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Abstract

Resistant starch type 3 (RS3) produced from high amylose food sources
through retrogradation or enzymatic process is known to have physiological
function as dietary fiber. Fermentation of RS3 by colonic microorganisms
produced SCFA (acetate, propionate, and butyrate), maintained the health of
colon, balance of gut microbiota, preventing inflammatory bowel diseases
(IBD) and colon cancer. RS3 in this study was produced from IR-42 and Inpa-
ri-16 broken rice by enzymatic treatment (combination of amylase-pullulanase).
The Resistant Starch was fermented for 12 and 24 h by colonic microbiota
(extracted from healthy human subject), Clostiridium butyricum BCC-B2571,
or Eubacterium rectale DSM 17629. SCFA produced was analyzed by gas
chromatography. Treatment by amylase-pullulanase combination was advan-
tageous to increase their RS3 content. The result showed that after enzymatic
process, the RS3 content of IR-42 (41.13%) was not significantly different (p <
0.05) from that of Inpari-16 (37.70%). High concentration of acetate (82.5
mM) and propionate (7.5 mM) were produced by colonic microbiota after 12
h fermentation and best concentration of butyrate (6.8 mM) was produced by
colonic microbiota after 24 h fermentation. It is clear that utilization of colon-
ic microbiota rather than single strain was better in the production of SCFA.

Keywords

Resistant Starch, Colonic Microbiota, Clostridium butyricum BCC-B2571,
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1. Introduction

Healthy digestive system is increasingly important, in line with changes in diet
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and lifestyles. Imbalanced diet, such as not enough consuming dietary fiber, can
harm the colon health that can lead to colon cancer. In healthy individuals,
composition of the gut microbiota is very diverse, which is beneficial for colonic
health. However, a loss of diversity combined with emerging imbalances be-
tween the proportions of bacterial strains can have severe consequences. Disrup-
tion of the equilibrium is called dysbiosis, associated with diarrhea, inflammato-
ry bowel diseases (IBD), colorectal cancer as well as certain liver diseases and al-
lergies, and nutrition-related conditions such as obesity, type 2 diabetes and ce-
liac disease. Altered compositions of intestinal microbiota also affect the central
nervous system as gut and brain are connected by a multitude of communication
pathways used by bacterial metabolites and transmitters [1]. So, it is not sur-
prising that even mental and neuro-developmental disorders, for example de-
pression, anxiety and autism, could be linked to dysbiosis of the gut microbiota.

Dietary fiber intake can reduce risk of inflammatory bowel disease, cardi-
ovascular disease, colon cancer, obesity and diabetes [2] [3]. In 2012, colorectal
cancer (CRC) covered approximately 1.4 million people [4] andthere are about
80% of CRC cases related to diet, 15% of which are caused by genetic, while the
rest comes from other factors, including environment [5]. Food product with
high dietary fiber such as Resistant Starch type 3 (RS3) can be used to prevent
that.

Resistant starch (RS) refers to starch and starch degradation products that es-
cape from digestion in the small intestine of healthy individuals. Resistant
starch, not digested in the small intestine, has physiological function as dietary
fibers.Some types of resistant starch (RS1, RS2, and RS3) are fermented by the
colonic microbiota and produce metabolite such as short chain fatty acids
(SCFA): acetate, propionate, butyrate, and lactate. SCFAs is involved in many
factors related to the health of colon,including the composition of gut microbi-
ota, regulation of the immune system, inhibition of pathogens, intestinal motili-
ty, energy recovery, metabolic syndrome, bowel disorders, and colon cancer [6]
[7] [8]. In colon, fermentationis carried by microbes such as the genus Eubacte-
rium, Peptostreptococci, Clostridia, Roseburia spp, and Butyrofibriofi brisolven,
these microbesexcrete starch degrading enzymes [9].

Applications of resistant starch in food products as prebiotics and food ingre-
dients and their consumption are expected to maintain the health of colon, bal-
ance of gut microbiota and prevent colon cancer. Various studies had been
conducted to produce RS flour. Basically, RS3 can be produced from high starch
materials such as rice, sweet potato, banana, cassava, etc. Rice is food source,
largely composed of starch. Rice milling will produce broken rice at considerable
amount and currently, broken rice utilization is still limited, even regarded as
waste or consumed as animal feed. Potential of the broken rice’s to be developed
as RS, can be the solution to increase its economical value. Brokenrice produc-
tion in Indonesia reached about 16% of MPD (milled rice), or about 11.4 million
tons annually [10]. Purwani et a/ [11] reported that RS3 content of rice was
higher when produced using combination of amylase-pullulanase by 27%, com-
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pared with the treatment of these two enzymes individually. Tan [12] reported
RS3 content of the rice was increased to 49.7%, when produced using combina-
tion of amylase-pullulanase. Guraya et al [13] reported that RS3 content of rice
was increased by 13% when produced using pullulanasefollowed by heating at a
temperature of 121°C, 30 min, cooling at 1°C and followed by freeze drying.
Kim et al [14] reported that RS3 of rice starch was increased when produced
using a-amylase followed by a combination of heat treatment at 121°C, 15 min-
then cooled at 4°C for 24 h, resulting in RS3 content of approximately16%.

Zhao and Lin [15] reported that RS3 from corn starch previously hydrolyzed
with citric acid, improved the liquid infant’s stools, and that fermentation of RS3
at 37°C for 0, 12, 24 h increased butyric acid in line with the fermentation time.
Sharp and Macfarlane [16] reported that RS could stimulate the growth (in vi-
tro) of butyrate-producing bacteria Clostridia. Colonic microbial composition
and production of SCFA through fermentation of RS was also reported by other
researcher [17].

In our study, RS3 was made through combination of retrogradation (interac-
tion between amylose fractions) and enzymatic hydrolysis (amylase-pullulanase).
Then, RS3 was fermented by either colonic microbiota, or individual bacteria:
Clostridium butyricum BCC-B2571, and Eubacterium rectale DSM 17629. The
aim of this research were to find out the effect of these bacterial fermentation on

the SFCA compositions.

2. Materials and Methods
2.1. Rice and Chemicals

Broken rice IR-42 and Inpari-16 were obtained from the Indonesia Center for
RiceResearch, Sukamandi, Indonesia. Two types of starch degradation enzymes
were from Novozymes. Enzyme used were: alpha-amilase (Liquozymes® Supra)
135 KNU/g and Pullulanase (Dextrozymes® DX 1.5X) 510 NPUN/g.

2.2. Bacterial Strain and Culture Media

Colonic microbiota was extracted from feces of healthy adult subject, 30 - 50
years, who did not take antibiotics for at least 3 months and had no history of
gastrointestinal disease. Feces (10 g) as dissolved in 90 mL of BPW was vortexed
30 seconds, then it was filtered. The filtrate was distributed into serum bottle
(contained 100 mL of medium) and flushed with CO,. Pureculture of C. butyri-
cum BCC-B2571 was obtained from Culture Collection of Indonesia Research
Center for Veterinary Sciences (IVETRI), Indonesia. Eubacterium rectale DSM
17629 was obtained from DSMZ, Germany. The basal medium for colonic mi-
crobiota and C. butyricum BCC-B2571 consist of (g/L): yeast extract 3, beef
powder 10, peptone 10, glucose 5, soluble starch 1, NaCl 5, Na-acetate 3 and
cysteine hydrochloride 0.5. The pH was adjusted to 6.8. The basal medium for
Eubacterium rectale DSM 17629 contained (g/L): tryptone 5, bacteriological
peptone 5, yeast extract 10, beef extract 5, glucose 5, Tween 80 1 mL, resazurin
0.001, CaCl, 0.01, MgSO, 0.02, K,HPO, 0.04, KH,PO, 0.04, NaHCO, 0.4, NaCl
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0.08, Vitamin K1 0.0002. The pH was adjusted to 7.0.

2.3. Production of Resistant Starch

Rice was extracted byalkaline solution [18] as follow: rice flour (500 g) was
mixed with 0.045 M NaOH 1L, stirred constantly for 1 hour, filtered with 2 lay-
ers of filter cloth. The filtrate was collected, and centrifuged (1500 g, 4°C, 7 min).
The supernatant was discarded, the upper sediment (protein) was separated
from the bottom sediment (starch). Starch fraction was mixed with 0.045 M 1 L
NaOH, centrifuged, suspended in H,0 250 mL, and neutralized twice with 1 M
HCI. The starch collected was dried in 40°C oven for approximately 18 h, milled
and stored at 4°C until use.

Rice starch was processed into RS3 following Kim et al [14] with modifica-
tions. Starch (50 g) was suspended in 200 mL H,O, boiled (100°C, 10 min), re-
moved to room temperature. The gel was vacuum sealed in a retort pouch and
autoclaved at 121°C, 15 psi for 1 h, and stored at 4°C for 12 - 14 h, to induce re-
trogradation. Retrograded starch was suspended in 1 L of H,O and blended high
speed for 2 min. The starch suspension was enzymatic hydrolyzed, by 1 mL
a-amilase for 3 h at 85°C, continued with 1 mL of pullulanase for 3 h at 55°C.
The hydrolyzed starch was centrifuged (1500 g). The residue was collected and
stored at 4°C for 16 - 18 h, suspended in H,O 250 mL and homogenized for 2
min by homogenizer. The suspension dried with a spray dryer, with inlet tem-

perature 160°C.

2.4. Analysis of Rice Starch

Moisture, ash, and crude fat were analyzed following AOAC [19], whereas the

amylose contentwere analyzed using colorimetric methods [20].

2.5. Determination of Resistant Starch

RS3 content was analyzed according to Goni et al [21]. As much as 50 mg of
RS3 was dispersed in 5 mL KCI-HCI pH 1.5, and incubated with 4400 units of
pepsin solution at 40°C in shaker incubator for 1 hour to remove the proteins.
Tris maleate buffer 0.1 M pH 6.9 (4.5 mL) was added and incubated with amy-
lase (100 units) for 16 h at 37°C to hydrolyze the digestible starch. Sample was
then centrifuged (1000 g, 15 min) twice. The supernatant was discarded while
the residue was moistened with 1.5 mL H,O and dissolved with 1.5 mL KOH
4M. RS solution was mixed with HCl 2 M and Na-acetate buffer 0.4M pH 4.75,
then incubated with 100 units of amyloglucosidase at 55°C for 45 min. The sus-
pension was centrifuged (1000 g, 15 min) and the supernatant was collected.
Glucose in the supernatant was measured by phenol-sulfuric acid method [22].

RS was calculated as glucose x 0.9 and expressed as percent of RS in sample.

2.6. In Vitro Fermentation

Growth medium 20 mL, with RS3 (2%), was distributed in the serum bottles
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flushed with CO,, sealed with a rubber and sterilized at 121°C 15 min. The me-
dium was inoculated with 1 mL of 24 h pre-cultured bacterial strain (at about 10’
CFU/mL), and incubated under anaerobic condition at 37°C in water bath. Fer-
mentation was carried out for 12 and 24 h, (three replications). In another in vi-
tro fermentation, glucose (control) was used as the only carbon source (concen-

tration 2%).

2.7. Gas Production and pH Measurement

Gas production (mL) was measured by channeling the gas in the serum bottle to

expand into glass syringe. The pH of the cultures was determined by pH meter.

2.8. Analysis of Short Chain Fatty Acid

The fermentation media was centrifuged (3000 g, 10 min), the supernatant was
filtered with a membrane (0.45 pm) and stored at 4°C until use. Samples (1 mL)
was injected into gas chromatography (Agilent Technologist, 7890A GC System)
equipped with a flame ionization detector (FID) and HP Innowax 19091-136
column (60 m x 0.250 mm). The carrier gas (H,) was run at speed 1.8 mL/min.
The oven temperature was maintained at 90°C for 0.5 min, and then increased to
110°C at a rate of 10°C/min, increased to 170°C at a rate of 5°C/min and finally
increased to 210°C at a rate of 20°C/min. Injector and detector temperatures
were 275°C. SCFA mixture containing acetate, propionate and butyrate at spe-

cific concentration were used as standard.

2.9. Statistical Analysis

All data were expressed as means + SE from three independent trials. Differenc-
es between the mean values of multiple groups were analyzed by one-way analy-
sis of variance (ANOVA). Duncan test was carried out to compare the data be-
tween treatments, independent t-test. Pearson correlation coefficients, p < 0.05
was considered a significant different, and SPSS 22 software was applied to ana-

lyze the data.

3. Results and Discussion

3.1. Chemical Composition of Rice Starch

Chemical composition of the extracted rice starch is shown in Table 1. The
amylose contentwas 34.09% (IR-42) and 28.28% (Inpari-16). Previous report
pointed that the amylose content of IR-42 and Inpari 16 were 26.70% [23] and
22.7% [24]. IR-42 was classified as high amylose and Inpari-16 as intermediate
amylose rice. Our result shows higher amylose content than previously reported;
this may be due to the genetic make up of the local (West java) rice cultivar. The
temperature during grain ripening and nitrogen fertilization have also been
shown to affect the rice amylose contant. In this case the local people seemed to

apply local wisdom for ripening and fertilization which happen to be the right
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Table 1. Composition of rice starch.

Chemical composition IR-42 Inpari-16
Amylose (%) 34.09 £0.17 28.28 £0.13
Moisture (%) 8.28 £ 0.15 6.99 +0.25

Ash (%) 0.15 + 0.05 0.09 + 0.001
Crude Fat (%) 0.29 + 0.04 0.26 + 0.02

methods for maintaining high amylose content. The high starch (amylose) con-

tent of rice is considered to have better oppurtunity to be processed into RS3.

3.2. Resistant Starch Content

In the production of Resistant starch, therice starch was gelatinized and retro-
graded before hydrolyzed by enzymes. Gelatinization change the granular struc-
ture so that the starch became more accessible to the enzyme action. Storage at
4°C induced retrogradation, crystallization and formation of the starch matrix
which had undergone gelatinization. Alpha-amylase hydrolyzes (1,4)-a-D-
glycosidic bond of the rice starch and produces linear oligosaccharide, maltose
and glucose. The short linear oligosaccharide, maltose and glucose were re-
moved during RS process, while the rest of its a-dextrin will be used for RS for-
mation. Pullulanase hydrolyzes (1,6)-a-D-glycosidic of the amylopectin and
produces linear oligosaccharides, maltose and glucose.Most oligosaccharides are
able to form RS3 structure [25].

RS content of the starch extracted from rice IR-42 was higher than that of In-
pari-16 (Figure 1). Amylase-pullulanase treatment increased the RS content:
IR-42 (41.13%) and Inpari-16 (37.70%), but with no significant difference be-
tween these two levels. The amylose content of the starch had significant con-
tribution toRS formation.Compared to the extracted starch, with no enzyme
treatment, enzyme addition increased clearly the RS content. Interaction be-
tween amylose chains could form double helical structure, stabilized by hydro-
gen bonds and become moreresistant to the amylase. Higher amylose content
could produce RS3 with high RS content. Amylopectin hydrolyzed by pullula-
nase produced linear oligosaccharides and is expected to increase the double
helical structure. The results showed higher resistant starch content than that
reported earlier by Purwani ef al [11].

3.3. Effect of Resistant Starch on pH and Gas during In Vitro
Fermentation

The effect of resistant starch on pHs during in vitro fermentation by 12 and 24
his shown in Figure 2. The pH values decreaseddown to 4 to 4.5 in all treat-
ments, compared with initial medium, for each microbe. However, pH after 12
and 24 hwas not significantly different (p < 0.05). In many cases of fermentation
using colonic bacteria, t appeared that decreasing pHs occured during initial

fermentation time (the first 12 hours). Earlier report by Purwani et al [11]
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Figure 1. Resistant starch content of native starch and RS3 of rice.
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Figure 2. Profile of pH in the presence of colonic microbiota, C. butyricum BCC-B2571 or E. rectale DSM 17629 in different me-
dia after (a) 12 h and (b) 24 h fermentation. Mean values above bar followed by the different letters represent significant different
(p < 0.05).

showed that fermentation of RS rice (1%) treated by amylase and pullulanase,
resulted in pH 4.5 after 48 h fermentation when C. butyricum BCC-B2571 or E.
rectale DSM 17629 were used. Acetate, propionate, and butyrate suppressed both
growth and toxin production by C. difficile at concentrations as low as 10 mM,
and these effects are pH dependent [26] [27].

The effect of resistant starch on gas produced after 12 and 24 h fermentation
is shown in Figure 3. Gas production was different after 12 and 24 h fermenta-
tion, except when E. rectale 17629 was used. Purwani et al [11] reported also
that RS rice at 1%, produced 8.70 mL gas by C. butyricum BCC-B2571 and 10.60
mL gas by E. rectale DSM 17629 after 48 h fermentation.
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Figure 3. Gas profilein the presence of colonic microbiota, C. butyricum BCC-B2571 or E. rectale DSM 17629 in different media
after (a) 12 h and (b) 24 h fermentation. Mean values above bar followed by the different letters represent significant different (p <

0.05).

3.4. Production of Short Chain Fatty Acids during In Vitro
Fermentation

SCFA profile resulted from 12 and 24 h fermentation by different microbes is
shown in Figure 4. The main products after 12 h fermentation of RS3 for each
microbe were acetate (18.68 to 82.47 mM), propionate (1.95 to 7.45 mM) and
butyrate (0.89 to 6.78 mM). Molar (mM) of acetate:propionate:butyrate after 12
h fermentation by colonic microbiota were 82.47:7.45:6.44 in medium supple-
mented with RS3 IR-42 and 32.04:2.45:0.89 in medium supplemented with RS3
Inpari-16. Molar (mM) of acetate:propionate:butyrateafter 12 h fermentation by
C. butyricum BCC-B2571 were 74.93:6.10:6.78 in medium supplemented with
RS3 IR-42 and 19.18:1.95:2.51 in medium supplemented with RS3 Inpari-16.
Molar (mM) of acetate:propionate:butyrate after 12h fermentation by E. rectale
DSM 17629, were 21.62:5.33:5.37 in medium supplemented with RS3 IR-42 and
18.68:5.67:5.65 in medium supplemented with RS3 Inpari-16.

The main product after 24 h fermentation of RS3 for each microbe was acetate
(18.09 to 63.28 mM), followed by butyrate (4.80 to 6.84 mM) and propionate
(3.45 to 6.27 mM). Molar (mM) of acetate:propionate:butyric after 24 h fermen-
tation by colonic microbiota were 63.28:6.27:6.84 in medium supplemented with
RS3 IR-42 and 48.64:3.45:4.86 in medium supplemented with RS3 Inpari-16.
Molar (mM) of acetate:propionate:butyrate after 24 h fermentation by C. buty-
ricum BCC-B2571 were 59.45:4.53:6.39 in medium supplemented with RS3
IR-42 and 35.06:3.98:4.80 in medium supplemented with RS3 Inpari-16. Molar
(mM) of acetate:propionate:butyrate after 24 h fermentation by E. rectale DSM
17629 were 28.27:5.74:6.48 in medium supplemented with RS3 IR-42 and
18.09:4.97:3.59 in medium supplemented with RS3 Inpari-16.

Our study showed that after 12 h fermentation, C. butyricum BCC B2571
produced higher butyrate (p < 0.05) in medium supplemented with RS3 IR42
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Figure 4. SCFA profile in the presence of colonic microbiota, C. butyricum BCC-B2571 or E. rectale DSM 17629 in different me-
dium supplemented after 12 or 24 h fermentation. Mean values above bar followed by the different letters represent significant

different (p < 0.05).

(6.78 mM) than in medium supplemented with RS3 Inpari-16 (2.51 mM).

Meanwhile after 24 hfermentation, the colonic microbiota produced butyrate
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higher (p < 0.05) in medium supplemented with RS3 IR42 (6.84 mM) than in
medium supplemented with RS3 Inpari-16 (4.86 mM).

Table 2 shows SCFA profile after 12 and 24 h fermentation of different RS3.
In medium supplemented with RS3 IR-42, acetate production by colonic micro-
biota, C. butyricum BCC-B2571 or E. rectale DSM 17629 was different. Molar of
acetate produced by colonic microbiota and C. butyricum BCC-B2571 were
higher after 12 than 24 h fermentation (p < 0.05). Meanwhile E. rectale DSM
17629 produced higher acetateafter 24 than 12 h fermentation. RS3 IR-42 fer-
mented by C. butyricum BCC-B2571 produced different propionate after 12 and
24 h fermentation, while higher propionate was produced after 12 hfermentation.

In medium supplemented with RS Inapri-16, production of acetate, propio-
nate, and butyrate by colonic microbiota and C. butyricum BCC-B2571 showed
different molarity after 12 and 24 h fermentation. RS3 Inpari-16 fermented by
colonic microbiota and C. butyricum BCC B2571, produced higher acetate, pro-
pionate, and butyrate significantly after 24 h fermentation compared with at 12 h
fermentation.

The result confirmed that proportion and content of SCFA was dependent on

the bacterial strain used and type of the resistant starch (RS content). The

Table 2. Profile SCFA by different resistant starch after 12 and 24 h fermentation®.

Resistant SCFA after Colonic C. butyricum BCC  E. rectale DSM
starch fermentation microbiota B2571 17629
Acetate (mM) 12 h 82.47 74.93 21.62
Acetate (mM) 24 h 63.28 59.45 28.27
p-value 0.037 0.042 0.010
Propionate (mM) 12 h 6.27 6.10 5.33
RS3IR-42  propionate (mM) 24 h 7.45 453 5.74
p-value 0.043
Butyrate (mM) 12 h 6.44 6.68 5.37
Butyrate (mM) 24 h 6.84 6.39 6.48
p-value
Acetate (mM) 12 h 32.04 19.18 18.68
Acetate (mM) 24 h 48.64 35.06 18.09
p-value 0.000 0.025
Propionate (mM) 12 h 2.45 1.95 5.67
RS3 Inpari-16 Propionate (mM) 24 h 3.45 3.98 4.97
p-value 0.000 0.000
Butyrate (mM) 12 h 0.89 2.51 5.65
Butyrate (mM) 24 h 4.86 4.80 5.38
p-value 0.001 0.000

*Only significant independent t-test reported (p < 0.05).
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butyrate produced in our study was higher than previously reported (produced
by colonic microbiota) [28]. Production of SCFA by microbes in the medium
supplemented with RS3 was in general higher than those produced in the me-
dium supplemented with glucose (as the only carbon source), which indicates
that RS3 is more effective for SCFA production. Our study also showed that
SCFA produced by colonic microbiota in RS3 medium was higher than in the
medium supplemented with apple juice extracts [29]. Higher concentration of
butyrate was produced after 48 h fermentation of RS3 rice by C. butyricum BCC
B2571 and E. rectale DSM 17629, but lower acetate when C. butyricum BCC
B2571 was used [11]. Butyrate production by colonic microbiota and C. butyri-
cum BCC B2571 was increased after 24 h fermentation in medium supplemented
with RS3 Inpari-16.

In our study, accumulation of acetate implied that the butyrate was produced
via butyryl-CoA transferase. Miller and Wolin [30] reported the pathway of ace-
tate, propionate, and butyrate synthesis by human colonic microbiota. At the fi-
nal step of butyrate synthesis, there are two alternatives pathway, butyrate kinase
pathway and a butyryl-CoA transferase. Butyryl-CoA transferase pathway is a
dominant route for human colonic microbiota for butyrate synthesis [31]. Dun-
can and Flint [32] reported that during in vitro study, E. rectale consumed large
amount of acetate to produce butyrate.

The capability of RS3 rice as prebiotic was supported by the fact that RS3 was
metabolized by the tested microbes and in the production of SCFA. Resistant
starch improve metabolic activity of the gut microbiota by increasing the pro-
duction of SCFA and, thus supported the growth of beneficial species in the
healthy individual [33] and in patients with irritable bowel syndrome or those
receiving enteral nutrition [34] [35]. Acetate reduces the appetite by changing
the expression profiles of appetite regulatory neuropeptides in the hypothalamus
through activation of TCA cycle [36]. Acetate (2 - 10 mM) has been found cor-
related well with the ability of bifidobacteria to inhibit enteropathogens [8]. In
addition, it has been shown that acetate reduces lipopolysaccharide-stimulated
tumor necrosis factor (TNF), interleukin (IL)-6 and nuclear factor (NF)-«xB level
while boosting peripheral blood antibody production in various different tissues
(37].

Propionate reduces food intake and increases satiety viaaugmentation of the
satiety hormone leptin, and through activation of GPCR [38] [39]. Propionate
reduces cholesterol synthesis rate by decreasing the enzyme activity of hepatic
HMG-CoA synthase (HMGCS) and HMG-CoA reductase (HMGCR) [40] [41].
Also, propionate reduces human colon cancer cell growth and differentiation
viahyperacetylation of histone proteins and stimulation of apoptosis [42] [43]. In
addition, propionate also inhibits the production of proinflammatory cytokines
(e.g,, TNF-a, NF-kB) in multiple tissues [44] [45].

Butyrate is an energy source of the intestinal epithelial cells (growth and dif-
ferentiation) and can increase mucin production which may result in changes on

bacterial adhesion [46] and improve tight-junctions integrity [47]. Compared to
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acetate and propionate, butyrate exhibits strong anti-inflammatory properties,
and this effect is likely mediated by inhibition of TNF-a production, NF-«B ac-
tivation, and IL-8, -10, -12 expression in immune and colonic epithelial cells [48]
[49]. Fu et al [50] reported through differentiation maker (cathepsin C) study,
which showed that butyrate, propionate, and acetate could inhibit proliferation
and motility of a well-differentiated human colonic cancer cell line. Purwani et
al. [51] reported that SCFA produced by fermentation of C. butyricum BCC
B2571 (butyrate of 2.6 - 5.2 mM) or E. rectale DSM 17629 (butyrate of 3.6 - 7.2
mM) inhibited proliferation and induce apoptosis of human colorectal cancer
cell line HCT-116. Butyrate (0.1 - 10 mM) inhibited proliferation and induce
apoptosis of Caco2 [52] [53]. In addition, butyrate and propionate have also
been reported to induce differentiation of T-regulatory cells, control intestinal
inflammation; and these effects seem to be mediated via inhibition of histone
deacetylation [54] [55]. Control of intestinal inflammation shows beneficial
health of colon in terms of gut barrier maintenance, reducing the risk of in-

flammatory bowel disease or CRC.

3.5. Correlation between Microbes and SCFA Concentration

Significant positive correlations were observed between concentrations of SCFA
(acetate, propionate, and butyrate) and colonic microbiota or C. butyricum
BCC-B2571 after 12 h fermentation (Table 3). RS fermentation by colonic mi-
crobiota indicated significant positive correlation with propionate concentration
after 24 h fermentation. Fermentation of RS3 by C. butyricum BCC-B2571 indi-
cated significant positive correlation with propionate and butyrate concentration
after 24 h fermentation. In our study, fermentation by E. rectale DSM 17629

showed one significant positive correlation with acetate after 24 h fermentation.

4. Conclusion

Treatment with amilase-pullulanase increased RS content of IR-42 from 19% to
41% and Inpari-16 from 10% to 37%. Fermentation of RS3 IR-42 and Inpari-16
by colonic microbiota, C. butyricum BCC-B2571, and E. rectale DSM 17629,

produced SCFA with different molar ratio. Time fermentation affected molar

Table 3. Statistical correlations (Person coefficients) for RS in different microbes versus
SCFA concentrations®.

12h 24h
Microbe

Acetate  Propionate  Butyrate Acetate  Propionate  Butyrate

Colonic micro-

. 0.991° 0.966° 0.972 0.986
biota
C. butyricum
0.975 0.991 0.991 0.976 0.912
BCC-B2571
E. rectale DSM
0.975

17629

*Only significant correlations reported (p < 0.05), °p < 0.01.
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ratio of SCFA production. Fermentation of C. butyricum BCC-B2571 in medium
supplemented with RS3 IR42 produced molar of acetate:propionate:butyrate,
74.93 mM:6.10 mM:6.78 mM after 12 h fermentation. Fermentation of colonic
microbiota in medium supplemented with RS3 IR42 produced molar of ace-
tate:propionate:butyrate, 63.28 mM:6.27 mM:6.84 mM after 24 h fermentation.
Both SCFA profile produced high butyrate. Our study showed that RS3 IR-42
had potential in the production of butyrate.

Acknowledgements

The research was supported by Indonesian Center for Agricultural Postharvest
Research Development, Indonesia Center for Rice Research, Sukamandi, and

Ministry of Research and Technology, Republic of Indonesia.

References

[1] Carabotti, M., Scirocco, A., Maselli, M.A. and Severi, C. (2015) The Gut-Brain Axis:
Interactions between Enteric Microbiota, Central and Enteric Nervous Systems.
Annals of Gastroenterology, 28, 203-209.

[2] Galisteo, M., Duarte, J. and Zarzuelo, A. (2008) Effect of Dietary Fibers on Distur-
bances Clustered in the Metabolic Syndrome. Journal of Nutritional Biochemistry,
19, 71-84. https://doi.org/10.1016/j.jnutbio.2007.02.009

[3] den Besten, G., van Eunen, K., Groen, A.K., Venema, K., Reijingoud, D.J. and
Bakker, B.M. (2013) The Role of Short-Chain Fatty Acids in the Interplay between
Diet, Gut Microbiota, and Host Energy Metabolism. Journal of Lipid Research, 54,
2325-2340. https://doi.org/10.1194/jlr.R036012

[4] Cancer Facts & Figures: Worldwide Data. World Cancer Research Fund Interna-
tional. http://www.wcrf.org/int/cancer-facts-figures/worldwide-data

[5] Colorectal Cancer Facts & Figures 2014-2016 (2014) American Cancer Society. At-
lanta, Georgia.

[6] Donohoe, D.R., Garge, N., Zhang, X., Sun, W., O’Connell, T.M., Bunger, M.K. and
Bultman, S.J. (2011) The Microbiome and Butyrate Regulate Energy Metabolism
and Autophagy in the Mammalian Colon. Cell Metabolism, 13, 517-526.
https://doi.org/10.1016/j.cmet.2011.02.018

[7] Harig, ].M., Soergel, K.H., Komorowski, R.A. and Wood, C.M. (1989) Treatment of
Diversion Colitis with Short-Chain-Fatty Acid Irrigation. The New England Jour-
nalof Medicine, 320, 23-28. https://doi.org/10.1056/NEJM198901053200105

[8] Fukuda, S., Toh, H., Hase, K., Oshima, K., Nakanishi, Y., Yoshimura, K., Tobe, T.,
Clarke, J.M., Topping, D.L., Suzuki, T., Taylor, T.D., Itoh, K., Kikuchi, J., Morita,
H., Hattori, M. and Ohno, H. (2011) Bifidobacteria Can Protect from Enteropatho-
genic Infection through Production of Acetate. Nature, 469, 543-547.
https://doi.org/10.1038/nature09646

[9] Wang, X., Conway, P.L., Brown, LL. and Evans, A.]J. (1999) In Vitro Utilization of
Amylopectin and High-Amylose Maize (Amilomaize) Starch Granules by Human
Colonic Bacteria. Applied and Environmental Microbiology, 65, 4848-4854.

[10] Statistics Indonesia (2014) Production of Paddy. https://www.bps.go.id

[11] Purwani, E.Y., Purwadaria, T. and Suhartono, M.T. (2012) Fermentation RS3 De-
rived from Sago and Rice Starch with Clostridium butyricum BCC-B2571 or Eu-

DOI: 10.4236/abb.2018.92008

102 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92008
https://doi.org/10.1016/j.jnutbio.2007.02.009
https://doi.org/10.1016/j.jnutbio.2007.02.009
https://doi.org/10.1016/j.jnutbio.2007.02.009
https://doi.org/10.1016/j.jnutbio.2007.02.009
https://doi.org/10.1194/jlr.R036012
http://www.wcrf.org/int/cancer-facts-figures/worldwide-data
https://doi.org/10.1016/j.cmet.2011.02.018
https://doi.org/10.1056/NEJM198901053200105
https://doi.org/10.1038/nature09646
https://www.bps.go.id/

D. J. C. Hutabarat et al.

[12]

(13]

(14]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]
[25]

bacterium Rectale DSM 17629. Anaerobe, 8, 55-61.
https://doi.org/10.1016/j.anaerobe.2011.09.007

Tan, S.Y. (2003) Resistant Rice Starch Development. M.Sc. Thesis, Louisiana State
University, Louisiana.

Guraya, H.S., James, C. and Champagne, E.T. (2001) Effect of Cooling, and Freez-
ing on the Digestibility of Debranched Rice Starch and Physical Properties of the
Resulting Material. Starch, 53, 64-74.
https://doi.org/10.1002/1521-379X(200102)53:2<64:: AID-STAR64>3.0.CO;2-R

Kim, K.W., Chung, M.K., Kang, N.E., Kim, M.H. and Park, O.]. (2003) Effect of Re-
sistant Starch from Corn or Rice on Glucose Control, Colonic Events, and Blood
Lipid Concentrations in Streptozotocin-Induced Diabetic Rats. The Journal of Nu-
tritional Biochemistry, 14, 166-172. https://doi.org/10.1016/S0955-2863(02)00281-4

Zhao, X.H. and Lin, Y. (2009) Resistantstarch Prepared from High-Amylose Maize
Starch Which Citricacid Hydrolysis and Its Simulated Fermentation in Vitro. Eu-
ropean Food Research and Technology, 228, 1015-1021.
https://doi.org/10.1007/s00217-009-1012-5

Sharp, R. and Macfarlane, G.T. (2000) Chemostat Enrichments of Human Feces
with Resistant Starch Are Selective for Adherent Butyrate-Producing Clostridia at
High Dilution Rate. Applied and Environmental Microbiology, 66, 4212-4221.
https://doi.org/10.1128/ AEM.66.10.4212-4221.2000

Yang, J., Martinez, I., Walter, J., Keshavarzian, A. and Rose, D.J. (2013) In Vitro
Characterization of the Impact of Selected Dietary Fibers on Fecal Microbiota
Composition and Short Chain Fatty Acid Production. Anaerobe, 23, 74-81.
https://doi.org/10.1016/j.anaerobe.2013.06.012

Wang, L. and Wang, Y.J. (2004) Rice Starch Isolation by Neutral Protease and
High-Intensity Ultrasound. Journal of Cereal Science, 39, 291-296.
https://doi.org/10.1016/.jcs.2003.11.002

AOAC (2006) Official Methods Analysis. Association of Official Analytical Chemi-
stry, Washington DC.

Juliano, B.O. (1972) A Simplified Assay for Milled-Rice Amylose. Cereal Science
Today, 16, 334-340.

Goni, I, Garcia-Diz, L., Manas, E. and Saura-Calixto, F. (1996) Analysis of Resistant
Starch: A Method for Foods and Food Products. Food Chemistry, 56, 445-449.
https://doi.org/10.1016/0308-8146(95)00222-7

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F. (1956) Colome-
tric Method for Determination of Sugar and Related Substances. Analytical Chemi-
stry, 28, 350-356. https://doi.org/10.1021/ac60111a017

Panlasigui, L.N., Thompson, L.U., Juliano, B.O., Perez, C.M.,, Yiu, S.H. and Green-
berg, G.R. (1991) Rice Varieties with Similar Amylose Content Differ in Starch Di-
gestibility and Glycemic Response in Humans. The American Journal of Clinical
Nutrition, 54, 871-877. https://doi.org/10.1093/ajcn/54.5.871

Indonesia Center for Rice Research. https://bbpadi.litbang.pertanian.go.id

Faridah, D.N., Fardiaz, D., Andarwulan, N. and Sunarti, T.C. (2010) Perubahan
struktur pati garut (Maranta arundinaceae) sebagai akibat modifikasi hidrolisis
asam, pemotongan titik cabang dan siklus pemanasan-pendinginan. Jurnal Tekno-
logi Industri Pangan, 21, 135-142.

May, T., Mackie, R.I., Fahey, G.C., Cremin, J.C. and Garleb, K.A. (1994) Effect of
Fiber Source on Short-Chain Fatty Acid Production and on the Growth and Toxin

DOI: 10.4236/abb.2018.92008

103 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92008
https://doi.org/10.1016/j.anaerobe.2011.09.007
https://doi.org/10.1002/1521-379X(200102)53:2%3C64::AID-STAR64%3E3.0.CO;2-R
https://doi.org/10.1016/S0955-2863(02)00281-4
https://doi.org/10.1007/s00217-009-1012-5
https://doi.org/10.1128/AEM.66.10.4212-4221.2000
https://doi.org/10.1016/j.anaerobe.2013.06.012
https://doi.org/10.1016/j.jcs.2003.11.002
https://doi.org/10.1016/0308-8146(95)00222-7
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1093/ajcn/54.5.871
https://bbpadi.litbang.pertanian.go.id/

D.J. C. Hutabarat et al.

(27]

(28]

(30]

(31]

(32]

(33]

(35]

(36]

(37]

Production by Clostridium difficile. Scandinavian Journal of Gastroenterology, 29,
916-922. https://doi.org/10.3109/00365529409094863

Rolfe, R.D. (1984) Role of Volatile Fatty Acids in Colonization Resistance to Clo-
stridium difficile. Infection and Immunity, 45, 185-191.

Lesmes, U., Beards, E.J., Gibson, G.R., Tuohy, K.K. and Shimoni, E. (2008) Effects
of Resistant Starch Type III Polymorphs on Human Colon Microbiota and Short
Chain Fatty Acids in Human Gut Models. Journal of Agricultural and Food Chemi-
stry, 56, 5415-5421. https://doi.org/10.1021/f800284d

Waldecker, M., Kautenburger, T., Daumann, H., Veeriah, S., Will, F., Dietrich, H.,
Pool-Zobel, B.L. and Schrenk, D. (2008) Histone-Deacetylase Inhibition and Buty-
rate Formation: Fecal Slurry Incubations with Apple Pectin and Apple Juice Ex-
tracts. Nutrition, 24, 366-374. https://doi.org/10.1016/j.nut.2007.12.013

Miller, T.L. and Wolin, M.]. (1996) Pathways of Acetate, Propionate, and Butyrate
Formation by the Human Fecal Microbial Flora. Applied and Environmental Mi-
crobiology, 62, 1589-1592.

Louis, P., Duncan, S.H., McCrae, S.I., Miller, J. and Jackson, M.S. (2004) Restricted
Distribution of the Butyrate Kinase Pathway among Butyrate-Producing Bacteria
from the Human Colon. Journal of Bacteriology, 186, 2099-2106.
https://doi.org/10.1128/JB.186.7.2099-2106.2004

Duncan, S.H. and Flint, H.J. (2008) Proposal of a Neotype Strain (A1-86) for Fu-
bacterium rectale. Request for an Opinion. International Journal of Systematic and
Evolutionary Microbiology, 58, 1735-1736.
https://doi.org/10.1099/ijs.0.2008/004580-0

Lecerf, ].M., Depeint, F., Clerc, E., Dugenet, Y., Niamba, C.N., Rhazi, L., Cayzeele,
A., Abdelnour, G., Jaruga, A., Younes, H., Jacobs, H., Lambrey, G., Abdelnour, A.M.
and Pouillart, P.R. (2012) Xylo-Oligosaccharide (XOS) Incombination with Inulin
Modulates both the Intestinal Environment and Immune Status in Healthy Subjects,
While XOS Alone Only Shows Prebiotics Properties. British Journal of Nutrition,
108, 1847-1858. https://doi.org/10.1017/S0007114511007252

Majid, H.A., Emery, P.W. and Whelan, K. (2011) Faecal Microbiota and
Short-Chain Fatty Acids in Patients Receiving Enteral Nutrition with Standard or

Fructo-Oligosaccharides and Fibre-Enriched Formulas. Journal of Human Nutri-
tion and Dietetics, 24, 260-268. https://doi.org/10.1111/j.1365-277X.2011.01154.x

Halmos, E.P., Christophersen, C.T., Bird, A.R., Shepherd, S.J., Gibson, P.R. and
Muir, J.G. (2015) Diets That Differ in Their FODMAP Content Alter the Colonic
Luminal Microenvironment. Gut, 64, 93-100.
https://doi.org/10.1136/gutjnl-2014-307264

Frost, G., Sleeth, M.L., Sahuri-Arisoylu, M., Lizarbe, B., Cerdan, S., Brody, L., Anas-
tasovska, J., Ghourab, S., Hankir, M., Zhang, S., Carling, D., Swan, J.R., Gibson, G,,
Viardot, A., Morrison, D., Thomas, E.L. and Bell, ].D. (2014) The Short-Chain Fatty
Acid Acetate Reduces Appetite via a Central Homeostatic Mechanism. Nature
Communication, 5, 1-11. https://doi.org/10.1038/ncomms4611

Tedelind, S., Westberg, F., Kjerrulf, M. and Vidal, A. (2007) Anti-Inflammatory
Properties of the Short-Chain Fatty Acids Acetate and Propionate: A Study with
Relevance to Inflammatory Bowel Disease. World Journal of Gastroenterology;, 13,
2826-2832. https://doi.org/10.3748/wijg.v13.i20.2826

Xiong, Y., Miyamoto, N., Shibata, K., Valasek, M.A., Motoike, T., Kedzierski, R.M.
and Yanagisawa, M. (2004) Short-Chain Fatty Acids Stimulate Leptin Production in
Adipocytes through the G Proteincoupled Receptor GPR41. Proceedings of the Na-

DOI: 10.4236/abb.2018.92008

104 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92008
https://doi.org/10.3109/00365529409094863
https://doi.org/10.1021/jf800284d
https://doi.org/10.1016/j.nut.2007.12.013
https://doi.org/10.1128/JB.186.7.2099-2106.2004
https://doi.org/10.1099/ijs.0.2008/004580-0
https://doi.org/10.1017/S0007114511007252
https://doi.org/10.1111/j.1365-277X.2011.01154.x
https://doi.org/10.1136/gutjnl-2014-307264
https://doi.org/10.1038/ncomms4611
https://doi.org/10.3748/wjg.v13.i20.2826

D. J. C. Hutabarat et al.

(39]

[40]

[42]

[43]

[44]

[46]

[47]

(48]

[49]

tional Academy od Science of the United State America, 101, 1045-1050.
https://doi.org/10.1073/pnas.2637002100

Samuel, B.S., Shaito, A., Motoike, T., Rey, F.E., Backhed, F., Manchester, J.K,,
Hammer, R.E., Williams, S.C., Crowley, J., Yanagisawa, M. and Gordon, J.I. (2008)
Effects of the Gut Microbiota on Host Adiposity Are Modulated by the Short-Chain
Fatty-Acid Binding G Protein-Coupled Receptor, Gpr4l. Proceedings of the Na-
tional Academy od Science of the United State America, 105, 16767-1677.

Rodwell, V.W., Nordstrom, J.L. and Mitschelen, J.J. (1976) Regulation of
HMG-CoA Reductase. Advance in Lipid Research, 14, 1-74.
https://doi.org/10.1016/B978-0-12-024914-5.50008-5

Bush, R.S. and Milligan, L.P. (1971) Study of the Mechanism of Inhibition of Keto-
genesis by Propionate in Bovine Liver. Canadian Journal of Animal Science, 51,
121-127. https://doi.org/10.4141/cjas71-016

Hinnebusch, B.F., Meng, S., Wu, J.T., Archer, S.Y. and Hodin, R.A. (2002) The Ef-
fects of Short-Chain Fatty Acids on Human Colon Cancer Cell Phenotype Are As-
sociated with Histone Hyperacetylation. 7he Journal of Nutrition, 132, 1012-1017.
https://doi.org/10.1093/jn/132.5.1012

Jan, G., Belzacq, A.S., Haouzi, D., Rouault, A., Métivier, D., Kroemer, G. and Bren-
ner, C. (2002) Propionibacteria Induce Apoptosis of Colorectal Carcinoma Cells via
Short-Chain Fatty Acids Acting on Mitochondria. Cell Death Differentiation, 9,
179-188. https://doi.org/10.1038/sj.cdd.4400935

Zapolska-Downar, D. and Naruszewicz, M. (2009) Propionate Reduces the Cyto-
kine-Induced VCAM-1 and ICAM-1 Expression by Inhibiting Nuclear Fac-
tor-Kappa B (NF-kappaB) Activation. Journal of Physiology and Pharmacology; 60,
123-131.

Al-Lahham, S.H., Roelofsen, H., Priebe, M., Weening, D., Dijkstra, M., Hoek, A.,
Rezaee, F., Venema, K. and Vonk, R.J. (2010) Regulation of Adipokine Production
in Human Adipose Tissue by Propionic Acid. European Journal of Clinical Investi-
gation, 40, 401-407. https://doi.org/10.1111/j.1365-2362.2010.02278.x

Jung, T.H., Park, ].H., Jeon, W.M. and Han, K.S. (2015) Butyrate Modulates Bac-
terial Adherence on LS174T Human Colorectal Cells by Stimulating Mucin Secre-
tion and MAPK Signaling Pathway. Nutrition Research and Practice, 9, 343-349.
https://doi.org/10.4162/nrp.2015.9.4.343

Peng, L, Li, Z.R,, Green, R.S., Holzman, LR. and Lin, J. (2009) Butyrate Enhances
the Intestinal Barrier by Facilitating Tight Junction Assembly via Activation of
AMP-Activated Protein Kinase in Caco-2 Cell Monolayers. The Journal of Nutri-
tion, 139, 1619-1625. https://doi.org/10.3945/jn.109.104638

Bailén, E., Cueto-Sola, M., Utrilla, P., Rodriguez-Cabezas, M.E., Garrido-Mesa, N.,
Zarzuelo, A., Xaus, J., Galvez, J. and Comalada, M. (2010) Butyrate in Vitro Im-
mune-Modulatory Effects Might Be Mediated through a Proliferation-Related In-
duction of Apoptosis. Immunobiology; 215, 863-873.
https://doi.org/10.1016/j.imbi0.2010.01.001

Liihrs, H., Gerke, T., Miiller, J.G., Melcher, R., Schauber, J., Boxberge, F., Schep-
pach, W. and Menzel, T. (2002) Butyrate Inhibits NF-kappaB Activation in Lamina
Propria Macrophages of Patients with Ulcerative Colitis. Scandinavian Journal of
Gastroenterology, 37, 458-466. https://doi.org/10.1080/003655202317316105

Fu, H,, Shi, Q.Y. and Jin, S. (2004) Effect of Short-Chain Fatty Acids on the Prolife-
ration and Differentiation of the Human Colonic Adenocarcinoma Cell Line Ca-
co-2. Chinese Journal of Digestive Diseases, 5, 115-117.

DOI: 10.4236/abb.2018.92008

105 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92008
https://doi.org/10.1073/pnas.2637002100
https://doi.org/10.1016/B978-0-12-024914-5.50008-5
https://doi.org/10.4141/cjas71-016
https://doi.org/10.1093/jn/132.5.1012
https://doi.org/10.1038/sj.cdd.4400935
https://doi.org/10.1111/j.1365-2362.2010.02278.x
https://doi.org/10.4162/nrp.2015.9.4.343
https://doi.org/10.3945/jn.109.104638
https://doi.org/10.1016/j.imbio.2010.01.001
https://doi.org/10.1080/003655202317316105

D.J. C. Hutabarat et al.

[51]

[52]

(53]

[54]

[55]

https://doi.org/10.1111/j.1443-9573.2004.00167.x

Purwani, E.Y., Iskandriati, D. and Suhartono, M.T. (2012) Fermentation Product of
RS3 Inhibited Proliferation and Induced Apoptosis in Colon Cancer Cell HCT-116.
Advances in Bioscience and Biotechnology, 3, 1189-1198.
https://doi.org/10.4236/abb.2012.38145

Ruemmele, F.M., Dionne, S., Qureshi, I.,Sarma, D.S., Levy, E. and Seidman, E.G.
(1999) Butyrate Mediates Caco-2 Cell Apoptosis via Up-Regulation of Pro-Apoptotic
BAK and Inducing Caspase-3 Mediated Cleavage of poly-(ADP-ribose) Polymerase
(PARP). Cell Death and Differentiation, 6, 729-735.
https://doi.org/10.1038/sj.cdd.4400545

Avivi-Green, C., Polak-Charcon, S., Madar, Z. and Schwartz, B. (2002) Different
Molecular Events Account for Butyrate-Induced Apoptosis in Two Human Colon
Cancer Cell Lines. The Journal of Nutrition, 132, 1812-1818.
https://doi.org/10.1093/jn/132.7.1812

Hamer, H.M., Jonkers, D., Venema, K., Vanhoutvin, S., Troost, F.J. and Brummer,
R.J. (2008) Review Article: The Role of Butyrate on Colonic Function. Alimentary
Pharmacology & Therapeutics, 27, 104-119.

Louis, P., Hold, G.L. and Flint, H.]J. (2014) The Gut Microbiota, Bacterial Metabo-
lites and Colorectal Cancer. Nature Reviews. Microbiology, 12, 661-672.
https://doi.org/10.1038/nrmicro3344

DOI: 10.4236/abb.2018.92008

106 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2018.92008
https://doi.org/10.1111/j.1443-9573.2004.00167.x
https://doi.org/10.4236/abb.2012.38145
https://doi.org/10.1038/sj.cdd.4400545
https://doi.org/10.1093/jn/132.7.1812
https://doi.org/10.1038/nrmicro3344

	SCFA Profile of Rice RS Fermentation by Colonic Microbiota, Clostridium butyricum BCC B2571, and Eubacterium rectale DSM 17629
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Rice and Chemicals
	2.2. Bacterial Strain and Culture Media
	2.3. Production of Resistant Starch
	2.4. Analysis of Rice Starch
	2.5. Determination of Resistant Starch
	2.6. In Vitro Fermentation
	2.7. Gas Production and pH Measurement
	2.8. Analysis of Short Chain Fatty Acid
	2.9. Statistical Analysis

	3. Results and Discussion
	3.1. Chemical Composition of Rice Starch
	3.2. Resistant Starch Content
	3.3. Effect of Resistant Starch on pH and Gas during In Vitro Fermentation
	3.4. Production of Short Chain Fatty Acids during In Vitro Fermentation
	3.5. Correlation between Microbes and SCFA Concentration

	4. Conclusion
	Acknowledgements
	References

