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Abstract
Obesity has been associated with imbalance of gut microbiota. The objective of this study was to investigate the role of gut micro-

biota in host’s harvesting energy. During the period of 8 weeks’ feeding of the high-soybean-fiber (HSF) diet or the high-fructooligosaccharide (HFOS) diet, the rats’ body weight (BW), gut microbiota composition, short chain fatty acids (SCFAs) in feces, plasma lipo-

polysaccharide (LPS) and leptin were measured at week 0, 4 and 8. The results presented high dietary fibers (HDFs) can up-regulate
the abundance of Bacteroidetes in rats’ gut. Since Bacteroidetes can hydrolyze complex carbohydrates to release energy, such as SCFAs, lean rats, more Bacteroidetes growing in their gut, gained more body weight than the obese ones when they both consumed the

same HDF diets. The fluctuations of plasma LPS and leptin individually kept consistent with that of the abundance of Gram-negative
bacteria in feces and rats’ BW gain. Hence, Bacteroidetes in gut is the key one to help hosts harvest more energy from HDFs diet.
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Introduction

Obesity is well-recognized as a global epidemic and is associat-

ed with various co-morbidities, including hypertension [1], insulin

resistance and other components of the metabolic syndrome [2].

More recently, obesity is even recognized as a risk factor for cancer
[3]. For the past decade, obesity has been associated with imbalance of gut microbiota [4], and studies have widely reported that

obese hosts have higher Firmicutes/Bacteroidetes ratio [5]. The
mechanisms by which gut microbiota affects obesity in humans
are complicated and largely unknown [6]. But several statements

have been proposed: 1) an excessive bodily energy harvest, 2)

higher levels of SCFAs to promote adipogenesis, 3) overexpression
of the obesity-related genes, and 4) increased production of LPS

by gut microbiota causing obesity and inflammation [7]. Besides, a

connection had also been reported between plasma leptin concentrations and the composition of the gut microbiota [8].

Diet plays a crucial role in shifting intestinal microbiota. Turn-

baugh, Ley, Mahowald, Magrini, Mardis and Gordon [9] has reported that the modern western diet consisting of more animal fat and

less vegetables and fiber could induce more Firmicutes than Bacteroidetes in mice guts, and hence resulted in an increased capacity for the fermentation of carbohydrates [10]. However, it is still

extensively disputed about the role of gut microbiota, especially

Firmicutes and Bacteroidetes, in host harvesting energy from diets
[11,12].

The objective of the present study was to investigate which phy-

la of gut microbiota can help the host obtain more energy from two

high-dietary-fiber (HDF) diets and how they work. The two dietary
fibers involved were soybean fiber, which is a partially soluble
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mixed fiber, and fructooligosaccharide (FOS), which was soluble
and often utilized as prebiotics.

Materials and Methods

Animal, diets, feces sample preparation, and fecal bacteria
analysis
The models of lean and obese male Sprague Dawley rats (5-6

weeks old) (Guangdong Medical Laboratory Animal Center, Foshan,

China) were built by feeding normal feed and high-fat diet; feces
samples were collected and fecal bacteria were isolated and identified by the methods mentioned in a previous reports [13]. Briefly,

rats were assigned to four experimental groups (10 rats for each

70

standards and provide the concentration of acids present in mM.
Determination of serum LPS

LPS was measured with a Pyrochrome Lysate Mix, a quantita-

tive chromogenic reagent (Associate of Cape Cod, East Falmouth,

MA). Briefly, plasma samples were diluted 1:10 in pyrogen-free water (Associate of Cape Cod) and heated for 10 min at 70°C. Samples

and reactive solution were incubated at 37°C for 30 min, and absorbance was read at 405 nm.

Determination of serum leptin
Blood for leptin assays was collected into EDTA anticoagulant

group), and were fed the high-soybean-fiber (HSF) diet or the high-

tubes, following by 10-min centrifugation at 2,000 rpm within 30

3) SO group: obese rats were fed the HSF diet for 8 weeks; 4) FO

Systems, Minneapolis, MN).

FOS (HFOS) diet: 1) SL group: lean rats were fed the HSF diet for 8

weeks; 2) FL group: lean rats were fed the HFOS diet for 8 weeks;

group: obese rats were fed the HFOS diet for 8 weeks. SL and FL
groups were in turns the controls of SO and FO groups. Fresh fecal

specimens were collected at week 1 (defined as I), week 5 (defined
as II) and week 9 (defined as III). This experiment has been approved by the animal ethics committee of Jinan University.
Determination of SCFA in feces

SCFA concentrations in fecal specimens were measured as fol-

lows [14]: an aliquot of 200 mg of each stool sample was weighed.

This was suspended in sterile distilled water (1.6 mL) and hexanoic
acid (0.2 mL) was added. About 50% aqueous H2SO4 (0.4 mL) and

diethyl ether (2 mL) were then added. The sample was mixed for
45 min with an orbital shaker and centrifuged for 5 min at 3000
rpm at room temperature. Anhydrous CaCl2 was then added in or-

der to remove residual water, and 2 μL of the extracts were injected
in the GC 2010 gas chromatograph with a flame ionization detector
(Shimadzu, Tokyo, Japan). The GC column was a DB-FFAP (Agilent

Technologies, Waldbronn, Germany), length 30 m, and internal di-

ameter 0.46 mm, film thickness 0.25 µm. The GC was programmed

to achieve the following run parameters: initial temperature 120
°C, hold 5.0 min, ramp 15 °C/min, final temperature 250 °C, and
total run time 8.0 min. Gas flow 7.7 mL/min splitless to maintain
3.26 psi column head pressure, septum purge 2.0 mL/min.

Calibration standards were prepared to give a mixture of the fol-

lowing concentrations of acids (mM): 26.22 acetic, 19.86 propionic
and 16.32 butyric. This standard mix (0.2 µL) was used to calculate

retention times and create a standard plot. Additional standards
were included in each GC run of samples at five sample intervals
to maintain calibration; 0.2 µL of each subsample distillate was

analyzed by GC and an integrator was used to plot the curve of the

min. Plasma was collected at 4 °C and frozen at -80 °C until time of

assay. Leptin was assayed using the Quantikine ELISA kit (R and D
Statistical analysis

Results are expressed as mean values and standard deviations.

The statistical analysis was performed with SPSS 17.0 software
(SPSS Inc., Chicago, IL). ANOVA were conducted to compare the
difference between groups and all statistical tests were two-tailed.
Statistical significance was set at a P value of < 0.05.

Results and Discussion

Relationship between BW gain and ratio of Firmicutes to Bacteroidetes
During the period of ingesting high-dietary-fiber diets, the Fir-

micutes/Bacteroidetes ratio in all groups showed a declining trend

(Figure 1). As Bacteroidetes were seldom detected in Group FL and

SL before the ingestion of HDF diets, the ratio of Firmicutes/Bacte-

roidetes in them was much higher than that in Group FO and SO (P
< 0.01). After the consumption of high-dietary-fiber diets, the ratio
of Firmicutes/Bacteroidetes in all groups decreased, from 0.76 ±

0.45 to 0.04 ± 0.01 of Group SL (P < 0.01), 0.18 ± 0.14 to 0.09 ± 0.06

of Group SO (P < 0.05), from 0.76 ± 0.44 to 0.04 ± 0.01 of Group FL
(P < 0.01) and 0.18 ± 0.14 to 0.08 ± 0.01 of Group FO (P < 0.05), but

the ratio in Group SL and FL was lower than that in Group SO and

FO. Furthermore, Group FL and SL were also found to gain more
BW than Group SO and FO in the end. The present study investigat-

ed the role of gut microbiota, mainly Firmicutes and Bacteroidetes
in energy harvest by feeding two high-dietary-fiber (HDF) diets to
lean and obese rats at the same time. After ingesting HDF diets for

8 weeks, both obese and lean rats continuously gained their body

weight, but the lean rats gained more weight than the obese ones
in two HDF diets. In the meanwhile, the ratio of Firmicutes to Bacteroidetes decreased in all groups and became lower in lean rats.
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Figure 1: Relationship between rats’ BW gain and ratio of Firmicutes to Bacteroidetes.
Relationship between total SCFAs and bacteroidetes abundance
Total SCFAs, including acetic, propionic and butyric, and the

abundances of Bacteroidetes in all groups were presented in figure

2. A similar tendency was found between the concentration of total
SCFAs and the abundance of Bacteroidetes in feces. During the period of treatment with FOS and SF, the relative abundance of Bacteroidetes increased in all groups, and the concentration of SCFAs in
feces also rose up except the minor fluctuation in Group SL.

Several studies about obese mice and humans have reported

a wide variety of indigestible dietary plant polysaccharides (e.g.,

amylose, amylopectin, and pullulan) [19]. In our experiments, the

concentration of SCFAs in feces increased when the abundance of
Bacteroidetes was elevated by rats’ consumption of HSF or HFOS

diets, which was also consistent with previous study [20]. Our

results demonstrated Bacteroidetes’ better ability of hydrolyzing
plant saccharides.

Relationship between LPS and abundance of bacteroidetes
and proteobacteria
The change tendencies of plasma LPS and abundance of Gram-

significant shifts in the intestinal phyla with an increase in Fir-

negative bacteria including Bacteroidetes and Proteobacteria were

fermentation of carbohydrates. Besides released monosaccharides,

all groups. The abundance of Bacteroidetes and Proteobacteria in

micutes and a reduction in Bacteroidetes [15,16]. Thus, it was be-

lieved that these changes resulted in an increased capacity for the
SCFAs are the end products of polysaccharides hydrolyzed by en-

zymes from gut microbiota and can be absorbed as energy by host
[17,18]. Our results presented those lean rats are growing more
Bacteroidetes in feces, gained more BW from the same HDF diets

than obese rats. Furthermore, more total SCFAs were produced
in lean rats (Figure 2). Bacteroides spp. is known to break down

compared in figure 3. When the abundance of Gram-negative bacteria decreased, the plasma LPS level was found to decrease too in

lean rats was significantly higher than that in obese rats (P < 0.01),
and higher plasma LPS level (P < 0.05) was also found in lean rats
before all rats ingested HDF diets. In group SO and FO, no significant alteration in the abundance of Bacteroidetes and Proteobac-

teria was presented, and only a little fluctuation of LPS level was

detected. But in group SL and FL, their abundance of Bacteroidetes
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Figure 3: Relationship between rats’ plasma LPS level and
abundance of Bacteroidetes and Proteobacteria in total bacteria.
Figure 2: Relationship between rats’ fecal SCFAs level and
abundance of Bacteroidetes.
and Proteobacteria was as high as 58.92% at week 0 and decreased
to 35.13% and 39.82% at week 8; the plasma LPS of group SL de-

creased at week 4, whereas that of group FL still stayed in relatively
high level at week 4, but finally decreased at week 8.

LPS is a compound from Gram-negative bacteria cell walls, and

its concentration is up along with an increase in the proportion of

Gram-negative bacteria induced by a fat-rich diet [21,22]. In both

studies of humans and mice, positive correlations have been found
between energy harvest and plasma LPS level [21,22]. In our results, the plasma LPS levels were decreased along with the reducing abundance of two main phyla of Gram-negative bacteria in gut,
Bacteroidetes and Proteobacteria, which agreed with the previous

studies. Therefore, even though two DF-rich diets didn’t inhibit
rats’ BW gains, but they reduced gram-negative bacteria in gut and
hence lowered down plasma LPS level.

Relationship between BW gain and plasma leptin level
The plasma leptin level in Group SO and FO was significantly

higher than that in Group SO and FO (867.76 vs. 698.70，P < 0.05)
(Figure 4) at the beginning of experiment. When these rats ingested

the high-dietary-fiber diets, the rats’ plasma leptin level decreased
along with their BW gain (P < 0.05) at the first 4 weeks. As group
SL and FL gained more BW than group SO and FO (data not shown,

P < 0.05) at the second 4 weeks, the leptin level in Group SL and

FL was found significantly increased (P < 0.05). The plasma leptin

level in Group SO and FO did not present significant alteration from
week 4 to week 8.

Leptin is a multifunctional hormone that is reported as a starva-

tion signal and can regulate body weight, energy homeostasis [23].

Queipo-Ortuño, Seoane, Murri, Pardo, Gomez-Zumaquero, Cardo-

na, Casanueva and Tinahones [24] has reported that a significant
positive correlation between the quantity of Bifidobacterium and

Lactobacillus and serum leptin levels, and a significant and negative correlation among the number of Clostridium, Bacteroides and
Prevotella and serum leptin levels in all experimental groups. Our
results showed that as lean rats gained more BW than obese rats,

their plasma leptin were found significantly increased from week 4
to week 8, while no significant alteration was found in obese rats.

The increased leptin level demonstrated that lean rats ingested
more energy from the HDF diets. It was accordant with the previ-

ous reports that leptin is a starvation signal, and its secretion is to
reduce host’s energy harvest [25]. Since lean rats grew more than
obese ones, they need to secrete more plasma leptin level to reduce
the absorption of energy.

Conclusion

HDFs can significantly down-regulate the ratio of Firmicutes to

Bacteroidetes from 0.76 to 0.04 in lean rats’ gut and from 0.18 to
0.09 or 0.08 in obese rats’ gut (P < 0.01 or P < 0.05). It was observed that lean rats gained more body weight, about 12.07g body

weight when consuming a high-soybean-fiber diet, and 25.25g
body weight when consuming a high-FOS diet, than the obese ones
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Reduction of Antinutritional Factors of Three Varieties of Sesame (Sesamum Indicum L.) Seeds When Applying Heat-Alkaline Treatments

Treatments

Variety

Moisture

Control

DV-9

5.17 ± 0.03

Whole 15´
Dehulled 15´

G-4

G-150

C. protein*
b

29.59 ± 0.80h

4.26 ± 0.12g

29.30 ± 1.48i

4.17 ± 0.06

h

4.89 ± 0.30d

DV-9

5.56 ± 0.05

G-150
G-4

G-150

38.74 ± 1.39

4.33 ± 0.04f

DV-9
G-4

Crude fat*
c

4.44 ± 0.18e

b

4.97 ± 0.17c

5.31 ± 0.31a

Ash*

35.46 ± 0.26

g

19.08 ± 0.09d

35.31 ± 0.66h

9.91 ± 0.03b

21.22 ± 0.29a

29.62 ± 0.59g

36.10 ± 0.28f

41.11 ± 0.37

a

32.84 ± 0.99d
32.46 ± 0.82e

10.75 ± 0.25h

10.11 ± 0.10a

37.26 ± 0.26

39.06 ± 0.12b

9.88 ± 0.07

36.89 ± 0.15e

29.73 ± 1.22

f

T. Carbohyd*
c

d

34.21 ± 0.04i

39.65 ± 0.21

c

40.79 ± 0.04b
42.05 ± 0.35a

9.70 ± 0.10

e

9.74 ± 0.04d

19.14 ± 0.36c

12.10 ± 0.50g

9.55 ± 0.04f

20.29 ± 0.09b

5.94 ± 0.01h

14.28 ± 0.49f

5.81 ± 0.02

i

6.48 ± 0.13g

65

7.87 ± 0.35i

14.92 ± 0.33e

Table 5: Proximal analysis of selected treatments for sesame seeds variety DV-9, G-4 and G-150.

Diets rich in plant products have become popular in recent

distension, pancreatic affectations, agglutination of red blood cells,

mins and antioxidants. A diet rich in whole grains and plant foods,

secondary metabolism of plants as a defense mechanism to stress-

times due to both the supply of essential nutrients and chemical
compounds with health-promoting characteristics, such as vitalow in total fat but high in soluble fibers and monounsaturated and

polyunsaturated fatty acids, reduces the risk of chronic non-com-

municable diseases [1]. This food group includes sesame seeds,
which have various nutritional properties [2]. Sesame, whose sci-

entific name is Sesamum indicum L., belongs to the Pedaliaceae

family, which is composed of 16 genera and 60 species [3]. Sesame
is grown in tropical and subtropical regions on just over seven million hectares to produce six million tonnes per year [4]. The de-

mand for sesame seed has increased every year due to commercial

and industrial interest in the high oil content. Myanmar, India and
China are now the world’s leading producers, followed by Sudan,

Nigeria, Ethiopia and Uganda. In America the largest producers
are: Mexico, Guatemala, and Venezuela [4]. Sesame is used for the

production of edible oil, margarines (it is appreciated in countries
that consume it for its pleasant taste and being easily digestible), as

an ingredient in the pharmaceutical industry, in the manufacture of
soaps, cosmetics and paints. After the extraction of the oil, the residual part (cake) remains, useful for feeding livestock and poultry.

It contains 40 to 50% protein. Sesame seed is used in the preparation of biscuits and confectionery [5,6]. The term antinutrients
areis used to qualify those compounds that affect the nutritional

value of some foods, especially seeds, because they hinder or in-

hibit the assimilation of nutrients that come from foods generally
of plant origin (proteins and minerals), from the biochemical point

of view these factors are of varied nature and can become toxic or
cause undesirable physiological effects such as flatulence, Stomach

decrease in the assimilation of nutrients, among others, antinutri-

tional factors are natural non-fibrous substances, generated by the
ful situations or against the attack of moulds, bacteria, insects and

birds [1,7]. Authors have [8] evaluated the effect of various treat-

ments on the anti-nutritional factors of both whole and dehulled
varieties of sesame seeds in Nigeria and observed that the use of
water soaking, germination, autoclaving, roasting and cooking significantly reduced the levels of phytates and oxalates in whole and

dehulled sesame seeds, with a maximum reduction in these levels
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