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IINNTTRROODDUUCCTTIIOONN
Probiotics are beneficial microorganisms.

When ingested on a regular basis, probiotics 
can improve overall health, balance the
microflora of the intestinal tract, enhance immune
system function, and assist in the absorption of
vitamins and minerals [1]. The most commonly
consumed probiotics are lactic acid bacteria
(LAB) including Lactobacillus acidophilus,
Lactobacillus plantarum and Streptococcus lactis.
Probiotic foods are usually produced by
fermentation. However, for a probiotic product to
be beneficial, it must contain at least 106 cfu/g of
viable bacteria [2].

Probiotic products are commonly available
in the form of fermented milk and yogurt.
However, many individuals cannot consume these
products because of their high cholesterol and
lactose content. Fruit and vegetable juices 
have been suggested as media for cultivating
probiotics because of their beneficial nutrients
[3,4]; however probiotic stability in non-dairy
products is difficult to maintain during storage.
Probiotic encapsulation might solve this 
problem [5]. Encapsulation is one of the 
methods of cell immobilization. Advantages 
of immobilized cell technology include 
prevention of interfacial inactivation, stimulation
of production and excretion of secondary
metabolites, continuous utilization, and protection
against disadvantageous and unfavorable
environments [6-8]. In addition, immobilized cell
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ORIGINAL ARTICLE

PPuurrppoossee..  Ca-alginate entrapped Lactobacillus acidophilus was used to ferment tomato juice and

enhance the survival of the bacteria in the product.  

MMeetthhooddss..  L. acidophilus was immobilized in gel beads with diameters of about 2.6 mm. Tomato

juice was made from fresh raw tomatoes, followed by fermentation for 80 h with free and

immobilized cells.  

RReessuullttss.. Immobilized cells leaked from the gel beads and proliferated in the juice during the

fermentation; the final viable cell number reached 107 CFU/mL in the juice and above 1010

CFU/mL-gel in gel beads. Free cells reached about 109 CFU/mL during fermentation. Immobilized

cells endured the adverse conditions in tomato juice; furthermore, viable cell numbers and

sensory score results were higher compared with free cells. The viable cell counts of

immobilized L. acidophilus were maintained at 107 CFU/mL-gel in the fermented tomato juice

after 10 weeks of cold storage at 4 C, compared with 104 CFU/mL of free cells.   

CCoonncclluussiioonnss..  Ca-alginate immobilized L. acidophilus enhanced the viable cell number and

improved the sensory quality of fermented tomato juice. Our findings could be applied to the

development of probiotic tomato juice.  ( Mid Taiwan J Med 2007;12:1-7 )

KKeeyy  wwoorrddss  
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fermentation has been shown to increase the cell
concentration as well as cell survival and
operating efficiency [9,10]. 

Tomatoes are widely consumed worldwide.
Most tomatoes are eaten as processed products
such as tomato juice, puree, ketchup, sauce, and
canned tomatoes. Tomato juice has been used in
the manufacture of probiotic juice by lactic acid
fermentation in order to improve its health effects
[11]. Researchers used tomato juice as a raw
material for the production of probiotic juice by
four lactic acid bacteria (L. acidophilus, L.
plantarum, L. casei, and L. delbrueckii) [12]. It
was found that tomato juice was a proper medium
for lactic acid fermentation, and the probiotic
tomato juice obtained could serve as a health
beverage for vegetarians or consumers who are
allergic to dairy products. Immobilized L.
acidophilus has been used in banana puree
fermentation [13,14], and it was found that viable
cell numbers were significantly raised owing 
to the protective effect provided by the cell
immobilization matrix against the unfavorable
circumstances in banana media. The purpose 
of this study was to increase the fermentation
efficiency of L. acidophilus in tomato juice by
Ca-alginate entrapment of the bacteria. This study
will contribute to the development of an
appropriate probiotic juice.  

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS
Materials and culture 

L. acidophilus BCRC 10695 was obtained
from the Biosource Collection and Research
Center of the Food Industry Research and
Development Institute in Hsinchu, Taiwan, kept
on MRS agar (Difco Laboratories, Detroit, MI,
USA) and stored at 20 C. Na-alginate and
calcium chloride (CaCl2) (Sigma, St. Louis, MO,
USA) were used to form the immobilizing matrix
for the entrapment of cells. 

Preparation of tomato juice
Fresh raw tomatoes (Lycopersicon

esculentum) were purchased from a local market
and washed in a soak tank. The fruit was then
chopped in a Waring blender for 45 sec. A 25 cm

(length) 12 cm (width) 0.5 cm (inside height)
thin stainless steel trough was constructed to
simulate a plate-type heat exchanger. The sample
was held in the trough at  85 C for 6 sec, cooled
in an ice bath, and then filtered through a 30-
mesh screen. The resulting tomato juice was held
at 92 C for 90 sec and then cooled to 25 C [15].
Thermally-treated juice was poured aseptically
into flasks for fermentation. 

Culture preparation
L. acidophilus was cultured statically in

MRS broth. A 1% inoculum was added, incubated
at 37 C for 12-14 h, collected by centrifugation at
8,000xg for 15 min at 0 C and washed twice with
0.1% peptone water [16]. 

Cell immobilization
A concentrated cell suspension was

obtained by suspending cell cultures from the
previous procedures in 0.1% peptone water. The
concentrated cell suspension was then mixed at a
1:1 volume ratio with 2% (w/v) sterile Na-
alginate solution, and the resulting 1% alginate-
bacteria mixture was extruded as droplets through
a needle using a peristaltic pump (Eyela MP-3,
Japan). The droplets were then dropped into a
gently stirred (70 rpm) sterilized 0.1 M calcium
chloride solution at room temperature and stored
in the solution for 30 min to allow for the
complete gelation of the cell immobilized Ca-
alginate gel beads before use [17]. The finished
beads had a diameter of about 2.6 mm. 

Fermentation of tomato juice
A 2% (v/v) inoculum of L. acidophilus was

added to tomato juice for free cell fermentation
and a 4% (v/v) inoculum was added to tomato
juice for immobilized cell fermentation. The cell
concentration in the immobilized gel beads had
been half-diluted during cell immobilization;
therefore the concentration of immobilized
bacteria was doubled, so that equal initial cell
concentrations could be obtained. Inoculated-
juice was incubated at 37 C for 80 h. The
variations of viable cell number, pH, and sugar
content were measured periodically during
incubation.
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Colony counting
Free cells were cultured in MRS agar

medium after a series of dilutions, and the number
of viable cells was determined by a standard plate
count method using Lactobacilli MRS medium at
37 C for 48 h. For immobilized cells, Ca-alginate
gel beads containing cells were depolymerized in
sterile 1% (w/v) sodium citrate solution with
gentle shaking for 20 min at room temperature to
produce a cell suspension. The cells were then
serially diluted and cultured as free cells for
colony counting [18,19]. 

Chemical analyses
Sugar content was analyzed by HPLC [20].

The pH was measured directly using a pH meter
(HI 9021, Hanna Instruments, Taiwan). All of
these determinations were carried out in six
replications. 

Cold storage 
The fermented samples were stored at 4 C

for 10 weeks, and colonies were counted at
weekly intervals [21].

Sensory evaluation
Overall acceptance sensory tests were

performed on the free cell and immobilized cell
fermented products during cold storage as
previously described [22]. Panelists were asked 
to taste each sample and to rate its overall
acceptance using a 9-point hedonic scale: the
scores ranged from 1 = dislike very much, to 5 =
neither like nor dislike, to 9 = like extremely well,
i.e. higher sensory score indicated better overall
acceptance. Samples were tested by 40 panelists
and the average of the scores was calculated.  

RREESSUULLTTSS
Growth of immobilized and free cells 

Figure 1 shows the growth of both free and
immobilized L. acidophilus in tomato juice during
fermentation. The initial viable cell numbers of
free cells and Ca-alginate immobilized cells were
3.24 105 (CFU/mL) and 4.17 105 (CFU/mL-
gel), respectively. The viable cell number of
immobilized cells was found to be higher than
that of free cells; the immobilized cells which
leaked during fermentation grew in the medium

as free cells. Fermentation reached a steady-state
after 80 h. 

Variations of sugar content and pH during
fermentation

The variations of sugar content and pH in
tomato juice for free and immobilized L.
acidophilus fermentation are shown in Figs. 2 and
3, respectively. It was found that the immobilized
cells consumed more sugar compared with free
cells during fermentation. On the other hand, the
pH value of the immobilized cell fermentation
was found to be lower than that of the free cell.  

Cell viability and sensory result during
cold storage

The cell viability of L. acidophilus in
fermented tomato juice during cold storage is
shown in Table 1. The viable cell count of
immobilized cells was higher than 107 CFU/mL-
gel even after 10 weeks of cold storage at 4 C;
however, that of free cells was only 104/mL.
Sensory evaluation revealed that the overall
acceptance of immobilized cell fermentation was
better than free cells during storage (Table 2). The
sensory score of free cell fermented product
reached the critical point of like and dislike, i.e. 5,
at the stage of 10 weeks. This indicated that the
product became unacceptable after 10 weeks of
storage. 

Fig. 1. Growth curves for free and Ca-alginate immobilized
L. acidophilus in tomato juice. :immobilized cell
(suspension). : immobilized cell (gel bead). : free cell.
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Fig. 2. Changes in sugar content of tomato juice for free and
Ca-alginate immobilized L. acidophilus fermentation. :
immobilized cell. : free cell.

Fig. 3. Changes in pH during fermentation of tomato juice 
by free and Ca-alginate immobilized L. acidophilus
fermentation. : immobilized cell. : free cell.

Table 1. Effect of cold storage (4 C) on the viable cell number of free and immobilized L. acidophilus in fermented
tomato juice

*a-fThe experimental values (means and standard deviations for n = 6) without the same superscript are significantly
different (p < 0.05) in the same column.

0
1
2
3
4
5
6
7
8
9
10

1.6 0.5 109a*

1.4 0.2 109a

1.1 0.4 109a

8.8 0.2 108b

7.3 0.6 108b

5.9 1.0 107c

4.3 1.1 107c

2.7 0.5 106d

1.8 0.7 106d

8.6 1.2 105e

3.9 1.0 104f

Time (wk) Free (CFU/mL)

9.2 0.4 1010a

8.5 0.8 1010a

6.7 0.1 1010a

4.8 0.5 1010a

2.1 1.5 1010a

7.2 0.6 109b

5.4 1.3 109b

4.1 0.5 109b

9.6 2.2 108c

5.4 1.5 108c

8.6 0.5 107d

Immobilized (CFU/mL-gel)

Table 2. Sensory score (overall acceptance) of fermented tomato juice containing free and immobilized L.
acidophilus during cold storage (4 C) 

0
1
2
3
4
5
6
7
8
9
10

7.5
7.4
7.1
6.7
6.5
6.4
6.2
6.0
5.8
5.5
5.0

Time (wk) Free cells
7.9
7.7
7.6
7.3
7.0
6.9
6.7
6.6
6.3
6.1
5.9

Immobilized cells

9-point hedonic scale.
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DDIISSCCUUSSSSIIOONN
Effect of immobilization on the growth of
cells  

In immobilized cell fermentation, some
diffusion of cells from the entrapped gel beads
occurred because of the growth of bacteria in the
immobilized gel beads; these cells grew in the
medium which initially had no cells [23]. Bacteria
proliferated in the medium suspension around 6 h
after the initiation of the fermentation of
immobilized cells, and the final cell concentration
in the suspension approached the level of 107

CFU/mL (Fig. 1). The ultimate viable cell number
of the free cell fermentation was around 109

CFU/mL, and the cell concentration in the gel
beads of the immobilized cell fermentation was
higher than 1010 CFU/mL-gel (Fig. 1). These
results indicate that higher viable cell numbers are
obtained during immobilized cell fermentation
than during free cell fermentation [24]. This
might be because immobilized cells were
protected from oxygen and high concentrations 
of substrates and products [10,25,26] and
unfavorable conditions, such as low pH; therefore
better results were achieved by immobilized cell
fermentation.

Effect of immobilization on sugar content
and pH during fermentation

Figures 1, 2, and 3 reveal that possible
relationships existed between variations of cell
growth, pH, and sugar. Better cell growth might
have been due to the better utilization of the
tomato juice medium, resulting in higher sugar
consumption and higher acid production [27].
This led to a lower pH and lower residual sugar
content in the immobilized cell fermentation
compared to free cells.

Effect of cold storage on cell viability and
sensory property

Table 1 shows that L. acidophilus
immobilized in Ca-alginate has a higher survival
rate than free cells during cold storage at 4 C. 
The results of this study suggest that cell
immobilization could be used not only to enhance
the fermentation efficiency but also to increase
the survival of L. acidophilus in tomato juice

(Fig. 1, Table 1). The sensory scores of fermented
tomato juice containing immobilized L.
acidophilus are better than free cells (Table 2).
This might be because of the higher viable cell
number of immobilized cells and because
unfavorable deterioration reactions were inhibited
during storage. 

In conclusion, Ca-alginate immobilized L.
acidophilus raises the number of viable cell
during fermentation and cold storage (4 C), and
ameliorate the sensory property of fermented
tomato juice compared with free cells during
storage. Results obtained in this study will be
helpful for developing an appropriate probiotic
juice with more health benefits.
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2.6 mm 80

107 CFU/mL

1010 CFU/mL-gel 109

CFU/mL

4 C 10

107 CFU/mL-gel 104 CFU/mL
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