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ABSTRACT: Guar gum, a widely used food hydrocolloid, exhibits extensive biological activities and its regulatory 

effects on the gut microbiota are closely linked to health outcomes. However, its specific enrichment effects on gut 

microbiota and the interaction modes with the enriched bacteria remain unclear. This study investigated the regulatory 

effects using an in vitro fermentation model and both single-step and stepwise cultivation methods. Results showed 

that the gut microbiota degraded guar gum, yielding abundant acetate and propionate. Guar gum suppressed the 

growth of the potential pathogenic bacteria (Enterobacteriaceae) while enriching the beneficial bacteria 

(Bifidobacterium and Parabacteroides). Notably, B. pseudolongum and P. distasonis were specifically enriched, 

although neither could directly utilize guar gum. The primary degrader, such as Bacteroides ovatus, facilitated guar 

gum breakdown and stimulated the proliferation of B. pseudolongum and P. distasonis. Further analysis revealed that 

the proliferation of these bacteria may be related to their preferences for utilizing mannose and galactose. Taken 

together, these findings enhance our understanding of the interactions between guar gum and the microbiota, and 

contribute to the scientific basis for developing guar gum-based functional foods. 

Keywords: guar gum, bioactive polysaccharides, gut microbiota, enrichment effect, in vitro fermentation, stepwise 
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1. Introduction 

The gastrointestinal tract is colonized by a vast and complex microbial community that plays crucial 

physiological roles in regulating metabolism, promoting host immune system development, and preventing 

pathogen infection [1]. Increasing evidence suggests that gut microbiota dysbiosis can trigger chronic intestinal 

inflammation and contribute to the development of metabolic disorders and inflammatory bowel diseases 

(IBD) [2, 3]. Dietary factors are the key modulators of gut microbial structure [4]. With the shift in modern 

lifestyles, the consumption of highly processed foods has increased, and some food additives such as 

emulsifiers are often poorly absorbed and thus will likely directly interact with the microbiota [5]. Therefore, 

investigating the impact of emulsifiers on the gut microbiome is of great importance. 

Guar gum, which provide highly viscous solutions at relatively low concentrations (less than 1% w/v), is 

widely used as emulsifier, thickener and stabilizer in various food products, such as ice cream, yogurt, and 
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salad dressings [6]. In pharmaceutical formulations, guar gum is also used as a matrix former, release retardant, 

mucoadhesive agent, and colon-specific agent [7]. Guar gum is a linear, water-soluble galactomannan 

extracted from the guar bean, consisting of a (1–4)-linked β-D-mannose backbone with single (1–6)-bonded 

α-D-galactose side groups, with a mannose to galactose ratio of 2:1 [8]. Recent studies have shown that guar 

gum has great potential in improvements in lipid metabolism [9], autoimmune encephalomyelitis [10], and 

colitis [11]. Although the modulatory effects of guar gum on gut microbiota have been investigated, studies on 

its specific enrichment effects on particular bacterial strains and the interactions between the enriched bacteria 

and guar gum itself remain limited. In contrast, the fermentation characteristics of partially hydrolyzed guar 

gum have been more extensively reported [12, 13]. Given the widespread application of native guar gum in the 

food industry, a comprehensive investigation into its in vitro fermentation characteristics, as well as its 

selective enrichment of specific bacterial, is warranted. 

In vitro simulation of gastrointestinal fermentation is a convenient and highly reproducible alternative 

approach, as it allows for the direct examination of the impact of dietary fibers on the microbial community 

structure without the complicating effects of host factors [14]. Although simulating colonic fermentation using 

fecal samples is a widely-used approach, the microbial composition of feces may differ from the actual 

conditions in the intestinal lumen due to the heterogeneous distribution of microbiota throughout the 

gastrointestinal tract [15]. In contrast, the use of colonic content samples can better represent the composition of 

the gut microbiome, thereby more accurately simulating the fermentation of dietary fibers within the intestinal 

environment. 

Based on this, our study employed an in vitro colonic fermentation system to explore the modulatory 

effects of guar gum on gut microbiota. A significant enrichment of Bifidobacterium and Parabacteroides was 

observed, with particular enrichment of B. pseudolongum and P. distasonis. Given that both species were 

extensively reported to play crucial roles in gut homeostasis and host health [16, 17], highlighting the potential 

prebiotic effects of guar gum. Furthermore, single-step and stepwise culture systems were established to 

explore the interactions between guar gum and these two specifically enriched bacteria. The resulting data will 

contribute to a better understanding of the relationship between guar gum and gut microbiota and provide 

valuable insights for its application in food and pharmaceutical industries. 

2. Materials and methods 

2.1 Materials 

Guar gum (Cat# C1013) were purchased from Sigma-Aldrich (St. Louis, MO, USA), and have been 

identified as a galactomannan (Figure 1A). Bacto-tryptone and yeast extract and were purchased from BD 

Difco (Franklin Lakes, NJ, USA). Acetate, propionate, and butyrate were of chromatographic grade. All other 

reagents used in this study were analytical grade and purchased from Sigma-Aldrich (St. Louis, MO, USA) or 

Aladdin (Shanghai, China). 
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Figure 1. Guar gum is fermentable by the gut microbiota in the in vitro fermentation 

(A) The structure of the repeating units of guar gum. (B) The schematic diagram for in vitro fermentation. (C-E) Changes in 
OD600, pH, and total carbohydrates content during in vitro fermentation. (F-I) Changes in acetate, propionate, butyrate, and 

total SCFAs during in vitro fermentation. Data are presented as the mean ± SEM. n= 3 per group. ** P < 0.01, *** P < 0.001, 
**** P < 0.0001. For F-H, asterisks indicate a significant difference in SCFAs concentration between the guar gum group and 

the control group at the same sampling time point. 

2.2 In vitro colonic fermentation 

The basal medium was prepared according to a previously described method, with minor modifications 
[18]. Briefly, the basal medium consisted of 0.70 g/L acid-hydrolyzed casein, 1.17 g/L tryptone, 1.17 g/L 

Bacto-tryptone, 1.05 g/L yeast extract, 0.8 g/L L-cysteine hydrochloride, 0.4 g/L bile salts, 0.5 g/L KH2PO4, 

1.5 g/L NaHCO3, 4.5 g/L NaCl, 4.5 g/L KCl, 0.61 g/L MgSO4, 0.1 g/L CaCl2ꞏ2H2O, 0.005 g/L FeSO4ꞏ7H2O, 

0.01 g/L hemin, 1 mL Tween 80, 1 mL vitamin mixture, 1 mL vitamin mixture 2, 10 μL vitamin K1, and 0.5 

mL 0.2% resazurin, and 5g/L guar gum. The control group was maintained on the basal medium without guar 

gum. After adjusting the pH to 6.5, the medium was autoclaved at 121℃  for 15 min. The autoclaved culture 

medium, along with the necessary materials, was placed in the anaerobic chamber (5% H2, 5% CO2, and 90% 

N2) and equilibrated for at least 12 h before inoculation to ensure an oxygen-depleted environment. 

For fecal slurry preparation, colonic contents from healthy C57BL/6J male mice (6-weeks-old) were 

collected [19]. The mice were euthanized and the colonic contents were then immediately removed and 

transferred to an anaerobic chamber. Fecal slurries were prepared by homogenization with sterile 

pre-reduced phosphate buffer solution (PBS) containing 0.1% L-cysteine hydrochloride. The resulting 

mixture was thoroughly vortexed and then filtered through a sterile 100 μm cell strainer. This suspension 
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was inoculated at a 2% (v/v) ratio into the sterile culture medium, then incubated anaerobically at 37℃  

with shaking for 48 h (Figure 1B). All animal use procedures were conducted in accordance with the 

National Research Council’s Guide for the Care and Use of Laboratory Animals and were approved by the 

Experimental Animal Care and Use Committee of Nanchang University (Approval No. 

NCULAE-20221030020). 

2.3 Sampling procedure 

Samples were collected at 0, 24, and 48 h during the fermentation process. To maintain anaerobic 

conditions, all procedures were performed in an anaerobic chamber. The optical density (OD600) of each 

sample was measured using a microplate reader at a wavelength of 600 nm. The pH of the samples was 

measured using a FiveEasy Plus FE28 pH meter (Mettler Toledo, Greisensee, Switzerland). The collected 

samples were stored at -80℃  until analysis. Three independent replicates were included at each time point. 

2.4 Total carbohydrate contents determination 

The total carbohydrate contents in the fermentation broth were determined using the phenol-sulfuric 

acid method [20]. The fermentation broth was centrifuged (8000 × g, 10 min), and 15 μL of the supernatant 

was collected. Subsequently, 500 μL of deionized water and 500 μL of 3% (w/v) phenol solution were 

added, followed by the slow addition of 2 mL of concentrated sulfuric acid, then vortexed to mix. After 

standing at room temperature for 30 minutes, a 200 μL portion was transferred to a microplate and the 

absorbance was measured at 490 nm. The total carbohydrate contents at 0 h of fermentation were set as 

100%, and the remaining percentage of total carbohydrate contents at other time points was calculated and 

plotted to generate the change curve of total carbohydrate contents during the fermentation process. 

2.5 Short-chain fatty acids (SCFAs) analysis 

SCFAs were extracted from the fermentation broth using an esterification method as previously 

described [21]. Qualitative and quantitative analyses were performed according to the method described 

previously with minor modifications [22]. Briefly, fermentation samples were centrifuged at 12,000 × g for 10 

min at 4℃ , and 0.5 mL of the supernatant was transferred to a screw-capped reaction vial. Subsequently, 

1.2 mL of anhydrous ethanol, 0.1 mL of concentrated sulfuric acid, and 1 mL of n-hexane were added 

sequentially, followed by vortexing for 15 s. All steps were performed on ice. The sealed reaction vials were 

then placed in a shaking incubator at 60℃  and 200 r/min for 1 h to facilitate complete esterification. After 

cooling to room temperature, the upper organic layer was filtered through a 0.22 μm organic membrane 

filter. The SCFA composition and concentrations were determined using a gas chromatograph (Agilent 7890 

B, Agilent Technologies, USA) equipped with an Agilent HP-5 column (30 m × 0.32 mm × 0.25 μm, 

Agilent 19091J-413). The chromatographic conditions were as follows: nitrogen was used as the carrier gas 

with a split ratio of 1:40; a flame ionization detector (FID) was employed; the temperature program started 

at 30℃  and held for 3.5 min, then increased to 40℃  at 5℃ /min, and further increased to 180℃  at 
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15℃ /min, holding at 180℃  for 10 min. The injection volume was 1 μL, and the injector temperature was 

200℃ . The SCFAs concentrations in the samples were quantified by comparing their peak areas to 

calibration curves constructed using standard solutions of individual SCFAs. 

2.6 DNA extraction and 16S rRNA gene sequencing 

Total DNA was extracted from the fermentation broth using a Tiangen Stool DNA Extraction Kit. The 

concentration and purity of the extracted DNA were measured using a micro-volume spectrophotometer. 

The V4 region of the 16S rRNA gene was amplified by PCR (Bio-Rad, Hercules, CA, USA) using the 515 

forward primer (5’-GTGCCAGCMGCCGCGGTAA-3’) and 806 reverse primer 

(5’-GGACTACHVGGGTTCTAAT-3’). The integrity of the extracted DNA was verified by 1% (w/v) 

agarose gel electrophoresis. The PCR amplicons were purified using a Tiangen Agarose Gel DNA 

Purification Kit and quantified using a Qubit fluorometer (Thermo Fisher Scientific, Waltham, MA, USA). 

The amplicon libraries were sequenced on the Illumina MiSeq platform (Illumina, San Diego, CA, USA). 

The raw sequencing data were processed using QIIME2 (version 2020.11), where amplicon sequence 

variants (ASVs) were generated and taxonomically classified against the Greengenes reference database 

(version 13.8) using DADA2. Alpha and beta diversity analyses, as well as taxonomic profiling were 

conducted using MicrobiomeAnalyst (version 2.0). Linear discriminant analysis (LDA) effect size (LEfSe) 

analysis was performed by Galaxy to identify the major bacteria taxa enriched in different groups, and the 

effect size of the differentially abundant taxa was obtained through LDA based on the Kruskal-Wallis test 

with an α level of 0.05. Advanced correlation analysis and heatmap-bubble plot was performed using the 

OmicStudio tools available at https://www.omicstudio.cn/tool. 

2.7 Bacterial strains and growth assays 

Bifidobacterium pseudolongum ATCC 25526 and Parabacteroides distasonis ATCC 8503 were 

purchased from the American Type Culture Collection (ATCC). Following resuscitation and propagation, 

each bacterial strain was individually inoculated into YCFA medium containing guar gum, galactose, or 

mannose (0.2% w/v) as the sole carbon source or into YCFA medium without a carbon source. The 

composition of YCFA medium was as follows: 10 g/L casein peptone, 2.5 g/L yeast extract, 0.001 g/L 

resazurin, 0.45 g/L K2HPO4, 0.45 g/L KH2PO4, 0.9 g/L NaCl, 4.0 g/L NaHCO3, 0.044 g/L MgSO4, 0.09 g/L 

CaCl2. The cultures were incubated anaerobically at 37℃ for 24 h. Samples were collected at the indicated 

time points and tested for OD600, and △OD600 represents the difference in OD600 before and after incubation. 

For stepwise culture assays, following resuscitation and propagation, Bacteroides ovatus ATCC 8483 

was inoculated into YCFA medium supplemented with or without guar gum (0.2% w/v). After 12 h of 

anaerobic incubation at 37℃ , the cultures were centrifuged at 12,000 r/min for 5 min at 4℃ . The supernatant 

was collected, the pH was adjusted to 6.8, and the solution was sterilized by filtration through a 0.22 μm 

pore-size filter. Then, either B. pseudolongum or P. distasonis was inoculated into the treated supernatant and 
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cultured for 24 h. Samples were collected at the indicated time points and tested for OD600, and △OD600 

represents the difference in OD600 before and after incubation. 

2.8 Statistical analysis 

Statistical analysis and data visualization were conducted using GraphPad Prism (version 10.1.0). 

Student’s t-test and One-way analysis of variance (ANOVA) with Tukey’s post-hoc test was performed for 

differential analysis, with statistical significance set at P < 0.05. Data were presented as the mean ± standard 

error of the mean (SEM). 

3. Results 

3.1 Guar gum is fermentable by the gut microbiota 

During the in vitro fermentation process, the OD600 value continued to rise and reached 1.2 after 48 h of 

fermentation, indicating that guar gum significantly promoted bacterial growth and proliferation. In contrast, 

in the control group without any added carbon source, the OD600 remained relatively stable at around 0.6 after 

12 h of fermentation, revealing that bacterial proliferation was limited in the absence of a carbon source 

(Figure 1C). 

Metabolites such as SCFAs produced by bacteria during fermentation have a strong influence on the pH 

of the intestinal environment. The results showed that with the degradation of guar gum, the pH of the 

fermentation broth gradually decreased from the initial 7.06 to 5.20 after 48 h of fermentation. This reflected 

the sustained metabolic activity of the bacteria (Figure 1D). Meanwhile, the pH of the fermentation broth in 

the control group remained relatively stable during the fermentation process, further indicating the potential 

role of guar gum in modulating the intestinal pH. 

To further understand the degradation process of guar gum, we evaluated the degradation efficiency by 

monitoring the changes in the carbohydrate contents of the fermentation broth. The results showed that as the 

fermentation progressed, the content of guar gum in the fermentation broth gradually decreased, reaching a 

degradation rate of 63.69% after 48 h of fermentation (Figure 1E). This result not only confirms the 

degradability of guar gum but also provides important information for understanding its potential role in 

intestinal health. 

3.2 Gut microbiota utilize guar gum to produce SCFAs 

SCFAs, including acetate, propionate, and butyrate, are the main metabolites produced by gut microbiota 

during growth and proliferation on carbohydrates and provide health benefits to the host. The fermentation of 

guar gum significantly promoted acetate production (Figure 1F). Although no significant acetate production 

was detected during the initial fermentation period (0-6 h), the acetate levels steadily increased after 12 h of 

fermentation, reaching 23.49 mmol/L at 48 h, which was significantly higher than the 9.44 mmol/L observed 

in the control group. For propionate, the amount produced after 6 h of guar gum fermentation was already 

significantly higher than that in the control group, and this difference gradually increased as fermentation 
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progressed. After 48 h of fermentation, the propionate production in the guar gum group reached 9.25 

mmol/L, which was 3.12 times higher than that in the control group (2.97 mmol/L) (Figure 1G). Guar gum 

fermentation also stimulated a significant increase in butyrate levels, with the guar gum group producing 0.94 

mmol/L and and control group 0.54 mmol/L of butyrate after 48 h of fermentation (Figure 1H). 

By summarizing the production of acetate, propionate, and butyrate, we found that guar gum 

fermentation significantly increased the total SCFAs production, which was mainly driven by the production 

of acetate and propionate (Figure 1I). This suggests that guar gum may primarily enrich gut bacteria that 

produce acetate and propionate. 

3.3 Effect of guar gum on gut microbial composition 

To investigate the influence of guar gum on bacterial composition, we employed 16S rRNA gene 

sequencing to examine the bacterial composition in the fermentation broth. α-diversity, which reflects the 

richness and evenness within a community, showed a decreasing trend during the fermentation process 

(Figure 2A, B). This suggests that fermentation may facilitate the enrichment of certain dominant bacterial 

taxa, thereby affecting the overall diversity. Notably, the Shannon index was significantly higher in the guar 

gum group compared to the control, indicating that the addition of guar gum promoted the enrichment of a 

greater number of species. β-diversity, which reflects differences in microbial community composition and 

distribution between samples, showed clear segregation of samples at different time points in the principal 

co-ordinate analysis (PCoA) plot (Figure 2C). Importantly, the difference between the guar gum group and 

control group gradually increased during the fermentation, indicating that the addition of guar gum had a 

sustained and significant effect on the bacterial community structure. 

Through the analysis of the bacterial community composition at the phylum level, the guar gum 

treatment group was mainly composed of Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria, while 

the control group was primarily composed of Firmicutes, Proteobacteria, and Bacteroidetes (Figure 2D). At 

the family level (Figure 2E), a significant enrichment of Enterobacteriaceae was observed in the control group, 

which was effectively suppressed by the guar gum treatment (Figure 2G). Additionally, the guar gum 

treatment significantly promoted the proliferation of bacteria such as Lactobacillaceae, Porphyromonadaceae, 

and Bifidobacteriaceae. At the genus level (Figure 2F), the abundance of Bifidobacterium was less than 0.02% 

at baseline (0 h) but increased significantly after fermentation of guar gum, reaching 7.86% and 8.36% at 24 h 

and 48 h, respectively (Figure 2H). Similarly, guar gum exhibited a strong enrichment effect on 

Parabacteroides, with its abundance continuously increasing during the fermentation process and reaching 

32.36% at 48 h, nearly 10 times higher than the control group (3.40%) (Figure 2I). For the Lactobacillus, guar 

gum also demonstrated a certain enrichment effect, with higher enrichment observed at 24 h (24.44%) 

compared to 48 h (16.33%), implying that the primary proliferation phase of Lactobacillus occurred within the 

first 24 h of fermentation. During the subsequent 24 h, the relative abundance of Lactobacillus decreased, 

likely due to competition with other bacteria and the enrichment of other taxa (Figure 2J). Correlation analysis 
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of microbial communities and their association with SCFAs revealed strong correlations between 

Parabacteroides and Bacteroides, Ruminococcus, Bifidobacterium, and Lactobacillus. Additionally, acetate 

production showed significant positive correlations with Bacteroides, Oscillospira, and Bifidobacterium, 

while propionate levels were significantly positively correlated with Bacteroides and Parabacteroides (Figure 

2K). 

 
Figure 2. Effect of guar gum on gut microbial composition 

(A, B) Alpha diversity, evaluated by Shannon and Chao1 index. (C) Principal co-ordinate analysis (PCoA) of microbiomes. 
(D-F) Taxonomic bacterial composition distribution at phylum, family, and genus levels. (G-J) Relative abundance of 
Enterobacteriaceae, Bifidobacterium, Parabacteroides, and Lactobacillus. (K) network heatmap analysis of correlation 

between microbial abundance and SCFAs levels (genus level, top 16; spearman’s correlation coefficient > 0.8 or < −0.8, P < 
0.05). Data are presented as the mean ± SEM. n= 3 per group. Statistical analysis was performed using one-way ANOVA 

followed by Tukey’s post-hoc test, and different letters indicating significant differences between groups (P < 0.05). 
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3.4 The targeted enrichment effects of guar gum 

To identify significant differences in microbial community composition between groups, LEfSe analysis 

was performed. The results showed that guar gum significantly enriched specific bacteria after 48 h of 

fermentation, including Porphyromonadaceae, Parabacteroides distasonis, Lactobacillaceae, 

Bifidobacterium pseudolongum, and Lactobacillus, while exhibiting a suppressive effect on bacteria such as 

Rikenellaceae, Enterobacteriaceae, and Proteus, which were enriched in the control group (Figure 3A, B). 

 

Figure 3. The targeted enrichment effects of guar gum 
(A) Comparison of relative abundance of bacteria between Control (48 h) and Guar gum group (48 h) was calculated by linear 

discriminant analysis effect size (LEfSe). Taxa meeting an LDA score threshold > 2.0 is shown. (C) Heatmap-bubble plot 
analysis of the top 20 amplicon sequence variants (ASVs) based on their abundance. The heatmap (left panel) visualizes the 
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abundance levels of these ASVs across samples, with the color gradient reflecting relative abundance. The bubble plot (right 
panel) displays the fold change of each ASV’s abundance in the guar gum group relative to the control group. (D) Volcano 

plot of ASVs between guar gum group and control group (48 h), with differential ASVs identified based on thresholds (dotted 
lines) of |log2 fold change|> 1 and P < 0.05. (E, F) Relative abundance of P. distasonis and B. pseudolongum. (G) network 

heatmap analysis of correlation between ASV abundance and monosaccharide contents (ASVs, top 20; spearman’s 
correlation coefficient > 0.9 or < −0.9, P < 0.05). Data are presented as the mean ± SEM. n= 3 per group. Statistical analysis 

was performed using one-way ANOVA followed by Tukey’s post-hoc test, and different letters indicating significant 
differences between groups (P < 0.05). 

Using the top 20 abundant ASVs, guar gum primarily enriched P. distasonis (ASV6, ASV10, ASV39), B. 

pseudolongum (ASV19), and some unidentified Bacteroides and Lactobacillus. Among these, B. 

pseudolongum (ASV19) exhibited the most significant increase in abundance after fermentation, followed by 

P. distasonis (ASV6, ASV10, ASV39) (Figure 3C, D). As shown in the relative abundance results, after 48 h 

of fermentation, the abundance of P. distasonis reached 29.59% (a 14.33-fold increase compared to the control 

group), and the abundance of B. pseudolongum was 8.36% (a 60.20-fold increase compared to the control 

group) in the guar gum group (Figure 3E, F). These findings lead us to speculate that the structure of guar gum 

may be responsible for the targeted enrichment of these bacteria. Therefore, we conducted a correlation 

analysis between the monosaccharide content in guar gum measured earlier and bacterial abundance. 

Galactose was significantly positively correlated with B. pseudolongum (ASV19), P. distasonis (ASV39), and 

unclassified Bacteroides (ASV11), while mannose was significantly positively correlated with P. distasonis 

(ASV6, ASV10, ASV39) and unclassified Bacteroides (ASV11) (Figure 3G). Taken together, guar gum has a 

targeted enrichment effect on these potential beneficial bacterial species, P. distasonis and B. pseudolongum, 

which may be associated with its structural characteristics. 

3.5 The enrichment of B. pseudolongum and P. distasonis requires a cross-feeding with primary degrader 

To investigate whether B. pseudolongum and P. distasonis were selectively enriched through guar gum 

degradation capability, we conducted in vitro monoculture experiments (Figure 4A). The results revealed 

that neither B. pseudolongum nor P. distasonis could direct utilization of guar gum for growth (Figure 4B, 

C). This observation led us to hypothesize that primary degraders might mediate both guar gum breakdown 

and subsequent enrichment of B. pseudolongum or P. distasonis. Preliminary ASV analysis indicated a 

significant increase in unclassified Bacteroides following guar gum fermentation (Figure 3C), with strong 

positive correlations observed between the relative abundances of Bacteroides and those of B. pseudolongum 

and P. distasonis (Figure 4D, E). Given the rich array of glycoside hydrolases in Bacteroides [23], it is likely a 

key player in guar gum degradation. Studies have shown that B. ovatus efficiently utilizes guar gum for 

growth, whereas Bacteroides uniformis exhibits weaker utilization, and Bacteroides thetaiotaomicron and 

Bacteroides caccae show minimal growth on this substrate [24, 25]. These findings indicate that B. ovatus may 

be a key primary degrader of guar gum. Therefore, we performed quantitative PCR analysis and found that 

the abundance of B. ovatus in the culture medium significantly increased after guar gum fermentation 

(Figure 4F). Through in vitro culture, we confirmed that B. ovatus could efficiently utilize guar gum as a 

carbon source for growth and proliferation (Figure 4G).  
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Figure 4. B. pseudolongum and P. distasonis cannot utilize guar gum 

(A) Schematic diagram of the culture process, where the medium is YCFA medium with guar gum as the sole carbon source or 
carbon-free YCFA medium, inoculated with B. pseudolongum and P. distasonis, respectively. (B, C) The ΔOD600 values of B. 
pseudolongum and P. distasonis. (D, E) The spearman’s correlation analysis between the relative abundance of Bacteroides 

and each of B. pseudolongum and P. distasonis. (F) Fold change in the abundance of B. ovatus in the guar gum group 
compared to the control group after in vitro fermentation. (G) Growth curves of B. ovatus in media with guar gum as the sole 
carbon source or without carbon source, and the OD600 values after 24 h of cultivation. Data are presented as the mean ± SEM. 
n= 3 per group. Statistical analysis was performed using t-test and one-way ANOVA followed by Tukey’s post-hoc test. * P < 

0.05, *** P < 0.001; no significant (ns) for P > 0.05. 

Next, we ask whether guar gum degraded by B. ovatus could promote the proliferation of B. 

pseudolongum and P. distasonis. Subsequently, we conducted a stepwise co-culture system where 

filter-sterilized supernatants from B. ovatus cultures were inoculated with either B. pseudolongum or P. 

distasonis (Figure 5A). Both strains showed significant proliferation in the pre-cultured medium (1.72-fold 

and 1.5-fold increases respectively, P < 0.05), with B. pseudolongum demonstrating superior growth kinetics 

compared to P. distasonis (Figure 5B, C). Given that the main component of guar gum is a galactomannan 

and that B. ovatus possesses glycoside hydrolase (GH) 26 and GH36, which can release a large amount of 

galactose and mannose through the degradation of guar gum [24, 26]. Then we ask whether B. pseudolongum 

and P. distasonis could utilize galactose and mannose for growth. Through another monoculture experiment 

(Figure 5D), distinct substrate preferences were revealed: B. pseudolongum exhibited enhanced proliferation 

in galactose-supplemented media (3.98-fold compared to the control group), while P. distasonis showed 

preferential growth in mannose-enriched conditions (3.51-fold compared to the control group) (Figure 5E, 

F). Taken together, these findings highlight the critical role of primary degraders in mediating 

polysaccharide metabolism and target enrichment. 
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Figure 5. The enrichment of B. pseudolongum and P. distasonis requires a cross-feeding with primary degrader 

(A) Schematic diagram of stepwise co-culture. (B) Growth curves of B. pseudolongum in YCFA media with or without B. 
ovatus pre-culture for 12 h, and the OD600 values after 24 h of cultivation. (C) Growth curves of P. distasonis in YCFA media 
with or without B. ovatus pre-culture for 12 h, and the OD600 values after 24 h of cultivation. (D) Schematic diagram of the 

culture process, where the medium is YCFA medium containing galactose, mannose, or no carbon source, inoculated with B. 
pseudolongum and P. distasoni, respectively. (E, F) The ΔOD600 values of B. pseudolongum and P. distasonis after 24 h of 

cultivation. Data are presented as the mean ± SEM. n= 3 per group. Statistical analysis was performed using t-test and 
one-way ANOVA followed by Tukey’s post-hoc test. * P < 0.05, ** P < 0.01, **** P < 0.0001. 

4. Discussion 

In this study, we found that guar gum exhibits prebiotic potential by suppressing Enterobacteriaceae 

while promoting Bifidobacterium and Parabacteroides. More importantly, guar gum had a targeted 

enrichment effect on certain bacteria, such as B. pseudolongum and P. distasonis, which required a 

cross-feeding with primary degrader. In addition, the degradation of guar gum induced gut microbiota to 

generate abundant acetate and propionate, which were related to the enrichment of Bifidobacterium and 

Parabacteroides. 

The degradation of complex carbohydrates by gut microbiota results in the production of SCFAs, which 

can acidify the intestinal environment and play a pivotal role in regulating colonic physiology and altering the 

gut environment [27]. Consistent with our findings, the fermentation of guar gum and hydrolyzed guar gum 

using pig feces has been shown to promote the production of acetate, propionate, and butyrate [28]. In our 
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study, a significant increase in propionate production was observed within the first 6 h of fermentation, 

without a corresponding increase in acetate. This suggests that the proliferation of propionate-producing 

species may have been initially enhanced during the degradation of guar gum. Alternatively, acetate could 

have been immediately consumed through interspecies cross-feeding among bacteria, resulting in no 

significant change observed in its levels. Furthermore, butyrate was found to be significantly enriched during 

fermentation, which may be associated with the enrichment of certain butyrate-producing bacteria, such as 

Faecalibacterium prausnitzii [29] and Roseburia intestinalis [30]. These bacteria may potentially utilize 

fermentation by-products (acetate and succinate) produced by other bacteria for growth [31]. Correlation 

analysis revealed a strong positive association between butyrate and Bifidobacterium. As Bifidobacterium 

spp. are known acetate producers [32, 33], their activity may indirectly enhance butyrate synthesis by supporting 

the proliferation of butyrate-producing bacterial. Notably, Bacteroides and Parabacteroides demonstrated 

strong positive correlations with acetate and propionate. Given their established roles as primary producers of 

these SCFAs [34, 35], these findings confirmed that the production of acetate and propionate was linked to the 

metabolic activities of Bifidobacterium, Bacteroides, and Parabacteroides. 

By analyzing the effects of guar gum on the gut microbiota, we found that it primarily suppresses the 

abundance of Enterobacteriaceae while promoting the abundance of Bifidobacterium and Parabacteroides. In 

one of our previous studies using gut microbiota from mice with colitis to ferment four food hydrocolloids, 

guar gum exhibited similar effects on the gut microbiota [20]. Enterobacteriaceae are a large family of 

Gram-negative bacteria that includes a number of pathogens, which are significantly enriched in patients with 

IBD [36]. The ability of guar gum to suppress the enrichment of these bacteria indicated its beneficial to 

intestinal health. Furthermore, the enrichment effect of guar gum on Bifidobacterium has also been similarly 

observed in in vitro fermentation using pig feces [28] and in in vivo intervention study in mice [37]. Partially 

hydrolyzed guar gum similarly induced the enrichment of Bifidobacterium and Parabacteroides during in 

vitro fermentation with feces from healthy humans [12, 38]. In a clinical intervention study, the daily intake of 8 

g of guar gum for 18 consecutive days was found to increase the abundance of Parabacteroides as well as P. 

distasonis in the feces of healthy male subjects [6]. Further differential bacterial analysis revealed that B. 

pseudolongum and P. distasonis are the primary bacterial species enriched by guar gum. B. pseudolongum, a 

common probiotic, has been reported to ameliorate intestinal inflammation [39], liver disease-associated 

hepatocellular carcinoma [40], and enhance pulmonary immunity [41]. P. distasonis also exhibits a wide range of 

probiotic effects, including improving insulin resistance [42] and non-alcoholic steatohepatitis [43], holding the 

potential to be a next-generation probiotic.  

Notably, our growth assays revealed that neither B. pseudolongum nor P. distasonis could directly utilize 

guar gum for growth. This aligned with previous findings showing that most Bifidobacterium species, 

including B. pseudolongum, lack the capacity to degrade guar gum [44]. Likewise, P. distasonis displayed 

minimal growth on mannans such as glucomannan [24]. This may be related to specific GHs in bacteria. In 
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contrast, B. ovatus encodes GH26 β-mannanases and GH36 α-galactosidase, which are mechanistically 

specialized for galactomannan degradation through synergistic endo- and exo-acting activities, ultimately 

releasing galactose and mannose [26, 45]. Our co-culture experiments demonstrated that B. ovatus-mediated 

guar gum degradation products robustly stimulated the growth of B. pseudolongum and P. distasonis. The 

impact of guar gum on gut microbiota may involve a “gear effect”, where the presence of primary degraders 

facilitates the proliferation of other bacterial species [46]. Moreover, we revealed that B. pseudolongum had a 

preference for utilizing galactose, while P. distasonis had a preference for utilizing mannose. Studies have 

shown that bifidobacteria possessgenes encoding β-galactosidase (GH2 and GH42 families), and these 

enzymes can break down lactose and galactose, which explains their preference for galactose and is one of the 

reasons why bifidobacteria are dominant in the infant gut [47]. For P. distasonis, mannose and raffinose are 

important sources of energy [48]. The significant enrichment of P. distasonis after the fermentation of 

Dendrobium-derived glucomannans also indicated the potential role of mannose in the enrichment of P. 

distasonis [42, 49]. Regarding the observation that the products after B. ovatus degraded guar gum had a stronger 

promoting effect on the growth of B. pseudolongum than on P. distasonis, it is possible that the mannose 

produced by B. ovatus was limited. There may also have been other primary degraders involved in the 

degradation of guar gum and the release of mannose, which ultimately led to the enrichment of P. distasonis. 

5. Conclusions 

This study explored the effects of guar gum on the gut microbiota, highlighting its potential to targeted 

the enrichment of beneficial bacteria such as B. pseudolongum and P. distasonis, which may contribute to 

maintaining host health. Furthermore, the proliferation of B. pseudolongum and P. distasonis relied on 

primary degraders like B. ovatus, as they could not directly utilize guar gum. These findings advance our 

understanding of guar gum-microbiota interactions and offer valuable insights for designing 

microbiota-targeted functional foods. While our work outlines a cross-feeding framework where guar gum 

degraded by B. ovatus leads to specific enrichment, further research is warranted to fully understand the 

degradation mechanism of guar gum. Additionally, its targeted enrichment effects on gut microbiota, as well 

as its health benefits, need to be further verified in clinical studies. 
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