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Sulphur dioxide (SO2) is commonly used as an antioxidant and antimicrobial additive during wine 

production. Nowadays, consumers preferred foods treated with natural preservatives. The aims this 

study was to determine the effects of different natural plant extracts as an alternative of sulphur 

dioxide used in wines. Wine production was done according to the accepted conventional method of 

red wines (Cabernet sauvignon). The experimental design was achieved by using different plant 

extracts (grape pomace, rosemary and blueberry) at different concentrations. As control groups were 

used wine samples produced without addition of SO2. At the end of production basic oenological 

analyses (total acidity, volatile acidity, pH, dry matter, ash, free and total SO2) and specific wine 

analyses (total phenols, total flavanols, tartaric ester content and antioxidant activity) were 

performed. Results demonstrated that each used plant exact have different effects on wine quality 

parameters. The lowest concentrations of grape pomace extract caused reduction of SO2 and keeping 

the required wine properties. The highest value of antioxidant activities and total phenols were 

determined in the wine treated with 25 mg/L SO2 and 1 ml/L rosemary extract (in the 1st mount of 

storage) and 25 mg/L SO2 and 1 ml/L grape pomace extract (in the 2nd and 3rd mount of storage) 

as 89.92%, 5550.48 mg/l GAE; 88.51%, 5028.65 mg/l GAE; 88.42%, 4974.25 mg/l GAE, 

respectively. Results emphasized the importance of used plant extracts and their concentrations. The 

study demonstrated the possibilities of optimization of SO2 and wines phenols on the base of used 

natural plant extracts. 
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Introduction 

SO2 have been identified as a common chemical 

preservative that uses in wine production for many years to 

prevent the oxidation of wine and inhibit the unwanted 

microorganisms. Besides its antioxidant and antimicrobial 

effects on wine, today the adverse effects of SO2 on human 

health have been subjected to many researches.  

SO2 associated with the many health risk such as 

asthma, allergic reactions, headache, fatigue, itching, 

diarrhoea, abdominal pain, and anaphylaxis (Vally and 

Thompson, 2001,2003; Qin and Meng, 2009; Guerro and 

Cantos-Villar, 2015). However, it was observed that most 

of the sulphide-sensitive individuals showed different 

adverse effect level (ranging from 20 to 50 mg) against 

SO2. As a result of various studies, the daily intake of 

sulphites was assumed to be 43 mg / g on average for an 

individual weighing 60 kg (Taylor et al., 1986). The Some 

international authorities have set limits on daily intake of 

sulphite as 0.7 mg/kg body weight (WHO, 2009). It should 

be kept in mind that a consumer weighing 60-80 kg who 

drinks only half a litter of wine can easily overcome this 

value. The legal regulations and standards have been 

introduced in national/ international legislation related to 

SO2 with the understanding of the adverse effects of SO2 

(IFOAM, 2013; EU Regulation No 203/2012). According 

to International Organization of Vine and Wine (OIV), 

these limits are 150 mg/L for wines with sugar content <5 

g / L; 200 mg/L for wines with a sugar content ≥ 5 g/L 

(OIV, 2017). According to U.S. Department of Agriculture 

(USDA), this limit is 100 ppm for wines labelled as 

“produced organic grapes” (USDA, 2019).  

Especially in the last decade, the importance of 

alternative methods to chemical additives has increased in 

winemaking; these technologies have been tried by many 

researchers. Among these methods are chemical materials 

such as lysozyme, ascorbic acid and dimethyl decarbonate 

(Costa et al., 2008; Azzolini et al., 2010; Sonni et al., 

2011). However, non-thermal processes such as high 

hydrostatic pressure (HHP), pulsed electric field (PEF), 

ultraviolet irradiation (UV), high power ultrasound (HPU) 

and low electric current (LEC) have been studied as a an 
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alternatives to SO2 in wine production (Fredericks and 

Krügel, 2011; Morata et al., 2015; Delsart et al., 2015a,b; 

Costantini et al., 2015; Gracin et al., 2016; Briones-labarca 

et al., 2017). In addition to all these methods, natural 

alternatives such as eucalyptus and almond skin extracts 

(Garcia-Ruiz et al., 2013), stilbenes extracts (Raposo et al., 

2016a, 2018), thyme essential oil (Freidman et al., 2017), 

grape and wood tannins (Sonni et al., 2009; Alamo-Sanza 

et al., 2019; Sánchez-Palomo et al., 2017), hydroxtyasol 

and oleuropein (Raposo et al., 2016b,c) and glutathione 

(Hosry et al., 2009) were evaluated. These extracts have 

been observed that have positive effects on wine quality. 

The aim of this study was assessment of changes of red 

wine phenols and antioxidant activities with addition of 

different phenolic-rich plant extracts and the possibility of 

reducing the quantity of SO2 during wine aging process.  

 

Material and Methods 

 

Plant Material  

As materials were used grapes of Vitis vinifera L. cv. 

origin var: Cabernet sauvignon from the Menderes/ 

Gölcükler region of Izmir. 100 kg grapes were processed 

in Ege University Food Engineering Department (Izmir / 

Turkey) within 24 h of hand-harvest.  

The grape pomace (GP) extract was supplied as waste 

from the wine production process of Cabernet sauvignon 

grapes. The blueberry (Bb) and rosemary (R) extract used 

in the experimental plan were with Rosmarinus officinalis 

L. and Vaccinium myrtillus L. spices origin, respectively. 

These plants were obtained from the same region of Turkey 

(Izmir). 

 

Wine Processing  

The grapes were transferred to the mill for separation 

of stems, wastes and foreign materials after weighing 

process. Crushed fruits were collected in stainless steel 

tank. As culture was used Saccharomyces cerevisiae (20 

g/L dose SIHA Active Dry yeast 10). The must was stirred 

twice daily. The alcoholic fermentation was carried out in 

controlled conditions. The fermentation process was 

completed in 12 days at 20-22°C. The pressing operation 

was done by a mechanical press machine. During alcoholic 

fermentation, the density and temperature measurements 

were carried out. Using these data the alcohol and sugar 

content were determined. At the end of the fermentation, 

the final sugar content was determined as < 1 g/L. At the 

end of alcoholic fermentation sterilization procedure were 

carried out. Obtained wines were stored at 15°C. With the 

addition of the extracts, the samples were bottled and 

stored for 3 months. 

 

Experimental Design and Treatments  

Natural extracts were prepared as following the path 

given in Figure 1.  

The experimental design was achieved by using 

different plant extracts (grape pomace, rosemary and 

blueberry) at different concentrations. As controls were 

used wine samples produced without added natural extracts 

and second group samples produced without addition of 

sulphur dioxide (SO2). Extracts were added to the wine 

samples after fermentation. The experimental groups are 

demonstrated in Table 1. 

Wine samples were collected after 1, 2 and 3 months of 

storage during aging in bottles at 15 ±2oC. Basic must and 

wine analyse were carried out according to the OIV 

Compendium of International Methods of wine and must 

(OIV, 2016). All analyses were carried out in duplicate.  

 

Basic Oenological Wine Analyses  

Basic oenological wine analyses were determined 

according to recommended methods by OIV (International 

Organization Vine and Wine (OIV, 2017). Alcohol content 

(% v/v), pH, (direct measurement by using pH meter), total 

acidity (tartaric acid g/L), volatile acidity (g/L acetic acid), 

total and free SO2 (mg/L), dry matter (g/L) and ash (g/L) 

analyses were performed. 

 

Determination of Total Phenol Content  

Total phenol concentration was determined with the 

Folin–Ciocalteu assay that previously reported by 

Singleton and Rossi (1965). Total phenol contents of 1:10 

diluted wine samples with deionized water were calculated 

as gallic acid equivalents (GAE). The total amounts of 

phenolic compounds (mg/ L) of the samples were 

calculated using the gallic acid standard curve. All results 

were multiplied by the dilution factor.  

 

Determination of Total Flavanols Content  

Total flavanols concentration was measured with the 

Glorie’s method (Gil-Munoz et al., 1998). Total flavanol 

content of 1:10 diluted wine samples with deionized water 

were calculated as quercetin equivalents. The total 

amounts of flavanols (mg/ L) of the samples were 

calculated using the quercetin standard curve. All results 

were multiplied by the dilution factor. 

 

Determination of Tartaric Esters Content  

Tartaric esters concentration was measured with the 

Glorie’s method (Gil-Munoz et al., 1998). Tartaric ester 

content of 1:10 diluted wine samples with deionized water 

were calculated as caffeic acid equivalents. The total 

amounts of tartaric esters (mg/ L) of the samples were 

calculated using the caffeic acid standard curve. All results 

were multiplied by the dilution factor. 

 

Determination of Antioxidant Activity  

The antioxidant activity analysis was carried out 

according to the method described by Kumaran and 

Karunakaran (2006). Inhibition power of wines was 

estimated using the dipyridyl method. According to this 

method a 0.1 mM 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

solution was used with spectrophotometric measurements 

at 517 nm. 

All samples were tested after 1:10 dilution with 12% 

EtOH. The results were expressed as % inhibition of wine 

samples. % 96 ethanol solutions with 2 ml of 0.1 mM 

DPPH was used as blank. The absorbance value of the 

blank was higher than the wine samples. % inhibition was 

calculated according to the following formula; 

 

% Inhibition = (Abs(blank) - Abs(sample))/ Abs(sample) ×100 

 

In all cases, analyses were performed in duplicate, the 

values were averaged, and the standard deviation was 

calculated. 
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Figure 1 Natural extracts preparation 

 

Table 1 Experimental group formation 

Group 

Treatments with wine samples 

SO2 addition 
mg/L 

Extract 
addition ml/L 

Sample 
codes 

Grape 
Pomace 
(Gp)  

0 1 GP01 
25 0.7 GP257 
25 0.3 GP253 
25 1 GP251 

Rosemary 
(R) 

0 1 R01 
25 0.7 R257 
25 0.3 R253 
25 1 R251 

Blueberry 
(Bb) 

0 1 Bb01 
25 0.7 Bb257 
25 0.3 Bb253 
25 1 Bb251 

Control 1  0 0 TK00 
Control 2  25 0 TK25 

 
Statistical Evaluation 
One-way ANOVA was initially used to determine 

significant differences amongst the samples due to their 
antioxidant activity, total phenol, total flavanol and tartaric 
acid content to explore the effect of plant extracts addition. 
Significant differences between averages were obtained at 
a 95% significance level. Pearson correlations analyses 
were used for determined to relations between analyses 
results. The values were averaged and standard deviation, 
minimum, maximum and mean values of samples were 
determined. 

 
Results and Discussion  

 
The study has been concluded by comparing data of 

individual antioxidant activity, tartaric esters, total 
flavanols and phenolic compounds of wines treated with 
natural plant extracts during third month of bottle storage 
and also by applying statistical analyses. Producing wines 
with lower sulphur dioxide using compounds naturally 
obtained from wines or plants such as grape pomace, 
rosemary or blueberry extracts could provide a healthier 
wine with added-value since: (i) the amount of SO2 would 
be reduced (ii) the concentration of phenols, which has 
recently accepted as protective compound against 
oxidative damage in humans, would be increased.  

Must Properties  

The density of the must was determined as 1110 g/cm3. 

The average pH was determined as 3.8 and the total acids 

were determined as 5.48 g/L (tartaric acid). The average 

density of the wine was 980 g/ cm3 and the alcohol value 

was measured as 13.0 % (v/w) at the end of the 

fermentation. The reducing sugar content of the wine was 

calculated as < 1 g/L. 

 

Evaluations of Basic Wine Analyses 

The results of the basic wine analysis results are given in 

Table 2. Statistically, the effect of different concentrations in 

the same experimental group was not significant but the 

effect of these groups was found to be significant (P<0.05).  

In the first month of storage, the highest pH value was 

determined as 3.90 in R257 wines while the lowest pH 

value was 3.75 in TK25, GP01 and GP257 wines. In the 

third month of storage, Bb01 wines showed the highest pH 

value and the lowest was determined in Bb253 wines as 

4.90 and 3.90, respectively. According to total acidity 

results TK25 wines were higher while R253 wines were 

lower in the first month of storage (5.90 g/L and 4.50 g/L, 

respectively). In the third month of storage, GP253 wines 

showed the highest total acidity value while the lowest 

were Bb257 wines as 5.40 and 3.90 g / L, respectively. 

Considering to volatile acidity results Bb01 wines were 

higher while TK25 wines were lower in the first month of 

storage (0.69 g/L and 0.24 g/L, respectively). In the third 

month of storage, TK00 wines showed the highest total 

acidity value while the lowest were R251 wines as 0.84 and 

0.50 g/ L, respectively. However, the highest and lowest 

values of the volatile acidity of the samples were 

determined in the TK00 (0.84 acetic acid g/L) and TK25 

(0.24 acetic acid g/L) wines, respectively. At the end of the 

third month of storage, results indicate that the pH value 

and the volatile acidity of the samples were increased, 

while the total acidity value was decreased.  

Correlation analysis was used to determine the relation 

between parameters and within groups. While there were 

no significant correlation detected between pH and total 

acidity in the groups, there were a significant correlation 

between the pH and the volatile acid values (r= 0.3511, 

p=0.023). There were also determined correlations 

between volatile acidity and total phenols content (r = -

0.4032, p = 0.08), tartaric esters (r = -0.4369, p = 0.004) 

content and antioxidant activity (r = -0.3618, p = 0.019). 

 

Evaluations of the Total Phenolic Content of Wines 

Phenolic compounds play an important role on the 

quality characteristics of red wine (Aktan and Yıldırım, 

2012). The lowest concentration of total phenolic content in 

the first month of storage was determined as 2684.8 mg 

GAE/L in the TK00 wines, while the highest value was 

determined in the R251 (5550.48 mg GAE/L) and R01 

(5380 mg GAE/L) samples (Figure 2). However, in the third 

month of storage, total phenol content of the same sample 

groups was determined to be lower value according to the 

control groups of TK00 (2498.41 mg GAE/L) and TK25 

(3345.25 mg GAE/L) wines. In the third month of storage, 

GP251 wines showed the highest total phenol content, while 

the lowest value was determined in R01 samples (4974.25 

and 2405.2 mg GAE/L, respectively). The results of the total 

phenol content analyses are given in Figure 2. 

Formation of experimant groups

90 min wait

10 min. ultrasaound heat treatment (40Hz)

Mixing

Addition of 50 ml destilled water

Crushing

5 gram plant sample



Darıcı and Yıldırım / Turkish Journal of Agriculture - Food Science and Technology, 7(9): 1435-1445, 2019 

1438 

 

Table 2 Basic wine analyses results of wines 

Samples* 

and 

storage 

Analyses 

pH Total acidity (g/L) 
Volatile acidity 

(g/L) 
Total SO2 (mg/L) Free SO2 (mg/L) 

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

TK00 3.79 3.70 3.92 5.40 4.90 4.90 0.68 0.72 0.84 5.50 5.00 4.50 2.20 1.60 1.40 

TK25 3.75 3.73 3.94 5.90 5.50 5.30 0.24 0.45 0.69 32.0 16.0 10.0 7.50 5.30 5.00 

GP01 3.75 3.96 3.92 5.10 5.60 5.20 0.50 0.69 0.72 6.20 5.00 4.40 2.50 2.00 1.50 

GP257 3.75 3.95 3.93 5.30 5.30 5.20 0.41 0.44 0.56 33.00 19.00 9.00 5.40 3.00 2.60 

GP253 3.78 3.98 3.92 5.00 6.70 5.40 0.45 0.49 0.59 30.00 18.00 10.0 6.00 4.40 3.00 

GP251 3.78 3.95 3.92 5.50 5.00 4.90 0.34 0.40 0.52 31.00 19.00 10.50 5.20 4.00 3.10 

R01 3.79 3.73 4.06 5.00 4.70 4.60 0.51 0.55 0.67 6.10 5.00 4.20 2.30 1.50 1.40 

R257 3.90 3.72 4.03 4.70 4.70 4.60 0.36 0.40 0.54 34.00 17.00 8.00 4.90 3.50 2.20 

R253 3.90 3.82 4.03 4.50 4.80 4.70 0.39 0.48 0.60 33.00 17.00 9.00 5.30 4.50 2.80 

R251 3.78 3.75 4.02 5.70 4.80 4.60 0.30 0.36 0.50 30.00 16.00 11.00 4.80 4.10 2.30 

Bb01 3.78 3.80 4.90 5.60 4.80 4.70 0.69 0.71 0.74 6.10 5.00 4.50 2.40 2.20 1.50 

Bb257 3.79 3.86 3.91 5.10 4.70 3.90 0.48 0.45 0.59 31.00 19.00 9.00 6.20 4.70 2.80 

Bb253 3.78 3.83 3.90 5.30 4.80 4.70 0.50 0.60 0.71 33.00 17.00 8.00 6.10 4.70 2.60 

Bb251 3.79 3.92 3.91 4.90 4.90 4.70 0.40 0.42 0.57 32.00 18.00 10.00 6.00 4.90 3.10 
*TK00: SO2 addition, TK25: 25 mg/L SO2 addition, GP01: 1 ml/L grape pomace extract addition, GP257: 25 mg/L SO2 and 0.7 ml/L grape pomace extract 

addition, GP253: 25 mg/L SO2 and 0.3 ml/L grape pomace extract addition, GP251: 25 mg/L SO2 and 1 ml/L grape pomace extract addition, R01: 1 ml/L 

rosemary extract addition, R257: 25 mg/L SO2 and 0,7 ml/L rosemary extract addition, R253: 25 mg/L SO2 and 0.3 ml/L rosemary extract addition, R251: 
25 mg/L SO2 and 1 ml/L rosemary extract addition, Bb01: 1 ml/L blueberry extract addition, Bb257: 25 mg/L SO2 and 0.7 ml/L blueberry extract addition, 

Bb253: 25 mg/L SO2 and 0.3 ml/L blueberry extract addition, Bb251: 25 mg/L SO2 and 1 ml/L blueberry extract addition. 

 

 
Figure 2 Changes of total phenolic content of wines during storage 

 

 
Figure 3 The relationship between total phenol content and antioxidant activity of wines 
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Figure 4 Changes of tartaric esters content of wines during storage 

 

 
Figure 5 The relationship between total phenol and tartaric esters content of wines 

 

 
The total phenolic contents of the samples from the 

highest to the lowest values according to storage were as 
follows:  

• In the 1st month of storage: R251> R01> GP01> 
GP251> R257> Bb01> Bb251>R253> GP257> 
Bb257> GP253> Bb253> TK25> TK00. 

• In the 2nd month of storage: GP251> Bb251> GP01> 
GP257> Bb257> GP253> Bb253>Bb01> R251> 
R01> TK25> R257> R253> TK00. 

• In the 3rd month of storage: GP251> GP257> Bb251> 
GP01> GP253> Bb257> Bb253> Bb01> TK25> 
R253> R257> TK00> R251> R01. 

With this study, it was statistically proven that the 
wines treated with the grape pomace extracts showed the 
highest value and with the rosemary extracts showed the 
lowest value of phenolic compounds in the third month of 
storage. Based on these results, it was concluded that the 
wines treated with rosemary extract were rapidly oxidized 
after three months storage compared to other groups. These 
findings are consistent with the results of all specific 
analysis when the compared with wines treated with 
rosemary extract and the control group wines in the 3rd 
month of storage. It was determined a high positive 
correlation between total phenolic compound and 

antioxidant activity (r = 0.9306, P<0.001) with Pearson 
correlations analyses. Similar positive correlation between 
total phenolic content and antioxidant activity has been 
reported previously by researchers (Landrault et al, 2001). 
Considering both the total phenol content and antioxidant 
activity values of the samples are considered together, it 
can be seen that these results are consistent with each other 
(Figure 3). In this case, it has been shown that there is a 
high positive correlation between the total phenolic 
compound and antioxidant activity of the samples. 

A positive relationship was found between total 
phenols and antioxidant activity which investigated total 
phenol levels and antioxidant activity of Cabernet 
Sauvignon grapes obtained from Izmir/Turkey Region (r = 
0.528, P<0.05). In a study it was indicated that the highest 
antioxidant activity and total phenol levels were 
determined as grape pomace (82.30% and 82.60%), grape 
(68.91%) and must (2750 mg/L GAE) (Yıldırım et al., 
2006). In a similar study, a positive correlation was found 
between total phenol levels and antioxidant activity of 
Cabernet Sauvignon grapes in Izmir region (r = 0.845, 
P=0.034). In addition, total phenols content in this study 
was determined as 2.850 mg/L GAE and antioxidant 
activity was 83.50% (Yıldırım et al., 2007). 

0

50

100

150

200

250

300

350

400

450

TK00 TK25 GP01 GP257 GP253 GP251 R01 R257 R253 R251 Bb01 Bb257 Bb253 Bb251

T
ar

ta
ri

c 
es

te
r 

co
n

te
n

t 
(m

g
 q

u
er

ce
ti

n
/L

)

Samples

1 Month storage 2 Month storage 3 Month storage

0

50

100

150

200

250

300

350

400

450

0

1000

2000

3000

4000

5000

6000

T
K

0
0

-1

T
K

0
0

-2

T
K

0
0

-3

T
K

2
5

-1

T
K

2
5

-2

T
K

2
5

-3

G
P

0
1

-1

G
P

0
1

-2

G
P

0
1

-3

G
P

2
5

7
-1

G
P

2
5

7
-2

G
P

2
5

7
-3

G
P

2
5

3
-1

G
P

2
5
3

-2

G
P

2
5

3
-3

G
P

2
5

1
-1

G
P

2
5
1

-2

G
P

2
5

1
-3

R
0

1
-1

R
0

1
-2

R
0

1
-3

R
2

5
7

-1

R
2

5
7

-2

R
2

5
7

-3

R
2

5
3

-1

R
2

5
3

-2

R
2

5
3

-3

R
2

5
1

-1

R
2

5
1

-2

R
2

5
1

-3

B
b

0
1

-1

B
b

0
1

-2

B
b

0
1

-3

B
b

2
5

7
-1

B
b

2
5

7
-2

B
b

2
5

7
-3

B
b

2
5

3
-1

B
b

2
5

3
-2

B
b

2
5

3
-3

B
b

2
5

1
-1

B
b

2
5

1
-2

B
b

2
5

1
-3

T
o

ta
l 

p
h

en
o

l 
co

n
te

n
t(

m
g
 G

A
E

)/
L

) 
 

T
ar

ta
ri

c 
es

te
r 

co
n

te
n

t 
(m

g
 c

af
ei

c 
ac

id
/L

) 

Samples

total phenols tartaric esters



Darıcı and Yıldırım / Turkish Journal of Agriculture - Food Science and Technology, 7(9): 1435-1445, 2019 

1440 

 

Rockenbach et al. (2011) emphasized that the grape 

pomace (Cabernet Sauvignon) extract could be used as an 

antioxidant agent due to their high amounts of phenolic 

content (2128 to 16.518 mg GAE / 100 g). It was indicated 

that especially seed and skins of grapes and blueberries 

showed high antioxidant capacities; because of their high 

content of phenolic compounds and tannins (Hayder et al., 

2004, 2008; Montoro et al., 2006; Cakir et al., 2004; 

Romani et al., 1999; Galuska et al., 2013; Rockenbach et 

al., 2011; González-Paramás, 2004). The high antioxidant 

activity of blueberries and grape pomace were explained 

by the fact that they are rich in tannin, phenol, essential oil 

and fatty acids (Hayder et al., 2004, 2008; Montoro et al., 

2006; Cakir et al., 2004; Romani et al., 1999; González-

Paramás, 2004). However, Rababah et al. (2004) compared 

the relationship between the total phenol content and the 

antioxidant activities of different extracts (such as 

rosemary, ginger, green and tea and grape seed). According 

to the findings; while the total phenol content was 

determined at the highest level in rosemary extract, the 

highest antioxidant activity was determined in grape seed 

and green tea extracts. 

 

Evaluations of The Tartaric Esters Content of Wines 

In the first month of storage, the highest tartaric esters 

value was determined in GP251 wines while the lowest 

tartaric esters value determined in R01 wines at the end of 

third month of storage (398,54 and 145,27 mg caffeic acid/ 

L, respectively). Tartaric ester concentrations of wines are 

given in  

Non-flavonoid phenolic compounds found in grapes 

and wine include hydroxycinamic acid, hydroxybenzoic 

acids and stilbenes. Hydroxycinamic and hydroxybenzoic 

acids are also called phenolic acids (Monagas, et al., 2005). 

These acids are found in the form of tartaric esters in the 

grape skins and pulp (Ribereau-Gayon, 1965). Our study 

supports this information due to the tartaric ester content of 

the samples treated with the grape pomace extract was 

higher than the other groups at the end of the three month 

of storage (Figure 4). On the other hand, rosemary (R01) 

(145.27 mg caffeic acid / L) sample group was indicated 

the greatest decrease in the amount of tartaric ester 

compared to the control groups wines TK00 (150.43 mg 

caffeic acid / L) and TK25 (215.84 mg caffeic acid/L). 

 

The tartaric esters contents of the samples from the 

highest to the lowest values according to storage were as 

follows:  

• In the 1st month of storage: GP251> GP01> 

R251> R01> B251> B01> B257> GP257> 

GP253> B253 > R257> R253> TK25> TK00. 

• In the 2nd month of storage: GP251> GP01> 

GP257> B251> GP253> B257> B253> B01> 

TK25> R251> R257> R253> R01> TK00. 

• In the 3rd month of storage: GP251> GP257 > 

GP253> GP01> B251> B257> B253> TK25> 

B01> R251> R257> R253> TK00> R01. 

There was a positive correlation between the total 

phenol content of the samples and the tartaric ester content 

(r = 0.8115, P<0.001). Figure 5 show that the amounts of 

these two different groups of phenolic compounds of the 

samples were observed to be consistent with each other. 

However, a similar positive correlation was observed 

between the content of the total flavanols and the tartaric 

ester content (r = 0.8463, P<0.001). Figure 6 show that the 

amounts of the tartaric ester and total flavanols of the 

samples were observed to be consistent with each other. 

There was a positive correlation between antioxidant 

activity and tartaric ester content (r = 0.8414, P<0.001). 

Figure 7 show that the amounts of the tartaric ester and 

antioxidant activity of the samples were observed to be 

consistent with each other. 

 

Evaluations of The Total Flavanols Content of Wines 

In the first month of storage, the highest total flavanols 

value was determined in GP251 wines while the lowest 

total flavanols value determined in R01 wines at the end of 

the third month of storage (135.72 and 58.95 mg quercetin/ 

L, respectively). Total flavanols concentrations of wines 

are given in Figure 8. 

 

 

 
Figure 6 The relationship between total flavanols and tartaric esters content of wines 
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Figure 7 The relationship between antioxidant activity and tartaric esters content of wines 

 

 

 
Figure 8 Changes of total flavanols content of wines during storage 

 

 

 
Figure 9 The relationship between total phenols and tartaric esters content of wines 
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Figure 10 The relationship between antioxidant activity and total flavanol content of wines 

 

 
Figure 11 Changes of antioxidant activity of wines during storage 

 

 

Flavanols (flavan 3-ol) were firstly identified by 

Freudenberg (1924). These compounds are contribution to 

astringency flavor of wine. Some flavanol compounds 

found in grapes and wine are (+) catechins, (-) epicatesins 

and (-) epigallocatechins (Su and Singleton, 1969). 

Tannins are the most abundant group of phenolic 

compounds in grapes (Kennedy et al., 2006). Our study 

supports this information due to the total flavanol content 

of the samples treated with the grape pomace extract was 

higher than the other groups at the end of the three month 

of storage (Figure 8).  

The total flavanols contents of the samples from the 

highest to the lowest values according to storage were as 

follows:  

• In the 1st month of storage: GP251> GP01> 

R251> R01> Bb251> Bb01> Bb257> GP257> 

GP253> Bb253> R257> R253> TK25> TK00.  

• In the 2nd month of storage: GP251> GP01> 

GP257> Bb251> GP253> Bb257> Bb253> 

Bb01> TK25> R251> R257> R253> R01> TK00.  

• In the 3rd month of storage: GP251> GP257> 

GP253> GP01> Bb251> Bb257> Bb253> TK25> 

Bb01> R251> R257> R253> TK00> R01.  

At the end of the three months storage, the control wines 

(59.3 mg quercetin / L) contained nearly half amount of total 

flavanol content when compared to the wines treated with 

grape pomace extract (114.3 mg quercetin / L). However, 

while total flavanol concentration in wines treated with 

rosemary extract decreased significantly, it observed less 

reduction in wines treated with blueberry extracts. Overall, 

total flavanol levels decreased at the end of three months of 

storage for all sample groups. Positive correlations were 

observed between total flavanol and phenol content (r = 

0.7183, P<0.001) and antioxidant activity (r = 0.7143, 

P<0.001). When these results were evaluated together, it was 

determined that these two parameters showed a consistent 

distribution as shown in the Figure 9 and 10. 

 

Evaluations of the Antioxidant Activity of Wines 

In the third month of storage, GP01 wines showed the 

highest of antioxidant activity, while the lowest value was 

determined in R01 samples (88.42 and 76.32 %, 

respectively). The results of the of antioxidant activity of 

wines are given in Figure 11. 

The lowest concentration of antioxidant activity in the 
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TK00 wines, while the highest value were determined in 

the R251 (%89,92) samples. However, in the first month of 

storage, the rosemary experimental group were determined 

as the highest value, in the third month of storage same 

group wines were determined as the lowest value of 

antioxidant activity (Figure 11). 

The antioxidant activities of the samples from the 

highest to the lowest values according to storage were as 

follows:  

In the 1st month of storage: R251> R01> GP01> 

GP251> R257> B01> Bb251>R253> GP257> Bb257> 

GP253> Bb253> TK25> TK00. 

In the 2nd month of storage: GP251> Bb251> GP01> 

GP257> B257> GP253> Bb253>Bb01> R251> R01> 

TK25> R257> R253> TK00. 

In the 3rd month of storage: GP251> GP257> Bb251> 

GP01> GP253> Bb257> Bb253> Bb01> TK25> 

R253>TK00> R257> R251> R01. 

 

It was indicated that the antioxidant potential of red 

wines depend to a great extent on their total flavanol 

content (De Beer et al., 2002). Total flavanol concentration 

(Figure 8), is highest for treatment GP251 (in the third 

month of storage) supporting this hypothesis. In addition, 

the antioxidant activity of a wine is largely dependent on 

its total phenolic content (De Beer et al., 2002). This 

hypothesis is also supported by the observed maximum 

values (Figure 2) of total phenol concentrations of the 

wines treated with grape pomace extract and blueberry 

extract in the third month of storage. In agreement with 

Alonso et al. (2002), the antioxidant activity was found to 

be strongly correlated with total phenols (r2 = 0.5587) and 

flavanols (r2 = 0.7245), while the reducing power also 

exhibited correlation with total phenols (r2 = 0.6650) and 

flavanols (r2 = 0.6521). 

 

Concluding Remarks  

 

Considering this study used treatments could be used as 

possible alternatives to SO2 during wine production. The 

results of different parameters of different wines treated 

with extracts demonstrated the importance of grape 

pomace and blueberry extracts. The study results 

demonstrated the possibility of using healthier, 

nonchemical additives during wine production.  

 

Acknowledgements 

 

This study is a part of the project titles “The Effects of 

Different Plant Extracts on Wine Quality Which May be an 

Alternative to Sulphur Dioxide” which is supported by Ege 

University Projects Coordination Centre of Scientific 

Research with project number 2017-MUH-013. 

 

Conflict of Interest 

 

The authors have no conflict of interest to declare. 

 

References 
 

Aktan N, Yildirim HK. 2012. Wine Production Techniques. 

Izmir: Meta Press.  

 

Alamo-Sanza M, Nevares I, Martínez-Gil A, Rubio-Bretón P, 

Garde-Cerdán T. 2019. Impact of long bottle aging (10 years) 

on volatile composition of red wines micro-oxygenated with 

oak alternatives. LWT., 101: 395-403. https://doi.org 

/10.1016/j.lwt.2018.11.049  

Alonso AM, Dominguez C, Dominico A, Guillen Barroso CG. 

2002. Determination of antioxidant power of red and white 

wines by a new electrochemical method and its correlation 

with polyphenolic content. Journal of Agricultural and Food 

Chemistry., 50: 3112–3115. 

Azzolini M, Tosi E, Veneri G, Zapparoli G. 2010. Evaluating the 

efficacy of lysozyme against lactic acid bacteria under 

different winemaking scenarios. S. Afr. J. Enol. Vitic., 31: 

99–105. https://doi.org/10.21548/31-2-1406  

Briones-Labarca V, Perez-Wom M, Habib G, Giovagnoli-Vicuña 

C, Cañas-Sarazua R, Tabilo-Munizaga G., Salazar FN. 2017. 

Oenological and Quality Characteristic on Young White 

Wines (Sauvignon Blanc): Effects of High Hydrostatic 

Pressure Processing. Journal of Food Quality., 2017: 1-12. 

https://doi.org/10.1155/2017/8524073 

Cakir A. (2004). Essential oil and fatty acid composition of the 

fruits of Hippophae rhamnoides L. (Sea Buckthorn) and 

Myrtus communis L. from Turkey. Biochemical Systematics 

and Ecology., 32(9): 809–816. https://doi.org/10.1016 

/j.bse.2003.11.010  

Costa A, Barata A, Loureiro V. 2008. Evaluation of the inhibitory 

effect of dimethyl dicarbonate (DMDC) against wine 

microorganisms. Food Microbiol., 25(2): 422–427. 

https://doi.org/10.1016/j.fm.2007.10.003   

Costantini A, Vaudano E, Cravero MC, Petrozziello M, 

Bernasconi A. 2015. Dry ice blasting, a new tool for barrel 

regeneration treatment. Euro Food Res. Technol., 2016: 1–

11. https://doi.org/10.1007/s00217-016-2667-3  

De Beer D, Joubert E, Gelderblom WCA, Manley M. 2002. 

Phenolic compounds: a review of their possible role as in vivo 

antioxidants of wine. South African Journal of Enology and 

Viticulture., 23: 48–61. 

Delsart C, Grimi N, Boussetta N, Sertier CM, Ghidossi R, 

Peuchot MM, Vorobiev E. 2015a. Comparison of the effect 

of pulsed electric field or high voltage electrical discharge for 

the control of sweet white must fermentation process with the 

conventional addition of sulfur dioxide. FRIN., 77: 718–724. 

https://doi.org/10.1016/j.foodres.2015.04.017  

Delsart C, Grimi N, Boussetta N, Sertier CM, Ghidossi R, 

Vorobiev E. 2015b. Impact of pulsed-electric field and high-

voltage electrical discharges on red wine microbial 

stabilization and quality characteristics. J. Appl. Microbiol., 

120(1): 152-164. https://doi.org/10.1111/jam.12981 

EU Regulation. 2012. Commission implementing regulation 

(EU) No 203/2012 of 8 March 2012 amending regulation 

(EC) No 889/2008 laying down detailed rules for the 

implementation of council regulation (EC) No 834/2007, as 

regards detailed rules on organic wine. Official Journal of the 

European Communities, L 71/42. 

Fredericks IN, Krügel M. 2011. Efficacy of ultraviolet radiation 

as an alternative technology to inactivate microorganisms in 

grape juices and wines. Food Microbiology., 28(3): 510–517. 

https://doi.org/10.1016/j.fm.2010.10.018 

Freudenberg K. 1924. Mitteilung über gerbstoffe und ahnliche 

verbindungen. 16. raumisomere catechine. IV. Liebigs Ann. 

Chem., 437: 274-285. 

Friedman M, Levin CE, Henika PR. 2017. Addition of 

phytochemical-rich plant extracts mitigate the antimicrobial 

activity of essential oil/wine mixtures against Escherichia coli 

O157:H7 but not against Salmonella enteric. Food Control., 

73: 562–565. https://doi.org/10.1016/j.foodcont.2016.09.002  

Galuska S, Makris DP. 2013. The effect of chlorogenic acid , 

catechin and SO2 on browning development in white wine 

model solutions. Journal of the Institute of Brewing., 119: 

309–313. https://doi.org/10.1002/jib.94 



Darıcı and Yıldırım / Turkish Journal of Agriculture - Food Science and Technology, 7(9): 1435-1445, 2019 

1444 

 

García-Ruiz A, Requena T, Peláez C, Bartolomé B, Moreno-Arribas 

MV, Martínez-Cuesta MC. 2013. Antimicrobial activity of 

lacticin. 3147 against oenological lactic acid bacteria. Combined 

effect with other antimicrobial agents. Food Cont., 32: 477-483. 

https://doi.org/10.1016/j.foodcont. 2013.01.027   

Gil-Munoz R, Gomez-Plaza E, Martinez A, Lopez-Roca JM. 

1998. Evolution of the CIELAB and other spectrophotometric 

parameters during wine fermentation. Influence of some pre 

and postfermentative factors. Food Research International., 

30 (9): 699-705. 

González-Miret ML, Heredia FJ. 2014. Impact of adding white 

pomace to red grapes on the phenolic composition and color 

stability of syrah wines from a warm climate. Journal of 

agricultural and food chemistry., 62(12): 2663-2671. 

https://doi.org/10.1021/jf405574x 

Gracin L, Jambrak AR, Juretić H, Dobrović S, Barukčić I, 

Grozdanović M, Smoljanić G. 2016. Influence of high power 

ultrasound on Brettanomyces and lactic acid bacteria in wine 

in continuous flow treatment. Applied Acoustics., 103: 143–

147.  https://doi.org/10.1016/j.apacoust.2015.05.005.  

Guerrero RF, Cantos-Villar E. 2015. Demonstrating the 

efficiency of sulphur dioxide replacements in wine: A 

parameter review. Trends in Food Science and Technology., 

42: 27-43. https://doi.org/10.1016/j.tifs.2014.11.004  

Hayder N, Abdelwahed A, Kilani S, Ammar R, Ben Mahmoud A, 

Ghedira K, Chekir-Ghedira L. 2004. Anti-genotoxic and free-

radical scavenging activities of extracts from (Tunisian) 

Myrtus communis. Mutation Research/Genetic Toxicology 

and Environmental Mutagenesis., 564(1): 89–95. 

https://doi.org/10.1016/j.mrgentox.2004.08.001 

Hayder N, Bouhlel I, Skandrani I, Kadri M, Steiman R, Guiraud 

P, Chekir-Ghedira L. 2008. In vitro antioxidant and 

antigenotoxic potentials of myricetin-3-o-galactoside and 

myricetin-3-o-rhamnoside from Myrtus communis: 

Modulation of expression of genes involved in cell defence 

system using cDNA microarray. Toxicology in Vitro., 22(3): 

567–581. https://doi.org/10.1016/j.tiv.2007.11.015 

Hosry L, Auezova L, Sakr A, Hajj-Moussa E. 2009. Browning 

susceptibility of white wine and antioxidant effect of 

glutathione. International Journal of Food Science and 

Technology., 44: 2459–2463. https://doi.org/10.1111/j.1365-

2621.2009.02036.x 

IFOAM. 2013. European Union Directorate-General for 

Agriculture and Rural Development. EU rules for organic 

wine production. www.ifoam-eu.org. Accessed: 10.04.2019. 

Kennedy JA, Saucier C, Glories Y. 2006. Grape and wine 

phenolics: history and perspective. American Journal of 

Enology and Viticulture., 57 (3): 239-247. 

Kumaran A, Karunakaran RJ. 2006. Antioxidant and Free Radical 

Scavenging Activity of an Aqueous Extract of Coleus 

aromaticus. Food Chemistry., 97(1): 109-114. doi:10.1016 

/j.foodchem.2005.03.032 

Landrault N, Poucheret P, Ravel P, Gasc F, Cros G, Teissedre PL. 

2001. Antioxidant capacities and phenolic levels of French 

wines from different varieties and vintages. Journal of 

Agricultural and Food Chemistry., 49: 3341–3348. 

Monagas M, Bartolome B, Gomez-Cordoves C. 2005. Updated 

knowledge about the presence of phenolic compounds in 

wine. Critical Revolution of Food Science and Nutrition., 45: 

85-115. 

Montoro P, Tuberoso CIG, Piacente S, Perrone A, De Feo V, 

Cabras P, Pizza C. 2006. Stability and antioxidant activity of 

polyphenols in extracts of Myrtus communis L. berries used 

for the preparation of myrtle liqueur. Journal of 

Pharmaceutical and Biomedical Analysis., 41(5): 1614–1619. 

https://doi.org/10.1016/j.jpba.2006.02.018 

 

 

Morata A, Bañuelos MA, Tesfaye W, Loira I, Palomero F, Benito 

S, Suárez-Lepe JA. 2015. Electron Beam Irradiation of Wine 

Grapes: Effect on Microbial Populations. Phenol Extraction 

and Wine Quality., 1845–1853. https://doi.org/10.1007 

/s11947-015-1540-x  

OIV. 2016. International Code of Oenological Practices. Part II 

Practice and oenological treatments, Paris, France. 

OIV. 2017. Maximum acceptable limits of various substances. 

Compendium of international Methods of Analysis of Wines 

and Musts, OIV-MA-C1-01: R2011, 2 vol., In (2018 ed.), 

Paris, France. 

Qin GH, Meng ZQ. 2009. Effects of sulphur dioxide derivatives 

on expression of oncogenes and tumour suppressor genes in 

human bronchial epithelial cells. Food Chem. Toxicol., 47(4): 

734–744. https://doi.org/10.1016/j.fct.2009.01.005  

Rababah TM, Hettiarachchy NS, Horax R. 2004. Total Phenolics 

and Antioxidant Activities of Fenugreek, Green Tea, Black 

Tea, Grape Seed, Ginger, Rosemary, Gotu Kola, and Ginkgo 

Extracts, Vitamin E, and tert -Butylhydroquinone. Journal of 

Agricultural and Food Chemistry., 52(16): 5183–5186. 

https://doi.org/10.1021/jf049645z  

Raposo R, Chinnici F, Ruiz-Moreno MJ, Puertas B, Cuevas FJ, 

Carbú M, Guerrero RF, Ortíz-Somovilla V, Moreno-Rojas 

JM, Cantos-Villar E. 2018. Sulfur free red wines through the 

use of grapevine shoots: Impact on the wine quality. Food 

Chemistry., 243: 453–460. https://doi.org/10.1016 

/j.foodchem.2017.09.111  

Raposo R, Ruiz-Moreno MJ, Garde-Cerdán T, Puertas B, 

Moreno-Rojas JM, Gonzalo-Diago A, Cantos-Villar E. 

2016a. Grapevine-shoot stilbene extract as a preservative in 

red wine. Food Chem., 197: 1102–1111. 

https://doi.org/10.1016/j.foodchem.2015.11.102  

Raposo R, Ruiz-Moreno MJ, Garde-Cerdán T, Puertas B, 

Moreno-Rojas JM, Gonzalo-Diago A. 2016b. Effect of 

hydroxytyrosol on quality of sulfur dioxide-free red wine. 

Food chem., 192: 25–33. https://doi.org/10.1016 

/j.foodchem.2015.06.085  

Raposo R, Ruiz-Moreno MJ, Garde-Cerdán T, Puertas B, 

Moreno-Rojas JM, Zafrilla P, Gonzalo A. 2016c. 

Replacement of sulfur dioxide by hydroxytyrosol in white 

wine: Influence on both quality parameters and sensory. LWT 

Journal of Food Science and Technology., 65: 214–221. 

https://doi.org/10.1016/j.lwt.2015.08.005  

Ribereau-Gayon P. 1965. Identification d’esters des acides 

cinnamiques et de l’acide tartrique dans les limbes et les baies 

de V. vinifera. CR Acad. Sci. Paris., 260, 341. 

Rockenbach II, Gonzaga LV, Rizelio VM, Gonçalves AE, de SS, 

Genovese MI, Fett R. 2011. Phenolic compounds and 

antioxidant activity of seed and skin extracts of red grape 

(Vitis vinifera and Vitis labrusca) pomace from Brazilian 

winemaking. Food Research International., 44(4): 897–901. 

https://doi.org/10.1016/j.foodres.2011.01.049 

Romani A, Pinelli P, Mulinacci N, Vincieri FF, Tattini M. 1999. 

Identification and quantitation of polyphenols in leaves 

ofMyrtus communis L. Chromatographia., 49(1–2): 17–20. 

https://doi.org/10.1007/BF02467181 

Sánchez-Palomo E, Alonso-Villegas R, Delgado JA, González-

Viñas MA. 2017. Improvement of Verdejo white wines by 

contact with oak chips at different winemaking stages.  LWT 

Food Science and Elsevier Technology., 79: 111-118. 

https://doi.org/10.1016/j.lwt.2016.12.045 

Singleton VL, Rossi JA. 1965. Colorimetry of total phenolics 

with phosphomolybdic and phosphotungstic acid reagents. 

American Journal of Enology and Viticulture., 16: 144-158. 

Sonni F, Clark AC, Prenzler PD, Riponi C, Scollary GR. 2011. 

Antioxidant action of glutathione and the ascorbic 

acid/glutathione pair in a model white wine. Journal of 

Agricultural and Food Chemistry., 59: 3940–3949. 

 



Darıcı and Yıldırım / Turkish Journal of Agriculture - Food Science and Technology, 7(9): 1435-1445, 2019 

1445 

 

Sonni F, Jesus M, Bastante C, Chinnici F, Natali N, Riponi C. 

2009. Replacement of sulfur dioxide by lysozyme and 

oenological tannins during fermentation : influence on 

volatile composition of white wines. J. Sci. Food Agric., 688–

696. https://doi.org/10.1002/jsfa.3503  

Su CT, Singleton VL. 1969. Identification of three flavan-3-ols 

from grapes. Phytochemistry., 8: 1553-1558. 

Taylor SL, Higley NA, Bush RK. 1986. Sulphites in foods: Uses, 

analytical methods, residues, fate exposure assessment, 

metabolism, toxicity and hypersensitivity. Advances in Food 

Research., 30: 1-75. https://doi.org/10.1016/S0065-2628(08) 

60347-X 

USDA. 2019. U.S. Department of Agriculture Organic 101: 

Organic Wine. https://www.usda.gov/media/blog/2013/01/08 

/organic-101-organic-wine. Accessed: 10.04.2019 

 

 

 

 

Vally H, Thompson PJ. 2001. Role of sulphite additives in wine 

induced asthma: single dose and cumulative dose studies. 

Thorax., 56: 763–769. http://dx.doi.org/10.1136 

/thorax.56.10.763  

Vally H, Thompson PJ. 2003. Allergic and asthmatic reactions to 

alcoholic drinks. Addiction Biology., 8: 3–11. 

https://doi.org/10.1080/1355621031000069828  

WHO. 2009. Evaluation of certain food additives: sixty-ninth 

report of the joint FAO/WHO expert committee on food 

additives. In WHO technical report series, Vol. IV. Rome, 

Italy: World Health Organization. 

Yildirim HK, Elmaci Y, Ova G, Altuğ T. 2007. Descriptive 

Analysis of Red Wines from Different Grape Cultivars in 

Turkey. International Journal of Food Properties., 10: 93-102. 

https://doi.org/10.1080/10942910600755128  

Yildirim HK. 2006. Evaluation of Colour Parameters and 

Antioxidant Activites of Fruit Wines. International Journal of 

Food Sciences and Nutrition., 57: 47-63. https://doi.org/10.1080 

/09637480600655993  

 

 


