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ABSTRACT

Background: Approximately 70% of all newborns in South Korea are fed a commercial
formula as their sole source of nutrition or as a supplement to breast milk. It is common for
many formula-fed infants to be switched from one formula to another because of perceived
abnormalities in stooling patterns (too much/too little, too hard/too loose). Also, probiotics
may have been recommended by a clinician or practitioner when there is thought to be a
problem with the babies stool based on many reports.

Aims: The primary objective of this study was to determine whether probiotic (nLp-nF1)
exposure during the first 6 months of life is safe. The secondary objective was to assess if
nF1 exposure correlated with changes in formula-fed infants’ stool characteristics.

Result: We recruited 49 healthy formula-fed infants aged 0-6 months from Bundang Cha
Medical Center. Infants were given a 14-day supply of probiotics (nfl: Lactobacillus
plantarum 2.5 X 1010/g/pack, 2 pack/day). The overall rate of stool change after probiotics is
83% (41/49). Among them, 75.6% (31/41) participants answered fairly about the change of
stool characteristics. The significant change of stool frequency, stool color and flatulence
after probiotics intervention was reported. The number of infants who defecated once daily
was increased from 53% (26 of 49) to 77.5% (38 of 49) (P=0.075). Mustard yellow colored
feces increased from 22 to 40 (p=0.018). Only 9 out of 20 infants with flatulence (>3 times)
showed persistence of symptoms after probiotics (p<0.001). After taking probiotics, Bristol
Stool Scale 4-5 stool was reported from 23 to 37(p=0.018).

Conclusion: By taking probiotics, the color of the stool changed, and the incidence of
flatulence production decreased. Although the results are not statistically significant, the

quality and quantity of stool improved according to the Bristol Stool Scale.
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BACKGROUND

Infants are born with a sterile gut. The establishment of the gut microbial population is a
continuous and complex process that starts at delivery and proceeds through successive
stages under the influence of several factors such as mode of delivery, hygiene measures,
feeding habits, and drug therapies [1-3]. These initial differences in early colonization have
been implicated in the health differences observed between vaginally and cesarean-delivered
infants [4]. After birth, development of infants’ gut microbiota is largely influenced by the
type of feeding, with breast-fed infants exhibiting bifidobacteria- and lactobacilli-
predominant microbiota. Formula-fed infants, on the other hand, have a more diversified
microbiota that includes Clostridium perfringens, streptococci, and staphylococci [5-7].

In South Korea, approximately 70% of all newborns are fed a commercial formula as
their sole source of nutrition or as a supplement to breast milk [8]. It is common for many
formula-fed infants to be switched from one formula to another either by their parents or
physicians. Although the reasons for such frequent formula switching are sometimes elusive,
most of the changes occur because of perceived abnormalities in stooling patterns (too
much/too little, too hard/too loose). Also, probiotics were recommended by a clinician or
practitioner when the baby was thought to have a problem with stool based on many reports.
[9-10].

In recent years, growing evidence suggests that supplementation with probiotics can
modulate intestinal bacterial patterns by aiding the colonization of beneficial bacteria. The
implementation of milk formula with prebiotics, probiotics, and lactoferrin has been
demonstrated to change newborns’ microflora composition toward breast-feeding pattern and
stimulate immune response. Several clinical trials have been conducted to examine the
effectiveness of probiotics in the treatment of infantile gastrointestinal disorders [11-13].

Nanometric Lactobacillus plantarum (strain name: nF1l) (nLp-nFl) is a biogenics
consisting of dead (nonviable) L. plantarum cells pretreated with heat and a nanodispersion
process. The number of studies claiming probiotic health effects of Lactobacillus plantarum is
escalating. [14-15].

Therefore, the primary objective of this study was to determine whether probiotic (nLp-
nF1) exposure during the first 6 months of life is safe. The secondary objective was to assess
if nF1 exposure correlated with changes in formula fed infant stool characteristics.

MATERIALS AND METHODS

Enrollment

Infants less than 6 months old (before introducing solid food) who were fed exclusively with
cow-milk based formula for at least recent 4 weeks were recruited. Inclusion criteria were
being a full-term baby (between 37 weeks and 42 weeks gestation), birth weighing between
2500 g and 4500 g, and normal weight gain. Exclusion criteria were Preterm (before
gestational age of 36 weeks), low birth weight, admission history, antibiotics administration
within a month, illness (acute gastroenteritis, other GI tract disorder, congenital disorder). All
participants were asked to complete a questionnaire about demographic and clinical
characteristics of their babies.

Ethical considerations
We obtained written informed consent from the parents or legal guardians of all children
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enrolled in this study. This study was approved by the Institutional Ethics Committee of CHA
Bundang Medical Center, CHA University, Korea (approval No. BD 2017-02-031).

Questionnaire and preparation

After obtaining informed written parental consent, study infants were seen, weighed, and the
data for current type of formula, consumption amount, number of daily bowel movements
(BM), stool consistency, stool color, stool frequency, gas-out frequency were recorded. The
eligible infants received a 14-day supply of probiotics (nLp-nF1 Lactobacillus plantarum 2.5
X 1010/g /pack, 2pack/day). Briefly, nLp-nF1 was manufactured by incubating Lactobacillus
plantarum for 20 h under pH control, followed by incubation at high temperature (40°C),
high salinity (1.0% (w/w)), and low pH (pH 5.0) for 4 h. Then, the sample was sterilized
(80°C, 10 min) and nano-dispersed by high-pressure homogenization [16]. Clinical data were
collected at the start of intervention and after 14 day.

Statistical analysis

All statistical analyses were performed using SPSS software (version 24.0; SPSS Inc.,
Chicago, IL). We examined whether all elements were normally distributed Through
Kolmogorov-Smirnov and Shapiro-Wilk test. However, variables did not follow normal
distribution. Thus, variables were compared using Wilcoxon’s signed-rank test (Non-
parametric statistics). Differences with a p-value of < 0.05 were considered statistically
significant.

RESULTS

The characteristics of the study infants are shown in Table 1. A total of 55 infants were
enrolled and 49 completed the study. Six infants dropped out from the study because of non-
milk related problems including antibiotic exposure and failure of parent to adequately
complete the diary. Oral probiotics were well tolerated without side effects or adverse
reactions.

Table 1. Baseline characteristics of participants.

Gestational age (wk, mean £ SD) 38.6 £0.36

Age at entry (d, mean + SD) 142.1+£8.9
Males/females (n (%)) 27 (55.1) / 22 (44.9)
Type of delivery, vaginal/cesarean (n (%)) 30 (61.2) /19(38.8)
Birth weight (g, mean £ SD) 3377.2+ 3915
Entry weight (g, mean + SD) 6633.9 + 669.3

The overall rate of stool change after probiotics is 83% (41/49). Among them, 75.6% (31/41)
participants answered fairly about the change of stool characteristics.

The change of stool frequency is shown in figure 1. Before intervention, the rate of
infants who defecated once daily was 53% (26 of 49). After probiotics intervention, the rate
increased up to 77.5% (38 of 49). The number of children who defecated less than once a day
decreased from seven to two. However, there was no statistically significant difference
(P=0.075).
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Figure 1. The change of stool frequency. Change of Stool color, frequency flatulence, and
stool consistency (Bristol stool scale point) are shown in Figure 2, 3 and 4.

In figure 2, green stool color was reported in 11 infants before intervention. After 14
days of oral trial of probiotics, only 3 infants showed green stool color. The number of
children exhibited mustard yellow-colored feces increased from 22 to 40. We compared stool
color before and after probiotic use by Wilcoxon’s signed-rank test, and there was a
statistically significant difference (p=0.018).
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Figure 2. The change of Stool color.

In figure 3, the change in the rate of flatulence was statically significant difference
(p<0.001). Before infants use probiotics, 20 infants exhibited flatulence greater than 3 times a
day (20 of 49, 40.8%). After the 14-day trial of probiotics, 21 infants exhibited flatulence
once (21 of 49, 41%).
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Figure 3. The change of Gas out times.

In Figure 4, Several infants had hard, pebble-sized stool (BSS 1, 2) before probiotics use,
some of them showed BSS 4-5 stool after intervention. However, there was no statistically
significant difference (P=0.061).
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Figure 4. The change of Bristol stool scale.

DISCUSSION

Colonization of the intestinal microbiome during infancy represents a critical time for
shaping infant’s immunity [2]. Consequently, there has been an increase in consumer interest
in probiotic products during the neonatal period as a non-invasive attempt to optimize infant
microbiota [17]. However, there is little evidence to show that probiotics colonize the
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neonatal gut of healthy, term infants. Recently probiotics were produced as variable formula
including foods, infant formula, dietary supplements, and pharmaceutical products. As a
result, probiotics encompass a range of regulatory infrastructures with varying requirements
for demonstrating safety and efficacy [18,19].

Currently, the results of observational studies and randomized controlled trials for
probiotic products in infants are promising [20,21]. For example, systematic reviews
concluded that probiotics may be beneficial in preventing eczema in infants and infantile
colic [21,22]. The typical probiotic strains manufactured include Bifidobacterium and lactic
acid bacteria such as Lactobacillus species. While these bacteria are present in low
abundance in the human intestine, their use dominates the probiotic industry because they are
relatively easy to cultivate given their historical use in the dairy industry allowing for large
scale production. However, there is a lack of evidence that these probiotics influence the gut
microbiome when given exogenously and their effect on health outcomes in infants is largely
unknown.

During our study, oral administration of probiotics (5 X 10'%g /day Lactobacillus
plantarum) in infants less than 6 months of age was well-tolerated. Most infants’ stool
characteristics were changed after 14 days of intervention. Other reports also support the
effects of L. plantarum in benefiting digestive tract health [15,16].

Bowel movements are one measure of infants’ health and nutrition status. Formula-fed
babies generally produce fewer bowel movements than breast-fed babies. Neonates typically
pass several bowel movements in a day, which continues for several weeks. After 1 or 2
months, infant's bowel movements will likely decline to just one a day, but other babies may
pass stool less frequently. As long as stool has the right texture, the frequency is usually not a
problem. Additionally, if the baby with infrequent stools have pebble-size stools, when the
legs are pulled up to her stomach, and the infant grunts, turns red in the face, and cries or
makes a fuss while trying to produce bowel movement, it may be the sign of constipation
[23]. Various studies have investigated the potential mechanisms of action by which
probiotics might play a role in the treatment of constipation in children [24,25]. One proposed
mechanism is that probiotics beneficially change the gastrointestinal microbiota [26]. Another
is that some probiotics have a role in which they inhibit contraction of the colonic epithelial
cell cytoskeleton, which opens the tight junctions and induces direct or indirect effects of
nitric oxide in the gastrointestinal tract [27]. A third proposed mechanism is that some
probiotics increase the amounts of lactate and short-chain fatty acids as well as decrease the
luminal pH, thus enhancing gut peristalsis [28]. The outcomes of this study demonstrate that
probiotics result in increased stool frequency (Figure 1) and improved Bristol stool scale
(Figure 4).

Formula-fed babies have pasty, peanut butter-like stool on the brown color spectrum:
tan-brown, yellow-brown, or green-brown [29]. Passing of green stool is not something to be
worried about as long as the infant is healthy, happy, and gaining weight at a normal pace.
However, the color of stool is the main cause of frequent infant formula switching. This study
showed the change of stool color after probiotics intervention. The results are statistically
significant (p=0.018). One more interesting thing in our study was that the change of
flatulence patterns was statically significant (p<0.001). Before the use of probiotics, 20
infants had flatulence greater than 3 times (20 of 49, 40.8%). After a 14-day trial of probiotics,
21 infants had flatulence 1 time (21 of 49, 41%) (Figure 3). We did not investigate infantile
colic for the baby who participated in the study. However, intestinal gas production is thought



Functional Foods in Health and Disease 2019; 9(3): 157-165 Page 163 of 165

to be one of the causes of abdominal discomfort in infants suffering from colic in many
articles [30]. In addition, there are many reports that probiotics are effective in the treatment
of infantile colic. So, the relationship between intake of probiotics and gas production can be
inferred [11-13].

Although many studies have investigated the influence of probiotics and prebiotics on
stool outcomes in the hope of achieving a stool profile closer to that of the breast-fed infant,
breast-feeding is the natural way to achieve optimal gut flora.

We think that the study is limited because of the time constraints when administering the
questionnaire.

Additional research, from clinical observation to microbiologic analysis, is needed to
confirm the beneficial effects of probiotics. In reality, the safety and efficacy of probiotics
depends upon the amount and dosage, the characteristics of the consumer, and the context
in whichthey are used. A potential future direction is to assess the role of other probiotic
species and to identify the ideal strain for specific clinical states because specific probiotic
strains have specific properties and targets in the human intestinal microbiota, exerting
different health effects.

CONCLUSION

By taking probiotics, the color of the stool changed, and the incidence of flatulence
production decreased. Although the results are not statistically significant, the quality and
quantity of stool improved according to the Bristol Stool Scale.
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