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ABSTRACT

To determine the mechanisms by which the supply of nitrogen into the large intestine
modifies the fermentation, we examined changes in fermentation and microbiota in
the large intestine by the administration of both pectin (PE) and soy resistant protein
(SRP). In experiment 1, PE and SRP were fermented in vitro and samples were taken
at 0, 5, 10 and 24 h, and pH change, production of short-chain fatty acid and ammonia,
and organic matter disappearance were determined. In experiment 2, rats were fed
the control, PE and PE+SRP diets for 10 d, and cecal short chain fatty acid
concentration and cecal microbiota were determined. In experiment 1, propionate
and butyrate production was increased by SRP in a dose-dependent manner,
suggesting that the supply of nitrogen by SRP plays a crucial role in an increased
propionate and butyrate production. The addition of SRP also increased ammonia
production dose-dependently, but the ammonia concentration decreased after h 10,
suggesting that ammonia produced is used as a nitrogen source by intestinal bacteria.
In experiment 2, the contents and concentrations of cecal propionate and butyrate
were significantly higher in rats fed the PE+SRP diet than in those fed the control
and the PE diets. According to PCR-DGGE analysis, the feeding of pectin resulted in
new clusters of cecal microbiota. The addition of SRP to the PE diet caused little
change in clusters of the cecal microbiota. However, a particular band, which
indicates one species of bacteria, was observed in rats fed the PE+SRP diet only. In
conclusion, when pectin is fermented by intestinal bacteria, SRP seems to increase
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propionate and butyrate production through the activation of particular bacterium.

Soy Protein Research, Japan 10, 48-54, 2007.
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RR1 75y MBATAO-JIC&BNYT F U REEICH
T BSRPDEE (in vitroKER)

4 i D Sprague-Dawley (SD) AT v » & AIN-
O3FEAFKLCTI0H MFH %, HBENEY = HXA ICH
DL, BEEEREAKCIORAML, WE 77— €T’
R, CORBBAERERE Lz, MR I
SCFA % Br\vr72Flickinger 5 YO8 i & F v 72 (Table
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0.25, 0.5%% &5 kI IRz, 7z, RERFEHEAL

Table 1. Composition of medium used for in vitro

fermentation

Component unit/L
mL

Solution A! 330.0
Solution B? 330.0
Trace mineral solution® 10.0
Water-soluble vitamin mix* 20.0
Folate: biotin solution® 5.0
Riboflavin solution® 5.0
Hemin solution’ 2.5
Resazurin® 1.0
Water 296.4
g

Yeast extract 0.5
Trypticase 0.5
Na,CO, 4.0
Cysteine HCI- H,0 0.5

'Composition (g/L): NaCl, 5.4; KH,PO,, 2.7; CaCl,-H,0,
0.16;, MgCl,-6H,0, 0.12; MnCl,-4H,0, 0.06; CoCl,-
6H,0, 0.06; (NH,),SO,, 5.4.

“Composition: K,HPO,, 2.7 g/L.

*Composition (mg/L); EDTA-2Na, 500; FeSO,-7H,0,
200; ZnSO,-7H,0, 10; MnCl,-4H,0, 3; H;BO,, 20;
CoCl,-6H,0, 20; CuCl,-2H,0, 1, NiCl,-6H,0, 2;
Na,MoO,-2H,0, 3.

‘Composition (mg/L): thiamin-HCl, 100; D-pantothenic
acid, 100; niacin, 100; pyridoxine, 100; p-aminobenzoic
acid, 5; vitamin B-12, 0.25.

SComposition (mg/L): folic acid, 10; D-biotin, 2;
NH,HCO,, 100.

%Composition: riboflavin, 10 mg/L in 5 mmol/L
HEPES.

"Hemin, 500 mg/L in 10 mmol/L NaOH.

®Resazurin, 1 g/L in distilled water.
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Table 2. Composition of the experimental diets

7. 7 9 4~ — 1%, forward primer, 5'-
CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACG
GGGGGCCTACGGGIGGCIGCA; reverse primer, 5'-
TIACCGIIICTICTGGCACCTT-3'# v 7-. DGGE!Z
IR B A e % 35~60% (100%Z: M%) & 7 mol/LIR
FA40% KTV LT IR) O8%T 7 IINT IKFT, 60V
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B Ny FERBL, DNAY — 7 ¥ Af#HT % 4T
V>, BLAST##TIC & ) MR FEO[FE 24T - 72.

b3 UL

FEEAE I IO L DIE L, AEEDTR
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E = R
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9 2SRPOFE (in vitroK5&)

Fig. 1ICSRPEPEX X EDOEBIC L A
SCFAA: WZEE & /R L7z, S8WEIC X 2 S8R e A6 hL
EIZWTN S SRPO BRI L7z, B 3240
B, 0.5% SRPOILIFTPE 1 g4y Ok, 7oE 4
VEB X OBEEE O E R R (ISRPER NI, Z#hE
120%, 70%, 60% L& L 7-.

Ingredients Control diet PE diet PE+SRP diet
g/kg

Casein 200.0 200 200
Corn starch 529.5 529.5 529.5
Sucrose 100 100 61.4
Soybean oil 70 70 70
Mineral mixture (AIN-93G) 35 35 35
Vitamin mixture (AIN-93) 10 10 10
Cellulose 50 — —
Pectin — 50 50
L-Cystine 3 3 3
Choline bitartrate 2.5 2.5 2.5
Soy resistant protein (SRP)! — — 38.6

ISRP contained 25 g protein/kg diet.
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Fig. 1. Effect of SRP on pH and the production of short chain fatty acids for the fermentation of pectin with rat
cecal microbiota (In vitro experiment). Each point is the mean of six samples; vertical bars represent SEM.
Values at each time point not sharing a common letter are significantly different (p<<0.05). Statistical
comparisons were made with Tukey's post-hoc test. PE, pectin; SRP, soy resistant protein.
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Fig. 2. Effect of SRP on the production of ammonia and the organic matter disappearance for the fermentation of
pectin with rat cecal microbiota (In vitro experiment). Each point is the mean of six samples; vertical bars
represent SEM. Values at each time point not sharing a common letter are significantly different (p<< 0.05).
Statistical comparisons were made with Tukey's post-hoc test. OMD, organic matter disappearance; PE,

pectin; SRP, soy resistant protein.
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~, PE+SRPEH CILT T A MM A SN2, et
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Table 3. Effect of SRP on weights of cecal wall and
content and pH of cecal content in rats fed
pectin (In vivo experiment)*

Groups® Wall Content pH

g g
Control ~ 0.598+0.046° 1.94+0.09° 7.00+0.09°
PE 0.879+0.058> 3.16%+0.46" 6.51+0.07
PE+SRP  0.795+0.055° 3.08+0.24° 6.30+0.11*

Walues are means = SEM (n=6). Values in a column
with different superscript letters are significantly
different (p<0.05).

°PE, rats fed the pectin diet; PE+SRP, rats fed the PE
diet supplemented with 2.5% SRP.
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Table 4. Effect of SRP on concentrations and contents of short chain fatty acids in rats fed pectin (In vivo

experiment)!
Groups’ Short chain fatty acids (SCFA) SCFA molecular ratio
Acetate Propionate Butyrate Total Ace/Pro/But
pmol/cecum

Control 72.0+ 7.3 2544147 10.3 £ 1.6* 108 + 9° —

PE 180 +£24° 69.5+16.7% 179 £+ 3.1° 268 +38° —
PE+SRP 213 +25° 99.7+25.2° 58.8 +15.4° 371 +64° —

,umol/g

Control 37.3+3.8 13.1+0.4* 5.26+ 0.77% 55.6+ 4.7 67/24/ 9
PE 57.5+2.3" 21.0+2.0® 644+ 1.23° 84.9+ 34® 68/25/ 8
PE+SRP 69.2+6.1° 32.1+7.1° 19.2+ 4.6° 121 +17° 61/25/15

Walues are means = SEM (n=6). Values in a column with different superscript letters are significantly different (p<0.05).
?PE, rats fed the pectin diet; PE4+SRP, rats fed the PE diet supplemented with 2.5% SRP.

52

KE7/-ABEHRE Vol 10(2007)



A
Control PE PE+SRP
35%
60%
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ANOVA P =0.087
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Fig. 3. Effect of SRP on cecal microbiota in rats fed pectin (In vivo experiment). (A) Banding patterns of polymerase
chain reaction-denaturing gradient gel electrophoresis (PCR-GDDE) in cecal content from rats fed the
control, PE and PE+SRP diets. (B) Dendrogram representing pectin and SRP-associated correlations of
PCR-DGGE banding patterns in cecal content from rats fed the control, PE and PE+SRP diets.
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