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Natural rubber serum powder (NRSP) was found to have a remarkable growthstimulating
effect on Bifidobacterium  bizfdwn.  We compared NRSP with conventional stimulators of the
growth of this microorganism, and we found that NRSP had a similar growth-stimulating effect
to that of casein, as well as a synergistic effect. However, the effects of the concentration of
casein  and of NRSP on the growth of B. DifidzLrn were different. Ammonium sulfate, which is
one of the major contaminants of NRSP, enhanced the growth of the test strain, acting as a
nitrogen source, and the other active ingredients of NRSP had additive nutritional effects.

INTRODUCTION

Bifidobacteria are nonmotile, Gram-positive bacteria that are major components of
the intestinal flora of healthy humans. These bacteria are considered beneficial for all age
groups because they play a significant role in controlling the pH of the large intestine
through the secretion of lactic and acetic acids which, in turn, inhibit the growth of many
harmful bacteria such as clostridia. In healthy breast-fed infants, bifidobacteria are the
most prevalent genus of bacteria. However, their levels decrease gradually and numbers
of some harmful bacteria increase as the host grows older.

Bifidobacteria have been used as food supplements and in milk fermentations
(Ishibashi, 1990). Earlier researchers demonstrated that the ingested bifidobacteria may
(i) stimulate the existing population of bifidobacteria and (ii) reestablish a population of
beneficial microflora after serious depletion by infection (Tamime et al., 1995). Kaloud
and Stogmann  (1969) demonstrated that the regular intake of B. bifidum by healthy
infants provided a some protection against enteric infections. B. bzyidum  and B. longum
are widely employed as mixed starter cultures in combination with Lactobacillus
acidophilus and/or other yogurt-generating organisms (Modler et aZ., 1990; Tamime et
al., 1995). However, the use of bifidobacteria for such purposes has been limited
because they require bifidogenic growth stimulators (BGSs).  Several growth-stimulating
substances have been reported (Poch and Bezkorovainy, 1988, 1991; Ibrahim and
Bezkorovainy, 1994; Kaneko et al., 1994),  most of which are costly and/or have some
disadvantages. For example, B. bifidum cannot utilize many kinds of oligosaccharide,
such as fructooligosaccharide (Hidaka, 1993) and soybean oligosaccharide (Masai, 1988),
which are well known as BGSs.

In our laboratory, we have investigated the application of NRSP, the spray-dried
product of the serum obtained during the process for separation of natural rubber latex,
as a stimulator of the growth of various anaerobic microorganisms (Ishizaki, 1989;
Tripetchkul et al., 1992). Recently, Ishizaki (1995) reported that NRSP had a strong
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growth-st,imulatory  effect on a wide range of bifidobacteria of human origin. For the
application of bifidobacteria to the food industry, further investigations into the effects of
NRSP on the growth of B. bifidum  are necessary.

The purpose of the work described in this paper was to extend our understanding of
the effects of the stimulation by NRSP of the growth of B. bzyidum  and to compare NRSP
with a conventional BGS, such as a digest of bovine casein.

MATERIALS AND METHODS

Natural rubber serum powder (NRSP)
NRSP was provided by Nakanihon Air Service Co., Ltd. (Nagoya). NRSP used in this

study was the spray-dried product of natural rubber serum import,ed  from Malaysia. It
was composed of many amino acids, peptides, inorganic salts and so on. The detailed
composition of NRSP was described previously (Ishizaki, 1989).

Microorganism and media
B. bzlfzdum  JCM1254, of human origin, was purchased from the Japan Collection of

Microorganisms, Wako.
Bifidobacterium  medium, recommended by the Japan Collection of Microorganisms as

a complete medium for efficient growth of bifidobacteria, was used for the growth of B.
bi&du,m.  This mediurn contained (per liter of distilled water, pH 6.8) 10 g casein
(enzymatic hydrolysate; Sigma Co., Ltd., St. Louis, MO, USA), 5 g meat extract, 5 g yeast
extract, 10 g glucose, 1 ml Tween 80, 0.5 g cysteine-HClH,O,  3 g K?HPO,and  10 g ascorbic
acid. Glucose, cysteine HCl H,O and ascorbic acid were added aseptically via a disposable
filtration unit (DISMIC-25; ADVANTEC Toyo Co., Ltd., Tokyo) before inoculation of cells.

For determinations of the effects of various nutrients on the growth of B. bijidurn,
we used the following media: medium I, bifidobacterium medium without organic
nutrients, namely, casein, meat extract and yeast extract; and medium II, bifido-
bacterium medium without casein.

Culture and analysis
The microorganism was grown in anaerobic jars (GasPak;  BBL Microbiology Systems,

Cockeysville, MD, USA) in thioglycolate  (TGC) medium without dextrose (Difco
Laboratories, Detroit, MI, USA) and stored at 5°C.

The stored culture was precultured in the bifidobacterium medium at 37°C for 12-15
h. Forty ml of the experimental medium were inoculated with 5% (v/v) of the preculture.
The cultures were incubated in ZOO-ml Erlenmeyer flask, with shaking at 72 strokes/min,
at 37°C under anaerobic conditions. Air was replaced by a mixture of N,, H, and CO,
(75:20:5,  v/v). The extent of growth was determined by measuring the absorbance of 562
nm (A-),,,) at various time intervals and the dry cell weight (DCW) was -calculat,ed  by
reference to a previously constructed standard curve. In order to standardize the
reporting of the results, all growth experiments in medium I and medium II were
accompanied by culture of the microorganism in the complete bifidobacterium medium
since growth was not necessarily reproducible from one day to another.
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RESULTS

Effects of NRSP on the growth of B. bifidum
Figure 1 shows details of the growth of B. bi,fidun-l  in the bifidobacterium medium

and in bifidobacterium medium supplemented with 1% (w/v) NRSP. The maximum DCW
obtained in NRSP-supplemented bifidobacterium medium was higher than that in the
bifidobacterium medium alone. Furthermore, NRSP enhanced the growth rate of the
cells, as shown in Figure 1. As shown in Figure 2, the test strain grew poorly in medium 1,
as expected from the fact that medium I contained no organic nutrients. By contrast, it is
clear that NRSP had a remarkable growth-stimulating effect even in minimal medium such
as medium I.

0
0

0 10 20
Cultivation time (h)

Fig. 1. Effects of NRSP in bifidobacterium medium on the cell
growth of Rifiifidobactc~rirrm  bi~‘TcLum  JCM 1254. Growth
of the microorganism is expressed in terms of dry cell
weight per litrr of medium plus 10 g/l NRSP (0) or
without NRSI’ (0).

t
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Fig. 2. Effects of NRSP in minimal medium (medium I) on the
cell growt,h  of RifidoDactrriur  bifid,um JCM 1254.
Growth of t,he microorganism is expressed as in Fig. 1.
Medium I with 10 g/l  NRSP (0) and without NRSP (0)
was used as the experimental medium.
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Effects of NRSP as compared to those of other nutrients
For a further understanding of the growth-stimulating effect of NRSP, we compared

the growth of B. bifidum,  in medium I supplemented with NRSP and/or the organic
nutrients of the bifidobacterium medium, namely, casein, meat extract and yeast, extract.
The results are shown in Figure 3. As seen from this Figure, NRSP had a good growth-
stimulating effect on the cells in all cases in all media tested in this series of experiments.
Casein also stimulated the growth of the microorganism, while addition of meat extract
and yeast extract to medium I had no significant effect. However, these extracts
increased the maximum DCW in the presence of casein and/or NRSP. The growth rate in
all cases tested reflected the maximum DCW obtained.

None
+Cas.
+M.E.
+Y.E.

+Cas.+M.E.
+Cas.+Y.E.
+M.E.+Y.E.

+Cas.+M.E.+Y.E.
0 1 2

Maximum dry cell weight (g/1 )

Fig. 3. Effects of NRSP in combination with various organic nutrients.
Hatched bars indicate the growth in medium without NRSP and
black bars indicate the growth in medium with 1% NRSP.
Medium I was supplemented wit.h various combinations of
organic nutrients as follows: +Cas., 1% casein;  +M.E.,  0.5% meat
extract; +Y.E., 0.5% yeast extract.

Effects of various concentrations of NRSP and casein
NRSP had a growth-stimulatory effect similar to that of casein, which was essential

for growth of the test strain as described above. We investigated the effect of the
concentration of NRSP and of casein  on the growth of B. bifidum  (Fig. 4). Different
amounts of NRSP were added to medium II, which is described in Materials and Methods.
Growth of the test strain was promoted as the concentration of NRSP was increased, with
a maximum value at 4% NRSP. The growth-stimulatory effects of casein also increased
with increases in the concentration of casein.

Effects of NRSP and ammonium sulfate
Ammonium sulfate is a contaminant of NRSP that is introduced during the

manufacturing process (Ishizaki, 1989). It is present at a concentration of about 25%
(w/w NRSP). We cannot ignore the possibility of an effect of ammonium sulfate since
various strains of Bifidobacterium  can be grown in a simplified medium that contains
ammonium sulfate as the sole source of nitrogen (Tanaka and Mutai, 1980). Figure 5
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Concentration of NRSP or casein (%)

Fig. 4. Effects of concentrations of NRSP and casein on the
growth of Bz$dobacterium bzfidum  JCM 1254. Medium
II was supplemented with the indicated concentrations of
NRSP (0) and casein (0).

Concentration of ammonium sulfate (%)
0 0.5 1

Concentration of NRSP (%)

Fig. 5. Effects of various concentrations of NRSP and
ammonium sulfate on the growth of Bzxidobucterium
bz$durn  .JCM 1254. Medium II was supplemented with
the  ind ica ted  concent ra t ions  of  NRSP (0)  and
ammonium sulfate (0).

shows the effects of various concentrations of NRSP and ammonium sulfate. The
maximum DCW was barely increased by addition of ammonium sulfate above 0.25%,
which corresponds to a concentration of 1% of NRSP. However, NRSP had a strong
growth-stimulatory effects even at 4%, which is equivalent to 1% of ammonium sulfate.

DISCUSSION

The purpose of this study was to investigate the effects of NRSP on the growth of B.
bifidum. In a previous paper (Ishizaki, 1995), we indicated that NRSP had strong
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growth-stimulator-y effects on many species of Bedobacterium.  Further investigations
have been made using B. infantis  because this strain has a growth rate that is almost the
average of those of all strains tested previously. However, Yuhara et a1.(1983)  and Alm
(1991) noted that B. buidum  is one of the most frequent isolates from breast-fed infants.
In addition, Benno and Mitsuoka (1989) demonstrated that B. brave is the predominant
isolate from the feces of breast-fed infants, These inconsistent data are attributable to
the growth of the microorganisms in different environments.

Bifidobacterium bifidum  is widely employed in mixed starter cultures in
combination with LactobacilZu,s  acidopkilus  and/or yogurt-generating organisms
(Modler et al., 1990; Tamime et al., 1995): for example, Biograde” (Germany), Ofilus”
(France), Cultura” (Denmark) and Mil-Mil ’ (Japan). For the application of bifidobacteria
to the food industry, further investigations of B. bifLlum are necessary.

Figure 1 shows that NRSP can enhance the growth rate of B. bzfz’dum  and t,he cell
mass obtained, no matter how rich the growth medium. Furthermore, this compound
supported good growth of the test strain in medium I, which did not contain any of the
organic nutrients required by Bifidobacterium species (Fig. a). Thus, NRSP can be
utilized as the sole source of organic nutrients, that is, not only as a growth stimulator but
also as a source of nitrogen by B. bz&dum.

It is known that casein is a typical stimulator of the growth of Bifidobacterium
species (Kehagias et al., 1977). Casein had a strong growth-stimulating effect on B.
bTj?dum in medium I (Fig. 3). Thus, casein was also utilized not only as a BGS but also as
a nitrogen source. By contrast, the test strain failed to grow in medium I supplemented
with meat extract and yeast extract as the sole organic nutrients (Fig. 3). These extracts
did, however, have moderate growth-stimulating effects on B. bifidwn  upon addition to
the synthetic medium that contained a nitrogen source, vitamins, nucleic acids and no
BGS (data not shown). Thus, both meat and yeast extracts might be utilized as growth
st,imulators,  but not as nitrogen sources by B. bzJ%dum.  Poch and Bezkorovainy (1988)
suggested that yeast extract has a growth-stimulating effect on various species in the
genus Bzfidobacterium  including B. bz,fidum.

Figure 3 shows that NRSP had a synergistic effect in all combinations with other
nutrients. This kind of synergism was also observed for casein and other components of
the bifidobacterium medium, that is, meat extract and yeast extract, (hatched bars in Fig.
3). Effects of the concentration of NRSP on the growth of the test strain differed,
however, from those of casein (Fig. 4). Thus, NRSP probably contains different types of
BGS from those in casein. As seen in Figure 5, effects of concentrations of NRSP and
ammonium sulfate on the growth of B. bzfidum  differed from one another. It is also clear
that ammonium sulfate, one of the major constituents of NRSP, albeit a contaminant, was
utilized by the test strain and additive nutritional effects of the other active ingredients of
NRSP can be expected.

The results presented herein indicate that NRSP has strong growth-stimulating
effects on B. bifidum. However, it is perhaps inappropriate to characterize NRSP as a
BGS because of the complexity of the experimental media. It is now necessary to confirm
the growth-stimulating effects of NRSP in a synthetic medium and to identify the
components that act as BGSs  in NRSP.
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