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Abstract

Theinfluenceof chilling, freezing, and dry-
ing preservation methods on morphological
properties and viability of four yeast cultures,
isolated Saccharomyces boulardii (SB1 and
SB2), Saccharomyces cerevisiae (SC), and
Kluyveromyces lactis (KL), was studied.
chilling preservation had no effect on yeast
colony morphology parameters till the end of
the preservation period in contrast with freez-
ing and drying preservation methods. Drying
preservation resulted in the highest viability
decrement % of yeast cultures ranged between
59.38 to 40.21% as compared with other
preservation methods. There is anoticeable re-
duction in D values of preserved yeast cultures
by drying, which varied from (33 to 26 day) in
comparison to chilling and freezing preserva-
tion that recorded (119 to 83 and 180 to 57
day), respectively. The obtained results re-
vealed that chilling preservation under proper
conditions, as well as freezing, is more prefer-
able for the preservation of studied yeast cul-
tures than that preserved yeast by the drying
method.

Keywords: yeast, preservation, morphology,
viability, D value

1 Introduction

Yeasts have served as a workhorse for both
research and industrial applications due to
their genetic and biochemical malleability. Mi-
crobial cultivation and characterization alone
are not adequate without proper preservation
methods to maintain microbes (Kulkami and
Chitte 2015). Thus, appropriate preservation
methods are required to enhancing long-term
availability of microbial cells without loss in
their metabolic potentials. The basic principle
of microbial preservation methods is a reduc-
tion of microbial metabolism without disturb-
ing cellintegrity (Jain etal 2020). Preservation
of yeasts is very important because they are
used as starter cultures in the manufacturing of
bakery products, alcoholic beverages, and
other sectors.

Among several methods devised for pre-
serving yeast cultures, periodic subculture on
agar slants or plates is the most common one
(Ravimannan 2016). The agar slant method
can be divided into butt and slant/inclined por-
tion were serving as a reservoir of nutrients.
On refrigeration, the metabolic activities of
cellsreduce due to low temperature, but theac-
tivities do not get arrested. Desiccation preser-
vation method is successful for yeast survival
on filter paper although it may be unsuitable
for other genera (Bassel et al 1977). Agar slant
and desiccation methods are simple steps and
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not require expensive apparatus. They are suit-
able for laboratories with limited resourcesand
occasion with high ambient temperature re-
gions.

Freeze-drying, liquid-drying, and freezing
are various methodsfor long-termpreservation
of microorganisms (Tan and Mustapha 2014).
Freezing yeast gave the ability to preserve and
build large collections which promote scien-
tific and industrial innovations (Cabrera et al
2020).

This research aimed to compare between
different preservation methods by evaluating
the viability of studied yeasts after preserva-
tion. The best method to be employed was de-
termined according to proper viability and
preservation time.

2 Material and Methods

Yeast growth medium (YPD) was obtained
from HiMedia, Mumbai, India. Saccharomy-
ces boulardii (SB1) perocur (S. cerevisiae
HANSEN CBS 5926) was purchased from
Hexal AG company, Poland. Saccharomyces
boulardii - 90 DRcaps® (SB2) was purchased
from Fairvital Company, German. Saccharo-
myces cerevisiae ATCC 64712 (SC) and Kluy-
veromyces lactis CBS 2359 (KL) were ob-
tained from MERCEN, Ain Shams University,
Cairo, Egypt.

The two Saccharomyces boulardii strains
were isolated andidentified by PCR amplifica-
tion and rDNA sequencing of the internal tran-
scribed spacer region (ITS) in Sigma labora-
tory, 6 October, Egypt (Barros Lopes et al
1996). The obtained database was compared
with the BLAST search
(http://www.ncbi.nlm.nih.gov/BLAST/,
NCBI, Bethesda, MD, USA). All yeast cul-
tures were tested for their morphological char-
acteristics (Kurtzmanand Fell 1998). Also, the
turbidity of grown yeast cultures was deter-
mined by spectrophotometerat 600 nm (Men-
sah and Tagoe 2018). The cultures were sub-
jected to three preservation methods. Firstly,
chilling preservation was adopted according to
(Ravimannan 2016) where agar slants of YPD

were inoculated in triplicate foreachyeast cul-
ture and stored at 5x1°C (Kirshop and Snell
1984). Secondly, freezing preservation method
was described by (Tan and Mustapha 2014).
Sterilized cryoprotective medium (glycerol 50
%, v/v) was added to yeast cultures and mixed
gently to make a suspension which transferred
to cryotubes and stored in a freezer at -20
+1°C. Chilled and frozen yeast cultures were
checked periodically through 150 days for vi-
ability by using the spread plate method.
Thirdly, drying preservation was applied on
yeast cultures using the desiccation method by
McCartney bottles according to ( Karbaum
1989). Dried cultures were counted for viabil-
ity periodically during 105 days of storage.

Statistical analysis

Differences in viable yeast numbers were
statistically analyzed using T-test at a degree
of significance (p <0.05). It was performed for
measuring specific differences between means
by using the SAS, V9 software system.

3 Results and Discussion

3.1 ldentification of yeast cultures and
Phylogenetic Analysis

The main target of yeast isolation and iden-
tification from commercial Saccharomyces
boulardii in this study is to assure that isolated
yeasts are already Saccharomyces boulardii
cultures and at the same time, the two isolated
strains are different from each other. After de-
termining the sequence of rDNA of the ITS re-
gion for two isolated yeasts a database search
for similar sequences in the GenBank was per-
formed using the BLASTn program. Fig 1.
represented the phylogenetic trees and taxon-
omy lineage of isolated Saccharomyces bou-
lardii SB1 (a, b) and SB2 (a, b) based on ho-
mology of 16S rDNA sequencing of ITS. As
shown in Fig 1, SBla and SB2a, a phyloge-
netic tree was mapped using the neighbor-join-
ing method, and the sequences of isolated
yeasts were found to be similar to strains be-
longingto the genus Saccharomyces. Also, Fig
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1., SB1b and SB2b illustrate the taxonomy
lineage of SB1 and SB2 isolates. This Figure
showed that the SB1 strain was similar to Sac-
charomyces boulardii with a 769 scoreand one
hit where the isolated SB2 took a 1055 score
with 4 hits. These results meanthat the isolated

cultures had a strongrelationship with Saccha-
romyces sp. As mentioned by (Valente et al
1996), yeasts belonging to Saccharomyces sp.
had a shorter ITS region, so this characteristic
is most useful in the identification of Saccha-
romyces isolates.

—#Saccharomyces cerevisiae strain CEC LFE1225 268 ribosomal RNA gene, partial sequence
{ Saccharomyces cerevisiae culture CBS:7413 large subunit ribosomal RNA gene, partial sequence

Saccharomyces cerevisiae isolate S6-1 large subunit ribosomal RNA gene, partial sequence

7 Saccharomyces cerevisiae isolate S9 large subunit ribosomal RNA gene, partial sequence

Saccharomyces cerevisiae isolate S8 large subunit ribosomal RNA gene, partial sequence

@ 9 Saccharomyces cerevisiae 188 ribosomal RNA gene, partial sequence

@ Saccharomyces cerevisiae NK'Y-362 gene for 26S rRNA, partial sequence

Saccharomyces cerevisiae strain JBY-11 large subunit ribosomal RNA gene, partial sequence

Saccharomyces cerevisiae culture CBS:459 large subunit ribosomal RNA gene, partial sequence

Saccharomyces cerevisiae culture CBS:7839 large subunit ribosomal RNA gene, partial sequence

2Saccharomyces cf. cerevisiae/paradoxus culture CBS:1592 large subunit ribosomal RNA gene, partial sequence
Saccharomyces cf. cerevisiae/paradoxus culture CBS:6412 large subunit ribosomal RNA gene, partial sequence
Saccharomyces cf. cerevisiae/paradoxus culture CBS:7620 large subunit ribosomal RNA gene, partial sequence

| 0.0001 | +Saccharomyces cerevisiae 26S ribosomal RNA gene, partial sequence

‘Multip]e organisms | 87 leaves

SBla

Descriptions Graphic Summary Alignments

Reports Organism Taxonomy

100 sequences selected @

Organism Blast Name Score Number of Hits Des
Fungi fungi 100
. Saccharomycetales budding yeasts 99
. . Saccharomyces budding yeasts 98
. Saccharomyces cerevisiae budding yeasts 778 92 Saccharomyces cerevisiae hits
. Saccharomyces cf cerevisiae/paradoxus  budding yeasts 773 4 Saccharomyces cf. cerevisiae/par
. Saccharomyces boulardii (nom_inval.) budding yeasts 769 1 Saccharomyces boulardii (nom. in
. Saccharomyces sp. budding yeasts 769 1 Saccharomyces sp. hits
. . Pichia kudriavzevii budding yeasts 767 1 Pichia kudriavzevii hits
. uncultured yeast fungi 769 1 uncultured yeast hits
SB1lb
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~@ Saccharomyces sp. "boulardii” strain H4 large subunit ribosomal RNA gene, partial sequence

(] 'Saccharomyces cerevisiae isolate SFM36 26S ribosomal RNA gene, partial sequence

@ ’ Saccharomyces cerevisiae clone N234 26S ribosomal RNA gene, partial sequence

]

Q Saccharomyces sp. 'boulardii’ strain H7 large subunit ribosomal RNA gene, partial sequence

7 Saccharomyces cerevisiae strain NL60 26S ribosomal RNA gene, partial sequence

sl budding yeasts | 3 leaves

? ® ®lcl|Query 524853
Ps “#llbudding yeasts | 2 leaves
»Saccharomyces cerevisiae isolate 0B16 large subunit ribosomal RNA gene, partial sequence
9 » Saccharomyces cerevisiae strain M1 268 ribosomal RNA gene, partial sequence

©@ 9 Saccharomyces cerevisiae strain M42 26S ribosomal RNA gene, partial sequence

@9 Saccharomyces cerevisiae strain FIN1 26S ribosomal RNA gene, partial sequence

A

~& Saccharomyces sp. ’boulardii’ strain H6 large subunit ribosomal RNA gene, partial sequence

| 0.002 |

S Saccharomyces cerevisiae isolate LCBG-3D2 26S ribosomal RNA gene, partial sequence

‘budding yeasts and primates | 84 leaves

SB2a
Descriptions Graphic Summary Alignments
Reports Organism Taxonomy
100 sequences selected @
Organism Blast Name Score Number of Hits De
Opisthokonta eukaryotes 101
. Saccharomyces budding_yeasts 99
. Saccharomyces cerevisiae budding yeasts 1064 93 Saccharomyces cerevisiae hits
. . Saccharomyces boulardii (nom. inval.) budding yeasts 1055 4 Saccharomyces boulardii (nom. |
. Saccharomyces cf. cerevisiae/paradoxus budding yeasts 1050 1 Saccharomyces cf. cerevisiae/pe
. Saccharomyces cerevisiae var. ellipsoideus  budding_yeasts 1044 1 Saccharomyces cerevisiag var. €
. Rhinopithecus roxellana primates 1044 2 Rhinopithecus roxellana hits
SB2b

Fig 1. Phylogenetic trees and taxonomy lineage of isolated Saccharomyces boulardii SB1 (a,b) and SB2
(a, b) based on homology of 16S rDNA sequencing of ITS.

3.2 Effect of preservation methods on mor-
phological characteristics of yeast cultures

Morphological characteristics of yeast col-
onies on the YPD solid medium were illus-
trated in Table 1 and Fig 2. The studied yeast
cultures were testedfor color, colony morphol-
ogy parameters (elevation, shape, and texture),
colony size, and turbidity. Colonies of fresh
yeast cultures (SB1, SB2, and SC) have a
cream color, where colonies of KL culture
have awhite color. Theseresults are in accord-
ance with those of (Montes et al 2016), who
referred to the yeast cells are characterized as
flat, smooth, moist, glistening, or dull, with

cream to tannish cream color. (Widiastutik and
Alami 2013), as well as (Suriasih et al 2012)
report that the studied yeast was white to
creamy butyrous texture, raised, convex sur-
face, opaque and ovoid in shape. After preser-
vation, yeast color was not affected by preser-
vation methodsasshownin Table 1 and Fig 2.
Colony morphology parameters were not af-
fected by chilling preservation, where freezing
preservation changed the elevation of SC col-
onies from raised to flatand drying preserva-
tion changed the elevation of SB1, SB2, and
SC colonies from raised to flat also as shown
in Fig 2. Yeast colony size was affected by the
preservation method as presented in Table 1.
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Table 1 Morphological characteristics of different yeast cultures as affected by preservation methods

: Colony size Turbidity
Strains Color Colony morphology decrement % decrement %

1- Fresh cultures

SB1 Creamy Raised, Ovoid, Smooth 0 0

SB2 Creamy Raised, Circular, Smooth 0 0

SC Creamy Raised, Circular, Smooth 0 0

KL White Flat, Circular, Smooth 0 0
2- Cultures afterchilled storage

SB1 Creamy Raised, Ovoid, Smooth 23.2 0.42

SB2 Creamy Raised, Circular, Smooth 14.6 0.49

sC Creamy Raised, Circular, Smooth 12.1 1.66

KL White Flat, Circular, Smooth 7.7 0.97
3- Cultures afterfreezing storage

SB1 Creamy Raised, Ovoid, Smooth 39.2 36.85

SB2 Creamy Raised, Circular, Smooth 38.0 7.68

SC Creamy Flat, Circular, Smooth 34.0 2.03

KL White Flat, Circular, Smooth 30.9 70.61
4- Cultures afterdrying storage

SB1 Creamy Flat, Ovoid, Smooth 52.5 82.25

SB2 Creamy Flat, Circular, Smooth 48.9 80.37

SC Creamy Flat, Circular, Smooth 46.1 81.70

KL White Flat, Circular, Smooth 445 84.40

S. boulardii (SB1) & (SB2), Saccharomycescerevisiae (SC) and Kluyveromyces lactis (KL)
Yeast cultures

Preservation SB1 SB2 SC KL

Plates at the end of preservation

Chilled

storage
Freezing

Dried

Fig 2. Morphology of yeast colonies on YPD platesunder different preservation methods
S. boulardii (SB1) & (SB2), Saccharomycescerevisiae (SC) and Kluyveromyces lactis (KL)
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The highest colony size decrement % was
achieved by SB1 culture after drying storage
whereas the lowest one was achieved by KL
culture after chilled storage. The turbidity of
growing yeast was affected by preservation
methods. The lowest adverse effect was
achieved by chilling preservation which
reached 1.66 % for SC culture as can be seen
in Table 1. With respect to turbidity, data re-
vealed that freezing preservation weakens all
yeast cultures, where the most affected yeast
strain was KL which recorded the highest per-
centage of decrement (70.61%). In contrast,
the drying preservation affect strongly on the
turbidity of all growing yeast cultures with a
decrement % reached 84.40% for KL culture.
The obtained results showed that chilling
preservation is considered the best method
since it maintained the morphological charac-
teristics of the preserved yeast cultures.

3.3 Effect of preservation methods onviabil-
ity of yeast cultures

Four different yeast cultures (SB1, SB2,
SC, and KL) were preservedunder chillingand
freezing conditions for 150 days and under
drying conditions for 105 days. All different
yeast cultures significantly decreased (p <
0.05) in the checked viable count during the
storage period under all preservation methods.
D value, which denotes the decimal reduction
time, is a time required for reduction of micro-
bial populationby onedecimal atspecifictem-
perature and conditions. D values of preserved
yeastcultures were calculated from linear rela-
tions between viable count and storage time
under different preservation methods as shown
in Figs 3, 4 and 5 and Table 2. At chilling
preservation, the D values ranged from the
highest value 119 to the lowest value 83 day
for SB1 and KL, respectively. Under freezing
conditions, D values ranged from the highest
value 180 for SB2 to the lowest value 57 day
for SB1 and SC cultures. It was observed that
the lowest D values were obtained by the

drying preservation method. D values of dried
cultures ranged from 33 to 26 day for SB2 and
SC, respectively.Dried preservationdecreased
the D valuesforall yeast cultures notably when
compared with chilling and freezing preserva-
tion methods. Viability decrement % was
calculated for all preserved yeast cultures. The
results of decrement % are consistent with the
obtained D values for all yeast cultures. Alt-
hough the dried preservation had the lowest D
values and the highest viability decrement %.
However, the injury values for yeast cultures
preserved by drying and chilling were almost
identical. From the linear relation between the
viable countand the storage period, it can be
deduced the predicted death time when the
yeast cultures will lose their viability. The pre-
dicted death time was ranged from approxi-
mately 2.8t0 1.9 year for SB1 and KL cultures,
respectively, under chilled storage. This time
was ranged from4 to 1.2 year for SB2 and SC,
respectively, under freezing storage while it
was ranged from 0.8 to 0.5 year for SB2 and
SC, respectively, under drying storage. The
obtained results are in the same trend with
those of (Groveretal 1967, Bridge 1966), they
referred to the viability loss of certain mi-
crobes when stored at -20 °C, which may be
due to the damages of the cells. Also, they
added that at the storage range of - 10° to - 40
°C, most of the cells contents may not be fro-
zen fully, and the concentration of electrolytes
becomesvery high in the unfrozen parts. (Ka-
wamuraetal 1995, Qianggiangetal 1998, Cre-
spo etal 2000, Mariano et al 2003) stated that
freezing and freeze-drying of strains are very
useful for long-term storage andare commonly
employed for the preservation of a variety of
microorganisms, including yeast and microor-
ganisms with special requirements. (Anthe-
unisse et al 1981) mentioned that the yeast
cells recovery on dried filter paper after the
storage is much lower than that of the cells
kept on sealed agar slants or in lyophilized
conditions.
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Fig 3. Effect of chilling preeservation on viability of yeast cultures

S. boulardii (SB1) & (SB2), Saccharomycescerevisiae (SC) and Kluyveromyces lactis (KL)
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Fig 4. Effect of freezing preservatin on viabilty of yeast culture
S. boulardii (SB1) & (SB2), Saccharomycescerevisiae (SC) and Kluyveromyces lactis (KL)
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Fig 5. Effect of drying preservation on viability of yeast cultures

S. boulardii (SB1) & (SB2), Saccharomycescerevisiae (SC) and Kluyveromyces lactis (KL)

Table 2. D values, viable decrementand injury cell % of different yeast cultures under different preserva-
tion methods

Preservation methods
Yeast Chilling Freezing Drying
cultures | D value/ | Viability | Injury |D value/| Viability |Injury|D value/| Viability | Injury
day |decrement] % day |decrement| % day | decrement %
% % %

SB1 119 135 0.83 57 18.86 7.33 27 50.54 0.72
SB2 98 14.83 0.70 180 8.02 5.66 33 40.21 0.79
SC 105 16.3 0.32 57 24.57 6.44 26 59.38 1.00
KL 83 19.03 0.47 91 17.43 1.87 30 49.81 0.76

S. boulardii (SB1) & (SB2), Saccharomycescerevisiae (SC) and Kluyveromyces lactis (KL)

4 Conclusion chilling preservation under proper conditions
aswell asfreezingpreservationis more prefer-
Thisstudy reportstheeffectofthreepreser-  able for the preservation of studied yeast cul-
vation methods, chilling, freezing, and drying,  tures than that by the drying preservation
on the viability of four yeast cultures. Itwas ~ method.
shown that according to the obtained results,
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