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Abstract

The study highlights the fungal diversity of the traditional Algerian date’s product “Btana” prepared with direct Btana method
(DBM) and undirect Btana method (UBM). Btana fungal populations were analyzed through 28S metabarcoding. Data treatment
resulted in 122,997 reads representing three Phyla in which 76% reads (46 OTUs) belong to Ascomycota phylum.
Zygosaccharomyces rouxii was the most prevailed species accounting for 35.40% of the total population. Similarity percentage
analysis revealed a low level of resemblance in species in each of the two Btana types (DBM: 17.26%, UBM: 16.87). According
to HPLC analysis, lactate was detected in nine samples within a range of 0.87-23.06 g/100g. Culture plating and subsequent D1/
D2 domain of 28s DNA analysis showed the prevalence of Z. rouxii. Fermentation of non-renewed date medium revealed a high
ethanol production (21.31 + 2.89 g/100g) by Lachancea thermotolerans and 5.87 g/100g of lactates by Kluyveromyces
delphensis. Enzymatic assay revealed a high esterase (C4) and naphtol-AS-Bl-phosphohydrolase activity by
L. thermotolerans, K. delphensis, and Pichia subpelliculosa, while a high level of «-fucosidase was recorded for
L. thermotolerans and P. subpelliculosa. The current results demonstrated that the traditional date product Btana is a promising
source for yeasts useful in production of value-added products like bioethanol and lactic acid using low-income date cultivars.
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Introduction

Traditional fermented foods constitute a big part of the diet of
many populations worldwide. Recently, many projects were
undertaken to describe the biological dynamic throughout
preparation and during storage (Mokoena et al. 2016; Park
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et al. 2012). Literature reports a variety of fermented food
including those based on fruits and vegetables which contain
a diverse microbiome having functional role in controlling
organoleptic proprieties and deterioration agents (Abass
et al. 2019; Lavefve et al. 2019; Parkouda et al. 2010;
Wilfrid et al. 2009). Dates are among these food, which are
widely consumed as edible fruits or converted to traditional
date by-products to overcome date spoilage (Homayouni et al.
2014). Date’s chemical composition delays postharvest deg-
radation owing to the high osmotic pressure induced by high
sugar content. Nevertheless, a number of authors have report-
ed cases of microbial spoilage during commercialization of
dates and date’s products (Siddig 2012). To overcome this,
population in southern Algeria transform dates to a traditional
fermented product called Btana. Our previous study con-
firmed that Btana is an interesting method that prevents date
spoilage for a period up to 2 years (Abekhti 2015). This prod-
uct is manufactured according to two methods both inspired
by traditional knowledge and have been thoroughly described
in our previous study (Abekhti et al. 2013). Briefly, in direct
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Btana method (DBM), soft date fruits like Ghars are directly
stacked in plastic bag and containers, whereas in undirect
Btana method (UBM), hard date fruits are soften by succes-
sive cleaning with water. Technically, like many traditional
products, short information is available on the microbial di-
versity of Btana and the functional role of the predominant
communities. Unlike date fruit microbiology which is well
documented, no information is available concerning the mi-
crobial ecology of the date product Btana (Mehwish et al.
2015; Al-Hazzani et al. 2014; Abdel Moneim et al. 2012;
Siddig 2012; Hasnaoui et al. 2010). Our initial investigation
(results not published) showed that yeasts are the predominant
community and perhaps the main responsible of the organo-
leptic characteristics of Btana. Likewise, Ould El Hadj et al.
(2001) reported that yeasts are involved in spontaneous fer-
mentation of a number of date products like date vinegar pro-
duced locally in southern Algerian regions. Within this con-
text, our study is pursued in an attempt to build an understand-
ing of the fungal diversity of Btana. Such data are required to
understand the microbiology and biochemistry of the fermen-
tation and its impact on the product quality, and would more-
over provide a fundamental basis for developing a future date
biotechnology projects. However, the classical approaches
used in assessing date microbiota were very restricted due to
the limitation and biases associated with the culture-based
techniques. Therefore, culture-independent techniques like
next-generation sequencing are being widely used with tradi-
tional food to fully understand and to predict the evolution of
microbial populations within food matrices (Bokulich and
Mills 2012; Quince et al. 2009). Pyrosequencing is an NGS
technique that will help to get a comprehensive view of the
genetic complexity of yeast communities associated with
Btana product. We will use this technique along with the iso-
lation and identification of the dominant yeast species inves-
tigation of their phenotypes and metabolic products as well as
their enzymatic activity. In parallel, we will also investigate
the influence of Btana chemical characteristics on the compo-
sition of the yeast microbiota.

Material and methods
Metabarcoding analysis

To perform pyrosequencing analysis, eight DBM samples
were obtained from Ziban-Oued regions (BT;, BT,, BTj3,
BT,, BTs, BTg, BT5, BTg) while other three UBM samples
were selected from Adrar region (BTy, BT, BT;;) (Fig. 1).
The genomic DNA from the Btana pellets was extracted and
28s PCR libraries were generated. Unique multiplex identi-
fiers (barcodes) for each sample were attached to the 5’ end of
each primer (NL1 and NL4). Amplification was performed
using a Master system gradient apparatus (Eppendorf AG,
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Hamburg, Germany) in a final volume of 100ul containing 5
U of FastStart high-fidelity polymerase (Roche Diagnostics
Belgium NV), 1x enzyme reaction buffer, 200 pm dNTPs
(Eurogentec, Belgium), 0.2 um of NL1 and NL4, and
100 ng of genomic DNA. The amplification was performed
at 94°C for 15 min, followed by 25 cycles at 94°C for 40 s,
56°C for 40 s, 72°C for 1 min, and a final elongation step of
7 min at 72°C. The final products were ran on a 1% agarose
gel electrophoresis and the visible DNA fragments were ex-
tracted and then purified using an SV PCR purification kit
(Promega Benelux B.V., Leiden, the Netherlands). The qual-
ity of amplicons was cheeked using a PicoGreen double-
stranded DNA (dsDNA) quantification assay (Isogen Life
Science NV), and then a sequencing was performed using
the Roche GS-Junior Genome Sequencer (Roche
Diagnostics Belgium NV). Raw data were trimmed and
cleaned according to Schloss et al. (2009). Briefly, the se-
quences were firstly trimmed and sorted according to their
multiplex barcode. Then, homopolymeric reads of low quality
and those presenting less than 425 bps or containing more
than one ambiguous base (Ns) were removed by PyroNoise
algorithm (Quince et al. 2009). Furthermore, the potential chi-
meric sequences were removed by ChimeraSlayer command
implemented in MOTHUR pipeline after alignment with the
reference database SILVA (Haas et al. 2011). Metabarcoding
raw data are available in the NCBI collection under the acces-
sion number PRINA699113: https://trace.ncbi.nlm.nih.gov/
Traces/study/?acc=PRINA699113.

Strain isolation

Yeasts associated with the eleven Btana samples were isolated
by serial dilution. For that, 25 g of each sample was transferred
into 225 ml of sugar-supplemented alkaline phosphate buffer
to prevent osmotic shock and to help recovery of the injured
yeasts (Combina et al. 2012). The samples were then homog-
enized for 10 min with a Stomacher apparatus. From
each sample, 0.1 ml was spread on the surface of yeast
glucose chloramphenicol agar plate (YGC; 95765,
Sigma). After 24-96 h of incubation at 25°C, represen-
tative colonies were isolated, subcultured, and examined
for purity under a microscope. The isolates were then
characterized based on their morphological and physio-
logical properties according to Barnett et al. (2000).
Fermentation of sugars (glucose, sucrose, maltose, ga-
lactose, and lactose), osmo-tolerance on BHI media con-
taining 50% and 60% (w/w) glucose, and growth on
media supplemented with 1% and 0.5% of acetic acid
and in the presence of 1% ethanol and methanol were
tested. Enzymatic potential was determined by using the
commercial APl ZYM system, according to the manu-
facturer’s instructions
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Fig. 1 Distribution of fungal o/ _
families in Btana samples as 100% B
determined by pyrosequencing
analysis
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Molecular identification of the yeast strains
DNA extraction and PCR amplification

Genomic DNA of yeast strains was extracted using a commercial
DNeasy tissue kit (Qiagen) according to the manufacturer’s in-
structions. The DNA templates were then used to amplify the
D1/D2 domains of the 28s rDNA usingNL1 (5'-GCAT
ATCAATAAGCGGAGGAAAAG-3") and NL4 (5'-GGTC
CGTGTTTCAAGACGG-3") primers according to Hesham
et al. (2006). The PCR products were purified by the PCR puri-
fication kit (Qiagen) and then submitted to sequencing at the
GIGA center (Liége University, Belgium). The sequences were
manually cleaned and assembled with the DNA Baser Sequence
Assembler v4.16 (Heracle BioSoft SRL, www.DnaBaser.com)
using default parameters; then, the sequences were aligned with
the online GenBank database using the BLASTn program
(http://www.ncbi.nlm.nih.gov/BLAST/). Furthermore, a
phylogenetic tree was constructed basing on the evolutionary
distance between the sequences using the neighbor-joining meth-
od and the Kimura 2 parameter in MEGA 5 program (Fig. 2).
The tree was then visualized with the TreeView program.

Preparation of date extract and metabolite dosage
during fermentation

Date maceration was made by suspending 500 g of a freshly
prepared Btana into 1000 ml MilliQ water in a Stomacher

apparatus. The extract was then sieved through a double layer
of muslin cloth and sterilized by autoclaving.

The fermentation assay was performed by inoculating 9 ml
of the previous extract with 1 ml of 2 McFarland yeast strain
solution. The mixture was incubated at 30 °C for 48h and 96h,
for 15 and 21 days under anaerobic conditions.

At a regular time, a series of tubes were taken along the
fermentation period to the pH which was measured. The fer-
mentation product dosage was carried out by using the HPLC
analysis. For that, 5 ml of date extract was centrifuged at
13,000 g for 10 min, and the supernatant obtained was filtered
through a 0.2-um cellulose acetate membrane (Sartorius,
Minisart). Dosage of organic acids was made through a stan-
dard composed of lyophilized mixture of sodium oxalate, so-
dium citrate, sodium malate, sodium succinate, sodium for-
mate, and sodium acetate. The standard is supplied as a set of
6 vials. Each vial of the lyophilized mixture is reconstituted in
1.0 ml deionized water prior to use. Glucose, fructose, su-
crose, ethanol, formate, acetate, propionate, butyrate, lactate,
and succinate were analyzed using an Agilent 1110 series (HP
Chemstation software) equipped with a differential refraction
index detector (Masset et al. 2010). The HPLC analysis was
carried out using a Supelcogel C-610H column preceded by a
Supelguard H precolumn (oven temperature 40°C), 0.1%
H;3PO, (in MilliQ water) as the isocratic mobile phase at a
flow rate of 0.5 ml min', and a differential refraction index
detector (RID, heated at 35°C). The process lasted for 35 min
at a maximum pressure of 60 bar (Masset et al. 2010).

@ Springer


http://www.dnabaser.com
http://www.ncbi.nlm.nih.gov/BLAST/

Int Microbiol

Fig. 2 Phylogenetic tree of yeast
strains isolated from Btana
product prepared according to the
neighbor-joining methods using
BLAST logarithm
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Samples were also analyzed for sugar content and fermenta-
tion metabolites as previously reported. All characteristics re-
garding age, pH, and water activity (a,,) of the Btana samples
were also recorded.

Results and discussion

Microbial analysis revealed the dominance of yeasts in most
samples except for sample BT9. Forty-six (46) yeast strains
have been selected and studied. Morphological, biochemical,
and physiological characterization allowed the distinction of
twenty-three (23) representative strains, which had been
assigned to five species according to the similarity in D1/D2
domains of the 28s rDNA, namely Zygosaccharomyces
rouxii, Lachancea thermotolerans, Pichia subpelliculosa,
Hanseniaspora opuntiae, and Kluyveromyces delphensis
(Supplementary Table 1). The predominant isolated species
was Z. rouxii (9 isolates in Ziban samples (DBM) and one
from Adrar-Sali sample (UBM)). This species was frequently
isolated from rich sugar food like honey, jam, juice, and sweet
marzipan (Solieri et al. 2013, Kurtzman et al. 2011; Carvalho
et al. 2006, Martorell et al. 2007). Hanseniaspora opuntiae
species was also reported in fruit juices and fermented musts
(Nyanga et al. 2013; Cadez et al. 2006). These two species
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(Z. rouxii and H. opuntiae) were already reported in rotten
dates from Abha market (KSA) by Hashem et al. (2014).
Even more, L. thermotolerans, P. subpelliculosa, and
Kluyveromyces delphensis were commonly isolated from soft
drinks, fruit, fruit juices, grapes, raw sugar, and canned vege-
tables (Deak 2008 and Golubev 2008).

Almost half of the isolated strains belong to the genus
Zygosaccharomyces. They are all osmo-tolerant and have
been widely isolated from rich sugar products (Barnett et al.
2000). Pyrosequencing data gives a broader picture of the
fungal communities in the studied Btana (Fig. 1). Sequence
analysis resulted in 122,997 reads after sequence treatment.
Overall three Phyla had been detected with around 76% (46
OTUs) belonging to the Ascomycota phylum. The next phy-
lum Basidiomycota accounted up to 13% of total sequences
(10 OTUs), whereas Zygomycota are presenting 10% of the
total sequences (7 OTUs). Two OTUs (0.77% of total se-
quences) remained unclassified. Although Ascomycota were
the predominant phylum in most of the samples, Zygomycota
were dominant in two samples BT8 (DBM) and BT9 (UBM)
and Basidiomycota species outnumbered the other phyla in
sample BT4 (DBM). Within Ascomycota, Saccharomycetes
were the most abundant class; the highest proportions were
detected in BT3 (99.9%), BT2 (99.88), and BT11 (82.05%).
However, three samples (BT8, BT4, and BT9) presented a
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very low proportion of Saccharomycetes (0.06, 0.87, and
1.57% respectively); by contrary, they were dominated by
Zygomycetes and polyporoid fruiting fungi, like
Agaricomycetes in the case of the sample BT4.

Members of the genus Zygosaccharomyces were dominant
though represented by a unique species (Z. rouxii) that was the
most prevalent species accounting for 35.40% of the total
population. It was detected in all samples with frequencies
varying from 0.04 to 99.98%. This observation confirmed
the result of the plate culture and strengthened the usefulness
of the metabarcoding approach. The other Saccharomycetes
detected by pyrosequencing are Saccharomycopsis fibuligera
and Torulaspora delbrueckii with 7.61% and 7.2% of total
reads respectively. Other species like Pichia kudriavzevii,
Pichia kluyveri, and L. thermotolerans were also detected.
Nevertheless, these species (except Z. rouxii and
L. thermotolerans) had not been isolated from any of the stud-
ied samples by plate cultivation techniques. Furthermore, no
reads corresponding to P. subpelliculosa, H. opuntiae, and
K. delphensis were detected though already isolated from
some Btana samples over this study. By far, members of
Eurotiales (Aspergillus, Mucor, Penicillium) were widely de-
tected. Aspergillus oryzae sequences occurred in abundant
number in DBM while Aspergillus niger was detected in both
Btana types (DBM, UBM). Other filamentous fungi belong-
ing to Mucorales like Rizopus and Mucor were also detected.
These fungi were already reported in date postharvest deteri-
oration (Siddig 2012). Regarding fungal population similarity
between the two types of Btana, similarity percentage analysis
(SIMPER) (Table 1) revealed a low level of yeast population
resemblance in both Btana samples (DBM: 17.26%, UBM:
16.87%). Seven (7) OTUs contributed mostly to similarity of
DBM samples, with Z. rouxii contributing with 60.85% and
Rhizopus stolonifer and Torulaspora delbrueckii by 13.99%

and 4.95% respectively. Likewise, Z. rouxii contributes to the
similarity of UBM samples with 90.79%. On the other hand,
DBM and UBM samples have 82.98% dissimilarity average
score including all taxa. The other OTUs driving significant
differences between the two types of Btana are shown in
Table 1. It is noticeable that R. stolonifer, T. delbrueckii,
Malassezia restricta, Toxicocladosporium sp., Aspergillus
oryzae, and Malassezia globosa were mostly found and de-
tected in DBM samples rather than UBM. They contribute by
more than 70% in the discrepancy of DBM from UBM. The
observed distinction is due eventually to the disparity in the
primary fungal diversity promoted by the origin of date fruits
used in Btana preparation. The second explanation comes
from the strong selection pressure exerted by the washing step
that helps to sweep away a part of the fungi from date fruit
during UBM. Only a few taxa remained abundant in these
Btana-type numbers like R. oryzae, and A. niger.

The values of a,, pH, sugar content, characteristics of sam-
ples, and corresponding selected yeast strains were given in
the Supplementary Table 1. Data showed that the total reduc-
ing sugars were ranging from 51.3 to 20.82 g/100g with the
content of glucose being lower than fructose in most samples.
In other hand, we observed that Btana samples contain lower
sugar content in comparison to date fruit extract; it is rather
lower than what had been reported in most date fruits (Abdel
Moneim et al. 2012; Hamad et al. 2015; Mortazavi et al.
2010). We also noticed the presence of fermentation by-
products in Btana samples indistinctively which explains that
a part of carbohydrate in date fruit was converted into fermen-
tation products by microbial action (Hamad et al. 2015).
Therefore, lactate was highly detected within a range of
1.87-23.06 g/100g (Supplementary Table 1). Regarding bio-
chemical tests, results shown in Table 2 indicate that all the
species are osmo-tolerant and grow well in 50 and 60%

Table 1 Contribution of the OTUs in Btana samples differentiation
Phylotypes (OTUs) Average abundance Average dissimilarity Dissimilarity standard Contribution (%) Cumulative
deviation contribution (%)
DBM UBM
Z. rouxii 4000.5 3846.67 21.65 1.38 26.09 26.09
S. fibuligera 190.63 2612 11.56 0.73 13.93 40.02
Phaeosphaeria nodorum 18.25 1878 8.9 0.68 10.73 50.75
Rhizopus oryzae 24.75 1348.33 8.13 0.67 9.79 60.54
Aspergillus niger 556.13 1184 7.25 0.82 8.74 69.28
Rhizopus stolonifer 978.38 1 6.41 0.54 7.72 77
Torulaspora delbrueckii 1107.5 19 4.81 0.47 5.8 82.8
Malassezia restricta 476.88 12.33 1.86 0.45 2.24 85.04
Toxicocladosporium 424 0 1.77 0.56 2.13 87.17
Aspergillus oryzae 319.38 1 1.45 0.52 1.74 88.92
Malassezia globosa 353.5 0.33 1.37 0.46 1.65 90.57
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glucose broth. Zygosaccharomyces rouxii was the most osmo-
resistant yeast, which is consistent with an earlier study that
had reported that the species can support sugar content as high
as 70° Brix (approximately 875 g/l glucose) and is able to
grow at water activities as low as 0.60 (Wang et al. 2016;
Marvig et al. 2015). It is admitted that this feature of osmo-
tolerance is linked to the production of compatible solutes
(i.e., polyols) such as D-arabitol according to many authors
(Sharma and Sharma 2017; Evrendilek 2012).

The changes in sugar contents, pH, and other metabolites
during the course of the fermentation are presented in Table 3.
Accordingly, the date extract contains 64.02 g/100g of reduc-
ing sugars (glucose and fructose). This value was close to that
already reported by Acourene et al. (2014) who has recorded
68.91 g/100g in the Hmira variety, the same used in our study.
The stress due to sugar concentration in dates imposes a lim-
itation for microbial growth. By comparing metabolism spec-
ificity, we found that Z. rouxii and H. opuntiae had an im-
proved fructose consumption. Similarly, previous studies re-
vealed that Z. rouxii is a fructophilic yeast that has a prioriti-
zation of fructose transport over that of glucose (Leandro et al.
2014; Leandro et al. 2013; Martorell et al. 2007). Some au-
thors were speculating that the difference in glucose and fruc-
tose consumption is due mainly to the metabolic pathway
involved (Berthels et al. 2004). In the opposite way, strains
belonging to P. subpelliculosa used sugars without preference
while L. thermotolerans and K. delphensis utilized preferably
glucose. By far, L. thermotolerans exhausted a substantial
amount of sugars during the first 48h (37.75 g/100g). This
pattern continues until the end of the fermentation (21 days)
to reach 56.55 g/100g of sugars consumed. Decreasing of pH
below 5 within the first 48 is another common feature of
fermentation that decreases further over the following period
until 15 days when thereafter it remains constant.
Kluyveromyces delphensis strains showed a markedly pH de-
crease (1.73 units), whereas P. subpelliculosa strains were the
less acidifying (0.77 units). In general, the fermentation pat-
tern of the yeasts presented approximately the same profile
with ethanol being the dominant product although there was
a slight fluctuation regarding the final products. In other hand,
some authors emphasize that the yeasts isolated from high
sugar environment have unusual physiological characteristics
that might increase production of ethanol and other metabolic
products (Tan et al. 2015). Accordingly, a substantial amount
of carbon fraction' was converted to metabolic product (etha-
nol, lactate, acetate, formate, and succinate). Other carbon
fractions were used to produce carbon dioxide and to generate
new yeast cells (Hiligsmann et al. 2011). Ethanol was yielded
as almost as 50% of the used carbon molar fraction (C-mol)
from the total sugar (Supplementary Table 2) except

! Fermentation products were transformed into molar carbon fractions to cal-
culate carbon conversion balance as shown in Supplementary Table 2.
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P. subpelliculosa strains which produced a low amount of
ethanol (7.42 = 0.63 g/100g/16.63% of C-mol). By 96 h,
L. thermotolerans yielded the higher amount of ethanol
(21.31 £2.89 g/100g of dates) approaching the yield recorded
for Saccharomyces cervisiaeon sorghum (25 g/100g) and ap-
ple pomace (19.0 g/100 g) (Parmar and Rupasinghe 2013;
Salvi et al. 2009). Other studies confirmed our observation
and emphasized that L. thermotolerans is a potent ethanol-
producing yeast associated with fruits, fruit jams, and high
sugar food (Freel et al. 2014). Recently, this species has also
been used for production of valuable compounds like
sophorolipid surfactants (Mousavi et al. 2015). Regarding eth-
anol resistance, only P. subpelliculosa strains were able to
sustain high ethanol, whereas Z. rouxii strains showed a poor
tolerance of acidity in the presence 0.5% of acetic acid. So far,
the viability at the end of the fermentation period was remark-
able for all species except Z. rouxii strains. The viability fea-
ture is a key element for biotechnological process involving
recycling or re-circulation. In this respect, Wang et al. (2016)
reported that non-Saccharomyces species found in fermented
food could be isolated only from the early stages of fermen-
tation. Therefore, the studied strains isolated from Btana are
promising candidates in fermentation process as they can sus-
tain under extended periods of fermentation and high ethanol
stress. Also, we noticed the formation of a versatile array of
organic acids throughout the fermentation course. Pichia
subpelliculosa was the most efficient in lactate production
(40.03 + 9.88%) according to the carbon balance and further
was the sole yeast able to produce formate during the first 48h.
After 96 h, metabolite concentrations decreased slightly ex-
cept K. delphensis for which we have recorded a decline in
ethanol production in favor of a significant increase in lactate
(5.26-5.62 g/100g). Furthermore, at this stage, an increase of
formate was recorded for most strains except K. delphensis. In
addition to metabolite assessment, the estimation of the dry
cell biomass (result no published) indicated that K. delphensis
produces more biomass (0.425 g/l) than the other species in-
cluding the commercial strain S. cerevisiae (0.375 g/1).
Interestingly, many authors reported that Kluyveromyces spe-
cies have a higher /i, value and a shorter lag phase which is
translated into a higher biomass production compared to
S. cerevisiae (Lane and Morrissey 2010). This might be due
to the natural osmo-tolerance ability of K. delphensis that was
primarily isolated from sugary deposits on dried figs (Lane
and Morrissey 2010).

Determination of enzymatic profile

In order to investigate the eventual functional role of the se-
lected strains, we have compared their fermentation profile
and enzymatic activity. The data obtained with API-ZYM
system showed significant differences in the nature and the
amount of the released enzymes (Table 4). 3-glucosidase
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Table 4 Results of API ZYM test of the isolated yeasts

Enzymatic activity tested L. thermotolerans

Z. rouxii P. subpelliculosa K. delphensis

Alkaline phosphatase
Esterase C4

Esterase lipase C8

Lipase C14

Leucine arylamidase
Valine arylamidase
Cystine arylamidase
Trypsin N-benzoyl
Chymotrypsin
Phosphatase
Naphtol-AS-BI-phosphohydrolase
«-Galactosidase
[-Galactosidase
[3-Glucuronidase
a-Glucosidase
[-Glucosidase
N-acetyl--glucosaminidase
«-Mannosidase

W O W L OO O = OO O NN = WW KN~

o-Fucosidase

— O 0O Lo OO N WO OO~ W~,NNNDO
A O LW O OOoON ULOOONNEWULU LN
N O OO ~,O R, —, OO O NN~ WWLUO

enzyme was expressed by all strains except one strain belong-
ing to Z. rouxii and K. delphensis that instead expressed -
glucosidase and (3-galactosidase exclusively. As regards N-
acetyl-glucosaminidase enzyme, it was detected for
L. thermotolerans and P. subpelliculosa. Moreover, these
two species demonstrated a high activity of o-fucosidase.
However, an interesting finding was observed for
L. thermotolerans which expressed a high glucosidase activity
that might be the origin of the observed low pH in date extract
and can also explain the high amount of lactates detected in
samples in which the yeast was predominant (Tokuhiro et al.
2008). In other hand, the (3-glucosidase activity marks a
strong ability to hydrolyze poly-glucose sugars with o~ or
-linkages like cellulose, 1-3 and 1-4 (-glucans or
xyloglucans present in date fruit wall, and other antinutritive
glucose compounds containing hemicelluloses (Simon 2008).
Furthermore, it was reported that 3-glucosidase is a key en-
zyme in alcohol production process from orange, peach,
strawberry, cherry, and other fruit juices (Arrizon et al.
2011). Furthermore, we noticed that Kluyveromyces strains
produced highly (3-galactosidase and being so interesting in
lactose hydrolysis into lactate (Romo-Sanchez et al. 2010).
The proteolytic activity linked to «x-mannosidase, chymo-
trypsin, phosphatase, and trypsin N-benzoyl was not detected
for any of the species, whereas leucine arylamidase,
valinearylamidase, and cystineary lamidase were recorded at
a very low level. By contrast, an interesting lipolytic activity
of esterase (C4), esterase lipase (C8), lipase (C14), and

naphtol-AS-BI-phosphohydrolase was recorded. Lachancea
thermotolerans, K. delphensis, and P. subpelliculosa were
noticeably characterized by high esterase (C4) and naphtol-
AS-BI-phosphohydrolase activities. On the other hand,
arylamidases (aminopeptidases) were recorded at a low extent
indicating a limiting yeast proteolytic activity, which can be
easily explained by the poor protein content of dates (Dodor
and Tabatabai 2007).

Conclusion

This study highlights the advantage of next-generation se-
quencing technique in the determination of the fungal diver-
sity of the traditional date product “Btana” produced in South
Algeria. Both culture-dependent and independent techniques
provided full details of the identity of the dominant species
within the population structure. The osmo-tolerant yeast
Z. rouxii was the most dominant in both Btana types (DBM
and UBM) and many isolates belonging to this species were
identified in most samples. Further investigation showed that
only few taxa were found significantly different between the
samples. The change was much marked in terms of species
representation rather than in abundance. The most distinctive
feature of DBM is the presence of the filamentous fungi main-
ly (Rhizopus and Aspergillus) comparing to the UBM that
undergoes a washing step which reduces drastically the load
of this population. Biochemical and enzymatic proprieties
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provided relevant information about the characteristics of the
isolated yeasts in the Btana product, mainly their high osmo-
tolerance. Furthermore, the study of the enzymatic activity
revealed that most yeasts harbor the ability of the degradation
of several carbohydrates present in the Btana product. In the
matter of fermentation performance, the species
L. thermotolerans converts more date’s sugars to ethanol
while K. delphensis and P. subpelliculosa produced more lac-
tates. Also, it is noteworthy to state that the recorded data were
obtained in static conditions besides any regulation or nutrient
supplementation throughout the fermentation process. The
current results might be useful for providing to the biotech-
nology field, active yeasts with high sugar resistance to devel-
op value-added products like ethanol and lactic acid using
low-income date cultivars and other phoenicical biomass in
South Algerian regions.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10123-021-00166-0.
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