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The rapid assessment of viable cells in freeze-dried formulations of probiotic Lactobacilli is an 
important issue in the probiotic industry1,2. The probiotic Lactobacillus reuteri DSM 17938 is the active 
ingredient of BioGaia Protectis3 whose viable cell 
concentrations are currently determined using the classical 
and time-consuming viable count technique4. In this paper we 
present a rapid method based on Isothermal microcalorimetry 
(IMC) for viability assessment of freeze-dried DSM 17938. 
Fresh and rehydrated freeze-dried cells were incubated in 
MRS medium at different cell concentration and the thermal 
power (mW) at 37 °C was measured over time. A linear 
dependence between the time to reach a certain thermal 
power value and the decimal logarithm of viable cells was 
found. This allowed rapid viability assessment of rehydrated 
cells, reducing the detection time from 48 h (viable count) to 
10 h (microcalorimetry) in samples with 3 × 103 cfu/mL, and 
to 4 h in samples with 4 × 106cfu/mL. No significant 
differences were found between the two methods when 
freeze-dried rehydrated cells were analysed (p > 0.05). 
Therefore, IMC is a promising tool to be used in the quality 
control of freeze-dried DSM 17938 as well as other bacteria-
based products. 

 
1 Iniesta M. et al. J. Clin. Periodontol. 2012, 39, 736-744. 
2 Keller M.K. et al. Benef. Microbes 2014, 5(4), 403–407. 
3 BioGaia AB. BioGaia Clinically proven probiotics. 2010, 30 p. 
4 Davis C.  J. Microbiol. Methods 2014, 103, 9–17. 
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Figure 1. Thermal Power curves of rehydrated 
cells with different cell concentrations 
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Table 1
Summary of results concerning microcalorimetric measurements of Lactobacillus reuteri DSM 17938. Two  conditions are shown: fresh cells, and rehydrated freeze-dried cells.

Bacterial suspension Thermal power (!W) Detection Time Equation (h) R2

Fresh cells 500 −2.57*log(cfu/mL) + 20.14 0.9544
1000 −2.59*log(cfu/mL) + 21.01 0.9582
2000 −2.58*log(cfu/mL) + 21.74 0.9547

Freeze-dried and
rehydrated cells

500 −1.79*log(cfu/mL) + 15.13 0.9019
1000 −1.54*log(cfu/mL) + 14.71 0.9184
2000 −1.53*log(cfu/mL) + 15.44 0.9220

log (CFU/mL)

A

B

Ti
m

e 
(h

)

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

2

4

6

8

10

12

14

2 mW1 mW

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
2

4

6

8

10

12

2 mW1 mW

log (CFU/mL)

Ti
m

e 
(h

)

Fig. 2. Relation between the detection time for different thermal power values and
the decimal logarithm of CFU/mL. A) Fresh cells. B) Rehydrated freeze-dried cells.

Assuming that V is a constant value since the calorimetric mea-
surement is performed in a closed vial and evaporation is negligible,
then

N0cells = VXv0 (10)

and by substitution of N0cells in Eq. (9) finally we get

Q = kc

!
VXv0e!t (11),

which describes the heat produced as a function of the initial cell
concentration.

Therefore, transforming Eq. (11) by applying decimal logarithm
we obtain:

log (Q) = 0.434!t + log
(

kcVXv0

!

)
(12)

where the constant 0.434 is the decimal logarithm of the Euler’s
number (e).

Then, working with Eq. (12), finally we can correlate the time
to reach certain heat output and the initial viability Xv0 (cfu/mL)
through Eq. (13):

t = − 1
0.434!

log (Xv0) + 1
0.434!

log
(

!Q
kcV

)
(13)

In Eq. (13) it is seen that the time to reach a certain heat is the
sum of two components: one related to the initial number of cells
and one related to the growth of these cells. Thus, this equation
explains the observed empirical relationship between initial viable
cell concentration and the time to reach a certain heat value (Fig. 2
and Table 1).

3.4. Testing of the IMC viability assay using different freeze-dried
batches

The pooled standard curves for desiccated cells of L. reuteri DSM
17938 described above were used for estimating the viability of
different freeze-dried samples with unknown initial cell concen-
trations. Table 2 summarizes the comparison of the calorimetric
method and the traditional viable count method. No significant dif-
ferences were found when the freeze-dried samples were analysed
using either methods (p > 0.05).

4. Discussion

To our knowledge, this is the first report concerning the use of
IMC  to assess viability of rehydrated freeze-dried L. reuteri DSM
17938. Flow cytometry has been shown to be a reliable tool in the
assessment of some viable probiotic bacteria in dry formulations
[13–15]. Nevertheless, flow cytometry is not reproducible when it
is used for viability analysis of freeze-dried DSM 17938 [16]. There-
fore, we decided to use IMC  in order to evaluate the feasibility of
this method in the rapid estimation of freeze-dried formulations
containing DSM 17938.

Since no previous calorimetric analysis of DSM 17938 has
been reported, the isothermal microcalorimetric fingerprint was
obtained (Fig. 1). The two-peak profile is likely due to specific bioen-
ergetic processes related to the production of metabolites such as
lactate, acetate, ethanol and carbon dioxide as main products of the
hetero-fermentative process via phosphoketolase pathway [34].
Similar profiles have been observed in other hetero-fermentative
Lactobacilli although the growth conditions were distinctly dif-
ferent making a direct comparison difficult [32]. Moreover, the
calorimetric profiles are similar for both fresh and rehydrated cells
(Fig. 1), which indicates that the freeze-drying process did not affect
the mechanisms involved in the heat produced by DSM 17938 upon
rehydration.

Figure 2. Relation between the detection time for 
different thermal power values and the decimal 
logarithm of cfu/mL in the freeze-dried formulation 


