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Abstract - The effect of aeration and type of neutralising agent on the growth of lactic acid bacteria, isolated from a typical Italian 
cheese, was investigated in laboratory fermenters, with the aim of defining process conditions for the production of autochthonous cul-
tures to be used as starters in traditional cheese-making. Batch fermentation trials were carried out using six different bacterial species 
belonging to the genera Lactobacillus, Lactococcus and Leuconostoc on lactose or glucose based substrates, with sodium-hydroxide 
(NaOH) or ammonium-hydroxide (NH4OH) as neutralisers and with or without micro-aeration 0.15 vvm. In most cases, optimal condi-
tions for growth were observed in the presence of both ammonium and air supply. The specific growth rate (µmax) values required for 
growth ranged from 0,16 to 0.39 h-1. 

Key words: lactic acid bacteria, autochthonous starter cultures, batch fermentation. 

INTRODUCTION 

Lactic acid bacteria (LAB) are widely used in food fermen-
tation because of their ability to improve flavour, texture and 
safety of perishable raw materials such as milk, meat and 
vegetables (Caplice and Fitzgerald, 1999). The industrial 
exploitation of LAB have also attracted considerable atten-
tion due to their potential for production of lactic acid (Bibal 
et al., 1989) and bacteriocins, which can act as natural food 
preservatives against spoilage and pathogenic micro-organ-
isms (Klaenhammer, 1993; Nettles and Berafoot, 1993; 
Messens and De Vuyst, 2002). 

Starter cultures used in cheese-making can be classified 
into two groups: traditional mixed-strain starters and defined 
strain starters obtainable from commercial suppliers (Parente 
et al., 1997). In traditional Italian cheese-making, many 
sheep and goat cheeses are produced using raw milk with-
out the addition of any starter culture in order to preserve 
the original microbial population responsible for the peculiar 
sensory characteristics. On the other hand, for these prod-
ucts it appears of utmost importance to find the right bal-
ance between traditional manufacturing conditions and 
hygiene demands (Cenci Goga et al., 1995). This goal can 
be accomplished through the use of autochthonous LAB cul-
tures which can be isolated from traditional cheeses, repro-
duced in small-scale fermentations, and added to thermised 
or pasteurised milk, in place of the industrial starters (Cop-
pola et al., 1990; Cenci Goga et al., 1995; Clementi et al., 
1998). 

*Corresponding Author. Phone: +39 0712204985; 
Fax: +39 0712204988; E-mail: e.zannini@univpm.it 

The production of LAB in batch fermentations is consid-
ered as a well known technology, but the effects of some 
process parameters would not appeared to be fully eluci-
dated. In particular, it is recognised for a long time that pH, 
temperature, medium composition, oxygen concentration 
and type of the neutraliser exert a strong effect on growth 
rate and biomass yield of LAB (Gilliland, 1985). The LAB 
group includes both mesophilic and thermophilic species. 
Consequently, fermentation temperature for biomass and lac-
tic acid production vary from 26 to 42 °C, (Whitehead et al. 
1993; Parente et al. 1997; Bury et al., 1998) although most 
processes are carried out at 35-37 °C (Mulligan and Safi, 
1991). The choice of medium is of fundamental importance 
as it influences down stream processes (biomass harvesting) 
and process costs. Tryptone-yeast extract-lactose media are 
largely used in the production of concentrated lactic acid bac-
teria cultures, due to low cost and absence of interference 
with the cell harvesting step (Bergere and Hermier, 1968; 
Peebles et al., 1969; Stahouder et al., 1969). In relation to 
aeration, lactic acid bacteria are known to be micro-aerophilic 
and do not tolerate high oxygen level. Accordingly, the addi-
tion of catalase (Teuber, 1993) or reducing compounds as 
ascorbic acid and ferrous sulphate (Whitehead et al., 1993) 
were proposed to remove the hydrogen peroxide produced 
by many strains and to maintain a low oxidation-reduction 
potential, respectively. In contrast, the supply of different 
amounts of oxygen was proven to increase lactic acid pro-
duction by Lactobacillus helveticus (Tango and Ghaly, 1999) 
and the growth of Leuconostoc mesenteroides (Plihon et al., 
1995; Champagne and Gardner, 2002) Lactobacillus plan-
tarum (Yousten et al., 1975) and Lactobacillus delbrueckii 
ssp. bulgaricus (Schiraldi et al., 2003). Finally, since lactic 
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acid exerts an end-product inhibitory effect on the growth 
and survival of LAB (Bibal et al., 1989), different neutralis-
ing agents are used during fermentation (Mulligan and Safi, 
1991; Rincòn et al., 1993; Champagne and Gardner, 2002) 
and found to exert either a positive or a negative influence 
on LAB growth (Peebles et al., 1969). 

The object of the present work was to investigate the 
effect of aeration and type of neutralising agent assessed in 
laboratory fermenters on the growth of six species of lactic 
acid bacteria isolated from Italian Pecorino cheese, with the 
aim of defining optimal process conditions for the produc-
tion of autochthonous starter cultures for use in traditional 
cheese-making. 

MATERIALS AND METHODS 

Microorganisms. The strains Lactobacillus casei DiSA 27, 
Lactococcus lactis subsp. cremoris DiSA 6, Lactobacillus 
plantarum DiSA 33, Lactobacillus brevis DiSA 49, Lacto-
bacillus pentosus DiSA 11 and Leuconostoc spp. DiSA 47, 
belonging to the Collection of lactic acid bacteria at the 
Dipartimento di Scienze degli Alimenti (DiSA) of our Uni-
versity were used. All the strains had been previously iso-
lated from milk, curd and/or cheese samples withdrawn dur-
ing manufacturing of a typical Italian Pecorino cheese (Zan-
nini et al., unpublished results). 

Equipment. A rotary shaker (model IKA-Labortechnik KS 
250, Janke and Kunkel, Staufen, Germany) was used for pre-
cultures. 

Fermentations were performed in 2 L (1.5 L max work-
ing volume) stirred tank BIOSTAT-B bioreactors (B-Braun 
Biotech International, Melsungen, Germany), comprising of 
a jacketed borosilicate glass vessel equipped with two six-
bladed Rushton turbines and four vertical baffles. Depend-
ing on the experimental design, an air compressor (Fini-Zola 
Predosa, Bologna, Italy) was used to supply air to the biore-
actors through a 0.20 µm filter (Cat. No. 000468; Midisart 
2000, Sartorius Goettingen, Germany). Continuous control 
of pH was achieved using a peristaltic pump supplying a 5 
N NaOH or NH4OH as neutralising agents. 

The Micro-MFCS software (B-Braun Biotech Internation-
al) for Windows NT was used for monitoring and controlling 
process parameters during fermentation. 

Growth media. Pre-cultures and fermentations were car-
ried out using a substrate containing (%, w/v): 0.5, tryptone 
(casein peptone, Oxoid Basingstoke, UK); 0.5, yeast extract 
(Oxoid); 0.2, (NH4)2C6H6O7; 0.2, K2HPO4; 0.02, MgSO4; 
0.005, MnSO4 and 7.5, lactose. Lactose was replaced by the 
same concentration of glucose source for cultivation of the 
strain Lactobacillus brevis DiSA 49 which is unable to utilise 
lactose (Kandler and Weiss 1986). 

The pH of pre-culture media was adjusted to 7.0 with 1 
M NaOH prior to sterilisation. Both pre-culture and fermen-
tation media were sterilised at 121 °C for 15 min. 

All chemicals were analytical grade commercial prod-
ucts. 

Culture conditions. Stock cultures were maintained at –80 
°C in MRS broth supplemented with 25% (v/v) sterile glyc-
erol. One hundred µL of the stock cultures were plated in MRS 
agar (Oxoid). After incubation for 24 h at 37 °C, a loop of 

the revitalised culture was utilised to inoculate 10 mL of MRS 
broth, which was incubated at 37 °C overnight. Six mL of this 
culture suspension were then inoculated into Erlenmeyer 
flasks filled at two thirds of their volume with 60 mL of the 
pre-culture medium. After incubation at 37 °C for 12-18 h 
and 140 rpm, the pre-culture broth was used as an inocu-
lum in a further pre-culture step carried out under the same 
conditions. An aliquot of 130 mL of the above cited pre-cul-
ture broth was used to inoculate the 1.3 L of fermentation 
medium in the bioreactor. 

In all fermentation trials, temperature was maintained at 
35 ± 1 °C and agitation speed was set at 100 rpm, where-
as two different conditions of aeration (0.00 or 0.15 vvm) 
were compared. 

With the aim of verifying the effect of the neutralising 
agent on growth, each strain studied was comparatively cul-
tivated using either NaOH or NH4OH, with the exception of 
the strains Lactobacillus lactis subsp. cremoris DiSA 6 and 
Leuconostoc spp. DiSA 47 which were cultured in broths neu-
tralised by NaOH only. 

Analytical methods. Twenty mL aliquots of the culture 
broths were aseptically withdrawn from the bioreactor at 
intervals during fermentations and utilised for the assessment 
of growth and lactose consumption, as described below. 

Growth measurement. Viable lactic acid bacterial cells in 
the culture broth were assessed at 0, 6, 10, 12, 24 and 48 
h of fermentations, except for the strains Lactobacillus bre-
vis DiSA 49 and Leuconostoc spp. DiSA 47 which were mon-
itored only at 0, 24 and 48 h. For all the microorganisms 
under study, viable counts were carried out on MRS agar with 
incubation at 37 °C for 48 h. 

Dry weight (DW) was measured at 24 and 48 h after cen-
trifugation of the culture broth samples at 4000 x g for 15 
min followed by two washings with 0.95% (w/v) NaCl solu-
tion and final drying at 105 ± 1 °C for 24 h . 

Lactose determination. The culture broth supernatants 
obtained by centrifugation as described above were subjected 
to a spectrophotometric assay using the Lactose/D-galactose 
enzymatic kit (Cat. No. 0176303, Boehringer Mannheim/R-
Biopharm, AG, Darmstadt, Germany). 

All the analytical determinations were carried out in 
duplicate. 

RESULTS AND DISCUSSION 

The effect of neutralising agent 
The monitoring of neutraliser addition, automatically report-
ed in a graph by the Micro-MFCS software, allowed the 
growth kinetics to be indirectly evaluated during fermenta-
tion since the quantity neutralising agent used was directly 
correlated to the viable count data, as shown in Fig. 1. From 
the Micro-MFCS graphs obtained during the different fer-
mentation processes (data not shown), the lag phase of all 
the strains under study was comprised between 3 and 6 h. 
This was in accordance with the lag-time detected by Tango 
and Ghaly (1999) in fermentations carried out with Lacto-
bacillus helveticus ATTC 15009 on pasteurised cheese whey, 
using a 10% (w/v) inoculum concentration, as in this work. 
In addition, the kinetics of neutraliser consumption showed 
that the log phase was completed within 24-30 h by most 
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FIG. 1 – Viable cell counts (■) and the consumption of NaOH sup-
ply (•) during fermentation with Lactobacillus casei in the 
presence of air injected at rate of 0.15 vvm . 

of the strains tested, with the exception of Lactobacillus 
plantarum DiSA 33 which was characterised by a significantly 
longer log phase of 45 h. 

The data concerning the growth of LAB at 24 and 48 h 
under the different conditions tested are reported in Table 1. 

Viable counts and dry weights suggest that the optimal con-
ditions for growth of the lactic acid bacteria were achieved 
using NH4OH as a neutralising agent and an air supply, at 0.15 
vvm. With respect to the type of neutralising agent, NH4OH 
was the neutralising agent of choice for the strains Lacto-
bacillus plantarum DiSA 33 and Lactobacillus brevis DiSA 49 
since they both reached the highest values of viable count (1 
x 1010 and 1.2 x 1010 CFU mL-1 respectively after 48 h) in fer-
mentations carried out with this neutraliser. The neutralising 
agent had small effect on the growth of strain Lactobacillus 
pentosus DiSA 11 which also reached the highest value of 
viable count at 24 h in the presence of NH4OH, and the same 
count with NaOH, after 48 h. Likewise, the neutraliser did not 
significantly effect the growth of Lactobacillus casei DiSA 27. 
Though this strain seemed to prefer NaOH, attaining a count 
of 1.6 x 1010 CFU mL-1 after 24 h, a very similar result (1.0 x 
1010 CFU mL-1) was observed in the presence of NH4OH, 
under the same conditions of aeration. Nothing can be noticed 
about the influence of neutralising agent on Lactococcus lac-
tis subsp. cremoris, and Leuconostoc ssp. since for these 
strains the effect of this parameter was not taken into con-
sideration. However, evidences are found in literature about 
the use of NaOH as neutraliser of choice for these species of 
LAB (Parente et al., 1994; Dols et al., 1997; Cheigh et al., 
2002; Mataragas et al., 2004). 

Aeration condition 
Air supply into the bioreactor clearly had a positive effect on 
the growth of Lactobacillus plantarum DiSA 33, Lactobacil-

TABLE 1 – Details of fermentations carried out under the different process conditions 

Bacterial isolate Neutralising Trial* Viable counts (CFU mL-1) Dry weight (g L-1) µmax (h
-1) 

agent 
24 h 48 h 24 h 48 h 

Lactobacillus NaOH A 1.6 x 109 3.9 x 109 nd nd nd 
plantarum DiSA 33 B 2.8 x 109 6.1 x 109 nd nd 0.300 

Lactobacillus (NH4)OH A 1.5 x 108 1.8 x 109 nd nd nd 
plantarum DiSA 33 B 2.7 x 109 1.0 x 1010 nd nd 0.210 

Lactobacillus NaOH A 8.0 x 109 7.3 x 109 nd nd 0.226 
casei DiSA 27 B 1.6 x 1010 3.0 x 109 nd nd 0.256 

Lactobacillus (NH4)OH A 8.5 x 109 4.5 x 109 nd nd 0.243 
casei DiSA 27 B 1.0 x 1010 7.0 x 109 nd nd 0.250 

Lactobacillus NaOH A 1.0 x 109 4.7 x 109 1.36 1.80 0.208 
pentosus DiSA 11 B 2.8 x 109 1.4 x 1010 1.50 2.73 0.250 

Lactobacillus (NH4)OH A 1.4 x 1010 6.0 x 109 5.20 6.50 0.187 
pentosus DiSA 11 B 6.4 x 109 4.5 x 109 4.30 6.60 0.188 

Lactobacillus NaOH A 7.1 x 108 7.5 x 108 1.30 1.30 nd 
brevis DiSA 49 B 2.0 x 109 1.0 x 109 1.60 2.00 nd 

Lactobacillus (NH4)OH A 6.9 x 108 1.2 x 1010 0.84 1.92 nd 
brevis DiSA 49 B 4.0 x 109 1.2 x 1010 2.61 3.46 nd 

Leuconostoc spp NaOH A 7.0 x 109 3.2 x 109 3.60 3.30 nd 
DiSA 47 B 1.0 x 1010 6.4 x 1010 5.00 5.10 nd 

Lactococcus lactis subsp. NaOH A 2.8 x 109 4.7 x 109 nd nd 0.242 
cremoris DiSA 6 B 3.6 x 108 2.7 x 109 nd nd 0.160 

* A = fermentation without injected air; B = fermentation with injected air; nd = not detected; µmax = specific growth rate 
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lus casei DiSA 27 and Leuconostoc spp. DiSA 47 which had 
the highest viable counts under micro-aeration conditions, 
at either 24 or 48 h. The opposite effect was observed for 
strain Lactococcus lactis subsp cremoris DiSA 6 since the 
viable counts which were significantly higher than those 
obtained in the presence of air at 0.15 vvm. For the strains 
Lactobacillus pentosus DiSA 11 and Lactobacillus brevis DiSA 
49 the effect of air supply on maximum viable count values 
was not clearly defined since the highest data recorded 
resulted to be the same, under the two different aeration con-
ditions tested (1.4 x 1010 and 1.2 x 1010 CFU mL-1 for the two 
strains, respectively). 

With respect to dry weight (DW) data, the highest val-
ues were obtained after 48 h of fermentation and ranged 
from 0.84 g L-1 for Lactobacillus brevis DiSA 49, to 6.6 g L-

1 for Lactobacillus pentosus DiSA 11. The DW values con-
tinued to increase or remained quite stable also when the 
viable counts decreased, thus indicating that cell lysis did not 
occur under the operating conditions applied. A comparison 
between the biomass DW values obtained with or without air 
supply during fermentation was made for all the strains 
tested, with the exception of Lactobacillus casei DiSA 27 and 
Lactococcus lactis subsp. cremoris DiSA 6. All the strains were 
positively affected by the air inlet, which gave DW values 
which were always higher than those corresponding values 
in the absence of micro-aeration. Moreover, the comparison 
of DW data obtained for Lactobacillus pentosus DiSA 11 and 
Lactobacillus brevis DiSA 49 in presence of either NH4OH or 
NaOH clearly showed that both these strains were able to 
reach higher values of final biomass dry weight when NH4OH 
was used. 

The maximum specific growth rates (µmax) were calcu-
lated, on the basis of the viable count data at 0, 6, 10, 12 
and 24 h of fermentation (data not shown). The µmax values, 
ranged from 0.160 and 0.390 h-1, are comparable with those 
(ranging from 0.334 to 0.392 h-1) reported for Lactococcus 
lactis subsp. cremoris in media containing from 5 to 40 g L-

1 of lactose, under process conditions similar to those applied 
in this work (Cheigh et al., 2002). Our results also agree with 
the specific growth rates (from 0.118 to 0.217 h-1) obtained 
by Tango and Ghaly (1999) for Lactobacillus helveticus in 
media containing from 50 to 150 g L-1 of lactose, at 0.00 to 
0.15 vvm. The latter authors reported a specific growth rate 
of 0.212 h-1 in a medium with 75 g L-1 of lactose and 0.15 
vvm of air flow rate, as in this work. 

As the effect of the process parameters on the µmax is con-
cerned, no considerable differences were observed for the 
strains Lactobacillus casei DiSA 27 and Lactobacillus pento-
sus DiSA 11 with and without air inlet, whereas air inlet exert-
ed a negative effect on the µmax of Lactococcus lactis subsp. 
cremoris DiSA 6, as already revealed from the viable count 
data. By contrast, the effect of type of neutralising agent did 
not significantly effect on the µmax. 

Carbohydrate consumption 
The kinetics observed for the sugar consumption in the dif-
ferent strains resulted in very different profiles (Fig. 2). The 
strains Lactobacillus plantarum DiSA 33 and Lactobacillus 
casei DiSA 27 completed the utilization of the carbohydrate 
source, whereas the highest values of residual lactose (> 
50% of the original) at the end of fermentation were detect-
ed with Lactococcus lactis subsp. cremoris DiSA 6. The find-
ings for viable count and DW were confirmed. Both param-
eters had a certain influence on all the strains tested, though 

to a different extent for the different strains. When applica-
ble, all the strains resulted to be advantaged in the con-
sumption of the C-source when both air inlet and ammoni-
um were used, whereas in fermentations with strains Lac-
tococcus lactis subsp. cremoris DiSA 6 and Lactobacillus 
brevis DiSA 49, performed only with sodium hydroxide, the 
positive influence of the sole aeration was proved. 

Our findings concerning the effect of aeration and ammo-
nium on the production of lactic acid bacteria biomass are 
in accordance with those of several authors. Although LAB 
growth can occur in non-aerated conditions, better growth 
was observed in different media sparged with air, even at 
very low flow rate (Condon, 1983; Tango and Ghaly, 1999; 
Champagne et al., 2002; Schiraldi et al., 2003). Slight 
improvements in growth were obtained by increasing the air 
flow rates; whereas pure oxygen at 120 L h-1 increased 
growth and cell yield by more than 50% (Plihon et al., 1995). 

The positive influence of ammonium is in accordance with 
the earliest findings of Snell (1952) and Gyorgy (1954) who 
asserted that the use of this compound allows higher viable 
counts to be obtained, probably due to its stimulatory effect 
onto the cultures. Other authors (Zarlengo and Abrams, 
1963) supposed that, after crossing the cell membranes by 
simple diffusion, the ammonium ion neutralises some of the 
intracellular acids inside the cell, thus raising the intracellu-
lar pH. The use of NH4OH ion as a neutralising agent was also 
reported to provide an additional nitrogen source suitable to 
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FIG. 2 – Consumption of the C-source by Lactobacillus plantarum DiSA 33 (A), Lactococcus lactis subsp. cremoris DiSA 6 (B), Lacto-
bacillus casei DiSA 27 (C), Lactobacillus pentosus DiSA 11 (D), Leuconostoc spp. DiSA 47 (E) and Lactobacillus brevis DiSA 49 
(F) in fermentations carried out using NaOH (■ ) or NH4OH (● ) as a neutralising agent with (closed symbols and solid lines) 
or without (open symbols and dotted lines) aeration. 

be introduced into certain metabolic reactions such as the 
formation of glutamic acid or glutamine (Peebles et al., 
1969). However, an inhibitory effect of the Na+ ion, observed 
by Sirny et al. (1954), could also explain the negative effect 
observed in this study when sodium hydroxide was used in 
place of ammonium. 
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