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Abstract
This study aimed to investigate the effects of resistant starch (RS) on defecation
status and gut microbiota in diet-induced obese (DIO) rats, providing a basis
for the rational utilization of RS. One hundred healthy male Sprague-Dawley
(SD) rats were randomly divided into two groups: a control group (n=10) fed a
basal diet and a high-fat group (HF group, n=90) fed a high-fat diet. After 7
weeks, 27 DIO rats were selected from the HF group based on body weight and
randomly divided into three groups (n=9 each): the HF group (fed a high-fat
diet), the high-fat diet plus resistant starch group (HFRS group, fed a high-fat
diet containing 10% RS), and the high-fat diet plus resistant starch plus dextran
sulfate group (HFRS+DS group, fed a high-fat diet containing 10% RS). During
the experimental period, the HFRS+DS group received daily gavage of 1 mL
of 5% DS, while the other groups received 1 mL of distilled water. The trial
lasted for 5 weeks. Fresh formed feces (1 g) were collected at weeks 7 and 12,
diluted, and then tested using selective media to detect and enumerate Entero-
coccus, Enterobacter, Bifidobacterium, Lactobacillus, and Bacteroides, as well
as total colony counts. The results showed: 1) At week 7, compared with the
control group, the HF group exhibited significantly decreased fecal wet weight,
fecal moisture content, and counts of Enterococcus, Bifidobacterium, Lacto-
bacillus, and Bacteroides in fecal samples (P<0.05), while fecal pellet count
and Enterobacter count in fecal samples were significantly increased (P<0.05).
2) At week 12, compared with the control group, DIO rats in the HF group
showed significantly decreased fecal wet weight, fecal moisture content, and
counts of Enterococcus, Bifidobacterium, Lactobacillus, and Bacteroides in fe-
cal samples (P<0.05), whereas fecal pellet count and Enterobacter count in fecal
samples were significantly increased (P<0.05). Compared with the HF group,
DIO rats in the HFRS group demonstrated significantly increased fecal wet
weight, fecal dry weight, fecal moisture content, and counts of Enterococcus, Bi-
fidobacterium, Lactobacillus, and Bacteroides in fecal samples (P<0.05), while
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fecal pellet count and Enterobacter count in fecal samples were significantly de-
creased (P<0.05). Compared with the HFRS group, DIO rats in the HFRS+DS
group exhibited significantly decreased fecal wet weight, fecal moisture content,
and counts of Bifidobacterium, Lactobacillus, and Bacteroides in fecal samples
(P<0.05), while counts of Enterobacter and Enterococcus in fecal samples were
significantly increased (P<0.05). These findings indicate that under the condi-
tions of this experiment, RS can improve defecation status and gut microbiota
dysbiosis induced by high-fat diet in DIO rats.
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Abstract

This study investigated the effects of resistant starch (RS) on defecation and
intestinal microflora in diet-induced obese (DIO) rats to provide a basis for the
rational utilization of RS. One hundred healthy male Sprague-Dawley (SD) rats
were randomly divided into two groups: a control group (n=10) fed a basal
diet and a high-fat group (HF group, n=90) fed a high-fat diet. After seven
weeks, 27 DIO rats were selected from the HF group based on body weight and
randomly allocated into three groups of nine animals each: the HF group (con-
tinued on high-fat diet), the high-fat resistant starch group (HFRS group, fed
a high-fat diet containing 10% RS), and the high-fat resistant starch plus dex-
tran sulfate group (HFRS+DS group, fed a high-fat diet containing 10% RS).
The experimental period lasted five weeks. During this time, the HFRS+DS
group received daily gavage of 1 mL 5% dextran sulfate solution, while the other
groups received 1 mL distilled water. Fresh formed feces (1 g) were collected
during weeks 7 and 12, diluted, and plated on selective media to enumerate En-
terococcus, Enterobacter, Bifidobacterium, Lactobacillus, and Bacteroides, with
total colony counts recorded. The results showed: (1) At week 7, compared
with the control group, the HF group exhibited significantly decreased fecal wet
weight, fecal water content, and counts of Enterococcus, Bifidobacterium, Lacto-
bacillus, and Bacteroides (P<0.05), while fecal pellet number and Enterobacter
counts increased significantly (P<0.05). (2) At week 12, compared with the
control group, DIO rats in the HF group showed significantly reduced fecal wet
weight, water content, and counts of Enterococcus, Bifidobacterium, Lactobacil-
lus, and Bacteroides (P<0.05), with significantly increased fecal pellet number
and Enterobacter counts (P<0.05). Compared with the HF group, HFRS DIO
rats demonstrated significantly elevated fecal wet weight, dry weight, water
content, and counts of Enterococcus, Bifidobacterium, Lactobacillus, and Bac-
teroides (P<0.05), while fecal pellet number and Enterobacter counts decreased
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significantly (P<0.05). Compared with the HFRS group, the HFRS+DS group
showed significantly lower fecal wet weight, water content, and counts of Bifi-
dobacterium, Lactobacillus, and Bacteroides (P<0.05), but significantly higher
Enterobacter and Enterococcus counts (P<0.05). These findings indicate that
under the conditions of this experiment, RS can improve defecation status and
ameliorate intestinal microflora disturbances in DIO rats induced by high-fat
diets.

Keywords: resistant starch; high-fat diet; diet-induced obesity; intestinal mi-
croflora

Introduction

The animal intestine harbors a vast and diverse microbial community that ex-
ists in a state of mutual constraint and balanced growth. These microorganisms
participate in numerous host functions including physiology, metabolism, and
immunity, making the maintenance of intestinal microecological stability cru-
cial for host health [1-2]. While genetics, growth, and environmental factors
can all influence intestinal microflora structure, diet represents the most im-
portant environmental factor [3]. Because different intestinal microorganisms
exhibit substrate selectivity during fermentation, alterations in the proportion
and quantity of dietary energy-yielding nutrients—such as protein, fat, and
carbohydrates—can induce corresponding changes in the intestinal microecol-
ogy [4]. Previous studies have demonstrated that increased dietary protein and
lipid content shifts the intestinal microflora toward reduced beneficial bacteria
and increased pathogenic bacteria, while simultaneously exacerbating metabolic
disorders [5-6]. High-fat diets have become a major focus of research [7], and
investigating dietary modulation of intestinal microecology has emerged as a
primary topic in nutrition science.

Some studies suggest that appropriately reducing digestible carbohydrates while
increasing indigestible carbohydrates can decrease the rate of food digestion and
absorption, increase the amount of carbohydrates reaching the colon, provide
sufficient carbon sources for colonic probiotic growth, and induce beneficial shifts
in intestinal microflora [8-9]. Resistant starch (RS) is a type of starch that
cannot be digested and absorbed in the small intestine. Research has confirmed
that RS exhibits fiber-like effects, and that appropriate RS intake can improve
glucose and lipid metabolism, promote Bifidobacterium proliferation, and inhibit
Escherichia coli growth [10-12]. However, whether RS can regulate intestinal
microflora disturbances caused by high-fat diets requires further investigation.
This study established intestinal microflora disturbances in diet-induced obese
(DIO) rats and then fed them a high-fat diet containing 10% RS to explore the
regulatory effects of RS on intestinal microflora disorders in DIO rats, providing
a basis for dietary modulation of intestinal microflora structure.
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Materials and Methods

Experimental Animals and Diets One hundred specific-pathogen-free
(SPF) male SD rats weighing 70–90 g were obtained from the Animal Center of
Gansu University of Chinese Medicine [SCXK (Gan) 2011-0001]. Experimental
diets included a basal diet (control group), high-fat diet (HF group), and
high-fat resistant starch diet (HFRS group), all formulated by Beijing Keao
Xieli Feed Co., Ltd. Diet composition and nutrient levels are presented in Table
1 . The RS4 used was HI-MAIZE 260 [origin: USA, purchased from National
Starch Industry (Shanghai) Co., Ltd., purity 67.7%, batch number HAIO380],
with an actual addition rate of 14.8% to achieve an effective concentration of
10%.

Dextran sulfate (DS, Watson Bio) was dissolved in distilled water to prepare a
5% solution for later use.

Animal Grouping The 100 SD rats were randomly divided into two groups:
a control group (n=10) with initial body weight of (73.40$±2.59)𝑔𝑓𝑒𝑑𝑡ℎ𝑒𝑏𝑎𝑠𝑎𝑙𝑑𝑖𝑒𝑡, 𝑎𝑛𝑑𝑎𝑛𝐻𝐹𝑔𝑟𝑜𝑢𝑝(𝑛 =
90)𝑤𝑖𝑡ℎ𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑏𝑜𝑑𝑦𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓(74.20±$2.89) g fed the high-fat diet. No statis-
tically significant difference in body weight existed between the two groups
(P>0.05). After a one-week acclimation period without abnormalities, the
formal experiment began. Rats were housed in groups with ad libitum access to
food and water. Environmental conditions were maintained at 21–24 °C with
relative humidity $�60±$15.10) g, confirming successful model establishment.

Experimental Design The control group (n=10) continued on the basal diet.
From the 55 DIO rats, 27 were randomly selected and divided into three groups
(n=9 each): the HF group (high-fat diet), the HFRS group (high-fat diet with
10% RS), and the HFRS+DS group (high-fat diet with 10% RS). During the
five-week experimental period, the HFRS+DS group received daily gavage of 1
mL 5% DS solution, while the other groups received 1 mL distilled water.

Fecal Weight Measurement Every Saturday at 08:00, rats were placed in-
dividually in metabolic cages for 24-hour fecal collection before returning to
their original cages. Fecal wet weight was measured, then samples were blotted
dry with qualitative filter paper, wrapped, and dried in an oven at 80 °C for 72
hours before measuring dry weight. Water content percentage was calculated
as: Water content (%) = [(wet weight - dry weight) / wet weight] × 100. Fecal
pellet number per gram of dry feces was also counted and expressed as pellets/g.

Intestinal Microflora Detection At weeks 7 and 12, 1 g of fresh formed
feces was collected from each group using sterile forceps and placed in a 10 mL
sterile EP tube. Saline was added to reach 10 mL, and the mixture was vortexed
thoroughly until uniformly dispersed. The fecal suspension was then serially di-
luted to 10−2, 10−3, 10−4, 10−5, 10−6, and 10−7. Appropriate dilutions were
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selected, and 50 �L aliquots (three replicates per dilution) were plated on selec-
tive media: Enterococcus on enterococcus chromogenic medium, Enterobacter
on eosin methylene blue (EMB) agar, Lactobacillus on LBS medium, Bifidobac-
terium on BS medium, and Bacteroides on BDS medium. Enterococcus and En-
terobacter were incubated aerobically at 37 °C for 36 hours, while Bacteroides,
Lactobacillus, and Bifidobacterium were incubated anaerobically at 37 °C for 36
hours. Colonies were counted as colony-forming units per gram (CFU/g) and
expressed as log10(CFU/g) [13].

Statistical Analysis Data were analyzed using one-way ANOVA with LSD
and Duncan’s multiple comparison tests in SPSS 11.0 software. All data are
presented as means ± standard deviation (±SD), with P<0.05 considered sta-
tistically significant.

Results

Defecation Status of Experimental Rats As shown in Table 2 , after seven
weeks of high-fat feeding, the HF group exhibited significantly decreased fecal
wet weight and water content compared with the control group (P<0.05), while
fecal pellet number increased significantly (P<0.05). Fecal dry weight showed a
decreasing trend but did not differ significantly from the control group (P>0.05).
After 12 weeks of high-fat feeding, DIO rats in the HF group showed significantly
reduced fecal wet weight and water content (P<0.05) with significantly increased
fecal pellet number (P<0.05) compared with controls. Although fecal dry weight
tended to decrease, no significant difference was observed (P>0.05). Compared
with the HF group, HFRS DIO rats demonstrated significantly increased fecal
wet weight, dry weight, and water content (P<0.05) with significantly decreased
fecal pellet number (P<0.05). Compared with the HFRS group, the HFRS+DS
group showed significantly reduced fecal wet weight and water content (P<0.05).

Fecal Microflora Counts in Experimental Rats As presented in Table 3 ,
at week 7, the HF group showed significantly elevated Enterobacter counts com-
pared with the control group (P<0.05), while Enterococcus, Bifidobacterium,
Lactobacillus, and Bacteroides counts decreased significantly (P<0.05). At week
12, compared with controls, DIO rats in the HF group exhibited significantly
increased Enterobacter counts (P<0.05) and significantly decreased counts of
Enterococcus, Bifidobacterium, Lactobacillus, and Bacteroides (P<0.05). Com-
pared with the HF group, HFRS DIO rats showed significantly reduced En-
terobacter counts (P<0.05) and significantly increased counts of Enterococcus,
Bifidobacterium, Lactobacillus, and Bacteroides (P<0.05). Compared with the
HFRS group, the HFRS+DS group demonstrated significantly increased Enter-
obacter and Enterococcus counts (P<0.05) but significantly decreased Bifidobac-
terium, Lactobacillus, and Bacteroides counts (P<0.05).
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Discussion

Resistant starch is a type of starch that escapes digestion in the human small
intestine and exerts fiber-like effects in the colon [14-15]. Dietary fiber cannot be
degraded by human digestive enzymes and can be fermented by microorganisms
upon reaching the colon, thereby regulating intestinal microflora. Based on this
principle, RS likely shares similar functions, though research on RS effects on
intestinal microflora remains limited, and mechanistic studies are particularly
scarce. In preliminary experiments, we administered 5%, 10%, and 15% RS to
DIO rats and found that 10% RS provided optimal weight gain control [16],
consistent with reports by Yang et al. [17] and Zhang et al. [18]. Therefore,
this study utilized 10% RS as the intervention dose to investigate its effects on
rat intestinal microflora. Since intestinal microflora is strongly influenced by
dietary composition, we standardized crude protein (20% casein), vitamin, and
mineral contents across all diets to isolate the effects of RS. The control diet
contained 5% lard, while HF and HFRS diets contained 15% lard. The sole
difference between HF and HFRS diets was starch composition, with HFRS
substituting 10% digestible starch with 10% RS. Given that digestible starch
has a digestion and absorption rate exceeding 99% in the small intestine, with
a glycemic index reaching (99$±$9)% at 120 minutes post-ingestion in rats [18-
19], minimal digestible starch reaches the colon. Thus, differences between HF
and HFRS groups can be attributed primarily to RS.

Our results demonstrate that high-fat diets significantly decreased fecal wet
weight and water content while increasing fecal pellet number in SD rats, with-
out significantly affecting dry weight. This indicates that high-fat diets substan-
tially impact defecation status, primarily through reduced fecal water content
and altered fecal morphology. The mechanism likely involves excessive dietary
fat intake, where large amounts of unabsorbed fat enter the colon and increase
fecal hydrophobicity, resulting in drier, smaller, and more numerous fecal pel-
lets. RS supplementation significantly increased fecal wet weight, dry weight,
and water content while decreasing pellet number, indicating that RS possesses
favorable water-holding capacity and can ameliorate intestinal dysfunction in-
duced by high-fat diets. The increased dry weight suggests that RS can enhance
total fecal mass, likely due to its stool-promoting effects.

Intestinal microflora plays a crucial role in animal health, contributing to in-
testinal barrier function and nutrient metabolism [2]. Among various influenc-
ing factors, dietary structure is predominant [3,20-21]. Previous studies have
shown that reduced dietary fiber decreases fecal water content and stool output
while prolonging intestinal transit time, significantly altering defecation pat-
terns [22]. Additionally, different microbial species require distinct substrates
for growth and reproduction. Variations in dietary composition lead to dif-
ferences in food residues reaching the colon, which selectively stimulates the
growth of specific bacterial populations and consequently influences intestinal
microflora. Excessive protein intake or malabsorption allows undigested pro-
tein to undergo prolonged fermentation in the colon, inducing proliferation of
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putrefactive bacteria, increasing intestinal pH, and suppressing beneficial bac-
teria such as Bifidobacterium and Lactobacillus [6,23]. High-fat diets can also
disrupt the microbial environment by reducing available carbohydrates in the
colon, increasing oxidative stress, and generating secondary metabolites that
cause dysbiosis [24-26].

In this study, high-fat feeding first induced intestinal microflora disturbances in
rats. Subsequent administration of a 10% RS diet increased probiotic popula-
tions (Bifidobacterium and Lactobacillus) while decreasing conditional pathogens
(Enterobacter), demonstrating that RS can improve high-fat diet-induced mi-
croflora imbalances in DIO rats, consistent with prebiotic characteristics. Dex-
tran sulfate is both a colitis inducer and a butyrate inhibitor. Butyrate, the
primary fermentation product of RS in the colon, serves as the main energy
source for intestinal epithelial cells. DS gavage induced colitis in DIO rats,
resulting in abnormal defecation with decreased fecal wet weight, dry weight,
and water content, along with disrupted microflora characterized by increased
Enterobacter and Enterococcus and decreased probiotics. This indicates that
DS blocked the ameliorative effects of RS on intestinal dysfunction, likely by
inhibiting butyrate production. These findings suggest that dietary modulation
through appropriate intake of indigestible carbohydrates like RS can effectively
maintain intestinal microflora stability.

The mechanisms by which RS improves high-fat diet-induced microflora distur-
bances likely involve several factors. First, undigested protein and fat entering
the colon inhibit anaerobic bacteria while promoting putrefactive bacteria pro-
liferation. Through its fiber-like effects, RS improves defecation and reduces
intestinal transit time, thereby decreasing fermentation time for undigested
residues, particularly protein and fat, and consequently reducing putrefactive
bacterial populations [16,18]. Second, RS fermentation by colonic microorgan-
isms produces short-chain fatty acids that lower intestinal pH and improve the
microenvironment [16]. Third, chronic high-fat feeding induces intestinal ox-
idative stress [26], causing inflammatory damage to the intestinal wall and re-
sulting in dysbiosis, often manifested as E. coli overgrowth. RS can modulate
lipid metabolism to improve oxidative stress status. Fourth, RS alters dietary
digestion and absorption characteristics; being indigestible in the small intes-
tine, it provides abundant carbon sources for probiotics like Bifidobacterium
and Lactobacillus in the colon, thereby promoting their growth.

In conclusion, dietary supplementation with appropriate RS levels can increase
fecal wet weight, dry weight, and water content while decreasing pellet number,
thereby improving defecation status. Additionally, RS can increase Bifidobac-
terium and Lactobacillus populations while decreasing E. coli counts in DIO
rats.
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