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METO/IM 3A OTIPEAENYBABE HA SO, U PENYUUPAYKHA
HEKEPU BO BUHA U AJIKOXO.]IHI/I IMNJAJAIII

Buonera NBanosa-Ilerponynoc'*, [Iparana Ilerpymesa’,
Cama Murpes'

AnctpakT: Bo oBa ucTpaxyBame 06ea ONTUMU3MPAHU W BATWAMPAHU
BOJIyMETPUCKUTE METOAM 3a onpefenyBambe Ha SO, (CoOOEH U BKYIEH) U
penyuMpavKy leKepy BO BUHA U aJIKOXOJTHU NUjajiany. JIuHeapHOCTa, TOUHOCTA
U TIpeuM3HOCTa Ha MeToauTe Oelle MOTBPJIeHA CO MPUMEHA Ha CTaHJAp[HU
pactBopu ofi SO, u pefyuupauku mekepu (hpyKTo3a U rJMKo3a) IOAroTBEHN
BO OMNpeJielieH KOHIEHTPALMCKK OfCer, Kako U CO HUCKH, CPEIHM M BUCOKH
KOHIIEHTpauuu. [JOMONHUTETHO, TOYHOCTA Ha METOAuUTe Oellle MpoBepeHa co
MeTojlaTa Ha cTaHjapyHu fopaTouu. IloBTopanBocTa M penpopyuuouIHOCTA
Ha MeTojTe 6ea MOTBPJICH! CO MOBTOPEHM aHAJIN3a HA PealHi PUMEPOLI Of
BUHA U AJIKOXOITHY Njanany. Pe3ynrarure ofi aHanu3uTe NOTBP/M]ja IeKa JIBETe
METOJM C€ TOYHU M MPEUM3HH 1 CE COOJIBETHU 32 aHAJIN3a Ha BUHA U aJIKOXOJIHU
npujanaany.

Kuyunn 360posn: SO, pedyyupaukiu wekepu, 6UHO, AAKOXOAHU NUJANAYU,
saauoauuja.

METHODS FOR DETERMINATION OF SO, AND REDUCING
SUGARS IN WINES AND ALCOHOLIC BEVERAGES

Violeta Ivanova-Petropulos**, Dragana Petruseva?, Sasa Mitrev>

Abstract: In this study, volumetric methods for determination of SO,
(free and total) and reducing sugars in wines and alcoholic beverages were
optimized and validated. The linearity, accuracy and precision of the methods
were confirmed using standard solutions 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 checked by standard additions. Repeatability and reproducibility of the
methods was confirmed with repeated analyses of real samples, wines and
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alcoholic beverages. Obtained results for both methods presented satisfactory
accuracy and precision, suggesting that these methods are appropriate for
analysis of wines and alcoholic beverages.

Keywords: SO, reducing sugars, wine, titration

1. Introduction

Quality control of wines and alcoholic beverages is very important to
be performed during the production as well as on the final product. One of
the parameters responsible for the quality of wines is the content of SO,.
The use of SO, in winemaking is due to its ability as an effective antoxidant,
preventing oxidation, antimicrobial agent, potential for bleaching the pigments
and elimination of unpleasant odours. SO, 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,0,), which can be ionized in acid media, releasing
gaseous SO,. Only free SO, possesses antiseptic and antioxidant properties.
Higher amounts of SO, negatively influence the wine quality (flavor and taste)
(Ivanova-Petropulos & Mitrev, 2014). The content of SO, (free and total) is
usually determined by iodine titration, according to the Ripper’s method (Vahl
& Converse, 1980), 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,.

The main carbohydrates in grapes and wine are glucose and fructose,
usually called “reducing sugars”. During the fermentation, reducing sugars
are broken down by the action of the yeast, forming an alcohol (ethanol)
and carbon dioxide. For determination of reducing sugars in must and wine,
chemical methods usually are based on reduction-oxidation (redox) reactions
between sugars and Fehling’s solution, according to the Shorl’s method.
Fehling’s solution contains copper (II) ions that can be reduced by some sugars
to copper (I) ions (Ivanova-Petropulos & Mitrev, 2014).

The aim of this work is validation of volumetric methods for determination
of SO, (free and total) and reducing sugars in wines and alcoholic beverages,
and then, application of the methods on real samples.

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.
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2.2. Wines and alcoholic beverages

In total, ten different red and white wines from various varieties (vintage
2015) and three alcoholic beverages (yellow brandy, white brandy and mastika)
(produced in 2015) were analyzed.

2.3. Determination of SO,

Free SO,. A volume of 50 mL wine or brandy was transferred to flask of
250 mL, followed by addition of 10 mL 25 % (v/v) solution of sulfuric acid
(1+43) 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 sample
was 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 for the wine and
yellow for the brandy). The following equation was used for calculation of the
content of free SO, (Ivanova-Petropulos & Mitrev, 2014):

Free SO, /mg/L = V(L) - ¢(L)) - M(SO,) - 1000/V(wine)
Free SO /mg/L = V(L)) - 12.8

Total SO,. A volume of 25 mL solution of 1 M NaOH was transferred to
the flask of 250 mL, followed by addition of 50 mL sample (wine or brandy).
The sample was mixed, flask was closed with a rubber stopper and left for 10
min in a dark place. Then, 10 mL of 25 % (v/v) solution of sulfuric acid (1+3)
and 2-3 mL 1 % solution of stretch were added. The sample was titrated with a
standard solution of iodine (0.01 mol/L) until the endpoint of titration (change
of color to dark-blue). The following equation was used for calculation of the
content of total SO, (Ivanova-Petropulos & Mitrev, 2014):

Total SO, /mg/L = V(L) - ¢(L) - M(SO,) - 1000/V (wine)
Total SO /mg/L = V(L) 12,8

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, 1 mL sample (wine or brandy) was
transferred to 100 mL flask, followed by addition of distilled water to the mark.
Then, 10 mL of the diluted sample was transferred to a flask (250 mL) that
contained 10 mL Fehling I and 10 mL Fehling II solutions. The flask with the
sample was heated on a moderate temperature until boiling temperature (or
until appearance of 1-2 bubbles), followed with a change of color to red-brown
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(depending on the sugar content in the sample). After the heating, flask was
cooled down (under tap water), and then, 10 mL of 20 % (m/v) solution of KI
and 10 mL of 25 % (v/v) sulfuric acid were added to the flask. The flask was
closed with a rubber stopper and left in a dark place to stand for 2-3 min. Then,
a volume of 2-3 mL of 1 % (m/v) solution of stretch was added and the sample
was titrated with 0.1 mol/L solution of Na,S O, until change of the color from
yellow-brown to milky-white. Previously, a blank sample should be prepared
and titrated in a same way as the sample, using distilled water (20 mL). The
total consumed volume of Na S ,O, was calculated as a difference between the
volumes of Na,S O, consumed for titration of the blank and sample:

V(Na,$,0,) = V(Na,S,0,), - V(Na$.0,)

blank sample)

and used for determination of the sugars content, using the Table 2
(Ivanova-Petropulos & Mitrev, 2014).

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

V({L)/ 0 1 2 3 4 5 6 7 8 9
mL
0 0.00 1.28 2.26 3.84 5.12 6.40 7.68 8.96 1024 | 11.52
1 12.80 | 1408 | 1536 | 16.64 | 1792 | 1920 | 2048 | 21.76 | 23.04 | 2432
2 25.60 | 26.88 28.16 | 2944 | 30.72 | 32.00 | 33.28 34.56 35.84 37.12
3 3840 | 39.68 | 40.96 | 4224 | 4352 | 4480 | 4608 | 4736 | 48.64 | 49.92
4 51.20 | 5248 | 53776 | 55.04 | 5632 | 57.60 | 58.88 | 60.16 | 6144 | 62.72
5 6400 | 6528 | 6656 | 6784 | 69.12 | 7040 | 71.68 | 7296 | 7424 | 75.52
6 76.80 | 78.08 79.36 80.64 81.92 83.20 84.48 85.76 87.04 88.32
7 89.60 | 90.88 | 92.16 | 9344 | 9472 | 96.00 | 97.28 | 98.56 | 99.84 | 101.12
8 102.40 | 103.68 | 104.96 | 106.24 | 107.52 | 108.80 | 110.08 | 111.36 | 112.64 | 113.92
9 11520 | 11648 | 117.76 | 119.04 | 120.32 | 121.60 | 122.88 | 124.16 | 125.44 | 126.72
10 128.00 | 129.28 | 130.56 | 131.84 | 133.12 | 13440 | 135.68 | 136.96 | 138.24 | 139.52
11 140.80 | 142.08 | 143.36 | 144.64 | 14592 | 147.20 | 148.48 | 149.76 | 151.04 | 152.32
12 153.60 | 154.88 | 156.16 | 157.44 | 158.72 | 160.00 | 161.28 | 162.56 | 163.84 | 165.12
13 166.40 | 167.68 | 168.96 | 170.24 | 171.52 | 172.80 | 174.08 | 175.36 | 176.64 | 177.92
14 179.20 | 180.48 | 181.76 | 183.04 | 184.32 | 185.60 | 186.88 | 188.16 | 189.44 | 190.72
15 192.00 | 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 23040 | 231.68 | 232.96 | 23424 | 235.52 | 236.80| 237.08 | 238.36 | 239.64 | 240.92
19 24320 | 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
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Table 2. Table for reducing sugars (g/L) in wine and alcoholic beverage

V(NasS,0,)/ 0 1 2 3 4 5 6 7 8 9
mL
0 0.0 03 0.6 1.0 1.3 1.6 1.9 22 2.6 2.9
32 35 3.8 42 4.5 4.8 5.1 5.4 5.7 6.1
2 6.4 6.7 7.1 14 1.1 8.1 84 8.7 9.0 94
3 9.7 100 [ 104 [ 107 [ 110 | 114 | 11.7 | 120 | 123 | 127
4 130 | 133 | 137 | 140 | 144 | 147 | 150 | 154 | 157 | 16.1
5 164 | 167 | 171 | 174 | 178 | 181 | 184 | 188 [ 19.1 [ 19.5
6 198 | 20.1 1 205 1208 | 212 [ 215 [ 218 [ 222 [ 225 [ 229
7 232 | 235 [ 239 [ 242 [ 246 [ 249 [ 252 [ 256 | 259 | 263
8 265 | 269 | 273 | 276 | 280 | 283 | 286 [ 290 [ 293 | 297
9 2909 [ 303 |1 307 | 310 | 313 | 31.7 | 320 | 327 | 327 | 330
10 334 | 337 | 341 | 344 | 348 | 351 | 354 | 358 | 36.1 | 365
11 368 | 372 | 375 | 379 | 382 | 386 | 389 | 393 | 396 | 40.0
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 1 519 | 522 [ 52,6 | 529 | 533 | 53.6 | 54.0
16 543 | 547 | 550 | 554 | 558 | 562 | 565 | 568 | 573 | 57.6
17 580 | 584 | 588 | 59.1 59.5 599 | 603 1 607 | 610 | 614
18 618 1 622 | 625 |1 629 | 633 | 637 | 640 | 644 | 648 | 65.1
19 655 1 659 | 663 | 667 | 67.1 675 | 678 | 682 | 686 | 69.1
20 694 | 698 | 702 | 706 | 71.0 | 714 | 717 | 72.1 725 | 729
21 733 [ 737 | 741 745 | 749 | 753 | 756 | 760 | 764 | 768
22 772 1 776 | 780 | 784 | 788 | 792 | 79,6 | 80.0 | 804 | 80.8
23 812 | 81.6 | 80 | 824 | 828 | 832 | 836 | 840 | 844 | 84.8
24 852 | 856 | 860 | 864 | 868 | 872 | 876 | 880 | 884 | 8.8
25 892 | 896 [ 900 1 904 [ 908 [ 91.2 [ 91.6 [ 92.0 [ 924 [ 92.8

3. Results and discussion

3.1. Methods validation
Linearity, accuracy, precision, repeatability and reproducibility were
checked for SO, and reducing sugars in wine and brandy using standard

solutions of SO, and carbohydrates (glucose and fructose), respectively.

2

Linearity. The linearity data for determination of free SO,, total SO, and
reducing sugars are presented in Table 3. Linearity was satisfactory in all cases
with correlation coefficients (R?) of 0.999.

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

Compound Intercept Slope R? Range
Free SO, 0.4305 0.9933 0.9999 0-500 (mg/L)
Total SO, 0.3510 0.9957 0.9999 0-500 (mg/L)

Reducing sugars 0.0611 0.9985 0.9998 0-100 (g/L)

Reducing sugars: glucose+fructose
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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 (5 mg/L), medium (25 mg/L) and high concentration
(50 mg/L), as presented in Table 4. For determination of intra-day accuracy and
precision, freshly prepared solutions were used, analyzed immediately, in 10
repetitions during one day. Inter-day accuracy and precision were determined
with titration of the standard solutions during 10 consecutive days.

The accuracy was expressed with a relative error of the determined
concentration compared with the true (nominal) value. Satisfactory results are
considered when relative error is lower than 20 % for low concentrations and
lower than 10 % for high concentrations.

Precision was expressed as a relative standard deviation (RSD).
Satisfactory results are considered when RSD is lower than 20 % for low
concentrations and lower than 10 % for high concentrations.

The relative errors for inter-day and intra-day accuracy for SO, ranged
between -0.8 to 6 % and -10.4 to -2.4, while for the reducing sugars were -0.8
to -4 and -2.8 to 1.2, respectively (Table 4). These results confirmed that the
suggested are accurate and convenient for quantitative analysis of SO, (free
and total) and reducing sugars.

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

SO, Reducing sugars
Sample 5 mg/L 25 mg/LL 50 mg/L 5 mg/L 25 mg/LL 50 mg/L
Found e, Found e, Found e, |Found ¢, Found ¢, Found e,
(%) (%) (%) (%) (%) (%)
Inter- day accuracy and precision
<x> 470 60 252 -08 503 -0.6 [52 -4 252  -08 519 -22
SD 0.75 0.74 0.73 0.17 0.35 0.74
RSD (%) |15.8 2.93 1.46 3.33 1.39 1.44
Intra- day accuracy and precision
<x> 552  -104 260 -40 512 -24 |51 -2 257 28 494 12
SD 0.73 0.74 1.28 0.30 0.72 0.56
RSD (%) |13.1 2.84 2.5 5.88 2.81 1.11

Labels: <x> - average value of ten repetitions, SD — standard deviation, RSD —
relative standard deviation

Additionally, the accuracy of the methods was checked using standard
addition method. Samples, including red wine, white wine and brandy,
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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. Obtained results for the recovery were
satisfactory recovery ranging from 94.8-102% (Table 5), confirming that
methods are accurate and convenient for quantitative analysis.

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

v (Free SO.) v (Total SO.) ¥ (Reducing sugars)
WSl:;tne d‘:rl:;e Calculated Found Recovery, Calculated Found  Recovery, Calculated Found Recovery,
addition /mg/L /mg/L % /mg/L /mg/L % /mg/L /mg/L %
I 40.85 39.68 97.1 97.16 96.0 98.8 6.60 6.40 96.9
1T 45.85 46.08 100.5 102.1 99.84 97.7 11.6 11.0 94.8
111 85.85 8448 985 1422 140.1 99.0 51.6 50.8 984
Red wine
1 19.08 20.48 107 63.88 62.72 98.2 7.20 7.40 102.7
11 24.08 24.31 101 68.88 704 102 122 12.0 98.3
I 64.08 6272 978 108.8 106.2 97.6 522 52.6 100.7
Brandy
1 6.28 6.4 101.9 8.84 8.96 101.3 8.50 8.40 98.8
11 11.28 11.52 102.1 13.84 12.8 92.5 13.5 13.7 101.5
111 51.28 4992 973 53.85 53.76 99.8 53.5 529 98.9

Repeatability and reproducibility. Repeatability was checked with 10
repetitions in one day, while reproducibility was checked with 3 repetitions in
3 consecutive days, both performed on real samples (white wine, red wine and
brandy) (Table 6).

Values for the standard deviations were very low for all methods, ranging
from 0.15 to 0.70 for repeatability and 0.13 to 0.75 for reproducibility,
confirming that methods are accurate and can be applied for determination
of SO, (free and total) and reducing sugars in white wines, red wines and
alcoholic beverages.
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Table 6. Results for repeatability and reproducibility of SO, (free and total) and
reducing sugars in white wines, red wines and alcoholic beverages

S ! Content of Content of Content of reducing
amples free SO, /mg/L total SO /mg/L sugars/g/L
White wine Repeatability (10 replicates in one day)
<x> 338 74.9 1.15
SD 0.66 0.70 0.15
RSD (%) 1.95 0.94 13.7
Red wine
<x> 15.8 41.8 2.81
SD 0.66 0.62 0.15
RSD (%) 4.17 1.47 5.16
Brandy
<x> 2.16 3.68 1.3
SD 0.31 0.49 0.15
RSD (%) 14.2 13.6 11.1
White wine Reproducibility (3 replicates x 5 days)
<x> 335 75.1 1.24
SD 0.57 0.75 0.13
RSD (%) 1.7 0.99 10.8
Red wine
<x> 15.6 41.9 2.84
SD 0.57 0.57 0.13
RSD (%) 3.67 1.36 4.72
Brandy
<x> 2.06 3.52 1.3
SD 0.44 0.70 0.13
RSD (%) 21.1 20.0 10.3

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

3.2. Application of methods for analysis of wines and brandies

Validated volumetric methods for determination of free and total SO,
and reducing sugars were applied on real samples, including white wines
(Smederevka, Chardonnay, Riesling, Muscat Ottonel and Sauvignon blanc),
red wines (Vranec, Merlot, Cabernet Sauvignon, Pinot Noir and Stanus$ina) and
alcoholic beverages (yellow brandy, white brandy and mastika). All wines were
protected from oxidation and microbial contamination, containing sufficient
levels of free and total SO, (free SO,: 20.48 to 47.37 mg/L for white wines and
10.24 to 26.88 for red wines; total SO,: 88.32 to 112.6 for white wines and 44.8
to 65.28 for red wines). All wines were considered as dry wines, presenting low
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values of reducing sugars, ranging from 1 to 2.9 g/L). Brandies also contained
low levels of sugars (0.3 to 3.8 g/L). Results were in accordance to previous
published data for Macedonian wines (Ivanova-Petropulos et al. 2015).

Table 7. Content of SO, (free and total) and reducing sugars in wines and alcoholic

beverages
Wines Free SO, Total SO, Reducing sugars
(mg/L) (mg/L) (g/L)
White wines
Smederevka 42.24 112.6 29
Chardonnay 30.72 98.56 1.6
Riesling 35.85 88.32 1.3
Muscat Ottonel 20.48 102.4 1.9
Sauvignon blanc 47.37 90.88 2.6
Red wines
Vranec 15.36 4480 29
Merlot 21.76 60.16 2.9
Cabernet Sauvignon 10.24 65.28 1.3
Pinot Noir 11.52 49.92 1.0
Stanusina 26.88 60.16 1.3
Alcoholic beverages
White brandy 1.28 3.84 03
Yellow brandy 1.28 3.84 2.2
Mastika 2.26 5.12 3.8

4. Conclusion

Volumetric methods for determination of SO, (free and total) and reducing
sugars in wines and alcoholic beverage were checked. Validation parameters
confirmed its accuracy and precision. These methods are fast and very easily
available in every laboratory. These methods are widely applicable in wineries
for control of the content of SO, and sugars during the wine production. The
content of SO, was higher in the white wines compared to the red wines since
white wines are easily oxidizable and therefore higher dose of SO, is needed for
protection of oxidation. All wines were dry, containing low value of reducing
sugars (< 5 g/L).
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