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ABSTRACT

Background: Background: Infant gut health is crucial for long-term well-being, with early microbial colonization playing
a pivotal role. Organic infant formulas are increasingly sought after, and synbiotics, combining prebiotics and probiotics,
have shown promise in promoting beneficial gut microbiota. This randomized controlled trial investigates the impact of

a synbiotic-supplemented organic formula on infant gut health.

Objective: This study conducted a dual-center, double-blind, randomized, parallel-controlled trial to evaluate the effects
of two cow's milk-based formulas—organic protein milk and organic protein milk with Bifidobacterium animalis subsp.
lactis BB-12® and prebiotics DiGenix®—as well as breastfeeding, on gastrointestinal health and growth in infants aged

30 to 120 days.

Methods: Seventy-five healthy full-term infants were enrolled and divided equally into three groups: breastfeeding,
organic protein milk formula, and organic protein milk with BB-12® and prebiotics DiGenix® formula. The study included

four pediatric follow-ups at 30, 60, 90, and 120 days after birth, before the introduction of complementary feeding.

Results: Infants in the organic protein milk with BB-12® and prebiotics DiGenix® and breastfeeding groups had
significantly softer stools and higher bowel movement frequencies at 90 and 120 days compared to those in the organic

protein milk group, suggesting better gastrointestinal health due to the inclusion of BB-12® in organic protein milk with

prebiotics DiGenix®. Growth parameters (weight, length and head circumference) and sleep patterns were similar across
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all groups, indicating that all feeding methods provide adequate nutrition and similar sleep quality. However, less
gastrointestinal discomfort (bloating and burping) was observed in the organic protein milk with BB-12® and prebiotics
DiGenix® and breastfeeding groups, indicating better digestive tolerance. The safety profile was comparable across all

groups.

Novelty of the study: This study is among the first randomized controlled trials comparing organic protein milk formula
enriched with Bifidobacterium animalis subsp. lactic BB-12® and prebiotics DiGenix® to breastfeeding and standard
formula in infants. The findings demonstrate significant improvements in gastrointestinal health, including softer stools,
increased bowel movement frequency, and reduced digestive discomfort, positioning this formulation as a safe and

effective alternative to breastfeeding.

Conclusions: These findings support organic protein milk with Bifidobacterium animalis subsp. lactis BB-12® and
prebiotics DiGenix® as a safe and effective alternative to breastfeeding for promoting gastrointestinal health. Further

research is needed to optimize formula composition and assess long-term health outcomes.

Keywords: Infant Nutrition, Gastrointestinal Health, Cow's Milk-Based Formula, Bifidobacterium animalis subsp. lactis

BB-12®, Randomized Controlled Trial

Benefits of Bifidobacterium animalis subsp. lactis BB-12®
and prebiotics DiGenix® in organic protein milk

* Softer stool since 90 days of age

® Less abdominal distension and hiccups at 120 days of age

* Safe and effective alternative to breastmilk for promoting
gastrointestinal health
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Graphical Abstract: Synbiotic-supplemented organic formula enhances infant gut health: a randomized controlled trial.
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INTRODUCTION
Breastfeeding is widely regarded as the optimal choice
for infant nutrition, offering natural immune protection
and comprehensive nutritional support that is crucial for
an infant's health and development [1][2]. However, in
reality, many mothers are unable to exclusively
breastfeed for various reasons and may partially or fully
rely on infant formula [3]. In recent years, the
development and optimization of infant formulas have
become a significant research area, aiming to closely
replicate the nutritional composition and functional
benefits of breast milk [4,5]. When choosing an infant
formula, the primary considerations are natural milk
sources and complete nutritional content [6]. A natural
milk source ensures that the natural state of nutrients
like proteins, lipids, vitamins, and minerals are
maintained throughout the production process [7].
Furthermore, nutritional completeness requires that the
formula contain all the essential nutrients to support the
overall development of infants [8,9]. These demands
have driven formula manufacturers to continuously
improve their products by enhancing digestibility,
absorption efficiency, and immune support for infants.

The establishment and maintenance of a healthy
gut microbiota play a crucial role in an infant's early
development [10]. Studies have shown that healthy gut
microbiota supports the development of the immune
system, protects against pathogenic infections, and
facilitates normal metabolic functions [11,12].
Consequently, the development of infant formulas has
increasingly focused on incorporating functional
components that resemble those found in breast milk to
mimic and supplement its benefits [13]. Among these
strategies, the addition of probiotics is considered a key
approach to enhance the functional and health value of
infant formulas [14].

Bifidobacterium, one of the most prevalent

beneficial bacteria in the intestines of breastfed infants,
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plays a critical role in regulating gut microbiota balance,
promoting digestive health, and strengthening immune
function [15-17]. Among the Bifidobacterium species,
Bifidobacterium animalis subsp. lactis BB-12® (BB-12®) is
one of the most widely used strains [18,19]. Research
indicates that BB-12® can rapidly colonize the infant gut
and improve gut health through multiple mechanisms.
Firstly, BB-12® inhibits the growth of pathogenic bacteria
through competitive exclusion, thereby reducing the risk
of intestinal infections [20]. It adheres to the surface of
intestinal  epithelial cells, preventing pathogen
attachment, and produces organic protein milk acids
such as lactic acid and acetic acid that lower intestinal pH,
creating an environment unfavorable for pathogenic
bacteria [21]. Secondly, BB-12® stimulates the
proliferation of intestinal epithelial cells and enhances
the intestinal mucosal barrier function through the
generation of its metabolites, such as short-chain fatty
acids, thus counteracting potential pathogen invasion.
Additionally, BB-12® shows significant benefits in
modulating intestinal immune function [22,23]; it can
regulate the activity of immune cells like macrophages
and T cells, promote the production of anti-inflammatory
factors, and thereby reduce excessive inflammatory
responses [24-26].

The Nutrition Committee of the European Society
for Pediatric Gastroenterology, Hepatology and Nutrition
has reviewed and evaluated the addition of probiotics
and prebiotics to infant formulas [27,28]. The existing
evidence suggests that certain specific probiotic strains
may have beneficial effects on infant health [29,30].
However, it also highlighted that different strains may
vary in their efficacy in improving gut health and immune
function in infants, emphasizing the need for high-quality
research to clarify the benefits of probiotic
supplementation and further support its use in formula
[31].

Therefore, in this study, we aimed to investigate the

effects of adding the probiotic BB-12® to infant formula
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on gastrointestinal development and stool characteristics
in infants. By evaluating the regulatory effects of these
specific formulas on the infant digestive system and their
potential health benefits, this research seeks to provide
a scientific basis for optimizing infant formula and offer
more guidance for parents in choosing a suitable feeding

option for their infants.

MATERIALS AND METHODS

Study Design: The aim of this study was to investigate the
effects of organic protein milk infant formula
supplemented with BB-12® on infant tolerance and fecal
characteristics. Specifically, the study compared the
effects of two bovine milk-based infant formulas and
breastfeeding on gastrointestinal development and fecal
traits in infants. A secondary objective was to evaluate
the impact of the investigational product on digestive
comfort, tolerance, and the growth and development of
infants. Consequently, the trial was designed as a double-
center, double-blind, randomized, parallel-controlled
trial. The two centers were located at Qiubin Community
Hospital and Nanquan Community Hospital in Jinhua City,
Zhejiang Province. The participants were infants aged
one month, and the intervention lasted for three months,
from one to four months of age. Nutritional feeding
included four pediatric follow-up points: before 30 + 3

days, 60 + 3 days, 90 + 3 days, and 120 + 3 days after birth.

Study Products and Administration: The study included
two cow's milk-based infant formulas: Study Product A,
Bellamy’s Organic protein milk with BB-12® and
prebiotics DiGenix® (Bellamy’s Organic A), and Study
Product B, Bellamy’s Organic protein milk (Bellamy’s
Organic B). The Bellamy’s Organic A formula contains
85.2 million CFU of BB-12®, 60 mg of fructo-
oligosaccharides (FOS), and 120 mg of galacto-
oligosaccharides (GOS) in each scoop (8.8 g) of powder.
All study products were provided in their original 800-
gram cans without repackaging. However, the original

labels were replaced with study-specific labels that
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included the product description and feeding

instructions.

Subject Recruitment: Based on preliminary experimental
data and sample size estimates with a significance level
of 0.5 and a power of 0.9, 75 healthy, full-term infants
were recruited and randomly assigned with equal ratios
to three groups: the breastfeeding group, Group A
receiving the Bellamy’s Organic A product, and Group B
receiving the Bellamy’s Organic B product. Accounting for
a potential 12% dropout rate, the study aimed to ensure
that at least 20 subjects in each group (60 in total)
complete the study. The recruitment period was from
February 3 to July 25, 2023. Recruitment updates were
released every two weeks during this period (a total of 10

times).

Inclusion Criteria and Exclusion Criteria: The inclusion
criteria are: healthy full-term infants (gestational age 37—
42 weeks), aged one month (30 + 3 days) at the start of
the study, normal birth weight (2.5-4 kg), no prior
antibiotic treatment, and informed consent from parents
or guardians who can comply with the study protocol.
Exclusion criteria include: infants with congenital or
chronic diseases, complications at birth, allergies or
intolerance to cow's milk protein, maternal medication
that could affect the infant, inability to comply with
follow-up requirements, or receiving special dietary

interventions other than breastfeeding.

Comparison of Indexes: First, the basic information of
the subjects was compared, including gender, ethnicity,
age, anthropometric indicators, birth details,
socioeconomic information, and medical history. Second,
the primary comparison measures for this study included
stool characteristics assessed at 30 days (baseline), 60
days, 90 days, and 120 days of age using the Amsterdam
Infant Stool Scale. Additionally, the following indicators
were compared at 30 days (baseline), 60 days, 90 days,

and 120 days after birth: growth and development
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parameters (weight, length, head circumference);
gastrointestinal development and tolerance observation
scale (anxiety levels: 0 = no anxiety, 1 = a little anxiety, 2
= moderate anxiety, 3 = very anxious, 4 = extremely
anxious); crying duration (in hours); gastrointestinal
symptoms (0-5 points: 0 = none, 1 = very mild, 2 = mild, 3
= moderate, 4 = quite severe, 5 = very severe);
occurrences of vomiting and nausea; infant sleep
observation scale; and infant nutrition and feeding
records. Adverse events occurring in both groups of

subjects throughout the trial were also compared.

Statistical Analysis: Baseline data were summarized by
study group, with means and standard deviations for
normally distributed continuous variables, medians (with
first and third quartiles) for non-normally distributed
variables, and frequencies and percentages for
categorical variables. Randomization validity was
assessed using the F-test for continuous variables and the
chi-square or Fisher's exact test for categorical variables.
Efficacy measures at baseline and post-intervention were
summarized by group. Comparison between groups was
performed using analysis of variance (ANOVA) or analysis
of covariance (ANCOVA) for continuous variables,
Fisher's exact test for categorical variables, and Kruskal-
Wallis test for non-normally distributed variables.

Growth and development measurements were adjusted

Table 1. Subject baseline characteristics
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for gender and baseline values in comparisons. Repeated
measures logistic regression was applied to compare
stool consistency between groups, considering the
number of stools per participant. Adverse events, serious
adverse events, and withdrawal rates were analyzed to
assess product effectiveness. All participants were
included in the analysis, and missing data from
withdrawals were not replaced. A significance level of
0.05 was used for hypothesis tests, with Bonferroni
correction for multiple comparisons. SAS 9.4 software
(SAS Institute Inc., Cary, NC, USA) was used for all

analyses.

RESULTS

Subject Baseline Characteristics: A total of 75 eligible
subjects were enrolled at baseline, with 25 in each of the
breastfeeding group, Group A, and Group B. During the
trial, 9 subjects withdrew early due to personal reasons:
2 from Group A, 3 from Group B, and 4 from the
breastfeeding group, resulting in an overall withdrawal
rate of 12%. Ultimately, 66 subjects completed the trial
according to the protocol. The subject characteristics,
including demographic characteristics, anthropometric
measures, allergy history, and socioeconomic status,

were comparable among the three groups at baseline

Indicators Group A
(n=25)

Demographic data
Sex (%):

Male 11 (44.00)

Female 14 (56.00)
Han nationality (%) 25 (100.00)
Mother Age (years) 31.28+1.46
Gestational age (weeks) 39.26+0.77
Mode of delivery (%):

Natural labor 17 (68.00)

Caesarean section

8(32.00)

(Table 1).
Group B Breast milk group Overall P-value A vs. B P-
(n=25) (n=20) value
0.878 /
13 (52.00) 13 (52.00)
12 (48.00) 12 (48.00)
25 (100.00) 25 (100.00) NA /
31.40+0.96 31.44+1.16 0.888 /
39.13+0.69 39.15+0.72 0.782 /
0.024 0.387
13 (52.00) 22 (88.00)
12 (48.00) 3 (12.00)
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Indicators

Mother's childbearing age (years)
Marital status of mother (yes, %):
Number of live births (%) @
Breastfeeding after birth (%)
Breastfeeding duration (days) ?
Exclusive breastfeeding during the period (%)
Postnatal formula feeding (%)
Milk feeding duration (days) 2
Pure milk powder feeding during the period (%)
Family history of allergies
Family Asthma or allergies (yes, %)
Resident Smokers (yes, %)
Exposed to smoking (yes, %)
Socioeconomic information
Number of people living in the same household
(person) @
Living area of the house
Less than 60 m?
60-90 m?
90-120 m?
More than 120 m?
Mother's education level
Graduated from primary school
Junior high school graduate
Graduated from high school/college
Bachelor's degree
Master’s degree and above
Father's education level
Primary school
Junior high school
High school/College
Bachelor's degree
Master’s degree and above
Mother employed (yes, %)
Father employed. (yes, %)
Average monthly household income (RMB)
Less than 3000
3000-5999
6000-8000
More than 8000

Group A
(n=25)
30.68+3.59
25 (100.00)
0(0,1)
25 (100.00)
30 (15, 32)
0(0.00)
25 (100.00)
31 (30, 32)
2 (8.00)

0(0.00)
13 (52.00)
2 (8.00)

5(4,5)

1 (4.00)
7 (28.00)
9 (36.00)
8(32.00)

0(0.00)
0(0.00)
15 (60.00)
8(32.00)
2 (8.00)

0 (0.00)
0 (0.00)
14 (56.00)
11 (44.00)
0 (0.00)
16 (64.00)
25 (100.00)

0 (0.00)
0 (0.00)
4 (16.00)
21 (8400)

Group B
(n=25)
31.16+4.21
25 (100.00)
1(0, 1)
24 (96.00)
31 (12, 32)
1 (4.00)
25 (100.00)
31 (30, 32)
4 (16.00)

0(0.00)
14 (56.00)
4 (16.00)

5(4,5)

0(0.00)
4 (16.00)
12 (48.00)
9 (36.00)

0(0.00)
2 (8.00)
15 (60.00)
7 (28.00)
1 (4.00)

0 (0.00)
0 (0.00)
17 (68.00)
7 (28.00)
1(4.00)
13 (52.00)
25 (100.00)

0(0.00)

1(4.00)
6 (24.00)
18 (72.00)

FFHD

Breast milk group
(n=20)
29.72+3.36
25 (100.00)
1(0,1)
25 (100.00)
32 (31, 32)
25 (100.00)
0(0.00)
0(0,0)
0(0.00)

0(0.00)
9 (36.00)
2 (8.00)

5(4,5)

1 (4.00)
11 (44.00)
10 (40.00)
3(12.00)

0 (0.00)
1(4.00)
15 (60.00)
9 (36.00)
0 (0.00)

0 (0.00)
1(4.00)
17 (68.00)
7 (28.00)
0 (0.00)
18 (72.00)
25 (100.00)

0 (0.00)
0 (0.00)
6 (24.00)
19 (76.00)
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Overall P-value A vs. B P-
value
0.387 /
NA
0.085 0.222
1.000 /
0.085 0.776
<0.0001 1.000
<0.0001 1.000
<0.0001 0.858
0.155 /
NA
0.347 /
0.718 /
0.507 /
0.171 /
0.772 /
0.472 /
0.380 /
NA
0.775 /

Group A was fed with organic protein milk with Bifidobacterium animalis subsp. lactis BB-12® and prebiotics DiGenix®; Group B was fed with organic
protein milk. Unless otherwise stated, data presented are mean + standard deviation or frequency (%). Between-group comparison was performed using
one-way analysis of variance for continuous variables and using Fisher exact test for categorical variables.
@ Data presented are median (1st quartile, 3rd quartile). Between-group comparison was performed using Kruskal-Wallis test.
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Defecation of Subjects: The Amsterdam Infant Stool
Scale was used to compare stool characteristics, and the
statistical results showed no significant differences in 24-
hour stool frequency, stool volume, stool hardness and
color between Group A and Group B at baseline (Table 2).
However, the frequency of defecation in both organic
milk groups was significantly lower than that in the
breastfeeding group (all p < 0.0001), while the volume
per defecation was significantly higher (p = 0.009 for
Group A and p = 0.001 for Group B) compared to that in
the breastfeeding group. No significant differences were
observed in other defecation indices among the three
groups. During the intervention, the defecation

frequency in both organic milk groups was significantly
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lower than that in the breastfeeding group at 60 days of
age (p = 0.0003 and p < 0.0001, respectively) and at 90
days of age (p = 0.014 and p < 0.0001, respectively). At
120 days of age, the defecation frequencies of Group A
and the breastfeeding group were comparable and were
both significantly higher than that of Group B (p = 0.014
and p = 0.001, respectively). At 90 and 120 days of age,
fecal hardness in Group A and the breastfeeding group
was significantly different from Group B (p =0.014 and p
=0.009 at 90 days; p = 0.009 and p = 0.005 at 120 days),
with Group B having lower fecal water content (harder
stools). No significant differences in stool volume or stool
color were observed among the three groups from 60 to

120 days of age.

Table 2. Defecation within 24 hours (Amsterdam Infant Stool Scale)

Indicators Age (days) Group A
Number of bowel 30 2.56+1.33
movements, times 60 2.08+0.88
90 1.71+0.62
120 1.48+0.15
Number of stool samples 30 64
60 50
90 41
120 34
Stool texture 30 Watery 10 (15.63)
Soft 54 (84.38)
Shaped 0 (0.00)
Hard 0(0.00)
60 Watery 1(2.00)
Soft 42 (98.00)
Shaped 0(0.00)
Hard 0 (0.00)
90 Watery 0(0.00)
Soft 39 (95.12)
Shaped 2 (4.88)
Hard 0 (0.00)
120 Watery 0 (0.00)
Soft 31(91.18)
Shaped 3(8.82)
Hard 0 (0.00)

Group B Breast milk P-value
group Avs.B A vs. Breast B vs. Breast
milk milk
2.48+1.42 4.76+1.09 0.827 <0.0001* <0.0001*
1.78+1.04 3.0940.79 0.262 0.0003* <0.0001*
1.32+0.72 2.23+0.75 0.062 0.014* <0.0001*
1.09+0.53 1.62+0.50 0.014* 0.366 0.001*
62 119 / / /
41 71 / / /
29 49 / / /
24 35 / / /
8(12.90) 10 (8.40) 0.606 0.387 0.664
53 (85.48) 109 (91.60)
1(1.61) 0 (0.00)
0(0.00) 0 (0.00)
2 (4.88) 2(2.82) 0.735 0.857 0.680
37 (90.24) 69 (97.18)
2 (4.88) 0 (0.00)
0(0.00) 0 (0.00)
0(0.00) 0 (0.00) 0.014* 0.844 0.009*
21 (72.41) 47 (95.92)
7 (24.14) 2 (4.08)
1(3.45) 0 (0.00)
0(0.00) 0 (0.00) 0.009* 0.675 0.005*
14 (58.33) 33 (94.29)
8(33.33) 2(5.71)

2(8.33) 0 (0.00)
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Indicators Age (days)

The amount of defecation 30

60

90

120

Stool color 30

60

90

120

A little
<25%
25-50%
>50%

A little
<25%
25-50%
>50%

A little
<25%
25-50%
>50%

A little
<25%
25-50%
>50%
Yellow
Orange
Green
Brown
Meconium
Pottery clay
Yellow
Orange
Green
Brown
Meconium
Pottery clay
Yellow
Orange
Green
Brown
Meconium
Pottery clay
Yellow
Orange
Green
Brown
Meconium

Pottery clay

Group A

10 (15.63)
24 (37.50)
16 (25.00)
14 (21.88)
1(2.00)
14 (28.00)
28 (56.00)
7 (14.00)
0 (0.00)
6 (14.63)
22 (53.66)
13 (31.71)
0 (0.00)
1(2.86)
24 (68.57)
10 (28.57)
25 (39.06)
34 (53.13)
5(7.81)
0 (0.00)
0 (0.00)
0 (0.00)
22 (44.00)
25 (50.00)
3 (6.00)
0 (0.00)
0(0.00)
0 (0.00)
12 (29.27)
26 (63.41)
3(7.32)
0 (0.00)
0 (0.00)
0 (0.00)
2 (5.88)
28 (82.35)
4 (11.76)
0 (0.00)
0 (0.00)
0 (0.00)

Group B

8(12.90)
22 (35.48)
15 (24.19)
17 (27.42)
0(0.00)
12 (29.27)
24 (58.54)
5(12.20)
0(0.00)
4(13.79)
15 (51.72)
10 (34.48)
0(0.00)
3(12.50)
10 (41.67)
11 (45.83)
19 (30.65)
34 (54.84)
7(11.29)
2 (3.23)
0(0.00)
0(0.00)
13 (31.71)
27 (65.85)
1 (2.44)
0(0.00)
0(0.00)
0(0.00)
8 (27.59)
16 (55.17)
5(17.24)
0(0.00)
0(0.00)
0(0.00)
2(8.33)
20 (83.33)
2(8.33)
0(0.00)
0(0.00)
0(0.00)

FFHD

Breast milk

group

38(31.93)
49 (41.18)
32 (26.89)
0 (0.00)
4 (5.63)
26 (36.62)
37 (52.11)
4(5.63)
1(2.04)
9 (18.37)
29 (59.18)
10 (20.41)
1(2.86)
5 (14.29)
17 (48.57)
12 (34.29)
43 (36.13)
57 (47.90)
19 (15.97)
0 (0.00)
0 (0.00)
0 (0.00)
33 (46.48)
35 (49.30)
3(4.23)
0 (0.00)
0 (0.00)
0 (0.00)
17 (34.69)
25 (51.02)
7(14.29)
0(0.00)
0 (0.00)
0 (0.00)
5 (14.29)
23 (65.71)
7 (20.00)
0 (0.00)
0 (0.00)
0 (0.00)

Avs.B

0.614

0.822

0.884

0.474

0.378

0.476

0.577

0.763
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P-value
A vs. Breast
milk

0.009*

0.067

0.114

0.633

0.421

0.762

0.956

0.999

B vs. Breast
milk

0.001*

0.123

0.173

0.278

0.988

0.287

0.638

0.814

Group A was fed with organic protein milk with Bifidobacterium animalis subsp. lactis BB-12® and prebiotics DiGenix®; Group B was fed with organic protein milk.

Data presented are mean * standard deviation or frequency (%). Between-group comparison was performed using analysis of variance for continuous variables and

using repeated-measures logistic regression for stool characteristics. Pair-wise group comparisons were adjusted using Bonferroni method. *: p<0.05/3
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Growth and Development of Subjects: At baseline and measures or related WHO growth and development Z-

throughout the trial intervention, there were no scores among the three groups at any of the visits (Table

significant between-group differences in anthropometric 3).

Table 3. Anthropometric measurements

Indicators Age Group A Group B Breast milk group P-value

(days) Avs.B A vs. B vs.

Breast breast

milk milk

Age (days) 30 31.28+1.46 31.40+0.96 31.44+1.16 0.727 0.641 0.907
60 61.54+1.10 60.96+1.33 61.26+1.01 0.087 0.408 0.375

90 91.54+1.06 90.82+1.65 91.45+1.34 0.077 0.829 0.126

120 122.04+1.11 121.45+1.50 121.76+1.09 0.119 0.458 0.423

Weight, g 30 4598.80+496.83 4628.00+465.94 4494.80+£362.03 0.912 0.339 0.285
60 5737.50£630.95 5739.13+583.67 5560.00+565.59 0.982 0.478 0.467

90 6695.831762.42 6695.45+£698.62 6459.09+676.59 0.901 0.361 0.438

120 7326.09+825.29 7314.55+805.86 7061.90+£720.75 0.768 0.283 0.436

Length, cm 30 54.38+1.48 54.60+1.83 54.41+1.41 0.719 0.936 0.659
60 58.85+1.91 58.83+2.41 58.33+2.03 0.531 0.130 0.374

90 62.22+2.30 62.31+2.29 61.59+2.16 0.484 0.136 0.434

120 64.74+2.35 64.77+2.32 64.21+2.31 0.448 0.213 0.623

Body mass index, kg/m 2 30 15.51+1.12 15.49+0.94 15.16+0.65 0.896 0.166 0.208
60 16.52+1.10 16.56+0.94 16.30+0.80 0.654 0.963 0.627

90 17.24+0.99 17.20+1.04 16.98+0.83 0.945 0.580 0.539

120 17.43+1.08 17.40+1.26 17.08+0.86 0.948 0.380 0.417

Head circumference,cm 30 37.30+1.28 37.20+1.01 37.31+0.56 0.577 0.882 0.682
60 39.03+1.01 38.82+1.08 38.89+0.70 0.860 0.438 0.553

90 40.54+1.22 40.41+1.26 40.18+0.97 0.978 0.167 0.184

120 41.62+1.29 41.43%1.29 41.24+1.03 0.773 0.165 0.274

WHO weight-age Z score 30 0.39+0.82 0.40+0.79 0.19+0.53 0.910 0.370 0.312
60 0.52+0.87 0.54+0.89 0.23+0.66 0.935 0.257 0.229

90 0.73+0.98 0.72+0.93 0.40+0.67 0.972 0.241 0.237

120 0.72+0.97 0.68+0.99 0.39+0.65 0.909 0.251 0.304

WHO length-age Z score 30 0.07+0.74 0.13+0.96 0.03+0.61 0.743 0.902 0.651
60 0.54+0.97 0.54+1.25 0.23+0.88 0.977 0.355 0.345

90 0.79+1.09 0.83+1.19 0.43+0.85 0.882 0.280 0.229

120 0.86+1.11 0.84+1.21 0.57+0.84 0.984 0.400 0.415

WHO weight-length Z 30 0.48+0.73 0.44+0.72 0.23+0.48 0.849 0.206 0.281
score 60 0.23+0.66 0.29+0.80 0.15+0.53 0.770 0.707 0.510
90 0.32+0.62 0.30+0.65 0.19+0.48 0.914 0.501 0.579

120 0.32+0.71 0.29+0.79 0.10+0.55 0.884 0.316 0.394

WHO body mass index- 30 0.50+0.80 0.46%0.70 0.24+0.47 0.892 0.187 0.235
age Z score 60 0.31+0.72 0.33+0.69 0.14+0.49 0.894 0.397 0.332
90 0.39+0.69 0.37+0.69 0.21+0.48 0.929 0.381 0.439
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Indicators Age Group A

(days)
120 0.33+0.72
WHO head 30 0.32£1.05
circumference-age Z 60 0.29+0.83
score 90 0.45+0.98
120 0.46+1.01
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Group B Breast milk group P-value

Avs.B Avs. B vs.
Breast breast

milk milk

0.29+0.81 0.10+0.54 0.881 0.299 0.376
0.17+0.80 0.27+0.59 0.564 0.850 0.697
0.12+0.89 0.10£0.69 0.479 0.515 0.957
0.33+1.04 0.09+0.79 0.697 0.228 0.420
0.26+1.03 0.08+0.83 0.545 0.237 0.558

Group A was fed with organic protein milk with Bifidobacterium animalis subsp. lactis BB-12® and prebiotics DiGenix®; Group B was fed with organic

protein milk. Data presented are mean % standard deviation. Between-group comparison was performed using analysis of covariance, adjusted for sex.

Models for post-intervention data also adjusted for baseline measurements. Pair-wise group comparisons were adjusted using the Bonferroni method.

WHO, World Health Organization.

Tolerance and Gastrointestinal Symptoms of Subjects:
There were no significant differences in tolerance and
gastrointestinal symptom scores among the three groups
at baseline (Table 4). Abdominal bloating severity was
significantly lower in Group A and the breastfeeding
group than in Group B at 120 days of age during the trial
intervention (p = 0.015 and 0.010, respectively). Hiccup
severity was significantly lower in the breastfeeding
group than in Group B at 60, 90, and 120 days of age (p =
0.014, 0.007, and 0.007, respectively), and was also
significantly lower in Group A than in Group B at 120 days
of age (p = 0.012). The severity of flatulence in the

breastfeeding group was significantly lower than that in

Table 4. Tolerability and gastrointestinal symptom scores

Indicators Age Group A Group B
(days)
Tolerance (last 24 hours)
Anxious 30 1(0,1) 1(0,1)
60 1(0,1) 1(0,1)
90 0(0,1) 1(0, 1)
120 1(0,1) 0(0,1)
Crying duration, hours 30 1(1,2) 1(1,2)
60 1(1,2) 1(1,2)
90 1(0.5, 1) 1(1,1)
120 1(1,1) 1(1,1)
Gastrointestinal symptoms (last 7 days)
The severity of 30 0(0,1) 0(0,1)

Group B at 90 and 120 days of age (p = 0.006 and 0.008,
respectively). There were no significant differences in
tolerance and gastrointestinal symptom scores between
Group A and the breastfeeding group during the trial.
Except for the above indicators, there were no significant
differences in the tolerance and other gastrointestinal
symptom scores among the three groups during the
intervention period. Sleep patterns during the study
period were also comparable among the three groups
(Supplemental Table S1). The two formula feeding groups

had similar daily formula intake amount at each visit

during the study (Supplemental Table S2).

Breast milk P-value
group Avs.B Avs. B vs.
Breast milk breast milk
1(0,1) 0.881 0.691 0.815
1(0,1) 0.760 1.000 0.751
1(0, 1) 0.697 0.797 0.875
0(0, 1) 0.960 0.790 0.786
1(1,2) 0.489 0.918 0.607
1(1,2) 0.831 1.000 0.820
1(0, 1) 0.950 0.682 0.585
1(0, 1) 0.838 0.869 0.738
0(0,1) 0.954 0.795 0.767
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Indicators Age Group A Group B Breast milk P-value
(days) group Avs.B A vs. B vs.
Breast milk breast milk
abdominal distension 60 0(0,1) 0(0,2) 0(0,1) 0.199 0.633 0.099
90 0(0, 0.5) 0.5 (0, 1) 0(0, 1) 0.086 1.000 0.068
120 0(0, 0) 0.5(0, 1) 0(0, 0) 0.015* 0.781 0.010*
The severity of hiccups 30 0(0,1) 0(0,1) 0(0, 0) 0.990 0.761 0.751
60 0(0, 0.5) 1(0,1) 0(0,0) 0.065 0.512 0.014*
90 0(0, 0) 1(0,1) 0(0, 0) 0.022 0.548 0.007*
120 0(0,0) 0(0,1) 0(0,0) 0.012* 0.716 0.007*
Severity of flatulence 30 0(0,1) 0(0,1) 0(0,1) 0.784 0.568 0.399
60 0(0,1) 0(0,1) 0(0, 0) 0.276 0.444 0.097
90 0 (0, 0) 0(0, 1) 0 (0, 0) 0.025 0.451 0.006*
120 0 (0, 0) 0(0, 1) 0(0, 0) 0.028 0.383 0.008*
Diarrhea severity 30 0(0, 0) 0(0, 0) 0(0, 0) 0.977 0.317 0.317
60 0 (0, 0) 0 (0, 0) 0(0, 0) 0.307 0.307 1.000
90 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
120 0 (0, 0) 0 (0, 0) 0(0, 0) 1.000 1.000 1.000
Constipation severity 30 0(0,0) 0(0,0) 0(0,0) 0.317 1.000 0.317
60 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
90 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
120 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
Severity of colic 30 0(0, 0) 0(0, 0) 0(0, 0) 0.317 1.000 0.317
(cramp) 60 0(0, 0) 0(0, 0) 0(0, 0) 1.000 0.307 0.317
90 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
120 0(0, 0) 0 (0, 0) 0(0, 0) 1.000 1.000 1.000
Severity of diaper 30 0(0, 0) 0(0, 0) 0(0, 0) 0.959 0.338 0.296
dermatitis (diaper 60 0(0, 0) 0 (0, 0) 0(0, 0) 0.836 0.662 0.548
rash) 90 0(0,0) 0(0,0) 0(0,0) 0.910 0.807 0.733
120 0(0, 0) 0(0, 0) 0(0, 0) 0.279 0.501 0.678
Severity of dorsal arch 30 0(0,0) 0(0,0) 0(0,0) 1.000 1.000 1.000
60 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
90 0(0,0) 0(0,0) 0(0,0) 1.000 1.000 1.000
120 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
Vomiting times, times 30 0(0,0) 0(0,0) 0(0,0) 0.668 1.000 0.668
60 0(0, 0) 0(0, 0) 0(0, 0) 0.356 0.720 0.590
90 0(0,0) 0(0,0) 0(0,0) 0.928 0.626 0.573
120 0(0,0) 0(0,0) 0(0,0) 0.927 0.172 0.162
Number of nausea, 30 0(0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
times 60 0(0, 0) 0(0, 0) 0(0, 0) 0.530 0.328 0.153
90 0 (0, 0) 0(0, 0) 0(0, 0) 1.000 1.000 1.000
120 0(0,0) 0(0,0) 0(0,0) 1.000 1.000 1.000

Group A was fed with organic protein milk with Bifidobacterium animalis subsp. lactis BB-12® and prebiotics DiGenix®; Group B was fed with organic
protein milk. Data presented are median (1st quartile, 3rd quartile). Between-group comparison was performed using Kruskal Wallis test. Pair-wise group

comparisons were adjusted using the Bonferroni method. *: p<0.05/3
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Adverse Events: The occurrence of adverse events during
the trial were summarized by event type and group
(Table 5).
There were no significant between-group
differences in the incidence of gastrointestinal or overall

Table 5. Adverse events by study group

Adverse events Name of the adverse event

code

Gastrointestinal tract

GI001 Vomit
Gl004 Flatulence
Gl004 Diarrhea

Number of gastrointestinal adverse events

Number of gastrointestinal adverse events (%)
Musculoskeletal

MS003 Trauma

Respiratory system

RESP001 Cold/Respiratory Viral Infections
Body system

BODY022 Have a fever
Skin

SK001 Diaper rash

SK003 Dry skin

SK004 Eczema

SK0033 Abscess
Other

uUG017 Hydrocele

Total number of adverse events

Total number of adverse events (%)
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adverse events.

All adverse events were unrelated to the

investigational products, and no serious adverse events

occurred during the trial.

Group A Group B Breast milk Overall P-value
(n=25) (n=25) group
(n=25)
2 3 3 /
6 10 1 /
1 1 1 /
9 14 5 /
8(32.00) 12 (48.00) 5 (20.00) 0.126
1 0 0 /
1 4 0 /
1 1 0 /
6 3 6 /
0 0 1 /
0 0 1 /
0 1 0 /
0 0 1 /
18 23 14 /
14 (56.00) 16 (64.00) 10 (40.00) 0.271

Group A was fed with organic protein milk with Bifidobacterium animalis subsp. lactis BB-12® and prebiotics DiGenix®; Group B was fed with organic

protein milk. Data presented are frequency (%). Between-group comparison was performed using Fisher exact test.

DISCUSSION

This study evaluated the effects of two cow's milk-based
infant formulas and breastfeeding on the gastrointestinal
development, stool characteristics, digestive comfort,
tolerance, and growth of infants aged 30 to 120 days. The
results of the study suggested that organic protein milk
with BB-12® and prebiotics DiGenix® formula performed

better than organic protein milk formula in supporting

infant  growth and development, improving

gastrointestinal tolerance, and enhancing stool
characteristics, showing similarities to the effects of
breastfeeding in these areas [32]. These findings provide
strong scientific evidence for the optimization of infant
formula development and further support the strategy of
incorporating probiotics in infant formulas to promote

gastrointestinal health in non-breastfed infants.
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Besides nutrients, breast milk contains bioactive
compounds that support the growth and development of
infants. Bioactive compounds evoke a bioactive impact
on the human body, ideally to promote health [33].
When added to infant formulas, these compounds can
enhance the functional and health value of the formulas
and improve their simulation of breast milk. Our study
found that infants in the organic protein milk with BB-12®
and prebiotics DiGenix® group and the breastfeeding
group had significantly softer stools at 90 and 120 days of
age compared to those in the organic protein milk group.
This suggests that feeding with the organic protein milk
with BB-12® and prebiotics DiGenix® formula is similar to
breastfeeding in maintaining stool softness, which could
be attributed to the probiotics included in its
formulation. The BB-12® probiotic has been
demonstrated to improve gut microbiota composition
[34], promote stool softening, and enhance bowel
regularity [35]. Conversely, infants in the organic protein
milk group had firmer stools, which may indicate a
relative disadvantage in promoting intestinal health and
stool elimination [36].

The synergistic effects of prebiotics and probiotics
in infant nutrition are a key area of emerging research
[37,38]. Prebiotics such as GOS and FOS are non-
digestible fibers that serve as a food source for beneficial
gut bacteria, promoting their growth and activity [39].
When combined with probiotics like BB-12®, GOS and
FOS enhance the survival and colonization of these
beneficial microbes in the gut, leading to improved
gastrointestinal health and immune function [40].
Specifically, BB-12® benefits from the selective
fermentation of GOS and FOS, which produces short-
chain fatty acids to lower intestinal pH and inhibit the
growth of harmful bacteria [41]. This symbiotic
relationship between prebiotics and probiotics helps to
mimic the effects of breast milk, supporting a balanced

infant gut microbiota, improving stool consistency, and
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reducing gastrointestinal discomfort, making it highly
beneficial for non-breastfed infants.

Further analysis also showed that infants in the
organic protein milk with BB-12® and prebiotics DiGenix®
and the breastfeeding groups had significantly higher
bowel movement frequencies at 120 days compared to
those in the organic protein milk group. Increased bowel
frequency is generally considered a positive indicator of
gastrointestinal health, especially in infancy. Therefore,
these results suggest that the addition of BB-12® and
prebiotics DiGenix® in infant formula facilitates the
simulation of the beneficial gastrointestinal effects of
breastfeeding.

The results of the study indicated that there were
no significant differences in supporting infant growth and
development among the three feeding methods. This
finding is crucial as it demonstrates that both formulas
can provide adequate nutrition to meet the normal
growth needs of infants. While the effects of formula
feeding and breastfeeding on growth are comparable,
the importance of stool characteristics and gut health for
long-term infant development should not be overlooked.
The advantage of the organic protein milk with BB-12®
and prebiotics DiGenix® in promoting gut health could
make it a superior choice for infant formula.

Infants in the organic protein milk with BB-12® and
prebiotics DiGenix® and breastfeeding groups
experienced significantly less bloating and burping at 120
days of age than those in the organic protein milk group,
suggesting a greater advantage in gastrointestinal
tolerance for the former two groups. Additionally,
breastfed infants exhibited significantly less burping
between 60 and 120 days and less gastrointestinal
bloating between 90 and 120 days compared to those in
the organic protein milk group. This data clearly supports
the effectiveness of the organic protein milk with BB-12®
and prebiotics DiGenix® in reducing gastrointestinal

discomfort, likely due to its unique formulation.
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However, the clinical significance of these mild symptoms
over the long term requires further exploration.

There were no significant differences among the
feeding groups in terms of night sleep duration, day sleep
duration, number of night awakenings, or duration of
night awakenings. This indicates that different feeding
methods have no obvious impact on infant sleep
patterns, suggesting that sleep quality is balanced across
feeding groups when other factors (such as
gastrointestinal symptoms) are similar. This finding may
be of particular relevance to mothers choosing formula
feeding, which has comparable performance with
breastfeeding in this regard [42].

Moreover, the incidence of adverse events did not
significantly differ among groups, and no serious adverse
events related to the trial products were reported. These
findings provide solid safety data for the two infant
formulas used in this study, supporting their use as safe
alternatives to breastfeeding [43]. For infants who
cannot be breastfed, organic protein milk with BB-12®
and prebiotics DiGenix® may represent a safer and more
effective choice. Overall, feeding with organic protein
milk with BB-12® and prebiotics DiGenix® demonstrated
similarities to breastfeeding in gastrointestinal tolerance
and stool characteristics and even outperformed organic
protein milk in certain gastrointestinal health parameters
[44,45]. This suggests that its formula design has
successfully emulated some of the beneficial effects of
breast milk on infant health [46]. However, the study also
showed no significant differences in growth and sleep
qguality among the three feeding methods, indicating that
in terms of growth metrics, the performance of these
formulas is very close to that of breast milk.

Functional foods are “natural or processed foods
that contain effective and non-toxic amounts of bioactive
compounds, provide a clinically proven and documented
health benefit utilizing specific biomarkers, to promote

optimal health and reduce the risk of chronic/viral
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diseases and manage their symptoms” [47]. As a
manufactured food designed for closely replicating
human breast milk, infant formulas with the
supplementation of bioactive compounds such as
probiotics and prebiotics have demonstrated their
potential as functional foods. This research provides
novel insights into the role of synbiotics in infant
nutrition, being among the first clinical trials to evaluate
organic protein milk-based formula supplemented with
Bifidobacterium animalis subsp. lactis BB-12® and
prebiotics DiGenix®. Unlike conventional cow milk
formulas, this formulation closely mimics the
gastrointestinal benefits of breastfeeding, as evidenced
by softer stools, higher bowel movement frequency, and
reduced bloating and burping. The study further confirms
this synbiotic-enhanced formula’s safety and nutritional
adequacy, offering a scientifically validated alternative
for infants who cannot be breastfed. These findings
highlight the potential of targeted synbiotic formulations
in improving digestive health, warranting further
research on their long-term benefits and optimization in
infant nutrition.

Despite the promising findings, several limitations
need to be considered. The study duration was limited to
120 days, which may not fully capture the long-term
effects of the formulas on infant development. Further
research with longer follow-up periods is necessary to
assess sustained benefits [26]. Additionally, the sample
size was relatively small, and the findings may not be
generalizable to all populations. A larger, more diverse
sample would provide a clearer understanding of the
formula’s impact across different groups. While no
significant differences were found in sleep patterns, the
study did not explore other potential influences on infant
behavior and development. Future studies should
investigate the broader effects of these feeding methods
on cognitive and behavioral outcomes. Moreover,

external factors, such as environmental or genetic
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influences, were not fully controlled for and could affect
gastrointestinal health. Further studies are needed to
account for these variables. Finally, more in-depth
research into the specific components of the formula and
their physiological mechanisms is necessary to optimize
the nutritional and functional properties of infant
formulas and further improve infant health [48]. Through
more refined analyses and broader studies, we can better
understand the role of infant formula and its
comparability to breast milk, thereby better guiding

clinical practice and maternal and infant feeding choices.

CONCLUSIONS

While the findings of this study provide strong evidence
supporting the efficacy and safety of the organic protein
milk with BB-12® and prebiotics DiGenix® formula,
further research is warranted to explore its long-term
effects, its impact across diverse populations, and its
broader implications on overall infant health and

development.

Abbreviations: ANOVA, analysis of variance; ANCOVA,
analysis of covariance; BB-12®, Bifidobacterium animalis
subsp. Lactis BB-12®; FOS, fructo-oligosaccharides; GOS,
galacto-oligosaccharides; SD, standard deviation; WHO,

World Health Organization.
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