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In the first part of this work, the analysis of the polyphenolic compounds remaining in the wine after
different contact times with yeast lees during simulation of red wine aging was undertaken. To achieve
a more precise view of the wine polyphenols adsorbed on lees during red wine aging and to establish
a clear balance between adsorbed and remnant polyphenol compounds, the specific analysis of the
chemical composition of the adsorbed polyphenolic compounds (condensed tannins and anthocyanins)
after their partial desorbtion from yeast lees by denaturation treatments was realized in the second
part of the study. The total recovery of polyphenol compounds from yeast lees was not complete,
since a rather important part of the initial wine colored polyphenols, especially those with a dominant
blue color component, remained strongly adsorbed on yeast lees, as monitored by color tristimulus
and reflectance spectra measurements. All anthocyanins were recovered at a rather high percentage
(about 62%), and it was demonstrated that they were not adsorbed in relation with their sole polarity.
Very few monomeric phenolic compounds were extracted from yeast lees. With the use of drastic
denaturing treatments, the total recovery of condensed tannins reached 83%. Such tannins extracted
from yeast lees exhibited very high polymeric size and a rather high percentage of galloylated residues
by comparison with initial wine tannins, indicating that nonpolar tannins were preferentially desorbed
from yeast lees by the extraction treatments.
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INTRODUCTION carried out on either rehydrated active dried yeasts or purified
polyphenol molecules. Therefore, the interaction of complex

phenolic compounds are well-known, only very few works have yvine polyphenol compounds with yeast lees was never taken
dealt with the level and intensity of adsorption of such INto account. , o ) ,
compounds on yeast cells. For example, from the existing works, To premsely_ obtain the eventual selectivity of interactions

it is difficult to draw a precise view of the exact localization of ~P&tween the wine polyphenols and the external components of
this adsorption. It was hypothesized that adsorbed polyphenolsy€ast lees, we performed a complete analysis of the chemical
collapsed the yeast cell intermembrane space by reacting withComposition of polyphenolic compounds remaining in solution
cell membrane lipids1) and that the maintenance of spherical after_ dn‘fergnt contact tlme_s_wnh yeast lees during a simulation
yeast cell morphology after contact with polyphenols indicated of wine aging 0). It was _d|ff|cult at first to detect an eventual
that interaction of yeast lees with wine polyphenols occurred @dsorption of monomeric phenolic compounds on yeast lees,
also at the cell wall level). It is well-known that polyphenols ~ due to the relative low amounts disappearing from the synthetic
mainly interact colloidally with proteins by van der Waals bonds Model wine. Precise quantification revealed that yeast lees at
(3, 4). Of the naturally occurring polyphenols, tannic acid Very high concentrations could almost deplete condensed tannins
precipitates or complexes with a great variety of macro- from the.mo'del Wine: No preferential adsorption of low- or high-
molecules, including polysaccharides and proteins having H- polymeric size tannins on yeast lees was observed. However,
bond acceptors (3). Moreover, yeast lees can modify the color the remnant condensed tannins a_ppeared to be more apolar than
of colored wines by the establishment of weak and reversible the adsorbed ones. About one-third of the total contents of free
interactions between anthocyanins and yeast walls6fs, ~ anthocyanins in wine was found to disappear after a 1 week
However, it is important to note that most of the previous studies contact with yeast lees; malvidine 3-glucoside was the most

done on interactions between lees and polyphenols were alwayffected anthocyanin. Surprisingly and contrary to other previous
works (5,6), we found that in our experimental conditions, the

*To whom correspondence should be addressed. Tel: (33)499 61 25 intensity of anthocyanin adsorption on yeast lees was not related
05. Fax: (33)499 61 28 57. E-mail: jmsalmon@ensam.inra.fr. to the polarity. It was then hypothesized that the adsorption of

Although the interactions between yeast cells and poly-
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anthocyanins in a complex polyphenolic environment was atomized powder per 100 L of treated wine. HPLC and thiolysis analysis
limited by availability of adsorption sites at the cell surface. (14) of the main simple phenolic compounds of the atomized powder
To strengthen these obtained results, we tried to present a clealvere (on a dry weight basis): 4.22 mg'diavonols, 19.11 mg ¢t

balance between the adsorbed and the remnant polyphenoli@nthocyanins, c?'fmeW@ Fhepolicdaiids,.15d4é Thgilg ﬂ.avan.?rll
compounds in the same experiment. monomers, an mg Ytannins (determined by thiolysis) with a

) . main polymeric size of 5.0. The rest of the powder consisted mainly
Therefore, after the first part of the study dedicated to the 4t compiex polyphenolic compounds of higher molecular weight.
analysis of remnant polyphenolic compounds in the wine after reconstitution of the initial wine was achieved by suspending 2.9 g
yeast lees contact, the present part deals with the analysis of_~1 of this atomized phenolic pool in water, giving an absorbance at
the chemical composition of the adsorbed polyphenolic com- 280 nm of 26.75. Such a reconstituted wine exhibited a color intensity
pounds (condensed tannins and anthocyanins) after their partialAszonm + Aszonm + Aszonm d = 1 ¢cm) of 4.74 and a color tintgzonn{
desorption from yeast lees by protein denaturation treatments.Aszonm d = 1 cm) of 0.71. The anthocyanin composition revealed 51%
glycosidic and 49% acylated derivatives.
Experimental Protocol for Aging. Yeast lees (1.35¢< 10 cells
MATERIALS AND METHODS mL™1), wine polyphenols (3 g 12), or yeast lees and wine polyphenols
(at the same respective concentrations) in suspension in the model wine
Yeast Strain. Saccharomyces cerisiaestrain K1 was a commercial  medium were deposited in tightly closed amber bottles (2.5 L) under
diploid homothallic wine yeast sold as a dry yeast (K1 ICV, INRA,  an argon atmosphere. Bottles were continuously stirred without opening
Lallemand, Montpellier/Toulouse, France). the bottle. Previous work has shown that the kinetics of wine
Culture Media and Growth Conditions. The K1 strain, which is polyphenols adsorption on yeast lees were clearly biphasic, with an
available as a commercial dry yeast, was not precultured and was thusinitial, rapid fixation in less than 0.2 h, followed by a slow, constant,
directly inoculated into the fermentation medium after the rehydration and saturating fixation, which reached a maximum after about 1 week
procedure recommended by the manufacturer. The synthetic mediumof contact (7). The bottles were therefore held at°25for 7 days
MS300 used in this study was a simulated standard grape juice (168 h) before harvesting the lees.
containing 200 g L* glucose and 300 mgt assimilable nitrogen (as Partial Extraction of Adsorbed Wine Polyphenols from Yeast
ammonium chloride), strongly buffered to pH 3.8).( The yeast Lees. To perform an extensive quantitative analysis of the wine
inoculum corresponded to the enological practice at the industrial scale polyphenols adsorbed on lees, lyophilized yeast lees were submitted
(50 mg LY. Because anaerobic growth factors were not present in to repetitive extraction and strong protein denaturation treatments
the MS300 fermentation medium, the medium was normally aerated followed by extractions of polyphenolic compounds as depicted on
prior to inoculation (initial oxygen concentration about 6 mg)and Figure 1, until no further extraction could be obtained. The first simple
aerated on a regular basis (one oxygen saturation per day) throughoukxtraction by a methanol/water/acid system (traditionally used to extract
the fermentation. Fermentations were carried out in fermentors (10 L) anthocyanins) followed by extraction by acetone 60% (known to extract
fitted with occasional stirring under isothermal conditions (29. proanthocyanidins15) was initially performed to remove the less-
Cell Harvesting and Simulation of Wine Aging. Yeast cells were adsorbed polyphenolic compounds. A classical fractionation of extracted
harvested by centrifugation exactly 100 h after the end of alcoholic polyphenolic compounds on a Fractogel column with differential elution
fermentation as determined by the absence of residual sugar in thewas performed to separate anthocyanins, flavonols, phenolic acids, and
culture medium [concentratios2 g L™* as measured with dinitro- flavanol monomers (fraction F1) from oligomeric and polymeric
salicylic acid reagent9)]. This 100 h lag time after the end of = compounds (condensed tannins) (fraction F&)( The solid residue
fermentation was previously found to be necessary in order to get a was further submitted to several denaturation steps involving sodium
null cell viability (<1073) within yeast cells 10). Cellular viability dodecyl sulfate (SDS) and urea treatmeifigigre 1). A fixation step
was obtained by plating about 1000 cells, as determined with the of the released complex polyphenolic compounds on a Relite SP411
electronic particle counter, on YPD agar medium contained in Petri resin column (Mitsubishi Chemical) was necessary to ensure a
dishes [20 g ! agar, 10 g L yeast extract (Difco, Irvine, CA), 20 significant removal of denaturing agents (SDS and urea) from the final
g L bactopeptone (Difco), and 20 g tglucose]. Petri dishes were  fractions before lyophilization (fractions F3 and F4Y}). The ultimate
then incubated for 48 h at 28 and examined for the presence of solid residue (fraction F5) was finally submitted to a direct analysis of
colonies. Such nonviable yeast cells were then further considered asremnant tannins by direct thiolysis.
yeast lees. As previously described 2, 11), yeast lees was washed Analytical Methods. Reflectance Spectra and Color Tristimulus
twice in a synthetic medium simulating a standard wine and suspendedMeasurements Reflectance spectra of lyophilized samples were
at the desired cell concentration in the same medium. This model wine recorded on a reflectance spectrophotometer (Minolta, CM 508D
medium was buffered to pH 3.3 and contained the following (per model), according to Mac Lareri§). Color tristimulus measurements
liter): citric acid, 6 g;pL-malic acid, 6 g; and mineral salts (mg):  were calculated as previously described (19).

KH2PO,, 750; KHSQOy, 500; MgSQ-7H.0, 250; CaCG2H.0, 155; Fractionation Procedure Aliquots of the different model wine
and NaCl, 200; and 120 mL of ethanol. samples were fractionated on a Fractogel [Toyopearl TSK gel HW40
Materials. All organic solvants were high-performance liquid (F), bed 12 mmx 120 mm] column. The first fraction, containing
chromatography (HPLC) grade (Merck, Darmstadt, Germany)- ( essentially monomers, was eluted with 35 mL of ethanol/water/
Catechin and malvidin 3-O-glucoside were provided by Extrasyethe trifluoroacetic acid (55:45:0.05; v/v/v). Then, a second elution with 35
(Genay, France), and phenylmethanethiol was purchased from FlukamL of acetone/water (60:40; v/v) allowed us to obtain a fraction
(Buchs, Switzerland). Caftaric acid was purified from grape in consisting of oligomeric and polymeric compounds (proanthocyanidins).
accordance with the method previously described (12). Both fractions were taken to dryness under vacuum and dissolved in

Total Wine Phenolic Pool. The total wine phenolic pool was  appropriate solvent.
prepared at the INRA experimental winery at Pech Rouge by treating HPLC/Diode Array Detection (DAD) AnalysédPLC/DAD analyses
7.400 L of a 1996 colored and polyphenol-rich Cabernet Sauvignon were performed using a Waters 2690 system, a Waters 996 photodiode
wine, made at Arzens (Southern France), as previously desctBgd ( array detector, and the Millenium 32 chromatography manager software
2500 L of the wine was pumped onto a styrene/divinylbenzene Diaion (Milford, MA). Separation was achieved on a Lichrospher 100-RP18
column (180 L) in the ascending mode. The column was then rinsed column (5um packing, 250 mmx 2 mm i.d.) (Merck). The elution
with 400 L of water and 400 L of 20% (v/v) ethanol in water in the conditions were as follows: 0.25 mL mihflow rate; oven temperature,
ascending mode to remove sugars and polysaccharides, and the phenoli80 °C; solvent A, water/formic acid (95:5, v/v); solvent B, acetonitrile/
pool was finally eluted with 600 L of 95% (v/v) ethanol in water in  water/formic acid (80:15:5, v/v/v); elution began isocratically with 2%
the descending mode. Ethanol was then eliminated from the phenolic B for 7 min and was continued with linear gradients from 2 to 20% B
fraction by vacuum evaporation, and the final fraction was atomized in 15 min, from 20 to 30% B in 8 min, from 30 to 40% B in 10 min,
to ensure stability of the sample. The total yield was about 300 g of from 40 to 50% B in 5 min, and from 50 to 80% B in 5 min, followed



3878 J. Agric. Food Chem., Vol. 54, No. 11, 2006 Mazauric and Salmon

Yeast lees after

a 7 days-contact with wine polyphenols (3 g 1™ Fraction FO 40 ml
(5 10°cells, 160 mg (d.w.), 40 ml) - Fraction FO (40 mi)

SP
SR *
First set of extractions : : .
; L | — g | Separation on Fractogel TSK40 S column, elution by : .
- Methanol water/rifluoroacetic acd Ethanol 55% / water 45% /Trifluoroaceric acid 0.05% | Fraction F1 (5 ml)
(8020/0.05) SP
- Wazer 40% / aceione 60% *
SR Separati on on Fractogel TSK40 S column, elution by : > .
l Warer 40% / acerone 60% Fraction F2 (2 ml)

Second set of extractions :
- Methano! 80% ./ SD3 0.5%

- Methanol 80% / Urea 1.5 M o | O et oo by U W0 | Fruction F3 (2aml)
- Aceroneg 60%/ 3DS 0.5% Methanol 100% ’
- Dimethy! sulfoxide 40% / acetone 60% SP 2 MP
WPy
SR * Fractogel separati on, elution by : — g Fraction F4 (1 ml)
Water 40% / acetone 60%

SP

Fraction F§ (52mg, 1.5 ml)
Figure 1. Extraction scheme used for the desorption of adsorbed polyphenols from lyophilized lees after 7 days of aging at 25 °C in a synthetic model
wine [pH 3.3, 12% (v/v) ethanol] in the presence of wine polyphenols (3 g L™1). SR, solid residue; SP, supernatant; MP, methanol phase; and WP, water
phase.

by washing and reequilibration of the column. Peak areas were
measured at 280 and 520 nm.

Characterization and Quantification of Proanthocyanidins by
Thiolysis. The thiolytic reagent was a 5% solution of phenyl-
methanethiol in methanol containing 0.2 M HCI. Each fraction was
dissolved in methanol:thiolytic reagent (1:1, v/v) and heated for 2 min
at 90 °C. The units released were analyzed by HPLC under the
conditions previously describe@). Quantification of each terminal
and extension unit was based on peak areas at 280 nm, and calibratio
was undertaken with external purified standards purified in our
laboratory (20). The mean degree of polymerization (mDP), the
percentage of galloylated units, and the percentage of epigallocatechin
units were calculated as described elsewhere (21).

Reflectance (%)

RESULTS 400 450 500 550 600 650 700

Qualitative Analysis of Yeast Lees after Partial Extraction Wavelength (nm)

of Adsorbed Wine Polyphenols A complete analysis of color  Figure 2. Reflectance spectra of different lyophilized lees during aging
reflectance spectra of the corresponding lyophilized yeast leesat 25 °C in a synthetic model wine [pH 3.3, 12% (v/v) ethanol] in the
clearly indicated that about 3%12% of the adsorbed colored  presence of wine polyphenols (3 g L~2). Plain line, lyophilized initial lees
wine polyphenols remained adsorbed on lees after the lastin the absence of contact with wine polyphenols; long dashed line,
extraction step (Figure 2). However, the overall shape of the Iyophilized yeast lees after 7 days of contact with wine polyphenols; and
reflectance spectra remained identical before and after completeqotted line, lyophilized fraction F5.

polyphenol extraction. The determination of color tristimulus

measurements on the different fractions revealed that the redrecovery of cyanidins (about 38%) was likely related to their
(a) and blue (b) components of yeast lees color both decreasedvery low abundance in winélT@ble 2). More generally, acetyl
after extraction by about 45 and 20%, respectively (data not derivatives remained more adsorbed than the other derivatives.
shown). This indicated that a rather important part of the initial ~ Monomeric PhenolicdiNo monomeric phenolics were found
wine colored polyphenols, especially those with a dominant blue after polyphenolic compounds desorbtion from yeast [Eablé
color component, remained strongly adsorbed on yeast lees aften).

the different extraction steps. A quantitative analysis of these = Phenolic AcidsPhenolic acids were almost totally recovered

extracted wine polyphenols was then performed. in fraction F1. No differences of adsorption were observed
Quantitative Analysis of Wine Polyphenols Desorbed from between coutaric and caftaric acids (data not shown).
Yeast Lees AnthocyaninsAs shown inTable 1, anthocyanins Tannins.The total recovery of tannins remained low (about

were mostly recovered in fraction F1: Only about 11% of the 83%), despite the use of drastic denaturing treatments. However,
initial adsorbed anthocyanins was recovered in this fraction. direct thiolysis on the final lyophilized residue (fraction F5)
Further different extraction steps did not enhance this recovery. strongly minimized this recovery, since the remnant tannins
As a matter of fact, only fraction F5 exhibited nonquantifiable present in the fraction F5 were not easily accessible to the
traces of anthocyanins (data not shown). All anthocyanins were thiolysis reagent and it was not possible to take into account
recovered at a rather high percentage (about 62%). The lowthe amount of monomeric tannins of this last fraction in the
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Table 1. Total Balance of Polyphenolic Compounds Recovery after the fin.a.' fra(?tion (F5) indicated that a rather. important part of
Repetitive Protein Denaturation Treatments Followed by Polyphenolic the initial wine colored compounds, especially those with a
Compounds Extraction? dominant blue color component, remained strongly adsorbed

on yeast lees after the different extraction steps. In wine, among

anthocyanins® ';ﬁg;’gﬂi!f c‘igﬂi?::d pgggzlt',c the major polyphenol constituents, the anthocyanins and their
fractions (mg L) (mg LY (mg LY (mg LY d(_envatlves were maln_ly responsible for wine color. At usual
— wine pH values, genuine grape anthocyanins occurred mostly
'”'tl'a' r‘:‘”"el 5404 37.1x51 418446 43£6 as the colorless hydrated hemiketal form. Therefore, wine color
E’; gpl_j';os was mainly due to the conversion pf grape ant_hocyanins to
fraction FO 31.9+04 34.0+21 240+ 6 405+ 2 complex pigments or to copigmentation with tannins. Blue and
fraction F1 2.6+0.2 NDe ND 13+05 purple colors arised mainly from such anthocyanin modifica-
fraction F2 ND ND 820150 ND tions: (i) Among pyranoanthocyanins, which remained colored
ggg{:gﬂ Ei Hg HB g:gié:; mg over a wide pH range, flavanylvinyl-pyranoanthocyanins (or
fraction F5 traces 22+19 ND portisins) were blue 22); (ii) ethyl-linked direct tannis
total recovery  ~262.0% ~91.6% ~83.4% ~97.2% anthocyanin adducts were purple (23); and (c) anthocyanin
copigmentation, which gave very intense and stable colors, was
2 Mean values and standard deviations of three different experiments are given. particularly important in the wine pH range, where bathochromic
All values are calculated for 1 L of initial synthetic alcoholic medium. ? As malvidin- effect shifted the color toward purple (24).

3-0-glucoside equivalents. ¢ As catechin equivalents. ¢ As caftaric acid equivalents.

Previ nalysis of th lyphenoli m nds remainin
¢ Not detectable. evious analysis of the polyphenolic compounds remaining

in the wine showed that about one-third of the total contents of
. . . ) " free anthocyanins in wine disappeared after 1 week of contact
final calculation. Despite the use of strong denaturing conditions, \,ith yeast lees. Eleven percent of the adsorbed anthocyanins
arather important part of adsorbed tannins (up to about 12.5%),\ 55 recovered in fraction F1. Malvidin derivatives were the most
remained tightly bound to yeast leekaple 1). Itis important 5 nqant anthocyanins recovered in this fraction. More cou-
to notice that the recovered tannins after extraction exhibited @maroyl glucoside and glucoside than acetyl glucoside derivatives
higher degree of polymerization than the initial wine tannins ;oo "released from yeast lees, confirming that the intensity of

((jTabIe .3)' Th%. fraction F?f’ %btaingd aftder strong _pr:oht_eirr]] anthocyanin adsorption on yeast lees was not related to their
enaturing conditions, contained condensed tannins with higher . vy This result was in accordance with that observed by

polymeric size (abogt 16.0 instead of about 4.0). Morg generally, simple quantification of anthocyanins in the resulting wifg (
the condensed tannins extracted from yeast lees exhibited a Very tin opposition with several previous repofis@), reinforcing
high percentage of galloylated residues by comparison with thethe need of complete balance analysis durir;g such studies.
initial wine tannins, indicating that very nonpolar tannins were Acetyl derivatives seemed specifically adsorbed on yeast lees
preferentially desorbed from yeast lees by the extraction in a very strong manner. Such results were thus in opposition
treatments. The remnant tannins after extraction exhibited a,vith those obtained by MO different research groups working
percentage of ge_ll!oyla_ted and_ epigallocatechin units almost on purified anthocyanins extracted from grape skins on fresh
identical to the initial wine tannins. yeast cells and yeast lees @,but in accordance with several
results presented recent4) on fresh yeast cells. It could then
DISCUSSION be supposed that the adsorption of anthocyanins on yeast lees
Attempts to desorb polyphenols adsorbed on yeast lees werein a complex polyphenol environment (as observed in wine)
achieved by submitting lyophilized yeast lees to repetitive did not follow a simple adsorption mechanism involving
extraction and strong protein denaturation treatments. Thehydrogen bonding as previously suggestgil The observed
determination of reflectance tristimulus color measurements on specific anthocyanin adsorption on yeast lees explained why

Table 2. Characterization of the Anthocyanins Recovered after Repetitive Protein Denaturation Treatments Followed by Polyphenolic Compounds
Extraction as Described in the Material and Methods?

glucosyl derivatives acetyl derivatives p-coumaroy! derivatives total
fractions mgL~! % mg Lt % mg Lt % mg L™t
initial wine 28.5 514 16.7 30.1 10.2 18.5 55.4
polyphenols
@gL™
fraction FO 20.1 63.0 5.9 18.6 5.9 18.6 319
fraction F1 0.9 35.0 0.4 15.0 13 50.0 2.6
total recovery ~T74.0% ~38.0% ~71.0% ~62.0%
delphinidins cyanidins petunidins peonidins malvidins total
fractions mgLt % mg Lt % mgLt % mg Lt % mgLt % mg Lt
initial wine 6.9 12.5 25 45 6.2 11.2 5.8 10.5 339 61.2 55.4
polyphenols
BgL™
fraction FO 37 11.6 0.8 25 32 10.0 29 9.1 213 66.8 319
fraction F1 0.28 10.7 0.05 19 0.22 8.3 0.20 7.6 1.88 715 2.6
total recovery ~58.0% ~34.0% ~55.0% ~53.0% ~68.0% ~62.0%

@Mean values of three different experiments are given. Values are expressed in equivalent malvidin-3-glucoside.
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Table 3. mDP and Percentage of Galloylated and Epigallocatechin
Units of the Condensed Tannins Recovered after Repetitive Protein
Denaturation Treatments Followed by Polyphenolic Compounds
Extraction as Described in the Material and Methods?

Mazauric and Salmon

number of different solvents used for extraction. The last tannins
remaining on yeast lees seemed almost identical to the initial
wine tannins, in terms of polymerization and polarifyable

3). From the analysis of the main polymeric size of the remnant

tannins in the wine after contact with lees, we hypothesized

galloylated epigallocatechin . .

fractions mDP units (%) units (%) f[hat polar tannins were preferqntlally adsorbed on yeast lees,
—— 28202 Y Y independent of their polymeric sizé)( From the present results,
il wine R R e this was not completely true: As a matter of fact, about 2% of
polyphenols . L .
BgLY high polymeric size polar tanninsTgbles 1 and 3) seemed
fraction FO 33402 25402 28407 specifically trapped by yeast lees by protein—tannins interac-
fraction F2 7.1+04 8.1+0.2 25104 tions. From a sensory point of view, this result reinforced the
;faci!on Ei 12421:‘218 gifég ﬁgb’—' 0.4 hypothesis that aging on lees may increase the coarseness of
raction 4 x 2 1+0. . . . . .
fraction F5 58402 39402 32402 red wines 7), since trinydroxylation of the B-ring of condensed

tannins led to a decrease coarseness of wig&$. (Such a
differential adsorption of tannins on lees partially explained the
fact that the amount of colloidal tannins seemed to increase in
stirred wines aged on lees, indicating that these tannins were
less active against proteins (28).

2 Mean values and standard deviations of three different experiments are given.
bNot detectable.

pyranoanthocyanins, and specifically malvidin 3-glucoside ad-
ducts, formed during first (and, to a lesser extent, second)
fermentations of sparkling wines manufactured with red varieties ACKNOWLEDGMENT

decreased during a prolonged time of aging on yeast B®s (

Moreover, the almost total recovery of adsorbed anthocyanins We thank Jean-Marc Souquet and F@iaeXavier Sauvage for

in the fraction F1 (extraction by methanol and acetone) was a their valuable help and expertise in the polyphenols and
good indication that the interactions developed between antho-tristimulus color analysis, respectively.
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