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ABSTRACT

Lactobacillus plantarum is commonly found in many fermented food products and is an ideal candidate for the
development of probiotics, which have healthy benefits for the body. The starter cultures have to be prepared to
maintain their activity and stability to make use of the advantages of this species. Freeze-drying is a widely used
technique for the preservation and storage of heat sensitive biological materials. However, bacterial cells can suffer
from dehydration stress as water is removed. Therefore, to reduce adverse effects, protective substances can be
added to samples before being freeze-dried to minimize stress associated with freeze-drying and to increase survival
rate. Solutions of trehalose, lactose, trehalose + lactose, skim milk, and 2X lyophilization reagent were used as
protective media for Lactobacillus plantarum A17 during freeze-drying. The survival rate, moisture content, and
fermentation efficiency after freeze-drying were examined. The results showed that trehalose provided the highest
survival rate followed by the combination of trehalose:lactose (64% and 61%, respectively). The moisture contents at
the end of the freeze-drying cycle were less than 5% for all protectants tested. The efficiency of fermentation was
significantly different (P < 0.01) between freeze-dried cells with and without protectants.

Keywords: Freeze-drying, fermentation, Lactobacillus plantarum, protectants, viability.
Anh hwéng cua cac chat bao vé dén Lactobacillus plantarum trong say thang hoa
TOM TAT

Lactobacillus plantarum, dwoc tim thay trong rat nhiéu cac san phadm Ién men, bao gdm rat nhiéu loai c6 hoat
tinh probiotic, mang lai nhiéu loi ich vé& strc khde cho co thé con ngudi. Sdy thang hoa la mét k§ thuat dwoc st dung
réng rai d& bao quan va lwu trir cac vat liéu sinh hoc nhay cam véi nhiét. Tuy nhién, cac t& bao vi khuan cé thé bi tén
that khi tién hanh qua trinh loai nwéc khi sdy. Vi vay, dé giam bét tac hai khdng mong mudn, cac chét bao vé duoc
thém vao mau truéc khi sy thdng hoa dé& giam thiéu tén that va lam ting ty 1& sdng cla vi khuan sau khi sdy. Cac
dung dich trehalose, lactose, trehalose + lactose, stra gay va 2X lyophilization dwoc st dung dé bao vé cho
Lactobacillus plantarum A17 trong qua trinh sy thdng hoa. Ty 1& séng, dd &m va hiéu qua Ién men sau khi sy thang
hoa da dwoc nghién ctu. Két qua cho thdy st dung trehalose lam chat bao vé thi ty 1& sdng cla Lactobacillus
plantarum Ia cao nhét, tiép theo 1a hén hop cua trehalose va lactose (1an lwot 1a 64% va 61%). D6 am vao cudi qua
trinh sy thdng hoa la dwéi 5% cho tat cd cac mau cé chiva chat bdo vé. Hiéu qua cta qua trinh 1én men da cé sy
khac biét dang ké (P <0,01) gitra cac té bao sy thang hoa cé va khdng cé chét bao vé.

T khoa: Chét bao vé, Lactobacillus plantarum, sdy thang hoa, sw [&n men, ty 1& séng.

1. INTRODUCTION microorganisms and helping the body fight
diseases. Lactobacillus plantarum is used in

Lactobacillus plantarum, in general, 1is many fermented foods such as yogurt, cheese,
known as a type of probiotic that can be and instant fruit powder (Nualkaekul et al.,
beneficial in the human body by, for instance, 2012). In order to make use of the advantages of

protecting the body against pathogenic this type of lactic acid bacteria, the starter
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cultures have to be prepared to maintain their
activity and stability.

Freeze-drying is the most convenient and
successful method for the preservation and
storage of heat sensitive biological materials
such as bacteria, yeast, and fungi (Berny and
Hennebert, 1991). Miao et al. (2008) stated that
freeze-drying is especially attractive because it
results in the production of a powder with a
desired appearance, high specific surface area,
and therefore, a fast rate.
Moreover, many advantages of freeze-drying,
including  protection  of
contamination or infestation during storage,
long viability, and ease of strain distribution,
are reported by Passot et al. (2011).

re-hydration

bacteria  from

However, bacteria cells can suffer from
dehydration stress as water is removed during
freeze-drying. Therefore, to reduce the adverse
effects and to increase survival rate, protective
substances can be added before freeze-drying.
In the study of Hubalek (2003), protectants
helped retain cellular viability during freeze-
drying and increased the efficiency of bacteria
to carry out fermentation. He also showed that
trehalose, lactose, and skim milk are commonly
used as effective protectants for bacteria, yeast,
and mold.

The present research aimed to determine
the effect of trehalose, lactose, skim milk, the
combination of trehalose:lactose (Tre:Lac), and
lyophilisation reagent (2X) on the survival rate
and fermentation efficiency of freeze-dried L.
plantarum A17.

2. MATERIALS AND METHODS

2.1. Materials

Trehalose and lactose monohydrate (L.3625)
were obtained from Sigma-Aldrich, Australia.
Lyophilisation reagent (2X) was obtained from
OPS Diagnostics, LLC. Other chemicals utilized
in this study were of analytical grade. deMan
Rogosa Sharpe (MRS) agar and broth were
obtained from Oxoid, Australia. Unless
otherwise stated, deionized water (Milli-Q
system QGARDOOR1, Millipore, Australia) was
used in all experiments.

Vu Quynh Huong, Bee May

2.2. Microorganism

The test strain of Lactobacillus plantarum
A17 was received from the culture collection of
the Microbiology Laboratory, RMIT. It was
maintained frozen at -80°C in MRS Broth
(Oxoid, Australia) with 40% (v/v) glycerol. The
bacterial cells were grown in MRS broth at 30°C
(De Man et al., 1960).

2.3. Methods

2.3.1. Preparation of bacterial cells

One colony of each of the working cultures
was grown in different MRS broths (5 ml) for 24
h at 30°C. Cell suspensions (2% v/v) were re-
grown in freshly prepared MRS broths at 30°C
for another 17 h to reach the end of the growth
phase. The
harvested

actively growing cells
aseptic
centrifugation at 4.000 g for 10 min followed by
washing with 0.85% saline water. The washed

were

under conditions by

cell pellets served as the seed culture for
microencapsulation.

2.3.2. Preparation of protectant solutions

Lactose and trehalose solutions
prepared by adding 10 g of each type into 90 g of
water, which had been sterilized. In addition, a
mixture of Tre:Lac in a ratio of 9:1 was prepared
by dissolving 9 g of trehalose in 90 g of water,

adding 1 g of lactose powder and mixing well,

were

and then the solution was autoclaved at 121°C
for 15 min. The skim milk solution was prepared
at the concentration of 8.8% (w/w). A commercial
protectant, lyophilisation reagent (2X) (OPS
Diagnostics, LLC), and distilled water were used
as control media for comparison.

2.3.3. Freeze-drying procedure

Each of the strains of seed culture
harvested in 2.3.1 was mixed with 1 mL
protectant solution at room temperature
(approximately 23°C) for half an hour prior to
freeze-drying. Each 1 mL resuspension was
transferred into a sterilized McConkey bottle,
and freeze-dried for 24 hours in a freeze-dryer
(FreeZone Triad Freeze dry system, Labconco).
The program was modified based on the
methods of Tymeczyszyn et al (2012), which
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involved the steps (i) pre-freezing for 3 hours,
(i1) primary drying with ramping temperature
at 2°C/min down to -15°C and holding for 16
hours, and (iil) secondary drying with ramping
at the same rate of 2°C/min up to 20°C and
holding for 3 hours.

2.3.4. Bacterial plate counts

Viable counts of cells were determined
before freeze-drying and immediately after
freeze-drying (zero time) by the spread plate
method in duplicate using MRS agar medium.
Bacterial cell count was enumerated by taking 1
ml of cell suspension in the feed solution prior
to freeze-drying. After serial dilutions, 0.1 ml
was transferred and plated on MRS agar and
incubated at 30°C for 48 h. Cell counts before
freeze-drying were calculated as CFU g! of
dried matter based on the initial total solids
content of the feed solution before freeze-drying.

Similarly, 0.1 g of freeze-dried powder was
dissolved in peptone water, allowing 20-30 min
for it to dissolve, followed by serial dilutions and
plating. The bacterial count was expressed as
CFU g! of dried powder and cell survival.

Calculations were done according to
Australian Standards: AS 5013.1 (2004) using
the below equation:

Number of colony forming units per mL =
(N1 + N2)/v (nl1 +n2 x v), wherein:

N1 (factor of first dilution), N2 (factor of
second dilution), n1 (number of spreading plates
for first dilution), n2 (number of spreading
plates for second dilution), v (volume taken from
sample for spreading).

The survival rate after freeze-drying was
calculated as:

Percentage of survival rate (viability) =
(N¢/N,) x 100, where in:

N, and N; are the survival rates before and
after freeze-drying, respectively.

2.3.5. Moisture content determination

Moisture content of the freeze-dried

samples was analyzed using a moisture
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analyzer MB45 (Ohuas Corporation, USA) with
the standard method of moisture content
(Ohaus 2011) by
spreading the sample (approximately 1 g) on an

analysis Corporation,

aluminum pan and heating it up to a
of 105°C and holding the
temperature until mass changes of less than 1

temperature

mg for 90 s were achieved.

2.3.6. Fermentation efficiency determination

After freeze-drying, 2% of samples were
added to 5 ml MRS broth and incubated at
30°C. pH was measured every 2 hours for 30
hours using a pH meter.

2.3.7. Statistical analysis

All experiments carried out in
duplicate and the
calculated. Analysis of variance (ANOVA) was
used to test data between treatments using
Minitab 16 Software, State College, PA Inc.
Comparison of means by Tukey methods was
tested, and a p value of less than 0.05 was

considered as statistically significant.

were

standard deviations

3. RESULTS AND DISCUSSION

3.1. Effect of protectants on the viability of
bacteria after freeze-drying

The effective of  probiotic
bacteria for functional food products depends on
the ability to produce concentrated preparations
of the probiotic culture that can resist the harsh
conditions experienced during processing, and
remain viable during storage of the product.
Recently, live cultures in powder form have
become an appealing option, however,
maintaining viability after processing can be
challenging. Freeze-drying is considered a

utilization

suitable method for producing powders of
biological materials because drying is carried
out at low temperatures, reducing chemical
reaction proportions and heat degradation. This
study investigated the role of protectants such
as trehalose, lactose, trehalose + lactose, skim
milk, and Lyophilization 2X as potential
cryoprotective additives during the freeze-
drying process.
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Figure 1. Effect of protectants on viability of bacteria after freeze-drying

Note: Control: no protectant

Figure 1 shows the percentage of viability
of Lactobacillus plantarum Al7 bacteria with
and without protectants after freeze-drying.

The survival rate of L. plantarum A17

bacteria after freeze-drying when using
protectants was extremely higher than without
protectants (6%). The viability obtained was
similar to the results of Zayed and Roos (2004)
who found that the survival rate of Lactobacillus
salivarius subsp. salivarius was very low (4%)
when 1t was suspended 1in only water.
Champagne and Gardner (2001) reported that
without protectant, streptococci cells in alginate

could not survive well after being freeze-dried.

From the results of the statistical analyses,
there was a significant difference between
samples with and without protectant. Many
studies have shown the different impacts of
using protective agents on bacteria. Castro et
al. (1995) stated that protective agents could be
used to stabilize the cell membrane components
to avoid cell damage.

The presence of skim milk increased the
viability rate to approximately 46.8%. According
to Zayed and Roos (2004), two components in
skim milk, proteins and calcium, can cover the
cell wall proteins to protect as well as increase
the viability of bacteria.

The addition of and the
combination of Tre:Lac did not significantly
affect (P>0.05) the viability of L. plantarum A17
when compared with lactose and skim milk on
the survival of the bacteria. However, as can be
seen from the results, trehalose and the mixture

trehalose

of Tre:Lac solution gave the highest viability
(64% and 61%, respectively). The effectiveness of
trehalose as a protectant has been observed in
many studies. Trehalose was identified as a
carbohydrate reserve (Benaroud et al., 2001) and
it was shown that it could prevent cell damage
during freezing or freeze-drying of Lactobacillus
salivarius subsp. salivarius by Zayed and Roos
(2004). Reder-Christ et al (2013) stated that
trehalose can be used for the freeze-drying of
proteins because it can prevent fusion and phase
transitions. In addition, the protective ability of
trehalose is better than lactose because of the
difference between these two sugars. Trehalose,
a non-reducing sugar, cannot undergo the
browning reaction that causes denaturation of
proteins, hence it is preferred for use as a
protectant in freeze-drying (Elbein et al., 2003;
Jain and Roy, 2009). The difference in the
survival rate between trehalose and Tre:Lac was
not significant because the ratio of lactose to
trehalose was too little (1:9). However, the
partial replacement of trehalose by lactose could
reduce the cost of the protectant.
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Figure 2. Effect of protectants on moisture content after freeze-drying

Note: Control: no protectant

3.2. Effect of protectants on moisture
content after freeze-drying

The moisture content of products after
freeze-drying affects the viability of bacteria as
well as the rate of loss of wviability during
subsequent storage. Hence, a moisture content
measurement was carried out and the results
are shown in Figure 2.

Trelea et al. (2007) stated that a quality
requirement of the final freeze-dried product is
to reach a pre-specified residual moisture
content, both under- and over drying results in
damage. Therefore, if the moisture content of a
sample, which only had added water before
freeze-drying, was too low, it indicated a high
injury level in the cell membranes of bacteria.
In the literature, a variety of different critical
moisture contents have been described, such as
Jouppila and Roos (1994) who referred to a
critical moisture content of dried milk powder of
7% for storage stability at 25°C based on the
calculated glass transition temperature value.
Zayed and Roos (2004) examined the effect of
water content on the survival of bacteria in a
mixture of skimmed milk, trehalose, and
sucrose, and reported enhanced survival during
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storage for moisture contents within the range
of 2.8-5.6%. As can be seen in Figure 2, the
moisture contents at the end of the freeze-
than 5% for all
protectants tested. There was a significant

drying cycle were less

difference in the moisture content of freeze-
dried cells with and without protectants (P <
0.01).
studies as well as the viability rate of freeze-
dried
presented in Section 3.2.1.

Our results are similar to previous

cells with and without protectants

The comparison of different protectants in
moisture content after freeze-drying showed that
skim milk gave the lowest moisture content
(2.9%) and it was significantly different with
other protectants. The reduction in moisture
content with skim milk may be due to the higher
water content of the suspending medium. During
freeze-drying, water was removed and hence,
moisture content decreased.

3.3. Effect of protectants on fermentation
efficiency

The effectiveness of protectants on
protecting bacterial cells was also expressed
through fermentation efficiency. The pH

reduction by time is showed in Figure 3.
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Figure 3. Effect of protectants on pH reduction during fermentation

Figure 3 indicates that during the first 12
hours, the pH of MRS broth solutions decreased
rapidly in samples that had added protectants
Meanwhile, the pH
reduction of the sample that contained only

before freeze-drying.
bacteria and water prior freeze-drying was
slow. The results also show that the efficiency of
fermentation was significantly different (P <
0.01) between freeze-dried cells with and
without protectants. This result is in accordance
with the outcome found in the viability
experiment. When the bacteria are damaged or
have died, they cannot be active and as a
consequence, they cannot ferment as well as
strong bacteria. The study of Hedberg et al.
(2008) also found that the fermentation ability
of L. plantarum with the presence of trehalose
and lactose was very good. In addition, it can be
seen from the results that the fermentation

efficiency of  the sample containing
Lyophilization 2X was lower than other
protectants. This is also shown by the lower

of L.
of commercial

freeze-drying
type

viability rate after
plantarum with this

protectant.

4. CONCLUSIONS

In the context of the current investigation,
a good understanding of bacterial interaction

with the encapsulation matrix is crucial. These
preliminary results show that the survival of
the bacterial strain tested could be affected by
the addition of protectants before freeze-drying.
Trehalose (10%w/w) and the mixture of Tre:Lac
are suitable protectants to create appropriate
moisture content as well as to enhance the
efficiency of fermentation of L. plantarum A17
after freeze-drying.
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