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In this study a number of seven pre-fermentative treatments were conducted in order to improve the compositional char-
acteristics of certain wines obtained from "Timdioasi roméneasci' and ‘Aligoté’ varieties. The samples were treated
with oxalic acid, lactic acid, succinic acid, tannins, bentonite, chitosan and oenological carbon. Folin-Ciocilteu index
showed that the use of pre-fermentative treatments decreased the amount of phenolic compounds from 437.93 mg/l to
195.56 mgll, except for the wine treated with tannins where the values increased to 563.83 mgl/l. Major colour and
hue differences for "Tamdioasi romineasca' wines are found in the samples treated with lactic acid, and for 'Aligoté’
wines in case of tannin and bentonite treatments. Metal content revealed that activated carbon treatment contributed
to decreasing the amount of sodium in wines. Low calcium content was found in samples treated with oxalic acid. Pre-
fermentative treatments decreased the iron amount in wines from 12.99 mg/l to 3.05 mgll.
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Einfluss prifermentativer Behandlungen auf die Zusammensetzung von "Tiamdioasd romdneasci' und 'Ali-
goté' Weinen. In dieser Studie wurden sieben prifermentative Behandlungen und deren Einfluss auf die Zusammen-
setzung und Charakteristik einiger Weine der Rebsorten "Tamdioasi romaneascd' und Aligoté untersucht. Die Weine
wurden mit Oxalsiure, Milchsiure, Bernsteinsiure, Tannin, Bentonit, Chitosan und Aktivkohle behandelt. Der
Folin-Ciocilteu-Index zeigt, dass Behandlungen vor der Girung die Phenolverbindungen von 437,93 mg/l auf
195,56 mg/l reduzieren. Grofse Unterschiede in Farbe und anderen Inhalten wurden bei "Timdioasi roméaneasci' in
den mit Milchsiure behandelten Varianten und fiir Aligoté-Weine bei einer Behandlung mit Tannin und Bentonit
[festgestellt. Der Metallgehalt in Weinen zeigt, dass durch den Zusatz von inologischer Aktivkohle der Gehalt an Nat-
rium reduziert wird. Ein geringerer Calciumgebalt wurde in den Varianten mit Oxalsiurebehandlung festgestellt. Pri-
fermentative Behandlungen reduzierten den Eisengehalt in den Weinen von 12,99 mg/l auf 3,05 mg/l.
Schlagwoérter: Wein, Metallgehalt, Farbcharakteristik, AAS, prifermentative Behandlungen

L'influence des traitements préfermentaires sur la composition des vins "Timdioasi romdneasci' et 'Ali-
goté'. Dans cette étude, un nombre de sept traitements préfermentaires ont été menées afin d'améliorer les caractéris-
tiques de la composition de vins obtenues i partir des cépages "Timdioasi romédneasca' e ‘Aligoté’. Les échantillons ont
été traités avec acide oxalique, acide lactique, acide succinique, tannins, bentonite, chitosane et carbone oenologique.
Indice Folin-Ciocalteu a démontré que ['utilisation de traitements préfermentaires ont diminué la teneur en composés
phénoliques de 437,93 mg/l & 195,56 mgll, sauf pour le vin traité avec des tanins, ou les valeurs ont augmenté a
563,83 mg/l. Les principales différences de couleur, pour les vins "Tamdioasid romineasci' se trouvent dans les échan-
tillons traités avec de l'acide lactique, et pour les vins ‘Aligoté’ dans le cas de traitements avec tanins et de la bentonite.
La teneur en métaux a révélé que le traitement avec carbone eenologique a contribué i réduire la quantité de sodium
dans les vins. Une faible teneur en calcium a été trouvé dans les échantillons traités avec de l'acide oxalique. Les trai-
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tements préfermentaires ont diminué le contenu de fer dans les vins de 12,99 mg/l & 3,05 mg/l.
Mots-clés: vin, teneur en métaux, caractéristiques chromatiques, AAS, traitements préfermentaires

In modern wine-making, besides the grape processing
technology, the treatments applied to the must before
fermentation also have an important role in deciding
the wine's quality (RiBEREAU-GAYON et al., 20006a).
These have the main aim of preventing, improving or
decreasing some of the faults of oxidation, excess of
proteins or enzymes, etc. (PoMoHAcI et al., 2000).
These treatments must be done in accordance with the
climatic conditions of the harvest year, the quality and
health state of the grapes, maturity degree and techno-
logical processes. By using these treatments adequately
and at the right time, the probability of obtaining a
quality product is higher (Cotea et al., 2009). There-
fore the wine obtained from a treated must will need
fewer future treatments than a wine obtained from a
must that has not been treated in any way. Several stu-
dies have been performed on the effect of oenological
practices on the wine’s composition (Losapa et al.,
2011; Puic-DEu et al., 1996).

The increase of titratable acidity and total acidity of a
wine can be achieved by lactic acid addition. Lactic
acid can favour the biological evolution and matura-
tion of wines and can also help to obtain balanced
wines from a gustatory point of view (Orv, 2013a).
For increasing a must's acidity, oxalic or succinic acid
can be used. Oxalic acid is also used to demonstrate
the presence of calcium in a liquid as it causes turbi-
dity and precipitation (RiBEREaU-GaYON et al.,
2006b). As for succinic acid, its bitter-salty taste cau-
ses salivation and accentuates the wine's flavour and
vinous character (RiBEREAU-GAYON et al., 2006b;
Jackson, 2008).

Exogenous tannins are frequently added to wines
during the winemaking process for a number of rea-
sons: to stabilize colour, to modify mouth-feel, to
mask green characters, to increase polyphenolics and
aromatic stability (HARBERTSON et al., 2011; PARKER
etal., 2007).

The use of bentonite as a clarifying agent means to
prevent the formation of protein haze in wines. Trea-
ting must with bentonite is recommended for wines
which are to be clarified shortly after the completion
of alcoholic fermentation (RiBEREAU-GAYON et al.,
2006a).

The treatment with chitosan can be an effective

method to clarify the must and to prevent protein haze
(Rao et al., 2011; DoMINGUES et al., 2011; Ouv,
2013b). It was observed that commercial preparations
of R-glucosidase can be immobilized on chitosan and
used in winemaking for the purpose of improving the
aromatic potential of wines (GaLLIFUOCO et al., 1998).
Also, the use of chitosan to effectively remove the
polyphenols contained in white wines with a high
polyphenol content and to have a stabilization capa-
city comparable to that of potassium caseinate has
been shown (SpagNa et al., 2000).

Studies showed that chitosan can reduce the levels of
iron, heavy metals (Pb, Cd) and mycotoxins (ochrato-
xin A) and can improve wine safety and quality (Bor-
NET and TEIsSEDRE, 2008). According to OIV rules,
only chitosan of fungal origin can be used for the pur-
pose of fining musts.

Another clarifying agent is activated charcoal, which
can be used to correct organoleptic issues of wine
obtained from musts affected by fungi such as grey rot
(Botrytis cinerea) or oidium (Uncinula necator), to eli-
minate possible contaminants, to reduce the metal
content, to correct the color of white musts derived
from the white juice of red grapes, of too yellow musts
derived from white grape varieties and of oxidized
musts (RIBEREAU-GAYON et al., 2006b). The polyphe-
nolic content significantly decreases following this
treatment (LOPEZ et al., 2001; SEN et al., 2012). Also
the fining agents are responsible for eliminating some
of the phenolic compounds involved in oxidation phe-
nomena (BARON et al., 2000; TscHIERSCH et al., 2008;
Yoxkotsuka et al., 2008). Knowledge of the cationic
concentration in wines is of interest because of their
influence on the wine-making process where metals
such as potassium, calcium, iron and copper can pro-
duce precipitates or cause cloudiness (PEREz TRUJILLO
et al., 2011; PANEQUE et al., 2010).

The objective of the present study is to evaluate the
influence of both, different oenologically accepted,
and unconventional treatments on the mineral con-
tent, phenolic content and chromatic characteristics of
two white wines from "TAmaAioasi romaneasci' and
'Aligoté' grape varieties.
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Materials and methods
Reagents

Reagents for pre-fermentative treatments

Tannin (Taniblanc®) from SPINDAL-AEB Group,
bentonite (Bentonita Clarit PLV 45°) from SUD-
CHEMIE; oxalic acid, lactic acid, succinic acid, chito-
san (high purity 93 %, from white mushroom) and

activated charcoal were purchased from Sigma-Aldrich
(St. Louis, USA).

Reagents for metal content

Stock solutions of each metal Na, K, Ca, Fe, Cu, Zn,
were used from Merck (Darmstadt, Germany). Wor-
king standard solutions were obtained by suitable
dilution from stock solution; bidistilled water was
used for reagents preparation and for dilution. Cesium
chloride and lanthanum chloride were purchased from

Sigma-Aldrich (St. Louis, USA).

Reagents for polyphenolic compounds
determination

Folin-Ciocilteu reagent, sodium carbonate and gallic
acid were purchased from Sigma-Aldrich (St. Louis,
USA).

Grape samples and winemaking

Two grape varieties for white wines were used:
"Tamaioasa romaneascd' from Cotnari vineyard and
‘Aligoté' from Bucium vineyard (Romania). The
grapes were harvested in 2011 at full maturity, when
the grapes' composition was optimal for obtaining dry
table wines (‘Aligoté') and dry quality wines
(‘TamaAioasi roméaneasca'). After harvesting, the grapes
were treated with sulphur dioxide (50 mg/kg).

The grapes were crushed and destemmed and the
obtained must of each variety was divided into 8 equal
batches of 45 | each and transferred into 50 I-glass ves-
sels.

Before fermentation started, seven oenological and
non-conventional products were used: oxalic acid —

0.6 g/l (V,), lactic acid - 3 g/l (V,), succinic acid — 2
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g/l (V5), tannins — 0.05 g/l (V,), bentonite — 1 g/l
(Vs), chitosan — 1 g/l (V) and activated charcoal — 1
g/l (V). Additionally, for each wine obtained from
each grape variety, a control sample without any pre-
fermentative treatment was also created (V). The glass
vessels were deposited in a temperature controlled
room (19 °C), where the must fermented for two
weeks. No commercial yeasts were used.

After alcoholic fermentation, wines obtained from
"TamAaioasd roméneascd’ (noted with T) and 'Aligoté’
(noted with A) were filtered using a filtration-filling
device (Tenco Enolmatic®; Avegno, Italy), followed by
sulphur dioxide addition (60 mg/l) to preserve wine
from microbiological damage. Bottling was done with
a semi-automatic device. Previous to sulphiting, the
colour analyses were performed. After six months of
storage, the rest of the compositional and specific ana-
lyses were done. In all cases, analyses were performed
in triplicate, and a mean value was calculated.

Methods of analysis

Standard chemical analyses according to OIV
methods

Each wine, after decarbonisation, was analysed for:
sulfur dioxide (iodometry) OIV-MA-AS323-04B,
volatile acidity OIV-MA-AS313-02, total acidity
OIV-MA-AS313-01, alcoholic strength by frequency
oscillator OIV-MA-AS312-01A, reducing substances
OIV-MA-AS311-01A, pH OIV-MA-AS313-15, total
dry matter and non-reducing substances OIV-MA-
AS2-03B were done according to present standards
(Orv, 2013c) and specific literature (RiBEREAU-GAYON
et al., 2006b).

Total content of polyphenolic compounds

The total content of polyphenolic compounds was
determined by the spectroscopic method Folin-Cio-
calteu using Spectrophotometer Analytik Jena S 200
(Analytik Jena AG; Jena, Deutschland) at 765 nm and
was expressed in (mg of gallic acid per litre) (SINGLE-
ToN and Rossi, 1965, modified by WATERHOUSE,
2001).

Calibration curve equation was: y = 78.693°x-179.09.
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Correlation coefficient (R) for calibration curve was

0.9761.
Evaluation of chromatic characteristics

The wine was analysed immediately after the end of
alcoholic fermentation, before sulphiting and bott-
ling.

An Analytik Jena S 200 spectrophotometer was used
to determine the chromatic characteristics according
to CIELab 76 (O1IV, 2013c). The CIELab76 colour or
space system is based on a sequential or continuous
Cartesian representation of three orthogonal axes: L, a
and b. L is clarity, a is component of green/red colour
and b is component of blue/yellow colour. The chro-
matic characteristics were calculated by equations:

L=116(Y/Yn)"? 16 2)
b=200 [(Y/Yn)'3 (Z/Zn)3  (3)
a=500[(X/Xn) (Y/Yn)] (4)
C=(a2 + b2)12 (5)
H=tg-1 (bla) ©6)

AH=[(AE)? (AL)? (AC)?'2  (7)
AE=[(AL)2+ (A2)? + (Ab)2]12  (8)
AE=[(AL)2+ (AC)2 + (AH)2]'2 (9)

Metal content

The metal content was determined by Shimadzu
AA-6300 Spectrophotometer (Kyoto, Japan).

Potassium and sodium

Potassium and sodium were determined directly in
diluted wine by atomic absorption spectrophotometry
after the addition of cesium chloride to suppress ioni-
zation of potassium and sodium. For sample prepara-
tion, 2.5 ml of wine were pipetted (previously diluted
1/10) into a 50 ml volumetric flask, and then 1 ml
cesium chloride solution was added. The volumetric
flask was filled up to the mark with distilled water. The
used atomic absorption spectrophotometer was equip-
ped with an air-acetylene burner and potassium and
sodium hollow cathode lamps. The absorbance wave-
length was set to 769.9 nm for potassium determina-
tion and 589 nm for sodium determination (Method
OIV-MA-AS322-02A-Potassium, Method OIV-MA-
AS322-03A-Sodium). Calibration curve equation for
sodium was Abs = 0.242772 x Conc. + 0.0044680
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with r = 0.9986, and for potassium Abs. = 0.080540 x
Conc. + 0.041700, r = 0.9902.

Calcium

Calcium was determined directly on diluted wine by
atomic absorption spectrophotometry after the addi-
tion of an ionization suppression agent. For this deter-
mination an atomic absorption spectrophotometer
was fitted with an air-acetylene burner and a calcium
hollow cathode lamp. For sample preparation 1 ml of
wine and 2 ml lanthanum chloride solution were
placed in a 20 ml volumetric flask and filled up to the
mark with distilled water. The absorbance wavelength
was set to 422.7 nm. Calibration curve equation was

Abs. = 0.024900 x Conc. + 0.0093200, r = 0.9997
(Method OIV-MA-AS322-04-Calcium).

Iron

Iron was determined after suitable dilution of the wine
and removal of alcohol directly by atomic absorption
spectrophotometry. For this an atomic absorption
spectrophotometer was equipped with an air-acetylene
burner and an iron hollow cathode lamp. The absorp-
tion wavelength was set to 248.3 nm. Calibration
curve equation was Abs. = 0.0022540 x Conc. —
0.0026000, r = 0.9884 (Method OIV-MA-AS322-
05A-Iron).

Copper

For copper determination, the atomic absorption
spectrophotometer was equipped with an air-acetylene
burner and a copper hollow cathode lamp. 20 ml of
wine were placed in a 100 ml volumetric flask and
then filled up to the mark with distilled water. Absor-
bance was measured at 324.8 nm (Method OIV-MA-
AS322-06-Copper).

Zinc

Zinc was determined directly in the wine by atomic
absorption spectrophotometry at 213.9 nm after
removal of alcohol. The atomic absorption spectro-
photometer was equipped with an air-acetylene bur-
ner and a zinc hollow cathode lamp. Calibration curve
equation was Abs. = 0.23122 x Conc. + 0.011520, r =
0.9984 (Method OIV-MA-AS322-08-Zinc). In all
cases, analyses were performed in triplicate, and a
mean value was calculated.
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Table 1: Quality parameters of wines obtained through different pre-fermentative treatments

) Volatile Total Reductive  Total dry  Non-reductive
Wine pH FreeSO,  Totd SO, acidity acidity Alcohol substances  extract extract
samples (mg/l) (mg/l) . S (% voal.)
(@) (91) ) D) (D)
TV 3.2 40 118 0.4 6.8 13.0 2.0 20.3 19.3
TV1 3.1 26 83 0.2 75 12.9 1.2 209 19.7
TV, 31 46 125 0.3 8.8 13.0 15 22.2 20.6
TV3 3.2 24 79 0.2 9.9 12.9 1.1 235 22.3
TV, 32 19 60 0.2 7.2 12.7 12 21.6 20.4
TVs 33 14 37 0.3 6.9 12.8 10 20.1 19.0
TVe 33 21 79 0.3 55 13.3 13 20.1 18.7
TV, 31 44 103 0.2 6.6 12.6 11 22.4 21.3
AV 3.0 30 96 0.2 7.6 9.5 0.9 20.9 20.0
AV, 29 13 51 0.2 79 9.9 0.8 19.3 18.4
AV, 3.0 15 64 0.2 9.7 10.2 0.9 21.6 20.6
AV3 3.0 43 101 0.1 8.1 9.8 0.7 20.9 20.1
AV, 31 13 58 0.2 6.9 9.7 2.6 20.9 18.3
AVs 3.1 6 36 0.2 7.0 10.1 0.6 18.3 17.6
AVs 31 51 146 0.2 6.0 10.2 0.9 18.8 17.8
AV, 3.0 13 46 0.3 5.8 9.7 0.9 19.0 18.3
* as acetic acid
** as tartaric acid
mg gallic acid/L
580,00
530,00
480,00 -
430,00
380,00
330,00
280,00
230,00 +—— 1 —
180,00 : -
\% V1 V2 V3 V4
H Tamaioasd romineasca H Aligoté

Fig. 1: Phenolic compounds index of wines (Folin-Ciocalteu method)

Results and Discussion For 'Aligoté' wine, the volatile acidity values range bet-

ween 0.17 g/l (AV;) and 28 g/1 (AV,). The total acidity

increases due to the addition of lactic acid. The values

Chemical analysis of wines

The volatile acidity of "Tama4ioasd romaneascd' wines
registers values between 0.2 g/l in the sample with tan-
nin and succinic acid treatments and 0.39 g/l in the
control sample, the treatment with succinic acid
having a positive influence on the total acidity.

of the alcoholic concentration are higher in the
"Tamaioasd romineascd' and 'Aligoté’ samples that
were treated with chitosan (TV7 and AV7). Regarding
the total dry extract and the non-reductive extract, the
lower values are found in the samples treated with

bentonite and chitosan. It was observed that the wines
are dry (Table 1).
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Table 2: Chromatic characteristics of 'Tamaioasi romaneasca’ wines

% MA NAc A = Chromaticit
Tamaioasi romaneasca Clarity L Y Chrome C AE AH

wine a b

TV 99.62 -0.54 2.28 2.34 - -
TV1 98.36 0.23 4.07 4.08 2.32 0.89
TV, 99.18 -6.04 3.16 3.16 5.58 5.50
TVs 98.50 0.47 3.88 391 2.19 1.06
TV, 97.40 0.71 5.95 5.99 4.46 1.31
TVs 97.94 0.52 511 5.13 3.45 1.15
TVs 99.89 -0.44 2.03 2.08 0.38 0.04
TV, 99.96 -0.11 0.71 0.72 1.66 0.10

Table 3; Chromatic characteristics of 'Aligoté wines
L, Chromaticit
Aligoté Clarity L Y Chrome C AE AH

wine a b

AV 98.85 -0.45 4.13 4.16 - -
AV 98.73 -0.41 5.08 5.10 0.95 0.12
AV, 98.53 -0.02 4.59 459 0.70 0.45
AV3 99.38 -0.68 3.49 3.56 0.85 0.32
AV, 97.46 0.16 0.16 6.43 4.24 3.30
AVs 97.03 0.83 6.59 6.64 3.31 1.22
AVe 98.81 -0.51 4.35 4.38 0.23 0.03
AV, 99.95 -0.16 0.64 0.66 1.60 0.23

Table 4: Mean values and standard deviation of analyzed metals (mg/l) in 'Taméioasa roméaneasca (T. r.) wines

T.r. Na K Ca Fe zn

TV 56.86 + 0.0014 854.38 + 0.0034 125.48 + 0.0047 12.99 + 0.0025 0.90 + 0.0016
TV: 34.20 + 0.0021 785.16  0.0022 63.87 + 0.0004 4.09 + 0.0011 1.78 + 0.0021
TV, 65.41 + 0.0014 763.13 + 0.0016 160.02 + 0.0002 4.81 + 0.0017 1.02 + 0.0024
TV; 46.25 + 0.0002 790.60 + 0.0033 129.19 + 0.0006 3.05 + 0.0022 2.40 + 0.0030
TV, 74.63 + 0.0020 778.49 + 0.0014 145.06 + 0.0015 4.03 + 0.0030 1.23 + 0.0028
TVs 61.86 + 0.0014 778.96 + 0.0023 121.86 + 0.0008 6.67 + 0.0021 1.66 + 0.0035
TVe 80.76 + 0.0008 819.31 + 0.0029 66.04 + 0.0009 3.05 + 0.0018 1.21 + 0.0026
TV; 11.59 + 0.0009 790.13 + 0.0042 104.29 + 0.0055 4.01 + 0.0026 1.55 + 0.0032

Table 5: Mean values and standard deviation of analyzed metals (mg/l) in 'Aligoté wines

Aligoté Na K Ca Fe Zn

AV 22.61 £ 0.0011 675.44 = 0.0021 101.68 + 0.0013 10.05 = 0.0027 0.59 £+ 0.0023
AV1 53.75 + 0.0017 717.96 + 0.0007 32.81 + 0.0048 5.74 + 0.0013 0.61 + 0.0004
AV2 68.54 + 0.0010 714.70 = 0.0014 156.30 + 0.0005 5.25 + 0.0016 1.17 = 0.0025
AV3 32.16 + 0.0005 711.29 + 0.0013 136.02 + 0.0018 4.33 + 0.0013 0.79 + 0.0013
AV4 18.34 + 0.0015 691.73 £ 0.0041 170.26 + 0.0013 4.39 + 0.0013 0.31 + 0.0007
AV5 32.86 = 0.0021 637.72 £ 0.0023 131.20 £ 0.0004 7.94 + 0.0018 0.92 = 0.0031
AV6 77.53 £ 0.0007 763.28 £ 0.0022 75.78 £ 0.0034 4.10 £ 0.0040 1.41 + 0.0032
AV7 0.88 + 0.0011 720.29 = 0.0017 80.38 = 0.0022 5.66 + 0.0065 1.21 = 0.0032
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The variation of free and total SO, content in wine is
mainly a result of a non-homogenous sulphiting of
the grapes.

If the quantity of phenolic compounds grew after
addition of tannins (V,), in general the use of other
treatments decreased the amount of these compounds
(Fig. 1).

The chromatic parameters of the 'Timaioasa
romaneascd’ wines were calculated according to the
CIELab 76 methods and to the registered absorption
spectrum of each wine sample. The values of the
L-parameter show that the wines obtained by apply-
ing chitosan and charcoal are the most clear. Gene-
rally the colour of the wines is yellow greenish (Table
2).

Major colour differences are found in the samples tre-
ated with lactic acid (TV,), tannin (TV,) and bento-
nite (TVy), while for hue differences the biggest vari-
ation is registered in the case of lactic acid addition.
'Aligoté' wines are clearer after addition of succinic
acid and activated charcoal. Major hue differences
and colorimetric differences are found in the samples
treated with tannin (AV,) and bentonite (AV;) (Table
3).

Mineral content of wine samples

With both white wines, sodium content decreased
after activated charcoal addition (TV, and AV,) whe-
reas by chitosan fining (TV, and AV|) the level of
sodium reached the highest values. Regarding the
potassium content, its level decreased after pre-fer-
mentative treatments in "Tamaioasa romaneasca’ wine.
Due to calcium oxalate precipitation, the level of cal-
cium significantly decreased in wines (TV, and AV)).
A small content of calcium was also observed in sam-
ples treated with chitosan (TV; and AV,). Enological
treatments applied to "Timaéioasi romaneasci' and
'Aligoté' wines have diminished the level of iron in
wines. Small values of zinc concentration were registe-
red in 'Aligoté' wines with oxalic (AV)) and tannin
(AV4) addition. The other treatments increased the
zinc content in wines.

Copper content was below the limit of detection (SLD
<0.01 mg/1) in all samples analyzed.

Codreanu et al.

Conclusions

The quantity of phenolic compounds grew after addi-
tion of tannins (TVy and AVy). In general, the use of
other treatments decreased the amount of these com-
pounds.

Visible colorimetric and tone difference compared to
the control sample are observed in case of lactic acid
addition for "TdmAioasd romaneascd' wines and tan-
nin, bentonite and activated carbon fining agents for
'Aligoté' wines. Sodium content decreased after activa-
ted charcoal addition to 11.59 mg/l ("Timaioasd
romaneascd’) and 0.88 mg/l for 'Aligoté' wines.
Calcium content decreased in wine samples treated
with oxalic acid, while tannin and lactic acid have hel-
ped to raise the calcium level of wines. The iron con-
tent decreased due to the pre-fermentative treatments.
The concentration of copper (Cu) was below the
detection limit of 0.01 mg/l (SLD < 0.01 mg/I).
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