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Simple Summary: Pea fibre is one of the main dietary fibre sources in human food and has been 

shown to improve health by regulating blood glucose response, lipid metabolism, and intestinal 

motility. However, the effects of pea fibre on the colonic microbiota in animals is currently limited. 

This study aimed to investigate the impact of feeding different levels of pea fibre to C57BL/6J mice 

on the growth performance, reproductive performance, and colonic microbiota structure of both 

maternal and offspring mice.The results showed that supplementing the diet with 10% pea fibre 

improved the growth performance of both maternal and offspring mice, reduced intestinal and liver 

tissue damage, and regulated the abundance and diversity of the gut microbiota in maternal and 

offspring mice. 

Abstract: As a potential high-quality protein food, peas are enriched in protein and fibre. This study 

investigated the judicious utilisation of pea fibre and the impact of maternal diet on offspring health 

in mice. Thirty-six eight-week-old, female, healthy C57BL/6J mice were randomly divided into three 

groups (n=12 per group): deprived fibre diet (DFD), 5% pea fibre diet (LFD), and 10% pea fibre (HFD) 

diet. After weaning, the offspring mice were fed the same diet as their parents; the respective 

corresponding groups were DFDO, LFDO, and HFDO. Fibre-deprived mice exhibited decreased 

average litter size, diminished reproductive performance, increased body weight, and intestinal 

barrier damage. Mice fed pea fibre showed increased litter size, improved fertility rate of parental 

mice, regulated body weight, and maintained a normal intestinal barrier morphology without 

inflammatory cell infiltration. Furthermore, 16S rRNA analysis revealed that pea fibres enhanced the 

diversity and richness of the gut microbiota and altered microbial composition. Notably, changes in 

Lactobacillus and Parabacteroides in fibre-deprived mice suggest that pea fibres might be a potentially 

beneficial option for neuropsychiatric diseases. In conclusion, supplementing the diet of maternal 

mice with pea fibres can mitigate the aforementioned issues in their offspring. This study emphasised 

the crucial role of maternal fibre consumption in increasing litter size, promoting gut health in 

offspring, and reducing susceptibility to obesity. 

Keywords: pea dietary fibre; gut microbiota; parent; offspring; obesity  

 

1. Introduction 

Changes in lifestyle and dietary consumption, in developed and developing countries have 

highlighted the importance of dietary fibre (DF). The widely accepted definition of DF refers to all 

polysaccharides and lignin that cannot be digested by endogenous human digestive enzymes. DF 

can be divided into soluble DF (SDF) and insoluble DF (IDF) based on solubility, and fermentable DF 
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(FF) and non-fermentable DF (NFF) based on fermentation of the gut microbiota. SDF primarily 

include pectin, tree gum, and some hemicellulose [1]. SDF has a high-water retention capacity and 

viscosity, and thus can delay the emptying rate of the gastrointestinal tract. In addition, SDF produce 

short-chain fatty acids (SCFAs) after fermentation by intestinal microorganisms. IDF primarily 

includes cellulose, hemicellulose, lignin, and chitin. IDF can increase the transportation rate and 

water retention capacity of the intestinal contents, shorten the fermentation time of indigestible foods 

in the colon, and increase faecal volume [2]. Desai et al. [3] reported that long-term or indirect 

deprivation of DF in the diet of mice resulted in the use of host-secreted mucin as a nutrient source 

by the gut microbiota, which caused thinning of the intestinal mucus layer and damage to the 

intestinal barrier. Infection with Citrobacter rodentium led to entry of the bacteria into the intestinal 

epithelium of mice deprived of DF, which in turn led to fatal colitis. These results suggest that the 

gut microbiota caused by insufficient DF degrades the colonic mucosal barrier and increases 

pathogen sensitivity. Mice rich in DF have complete barrier function and reduced susceptibility to 

intestinal pathogens, indicating that DF can protect intestinal health. The gut microbiota colonises 

after birth, when the newborn comes into contact with maternal and environmental microbes [4]. The 

effects of maternal microbes on offspring gut microbiota have been studied. The results indicate that 

a maternal high-fat diet can cause intestinal microbiota disorders and metabolic disorder in offspring, 

leading to the programmed development of various diseases, and such negative effects may persist 

into offspring adulthood [5, 6]. A recent study found that the proportion of Firmicutes in mice fed a 

high-fat diet was higher, the proportion of beneficial microbiota was lower, and the changes in 

intestinal microbes among offspring groups were similar to those in the maternal group[6]. 

The pea plant (Pisum sativum L.) is a leguminous plant that is rich in protein, starch, minerals, 

and DF. Pea plants have high nutritional value. Its IDF is approximately 10% to 15% and its SDF is 

approximately 2%–9% [7]. Pea fibre has a balanced proportion of SDF and IDF, and a good adsorption 

capacity for cholesterol and glucose. It can regulate the glucose response, lipid metabolism and 

intestinal motility [8-10]. Adding high concentrations of yellow pea flour can decrease insulin and 

glucose levels in golden Syrian hamsters [11]. Using methods that include quantitative proteomics 

and macroproteomics, targeted screening was conducted on 34 types of DFs. The analysis indicated 

that feeding mice pea fibres selectively affected Bacteroides, leading to a significant expansion of 

Bacteroides thetaiotaomicron. This finding indicates that pea fibre is a potential nutritional source for 

multiple species of gut microbiota and microbiota-accessible carbohydrates, which play important 

roles in shaping the gut microbiota ecosystem [12]. In addition, studies have found that a low-DF or 

DF-deprived diet increases the likelihood of chronic diseases, such as inflammatory bowel disease 

and diarrhoea, in the body [13]. A recent study demonstrated that by-products of peas alter glucose 

metabolism in humans [8], which may have relevance elsewhere [14].  

Previous studies have focused on the effects of processing technology and different genetic 

varieties of peas on health. Whether dietary fibre supplementation to the diet can improve the health 

of mice and their offspring is unclear. This study explored the rational use of DF and the impact of 

parental DF deprivation on offspring health, enriching maternal DF nutrition. 

2. Materials and Methods 

2.1. Animals and diets 

Thirty-six 8-weeks-old female C57BL/6J mice weighing 24.86 ± 0.15 g were selected for study. 

All experimental procedures were approved by the Academic Committee of Southwest Forestry 

University. Female mice were randomly assigned into three groups: the deprived fibre diet (DFDP), 

5% pea fibre (low-fibre) diet (LFDP), and 10% pea fibre (high-fibre) diet (HFDP) with three replicates 

and four mice per replicate. After weaning, the offspring mice were fed the same diet as their parents; 

their respective groups were DFDO, LFDO, and HFDO. Diets were formulated according to the 

National Research Council recommendations [15] (Table 1). All groups were fed with diet and water 
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ad libitum with natural illumination for 12 h per day, a temperature of 21.94 ± 0.31℃, and humidity of 

53 ± 1.67%. 

 

Figure 1. Experiment design. 

Table 1. Ingredients and Nutritional Level of  the experimental diets (as fed basis). 

Item DFD LFD HFD 

Ingredients, %    

Maize starch 50.55 50.75 43.25 

Fish meal 13.22 13.22 13.22 

Wheat flour 5.00 5.00 5.00 

Lard 5.20 5.00 7.50 

DL-Methionine 0.20 0.20 0.20 

Limestone 0.10 0.10 0.10 

Dicalcium phosphate 0.10 0.10 0.10 

Sodium chloride 0.13 0.13 0.13 

Choline chloride 0.20 0.20 0.20 

Casein 10.00 10.00 10.00 

Sucrose 10.00 10.00 10.00 

Pea fibre1 0.00 5.00 10.00 

Vitamin and mineral premix2 0.30 0.30 0.30 

Bentonite 5.00 0.00 0.00 

Calculated nutrient level 

ME, MJ/kg 13.53 13.48 13.40 

CP, % 18.04 18.04 18.02 

Dietary fibre, % 0.08 5.03 9.98 

Lys, % 1.51 1.51 1.49 

Met, % 0.76 0.76 0.75 

Ca, % 0.60 0.60 0.60 

AP, % 0.43 0.43 0.43 

1Pea fibre contains 96.07% total dietary fibre, 50.93% soluble dietary fibre, 45.14% insoluble dietary fibre. 2Per kg of the 

diet provided as following: vitamin A (retinol) 2880 IU,  vitamin B1 6 mg, vitamin B2 8.4 mg, vitamin B12 

(cyanocobalamin) 0.01 mg, vitamin D3 (cholecalciferol) 1440 IU, vitamin E (dl-alpha tocopherol acetate) 24 mg, 

vitamin K3 (Menadione) 1.2 mg, vitamin B7 0.24 mg, vitamin B9 0.6 mg, vitamin B5 (D-calcium pantothenate) 

19.20 mg, vitamin B3 18 mg, vitamin B6 9.6 mg, Cu (as CuSO4·5H2O) 6 mg, Fe (as FeSO4·7H2O) 35 mg, Mn (as 

MnSO4·H2O) 10 mg, Zn (as ZnSO4·7H2O) 10 mg, I (as KI) 0.15 mg, Se (as Na2SeO4) 0.15 mg. 

Once maternal mice appeared to have a copulation plug after mating with male mice, which 

were housed individually and considered pregnant. During gestation and lactation, the maternal 

mice maintained the diet corresponding to each group. After the maternal mice delivered offspring, 

the litter lived with the maternal mice until the end of lactation. After 5 weeks following birth, the 

maternal and offspring mice were sacrificed by anaesthetisation.  
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2.2. Collection of samples 

At the beginning of the experiment, the weights of all the maternal mice were measured. 

Subsequently, the weekly weight and food intake were measured every day, as was done for the 

offspring mice. When the maternal mice delivered, the litter size was recorded. The weaned offspring 

mice lived with the maternal mice until they were 3 weeks old. During dissection, body and intestinal 

length data, body weight, organ weight, abdominal fat weight, intestinal weight and length, 

collection of faeces from the colon for 16S rRNA, and segment of colon for staining were recorded. 

2.3. Intestinal histology 

Tissues of the colon and liver for haematoxylin and eosin (HE) staining were fixed in 4% 

paraformaldehyde solution for 24 h. Colon tissues for periodic acid-Schiff (PAS) staining were fixed 

in Carnoy’s fixative, and tissues were stained for HE and PAS staining. Images were acquired by light 

microscopy using a NIKON ECLIPSE E100 and photographed at magnifications of 200× and 100×. 

ImageJ software was used to quantify the indices of intestinal villi. 

2.4.16. S rRNA sequencing  

The caecal samples from colon for diversity analysis were collected and stored in ultra-low 

temperature freezer at –80 ℃, DNA extracted by the cetyltrimethylammonium bromide/sodium 

dodecyl sulphate method according to the standard instructions. The V3–V4 region of the 16S rRNA 

was amplified using primers 341F and 806R. High-throughput sequencing of the amplicons was 

performed by Novogene Biological Information Technology Co., LTD using an Illumina NovaSeq 

2500 system. 

2.5. Statistical analyses 

The data were analysed using SPSS Statistics software (version 21.0.0) to compare the 

significance among the three groups using one-way analysis of variance, followed by Duncan’s 

multiple comparison test. Data are presented as mean ± SEM, with p < 0.05 considered statistically 

significant. 

3. Results 

3.1. Effects of pea fibre on growth and development in maternal and offspring mice 

The effects of pea fibres on the growth performance of maternal and offspring mice are shown 

in Figure 2. The initial body weights of the maternal mice were similar among the groups. During 

the 20 weeks of feeding, maternal mice in the three groups showed different increases in body weight 

(Figure 2A). Weight gain was higher in the DFDP group than in the HFDP and LFDP groups (Figure 

2C). The food intake of the DFDP group was higher than the intake of the HFDP and LFDP groups 

(Figure 2D). Additionally, compared to LFDP, energy intake in DFDP and HFDP was significantly 

high (p < 0.001) (Figure 2E), whereas the food efficiency ratio (FER) in LFDP was higher than the FER 

in the HFDP and DFDP groups (Figure 2F).  

Compared to the maternal group, the indicators of growth performance among the offspring 

improved. During the period of weaning (4–5 weeks of age), the body weight of the DFDO group 

was significantly higher than the body weight of mice in the LFDO and HFDO groups after fibre 

deprivation (4 weeks of age, p < 0.01; 5 weeks of age, p < 0.001) (Figure 2B). There were significant 

differences in weight gain (p < 0.01) among the DFDO, LFDO, and HFDO groups (Figure 2C). The 

FER in the HFDO group was higher than the FER in the DFDO and LFDO groups (Figure 2F). Our 

research indicates that DF deprivation in parents may induce obesity in offspring. 
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Figure 2. Effects of pea fibre on growth and development of maternal and offspring mice. (A) body weight of 

maternal mice; (B) body weight of offspring mice; (C) weight gain; (D) food intake; (E) energy intake; (F) food 

efficiency ratio (FER) = [weight gain (g/day)]/ [food intake (g/day)]. *p < 0.05, **p < 0.01, ***p < 0.001. 

3.2. Effects of pea fibre on maternal reproductive performance  

The effects of pea fibre on maternal reproductive performance are shown in Figure  3. The 

fertility rate of 67% was higher than the rate in the LFD and DFD groups. In addition, compared with 

the DFD group, offspring in the LFD and HFD groups had significantly higher average litter numbers 

at birth (p < 0.01) (Figure 3A) and weaning numbers at 21 days of age (p < 0.05) (Figure 3B). There 

was no significant difference in the survival rates among the three groups, and the survival rates of 

the offspring in the LFD and HFD groups were higher than the rate in the DFD group (Figure 3C). 

The findings indicate that DF deprivation can decrease the reproductive performance of female mice, 

especially the average litter size and number of weaned mice. 

 

Figure 3. Effects of pea fibre on maternal reproductive performance parental mice. (A) average litter number; 

(B) weaning number; (C) survival rate. *p < 0.05, **p < 0.01, ***p < 0.001. 

3.3. Effects of pea fibre on organ and intestinal indices in mice 

Relative organ and intestinal indices of the mice are shown in Figure 4. There were no significant 

differences in the liver and spleen indices between the parental and offspring mice (Figure 4A, B). 

The kidney index was significantly lower in the HFDO group than the value in the DFDO group 

(Figure 4C). In addition, the abdominal tissue of HFDP mice was significantly lower compared to the 

DFDP and LFDP groups (p < 0.001) in parental mice. In the offspring mice, the abdominal tissue in 
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LFDO and HFDO groups were significantly lower compared to DFDO (p < 0.05) (Figure 4D). These 

findings indicate that pea DF can significantly reduce the amount of abdominal fat in parental and 

offspring mice. 

 

Figure 4. Effects of pea fibre on relative organ indexes of parental and offspring mice. (A) liver index; (B) spleen 

index; (C) kidney index; (D) abdominal fat index. *p < 0.05, **p < 0.01, ***p < 0.001. 

The effect of pea fibre on intestinal length and weight in maternal and offspring mice is depicted 

in Figure 5. There was no significant difference in the lengths of the duodenum, ileum, or colon 

between maternal and offspring mice (p > 0.05) (Figure 5A, E, J). The jejunum of maternal mice in the 

HFDP group was significantly shorter than the length in maternal mice in the DFDP and LFDP 

groups (p < 0.05). In offspring, jejunum length was not significantly different between the groups 

(Figure 5C). The weights of the duodenum and colon were not significantly different between the 

maternal and offspring groups (p > 0.05) (Figure 5B, H). Jejunum weight in LFDO mice was 

significantly higher than that in DFDO mice (p < 0.05) (Figure 5D). The ileum weights of HFDO and 

LFDO mice were significantly higher than those of DFDO mice (p < 0.001) (Figure 5F). 

 

Figure 5. Effects of pea fibre on index of different intestinal segments among maternal and offspring mice. (A) 

duodenum length to body weight ratio; (B) duodenum weight to body weight ratio; (C) jejunum length to body 

weight ratio; (D) jejunum weight to body weight ratio; (E) ileum length to body weight ratio; (F) ileum weight 

to body weight ratio; (G) colon length to body weight ratio; (H) colon weight to body weight ratio. *p < 0.05, **p 

< 0.01, ***p < 0.001. 
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3.4. Effects of pea fibre on histopathology in maternal and offspring mice 

The effects of pea fibre on liver histopathology are presented in Figure 6. Compared to LFDP, 

DFDP hepatocytes contained a large number of lipid droplet vacuoles (blue arrows) and increased 

lymphocyte numbers (red arrows). In contrast, HFDP hepatocytes showed improved hepatic cords, 

a small amount of cell degeneration, and occasional lipid droplet vacuoles. Compared with the 

maternal groups, the structure of hepatic lobule was relatively clear, the hepatocyte lipid droplet 

vacuoles and inflammatory cell of the offspring mice were significantly reduced, while the 

hepatocytes of DFDO still showed obvious inflammatory cell and lymphocyte infiltration compared 

with the LFDO and HFDO groups. In the LFDO and HFDO groups, the cell cytoplasm was arranged 

in an orderly manner. However, liver injury was apparent in the DFDO group, as evidenced by 

infiltration, cell balloon-like appearance of hepatocytes, and hepatocellular necrosis. The findings 

indicate that DF deprivation caused fatty liver-like lesions and inflammatory infiltration in maternal 

and offspring mice. 

 

Figure 6. Effects of pea fibre on liver histopathological of maternal and offspring mice. Representative 

micrographs of HE staining of liver (original magnification 200×, scale bar 100 μm). 

Morphology data of the colonic tissue are presented in Figure 7. There were fewer goblet cells 

in the colon in the DFDP group compared to the number in the HFDP group. Moreover, among the 

offspring, there were significantly more goblet cells in mice in the HFDO group than DFDO group (p 

< 0.05) (Figure 7C). The villus length in HDFO group was significantly longer than the villus length 

in mice in the DFDO group (p < 0.001) (Figure D). The crypt depth in HDFP group was significantly 

greater than the depth in DFDP group (p < 0.001) (Figure 7E). the V/C in the HDFO group was 

significantly greater than the value in the DFDO group (p < 0.001) (Figure 7F). The findings 

demonstrate that DF deprivation reduced goblet cells and their secreted mucus barrier in the 

intestines of maternal and offspring mice, as well as more pronounced intestinal villi structural 

dysplasia in the offspring. 
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Figure 7. Effects of pea fibre on global cell among colon of maternal and offspring mice. (A) PAS staining of mice 

colon (original magnification 100×, scale bar 200 μm); (B) HE staining of mice colon (original magnification 100× 

(scale bar 200 μm); (C) number of goblet cells in maternal and offspring mice; (D) villus length of maternal and 

offspring mice; (E) crypt depth ratio of maternal and offspring mice; (F) villus length to crypt depth ratio (V/C) 

of maternal and offspring mice. *p < 0.05, **p < 0.01, ***p < 0.001. 

3.5. Effects of pea fibre on differences in microbiota composition in maternal and offspring mice 

The α-diversity measured by the indicator revealed no differences of species diversity among 

the groups for the maternal mice. The Chao1 index was lower in the LFDP and HFDP groups than in 

the DFDP group (Figure 8A). The Shannon index was higher in the DFDP group compared the values 

in the LFDP and HFDP groups (Figure 8C). In contrast, the Chao1 and Shannon indices indicated 

that the microbiome diversities of mice in the HFDO group were significantly greater than mice in 

the DFDO group (p < 0.05). In addition, the Chao1 index of the LFDO group was significantly lower 

than the value of the HFDO group (p < 0.05) (Figure 8B). The Shannon index values of the HFDO and 

LFDO groups were significantly higher than the DFDO value (p < 0.05) (Figure 8D). The findings 

indicate that the diversity of the gut microbiota in parental mice decreased after DF deprivation, 

while the diversity of microbiota in offspring further decreased. Supplementation with DF increased 

the diversity of parental and offspring mice, and the gut microbiota diversity of the offspring mice 

was significantly higher than the diversity of maternal mice. 
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Figure 8. Effects of pea fibre on α diversity of gut microbiota. (A) Chao1 index in maternal mice; (B) Shannon 

index in maternal mice; (C) Chao1 index in offspring mice; (D) Shannon index in offspring mice. *p < 0.05, **p < 

0.01, ***p < 0.001. 

ANOSIM analysis revealed significant differences in the operational taxonomic units in samples 

from the DFDP and LFDP groups (R = 0.19, p = 0.03) (Figure 9A, C). Significant differences were 

observed among the offspring in the HFDO and DFDO groups (R = 0.33 p = 0.01) and the LFDO and 

DFDO groups (R = 0.52, p = 0.01) (Figure 9B, D). 

 

Figure 9. Effects of pea fibre on β diversity of gut microbiota. (A) PCoA plot based on unweighted UniFrac in 

maternal mice; (B) NMDS plot based on weighted UniFrac in maternal mice; (C) PCoA plot based on unweighted 

UniFrac in offspring mice; (D) NMDS plot based on weighted UniFrac in offspring mice. 

The effect of pea fibre on the abundance of colonic microflora is shown in Figure 10. The 

dominant phyla in all groups were Firmicutes, Bacteroidetes, Proteobacteria, and Verrucomicrobiota. 

The ratio of Firmicutes to Bacteroidetes in the HFDP group was higher than the ratio in the DFDP 

and LFDP groups. However, the abundance in the HFDO group was significantly lower than the 

abundance in the DFDO and LFDO groups (p < 0.05). At the genus level, Lactobacillus, Bacteroides and 

Clostridia_UCG_014 were the most prevalent genera in every group, with Lactobacillus being more 

prevalent in the LFDP and HFDP groups than in the DFDP group. However, in the offspring group, 

Lactobacillus in the DFDO group was significantly higher than the prevalence in the LFDO and HFDO 

groups (p < 0.01). Alloprevotella was more prevalent in the LFDP group was higher than in the HFDP 

and DFDP groups, and significantly more prevalent in the HFDO group than in the DFDO and LFDO 

groups (p < 0.05). The abundance of Parasutterella showed the same trend in the maternal group. By 

comparing the different species of intestinal microflora among the groups, the changes in the 

intestinal microflora were analysed at the genus level. Faecalibaculum, Roseburia, and Ruminococcus in 

the HFDP and HFDO groups were higher than in other maternal and offspring groups. Faecalibaculum 

in the HFDP group was significantly higher than in the DFDP and LFDP groups (p < 0.05). 

Faecalibaculum and Ruminococcus in the HFDO group were significantly higher than in the DFDO 

group (p < 0.05). Parabacteroides and Lachnospiraceae_NK4A136_group in maternal mice  not 

significantly different. Among the offspring group, Parabacteroides in the HFDO group was 

significantly more abundant than in the DFDO group (p < 0.01), and Lachnospiraceae_NK4A136_group 

was significantly more abundant in the HFDO group compared to the DFDO group (p < 0.05). 

Lactobacillus in the DFDO group was significantly more abundant than in the LFDO and HFDO 
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groups (p < 0.01), Rikenellaceae_RC9_gut_group was more prevalent in maternal mice in the HFDP 

group than in the DFDP and LFDP groups (p < 0.05). However, in offspring mice, 

Rikenellaceae_RC9_gut_group was more abundant in the DFDO group than in the LFDO and HFDO 

groups. The Eubacterium_coprostanoligenes_group was significantly more abundant in the LFDP and 

LFDO groups compared to the DFDP and DFDO groups, respectively (p < 0.05). Finally, the 

Eubacterium_nodatum_group was more abundant in offspring mice in the LFDP group than in the 

DFDP group (p < 0.05), and in the LFDO groups than in the DFDO group (p < 0.05). 

 

Figure 10. Effects of pea fibre on relative abundance of bacteria. (A) colonic microflora structure at phylum 

level; (B) rate of Firmicutes and Bacteroidetes ;(C) colonic microflora structure at genus level; (D-L) significant 

differential bacteria at genus level in mice between generations of each group. *p < 0.05, **p < 0.01, ***p < 0.001. 

Linear discriminant analysis effect size (LEfSe) and linear discriminant analysis at the genus 

level showed the enrichment of Weissella in HFDP mice, Turicibacter in HFDP mice, and 

Colidextribacter in DFDP mice. Among offspring, some species of fibre-degrading microflora were 

enhanced in mice fed pea fibre; Clostridium_sensu_stricto_1 was enriched in LFDO mice, Ruminococcus 

in HFDO mice, and Bifidobacterium in DFDO mice  

 

Figure 11. Effects of pea fibre on LEfSe. (A) evolutionary branching diagram in maternal mice; (B) evolutionary 

branching diagram in offspring mice; (C) LDA analysis in maternal mice with LDA>2; (D) LDA analysis in 

offspring mice with LDA>2. 
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4. Discussion 

Peas are a legume that are preferred by consumers because of their nutritional ingredients that 

include protein, starch, fibre, minerals, and vitamins. These ingredients are considered beneficial to 

intestinal health owing to their nutritional characteristics, such as improved glycaemic index and 

plasma lipids [16, 17]. DF is an important nutrient that regulates intestinal health. Different types of 

DF have potential impacts on individual indicators, such as body weight [18, 19]. In this study, pea 

fibre influenced offspring body weight, especially during weaning. The body weight of fibre-

deprived mice was significantly higher than that of high-fibre-fed mice. Our research findings also 

support the finding that DF deprivation can lead to obesity in offspring. Supplemental DF affected 

individual body weight and longevity. Yu et al. [20] found that fibre deprivation can significantly 

increase the body weight of naturally aged mice. In our study, the same trend was observed in fibre-

deprived mice. In addition, increased abdominal fat and injured liver tissue seem to illustrate the 

effect of fibre deprivation on obesity. We also observed that in mice fed a diet supplemented with 

pea fibre, especially offspring mice, in addition to the changes in weight, the accumulation of 

abdominal fat in the body and lipids in the liver were significantly reduced. These findings reveal 

that pea fibre can prevent and alleviate obesity. Therefore, pea fibre intake may be conducive to 

longevity and fibre deprivation may affect individual longevity during the late stages of growth. In 

a recent study involving a mouse model of non-alcoholic fatty liver disease (NAFLD), the diet was 

supplemented with pea hulls. The results of multi-omics analyses showed NAFLD was improved by 

the serine hydroxy methyltransferase 2/glycine/mammalian target of rapamycin/ peroxisome 

proliferator–activated receptor gamma (SHMT2/glycine/mTOR/PPAR-γ) signalling pathway, with 

the increasing contents of glutathione, total antioxidant capacity, and adiponectin, which may 

improve oxidative stress, inhibit lipid peroxidation, and reduce the risk of obesity metabolic 

abnormalities. In addition, the level of total glyceride, total cholesterol, interleukin-lβ (IL-1β), and IL-

6 decreased in liver tissue, which may improve the insulin related reaction [21]. The findings reveal 

that pea fibre may prevent obesity through the SHMT2/glycine/mTOR/PPAR-γ signal pathway. The 

mechanism remains unresolved.  

With the emergence of the concept of “mother-offspring-integration” and “One Health”, 

researchers have become concerned about mother–offspring nutrition. This concern has spurred the 

recognition of the importance of fibre, which can effectively improve host and offspring gut 

microorganisms [22]. In practice, maternal nutrition during pregnancy affects the growth and health 

of the offspring, which is specifically manifest in growth, development, and reproduction of the 

offspring. Imbalanced nutrition in the parental generation can induce some diseases in offspring [23, 

24]. In our study, the addition of pea fibre to the diet significantly increased the average litter number 

at birth and weaning number at 21 days of age. DF has been shown to have a significant influence on 

reproductive performance. However, the effects of DF on reproductive performance in mice are 

unclear. Li et al. [25] found that sows fed diets containing inulin and cellulose displayed significantly 

influenced reproductive performance during three successive cycles; the average weight of pigs and 

litters during the birth and weaning phases was significantly higher than in the control group. 

Furthermore, Loisel et al.[26] described the mortality of offspring before weaning was significantly 

increased in the gestation group fed feed containing 23.4% total DF compared with the low-fibre 

group (13.3% total DF). Deprivation of DF and high DF can reduce reproductive performance in mice. 

Further research is needed to determine the amount of pea fibre required for mice to achieve optimal 

reproductive performance, and how pea fibres regulate reproductive performance.  

Villus length influences the capability to absorb nutrients, which rely on the absorptive area and 

crypt depth, which in turn indicate the maturation rate of cells. Therefore, the ratio of villus length to 

crypt depth is considered to be related to digestion and absorption capacity [27]. We found that pea 

fibre improved the ratio of villus length to crypt depth, which showed that the villus length increased 

significantly among offspring mice supplemented with pea fibre, but the crypt depth was higher than 

that in offspring mice fed a fibre-deprived diet. Maternal mice fed a high-fibre diet displayed the 

shortest villus length. However, the reason remains unknown. Goblet cells secrete mucus into the 
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intestinal epithelium and play an important role in maintaining intestinal integrity after injury [28]. 

During this period, there was no significant difference in the number of goblet cells in the colon. 

However, after DF deprivation, offspring showed a significant decrease in goblet cells compared to 

high-fibre diet offspring. Knapp et al. [29] reported that soluble fibre dextrin and soluble corn fibre 

can significantly increase the total number of goblet cells per crypt in rats compared to the control 

group. We speculate that the increased number of cells reflects the acidification of colonic contents 

and the production of a series of metabolites arising from the synthesis of mucus [30]. The benefits of 

pea fibre for intestinal health have been studied previously in piglets. In the study, pea fibre 

significantly increased goblet cells compared to control group, even though the villus length and 

crypt depth did not differ from the control group [31]. However, pea fibre can improve crypt depth 

and goblet cells in the colon. Moreover, in the present study, piglets fed with pea fibre displayed 

significantly increased contents of SCFAs in colon compared to the other groups. This change may 

influence the later growth period. 

Aside from its role in nutrient digestion and absorption, the intestine is also an important 

immune organ for humans and animals. The intestine is considered the second brain of the body, 

with reports of the bidirectional communication between the intestinal microflora and the brain via 

the gut–brain axis [32, 33]. Microbial communities colonise the microflora as a function of self-

regulation through mutual interaction [34]. The intestinal microflora are important in maintaining 

host health, enhancing the body’s immunity, providing conducive metabolites to the host, and 

resisting colonisation by pathogenic bacteria [35-37]. In the present study, the relative abundance of 

the colonic microflora in each group differed. At the phylum level, the Firmicutes/Bacteroidetes ratio 

in the maternal mice showed no significant differences among the groups. However, among the 

offspring, this ratio was significantly lower in the HFDO group compared to the DFDO and LFDO 

groups. This trend was also reported in a study on the effects of peas on the rat microflora. The 

authors described that raw or cooked pea fibre fed to rats increased the relative abundance of 

Firmicutes and decreased the relative abundance of Bacteroidetes compared to the group fed a high-

fat diet [38]. As the key microflora in the host intestine, Bacteroides and Firmicutes are related to the 

energy acquisition process. Thus, changes in these microorganisms will affect the host’s glucose 

homeostasis, anti-inflammatory activity, and other reactions.  

DF can help optimise the structure and increase the diversity of the gut microbiota. A diverse 

gut microbiota can resist infection by exogenous pathogenic microorganisms, promoting intestinal 

health [3, 22, 37]. Our research also confirmed that supplementation with pea fibre can increase the 

diversity of the gut microbiota in both parental and offspring mice. Other studies have reported that 

DF can improve the host gut microflora, and most microflora can produce SCFAs. These SCFAs 

include acetate, butyrate, and lactate, among others, which is profoundly important in the gut; the 

fluctuating content of SCFAs reflects their production by the particular bacteria [39, 40]. In the present 

study, at the genus level, significant changes in Lactobacillus, Parabacteroides, and 

Rikenellaceae_RC9_gut_group were observed in both maternal and offspring mice. With increasing 

focus the relationship between intestinal microflora and neuropsychiatric diseases, researchers have 

found that intestinal microflora can regulate the development and behaviour of the brain through the 

brain–gut–microbiota axis, which influences some diseases, such as autism, spectrum disorders, 

depression, Parkinson's disease, and other psychiatric diseases [41, 42]. In the present study, we 

found that under the influence of maternal potential, the genera Parabacteroides, Akkermansia and 

Prevotellaceae_ UCG_ 001 decreased, and Lactobacillus and Alistipes increased after DF deprivation, 

with the same tendencies evident in the offspring. The findings are similar to those of previous 

studies on neuropsychiatric diseases [43-45]. Furthermore, the early period of growth in autism may 

be related to early feeding methods; infants who were weaned early showed increased concentrations 

of propionate and butyrate in faeces, and changes in SCFAs may induce neuropsychiatric diseases 

[46]. Butyrate can activate G protein-coupled receptors and can affect neuropsychiatric diseases [47]. 

The tendency for DF deprivation in offspring mice may lead to psychiatric diseases later in life. 

Studies on inflammatory bowel diseases, including Crohn’s disease and ulcerative colitis, have found 
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that the microflora may affect the occurrence of these diseases through the brain–gut–microbiota axis 

[48, 49]. We found that some SCFA-producing bacteria were lower under DF deprivation in maternal 

and offspring mice. The observation that Roseburia and Ruminococcus were lower than in the other 

groups, indicates that pea fibre deprivation reduced SCFAs production in mice. Li et al. [50] reported 

the decreased abundance of Roseburia and Ruminococcus in patients with ulcerative colitis. Li et al.[25] 

reported that Lachnospiraceae was negatively correlated with the inflammation status. Available 

evidence suggests that disordered microflora is related to homeostasis in the gut. We observed no 

significant difference in Lachnospiraceae_ NK4A136_ group among maternal mice. However, a 

significant difference was evident in offspring mice fed a diet including high pea fibre compared to 

dietary fibre-deprived offspring mice. These findings indicate that deprivation of fibre changed the 

intestinal microflora. The characteristic change was similar to that of intestinal microflora in patients 

with neuropsychiatric diseases and inflammatory bowel diseases. However, more research is needed 

for clarification. Pea fibre can improve the composition of the intestinal microflora, with increased 

contents of SCFA-producing bacteria and cellulose-degrading bacteria. Additionally, some studies 

have shown that SCFAs can regulate the central nervous system via gastrointestinal hormones, such 

as leptin and peptide YY, and influence neuropsychiatric and inflammatory diseases through 

interactions with free fatty acid receptors [51]. Therefore, nutrients, microflora, and hormones can 

affect homeostasis. 

A recent study indicated that offspring reflect the maternal microbiota via vertical transmission 

during the perinatal period [52]. In our study, the gut microbiota among maternal mice was 

transferred during pregnancy to their offspring. The latter mice in the HDFO and DFDO groups 

displayed altered gut microbiota. This tendency was similar with the maternal groups, which may 

have resulted from the consumption of pea fibre. We also observed that dysbacteriosis delivered to 

offspring of fibre-deprived mice profoundly contributed to neuropsychiatric diseases, consistent with 

previous studies [53]. Lin et al. [54] reported that supplying tributyrin in late pregnancy and during 

lactation can improve the faecal microbiota and relative abundance of Lactobacillus in sows and 

offspring, and that the Eubacterium_fissicatena_group decreased in piglets in the tributyrin group. In 

addition, the maternal gut microbiota can have more lasting effects on the gut microbiota than other 

sources [2]. 

5. Conclusions 

Pea fibre deprivation in mice can inhibit intestinal development; decrease the reproductive 

performance of maternal mice, decrease the relative abundance of Lachnospiraceae_NK4A136_group, 

Roseburia, and Ruminococcus, and increase the relative abundance of Lactobacillus, 

Rikenellaceae_RC9_gut_group, and Parabacteroides in the colon of maternal and offspring mice. 

Deprivation of DF in maternal mice also increases the risk of obesity and other intestinal diseases in 

their offspring. Supplementation with pea fibre can alleviate the possibility of obesity in mice fed 

with high pea fibre in maternal and offspring mice, as well as improving intestinal segments, 

histopathology, release of fat deposition, and potential intestinal microflora associated with diseases. 

The collective findings indicate the important roles of pea fibre in preventing obesity, improving 

reproductive performance, and reshaping the gut microbiota. 
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