Mal J Nutr 5:61-70, 1999

The effect of different milks and milk proteins on the growth of
Bifidobacterium infantis ATCC 27920 in vitro

Loh SP and Maznah 1

Department of Nutrition and Health Sciences, Faculty of Medicine and Health Sciences,
Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor Darul Ehsan.

ABSTRACT

Bifidobacteria is a well known bacteria that is found in abundance in the
intestine of infants which provides several hedth and nutritional benefits.
Redizing the many benefits of bifidobacteria to human, this study has been
conducted with the objective to determine the growth promotiona effect of
different types of milk and milk proteins on Bifidobacterium species. One strains
of Bifiodobacterium species that is B. infantis was used to study the growth
promoting effect of human milk, cow’'s milk, goat’'s milk, milk based infant
formula, soy-based infant formula, lactoferrin (1 mg/ml), lactoperoxidase
(1p~g/ml), lysozyme (1 mg/ml) and the mixture of these three proteins. The
growth promotion assay was done using the 96-well culture plates which consists
of 200 (1 Trypticase-Peptone-Y east extract (TPY) medium, 50 4 sample and 10 ;il
of bacteria inoculum. Control consists of PBS instead of the samples. The assay
was incubated anaerobically at 37°C for 18 hours before being spread on the agar
plate containing TPY medium with agar. Comparison was made between the
mean count (log cfu/ml) of different types of milks, between infant formula and
between milk proteins. From the results, Oneway ANOVA test at P<0.05 showed
that there was significant differences in the mean counts (log cfu/ml) between the
milks (P = 0.0000). A similar trend was observed in the mean count (log cfu/ml)
between the infant formulas (P = 0.0 124) and also between the milk proteins (P =
0.0005). Duncan Multiple Range tests showed that there was significant
differences between al the milks and control and among the milks themselves.
There was however, no significant difference among the two types of infant
formulas. The milk proteins also showed significant differences between the
proteins and control and among themselves except for lysozyme which showed no
significant differences with lactoferrin. This study showed that the growth of B.
infantis could be promoted by different kinds of milks and milk proteins in vitro.
Comparing the differences in growth promoting effect between samples and
control indicated that human milk has the highest growth promoting effect
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followed by cow’s milk and the mixture of the three milk prtoeins. Lysozyme
showed the lowest in term of differences in percentage of growth promoting effect
among al these samples. In conclusion the findings of this study supported that
human milk ios the best milk choice for infant in comparison to other types of
milk in promoting the growth of bifidobacteria. In additon, this tudy also found
that milk protein when used in combination may show better growth promoictive

effect than when used singly.

INTRODUCTION

The type of milk fed to newborn
infants grestly influences the
physiochemical and microbiologica
condition of the infants guts. Since the
discovery of bifidobacteria by Tisser in
1899, there has been an amost generd
agreement that the faecal flora of breast-
fed infants is dominated by Gram-positive
non-spore  forming rods, mainly
bifidobacteria.  Many  studies have
supported this statement and that breast-
fed infants do experience fewer episodes
of diarrheal illness than infants who are
given cow’s milk or infant formula (Heine
et al., 1992; Beerens et al., 1980;
Cunningham, 1979). These probiotic
effects are generaly related to inhibition
of pathogenic species (antibacterial
actions), improve protein and vitamin
gynthesis especialy vitamin Bcomplex,
antitumorigenic activity especially
reducing the risk of color cancer,
increasing the immune response and
lowering plasma cholesterol (Beeno et al.,
1984; Stark & Lee, 1982; Bamer &
Wharton, 1989; Kleessen et al., 1995).
Although some of these effects do not
seem to be important during infancy but
may be beneficia in the long term wise.
Studies using B. bifidum serovar
pennsylvanicus in its growth promoting

factors have suggested the existence of
bifidus growth promoter present in human
milk which may largely be contributed by
Nacetylglu cosamine- containing
oligosaccharides as well as glycoproteins.

Most of the studies were performed
using infant formulas that consisted of
cows milk with minima modification,
whereas cows milk is now extensively
modified in the manufacture of an infant
formula. There is aso a lot of soy-based
infant formula coming up in the market.
So currently there have been countless
efforts on the part of the formula industry
to achieve a closer adaptation to the
composition of human milk. This involves
modification of the content of bovine milk
protein, adjustment of fatty acid
composition, addition of immunoglobulin
concentrates, lactoferrin, lysozyme and
including attempts to imitate its
bifidogenic effect (Heine et al.,, 1992,
Dubey & Mistry, 1996). Besides that,
dairy products especially cow’s milk and
goats milk are on the rise in the market,
however little information is known of
their hedth benefits especidly their
growth promoting effects on
bifidobacteria. In comparison to cow’s
milk. Less is known about the presence of
bifidogenic factors in goat’s milk. This
study attempts to
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detemine the growth promotion of
Bifidobacterium infantis by different types
of milk and whey proteins.

MATERIALS AND METHOD
Strains and cultivation

Bifidobacterium infantis ATCC
27920 used in this study was purchased
from the American Type Culture
Collection (ATTC, Rockville, MD).
Working culture was propagated, by
weekly transfer, in TPY medium
containing (Per liter of distilled water, pH
6.5) trypticase peptone (BBL, Bectone
Dickinson, Cockeysville, MD), 10.0 g;
phytone peptone (BBL), 5.0 g; glucose
(BDHChemicals Ltd., Poole, England) 5.0
g; yeast extract (BBL), 2.5 g; Tween 80
(BDH), 1.0 ml; L-cysteine-Hcl (Sigma, St.
Louis, MO), 0.5 g; K;HPO, (BDH), 2.0 g;
MgC|26H20 (BDH), 05 g, ZnSO4.7H2)
(BDH), 0.25 g; CaC1, (BDH), 0.15 g and
traces of FeCl; (AJAX). Active cultures
were grown in anaerobic jars (GasPak;
BBL) at 37°C for 24 h without agitation.
For solid media, 15.0 g agar was added to
the TPY medium. Inoculated plated were
incubated anaerobically for 48 h at 37°C.

Milks and milk proteins

Samples of mature human milk were
obtained from a healthy donor, which were
kept at - 20°C until the study was carried
out. Powdered commercia infant formula
of cow’s milk-based and soy-based from
the same manufacturer (Mead Johsons,
Indiana, USA) were used. Fresh goat’s
milk and cow’s milk were obtained from
the Faculty of Veterinary Medicine,
Universiti  Putra Maaysa All  milk

proteins (lactoferrin, lactoperoxidase and
lysozyme) were purchased from Sigma
All of the proteins were sourced from
human milk except for lactoperoxidase
from bovine milk. All types of milk except
for infant formula both of milk-based and
soy-based were pasteurized before being
used at 72°C for 20 seconds. After
pasteurization, the milks were cooled and
later kept at - 20°C until future anaysis
was conducted. The milk proteins namely
lactoferrin, lactoperoxidase and lysozyme
were mixed with Phosphate Buffered
Sdline (PBS) in order to obtan a
concentration of 1 mg/ml, 1 ng/ml and 1
mg/ml respectively that is smilar to the
level present in mature human milk.

Bifidobacterium growth promotion
assay

The assay for measuring
bjidobacterium growth promotion activity
in various samples was based in part on
the method of Nonnecke and Smith
(1984). Bacterium inoculum and basal
medium were prepared in an identical
fashion for al sudies. The physcad
support for the assay system was provided
by a 120 x 80 mm tissue culture plate with
96 U-shaped wells (Nunc-Immuno Plate,
MaxiSorpTM, Nunc JnterMed, Denmark).
Of the 300 m capacity of each well, 200 m
was alotted to growth medium (TPY
medium), 50 i for the addition of factors
(human milk. Cow’s milk, goat's milk,
infant formulas, lactoferrin,
lactoperoxidase and lysozyme) to be
determined for bacterial growth promotion
and 10 n for the bacterial inoculum which
was obtained from the optimum dilution.
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The B. in used in this experiment was an
overnight culture and further diluted
according to the optimum dilution
obtained from the result of optimization of
growth promotion assay. The
concentration of lactoferrin,
lactoperoxidase and lysozyme in the well
as reported earlier were 1 mg/ml, 1 ng/ml
and 1 rng/ml respectively. Controls
consisted of 50 m of diluent consisting of
PBS. The prepared plate was covered with
aluminum foil and incubated anaerobically
according to the optimum incubation
period of 37°C. After the incubation
period, 200 [LI was pipetted out and
diluted in 1.8 ml of MRD. This was done
in several dilutions, and for each dilution,
0. 1 ml was pipetted and spread on the
agar plate containing TPY medium with
added agar. Each dilution was tested in
duplicates. Inoculated plates were then
incubated anaerobically for 48 hours at
37°C. After 48 hours of incubation,
colonies were counted. Each of the
samples was tested in duplicate in at least
two separate experiments.

Statistical methods

Colonies counted was converted to
log cfu/ml. Data were analyzed using
Statistical Packages for Socia Sciences
(SPSS Ver. 7.5). Oneway ANOVA was
used to determine whether there were
significant growth promotion by milks,
infant formula and milk proteins at level of
P < 0.05. Duncan Multiple Range Tests
with significant level of 0.05 was used to
test the significant differences of growth
promotion among the milk samples, infant
formulas and milk proteins.

RESULTS

Effect of different types of milk on the
growth of B. infantis ATCC 27920

The number of colonies for the B.
infantis was dependent on the type of milk
used. For milks, the highest mean counts
was human milk that was 9.80 log cfu/ml
followed by cow’s milk, 9.68 log cfu/mli
and goat’'s milk, 9.23 log cfu/ml. The
average mean count for infant formula
milk-based was higher (9.94 log cfu/ml)
than that of infant formula soy-based (9.86
log cfu/ml). The average mean count was
highest for combination of the three
proteins that was 10.14 log cfu/ml,
followed by lactoferrin (9.92 log cfu/ml),
lactoperoxidase (9.86 log cfu/ml) and
lysozyme (9.66 log cfu /ml).

Comparison of growth promoting
effects of different types of milk

Oneway ANOVA was done (F <
0.05) to compare the growth promotion
effect between the different types of milk.
The result showed that at the level of P <
0.05, there was significant difference in
the mean count (log cfu/ml) of human
milk, cow’s milk, goat’s milk and control.
There were aso significant differences in
the mean count (log cfu/ml) of infant
formula milk-based, infant formula soy-
based and control. Significant differences
were aso found between lactoferrin, lacto-
peroxidase, lysozyme, combination of the
three proteins and the control. Duncan’'s
Multiple Range Tests indicated there were
significant differences in the mean count
(log cfu/ml) between the samples tested at
ggnificant level of 0.05 (Table 1).
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Table 1. Result of Duncan’s multiple range tests comparing different types of milk,
infant formulas and milk proteins

Milks Infant Formulae Milk Proteins

HMm? MB? LF

CcmP SB? Lp*°

GM°® CON® Lyz®

CON‘ com?

CON®

abede Means in columns with no common superscripts within differ (P < 0.05)

Most of the samples showed significant
differences between each other except for
infant formula milk-based and soy-based,
lactoferrin  and  lactoperoxidase and
lysozyme and control.

Comparing the differences in growth
promoting effect between samples and
control showed that human milk has the
highest growth promoting effect (7.69%)
followed by cow’s milk (6.43%) and the
mixture of the three proteins (5.63%).
Lactoferrin showed a higher percentage of
growth  promoting  effect  (3.33%)
compared to infant formula milk-based
(2.79%) followed by lactoperoxidase and
inffant  formula soy-based  (1.97%).
Lysozyme showed the lowest in term of
differences in percentage of growth
promoting effect (0.63%) among al these
samples (Figure 1).

DISCUSSION

All the different types of milk and
mi\k proteins studied have a shoed a
significant promotive effect (P < 0.05) on
the growth of B. infantis ATCC 27920
compared with the control except for
lysozyme. The reasons behind these

growth  promotive effects may be
attributed to certain compounds in these
milks or milk proteins that can promote
the growth of B. infantis. Growth of
bifidobacteria is often thought to depend
on the presence of growth factors called
bifidus factors, whose presence in the
intestine of breast-fed weanlings is held to
be responsible for the predominance of
bifidobacteria

High growth promotive effects
shown in this study by human milk and
cow’'s milk is aso consistent with the
studies by Petschow and Talbott in 1990
which indicated that human milk and
cow’s milk are potent growth promoters
for several species of hbifidobacteria
commonly found in stools of infants
including B. infantis. Previous studies by
severa investigators have led to the
concluson that bifidobacteria growth
promoters are present in human milk but
absent in cow’'s milk, which consists of
variety of NacGlu-containing
oligosaccharides or glycoproteins
(Beerens et al, 1980; Poch &
Bezkorovainy, 1988; Bezkorovainy &
Topouzian, 1981). The reason for this
difference is ill unclear but much of the
activity of
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Figure 1. Percentage of differencesin growth promoting effects of different types of milk
and milk proteins compared with control.

HM = Human milk, CM = Cow’s milk, GM = Goat’s milk, MB = Infant formula milk-based,
SB = Infant formula soy-based, LF = Lactoferrin, LP = Lactoperoxidase, LY Z = Lysozyme,
and COM = Combination of the three proteins
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human milk could be attributed to
oligosaccharides in human milk that
contains N-acetyl-D-glucosamifle.
However, conclusions made by
Bezkorovainy and Topouzian, 1981; Poch
and Bezkorovainy, 1988 were based
primarily on the growth response of B.
bifidum serovar pennsylvanicus. This
species of bifidobacteria may not reflect
accurately the biochemical response of
genus Bifidobacterium on growth factors
in milk or colostrum (Poupard et al., 1973)
because this modd strain is unable to
utilize glucose and requires D-
glucosamine derivatives for cel wal
synthesis.

The growth factors in human milk
that promoted the growth of B. infantis in
this study may not necessarily be due to
only these oligosaccharides or
glycoproteins. They maybe due also to
nonprotein nitrogen (NPN) factors (mol wt
< 10 000) which comprised a
heterogenous group of low molecular
weight, N-containing compounds
(Petschow & Talbott. 1991). As for cow’s
milk, even though oligosaccharides that
contain Nacetyl-D-glucosamine may not
be found in cow's milk as indicated by
Beerens et al, (1980); Poch and
Bezkorovaifly, (1988), the result of this
study however did show that cow’s milk
also promoted the growth of B. infantis.

Beerens et al., (1980) also concluded
from their studies that human milk factors
favoring B. longum and B. infantis were
destroyed by heat and their result were not
in agreement with the result obtained from
this study. Result from his study showed
that even though human milk was
pasteurized (72°C for 20 seconds)

however, the B. infantis was still able to
grow. According to Packard, (1982), even
minimal pasteurization or minimal heat
treatment is believed to cause some loss in
the component of milk. Some however,
cites no loss due to pasteurization
including the iron binding property of
lactoferrin (Oria et at., 1993). Thus, the
end result of either pasteurization or even
subminimal pasteurization  treatment
appears to be mixed bag of surviving
immune factors. As for the cows milk,
studies showed that only one strain of B.
infantis was promoted by pasteurized
cow’s milk whereas other strains did not
show any growth promoting effect
(Beerens et at.,, 1980). These results
showed that the growth factors in cow’s
milk were stable to heat and storage at
room temperature. In this study however,
it is not known whether these proteins
were destroyed because specific study was
not done on them.

Goat's milk as found in this study
could aso dggnificantly promote the
growth of B. infantis and this is in
agreement with the study done by Beerens
et at., 1980 and Krause et a., 1996 which
found that sheep and goat’s milk prossess
growth-stimulating activity smilar to
cow’s milk. Krause et at., 1996 also found
that human milk solids was a least
sevenfold greater in growth promoting
effect among rats versus al the other
dietary treatment (cows and goats). They
also found that cow’s milk promoted the
growth of bifidobacteria more than goat’s
milk. The result is in agreement with the
result obtained in this study.

Asfor the infant formulas, the result of
this study showed that both
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types of infant formula namely milk-based
and soy-based formula have significant
difference (P < 0.05) on the growth of B.
infantis. However, there is no significant
difference (P < 0.05) among these two
infant formulas meaning that both of them
promoted the growth of B. infantis at the
same level. It can be seen that milk-based
infant formula have higher count
compared with that obtained by Dubey and
Mistry (1996) whereby the mean count for
B. infantis was higher for soy-based
compared with milk-based for the
incubation period between 8 hours to 20
hours. The differences may be due to
different brands or products used and
therefore the component in the infant
formula used could be different from one
study to another. It may aso be due to the
protein level of soy-based used in this
study which is lower than the levd in
milk-based. This may cause the result to
be different from the study conducted by
Dubey and Mistry (1996) which used soy-
based formula with higher protein level
than milk-based formula. Another study by
Bullen et a. (1977) found that
bifidobacteria grew better in milk that
have lower protein and buffering capacity.
S0, in this casg, if the results from Bullen's
study could be applied them the result
should show that milk-based could
promote the growth more than soy-based
formula

All the milk proteins also showed a
significant growth promotion effect for B.
infantis (F < 0.005) except for lysozyme.
It has been shown that bovine lactoferrin is
a potent growth promoter for different test
strains  bifidobacteria  (Petschow and
Talbott, 1991). Another evidence found by
Hentges et at., (1992) in vivo and by

Roberts et at., (1992) is also in agreement
with the result of this study. The addition
of bovine lactoferrin, however, did not
promote the growth of bifidobacteria in
infants according to the study by Wharton
and Bamer, (1992). They found that the
addition of lactoferrin to the basic formula
had little or no effect upon the faecal flora
of babies fed both basc and added
lactoferrin formula even though it has a
very similar molecular structure to human
lactoferrin  which may have attracted
different protein responses compared to
bovine lactoferrin used in this study.

L actoperoxidase showed a
significant growth promotion (P < 0.05)
whereas lysozyme did not show a
ggnificant growth promotion of B.
infantis. The active role of lactoperoxidase
and lysozyme is not completely known.
Lactoperoxidase and lysozyme are usualy
associated with antimicrobial system and
have been suggested to  exhibit
bacteriostatic activities in the
gastrointestinal tract of breast-fed babies.
Their role as a growth promoter for
bifidobacteria at present has not been
studied. One in vitro experiment carried
out by Heine et at., (1995) found that
lysozyme of different origin have not
exhibit any lysis of Bifidobacterium when
compared to the decay of Micrococcus
luteus affected by lysozyme. However,
bacterial lysis became apparent after
trypsin incubation of lysozyme-pretreated
bifidobacteria

As for the combination of the three
proteins which showed the highest mean
counts, the growth promotive effect of this
might be due to the synergistic effect
which was



Growth of B. infantis in different milks and milk proteins 69

achieved as these three proteins combine
together. All of these proteins can be
found in the whey component of the milk
(Lonnerdal, 1985) and whey proteins are
usually associated with growth promotion
effect of human and cow’s milk (Petschow
& Tabott, 1991). The combination of
these three proteins may collectively be
responsible for the growth promotion of B.
infantis.

In conclusion, this study has shown
that human milk promoted the growth of
B. infantis the most in comparison with
control followed by cow s milk and the
combination of the three proteins.
Lysozyme on the other hand has the
lowest promotive effect. As there have
been studies done on the growth
promotion effect of human milk (Petschow
& Tabott, 1990; Bamer & Wharton,
1989) there is no doubt that human milk is
more superior than other milks and milk
proteins in its growth promotion effect.
Results also showed that the result of the
mixture of the three proteins is comparable
to that of human milk and cow’s milk. It is
most like that the growth promotion
factors of B. infantis in milks is due to the
synergistic effect of a combination of
certain component in the milk in particular
these proteins. Despite  extensive
modification of cow s milk in the
manufacture of modern infant formula, the
faecal flora of bottle-fed babies remans
substantially different from that of breast
fed babies. The effect of these could have
been enhanced of the study was conducted
in the environment that followed closely to
that of the gastrointestinal environment.
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