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ABSTRACT

Streptococcus thermophilus are widely used in the production of yogurt as starter culture with L. bulgaricus, maximization of survival of
S. thermophilus during freeze-drying is of vital importance in its application. In the present study, the cryoprotectants were optimized to
improve the survival of S. thermophilus during freeze-drying by Box-Behnken experimental design of Response Surface Methodology. The
results showed that, with the mixture of 17% (w/w) sucrose, 17% (w/w) soluble starch and 0.4% (w/w) ascorbic acid. The viability of S.
thermophilus could be well preserved when freeze-drying was employed. Moreover, the survival rate and viable counts of S. thermophilus
were observed to (69.93+0.07) % and (2.79+0.03) x10'"" cfu/g during freeze-drying with the optimal compound cryprotectants,
respectively, which verified the adequacy of predicted value 70.19 % and 2.81 x 10" cfu/g, which demonstrated that the mixture of the
cells in the presence of above three cryprotectants before freeze-drying can protect S. thermophilus cells from the adverse freeze-drying

environment efficiently.
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INTRODUCTION

Probiotics are microorganisms that, when administered
in adequate amounts, confer a health benefit on the host
(FAO/WHO, 2001). The commercial significance to
the dairy fermentation industry with probiotics, which
include cheese, yogurt and sour cream, is recognized
wortldwide(Carvalho et al., 2004). Streptococcus thermophilus,
which are characterized as thermophilic gram-positive
microorganism, is widely used for fermented products
in combination with Lactobacillus bulgaricns (Gezginc
et al., 2013). The beneficial effects of probiotics were
ensured by an adequate amount as recommends by the
international dairy federation that, the level of probiotics
in the products must be 10° cfu/mL and more when
consumption (Sohail et al., 2013). However, the food
process and storage challenged and diminished the
viability and number of probiotics in the products (Wang
et al., 2016). Therefore, consideration of maintaining or
enhancing the viability of probiotics, the appropriate

methods such as drying processes or encapsulation
technology must be taken.

Drying processes, which involve in the transition of
microorganisms from aliquid to a solid medium were
used in biotechnology industry (laconelli et al., 2015). In
which, freeze-drying can not only keep yoghurt fresh but
maintains a sufficient quantity of viable probiotics (Capela
et al., 2000), is proved to be a common way to preserve
microorganisms for a long time (Berny and Hennebert,
1991). Freeze-drying is preferred to be a suitable drying
technique for the conservation of micro-organisms
(Morgan et al., 2006, Stephan et al., 2016). In studies
concerning freeze-drying of bacteria, researchers suggested
that bacteria belonging to different species and strains may
differ in their sensitivity to freeze-drying (Carvalho et al.,
2004, Stephan et al., 2016), moreover, survival or viabilities
are expressed as a key role that influenced by initial cell
concentration, cryoprotectants, rehydration medium and
physical aspects during the drying phases of the process
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(Abadias et al., 2001, DePaz et al., 2002, Carvalho et al.,
2003, Capela et al., 20006, Peiren et al., 2016).

Freeze-drying consists of a critical freezing step and a
sublimation step, and the cells were dried by remove the ice
crystals and bound water during these two steps. However,
a number of factors, such as species (Béal and Corrieu,
2000), freeze-drying parameters (Abadias et al., 2001) as
well as rehydration conditions (Liu et al., 2003), influence
the viability of cells. The decrease of viable cells is probably
caused by several reasons. The formation of ice during
freeze-drying could damage the cell membrane physically
(Béal and Corrieu, 2000), as well as affect the properties
of hydrophilic macromolecules with the removal of water
in cells (Fowler and Toner, 2005). Furthermore, due to the
stability of cell structure and the role in maintaining cell
function of bound water, the removal of water will lead
to the destruction of cell wall and cell membrane as well
as the damage of surface proteins (Allison et al., 1999,
DePaz et al., 2002).

Thus, it is crucial to add a variety of protective agents
before freeze-drying to maintain the vitality of cells
(Schoug et al., 2006). Many compounds have been proved
to help the enhancement of survival ability of bacteria
cells (Champagne et al., 1991, Yang CY, 2012). It is well
documented that carbohydrates have effect on protecting
probiotics during freeze-drying, such as trehalose
(Fowler and Toner, 2005), sucrose (Carvalho et al., 2003),
lactose (Higl et al., 2007, Chen et al., 2015a) and fructo-
oligosaccharides, inulin (Schwab et al., 2007). Moreover,
some proteins and antioxidant compounds are reported to
have same effect, including skim milk, soy protein, ascorbic
acid and L-cysteine (Hubalek, 2003). Besides, some salt
buffers (Carvalho et al., 2003), phosphate (Ohtake et al.,
2004) are confirmed to be protectants in several studies.
Generally, each single protective agent shows advantages
during freeze-drying. Therefore, a better effect could be
achieved with the mixture of several protectants according
to an appropriate formula.

For this proper, response surface methodology was
employed as a useful model for investigating the main
and combined effects of multiple parameters (Ghobadi
et al,, 2017), and it is an efficient strategic experimental
tool by which the optimal conditions of a multivariable
system (Anvari et al., 2014, Chmiel et al., 2017) or optimal
cryoprotectant contents may be determined (Chen et al.,
2015a), from which a Box-Behnken experimental design
can carry out a limited number of experiments.

In our previous work, sucrose, soluble starch and ascorbic
acid showed the better effect on protecting Szreptococcus

thermophilus during freeze-drying by Plackett-Burman
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design (Chen et al.,, 2015b). The aim of this study was
to optimize the levels of the significant factors(sucrose,
soluble starch and ascorbic acid) for cryoprotectants of
Streptococcus thermophilus to maximized viable counts as well
as survival rate during freeze-drying, and to research the
mutural interactions between selected factors using Box-
Behnken experimental design.

MATERIALS AND METHODS

Strain and inoculum preparation

Streptococens thermophilus obtained from College of Life
Science & Engineering, Shaanxi University of Science &
Technology were used in this study, and the strain was
isolated from commercial yogurt, which was suitable
for goat milk fermentation. Streptococcus thermophilus were
grown in M17 broth medium with 2% (v/v) inoculum at
42 °C for 24 h. On the base of M17 medium, agar (Beijing
Abxing Bio-tech Co., Ltd., Beijing, China) 10g was added
and sterilized at 118 °C for 15min for viable counts of
Streptococcus thermophilus.

Preparation of cryoprotectant

All the candidate cryoprotectants were based on our
previous work (Chen et al., 2015b) and formulated into five
concentrations with distilled water to form stock solution.
In which, sucrose (Beijing Abxing Bio-tech Co., Ltd.,
Beijing, China) solution were moist-heat sterilized at
115 °C for 15 min, ascorbic acid (Tianjin Fuchen Chemical
Reagent Factory, Tianjin, China) were sterilized with
0.22 pm filter membrane and soluble starch (Beijing Abxing
Bio-tech Co., Ltd., Beijing, China) were sterilized at 108 °C
for 15 min.

Vacuum freeze-drying

After activation in triplicate and cultivated in M17 broth at
42 °C for 11h, Streptococcus thermophilus were centrifuged for
10 min at 8000 r/min to the remaining bacteria. Then the
cells were pre-frozen at -80 °C for 8 h after cryoprotectants
and buffer phosphate that kept equivalent were added,
and then frozen using a vacuum freeze dryer (FD-1D -50,
Beijing Boyikang Laboratory Instruments Co., Ltd., Beijing,
China).

Virable counts

After a serial ten-fold dilution of Streptococcus thernophiles
cells with sterilized 0.1% (w/v) peptone solution, the
suitable concentration diluted bacterial suspension 0.1mL
with a syring was coated uniformly on M17 cooled at 50 °C.
Then the plates were carried out at 37 °C for 48h, and the
viable counts of Streptococcus thermophilus were in triplicate.
The freeze-dried powder was recovered with sterilized
peptone (Beijing Aobxing Bio-tech Co., Ltd., Beijing,
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China) solution to bacterial suspension, then diluted to
the pre-freeze dried volumes (mL) and the variable counts
(cfu/mL) were determined as above. All the experiments
were carried out in three replicates.

Calculation of survival

Survival of bacterial cells after freeze-dried were
determined by the equation (Ampatzoglou et al., 2010,
Chen et al., 2015a):

Survial(%6) =

Viable counts after freeze-drying (cfu/ml) % 100%
0

Viable counts before freeze-drying (cfu/ml)

Box-Behnken design and response surface optimization
Based on the previous study by Plackett-Burman method
and results of climbing test of the main factors (Chen
et al.,, 2015b), we observed that sucrose, soluble starch
and ascorbic acid were more effectively when used as
cryoprotectants during freeze-drying. Thus the three-level-
three-factor Box-Behnken Design (BBD) of Response
Surface Methodology (RSM) was used to the further
optimization studies according to the direction and
magnitude of the effect of each factor. This methodology
is used to optimize all the variables by determining the
maximum response values. The factors levels are given
in Table 1. The RSM is used to determine the maximum
response value as well as evaluate of the main effects and
interaction effects. The response values were fitted to a
quadratic model after the results performed by the software
(SAS, Statistical Analysis System). The quadratic equation
which explained the behavior of the system was as follows:

X A2 A
Y:BO+ZBJ+BU] +Bl]1)

Where: Y is the predicted responses of the dependent
variable, X are 1ndependent variables, ﬁo, B, B ﬂy are the
second-order reaction constant, the linear coefficient,
the quadratic coefficient and regression coefficient
of interactions between two independent variables,

respectively.

Statistical analysis of the data
SAS (Statistical Analysis System, SAS INSTITUTE INC.
USA, Version 9.1) software was used for the regression

Table 1: The coded levels of each factors including sucrose,
soluble starch, ascorbic acid for Box-Behnken experimental
design

Factors (%)

Coded levels

-1 0 1
Sucrose 16 17 18
Soluble starch 16 17 18
Ascorbic acid 0.35 0.4 0.45

analysis of the experimental data by establishing quadratic
regression equation. Besides, the three-dimensional
surface plots which indicated the effect of variables on
the desirability were constructed using SAS, standard
deviation was performed to compare differences in the
mean of the values.

RESULTS

The experimental design and results of Box-Behnken
The RSM was used to determine the optimum concentrations
of the three key factors. BBD was involved in this study.
The experiment design and results are shown in Table 2.
Survival rate of Streptococens thermophilus was represented by
Y, (%) and the viable counts of freeze-dried powder was
represented by Y, (x10"cfu/g).

Regression analysis

According to the results of BBD, the data were analyzed
by the quadratic regression model using SAS to obtain the
regression equation. Analysis of variance (ANOVA) was
used to test the significance of coefficient.

Y =70.19+1.14X -1.96X,+0.65X,-
11.12X 2+0.41X X, +0.41X X -10.96X *-3.84X X -
14.87X,

Y,=2.85+0.089X -0.079X,+0.078X -0.376X *-0.065X X -
0.008X X -0.316X > 0.293X X -0.638X ?

Where: Y, and Y, are the desirability value of survival rate
of Streptococcus thermophilus and viable counts of fungus
powder. X, X, X, are the coded values of the test variables
soluble starch, sucrose and ascorbic acid, respectively.

Table 2: The effects of sucrose (X1), soluble starch (X2),
ascorbic acid (X3) on the survival rate (Y1) and viable
counts (Y2) of Streptococcus thermophilus during
freeze-drying

Runs X1 X2 X3 Y1% Y2
(x10"cfu/g)
1 -1 -1 0 51.96 2.24
2 -1 1 0 46.08 214
3 1 il 0 49.34 2.3
4 1 1 0 45.10 1.94
5 0 -1 -1 38.89 1.44
6 0 -1 1 52.62 2.43
7 0 1 -1 43.79 1.94
8 0 1 1 42.16 1.76
9 -1 0 -1 43.14 1.66
10 1 0 -1 48.70 2.10
11 -1 0 1 38.89 1.58
12 1 0 1 46.08 1.99
13 0 0 0 72.55 2.85
14 0 0 0 68.63 2.76
15 0 0 0 69.40 2.98
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The effect of each variable on response value Y, and Y, was
determined by the F-test. The results are shown in Table 3.

In Table 3, the response value Y, showed a high
significance for regression equation (p=0.011<0.05) as
well as insignificance for the lack of fit (p=0.141>0.05),
which indicated the effectiveness of regression analysis.
Furthermore, a value of determination coefficient
(R*=94.7%) was calculated, which indicated that 94.7% of
the response value could be explained by the second-order
polynomial predicted equation given above, and the value
of adjusted determination coefficient (A4R*=85.15%) that

Table 3: Analysis of variance (ANOVA) of response variables
for survival rate and viable counts of Streptococcus
thermophilus

Source DF SS MS F p(Pr>F) Sig
Survival rate
X1 1 10.465 10.465 0.584 0.479
X2 1 30.733 30.733 1.715  0.247
X3 1 3.419 3.419 0.191 0.681
X1*X1 1 456.399 456.399 25462 0.004 **
X1*X2 1 0.674 0.674 0.038 0.854
X1*X3 1 0.664 0.664 0.0837 0.855
X2*X2 1 443.155 443.155 24.723 0.004 **
X2*X3 1 58.982 58.982  3.291 0.129
X3*X3 1 816.752 816.752 45.565 0.001 **
Model 9 1600.261 177.807 9.920 0.011 *
(Linear) 3 44.617 14.872 0.830 0.532
(Quadratic) 3 1495.325 498.442 27.807 0.002 **
(Cross 3 60.319 20.106 1.122 0.423
product)
Error 5 89.624 17.925
(Lack of fity 3 80.997 26.999 6.259  0.141
(Pure error) 2 8.627 4.314
Total 14 1689.885
Viable counts
X1 1 0.063 0.063 1.156  0.331
X2 1 0.050 0.050 0.910 0.384
X3 1 0.048 0.048 0.882 0.391
X1*X1 1 0.522 0.522 0.570 0.027 *
X1*X2 1 0.017 0.017 0.310  0.602
X1*X3 1 0.000 0.000 0.004  0.951
X2*X2 1 0.368 0.368 6.758  0.048 *
X2*X3 1 0.342 0.342 6.280 0.054
X3*X3 1 1.505 1.505 27.606 0.003 >
Model 9 2.642 0.294 5.387 0.039 *
(Linear) 3 0.161 0.054 0.983 0.471
(Quadratic) 3 2.122 0.707 12.980 0.009 **
(Cross 3 0.359 0.120 2.198  0.207
product)
Error 5 0.272 0.054
(Lack of fity 3 0.258 0.086 11.890 0.079
(Pure error) 2 0.014 0.007
Total 14 2.915

**P<0.01, very significant; * P<0.05, significant, DF refers to degrees of
freedom, SS refers to sum of squares, MS refers to mean square, F and
Pr>F refer to F and P values, respectively
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was close to the determination coefficient confirmed the
high reliability of regression equation. Besides, the high F
value of quadratic X,*, X *and X indicated that there was
not a simple linear correlation between the variables and
responses. While the low F value of cross product X, and
X, X,and X, X and X, implied there was weak mutual
interaction between them.

Furthermore, response value Y, which showed significance
for regression equation (p=0.039<0.05) and insignificance
for the lack of fit (p=0.079>0.05) was confirmed effective.
And the goodness of the equation was expressed by the
determination coefficient (R*=90.65%) and adjusted
determination coefficient (Ad/R*=73.82%) that closed
to R? implied 73.82% fitting degree. The high F value of
X2, X,?and X” showed that there was not a simple linear
correlation between each variables and responses. X, and
X, which had a high F value, showed significant mutual
interaction, while X, and X, X, and X showed weak mutual
interaction with low F value.

The trend of response value Y, and Y, affected by factors
were shown at Fig; 1. The 95% prediction intervals showed
the three factors had positive effects on the survival rate as
well as the viable counts in a certain concentration range. As
is shown, the corresponding variables Y, and Y, increased
primarily and then decreased followed the increase of
sucrose (X,). With the increasing of soluble starch (X)),
the response value Y, and Y, were of trend that increased
gradually and decreased sharply after reaching to maximum.
Ascorbic acid (X)) showed positive effect to Y, and Y, first,

95X Prediction Intervals

80
70
Y
1
0
-1 1 -1 1

0.00 0.00 ' 00
X1 X2 X3
a

T T

95X Prediction Intervals

3.5 '

2.85

Y 2|

1.54

T T T T T T
-1 1 -1 1 -1
0.00 0.00 0.00

b X1 X2 X3

Fig 1. The trends of survival rate (%) (a) and viable counts(x1011cfu/g)
(b) with sucrose, soluble starch, ascorbic acid, respectively (in order
from left to right).
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and both two responses decreased on same change rate
with the continuous increasing of concentration.

Three-dimensional response surface and contour plots
were generated to obtain a better study of the interactive
effects of the three factors to the corresponding variables
(Figs. 2 and 3). As Fig. 2 shown, the contour plots seemed
to be a circle, it implied that the mutual interaction of
X *X, XT1*¥X,, X *X was not significant for the survival
rate of Streptococens thermophiles (Y ). Fig. 3 indicated that
X *¥X,, X *X, showed insignificant mutual interaction for
the variable counts (Y,) which their contour plots were like a
circle, while the oval contour plots of X, *X stated that the
interaction effect on the response value Y, was significant.
Furthermore, the regression equation Y, was analyzed
using SAS software (Y, as a reference), the maximum value
of the responses was obtained at 17 g/100 mL sucrose,
17 g/100 mL soluble starch and 0.4 g/mlL. ascorbic acid.

The suitability of the model equation for predicting
the optimal response value was tested by a verification
experiment additional independent experiments under the
previous operational conditions. Consequently, compared
the survival rate and viable counts of freeze-dried powder
with control (4.13%, 2X10° cfu/g, respectively), the
responses were increased significantly to (69.93+0.07) %
and (2.7910.03) X 10" cfu/g, respectively.

DISCUSSION

In the present study, we investigated the potential of
three subtracts as cryoprotectants to formulate bacteria
of the genus Streptococcus thermophiles during freeze-drying.
Among these protective agents, sugars are supposed to
be preferable due to their relatively low prices, chemically
innocuous nature as well as their common use in foods
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Fig 2. Response surface (Right) and contour (left) plots of sucrose (X1)
and soluble starch (X2) (a), sucrose (X1) and ascorbic acid (X3) (b),
soluble starch (X2) and ascorbic acid (X3) (c) to survival rate (Y1).
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Fig 3. Response surface (Right) and contour (left) plots of sucrose (X1)
and soluble starch (X2) (a), sucrose (X1) and ascorbic acid (X3) (b),
soluble starch (X2) and ascorbic acid (X3) (c) to viable counts (Y2).
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(Santivarangkna et al., 2008). Selwal ez 2/ (2011) have
reported that the mixture of 10% lactose, 10% sucrose,
skim milk containing 0.5% yeast extract and 1% sorbitol
and skim milk with 7% sucrose, T M mono-sodium
glutamate and 1.5% gelatin showed significant effect
culture on the preservation of Streptococcus thermophiles
during freeze-drying (survival rate obtained with 89.9%).
The protective effect of sucrose was also observed in the
protection of Streptococcus lactis mixing with soybean meal,
glycerol and mannitol (Zhang et al., 2012). Furthermore,
a long-term survival of Lactococcus lactis ssp. lactis after
freeze-drying was observed in the presence of sucrose
(Chavarri et al., 1988).It was suggested that, by raising the
glass-phase transition temperature, sugars can protect lactic
acid bacteria cells to reaching the glassy phase without
nucleating intracellular ice, it implied that, sugars, especially
trehalose and sucrose, play a critical role in maintaining
the cytoplasmic membrane properties stably during freeze
drying (Panoff et al., 1994, Carvalho et al., 2003, Passot
et al,, 2015). Additionally, during dry-process, sugars were
also suggested to perform desiccation tolerance by forming
hydrogen bonds to proteins so that the tertiary protein
structure was maintained in the absence of water (Leslie
et al.,, 1995).

Despite the sugars can strongly enhance the viability
by acting as a substitute to water through the hydrogen
bonds to proteins and cell membrane, other factors
such as oxidation can be toxic to the microorganisms
during storage time. Damage of oxide to cells could be
caused by membrane lipid oxidation, undermine cellular
integrity and resulting in leakage of intracellular material,
which led to a loss of viability in the process of storage
after freeze-drying (Castro et al., 1995). Thus, ascorbic
acid was selected to be a protect agents from damage
of oxidation and showed an efficient impact on the cells
in our study. The protective effect of ascorbic acid had
been demonstrated on Lactobacillus bulgaricus (Teixeira
et al., 1995) during storage. It had been observed that
the presence of ascorbate could reduce the detrimental
effect of atmospheric oxygen on Lactobacillus acidophilus
(Kurtmann et al., 2009).

Addition of soluble starch to the cells during freeze-drying
had been reported to have protective effect on Lactobacillus
acidophilus (Qin et al., 2013). While Huang ¢# /. (Huang
etal., 2005) demonstrated that soluble starch did not show
the impact on the preservation of Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus sativarius subsp. thermophiles.
This may be caused by the distinction between species
or the formation of clots in soluble starch solution after
sterilization, which leads to the inactivation of bacterial
cells during freeze-drying. We speculate that soluble starch
may be bonded to or inserted into the cell wall mesh

Emir. J. Food Agric e Vol 29 e Issue 4 e 2017

structure by hydrogen bonds or unknown cross-linkage to
peptidoglycan, or wrapped around the cell peptidoglycan
sacculus, which protect the cell from physical damage
caused by ice crystals.

CONCLUSIONS

According to the survival information of
Streptococcus thermophiles during freeze-drying, the Box-
Behnken Design was used to determine optimal
cryoprotectants for the high viability of this bacterium.
This study demonstrated that RSM was useful in evaluating
the effects of factors leading to a higher survival of
the cells. Sucrose, soluble starch and ascorbic acid were
efficiently elevated the viability of Streptococcus thermophiles in
the freeze-drying process. Through verification experiment,
we ascertained that the optimized cryoprotectants gave
higher counts of viable cells. It was shown that the response
values were (69.93£0.07) % and (2.79+0.03) X10"cfu/gin
average, which was closed to the predicted value.
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