World J Microbiol Biotechnol (2016) 32:59
DOI 10.1007/s11274-016-2017-4

=
@ CrossMark

ORIGINAL PAPER

From grape berries to wine: population dynamics of cultivable
yeasts associated to “Nero di Troia” autochthonous grape cultivar

Carmela Garofalo' - Mariana Tristezza”® - Francesco Grieco® - Giuseppe Spano' -

Vittorio Capozzi'

Received: 7 October 2015/ Accepted: 20 January 2016/ Published online: 29 February 2016

© Springer Science+Business Media Dordrecht 2016

Abstract The aim of this work was to study the biodiver-
sity of yeasts isolated from the autochthonous grape variety
called “Uva di Troia”, monitoring the natural diversity from
the grape berries to wine during a vintage. Grapes were
collected in vineyards from two different geographical areas
and spontaneous alcoholic fermentations (AFs) were per-
formed. Different restriction profiles of ITS-5.8S rDNA
region, corresponding to Saccharomyces cerevisiae, Is-
satchenkia orientalis, Metschnikowia pulcherrima, Hanse-
niaspora uvarum, Candida zemplinina,
terricola, Kluyveromyces thermotolerans, Torulaspora del-
brueckii, Metschnikowia chrysoperlae, Pichia fermentans,
Hanseniaspora opuntiae and Hanseniaspora guilliermondii,
were observed. The yeast occurrences varied significantly
from both grape berries and grape juices, depending on the
sampling location. Furthermore, samples collected at the end
of AF revealed the great predominance of Saccharomyces
cerevisiae, with a high intraspecific biodiversity. This is the
first report on the population dynamics of ‘cultivable’
microbiota diversity of “Uva di Troia” cultivar from the
grape to the corresponding wine (“Nero di Troia”), and more
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general for Southern Italian oenological productions,
allowing us to provide the basis for an improved manage-
ment of wine yeasts (with both non-Saccharomyces and
Saccharomyces) for the production of typical wines with
desired unique traits. A certain geographical-dependent
variability has been reported, suggesting the need of local
based formulation for autochthonous starter cultures, espe-
cially in the proportion of the different species/strains in the
design of mixed microbial preparations.

Keywords Yeast - Wine - Biodiversity - Saccharomyces
cerevisiae - Non-Saccharomyces - Autochthonous starter
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Introduction

The indigenous microbiota is very important in winemaking
process, in reason of the possible positive or negative effects
on wine quality. In particular, yeasts are essential for the
carrying out of the alcoholic fermentation (AF), promoting
the transformation of grape sugars into ethanol, carbon
dioxide and hundreds of other metabolites (Romano et al.
2003a). Starter cultures based on selected strains of Sac-
charomyces cerevisiae are usually added by oenologists to
control the fermentative process, in order to dominate yeasts
belonging to the vineyard environment, winery facilities and
cellar equipment. The International Organization of Vine and
Wine (OIV) affirmed that terroir refers to ‘an area in which
collective knowledge of the interactions between the identi-
fiable physical and biological environments and applied
viticulture and oenological practices develops, giving dis-
tinctive characteristics for the products originating from this
area’ (International Organization of Vine and Wine 2010).
The definition of “terroir” represents the foundation of the
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Appellation of Origin, with impact on the wine market and
consumer choices. It has been demonstrated that the non-
Saccharomyces yeasts contribute to wine qualities (Ciani
et al. 2010; Jolly et al. 2014). Different studies have high-
lighted the important role of the microbiota associated with
the “terroir” from which the grapes are grown, able to impart
a unique quality to the wine (e.g. Csoma et al. 2010; Di Maio
et al. 2012). In the grape/wine environment, Bokulich et al.
(2014) have studied the “microbial terroir” and they showed
the existence of a close relationship between microbial pat-
terns, region of production and climate. On the above basis,
an increasing number of scientific investigations have
focused the attention on the cultivable micro-biodiversity
connected with spontaneous fermentation, in order to select
indigenous strains, displaying positive technological prop-
erties and quality traits, for their application in industrial
fermentations (e.g. in Apulian region Cappello et al. 2008;
Capozzi et al. 2010, 2012; Grieco et al. 2010; Tristezza et al.
2012, 2013, 2014, Garofalo et al. 2015).

During the spontaneous fermentation process, a dynam-
ics of different yeast species occur: the non-Saccharomyces
yeasts (mainly belonging Hanseniaspora/Kloeckera, Can-
dida, Pichia, Zygosaccharomyces, Schizosaccharomyces,
Torulaspora, Kluyveromyces and Metschnikowia genera)
dominate the beginning of AF and then they are replaced by
Saccharomyces cerevisiae that complete sugars conversion
in ethylic alcohol (Fleet 2008; Ciani et al. 2010; Jolly et al.
2014).

The selection of non-Saccharomyces is very important for
the preparation of new starter cultures, since they are able to
produce several secondary compounds that can have a
positive influence on the quality of the wine (Fleet 2008;
Ciani et al. 2010; Bely et al. 2008; De Benedictis et al.
2011). In fact, non-Saccharomyces species may also have an
application to improve the wine technological proprieties
and to enhance the unique sensorial qualities of typical
productions (Fleet 2008; Ciani et al. 2010; Bely et al. 2008;
De Benedictis et al. 2011). Non-Saccharomyces can also be
used as agents for the biological control of moulds or
spoilage microorganism, such as lactic acid bacteria or
Brettanomyces bruxellensis (Capozzi et al. 2015; Oro et al.
2014). However, non-Saccharomyces utilization is also
associate with such as production of biogenic amines, off-
flavors (acetic acid, esters, acetaldehydes, H,S) and with
competition for the nutrients availability with S. cerevisiae
strains able to complete AF (Capozzi et al. 2015).

Even though, several studies had been already per-
formed in order to characterized autochthonous microbes
from Apulian wines (Capozzi et al. 2010, 2012; Grieco
et al. 2010; Tristezza et al. 2012, 2013, 2014; Garofalo
et al. 2015), the aim of this work was to study, for the first
time in a Southern Italian wine, the biodiversity of ‘cul-
tivable’ yeasts isolated from the grapes (“Uva di Troia”, an
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autochthonous regional variety common denominator of
several wines produced in North-Apulian region) up to
corresponding wines (so called “Nero di Troia”).

Materials and methods
Yeast isolation from grape berries, musts and wines

Grape berries were directly collected in the vineyard with
the aim to avoid contamination yeast the commercial cul-
ture strains used in the cellar. For the yeast isolation,
1.00 kg of grape berries were collected aseptically in North
Apulia area from two vineyards (Lucera and Ascoli Satri-
ano areas, see Fig. 1) (18° Babo, 0.25 g/L total acidity, 4 g/LL
malic acid, pH 3.8, free ammonium 165 mg/L and 17°
Babo, 0.3 g/L total acidity, 3.6 g/L malic acid, pH 3.8 free
ammonium 155 mg/L, respectively for Lucera and Ascoli
Satriano area). The grape were pressed for 20 min using a
Bag Mixer® (Interscience, France), then spontaneous fer-
mentation of grape juices were carried out in laboratory at
28 °C temperature and monitored over 1 month. Yeast
sampling were accomplished at different stages, first from
grape berries surface, then during alcoholic fermentation,
at the beginning and at the end of fermentation, which were
determined on the basis of alcohol content, about 1 %, at
the beginning of AF, and 9 %, in the final phases of AF.
Yeast from grape surface were isolated according to
method of Prakitchaiwattana et al. (2004), Fifty grams of
berries were rinsed in 450 ml of 0.1 % peptone water with
0.01 % Tween 80 by orbital shaking in a flask at 150 rpm
for 30 min. Aliquots of 0.1 mL from serially diluted
samples in physiological solution were plated either on
Wallerstein Laboratory (WL) and on nutrient agar (Oxoid,
USA) and Lysine medium (Oxoid, USA), both added with
10 mg/L chloramphenicol, that respectively allowed the

Lucera

Ascoli Satriano

Fig. 1 Geographical localization of the two sampled vineyards
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isolation and identification of non-Saccharomyces and
Saccharomyces species. Selection of non-Saccharomyces
isolates were chosen on the basis of their different colony
morphology, whereas the Saccharomyces strains were
isolated randomly.

RFLP analysis and sequencing of 5.8S rRNA gene
and the two ribosomal internal transcribed region

The RFLP analysis of 5.8S rRNA gene and the two ribo-
somal internal transcribed spacer was performed according
to method of Esteve-Zarzoso et al. (1999), with some
modifications. The Amplification reaction were performed
using PCR reaction mix containing 0.5 uM of each primer
(ITS1 and ITS4), 200 pM dNTP, buffer 10x, solution Q
and 1.25 unit Taqg DNA Polymerase (Taq PCR Core;
Qiagen, USA). PCR was performed in a thermocycler (I-
Cycler, Bio-Rad), using the following program: initial
denaturation at 95 °C for 10 min, followed by 35 cycles of
denaturing at 94 °C for 1 min, annealing at 55.5 °C for
2 min and extension at 72 °C for 2 min; and a final
extension at 72 °C for 10 min, then samples were con-
served at 4 °C. Amplification products were previously
analysed on 2 % agarose gels, with 1x TBE buffer and
stained with ethidium bromide. After electrophoresis, gels
were visualized under UV light and photographed (Versa
Doc, BIO-RAD). Sizes were estimated by comparison
against a DNA length standard (50 bp ladder; Promega,
USA) with Quantity One Software (Bio-Rad, USA). Then
PCR products were digested without further purification
with the fast restriction endonucleases Haelll, Hhal, Hinfl
and Ddel (Thermo Scientific, USA), following the manu-
facture’s instruction. The restriction fragments were sepa-
rated on 3 % agarose gel with 1X TBE buffer and stained
with ethidium bromide. For each sampling point, two PCR
products obtained with primers ITS1-ITS4 for each
obtained pattern were randomly selected and sequenced
(PRIMM, Italy) to confirm the specie assignment.

Genetic characterization of Saccharomyces
cerevisiae strains

The genetic variability of S. cerevisiae isolates was evalu-
ated by amplification of o region, using the primers 012
(5TCAACAATGGAATCCCAAC3') and 821 (5'-CATCT
TAACACCGTATATGA-3") (Legras and Karst 2003). The
protocol described by Capece et al. (2012) was adopted with
some modifications. The amplification of & region was
performed directly from the colony, using a reaction mix
containing 1 uM primers (612 and 621) and 1.5 unit of Taq
DNA Polymerase (Qiagen, USA). The PCR conditions were
the following: initial denaturation at 97 °C for 10 min, then
reaction mixture was cycled 35 times with 30 s denaturation

at 94 °C, 1 min primer annealing at 42 °C and 2 min primer
extension at 72 °C, followed by a 10-min final extension
step at 72 °C. After electrophoresis gel were visualized
under UV light, scanned with (Versadoc System; Bio-Rad,
USA) and analysed by using the FP Quest TM software
(BioRad, USA). The electrophoresis patterns were grouped,
and analysed for the similarity and cophenetic correlations
through the Dice coefficient. Cluster analysis was performed
using the unweighted pair group method with arithmetic
mean (UPGMA). Cophenetic correlation was the measure of
how faithfully the tree represents the dissimilarities among
observations.

Statistical analyses

Molecular data has been analyzed by One-way ANOVA,
Turkey test (p < 0.005). Ecological indices, such as the
Shannon-Wiener index of general diversity (H), the richness
(S) of the microbial community, Simpson’s diversity indices
(D and 1-D) and Evenness (e"H/S) were calculated according
to Tristezza et al. (2013). All statistical analyses were per-
formed using Past, version 3.05 (Hammer et al. 2001).

Results
Yeast species identification from grape berries

Samples were collected from two different vineyards located
in north Apulia region (Fig. 1) during vintage 2012. A total of
136 colonies were isolated from grape berries of Uva di Troia
variety and subjected to a PCR-RFLP analysis of the 5.8SITS
rDNA region. The yeast species identified and the isolation
frequencies obtained are shown in Table 1. The PCR products,
showing variations in length ranging from 400 to 880 bp, were
digested with Hhal (Cfol), Haelll, Hinfl and Ddel enzymes.
The produced fragments were compared with those described
previously in literature (Esteve-Zarzoso et al. 1999). In gen-
eral, we observed 12 different restriction profiles of ITS-5.8S
rDNA region, corresponding to Saccharomyces cerevisiae,
Issatchenkia orientalis, Metschnikowia pulcherrima, Hanse-
niaspora uvarum, Candida zemplinina, Issatchenkia terricola,
Kluyveromyces thermotolerans, Torulaspora delbrueckii,
Metschnikowia chrysoperlae, Pichia fermentans, Hansenias-
pora opuntiae and Hanseniaspora guilliermondii (Table 1).
Two ITS fragments for each obtained pattern were randomly
selected and sequenced and the obtained data were compared
with sequences available at the NCBI database (GenBank)
using the standard nucleotide_nucleotide homology search
Basic Local Alignment Search Tool (BLAST, http://www.
ncbi.nlm.nih.gov/BLAST) (corresponding gene accession
numbers are reported in Table 1). Several yeast species such as
M. pulcherrima, C. zemplinina, H. guilliermondii, H. uvarum
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and I. terricola represented a common denominator of the two
vineyards studied (Table 1). The Figure S1 reportes the fre-
quencies of strains identified from grape berries from the two
different vineyards, during vintage 2012.

Among the non-Saccharomyces characterized in this
study, the most abundant genera on berries surface were
Hanseniaspora (about H. uvarum 22 %, H. guilliermondii
13 %, and H. opuntiae 1 %) and Metschnikowia (35 %, M.
pulcherrima 34 % and M. chrysoperlae 1 %) (Figure S1).
The analysis of non-Saccharomyces diversity in the two
different areas revealed a great variability, showing, in
several cases, statistically significant differences among
locations (Figure S1). S. cerevisiae, K. thermotolerans, T.
delbrueckii, M. chrysoperlae, P. fermentans, I. orientalis
and H. opuntiae were isolated only from grape berries
collected from Lucera (respectively 5, 7, 1, 1, 3, 1, and
1 %). H. guilliermondii was isolated only from Ascoli
Satriano (about 26 %) samples. The frequency of M. pul-
cherrima showed differences between Lucera (42 %) and
Ascoli Satriano (28 %) vineyards. H. uvarum ecotypes
have been isolated with higher frequency from Ascoli
Satriano (about 36 %), rather than in Lucera vineyards
(only 7 %). C. zemplinina and I. terricola frequency did
not show significant changes (respectively about 10 and
2 %).

Yeast species identification from fermenting grape
juice

A total of 133 colonies were isolated from grape juice at
the beginning of alcoholic fermentation (about 1 % EtOH)
and subjected to a PCR-RFLP analysis of the 5.8SITS
rDNA region as above described. In general, we observed
11 different restriction profiles of ITS-5.8 S rDNA region,
corresponding to S. cerevisiae, 1. orientalis, M. pulcher-
rima, H. uvarumi C. zemplinina, I. terricola, K. thermo-
tolerans, T. delbrueckii, P. fermentans, H. opuntiae and H.
guilliermondii (Table 2). The differences in yeast fre-
quency and diversity highlighted in the two locations
studied might also be addressable to dissimilarities in
composition (data reported in material and method section,
2.1), in fact grape juice obtained from grape collected in
Lucera area showed higher sugars and free ammonium
contents. As described above, two ITS fragments for each
obtained pattern were randomly chosen, sequenced and
subjected to comparative analysis to confirm species
assignation (Table 2). Several yeast species such as S.
cerevisiae, M. pulcherrima, C. zemplinina, H. uvarum and
L terricola represented a common denominator between
the studied vineyards. Otherwise, some species were iso-
lated only from one vineyard, respectively I. orientalis, K.
thermotolerans, T. delbrueckii, P. fermentans, H. guillier-
mondii and H. opuntiae from Lucera (Table 2). The

predominance of non-Saccharomyces yeasts was observed
for all the samples analyzed, nevertheless S. cerevisiae
strains has been isolated from both vineyards studied, their
frequencies were higher in Lucera (about 33 %) than
Ascoli Satriano (about 10 %). The Figure S2 describes the
frequencies of strains identified from grape juice from the
two different vineyards, during vintage 2012.

Among the non-Saccharomyces characterized in this
study, the most abundant genera at the beginning of AF were
Hanseniaspora (about 38 %, H. uvarum 35 %, H. guillier-
mondii 1.5 %, and H. opuntiae 1.5 %) and Metschnikowia
(M. pulcherrima 25 %) (Figure S2). The analysis of non-
Saccharomyces diversity in the two different areas revealed
a great variability, showing, in several cases, statistically
significant differences among locations (Figure S2). I. ori-
entalis, K. thermotolerans, T. delbrueckii, P. fermentans, H.
opuntiae and H. guilliermondii were isolated only from
grape juice collected from Lucera (respectively 1.5, 5, 3, 1.5,
3 and 3 %). The presence of M. pulcherrima is different in
Lucera and Ascoli Satriano vineyards, respectively 14 and
4 %, furthermore significant differences were reported also
with total frequency (about 9 %). H. uvarum ecotypes have
been isolated with higher frequency from Ascoli Satriano
(about 42 %), contrariwise it frequency was about 28 % in
Lucera vineyards. Its frequency was not comparable with
those reported for the totality of yeast isolated. C. zemplinina
frequency showed significant differences from Lucera and
Ascoli Satriano vineyard, respectively 6 and 42 %. As
reported in Table 3, the species richness was highest in the
yeast population from Lucera (S = 12) than in the popula-
tion from Ascoli Satriano (S = 6). However, biodiversity
not rely merely on the numbers of species but likewise on its
relative abundance and dominance. The Shannon diversity
index (H), that takes into account the number of individuals
as well as number of taxa, was higher for the yeast popu-
lation from Lucera (H = 1.793) being representative of a
more diverse community than that from Ascoli Satriano
(H = 1.512) (Table 3). Moreover, the Evenness index
measures the uniformity with which individuals are divided
among the taxa present in the population. This index was
higher in Ascoli Satriano yeast community than in Lucera
population, with values of 0.7559 and 0.5005 respectively
(Table 3).

Yeast species identification from wines and genetic
characterization of Saccharomyces cerevisiae strains

In the final phases of AF (9 % ethanol content), we selected
only S. cerevisiae strains (Table S1). A total number of 146
yeast isolates identified as S. cerevisiae were subjected to
genotypic characterization by analysis of & sequences.
These ecotypes had been isolated from the first stage of
alcoholic fermentation and in the last phases (Tab. S1).
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Table 3 Diversity indices of the two yeast populations present in
must produced with grape samples collected from Lucera and Ascoli
Satriano

Lucera Ascoli Satriano
Species richness (S) 12 6
Dominance (D) 0.2363 0.2515%
Simpson (1-D) 0.7637 0.7485
Shannon (H) 1.793 1.512%
Evenness (e"H/S) 0.5005 0.7559*

Asterisk indicate statistically significant differences (p < 0.05)
ofvalues in the same row

PCR analysis of inter-delta region produced 119 different
profiles (Table S1). The relationship among strains
according to patterns obtained with amplification of inter-
delta region was evaluated using cluster analysis.
According to the resulting dendrogram (Fig. 2), the strains
were distributed in 10 main similarity groups. Only the
groups C, D and E include strains of the same isolation
area, respectively Lucera and Ascoli Satriano all collected
from wine. Contrariwise, other groups contain strains col-
lected from grape berries, grape juice and wine of the two
vineyards studied. Cluster B contain only one strain, iso-
lated from wine collected from Ascoli Satriano vineyard. In
addition, 5 groups including strains with identical profiles
were found. Identical profiles generally has been isolated in
the same area, with the exception of profile 16, obtained
from two strains collected from both the vineyards studied.

The two S. cerevisiae populations from Lucera and
Ascoli Satriano showed low indices of dominance
(D = 0.2596) and relative high diversity (H = 1.528 and
1.640, respectively; Table 4).

Discussion

Non-Saccharomyces yeasts isolated from grapes, musts and
wines show potential effects on the organoleptic qualities
of the final products (Romano et al. 2003a; Ciani et al.
2010). A major understanding of non-Saccharomyces bio-
diversity in fermenting wines is an essential criterion for
quality improvement programs in the oenological produc-
tions, and more specifically in the sector of typical wine
and oenological geographical indications (Fleet 2008). In
the present study, for the first time in a Southern Italian
wine, we study the biodiversity of ‘cultivable’ yeasts iso-
lated from the the grapes (“Uva di Troia”, an auto-
chthonous regional grape variety common denominator of
several wines produced in North-Apulian region) up to
corresponding wines (so called “Nero di Troia”).

The majority of the strains isolated belong to M. pulcher-
rima, a species common on wine grapes at the time of harvest

and in grape must during the early stages of wine fermentation.
This species occurs more frequently on damaged berries, on
berries used to produce ice wine, and in botrytized (noble-
rotted) wines (Oro et al. 2014). Several authors have investi-
gated the potentiality of M. pulcherrima for wine fermentation.
In particular, the absence of relevant changes in fermentation
rate and chemical composition has been often observed (Jolly
et al. 2014; Comitini et al. 2011). Furthermore, Comitini et al.
(2011) noted in the final wines a significant decrease in volatile
acidity and in total acidity. Other yeast of oenological interest
isolated from grape surfaces of “Uva di Troia” belonged to
Hanseniaspora spp., mainly H. guilliermondii and H. uvarum.
Our results confirmed findings previously reported on litera-
ture, showing that the apiculate H. uvarum/K. apiculata may
be the predominant species on either the berries and at the
beginning of spontaneous must fermentations (e.g. Fleet 2008;
Tristezza et al. 2013). All samples collected at the beginning of
AF show the predominance of non-Saccharomyces yeast,
nevertheless S. cerevisiae have a high frequency, in both
Lucera and Ascoli Satriano vineyard. These evidence might be
addressable to the presence of damaged grape berries that may
be very rich depositories of S. cerevisiae (e.g. Nisiotou et al.
2007; Barata et al. 2012).

The majority of the strains isolated at the beginning of AF
belong to Hanseniaspora spp., in particular H. wuvarum.
Other yeast well represented on grape juice at the beginning
of AF are Candida spp. Among Candida spp. the species
most important identified is C. zemplinina. Several yeast
ecology studies demonstrated the frequent presence of this
species in wine fermentations (e.g. Nisiotou et al. 2007,
Urso et al. 2008; Zott et al. 2008; Tofalo et al. 2009), is a
typical contaminant of botrytized juice fermentations but its
presence is also common onto healthy grapes (Barata et al.
2012). In terms of yeast natural biodiversity, strains col-
lected from grape juice are similar to those found in other
wine-producing areas. Several authors reported the pre-
dominance of Candida and Hanseniaspora genera at the
beginning of spontaneous AF (Bezerra-Bussoli et al. 2013;
Garofalo et al. 2015), nevertheless Cordero-Bueso et al.
(2011) suggested that other non-Saccharomyces yeast such
as Lachancea, Wickerhamomyces and Torulaspora can be
present as dominant species.

Among the species belonging to the Hanseniaspora
genera, our results suggest the dominance of H. uvarum,
confirming those reported by Océn et al. (2010). Con-
trariwise, Garofalo and coworkers (2015) reported major
frequency of H. guilliermondii analyzing Apulian regional
wines.

Yeast isolated from wine, at the end of AF, show the
predominance of Saccharomyces spp. (i.e. S. cerevisiae).
Our findings confirming those reported by other authors
(e.g. Tristezza et al. 2009), that suggested the rapidity,
reproducibility and sensibility of this method.
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Fig. 2 Cluster analysis of the
profiles obtained by PCR inter-
delta region from 146
Saccharomyces cerevisiae
strains (92 % of similarity)
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Table 4 Intraspecific diversity of the two S. cerevisiae populations

Individuals Clusters Dominance (D) Simpson (1-D) Shannon (H) Evenness (e"H/S)
Lucera 69 0.2596 0.7486 1.528 0.6582
Ascoli Satriano 77 0.2596 0.7404 1.640 0.5726

Several studies suggested the important role of indige-
nous non-Saccharomyces and Saccharomyces yeast on wine
quality. For this reason, multi-starter cultures designed using
autochthonous microbial resources has been suggested as a
tool to take advantage of natural biodiversity, enhancing the
complexity and specific characteristics of wine (Romano
et al. 2003b; Ciani et al. 2006; Ciani et al. 2010; Jolly et al.
2014; Garofalo et al. 2015).

This is the first report on the population dynamics of
‘cultivable’ microbiota diversity of “Uva di Troia” cultivar
from the grape to the corresponding wine (“Nero di
Troia”), and more general for Southern Italian oenological
productions. We also select possible candidates for the
design of mixed/multi-strains autochthonous starter cul-
tures for typical Apulian wines, in order to obtain a final
product characterized by unique peculiarities as result of
the autochthonous virtuous microbial biodiversity. A cer-
tain geographical-dependent variability has been reported,
suggesting the need of local based formulation for tailored
starter cultures for typical wines, especially in the pro-
portion of the different species/strains in the conceiving of
mixed microbial preparations.
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