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Probiotics such as bifidobacteria have been given to low-birth-weight neonates (LBWNs) at risk for a disrupted gut 
microbiota leading to the development of serious diseases such necrotizing enterocolitis. Recently prebiotics such 
as lactulose are used together with bifidobacteria as synbiotics. However, faster and more powerful bifidobacteria 
growth is desired for better LBWN outcomes. The prebiotic 1-kestose has a higher selective growth-promoting effect 
on bifidobacteria and lactic acid bacteria in vitro among several oligosaccharides. Twenty-six premature neonates (less 
than 2,000 g) admitted to a neonatal intensive care unit (NICU) were randomly assigned to receive Bifidobacterium 
breve M16-V with either 1-kestose or lactulose once a day for four weeks from birth. A 16S rRNA gene analysis 
revealed similar increases in alpha-diversity from 7 to 28 days in both groups. The most dominant genus on both days 
was Bifidobacterium in both groups, with no significant difference between the two groups. Quantitative PCR analysis 
revealed that the number of Staphylococcus aureus tended to be lower in the 1-kestose group than in the lactulose 
group at 28 days. The number of Escherichia coli was higher in the 1-kestose group at 7 days. The copy number 
of total bacteria in the 1-kestose group was significantly higher than that in the lactulose group at 3 time points, 7, 
14, and 28 days. No severe adverse events occurred in either group during the study period. l-Ketose may offer an 
alternative option to lactulose as a prebiotic to promote the development of gut microbiota in LBWNs.
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INTRODUCTION

The intestinal microbiota in early life is important for reducing 
neonatal morbidity and mortality [1], and it also has impacts 
on later health [2]. Low-birth-weight neonates (LBWNs) are at 
risk for disrupted normal microbiome development related to 
prematurity, and this disruption, called dysbiosis, can result in 
necrotizing enterocolitis (NEC) and sepsis [3, 4]. In recent years, 
LBWNs admitted to neonatal intensive care units (NICUs) have 

been given probiotics from an early stage [5]. Several reports 
have suggested that probiotics promote normal flora and may 
contribute to the prevention of NEC and other neonatal infections 
[6–8]. Furthermore, prebiotics have recently been administered to 
promote the growth of bifidobacteria [9, 10]. The combination of 
Bifidobacterium breve and lactulose is routinely given to LBWNs 
currently in Japan [11]. However, faster and more powerful 
bifidobacteria growth are still desired.
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1-Kestose is a fructo-oligosaccharide that is a prebiotic 
with a trisaccharide structure. It has a higher selective growth-
promoting effect on bifidobacteria and lactic acid bacteria than 
other prebiotics in vitro and in vivo in animal models [12, 13]. In 
clinical studies, 1-kestose has been found to have some beneficial 
effects in infants with atopic dermatitis [14, 15] and in adults with 
obesity [16]. However, there have been no studies examining the 
effects of 1-kestose on bifidobacteria growth and gut microbiota 
in neonates, especially in LBWNs. Therefore, we conducted a 
randomized control study to investigate the efficacy with respect 
to the development of gut microbiota and the safety of 1-kestose 
in LBWNs in comparison with lactulose.

PARTICIPANTS AND METHODS

Patients and study design
The eligible neonates included in this study were LBWNs 

who weighed less than 2,000 g and were born and admitted to 
the NICU of Kimitsu-Chuo Hospital in Chiba Prefecture, Japan, 
from May 2019 to March 2020. Neonates who were not expected 
to be given enteral nutrition or internal medication soon at 
birth due to surgical disorders, such as esophageal obstruction 
or diaphragmatic hernia, were excluded in this study. Written 
informed consent was obtained from the guardians of all subjects 
after an explanation of the study. The study neonates were 
randomly assigned into two groups using a computer before 
the first enteral feeding, and both groups received 5.0 × 108 B. 
breve M16-V as a probiotic. As a prebiotic, 0.3 g of 1-kestose 
(Kestose 95, B Food Science Co., Ltd., Aichi, Japan) dissolved 
in water or 0.2 g of lactulose (Lactulose Syrup 65%, TAKATA 
Pharmaceutical Co., Ltd., Saitama, Japan) was given by oral or 
tubal nutrition once a day from day 1 to day 28. Fecal samples 
were collected at 0, 7, 14, and 28 days of age, immediately stored 
at −30°C for about 1 month, and kept at −80°C until used for 
analysis. This study was designed according to the Declaration 
of Helsinki for experiments with human beings, approved by 
the ethical committee of the Graduate School of Medicine of 
Chiba University (No. 3133), and registered in UMIN-CTR 
(UMIN000034023).

DNA extraction
Bacterial DNA was extracted from feces as described by 

Takahashi et al. [17]. Briefly, frozen fecal samples (0.1 g) were 
added to tubes that contained 4 M guanidium thiocyanate, 
100 mM Tris-HCl (pH 9.0), and 40 mM EDTA 800 µL, and 
the samples were then homogenized with zirconia beads using 
a Precellys Evolution instrument (Bertin Instruments, Paris, 
France). DNA was extracted from the bead-treated suspensions 
using a Magtration System 12GC and GC series MagDEA DNA 
200 (Precision System Science Co., Ltd., Chiba, Japan). DNA 
was purified using PI-480 and NR-201 (Kurabo Industries, 
Ltd., Osaka, Japan), and DNA concentrations were estimated 
by spectrophotometry using a NanoDrop ND-8000 instrument 
(Thermo Fisher Scientific, Waltham, MA, USA).

16S rRNA gene sequence analysis using next generation 
sequencing

Fecal bacterial 16S rRNA genes (16S rDNA) were analyzed 
by next generation sequencing (NGS) using the MiSeq system 
(Illumina, San Diego, CA, USA) as previously described 

[17]. The V3–V4 hypervariable regions of 16S rDNA were 
amplified from microbial genomic DNA by polymerase chain 
reaction (PCR) using universal primers for bacteria (341f and 
R806, Supplementary Table 1) and the dual-index method [18]. 
Barcoded amplicons were sequenced using the paired-end method 
and were modified to 2 × 284-bp cycle runs on the MiSeq system 
using MiSeq Reagent Kit version 3 (600 cycle; Illumina). After 
alignment, the overlapping regions within the paired-end reads 
were merged, and primer regions were omitted, which resulted in 
a 430 bp sequence. Only reads with ≥99% of their sequence with 
quality value scores of ≥20 were extracted for further analysis. 
The chimeric sequence detected by Usearch6.1.544_i86 was 
excluded [18]. Based on the sequences, the taxonomic positions 
of the sequences were identified at 97% similarity using the 
Metagenome@KIN analysis software (World Fusion, Tokyo, 
Japan) and TechnoSuruga Lab Microbial Identification database 
DB-BA 13.0 (TechnoSuruga Laboratory, Shizuoka, Japan) 
[19, 20]. The sequences were deposited in a public database 
(DRA Submission ID: bfs_rdc-0001).

Quantitative real-time PCR analysis of intestinal 
microorganisms

Using the extracted DNA samples used in NGS analysis, 
quantitative analysis of the following intestinal organisms 
was performed by real-time PCR: Bifidobacterium spp., 
Staphylococcus spp., Bifidobacterium longum, B. breve, 
Staphylococcus aureus, Escherichia coli, and Klebsiella 
pneumoniae. The primers are listed in Supplementary Table 1. A 
standard curve for each bacterium was prepared using the PCR 
product of a known concentration as a template. The quantitative 
real-time PCR (qPCR) analysis was performed using the extracted 
DNA as a template and TB Green fast qPCR Mix (Takara bio). 
The obtained Ct value was applied to a standard curve to quantify 
the copy number of the target bacteria contained in the extracted 
DNA.

Safety monitoring
For the safety of dosing, we checked for adverse events during 

the study period. The number of daily stools was counted each 
week to evaluate adverse gastrointestinal symptoms, and weight 
trends also were checked to evaluate weight gain failure.

Statistical analysis
Statistical analyses were performed using the IBM SPSS 

Statistics 26 software package (IBM Corp., Armonk, NY, USA). 
The normality of data was examined by the Shapiro–Wilk test. 
Paired two-group comparisons were made using the Wilcoxon 
signed-rank test. The Mann–Whitney U test was performed 
for comparisons between two groups without correspondence. 
Pearson’s correlation coefficient was calculated to evaluate data. 
Differences were considered to be significant at p<0.05 and to be 
a tendency at p<0.1.

RESULTS

Characteristics of the study subjects
Out of 28 eligible neonates, two were unable to complete 

the study due to unexpected events or inability to collect fecal 
samples. Therefore, 26 children were analyzed as subjects in this 
study: 13 neonates in the 1-kestose group and 13 in the lactulose 
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group (Fig. 1). Table 1 and Supplementary Table 2 shows the 
baseline characteristics of the subjects who completed the study. 
The mean birth weights of the 1-kestose group and lactulose 
group were 1,544 g (range 650–1,772 g) and 1,470 g (range 
847–1,998 g), respectively. The mean gestational ages at birth of 
the 1-kestose group and lactulose group were 31.0 weeks (range 
24–33 weeks) and 31.0 weeks (range 24–34 weeks), respectively. 
At baseline, no differences between the 2 groups were identified 
for sex, gestational age, birth weight, mode of delivery, enteral 
feeding, or antibiotic use.

16S rRNA gene analysis of intestinal microbiota
Many of the day 0 samples were not subjected to 16S rRNA 

analysis and real-time PCR analysis, because sufficient DNA 
concentrations were not obtained. The total numbers of reads 
analyzed for each sample at the different time points (days 
7 and 28) were 18,277 ± 6,122 and 36,167 ± 10,559 (mean ± 
SD), respectively. The results for gut microbial diversity (alpha-
diversity) calculated from the number of reads for each genus are 
shown in Fig. 2. Alpha-diversity indices slightly increased from 
7 to 28 days, and no significant difference was identified between 
the groups at the same time points.

Fig. 1.	 Flow diagram.

Table 1.	 Patient characteristics

1-kestose Lactulose p-valueN=13, N (%) N=13, N (%)
Male sex, n (%) 9 (69.2) 8 (61.5) 0.680
Gestational age (weeks), median [range] 31.0 [24–33] 31.0 [24–34] 0.429
<32 weeks of gestation age, n (%) 9 (69.2) 8 (61.5)
Birth weight (g), median [range] 1,544 [650–1,772] 1,470 [847–1,998] 0.798
<1,500 g of birth weight, n (%) 6 (46.2) 7 (53.8)
Caesarean section, n (%) 11 (84.6) 11 (84.6) 1.000
Own mother’s milk only, n (%) 2 (15.4) 3 (23.1) 0.618
Cow milk-based formula only, n (%) 0 (0.0) 2 (15.4) 0.086
Mixed (formula and any breast milk), n (%) 11 (84.6) 8 (61.5) 0.179
Antibiotic use, n (%) 3 (23.1) 3 (23.1) 1.000

Fig. 2.	 Alpha-diversity index of gut microbiota in each group. (a) Shannon alpha-diversity index, (b) Simpson alpha-diversity index.
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The relative abundance ratios of intestinal microbiota at 7 
and 28 days, calculated from the number of reads, are shown in 
Table 2. The most dominant genus in both groups and on both 
days was Bifidobacterium followed by Staphylococcus. The ratios 
of both Bifidobacterium spp. and Staphylococcus spp. decreased 
from at 7 days to at 28 days. A comparison between 2 groups 
at the same age showed no significant difference in any of the 
relative abundance ratios. The relative abundance ratios for each 
neonate at 7 days and at 28 days are shown in Fig. 3a, 3b.

Quantitation of the number of intestinal bacteria by real-time 
PCR

Quantitative results for each bacterium are shown in Fig. 3. 
No significant difference was observed between the two groups 
for Bifidobacterium, B. longum, B. breve, Staphylococcus, and 
K. pneumoniae at 3 time points (Fig. 4a–4d, 4g). The number 
of S. aureus tended to be lower in the 1-kestose group than in 
the lactulose group at 28 days (Fig. 4e). E. coli was significantly 
higher in the 1-kestose group at 7 days and tended to be higher 

Table 2.	 Relative abundance ratios of gut microbiota at the genus level

Relative abundance median (25%–75%) (% detection ratio)
1-kestose Lactulose

Day 7 Day 28 Day 7 Day 28
Bifidobacterium 67.3 (58.4–89.9) 51.1 (28.5–73.6) 64.5 (47.4–79.6) 41.6 (23.3–62.9)
Staphylococcus 22.0 (3.9–38.5) 10.9 (3–20.1) 31.2 (20.4–39.8) 12.8 (7.8–25.5)
Enterococcus 0.0 (0.0–0.0) 0.1 (0.0–3.4) 0.0 (0.0–0.0) 6.0 (0.1–18.6)
Streptococcus 0.1 (0.0–0.2) 0.5 (0.1–1.6) 0.1 (0–0.4) 0.4 (0.1–5.3)
Clostridium sensu stricto 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.1 (0.0–3.6)

The results are shown for five bacteria in which one of the median values at the same time point in the same group 
was 0.1% or higher.

Fig. 3.	 Relative abundance ratios of gut microbiota at the genus level for each neonate at 7 days (3a), and at 28 days (3b). The relative abundance 
ratios of each neonates in the lactulose group (L-) were shown in the left side of this figure and those in the 1-kestose group (K-) were shown in the 
right side of this figure.
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at 14 days (Fig. 4f). The copy number of total bacteria in the 
1-kestose group was significantly higher than that in lactulose 
groups at 3 time points, 7, 14, and 28 days (Fig. 4h).

Adverse events of 1-kestose
During the study period, there were no severe adverse events, 

such as NEC, sepsis, or death, in either group. The mean numbers 
of stools at day 28 (mean ± SD) in the 1-kestose and lactulose 
groups were 3.6 ± 1.7 and 3.6 ± 1.5, respectively. Weight gain 
was almost normal in both groups: the mean gain rates at 28 
days (g/day, mean ± SD) in the 1-kestose and lactulose groups 
were 10.9 ± 3.6 and 11.7 ± 4.6, and the number of days to regain 
to birth weight (days, mean ± SD) were 14.1 ± 3.9 and 15.5 ± 
3.9, respectively. There were no significant differences in these 
parameters between the two groups during the study period.

DISCUSSION

In this study, we compared the effect of 1-kestose, which 
has a higher ability to grow bifidobacteria and other useful 
bacteria among existing prebiotics [21], on intestinal microbiota 
in LBWNs with that of lactulose, which is routinely used as a 
prebiotic for infants under care in NICUs. There was no difference 
in bacterial diversity between the two groups. 1-Kestose was 
similar to lactulose in terms of bifidobacterial growth at 3 time 
points between 1 to 4 weeks of age. S. aureus is one of the most 
critical pathogenic bacteria that can cause NEC in low-birth-
weight neonates [22, 23]. There was a trend toward suppression 
of S. aureus colonization in the 1-kestose group at 4 weeks of age, 
but it was not statistically significant compared with the lactulose 
group. This may be due to the higher total number of bacteria in 
the 1-kestose group. Although bacterial count and copy number 

Fig. 4.	 Bacterial counts of representative species at 7 and 28 days detected by RT-PCR of 16S rDNA from genomic DNA extracted from fecal 
samples. (a) Bifidobacterium spp., (b) Bifidobacterium longum, (c) Bifidobacterium breve, (d) Staphylococcus spp., (e) Staphylococcus aureus, (f) 
Escherichia coli, (g) Klebsiella pneumoniae. (h) All Bacteria. Median ± interquartile range and complete range, *p<0.05, ♯p<0.1.
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are not synonymous, qPCR is currently the most commonly 
used method of quantification [24]. Several papers reported 
quantification of total bacterial count [25, 26]. Probiotics have 
been reported to increase total bacterial counts at 2 and 3 weeks 
of age compared with controls [27], suggesting the high potential 
of 1-kestose as a prebiotic to promote the effects of the probiotic 
B. breve M16-V.

Regarding the higher number of E. coli at 7 and 14 days in the 
1-kestose group, this may be attributed to two neonates in the 
1-kestose group having extremely high abundances of E. coli in 
their floras, which seem to have been in the process of sequential 
transition from Enterobacteriaceae- to Bifidobacteriaceae-
dominated microbiota [28]. However, because of the limited 
number of subjects in this pilot study, it is not possible to 
conclude whether these results are due to individual differences 
or intervention.

Safety as well as efficacy of prebiotics is important in clinical 
practice. Many previous studies have shown that prebiotics are 
safe [29]; however, studies on the safety of 1-kestose are limited. 
Previous clinical studies on 1-kestose have not described severe 
adverse events for infants over six months of age or in animal 
experiments [14–16]. Although small doses of 1-kestose (0.3 g/
day) administered to infants did not cause severe diarrhea, weight 
loss, or other adverse events, further studies with larger numbers 
of subjects are needed to determine the appropriate dosage, 
efficacy, and safety as a prebiotic in LBWNs.

A major limitation of this study is the small sample size. Due 
to the exploratory nature of this study, an acceptable sample size 
could not be calculated. Therefore, this clinical trial was a pilot 
study with a small sample size. The study was conducted in a 
single-blinded fashion. Although gut microbiota analysis was 
performed in a blinded fashion after processing the information 
anonymously, double blinding would be preferable for future 
larger studies.

In conclusion, 1-kestose may offer an alternative option 
to lactulose as a prebiotic to promote the development of gut 
microbiota in LBWNs. Larger studies are needed to elucidate the 
potential of 1-kestose as a prebiotic in LBWNs.
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