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Effect of Physico-Chemica_l Factors on Growth of Starter Culture

for Wine Malolactic Fermentation

Djelovanje fizikalno-kemijskih parametara na rast starter kulture za

Jjabuéno-mlijecnu fermentaciju vina

Rajka BoZani¢, Vjera Runji¢-Perié, Ivanka Pavusek and V. Mari¢
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Summary

The induction of the malolactic fermentation (MLF) by in-
oculating a wine with sclected malolactic bacteria has, recently,
received inmiense enologists” attention because of its positive
influence on quality and sensory characteristics of wine. The strains
of Lenconostoc oenos adapted to grow in adverse conditions
of fermentation (i.c., low pH valucs and temperature, high con-
centrations of SO, and ethanol) were the most frequently used.

Since MLF of wines is performed in adverse conditions for
bacterial growth in this paper the effects of temperature and
pH lower than optimal, and different cthanol and SO, concen-
trations on the growth of strain UR were investigated with op-
timal value of at least one factor of growth (T and/or pH). The
simidtaneous cffect of these factors combined by Graeco-Latin
Square method was also investigated. The optimal conditions
detcrmined for the growth of the investigated strain are: 37 °C and
pH = 6.5. The growth of Leuconostoc oenos UR was good at
25 °C, while lower pH (3.0 and 4.0) and higher ethanol volume
fractions (¢ =10 and 12 %) inhibited bacterial growth sig-
nificantly. The investigation of SO concentration (30, 50 and
100 mg/L) showed that only the highest SO, concentration in
niedinm slightly suppressed bacterial growth after 24 hours of
cultivation. The growth of L.oenos UR in the conditions con-
bined by Gracco-Latin Square method was significantly sup-
pressed. Namely, after 24 hours of growth under such conditions,
the maximal cell concentration ratio (CCR) was only 15 % of CCR
valtic obtained at the same unfavorirable pH, but in otherwise op-
timal conditions. The ratio between sums of squares of separate
variables and total sums of squares (expressed as a percent),
estimates the inhibitory influence of cach variable in Greaco-Latin
Square Design on the growth of L.oenos UR. It was estimated
that the share of medium pH value is the most significant: 73.0 %
and 88.4 % after 24 hours and 120 hours of growth, respectively.

Introduction

Lactic acid bacteria make a significant contribution
to the quality and stability of wines by conducting malo-
lactic fermentation (MLF). Wine composition and, conse-
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SaZetak

Poticanje jabucno-mlijecne fermentacije (JMF) u vinima
inokulacijont odabranin bakterijama mlije¢ne kiseline zaokuplja
sve vecit paznju enologa radi povoljnih utjecaja na kakvoéu i
senzorske karakteristike vina. U tu sorhu najéescée se koriste so-
jevi vrste Leuconostoc oenos prilagodeni rastu u nepovolj-
nint uwjetima pod kojima sc provodi fermentacija (t. niske vri-
jednosti pH [ temperature, visoke koncentracije SO, i etanola).

U radu su istraZeni optimalni wvjeti rasta (pH podloge i
temperatura) bakterije L.oenos soj UR 1t MRS podiozi u sorhu
proizvodnje starter kulture za JMF. Bududi da se JMF u vinima
provodi 1 nvjetima nepovoljnim za bakterijski rast, u radu je
istraZen i utjecaj temperatura i vrijednosti pH nizil od opti-
malnih, razlicitih koncentracija etanola i SO, na rast soja UR,
uz uwijet da je bar jedan od parametara rasta (T ifili pH) bio
optimalan. Isto je tako istraZen i utjecaj tih paramctara kom-
biniranift metodom greko-latinskog kvadrata. Optimalni wvjeti
za rast istrazivanog soja su 37 °C i pH podloge 6,5. Pri 25 °C
L.oenos UR raste dobro, dok niZe vrijednosti pH podloge (3,0
i 4,0 ) i veci volummi udjeli etanola (¢ =10 i 12 %) znacajno
inhibiraju bakterijski rast. Od istraZivanih koncentracija SO,
(30, 50 i 100 mg/L) samo je u podlozi s najvecom koncentraci-
jom SOz nocen nesto slabiji rast nakon 24 sata nuzgoja. Rast
L.oenos UR znacajno je potisnut 1 wvjetima kombinivanini prema
grcko-latinskom kvadratu. Naime, nakon 24 sata rasta u ovim
nuvjetima, maksimalni postignuti faktor prezivljavanja (CCR)
iznosio je samio 15 % od vrijednosti CCR dobivene pri istont nepo-
voljuom pH, ali uz inace ostale optimalne wvjete rasta. Odno-
som suma kvadrata pojedinili varijabli i ukupne sume kvadrata
(izraZene kao postotak) odreden je inhibitorski utjecaj pojedine
varijable u grcko-latinskom kvadratu na rast L.oenos UR. Ud-
jel vrijednosti pH podioge je najznacajniji: 73,0 % nakon 24 sata,
odnosno 88,4 % nakon 120 sati rasta istraZivane bakterije.

quently, wine quality are altered by these bacteria, be-
cause some wine components are utilized as substrates
for growth, and metabolic end products are excreted into
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the wine. Many qualitative studies, and more recent
quantitative data have shown that Lenctonostoc oenos is
the species most frequently occurring in wine (1-3) and
is mainly responsible for MLE. MLF is considered desir-
able in high acid wines produced from grapes grown in
relatively cool climates because such wines become more
palatable after deacidification (4). Although it is desir-
able, initiation of MLF is often difficult (5) since many
factors inhibit the growth of malolactic bacteria in wine.
The most important ones are the low pH, high concen-
tration of ethanol and sulfur dioxide.

In this study the effect of selected physicd-chemical
factors on growth kinetics of Leustonostoc oenos strain
UR, potentially usable starter culture for wine MLF, was
investigated.

Experimental

The Leustonostoc oenos strain UR used in this study
was kindly provided by Professor A. Maujen, Faculte de
Sciences, Reims. Routinely, the strain was subcultured twice
a month on MRS (Biolife, Milano) slants (pH = 5.0) at
30 °C (6). Inoculum was prepared by cultivation of bac-
terium in MRS broth (pH =5.0) in thermostat at 30 °C
for 16 hours. All experiments were performed stationary
in 1 L capacity E. flasks and 700 mL of MRS broth. Ino-
culation size was 10 mL/L.The separate effect of tempera-
ture (25, 30 and 37 °C), pH (3.0, 4.0, 5.0, 5.5 and 6.5),
ethanol (p=2, 5, 10 and 12 %) and SO, (y=30, 50 and
100 mg/L), and the effect of the same factors combined by
Graeco-Latin Square Design (Table 1, 7) on bacterial growth
were investigated. Graeco-Latin Square Design allows si-
multaneous investigation of four factors (i.e., T, pH, SO,
and ethanol) each at p levels (p =3 was chosen) in only

p? runs (Table 1). To investigate the effect of factors se-
parately, factor values were the following: the pH of the
medium 6.5 (except in experiments with different pH va-
lues), and growth temperature 37 °C (except in experi-
ments with different temperatures). In each case, the pH
value was adjusted with ortho-phosphoric acid before
sterilization and confirmed afterwards. The SO, in the
form of K;5,05; and abs. ethanol were added to the me-
dia after sterilization. Bacterial growth was determined
by plate count method placing the 10 mL of sample de-
cimal dilutions (min. two) in triplicate, on MRS agar and
incubating at 37 °C for 48 hours. The cell concentration
of L.oenos UR after 24 hours (separate factors), and 24
and 120 hours (combined factors) of growth was deter-
mined. The results were expressed as the concentration
of cells, i. e., the number of cells, corresponding to the
number of colony forming units (CFU) per milliliter of
culture (N). The cell concentrations ratio (CCR) i. e., the
ratio between concentration of bacterial cells after 24 (Ny)
and 120 (Njy) hours of growth and starting cells concen-
tration (Np) were taken for comparing the influence of in-
vestigated factors on bacterial growth.

Results

The influence of separate parameters (i.e., T, pH, SO,
and ethanol) on CCR of L.oenos UR is shown in Fig.1.
The optimal growth conditions for L.ocnos in MRS broth
were t. =37 °C and pH = 6.5 (Fig. 1.a and b). The growth
ratio for cells grown at 25°C was about 3/4th of that
obtained in optimal conditions. Decrease of pH value from
6.5 to 3.0 (Fig. 1.b) and increase of ethanol volume fac-
tors from 5 to 12 % (Fig. 1.c) significantly influenced the
L.oenos UR growth. The CCR of L.oenos UR slightly de-

Table 1. Design of experiment b%! Graeco-Latin Square method (according to 7), with

four factors each at p levels in p° runs

Tablica 1. Plan pokusa prema gréko-latinskom kvadratu (prema 7), sa &etri varijable, svaka

na p razina u p~ kombinacija

Factors Levels I\/I-ech’ﬂz{p2 runs)
Clinbarnied Razine Podloge (p* kombinacija)

p 1 2 3 4 5 6 7 8 9
SO, SO»-1 10 10 10
y/mgL™? 50,2 30 30 30
Columns SO,-3 50 50 50
Stupci

pH-1 30 30 30

pH pH-2 35 35 35
Rows pH-3 40 4.0 40
Redovi
Ethanol A 4 4 4
Etanol B 7 7 7
o/% C 10 10 10
Latin letters
Latinska slova
Temperature o 15 15 15
Temperatura Y 20 20 20
t./°C B 25 25 25

Greek letters
Gré&ka slova
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Fig. 1. The effect of separate factors: a) temperature, b) pH,
c) ethanol, d) SO; on the cell concentration ratio (CCR = Nay/Np)
of L.oenos UR after 24 hours of growth in MRS broth. Ny = 3.2
x 107 - 4.5 x 107 mL1 is starting cell concentration; Npg is cell
concentration at the end of cultivation
Slika 1. Djelovanje pojedinih parametara: a) temperatura; b) pH;
c) etanol; d) SO; na faktor preZivljavanja (CCR = Noy/Ng) L.oenos
UR nakon 24 sata uzgoja u MRS podlozi. Ng=3.2 x 107 4.5 x
107 mL! je poletna koncentracija stanica; Nag je koncentracija
stanica na kraju uzgoja

creased by addition of SO, in the medium (Fig. 1.d).
The cell concentration ratio after 24 and 120 hours of
bacterial growth in media combined by the Graeco-Latin
Square method (Table 1) are shown in Fig. 2.

Discussion

The extent of physico-chemical factors known to affect
the growth of malolactic bacteria (i.e., pH, T, SO; and
ethanol) greatly depends on the species (3) or even the
bacterial strain (8,9). Among leustonostocs the Leuconostoc
ocnos is the species reported to be almost exclusively pre-
sent in wines, wineries and vineyards (1) and is consid-
ered as the malolactic bacterium »par excellence«. Al-
though it was found that the optimal temperature for
growth of Lenconostoc ocnos is between 20 and 25 °C
(10,11) and pH between 4.4 and 4.6, the best growth of
L.oenos UR was obtained at t. = 37 °C, and pH = 6.5. Ex-
amining the influence of separate factors on L.ocnos UR
growth at least one factor (pH and/or T) of growth was
optimal. The highest negative effect on bacterial growth
produced the low pH value of growth medium (below
5.0, Fig. 1.b) , and the high alcohol content (above =5 %,
Fig. 1.c). However, although the bacterial growth was sig-
nificantly suppressed, even at the lowest pH and highest
alcohol concentration some growth occurred (Fig. 1). The
cumulative negative effect of investigated factors is evi-
dent. In media with combined factors (Fig. 2) much lower
CCR, either after 24 or 120 hours of growth were obtained,
compared to the bacterial growth resulted from investi-
gations of separate factors (Fig. 1). For example, the maxi-
mal CCR after 24 hours of growth, achieved in medium
8 (Fig. 2), was about 85 % smaller than that obtained in
medium with the same pH (pH = 4.0) but without the
influence of the other growth inhibiting factors (Fig. 1).
This is in accordance with the published data (3,8,12).

B ccAt
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Fig. 2. The influences of SO, ethanol, starting pH and tempe-
rature interactions (media 1-9) on the cell concentration ratios
(CCR) of L.oenos UR in MRS broth after 24 (CCR; = Nog/Np)
and 120 (CCR; = Ny2g/Ng) hours of cultivation
Slika 2. Utjecaj djelovanja razli¢itih koncentracija SO, etanola,
potetnih vrijednosti pH podloge i temperatura (podloge 1-9)
na faktore preZivljavanja (CCR) bakterije L.oenos soj UR u MRS
podlozi nakon 24 (CCR; = Noy/Ny) i 120 (CCR5 = Nyag / Ny) sati
uzgoja

Namely, the negative effect of pH lowering is increasing
when the medium contains SO,, because at lower pH
values (below 5.0) the free SO, concentration (known an-
timicrobial agent in wine), increases (13). According to
the literature (8,14) alcohol tolerance of malolactic bacte-
ria is greatly affected by temperature and pH, and it de-
creases as the temperature rises and pH decreases. Etha-
nol is known as the main inhibitor of bacterial growth,
but L.oerios UR can grow in medium with ¢ =10 % of
ethanol (Fig. 1.d), even at pH below optimal value and
in the presence of the other inhibiting factors (Fig. 2,
medium 7). In combined factors conditions the best cell
concentration ratios were achieved in medium 8 and 7
after 24 and 120 hours of growth, respectively. Results
presented in Fig. 2 indicate that L.oenos UR is able to
adapt and even grow in unfavorable conditions. Namely,
the CCR values obtained after 120 hours of growth in
media 4, 7 and 9 (Fig. 2) were by 35, 20 and 43 % higher
than after 24 hours of growth in the same media, respec-
tively. The ratio between sums of squares of individual
variables (SSROWSJ' SSColumnsr SSI_.atin letter and SSGrevek leltf_--r)I and
total sums of squares (SSy,,; = 5.67 for Noy/Np and SSp =
= 7.32 for Niy/Np), expressed as a percent, was used to
estimate the negative influence of each variable in Graeco-
-Latin Square Design on the growth of L.oenos UR. The
obtained values for pH, SO,, ethanol and temperature
are 73.0, 12.7, 10.6 and 3.4 % (for Ny /N,) and 884, 6.7,
1.9 and 2.9 % (for Njx/Ny), respectively.
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