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Growth, substrate utilization, and product formation during growth of Lactococcus lactis subsp. lactis and
Issalchenkia orientalis as single cultures and as a mixed culture in reconstiluted skim milk were measured in
order to defect interactions between the two microorganisms in fermented milk. As to substrate utilization, no
interactions could be detected. L. lactis slightly stimulated the growth of I. orientalis. I. orientalis slightly de-
creased the acidification of the growth medium by L. lactis. In addition, the lactic acid, acetic acid, acetaldehyde,
and acetoin concentrations in the growth medium were significantly decreased, when L. lactis was grown in the

presence of L. orientalis.

Keywords: interactions, fermentation, Lactococcus lactis subsp. lactis, Issatchenkia orientalis, milk

Introduction

It is widely accepted that the successful fermenta-
tion of milk relies not only on good growth of the intro-
duced microorganisms, but also on their metabolic ac-
tivities. As a result of the activity of lactic acid bacteria,
fermented milk products are dominated by lactic acid,
but the contribution of other end metabolites is equally
important. Lactococcus lactis subsp. lactis, a homofermen-
tative lactic acid bacterium, is widely used as a starter
culture in fermented dairy products (1). It is now well
documented that L. lactis, although homofermentative, is
able to produce end metabolites other than lactic acid,
e.g. acetic acid, acetaldehyde, diacetyl, and acctoin, when
grown under specific conditions (2). When grown as sin-
gle culture in milk substrate, the growth and metabolic
activity of L. lactis arc well known (3-5). When grown as
mixed culture in milk substrate, however, knowledge on
the growth and metabolic activity of L. lactis is very lim-
ited. The ycast Issatchenkin orientalis has been isolated
from fermented milk (6,7) and cheese (6,8) products.
Very little is reported on the growth and metabolic ac-
tivity of I orientalis when grown either as single or
mixed culture in milk substrate. In this study we deter-
mine growth, substrate utilization, and product forma-
tion during growth of L. lactis and I orientalis as single

cultures and as a mixed culture in reconstituted skim
milk (RSM) in order to detect interactions between the
two microorganisms in fermented milk.

Materials and Methods

Microorganisms. L. lactis subsp. lactis ATCC 19435
was maintained on plates with LM17 agar (containing
per liter: 5 g lactose and 37.25 g M17 agar) at 4°C. I.
orientalis CBS 1914 was maintained on plates with MYGP
agar (containing per liter: 25 g glucose, 3 g malt extract,
3 g yeast extract, 5 g peptone, and 15 g agar, pH = 5.6)
at 4 °C. Inoculation cultures of L. lactis were prepared
using over-night cultures grown in L.M17 broth (contain-
ing per liter: 5 g lactose and 48.25 g M17 broth) at 30 °C,
Before inoculation, 0.3 ml. over-night culture was sus-
pended in 0.3 mL 50% (volume fraction) glycerol and 1.0
mL 9.5% reconstituted skim milk (RSM). Inoculation cul-
tures of I orientalis were prepared using over-night cul-
tures grown in MYGP broth (containing per liter: 25 g
glucose, 3 g malt extract, 3 g yeast extract, and 5 g pep-
tone, pH =5.6) at 25 °C. Before inoculation, cells were
suspended in 10 mL 9.5% RSM.
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Fermentations. Fermentations with single and mix-
ed cultures were performed in 9.5% RSM (pH = 6.5) in
a 1-L Applikon fermentor using an Applikon ADI 1020
control unit. L. lactis and L orientalis were inoculated to
concentrations of 10°? and 10™” colony forming units
(CFU) per ml, respectively. In all experiments, the effec-
tive fermentor volume was 750 mL, the stirring rate was
200 rpm, and the temperature was 30 °C. The fermenta-
tions were carried out without aeration.

Growth analyses. Growth of bacteria and yeast in
single and mixed cultures was determined by plate
counting. Harvested cells were diluted appropriately us-
ing dilution medium (containing per liter: 15 g caseine
peptone, 9 g NaCl, and 1.14 mL antifoam agent, pH =
7.4). Plate counting of L. lactis in single and mixed cul-
tures was performed using Leesment agar with cyclo-
heximide (containing per liter: 10 g lactose, 20 g tryp-
tone, 5 g yeast extract, 2.5 g gelatine, 4 g NaCl, 2 g tri-
-natrium citrate- 2H;0, 8 g calcium lactate - 5H,0, 0.1 g
cycloheximide, and 15 g agar). Plate counting of I. orien-
talis in single and mixed cultures was performed using
@ agar with chloramphenicol (containing per liter: 20 g
glucose, 5 g yeast extract, 0.1 g chloramphenicol, and 15
g agar, pH = 6.6). Plates with L. lactis were incubated at
30 °C for three days before counting, whereas plates
with L orientalis were incubated at 25 °C for two days
before counting. The data presented are mean values
from two independent batch fermentations. Maximum
variations in the data were +5%.

Analysis of substrate components and metabolites.
Cell-free samples were obtained by centrifuging the
growth medium at 3000 g for 4 min at 4 °C. Samples
were subsequently stored at —40 °C. The concentrations
of lactose, galactose, glucose, citric acid, lactic acid, and
acetic acid in the growth medium were determined by
HPLC using a Shodex SH1011 column. The column was
eluted at 60 °C with a mobile phase consisting of 8 mM
H,50, and 0.3 mM EDTA at a flow rate of 1 mL/min.
Lactose, galactose, and glucose were determined with a
Merck RI-71 refractive index detector, whereas citric
acid, lactic acid, and acctic acid were determined with a
Merck L-4000 UV detector at 220 nm. The concentrations
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Fig. 1. Lactose (O, @), galactose (O, M), and glucose (A, A) con-
centrations in the growth medium during batch fermentation of
Lactococcus lactis alone (open symbols) or with Issatchenkia orien-
talis (closed symbols) in 9.5% RSM.

of acetaldehyde, diacetyl, and acetoin in the growth me-
dium were determined by Head Space Gas Chromatog-
raphy using a Perkin Elmer 8500 Gas Chromatograph
equipped with a Perkin Elmer H5101 Head Space Sam-
pler, a flame ionization detector, and a 25 m x 0.20 mm
i.d. (0.30 pm film thickness ) Hewlett-Packard HP-FEAP
capillary column under the following conditions: injector
temperature 180 °C, detector temperature 200 °C, col-
umn head pressure (helium as carrier gas) 30 psi, and
the oven programme: initial temperature 80°C for 1.5
min, rate 30 °C/min to 140 °C, which was maintained
for 1.5 min. The data presented arc mean values from
two independent batch fermentations. Maximum vari-
ations in the data were 2% for lactose, galactose, glu-
cosg, citric acid, lactic acid, and acetic acid, and +5% for
acctaldehyde, diacetyl, and acetoin.

Results

L. lactis grown as single culture

During growth of L. lactis as single culture, the con-
centration of lactose decreased from 45.3 g/ to 42.4
g/1, and the concentration of galactose decreased from
580 mg/L to 355 mg/L in the growth medium (Fig. 1).
The glucose concentration decreased from 110 mg/L to
40 mg/L during the first 6 h of fermentation, after which
it increased, probably duc to hydrolysis of lactose, reach-
ing a final concentration of 70 mg/L (Fig. 1). The RSM
contained 2.1 g/L. citric acid which was not utilized by
L. lactis (data not shown). Exponential growth of L. lactis
occurred during the first 6 h of fermentation, reaching
8.6 log CFU/mL, after which the cells entered the sta-
tionary growth phase (Fig. 2). Production of lactic acid
and acctic acid commenced after 3 h of fermentation and
continued throughout the fermentation reaching concen-
trations of 5.3 g/L and 230 mg/1., respectively (Fig. 3).
Hereby the pH of the growth medium was lowered from
6.5 to 4.7 (Fig. 2). In addition, after 3 h of fermentation
the cells started to produce acetaldehyde and acetoin,
and this production continued throughout the fermenta-
tion reaching concentrations of 4.6 mg/L. and 110 mg/L,
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Fig. 2. Growth (O, @) and acidification of the growth medium
(O, M) during batch fermentation of Lactococcens lactis alone
(open symbols) or with [ssatchenkia orientalis (closed symbols) in
9.5% RSM.
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respectively (Fig. 3). Diacetyl was not detectable in the
growth medium {data not shown).

1. orientalis grown as single culture

During growth of I. orientalis as single culture, the
lactose and galactose concentrations in the growth me-
dium remained constant (data not shown). These results
agree with the fact that I. orientalis is not able to utilize
lactose and galactose as carbon and energy sources (9).
Although I. orientalis is able to utilize citric acid as a
carbon and energy source (9), no change in the citric acid
concentration in the growth medium was obscrved dur-
ing the fermentation (data not shown). Exponential
growth of the yeast cells occurred during the first 6 h of
fermentation, reaching 6.6 log CFU/ml., after which the
cells entered the stationary growth phase (Fig. 4). This
growth of L. orientalis was found to be due to utilization
of glucose and acctic acid by the yeast (Fig. 4). During
the first 3 h of fermentation the glucose concentration in
the growth medium decreased from 115 mg/L to 35
mg/l. resulting in an increase of the acctic acid concen-
tration from 15 mg/L to 30 mg/L (Fig. 4). The acetic
acid concentration decreased from 30 mg/L to 5 mg/L
between 3 h and 6 h of fermentation, after which it re-
mained constant (Fig. 4). The pH of the growth medium
remained constant at 6.5 throughout the fermentation
(Fig. 4). Acetaldehyde, diacetyl, and acetoin were not de-
tectable in the growth medium (data not shown).

L. lactis and 1. orientalis grown as mixed culture

In the presence of L. Iactis, the growth of L. orientalis
was slightly increased, whercas the concentration of glu-
cose in the growth medium was not changed (Fig. 5). In
the presence of 1. orientalis, the acidification of the
growth medium by L. lactis was slightly decreased,
whereas the growth of L. lactis was not significantly af-
fected (Fig. 2). The lactic acid, acetic acid, acctaldehyde,
and acctoin concentrations in the growth medium were
significantly decreased (Fig. 3), whereas the concentra-
tions of lactose, galactose, and glucose in the growth me-
dium were not affected (Fig. 1), when L. lactis was
grown in the presence of I. orientalis.

Discussion

In this study, the single culture of L. lactis produces
significant amounts of acctic acid, acetaldehyde, and ace-
toin, besides producing lactic acid (Fig. 3). Growth of L.
lactis on excess galactose induces production of acetic
acid and acetaldchyde besides production of lactic acid;
i.e. mixed acid fermentation (2). The RSM used in this
work contains galactose, and L. lactis utilizes this sub-
strate component during the fermentation (Fig. 1).
Therefore, the observed production of acetic acid and ac-
ctaldehyde by L. lactis may be due to the presence of
excess galactose in the growth medium. In addition, the
presence of oxygen has been reported by various
authors to induce both mixed acid fermentation and pro-
duction of diacetyl and acetoin by L. lactis (2,10,11). The
fermentations in this study were carried out without
acration but also without flushing with nitrogen. Hercby
small amounts of oxygen may have diffused into the fer-
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Fig. 3. Lactic acid (O, @), acetic acid (O, W), acetaldehyde (A, &),
and acetoin (0, €) concentrations in the growth medium during
batch fermentation of Lactococcus lactis alone (open symbols) or
with Issatchenkin orientalis (closed symbols) in 9.5% RSM.
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Fig. 4. Growth (O), pH (M), and concentrations of acetic acid (A)
and glucose (A) in the growth medium during batch fermenta-
tion of Issatchenkia orientalis in 9.5% RSM.
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Fig. 5. Growth (O, ®) and glucose concentration (I, ®) in the
growth medium during batch fermentation of Issalchenkia orien-
talis alone (open symbols) or with Lactococens lactis (closed sym-
bols) in 9.5% RSM.
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mentor during the experiments. It is therefore possible
that the observed production of acctic acid, acetalde-
hyde, and acetoin by L. lactis is due to the presence of
oxygen in the growth medium. Probably the production
of end metabolites other than lactic acid by L. Iactis ob-
served in this work is a result of the presence of both
galactose and oxygen in the growth medium. As shown
in Fig. 4, the single culturc of I orientalis utilizes glucose
and acetic acid for growth. Yeast requires oxygen for the
oxidation of acctic acid (12). These results hereby sup-
port that oxygen has been present in the growth me-
dium during the experiments.

Although the lactose, galactose, and glucose uptake
of L. lactis (Fig. 1) and the glucose uptake of I. orientalis
(Fig. 5) are not affected in the mixed culture, several in-
teractions between the two microorganisms can be de-
tected. In the mixed culture, growth of I. orientalis is
slightly stimulated by the presence of L. lactis (Fig. 5). L
orientalis is able to utilize acetic acid and lactic acid as
carbon and cnergy sources (9), and the yeast cells may
therefore utilize the acetic acid and lactic acid produced
by L. lactis for growth. This explanation is supported by
the observation that the concentrations of lactic acid and
acetic acid are lower in the mixed culture than in the
single culture of L. lactis (Fig. 3). Besides the concentra-
tions of lactic acid and acetic acid, the concentrations of
acetaldehyde and acetoin are lower in the mixed culture
as compared with the single culture of L. lactis (Fig. 3).
Assuming oxygen limiting conditions in the fermentor,
these decreases in acetaldehyde and acctoin concentra-
tions may be explained by the fact that oxygen is needed
by the yeast for the oxidation of organic acids (12).
Hereby less oxygen will be available for L. lactis to pro-
duce acctaldchyde and acetoin.

In conclusion, the results reported in this study
demonstrate that L. lactis slightly stimulates growth of L.
orientalis in RSM. Moreover, the lactic acid, acetic acid,
acctaldehyde, and acetoin concentrations are signifi-

cantly decreased, when L. lactis is grown in the presence
of I. orientalis. Future experiments in our laboratory will
attempt to clucidate the mechanisms underlying these
interactions.
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Medudjelovanje Lactococcus lactis subsp. lactis i
Issatchenkia orientalis tijekom fermentacije mlijeka

Sazetak

Izmijeren je rast, iskoriStenje supstrata i nastanak proizvoda tijekom uzgoja Lactococcus lactis i Issatchenkia
orientalis kao zasebnih i mijesanih kultura w rekonstituiranom obranom mlijeku, kako bi se utordilo medudje-
lovanje obaju mikroorganizama u fermentiranom mlijeku. Pri koristenju supstrata nije se moglo utorditi neko
medudjelovanje bakterija. L. lactis je djelomicno stimulirao rast 1. orientalis. Bakterija 1. orientalis malo je sma-
njila kiselost podloge uzrokovane djelovanjem L. lactis. Osim toga, znatno su bile smanjene koncentracije mlijecne
i oclene kiseline, te acetaldehida i acetoina u podlozi kada je L. lactis rastao u prisutnosti 1. orientalis.





