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1 Introduction
Copper is one of the richest heavy metal in wines. As there 

are so many copper sources during the whole wine production 
process, such as the copper absorbed from soil to grapes, the 
copper pesticide attached on the grape surface, the bronze wine 
brewing equipment and the copper sulfate or copper citrate added 
in wines for removal of reduction smell caused by hydrogen 
sulfide, mercaptan, etc (International Organisation of Vine 
and Wine, 2013; Tamasi et al., 2010; Volpe et al., 2009). Cupric 
pesticides, especially the Bordeaux mixture (CuSO4  mixture 
and Ca (OH)2) are the longest and most commonly applied 
vineyard fungicides. As they have been long term in large doses 
and unrestricted use, meanwhile copper rarely degrade or move 
in arable layer soils, which lead to copper accumulation in 
soil of the vineyard. Some vineyards have been far beyond the 
European Union regulations limit of 140 mg/kg, even 1500 mg/kg 
(Ash et al., 2012; García-Esparza et al., 2006; Machado et al., 
2003; Mirlean et al., 2007; Nogueirol et al., 2010; Probst et al., 
2008). When copper accumulation exceeds a certain limit, 
excess Cu2+ will be shipped to grapes through the transportation 
system from the root. The toxicity will not only affect the normal 
metabolism of grape cells, directly affect the quality of grapes, 
but also these copper will be carried into the grape must with 
soils, grapes, etc, ultimately affect the wine fermentation and 
wine quality (Mirlean et al., 2005; Pyrzynska, 2004).

In a narrow range of low concentration, copper is an 
essential trace element in almost all organisms and plays an 

important positive role for organisms (Azenha  et  al., 2000; 
Ferreira et al., 2006). However, it would have inhibitory effect 
on cell when out of the useful range, even toxicity (Robinson 
& Winge, 2010). In  the process of fermentation, when Cu2+ 
concentration is more than 0.5 mg/L grape must, it might 
produce copper broken, wine oxidative browning and a series 
of reactions that reduced the quality of wines (Li et al., 2008). 
When Cu2+ concentration is more than 20 mg/L, it might 
inhibit the growth of yeast, resulted in slow fermentation, even 
stagnation (Ferreira et al., 2006). At  the same time, with the 
increasing of copper content in wines, particularly existence 
with other heavy metals such as iron, manganese, zinc, nickel, 
lead, scandium etc, will cause harm to the health of consumers 
(Naughton & Petróczi, 2008). The European Union and South 
African stipulated that the copper content in grape must should 
not exceed 20 mg/L, not exceed 1 mg/L in wines (Ferreira et al., 
2006; García-Esparza et al., 2006; Li et al., 2008). In fact, the 
copper content exceeding in the grape must happened from time 
to time, García-Esparza et al. (2006) found that about 13% of 
grapes and 18% of wines exceeded the maximum copper residue 
in Italy. In Nebbiolo, Australian and China, the phenomenon 
started to appear too (Marengo & Aceto, 2003; Sauvage et al., 
2002; Sun et al, 2015b, 2017, 2018). And in a short period of 
time, Bordeaux mixture pesticides are still difficult to be replaced 
(Li et al., 2008); this also means that the copper content in the 
vineyard as well as in the grape must will still continue to rise. 
In future, we will probably need to face the wine fermentation 
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under high copper concentration and how to reduce the copper 
concentration of wines.

In order to remove the excessive copper ions in wines, the 
current method is to add the adsorbent such as glue and then 
remove it by filtering. For example, when potassium ferrocyanide 
was added into wines, it will combine with copper as insoluble 
compounds, the rest of it will combine with iron ions existed in 
wines into insoluble compounds, and then the precipitation can 
be removed by filtering. But when the iron ions in wines were not 
enough, highly toxic cyanide may remain in wine, detrimental to 
drinkers’ health (Benítez et al., 2002; Mira et al., 2007; Schubert 
& Glomb, 2010). Bentonite, gum Arabic, polyvinylimidazole 
polyvinylpyrrolidone copolymers, chitin, chitosan et al. were also 
allowed to add in wines to reduce the copper content by OIV, 
but these additives will affect wine sensory quality in different 
degrees (Benítez et al., 2002). And Saccharomyces cerevisiae has 
the capability of adsorption of copper ions (Veglio & Beolchini, 
1997; Naja et al., 2010). Use Saccharomyces cerevisiae to complete 
the alcoholic fermentation and remove the redundant copper ions 
at the same time, can not only ensure the safety and the quality 
of the wine, but also retain the original color and flavor of wine 
furthest. Also it conforms to the requirements of the organic 
wine production, so it is a kind of environmental protection 
and effective method.

Therefore, research on the growth of Saccharomyces cerevisiae 
under high concentration copper stress condition, alcohol 
fermentation performance and adsorption of copper ions, can 
provide a new method of quality control for the wine industry, 
and also provide a new direction for microbial screening or 
modification. In this study, we used the yeast which was screened 
in the early stage of our laboratory and has a good ability to 
resist many different stresses, by studying the growth activity, the 
fermentation performance, copper adsorption situation of wine 
yeast under different Cu2+ concentration, analyzing the copper 
adsorption performance of yeast, thus to provide guidance for 
the choice of strains in the wine production, also provide a basis 
for the study of the microbial response to copper stress.

2 Materials and methods
2.1 Test strains and Medium

The Saccharomyces cerevisiae strain BH8 which have a 
certain ability to resist under many different stresses (Du et al., 
2012; Li et al., 2010, 2011) was used in this study. It was isolated 
from BeiHong grape must and stored at the laboratory (China 
Agricultural University, Beijing), identified as S. cerevisiae 
by Institute of Microbiology, Chinese Academy of Sciences 
(Du et al., 2012; Li et al., 2010, 2011). Cells maintained on slants 
were pre-cultured aerobically to 6×107 cfu/mL in shaking flasks 
containing 60 mL YPD medium (1% yeast extract, 2% peptone, 
and 2% glucose) at 28 °C, 120 rpm (Du et al., 2012). Chardonnay 
grape must was devoted by Beijing Red leaf winery, the Brix 
was 22.7; the original copper concentration was 0.2625 mg/L.

2.2 Chemicals and standards

Standards of D-trehalose, D-glucose, D-fructose, sulfuric 
acid, and ethanol (chromatographically pure) were obtained from 

Sigma-Aldrich (St. Louis, MI, USA). HNO3 (guarantee reagent) 
was purchased from Merck Co. (German). Deionized water was 
produced by Wahaha Co. (Hangzhou, China). All other reagents 
used were analytical grade unless specially noted.

2.3 High Cu2+ stress treatment and fermentation culture

The high Cu2+ stress was set with different Cu2+ concentration 
of 0.50 mM (32 mg/L, 1.00 mM (64 mg/L) and 1.50 mM (96 mg/L) 
by adding different volume of CuSO4·5H2O solution (0.1 mol/L) 
into 400 mL Chardonnay grape must. The control group was 
Chardonnay grape must without adding CuSO4·5H2O solution. 
4 mL yeast precultures were inoculated in 500 mL flasks containing 
400 mL grape must to obtain a density of 106 cells/mL (Li et al., 
2011). Flasks were sealed with glass capillary stoppers filled 
with concentrated H2SO4 to prevent weight loss causing by 
water evaporation. Cultures were constantly shaken at 28 °C, 
120 rpm in thermostatic shaker (SKY-2102C, Shsukun Co. Ltd., 
Shanghai) (Du  et  al., 2010). Fermentation experiments were 
separated into two groups: one group for weighing, the other 
group for sampling, and each group was carried out in triplicate.

2.4 Determination of cell growth, survival rate and 
fermenting property

Methylene blue staining method was used to distinguish 
the dead and live yeast (Marañon et al., 1999). Living ones were 
not-dyed, while dead ones were dyed blue. In the process of 
the fermentation process, take 1 mL fermented liquid from the 
sampling group every time appropriately (at early fermentation 
every 24 h, at later fermentation every 48 h). 5 times dilution, 
then take 100 µL dilution to trace centrifuge tube, add 100 µL 
0.1% methylene blue dye solution, blending with pipetting gun. 
After that, take 100 µL dying cells suspension to XB-K-25 blood 
count sheet and observed under optical microscopes (XSZ-3G, 
COIC) under a 40× objective lens. Take four corners and center, 
a total of 5 medium lattices (80 small lattices) to count. The sum 
of number of living cells as NL, the sum of number of living 
cells and dead cells as N, the total cells count of fermentation 
liquid = 5 × 105 × N/mL, the survival rate = (NL/N) × 100%.

The determination of fermentation course by weighing the 
samples, due to the evolution of carbon dioxide (Brandolini et al., 
2002). Mass loss caused by CO2 evolution was monitored by 
weighing the fermentation flasks every 24 h. Fermentation 
was considered to have stopped when mass loss was less than 
0.02 g for 3 days.

2.5 Determination of the alcohol produced by the 
fermentation and the reducing sugar residual after 
metabolism

The remaining reducing sugars and ethanol content in 
samples taken during alcoholic fermentation were determined 
by HPLC using Waters 2414 RI Detector and BIO-RAD Aminex 
HPX-87H resin-based column (300*7.8mm), which was eluted 
with 5 mM sulfuric acid (H2SO4) at 55 °C, 0.5 mL/min, sample 
quantity 10 µL, differential refraction detector was used (RID, 
Waters-414) (Ciani et al., 2006). Statistical differences for cell 
growth and fermentation performance of the strains were 



Sun et al.

Food Sci. Technol, Campinas, 39(1): 19-26, Jan.-Mar. 2019 21/26   21

analyzed using single variable general liner model with PASW 
Statistics 18.

2.6 Determination of copper content

Sample pretreatment

In order to separate the fermented liquid and yeast, 10 mL 
fermentation fluid were taken through 0.45 µm water membrane 
filter, collect filtrate in a 10 mL centrifuge tube. Then liquid 
nitrogen quick-freezing and stored at -40 °C for test together. 
Before ICP-OES determination, samples were thawed at 4 °C 
and shaked well, and then diluted 4 mL sample to 25 mL with 
5% HNO3 (diluted multiples 6.25).

ICP-OES determination

The copper content was detected by ICP-OES (Inductively 
Coupled Plasma Optical Emission Spectrometr) method 
(Yilmaz et al., 2014). The instrumental specifications are given 
in Table 1 (Optima 7000DV, Perkin Elmer). The standard curve 
drawing: Diluted copper standard stock solution to different 

concentration of 0.00, 5.00, 10.00, 20.00 mg/L series copper 
standard solution with 5% HNO3. The instrument drawing 
the standard curve automatically, the correlation coefficient of 
standard curve is more than 0.9999.

2.7 Statistical analysis

The experimental results are expressed as the means ± standard 
deviations (SD) of three parallel measurements. Correlations 
were calculated using a linear regression. Statistical analyses 
were performed using Data Processing System software (DPS, 
version 7.05, Hangzhou, China) (Tang & Zhang, 2013).

3 Results
3.1 Influence of high Cu2+ stress on cell growth and survival 
rate

The results of cell growth and survival rate of strain BH8 in 
Chardonnay juice with high level Cu2+ were presented in Figure 1. 
On the whole, strain BH8 rapidly entered into logarithmic phase, 
after reaching the largest number of living yeast then entered 
decline phase in all treatment groups [0 (control), 0.50  mM 
(32 mg/L), 1.00 mM (64 mg/L), 1.50 mM (96 mg/L)]. The growth 
curve trend during the early stage of the logarithmic phase 
(0~24 h) and the late decline phase (240~288 h) was consistent 
among different groups (Figure 1a), as well as the survival rate 
(Figure 1b). Meanwhile the latency period and stable period 
were short. Jasna  et  al. (2007) also reported that Cu2+ stress 
could inhibit Saccharomyces cerevisiae cell growth.

In more details, under different high Cu2+ stress, the growth 
vitality of Saccharomyces cerevisiae was different. In the control 
group, after 48 h, the live strain count slowly rose along with 
the fermentation, and achieved the highest in 144 h which was 
closed to the end of fermentation (216 h, Figure 2), then the 

Figure 1. Cell growth (A) and survival rate (B) of strain BH8 in Chardonnay must with high level Cu2+ treatment. ○Control, ●32 mg/L, ∆64 mg/L, 
▲96 mg/L. Different small letters indicate significant difference (Duncan’s test: P < 0.05, performed by DPS software (version 7.55, China)).

Table 1. Operating conditions of ICP-OES.

Parameter Value Parameter Value
Plasma gas flow rate  

(l/min)
15.0 Gas flow rate  

(ml/min)
1.5

Auxiliary gas flow rate  
(l/min)

0.2 Power (kW) 1.3

Pulverization gas flow rate 
(l/min)

0.75 Wavelengths  
(nm)

327.394

Nebulizer gas flow rate  
(l/min)

0.8 Observing mode Axis

Refrigeration gas flow rate 
(l/min)

15
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live yeast count fell down along at the end of the fermentation. 
During 0~144h (before the end of fermentation), the survival 
rate of the control group was always around 90%, which was 
much higher than the high Cu2+ stress groups (Figure 1b).

Differently, in the high Cu2+ stress groups, the live yeast 
count stopped rising along with the fermentation after 48 h, 
then the live yeast count got down along with the fermentation 
(Figure 1a). What’s more, the survival rate of the high Cu2+ 
stress groups descended at the first 24 h, then slowly rose, which 
indicated that the rapid proliferation of Saccharomyces cerevisiae 
was restrained under the high Cu2+ stress. Though gradually 
adaptation to the stress environment after 24 h (Du et al., 2012; 
Li et al., 2010, 2011), the rapid proliferation of Saccharomyces 
cerevisiae only happened in the first 48 h of fermentation prophase. 
After 96 h, the survival rate dropped sharply (Figure 1b).

With different copper concentration, the effect on cell growth 
of Saccharomyces cerevisiae was different. The yeast growth 
curve under 64 mg/L and 96 mg/L treatment was similar, the 
live yeast count and the survival rate were negatively related 
to the initial concentration of Cu2+, and also significantly 
lower than control group. Differently from other groups, 
the survival rate of yeast did not fell down under 32 mg/L 
treatment (Figure 1b); on the contrary, the yeast continuous 
rapid proliferated during 24~48 h, and the live yeast count 
reached 1.89 × 108 cfu/mL, which was 55% higher than the 
control group (Figure 1a). But the survival rate at 48 h was still 
lower than the control group (Figure 1b). At 96 h, the live yeast 
count of 32 mg/L treatment group was about 1 times higher 
than 64 mg/L treatment group and 96 mg/L treatment group. 
Until 144 h, the live yeast count of 32 mg/L treatment group 
fell below the control group level (Figure  1a), the survival 
rate also had obvious difference with the control group, but 
was still higher than 64 mg/L treatment group and 96 mg/L 
treatment group (Figure 1b). From what we have mentioned 
above, we can see clearly that 32 mg/L (0.50 mM) treatment 
could promote the proliferation of Saccharomyces cerevisiae 
BH8 in Chardonnay grape must, which led to the live yeast 
count obviously increased; meanwhile the survival rate was 

still lower than the control group, which indicated that with 
the live yeast count increased, there were still a large number 
of yeast died at the same time.

3.2 Influence of high Cu2+ stress on fermenting property

The results of CO2 release percent of Saccharomyces cerevisiae 
BH8 in Chardonnay grape must under high Cu2+ treatment were 
presented in Figure  2. With different copper concentration, 
the trend of CO2 release percent was basically the same, which 
means the fermentation trends were basically identical. In the 
first 3 days, the fermentation rate was the fastest. At 13 d, each 
treatment group and control group had completed alcohol 
fermentation. The total emission of CO2 was around 43 g in 
all groups, which indicated that the Saccharomyces cerevisiae 
BH8 has a good performance on the chardonnay grape must 
fermentation.

Specifically, the fermenting property of high Cu2+ treatment 
groups were slower than the control group, meanwhile the total 
emission of CO2 was also lower than the control group (44.38 g). 
The 64 mg/L treatment group generated the lowest CO2 (40.71 g). 
The fermenting property at the first 3 days of 96 mg/L treatment 
group was lower, but after the 3 days rapid fermentation, its 
accumulated mass loss curve was basically identical with 32 mg/L 
treatment group; and the total emission of CO2 (42.03 g) was 
no significant difference with the 32 mg/L treatment group 
(42.51 g). As can be seen from the above, results indicated that 
high Cu2+ treatment showed no significant inhibition on the 
fermentation of Saccharomyces cerevisiae BH8.

3.3 Influence of high Cu2+ stress on the alcohol production 
and reducing sugar utilization

The chromatography of fermentation products standards 
was shown as Figure 3. The label of peak was for material and 
the peak time. Sulfuric acid was mobile phase composition. 
Standard can be accurately distinguished, without delay or 
trailing. The correlation coefficients of standard curve were more 
than 0.9999 and showed good linear relationship.

The effect of high Cu2+ stress on the alcohol production 
and reducing sugar utilization were shown in Figure 4. Under 
different copper concentration groups, yeast were able to complete 
the alcoholic fermentation, the alcohol content was above 13% 
(Figure 4a) and reducing sugar residue was lower than 4 g/L 
(Figure  4b) after fermentation. Fermentation period did not 
exceed 12 days. The trend of alcohol production and reducing 
sugar utilization were consistent, and there was no significant 
delays or stagnation under different copper concentration 
groups, which indicated that reducing sugar was fully transform 
into alcohol, Saccharomyces cerevisiae performing well in the 
alcoholic fermentation. This result was consistent with Jasna et al.’s 
report (2007).

In more details, the control group produced the highest 
alcohol and utilized the highest reducing sugar, while the 96 mg/L 
treatment group produced the lowest alcohol and utilized the 
lowest reducing sugar. This result was consistent with the CO2 
release percent (Figure 2). For the 96 mg/L treatment group, 

Figure 2. Fermenting property (accumulated mass loss) of BH8 fermenting 
Chardonnay must with high level Cu2+ treatment.
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the amount of residual sugar (3.25 g/L) was significantly higher 
than other groups, but still accorded with standard of dry type 
wine residual sugar (4 g/L) (International Organisation of Vine 
and Wine, 2013). Results indicated that high Cu2+ stress could 
inhibit the process of transform reducing sugar into alcohol, 
but not significant, the main metabolites were not significantly 
suppressed (P< 0.05).

The fermenting property (Figure 2) under high Cu2+ stress 
in Chardonnay grape must was different with the result of 
our previous research in simulated grape juice (Zhao, 2012). 
In simulated grape juice, the alcoholic fermentation of Saccharomyces 
cerevisiae BH8 was inhibited significantly by high Cu2+ stress 
(Zhao, 2012). But in this research, in Chardonnay grape must, 

the fermentation rate and fermentation production did not 
significantly reduce. Du et al. (2010) also reported the similar 
results in Cabernet Sauvignon must.

With different yeast strains, the effect of Cu2+ stress on 
Saccharomyces cerevisiae was different (Azenha  et  al., 2000; 
Ferreira  et  al., 2006; Brandolini  et  al., 2002; Du  et  al., 2012; 
Li et al., 2010, 2011). In simulated grape juice, Saccharomyces 
cerevisiae BH8 had showed good copper resistance (Zhao, 
2012). In Chardonnay grape must, Saccharomyces cerevisiae 
BH8 also showed good copper resistance. Though the real 
grape must could adsorb more copper than simulated grape 
juice (Figure 5, Zhao, 2012), it also proved that Saccharomyces 

Figure 3. Chromatography of fermentation products standards. (A) D-trehalose (B) d-Glucose (C, D) fructose (D) sulfuric acid (E) ethanol.

Figure 4. Ethanol (a) and reducing sugar (b) levels during fermentation in Chardonnay must at different Cu2+ concentrations.
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cerevisiae BH8 was capable of finishing the wine fermentation 
under high Cu2+ stress.

32 mg/L copper treatment could improve the growth activity 
of Saccharomyces cerevisiae BH8 (Figure 1a), but had no effect 
on the alcoholic fermentation, the survival rate did not improve 
either (Figure  1b). One possible reason is that the influence 
mechanism of copper treatment on Saccharomyces cerevisiae 
fermentation system was complex; under low concentrations, 
copper is an essential trace element in almost all organisms and 
plays an important positive role for organisms (Azenha et al., 
2000; Ferreira et al., 2006), but it would have inhibitory effect 
on cells when out of the useful range, even toxicity (Robinson & 
Winge, 2010). Under 32 mg/L copper concentration, on the one 
hand, copper stimulate the breeding of Saccharomyces cerevisiae 
BH8; on the other hand, it also accelerates yeast death. More 
research is needed, such as the facilitation and inhibition specific 
thresholds are needed.

3.4 Influence of high Cu2+ stress on copper biosorption of 
Saccharomyces cerevisiae during wine fermentation

The results of copper biosorption of Saccharomyces cerevisiae 
during wine fermentation were shown in Figure 5. The copper 
ion concentration in Chardonnay must fell sharply at first, 
then slowly risen up with the alcohol fermentation advancing. 
The falling speed and rallied speed were all positively related 
to the initial concentration of Cu2+. What’s more, the trend of 
the copper ion concentration falling down at the earlier stage 
(Figure 5) was consistent with the trend of yeast growth rising 
up at the earlier stage (Figure 1a), the maximum speed were 
all happened at the second day. Meanwhile, at the exuberant 
fermentation period (2~4 d), the copper ion concentration 
remained stable at the lowest level, which was also same with 
the fermentation efficiency remained stable period (Figure 2). 

After the fourth day, copper ion concentration began to recover 
slowly, but it was still much less than the initial concentration.

After alcoholic fermentation, the order of the removal rate of 
copper was as follows: the control group (80.95%), then 32 mg/L 
treatment group (64.55%), 96 mg/L treatment group (60.67%), 
64 mg/L treatment group (58.14%). This order was same with 
the order of the efficiency of fermentation producing CO2 
(Figure 2), but inconsistent with the live yeast count (Figure 1a), 
which means that except biological adsorption (by living yeast), 
non‑biological adsorption (including died yeast) might play a role.

For the reason that the real grape must was complicated 
with many solids compositions (Ferreira et al., 2006; Li et al., 
2010), it was difficult to extract yeast, which means that it was 
difficult to detect the copper content of the yeast body directly. 
So we detected the change of copper content in grape must to 
reflect the copper ions absorption of Saccharomyces cerevisiae 
BH8. The rapidly falling of the copper content in grape must 
embodied that Saccharomyces cerevisiae BH8 had a good adsorption 
performance on copper. This is consistent with the results in 
simulated grape juice (Sun et al., 2015a, 2016). In addition, the 
copper ion removal rate was more than 58% in real grape must, 
far more than the result under the same initial concentration 
of Cu2+ in simulation grape juice (around 20%) (Zhao, 2012). 
The reason of this might be that simulation grape juice composition 
is relatively simple (Du et al., 2012; Ferreira et al., 2006), there 
was no effect of natural microbe, solids, etc, so reflect a good 
correlation between the copper ions removal rate and the initial 
concentration of Cu2+ (Jasna et al., 2007; Zhao, 2012). And in 
real grape must, as there are many other biological components 
(plant cell, microbial) and non-biological components (protein, 
free sulphur) that can be combined with copper existed, though 
the copper ions removal rate were still negative correlation with 
the increasing of initial concentration of Cu2+, the removal rate 
was much higher than in simulation grape juice (Zhao, 2012).

At the late alcoholic fermentation stage, the copper ion 
concentration began to slowly rising up. As Saccharomyces cerevisiae 
began to autolysis in late fermentation (Ishii  et  al., 2014; 
Moon et al., 2013), and high Cu2+ stress accelerated the death of 
Saccharomyces cerevisiae cells (Figure 1b) (Robinson & Winge, 
2010; Azenha  et  al., 2000; Ferreira  et  al., 2006), meanwhile 
the form of Saccharomyces cerevisiae adsorption copper ion 
including absorption copper to intracellular accumulation 
(Kapoor & Viraraghavan, 1995), so the slow rise of copper 
concentration may come from the intracellular accumulation 
of copper ion release again. There are many factors affecting 
the copper adsorption of Saccharomyces cerevisiae, therefore, 
the adsorption mechanism, including biological adsorption 
non-biological adsorption should be further studied.

4 Conclusions
Under high Cu2+ stress, the cell growth and survival rate 

of Saccharomyces cerevisiae BH8 were inhibited. With different 
copper concentration, the effect on cell growth of Saccharomyces 
cerevisiae BH8 was different. 64 mg/L and 96 mg/L treatment 
inhibited the yeast growth curve in the whole fermentation stage, 
while 32 mg/L treatment promoted the yeast continuous at early 

Figure 5. Copper concentration in Chardonnay must during fermentation 
at different Cu2+ levels. Different small letters indicate significant 
difference (Duncan’s test: P < 0.05, performed by DPS software (version 
7.55, China)). 
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fermentation stage, which led to the live strain count obviously 
increased, but the survival rate was still lower than the control 
group, which indicated that with the live yeast count increased, 
there were still a large number of yeast died at the same time.

What’s more, high Cu2+ stress could inhibit the fermenting 
property, the alcohol production and reducing sugar utilization 
of Saccharomyces cerevisiae BH8 in Chardonnay grape must, 
but not significant. In all treatment groups, reducing sugar can 
be fully converted to alcohol. With the alcohol fermentation 
advancing, the copper ion concentration in Chardonnay must 
fell sharply at first, then slowly risen up. The falling speed and 
rallied speed were all positively related to the initial concentration 
of Cu2+. Moreover, the trend of the copper ion concentration 
falling down at the earlier stage was consistent with the trend of 
yeast growth rising up at the earlier stage, and the copper content 
was still much less than the initial concentration in the end of 
fermentation. After alcoholic fermentation, the order of the 
removal rate of copper was same with the order of the efficiency 
of fermentation producing CO2, but inconsistent with the live 
yeast count, which means that except biological adsorption 
(by  living yeast), non-biological adsorption (including died 
yeast) might play a role. In addition, the Saccharomyces cerevisiae 
BH8 showed a good fermenting property and copper removal 
ability under high Cu2+ stress. These results could provide certain 
references and some new data for the wine industry to face the 
copper pollution risk.
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