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Abstract
Neonatal jaundice is a common condition observed in newborns shortly after birth, making it one of the most 
frequent health concerns during the first two weeks of life. This study, conducted between May 2019 and July 
2023, enrolled 300 full-term infants with bilirubin levels exceeding 15 mg/dL on the fourth day after birth. The 
infants were recruited and randomly assigned in equal numbers to one of three groups for further investigation. 
In addition to the control group, the other two groups of infants received probiotic supplementation administered 
twice daily, with each capsule delivering 5 × 10⁹ CFU of either Lactobacillus salivarius AP-32 or Bifidobacterium 
animalis subsp. lactis CP-9. Both probiotic groups significantly reduced the overall duration of phototherapy 
and accelerated the rate of bilirubin reduction compared to the control group. The AP-32 group experienced 
a significant reduction in hospitalization duration, staying seven hours less than the placebo group (P = 0.024). 
Analysis of gut microbiota revealed that the probiotic groups significantly enhanced microbial diversity in the 
intestines of neonates. The AP-32 group showed a significant increase in the abundance of L. salivarius, while 
the CP-9 group demonstrated a notable enhancement in the abundance of B. animalis. These findings suggest 
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Introduction
Neonatal jaundice can be a benign physiological pro-
cess, or it can also be the first sign of serious illness with 
bilirubin-associated toxicity manifested in the nervous 
system. The practice guidelines released by the American 
Academy of Pediatrics (AAP) have been well accepted to 
monitor and identify newborns who might have severe 
unconjugated hyperbilirubinaemia, and even acute bili-
rubin encephalopathy or kernicterus [1]. Severe neo-
natal hyperbilirubinaemia still contributes significantly 
to neonatal morbidity and mortality, especially in low/
middle-income countries [2]. The incidence of neona-
tal jaundice is around 60–70% in Western countries [3], 
and even higher among newborns of Asian ethnicity [4]. 
Phototherapy remains the preferred treatment for neona-
tal jaundice, utilizing blue light within the 450–470  nm 
wavelength range to catalyze the isomerization of biliru-
bin into water-soluble derivatives, thereby facilitating its 
excretion [5]. The efficacy of this therapy depends on fac-
tors such as light intensity, the type of light source and 
the extent of the infant’s skin exposure [5, 6]. While pho-
totherapy effectively lowers bilirubin levels and reduces 
the risk of neurotoxicity, its documented side effects 
include thermoregulatory imbalance, diarrhea, sleep dis-
turbances, and the development of bronze-like skin dis-
coloration [5–7].

It has been demonstrated that probiotics could be 
applied to regulating the gastrointestinal disease, such 
as diarrhea, neonatal necrotizing enterocolitis, Helico-
bacter pylori eradication [8]. Recently, probiotics and 
their products are well studied for their health benefit 
effects on immunomodulatory, type 2 diabetes, hyper-
tension, neonatal jaundice and so on [9]. The efficacy of 
probiotics depends upon their ability to pass through 
the stomach and duodenum, and colonize in the intes-
tinal lumen, to reduce the overgrowth of bacteria in the 
small bowel, restore gastrointestinal barrier function 
and modulate the immune system [10]. In recent years, 
probiotics have been studied to treat neonatal jaun-
dice. Bifidobacteria have been shown to increase fre-
quency of defecation, reduce enterohepatic circulation, 
regulate of intestinal pH, and inhibit of β-glucuronidase 
activity, thereby promoting the excretion of bilirubin 
[11–13]. Lactobacillus can upregulate the expression 
of tight junction proteins in intestinal epithelial cells, 
thereby mitigating bilirubin leakage and inhibiting its 
reabsorption [13, 14]. The immediate administration of 
probiotics, such as L. rhamnosus GG, after birth posi-
tively influences bilirubin metabolism and may reduce 

the risk of hyperbilirubinemia [15]. Chen YJ et al. have 
shown that probiotics inhibit the activity of intestinal 
β-glucuronidase [16], preventing the conversion of con-
jugated bilirubin to unconjugated bilirubin, thereby 
reducing the level of unconjugated bilirubin in the blood. 
Gut microbiota is important in this context as it may 
play a major role in bilirubin efflux. The supplementa-
tion of Bifidobacteria and Lactobacilli in neonates signifi-
cantly enhances intestinal metabolic function, promotes 
immune system maturation, and facilitates the develop-
ment of the intestinal mucosa along with its associated 
mucus layer [17]. These probiotics significantly influence 
the development of the neonatal gut microbiome, partic-
ularly in relation to the management of jaundice, where 
they may offer potential protective benefits.

The primary objective of this study was to evaluate 
the efficacy of two probiotics in reducing the duration 
of phototherapy in neonatal jaundice. Combining pho-
totherapy with probiotics may enhance gut microbi-
ome health, promoting the degradation and excretion of 
bilirubin.

Materials and methods
Probiotic protocol
The two probiotic strains used were Lactobacillus sali-
varius AP-32 (BCRC 910437, CCTCC M2011127), origi-
nally isolated from the gastrointestinal tract of healthy 
individuals, and Bifidobacterium animalis subsp. lac-
tis CP-9 (BCRC 911195, CCTCC M2014588), sourced 
from the breast milk of healthy mothers. Each probiotic 
capsule, containing 5 × 10⁹ CFU, was provided by Glac 
Biotech Co., Ltd. (Tainan, Taiwan) and was visually indis-
tinguishable from the placebo capsules, which contained 
only maltodextrin. The capsules were administered to the 
infants twice daily by a consistent team of skilled nurses, 
who uniformly mixed the probiotic or placebo powder 
into either breast milk or formula. This regimen contin-
ued until the infants were discharged from the hospital.

Study population
The study population for this trial included full-term 
infants (≥ 37 weeks gestation) who had bilirubin levels 
exceeding 15  mg/dL on the fourth postnatal day. The 
jaundice index measurement is based on the methodol-
ogy described by Tsai et al. (2022) [18]. Infants with hypo-
thyroidism, Down syndrome, ABO hemolytic disease, 
gastrointestinal disorders, Glucose-6-phosphate dehy-
drogenase (G6PD) deficiency (favism), vascular tumors, 
cephalohematoma or bleeding, perinatal asphyxia with 
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severe hypoxic-ischemia encephalopathy, fetal chromo-
somal abnormalities, cyanotic congenital heart disease, 
umbilical hernia, early-onset sepsis, or liver failure were 
excluded from participation in this study.

Study design
The experimental design is illustrated in Fig.  1A. This 
study adhered to the ethical principles outlined in the 
Helsinki Declaration. It received approval from the 

Institutional Ethical Committee of China Medical Uni-
versity Children’s Hospital (CMUCH, Taichung, Tai-
wan), with the approval number CMUH107-REC1-136. 
Additionally, the study was registered with ClinicalTri-
als.gov under the registration number NCT03876678. 
In estimating the required sample size for this clinical 
trial, the study by Demirel et al. (2013) was referenced 
[19]. We assumed that the anticipated effect size between 
the experimental and placebo groups would be 0.3 units, 

Fig. 1 Participant recruitment and trial flowchart. (A) The trial enrolled full-term neonates (≥ 37 weeks) who had serum bilirubin levels exceeding 15 mg/
dL on postnatal day 4. These infants were given two probiotic capsules daily and were closely monitored for changes in bilirubin levels and any adverse 
reactions until their discharge. (B) A total of 300 participants were randomized into three groups: the AP-32 group (n = 99), the CP-9 group (n = 99), and 
the placebo group (n = 98). Of these, 277 participants completed the trial
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with a standard deviation of 0.63 units. Given a α (type 
I) error of 0.05 and a statistical power (1-β) of 0.90, the 
sample size calculation indicated that 85 participants 
per group were required. Considering the study dura-
tion and an expected dropout rate of 15%, the sample size 
was adjusted to 100 participants per group, resulting in 
a total of 300 participants for the trial. Participants were 
recruited based on predefined eligibility criteria. After 
obtaining consent from their legal guardians, participants 
were randomly assigned to one of three groups using a 
randomization table. The allocation to treatment groups 
was concealed from parents, nurses, and physicians 
to ensure blinding. Each group received phototherapy 
(wavelength 425–457  nm; BiliBed Medela Phototherapy 
Lamp, Switzerland) along with one of the following inter-
ventions: AP-32, CP-9, or a placebo. Phototherapy for 
managing hyperbilirubinemia was administered accord-
ing to the guidelines established by the AAP [1] and the 
Taiwanese Society of Neonatology ( h t t p  : / /  w w w .  t s  n - n  e o 
n  a t o l  o g  y . c o m / h e a l t h /). The phototherapy intensity was 
maintained ≥ 30 µW/cm²/nm. During the treatment, 
LED light sources were positioned approximately 30 cm 
from the patient, who was protected by eye shields and 
a diaper. Adverse events in the infants were documented 
throughout the study. Discharge criteria were met when 
the phototherapy indicator dropped by two units with-
out any subsequent rebound, and participants became 
eligible for discharge following the physician’s clinical 
evaluation. The primary outcome measures included the 
duration of phototherapy and the rate of jaundice reduc-
tion. Secondary outcome measures encompassed the 
incidence of adverse reactions and an analysis of changes 
in the gut microbiota.

Statistical analysis
The primary outcome of this study involved analyz-
ing physiological data through a per-protocol analysis 
approach. Data were presented as means ± standard error 
of the mean (SEM). Categorical variables were examined 
with Pearson’s chi-squared test, while continuous vari-
ables were assessed using one-way analysis of variance 
(ANOVA), followed by post-hoc comparisons with the 
Least Significant Difference (LSD) test. The criterion for 
statistical significance was set at P < 0.05. All statistical 
analyses were conducted with SPSS version 19.0 (IBM, 
Armonk, NY, USA).

Next generation sequencing (NGS)
Before and after the probiotic intervention, fecal sam-
ples were collected from participants, and total DNA 
was extracted according to the protocol provided by 
the QIAamp®DNA Mini Kit (QIAGEN Canada, Mis-
sissauga, ON, Canada) manufacturer. To prepare the 
DNA libraries for each sample, the V3-V4 region of 

the 16S rRNA gene was amplified using specific prim-
ers 314F (5'-TCGTCGGCAGCGTCAGATGTGTATA-
AGAGACAGCCTACGGGNGGCWGCAG-3') and 
805R (5'-GTCTCGTGGGCTCGGAGATGTGTATA-
AGAGACAGGACTACHVGGGTATCTAATCC-3'). 
The PCR reaction mixture consisted of 2.5 µL of DNA 
template, 5 µL of each primer, and 12.5 µL of KAPA 
HiFi HotStart ReadyMix (Roche Sequencing Solutions, 
Pleasanton, CA, USA [KK2601]), yielding a final volume 
of 25 µL. The thermal cycling conditions were as follows: 
95°C for 5  min; 30 cycles of 95°C for 30s, 60°C for 30s, 
and 72°C for 30s; 72°C for 5 min. After constructing the 
DNA libraries, sequencing was performed by Majorbio 
Bio-Pharm Technology Co., Ltd. (Shanghai, China) using 
the Illumina MiSeq platform (Illumina, San Diego, USA) 
with paired-end sequencing (2 × 300 bp).

Bioinformatics analysis and statistics
The raw sequence data were initially processed using the 
16S Metagenomics application on the Basespace plat-
form (Illumina, San Diego, CA, USA). Following this, the 
sequence data were classified into operational taxonomic 
units (OTUs) based on the Greengenes classification 
database (version May 2013) provided by Illumina. Alpha 
and beta diversity of participants’ gut microbiota were 
assessed using the Shannon index and the Jaccard index, 
respectively. Alpha diversity calculations were performed 
with the “vegan” package in R  (   h t t p s : / / c r a n . r - p r o j e c t . o r g /     
) , while beta diversity was estimated via MicrobiomeAna-
lyst ( h t t p s :   /  / w w  w .  m i c  r o b i  o m e  a n  a l y s  t . c a /) and analyzed 
via Principal Coordinates Analysis (PCoA) to explore 
variations in gut microbiota composition richness across 
different samples [20, 21]. To evaluate statistical dif-
ferences in beta diversity, we used Permutational Mul-
tivariate Analysis of Variance (PERMANOVA) within 
QIIME2. A significance threshold of P < 0.05 was applied 
to determine statistical significance.

Results
Participant recruitment and basic characteristics
This study was conducted at China Medical Univer-
sity Children’s Hospital. The flow chart is illustrated in 
Fig.  1B. During the recruitment phase, 300 participants 
were enrolled. During the screening phase, four partici-
pants withdrew. In the trial phase, five participants did 
not adhere to the study protocol. A total of 291 partici-
pants completed the trial. Among them, four participants 
were found to have G6PD deficiency, three had ABO 
hemolysis, and seven were identified as outliers in the 
bilirubin decline rate based on the interquartile range 
(IQR) criterion (i.e., values falling outside the range of 
Q1 − 1.5×IQR or Q3 + 1.5×IQR [22]). Consequently, 277 
participants were included in the final statistical analysis. 
The AP-32 probiotic group consisted of 89 participants, 

http://www.tsn-neonatology.com/health/
http://www.tsn-neonatology.com/health/
https://cran.r-project.org/
https://www.microbiomeanalyst.ca/
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the CP-9 probiotic group had 96 participants, and the 
placebo group included 92 participants. No adverse reac-
tions were recorded during the study period. The study 
findings indicate that the clinical characteristics of the 
study groups were comparable, with no significant differ-
ences observed in baseline data, including gender, birth 
weight, delivery method, gestational age, and baseline 
serum bilirubin levels (Table 1). Although no significant 
differences were observed in the changes in jaundice 
index or the number of discharges per 24  h among the 
three groups, the length of hospital stay was notably 
reduced in the AP-32 group (P = 0.024).

Probiotics showed no effect on the hospital discharge rates 
of participants
The timing of discharge following the study intervention, 
as illustrated in Table 2, also revealed no significant dif-
ferences within the first 24 h post-intervention across the 
groups. Specifically, the number of discharges within 24 h 
was minimal and comparable among the AP-32, CP-9, 
and placebo groups. The number of discharges between 
24 and 48  h showed a trend toward earlier discharge 
in the AP-32 group compared to the CP-9 and placebo 
groups, the P-value of 0.078. Discharge timings between 
48 and 72 h and beyond 72 h did not differ significantly 
among the groups.

Probiotics effectively reduced the duration of 
phototherapy and improved jaundice
Figure 2 highlights the duration of phototherapy across 
the three groups. Figure 2A shows that the total duration 
of phototherapy was significantly shorter in the AP-32 
and CP-9 groups compared to the placebo group, with 

statistically significant differences (P-values of 0.003 and 
0.015, respectively). This reduction in phototherapy dura-
tion suggests a potential therapeutic benefit of the pro-
biotics. Additionally, the rate of decline in the jaundice 
index, as shown in Fig. 2B, was faster in both the AP-32 
and CP-9 groups compared to the placebo group. The 
decline rates were significantly greater in the probiotic 
groups, indicating that probiotic supplementation may 
enhance the reduction of jaundice severity in affected 
infants (P < 0.05). Figure  3 demonstrates the cumulative 
amount of phototherapy, quantified as the total hours of 
phototherapy multiplied by the number of light banks. A 
significant reduction in light exposure observed in both 
the AP-32 and CP-9 groups. The AP-32 group, in par-
ticular, exhibited a more pronounced reduction, with 
P-values less than 0.01 on the 1st and 2nd days. This indi-
cates that probiotics, especially AP-32, may effectively 
reduce the need for prolonged phototherapy in jaundiced 
infants, potentially mitigating the risks associated with 
extended light exposure.

Probiotics enhanced the diversity and abundance of 
beneficial bacteria in the gastrointestinal tract
The evaluation of microbiome distribution, as illus-
trated in Fig.  4, reveals that after three days of probi-
otic treatment, the bacterial diversity became more 
enriched in both study groups. The alpha diversity analy-
sis results, presented in Fig. 4A, show a statistically sig-
nificant increase in the Shannon index within the AP-32 
group (P = 0.044). Moreover, the CP-9 group displayed 
an upward trend in alpha diversity. This suggests that 
supplementation with the AP-32 and CP-9 probiotics 
enhances the diversity of the gut microbiota in jaundiced 

Table 1 Baseline characteristics and primary outcomes
AP-32 (N = 89) CP-9 (N = 96) Placebo (N = 92) P-value

Gender (M/F) 46/43 41/55 51/41 0.198
BBW (g) 3069.96 ± 36.10 3087.29 ± 33.94 3097.54 ± 35.71 0.858
Delivery method (NSD/C/S) 65/24 76/20 77/15 0.214
Gestational age (weeks) 37.93 ± 0.12 37.99 ± 0.12 38.08 ± 0.12 0.702
Baseline serum bilirubin (mg/dL) 15.84 ± 0.25 16.08 ± 0.23 15.67 ± 0.23 0.466
Endpoint serum bilirubin (mg/dL) 11.00 ± 0.15 11.21 ± 0.14 10.99 ± 0.14 0.464
Duration of hospital stay (hours) 57.06 ± 2.05* 62.34 ± 2.12 64.30 ± 2.51 0.066
Δ Jaundice index (mg/dL) −4.84 ± 0.27 −4.88 ± 0.25 −4.68 ± 0.27 0.859
Abbreviations: BBW, Birth body weight; NSD, Normal spontaneous delivery; C/S, Cesarean section
*Significant difference between placebo, P < 0.05

Δ Jaundice index = Endpoint serum bilirubin − Baseline serum bilirubin

Table 2 The number and percentage of discharged participants
AP-32 (N = 89) CP-9 (N = 96) Placebo (N = 92) P-value

24 h post intervention (N/%) 1/1.1 0/0 1/1.1 0.586
48 h post intervention (N/%) 50/56.2 42/43.8 37/40.2 0.078
72 h post intervention (N/%) 30/33.7 44/45.8 43/46.7 0.140
> 72 h post intervention (N/%) 8/9 10/10.4 11/12.0 0.808
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infants, potentially contributing to better gut health and 
more effective management of jaundice. The beta diver-
sity analysis, as shown in Fig.  4B, further corroborates 
these findings. Significant differences in microbial com-
munities were observed in the Jaccard analysis, both the 

AP-32 (P = 0.001) and CP-9 (P = 0.025) groups demon-
strated a significant change over the three days which 
was not seen in the placebo group.

Figure 4C shows the relative abundance of bacterial 
phyla as a percentage in different groups at three time 

Fig. 3 During the first three days of hospitalization, the total cumulative dose of phototherapy administered were assessed. Significance levels 
were indicated as follows: *P < 0.05, and **P < 0.01 compared to placebo Day 1; #P < 0.05 and ##P < 0.01 compared to placebo Day 2. Phototherapy dose 
(lamp*hour) = number of lamps × duration of phototherapy

 

Fig. 2 During the trial period, both (A) the total duration of phototherapy and (B) the bilirubin declined rate were evaluated. Jaundice index declined 
rate = (jaundice level at discharge − jaundice level at admission) / duration of phototherapy. Significance levels were indicated as follows: *P < 0.05 and 
**P < 0.01 compared to placebo
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Fig. 4 Changes in gut microbiota composition before and after probiotic intervention. Several indices were evaluated, including (A) alpha diversity, (B) 
beta diversity, the top ten bacterial (C) phyla and (D) genera, as well as the relative abundance of (E) L. salivarius and (F) B. animalis
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points. The top three bacterial phyla identified were 
Firmicutes, Proteobacteria, and Bacteroidetes, with 
predominant genera including Bacteroides, Streptococ-
cus, Enterococcus, Bifidobacterium, Lactobacillus, Clos-
tridium, Parabacteroides, Veillonella, and Megamonas 
(Fig.  4D). This increase in diversity is a positive indica-
tor of a healthier gut environment, which could be linked 
to the observed clinical benefits. At the genus level 
(Fig. 4D), Bacteroides increased only in the CP-9 probi-
otic group, while it decreased in the AP-32 and placebo 
groups. Streptococcus increased after supplementation 
in all groups, and Enterococcus showed a slight decrease 
in the placebo group. A more pronounced reduction 
in Enterococcus was observed in the AP-32 and CP-9 
groups. The AP-32 group showed a significant increase in 
the relative abundance of Lactobacillus, especially L. sali-
varius (P = 0.003) (Fig.  4D and E). Conversely, the CP-9 
group demonstrated an increase in Bifidobacterium, 
specifically B. animalis (P = 0.001) (Fig. 4D and F). These 
changes in microbiota reflect the specific effects of differ-
ent probiotic strains on the gut microbiota, with poten-
tial implications for their therapeutic use in managing 
neonatal jaundice.

Discussion
The study findings provide a comprehensive overview 
of the effects of probiotic supplementation on bilirubin 
levels, phototherapy requirements, and gut microbiota 
diversity in jaundiced infants. This study demonstrates 
that probiotics can accelerate the reduction of bilirubin 
levels in jaundiced infants and reduce the duration of 
phototherapy. A safety study has demonstrated that both 
AP-32 and CP-9 do not have any adverse effects on the 
growth and development of infants [23]. Previous litera-
ture has indicated that excessive phototherapy may lead 
to skin hypersensitivity, including effects on the immune 
and inflammatory systems, as well as potential genotoxic 
and other side effects [24]. The imbalance of gut micro-
biota—known as dysbiosis—has also been considered as 
a pathogenic factor for neonatal jaundice [13]. The biliru-
bin formed by the destruction of erythrocytes first enters 
the liver and then combines with UDP-glucuronic acid 
(UDPGA) to form water-soluble conjugated bilirubin. 
Subsequently, bilirubin is secreted into the biliary tract 
and enters the intestine for excretion. Likewise, patho-
genic Escherichia coli in the intestine produced bacte-
rial enzymes, β-glucuronidase, would also slow down 
the efficiency of metabolism of bilirubin [13, 25]. Oral 
administration of probiotics was found to increase alpha 
diversity, which may explain the accelerated reduction in 
bilirubin levels through the inhibition of E. coli expres-
sion [18]. Alpha and beta diversity analysis revealed sig-
nificant community differences and increased microbial 
variety in the AP-32 and CP-9 groups after probiotic 

supplementation. These results highlight the distinct 
shifts in the gut microbiota composition following probi-
otic intervention with both strains.

In the early stages of life, anaerobic bacteria typically 
colonize the intestinal tract of neonates within the first 
3 to 7 days after birth [26, 27]. During this developmen-
tal phase, the primary anaerobic genera that emerge 
include Bifidobacterium, Clostridium, and Bacteroides 
[13, 28]. Beneficial bacteria for jaundice are those capable 
of metabolizing bilirubin into urobilinoids, with most 
strains belonging to the genera Bacteroides and Clostrid-
ium [27]. In the control group, changes in the abundance 
of these two genera were observed to after the experi-
ment. The abundance of Streptococcus does not exhibit 
significant differences between healthy individuals and 
those with jaundice [29, 30]. Administering of probiotics, 
including L. acidophilus, S. thermophilus, and B. longum, 
in conjunction with phototherapy, led to a more rapid 
reduction of jaundice compared to phototherapy alone 
[31]. This finding suggests that Streptococcus may inter-
act with other gut microbiota, potentially influencing the 
overall composition and functionality of the microbial 
community.

Urinary tract infections (UTIs) are recognized as 
potential contributors to hyperbilirubinemia in new-
borns [32]. Recent research has identified a significant 
correlation between congenital anomalies of the kidney 
and urinary tract (CAKUT) and an elevated risk of both 
neonatal jaundice and UTIs [33]. Microbial analyses of 
urine frequently identify Enterococcus faecalis and other 
Enterococcus species among the top five pathogens [32, 
34, 35]. Moreover, the intestinal microbiome of jaundiced 
neonates is often characterized by a decreased abun-
dance of Bifidobacteriaceae and an increased presence of 
Enterococcaceae [25]. Bifidobacterium is the most com-
mon genus in the infant gut microbiota, and its ability to 
inhibit β-glucuronidase activity promotes the enhanced 
dissociation of conjugated bilirubin within the gastro-
intestinal tract [25]. Lactobacillus, a common microbial 
inhabitants in the gastrointestinal tract of healthy infants, 
is significantly less abundant in those with jaundice, 
potentially due to its involvement in bilirubin metabo-
lism [36]. However, a review indicates that most probi-
otics exhibit minimal β-glucuronidase activity and lack 
the capacity to convert bilirubin, suggesting a limited 
or indirect role in bilirubin metabolism [27]. A recent 
study revealed that alterations in the gut microbiota were 
observed 24 and 48 h after the initiation of phototherapy 
[37]. Notably, there was a significant reduction in the 
abundance of Bifidobacterium and Lactobacillus, par-
ticularly B. animalis, B. breve, and L. fermentum. Addi-
tionally, the abundance of L. salivarius also decreased. 
Our research findings indicated that supplementation 
with B. animalis CP-9 or L. salivarius AP-32 significantly 
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increased the abundance of these probiotics in the intes-
tines of jaundiced infants. Appropriate probiotic supple-
mentation may enhance the efficacy of phototherapy in 
these infants while simultaneously supporting the growth 
of beneficial gut microorganisms and promoting a more 
balanced, functional microbiota.

The studies mentioned provide compelling evidence 
supporting the role of probiotics in managing jaun-
dice and enhancing gut health. Previous studies have 
suggested that probiotics such as Bifidobacterium and 
Saccharomyces boulardii may play a role in prevent-
ing hyperbilirubinemia by modulating intestinal motil-
ity, improve intestinal barrier function, and regulating 
gut microbiota [38–40]. The efficacy of probiotics lies in 
their ability to reduce pathogenic bacterial overgrowth by 
producing antibacterial substances in the small intestine, 
restoring gastrointestinal barrier function, and regulating 
the immune system [10]. These mechanisms underline 
the potential of probiotics as a therapeutic tool in manag-
ing conditions related to jaundice and gut health.

This study has several limitations that should be 
acknowledged. First, we did not collect and analyze data 
regarding weight loss among the infants, which could be 
an important factor influencing the outcomes of jaun-
dice treatment. Second, the study did not differentiate 
between infants who were fed with formula milk and 
those who were breastfed. Different feeding methods and 
types of milk can have varying effects on bilirubin lev-
els and the progression of jaundice. The lack of detailed 
feeding information limits our ability to fully understand 
and interpret the influence of diet on the efficacy of pro-
biotic supplementation in jaundiced infants.

Future research should aim to include comprehensive 
data on feeding practices and weight changes to bet-
ter assess their impact on jaundice outcomes. Exploring 
the effects of various probiotic strains in conjunction 
with different types of milk feeding could provide more 
nuanced insights into optimizing treatment strategies for 
neonatal jaundice. Investigating the interactions between 
specific microbial communities and feeding meth-
ods may help in developing targeted interventions that 
enhance therapeutic efficacy and promote better health 
outcomes for affected infants.

Conclusion
In conclusion, the integration of L. salivarius AP-32 and 
B. animalis CP-9 probiotics with phototherapy presents 
a promising approach to reducing the treatment dura-
tion for neonatal jaundice. This combined therapy not 
only accelerates bilirubin reduction but also appears to 
do so without significant side effects. The potential to 
shorten the duration of jaundice through this synergis-
tic treatment could have lasting benefits on the growth 

and development of affected infants, making it a valuable 
addition to current therapeutic strategies.
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