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Sparkling wine has widely been consumed because of its high added value.
Sparkling wine is mainly produced using grape, however different fruits have been studied to
ferment the wine. The objective of this study was to determine the quality characteristics and
antioxidant potential of sparkling wine produced by using ripe persimmon with three strains of
Saccharomyces, thatis, S. bayanus, S. carlsbergensis, and S. cerevisiae. Persimmon sparkling
wine samples were prepared by fermenting different amounts of persimmon fruit and water.
Alcohol content was significantly varied in base wine with different proportion of persimmon
fruit and water. Antioxidant potential in term of DPPH radical scavenging potential of the base
wine prepared with 4:1 ratio of persimmon and water was significantly high. However, the
tannin content of the wine samples was not significantly affected. Sensory characteristics in
term of full-body was also significantly high for the wine prepared with 4:1 ratio of persimmon
and water. Inoculation method also affected the ethanol content of persimmon sparkling wine.
Results of this experiment showed that good quality persimmon sparkling wine could be
prepared by fermenting 4:1 ratio of ripe persimmon and water during first fermentation.
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Production of sparkling wine has been
increased because of its high added value. Report
shows that production of sparkling wine increased
in recent years'.

Sparkling wine are produced after
second fermentation of a base wine. The base
wine produced in first fermentation is subjected
to second fermentation, which is conducted in
closed bottles, after adding sugar and yeast.
During the second fermentation, the sparkling
wines remain in contact with lees for at least
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nine months at low temperatures (12-16°C). The
considerable variations among sparkling wines
are fundamentally attributed to the grape varieties
and the aging time on lees*®. During the aging
of sparkling wine, the yeast autolysis causes
significant variations in the wine composition®,
especially for the volatile compounds that could
impart significant effect on the final quality of the
wines’™. Various enzymatic as well as chemical
reactions, during the second fermentation, may
cause modification in the aroma of the wines due
to the formation or degradation of some volatile
compounds?®. Similarly, the yeast lees may adsorb
some volatile compounds, reducing the latter’s
concentration in the aged wines'® ',
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During the second fermentation, yeasts
are exposed to various stress factors, like elevated
ethanol, nitrogen deficiency, low pH, low
temperatures and overpressure of CO,"?, which
influence their metabolism and consequently may
cause a significant modification in organoleptic
properties of sparkling wine. Two forms of impact
are recognized during the second fermentation,
also called ‘prise de mousse’. Firstly, an increased
ethanol content and CO, overpressure, while yeasts
live. Later, the yeasts release mannoproteins that
affect some aroma precursors* *'* when they die
and also during the aging time on lees. Because
of these reasons, several experiments have been
conducted to select appropriate yeast strains for
their potentiality to autolysis and flocculation,
production of enzymes and tolerance to ethanol
and low temperature"’.

Although few fruits such as pineapple',
mulberry's, and guava'é have been used in
production of sparkling wine, majority of the wines
are fermented using grape® '>'"-'8. To the best of our
knowledge, to date, no studies have been conducted
on preparation of sparkling wine using persimmon
fruits although the fruits are rich in different
nutrients and phytochemicals'® ?2. Therefore,
the objective of this study was to determine the
quality characteristics and antioxidant potential of
sparkling wine produced by using ripe persimmon
with three strains of Saccharomyces, S. bayanus,
S. carlsbergensis, and S. cerevisiae.

MATERIALS AND METHODS

Chemicals and materials

Folin-ciocalteu phenol reagent and
DPPH were purchased from Sigma-Aldrich (St.
Louis, MO, USA). All other reagents used were
of analytical grade. Fruits of persimmon cultivar
Sangju Doongsi, grown at Sangju Persimmon
Research Institute (Gyeonsangbuk-do, Korea),
were harvested at commercial maturity stage.
Yeasts (Saccharomyces bayanus, S. carlsbergensis,
and S. cerevisiae) were purchased from local stores
in Daegu (Korea).
Preparation of persimmon sparkling wine
samples

Persimmon sparkling wine was prepared
using 2-step fermentation. Briefly, a mixture of
sugar, ascorbic acid, and SO, was kept at 25°C
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for 5 h. The mixture of ripe persimmon and dry
yeast activated at 60°C for 30 min was fermented
for 14 days at 22°C, followed by removal of
ripe persimmon pulp and re-fermentation for 14
days at 22°C. Different persimmon sparkling
wines prepared by different amounts of water
and inoculation methods were named as SW-1:
persimmon sparkling wine was fermented with ripe
persimmon and water at a ratio of 1:0 (w/w), SW-2:
persimmon sparkling wine was fermented with ripe
persimmon and water at a ratio of 4:1 (w/w), SW-
3: persimmon sparkling wine was fermented with
ripe persimmon and water at a ratio of 1:4 (w/w),
SW-4: persimmon sparkling wine was fermented
with ripe persimmon and water at a ratio of 1:1
(w/w), and I : The diluents were mixed with base
wine and distilled water at a ratio of 1:1 (w/w), and
the diluted samples, added with 0.05% of yeast
and 1% of sucrose, were cultured at 25°C for 48-
72 h. After preparation, the stains Saccharomyces
bayanus, Saccharomyces carlsbergensis and
Saccharomyces cerevisiae were inoculated into
the culture broth in base wine, II: The 0.05% of
the stains Saccharomyces bayanus, Saccharomyces
carlsbergensis and Saccharomyces cerevisiae
and 1% of sugar in water (25°C) were mixed and
activated at 50°C for 30 min. In the second step,
the mixture of first ferment, sugar and yeasts was
fermented in a 750 mL glass bottle at 22°C.
Physicochemical parameters

Alcohol concentration analysis was
conducted following the method of Ough and
Amerine*. The reducing sugar obtained was
measured by using a phenol-H,SO, method*.
Titratable acidity (lactic acid in %) was measured
by addition of 5 mL of persimmon sparkling wine
to 125 mL of deionized water, followed by titration
using 0.1 N sodium hydroxide to an endpoint
pH 8.2.
Color measurement
L*(lightness), a*(redness, + or greenness,-)
and b*(yellowness, + or blueness, -) values of
persimmon sparkling wine were measured using
a Chroma Meter (CR-300; Minolta Corp., Osaka,
Japan). A Minolta calibration plate (YCIE=94.5,
XCIE=0.3160, YCIE=0.330) and a Hunter Lab
standard plate (L*= 97.51, a*=-0.18, b*= +1.67)
were used to standardize the instrument using a
D65 illuminant®. Color values were measured
directly from 3 zones of persimmon sparkling wine
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and mean values were calculated.
DPPH radical scavenging activity

DPPH radical scavenging activity of
persimmon sparkling wine was measured following
the methods described by Blois?*® with some
modifications. Eight hundred microliters of a 0.2
mM DPPH ethanol solution was mixed with 0.2
mL of a persimmon sparkling wine. The mixture
was thoroughly mixed using a vortexer and left to
stand for 10 min at room temperature under dark
condition. After incubation the absorbance value
was measured using a spectrophotometer at 520
nm (Multiskan GO Microplate; Thermo Fisher
Scientific, Vantaa, Finland).
Evaluation of sensory properties

Sensory properties was evaluated for the
freshly prepared sparkling wine. The wine samples
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were scored for color, sweet, sour, astringent,
bitter, and full-body using scale of 1= very bad, 2=
bad, 3= fair, 4= good, 5= very good. The sensory
property evaluation was carried out with a panel
of 20 volunteers (10 women and 10 men) selected
from the list of graduate students of College of
Agriculture and Life Sciences of Kyungpook
National University, Daegu, Korea. Mean values
of 20 evaluations for each sensory property were
reported as scores.
Statistical analysis

Data were subjected to analysis of
variance using SAS 9.4 (Cary Institute, NC,
USA). Differences between sample means were
determined using Tukey test at p<0.05 probability.

Table 1. Chemical characteristics of persimmon base wines prepared with
different amounts of persimmon and water

Sample”  Alcohol (%, v/v)  Reducing sugar (%)  Titratable acidity? (%)
SW-1 7.81+0.05) 3.394+0.20° 3.50+0.02°
SW-2 10.20+0.10* 3.34+0.16° 4.27+0.05°
SW-3 9.86+0.08° 3.27+0.17° 4.32+0.06°
SW-4 7.91+0.07¢ 4.66+0.08° 3.204+0.03¢

DSamples are defined in ‘Preparation of persimmon sparkling wine samples’ under Materials

and Methods section.
PAs lactic acid.

JQuoted values are means+SD of triplicate measurements. Values followed by different
superscripts in the same column are significantly different (p<0.05).

Table 2. Hunter’s color values of persimmon
base wines prepared with different amounts of
persimmon fruit and water

Sample" Color value?

L a’ b
SW-1 95.11+0.029*  -1.00+0.03¢ 9.32+0.042
SW-2  94.77+0.12°  -0.92+0.02*  7.21+0.01°
SW-3 92.00+£0.05¢  -0.82+0.05* 6.92+0.03¢
SW-4  93.31+0.04° -1.11+0.03¢  6.00+0.02¢

DSamples are defined in ‘Preparation of persimmon sparkling
wine samples’ under Materials and Methods section.

JL*, lightness (100, white; 0, black); a*, redness (-, green;
+, red); b*, yellowness(-, blue; +, yellow).

9Quoted values are means+SD of triplicate measurements.
Values followed by different superscripts in the same column
are significantly different (p<0.05).

Table 3. DPPH radical scavenging activities
and tannin content of persimmon base wines
manufactured with prepared by adding
different amounts of water

Sample? DPPH Tannin
(%, Inhibition) content (%)
SW-1 81.20+1.82%2 0.03+0.01*
SW-2 80.31+1.20* 0.02+0.01*
SW-3 76.21£1.63° 0.02+0.01*
SW-4 45.23+1.88¢ 0.01+0.01*

DSamples are defined in ‘Preparation of persimmon
sparkling wine samples’ under Materials and Methods
section.

2Quoted values are means+SD of triplicate measurements.
Values followed by different superscripts in the same
column are significantly different (»p<0.05).
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RESULTS

Chemical characteristics of persimmon base
wine

Chemical characteristics of persimmon
base wine prepared with different amounts of water
are given in Table 1. The chemical characteristics of
persimmon base wine were affected by the amounts
of water added. SW-2 base wine had higher value
for alcohol concentration (10.20%). On the other
hand, the SW-4 base wine had the highest reducing
sugar content (4.66%) but lowest titratable acidity
value (3.20%) among the four base wine samples.
Color values of persimmon base wine

Color values of persimmon base wine
samples fermented with different amounts of
water were signigicantly different (Table 2). L*
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(lighteness) and b* (yellowness) values of SW-1
were higher than those of the other samples,
however SW-3 had the highest value (-0.82) for
a* (redness).
DPPH radical scavenging potential and tannin
content

DPPH radical scavenging potential
was significantly (p<0.05) different, however
tanning content was not (Table 3). DPPH radical
scavenging activities of persimmon base wines
were in the order SW-1=SW-2>SW-3>SW-4.
Sensory characteristics of persimmon sparkling
wine

Sensory characteristics (color, sweetness,
sourness, astringency, bitterness, and full-body)
of persimmon base wine prepared with different
amounts of persimmon and water were significantly

Table 4. Sensory characteristics of persimmon base wines manufactured with
prepared by adding different amounts of water

Attributes Sample"
SW-1 SW-2 SW-3 SW-4

Color 4.21+0.262 4.00+0.31% 3.67+0.25° 3.66+£0.21°
Sweetness 2.10+£0.21# 2.00£0.207 2.20+0.05* 2.11+0.31?
Sourness 2.00+0.33° 2.53+0.27* 2.65+0.19* 2.70+0.05°
Astringency 1.10+0.02° 1.11£0.04° 1.01£0.03° 1.03+0.02°
Bitterness 1.85+0.06" 2.50+0.17* 2.39+0.20* 2.50+0.11°
Full-body 3.09+0.13° 3.51+0.212 3.00+0.11° 2.21+0.32¢

DSamples are defined in ‘Preparation of persimmon sparkling wine samples’ under

Materials and Methods section.

2Quoted values are means+SD of triplicate measurements (#=20) based on 5 point scores (1,
very poor; 2, poor; 3, fair; 4, good; 5, very good). Values followed by different superscripts
in the same row are significantly different (p<0.05).

Table 5. Ethanol content (%) of persimmon
sparkling wine prepared adopting different inoculation
methods at second fermentation

Strain Inoculation method"

I 1I
Saccharomyces bayanus ~ 9.72+0.06>  10.43+0.06°
S. carlsbergenis 9.69+0.07*  10.21+0.02°
S. cerevisiae 9.11+£0.09®  9.87+0.03¢

DInoculation methods are defined in ‘Preparation of persimmon
sparkling wine samples’ under Materials and Methods section.
YQuoted values are means+SD of triplicate measurements.
Values followed by different superscripts in the same column
are significantly different (p<0.05).
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Table 6. Reducing sugar content (%) of persimmon
sparkling wine prepared adopting different
inoculation methods at second fermentation

Strain Inoculation method"

I I
Saccharomyces bayanus ~ 1.31£0.06*»  1.35+0.02°
S. carlsbergenis 1.12+0.02*  1.38+0.04
S. cerevisiae 1.25+0.08*  1.37+0.03"

DInoculation methods are defined in ‘Preparation of
persimmon sparkling wine samples’ under Materials and
Methods section.

YQuoted values are means+SD of triplicate measurements.
Values followed by different superscripts in the same column
are significantly different (p<0.05).
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(p<0.05) different (Table 4). Other than the
sweetness, all the other sensory parameters of base
wine samples were significantly (p<0.05) different.
Full-body value of SW-2 was significantly highest
for SW-2 (3.51) and lowest for SW-4 (2.21).
Results of this experiment showed that the sensory
properties of base wine could be significantly
altered by varying the amount of persimmon and
water.
Alcohol content of persimmon sparkling wine
Ethanol content of persimmon sparkling
wines prepared by different inoculation methods
at second fermentation are given in Table 5.
Inoculation methods were found to be a determining
factor for ethanol content in persimmon sparkling
wine fermented with strains of S. bayanus, S.
carlsbergenis, and S. cerevisiae. For the inoculation
method I, the ethanol content was in the order S.
bayanus>S. carlsbergensis>S. cerevisiae.
Reducing sugar of persimmon sparkling wine
Reducing sugar contents of persimmon
sparkling wine samples prepared by adopting
different inoculation methods at second
fermentation were not significantly (p>0.05)
different (Table 6). The reducing sugar contents in
the methods I and II were in the range of 1.12 1.31
and 1.35 1.38%, respectively.

DISCUSSION

Chemical characteristics of persimmon base
wine

Chemical parameters such as alcohol
and sugar contents are important for the analytical
panel to aid fraud tracking of sparkling wine?”.
Results of this experiment showed that the
chemical characteristics of persimmon base wine
could be manipulated by varying the amount of
the amounts of ripe persimmon and water. The
amount of persimmon in base wines during the
aging of the wine may explain the differences in
color values®®. Color of wine is important factor
for consumer preference*-*°. DPPH is widely used
for assessing the free radical scavenging ability*'.
It was found that persimmon base wine fermented
with different amounts of persimmon and water had
different hydrogen-donating capacity to scavenge
DPPH radicals. Results of this experiment showed
that the sensory properties of base wine could be
significantly altered by varying the amount of
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persimmon and water. Variations in these sensory
characteristics of wine were also observed in
previous studies*. Hence, it could be speculated
that base wine fermented with persimmon and
water in the ratio of 4:1 (w/w) might be an optimum
amount to produce a high full-body sensory
attributes. The ethanol contents the persimmon
sparkling wines are probably the factor affected by
the second fermentation conditions®. There were
no significant differences for reducing content of
persimmon sparkling wine fermented with different
strains of Saccharomyces, that is, S. bayanus, S.
carlsbergensis, and S. cerevisiae. Similar results
were reported in a previous report*.

CONCLUSION

Persimmon sparkling wine samples
were prepared by fermenting different amounts
of persimmon fruit and water using different
strains of Saccharomyces, that is, S. bayanus, S.
carlsbergensis, and S. cerevisiae. Alcohol content
was significantly varied in base wine samples
prepared with different proportion of persimmon
fruit and water with the highest value in SW-2.
DPPH radical scavenging potential of SW-1 and
SW-2 was significantly higher than other two base
wine samples. However, the tannin content of the
samples was not significantly affected. Sensory
characteristics in term of full-body was also
significantly high for SW-2. Inoculation method
also affected the ethanol content of persimmon
sparkling wine. Results of this experiment showed
that good quality persimmon sparkling wine
could be prepared by fermenting 4:1 ratio of ripe
persimmon and water during first fermentation.

ACKNOWLEDGEMENTS

This work was financially supported by
the Rural Development Administration, Republic
of Korea (PJ011629012017).

REFERENCES

1. Mariani, A., Pomarici, E., Boatto, V. The
international wine trade: Recent trends and
critical issues. Wine Econ. Policy, 2012; 1: 24 40.

2. Andres-Lacueva, C., Gallart, M., Lopez-
Tamames, E., Lamuela-Raventos, R.M. Influence
of variety and aging on foaming properties of

J PURE APPL MICROBIO, 11(4), DECEMBER 2017.



1652

10.

11.

12.

13.

14.

CHO etal.: QUALITY CHARACTERISTICS OF PERSIMMON SPARKLING WINE

sparkling wine (Cava). 1. J. Agric. Food Chem.,
1996; 44: 3826e3829.

Riu-Aumatell, M., Bosch-Fusté, J., Lopez-
Tamames, E., Buxaderas, S. Development of
volatile compounds of cava (Spanish sparkling
wine) during long ageing time in contact with
lees. Food Chem., 2006; 95: 237 242.
Pozo-Bayon, M.A., Martinez-Rodriguez, A.,
Pueyo, E., Moreno-Arribas, M.V. Chemical and
biochemical features involved in sparkling wine
production: from a traditional to an improved
winemaking technology. Trends Food Sci.
Technol., 2009; 20: 289 299.

Torrens, J., Riu-Aumatell, M., Vichi, S., Loipez-
Tamames, E., Buxaderas, S. Assessment of
volatile and sensory profiles between base and
sparkling wines. J. Agric. Food Chem., 2010; 58:
2455 2461.

Alexandre, H., Guilloux Benatier, M.I. Yeast
autolysis in sparkling wine—a review. Australian
J. Grape and Wine Res., 2006; 12: 119 127.
Francioli, S., Torrens, J., Riu-Aumatell, M.,
Lopez-Tamames, E., Buxaderas, S. Volatile
compounds by SPME-GC as age markers of
sparkling wines. Am. J. Enol. Viticul., 2003; 54:
158 162.

Pozo-Bayon, M.A., Pueyo, E., Martin-Alvarez,
P.J., Martinez-Rodriguez, A.J., Polo, M.C.
Influence of yeast strain, bentonite addition, and
aging time on volatile compounds of sparkling
wines. Am. J. Enol. Viticul., 2003: 54: 273 278.
Pozo-Bayon, M.A., Martin—Alvarez, P.J.,
Moreno-Arribas, M. V., Andujar-Ortiz, ., Pueyo,
E. Impact of using Trepat and Monastrell red
grape varieties on the volatile and nitrogen
composition during the manufacture of rosé¢ Cava
sparkling wines. LWT-Food Sci. Technol., 2010;
43: 1526 1532.

Gallardo-Chacoin, J., Vichi, S., Loipez-Tamames,
E., Buxaderas, S. Analysis of sparkling wine lees
surface volatiles by optimized headspace solid-
phase microextraction. J. Agric. Food Chem.,
2009; 57: 3279 3285.

Gallardo-Chacoin, J.J., Vichi, S., Loipez-
Tamames, E., Buxaderas, S. Changes in the
sorption of diverse volatiles by Saccharomyces
cerevisiae lees during sparkling wine aging. J.
Agric. Food Chem., 2010; 58: 12426 12430.
Penacho, V., Valero, E., Gonzalez, R. Transcription
profiling of sparkling wine second fermentation.
Int. J. Food Microbiol., 2012; 153: 176 182.
Torresi, S., Frangipane, M.T., Anelli, G.
Biotechnologies in sparkling wine production.
Interesting approaches for quality improvement:
A review. Food Chem., 2011; 129: 1232 1241.
Jinhai, Z., Yurong, W. Development of sparkling

J PURE APPL MICROBIO, 11(4), DECEMBER 2017.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

wine pineapple [J]. Academic Periodical of Farm
Products Processing. 2010; 11: 024.

Wang, H., Zhang, L., Ren, Y. Volatile composition
of mulberry fruit, and sparkling wine. Proc.
XXVII IHC-S2 Asian Plants with Unique Hort.
Potential Eds.-in-Chief: Donglin Zhang et al.
Acta Hort., 2008; 769.

Bertagnolli, S.M., Bernardi, G., Donadel,
J.Z., Fogaga, A.D., Wagner, R., Penna, N.G.
Natural sparkling guava wine: volatile and
physicochemical characterization. Ciéncia
Rural., 2017; 47: 09.

Coelho, E., Coimbra, M.A., Nogueira, J.M.,
Rocha, S.M. Quantification approach for
assessment of sparkling wine volatiles from
different soils, ripening stages, and varieties by
stir bar sorptive extraction with liquid desorption.
Analytica Chimica Acta., 2009; 635: 214 221.
Garcia, M.J., Aleixandre, J.L., Alvarez, 1.,
Lizama, V. Foam aptitude of Bobal variety in
white sparkling wine elaboration and study of
volatile compounds. Eur. Food Res. Technol.,
2009; 229: 133 139.

Ebert, G., Gross, J. Carotenoid changes in the
peel of ripening persimmon (Diospyros kaki) cv.
Triumph. Phytochemistry, 1985: 24: 29 32.
Gorinstein, S., Zemser, M., Haruenkit, R.,
Chuthakorn, R., Grauer, F., Martin-Belloso, O.,
Trakhtenberg, S. Comparative content of total
polyphenols and dietary fiber in tropical fruits
and persimmon. J. Nutr. Biochem., 1999;10: 367
371.

Celik, A., Ercisli, S. Persimmon cv. Hachiya
(Diospyros kaki Thunb.) fruit: Some physical,
chemical and nutritional properties. Int. J. Food
Sci. Nutr., 2007; 18: 1 8.

Del Bubba, M., Giordani, E., Pippucci, L.,
Cincinelli, A., Checchini, L., Galvan, P. Changes
in tannins, ascorbic acid and sugar contents in
astringent persimmons during on-tree growth and
ripening and in response to different postharvest
treatments. J. Food Compos. Anal., 2009; 22: 668
677.

Ough, C.S., Amerine, M.A. Methods for analysis
of musts and wines. 2™ ed. John Wiley and Sons,
New York, NY, USA; 1988; pp 80 107.
Wiboonsirikul, J., Kimura, Y., Kanaya, Y., Tsuno,
T., Adachi, S. Production and characterization
of functional substances from a by-product
of rice bran oil and protein production by
a compressed hot water treatment. Biosci.
Biotechnol. Biochem., 2008; 72: 384 392.

Kim, 1.D., Lee, J.W., Kim, S.J., Cho, J.W.,
Dhungana, S.K., Lim, Y.S., Shin, D.H. Exogenous
application of natural extracts of persimmon
(Diospyros kaki Thunb.) can help in maintaining



26.

27.

28.

29.

30.

CHO etal.: QUALITY CHARACTERISTICS OF PERSIMMON SPARKLING WINE

nutritional and mineral composition of dried
persimmon. Afi: J. Biotechnol., 2014; 13: 2231
2239.

Blois, M.S. Antioxidant determinations by the
use of a stable free radical. Nature, 1958; 181:
1199 2000.

Rossier, J.S., Maury, V., Gaillard, L., Pfammatter,
E. Use of isotope ratio determination (13C/12C)
to assess the production method of sparkling
wine. Chimia, 2016; 70: 338 344.
Pozo-Bayon, M.A., Monagas, M., Polo,
M.C., Gomez-Cordovés, C. Occurrence
of pyranoanthocyanins in sparkling wines
manufactured with red grape varieties. J. Agric.
Food Chem., 2004; 52: 1300-1306.

Sarah, G. Wine consumer behaviour: An Irish
wine market analysis. A literature review. Wine
Consumer Behaviour, 2009; 10: 1 27.

Ladaru, G.R., Beciu, S. Marketing research on
wine consumers’ preferences in Romania. Mark.

31.

32.

33.

34.

1653

Res., 2014; 14: 127 130.

Brand-Williams, W., Cuvelier, M.E., Berset,
C. Use of a free radical method to evaluate
antioxidant activity. Lebensm. Wiss. Technol.,
1995; 28: 25 30.

Park, W.-M., Park, H.-G, Rhee, S.-J., Lee, C.-
H., Yoon, K.-E. Suitability of domestic grape,
cultivar Campbell’s early, for production of red
wine. Korean J. Food Sci. Technol., 2002; 34:
590 596.

Genisheva, Z., Teixeira, J.A., Oliveira, J.M.
Immobilized cell systems for batch and
continuous winemaking. Trends Food Sci.
Technol., 2014; 40: 33-47.

Tai, S.L., Daran-Lapujade, P., Walsh, M.C., Pronk,
J.T., Daran, J. Acclimation of Saccharomyces
cerevisiae to low temperature: a chemostat-based
transcriptome analysis. Mol. Biol. Cell, 2007; 18:
5100-5112.

J PURE APPL MICROBIO, 11(4), DECEMBER 2017.



