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INCIDENCE OF INDIGENOUS MICROBIAL FLORA FROM UTENSILS AND SURROUNDING AIR IN
TRADITIONAL FRENCH CIDER MAKING
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Lactic acid bacteria and yeasts were numerated, isolated and identified from two ciders obtained from
similar raw materials used under different conditions. One cider was produced in a cellar of a
traditional producer while the second one was produced under laboratory conditions. in both ciders
alcoholic fermentation was achieved mainly by Saccharomyces cerevisiae. In the traditional cider,
among the lactic acid bacteria (LAB) the species Leuconostoc oenos was predominant and malolactic
conversion was obgserved. By contrast no development of LAB occurred in the second cider and

therefore malolactic conversion was not achieved.
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INTRODUCTION

The fermentation of apple juice to produce an alcoholic
beverage is believed to have been practised for over 2000
years.!'!. To describe drinks made from apples, St Jerome, in the
fourth century AD, used the term sicera from whence the name
cider is possibly derived. The production of cider is carried out
by sequential apple juice extraction using mechanical presses
followed by two microbiological processes of a great signi-
ficance: alcoholic fermentation and malolactic conversion™ !5,

In traditional cidermaking no external source of yeast is
added to the must and alcoholic fermentation is effected by
wild yeasts from apples and utensils. Spontaneous fermentation
will commence within a few hours if the temperature of the
must is above 10°C'*, The yeast species present are a diverse
collection including strong fermenters such as Saccharomyces
cerevisiae and species of Pichia, Torulopsis, Hansenula and
Kloeckera apiculata'. As with wine, it is not unusual for cider to
undergo a malolactic fermentation. It results from the activity
of a diversity of lactic acid bacteria including strains of
Lactobacillus mali, Lactobacillus plantarum, Leuconostoc
mesenteroides. However, the major desirable microorganism
effecting the malolactic conversion appears to be the hetero-
fermentative coccus Leuconostoc oenos'*. The most obvious
external feature of the malolactic conversion is the decarboxy-
lation of malic to lactic acid reducing by this way the acidity of
the cider. Moreover, Leuconostoc oenos enhances the organo-
leptic profile of the cider and contributes to its microbial
stability’. In French cider making, where the alcoholic
fermentation is very slow, the malolactic change may occur
concurrently with the yeast fermentation whereas in UK cider
making it is most likely to cccur once the yeast fermentation
has finished®.

The appearance of L-lactic acid is associated with the
desirable aspects of malic acid metabolism but, unfortunately,
the appearance of D-lactic and acetic acids follows closely and
is related to undesirable flavour aspects'®. Other metabolites of
lactic acid bacteria produced in excess, e.g. diacetyl, may
damage flavour and result in spoilage of cider''.

The purpose of this work was to study the development of
both yeast and lactic bacteria flora and to follow the evolution
of the concentrations of the main substrates related to these
microorganisms. In this study one type of apple juice was
studied under both laboratory and traditional conditions to
evaluate the incidence of the microbial flora brought by utensils
and surrounding air in traditional French cider making.

MATERIALS AND METHODS

Materials

The raw material used was a local apple cider variety:
Moulin-a-vent (bitter). Musts were extracted by means of an
hydraulic press and the juices were poured into stainless steel
barrels. One must was produced under laboratory conditions
{must A) and stored at 10°C whereas the second must was
produced in a cellar of a traditional cider producer (must B)
and was stored at ambient temperature.

Microbial samples from cider

Samples for analysis of the microbial profile within the stored
musts were collected aseptically via a sampling port and cider
was allowed to run out for few seconds before the samples were
collected.

Media and culueral conditions

A series of 10-fold serial dilutions in physiological saline
(NaCl 0.9%) was made for ¢ach sample. Aliquots (0.1 ml) of
appropriate dilution were plated onto duplicate plates of
standard W.L. nutrient agar, W.L. differential agar, raka ray
agar (all obtained from Oxoid Unipath, UK) and yeast extract
glucose (yeast extract 5 g/litre, agar 15 g/litre, glucose 20 g/litre
YEG). W.L. nutrient agar was used to enumerate total
microbial populations. Acetic acid bacteria and lactic acid
bacteria (LAB) were detected on W.L. differential agar and on
raka ray agar respectively. The YEG supplemented with chlor-
amphenicol at a 100 ppm concentration was used to enumerate
yeasts. W.L. differential agar was incubated aerobically, and the
other plates microaerophilically, at 30°C. After incubation for
7 days no increase in colony number was found and total colony
counts were subsequently made.

Ideniification of microorganisms

Yeasts were identified using API20 galleries (AP1-System-
Biomérieux, France) complemented by other tests (sporulation
and pseudomycelium formation). These tests, although not
always sufficient to identify species, were suitable for genera
determination. The identification of lactic acid bacteria was
achieved using AP150-CH galleries. The profile drawn for each
isolated organism allowed discrimination between species.

Analytical methods

Sugars (glucose, fructose, sucrose), ethanol, glycerol and
organic acids (malic, lactic, acetic) were enzymatically analysed
by means of commercial reagents (Boehringer Mannheim).
Phenolic compounds were determined using Folin-Ciocalteu
reagent as reported by Montreau'®. Density and pH were
measured at 20°C. Titrable acidity (meq/litre) was determined
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TABLE 1. Composition of the apple juices produced under

laboratory conditions (A) and in a cellar of a

traditional producer (B)

Musts

Parameters A B
Density at 20°C 1,061 1,080
pH 20°C 4 4.06
Total acidity (meg/litre) 36 34
Total sugar (C6) gflitre 113 122.7
Sucrose (g/litre) 11.15 11.15
Phenolic compounds (g/litre) 0.63 0.33
L-malic acid (g/litre) 2.74 2.8
Yeast count (CFU/ml)* 1.8x10% 1.4x10°
Lactic acid bacteria count (CFU/ml)* 6x10° 5x10%
Acetic acid bacteria count (CFU/ml)* 104 6x10°

*CFU. colony forming units.

using a bromothymol blue method in which cider acidity is
neutralised with NaOH.

RESULTS AND DISCUSSION

The composition of both apple juices studied in this work is
reported in Table I. The total sugar (C6) concentration and the
density were higher in must B than in must A. Conversely, the
highest phenolic compounds concentration was found in must
A. Such differences may be attributed to a different state of
maturity of the fruits. Indeed, for technical reasons, must B was
extracted later than must A and hence the apples were riper.
Another difference in the composition of both musts, not
related to the degree of maturity of apples, was their initial level
of yeast and bacterial flora. The cell counts of yeasts and lactic
acid bacteria in must B was about 10 times higher than in must
A. By contrast, both musts contained similar amounts of acetic
bacteria. The higher numbers of microorganisms observed in
the must produced in a cellar (B) of a producer may be
explained by a contamination by the utensils during the
processing such as the pressing and the transfer of the juice in
vats. Similar observations were previously reported by Salih!®
studying Asturian cider.

Development of veast and bacterial flora

The evolution of the different microbial populations in musts
A and B during storage are represented on the Figure 1. In must
A, the yeast growth first increased rapidly without any lag
phase and then declined about 30 days after the beginning of
the experiment. During this phase, from day 30 to day 100, the
viable population decreased from 2.8x107 to 1.6x 10* CFU/ml.
The yeast flora was then relatively stable (Fig. 1A). In the cider
obtained by traditional manufacture, the development of the
yeast flora was quite different (Fig. 1B). After a slight decrease,
the viable population of yeasts reached 3x10° CFU/ml and
then remained nearly constant until the 125th day. This
stationary phase was followed by a decline phase, which is
parallel to an important development of lactic acid bacteria.
Thus, the regression phase of the yeast population in cider B
may be partially explained by the growth of lactic acid bacteria
which compete for nutrients. By contrast, in cider A the decline
phase of the yeast population was not correlated with the
development of lactic acid bacteria. In this cider, the initial
number of LAB was low, only 6x10° CFU/ml, and 50 days
after pressing less than 10° CFU/ml were numerated whatever
the period of sampling.

The qualitative evolution of yeasts and LAB species at
different periods during cider making are represented in Table
11. The only species of LAB isolated and identified from must
A were Leuconostoc mesenteroides and Leuconostoc oenos at
the beginning and at the end of the experiment, respectively.
The LAB population from must B was more abundant and
varied and among the species isolated Lewnconostoc oenos was
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F1G. 1. Evolution of yeast, lactic acid bacteria and acetic bacteria in

musts A and B during cider making. (W), yeasts; (O), lactic acid
bacteria; (O), acetic bacteria.

always quantitatively predominant (Table I1). Among the yeast
strains isolated from must A the genus Saccharomyces
represented 90% throughout. This genus was the only one
detected between the 30th and the 100th day. In cider B,
Candida lusitaniae representing 100% of the yeast flora in the
first 14 days was then replaced by Saccharomyces cerevisiae
(Table II). In both musts, at the end of the period studied the
genus Saccharomyces still represented the majority of isolated
strains although strains of Kloeckera were also detected.
Duenas® has reported that Kloeckera strains were dominant
during the early stage of alcoholic fermentation and as ferment-
ation progressed, the non-Saccharomyces species died off
leaving Saccharomyces cerevisiae to complete the fermentation.
However in our study the genera Kloeckera was isolated only
100 days after juice extraction.

Alcoholic fermentation
The profiles of alcoholic fermentation in ciders A and B are
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TABLE 1. Succession of yeasts and lactic acid bacteria in musts A and B
Must A Must B
Period Yeasts Lactic acid bacteria Yeasts Lactic acid bacteria
DO0* to D14 Saccharomyces spp (++) Leuconostoc mesenteroides Candida lusitaniae Leuconostoc oenos (++)
Candida lusitaniae Lactobacillus brevis
Saccharomyces cerevisiae Lactobacillus acidophilus
Dl4 1o D30 Succharomycees spp (+ +) Saccharomyces cerevisiae{ + +) Leuconostoc oenos (++)
Candida lusitaniae Cundida lusitaniae Lactobacillus brevis
Saccharomyces cerevisiae Lactobacillus acidophilus
D30to D100  Saccharomyces spp (++) Succharomyces cerevisiae Leuconostoc oenos
Saccharomyces cerevisiae
D100 1o D150 Saccharomyces cerevisiae (+ +) Leuconostoc oenos Saccharomyces cerevisine (++) Leuconostoc oenos (++)

Saccharomyees spp (+ +)
Kloeckera japonica
Candida spp

Kloeckera japonica Lactobacillus brevis

Candida spp

*DO0, day of pressing: (+ +), most dominant strains.

shown in Figure 2. In the must stored at 10°C (A) C6 sugars
were utilized with a constant volumetric rate of 1.25 g/litre~!
d-! during the period from day 8 to day 90. The maximum
ethanol concentration reached was 59 gflitre giving an ethanol
yield of 0.49 g g~'. Sugar utilization was stower in the cider
stored at ambient temperature (B). Al the beginning of the
experiment the cellar temperature was only 3°C, thus strongly
inhibiting yeast activity. The cellar temperature then increased
progressively to reach 14°C at the end of the experiment and
sugars were consumed with an average volumetric rate of
0.96 gflitre~! d~! and ethanol was produced with @ maximum
yield of 0.40 g g='. The lower ethanol yield obtained with cider
B may be explained by a higher production of glycerol and
acetate (data not shown).

Malolactic conversion

The malolactic conversion, i.e. decarboxylation of L-malate
to produce L-lactate was followed in both ciders and results are
presented in Figure 3. In contrast to the alcoholic fermentation,
which presented the same profiles in ciders A and B, important
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differences between the cider made under experimental con-
ditions and the traditional one were observed. In must A no
significant consumption of L-malate was observed throughout
the experiment (Fig. 3A). This correlated with the low number
of LAB in this cider as it has been reported that malolactic
conversion appears only when the number of LAB reaches 10¢
CFU/m!1*™17, The absence of development of LAB in A cider
may be partially explained by their low initial level in the must
and also by the high content of phenolic compounds in cider A.
The concentration of phenolic compounds in must A was
double that of must B and Benard and Jouret?® have described
the inhibitory effect of these compounds on the growth of LAB.
In must B, malic acid present initially was not metabolized
during the first 75 days (Fig. 3B) and then malic acid concen-
tration declined only slightly until the 125th day from which
malolactic conversion proceeded rapidly. L-malate was mainly
converted to L-lactate, with a yield of 80%. However pro-
duction of D-lactate was also observed. Production of D-
lactate is associated with undesirable flavour aspects, known in
France as pigire lactique which appears when the concentration

gllitre

150

Time (days)

F1G. 2. Evolution of sucrose. C6 sugars and ethanol concentrations in musts A and B during cider making. (l). C6 sugars: (O). sucrose; (O).

ethanol.
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trations in must A and B during cider making, (M), L-malic acid;
(0), L-lactic acid; (3), D-lactic acid.

of D-lactic acid is greater than 0.2 gflitre!*, At the end of our
experiment cider B contained 0.25 gflitre D-lactic acid. This
concentration, higher than the above-mentioned threshold,
may be related to the rapidity of malolactic conversion after the
125th day and to the presence of strains of Lactobacillus brevis
which converts L-malate into L-lactate as well as D-lactate.
However, in spite of the D-lactate production, malolactic
conversion appeared tardily which is regarded as a positive
effect9 as it provides a constant organoleptic profile to the
cider®.

[J. Inst. Brew.

CoNcCLUSION

This microbiological study showed a completely different
evolution of the musts according to their place of production.
In the must obtained under laboratory conditions and stored at
10°C the yeast flora increased rapidly and carried out the
alcoholic fermentation whereas the number of lactic acid
bacteria, low at the beginning of the experiment, decreased
continuously to less than 100 CFU/ml fifty days after pressing,
Malolactic conversion therefore did not take place and the
resulting cider was of poor quality. Conversely, in the must
produced in a cellar of a traditional producer the development
of LAB was observed. This flora is represented, after the
alcoholic fermentation, mainly by Leuconostoc oenos known to
play a important part in malolactic conversion'®!, From
similar raw materials, two products with totally different
organoleptic qualities were obtained. These results emphazise
the importance of the natural musts sowed by the surrounding
air and utensils flora during pressing. This is particularly
significant for the lactic acid bacteria as apples lack this flora’.
In the must obtained under experimental conditions, the initial
numbers of LAB were particularly low and the LAB flora were
unable to compete because of the important development of the
yeasts. By contrast, the must obtained in a cellar of a
traditional cider producer was inoculated with LAB in suffi-
cient quantity and diversity by the utensils and the surrounding
air. These bacteria then colonized the must and participated in
product elaboration.
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