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ABSTRACT

Six species of bifidobactcria rvere evaluated for their grou'th,
acid production and viabilitl in suppiemented MRS and whole corv
milk. Grou.th rate and acid production of Bifidobacteriu bi/idium and
B. longtnn rvere highcr in both rnedia, compared to the cther spccies.
The enzt'matic profilcs of bifidobacteria rvere determined using the API
ZYM test. All species possessed leucine and c,vsteine arylamidase, c-
and fi-galactosidase and .r-gluccsidase activity. p-glucuronidase was
found only tn B. bret,e. BiJidobacteria longum andB. bifidiumvere
more resistant to bile comparing to the other lbllr species. All spccies
$ere found io be able to adlrerc irl gont eplthctrai cells.

Key words"' Bifidobacteria, enzyntatic palterns , adhesion to epithelial
rclls,

1. INTRODUCTION

Bifidobacteria are the predominant gut flora in breast-fed infants
and normal components of healthy human intestinal bacteria
(Bezkorovainv and Miller-Catchpole. 1989; Rasic and Kurmann, 1983).
They rvere first isolated and describedby'l'issier(1906). Ithasbeen
reported that the grolr,th of these bacteria provides protection against
intesrinal inf-ections(llughes and Hoover. 199 I :Hoover, 1993: Kurmann
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i988: Rasic and Kurmann, 1983; Gibson and Wang, 1994).

Bifidobacteria produce acetic acid a1d lactic acid which tend to iower

the ilrcstinal pH and thus inhibit the proliferation gf pathogenic

bacteria (Jiang et at.- 1996). Antibacterial properties \Yere also repofted

b-"- Meghrou s et al., (1990) rvho found that some Bi/idobacterium spp

prodr-rced bacteriocins.
The dairy lbod industry is intrc'''ducing bifidobacteria to different

products such as flar.oured milk and cottage cheese. Hou'evcr'

I'ennenied dairy produots are the most useful rnedia for adrnittistering

bifiriobacteria (Colli1s and Hall, 1984: Poch and Bezkorovainy. i988).
,{ll the studied bifidobacteria species b1 Desjardins el a/.'(1990)

shorved 0-- alld [j-galactosidase actir.ities and a-giucosidase activiti(rs.

I'he1, also fbLurd that B-chrcuronidase was lounrl in orrl-v on€ strain rrf

the dilierent bifidobacteria tested. These authors concluded that strains

of bifidobacteria with high glycosidasc activities should be preferred

over tirose with iower aciivities.
Bile tolerance has been identificd as one of the importar-rt

characteristics that enables pro'biotics to survive and grow in the

intestinal tract (G111iland" 1979). "fherefore, it rr-ould be intercsting to

screen for bile tolerarce o1'diff-erent species of tsifidrthr,clerium. High
gronth rate an<J acidification of rnilk are also desirable characteristics

for selection of bittdobacteria 1Kim. 1988: lvlisra and Muila- 1991). The

objective-s of this u,ork s'cre to studl the grouth rate. bile tolerance,

acid production. abilitl to adherc to goatepithelial ce1ls and enzYtne

profiies of six species of bifidobacteria anci thcir pr--rtential use in
lenirented da i r,v prod',icts.

2. }{ATEIUALS rLN]) IIETFIODS

2.1 Cultures
Bifidobat:teriunt angulcrlain NCFB 2231. B. adolesce.fiis NCFB

2204, R. b$idun.NCFB 2i15.B.6re!.?NCFB 2251.8. inJltntis NCFB

2205 and B.longum NCFB 2716 l'ere ohtained in lyopholized fonn
from the National Coilection of Food Bacteria (Aberdeen. LrK ).

2.2 Growth media and acid production in milk
The fieeze-dried cultures were activated in Lactobacilli MRS

broth ( Oxoid. Rasingstoke, England ) supplemenlgd ivith 5 96 ( w/v)
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I-actose and 0.0-5 Yo {wlv1 L-c,r,steine-HCl (WinLab. GeminiHouse,
Middleesser, Hab 7ET. tJK) as a reducing agent. Slant agar u,as
obtained b1' adcing 1.5 9/o Bacto agar to the supplemented MRS broth.
Grorvth rvas carried out under anaerobic conditioris (Gas pak System,
Rill. Cockel.sville. NID. USA).

The fermentation of each strain rvas deterrnined in pasteurizerl
*hole cow milk obtained from King Saud University farm.

2.3 Grorvth studies
1-he gronlh of six cultures of bifidobacteria nas rnonitored in

MRS broth supplemented with lactose and cysteine-HCl. Each cuiture
h'as subcultured tr.vice prior to experimental use. Grov th rr,as carried
r,-rut and \\aS mea\Ured bv rgq(lrdins abSOtl_.ance at 66n rrrn /l'ltrnsnq,-. II
spectrophoiometer. LKB, Biochram, England). One milliliter of the
sample was diluled rvith 0.1 NI phosphatebuff-er (pH 7.0). The pH of
the salnple was recorded lCorning. pH meter 240).

Gro*th charactcrisiics of six cultures of bifldobacteria in co*
milk ucre erahtated. Each culrure (grour in sr-rpplemented MRS to the
absorbance of 0.6,. at 660 nm) rvas inoculated at 1 oh into i 00 ml flasks
of pasteurized nrilk and incubated anaerobicall.v at i7"C for 2rl h.
Sarnples u,ere draun liorn each llask at 0, 4, 8, 12. 16. 20 and24 h and
gas scnerating envelope \\as replaced at each intei.r,al. Viable counts
*'ere carried out by serial dilution rvith 0.1 % peptone-*ater and pour
plating in triplicate using supplemented MRS agar (Huuhes iurd
Hoover. 1995: Abu-Tarboush et al., 199'7\.

2.4 Enzymatic profiles'fhe API ZYM. semi-quantitatir.e micromethod was used
(ll it,rlerieux Marcy-L'Etoi le, France).'rhe manufacturer's instructions
\vere follorved using 4 m1 of sterile distilled water as diluent. colonies
from the surface a_qar plates \vere suspended in saline to a turbidity
correspondiltg to a NlcFarland No. 5. API ZYI.{ strips rvere incubate d
at 37"C for 4 h. Each strain u,as tested in triplicate. The enz\.me
activ iq, level in nanomoles (nrn) was measured in accordauce rl ith the
rnanufacturer's instruction (Desjardins et al., 1990).
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2.5 Bile tolerance
The method of Gilliland et al., (19S4) rvas performed' MRSL

\\'as prepared rvith and without 0.3?'o oxall (Signa, St' Louis' Mo,

usAi. clultures were inocul ated {1ok') into MRSL broth in the presence

and absence of oxall. The time required tbr each culture to increase the

absorbance at 660 nm bY'0.3 absorption units rvas recorded'

2.6 Adhesion to goat intestinal epithelial cells

The method of Futler {1913) rvas used. segments of duodenum,

jejunum and ileum were opened, held in phosphate buffered saline

(pBS) pl{ 7.5 ar 4oC for 30 mi,. The segments rvashed tlree times rvith

igS. and epithelial cells were scraped off rvith the edge of a

microscope slicie and suspended in PB. Microscopic examiuation rvas

usecl to ensure that the removai of adherent bacteria from ce1l in the

suspensions was achieved.
BiJidobacteria were grown in MRSL broth overnight. 'Ihe cultures

,rere centrifuged at 4000 x g for 30 min. 'i'he supernatant fluid w'as

discarded, and ccll pellets w'ere resuspended in PB. One ml of bacterial

suspension was added to 1 ml of the epithelial cell suspension'

The mi::ture was rotated at 20 rev/rnin at 37oC for 30 min' and

adhesion was ittvestigated by light microscopy (1000 x) of Gram

stained preparations.

3. RESULTS A}ID DISCUSSION

Preliminary, experiments showed that all studied species reach'--d

the end of log phase alter approximatel.v 10 - 12 h postinoculation.

Tahle ii) shorvs gro$tn and acid production of the six species ol
billdobacteria in MRSL. Apart from Bi/idobacterium angulatunt, all

species showed a relation between g1o*'th and acid production.

Bifirlobacteria biJidum and B. longum showedthehighest grorvth rate

and acid production. These results agree rvith the findings of
Desiardins et al.. { i990) and disagree rvith the obsen'atron of Samona

et al,, (1996) who found that there was uncoupied relation betr'veen

growth and acid production. A11 studied species grerv r'vell in
pasteurized milk. (Figs. 1 and 2). Gro*.lh patterns rvere quite variable,

most of them reached tlie stationary phase after approximately 16 h
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postinoculation. Bifidobacteria infantis reached the stationary phase

a{ler approrimately 20 h. The grouth rate was higher in B. biJidttm and

B. longunt compared to the other species. There are inconsistency

resuits regarding the growth of bifidobacteria in milk. Des.lardins et al.

(1991) reported that some strains of bifidobacteria grew rvell in milk.
On the other hand, Klaver et al., (1993) foundthatthe same strains

could not grou' well in unsupplcmented milk. Growth factors have

been proposed for optirnization of bifidobacterial growth, such as

amino sugars, bovine oasein digest and ,veast extract (Rasic and

Kurmann, 1983; Poch and Bezkorovainy. 1988).

Table (1): Growth and final pH of bifidobacteria in

at
Species pr{ Absorbance

(660 nm)
B- adole,vcentis 4.45 111

B. ansulatum 4.60 J.IJ

B. bifi&trn 4.28 J.J I

B. hret'e 4.45 2.09

B. inlbntis 4.40 2.80

B.lonsum 4.25 3.40
* lData are the average of threc experiments.).

Figures (3) and (4) show the change in pH of pasteurized milk
due to the grou'th of bifidobacteriacrveraperiod of 24h. Theinitial
pFI of the milk s'as 6.58. The change in pH lvas minimum during the

first 8 hours of inoculation, allenvards the decrease in pH was obsen'ed

till rhe cnd of incubation time. The decrease in pH was species

dependent. Bilidobacteriu hifidum and,B. longumproduced more acid

than the other species. Scardovi (1986) reported that bifidobacteria

MRSL incubated at}loc for 12 h..

range of optimum pH for growlh (6.5 -7) he tbund no
< 5 or > 8.0, whereas Clark et al., (1993) found that B.

have a narro\Y
growrh at pH

longum could grow at pH 1 and reached

inoculation.

2

10 c.f.u i mlafter3hof

I'he API ZYM tcst rvas rrsed to evaluate the enzv"matic profiies
of the six species of bifidobacteria (Tables 2 and 3). A11 studied
species possessed acid phosphatase, esterase (C+ & Cs), leucine

arvlamidase, cysteine arylamidase and chymotrypsin. Activities of the
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enzymes cc-mannosidase. .r-fucosidase, lipase (C1a) N_acetyl_p
glucosaminidase and trypsin \\ere not detected in any of the six species.
The same findings *'ere obsen'ed b,v- ffelazquez and Feirtag, lggT). p-
glucuronidase rvas found onl1 in B. bret,e at Iow acti;iry (5 nM
hydrolysed substrate). it *as aiso detected in one strainoiB. breve
ATCC 15699 (Desjardins er ttl.. B9a). This enzyme is one of the fecal
enzymes of microbial oriein rihich are thought to convert
procarinogens to carinosens (Kurmann. 19gg). aI stuoied species had
B-galactosidase and q-glucosidase actir.ities as high as 40 nM activity
level. Bifidobacteria used t'or therapeutic benefits should possess higir
B-galactosidase activifr' lLrn ar al.. r99l s. :c-galactosidase activif5r rvas
found to be in the ranee .10 - l0 n\{ activiry level (T:bles 2 and3).
This enzyme is able to utiiize nondigestible oiigosaccarides, which are
not nonnally utilized br humans. These carbohydrates probably
constifute a sigrrificant sour.e oicarbon for bifidobacteria colonizing
the small intestine (Bezli.rro'ain1 and \{irler-catchpole, lgsg). All
bifidobacteria demonstrated ::-and B-galactosidase and .c-glucosidase
activities (Cher alier et dl . ',99 r i.

Table {2):Enz1'matic pafterns determined n'ith the ApI ZyM svstem on
A) B. odolescentit. rBl B. aneularum B

I Ouaatitv of hvdroh'srgorf""s"r"d 
F

d substrate (nM)z

{c)Acidphosphatale j >40 ! -+O 4Q
Alkaline Dhosphatase 0 20 10
Esterase (Cr) l0 .]0 20
Esterase-lipase (Cr) t0 30 10
Leucine arylamidase >40 >40 >40
Valine arylamidase 0 10 5
Cysteirte arylamidase >40 >40 20
Chymotrypsin 10 20 z0
Naphthol-As-BI-
phosphohydrolase

2A 30 >40

x-galactosidase >40 30 >40
p-galactosidase >40 >40 >40
a-glucosidase >40 >40 >40
$-glucosidase IO 10 20

l
2

fData are the avffrage of three experiments).
Nanomoles

B.
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11

lncubation Time (h)

changes irr pH of {* B.adotescentis. a B. emgularum, } B. bifidium'} jn
pasteurized miik incubated at 37oC for 24 h.

1) la

lncubation Time (h)

Fig.(a); Changes in pH of (E B hreve, c B. infantis, + B. Longum) in pasleurized mitk
incubated at3'7"C for 24 h.

is (3 )!

7
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Table( 3): Enzymatic patterns determined with the API ZYiNd

system on (D) B. breve, (E) B. infantis, (F) B. longumt

1 (Data are the average of three experiments). 2 Nanomoles.

3.1 Bile tolerance
Comparison of the abiliry- of the six species of bifidobacteria to

grow in the MRSL broth in theabsenceand presenceof0.3%oxgall
showed considerable rariation among species (Table 4) n,hen compared
to the control. Oxgall had an inhibitorl'elfect on all species. p. breve
and -8. odole.scentis rvere the most sensitive strains tow'ards oxgall.
Thel' reached the absorbance of 0.30 after 14 h and l5 h, respectiveh.
B. longturt and B. hifidunt \\ere more resistant compared to the other
species. Resistance to bile is an important characteristics that enables
probiotics to sun'ive and grou in the intestinaltract (Gilliland. 1919).

There uas a relationship betueen bile tolerance and fgalactosidase
actir it1. Bile tolerant strains improved the digestion of lactose.

3.2 Bacterial adhesion to intestinal epithelial cells
The adhesion of bifidobacteria to columnar epithelial cells of

goat was examined. Figure (5A ) shows the appearance of goat

Ouantity of hydrolysed substrate (nM)'
Enzyme assayed Species

(D) (E) (F)
Acid phosphatase >40 >40 =40
Alkaline phosphatase l0 20 0

Esterase (Cr) 5 20 l0
Esterase-lipase (C") IO 20 l0
Leucine arylamidase >40 >40 >40
Valine arvlamidase 20 0 30

Cysteine arylamidase 30 30 >40
Chymotrypsin l0 10 l0
Naphrhol-As-BI-
ohosohohvd rolase

>40 20 >40

cc -galactosidase 30 >40 >40
p-galactosidase >40 >40 >40
cr -glucosidase >40 >40 >40
S-glucosidase r0 lc 20
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epithelial celis after removal of adherent bacteria, wheras Figure (8)

shows B. longum free trom epithelial cells.

-ocisfonna nf civ ies of bifidobaeteria.*

* r'Data are thr: average ot-tnree erneriments).

Adhesion to goat cpiiheiial ceils iras been demonstrated for all

species (Figures 6 and r). It has been reportcd thattheretentionof
probiotics in the intestinai tract is dependent on absorbtion ofbacteria
to cpithelial surt'accs (FuLier.I 9;3 ). This adherence will allorv

probiotics to muitipll' and colu.nize in the intestinal trdct (Conu'ay el

ul., 1987\. Lipoteichoic acicis of Gram-positive bacteria have becn

shorvn to possess a high binding aihniq' ter tnammalian c;ll membranes

(Iirox and Wicken. 191it OpdenCarnp er ul., (1984) studied the

interaction of bifidobacterial lipoteichoic acid rvith human intestinal

epithelial ceils, They' lbund rhat binding of the lipoteichoic acid of B.

bifidun to human colonic epithelial celis appeared to be specific,

reversible. cell concentration and time dependent.
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