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ABSTRACT
Extruded dry dog food products claimed to have a probiotic ingredient of Enterococcus faecium (NCIMB10415) in the
commercial available formulations under the brand name of ProBiotic LIVE (Bacterfield S.A., Luxembourg) were
studied in the present work using a multichannel thermal activity monitor TAM III. Maximum specific growth rate, heat
produced during different growth phases, and lag-phase duration were determined. The length of the lag-phase that can
be used to determine the time necessary for the probiotic ingredient to restore its activity after consumption of probiotic
containing extruded products was also measured. The calorimetric data confirmed the ability of the Enterococcus faecium to grow at the acidic pH conditions, modeling conditions of gastro-intestinal tract of dogs, and preserve its metabolic activity (viability) at the same level as at the neutral pH. The results obtained indicated that microcalorimetry was
a precise and convenient tool for monitoring probiotic activity in complicated solid-state matrices.
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1. Introduction

2. Materials and Methods

Various attempts have been made to produce extruded
feed or food product(s) with stable and viable probiotic
bacteria count over the entire shelf-life period of the carrier product [1-3]. However, determination of the number
of bacteria, and especially evaluation of their growth and
metabolic activity in extruded food and feed products by
means of outplating etc. cannot be considered sufficiently precise and convenient.
It has been shown that generation of heat by microbial
cultures can be used for on-line monitoring of growth
and metabolism of cells [4-10]. Very sensitive measurements of heat flows using microcalorimetry is one of the
most attractive techniques for studying and monitoring of
the metabolic activity of bacteria in opaque liquid media,
and solid matrices [11-13]. It could be successfully applied in the studies of spoilage processes and shelf-life
determination of products containing microbes [8,14-16],
in fact in all cases where the possibilities of optical and
other physical methods are limited due to the non-transparency of media [17,18].
Growth of bacteria in extruded dry dog food products
under the brand name of ProBiotic LIVE (Bacterfield
S.A., Luxembourg) claimed to contain a probiotic ingredient of Enterococcus faecium (NCIMB10415) were
studied in the present work using a multichannel thermal
activity monitor TAM III.

2.1. Samples
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The experiments were performed with dry dog food in
the form of extruded kibbles under a brand name of ProBiotic LIVE (Bacterfield S.A., Luxembourg) containing
according to the producer viable probiotic bacteria Enterococcus faecium (NCIMB10415) during the entire
period of product shelf-life (15 months) at room temperature. The concentration of bacteria as declared on the
packaging is 106 cfu per gram of dog food in average.
Three commercially available dog food products differentiated by dog age (adult and senior) and by taste
(salmon and chicken formulations) were used in the experiments: ProBiotic LIVE Adult Chicken & Rice (AC),
ProBiotic LIVE Adult Salmon & Rice (AS) and ProBiotic LIVE Senior Chicken & Rice (SC). All dog food
samples used in the experiments were initially received
in hermetically closed separate 1.5 kg bags, with expiry
date/lot. nr. 23.11.2012 and used freshly in the middle of
the claimed product shelf-life. All the bags were aseptically opened immediately before the experiments. Additionally, dry bacterial concentrate of the same strain of
the bacteria as in the dog food (Enterococcus faecium
NCIMB10415) provided by Probiotics International Ltd.
(UK, Batch No BN 29094, expiry date 11.2013) was
studied as a reference sample to dog food formulations.
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The bacterial concentrate contained 1010 cfu per gram of
the powder according to the producer.
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Wadsö [8]. Microcalorimetric power-time curves were
analyzed as described by Kabanova [10]. The calorimetric trials were performed at fixed temperature of incubation at 37˚C (equivalent of dogs body temperature [20])
using 3 mL calorimetric ampoules. All the calorimetric
experiments were carried out in three parallels and
power-time curves obtained were normalized per gram of
dog food. Averaged power-time curves of three parallel
runs were used for the further analysis.

2.2. Sample Preparation and Experimental
Conditions
Dry dog food kibbles of different types were ground and
sifted to fine particles (less than 0.05 mm). Afterwards
samples were weighed in sterile plastic Falcon tubes. The
mass of each sample was approximately ~0.5 g. Samples
were aseptically transferred into 3 mL autoclaved microcalorimetric ampoules. Depending on experimental conditions sterile MilliQ water, adjusted to pH = 2 (dog
stomach equivalent pH [19]), or to pH = 7 (neutral value),
was added to the ground dry dog food in mass ratio 1:1.
pH was measured with pH meter S20 Seven Easy Mettler
Toledo with calibrated InLab 413 Mettler Toledo electrode. All the solutions were previously sterilized by
autoclaving at 121˚C for 15 min. As a reference, samples
of dry non-diluted bacterial concentrate were also analyzed.
In order to determine the initial bacterial concentration
in dog food kibbles outplating on PCA (Plate Count Agar,
Scharlau, Spain) was carried out for all three dog food
formulations and dry bacterial concentrate.

3. Results and Discussion
The averaged power-time curves of growth of Enterococcus faecium (NCIMB10415) in different formulations
of dog food in case of dry samples and in moisturized
samples at two different pH values are presented in Figure 1.
The standard deviation of the averaged power-time
curves was 0.55 µW, which was quite low, confirming
high reproducibility of the calorimetric method.
Power-time curves were analyzed according to the
Kabanova [9] and all numerical values of processed
power-time curves are presented in Table 1.
The length of the lag phase was 3.9 ± 0.72 hours (in
average) at pH 7 (neutral pH). The lag phase was prolonged by 1 hour, up to 4.9 ± 0.2 hours (in average) at
pH 2 (low pH), which is the pH level in the stomach of
dogs [13]. Prolongation of the lag-phase at low pH can
be explained by acidic stress effect on the probiotic bacteria.
The average specific maximum growth rate (μmax, W/h)
of the Enterococcus faecium bacteria was practically the

2.3. Microcalorimetry
A TAM III (24-channels, TA Instruments, US), a heat
conduction multi-channel microcalorimeter was used to
monitor the growth of cells in dog food and bacteria
concentrate samples. The construction and functioning of
the TAM III calorimeter were described earlier by

(a)
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Figure 1. Power-time curves of growth of probiotic bacteria in three different dog food: dry and moisturized samples (AC,
AS and SC) at two different pH (pH = 2 and pH = 7) values.

same at low and neutral pH levels (0.5209 ± 0.0634 W/h
and 0.5391 ± 0.0539 W/h correspondingly).
The average heat produced during the exponential
phase (Sexp, J/g) at neutral pH was 15.33 ± 0.90 J/g and
13,67 ± 0.74 J/g at acidic pH condition. Using the YQ
value 2.58 ± 0.44 × 10–9 J/cfu determined by us for L.
lactis IL1403 [10] the average number of bacteria grown
during the exponential growth (Nexp, cfu/g—5.93 × 109
cfu/g at neutral pH and 5.29 × 109 cfu/g at low pH) was
calculated—see Table 1.
Copyright © 2012 SciRes.

The estimates of biomass obtained should be considered reliable, as the values of YQ have been practically
the same in the different papers: 5.53 × 10–8 J/cfu for soil
samples [21], 4.22 × 10–9 J/cfu and 3.4 × 10–8 J/cfu for
Staphylococcus aureus and E. coli respectively [22].
The total heat produced during the entire period of
thermodynamic activity (full length of power-time curves
registered, all bacteria growth phases included Stot, J/g)
was also practically the same at both pH-s studied. The
average total heat produced at neutral pH was 35.92 ±
AiM
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Table 1. Parameters describing bacterial growth of three dog food formulations (AC, AS, SC) at two different pH (pH = 2
and pH = 7) levels obtained from the processed power-time curves: lag phase duration (λ, h), maximal specific growth rate
(μmax, W/h), heat produced during exponential growth phase (Sexp, J/g) and during the total growth (Stot, J/g) and the respective numbers of bacteria produced during the both growth phases (Nexp, cfu/g and Ntot, cfu/g respectively).
λ, h

σ, h

µmax, W/h

σ, W/h

Sexp, J/g

σ, J/g

Nexp, cfu/g

Stot, J/g

σ, J/g

Ntot, cfu/g

AC

4.94

0.77

0.4547

0.05

14.28

0.86

5.53E+09

37.09

8.58

1.44E+10

AS

5.08

0.49

0.5271

0.01

13.89

4.96

5.38E+09

32.18

7.77

1.25E+10

SC

4.68

0.39

0.5809

0.00

12.85

0.92

4.97E+09

32.37

1.74

1.25E+10

AC

3.54

0.33

0.5039

0.03

17.24

1.13

6.67E+09

41.62

3.78

1.61E+10

AS

4.73

0.09

0.6012

0.04

15.52

1.11

6.01E+09

34.45

2.10

1.33E+10

SC

3.42

0.50

0.5123

0.17

13.21

0.47

5.11E+09

31.68

3.40

1.23E+10

0.78 J/g and 33.88 ± 1.23 J/g at low pH, which correspond to 1.39 × 109 cfu/g and 1.31 × 109 cfu/g respectively. The numbers of bacteria grown during the exponential growth phase (Nexp, cfu/g) and bacteria grown
during the complete growth (Ntot, cfu/g) achieved the
same levels of 109 and 1010 cfu/g correspondingly at the
two pH values.
All three formulations of ProBiotic LIVE dog food
(AC: Adult Chicken & Rice, AS: Adult Salmon & Rice
and AS: Senior Chicken & Rice) enriched with probiotic
bacteria of Enterococcus faecium (NCIMB10415) had
the same initial bacterial count in average 106 cfu/g confirmed by outplating of the samples on the PCA presented in Table 2. Average concentration of bacteria in
all the three dog food formulations was 2.86 × 106 ± 5.31
× 105 cfu/g according to the results presented in Table 2.
This confirms the claimed by a producer average E. faecium load of 106 cfu per gram in the product.
It is known that the low acidic pH in the stomach of
dogs is considered as a barrier for the probiotic bacteria.
Ability to preserve the viability during the passage
through the stomach acidic barrier is a prerequisite for
the further successful colonization of the host intestine
by the probiotic bacteria. The Enterococcus faecium
bacteria present in the dog food of ProBiotic LIVE formulations were able to show strong metabolic activity at
low acidic pH value, which confirmed the fact that Enterococcus faecium can tolerate the passage through the
acidic barrier of the dog’s stomach and populate the intestine afterwards. The ability of the probiotic bacteria
Enterococcus faecium (NCIMB10415), to preserve the
activity throughout the passage through the stomach
acidic barrier of dogs was also confirmed in the trials of
the European Food Safety Authority (EFSA, [23]).
Analysis of the power-time curves revealed that the duration of the time needed for the probiotic bacteria to regain their activity in the host organism after consumption,
the length of the lag-phase, was about 5 hours (see Table
1). This time is sufficient for the digest flow to pass the
acidic barrier of stomachs of dogs.
Copyright © 2012 SciRes.

Table 2. Plate counts of the bacteria on PCA and pH values
of different dog food formulations and bacteria concentrate.
Sample

N, cfu/g

σ, cfu/g

Bulk pH

AC

2.35E+06

2.19E+04

5.77

AS

3.41E+06

6.17E+04

5.87

SC

2.82E+06

5.14E+04

5.94

Bact. concentrate

2.24E+10

3.28E+08

5.23

There was no bacterial metabolic activity observed in
the case of non-diluted dry dog food samples analyzed,
see Figure 1. Also the freeze-dried Enterococcus faecium (NCIMB10415) bacteria powder concentrate (both
dry and diluted samples) showed no thermal activity
(data not shown).

4. Conclusions
The results obtained showed clearly the ability of the
probiotic Enterococcus faecim (NCIMB10145) bacteria
strain present in the extruded dog food kibbles to preserve its viability and growth characteristics at acidic and
neutral pH. This indicated that the extruded kibbles containing E. faecium bacteria are able to tolerate the dog’s
stomach acidic barrier with further successful colonization of the dog’s intestine.
The results obtained showed that calorimetric technique is a prospective and sensitive method for the continuous in-situ monitoring of bacterial activity in such
complicated matrices as extruded feed or food products,
and for shelf-life determination of probiotic ingredients
in the products.
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