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Summary: We assessed the growth, tolerance, and ac-
ceptability as well as fecal flora composition and stool pH
f20 healthy full-term infants fed with a fermented whey-
idapted infant formula containing. viable bifidebacteria
(10%g of powder) during the'first 2 months of life. This
fermented infant formula, first biologically acidified by
Streptococcus thermophilus and Lactobacillus helveti-
cus, was compared to a whey-adapted, nonacidified, low-
phosphate infant formula in a double-blind, randomized
controlled study. The results were compared to a control
group (n = 14) of fully breast-fed infants. The fermented
whey-adapted formula containing viable bifidobacteria

induced a prevalence of colonization with bifidobacteria
at | month of age similar to that of breast-fed infants
(12/20 versus 8/14) but significantly higher than in the
group fed the standard infant formula (4/20). The mean
bacterial count of bifidobacteria was similar in all colo-
nized infants; however, fecal pH was significantly lower
in the breast-fed infants than in the nonacidified bottle-fed
infants. This kind of infant formula was well tolerated and
promoted a normal growth during the first 2 months. Key
Words: Infants—Formula—Bifidobacteria—Fermented
whey.

Although some authors have found that the fecal
microflora of breast-fed and formula-fed infants are
essentially the same (1,2), others have demon-
strated that bifidobacteria are the predominant mi-
croorganisms in the feces of breast-fed infants (3,4).
Sifidobacteria are anaerobic bacteria that ferment
Zlucose, galactose, and fructose (5-7). The intesti-
nal acidity generated by this fermentation using
lactose as a substrate inhibits the development of
putrefactive bacteria and partly explains the resis-
tance of breast-fed infants to infective gastroenteri-
tis (8,9).

The aim of this study was to assess the growth,
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tolerance, and acceptability in infants fed with a
fermented infant formula containing living bifido-
bacteria and to examine the influence of this for-
mula on the composition of fecal flora and stool pH.

PATIENTS AND METHODS

The study was approved by the ethical committee
of our institution, and informed consent was ob-
tained from the parents of the babies. In a double-
blind, randomized controlled study.(two groups of
20 fullsterm'infants were fed either a whey-adapted
nonacidified, low-phosphate infant formula (AF) or
a whey-adapted low-phosphate infant formula bio-
logically acidified by Streprococcus thermophilus
and Lactobacillus helveticus with 10° viable bifido-
bacteria (Bifidobacterium bifidum) added per gram
of powder; that formula will be referred to as *‘bi-
fidus formula,” or BF. The composition of these
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two products supplied by Nestlé, Vevey, Switzer-
land, is listed in Table 1. The babies were healthy,
received no drugs except vitamins, and were fed ad
libitum. Mode of delivery was similar. Subjects
were randomly assigned to one of the two feeds
from birth to 2 months of age. A control group con-
sisted of 14 breast-fed full-term infants, all born dur-
ing the same period of time.

The nurse or the mother recorded acceptability
and tolerance—i.e., the volume of milk given to the
baby; quantities refused by the babies; and number,
color, and consistency of stools. All digestive prob-
lems, such as vomiting, spitting up, and diarrhea, as
well as skin problems, were also noted.

In the three groups, anthropometric data consist-
ing of weight, length, and head circumference were
recorded at birth, 1 month, and 2 months.

Fecal flora composition and stool pH were re-
corded before leaving the maternity hospital (day 7)
and at | month of age. Fecal pH was determined
after 10% fecal suspension in saline solution (0.15 M
NaCl solution) with an SHP1 electrode. The fecal
samples were collected immediately after being
passed into sterile containers with anaerobic condi-
tions (Anaerocult R-P Disposables (Merck, Darm-
stadt, F.R.G.) and controlled with Gaspak R Indi-
cator Disposables (Becton Dickinson, Cockeys-
ville, MD, U.S.A.). All specimens were analyzed
within 3 h after being passed. Serial 100-fold dilu-
tions of the homogenates were performed in sterile
distilled water, together with successive decimal di-
lutions up to 107'°. In all, 100 pl of the 10°3, 1076,
10-%, and 107'° dilutions were spread on the follow-
ing media: MacConkey (Biomerieux, Lyon, France),
Mannitol Salt Agar (Becton Dickinson), Enterococ-

TABLE 1. Composition of the bifidus formula (BF) and
the adapted formula (AF) per liter of diluted formula at
670 kcal

Bifidus formula Adapted formula

(BF) (AF)
Total proteins (g) 16.8 15.0
Casein/whey ratio 50:50 40:60
Carbohydrates (g) 78.6 76.0
Lactose 5715 76.0
Maltodextrin 19.2 0
Lactic acid 1.9 0
Total fat (g) 32.2 34.0
Milk fat (%) 78.0 78.0
Comn oil (%) 20.0 20.0
Lecithin (%) 2.0 2.0
Calcium (mmol) 10.8 10.5
Phosphorus (mmol) 6.8 6.8
CA/P (mass ratio) 2.0 2.0
Iron (umol) 143 143

J Pediatr Gastroenterol Nutr, Veol. 21, No. 2, 1995

cal/Agar (Becton Dickinson), and a selective me-
dium for bifidobacterium species, using the method
described by Beerens (10).

Colonies of bifidobacteria were identified after 10
days of incubation at 37°C under anaerobic condi-
tions. In each case, the quality of anaerobic culture
was attested by the lack of aerobic bacteria growth:
0.1 ml of the 107" dilution was spread on Sheep
Blood Colombia Agar (Becton Dickinson) for total
bacteria count. Undiluted fecal samples were
spread on the following media in order to pick out
pathogenic strains: Salmonella-Shigella Agar,
Campy Bab Plate, Yersinia Agar (Becton Dickin-
son) and Clostridium difficile medium (Bio-
merieux).

Eight infants were initially excluded from the
study because they did not correctly follow their
feeding scheme or because they showed more than
two episodes of diarrhea not linked to the allocated
formula (i.e., for which the bacterial or viral origin
was clearly established) within the 1st month.

The statistical methods used were the one-factor
repeated measures analysis of variance and the chi-
square test with Yates correction for small num-
bers.

RESULTS

There was no alteration in the BF during storage
at 4°C during 24 h, whatever the temperature of the
water (20°C versus 45°C) used for preparation of the
feeds. The count of living bifidobacteria in the re-
constituted product remained stable over 24 h stor-
age at 4°C. The three kinds of feeding assured nor-
mal growth during the first 2 months of life without
any significant difference. In addition, no signifi-
cant differences in acceptability and tolerance were
observed.

At 1 month of age, the fecal pH in the breast-fed
babies was significantly lower than in the AF-fed
babies (5.07 = 0.26 versus 5.52 = 0.51) (p < 0.05),
whereas no difference was observed between the
BF-fed and breast-fed babies (5.30 + 0.47 versus
5.07 = 0.26). At day 7 and at 1 month of age, the
percentage of babies with fecal colonization by
Streptococcus faecalis was significantly lower in
breast-fed infants (4/14 at day 7 and 3/14 at day 31)
than in AF-fed infants (16/20 at day 7 and 15/20 at
day 31) (p < 0.01), whereas the difference in Strep-
tococcus faecalis colonization became significant
only at 1 month in the group of BF-fed infants (17/20
at day 31) compared to breast-fed infants (3/14 at
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day 31) (p < 0.001) (Fig. 1). There was no signifi-
cant difference at day 7 and at 1 month of age for the
other aerobic microorganisms (Fig. 1).

Regarding anaerobic microorganisms, the per-
centage of patients with fecal colonization by bifi-
dobacteria was higher at 1 month of age in BF-fed
babies (13/20) than in AF-fed babies (4/20) (p <
0.05) (Fig. 2). On the other hand, no difference in
the percentage of babies colonized with bifidobac-
teria was observed at | month of age when we com-
pared the feces of BF-fed babies (12/20) with that of
breast-fed babies (8/14) (Fig. 2). It must be added
that in the feces of the eight breast-fed babies col-
onized by bifidobacteria at day 31, this kind of
anaerobic flora was almost exclusive, although in
all feces of formula-fed babies, bifidobacteria rep-
resented only a part of the anaerobic flora. How-
ever, the colonization intensity expressed in log 10
colony-forming units (CFU) per gram of feces re-
mained similar in the three dietary groups, with re-
spect to either aerobic (Table 2) or anaerobic mi-
croorganisms (Table 3).

DISCUSSION

Several studies have shown that breast-feeding
appears to be efficient in preventing gastrointestinal
infections (8,9). This is partly linked to the presence
of bifidobacteria, which creates an acidic environ-
ment. This type of bacterium represents =80% of
the anaerobic microflora in the feces of breast-fed
infants (3,4).
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" F1G. 1. Prevalence of colonization with aerobic organisms at
day 7 and day 31 according to the type of feeding: breast milk
(BM) (n = 14), bifidus formula (8F) (n = 20), adapted formula
(AF) (n = 20); * = p<0.01 and ** = p < 0.001 for Strepto-
coccus faecalis when compared to breast milk.
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FIG. 2. Prevalence of colonization with anaerobic organisms
at day 7 and day 31 according to the type of feeding: breast
milk (BM) (n = 14), bifidus formula (BF) (n = 20), adapted
formula (AF) (n = 20); * = p < 0.05 for bifidobacteria when
compared to adapted formula.

Clinical trials have been made to promote bifido-
bacteria growth in the feces of bottle-fed infants
(11-15). These so-called bifidogenic factors are as
follows: N-acetylglucosamine—containing saccha-
rides, casein hydrolysates, whey hydrolysates, lac-
tulose, and other oligosaccharides. These studies
have shown that bifidogenic factors are useful for
favoring bifidobacteria growth, but, when added to
infant formula, they do not, by themselves, allow
the reproduction of the fecal flora profile pattern
and pH observed in breast-fed infants. High lactose
content, together with a low protein and phosphate
content, seems to be the best bifidogenic factor in
human milk (4). The low buffering capacity of hu-
man milk favors the growth of bifidobacteria,
whose lactose fermentation maintains intestinal
acidity by producing acetic acid and lactic acid (4).
Moreover, the type of protein (unsaturated lactof-
errin) in human milk seems to exert a significant
bacteriostatic effect on putrefactive flora and favors
bifidobacteria growth, whereas the addition of bo-
vine lactoferrin to infant formula does not affect
fecal microflora (16).

The addition of bifidobacteria to infant feeding
represents another way to modify the fecal micro-
flora of bottle-fed infants (17). However, infant for-
mula composition and possibly the level of supple-
mented viable bifidobacteria appear to be important
parameters for reproducing the fecal flora of breast-
fed infants (17,18).

Therefore. in the present study, we compared a
fermented whey-adapted infant formula with added
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TABLE 2. Intensity of colonization by aerobic organisms [mean log,, colory forming units (CFU) per g of feces + |
SDJ according to the type of feeding at day 7 and at day 31. The CFU we identified in the feces are only in those
children who are colonized (numbers in parentheses)

Bifidus formula

Adapted formula Breast milk
(n = 20) (n = 20) (n = 14)
Day 7 | Mo Day 7 1 Mo Day 7 1 Mo
(10) (17 (16) (15) (4) (3)
Strepto. faecalis 7.53 £ 0.55 7.74 £ 0.32 7.37 = 0.94 7.84 = 0.58 7.44 = (.96 7.23 = 1.07
(I (17) (14) (13) 9 (rn
E. coli 8.01 = 1.11 7.41 = 0.81 8.04 = 0.62 7.83 = 0.24 7.70 = 0.47 7.64 = 0.92
(5) (10) (6) (7 (2) (3)
Staph. aureus 4.87 = 0.72 463 £ 1.00 4.27 * 0.67 493 = 1.31 432 +£0.21 472 + 0.26
(2) (N (4) (3) (3) (2)
Staph. epid. 9.57 = 1.03 10.00 = 0.00 7.42 = 3.41 7.86 = 3.95 10.1 = 0.17 88 =20
(2) (6) (1 (4) (3) (4)
Klebsiellae 6.50 = 0.70 P32 TS 8.00 = 0.00 7.74 = 0.33 7.79 £ 0.28 7.48 = 0.41
(2) (6) (3) (4) (5) (4)
Enterobacteria 7.84 = 0.22 7.38 = 1.46 8.69 = 1.67 7.52 = 0.63 7.09 = 0.60 6.97 = 1.12
(1) 0) (0) (0) (0) (0)
Pseudomonas 5.00 = 0.00 0 0 0 0 0
9) (6) 9) (8) 9 (2)
Others 10.19 = 0.20 9.81 = 0.92 B e g ) 7.32=1.70 10.5 £ 0.25 10.23 = 0.33

viable bifidobacteria (10%/g of powder) to a standard
formula with a similar composition in terms of whey
proteins, phosphate, and iron. There was indeed a
minor difference in the whey/casein ratio between
the two formulas—50/50 versus 60/40. This is mar-
ginal and not at all in the same range as those stud-
ied by Balmer et al., which were respectively 60/40
versus 20/80 (19).

The two formulas were well accepted and pro-
moted normal growth during the first 2 months, as
compared to the breast-fed infant group. The inci-
dence of fecal colonization with Streptococcus
faecalis was lower in breast-fed infants than in bot-
tle-fed infants. However, BF induced a bifidobac-
teria count at 1 month of age close to that of breast-
fed infants. The percentage of breast-fed babies

spontaneously colonized by bifidobacteria in our
study was either identical (1,20) or lower (21) than
in others. This finding may reflect the aseptic envi-
ronment of our maternity unit, which is thought to
influence the difference observed from one country
to another (1,22).

Nevertheless, at 1 month of age (considering the
percentage of infants colonized), bifidobacterium is
the predominant anaerobic microorganism found in
the flora of breast-fed infants as well as in the flora

- bifidus formula—fed infants, as compared to
adapted formula-fed infants. This could partly ex-
plain the lower fecal pH found in breast-fed infants.
However, bifidobacteria could not be the only fac-
tor responsible for lowering the fecal pH in breast-
fed infants, as demonstrated by Willis et al., who

TABLE 3. Intensity of colonization by anaerobic organisms [mean log,, colony forming units (CFU) per g of feces *
1 §D] according to the type of feeding at day 7 and at day 31. The CFU we identified in the feces are only in those
children who are colonized (numbers in parentheses). Whatever the type of feeding, no significant difference
was observed

Bifidus formula Adapted formula Breast milk
(n = 20) (n = 20) (n = 14)
Day 7 1 Mo Day 7 1 Mo Day 7 1 Mo
(12) (12) (7 (4) 3) (8)
Bifidobacteria 8.60 = 1.90 8.10 = 1.87 7.38 = 1.80 T8 =105 8510 155 g8.61 = 1.50
(2) (3) (4) 7 4) (1
Bacteroides 8.84 = 1.63 9.38 + 1.48 10.07 = 0.99 10.20 = 0.39 10.29 = 0.34 10.11 = 0.00
(&) (6) (2) (2) (3) (1)
Clostridiae 10.33 = 0.34 — — 10.69 = 0.00 — —
(0) (4) (5) (1) ()] (1)
Others 0 10.20 = 0.84 10.18 = 0.40 10.00 = 0.00 0 10.69 = 0.00
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showed low fecal pH in human milk-fed infants in
the absence of significant colonization of the intes-
tine by bifidobacteria (23).

Considering the colonization intensity expressed
in log 10 CFU per gram of feces after a feeding
period of I month, the feces of adapted-formula—fed
infants expressed a slightly higher number of CFU
of bifidobacteria than the feces of BF- and breast-
fed infants. However, the difference was not signif-
icant. In addition, the higher standard deviations
(SD) in the control group of breast-fed-infants (1.50)
and even higher SD in the group of BF-fed infants
(1.87) seem to support the real predominance of bi-
fidobacteria in the feces of those last two groups
(Table 3). On the other hand{ the adapted-formula-
fed infants were colonized with higher counts of
bacteroides than the BF-fed infants. which may di-
minish the importance of bifidobacteria coloniza-
tion in the former group (Table 3). Again, however,
this difference was not significant.

Interestingly, the population levels of bifidobac-
teria colonization found in each group at | month
were similar to the values found in another study
(4). In other words, it seems that whatever the
quantity of viable ( Tl
powder the growth of these kmds of bactcna

~from birth. The effects of increasing the level of
supplementation can obviously (not be demon-
strated in our study; further studies are needed to
test this hypothesis.

In conclusion, the results obtained from our in-
vestigation suggest that a fermented whey-adapted
infant formula containing 10° viable bifidobacteria
per gram of milk powder{induces a bifidobacteria

colonization prevalence at 1 month of age close to
that of breast-fed infants. This kind of infant for-
mula was well tolerated and promoted normal
growth.
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