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Survival Rate of Microbes after Freeze-Drying and Long-Term Storage

Yukie Miyamoto-Shinohara, Takashi Imaizumi, Junji Sukenobe, Yukie Murakami,
Sugio Kawamura, and Yasuhiko Komatsu

Patent Microorganism Depository, National Institute of Bioscience and Human Technology,
1-1 Higashi, Tsukuba, Ibaraki 305-8566, Japan

The survival rates of 10 species of microorganisms were investigated after freeze-drying and preserving
vacuum at 5°C. The survival rates varied with species. The survival rates immediately after freeze-drying w
different among yeast, gram-positive bacteria, and gram-negative bacteria, and the change in the 10-year sur
rate was species-specific. The survival rate of yeast,Saccharomyces cerevisiae,was about 10% immediately
after drying, and the rate did not decrease significantly during the 10-year storage period. Survival rates after
drying of gram-positive bacteria, i.e.,Brevibacterium flavum, B. lactofermentum, Corynebacterium acetoaci-
dophilum, C. gultamicum,andStreptococcus mutans,were around 80%. The survival rate ofBrevibacteriumand
Corynebacteriumdid not decrease greatly during the storage period, whereas the rate ofS. mutansdecreased to
about 20% after 10 years. Survival rates after the drying of gram-negative bacteria, i.e.,Escherichia coli,
Pseudomonas putida, Serratia marcescens,and Alcaligenes faecalis,were around 50%. The survival rate
decreased for the first 5 years and then stabilized to around 10% thereafter.© 2000 Academic Press
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Freeze-drying is a popular method of pres
ing microorganisms because the long-term
bility is excellent in most cases and the stor
and distribution requirements are simple. M
strains of microorganisms in our laboratory
stored in freeze-drying ampoules. The viabi
of a strain can be maintained for more than
years if the cell concentrations are 106–1010

cell/ml before freeze-drying and the cells s
vive the drying process. Freeze-dried bact
have been reported to survive for as many a
years (7). The survival rates differ according
genus, but it is unknown whether they dif
among species.

The aim of this study was to clarify diffe
ences in survival rates among species of mi
organisms. The survival rates after drying
during the first 10–16 years of storage w
analyzed for one yeast and nine bacteria
cies. Table 1 shows the strains analyzed.
combinant strains were not used to avoid
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possibility of treating the same host strains.
strains were furnished by the Patent Micro
ganism Depository. Medium and incubat
conditions were as indicated in the deposit
instructions.

The method used for freeze-drying the ye
and bacteria species has been described p
ously (3). Each strain was cultured on a 1.
agar (010-08725; Wako Pure Chemical Ind
tries, Osaka, Japan) slant in the beginning o
stationary phase. Five milliliters of suspens
medium (10% skimmed milk and 1% sodiu
glutamate) was added to the slant culture
the cells were scraped to form a uniform c
suspension. The cell suspension was dispe
in 0.2-ml aliquots into an ampoule. The a
poules were immersed in cold ethanol
260°C, quickly stirred for the first 10 s, and l
to freeze for 2–10 min. The ampoules were t
connected to a FREEZVAC-4C (Tozai Tsus
Tokyo, Japan) manifold-type freeze-dryer o
FREEZEMOBILE (Virtis, Gardiner, NY
U.S.A.) freeze-dryer and dried for 4–20 h un
a vacuum at,0.1 Pa. This method satisfi
most of the conditions for good freeze-dry

6,
0011-2240/00 $35.00
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survival rates (i.e., preservation of fluids, c
ture age, etc.) (2, 4, 5). Drying ampoules w
sealed with a gas burner, and the vacuum
checked with a high-frequency spark tester.
ampoules were stored at the recommended
perature of 5°C (9, 10).

To test the survival of microorganisms,
ampoule was opened, the contents were dil
with sterilized water to 102 times, 104 times, or
106 times, and then 0.05 ml of the dilution w
inoculated onto an agar plate culture med
using a spiral platter on a Model D (Spi
System Instrument, Bethesda, MD, U.S.A.)
an AUTOPLATE Model 3000 inoculater (Sp
ral Biotech, Bethesda, MD, U.S.A.). The co
nies formed on the plate were counted to ca
late the concentration of surviving cells. T
concentration was taken as the average of m
than three plates for each ampoule. The surv
rate was calculated relative to the cell den
before freeze-drying, which was considered
be 100%. This survival test was usually carr
out after 1, 3, 5, 10, and 15 years.

Figures 1a–1j show the survival rates of e
species after drying. The survival rate imme

Numbers of Strains Tested

Species

Storage period
(years)

,5 5–10 .10

Saccharomyces cerevisiae 25 18 52
Brevibacterium flavum 2 12 45
Brevibacterium lactofermentum 2 13 46
Corynebacterium acetoacidophilum 1 4 17
Corynebacterium gultamicum 1 17 100
Streptococcus mutans 0 8 13
Escherichia coli 25 27 75
Serratia marcescens 3 4 16
Pseudomonas putida 18 15 6
Alcaligenes faecalis 0 1 8

FIG. 1. (a)–(j) The change in the survival rate af
and the broken lines show the 95% confidence in
be 100% and the start point was year 0 (immedia
s
e

-

d

r

-

re
l

h
-

ately after drying is shown at the start po
(year 0), followed by that on each success
year. All strains showed concentrations of m
then 104/ml after 10 years, which were suf-
cient for revival, whereas the start cell conc
tration varied from 106 to 1010/ml. Each strain
had equal aliquots of cell concentration in
ampoules before freeze-drying, but some str
had ampoules with unequal aliquots due to
cosity. Different technicians performed the
periments in different years, and the spiral p
ters also varied from year to year. Some d
varied widely for these reasons, but each
cies had similar survival patterns. The 10 s
cies were divided into three groups by the s
vival rate after freeze-drying: yeast, gra
positive bacteria, and gram-negative bacte
The survival rate of yeast was 10% or less,
of the gram-positive bacteria was around 8
and that of the gram-negative bacteria
around 50%.

The survival rate ofSaccharomyces cere
siaeis shown in Fig. 1a. The confidence inter
was 5.9–10.1% at year 0 after drying
strains), which was significantly lower than t
of bacteria. Thereafter, survival rates did
decrease significantly during storage. The c
fidence interval at year 10 was 3.6–7.7%
strains), and all strains ofS. cerevisiaewere
iable and maintained this confidence inte
or 16 years or more.

Brevibacterium flavum, B. lactofermentu
orynebacterium acetoacidophilum, C. g

amicum,and Streptococcus mutanswere ana
yzed and their survival rates are shown in F
b–1f. The survival rates of these species
ediately after drying (year 0) were about 80
ut the rates after the various storage per
iffered by genus.BrevibacteriumandCoryne-
acteriummaintained an average survival r
f around 80% after 10 years. There was a s
ut insignificant difference between the co

reeze-drying. The continuous line shows the mean valu
vals. Survival rates before freeze-drying were assume
y after drying).
ter f
ter
tel
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dence interval ofB. flavumafter drying and tha
at year 10. The confidence interval after dry
was 79.0–87.7% (59 strains) and that afte
years was 74.6–89.8% (37 strains) (Fig.
The mean value ofB. lactofermentumover 10
years varied widely between 70 and 90
The confidence interval after drying was 85
91.4% (58 strains) and that after 10 years
71.3–90.6% (33 strains) (Fig. 1c). The co
dence interval ofC. acetoacidophilumalso var
ied widely, but the average rate of survival w
around 80% over 10 years. The confidence
terval after drying was 81.1–93.1% (21 stra
and that after 10 years was 77.3–97.1%
strains) (Fig. 1d). The confidence interval ofC.
glutamicumdropped by about 10% after 1 ye
but then was maintained for the following
years. The confidence interval after drying w
79.2–112.0% (112 strains) and that after
years was 68.1–81.8% (63 strains) (Fig.
The survival rate of Streptococcus muta
tended to decrease during storage, whe
those ofBrevibacteriumand Corynebacterium
remained the same. The decrease in the sur
rate was great for the first 5 years, but it sta
lized thereafter. The confidence interval a
drying was 67.5–89.2% (20 strains) and 4
37.7% after 10 years (9 strains) (Fig. 1f).

Escherichia coli, Serratia marcesce
Pseudomonas putida,and Alcaligenes faecal
were analyzed and the results are shown in F
1g–1j. The survival rates after drying we
around 50% and decreased over the first 5 y
and then stabilized thereafter. The pattern
decrease differed by species. The survival
of E. coli decreased significantly in the fi
year, decreased slightly more over the ne
years, and then stabilized. The confidence in
val after drying was 38.9–47.3% (126 strain
that after 1 year was 23.5–32.4% (111 strai
and that after 10 years was 6.1–15.5%
strains) (Fig. 1g). The survival rate ofS. mar-
cescensalso decreased significantly for the fi
year and then stabilized over the next 4 t
years. The confidence interval after drying w
46.8–65.0% (23 strains), 16.1–31.6% afte
year (22 strains), and 0.8–16.0% after 10 y
(12 strains) (Fig. 1h). The survival rate ofP.
0
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putida decreased gradually over the first
years, decreased slightly between years 2 a
and stabilized thereafter. The confidence in
val was 25.5–43.1% after drying (38 strain
12.6–28.7% after 1 year (35 strains), and 0
4.3% after 10 years (5 strains) (Fig. 1i). T
strain number ofA. faecalisused for the ana
ysis was low, and the width of the confiden
interval was greater than that for other spec
The survival rate tended to decrease over
first 5 years, but stabilized thereafter. The c
fidence interval was 18.3–72.3% after dry
(10 strains) and after 11 years was 2.9–9.2%
strains) (Fig. 1j).

The survival rate of gram-positive bacte
immediately after freeze-drying tended to
higher than that of gram-negative bacteria at
same time point, which agrees with the res
of Rudge (7). The same results have been
ported in a study on L-drying (9), a meth
which dries without freezing (1). It has be
suggested that gram-positive bacteria h
greater resistance to drying than gram-nega
bacteria and that the difference is due to
structure of the cell surface (6).

The survival rates of some species were fi
while those of other species decreased. T
that decreased dropped within the first 5 ye
but tended to stabilize within 15 years.
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