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Clinical and microbial insights into the therapeutic potential of 1-kestose in managing Crohn’s disease	Comment by Maher: Clinical and Microbiological Perspectives on the Therapeutic Role of 1-Kestose in Crohn’s Disease Management



ABSTRACT

	Aims: To evaluate whether 1-kestose supplementation modulates gut microbiota composition and mucin-degradation–related biomarkers in patients with clinically inactive to mild Crohn’s disease (CD), and to explore plausible ecological mechanisms in vitro.
Study design: Single-arm pilot intervention study with exploratory laboratory experiments.
Place and Duration of Study: Samples were collected at Tokai University Hospital (Japan), and microbiome/qPCR analyses and in vitro assays were performed at Fujita Health University (Japan). The supplementation period was four months.
Methodology: Nineteen patients with clinically inactive to mild CD (CDAI ≤ 220) received 1-kestose (3 g) twice daily for 4 months. Fecal microbiota composition was assessed by 16S rRNA gene sequencing, and qPCR quantified nanA homologs (nan levels) as a functional marker related to mucin-degrading potential. Clinical biomarkers (CDAI, fecal calprotectin, CRP, albumin) were monitored. To investigate potential mechanisms, in vitro cultures of Ruminococcus gnavus and Bifidobacterium longum were performed under sugar-supplemented conditions, including 1-kestose, and growth responses were evaluated; short-chain fatty acids (SCFAs) were descriptively assessed in pooled culture supernatants.
Results: Clinical biomarkers remained stable throughout supplementation. 1-kestose intake was associated with an increased relative abundance of Bifidobacterium and a decreased abundance of Blautia, along with reduced fecal nan levels. In vitro, B. longum showed enhanced early growth with 1-kestose compared with other sugars, whereas R. gnavus exhibited impaired growth under acidic conditions. Exploratory SCFA measurements suggested higher acetate in sugar-supplemented B. longum cultures.	Comment by Maher: Where are the numbers in the superior adjectives? They must all be mentioned.
Conclusion: In this single-arm pilot cohort of patients with clinically inactive to mild CD, 1-kestose supplementation was associated with shifts toward potentially beneficial taxa and a reduction in nan levels, a functional marker linked to mucin-degrading potential. These findings, supported by exploratory in vitro observations, suggest that 1-kestose may modulate gut ecological conditions; however, clinical efficacy and causality require confirmation in randomized, placebo-controlled trials with detailed dietary and medication monitoring.
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1. Introduction

Crohn’s disease (CD) is an inflammatory bowel disease (IBD) marked by chronic inflammation of the gastrointestinal tract, often leading to abdominal pain, diarrhea, and reduced quality of life. Emerging research has underscored the critical role of the gut microbiota in IBD pathogenesis, with microbial dysbiosis closely linked to disease onset and progression (Caparrós et al., 2021). Among microbial functions, the degradation of mucins—a protective glycoprotein layer that maintains intestinal barrier integrity—has garnered attention due to its role in gut permeability and immune activation (Ma et al., 2023; Martinez-Carrasco et al., 2021). Several bacterial taxa, particularly those from the Lachnospiraceae family including Ruminococcus gnavus and Blautia, have evolved the ability to degrade mucin using enzymes encoded by nan gene clusters (Hall et al., 2017; Henke et al., 2019; Crost et al., 2013; Crost et al., 2016). Increased mucin degradation has been associated with “leaky gut” and immune dysregulation in IBD (Bell et al., 2019). Recent work has proposed fecal nan gene levels—quantified by qPCR—as a functional marker of mucin-degrading potential and a candidate biomarker linked to gut barrier dysfunction and disease risk. In that study, nan levels were elevated in ulcerative colitis compared with healthy controls, supporting an association between increased mucin degradation potential and intestinal inflammation (Nagasaka et al., 2024).
While R. gnavus has been reclassified as Mediterraneibacter gnavus within the Lachnospiraceae family (Togo et al., 2018), the former name remains widely used in microbiome research. For consistency with the prevailing literature and previous studies, we refer to this taxon as R. gnavus throughout this article.
Several studies have explored dietary interventions and prebiotic strategies as adjunctive therapies in CD, including plant-based diets and microbiota-modulating compounds (Chiba et al., 2017; Caban et al., 2022). While these approaches have shown varying degrees of success in improving inflammation and correcting dysbiosis, their functional effectiveness in CD remains incompletely understood. Among these, a particularly promising candidate is 1-kestose. It is structurally derived from sucrose, with an additional fructose unit linked to the fructose moiety via a β-(2→1) glycosidic bond, which results in a molecule composed of one glucose and two fructose units. Recent work in UC has shown that 1-kestose reduces the prevalence of R. gnavus and improves clinical symptoms (Ikegami et al., 2023). However, its effects on microbial composition and mucin-degrading potential in CD have not been thoroughly examined. Given the association between mucin-degrading genes and gut barrier dysfunction in IBD, assessing such functional changes may offer novel insights into the therapeutic potential of prebiotics.	Comment by Maher: reference	Comment by Maher: reference
Unlike sucrose and glucose, which are rapidly absorbed in the small intestine, 1-kestose resists digestion and reaches the colon intact, where it serves as a fermentable substrate for beneficial bacteria such as Bifidobacterium (Watanabe et al., 2021). In particular, Bifidobacterium longum is a well-characterized, acid-tolerant species (Sánchez et al., 2007) that can metabolize 1-kestose to produce acetate (Tanno et al., 2019; Tanno et al., 2021), a short-chain fatty acid (SCFA) known to support gut homeostasis and epithelial barrier function (Ma et al., 2023).
Therefore, the aim of this study was to evaluate the effects of 1-kestose supplementation on gut microbiota composition and mucin-degrading microbial potential in patients with mild CD. We hypothesized that 1-kestose would stabilize clinical biomarkers and modulate the microbial community by enhancing the growth of beneficial taxa such as B. longum and suppressing mucin-degrading potential, nan levels, particularly that associated with R. gnavus. To address this hypothesis, we conducted a longitudinal intervention study combined with 16S rRNA gene sequencing, functional nan gene quantification, and in vitro culture assays. This integrated approach allowed us to evaluate both compositional and functional changes in the gut microbiota in response to 1-kestose, with implications for microbiome-targeted dietary strategies in mild CD management.	Comment by Maher: reference

2. MATERIALS AND METHODS

2.1 Study Design and Participants
[bookmark: OLE_LINK1]This study was a single-arm, longitudinal intervention trial designed to assess the effects of 1-kestose on gut microbiota composition and microbial gene activity in patients with mild CD. Participants were recruited and samples were collected at Tokai University Hospital (Japan), and microbiome/qPCR analyses and in vitro assays were performed at Fujita Health University (Japan). The supplementation period was four months. Twenty adult patients (20–70 years) with clinically inactive to mild CD, defined as a Crohn’s Disease Activity Index (CDAI) ≤ 220, were enrolled; one patient was excluded due to protocol deviation, leaving 19 patients for the final analysis. CD was diagnosed according to Japanese criteria (Annual reports, 2024). Eligibility required stable treatment for at least 1 month before enrollment, with no antibiotic or proton pump inhibitor use during that period. Participants consumed 1-kestose (WELLNEO SUGAR Co., Ltd., Tokyo, Japan) at a dose of 3 g twice daily (morning and evening) for four months.
Baseline demographic and clinical characteristics are summarized in Table 1. Participants continued standard-of-care management for CD throughout the study. Concomitant IBD therapies (including biologics) were permitted provided doses were stable for ≥1 month prior to enrollment and were not intentionally changed during the intervention unless clinically necessary. No specific diet was prescribed; participants were instructed to maintain their habitual diet and lifestyle and to avoid initiating new probiotic/prebiotic supplements or major dietary interventions. Dietary intake (e.g., fiber intake and fermented foods) was not formally recorded and thus remains a potential source of residual confounding.
Adherence to 1-kestose supplementation was assessed at each visit using a structured interview, and participants reported missed doses. Safety was monitored through participant-reported symptoms and review of medical records; adverse events and any clinically indicated medication changes were documented.
2.2 Sample Collection and Biomarker Measurements
Fecal and blood samples were collected at three time points: at the start of 1-kestose supplementation (Baseline), at the end of 1-kestose supplementation (Kestose), and two months post-supplementation (Post). CDAI scores were calculated according to established criteria (Summers et al., 1979). Serum C-Reactive Protein (CRP) and albumin (Alb) were measured using standard automated analyzers. Fecal calprotectin (Fcal) was assessed using fluorescence enzyme immunoassay (SRL Co., Ltd., Tokyo, Japan).
2.3 Healthy control individuals
Fecal samples from 85 healthy individuals were included as a control group, as previously described (Fujii et al., 2024a). Control participants were aged ≥18 years, had no history of chronic diseases (e.g., autoimmune, cardiovascular, gastrointestinal, diabetes, or cancer), and had not taken antibiotics within one week of sample collection. Fecal sampling and processing were performed as described previously. 
2.4 Microbiome Analysis by 16S rRNA Gene Sequencing
Genomic DNA was extracted from fecal samples of patients with CD using the QIAamp DNA Stool Mini Kit (QIAGEN, Hilden, Germany). The V3–V4 region of the bacterial 16S rRNA gene was amplified using the primers Pro341F (5′-CCTACGGGNGGCWGCAG-3′) and Pro805R (5′-GACTACHVGGGTATCTAATCC-3′) (Takahashi et al., 2014). Paired-end sequencing (2 × 300 bp) was conducted on the MiSeq platform (Illumina, San Diego, CA, USA) at Techno Suruga Laboratory (Shizuoka, Japan). Raw sequence data were processed, and subsequent microbial community analyses—including taxonomic assignment, alpha and beta diversity calculations, and statistical testing—were performed using the EzBioCloud 16S microbiome pipeline (ChunLab Inc., Seoul, South Korea) (Yoon et al., 2017).
Alpha diversity was assessed using the Chao1 richness estimator and Shannon diversity index. Beta diversity was assessed using the Generalized UniFrac distance, which incorporates both weighted and unweighted UniFrac properties, balancing contributions from abundant and rare taxa. Principal coordinate analysis (PCoA) was used for visualization. Differences in diversity between groups were tested using the Wilcoxon rank-sum test and permutational multivariate analysis of variance (PERMANOVA) with 9,999 permutations. Linear discriminant analysis effect size (LEfSe) was applied with default parameters (P-value threshold < 0.05 and |LDA effect size| > 4.0) to identify microbial taxa that differed between groups; because multiple taxa are tested simultaneously, LEfSe findings are presented as exploratory. To reduce the burden of multiple comparisons in longitudinal analyses, we focused follow-up repeated-measures testing on genera identified by LEfSe as differing between baseline CD and healthy controls.
2.5 Quantification of nan levels
Fecal nan (nanA homolog) levels were quantified by qPCR as described previously (Nagasaka et al., 2024) using a QuantStudio 3 system and PowerTrack SYBR Green Master Mix with primers nanA_113F (5′-ATYCCGGCATTTTATGC-3′) and nanA_113R (5′-CCRTTTACRTAGACACCYTTTAC-3′). Cycling conditions were 95°C for 2 min; 40 cycles of 95°C for 10 s, 50°C for 15 s, and 72°C for 15 s; and 72°C for 1 min. Standards were generated from PCR fragments of R. gnavus JCM 6515. Values were normalized to 16S rRNA gene abundance and multiplied by 4 to account for copy number variation.
2.6 In vitro cultivation assays
Type strains Bifidobacterium longum subsp. longum JCM 1217 and Ruminococcus gnavus JCM 6515 were obtained from the Japan Collection of Microorganisms (Tsukuba, Japan). For seed culture preparation, each strain was inoculated into RF medium (Fujii et al., 2024b) supplemented with 0.5% glucose and incubated anaerobically at 37 °C for 24 hours using AnaeroPack systems (Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan). The optical density at 660 nm (OD660) values of the seed cultures were 1.51 for B. longum and 1.42 for R. gnavus, with corresponding pH values of 4.8 and 5.4, and bacterial titers of 1.12 × 109 CFU/mL and 1.06 × 109 CFU /mL, respectively. Two sets of in vitro cultivation assays were performed: (1) sugar supplementation assays and (2) pH-controlled assays.
(1) Sugar supplementation assays
To examine the effect of different carbohydrate sources, 5.55 mL of RF medium was supplemented with 150 μL of one of the following 20% (w/v) solutions: glucose (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan), sucrose (FUJIFILM Wako), 1-kestose (WELLNEO SUGAR Co., Ltd., Osaka, Japan), or distilled water (designated as the no-sugar condition). The addition of 20 μL of seed culture after sugar supplementation resulted in a final sugar concentration of approximately 0.5% (w/v). From each prepared medium, 380 μL was dispensed into wells of 96-deep-well plates (AxyGen Scientific, Union City, CA, USA). For inoculation, R. gnavus seed culture was used directly, while B. longum seed culture was diluted 20-fold in RF medium prior to inoculation. A total of 20 μL of the corresponding bacterial suspension was added to each well (N = 4 per condition).
(2) pH-controlled assays
To evaluate the influence of initial pH, RF medium (5.55 mL) supplemented with 150 μL of 20% glucose was acidified with increasing volumes (0, 26, and 42 μL) of 6 mol/L hydrochloric acid (FUJIFILM Wako) to achieve initial pH values of 7.0, 6.4, and 5.4, respectively. The medium was dispensed and inoculated under the same conditions as described above.
All cultures were incubated anaerobically at 37 °C. The entire in vitro cultivation experiment was independently repeated four times to confirm reproducibility. At 16, 24, and 40 hours post-inoculation, 20 μL of each culture was diluted in 180 μL of distilled water in 96-well flat-bottom plates (Watson Bio Lab, Tokyo, Japan; Cat# 4845-96F), and OD660 was measured using a microplate reader (SpectraMax M2, Molecular Devices, San Jose, CA, USA).
After 40 hours of cultivation, the four replicate cultures from each condition were pooled into a single tube to ensure sufficient sample volume for downstream analysis. The supernatant was then collected for pH measurement and determination of SCFA concentrations—including acetate, propionate, and butyrate—by high-performance liquid chromatography, as previously described (Takahashi et al., 2023).
2.7 Statistical analyses
Statistical analyses were performed using GraphPad Prism version 10.3.1 (GraphPad Software, San Diego, CA, USA). Within-participant changes across the three study time points (Baseline, Kestose, and Post) were assessed using repeated-measures one-way ANOVA with Holm–Šídák post hoc multiple-comparisons testing. This approach was applied to the relative abundances of selected bacterial genera, fecal nan levels, and clinical biomarkers (CDAI, fecal calprotectin, CRP, and albumin). For the in vitro cultivation assays, OD660 values were compared using two-way ANOVA to assess the effects of bacterial species and experimental conditions (e.g., sugar type or pH), followed by Dunnett’s multiple comparisons test. A P-value < 0.05 was considered statistically significant.

3. RESULTS

3.1 Characteristics of individuals
A total of 20 patients with CD were enrolled. One patient was excluded due to protocol violation, and data from 19 patients (12 males and 7 females; median age, 48 years; range, 20–70) were included in the analysis. Table 1 presents the baseline characteristics of the 19 patients with CD. For comparison, 85 healthy controls (43 males and 42 females; median age, 39 years; range, 28–70) were included as described previously (Fujii et al., 2024). There were no significant differences in age (P = 0.129) or sex (P = 0.447) between the CD and Ctrl groups. All 19 participants completed the supplementation period and post-supplementation follow-up. No adverse events requiring discontinuation were reported. Baseline biologic use occurred in 15 of 19 patients.
Table 1. Characteristics of patients with Crohn's disease (CD) and healthy control individuals (Ctrl)
	Characteristics
	CD group
 (n = 19)
	Ctrl group 
(n = 85)
	P-value

	Median age, years (range)
	 48 (20–70)
	39 (28-70)
	0.129

	Sex (male/female)
	12/7
	43/42
	0.447

	Median CDAI, (range) 
	21.6 (0–113.4)
	-
	-

	Disease location (small intestine / small & large intestine / large intestine)
	4/12/3
	-
	-

	History of gastrointestinal operation (yes/no)
	6/13
	-
	-

	Usage of Biologics (yes/no)
	15/4
	-
	-



3.2 Comparison of biomarker levels in patients with CD across different 1-kestose intervention time points
Crohn’s disease activity was monitored using clinical biomarkers, including the CDAI, Fcal, CRP, and Alb, measured at three time points: Baseline (pre-intervention), Kestose (end of supplementation), and Post (2 months after cessation). As shown in Fig. 1, all four biomarkers remained stable throughout the intervention period. Median CDAI scores were 21.6 at Baseline, 23.6 at Kestose, and 24.3 at Post, with no statistically significant difference (P > 0.05). Similarly, levels of Fcal, CRP, and Alb did not differ significantly across the three time points (all P > 0.05). These results indicate that 1-kestose supplementation did not alter clinical disease activity in patients with mild CD.
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Fig. 1. (a) Crohn’s disease activity index (CDAI), (b) fecal calprotectin (Fcal), (c) C-reactive protein (CRP), and (d) albumin (Alb). Measurements for each patient with Crohn’s disease were made at three time points: at the start of supplementation (Baseline), four months after 1-kestose supplementation (Kestose), and two months after the cessation of 1-kestose supplementation (Post). The plots display individual data points, with bars representing mean ± SD. “ns” indicates not significant.
3.3 Analysis of microbiomes of patients with CD 
Baseline gut microbiota composition differed between patients with CD and healthy controls. The 16S rRNA gene sequencing yielded an average of 27,601 ± 303, 31,113 ± 307, and 30,631 ± 292 reads per sample (mean ± standard error of the mean) for Baseline, Kestose, and Post time points, respectively. The composition of the fecal microbiota at the genus level is presented in Fig. 2. In the Baseline group, Bifidobacterium was the most abundant genus, comprising 27.2% of the microbial community, followed by Blautia (18.8%), Collinsella (7.2%), Streptococcus (6.6%), Lactobacillus (3.3%), and Ruminococcus_g5 (2.7%). In contrast, the most dominant genus in healthy controls was Bacteroides (27.5%), followed by Blautia (10.8%) and Bifidobacterium (7.8%). Alpha diversity was significantly lower in the CD group than in the Ctrl group, as assessed by both the Chao1 richness estimator and Shannon diversity index (P < 0.0001 for both; Fig 3a). Beta diversity also differed significantly. PCoA based on Generalized UniFrac distances showed clear separation between groups (Fig. 3b), confirmed by PERMANOVA (P ≤ 0.001). LEfSe analysis identified multiple differentially abundant genera. Genera such as Bifidobacterium, Lactobacillus, Collinsella, Streptococcus, Faecalimonas, and Blautia were significantly enriched in CD patients, while Bacteroides, Parabacteroides, Faecalibacterium, and Prevotella were significantly more abundant in healthy controls (Fig. 4). The 16S rRNA gene NGS datasets were deposited in the NCBI Sequence Read Archive (SRA) under BioProject accession number PRJNA1106099, with individual sample accession numbers SRR28861753– SRR28861812.
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Fig. 2. Gut microbial profiles at the genus level for 19 patients with Crohn's disease (CD) and 85 healthy controls. The patients were analyzed at three time points: at the start of supplementation (Baseline), four months after 1-kestose supplementation (Kestose), and two months after the cessation of 1-kestose supplementation (Post). Charts display the mean relative abundance.
(a)
: Ctrl group
: CD group
1st PC (18.3%)
2nd PC (7.6%)
(b)












Fig. 3. Alpha and beta diversity of the gut microbiota in patients with Crohn's disease (CD) at the start of 1-kestose supplementation compared with that in healthy controls (Ctrl). Panel (a) presents the alpha diversity of microbiota samples calculated using the Chao1 and Shannon indices, depicted as median with quartiles Q1–Q3 and the range (min–max). Statistically significant differences are indicated by asterisks, as determined using the Mann–Whitney test (****P < 0.0001). Panel (b) illustrates comparisons of sample diversities via principal coordinates analysis using Unifrac distances.
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Fig. 4. Results of linear discriminant analysis (LDA) effect size, sorted by P-value: Differentiation of Crohn’s disease (CD) from the healthy control (Ctrl) group at the genus level, using a P-value threshold < 0.05 and an |LDA effect size| >4.0.
3.4 Microbiota changes during and after supplementation
We next assessed longitudinal changes in gut microbiota composition in CD patients at three time points: Baseline, Kestose, and Post. Among the six genera that were identified by LEfSe as being significantly more abundant in CD patients—Bifidobacterium, Lactobacillus, Collinsella, Streptococcus, Faecalimonas, and Blautia—only Bifidobacterium and Blautia showed significant longitudinal changes during 1-kestose supplementation. Bifidobacterium increased significantly during the intervention and returned to baseline levels after cessation (P < 0.05; Fig. 5a), while Blautia decreased significantly during supplementation and reverted after withdrawal (P < 0.05; Fig. 5f). The other four genera did not exhibit significant changes across the three time points (Fig. 5b–e). Likewise, among the four genera that were less abundant in CD patients at baseline—Bacteroides, Parabacteroides, Faecalibacterium, and Prevotella—none showed significant alterations during the study period (Fig. 5g–j). 
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Fig. 5. Longitudinal changes in the relative abundance of bacterial genera identified by Linear discriminant analysis effect size (LEfSe) as significantly enriched or depleted in patients with Crohn’s disease (CD) compared to healthy controls. Panels (a)–(f) show the six genera that were more abundant in CD patients at baseline: Bifidobacterium, Lactobacillus, Collinsella, Streptococcus, Faecalimonas, and Blautia. Panels (g)–(j) show four genera that were less abundant in CD patients: Bacteroides, Parabacteroides, Faecalibacterium, and Prevotella. Relative abundance was compared across three time points: at the start of 1-kestose supplementation (Baseline), after four months of supplementation (Kestose), and two months after cessation (Post). Each plot shows individual data points, with bars representing the mean ± SD. Statistical significance is indicated as *P < 0.05, **P < 0.01; “ns” indicates not significant.
3.5 Abundance of R. gnavus and levels of nan gene in patients with CD
We assessed both the relative abundance of R. gnavus and the functional gene marker nan (nanA homolog abundance) to evaluate changes in mucin-degrading potential during the intervention. At baseline, the relative abundance of R. gnavus was marginally but significantly higher in CD patients compared to healthy controls (P = 0.0405; Fig. 6a). However, no significant change in R. gnavus abundance was observed across the three intervention time points (P > 0.05; Fig. 6b). In contrast, nan gene levels were clearly elevated in CD patients at baseline compared to healthy controls (P = 0.0105; Fig. 6c), indicating a more pronounced functional difference. During 1-kestose supplementation, nan levels significantly decreased (P = 0.0354) and returned to baseline values after cessation (P = 0.0164; Fig. 6d). These findings indicate that while the relative abundance of R. gnavus remained stable, the overall mucin-degrading potential of the gut microbiota—as inferred from nan gene levels—was reduced during supplementation, suggesting a functional modulation that cannot be fully explained by taxonomic shifts in R. gnavus alone.

(c)
(d)
(a)
(b)
*
*





















Fig. 6. Comparison of the relative abundance of Ruminococcus gnavus between patients with Crohn’s disease (CD) at the start of 1-kestose supplementation and healthy controls (Ctrl) (a), and in the patients at three time points: at the start of supplementation (Baseline), four months after 1-kestose supplementation (Kestose), and two months after the cessation of 1-kestose supplementation (Post) (b). The nan levels in the gut microbiota were compared between the patients with CD and Ctrl (c). The nan levels were also measured in the patients at three time points: at the start of supplementation (Baseline), four months after 1-kestose supplementation (Kestose), and two months after the cessation of 1-kestose supplementation (Post) (d). The plots show individual data points, and bars represent the mean ± SD. Statistical significance is indicated as *P < 0.05, with “ns” denoting not significant.

3.6 In vitro effects of 1-kestose on bacterial growth under different sugar and pH conditions
To explore the ecological basis for the microbial changes observed in vivo, we performed in vitro culture assays using B. longum and R. gnavus under different sugar and pH conditions (Fig. 7).
At 24 hours of incubation, B. longum exhibited significantly greater growth under 1-kestose supplementation than under all other sugar conditions and the no-sugar condition (P < 0.0001). However, by 40 hours, the cultures appeared to have reached the stationary phase, as growth under glucose and sucrose conditions had caught up to that under 1-kestose, with no significant differences observed among the sugar-supplemented groups. Growth under the initial pH 5.4 condition was significantly impaired at all time points, whereas no significant difference was observed between pH 6.4 and pH 7.0.
In contrast, R. gnavus showed no significant difference in growth between 1-kestose and other sugar conditions (glucose or sucrose) at any time point. However, its growth was significantly reduced not only under the initial pH 5.4 condition but also at pH 6.4 (P < 0.0001), indicating a greater sensitivity to acidic environments compared to B. longum.
Furthermore, in pooled end-point supernatants (four replicates combined per condition), acetate concentrations were descriptively higher in B. longum cultures under sugar-added conditions than under the no-sugar condition (Supplementary Table 1). Because replicates were pooled to obtain sufficient volume for pH measurement and SCFA analysis, these SCFA measurements were not subjected to statistical testing and should be interpreted as exploratory.
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Fig. 7. Growth of Bifidobacterium longum and Ruminococcus gnavus under different sugar and pH conditions. OD660 values of B. longum (a) and R. gnavus (b) after 16, 24, and 40 h of anaerobic incubation supplemented with glucose (Glc), sucrose (Suc), 1-kestose (Kes), or without added sugar (No sugar). OD660 values of B. longum (c) and R. gnavus (d) under different initial pH conditions (pH 7.0, 6.4, 5.4), all with glucose supplementation. Bars represent mean ± SEM of four biological replicates. Asterisks indicate only the pairwise comparisons that reached statistical significance (*P < 0.05, **P < 0.01, ****P < 0.0001; two-way ANOVA followed by Dunnett’s multiple comparisons test).


4. DISCUSSION

This single-arm, longitudinal pilot study evaluated 1-kestose supplementation in patients with very stable, mild CD using a multi-layered approach that combined clinical markers, 16S rRNA gene profiling, functional nan gene quantification, and in vitro assays. The strongest signal was a within-subject, reversible shift in microbiome function—reflected by reduced nan levels during supplementation—occurring alongside reversible changes in selected genera, while clinical biomarkers remained stable. Because the study was intentionally conservative and lacked a placebo control, the findings should be interpreted as exploratory and hypothesis-generating, and they support the need for future randomized, placebo-controlled trials.
Across the intervention period, CDAI, fecal calprotectin, CRP, and albumin did not change, consistent with clinical stability. At baseline, microbial composition differed between CD patients and healthy controls, consistent with prior reports of dysbiosis in  (Fig. 2–4). Notably, Bifidobacterium was relatively abundant in this CD cohort at baseline—an observation aligned with some studies (Kowalska-Duplaga et al., 2019)—and increased further during 1-kestose supplementation. While clinical biomarkers remained stable, we observed microbiome changes at both the compositional and functional levels: Bifidobacterium increased, Blautia decreased, and nan levels declined during 1-kestose intake and returned toward baseline after withdrawal. Because nan levels are a community-level functional proxy and do not directly quantify mucin degradation, the reduction should be interpreted as suggestive of lower mucin-degrading potential. Notably, nan levels declined without a corresponding change in the relative abundance of R. gnavus, whereas Blautia (a Lachnospiraceae genus reported to harbor nan genes) decreased during supplementation, suggesting that taxa other than R. gnavus may contribute substantially to the nan levels. Overall, these pilot data support the hypothesis that 1-kestose can modulate microbial potential related to mucin utilization, but the magnitude, specificity, and clinical relevance require confirmation in controlled studies.
The in vitro culture experiments provided mechanistic context for how 1-kestose could influence microbial interactions within the gut. B. longum, a well-characterized species known to metabolize 1-kestose and tolerate acidic environments (Sánchez et al., 2007; Tanno et al., 2019; Tanno et al., 2021), exhibited enhanced early growth under 1-kestose supplementation and maintained stable proliferation at mildly acidic pH (6.4). In contrast, R. gnavus showed similar growth across sugar conditions (including 1-kestose, glucose, and sucrose), suggesting no specific metabolic preference for 1-kestose, and its growth was impaired at pH ≤ 6.4, indicating greater sensitivity to acidic environments. In pooled endpoint supernatants, acetate concentrations in B. longum cultures were descriptively higher under sugar-supplemented conditions than under the no-sugar condition. Together, the in vitro findings support the hypothesis that 1-kestose may modulate gut microbial communities by preferentially supporting acetate-producing bifidobacteria, thereby increasing fermentation acids and potentially lowering local pH, which could reduce the competitive fitness of acid-sensitive organisms such as R. gnavus. Although SCFA measurements were performed on pooled supernatants without statistical testing, the observed increase in acetate in sugar-supplemented B. longum cultures is consistent with this ecological mechanism.
Furthermore, acetate is a SCFA reported to enhance intestinal barrier integrity and exert anti-inflammatory effects (Ma et al., 2023). Previous studies have shown that acetate produced by bifidobacteria can protect against enteropathogenic infection and reduce gut permeability (Fukuda et al., 2011; O’Callaghan and van Sinderen, 2016). Accordingly, our findings are consistent with the possibility that 1-kestose–driven support of bifidobacteria could influence the metabolic milieu in ways relevant to CD.
This study has several limitations. First, the sample size was limited and the single-arm design without a placebo control group restricts causal inference. Although some microbiome changes appeared to reverse after cessation, we cannot exclude regression to the mean, natural temporal variability, or other confounding. Second, healthy controls were drawn from a separate cohort, and differences in recruitment, sampling, or processing could have contributed to cohort-related (including technical) differences; therefore, CD–control comparisons should be interpreted as observational. Third, concomitant medications were allowed (with most participants receiving biologics), and diet and lifestyle factors were not formally recorded, leaving potential residual confounding by medication use, dietary intake, and oral/health behaviors. Fourth, the dose and duration of 1-kestose used here (3 g twice daily for 4 months) may have been insufficient to elicit detectable changes in clinical biomarkers in patients with very stable, mild disease. Fifth, because multiple microbiome features were evaluated and no across-genus multiplicity adjustment was applied, genus-level findings should be interpreted as exploratory. Finally, mechanistic inferences from the in vitro experiments are limited because the simplified culture conditions and pairwise interactions do not recapitulate the complexity of the human gut environment (e.g., multispecies networks, spatial structure, and host factors). In addition, SCFA measurements from pooled supernatants were exploratory and were not statistically tested. Future randomized, placebo-controlled trials with standardized dietary assessment, objective adherence measures, comprehensive safety reporting, and integrated metagenomic/metabolomic functional profiling will be needed to confirm these findings and clarify their clinical significance.

4. Conclusion

In this single-arm pilot study of patients with clinically inactive to mild CD, 1-kestose supplementation for four months was associated with stable clinical biomarkers and measurable microbiome changes, including increased relative abundance of Bifidobacterium, decreased Blautia, and reduced fecal nan gene levels, a functional marker linked to mucin-degrading potential. By combining 16S rRNA gene profiling with functional qPCR and exploratory in vitro assays, our findings provide hypothesis-generating evidence that 1-kestose may modulate gut ecological conditions in a direction that could be relevant to relapse prevention. However, given the modest sample size and single-arm design, efficacy and causality cannot be inferred. Randomized, placebo-controlled trials with standardized dietary monitoring and integrated functional/metabolomic profiling are warranted to confirm these observations and clarify clinical significance.
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