800 | 804 | 80.8
23 812 | 816 | 820 | 824 | 82.8 | 832 | 83.6 | 840 | 844 | 848
24 852 | 85.6 | 860 | 864 | 86.8 | 872 | 87.6 | 880 | 834 | 88.8
25 892 | 896 | 900 | 904 | 908 | 912 | 91.6 | 920 | 924 | 928

3. Results and discussion
3.1. Methods validation
Linearity, accuracy, precision, repeatability and reproducibility were
checked for SO, and reducing sugars in wine, considering the complete
analytical procedures. For quantitative analysis of SO, and reducing sugars,
we used standard solutions of SO, and carbohydrates (glucose and fructose),
respectively.

12
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Linearity. The linearity data of the analytical methods for determination
of free SO,, total SO, and reducing sugars are presented in Table 3. Each
concentration level was analyzed in triplicate. Linearity was satisfactory in all
cases with correlation coefficients (R?) of 0.9999.

Table 3. Intercept, slope and correlation coefficients (R?)

Compound Intercept Slope R? Range
SO, 0.4307 0.9943 0.9999 0-500 (mg/L)
S0,” 03512 0.9957 0.9999 0-500 (mg/L)

Reducing 0.0603 0.9987 0.9999 0-100 (g/L)
sugars

*S0O, determined with the procedure for free SO,
*S0O, determined with the procedure for total SO,
Reducing sugars: glucose+fructose

Accuracy and precision. The intra-day and inter-day accuracy and
precision were determined with titration of standard solutions of SO, and
reducing sugars with low, medium and high concentration (Table 4). For
determination of intra-day accuracy and precision, freshly prepared solutions
were used, analyzed immediately, in 10 repetitions during the day. Inter-day
accuracy and precision were determined with titration of the standard solutions
during 10 consecutive days. The accuracy was determined with calculation
of the relative error of the determined concentration compared with the true
(nominal) value. Precision was expressed as relative standard deviation (RSD).
Results for inter-day and intra-day accuracy and precision are presented in
Table 4. Relative errors are ranged between -0.16 to 0.86 %, and relative
standard deviations in range of 0.47 to 5.95 %. Obtained results confirm that
the suggested methods for determination of SO, (free and total) and reducing
sugars are accurate and convenient for quantitative analysis.

13
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Table 4. Intra- and Inter- day accuracy and precision data for standard
solutions of SO, and reducing sugars (n=10)

SO, Reducing sugars

10 mg/L 50 mg/LL 100 mg/L 10 mg/L 50 mg/L 100 mg/L

Sample e e

PI€ | Found e,(%)|Found|e, (%) | Found |e,(%)|Found ((7’;) Found ((7:;) Found|e, (%)
Intra- day accuracy and precision
<x> 998 [-0.16 [50.17] 0.35 [100.22| 0.22 [10.15| 1.5 |50.23|0.46]50.23| 0.04

SD | 051 0.51 0.58 0.32 0.24 0.24
RSD

5.13 1.02 0.58 3.12 047 0.47
(%)

Inter- day accuracy and precision
<x> |9.86 [-144[50.67| 1.37 [100.74] 0.73 [10.04| 04 |10.04|0.06]10.04| 0.86

SD | 0.58 0.63 0.59 0.31 0.31 0.31
RSD
5.95 1.24 0.58 3.12 3.12 3.12
(%)

Labels: <x> - average, SD — standard deviation, RSD — relative standard deviation

The accuracy of the methods was checked using the standard addition
method. One red and one white wine sample, previously analyzed, were
spiked with appropriate volumes of the standard solutions of SO, and reducing
sugars (glucose and fructose) with concentration of 5, 10 and 50 mg/L for
each standard. The satisfactory results for the recovery ranging from 92.5—
105% (Table 5) confirmed that the methods are accurate and convenient for
quantitative analysis.

Table 5. Results from the standard additions method for checking the
accuracy of the titration methods for determination of SO, (free and total) and
reducing sugars in wine samples (n = 3)

? (Free SO,) y (Total SO,) v (Reducing sugars)
Le) &Q ko] § ol §

Whitewine £, T 2 £.2 g 2 £a ga B
Standard 3 8 88 > zg B2EF B8 BE 2
addition =T =~ 3 =T =~ 3 = =~ 3
@) g o S ) 2

I 33.16 3200 9650 8820 89.60 1016 1140 1153 101.1

II 38.16 37.12 9727 9320 92.16 98.88 1640 1536 93.66

I 78.16 76.80 98.26 13320 131.8 9898 5640 5504 97.59

Red wine

1 1908 1920 1006 58.76 60.16 1024 8.84 896 1014

11 2408 2432 1009 63776 6656 1044 13.84 12.80 9249

111 64.08 64.00 99.8 103.76 104.9 101.3 53.84 5504 1022

14
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Repeatability and reproducibility. Additionally, to confirm the accuracy
of the methods and to check their repeatability, 10 repetitions in one day were
performed on two real samples (one red and one white wine). Results are
presented in Table 6. As can be seen from the table, the values for the standard
deviations for repeatability for all three methods are very low (SD = 0.14 to
0.66 for white wine and SD = 0.17 to 0.54 for red wine), which confirms that
they are accurate and can be applied for determination of SO, (free and total)
and reducing sugars in white and red wines.

Table 6. Results for repeatability and reproducibility of SO, (free and
total) and reducing sugars in white (Smederevka) and red (Vranec) wines

Sample Content of Content of Content of reducing
P free SO, /mg/L total SO./mg/L sugars/g/L
Smederevka Repeatability (10 replicates in one day)
<x> 28.93 82.56 6.49
SD 0.66 0.67 0.14
RSD (%) 2.28 0.82 2.23
Vranec
<x> 13.82 53.50 3.72
SD 0.54 0.54 0.17
RSD (%) 3.90 1.01 4.53
Smederevka Reproducibility (3 replicates x 3 titrations x 5 days)
<x> 29.01 82.77 6.60
SD 0.74 0.74 0.17
RSD (%) 2.55 0.89 2.62
Vranec
<x> 13.65 53.33 3.67
SD 0.74 0.74 0.23
RSD (%) 541 1.39 6.30

<x> - average, SD — standard deviation, RSD — relative standard deviation

Reproducibility was also checked with replicate samples analyzed in
five different days (3 replicates x 3 titrations x 5 days) and the RSD for each
parameter was calculated (Table 6). Accordingly, the method showed good
repeatability and reproducibility and the values for RSD were <10% (most of
the values were <5 %).
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3.2. Application of methods for analysis of Vranec wines fermented with
different yeast

Ten Vranec wines were fermented with different Saccharomyces
cerevisiae yeast strains: Clos, RC212, D254 and BDX (from Lallemand), and
Vinalco (from Bitola, R. Macedonia) and analyzed for determination of SO,
and reducing sugars. Results are presented in Table 7. It was noticed that the
content of free and total SO, ranged in quantities sufficient to protect the wines
from oxidation and other microbial infections. Thus, the amount of free SO,
ranged from 24.32 to 26.88 mg/L, the total SO, ranged from 51.2 to 67.84
mg/L., while the content of reducing sugars was not very different between
the wines (ranged from 5.4 to 6.1 g/L), which means that the rate of alcoholic
fermentation was similar in all wines where different yeast cells were used to
ferment glucose into ethanol.

Table 7. Content of SO, (free and total) and reducing sugars in Vranec wines
fermented with different yeasts for fermentation

. Free SO Total SO Reducing sugars
Wines 2 2
(mg/L) (mg/L) (g/L)

V-L1 26.88 53.76 29
V-L2 23.04 57.60 2.6
V-L3 24.32 62.72 32
V-L4 25.60 5248 32
V-Vil 32.00 51.2 2.6
V-Vi2 2432 58.88 2.6
V-Vi3 23.04 55.04 20
V-Vi4 25.60 67.84 32
V-Vi5 25.60 58.88 29

Abbreviation of wines: V-Vranec, Vi-Vinalco yeast, L-Lallemand yeasts: 1-Clos,
2-RC212,3-D254, 4-BDX

4. Conclusion

Titrimetric methods for determination of SO, (free and total) and reducing
sugars in wines were checked. Validation parameters of the methods confirmed
that they are fast, accurate, precise and easily available in every laboratory.
These methods are applicable in wineries for control of the content of SO,
and sugars during the wine production. The content of SO, is usually higher in
white wines compared to red wines since white wines are easily oxidizable and
therefore need higher dose of SO, for protection. Vranec wines fermented with
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different yeasts contained appropriate quantities of free and total SO,, enough
for their protection from oxidation. All wines were dry, containing low value
of reducing sugars (< 5 g/L).
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