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Effect of tannin addition on chromatic
characteristics, sensory qualities and antioxidant
activities of red wines

Lingxi Li,? Zhe Li,®* Zongmin Wei,© Weichao Yu® and Yan Cui!

Tannin addition as an enological practice has been widely used in the winemaking process because of their
ability of improving the aroma and sensory characteristics and stabilizing of color of red wine. In this study,
hydrolysable, condensed tannins and their mixtures in different ratios were added into two Merlot wines to
investigate their effect on the wine overall quality. The contents of 15 phenolic compounds were detected
by HPLC-DAD, CIELAB color parameters were measured using a chromatic aberration meter, sensory
evaluation was accomplished using the assessment standards established by the American Wine
Association, and antioxidant activities were analyzed using DPPH and ABTS radical tests. The results
indicated that adding tannins affected phenolic composition, contents and color of wine. The specific
effects varied by tannins. Furthermore, tannin addition, especially the mixed tannins, improved the
sensory qualities and antioxidant activities greatly. The mixed tannins added with a ratio of 1 : 1 between
hydrolyzable and condensed tannins exhibited a better effect on both sensory qualities and antioxidant

rsc.li/rsc-advances

1. Introduction

Enological tannins are commercial, complex polyphenolic
compounds obtained from various botanical sources. The use of
enological tannins is officially authorized by the Organisation
Internationale de la Vigne et du Vin (OIV) for must and wine
clarification in winemaking because of their affinity to bind
proteins and to prevent iron haze in wines." Enological tannins
are divided into hydrolysable and condensed tannins based on
their chemical structures. Hydrolysable tannins are glucose esters
of gallic (gallotannins) and ellagic acids (ellagitannins). They
present in wine extracted from oak wooden barrels where the wine
is kept during the aging process, or were added during wine-
making.>* Condensed tannins, also called proanthocyanidins, are
large macromolecules formed by polymerisation of flavan-3-ol
subunits (such as (+)-catechin, (—)-epicatechin, and/or (—)-epi-
gallocatechin and epicatechin-3-O-gallate), and the subunits vary
from grape skins, seeds, and stems.* All grape-derived tannins
having enological importance are condensed tannins.® Nowadays,
enological tannins have been commonly used in different wine-
making scenarios in order to modify aroma and sensory profile,
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activities, and it could be recommended as an ideal tannin addition for wine quality improvement.

prevent color loss or facilitate the fining of white or rose wines.>”
Though hydrolysable tannins originating from oak possess higher
antioxidant activity than some tannins extracted from grape skin
or seed,® experienced winemakers would prefer to use grape
tannins rather than oak tannins.® It might be due to the ability of
grape tannins (that is proanthocyanidins) to improve the wine
aroma complexity and that they could react with anthocyanins to
form pigmented polymers to significantly stabilize wine color.”*
Whereas, hydrolysable tannins could act as copigments to protect
wine anthocyanins from oxidation, because they may regulate
oxidation-reduction phenomena.' Besides, the addition of both
hydrolysable and condensed tannins into wine can differently
modulate the sensory perception of wine, and in particular the
effect on wine astringency depends on many factors such as
tannin typology, timing, dose, and grape variety.">"

Studies have been conducted for the effect of addition of
enological tannins on wine sensory quality.*”'***> The effect on
the addition of enological tannins on the color and pigment
composition of red wines made from Vitis vinifera L. cv Tem-
pranillo grapes was studied by Garcia-Estévez et al.** The results
showed a higher formation of anthocyanin-derived pigments
was observed in the red wines containing the exogenous
enological tannin. Moreover, these wines showed lower light-
ness (L*) values and higher chroma (C},) values than control
wines, indicating a higher stabilization of color. Neves et al.*
reported that the addition of grape seed tannins had obvious
effects of increasing color intensity and antioxidant activity only
in the wines poor in polyphenols. Chen et al” investigated
effects of pre-fermentative addition of enological tannins on

This journal is © The Royal Society of Chemistry 2020


http://crossmark.crossref.org/dialog/?doi=10.1039/c9ra09846a&domain=pdf&date_stamp=2020-02-15
http://orcid.org/0000-0002-4913-1285
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra09846a
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA010012

Open Access Article. Published on 17 February 2020. Downloaded on 6/29/2026 5:57:49 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

wine color, anthocyanins, volatile compounds and sensorial
properties. Results indicated that tannin treatments signifi-
cantly improved wine aroma complexity and sensorial proper-
ties. However, the concentration of some stable pigments was
negatively affected by tannin addition. Rinaldi et al.*® found that
after 1 year aging with enological tannins, there was no increase
in the intensity of wine astringency, but an improvement of
mouthfeel sensations was achieved with wood-derived tannins.
On the other hand, several research studies have indicated that
the addition of commercial enological tannins to wines could
be less effective to improve the wine sensory quality.>'*'® For
example, with addition of 200 mg L' of white grape seed
tannins post-fermentation to Cynthiana, no significant increase
in total phenolics and little color differences in wine were
found." The reason for these results is probably due to the low
quality or insufficient amount of enological tannins applied.
The type of tannins added and the loss of these tannins during
the winemaking process could be another possible explanation
for the marginal effect of additional tannin on wine quality.*
Furthermore, the amount of tannin added should be carefully
considered, because over-adding exogenous enological tannins
may result in a dramatic decrease of total phenolic concentra-
tions after alcoholic fermentation and negatively affect
mouthfeel and wine structure.™

Although there are a large number of commercial tannins
available on the market and they are reported to might improve
some certain characteristics of finished wines, there is little
information about their effect on wine overall quality. In this
work, considering the characteristic of hydrolysable and
condensed tannins, the mixture of both enological tannins,
were utilized to study the specific influence of tannin adding on
wine overall quality, including wine color, tasting characters,
and antioxidant activities for two Merlot wines.

2. Materials and methods

2.1. Chemicals and samples

Castalin, vescalagin, castalagin were obtained from Shanghai
ZZBIO Co., Ltd (Shanghai, China). Gallic acid, ellagic acid, vanillic
acid, caffeic acid, polydatin (+)-catechin, (—)-epicatechin were
purchased from Chengdu Must Bio Technology Co., Ltd.
(Chengdu, China). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,20-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS) were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

Proanthocyanidin dimer B1, B2 and B2-3'-O-gallate (B2-3'-O-G),
trimer C1 and anthocyanin malvidin-3-O-glucoside were extracted
and purified (with purity > 95%) as our previous methods.'*2°

Chemicals used for wine total polyphenols, flavones,
proanthocyanidins and anthocyanins analyses, and all organic
solvents used for sample preparation (analytical grade) and
HPLC analysis (chromatographic grade) were purchased from
Chemical Branch of Shandong Yuwang industrial Co., Ltd.
(Shandong, China).

One hydrolysable tannin sample was provided from Proenol
Industria Biotecnologica Lda., another condensed tannin
sample was provided from Biocratico Lda. (Portugal). Two
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Central Valley red wines from Chile (RWA, 2015; RWB, 2016)
were selected for this study.

2.2. Determination of total polyphenols, flavonoids,
proanthocyanidins and anthocyanins in wines

The total polyphenols, flavonoids, anthocyanins and proan-
thocyanidins of wines were determinated before tannins add-
ing. The total polyphenol content was estimated with gallic acid
as the equivalent using Folin-Ciocalteu colorimetric method
with a few modifications.”* The total polyphenol content was
calculated as the followed regression equation of the standard
curve of gallic acid:

Y =77.97X — 0.3605, r* = 0.9992

Aluminum chloride colorimetric method was used to deter-
mine the total flavonoid content of the wine samples with little
modifications.”” Rutin was used as the standard for a calibra-
tion curve. The total flavonoid content was calculated using the
following linear equation based on the calibration curve:

Y = 0.8918X + 0.0512, r* = 0.9995

Total proanthocyanidin content was equivalent calculated by
(+)-catechin and the regression equation obtained from the
standard curve as follows:

Y = 1.7107X + 0.0389, * = 0.9990

Total anthocyanins were determined using the pH differen-
tial method.”® Cyanidin-3-O-glucoside (c3g) with a molar
extinction coefficient of 26 900 and molecular weight of 449.2
was used as the standard and the results expressed as milli-
grams of c¢3g equivalents per liter.

2.3. Preparation of red wines with the addition of tannins

Two young red wines (1 year old and 2 years old, respectively)
made from Merlot were used as subjects of this study due to
their low amounts in polyphenols and no exogenous tannin
addition. Two high quality commercial tannins (one hydro-
lysable and one condensed tannin) were selected based on our
previous work (to be published), and their mixtures were used

Table 1 Tannin addition into red wines®

Addition of TAN Addition of TAN

Samples HT (g L7 CT (gL
X-Control 0 0

X-MIX1 0.27 0.30
X-MIX2 0.41 0.15
X-MIX3 0.14 0.45
X-TAN HT 0.55 0

X-TAN CT 0 0.60

¢ HT, hydrolysable tannin; CT, condensed tannin.
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for addition into red wines. Three tannin mixtures were ob-
tained according to different ratios (1 : 1;3 : 1 and 1 : 3) and the
dosage of these tannins (0.6 g L™ ") applied to red wine corre-
sponded to the dose recommended by the company instruc-
tions. Referring to the tannin contents of each sample, the
actual additions were given as Table 1.
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2.4. Determination of phenolic compounds after tannin
addition

15 phenolic compounds were selected as index component.
Castalin, gallic acid, vescalagin, castalagin, proanthocyanidin
B1, (+)-catechin, vanillic acid, caffeic acid, proanthocyanidin B2,

APPEARANCE

3-Excellent -Brilliant with outstanding characteristic color.
2-Good -Clear with characteristic color.

1-Poor -Slight haze and/or slight off color.
0-Objectionable -Cloudy and/or off color.

AROMA AND BOUQUET
6-Extraordinary

-Unmistakable charateristic aroma of grape-variety or wine-type.Outstanding and

complexbouquet. Exceptional balance of aroma and bougquet.

5-Excellent -Characteristic aroma Complex bouquet. Well balanced.

4-Good -Characteristic aroma Distinguishable bouquet.

3-Acceptable -Slight aroma and bouquet. Pleasant.

2-Deficient -No perceptible aroma or bouquet or with slight off odors.

1-Poor -Off odors.

0-Objectionable -Objectionable or offensive odors.

TASTE AND TEXTURE

6-Extraordinary -Unmistakable Characteristic flavor of grape-variety or wine-type Extraordinary

balance.Smooth full-bodied and overwhelming.

5-Excellent -All of the above but a little less.Excellent but not overwhelming.

4-Good - Characteristic grape-variety or wine-type flavor.Cood balance.Smooth May have minor
imperfections.

3-Acceptable -Undistinguished wine but pleasant May have minor off flavors. May be slightly out of
balance,and/or some what thin or rough.

2-Deficient -Undistinguished wine with more pronounced faults than above.

1-Poor -Disagreeable flavors,poorly balanced,and/or unpleasant

texture.

0- Objectionable -Objectionable or offensive flavors and/or texturc.

AFTER TASTE

3-Excellent -Lingering outstanding aftertaste.

2-Good -Pleasant aftertaste.

1-Poor -Little or no distinguishable aftertaste.

0-Objectionable -Unpleasant aftertaste.

OVERALL IMPRESSION OTAL SCORES
2-Excellent 18-20 Extraordinary
1-Good 15-17 Excellent
0-Poor 12-14 Good

9-11 Commercially Acceptable

6-8 Deficient

0-5 Poor and Objectionable

Fig. 1 Wine evaluation chart.
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(—)-epicatechin, proanthocyanidin B2-3’-0-G, C1, malvidin-3-O-
glucoside, polydatin and ellagic acid were prepared in methanol
at the concentrations of 32.64, 65.00, 24.12, 35.28, 200.00, 66.25,
20.00, 16.32, 200.00, 51.50, 27.65, 16.00, 195.00, 8.80 and
43.75 mg L', respectively. Wine samples were filtered through
a 0.22 pm filter membrane prior to HPLC-DAD analysis. The
HPLC-DAD apparatus used in this work was a Waters 2695
system, equipped with an autosample system, and a photodiode
array detector. The detect wavelength were performed at 280,
320 and 525 nm. The column was an Innoval C18 (250 x 4.6
mm, 5 pm). The column temperature was 30 °C. The flow rate
was fixed at 0.7 mL min~*. Two elution solvents, A (water/formic
acid; 98:2, v/v) and B (acetonitrile/water/formic acid;
58 : 42 : 2, v/v/v), were used with the following elution program:
0 min, 2% B; 15 min, 5% B; 20 min, 8% B; 40 min 10% B; 75 min
15% B; 80 min, 20% B; 85 min, 30% B; 87 min, 31% B; 87.1-
100 min 100% B.

2.5. Chromatic characteristics and sensory evaluation of
wine with tannin addition

Chromatic characteristics of the red wines with tannin addition
were determined according to the CIELab universal color
appreciation system, using a portable colorimeter. The results
were expressed by the cylindrical coordinates L* (psychometric
lightness), ¢* (psychometric chroma), and #* (hue angle) values
and the axes of a three-dimensional color space a*(measure of
redness) and b* (measure of yellowness). AE*(color difference)
was used for a comprehensive measure of color and could be
calculated as AE = [(AL)” + (Aa)® + (Ab)*]/2.

Sensory evaluation of the red wines with different tannin
addition was implemented by 15 professionals who had
acquired WSET (Wine & Spirit Education Trust) Level 3 certifi-
cation. Sample wines were prepared in duplicate and were
completed blind tasting in two rounds within 30 minutes. Wine
evaluation chart (Fig. 1) of the American Wine Association
(AWS) was used as a guideline for the tasters, which was scored
from five factors including wine appearance, aroma/bouquet,
taste/texture, aftertaste and overall impression.”* The final
results were given based on the average scores.

2.6. Antioxidant activities of wine with tannin addition

The antioxidant activities of wine with tannin addition were
analyzed using DPPH and ABTS assays. They were conducted by
measuring free-radical scavenging capacities and the specific
implementations referred to our previous work.”” The antioxi-
dant activity of each sample was expressed as the clearance rate.

2.7. Statistical analysis

All experimental results were performed in triplicate and results
are expressed as mean =+ standard deviation (SD). Statistical
analysis was performed using SPSS (Version 22.0, Chicago, IL,
USA) and carried out by one-way ANOVA.

This journal is © The Royal Society of Chemistry 2020
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Table 2 Total polyphenol, flavonoid, proanthocyanidin and antho-
cyanin contents of wine®

Samples TP (mgL™') TFO(mgL™') TA(mgL ') TAC (mgL ")
RWA 1281 2416 1567 81.54
RWB 1196 2498 1736 72.73
“TP, total polyphenols; TFO, total flavonoids; TA, total

proanthocyanidins; TAC, total anthocyanins.

3. Results and discussion

3.1. Total polyphenols, flavonoids, anthocyanins and
proanthocyanidins in wines

The contents of phenolic compounds in wine vary greatly with
grape varieties, season, climate, maturity and aging.?® In this
study, young Merlot wines were selected as sample wines for
tannin addition due to their varietal characteristic brought
about lower tannin contents. Their total polyphenols, flavo-
noids, anthocyanins and proanthocyanidins were assayed
before adding tannins. The results were presented in Table 2
and it indicated that the wines exerted low contents of poly-
phenols and were suitable as the experiment wines for tannin
addition.

3.2. Determination of phenolic compounds in wines after
tannin addition

The contents of 15 phenolic compounds in wine before and
after tannin addition were showed in Table 3. Tannins added
not only had effect on phenolic composition but also contents.
Except for increasing in exogenous components, the contents of
gallic acid, (+)-catechin, (—)-epicatechin, procyanidin B1, and
B2-3'-O-G obviously increased with the addition of any tested
tannin. The contents of vanillic acid, caffeic acid, procyanidin
B2 decreased with the addition of tannin when hydrolysable
tannins accounted for a large proportion. After tannin addition,
the content of malvidin-3-O-glucoside slightly reduced probably
due to their reaction trend with proanthocyanidins and formed
polymeric pigments.*® Tannin addition affected the varieties
and contents of phenolic compounds in wine, that might be
further influence the wine color, mouthfeel and even quality.****
Tannins added in different proportions exerted different effects
on phenolic contents in wine.

3.3. Effect of tannin addition on the chromatic

characteristics

Based on CIElab color system, the corresponding coordinate
point of any color could be found in the space. The L* axis
represented wine lightness, and the descriptive terms assigned
might include the words “light”, “dark”, etc.*” The L* scale
ranged from 0 to 100, when L* = 0, meant black, while L* = 100,
meant white. The a* and b* coordinates may be conceptually
related to an opponent color theory, which was based on the
proposition that the retina of the eye contains opponent color
channels that distinguish colors according to their red-versus-

RSC Adv, 2020, 10, 7108-7117 | 71M


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra09846a

View Article Online

Paper

RSC Advances

'san[eA 9say} SUOWE SIDUAIIPIP JuedYIUIIS JUNBIIPUI SAIN[BA 3YI PIMO[[0] J PUE ‘D ‘P ‘D ‘q ‘B ‘A[[eonIS1IBIS ¢G0°0 > J I8 SOOUSIYPIP JUBIYIUSIS PajedIpul UWN[Od € UT SIaNJ JUIPIA
*A1oA1309dsa1 MY pPUB VMY UO PAjONPUOd Sem SISA[RUR [BO1ISTIBIS *9P1S0dNn[3-0-¢-ulpiafewt ‘n3-¢-a|y 10 urpruedoord ‘1D ¢D-0- c-zg urprueddoid ‘D-0- ¢-zq ‘cd uiptuedoord ‘zg ‘1g urprueloord ‘1q ,

qro°o B10°0 qeon’o 210°0 9L0°0 9LT°0 320°0 2€0°0 21C0 70°0 BET0 BIT0 B60°0 BI0°0 LH
F 0TL F 16V  FCLOV — F 9T°8 F £9°0T  F LLLT F99°TT F 6v's F¢L0C F S6'0FV F 80°6¢C F S6'€C F99VS F9TET NVL
2€0°0 qco°0 q60°0 BIT0 ®90°0 BS0°0 %0°0 q10°0 qs0°0 BGY°0 BEEO PT0°0
F 9¥'9 F I8V  F 690V F vv9 F £8°0T F 0€8€ F00¥E F IETVI F S€9 F 6509 TF 66°SS — — F I8ty — 1D NVL
B00 280°0 BIT0 260°0 qr0°0 PTIT0 oTT°0 ®90°0 B70°0 qreco 280°0 PT0°0 PT0°0 260°0 PTIT0
FLLL F &L€ FoT'1¥ F 76V F €T°6 F S9°€T  F 00'vE  F 8E'ST F 689 F 80°€S  F 0L9% F 86°L F9€9 FvsTy F 629 EXTIN
PL1°0 q90°0 qr0°0 qL0°0 PTO°0 290°0 qsco PT0°0 J€0°0 PYT°0 P80°0 qeco q1co qrro qeono
F 649 FI8%  F 690V F £9°S F 91°8 F 16°LT F S€9¢ F STCT F S0°'s F 90°0€ T 8T'EV F 66°SC F 60°ST  F £LL0S F6£TT CXIN
P80°0 OTT0 OTT0 PT0°0 o110 q£0°0 BEEO 2TT°0 P00 280°0 q8T1’0 98T°0 2€0°0 2100 9290°0
F 699 F 8L€ F ov'ov F 16°€ F 98°S F9S5CC  FEECEY F €0'CT F T6’S F SEVE  F LEES F 29°0¢C F 08'IT  F SE€TP FLT8 IXIN ?\A
o700 P€0°0 B8T°0 360°0 P60°0 9€0°0 9T0°0 300 32070 JST0 Bur)
FSTL F E€T€ F S6°0% — - F €578 F L9'C€  F S8°CT F 829 F vcer F¥vLE — — F6€LE — [onuod amd
P90°0 250°0 260°0 290°0 920°0 360°0 00 370°0 260°0 9500 BL0O°0 ®80°0 ®BCCO BYT°0 LH
+09°L F 98°¢ + 8¢6¥ - F ¥9°S FCLET F8TEY F 6401 + ¥8'9 F 08°€C  F L6V9 F SL7€C F 10°€C  F89°LS F 6L€T NV.L
qso0°0
280°0 ®C0°0 920°0 + qrro BCT°0 BYY°0 BEO'0 e70°0 BGE0 ®S0'0 9L0°0
F Ss°L F vee F 1¥'8% vL0°9 FsLet F 687 F €98 F sLct F VL F L6°€9 F Sv'6L — — F66'¢V — LD NVL
®C0°0 qro°o qco°o PS0°0 P€0°0 q0°0 qreto qeo0°o qeo0°0 qrto qso0°0 PTO°0 P00 PS0°0 PY0°0
F 8¢8 F ¢T€ F ¢s6v F €LV FLL8 FOT°LE F€0CL FL8IT F 8¢°L F LV'0S F 8TSL F89°L FLV'8 FV8VY F 817 EXTIN
qeo0°o0 2€0°0 J10°0 BIT0 %0°0 P80°0 VT°0 910°0 J10°0 Pso’0 P£0°0 qro°o qcro qero q£0°0
F 108 F 68°C F ¢6’Ly F 6€°9 F 86'TT F90°0C F90'8% F66°0T F 69°S F 06°6C F ¥¥'L9 F S9°6¢C F S9°ST F 8105 FvL0T TXIN
OTT°0
OTT°0 OTT0 PS0°0 280°0 ®90°0 o¢T°0 oTC0 P00 P70°0 oTC0 o¢T0 I2ST°0 280°0 2100
F €6°L F L0°€ F 048 F 95°S + 86'81 F90°LC F6L65 FOCTIL + 969 F Iv'LE F86°0L F €5°0¢C F96°0T F €S°LY F8LL IXIN P\w—
9p€0°0 290°0 BY0°0 Iv0°0 J20°0 PYT°0 9T0°0 250°0 J€0°0 Iv0°0 JST°0 Sur)
F6S°L F 06'C F €0°0S— — F 6¥°S F LS'ET  F LS'SS F 8TIT FLTL F 00°€C  F 66°€9 — — Fo6r0¥ — Jonuod vmd
proe  unepAjod ni3 10 o uryodjeordyg 7d proe poe  uyoaed 19 urde[eiseDd UISE[BISIA proe  ureised punodwo)
o1de[d -0-€-AIN -0-£-td olofjeDd  Ol[[IUBA o1[Ed

'80US217 PaNoduN '€ [ RJBWWODUON-UO NG LMY suowiwoD aaieas) e sopun pasusol|stapnesiyl |IIETEEL (o)

"INV 617:2G:G 9202/62/9 U0 papeo|umod 020 Afenige- /T Uo paus!idnd 9ol Ss300y uado

,OUIM pal ul spunodwod dljousayd GT JO SjUSUOD By € dlqel

This journal is © The Royal Society of Chemistry 2020

7M2 | RSC Adv, 2020, 10, 7108-7117


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra09846a

Open Access Article. Published on 17 February 2020. Downloaded on 6/29/2026 5:57:49 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

Table 4 Color parameters of RWA (n = 3)*
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Addition L* a* b* c* h* AE*

Control 19.10 £ 0.09b 5.29 £ 0.43¢ 5.41 £ 0.12ab 7.58 £+ 0.38bc 57.52 + 0.25b 8.27 £ 0.12a
MIX1 19.11 £+ 0.11b 5.20 £ 0.10c 5.46 £ 0.04ab 7.54 £ 0.06bc 57.42 £+ 0.08b 8.24 + 0.12a
MIX2 19.07 £+ 0.10b 6.11 &+ 1.16ab 5.50 &+ 0.10ab 8.26 + 0.93ab 58.00 £ 0.72a 8.57 £ 0.33a
MIX3 19.19 £+ 0.03b 6.59 £ 0.42a 5.69 £ 0.02a 8.72 £ 0.32a 58.24 £ 0.27a 8.56 £ 0.12a
TAN HT 20.18 £+ 0.41a 4.77 £ 0.56¢ 5.02 &+ 0.21c 6.92 + 0.32¢ 57.36 + 0.08ab 7.14 + 0.37b
TAN CT 20.17 + 1.23a 5.55 £ 0.87bc 5.23 £ 0.51bc 7.64 £ 0.92bc 57.81 £+ 0.18ab 7.29 £ 1.16b

“ Different letters in a column indicated significant differences at P < 0.05; statistically, a, b, and ¢ followed the values indicating significant

differences among these values.

Table 5 Color parameters of RWB (n = 3)¢

Addition L* a* b* c* h* AE*

Control 18.07 £+ 0.03b 4.89 £ 0.77a 5.23 £0.18a 7.13 £ 0.55a 57.37 £ 0.56a 9.24 £ 0.12a
MIX1 18.26 £ 0.20b 3.62 + 0.28bc 5.16 = 0.05a 6.31 &+ 0.17bc 56.47 £ 0.15¢ 8.93 £ 0.20ab
MIX2 18.08 £+ 0.10b 3.79 £ 0.08bc 5.25 + 0.03a 6.48 £ 0.06bc 56.47 £ 0.06¢ 9.11 £ 0.10a
MIX3 17.82 + 0.20b 4.26 + 0.40ab 4.26 £ 0.09a 6.65 + 0.19ab 56.93 + 0.38b 9.40 £ 0.23a
TAN HT 19.41 £ 1.13a 3.86 £ 0.25bc 4.44 £+ 0.47b 5.38 £+ 0.52d 56.33 £ 0.15¢ 7.86 £ 1.12¢
TAN CT 19.01 + 1.23a 3.41 £ 0.87¢ 4.75 £ 0.51b 5.86 £ 0.92cd 56.68 + 0.18bc 8.27 £ 1.16bc

“ Different letters in a column indicated significant differences at P < 0.05; statistically, a, b, ¢, and d followed the values indicating significant

differences among these values.

green and yellow-versus-blue attributes.”® The higher the value
of a* is, the more it tends to red, and the higher the value of
b* is, the more it tends to yellow. The parameter c¢* represented
psychometric chroma. The higher the value is, the higher the
saturation will be. The value of hue angle (7*) ranged from 0° to
360°, which red wine generally between 0° and 90°, and the
lower value of #* lead to purple or ruby red, while higher value
lead to brick red or reddish brown.

Tables 4 and 5 presented the effect of tannin addition on
chromatic characteristics of red wines. From Table 4 it can be
seen clearly that there was no significant difference between
hydrolysable and condensed tannins added individually into
RWA on color parameters. However, compared with control,
after tannin addition, hydrolysable or condensed tannin had
significant effect on lightness (L*) and color difference (AE*).
Tannin mixture 2 and 3 showed significant difference and
increasing on parameters a* and 2* compared to control, which
meant the redness shifted up and tended to be brick red or
reddish brown. Hydrolysable tannin adding led to the decrease
of value b*, which brought to the reduce of yellowness of wine.
As to the value of parameter c*, there was a significant differ-
ence between tannin mixture 3 and others, so that RWA with the
addition of tannin mixture 3 presented a stronger color
saturation.

As in the case of RWA, it can be seen from Table 5, that there
was no significant difference between hydrolysable and
condensed tannins added individually into RWB on color
parameters. However, compared to control, after tannin addi-
tion, hydrolysable and condensed tannins both showed signif-
icant difference on each color parameter, so that the addition of
hydrolysable or condensed tannin had significant effect on the

This journal is © The Royal Society of Chemistry 2020

color of wine. Although hue angle decreased after tannin
mixture 1, 2 and 3 addition, there was no significant effect on
lightness (L*), yellowness (b*), and color difference (AE*). Only
tannin mixture 1 and 2 had certain effect on redness (a*) and
chroma (c*).

After tannin added, correlation analysis between color
attributes and phenolic compound contents in red wine was
listed in Table 6. There was significant positive correlation
between L* and procyanidin B1, malvidin-3-O-glucoside,
respectively. Color parameter a* and c¢* was significantly posi-
tive correlated with procyanidin B1, B2, malvidin-3-O-glucoside,
and ellagic acid, respectively, and significantly negative corre-
lated with polydatin. Color parameter b* was significantly
positive correlated with procyanidin B2, malvidin-3-O-glucoside
and ellagic acid, respectively, and significantly negative corre-
lated with polydatin. Color parameter A* was significantly
positive correlated with procyanidin B1, B2, vanillic acid, mal-
vidin-3-O-glucoside, and ellagic acid, respectively, and signifi-
cantly negative correlated with polydatin. There was no
significant correlation between color difference (AE*) and the
contents of the 15 determined phenolic compounds. The results
showed that procyanidin B1, B2, malvidin-3-O-glucoside, poly-
datin and ellagic acid were the main substances which
impacted the color of wine. Procyanidins and anthocyanin
exerted effect on the wine color could be related to the widely
reported facts that flavanol-anthocyanin combination could
effectively improve wine color stability.>*** Except for procya-
nidins, phenolic acids and ellagic tannins were also involved in
the copigmentation of red wine,** that might be the reason why
the components of hydrolysable tannin had impacts on the
color parameter of wine. Polydatin belongs to stilbenes and is
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Table 7 Sensory evaluation of wines after tannin addition
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Sensory evaluation (score)

Appearance, 3

Aroma and

Taste and

After taste, 3

Overall

Max bouquet, 6 Max texture, 6 Max Max impression, 2 Max Total scores

RWA RWB RWA RWB RWA RWB RWA RWB RWA RWB RWA RWB
Control 2.0 2.2 4.9 4.9 4.3 4.1 2.2 2.3 1.4 1.1 14.8 14.6
MIX1 2.3 2.4 5.2 5.2 4.4 5.2 2.3 2.4 1.5 1.8 15.7 17.0
MIX2 2.2 2.2 5.2 5.2 3.9 4.8 2.3 2.2 1.6 1.2 15.2 15.6
MIX3 2.2 2.3 5.0 5.2 3.7 4.6 1.6 2.1 1.4 1.4 13.9 15.6
TAN HT 2.3 2.1 5.0 5.0 4.5 4.7 1.9 2.0 1.6 1.1 15.4 14.9
TAN CT 2.3 2.2 4.8 5.1 4.4 4.6 2.6 2.1 1.4 1.0 15.5 15.0
Table 8 Antioxidant activities of wines after tannin addition (n = 3)¢

DPPH clearance rate ABTS clearance rate

Addition RWA (%) RWB (%) RWA (%) RWB (%)
Control 37.47 + 2.85d 38.68 £ 1.90c 34.74 £+ 1.50c 33.18 £+ 1.69d
MIX1 46.59 + 1.67a 44.63 + 1.91ab 38.41 + 1.47b 44.38 £+ 2.52b
MIX2 42.16 + 1.44bc 46.51 £ 0.74a 38.38 4= 1.20b 42.39 £ 2.57b
MIX3 43.28 + 1.43b 40.38 £+ 1.40c 43.94 £+ 2.02a 42.37 £ 1.35b
TAN HT 40.72 £+ 1.74c 39.98 £ 0.91c 36.70 = 1.73b 37.55 £ 1.08c
TAN CT 42.16 + 0.73bc 43.30 £+ 2.32b 37.21 +£2.27b 49.61 + 1.45a

“ Different letters in a column indicated significant differences at P < 0.05; statistically, a, b, ¢, and d followed the values indicating significant

differences among these values.

the precursor of resveratrol.** Although, there are rare studies
about the effect of polydatin on wine color, stilbenes and
resveratrol were reported being related to wine color.*>* A
significant negative correlation between the resveratrol content
and b* value was found by Zou et al.,** and the result was similar
to that between polydatin and b* in this study. According to our
knowledge, it is the first time that a correlation was studied
between polydatin and wine color parameter. The specific effect
remains to be further studied. In sum, tannin addition had
effect on wine color, and their influence was the result of the
interaction of various compounds. However, no certain varia-
tion tendency was observed in this study.

3.4. Effect of tannin addition on the sensory qualities of
wine

The effect of the addition of tannins on the red wine sensory
qualities were illustrated in Table 7. As to RWA, after addition of
hydrolysable/condensed/mixture 1/mixture 2 tannins, the total
scores of wine sensory evaluation were higher than control
which meant a total sensory quality promotion. In contrast, the
wine added tannin mixture 3 got a lower sensory evaluation
score than control due to the worse wine taste and structure as
well as insufficient aftertaste. As regards RWB, the sensory
qualities of all the red wines were improved after tannin addi-
tion. The wines with mixture tannin addition made better
performance on total score than others. The wine added tannin
mixture 1 obtained the highest score with a clear shiny body,

This journal is © The Royal Society of Chemistry 2020

typical varietal aromas and fresh fruity flavors, balanced and
well aftertaste.

Overall, the wine added hydrolysable tannin tasted astrin-
gent and bitterness which consistent with the sensory proper-
ties of ellagitannins.**** The wine added condensed tannin
exhibited more astringent, which might be due to the high
content of proanthocyanidins in the condensed tannins.
Cheynier et al®® reported that proanthocyanidins with 4-6
linkages bound more readily to proteins and possibly are more
astringent than the smaller molecular weight flavanols. The
tannin added might cause a reaction with polyphenolic
compounds in wine. One involves acetaldehyde-mediated
condensation between flavanols leading to molecules referred
to as ethyl-bridged flavanols.*” Vidal et al.’® verified that ethyl-
bridged flavanols, provided they were present in sufficient
quantity in wine, could contribute astringency to wine through
their flavanic composition as do the proanthocyanidins and
additionally could increase bitterness. The wines with tannin
mixture 1 adding combined the characteristics of both hydro-
lysable and condensed tannins, with rich flavor, balanced body,
longer finish and well qualities. In summary, tannin added
could improve the sensory qualities of wines especially the
mixture tannins. Some studies reported the similar results.
Parker et al.* found a slight increase in astringency by addition
of grape seed extract and Kovac et al.*® found an increased taster
preference for wines with added seeds.

RSC Adv, 2020, 10, 7108-7117 | 7115
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3.5. Effect of tannin addition on the antioxidant activities of

wine

For determination of antioxidant activities, DPPH and ABTS
assays were adopted and the influence of the addition of
tannins on antioxidant activities of the wines was shown in
Table 8. The results indicated that tannin added could improve
the wine antioxidant activities obviously. RWA with tannin
mixture 1 adding exhibited the most powerful DPPH" scav-
enging activity followed by the wine with mixture 3. The DPPH"
scavenging activities of the wines added other tannins showed
no significant difference, but higher than the control. RWBs
added tannin mixture 1 and 2 showed the highest DPPH
clearance rate followed by the wine with condensed tannin
added. RWA added tannin mixture 3 showed the strongest
ABTS’ scavenging activity. The RWAs with other tannin samples
added exhibited similar ABTS' scavenging activities with no
significant difference. RWBs added condensed tannin indicated
the most powerful ABTS® scavenging capacity followed by the
wines added three mixture tannin with no significant differ-
ence. RWB with hydrolysable tannin addition showed the least
ABTS® scavenging activity among tannin added wines. In
general, the wines with tannin mixture 1 and 3 added showed
the strongest antioxidant activities.

Stepwise multiple regression model was used and the
B coefficient of each constituent was analyzed to evaluate the
contribution of single phenolic compound to antioxidant
capacity. For DPPH and ABTS radical scavenging capacity
values, vescalagin, castalagin, procyanidin C1 and polydatin
showed positive contributions with the regression § coefficient
of 0.514, 0.739, 0.452 and 0.500, respectively. There was no
significant correlation between other compounds and the
antioxidant activites. Tannins are complex compounds and
their antioxidant capacities mainly originate by large amount of
phenolic hydroxyl groups and electron-donating groups at
benzene ring. Researchers have confirmed that both condensed
and hydrolysable tannins possessed strong antioxidant activi-
ties and their structure-activity relationship was elucidated.**-**
Structure-activity studies for monomeric and polymeric
phenolic compounds showed that 4 moles of radical were
scavenged per-substituted diphenol group.** Zhang and Hou*
inferred that condensed tannin with ECG structure exhibited
stronger antioxidative activity than ellagic tannin based on the
approach of computational chemistry. Zalacain et al.*® found
that the antioxidant activity of ellagic tannin was higher than
condensed tannin with (—)-epicatechin structure. Therefore,
based on our results, the wine added mixture of both condensed
and hydrolysable tannins showed a better antioxidant activity.
Furthermore, the chemical synergy of the action of multiple
compounds of tannin and phenolic compound might also affect
the antioxidant activity of wine with tannin addition.”
Although, it was concluded that tannin addition had obvious
effect of increasing antioxidant activity in this study, Neves
et al.* reported that the addition of grape seed tannins had
a significant effect on the antioxidant activity only in the wines
poor in polyphenols. More different types of wine and tannin
should be considerable and applied in further study.
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4. Conclusion

The effect of the addition of tannin (hydrolyzable, condensed
and mixture tannins) on the wine overall quality including
phenolic composition, color, sensory characteristics, and anti-
oxidant activities of red wine was assessed. Tannin addition
affected the phenolic composition and contents which might
further promote the color of wines, and the influences varied by
different tannins. The addition of tannin played a positive role
of improving the sensory qualities and increasing antioxidant
activities, and the mixture tannins exhibited the obvious effect.
After tannin addition, the mixture tannin with a ratio of 1:1
between hydrolyzable and condensed tannins obtained the best
results on both sensory quality and antioxidant activity, could
be recommended as an ideal tannin addition in our study.
Furthermore, the type and ratio of tannins chosen to be added
should be based on the characteristics of the wine.
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