International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:11, No:5, 2017

Characteristics of the Storage Stability for Different
Saccharomyces cerevisiae Strains

Gomaa N. Abdel-Rahman, Nadia R. A. Nassar, Yehia A. Heikal, Mahmoud A. M. Abou-Donia, Mohamed B. M.
Ahmed, Mohamed Fadel

Abstract—Storage stability is the important factor of baker's
yeast quality. Effect of the storage period (fifteen days) on storage
sugars and cell viability of baker's yeast, produced from three S.
cerevisiae strains (FC-620, FH-620, and FAT-12) as comparison with
baker's yeast produced by S. cerevisae F-707 (original strain of
baker's yeast factory) were investigated. Studied trehalose and
glycogen content ranged from 10.19 to 14.79 % and from 10.05 to
10.69 % (d.w.), respectively before storage. The trehalose and
glycogen content of all strains was decreased by increasing the
storage period with no significant differences between the reduction
rates of trehalose. Meanwhile, reduction rates of glycogen had
significant differences between different strains, where the FH-620
and FC-620 strains had lowest rates as 18.12 and 20.70 %,
respectively. Also, total viable cells and gassing power of all strains
were decreased by increasing the storage period. FH-620 and FC-620
strains had the lowest values of reduction rates as an indicator of
storage resistant. Where the reduction rates in total viable cells of
FH-620 and FC-620 strains were 22.05 and 24.70%, respectively,
while the reduction rates of gassing power were 20.90 and 24.30%, in
the same order. On other hand, FAT-12 strain was more sensitive to
storage as compared to original strain, where the reduction rates were
35.60 and 35.75%, respectively for total viable cells and gassing
power.
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1. INTRODUCTION

AKER’S yeast is a mass of viable cells of Saccharomyces

cerevisiae strain under aerobic conditions. S. cerevisiae
grow with a rapid rate of reproduction [1]. Dough is
inoculated with baker’s yeast and incubated at the required
temperature and time. The CO, produced during the
incubation period of the baking process defined as gassing
power that is the primary leavening agent in bread products
(2], [3].

The important quality parameter is storage stability. In this
respect, Jorgensen et al. [4] studied the effect of storage on
trehalose and glycogen content of baker’s yeast. During
storage for 1 month at 5°C, both trehalose and glycogen were
decreased. Plourde-Owobi et al. [5] reported that the trehalose
accumulates up to 15% of the cell dry mass. In addition,
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Mahmud et al. [6] noticed that the trehalose is one of the
reserve carbohydrates in the yeast S. cerevisiae and can
constitute up to 25% of the dry mass of a cell.

Cahill et al. [7] reported that the glycogen is a polymer of
glucose and serves as an intracellular store of carbohydrate in
yeast cells for energy and metabolic intermediates. In addition,
Wilson et al. [8] reported that the glycogen is a glucose
polymer in branched form as a reserve source of carbon and
energy for yeast cells. Moreover, Torija et al. [9] stated that
glycogen is a polymer of glucose units linked by a-1, 4- bonds
with a-1, 6-branches. It can accumulate to account for up to
10-15% of the cell dry mass in yeast. Glycogen converts to
glucose during glycolysis pathway, then to pyruvate during
gluconeogenesis pathway as useful source of carbon, energy
(ATP) and reducing equivalents (NADH) for yeast cells [10].

Ismail [11] studied the gassing power of different baker's
yeast strains and noticed that gassing power of S. cerevisiae
(L20), S. cerevisiae (5.X), S. cerevisiae (SH), S. cerevisiae
(B.56), S. cerevisiae (HX), S. cerevisiae (A12) and S.
cerevisiae (YH) was 650, 725, 675, 650, 595, 625 and 675
cm® COy/h, in succession. Moreover, Ahmed [12] studied the
quality parameters of eighteen S. cerevisiae strains. Ahmed
reported that S. cerevisiae (5X) contained the highest trehalose
9.6%, while, S. cerevisiae (FD-16) contained the lowest
trehalose 5.8%. At the same time, the count of total viable
cells ranged between 10.9x10° and 13.1x10° CFU/g for S.
cerevisiae (Alx) and S. cerevisiae (5X), respectively. Ahmed
added that the highest fermentation power was 750 cm?® CO»/h
for S. cerevisiae (5X), S. cerevisiae (A1), S. cerevisiae (FG)
and S. cerevisiae (F.125), followed by S. cerevisiae (B.T.
700), S. cerevisiae (NF-10) and S. cerevisiae (Sal) as 725, 725
and 700 cm® COx/h, respectively. The fermentation power of
other yeast strains was lower than that of the above-mentioned
strains.

Aranda et al. [13] reported that the trehalose is a non-
reducing disaccharide composed of two molecules of glucose
linked by a a-(1,1)-glycosidic bond. The biosynthesis of
trehalose occurs entirely in the cytosol. Trehalose has
important metabolic roles as reserve carbohydrate. They added
that the intracellular trehalose can accumulate up to 13% of
biomass dry weight (0.13 g trehalose ¢! biomass).

Ismail[14] studied the quality parameters of different
baker's yeast strains and reported that the percentages of
trehalose content ranged from 4.20 to 8.10 %. Also, the
gassing power of S. cerevisiae (HW), S. cerevisiae (Angel), S.
cerevisiae (SH), S. cerevisiae (PA), S. cerevisiae (NIT), S.
cerevisiae (BLG), S. cerevisiae (ALL), S. cerevisiae (OZ), S.
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cerevisiae (SAF) and S. cerevisiae (PAK) was 550, 575, 675,
650, 875, 800, 775, 700, 800 and 850 cm® CO/h,
consecutively.

Kus-Liskiewicz et al. [15] revealed that the trehalose is an
essential factor to storage stability of baker's yeast. In
addition, Yoshiyama et al. [16] noticed that the trehalose is a
non-reducing disaccharide of glucose, is considered one of the
most important molecules protecting against environmental
stresses in S. cerevisiae. The aim of this study is investigation
of storage stability of baker's yeast produced from three S.
cerevisiae strains as comparison with baker's yeast produced
by original strain of baker's yeast factory.

II. MATERIALS AND METHODS

A. Activation of Yeast Strains

The source of yeast strains (S. cerevisiae FC-620, S.
cerevisiae FH-620 and S. cerevisiae FAT-12) is department of
Microbial Chemistry at National Research Centre, Egypt.
Meanwhile, S. cerevisae F-707 strain were obtained from
baker's yeast factory. The yeast strains were transferred to a
fresh YMP agar slants (3 g yeast extract, 3 g malt extract, 5 g
peptone and 20 g agar per liter of distilled water) and
incubated at 30°C for 24 h.

B. Cultivation of Yeast Strains

Fifty ml of YMPS broth medium (3 g yeast extract, 3 g malt
extract, 5 g peptone and 20 g sucrose per liter of distilled
water) were placed in 250 ml Erlenmeyer flasks, then
autoclaved for 30 min at 121°C. The sterile medium in each
flask was inoculated by a loopful of an active yeast culture
slant, incubated for 24 h at 30°C under shaking condition (150
rpm), then used as a stock inoculum [17]. At the end of
incubation period, the yeast cells were recovered from the
growth medium by centrifugation at 4500 rpm for 5 min and
used for determination of storage stability.

C.Determination of Storage Stability

Baker's yeast was stored at 4 °C in refrigerator for 15 days
and then the samples were taken every 3 days. Gassing power,
total viable cells as well as glycogen and trehalose content
were determined.

D.Determination of Gassing Power

SJA-Fermentograph NASSJO-Sweden was used for gassing
power estimation of baker's yeast produced from different S.
cerevisiae strains. The aim of analysis is to determine the total
carbon dioxide produced per one hour through fermentation of
baker's yeast in prepared dough (160 ml water, 10 g baker's
yeast, 4g NaCl and 280 g wheat flour, 72%). The prepared
dough was mixed at 35°C for 5 min using a Diosna D-4500
mixer. The mixed dough was transferred to a plate and placed
in Fermentograph at 35°C. The recorder of Fermentograph
was allowed to draw the curve of produced CO, during 1 h.
The gassing power was described as volume of produced CO»
from prepared dough after 1 h. [18], [19].

E. Total Viable Yeast Cells Count

To prepare the yeast suspension, the yeast sample was
added to the saline solution (1:10) then serially diluted and
plated on medium of acidic dextrose agar using pour plate
technique according to Egyptian Standard [19]. The inoculated
plates were incubated at 30°C for 2 days. The developing
colonies were counted and the total viable yeast counts were
expressed as colony forming unit (CFU) per gram of yeast.

F. Glycogen and Trehalose Content

The sample of baker's yeast (about 3 g) was suspended in
25 ml of 0.25 M Na,CO; using screw-top tubes and incubated
at 95°C for 4 h. The mixture was adjusted to pH 5.2. One-half
of the suspension was incubated over night with trehalase
(0.05 U/ml) at 37°C and the second half with
amyloglucosidase (1.2 U/ml) at 57°C. The suspensions were
centrifuged for 3 min at 4500 rpm [20]. The glucose of
supernatants was determined by dinitrosalicylic acid (DNS)
method according to Gusakov et al. [21].

G.Statistical Analysis

The statistical analysis of data was achieved by one-way
analysis of variance (ANOVA) using SAS program [22]. The
experimental results were the average of three replicates
(probability < 0.05).

III. RESULTS AND DISCUSSION

Baker's yeast produced by three S. cerevisiae strains (S.
cerevisiae FC-620, S. cerevisiae FH-620 and S. cerevisiae
FAT-12) as well as original strain (S. cerevisae F-707) were
stored at 4°C in refrigerator to estimation the storage sugars
content, total viable cells and gassing power as indicators for
storage stability. Baker's yeast samples were taken up to 15
days with intervals of 3 days and the obtained results are
presented in Tables I and IT).

A. Effect of Storage Period on Trehalose and Glycogen
Content

The results presented in Table I and illustrated by Fig. 1
showed that the S. cerevisiae FH-620 strain had the highest
values of trehalose at all storage periods, followed by S.
cerevisiae FC-620 strain as compared to original strain.
Meanwhile, S. cerevisiae FAT-12 strain had the minimum
values of trehalose with significant differences between the
obtained values for all strains.

In addition, data in Table, I shows clearly that the trehalose
content ranged from 10.19 to 14.79 % (d.w.) before storage.
Meanwhile, the trehalose content of all S. cerevisiae strains
was decreased by increasing the storage period. No significant
differences were found between the tested strains with respect
to the reduction rates of trehalose, this may be return to the
studied S. cerevisiae strains have the equal activity of
trehalase [23].
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TABLE I
EFFECT OF STORAGE PERIOD ON TREHALOSE AND GLYCOGEN CONTENT OF S. CEREVISIAE STRAINS
. Storage period (days) Rate of
Season Strain s
0 3 6 9 12 15 reduction (%)

S. cerevisiae FC-620 13.52° 13.03° 12.32° 11.74° 10.77° 925" 31.58*

: +0.29 +0.24 +0.29 +0.25 +0.19 +0.14 +0.44

S. cerevisae F-707 12.63° 12.12°¢ 11.52° 10.95° 9.95° 8.51° 32.65°

’ - +0.21 +0.24 +0.27 +0.33 +0.37 +0.36 +1.73

Trehalose* .. 14.79 * 14.24* 13.54¢ 12.99* 11.95¢ 10.30* 3036
S. cerevisiae FH-620 +027 +022 +0.28 +0.26 +0.26 +0.19 +0.01

. 10.19 ¢ 9.754¢ 9.09 ¢ 8.59 ¢ 7.78 ¢ 6.74 ¢ 33.87*

S.cerevisiae FAT-12 g 14 £0.17 £0.22 £0.17 +0.13 £0.14 +047

LSD 0.92 0.86 1.05 1.02 1.00 0.89 3.62

. 10.69 * 10.35¢ 10.10* 9.46* 9.01* 8.47* 20.70°

S. cerevisiae FC-620 +0.24 £021 £0.12 +0.08 +0.05 +0.03 +1.47

S. cerevisae F-707 10.05* 9.71% 9.17° 8.52° 7.97° 7.33° 27.08 *

' B +0.17 +0.19 +0.12 +0.14 +0.16 +0.19 +0.66

Glycogen* . : 10.46 * 10.23*° 9.98* 9.54? 9.10* 8.56 18.12°
S. cerevisiae FH-620 1023 +0.16 +0.16 +0.08 +0.10 +0.14 +0.43

- 10.16 * 9.84* 9.21° 8.57° 7.93° 7.28° 28.37*¢

S. cerevisiae FAT-12 +0.21 +0.22 +0.14 +0.17 +0.21 +0.25 +0.98

LSD 0.83 0.77 0.53 0.49 0.56 0.68 3.78

* Determined on dry weight basis. Means followed by different superscripts within column are significantly different at the 5%level.

16

h—-—--_
< | 4 e
S \"—"‘:&h..
T | 12| ~—
5 ——FC-620
S | 10 - = —--F-707
2 " —4—FH-620
E i ——FAT-12
= 6
H

4 T T T T T 1
0 3 6 o 12 15

Stored period (days)

Fig. 1 Effect of storage period on trehalose content of S. cerevisiae strains
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Fig. 2 Effect of storage period on glycogen content of S. cerevisiae strains
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These results are in accordance with those obtained by
Plourde-Owobi et al. [5], who stated that the trehalose
accumulates up to 15% of the cell dry mass. Also, Aranda et
al. [13] reported the yeast can accumulate trehalose up to 13%
of biomass dry weight. Furthermore, Ahmed [12] noticed that
the trehalose content of different S. cerevisiae strains ranged
between 5.8 and 14.9%. Moreover, Ismail [14] stated that the
trehalose content of S. cerevisiae NIT, S. cerevisiae BLG and
S. cerevisiae NG strains were 12.2, 14.5 and 14.0%,
respectively. The trehalose content of S. cerevisiae strains was
decreased by increasing the storage period.

Regarding the storage effect on glycogen content of S.
cerevisiae strains, data presented in Table I and illustrated by
Fig. 2 show that the glycogen content ranged from 10.05 to
10.69 % (d.w.) before storage. Meanwhile, the glycogen
content of all S. cerevisiae strains was decreased by increasing
the storage period. Significant differences were observed
between reduction rates of glycogen of different strains. This
may be attributed to variation of enzymatic hydrolysis of
glycogen by amyloglucosidase during storage period [4].

Also, it was found from the obtained results (Table I) that,
no significant differences were observed between glycogen
content of S. cerevisiae strains during storage at zero time and
three days. On the other hand, S. cerevisiae FH-620 strain and
S. cerevisiae FC-620 strain had the maximum values of
glycogen at higher storage periods (from 6 to 15 days).
Meanwhile, S. cerevisiae FAT-12 strain had the minimum
values of glycogen at the same storage periods as compared to

original strain, with significant differences between the
obtained values.

These results are in agreement with those obtained by
Jorgensen et al. [4] who studied the effect of storage on
trehalose and glycogen content of baker’s yeast. During
storage for 1 month at 5°C, both trehalose and glycogen were
decreased. Moreover, Torija et al. [9] stated that glycogen is a
polymer of glucose units. It can accumulate to account for up
to 10-15% of the cell dry mass in yeast.

The decrease in trehalose and glycogen content during
storage of baker's yeast might be attributed to the
interconversion of glycogen and trehalose to glucose and then
to pyruvate through the glycolysis and the gluconeogenesis
pathways, provide cells with useful source of carbon, energy
(ATP) and reducing equivalents (NADH) [10].

B.Effect of Storage Period on Total Viable Cells and
Gassing Power

With regard to the effect of storage on total viable cells and
gassing power of different S. cerevisiae strains, the results
presented in Table II and illustrated by Figs. 3 and 4 revealed
that total viable cells and gassing power of all S. cerevisiae
strains were decreased by increasing the storage period. In
addition, S. cerevisiae FH-620 and S. cerevisiae FC-620
strains were more resistant to storage, where these strains had
lowest values of reduction rates; being 22.05 and 24.70%,
respectively for total viable cells and 20.90 and 24.30%,
respectively for gassing power.

TABLE II
EFFECT OF STORAGE PERIOD ON TOTAL VIABLE CELLS AND GASSING POWER OF S. CEREVISIAE STRAINS
. Storage period (days) Rate of
Season Strain N
0 3 6 9 12 15 reduction (%)

S corevisias FC-620 19.72° 18.95 % 1821 % 17.49° 16.70° 14.84° 2470°

: +0.15 +0.18 +0.18 +021 +021 +0.19 +0.40
. cerevisae F-707 20,50 19.56 18.88 1732 1631° 14.15" 31.00°

_ : £0.11 +028 £0.26 +0.23 +024 +0.17 +1.20
Total viable S cerevisias FHL620 2047 20.00* 19.65 * 18.54 ¢ 17.78 * 15.95 22.05¢
cells : +0.15 +0.22 +0.22 +0.24 +0.26 +0.15 +0.15
. 20,12 18.51°¢ 17.52°¢ 15.71°¢ 1420°¢ 12.96 ¢ 35.60 °

S.cerevisiae FAT-12. ", £0.30 £0.16 £0.15 £0.19 £0.25 +0.90

LSD 0.52 0.98 0.82 0.83 0.89 0.76 3.06
— 1338° 1275° 1238° 1175 ® 1125° 1013° 2430°

S. cerevisiae FC-620 +12.5 +25.0 +12.5 +25.0 +£25.0 125 +0.20
S, cerevisae F-707 1388° 1313° 1250 1163 1100 963 ° 30.65

: £12.5 +375 £50.0 +37.5 +£25.0 +12.5 +0.25
Gassing . 1375 1325 1288 1225 1188 ¢ 1088 * 20.90 ¢
power 8. cerevisiae FH-620 £25.0 £50.0 +62.5 +50.0 £37.5 £12.5 £0.50
. 1363 ° 1250 1150 1038° 950° 875 ¢ 35.75 ¢

S. cerevisiae FAT-12 +12.5 +25.0 +50.0 +37.5 +25.0 +25.0 +1.25

LSD 64.9 141.0 186.9 151.3 1125 64.9 272

Means followed by different superscripts within column are significantly different at the 5%level.

On other hand, S. cerevisiae FAT-12 strain were more
sensitive to storage as compared to original strain, where these
strains had highest values of reduction rates; being 35.60%
and 35.75%, respectively for total viable cells and gassing
power.

The variation in reduction rates of total viable cells and
gassing power as an indicator of S. cerevisiae resistance to

storage may be return to variation in trehalose content of S.
cerevisiae strains (Table I), where S. cerevisiae FH-620 strain
had the highest values of trehalose and was more resistant to
storage.

These results are in agreement with those of Yoshiyama et
al. [16], who noticed that the trehalose is considered one of the
most important molecules protecting yeast cells against
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environmental stresses in S. cerevisiae. Moreover, Ismail [14]
reported that the gassing power of different S. cerevisiae
strains was decreased by increasing the storage period. Also,

Salem [24] reported that the total viable cells of baker's yeast

were decreased by increasing the storage period.
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Fig. 3 Effect of storage period on total viable cells of S. cerevisiae strains
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