(1/2)

NSC93-2313-B-002-052-
93 08 01 94 07 31

94 4 25



TRERARPEEFLE ER BTV EPY ERFL

EE AR BRR Y B AR (1)

STUE EUEE BN SR
3% %5 0 NSC 93-2313-B-002-052
HEPF 4 Lzarr-p 3 { L= =2

FRLFA IR Y KR
FRCER IR 3 RN s
VEFEARCTRE LA

&
#=
r
g
T
‘\
b
VR
3

oy TER LA I FEE [

Sk
2
P
g

Ao AR ¢ LU RBER 2N
ENCEOEHE Sy =5 B -

(A A e RN LAY CEEFEL -

(A B g s B2 2 B A2 % & - B
Rz e FR g #HRIFIHEE - &

IR RN AR ALY E CRAARRME AARTFLYE
FEEE T E G @R A
O 2 Bl 6 FEMate - £ #6728 43

f{t T H > & = %_;f"""\ § ’g‘,rf,‘;,,fi;}i,{;ﬁx Bt

-

PooE X K 4t & o 7

Jin
pan!

(I



PR

AEHRURAL R F SRRV I BRIFE pH3.S5 2 =5 F 2 GRS A R KR
HemERHEFE JIc Y TF 2R 2B F %S % B RIF pH ©% Hunter
a B(=d R)EFC FRRADH dem i ) oF 7o FRicsV3% 7 > Hunter a @77 ¥ ¢ %

DR DM dem B Ae o o F B35 %3 % 2 malvidin-3-glucoside $CFV AR P 0 H Bog Tt

\.J

£ 393 PR £ LR B 2 TR % (bathochromic shift) » ¢ FRk BAXF B4R S o F kAR 50
7% 7% (500 mg anthocyanin/L)5 95 ‘CF B 48 /| PFis » VP BB IR . A 4 5 A
)k B $03% 7% 7% (50 mg anthocyanin/L) ¥ » H = 22434 He Bk R E R ApM 5 T & B3

e

ARSI ESRR td e kE T AR A oo LD AT - A

FI\L

FUI

f"z‘ﬁf}?ﬁf‘_@ bka %%Q;Fé&e’ﬁ’ijf%?m fg‘.gfu. J‘——/ﬁ;?‘/ﬁa—iig"

MéEF : =F % ~ )~ ¢ f% - bathochromic shift ~ 424



Fe R

Reconstituted red wines, pH 3.5 ethanolic model solutions of grape anthocyanin, and pH 3.5
malvidin-3-glucoside model solutions were prepared as model systems to investigate the change
in color phenomena in red wine and liqueur as affected by ethanol concentration. The pH value
and Hunter a value (redness) increased with an increase in ethanol concentration in the
reconstituted wine. Hunter a value also increased with an increase in ethanol concentration in the
anthocyanin model solution. Bathochromic shifts of anthocyanin occurred in both of the
anthocyanin model solution and the malvidin-3-glucoside model solution upon the increase in
ethanol concentration, indicating that some direct interaction between ethanol and anthocyanin
molecules exists and affects the color phenomena of anthocyanin in red wine and liqueur. A
mechanism based on the copigmentation between ethoxide anions and flavylium cations is
proposed. Anthocyanin solutions at 500 mg/L, which is within the range of anthocyanin
concentration in common red wines, are easier to degrade in high ethanol concentrations than in
low concentrations, while easier to polymerize in low ethanol concentrations than in high

concentrations.

Keywords: anthocyanin; red wine; ethanol; bathochromic shift; discoloration.
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1. Introduction

The structure and content of anthocyanin affect greatly the quality of red wine and fruit
liqueur. Factors such as pH value, acidity, and ion species influence the structure of anthocyanin,
which is liable to form flavylium cation in acidic solution and make the solution looked reddish
(1). Flavylium cation is highly reactive with many nucleophiles due to its lack of electrons, and
thus leads to the instability of anthocyanin. At a typical red wine pH of 3.5, about 6 % of total
anthocyanin are in the form of flavylium cations (2).

The copigmentation reaction in anthocyanin was first reported by Robinson and Robinson
(3). Copigmentation of anthocyanin plays an important role in the aging process of red wine. The
loss in color during red wine aging is mainly due to the destruction of pigments that have been
formed by self-association between anthocyanin molecules or by copigmentation between
anthocyanin and other phenolics (flavan-3-ols, flavone-glycosides, etc.) (3-5). Asenstorfer et al.
(6) indicated that at wine pH, increasing the ethanol concentration increases the concentration of
quinonoidal base while decreases the concentration of the colourless hemiketal and chalcone
forms. The addition of ethanol to red wine enhances the redness right away (7), probably because
ethanol dehydrates hemiketals and chalcones to form flavylium cations and quinonoidal base or
because ethanol decreases the hydration of flavylium cations (8). An increase in the concentration
of ethanol may also result in an increase in pH value and a decrease in the degree of
copigmentation of anthocyanin in Cencibel young red wine (9). All the experiments in these
reports were performed in a system containing no more than 22 % ethanol to simulate common
red wines and/or Porto wine. Fruit liqueurs at higher ethanol concentrations have not been
covered yet.

The possibility for ethanol to be a reactant in alcoholic beverages for chemical reactions
other than esterification is often neglected. We proved that ethanol affects the mechanism of
Maillard reaction in a previous paper (10), and produces new compounds (11). Based on a similar
logic, it is possible for ethanol to affect the color in red wine and liqueur through some
unreported direct interaction with anthocyanin in addition to all the reported mechanisms,
including a change in pH, water activity, the degree of self-association of anthocyanin molecules,
and the degree of copigmentation between anthocyanin and some other solute.

The present study is focused to evaluate the possibility of a direct interaction between ethanol
and anthocyanin through the investigation on the color phenomena of anthocyanin in ethanolic

model solutions.

2. Materials and methods
2.1. Materials

Fresh red grape (Vitis labrusca x Vitis vinifera L. cv. Black Queen) harvested in Taichung
County, Taiwan, in July 2003 was used for making young red wine (YRW) and for extracting

anthocyanin.

2.2. Reagents
Anhydrous acetaldehyde and L(+)-tartaric acid were the products of Fluka (Buchs,



Switzerland). Acetic acid, acetonitrile, ethanol, hydrochloric acid, and formic acid were from
Merck (Darmstadt, Germany). Acetone and methyl alcohol were from Mallinckrodt (Paris, KY,
USA). Amberlite XAD-7 and sodium metabisulfite were from Sigma (St. Louis, MO, USA).
Ethanol (95 %) was from Taiwan Tobacco & Liquor Corporation (Taipei, Taiwan). Yeast
(Saccharomyces cerevisiae HP01) was supplied by courtesy of Dr. R. C. Yu in Institute of Food
Science and Technology, National Taiwan University. Anthocyanin standards, including
cyanidin-3-glucoside, delphinidin-3-glucoside, malvidin-3-glucoside, peonidin-3-glucoside, and

petunidin-3-glucoside were from Extrasynthese (Génay, France).

2.3. Isolation and identification of anthocyanins

Grape was blended, mixed with 0.1 % HCl/methanol solution, set aside for overnight,
filtered through cheese-cloth and filter paper, and then concentrated under reduced pressure in a
rotary evaporator (Rotavapor R110, Buchi, Switzerland) to approximately 5-fold. The concentrate
was filtered through No.1 filter paper. The filtrate was injected to an Amberlite XAD-7 column
(6.0 x 40 cm). The column was eluted first with distilled water, and then with 0.1 %
HCl/methanol solution. The eluate was concentrated under reduced pressure, and then filtered to
obtain anthocyanin solution for the following experiments.

The identification of anthocyanins was done adopting the method developed by Goiffon et al.
(12). Briefly, the anthocyanin solution was centrifuged (10,000 x g, 15 min, 10 C), and then
filtered through a 0.45 um membrane filter for high performance liquid chromatography (HPLC)
analysis. The HPLC conditions are: MetaChem Polaris C18 column (5 pm packing, 250 x 4.6
mm); 20 pL injection volume; water/acetonitrile/formic acid = 84/6/10 (v/v/v) as the mobile
phase; 1.0 mL/min flow rate; and UV970 Intelligent UV/Visible Detector (Jasco, Tokyo, Japan)
at 525 nm. Anthocyanin standards were injected into the HPLC column to identity the peaks in

the chromatogram by comparing the retention times.

2.4. Preparation of YRW

Grape was washed, set aside to dry, and then pulped. Cane sugar and sodium metabisulfite
were added to reach 24 °Brix and 100 ppm respectively. Yeast at 10° CFU/mL was then
inoculated. Fermentation was conducted at ambient temperature for 14 days, followed by
filtration through cheese-cloth to collect YRW.

The ethanol concentration (%, v/v) in YRW was determined following the distillation and
hydrometric method described by Zoecklein et al. (13). The titratable acidity of the fresh grape
juice and YRW was evaluated adopting AOAC (14), and expressed as % tartaric acid (w/w). The
volatile acidity was evaluated adopting AOAC (15), and expressed as g/L acetic acid. Total
anthocyanin was determined following the spectrophotometric method reported by Cheng and
Breen (16) based on the difference in absorbance 520 nm at pH 1.0 and pH 4.5.

2.5. Preparation of reconstituted wines
Reconstituted wines with 0-50 ethanol content were prepared to simulate common red table

wine, fortified wine and fruit liqueur in studying the effect of ethanol concentration on color
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phenomena. Reconstitution was done following the procedure reported by Hermosin-Gutiérrez (9)
except that the step of pH adjustment was not performed. YRW was centrifuged (10,000 x g, 15
min, 10 “C) to obtain the supernatant. It was then evaporated under reduced pressure to 30 % of
the original volume. Ethanol and distilled water in different ratios were added to the concentrate
to make up the volume lost.

The titratable acidity, volatile acidity and total anthocyanin in the reconstituted wines were

determined employing the above-described methods.

2.6. Preparation of anthocyanin model solutions

Referring to Romero and Bakker (17-18), ethanol and distilled water was added to the
anthocyanin solution to prepare 25 mM tartaric acid/NaOH pH 3.5 buffered 0-80 % ethanol
model solutions at 500 mg or 50 mg anthocyanin/L. The total anthocyanin in the solution was
then determined employing the above-described spectrophotometric method.

For comparison in the same range of water activity, 1.00-0.76, 25 mM tartaric acid/NaOH
pH 3.5 buffered 0-61 % glycerol solutions at 50 mg anthocyanin/L were also prepared referring to
Ross (19).

2.7. Preparation of malvidin-3-glucoside model solutions
The 50 % ethanol solution of 50 mg malvidin-3-glucoside/L buffered with 25 mM tartaric
acid/NaOH at pH 3.5 was prepared also referring to Romero and Bakker (17-18). The aqueous

solution was prepared to be a control.

2.8. Color measurement and stability test of anthocyanin solutions

Samples of reconstituted wines, ethanolic model solutions of anthocyanin, and
malvidin-3-glucoside model solutions were scanned from 250 to 700 nm using a UV-Visible
spectrophotometer (Model Herios Alpha, Spectronic Unicam, Cambridge, England). Samples of
reconstituted wines and ethanolic model solutions of anthocyanin were also monitored for
Hunter’s L (brightness), a (redness-greenness), and b (yellowness-blueness) values using a color
difference meter (Model TC-1500 DX, Tokyo Denshoku Co., Tokyo, Japan), comparator block: X,
90.85;Y, 92.85; Z, 103.12.

Thermal treatments were conducted as accelerated tests to predict the stability of
anthocyanin in long-term storage. The reconstituted wines and anthocyanin model solutions were
exhausted using a vacuum pump (V-500, Buchi, Switzerland). Samples each 4 mL in volume
were taken, sealed in 4.5 mL glass vials, then placed in a water bath at 95 = 1 °‘C. The
reconstituted wines and 500 mg anthocyanin/L ethanolic model solutions were incubated for up
to 48 hr, while the incubation time for 50 mg anthocyanin/L samples was limited to 14 hr. The
optical absorbency at 530 nm of the heated samples was monitored to evaluate the color stability
of anthocyanin. The 500 mg anthocyanin/L ethanolic model solutions were stirred after
incubation to suspend the precipitates, and then monitored using a turbidity meter (Cyberscan IR
Murbidimeter Model TB-1000, Eutech Instruments, Singapore) for the turbidity as a measure of

the extent of polymerization.



2.9 Statistical analysis
All experiments were conducted in triplicates. The comparison among grape juice, YRW and
the 12 % reconstituted wine pertaining to titratable acidity, volatile acidity, and total anthocyanin

was done by analysis of variance and Duncan’s multiple range test (P < 0.05).

3. Results and discussion
3.1. Isolation and identification of anthocyanins

The anthocyanins in Black Queen grape include delphinidin-3-glucoside (Dp-3-glc, peak #1,
2.1 % of total anthocyanin), cyanidin-3-glucoside (Cy-3-glc, peak #2, 10.6 % of total
anthocyanin), petunidin-3-glucoside (Pt-3-glc, peak #3, 7.4 % of total anthocyanin),
peonidin-3-glucoside (Pn-3-glc, peak #4, 29.0 % of total anthocyanin), and malvidin-3-glucoside
(Mv-3-glc, peak #5, 49.3 % of total anthocyanin, predominant) (Figure 1). Goiffon et al. (12)
reported previously that a European cultivar contained all the above-mentioned five types of
anthocyanin with Mv-3-glc as the predominant one. Mv-3-glc was also reported to be the
predominant anthocyanin in other grapes by Williams et al. (20), McCloskey and Yengoyan (21),
Hebrero et al. (22), and Gao and Cahoon (23).

3.2. Properties of grape juice, YRW, and reconstituted wines

The pH value, titratable acidity, volatile acidity, and total anthocyanin of the grape juice
used in the present study are 3.28, 1.09 % (as tartaric acid), 0.09 g/L (as acetic acid), and 211
mg/L, respectively (Table 1). After a fermentation period of 14 days, the pH value of YRW rose
to 3.50 with an ethanol content of 12 % (v/v) approximately. The anthocyanin concentration
increased to 440 mg/L, presumably due to the release of this pigment from grape skin.

The reconstituted wine at 12 % ethanol concentration is characterized with a pH value of
3.42 and a total anthocyanin content of 414 mg/L (Table 1). No much difference in
physico-chemical properties are found between the YRW and the reconstituted wine at 12 %
ethanol concentration, indicating that reconstituted wines can be an adequate model system for

studying the effect of ethanol concentration on the color phenomena of red wine and liqueur.

3.3. Effect of ethanol on pH and color of reconstituted wine

Figure 2 shows pH value versus ethanol concentration in the reconstituted wines. The pH
value increased from 3.25 to 4.05 with an increase in ethanol concentration from 0 to 50 %, in a
well-adjusted quadratic relation (R*=0.9993) (Figure 2A). Hermosin-Gutiérrez (9) reported that
an increase in ethanol content in reconstituted Cencibel young red wine (ethanol content: 0 to 22
%) was accompanied by an increase in the pH value. Shen and Wu (10) observed a similar trend
of pH change when the concentration of ethanol in glucose-glycine solution was varied. Ethanol
seems to introduce changes in the pH values in aqueous media.

In Figure 2B, Hunter a value (redness) increases from 23 to about 29 when ethanol
concentration increases from 0 to 40 %. The a value then decreases to about 27 as the ethanol

content further increases to 50 %. The shift in pH, as proposed by Hermosin-Gutiérrez (9), and
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the shift in absorption spectrum are among the possible reasons for the change in a value. The
changes in L and b values, or brightness and blueness, are less pronounced throughout the range

of ethanol concentration between 0 and 50 %.

3.4. UV-Visible spectra of ethanolic model solutions of anthocyanin

Mazza and Brouillard (24) reported that a change in pH value affects the distribution of
anthocyanin in different structures. Hermosin-Gutiérrez (9) attributed the change in color in
Cencibel young red wine upon the addition of ethanol to the change in pH value. The same theory
can be applied to explain the color difference among the reconstituted wines in various ethanol
concentrations in the present study. However, the effect from an interaction between anthocyanin
and other components, including ethanol, cannot be neglected.

The ethanolic model solutions of anthocyanin were prepared to investigate the interaction
between anthocyanin and ethanol. Bathochromic shifts occur in the spectra of model solutions at
pH 3.5 containing 0-80 % ethanol (Figure 3). The maximum absorption wavelength (Amax)
shifts from 520 to 540 nm when the ethanol concentration increases from 0 to 80 %. The
difference in Amax (AA) between aqueous solution and the ethanolic solution of anthocyanin
increases with the increase in ethanol concentration, reaching the maximum value of 20 nm at 80
% ethanol.

Ethanol may affect the copigmentation between malvin and chlorogenic acid (25). An
increase in ethanol concentration reduces the extent of copigmentation of anthocyanin in
ethanolic solution kept at a constant pH (9). The copigmentation of anthocyanin is usually
accompanied by a positive shift in the wavelength of the absorption maximum of the visible band
(bathochromic shift) (25, 26). Following their logic, an increased concentration of ethanol would
result in a negative shift in the wavelength of the absorption maximum of the visible band
(hypsochromic shift). However, in the present study, a higher concentration of ethanol
corresponds to a higher extent of bathochromic shift in the ethanolic model solutions of
anthocyanin (Figure 3). The ethanolic model solutions contain only anthocyanins and ethanol.
The concentration of ethanol is the only variable among the model solutions. The bathochromic
shift indicates the occurrence of some direct interaction between anthocyanin and ethanol

molecules.

3.5. Color of ethanolic model solution of anthocyanin versus ethanol concentration and pH
value

The Hunter L and b values decrease while a value increases with the increasing level of
ethanol in anthocyanin model solutions buffered at pH 3.5 (Figure 4). The redness in aqueous
solution of anthocyanin decreases as the pH value increases, suggesting a concomitant decrease
in flavylium cations (Figure 5). According to Mazza and Brouillard (24), the amount of
flavylium cations in aqueous cyaniding-3,5-diglucoside solution decreases with an increase in pH
value from 2.21 to 10.66.

3.6. UV-Visible spectra of malvidin-3-glucoside model solutions



Similar to the results in ethanolic model solutions of anthocyanin (Figure 3A),
bathochromic shift also occurs in the pH 3.5 ethanolic model solutions of malvidin-3-glucoside
(Figure 6). The maximum absorption wavelength shifts from 521 to 539 nm when ethanol
concentration increases from 0 to 50 %. The difference in Amax (AA) between aqueous solution
and 50 % ethanolic solution of malvidin-3-glucoside is 18 nm. The profiles of UV-Visible spectra
of aqueous and 50 % ethanol malvidin-3-glucoside solutions at pH 3.5 are different, indicating
that ethanol molecules are able to affect the color phenomena.

Based on the above-described findings, we propose a hypothesis on the interaction between
ethanol and anthocyanin molecules as follows:

(1) The water molecules in ethanolic solutions dissociate into hydroxide anions (OH’) and
hydrogen cations (H"). The OH™ anions induce the dissociation of ethanol molecules into
ethoxide anions (CH3;CH,O") and H' cations.

(2) The CH3CH,O" anions copigment with flavylium cations then, and cause a bathchromic shift
more than enough to offset the hypsochromic shift resulted from the weakening of
self-association among anthocyanin molecules.

(3) Any further increase in ethanol concentration produces more CH3;CH,O" anions to react with

more flavylium cations, and causes further bathchromic shift.

3.7. Color stability of anthocyanin

Thermal treatment was conducted as an accelerated study to forecast the color stability of
anthocyanin in long-term storage. The anthocyanin used in the model system was a mixture of
five chemical species. Each species has its own absorption spectrum. We had to choose a
wavelength to stand for the overall color appearance. The Amax’s of these anthocyanin species
vary in the range between 520 nm and 540 nm with the ethanol concentration in the anthocyanin
model solutions (Figure 3). In pretests, we found the changes in color of the ethanolic model
solutions of anthocyanin as measured at 520 nm, 525 nm, 530 nm, 535 nm and 540 nm follow the
same pattern. A wavelength in the middle, 530 nm, was thus chosen the detecting wavelength in
the present study.

The color retention of anthocyanin at 95 ‘C is shown in Figure 7. Fast discoloration
occurred in the incubation of all the reconstituted wine samples in 10 hr (Figure 7A), with the
ethanol-free control being the fastest (down to about 29.5 %), followed by the 5 % ethanol
sample (34.4 %), the 10 % ethanol sample (36.8 %), the 20 % ethanol sample (40.2 %), and the
30 % ethanol sample (40.6 %). Precipitates were found in each sample but the quantity decreased
with the increasing concentration of ethanol. The precipitate could be a result of any interaction
among various components such as sugars, organic acids, amino acids, proteins, anthocyanins,
and phenolic compounds.

To rule out the contribution of components other than anthocyanins in the formation of
precipitates, ethanolic model solutions of anthocyanin were incubated and investigated. The rates
of discoloration of anthocyanin in these samples are all fast (Figure 7B), similar to the results in
Figure 7A. The contents of precipitates in low concentration ethanol samples as judged by visual

observation were found in the order 0 % ethanol > 5 % ethanol > 10 % ethanol. The contents of



suspended particles in the result of turbidity test reconfirmed the order (Figure 8A). We found
that the precipitates couldn’t dissolve in either water or ethanol. Obviously the precipitation was
not resulted from a change in solubility.

No precipitation was observed in the 30 and 50 % ethanolic model solutions containing 500
mg anthocyanin/L in the stability test (Figure 7B), and in the turbidity test as well (Figure 8A).
More precipitates and lighter color are observed in the incubated 0-10 % ethanolic solutions
containing 500 mg anthocyanin/L than in the 30-50 % samples (Figure 8B). There is higher loss
of color in the 50 % ethanolic samples than the 30 % ethanolic samples, which may be attributed
to a weakened self-association in the former. Therefore, we conclude that anthocyanin solutions
at 500 mg/L are easier to degrade in higher ethanol concentrations, while easier to polymerize in
lower ethanol concentrations.

The formation of precipitate affects the result of the color measurement. In the pretest, we
found that the ethanolic model solutions containing 50 mg anthocyanin/LL allowed no
precipitation. Therefore, these model solutions were used in the present study.

The incubation of all the 50 mg anthocyanin/L ethanolic model solutions at 95 °C for 14 hr
led to a fast reduction of color without precipitation (Figure 7C), indicating the predominance of
degradation over polymerization in these samples. Among them, samples with higher ethanol
concentrations degraded more easily and therefore discolored more rapidly. Hermosin-Gutiérrez
(9) reported the same trend in Cencibel young red wine. The decrease in the stability of
anthocyanin can be attributed to a higher content of free flavylium cations resulted from the
increase in the concentration of ethanol.

Fast discoloration of anthocyanin was also observed during incubation of 50 mg
anthocyanin/L glycerolic model solutions (Figure 7D), similar to the results in ethanolic model
solutions (Figure 7C). Garzon and Wrolstad (27) reported that the degree of anthocyanin
degradation increases with water activity in glycerolic solutions. However, the degree of
anthocyanin degradation in our experiments decreases with water activity (1.0-0.76) in both
ethanolic and glycerolic model solutions kept at pH 3.5 (Figures 7C and 7D). Meanwhile, the
rate of discoloration of anthocyanin in glycerolic model solutions differs from that in ethanolic
solutions at the same water activity. Therefore, a change in the degree of hydration of flavylium
cations by the addition of ethanol, as proposed by Ribereau-Gayon et al. (8), cannot account for
all the changes in the stability of anthocyanin in the present study. The occurrence of some direct

interaction between ethanol and anthocyanin molecules is revealed.
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Figure 1. HPLC chromatogram of Black Queen grape anthocyanins.
Experiment conditions: column, MetaChem Polaris C18 (5 um packing, 250 x 4.6 mm); injection
volume, 20 pL; mobile phase, water/acetonitrile/formic acid = 84/6/10 (v/v/v); flow rate, 1.0

mL/min.

Peaks 1-5 are: delphinidin-3-glucoside, cyanidin-3-glucoside, petunidin-3-glucoside,

peonidin-3-glucoside, and malvidin-3-glucoside, respectively.
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Figure 2. Changes of (A) pH, and (B) Hunter L, a, b values versus ethanol concentration (%, v/v)
in reconstituted wines. Bars in the curve refer to standard deviations. Each value represents the

average of three determinations.
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Figure 3. UV-Visible spectra of pH 3.5 anthocyanin ethanolic model solutions.
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Figure 4. Hunter L, a, b values of 25 mM tartaric acid/IN NaOH buffered anthocyanin ethanolic

model solutions at pH 3.5. Each value represents the average of three determinations.
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Figure 5. Hunter L, a, b values of anthocyanin aqueous model solutions at pH 2.0-8.0. The pH
2.0 and 3.0 aqueous solutions contained 1 mM H3;PO4/1 N KOH buffer, and pH 4.0-8.0 solutions
contained ImM KH,PO4/1 N KOH buffer. Each value represents the average of three

determinations.
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Figure 6. UV-Visible spectra at the maximum absorption wavelength of pH 3.5

malvidin-3-glucoside model solutions.
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Figure 7. Color retention during incubation at 95 °C in (A) reconstituted wines, (B) 500 mg

anthocyanin/L ethanolic model solutions, (C) 50 mg anthocyanin/L ethanolic model solutions,

and (D) 50 mg anthocyanin/L glycerolic model solutions. The detecting wavelength was 530 nm.

Each value represents the average of three determinations.
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Figure 8. (A)Turbidity changes in 500 mg anthocyanin/L ethanolic model solutions during

incubation at 95 °C, each value represents the average of three determinations; and (B) a photo of

the model solutions incubated at 95 “C for 48 hr.
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Table 1. Some physico-chemical properties of Black Queen grape juice, the young red

wine and the reconstituted wine® °

Reconstituted
Item Grape juice Young red wine
wine
Ethanol concentration (Vol. %) - 12.0+0.5a 12.0 £0.5a
PH 3.28+0.01c 3.50+0.01a 3.42 +£0.03b
Titratable acidity
1.09+0.01a 0.94+£0.01b 0.90 + 0.02¢
(as g tartaric acid/100 mL)
Volatile acidity
0.09 +0.01b 0.21+£0.01a 0.20£0.02a
(as g acetic acid/L)
Total anthocyanins (mg/L) 211+ 7b 440 £ 10a 414 + 15a

* Each value represents the average of three determinations.

® Different letters (a-c) within the same row are significantly different (P < 0.05) in Duncan’s

multiple range test.

- : not determined.
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