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Abstract

Assessment of the compatibility between the probiotic and prebiotic is identified as a critical step while developing synbiotic products.
So a study was conducted to compare the inulin utilization potential of two Bifidobacterium animalis subsp. lactis strains for selecting a
strain for the development of a lyophilized synbiotic product. The growth stimulatory effect of inulin was found to be more prominent on
Bifidobacterium animalis subsp. lactis B420 than on Bifidobacterium animalis subsp. lactis Bb-12. So a synbiotic pair of
Bifidobacterium animalis subsp. lactis B420 and inulin was selected for the development of the synbiotic product. The developed prod-
uct had a high probiotic count of 6.5x108 cfu/g, showing a survival rate of 65%. On assessing the probiotic count of the developed prod-
uct during storage, a marked reduction was observed on room temperature storage with the counts reducing to the level of less than five
log cfu/g after 60 days. In contrast the count remained in the range of eight to nine log cfu/g even after 60 days of refrigerated storage. So
it could be a suggested that considering the probiotic stability and viability problems pertaining to fermented dairy products, lyophilized
products could be potential alternatives as matrices for the delivery of probiotics to humans.
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1. Introduction

Synbiotics, which exploit the synergistic relationship between its
two constituents, the probiotics and prebiotics, are now gaining
wide popularity as a means of altering the gut microbiota towards
a beneficial one. It is presumed that the ready availability of a
substrate that specifically stimulates the probiotic will enhance the
survivability, colonization and beneficial effects of the probiotic
thereby improving the effectiveness of the developed product.
Although the synbiotic approach has attracted interest, the devel-
opment of synbiotics is still at an early stage (Saulnier et al.
2008). Maintenance of viability of probiotics and selection of a
synergistic prebiotic are considered as the major challenges for
developing successful synbiotic products. The bacteria used as
probiotics are generally selected from the genera Lactobacillus
and Bifidobacterium. Among bifidobacteria, B. animalis is the
most widely used species in foods due to its high tolerance to ox-
ygen and acids (Ma'tto et al. 2004). B animalis subsp. lactis is a
species evolved from the continuous adaptation of B animalis to
the fermented dairy environment (Palaria et al. 2012). The most
widely documented probiotic Bifidobacterium strain, Bb-12 also
belongs to this species. The prebiotic inulin is widely acclaimed
for its bifiodogenic attributes and a synbiotic combination of this
prebiotic with Bifidobacterium is well recognized as a synbiotic
pair. However wide variations are observed among the members
of the genus Bifidobacterium in their ability to utilize inulin. Inu-
lin utilization is identified as a strain-specific feature among
bifidobacteria (Rossi et al. 2005). Fermented dairy products like

yoghurt are traditionally being used as delivery vectors for probi-
otics and prebiotics. It is estimated that 78% of current probiotic
sales in the world are delivered through yoghurt (Granato et al.
2010). However the major constraints with these products are the
maintenance of probiotic counts in required levels and the short
shelf life of the product. Development of freeze dried synbiotic
products could be a better option in this direction. Considering
these aspects two commercially available probiotic
Bifidobacterium animalis subsp. lactis cultures namely
Bifidobacterium animalis subsp. lactis B420 and Bifidobacterium
animalis subsp. lactis Bb-12 were assessed for their ability to
utilize the prebiotic inulin to develop a lyophilized symbiotic
preparation using the selected synbiotic pair.

2. Materials and methods

2.1. Prebiotic and probiotic cultures

Inulin was procured from Orafti, Belgium. The probiotic cultures,
Bifidobacterium animalis subsp. lactis B420 (B-420, Danisco,
Germany) and Bifidobacterium animalis subsp. lactis Bb-12 (Chr.
Hansen, Denmark) were maintained in MRS broth supplemented
with 0.05% L-cysteine hydrochloride (MMRS, Arroyo et al. 1994)
with weekly subculturing. Purity of the culture was monitored
periodically by plating on Bifidobacterium agar (HiMedia Labora-
tories Ltd., Mumbai). The culture was activated by 2 to 3 transfers
in MMRS media with anaerobic incubation (using Anaero Hi Gas
Pack, HiMedia Laboratories Ltd. Mumbai) at 37°C for 24 h.
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2.2. Inulin utilization potential of Bifidobacterium ani-
malis subsp. lactis strains

24 h old active Bifidobacterium cultures (10%fu/ml) were inocu-
lated into a semi-liquid (agar 0.1%, w/w) minimal media (meat
peptone 1 percent (w/v), L-cysteine hydrochloride 0.04 percent
(w/v), buffering salts and indispensable ions as in Garches medi-
um (Rasic, 1990) containing different levels of inulin (0, 0.5, 1, 3
and 5 percent (w/v)) (Bielecka et al. 2002) . Bifidobacterial counts
were determined at 0 h and 24 h using Bifidobacterium agar and
the growth stimulatory effect of inulin was assessed based on the
percentage reduction in mean generation time in inulin containing
media compared to that in control tube (0% inulin).

2.3. Development of a freeze-dried (lyophilized) syn-
biotic preparation containing the selected Bifidobacte-
rium strain and inulin and its storage study

The freeze-dried synbiotic preparation was developed based on the
method of Collins and Hall (1984). For this, the selected culture
was inoculated into mMRS broth @ 2 percent and incubated at
37°C for 48 h under anaerobic conditions. After this, the cells
were harvested by centrifugation at 12000 rpm for 10 min at 4°C,
washed once in sterilized distilled water and resuspended @ 10°
cfu/ml in a sterilized mix containing 5 percent non-fat dry milk
(NFDM), 20 percent inulin, 8 percent sucrose and 1.5 percent
gelatin (gelatin was separately sterilized and mixed aseptically
with the solution containing other components). The mix thus
obtained was poured into sterile petri plates and freeze dried (Al-
pha 1-4 Freeze dryer; Martin Christ, Germany).

In order to carry out storage studies the synbiotic product was
aseptically transferred to sterile moisture proof 150 ml polypro-
pylene bottles and stored at room and refrigeration temperatures.
Enumeration of probiotic organisms was done by plating on
Bifidobacterium agar on 0, 7, 14, 21, 30 and 60 days of storage.
Data was statistically analyzed using ANOVA according to the
General Linear Models procedure of Systat Version 6.0.1 (1996,
SPSS Inc.). When significant (1 and 5% levels) differences were
observed individual values were compared by Fisher’s Least Sig-
nificant difference.

Gelatin solution

3. Results

3.1. Inulin utilization potential of Bifidobacterium ani-
malis subsp. lactis strains

The ability of Bifidobacterium animalis subsp. lactis B420 and
Bifidobacterium animalis subsp. lactis Bb-12 to utilize, inulin was
determined by monitoring their growth in a semi-liquid minimal
media (Table 1). Both the strains could utilize inulin as a reduction
in mean generation time compared to the control (0% inulin) was
observed for both the Bifidobacterium strains. However differ-
ences were observed between the two strains in their inulin utiliza-
tion pattern. The growth stimulatory effect of inulin was more
prominent in the case of Bifidobacterium
animalis subsp. lactis B420, as a marked reduction in its mean
generation time was observed compared to that of Bifidobacterium
animalis subsp. lactis Bb-12. Among the different concentrations
of inulin used, supplementation at the rate of 0.5 percent showed a
significantly lower growth stimulatory effect in comparison to
other concentrations. However, no significant difference was ob-
served among other inulin concentrations (1, 3 and 5%) in terms
of growth stimulatory effect (P<0.05).

Table 1: Utilization of Different Concentrations of Inulin (Mean Genera-
tion Time, Hours)

Culture Name Inulin Concentration

- . 0% 0.5% 1.0% 3.0% 5.0%
Bb-12 2 3 (4363  (58.10  (60.73  (58.53
%) %) %) %)
Bifidobacterium 5 20.50 19.80 11.40 12.12
animalis subsp. lactis 8 " (65.11 (66.32 (80.61 (79.39
B420° %) %) %) %)

ab — Bifidobacterium cultures bearing different superscripts differ
significantly (P<0.05). Values in parenthesis are percent reduction
in mean generation time compared to control (0% inulin).

3.2. Development of the synbiotic powder and its storage
studies

As the growth stimulatory effect of inulin was more prominent on
Bifidobacterium animalis subsp. lactis B-420, this culture was
selected for the development of freeze dried synbiotic powder.
The flowchart for the preparation is shown in Fig.1.
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Fig. 1: Flow Chart for the Preparation of Synbiotic Powder
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The developed product had a probiotic count of 6.5x10%/g showing
a probiotic survival rate of 65%. The probiotic count during room
and refrigerated temperatures of storage is depicted in Fig. 2. A
marked reduction in the probiotic count (reduction by 3.5 logs)
was observed after 60 days of room temperature storage. No sig-
nificant difference was observed in the count of the probiotic un-
der refrigerated storage of product. Under refrigeration the count
remained in the range of 8 to 9 log cfu/g even after 60 days. Via-

bility of the probiotic culture during storage is identified as the
most important quality indicator of a probiotic product. Contrary
to the observation of maintenance of probiotic viability during
refrigerated storage there was a marked reduction on room tem-
perature storage with the counts reducing to the level of < 10°
cfu/g, highlighting the impact of storage temperature on probiotic
viability.

10

9

Viable count (Logcfu/g)
(2]
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H Room temperature

Days of storage

m Refrigeration Temperature

21

Fig. 2: Viability of the Probiotic Organism (B-420) During Storage of Synbiotic Powder at Room and Refrigeration Temperatures

4. Discussion

As synbiotics are synergistic combinations of probiotic bacteria
and the unabsorbed substrates they metabolize, the synergistic
relationship between these two constituents is essential for devel-
oping effective synbiotic products. The capability of the probiotic
strain to metabolize fructans as the sole carbon source is consid-
ered as an essential pre-requisite while formulating fructan-
containing synbiotics (Schrezenmeir and de Vrese, 2001). The
ability of a bifidobacterial strain to grow on inulin as the sole car-
bon source is attributed to the possession of extracellular enzymes
that hydrolyze long-chain fructans (Rossi et al. 2005). As both the
strains used in this study could utilize inulin, it could be suggested
that both of them possess these types of extracellular enzymes.
However a marked difference was observed between the strains in
their inulin utilization pattern. The strain Bifidobacterium
animalis subsp. lactis B420 could grow on inulin at a faster rate
than the other strain. Differences in the fermentation rate of inulin-
type fructans by bifidobacteria is attributed to the variations in
their fructan degradation mechanisms (Janer et al. 2004). It could
be presumed that the faster growth of Bifidobacterium
animalis subsp. lactis B420 on inulin could be advantageous for
this strain in terms of survival and proliferation in a highly com-
petitive ecosystem such as the human colon (Flint et al.
2007).Although freeze drying is widely used for preparation of
probiotic products, the maintenance of viability of the probiotic
during freeze drying is a major hurdle. On assessing the survival
rate of Bifidobacterium animalis subsp. lactis B420 in the devel-
oped product, 65% of the probiotic population was found to sur-
vive the freeze drying process. Wide variations are reported in the
percentage survival of probiotics during freeze drying. Leja et al.,
(2009) reported a survival rate of 29% for Lactobacillus rhamono-
sus GG in a freeze-dried milk preparation, whereas a survival rate
as high as 95% is being reported by Capela et al. (2006). Wang et

al. (2004) reported a survival percent of 43.2-51.9% for
bifidobacteria after freeze-drying. It is suggested that the varia-
tions observed in the survival rate of microorganisms during spray
drying could be attributed to the differences in their temperature
resistance (Ananta et al. 2005). Likewise resistance towards freez-
ing temperature, osmotic stress etc. could be contributing towards
the survival of microorganisms subjected to freeze drying. The
viability of probiotic bacteria during storage is found to be de-
pendent on a number of factors like level of oxygen in the product,
storage time and temperature (Shah, 2001). A daily intake of at
least 10°~10° viable cells is generally considered as the minimum
intake to provide a therapeutic effect (Silva et al. 2004). In this
context consumption of one gram of the developed product is
sufficient to impart a therapeutic effect. Loss of viability of probi-
otics during the fermentation process and refrigerated storage is
identified as a major issue in the production of fermented probiotic
products. It is being reported that the viable cells of bifidobacteria
in yoghurt-like product could not be maintained in sufficient
amounts (>10° cfu/g) for more than 1 week during storage at 4 °C
(Roy et al. 1997, Lamoureux et al. 2002). Based on the results
obtained from the storage study, it is quite clear that the developed
product served as a good carrier of probiotic organism even after
60 days of storage at refrigeration temperature.So it could be sug-
gested that development of such products will be an attractive
alternative to counter the issues like loss of probiotic viability and
stability pertaining with the fermented milk products. Inulin, the
prebiotic due to its high degree of polymerization (DP) is expected
to provide a long lasting effect throughout the colon resulting in
the beneficial saccharolytic metabolism and a lowered pH ex-
tended to the distal colon (Rossi et al. 2005). Presence of this pre-
biotic in the developed product warranties better protection of the
probiotic during gastric transit and also provides an upper hand
due to the ready availability of a substrate in the gastrointestinal
milieu where the competition for nutrients is intense. It has been
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reported that presence of a carbohydrate such as fructans that can
be assimilated and metabolized by the probiotic improves the
survivability of the probiotic under acidic conditions (Corcoran et
al. 2005).

5. Conclusion

A synbiotic product was developed by freeze drying a milk based
medium containing inulin and Bifidobacterium animalis subsp.
lactis B420, a strain selected based on its inulin utilization poten-
tial. The developed product was found to retain the viability of
probiotic cultures during freeze drying and refrigerated storage,
yielding a probiotic count in the range of 8 to 9 log cfu/g, satisfy-
ing the requirement of a bifidobacterial level of 5 to 7 log cfu/g
considered necessary to derive the probiotic benefit. Being avail-
able in a convenient powder form, the developed synbiotic powder
could be consumed as such or after reconstitution in a suitable
medium. As the next step, it is possible to exploit the possibilities
of converting this preparation into a capsular or tablet form for
oral administration as a therapeutic agent. An additional area to
be investigated is the use of techniques like microencapsulation
for enhancing the probiotic stability of the developed product on
room temperature storage. This area is of great potential consider-
ing the changing trend of application of probiotic cultures in cereal
products, drinks and confectionaries which are stored at room
temperatures.
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