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ABSTRACT: Objective: We sought to study the effect of temperature and preservation period on the
viability of lyophilized Bacillus subtilis. Methods: Forty-five test tubes that contained suspension of B.
subtilis ATCC 6633 were incubated for 4 hours at 37°C and washed twice before freeze-drying. Next, the
lyophilized bacteria were exposed to different temperatures (-20°C, 2-8°C, and 25°C) and storage periods (30
days, 120 days, and 240 days). Further, the lyophilized bacteria were evaluated for their viability using the
Miles and Misra method. Finally, the colony count of B. subtilis in each group was compared and analyzed
using the two-way ANOVA and the Tukey-test (post-hoc test). Results: The lyophilized B. subtilis showed
the viability of 93.3% (42/45) of test tubes. All of the lyophilized B. subtilis stored at -20°C for 30, 120, and
240 days remained viable while the bacteria stored at 2-8°C and 25°C showed the viability of 93.3% (14/15)
and 86.6%, respectively. The lyophilized B. subtilis stored at three group temperatures and kept for 120 and
240 days showed a significant decline in their number over the control group (p <0.05). Conclusion: In
conclusion, the temperature and preservation period significantly affect the viability of the lyophilized B.
subtilis. © 2022 iGlobal Research and Publishing Foundation. All rights reserved.
Cite this article as: Phoane, K.V.; Tjoa, E.; Joon, S.; Karmawan, L.U.; Moehario, L.H. Effect of temperature
and preservation period on the viability of lyophilized Bacillus subtilis. Indo Global J. Pharm. Sci., 2022; 12:
153-155. DOI: http://doi.org/10.35652/IGJPS.2022.12017 .

INTRODUCTION
Microculture plays a significant role in improving agricultural
productivity using specific microbes such as Bacillus subtilis,
which can improve the nutrient-absorption capacity of plant
roots and enhance agriculture productivity [1-8]. At present,
short- and long-term methods are used for bacterial
preservation. The short-term method is done by translocating
the bacteria from one growth medium to another while freezedrying or lyophilization is exploited for the long-term method.
The long-term method is usually preferred as it offers higher
chances of bacterial survivability over the short-term methods.
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There have been reports on the effect of temperature on the
viability of various lyophilized microbes [9-17]. Quite
dismally, factors governing the viability of B. subtilis under
lyophilized conditions are not well-studied. In particular,
scarce is known about the optimum temperature needed for the
lyophilization of B. subtilis. The lack of extensive research in
the preservation or storage method of the microculture calls
for the determination of the best method of sustaining and
storing the microculture. The present study aimed to
investigate the effect of temperature and preservation period
on the lyophilized B. subtilis.
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MATERIALS AND METHODS
Study outline and specimen
This is experiment-based research, which was conducted from
January to September 2020 at the Microbiology Laboratory of
the Atma Jaya Catholic University of Indonesia. The specimen
used for this research is the rejuvenated B. subtilis ATCC
6633. The specimen was subjected to lyophilization under
temperatures of -20°C, 2-8°C, and 25°C. This was repeated
five times to ensure the consistency of the data generated.
Microbiology work-up and identification
B. subtilis was grown through an incubation period of 18 to 24
hours and subjected to re-identification. B. subtilis was
suspended with 5 ml of sterilized NaCl 0.9%. After that, every
1 ml of the suspension was combined with 10 ml of sterilized
BHI (Brain Heart Infusion) and incubated for 4 hours. Postincubation, the suspension was centrifuged at 3000 rpm for 10
minutes. This was done to remove the precipitation and allow
the mixing of the specimen with the sterilized 0.9% NaCl until
it is 10 ml. Thereafter, it was subjected to the homogenization
process by vortexing twice. The homogenate was then moved
to a sterilized gas cylinder and subjected to lyophilization,
which produced a lyophilized powder of B. subtilis. These
specimens were kept at -20°C, 2-8°C, and 25°C for 30, 120,
and 240 days of observation. The colony counting was
performed using the Miles and Misra method [18]. The data
generated were processed and analyzed with two-way
ANOVA and the Tukey-test (post-hoc test).

RESULTS AND DISCUSSION
The preservation of B. subtilis at -20°C at the initial placement
showed that the mean of colonies count was 3.46 × 103
CFU/ml. On day 30, it reduced to 2.8 × 10 3 CFU/ml while on
day 120, it reduced to halved at 1.4 × 103 CFU/ml. Finally,
on day 240, the mean was 7.8 ×102 CFU/ml (Figure 1).

The preservation of B. subtilis at 2-8°C at the initial placement
showed that the mean of colonies count was 3.38 × 103
CFU/ml. On day 30, it reduced to 1.92 × 10 3 CFU/ml while on
day 120, it was 9× 102 CFU/ml. Finally, on day 240, the
mean was 3.2 ×102 CFU/ml.
The preservation of B. subtilis at 25°C at the initial placement
showed that the mean of colonies count was 3.34 × 103
CFU/ml. On day 30, it reduced to 1.38 × 10 3 CFU/ml while on
day 120, it was 3.2 × 102 CFU/ml. Finally, on day 240, the
mean was 8 × 101 CFU/ml.
The two-way ANOVA revealed a significant difference
between temperature and preservation period (P = 0.002).
Further, the Tukey-test (post-hoc test) indicated no significant
difference at initial placement and on day 30. But, a
significant difference was observed on the day 120 in bacteria
preserved at -20°C with 2-8°C (P = 0.015), 2-8°C
with 25°C (P = 0.001), and
25°C with -20°C (P = 0.000)
group. On the day 240, there was a significant difference in
bacteria stored at -20°C with 2-8°C (P = 0.008), and 25°C
with -20°C (P = 0.000) group. However, there was no
significant difference between the 2- 8°C and 25°C
temperature groups.
These findings reveal that B. subtilis colonies are capable of
growing when stored at -20°C, 2-8°C, and 25°C for 30 and
120 days. However, different results were obtained upon
storage for 240 days. In particular, the bacteria stored at -20°C
showed growth while bacteria that were stored at 2-8°C had
one sample that failed to grow. Finally, the bacteria stored at
25°C had two samples that showed no colony growth. Bacteria
viability showed the least reduction at -20°C, followed by 28°C and 25°C. Our findings are in agreement with the
researchers working on the lyophilization of other bacteria.
For example, the lyophilized Bifidobacterium lactis Bb-12
showed optimal viability at -18°C for 120 days, and at 7°C for
120 days. On the contrary, viability was restored for 90 days at
25°C [19]. Another study showed that the lyophilized B.
subtilis had low viability when stored at 5°C for 10 years due
to the water molecule in the ampule being activated, therefore
resulting in the decline of the bacteria colony [20].

CONCLUSION
There was a significant difference in the colony count of B.
subtilis stored at -20°C, 2-8°C, and 25°C temperatures for
lyophilization. Also, B. subtilis stored at -20°C for 30 days,
120 days and 240 days showed better viability over 2-8°C and
25°C storage temperatures. These optimum temperatures for
lyophilization that showed improved viability for B. subtilis
must further be studied.

Figure 1: The mean bacterial count (CFU/ml) of
lyophilized B. subtilis stored for 0 days (served as the
control group), 30, 120, and 240 days at various
temperatures (-20°C, 2-8°C, and 25°C).
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