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EFFECT OF GALLIC ACID AND TANNIC ACID
ON THE ANTIOXIDANT ACTIVITY OF WHITE WINES
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The effect of gallic acid (GA) and tannic acid (TA) on the antioxidant activity
of white wines was studied based on sensory, physicochemical and DPPH assay.
It was shown that GA exhibits pronounced antioxidant activity (Rs = 22.78%), while
TA, at the same concentration, demonstrates a significantly stronger antioxidant
effect (Rs = 68.21%) without altering the sensory properties of the wine. These
findings suggest that both phenolic acids, GA and TA, may serve as promising
natural antioxidant additives for enhancing the oxidative stability and preserving
the quality of white wines.
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Introduction. Foods and drinks rich in antioxidants (such as nuts, berries,
citrus fruits, grapes, dark chocolate, brandy, and green tea) help to protect the body
and brain against oxidative damage caused by free radicals. Aging and pathological
conditions, including neurodegenerative disorders, cardiovascular diseases, cancer,
and rheumatoid arthritis, are strongly associated with the oxidative stress, and the
harmful effects of free radicals [1-5].

Among dietary sources of antioxidants, wines occupy a prominent position.
Their antioxidant capacity primarily attributes to phenolic compounds, including both
flavonoids and non-flavonoids, which also play a crucial role in determining the
sensorial properties of wine, such as appearance, aroma taste and texture [6-8].

In recent years, interest in phenolic compounds in the wine industry has
increased due to their significant influence on sensory characteristics (color,
astringency, and bitterness), as well as their recognized health-promoting antioxidant
activity. Polyphenols are present in both red and white wines; however, their
concentrations are considerably higher in red wines. Consequently, red wines are
generally considered to exert a greater protective effect on human health than white
wines, largely due to the higher levels of antioxidant compounds extracted during
the maceration process [9-12]. The enhancement of antioxidant and other quality-
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related properties of premium wines, particularly dry white wines, using additives
such as fining agents, preservatives, yeast derivatives, nutrients, and oak alternatives
becomes especially critical when low levels of sulfur dioxide are applied [13-15].

Gallic acid (GA) and tannic acid (TA) can act as effective antioxidants that
contribute to the astringency, bitterness and overall antioxidant capacity of wines.
The molecular structure of these phenolic acids are presented in Fig. 1. These
phytochemicals are mainly present in grape seeds and skins and can be recovered
from grape pomace. In addition, they exhibit inhibitory effects against some
microorganisms [16-18]. GA is a low-molecular-weight phenolic acid naturally
occurring in tea, grapes, berries, oak bark, and many other plants. It contains three
hydroxyl groups per molecule. TA is a considerably larger polyphenolic compound
consisting of multiple GA units esterified to a glucose core and containing
approximately 25 hydroxyl groups per molecule.
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Fig. 1. Molecular structures of GA (a) and TA (b). (b)

Under these conditions, protecting wine against oxidative spoilage using
alternative additives remains a significant challenge. The aim of this study was to
enhance the antioxidant activity of white wines through the addition GA and TA
additives.

Materials and Methods.

Wines. Six commercial dry white wines bottled in 750 mL wine bottles and
originated from different regions of Armenia, aged 3-5 years, were randomly
selected for 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH") assays and stored at
4°C during the analysis. Prior to analysis, the wines were degassed with CO,
(3 mL-mint) to remove free SO, as sulfites can react with DPPH" and artificially
contribute to the measured antioxidant capacity of white wines [19] and filtered
through a 450 nm syringe filter.

GA, TA, and DPPH" were purchased from “Sigma-Aldrich” (USA) and used
without further purification. All other chemicals were of analytical grade.

UV/Vis Measurements. Electronic absorption spectra were registered
using a Specord 50PC spectrophotometer (Germany) over the wavelength range
of 200-600 nm at 25°C. The radical scavenging capacity (Rs, %) toward
DPPH" was calculated by the following equation:

AO - As

Rs = - 100%,
N AO /0
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where A, represents the absorbance of the control (in the absence of antioxidant),
and A is the absorbance in the presence of antioxidant.

Preparation of DPPH" Stock Solution. A stock solution of DPPH" was
prepared in ethanol and the initial concentration of DPPH" was determined spectro-
photometrically by measuring the absorbance at 2 = 515 nm using UV/Vis
spectroscopy and applying the molar absorption coefficient ¢ = 12509 Mt-cm™ [20].

Preparation of the Stock Solutions of GA and TA and Samples. Stock
solutions of antioxidants GA and TA were freshly prepared by dissolving accurately
weighted amounts (0.02 g) of each compound in wine (20 mL). The samples were
stirred for 30 min on a magnetic stirrer until a clear solution was obtained.
The solutions were filtered, degassed, and stored at 4°C until use.

Sensory Analysis. Ten students (6 women and 4 men) from the fourth year of
the Food Safety bachelor’s program, aged 20-25 years, participated in the study.
All participants were healthy, with no known chronic diseases or food allergies
that could interfere with the experimental procedures. The study was conducted
in accordance with the ethical guidelines for research involving human subjects.

Statistical Analysis. Six dry white wines for different vintages (3-5 years old)
and regions of Armenia were selected for the analysis. All measurements were
performed in triplicate, and the results were expressed as mean + standard deviation.

The density (p) of wine solutions were measured using an Anton Paar DMA
4500 densimeter (Austria). Electroconductivity («) and pH were determined using a
JENWAY 4330 instrument (Great Britain), while the refractive index (n) was
measured using an IPR refractometer at 25°C.

Results and Discussion.

Sensory, Organoleptic, and Physicochemical Properties of Wine. The
sensory and organoleptic properties of wine include appearance, aroma, taste, and
texture (mouthfeel). These characteristics arise from the physicochemical properties
of the wine, such as density, refractive index, conductivity and pH, which contribute
to its overall quality, balance, and consumer acceptance [21]. The results of sensory
analysis of wines in the presence of GA and TA are presented in Tab. 1, while the
physicochemical parameters are summarized in Tab. 2.

Table 1
Sensory properties of white wines in the presence of GA and TA:
[GA]=[TA]= 0.5-4.8-10*mol-L*. Characteristics (GOST 32051-2013)
Sensory properties of white wines
s | appearance smell taste texture/mouthfeel
ample PP . (smell, bouquet, (body, viscosity,
(color, clarity fruit/floral/spi (sweet, sour, . h
and intensity) ruit/floral/spicy bitter, salty) astringency, warmt|
notes) ' from alcohol)
Wine transparent, floral vanilla, sl!ghtly
light yellow caramel astringency
Wine-GA reserved reserved reserved reserved
Wine-TA reserved reserved reserved reserved
GA >6.0-10“*mol-L* not reserved not reserved not reserved not reserved
TA>6.0-10* mol-L! not reserved not reserved not reserved not reserved
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Table 2
Physicochemical parameters of the wines in the presence of GA and TA
White wine — Antioxidant

Property wine GA TA
Concentration, mol/L 0 5.9-102 5.9-103
Alcoholic strength 12.5% 12.5% 12.5%
Wine strength 12.5% 12.5% 12.5%
pH (£ 0.01) 3.76 3.69 3.74
Refractive index, nas 1.342 1.344 1.346
Density, g-cm=3 (+ 1-10°%) 0.98897 0.98999 0.99892
x, mS-cmt (£1-104) 0.9220 1.8530 1.8380

From the results presented in Tab. 1, the sensory and organoleptic properties
of the wine did not change in the presence of GA and TA at antioxidant
concentrations < 6.0-10*mol -L*. However, at higher concentrations of GA and
TA, these properties were no longer reserved. As can be seen from Tab. 2,
the physicochemical parameters of the white wines in the presence of GA and TA
did not change noticeably, indicating that the overall properties of wines were
reserved. The observed decrease in solution conductivity in the presence of GA and
TA can be explained by the increased of chelating properties of these compounds.

Radical-Scavenging Activity. The DPPH" scavenging activity of antioxidants
was monitored according to the method described in [22]. The absorbance of the
DPPH", with an odd electron delocalized over the molecule, shows a strong
absorption band at 515 nm in ethanol. The scavenging of free radicals by antioxidants
is achieved by donating H-atom to form the stable DPPH-H molecule, which causes
the decrease of absorbance due to color change from purple to yellow. The anti-
oxidant activity of polyphenols largely depends on their ability to donate hydrogen
atoms or electrons to neutralize free radicals. Owing to its multiple GA moieties and
higher number of hydroxyl groups, TA generally exhibits greater antioxidant capacity
than GA.

Table 3

Antioxidant activity values of white wine in the presence of GA and TA:
[DPPH ] = 651075 mOI'Lil, Vsample =3mL

. C(GAITA), Rs, %
Wine, ul mol-Lt GA TA
60 0 ~15.66 ~15.66
60 3.3 17.78 3751
60 5.0 1955 44.67
60 6.7 20.21 52.41
60 8.3 21.74 56.39
60 100 2278 68.21

The results presented in Tab. 3 demonstrate that both GA and TA enhanced
the radical scavenging activity of the wine, confirming their significant antioxidant
potential. At lower additive concentrations, both compounds increased the
antioxidant activity of the wine; however, TA exhibited a substantially greater effect
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than GA throughout the entire concentration range studied. The stronger antioxidant
activity of TA can be attributed to its molecular structure and higher number of
hydroxyl groups. The larger number of hydroxyl groups in TA enhances its ability
to donate hydrogen atoms or electrons to free radicals, thereby improving its radical
scavenging capacity.

However, stronger antioxidant activity in vitro does not necessarily mean
stronger biological activity. Due to its smaller molecular size, GA is more readily
adsorbed and exhibits bioavailability than TA. Consequently, despite of its lower
intrinsic antioxidant capacity, GA may exert greater antioxidant effects in biological
systems, because it can more easily penetrate tissues and reach target sites. As it was
shown in [22], duration of antioxidant action of GA and TA can be prolonged, when
these phenolic acids form complexes with transport proteins.

Conclusion. Both GA and TA improved the antioxidant activity of white
wines by enhancing their radical scavenging capacity without significantly affecting
the sensory, organoleptic, or physicochemical properties of the wines. Among the
studied additives, TA demonstrated significantly higher antioxidant effectiveness
than GA, which can be attributed to its polyphenolic structure and greater number of
hydroxyl groups. These findings indicate that TA, in particular, may serve as a
promising natural antioxidant additive for improving the oxidative stability and
quality preservation of white wines, especially under conditions of reduced sulfur
dioxide application.
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2. L. arpanraduy, <. 0. 6hLUQ3UYy, 6. @. +6<6r3uy, . (k. &,haNr3Us

QGULUfH I G FLAULUGFIh UDYIESNFEEBNFLL
UNhSu4u &hvhu6Lh <UHUOLUNETLSUSEL UUShd NFEE8UL JNU

Quuppdh () b nupunuppdh (‘M) wqnbgnipnibp uwhwuwly
ghthttiph  hwwopuhnubtnmuyhtt wimhynpEpui Jypu numdbwuhpdty k
qauyuljul, $hghjuphihwljui b DPPH wlwhqutiph hhdwt ypw: 8nyg L
wnyti, np Q-0 gniguptipnd £ wpmwhwymywd  hwjuwopuhnuiiitnught
wlyunhynipinih (Rs = 22,78%), vhlwntin tnyt Unbghibwmpughugh pliypnid
-0 gnguptipnmd £ qquhnpklt wybth nidtin hmjuopuhnuitmuyht wijnh-
Unipynib (Rs = 68,21%)" wminwbig ghtint qquyujut hwnynipgnibbtiph thnthnpunt -
ppubt: Unwgyud wpnyynibpbtinpp Juymd G, np G-t b (-0 Jupnn G
ownuwyl] npytiu pimunnidbuwhg pbwljui hwjuwopuhnubtmuyhtt hwytputyni e’
uyhwnwl ghthitiph opuhnunhy YJuynibnipynitin it npuyjh wwhuwwbnidp
puptjuybnt huntwp:

3. JI. TPUT'OPSH, A. A. IIWMJIAJDKSH, 1. I'. IET'EPSH, K. P. T'PUT'OPSAH

BJIMSIHUE TAJIJIOBOU U YBWJIBHOM KUCJIOT
HA AHTUOKCHUJAHTHYIO AKTMBHOCTb BEJIbIX BUH

Bnusaune ramnosoit kuciotsl (I'K) m TtanmnoBoit kucnotel ([K) Ha anTH-
OKCHJIAHTHYI0O aKTUBHOCTh O€NbIX BHH OBUIO H3Y4YEHO C HCIIOJIh30BaHUEM
CEHCOPHOTO0, (PH3UKO-XUMHYeCcKOTo aHanmu3a 1 aHanm3a DPPH. Beuto nmokasano, uro
'K mnposiBsieT BBIpQKEHHYIO aHTHOKCHIAHTHYIO akTuBHOCTH (Rs = 22,78%),
B TO BpeMs Kak JIK mpu Tol e KOHIIEHTpaI|y IeMOHCTPUPYET 3HAUUTENLHO Ooliee
CHJIbHBIA aHTHOKCUAAHTHBIA 3¢dexT (Rs = 68,21%), He u3MeHss npu 3TOM
OpPraHOJIEITUYECKUE CBOMCTBA BHHA. OTH PE3YJIbTaThl YKa3bIBAaIOT Ha TO, 4YTO
JaHHble (DEHONBbHBIE KHCIOTHI MOTYT CIIY)KUTh TEPCHEKTUBHON MPHUPOIHOM
AQHTHOKCHJIAHTHOW J10OaBKOW JUIS TOBBILICHUS! OKMCIUTEIbHON CTaOMJIBHOCTH H
COXpaHEHHs KauecTBa OeJIbIX BUH.



