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Effect of Corn Dietary Fiber on Intestinal Environment.
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Table 1-1  Composition of Corn Fiber

Moisture

Crude Protein

Crude Fat

Ash

Dictary Fiber :

Neutral Detergent Fiber (NDF) °
Acid Detergent Fiber (ADF) °

Lignin °

w »
o o

0.3

83.2
212
3.0

(4.0)
(1.1)
(0.3)

®

# Percentage on a dry matter basis.

® Determined by the method of Van Soest.




Table 1-2  Composition of Test Diets

Diet Control Diet Comn Fiber Diet
a—Corn Starch 45 45
Casein 22 22

Lard 9 9

Corn Oil * I 1
Mineral Mixture ® 4 4
Vitamin Mixture ® 0.85 0.85
Choline Chloride 0.15 0.15
Corn Fiber 0 6.01°¢
Sucrose 18 11799

*  Contained 300IU/g of Vitamin A, 30IU/g of Vitamine D,, and 10mg/g of
DL~a~tocopherol.

Harper's mixture.

€ Corresponded to 5% of NDF content.




Table 1-3  Effect of Corn Fiber on Transit Time and Fecal Water Content

Control Diet (DF Free)

Corn Fiber Diet

Gastrointestinal Transit Time (hr)

Begining of Excretion 17.7=1.5 14.2+1.1
End of Excretion 50.8+1.2 32.5x1.2
Fecal Water Content (%) 40.6x1.6 46.0£0.3 °

Values are means=SD.
* Significantly different from control group (p<0.05).
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Corn fiber supplementation

Pre-Control 6g/day 129/day Post-Control
Day 0 100 100 100 10
Collection of: <
feces (weight & pH) 7 days T days T days T days
feces (flora & enzyme) © © © © © © © ©
blood deeet thief i Tt

Subjects: n=5,  Age: 25-38.

Fig.2-1 Experimental
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Pre-C: Pre-Control period, CF intake: Corn fiber intake,
Post-C: Post-Control period.

Each column represents twice of five subjects’ data as mean+SD.

Fig.2-5 Effect of corn fiber on serum lipids




Table 2-1 Composition of Corn Fiber

Moisture 5.0
Crude Protein 38 (40 *
Crude Fat 12 (13
Ash 0.2 . (D3)
Total Dietary Fiber :
Neutral Detergent Fiber (NDF) © 82.5 (86.5)
AOAC Method ¢ 86.0 (90.5)
Cellulose ° 2100 (22.1)
Hemicellulose ° 61.2 (64.4)
Lignin ® 30 (32

* Percentage on a dry matter basis.
> Determined by the method of Van Soest.
¢ Determined by the method of Prosky.




Table 2-2 Culture media and methods

Medium Main enumerated microorganisms Dilution to be plated® Incubation
Aerobic incubation (37°C) :

TS blood agar Predominant aerobes ) e 1 day

DHL agar Enterobacteriaceae \ 1

TATAC agar FEnterococcus 10735 2

PEES agar Staphylococcus 2

P agar Yeasts and molds 2
Abaerobic incubation (37°C) :°

M10 agar Predominant anerobes 10 3

EG agar Predominant anaerobes )10'5 7,-8 2

BL agar Predominant anaerobes 2

NBGT agar Bacteroidaceae \ 2

BS agar Bifidobacterium \ 2

ES agar Eubacter ium 107357 2

VS agar Veillonella, Megasphaera 2

LBS agar Lactobacillus | 2

NN agar Clostridium perfringens v 2

a An aliquot (0.05m@) of each dilution was plated on each medium used.

b M10 agar was prepared by using the "plate-in-bottle” method, and other media by a

steelwool-jar filled with 100% CO: gass.

TS:trypticase soy (BBL), DHL:deoxycholate- hydrogen sulfide- lactose (EIKEN), TATAC:
triphenyltetrazolium- azide- thallous sulfate- acridine orange- crystal violet, PEES:
phenylethyl alcohol- egg yolk- Staphylococcus Na10 (EIKEN), P:potato dextrose, M10:
medium 10, EG:Eggerth Gagnon, BL:glucose- blood- liver (EIKEN), NBGT:neomycin- brilliant
green- taurocholate- blood, BS:B8/f/dobacter/um selective, ES:Fubacterium selective, VS:
Veillonella selective, LBS: Lactobacillus selective (BBL), NN:neomycin Nagler
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Table 2-4 Effect of Corn Fiber Supplementation on Human Fecal Flora Composition (%)

Corn Fiber Supplementation Period

Bacterial Group Pre—Control Period Post—Control Period
6g/day 12g/day
Bacteroidaceac 454 (10/10) * 49.1 (10/10) 463 (10/10) 404 (10/10)
Eubacteria 18.9  (10/10) 175 (10/10) 20.0  (10/10) 204 (10/10)
Peputococcaceac 110 (10/10) 103 (10/10) 1.1 (10/10) 112 (10/10)
Bifidobacteria 249 (10/10) 248  (10/10) 252 (10/10) 228  (10/10)
Veillonellac 0.1  (7/10) 0.1 (710) 08  (8/10) 06  (6/10)
Megasphacrac <01  (1/10) <01 (2/10) <01 (2/10) <01 (210)
Clostridium perfringens <0.1 ( 5/10) <0.1 (2/10) <01 (5/10) <01 (4/10)
Clostridium — others 0.6  (8/10) 0.5 (6/10) 1.0 (10/10) 08  (8/10)
Lactobacilli <0.1 ( 8/10) < 0.1 (10/10) < 0.1 ( 8/10) <0.1 (9/10)
Enterobacteriaceae <0.1 (10/10) <01  (10/10) <0.1 (1010) <01 (10/10)
Enterococci <0.1 (10/10) < 0.1 (10/10) <0.1 (10/10) <01 (10/10)
Staphylococci <01  (210) <0.1  (4/10) <01  (3/10) <01 (210)
Bacilli <0.1 ( 0/10) < 0.1 ( 0/10) <0.1 ( 1/10) < 0.1 ( 0/10)
Yeasts <01  (510) <01 (710) <01  (4/10) <01  (410)

Values are means= of percentage of each bacterial count per total counts.
* Frequency of occurrence.
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LF diet HF diet HFF diet
Day 0 6 100 6 100 6 10
Experiment period

(S N R R
Collection of: — —— —
feces (weight & pH) 5 days 5 days 5 days

feces (flora, enzyme
©0O ©0O ©0O

activities & metabolites)

blood tt L 1t

LF; low fat & low dietary fiber diet, HF; high fat & low
dietary fiber diet, HFF; high fat & high dietary fiber diet
(18g/day of corn fiber supplementation). Subjects: n=8
(&6, % 2), age; 26-46.

Fig.3-1 Experimental program
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Fig.3-2 Effect of corn fiber and fat on fecal water
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@: fecal pH values, O: fecal moisture contents
Each value represents mean+SD. LF: low fat & low
dietary fiber diet, HF: high fat & low dietary fiber
diet, HFF: high fat & high dietary fiber diet.
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Each column represents data of eight subjects for 5
days in each period as means+SD.

Fig. 3-3 Effect of corn fiber and fat on fecal weight




Fe and In (mg/g of wet feces)

W In /g9 wet feces
[] Fe /g wet feces
Ca /g wet feces

LF: low fat & low dietry fiber diet,

Ca (mg/g of wet feces)

Fe and In excretions (mg/day)

50

LF

B In /day
[ Fe /day
7 Ca /day

HF HFF

HF: high fat & low dietary fiber
diet, HFF: high fat & high dietary fiber diet.
Each column represents twice of eight subjects’ data as means £SD.
% Significantly different from LF period (p<0.05).

Fig.3-4 Effect of corn fiber and fat on mineral excretions in feces
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B-glucosidase B-glucuronidase Nitroreductase
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B Enzyme activities per 1g of wet feces
[ Enzyme activities of daily output
* Significantly different from HF period (p<0.05).

Each column represents twice of eight subjects’ data as means*SD.

Fig.3-5 Effect of corn fiber and fat on fecal enzyme activities
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Each column represents twice of 8 subjects’ data as means*SD.
% Significantly different from HF period (p<0.05)

Fig.3-7 Efect of corn fiber and fat on putrefactive product
outputs in feces
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Each column represents twice of 8 subjects data as means 1 SD.

Fig.3-8 Effect of corn fiber and fat on polyamine
concentrations in feces

ug / g of dry feces

Spermine



2
s 15 ‘ 152
S
| T
s
a
= 1.0
s
o pe]
3
E —10.8
b
L B
¢ . o
st =}
s 0.6
& o
£ E
2
g P —10. 4
=
8
> &
2 ! —0.2
= V
= ;
0
HIER
M Total polyamines Spermidine
Putrescine O spermine
[J Cadaverine
Each column represents twice of 8 subjects data as means *+SD.
Fig.3-9 Effect of corn fiber and fat on polyamine

outputs in feces

mg / day

Spermine



Total cholesterol HDL cholesterol Triglyceride
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200 — I
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* *
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LF  HF HFF LiE SHE S HEE LF  HF HFF

The levels of seram lipids during the LF (low fat diet),
HF (high fat diet) and HFF (high fat and high dietary
fiber diet). Each column represents twice of 8 subjects’
deta as mean +SD. * Significantly differrent from LF
period (p<0.05).

Fig.3-10 Effect of corn fiber and fat on serum lipids




Table 3-1 Nutritional Composition of Experimental Diets

LF HF HFF
Total Energy Intake (Kcal/day) 1823+278  2697+467 2574301
Fat Energy (%) 139+ 2.7 52.7« 6.8 52.0x 5.5
Protein Energy (%) 16.0= 2.0 16.4x 2.1 15:0: 201
Carbohaydrate Energy (%) 70.0= 4.3 309+ 7.2 33.0= 6.3
Animal Fat / Total Fat (%) 58,52 9.5, 723+ 56 T35 6.7
Dietary Fiber Intake (g/day) 9.0+ 32 TaE 32, 24.8+ 7.3
Calcium Intake (mg/day) 320+120 887+ 86 802+202
Iron Intake (mg/day) 122+ 6.2 14.5+ 8.6 142+ 7.6

Values are means=SD.
LF: low fat and low dietary fiber diet, HF: high fat and low dietary fiber diet,
and HFF: hight fat and high dietary fiber diet.




Table 3-2 Effect of Corn Fiber and Fat Supplementation on Human Fecal Flora

LF period HF period HFF period

Bacterial group

Day 8 Day 10 Day 8 Day 10 Day 8 Day 10
Bacteroidaceae 10.6:0.3 (8/8) 10.7+0.2 (8/8) 10.5:0.3 (8/8) 10.5+0.1 (8/8)  10.6:0.2 (8/8) 10.4+0.2 (8/8)
Eubacteria 10.3:0.2 (8/8) 102+0.3 (8/8) 10.220.3 (8/8) 10.4=03 (8/8)  10.4=0.2 (8/8) 10.1+0.3 (8/8)
Peputococcaceac 9.8+0.3 (8/8) 9.8+0.5 (8/8)  9.9+0.4 (8/8) 9.8+0.4 (8/8)  9.5:0.5 (8/8) 9.8:0.3 (7/8)
Bifidobacteria 10.0£0.3 (8/8) 10.1=0.4 (8/8) 10.30.3 (8/8) 10.3x0.3 (8/8) 10.2=0.3 (8/8) 10.0£0.2 (8/8)
Veillonellae 6.1+1.3 (8/8) 6.1=0.6 (8/8)  6.60.8 (8/8) 62«13 (8/8)  6.320.6 (8/8) 6.0=1.7 (7/8)
Megasphacrac 83 (1/8)  7.0+15 (4/8)  69+0.6 (2/8) 79+1.4 (48) 54 @28) 53 2/8)
Clostridium perfringens 40 (2/8) 42 (28) <20  (0/8) <20  (0/8) 65 @28) 53 2/8)
Clostridium - others 9.4+0.5 (8/8) 9.5+0.5 (8/8)  9.3+0.6 (8/8) 9.5+0.3 (8/8)  9.7+0.3 (8/8) 9.5:0.2 (8/8)
Lactobacilli 57+1.4 (7/8) 5.6+1.1 (7/8)  6.6+1.9 (88) 6.5+1.7 (88)  6.7+1.5 (8/8) 6.6+1.4 (8/8)
Enterobacteriaceae 7.8+13 (8/8) 7.5:1.3 (8/8)  69+0.9 (8/8) 7.3:09 (8/8)  68+1.2 (8/8)  6.6:0.8 (8/8)
Enterococci 7.0:0.9 (8/8) 6.6:0.9 (8/8)  6.5:1.3 (8/8) 6.6+1.6 (8/8)  6.9:1.4 (8/8) 7.0+1.0 (8/8)
Staphylococci <20  (08) <20  (0/8) <20 08) 26 @8) 23 28 28 2/8)
Bacilli 42 (1/8) <20  (0/8) <20 (0/8) <20  (0/8) <20  (0/8) <20  (0/8)
Yeasts 40204 (6/8) 3308 (7/8) 33208 (7/8) 2.5:02 (3/8) 34208 (3/8) 2.603 (4/8)
Total counts 11.0=0.1 11.0+0.2 10.9+0.1 11.0£0.2 11.0=0.1 10.8+0.2

Values are means=SD of log bacterial counts per gram of wet feces (n=8).
* Frequency of occurrence.




Table 3-3 Effect of Corn Fiber and Fat on fecal Nuclear Damage

Subject LF HF HFF

1 0 6 6

2 1 1 2

3 1 1 6

4 2 S5 5

5 4 11 2

6 6 7 8

T 14 10 8
Means = SD 4.0+4.9 5.9+3.9 4.6+2.3

Nuclear aberrations per 100 crypts.
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Fig.4-1 Experimental

program




Corn fiber

Extracted with 2% calcium hydroxide, 80°C, 6 hrs.

l

Residue Extract

Neutralized with sulfuric acid

Residue Supernatant

—— Dialyzed against distilled
water for 4 days

—— Filtered (0.45um)

—— Lyophilized

Hemicellulose preparation

Fig.4-2 Scheme for isolating corn hemicellulose




Fig. 4-3
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Fig. 4-4 Effect of hemicellulose on fecal water content and pH
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Fig. 4-6 Effect of corn hemicellulose on fecal enzyme activities
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Fig.4-7 Effect of corn hemicellulose on serum lipids




Table 4-1 Composition of Corn Hemicellulose

Moisture 5.6

Crude Protein 2.58 §(E8i6)""
Crude Fat midiee

Ash ST Qs
Starch n.d.
Cellulose ° (e EC0:1)
Hemicellulose ° 88.4 (93.6)
Lignin ° D98 (MDY
Hexose ° 21.0 5(22.1)
Pentose " 61.2 (64.4)
Uronic Acid 3.00 (32

@ Percentage on a dry matter basis.
® Determined by the method of Southgate.
¢ Not detected.




Table 4-2 Effect of Corn Hemicellulose Supplementation on Human Fecal Flora

Pre—control period Hemicellulose supplementation period Post—control period
Bacterial group

Day 7 Day 10 Day 7 Day 10 Day 7 Day 10
Bacteroidaceae 102+0.1 (9/9)° 105+0.1 (9/9) 104202 (9/9) 10.5:03 (9/9) 10.6:0.4 (9/9) 9/9)
Eubacteria 10.1£0.2 (9/9) 10.1=0.2 (9/9) 10.1£0.2 (9/9) 10.2+0.2 (9/9) 10.0£0.2 (9/9) 9/9)
Peputococcaceac 99+0.2 (9/9) 9.8:0.3 (99)  9.8+03 (9/9) 9.6+02 (99)  9.6:0.3 (9/9) (9/9)
Bifidobacteria 10.2£0.2 (9/9) 10.1+0.3 (9/9) 10.30.2 (9/9) 10.420.3 (9/9) 10.2+0.2 (9/9) 10.3x0.2 (9/9)
Veillonellae 75207 (6/9) 7.6=1.5 (6/9)  8.1%0.9 (6/9) 7.6:0.8 (6/9)  7.9:0.4 (5/9) 7.6+0.2 (5/9)
Megasphaerae 79 1m9) 82 19 81 19) 80 am) 712 19) 65 (1/9)
Clostridium perfringens 4.0£0.9 (5/9) 5.320.6 (5/9) 3.9+0.5 (4/9) 4.0£0.5 (4/9) 4.6=0.6 (5/9) 4.2+0.4 (4/9)
Clostridium — others 6.8+2.7 (9/9) 7.=1.4 (9/9)  6.420.4 (9/9) 6.5+12 (9/9)  7.0s1.0 (9/9) 7.2+1.4 (9/9)
Lactobacilli 50«19 (8/9) S4=1.4 (89)  S5.1=15 (8/9) 52:1.1 (8/9)  50s1.2 (8/9) 5.1«1.0 (8/9)
Enterobacteriaceae 6.7+1.1 (9/9) 67«10 (9/9)  6.120.6 (9/9) 6.0:0.8 (9/9)  69+0.7 (9/9) 6.7+1.2 (9/9)
Enterococci 6309 (9/9) 72+0.6 (9/9)  63x0.9 (9/9) 6.5:0.7 (9/9)  6.6=0.9 (9/9)  6.4=0.7 (9/9)
Staphylococci 28404 (2/9) 34208 (3/9)  32:0.4 (2/9) 2804 (2/9)  32:0.5 (3/9) 3.0:0.4 (2/9)
Bacilli <20  (09) <20 09) <20  (09) <20  (09) <20  (09) <20  (0/9)
Yeasts 37+1.0 (4/9) 37+0.8 (49)  37+1.0 (4/9) 3.5:08 (3/9)  4.1=14 (4/9) 3.9+1.8 (3/9)
Total counts 10.90.1 10.8+0.1 10.9+0.1 10.9£0.2 11.0£0.3 10.9£0.2

Values are means=SD of log bacterial counts per gram of wet feces (n=9).
* Frequency of occurrence.
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Table 5-1 Digestivity in vitro. of Corn Fiber and Hemicellulose

Corn Fiber Hemicellulose
Human Saliva 0.4 0.3
Attifical Gastric Juice (HCI) 0.3 0.0
Porcine Pancreas 0.0 0.0
Porcine Intestinal Acetone Powder 0.2 0.1

Values are degradation ratio (%) = increased reducing sugar / total sugar x 100.




Table 5-2 Utilization of corn fiber and hemicellulose by 110 of intestinal bacteria

Bacterial Species No. of Starins Corn Fiber Hemicellulose Bacterial Species No. of Strains Comn Fiber Hemicellulose
Bifidobacterium bifidum 5 0 0 Clostridium bifermentans 1 0 0
infantis 2 0 0 coccoides 1 0 0
breve 3 0 0 paraputrificum 2 0 0
adolescentis 5 0 0 difficile 2 0 0
longum 5 0 0 ramosum 3 0 0
Lactobacillus acidophilus 8| 0 0 perfringens 5 0 1
salivarius 2 0 0 butyricum ) 0 2
casei 2 0 0 innocuum 1 0 0
gasseri 1 0 0 clostridiforme 2 0 1
Bacteroides fragilis 4 0 1 Fusobacterium varium 1 0 0
thetaiotaomicron 3 0 0 necrogenes 1 0 0
vulgatus 3 0 0 Peptostreptococcus anaerobium 1 0 0
distasonis & 0 4 productus 4 0 0
uniformis i 0 1 parvulus 2 0 0
melaninogenicus 1 0 0 Propionibacterium acnes 2 0 0
ovatus 2 0 0 Eubacterium lentum & 0 0
Mitsuokella multiacidus 2 0 0 limosum 5 0 0
Echerichia coli 5 0 0 aerofacience 5 0 0
Megamonas hypermegas 1 0 0 eligens 1 0 0
Veillonella parvula 3 0 0 contortum 1 0 0
Streptococcus  faecalis 2 0 0 moniliforme 1 0 0
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Fig.6-1 Experimental program
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Fig.6-2 Scheme for preparation of corn fiber residue




Comn Fiber Residue ( x 300 )

Fig. 6-3 The Scanning Electron Micrographs of Corn Fiber and Residue
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Fig. 6-5 Effect of corn fiber residue on fecal enzyme activities
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Table 6-1 Composition of Corn Fiber and Corn Fiber Residue

Corn Fiber Corn Fiber Residue
Moisture 54 6.8
Crude Protein 38  (46) * 24 (2:6)
Crude Fat 128 13) 01 (0.1)
Ash 02 (03) 032 .(03)
Starch 43 (45) 04 (04
Cellulose 210 (22.1) 414 (44.4)
Hemicellulose — Water Insoluble 612  (64.4) 38,1 = (35.5)
Hemicellulose — Water Soluble 00 (0.0) Sl (5.5)
Lignin 30 (32) 51 (59

* Percentage on a dry matter basis.
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