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Abstract

The objective of the present study is to
develop a lyophilization medium for
Streptococcus thermophilus (NCIM 2904) as
the industrial exploitation of this bacterium
totally depends upon preservation and
lyophilization protocols. Protective effect of 18
compounds were observed individually and in
combinations with different sugars, sugar
alcohols, polymers, protein concentrates and
buffers. Among all the protectants tested,
ammonium citrate (1% w/w), K2HPO4 (1%
w/w) and KH2PO4 (1% w/w) provided lowest
protection to these bacterial cells while 10%
(w/w) sodium caseinate, whey protein concen-
trate, sweet whey powder, and skim milk
showed significant results in viability escala-
tion. Survival in carbon sources like lactose,
sucrose and maltodextrine was also favored
maximally. Combination of sodium caseinate
10%, skim milk 5%, sucrose 5%, lactose 5% and
mono sodium glutamate 1% in distilled water
in ratio of 1:5 with S. thermophilus showed sur-
vival percentage of 96%.

Introduction

Starter cultures for fermented foods are
today developed specifically with high cell via-
bility and adequate shelf life. Industrialization
and market competition among these products
generates a need for better and efficient
starter. Lactic acid bacteria are commonly used
as starters for food fermentation with
Streptococcus thermophilus playing a central
role in most of the fermented food products
like curd, yogurt, kefir, cheese etc. Freeze dry-
ing technique is a dehydrating method in
which biological materials are first frozen fol-
lowed by sublimation (primary drying) and

desorption (secondary drying), generally used
for long term preservation of lactic acid bacte-
ria starters, but freeze drying also brings
changes in physical state of membrane lipids
and structure of sensitive proteins leading to
viability issues.1 However, demand of starter in
modern era, continuously expanding the inter-
est to create ready to use lyophilized starter
with improved stress and shock tolerance.2

Consequently, some compounds such as poly-
ols, polysaccharides, disaccharides, amino
acids, proteins, vitamins, and various salts
have been examined for their potential role to
improve the survival of LAB throughout freeze
drying process.3 Use of S. thermophilus as
starter culture for curd, depends on the con-
centration and preservation technologies
employed, which are required to guarantee
long-term delivery of stable cultures in terms
of viability and functional activity. 

The choice of an appropriate growth medi-
um is therefore of fundamental importance to
increase the survival of organisms during and
after drying,4,5 as compatible solutes are prob-
ably accumulated intra-cellularly.6 Sucrose and
monosodium glutamate (MSG) have positive
effects during storage of various dried LAB.5,7

The degree of protection during storage
accorded by a given additive, however, was
demonstrated to be species and strain depend-
ent. Nevertheless, freeze-drying can lead to
denaturation of sensitive proteins which will
decrease the viability and activity of the cell.
Lyophilization brings two different kinds of
stress on bacteria. In freezing stage the cells
undergo through cold shock which may change
the physical state of the membrane lipids
undergoing a phase of transition which may
odedwise rupture the cell wall. These negative
effects are commonly protected by addition of
some protective agents with the bacteria prior
to lyophilization. The aim of the study is to
design a protective lyophilization medium for
Streptococcus thermophilus (NCIM 2904) basi-
cally a specialized yogurt strain. The efficacy
and potential of these protective agents will
also be tested on the basis of escalation in via-
bility of the cells.

Materials and Methods

Microorganism
Streptococcus thermophilus NCIM 2904 was

obtained from National Collection of Industrial
Microorganisms, NCL, Pune, India.

Sample preparation
The organisms were grown in MRS broth

(Merck) at 37°C with incubation period of 24
hours. The turbid broth samples were then
centrifuged at 6000 RPM for 10 minutes fol-

lowed by pellet washing with physiological
NaCl (0.9%) solution. The pellet were resus-
pended in 10% sterile solution of defatted 
skim milk powder (Himedia, India) and then
distributed in sterile vials of 1 mL quantity fol-
lowed by immediate freezing at −80° C for fur-
ther use.

Lyophilization medium
The following compounds were used to

check the viability improvement.
Sugars: Lactose, monohydrate (min 99.5%,

milk sugar, Himedia, India), Sucrose, Extra
pure (min 99.5%, Himedia, India), D-(-)-
Fructose, Extra pure (min 99%, Himedia,
India), D-(+)-Glucose monohydrate (min
99.5%, Himedia, India), D-(-)-Mannitol, Extra
pure (min 99%, Himedia, India), D-(-)-Sorbitol
(min 99%, Himedia, India), D-(+)-Maltose
monohydrate (min 95%, Himedia, India),
Maltodextrine (Himedia, India), D-(-)-Ribose
(Min 99%, Himedia, India), D-(-)-Arabinose
(Min 99%, Himedia, India).

Polymers, inorganic compounds and other
media: distilled water, Monosodium-L-gluta-
mate monohydrate (min 98%, Himedia, India),
meso-Inositol (min 98%, Himedia, India), glyc-
erol, purified (min 99%, Himedia, India), sodi-
um chloride, extra pure (min 99%, Himedia,
India), Skim Milk powder, defatted (Himedia,
India), di-Potassium hydrogen phosphate (min
99%, Himedia, India), Potassium dihydrogen
orthophosphate, purified (min 99%, Himedia,
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India), tri-ammonium citrate, extra pure (min
97%, Himedia, India), whey protein concen-
trate (Fonterra, New Zealand), sweet whey
powder (Fonterra, New Zealand), sodium
caseinate (Arla Foods, Denmark).

Effect of lyoprotectant and lyopro-
tectant formulations on viability
of S. thermophilus

Different lyoprotectant combinations were
prepared to check the cell viability after
lyophilization. A total of 18 lyoprotectants were
used to develop 40 combinations for evaluating
viability results and escalation. All the lyopro-
tectants (10% w/w) were prepared and steril-
ized except monosodium glutamate (1% w/w),
meso-inositol (0.5% w/w), KH2PO4 (1% w/w),
K2HPO4 (1% w/w), ammonium citrate (1% w/w)
which were sterilized with mentioned w/w.
These protectants in single and in combina-
tions were mixed with freezed vials in 1:5
ratios (1 mL inocolum vial and 5 mL lyoprotec-
tant). Lyophilization of the samples was done
at 0.04 mbar vacuum at −50° C (Alpha 1-2, LO
plus, Martin Christ).

Results and Discussion

Effects on viability with different
lyoprotectant

All the compounds used as lyoprotectants in
this study were found to be effective in most of
the cases, providing protection to various lactic
acid bacteria.8 All the 18 lyoprotectants were
used separately as medium to provide protec-
tion from high vacuum and freeze shock dur-
ing lyophilization along with a blank sample.
Skim milk powder was used for sample prepa-
ration before freezing because of its property
of preventing cellular injury by stabilizing the
cell membrane constituents and creating a
porous structure in the freeze dried prod-

uct.9,10 Skim Milk also contains proteins that
provide a coating to the bacterial cells.11 On
testing the viability of S. thermophilus with
skim milk (10% w/w) shows highest cell viabil-
ity of 74% when observed in dry form. On the
other hand sugar and sugar derivatives were
also used for their protective effect during
lyophilization and also during after lyophiliza-
tion storage.7,12 Sugar alcohol like sorbitol has

found to be one of the strong protective agent
during lyophilization and storage of L. bulgari-
cus, L. plantarum, L. rhamnosus, E. faecalis
and E. durans,12 but in current study, its per-
formance as protective agent for lyophilization
of S.thermophilus was observed dull and dis-
couraging. In fact, cheaper sugar sources like
sucrose (72%), glucose (51%), lactose (66%)
and maltodextrine (67%) showed better
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Figure 1. A) Effect of different lyoprotectants (A) and different lyophilization media (B)
on the viability after lyophilization. If not indicated 10% (w/w) solution were used. The
error bars show the standard deviation

Table 1. Combinations of protectants along with the ratio of addition. 

Lyophilization medium         Constituents in percentage                                                                               Proportion of addition* 

1                                                             Skim Milk 10%, Sucrose 5%, Sodium Caseinate 5%                                                                                            1:5
2                                                             Skim Milk 10%, Lactose 5%, Whey Protein Concentrate 5%                                                                             1:7
3                                                             Skim Milk 10%, Maltodextrine 5%, Sweet whey Powder 5%                                                                              1:5
4                                                             Sodium Caseinate 10%, Skim Milk 5%, Maltodextrine 5%, Mono sodium glutamate 1%                            1:8
5                                                             Sodium Caseinate 5%, Whey Protein concentrate 5%
                                                               Maltodextrine 10%, Meso-inositol 0.5%, Mono sodium glutamate 1%                                                           1:8
6                                                             Sodium Caseinate 5%, Lactose 5%, Mono sodium glutamate 1%, Skim Milk 5%                                         1:5
7                                                             Sodium Caseinate 10%, Skim Milk 5%, Sucrose 5%
                                                               Mono sodium glutamate 1%                                                                                                                                     1:5
8                                                             Sodium Caseinate 10%, Lactose 5%, Sucrose 5%, Mono sodium glutamate 1%, Skim Milk 3%,               1:5
9                                                             Sodium Caseinate 10%, Skim Milk 3%, Sucrose 10%, Mono sodium glutamate 1%, Lactose 5%,             1:5
10                                                           Sodium Caseinate 10%, Skim Milk 3%, Sucrose 5%, Mono sodium glutamate 1%, Lactose 10%,             1:5
*mL of cell inocolum:protective medium.
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results (Figure 1A) compared to high cost sug-
ars like mannitol (44%), fructose (45%), malt-
ose (32%), ribose (39%) and arabinose (28%)
as high cost compounds would likely to restrict
their large scale industrial use.

The ability of mono sodium glutamate
(MSG) to protect microbial cells during
lyophilization and cryopreservation is also
described by a number of researchers.13,14 Use
of 1% (w/w) MSG for S. thermophilus also
showed protective effects with 57% viability,
while as more than 1% quantity showed viabil-
ity loss. The effect of K2HPO4 and KH2PO4 on
cell viability of B. bifidum has recently been
studied by Qin et al.15 showing cell survival via-
bility up to 77.80% with KH2PO4 and 79.82%
with K2HPO4. But studying the effect of these
compounds on S. thermophilus reveals oppo-
site results with K2HPO4 (1% w/w) 21% and
KH2PO4 (1% w/w) 17% only. Milk proteins pres-
ent in skim milk leads to stabilization of pro-
tein structures via reactions between the
amino group of the microbial cell proteins and
with protectant. Other mixtures with casein
protein and whey proteins were also tested
which reveals interesting results by providing
high cell viability to S. thermophilus. Sodium
caseinate resulted in highest viability of 81%
while as whey protein concentrate (WPC) with
65% and sweet whey powder (SWP) 58%
(Figure 1B).

Effects on viability with different
lyoprotectant medium

A total of 40 combinations were prepared
based on the results of the individual protec-
tant role in providing the viability to S. ther-
mophilus on lyophilization. After initial stud-
ies combinations producing more than 50%
viability were considered for further studies in
which only 10 combinations were observed sig-
nificant with of high viability (Table 1). The
ratio of addition was also studied and imple-
mented on the basis of thickness and viscosity
of the prepared lyophilization medium.
Lyophilization medium (LM) 6, 7, 8 and 10
were found efficient in maintaining the cell
viability both during freezing and drying state
of lyophilization. LM 8 was observed as unique
viability escalator providing better results com-
pared to other lyophilization media. The rea-
son behind the success of LM 8 is the role of
protective milk proteins which are in abun-
dance in this particular formulation playing a
role in stabilizing the protein structures of this
microbe and sugar source playing a crucial
part in maintaining the physical state of the
membrane lipids and enzyme level. All the pro-
tective compounds in lyophilization medium 8
have their unique role in maintaining the cell
viability, also the medium is cost efficient and
can easily be implemented on large scale
industrial production of S. thermophilus for its
role in starter culture. Protocols for the prepa-

ration of freeze dried lactic acid bacteria vary
widely between strain and species. A
lyophilization medium may not produce
expected positive results if proper protocol for
down-streaming was not followed.

Storage viability results
Studies on lyophilization of lactic acid bacte-

ria suggest that the stability of lyophilized cells
decreases during storage which also happened
to our current subject of study stored at −8° C.
Up to 5% viability loss was observed on re-
examining the stored vials of S.thermophilus
after a period of 180 days. On the other hand
lyophilized vials of the same microbe stored at
−60° C showed higher survival rates with less
than 1% viability loss. An organism which sur-
vives the various steps of freezing, drying and
storage may, nevertheless, lose its viability
during rehydration. Therefore, rehydration is a
critical step in the recovery of freeze-dried
microorganisms, because cells that were sub-
jected to sub lethal injury may not be able to
repair said damage if they are rehydrated
under inappropriate conditions. 

Conclusions

S. thermophilus is one of the most important
dairy cultures worldwide for its use as starter
and metabolic end products escalating a need
for its economical handling with maximum
output. Current study concludes development
of an economic cryoprotectant using commer-
cially viable sources of protein and sugar.  A
combination of sodium caseinate, skim milk,
sucrose and mono sodium glutamate was test-
ed on Streptococcus thermophilus NCIM 2904
as cryoprotectant resulting in higher viability
on freeze drying. 

Future prospects
These combinations will be studied further

for viability and cell loss on other lactic acid
bacteria.
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