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The intestinal microbiota plays a crucial role in human health, yet the impact of
high-resistant starch and low-glutelin rice in the gut of obese individuals remains
unexplored. In this study, different types of rice, namely japonica rice (control),
low-glutelin content 1 rice (Lgcl), high-resistant starch and low-glutelin content
1rice (HR + Lgcl), and commercially available low-glycemic index rice (LowGl),
were utilized as samples to examine their in vitro digestion and fermentation, as
well as the impact of HR + Lgcl on the intestinal microbiota in obese individuals.
The findings revealed that HR+Lgcl rice exhibited lower in vitro digestion
rates for starch and protein compared to the other three types. Following 24 h
of in vitro fermentation, the total short-chain fatty acid content in HR + Lgcl
was 108.67 mmol/L, which was 60.33, 51.26, and 17.29% that in control, Lgcl,
and LowGl, respectively. Moreover, HR +Lgcl rice displayed an inhibitory
effect on the production of harmful branched-chain fatty acid metabolites.
Analysis through 16S rDNA sequencing indicated that, after fermentation,
HR + Lgcl significantly enhanced the abundance of beneficial bacteria such as
Bifidobacterium, Parabacteroides, and Faecalibacterium in the gut, whereas it
reduced the abundance of harmful bacteria such as Escherichia-shigella. Our
findings may contribute to the development of new foods rich in dietary fiber to
improve the digestive function of patients with multiple comorbidities.

KEYWORDS

high-resistant starch and low-glutelin rice, obesity, in vitro fermentation, gut
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Highlights

« HR +Lgcl has high-resistant starch and low-glutelin content.

« HR+Lgcl rice exhibited lower in vitro digestion rates for starch and protein.

« HR+Lgcl was utilized by gut microbiota to promote the production of short chain fatty acids.

« HR +Lgcl can regulate the intestinal flora of obese patients and increase the abundance
of beneficial bacteria.
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1 Introduction

The intestinal microbiota is composed of “1014” microorganisms,
categorized into four bacterial phyla: Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria. The major phyla, Firmicutes and
Bacteroidetes, constitute 60-75% and 30-40% of the microbiota,
respectively, and exert significant effects on human health (Wang
Y. etal, 2019). The intestinal microbiota plays a crucial role in various
aspects of human health, for example, influencing the fermentation of
dietary fiber and prebiotics in the gut, and is closely related to immune
function. Additionally, it can generate beneficial substances, including
short-chain fatty acids (SCFAs) such as acetic acid, propionic acid,
butyric acid, and lactic acid (Stewart et al., 2004).

SCFAs exert positive effects on the human body. For example,
acetic acid contributes to the development of peripheral tissues,
propionic acid facilitates the growth of liver cells, and butyric acid
stimulates the growth of intestinal epithelial cells (Blaut and Clavel,
2007). Furthermore, SCFAs aid in reducing the pH of intestinal
contents, enhancing mineral absorption by increasing mineral
solubility, and regulating the body’s glucose and lipid metabolism (Lin
etal,, 2012). These findings underscore the crucial role of the intestinal
microbiota in physiological processes in the host, including metabolic
events, blood-tissue barrier integrity, and immune system function.

A recent study has reported a correlation between the production
of abnormal metabolites by the gut flora and the onset and progression
of obesity in patients (Gurung et al., 2020). The gut microbiota actively
participates in shaping the immune system’s maturation and essential
metabolic pathways, such as the fermentation of sugars and proteins,
as well as the metabolism of bile acids and exogenous substances
(Gomes et al.,, 2018). The dysregulation of microbial structure can
affect human health, leading to various digestive system and metabolic
diseases such as obesity (Fang et al., 2021). Obesity, recognized as a
pressing global health challenge, has multifaceted causes. There are
not only unhealthy habits such as high intake of fat and
monosaccharides, but also environmental conditions, stressors and
genetic factors, as well as the influence of intestinal flora and short-
chain fatty acid (Li et al., 2015). Excessive fat accumulation can disrupt
normal bodily functions, leading to a spectrum of diseases and
conditions such as cardiovascular, respiratory, endocrinological, and
social-psychological problems (Barczynska et al., 2018). Therefore, the
seriousness of obesity should not be underestimated. Taken together,
these findings underscore the potential therapeutic benefits of
methods that may enhance the microbial structure in individuals
struggling with obesity.

Dietary fiber in food can reduce the risk of chronic diseases
such as diabetes, obesity, cardiovascular diseases, and certain
cancers (Landman and Quévrain, 2016). Dietary fiber, as an active
substance, plays a very important role in the regulation of the
human body (Wang et al., 2023). Resistant starch (RS), a type of
dietary fiber in grains, cannot be digested in the small intestine. It
is fermented by colonic bacteria to produce beneficial substances
such as short-chain fatty acids, lactic acid, and small amounts of
gas, while also reducing the pH of the large intestine and affecting
the metabolism of glucose in the human body (Hamaker and
Tuncil, 2014). In recent years, RS has been reported to promote
human health and reverse certain diseases (Keenan et al., 2015). For
instance, RS supplements can improve levels of fasting blood
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glucose, insulin, and low-density lipoprotein cholesterol, especially
in obese and diabetic patients (DeMartino and Cockburn, 2020).
Low-amylose rice can meet the special needs of patients with
kidney disease, and it can be used as a dietary supplement for these
patients because it can reduce protein intake to alleviate disease
symptoms (Yang et al., 2022). Additionally, low-amylose rice can
promote the metabolism of short-chain fatty acids and lactic acid,
as well as the growth of probiotics while inhibiting the production
of branched-chain fatty acids and ammonia, and the growth of
harmful bacteria (Li et al., 2023). Currently, research is underway
to understand the effects of high-resistant starch and low-amylose
rice on the intestinal flora. However, there is no study on the impact
of high-resistant starch and low-amylose rice on the intestinal
microbiota in humans. Therefore, investigating the replacement of
meals with high-resistant starch and low-amylose rice is of great
importance for improving the microbial structure of obese
individuals or those with multiple comorbidities.

Conducting gastrointestinal studies in humans requires a
considerable investment of time and cost. As a result, there has been
a gradual shift towards in vitro digestion simulation experiments that
replicate the conditions of the human gastrointestinal tract. In vitro
dynamic simulation, in contrast to static simulation, not only
addresses the limitations of the latter but also replicates the
physiological processes of the gastrointestinal tract. This approach
streamlines the sampling process, facilitating the detection of changes
at various stages of digestion (Bellmann et al., 2019).

In this study, an in vitro simulated model of digestion that used
four types of rice, namely japonica rice (control), low-glutelin content
1 rice (Lgcl), high-resistant starch and low-glutelin content 1
(HR+Lgcl), and commercially available low-glycemic index rice
(LowGI), was employed. Fecal samples were collected from obese
patients, and the investigation utilized an independently developed
biomimetic-colon-model dynamic simulation device for in vitro
fermentation (Zhang et al., 2022). Therefore, this study aimed to
examine the impact of different types of rice on the intestinal
microbiota and elucidate the mechanism by which high-resistant
starch and low-amylose rice affect the microbial structure of
obese individuals.

2 Experimental methods

2.1 Materials

Japonica rice (control) was cultivated in the fields of Nanjing,
Jiangsu, whereas low-glutelin content 1 (Lgcl) rice was cultivated in
the laboratory. The glutelin content of the dominant mutant Low
glutelin content 1 (Lgcl) is lower than that of the wild-type (lida et al.,
1993), a characteristic attributed to the silencing of two highly
homologous glutelin genes that form a double-stranded RNA
molecule caused by a 3.5-kb deletion between GluB4 and GluB5.
High-resistant starch and low-glutelin content 1 (HR +Lgc1) rice was
obtained by disrupting the sbellb gene (LOC_0s02g32660) in Lgcl (Li
Z.etal,2021; Li Z. T et al,, 2021). Low glycemic index (LowGI) rice
was purchased from a local supermarket. All reagents used in this
study were purchased from Shanghai Guoyao Chemical Reagent Co.,
Ltd., (Shanghai, China).
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2.2 Determination of resistant starch
content in rice

The Goni method (Gonl et al., 1997) was employed to determine
the resistant starch content. The procedure involved weighing 100 mg
of each type of rice, adding 10mL of KCI-HCI buffer and 3 mg of
pepsin, and shaking at 40°C for 1 h. Subsequently, 9mL of 0.1 mol/L
Tris-maleate buffer was added, the pH was adjusted to 6.9 with HCI
or NaOH, and a-amylase was added. The mixture was shaken at 37°C
for 16h and centrifuged (3,000 g, 15min). The supernatant was
collected, and the precipitate was washed with distilled water and
centrifuged. The supernatants were combined, and the above steps
were repeated. To the sample, 3mL of distilled water was added,
followed by 3mL of 4mol/L KOH solution, and the mixture was
oscillated at room temperature for 30 min. Subsequently, 5.5 mL of
2mol/L HCl and 3mL of 0.4 mol/L sodium acetate buffer were added,
the pH was adjusted to 4.75, and glucoamylase was added. The
mixture was shaken at 60°C for 45min and centrifuged. The
supernatant was collected, and the precipitate was washed with
distilled water and centrifuged. The supernatants were combined, and
a stock volume solution based on the resistant starch content
was prepared.

The GOPOD kit was used to measure the reducing sugar content.
To each test tube, 0.1 mL of the supernatant and 3.0 mL of the GOPOD
reagent were added, followed by incubation at 50°C for 20 min. For
the blank, 0.1 mL of acetic acid-sodium acetate buffer (pH 4.5) and
3.0mL of GOPOD were used. For the glucose standard solution,
0.1mL of D-glucose (1 mg/mL) and 3.0mL of GOPOD were used. The
absorbance of the solution was measured at 510nm relative to
the blank.

Resistant starch (g/100g sample) (sample containing >10%
RS) = AE x F/W x volume of the test solution x 0.9.

Where AE is the absorbance value relative to the blank; F =100
(pg of D-glucose)/absorbance value of 100 pg of D-glucose.

2.3 Determination of protein content in
rice

To determine the protein content in rice, 100 mg of rice flour was
added to 800 pL of protein extraction buffer, followed by incubation
in a water bath at 28°C for 30 min and centrifuged (11,180 g, 15 min).
Subsequently, 100 pL of the solution was combined with 40 pL of 5x
loading buffer, again followed by incubation in a water bath at 100°C
for 10 min and centrifugation to obtain the supernatant (Chen et al.,
2022). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed according to the method of Laemmli
(1970), with a 12% separation gel and a 5% concentration gel. After
electrophoresis, the gel was stained with 0.1% Coomassie Brilliant
Blue R-250 for 2h and destained until the background was clear.

2.4 In vitro gastrointestinal digestion
Simulated gastric fluid digestion was performed as previously

described (Tian et al., 2023). An electrolyte solution mimicking the
fluid of the gastrointestinal tract was prepared by dissolving 1.10g/L
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KCl, 3.10g/L NaCl, 1.50 g/L CaCl,, and 6.0 g/L NaHCO; in deionized
water and adjusting the pH to 2.0 with 0.1 M HCI. Subsequently,
15.0mL of electrolyte solution, 3.6mg of porcine pepsin (final
concentration, 2000U/mL), 3.8mg of porcine lipase (final
concentration, 20 U/mL), and 0.3 mL of 1.0 M CH;COONa solution
(pH 5.0) were combined, and the pH was adjusted to 2.0 with 0.1 M
HCl to obtain the simulated gastric fluid. To 5mL of simulated gastric
fluid, 1 g of freeze-dried rice flour was added, followed by incubation
at 37°C for 2h while stirring at 300 rpm. The reaction was terminated
by adjusting the pH to 7.0 with 1 M NaHCO;. To prepare the intestinal
electrolyte solution, 5.40 g/L NaCl, 6.50 g/L KCI, and 3.30g/L CaCl,
were dissolved in deionized water, and the pH was adjusted to 7.0 with
1 M NaHCO:;. To 10.0mL of intestinal electrolyte solution, 1.3 mg of
pancreatic protease, 40.0 mL of bile salt solution (4%, w/w), 10.0mL
of pancreatic enzyme solution (7%, w/w), and 10 mL of sodium acetate
buffer containing 0.24 mL of amylase were added, and the pH was
adjusted to 7.0 with 0.1 M NaOH. Subsequently, 5mL of gastric
digestion sample (sample digested in simulated gastric fluid for 2h)
was combined with 5.0 mL of simulated small intestine fluid, mixed,
and incubated at 37°C for 4h while stirring at 300rpm. Starch
digestion mainly occurs in the small intestine, while protein digestion
occurs in gastric and intestinal fluids. The protein digestion rate was
assayed at 0, 60, 120, 180, 240, 300, and 360 min according to the
method of Gwala et al. (2020), and these time points spanned gastric
and intestinal digestion. To precipitate proteins, 1 mL of the sample
was combined with an equal volume of 10% trichloroacetic acid,
followed by incubation for 1h, centrifuged (11,180 g, 10min),
collection of the precipitate, determination of the nitrogen content by
the Kjeldahl method (Lynch and Barbano, 1999), and calculation of
the protein digestion rate.

The starch digestion rate was determined as previously described
(Zheng et al., 2018), with minor modifications. The starch digestion
rate was assayed at0, 5, 10, 15, 20, 30, 45, 60, 90, 120, 180, and 240 min.
To deactivate the digestive enzymes, 200 pL of sample was combined
with 1.8mL of anhydrous ethanol at the indicated time points.
Subsequently, the samples were centrifuged at 3000 g for 10 min,
combined with 50 pL of the supernatant in 1.5mL of glucose oxidase
reagent, and incubated at 50°C for 20 min. The absorbance of each
sample was measured at 540 nm using a spectrophotometer (Unico,
Shanghai, China). The glucose concentration was calculated, and the
value was converted to the starch digestion ratio.

Glucose equivalent x 0.9

Digested starch (%) - Total starch content

2.5 In vitro fermentation

According to a previously described method (Li Z. et al., 2021;
Li Z. T. et al., 2021; Solaesa et al., 2022; Sun et al., 2022), in vitro
fermentation was conducted using undigested rice flour. On the day
of the fermentation experiment, fresh fecal samples were collected
from three obese volunteers aged between 24 and 32 years, with a
body mass index of 25-35kg/m’ These volunteers had not
experienced any digestive system diseases in the 3 months leading
up to the fermentation test, had not taken any antibiotics or
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probiotic products, and voluntarily provided written informed
consent. Three portions of each fecal sample were added to 0.1 M
phosphate buffer (pH 7.2), diluted to make a 10% fecal slurry (w/v),
homogenized, and filtered through four layers of sterile gauze. The
in vitro digestion model was one part of Bionic Gastrointestinal
Reactor (BGR) developed by Li Z. et al. (2021) and Li Z. T. et al.
(2021). For the BGR, before initiating the experiment, the system
was purged with nitrogen three times to eliminate oxygen from the
system. Subsequently, 230 mL of Brain Heart Infusion medium was
added and autoclaved at 115°C for 20 min. After sterilization, when
the reaction vessel cooled to around 37°C, 5mL of filtered fecal
slurry and 5mL of phosphate buffer containing 5 g of freeze-dried
rice flour were injected into the sampling port of the biomimetic
gastrointestinal reactor for fermentation at 37°C. Samples were
collected at 0, 6, 12, and 24 h and stored at —80°C for subsequent
Each three
independent replicates.

analysis. fermentation  consisted  of

2.6 Short-chain fatty acids determination

The bacterial cell density (OD600) of each type of rice flour after
in vitro fermentation as measured at 600nm using the Spark
Multimode Plate Reader (Tecan, Minnedorf, Switzerland). The
content of SCFAs was determined by gas chromatography as
previously described (Chen et al., 2017; Sun et al., 2022). In brief,
1.0mL of sample was combined with 50 pL of phosphoric acid (34%),
and the SCFA content was analyzed using the Shimadzu GC-2014
system (Kyoto, Japan) equipped with a flame ionization detector (FID)
and a DB-FFAP column (30 m x 0.25 mm x 0.25 pm). The operating
conditions for gas chromatography were as follows: nitrogen was used
as the carrier gas with a flow rate of 60mL/min; the injector
temperature was set to 250°C; the FID detector was set to 300°C; the
oven temperature was initially set to 100°C, maintained for 5min,
increased to 250°C at a rate of 10°C/min, and then maintained
for 12 min.

2.7 Intestinal microbiota analysis

DNA was extracted from the fermentation samples using the
TIANamp Stool DNA kit (Tiangen Biotech, Beijing, China), and DNA
samples were sent to Novo Gene Bioinformatics Technology Co., Ltd.,
(Beijing, China) for microbial DNA analysis. For each sample, the V4
region of bacterial 16S rDNA was sequenced using the Illumina MiSeq
platform (San Diego, CA, United States). Sequence reads and
operational taxonomic units formed the basis for all analyses (Sun
etal., 2022).

2.8 Statistical analysis

Each experiment was conducted three independent times. Data
were analyzed using analysis of variance and Tukey’s test, with p <0.05
indicating a statistically significant difference and statistically analyzed
using SPSS software. Graphs were plotted using Origin 2019 software
(Irvine, CA, United States).
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3 Results and discussion

3.1 Analysis of resistant-starch and
low-protein content

Starch stands out as the predominant nutritional element in rice.
Conventional rice having a high content of branched-chain starch that
is almost devoid of resistant starch, which is rapidly digested by the
human body, resulting in a high glycemic index. Conversely, rice with
elevated levels of resistant starch digests at a slower pace than
conventional rice, offering benefits to individuals with diabetes and
kidney disease. In our study, HR + Lgc1 rice displayed a high-resistant
starch content of 10.3%, surpassing the resistant starch content of
commercially available LowGI rice, which stood at 8.6% and was
lower than HR +Lgcl (Figure 1A). Both the control and Lgcl rice
showed negligible resistant starch content, aligning with typical rice
varieties. Besides starch-related characteristics, another advantageous
trait of HR+Lgcl rice is its low protein content. Glutelin, which is
abundant in lysine, makes up approximately 80% of the total protein
dry weight of rice and is easily digestible by the human body (Wang
et al., 2005). However, excessive absorption of soluble proteins may
disrupt protein metabolism, particularly in patients with kidney
disease (lida et al., 2004). To assess changes in rice flour protein
composition, total protein was extracted with protein extract solution
and SDS-PAGE was used to separate total proteins in rice flour. The
results showed that both control and LowGI varieties exhibited
prominent bands corresponding to the acidic subunit of glutelin at
approximately 33 kD and the basic subunit at approximately 22-23
kD, consistent with typical rice varieties. Conversely, the band
corresponding to the 13 kD alcohol-soluble protein was relatively
weak (Figure 1B). In HR+Lgcl and Lgcl rice, there was a significant
reduction in the intensity of bands corresponding to the two glutelin
subunits, while the band of the alcohol-soluble protein showed a
noticeable enhancement. Therefore, our experimental material
exhibits two key characteristics: a high content of resistant starch and
a low content of glutelin.

3.2 Starch and protein digestion of four
rice varieties

Due to the higher content of resistant starch and the cross-linking
of insoluble proteins and starch, HR +Lgcl exhibited significantly
lower digestibility of both starch and protein compared to the other
rice varieties (Lu et al., 2022; Li et al., 2023). A previous study has
reported that rice protein components can reduce the digestibility of
rice starch, indicating the potential of controlling rice starch
digestibility by modifying rice protein composition (Solaesa et al.,
2022). The results showed that, during the gastrointestinal digestion
period, the starch digestibility of the four rice varieties was initially
fast and then slow, releasing a substantial amount of reducing sugar
under the influence of digestive enzymes. However, as digestion
progressed, starch hydrolysis slowed, resulting in a decrease in the
release of reducing sugar. Notably, the control demonstrated the
highest starch digestibility, whereas the starch digestion rates of
LowGI and HR + Lgcl, characterized by high-resistant starch content,
were significantly lower than those of the other rice varieties. Lgcl,
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differences (p <0.05).

Resistant starch and protein content. (A) Resistant starch content of four types of rice, namely control, Lgcl, HR + Lgcl, and LowGl. (B) SDS-PAGE of
proteins extracted from rice grains of control, Lgcl, HR + Lgcl, and LowGl. The experiments were repeated three independent times. Differences
marked with the same lowercase letter in the graph indicate non-significant differences (p >0.05), and different lowercase letters indicate significant
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influenced by protein components, had a lower starch digestibility
than control (Figure 2A), consistent with a previous study (Li et al.,
2023). Conventional rice is characterized by a high glutelin content,
which is a water-soluble protein that is easily hydrolyzed. Conversely,
HR +Lgcl rice has a lower glutelin content and a higher alcohol-
soluble protein content, making it less susceptible to hydrolysis (He
et al, 2021). In addition, HR+Lgcl rice has a lower protein
digestibility (Figure 2B). The starch and protein digestibility of
HR +Lgcl rice was lower than that of the control, Lgcl, and LowGI
rice (Figure 2). The starch hydrolysis rates of HR+Lgcl at various
digestion stages were significantly lower than those of the other rice
varieties, indicating that HR + Lgcl converts starch into sugar more
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slowly in the human gastrointestinal tract. This suggests that
HR+Lgcl rice is particularly well-suited for individuals with diabetes,
kidney disease, and those intolerant to sugar.

3.3 Impact of in vitro fermentation on
short-chain fatty acid content

The intestinal microbiota absorbs and utilizes carbohydrates to
produce various metabolites, primarily SCFAs such as acetate,
propionate, butyrate, and valerate. SCFAs play diverse roles and serve
as the main energy source for intestinal cells, with an increase in
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dietary fiber intake resulting in higher SCFA production. After 24 h of
fermentation, the total SCFA content for the blank, control, Lgcl,
HR+Lgcl, and LowGI were 45.21, 67.78, 71.84, 108.67, and
92.65 mmol/L, respectively (Figure 3A). Notably, the concentrations
of acetate, propionate, butyrate, and valerate in HR+Lgc1 rice were
37.91, 35.03, 18.65, and 17.1 mmol/L, respectively, all surpassing those
of the other rice varieties (Figure 3A). This was attributed to the higher
resistant starch content of HR+Lgcl, which provided more
carbohydrates to the intestinal microbiota for SCFA production. The
total SCFAs content of LowGI was higher than that of the blank,
control, and Lgcl but lower than that of HR+Lgcl, indicating the
crucial role of resistant starch in promoting SCFAs production by
intestinal microbiota. The total SCFA content of Lgc1 was 71.84 mmol,
slightly higher than that of conventional rice, consistent with a
previous study (Li et al., 2023). These results indicate that HR + Lgcl
rice not only promotes the growth of intestinal microbiota but also
provides more carbon sources to stimulate the production of beneficial
SCFAs. As HR+Lgcl provides more carbon sources for microbial
utilization following gastrointestinal digestion. The total branched-
chain fatty acid (BCFA) content of HR+Lgcl was 0.73mmol/L,
LowGI was 0.91mmol/L, Lgcl wasl.12mmoL/L, control was
1.17mmoL/L, blank was 1.34mmol/L. HR + Lgcl markedly lower
than that of the blank, control, Lgcl, and LowGI (Figure 3B), with
isobutyrate and isovalerate deemed detrimental to intestinal cells,
metabolic processes, and human health (Maathuis et al., 2009).

3.4 Impact of HR + Lgcl on intestinal flora

To evaluate the impact of different types of rice on the microbial
structure in obese patients, the sequences of 16S rDNA were analyzed
after fermentation. A total of 1,166,025 valid reads were obtained from
five groups, namely blank, control, Lgc1l, HR+Lgcl, and LowGI (each
with three replicates), with an average of 77,735 valid reads per
sample. After fermentation, the total number of species in the gut
microbiota for the four rice varieties was significantly higher than that
of the control, with the highest species richness observed in HR + Lgcl
(Figure 4A). Compared to the other three types of rice, HR+Lgcl

10.3389/fsufs.2024.1364403

more effectively increased the richness and evenness of the intestinal
microbiota (Figure 4B). The Chaol plot estimated the total number of
species in the intestinal microbiota (Figure 4C), whereas the Shannon
box plot showed the total number and proportion of classifications in
the intestinal flora, with higher microbial diversity and more even
species distribution (Figure 4D). Following fermentation, HR +Lgcl
exhibited the highest total number of species and the greatest
microbial diversity compared to the control, Lgcl, HR+Lgcl, and
LowGL. Therefore, it can be concluded that HR + Lgcl more effectively
enhances the diversity of the gut microbiota and regulates the
composition of the intestinal flora compared to the control, Lgcl,
and LowGL

To further investigate the impact of HR + Lgc1 rice on the microbial
structure, we conducted an analysis to observe the changes in
microbiota composition during in vitro fermentation of HR+Lgcl.
After analyzing the changes after fermentation of the four rice varieties,
it was revealed that the dominant phyla were Proteobacteria,
Firmicutes, and Bacteroidetes, constituting over 95% of the total
number of microbes (Figure 5A). After in vitro fermentation, compared
to the blank, there was a significant increase in the abundance of
Bacteroidetes and Firmicutes, while the abundance of Proteobacteria
decreased, with the most pronounced changes observed in HR + Lgcl,
followed by LowGI. This phenomenon may be attributed to HR + Lgcl
rice providing more carbon sources but fewer proteins, peptides, and
free amino acids. Bacteroidetes and Firmicutes are known to
be beneficial bacteria in the gastrointestinal environment of humans
(Walsh etal., 2014). After in vitro fermentation, compared to the blank,
the abundance of Proteobacteria in HR + Lgcl decreased from 54.85 to
32.22%. Proteobacteria is a recognized marker of microbial dysbiosis,
which is detrimental because it can influence the microbial structure
through changes in population abundance (Chen et al., 2016). The
results indicate that HR + Lgc1 rice exerts a regulatory effect on the gut
microbiota of obese patients.

At the genus level, there were notable differences in the microbial
structure among the four rice varieties after in vitro fermentation of
samples (Figures 5B,C). The results revealed that the relative abundance
Bifidobacterium,  Parabacteroides,
Faecalibacterium significantly increased in HR+Lgcl compared to the
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other rice varieties. Lachnoclostridium, which produces acetate from
stabilizes the
gastrointestinal environment through anti-inflammatory and immune-

monosaccharides and disaccharides, effectively
suppressive effects (Kang et al., 2021). Bifidobacterium improves digestion,
exhibits antimicrobial and antiviral properties, possesses anti-
inflammatory effects, improves blood sugar levels, lowers lipid levels,
enhances immunity, possesses antioxidant activity, and prevents eczema,
relieves stress, and alleviates allergies (Henrick et al., 2021). Parabacteroides
has been negatively correlated with conditions such as obesity,
non-alcoholic fatty liver disease, and diabetes, suggesting a potentially
positive regulatory role in glucose and lipid metabolism (Wang K. et al,,
2019). Faecalibacterium, recognized as a typical butyrate-producing
bacteria, is known for its anti-inflammatory effects, protective impact on
digestive health, promotion of intestinal barrier function, and
enhancement of metabolism and immune function (Effendi et al.,, 2022).
Furthermore, compared to the other groups, the abundance of
in HR+Lgcl and
LowGl. Escherichia-shigella is a Gram-negative bacterium responsible for

Escherichia-shigella  significantly ~decreased
bacterial dysentery (shigellosis), which is characterized by invasion and
inflammation of the intestinal epithelium. It is considered an indicator of
microbial imbalance in the gut (Belotserkovsky and Sansonetti, 2018).
Therefore, HR+Lgcl may enhance the intestinal microbiota in obese
individuals by elevating the ecological balance of the gut microbiota and

serving as a potential prebiotic (Henrick et al,, 2021).

4 Conclusion

This study employed japonica rice (control), low-glutelin content 1
(Lgcl) rice, high-resistant starch and low-glutelin content 1 (HR+Lgc1)
rice, and low-glycemic index (LowGI) rice as carbon sources in a
simulated colon reactor to ferment the fecal microbiota of obese
individuals. The research aimed to investigate the impact of HR+Lgcl
rice on the microbial structure in the gut as well as the metabolic
by-products. After measuring the SCFA content in the simulated colon
reactor, it was observed that the total SCFA content of Lgc1 was 6% higher
than that of the control, the SCFA content of LowGI rice was 28.97%
higher than that of Lgcl, and the SCFA content of HR+Lgcl was 17.29%
higher than that of LowGI. Currently, rice marketed for populations
dealing with obesity or kidney disease is primarily high-resistant starch
and low-protein rice. Compared to the other types of rice, HR+Lgcl
demonstrated a more significant effect in promoting the production of
beneficial SCFAs in the intestine and inhibiting the generation of
undesirable metabolites such as isobutyrate acid and isovaleric acid. The
16S rDNA results indicated that HR+Lgcl could enhance the diversity
and richness of the intestinal microbiota. Through 16S rDNA gene
sequencing, it was observed that HR +Lgcl could enhance the abundance
of beneficial bacteria in the gut, including Lachnoclostridium,
Bifidobacterium, Parabacteroides, and Faecalibacterium, while reducing
the abundance of harmful bacteria such as Escherichia-shigella. In
summary, high-resistant starch and low-protein rice has a positive impact
on the gut microbial structure and metabolism in obese individuals. The
results of the study indicate that HR+lgcl rice has the potential to
be processed into different varieties of food in the future market, or health
products such as intestinal prebiotics, which brings more good news for
obese people. However, in this study, we did not know the specific
mechanism by which HR+Lgcl rice can enrich intestinal beneficial flora;
Whether the combination of resistant starch and changes in other protein
components of rice produce different effects on intestinal flora. This
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provides a direction for us to further study the diet structure of obese
people in the future.
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