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SUMMARY

- Subject

Development of Functional Foods Using Whole Grains and Their
Physiological Activities

- Objectives and Significance

Whole grains contain dietary Tibers, minerals, vitanins and
phytochemicals. Howewver, it is very difficult to expect their health
promoting activities, because they are bound to rigid structural matrix
of whole grain. Therefore, it is very important to release biocactive
components from the cell wall of whole grains through appropriate
processing technology. Although consumption of whole grain is
recommended for preventing chronic diseases, scientific relationship has
not been clearly documented between whole grain consumption and disease.
In addition, it is worth designing functional foods in consideration of
composition and bioactive components of whole grains, since
physiological mechanism of individual varies depending on the factors
such as age, health, etc.

The objectives of this study were to develop effective processing
technology to release bioactive components of whole grains, to
investigate the relationship between whole grain consumption and
chronic disease such as coronary heart disease and hyperlipidemia by the
clinical study, and to design functional foods with physiologically

bioactive nutraceuticals of whole grains.



. Contents and Scope of Research

1. Selection of whole grains
A. Research of whole grain market

B. Examination of nutrients and bioactive components of whole grain

2. Development of extrusion process and research of product
characteristics
A. The change of nutrients and bicavilability of whole grains
B. Improvement of solubilization and rheological characteristics by
extrusion
C. Optimal process condition for solubilization

D. Sensory evaluation

3. Solubilization of cell wall of whole grains by enzyme treatment
A. Application of industrial enzyme
B. Improvement of solubilization and bicavailibility
C. Release of trace elements and phytochemicals
D. Optimal process condition to increase solubilization and
biocavailibility
4. Selection of basic formulation of whole grain foods and design of
functional foods

5. Clinical studies: Investigation of relationship between consumption

of whole grain and chronic diseases
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- Results and Recommendation

1. Solubilization of whole grains by extrusion

The extrusion effects on solubilization and physiochemical properties
of brom rice, glutinous rice, barley and job"s tear were investigated
in comparison with raw and roasted whole grains. Whole grains were
extruded under 13 different operating oconditions, where the process
variables was controlled in the following ranges: screw speed, 200
300rpm; temperature, 110-130 ; moisture, 15-25%.

Physicochemical properties of whole grains by extrusion were
characterized in terms of water solubility index (WSI), viscosity,
dispersibility, dietary Tiber, gelatinization, resistant starch and
swelling effect in comparison with those of raw and roasted grains.

WSI of whole grains significantly increased by extrusion, especially
WSI of glutinous rice containing abundant amylopectin increased twice
than WSI of brom rice. The content of soluble dietary Tfiber was
increased due to extrusion treatment, while insoluble dietary Tiber
decreased concomitantly and the content of total dietary fiber was not
nearly changed. Extrusion increased gelatinization of grains and
especially, gelatinization of extruded barley increased 7 times than
that of raw barley. Extrusion improved the digestibility of grains in
comparision with that of raw and roasting grains, and the digestibility
of barley increased by 2.6 times. In addition, the content of resistant
starch decreased and the dispersibility and swelling effects were
improved by extrusion.

Solubilization of grains by extrusion was characterized in terms of
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water solubility index(WSl), soluble yield(Y) and intrinsic viscosity
(In D- Considering both yield and intrinsic viscosity, a dimensionless
target parameter Y[n ] was also included for analyzing the extrusion
effects on cereal structure. Solubilizing effects of extrusion on
cereals were the most pronounced in glutinous rice. Response surface
methodology (RSM) analysis showed that the moisture content was the most
significant contributor among screw speed, temperature, and moisture
affecting the solubilizing phenomena of cereals processed with

extrusion.

2. Activation of physiologically biocactive nutraceuticals from whole

grains

Whole grains contain various phytochemicals, but they are covalently
cross linked with other insoluble cell wall materials, existing as an
inactive state from physiological vieaspoint. In this case it is very
difficult to expect their health promoting activities, since human body
does not possess the appropriate tool for utilizing the insoluble
components.

There are plenty of phytosterol including B -sitosterol in cell wall
of grains. [ -Sitosterol possesses various physiological activities such
as cholesterol lowering effect and anticancer effect. However, [
-sitosterol is bound to plant cell wall components as a insoluble
complex, which results in decreasing its bioavailability. This research
was attempted to release [ -sitosterol using extrusion process and
enzyme treatments of whole grain.

B -Sitosterol present in whole grain was released by 13 times when
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extrusion and enzyme treatment were used In conbination. Extrusion and
subsequent enzyme treatment improved physicochemical characteristics of
whole grain, leading to increasing soluble dietary fiber, increasing
digestibility, etc.

This research clearly demonstrated that extrusion with subsequent
enzyme treatment improved processing characteristics and physiological
activity of whole grain, and strongly suggested industrial potentials to
produce cereal based functional foods containing activated

nutraceuticals.

3. Clinical studies

A. The effect of whole grain consumption on serum lipid and
antioxidant system of patients with diabetes and coronary artery

disease

Although current dietary guidelines recomend to increase the
consumption of whole grain, these recommendations are mainly derived
from the belief that replacing fats with carbohydrate may reduce risk of
coronary artery disease (CAD) by improving serum lipids. Our objective
was to evaluate whether the isocalorical replacement of refined rice
with whole grain reduce CAD risk factors such as insulin demand and
lipid peroxidation in CAD patients. Thirty-eight male patients with CAD
were provided with 70g powder of whole grain (220kcal) for 16 weeks,
replacing cooked refined rice as a carbohydrate source of breakfast. An
oral glucose tolerance test (OGTT) was performed in all subjects to
determine the effect of whole grain consumption on serum concentrations

of insulin and glucose in CAD patients with different degree of glucose
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tolerance.

With the substitution of whole grain for refined rice, serum glucose
concentrations decreased by 24% without altering body weight and energy
intake. Estimates of daily fiber and vitamin E intakes increased by 24%
and 50%, respectively. Whole grain consumption in CAD patients without
diabetes decreased fasting glucose (22%) and the area under the curve
(AUC) for insulin (26%) and glucose (19%) during an OGTT. CAD patients
with diabetes also showed reductions in fasting glucose (27%) and AUC
for glucose (25%) during the OGTT, compared with baseline values. Whole
grain consumption reduced plasma malondialdehyde and homocysteine and
urinary 8-epi-prostaglandin  F&x  concentrations by about  30%.
Lipid-corrected concentrations of o -carotene, retinol, o - andy
—tocopherol and lycopene increased by 22-46%, compared with baseline
values. The replacement of refined rice with whole grain as a
carbohydrate source of a meal showed significant beneficial effects on
glucose, insulin and homocysteine concentrations and lipid peroxidation
in CAD patients. These effects are likely to substantially reduce the
risk factors of CAD and diabetes in CAD patients.

B. The effect of whole grain consumption on serum lipid and

antioxidant system of patients with hyperlipidemia

Whole grains which contain dietary fiber and antioxidants such as
trace minerals, vitamins and phytoestrogens are recommended for disease
prevention. But no studies about disease prevention using whole grains
have been reported. Our study is to investigate whether unroasted whole

grain ingestion replacing refined rice improves serum lipids and
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lipoproteins and antioxidant system. Eighteen male patients with
hyperlipidemia were provided with ponder of unroasted whole grains for
12 weeks, replacing cooked refined rice as a carbohydrate source of
breakfast. We collected and analyzed fasting blood in all subjects and
compared the whole grain ingestion group with the control group
consuming usual diet.

With the substitution of unroasted whole grains for refined rice,
serum total cholesterol and LDL cholesterol concentration decreased by
2% and 5%, whereas HDL cholesterol concentration increased by 8%, but
there were no significant changes in the control group. While unroasted
whole grain consumption reduced plasma homocysteine concentraion by
about 28%, malondialdehyde concentration did not change significantly.
Lipid—corrected concentration of o -carotene, lycopene increased
significantly by 78%, 82% compared with baseline values and the
concentration of seleniun by 8%, but not significantly. The replacement
of refined rice with unroasted whole grains as a carbohydrate source of
a meal reduced cholesterol, homocysteine concentration and increased
concentrations of  antioxidant nutrients, o -carotene, lycopene and
selenium. These effects are likley to substantially reduce the risk
Tactors of CAD in hyperlipidemic patients.
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Fig. 1. Structure of Monocot Primary Cell Wall(3)
Cellulose microfibrils L1 are coated primarily with
glucuronoarabinoxylans (GAX) and some xyloglucans [ ], a portion of
which are immobilized by phenolic ester cross stitches [ ]. Other
acidic arabinoxylans are hydrogen bonded to each other and may span the
matrix [ ], and additional GAX may define the pores of the matrix
[ 1. replacing the function of pectic substances in these species.
The highly substituted GAX may be the newly synthesized GAX cross linked
loosely by diferulic acid [ ]- Not showmn 1is the developmental
stage-specificp -D-glucan that is synthesized when cell expansion
begins.
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3
. Table 1
Table 1. Extrusion conditions of cereals
Temperature Moisture Content Screw speed
Sanpels
) (€9 (rpm)
EX-1 130 25 250
EX-2 130 20 300
EX-3 130 20 200
EX-4 130 15 250
EX-5 120 25 250
EX-6 120 25 200
EX-7 120 20 250
EX-8 120 15 300
EX-9 120 15 200
EX-10 110 25 250
EX-11 110 20 300
EX-12 110 20 200
EX-13 110 15 250
1 kg 10 L Filtrase BR
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(Gist-Brocades, Netherland) C / =1:100) 50
6 - 50 12

4.
- (Water Sclubility Index: WSI)
10 g 100 ml 1 2,000x g
10 - 10 ml
105 4 Wsi
(saluble salids g/10 ml) x 100 ml
WSI(%) = x  100%
100%
. (Intrinsic Viscosity)
1 -
0.45 Millipore filter 10 i Cannon-Fenske
(size 50) 25+ 0.1cC - (D
bl = lim @-y)/y<
U » IS , C -



fragmentation -

(9/7dL)
(d/9) x
Prasky dietary fiber assay kit(Sigra
Chemical Co.) - (scluble
dietary fiber: SDF) (insoluble dietary fiber: IDF)

, 2 -

(total dietary fiber: TDF)

19 15 ml test tube
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Table 2 , »
Screw 3 -
3-level factorial design 110 130 , 15
25%, screw 200 300 rpm , Table 1
water soluble index (WSI), (C, g/dL), (In 1, dw/g),
CIn 1 -
SAS (static analysis syster) program
, 2 -
=Bo+3X Bi+ZZZIBijXiXj
Bo,Bi , Xi, Xj .

Table 2. Levels of extrusion conditions In experimental design

Levels
Xi Extrusion conditions
-1 0 1
X1 Temperature ( ) 110 120 130
X2 Moisture content (%) 15 20 25
X3 Screw speed (rpm) 200 250 300
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, , 3 13
3 (EX-2, EX-6, EX-8) ) 100 mesh
5g 50 ml mass flask .
30 ml 20 sonication(Branson 8210 sonicatar)

mass up - C MF-300) 4,000

rpm 5 0.45 membrane filter(Sartorius Co.)

2) : BZ , FWN (flavin
mononuclectide), FAD (flavin adeninedinuclectide) 3

(Sigma Ca.) -

3 L/C : Waters HPLC (600 E) , M -bondapak C18
(3.9 * 300 mm, Shiceido Co.) - Mabile phase
: 10mM NaHzPC4 (H5.5) 35 : 65
0.8 ml/min flow rate - 20
injectian , 445 nm, 530 nm

(Waters 470 detector) -

2) : 3 RT ,
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FVWN  FAD
3 -
1 : (drying ash method)
ICP -
550 5
- ICF
2) ICP : ICP
(Inductively coupled plasma; JCBIN YVON 38S spectraometer)
- ICP Table 3 ,
Na, K, Fe - ’
ICP (AccuStandard, Inc.) ,
Factor 1.0 -

Table 3. Analytical conditions of inductively coupled plasma

Wavelength(nm) Prim. SIit Sec.Slit Time(sec) )

Na 588 20 15 2.0 993
K 766.49 20 15 2.0 793
Fe 238.204 20 15 2.0 643




- (Degree of gelatinization)

1) : (Clucoarylase)
- o-toluidine
green chromogen 630 nm
2) : , , , 4
( ). , ai )
, (100 mesh )} - standard curve
Q% C )] soluble starch , 100%

2% scluble starch sloution

Glucoamylase Sigma(A-7255) sodium acetate
buffer(pH 4.5) 0.04% , o-toluidine
Sigra thiourea 1.5 g glacial acetic acid 940 ml
60 ml , -
3 = 50 ml centrifuge tube 5 ml
20 mg - centrifuge tube  gluccamylase scluticn
25 ml 30 40 water bath -
25% TCA 2 ml
- 4 , 11,500 rpm 5
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C.5ml 15 1 glass test tube o-toluidine reagent 4.5
mi - Boiling water bath 10
glacial acetic acid 5 ml voltex
- Spectrophotareter (Shimadzu Uv-1201) 630 nm
- 0, 50, 100% standard curve

Biliaderis -

in vitro , a -amylase
) 0.5g 50 ml 10
. 2ml 15 ml test tube a -amylase
C.1 nml 37 30 3,000 rpm 5
- c.5 ml
Somogyi-Nelson in vitro

mg of reducing sugar (as maltose)x 100 (dilution ratio)
Cigestibility(®) = x 100
weght of sanple (1CO @)

Champ

a -amylase amylogluccsidase

- 59 -



aglucose(rg)x dilution ratic(10)x 0.9
RS(®) = x 100
Oweight of sarple (1000)

(0.9 is the correction factar gluccse (starch))

8.
1g 10ml Filtarse BR ( :
=1:100, w/w, Gist-brocades Co., Netherlands) 50 6
, 12 -
1g 10ml 25 2
10% methanclic KCH - 10 ml ethyl
ether (unsaponifiable matter) [ -sitostercl
, 3
. Gas chramatography B -sitosteral
10 ml 0.45 membrane filter (Gelman
Sciences Co.) GC Table
4 - B -sitcstercl (Sigma Co., USA) (C 0.01
mg/10 mh) B -sitosteral
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Takble 4. Cperation conditions for the GC analysis of phytaosterol

Instrument Hewlett Packard 5890 A
Column Utra 2 (Hewlett Packard No. 19091B-102)
Carrier gas Hydrogen (30 ml/min)
Injection temp. 300
Detector temp. 300
Oven temp. 160-200-300
Detector FID
9.
(SEV)
- 30 mesh ion coater
(Model 1IB-3, Eiko engineering, Ltd., Japan) gold coating(250
D) (Hitachi S-2700 Scanning Electron Micrascope, 20

kv filament accelerating voltage, Hitachi, Ltd., Japan)

Polarcid Palapan 55N (Falaroid Co., USA) -

10.

40 -
)
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11. formula

i)
swelling poor wettability
instantizing agent Metarin
(Table 5).
PC(phosphatidyl choline)
instantizing - PC
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. lecithination



80% 60%
Table 5. The types and characteristics of lecithin
Vetarin M F 50 c P Cp
milk  ccocoa
PC
0 L
milk sugar
+ + + - + +
- - - + + +
() 1-2 1-2 0.7-4 0.5-1 0.5-1 0.3-0.5
Metarin P
. Metarin P Table 6 -
15%
- 5%
shearing force
20 - nozzle
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Table 6. The characteristics of Metarin P lecithin

1.5%
1.5%
PC 20 - 24%
PE 18 - 22%
Pl 12 - 15%
PA 4 - %
FOV 3
AV 36
pH 6-7
1000/g
50/9
50/9
10,000 /kg
25 kg
2)
(flow-cacter, )] 300 g

temp. 40

time 25

, Spray pressure 1.0 kgf/cm2, spray time 15

inlet temp. 60

7

18 mesh pass 80 mesh on

- 64 -

, autlet

, Spray delay



D
instant  products
reconstitution -
wettability sinking - wettability
Schubert modify -

. 400 ml
150 nl .
C 1 cr) hopper
. Formulation
1
, 18
3 ’
1
5 - bran
18 ’ ’ ’ ’ ’
’ 3 ’ ’
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2)

0.05

©))

specification

C, C:,

specification
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B,

10



10

24

12

target

base

specification

Home Using Test



1 400 - 800 kcal
(VLCD) 1 1200 kcal

(LCD)



1. ¢ )
, , 7 .
) 1966 3,916
, 1,632 , 30 1994
5,060 , 232 .
7 1990
Brand .
1993
brand .
. 1994
IVF ,
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400 500

brand 50% .

farmular

brand

Table 7 .

’ GABA
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mixed-linked (1-3), (1-4)-beta-C-glucan
3.0 6.9%
beta-glucan

, B -sitosterol, Coixal glicans, benzoxanzinones

saponin, choline rutin

Table 7. Corposition of cereals

V.EL V.E2
Keal 9 9 9 9 9 mg mg mg ng g mg

368 7.2 25 7.8 1.3 1.2 41 284 2.1 0.3 0.1 5.1

364 7.4 2.1 77.1 0.8 1.3 21 243 3.4 (0.3 0.12 5.0

334 10.6 1.8 68.2 2.9 2.7 43 360 5.4 0.31 0.10 5.5

373 21.3 3.7 616 2.0 1.5 151 309 6.8 (.19 Q.02 2.0

317 13.0 6.2 54.7 106 3.0 55 320 4.6 0.3 0.1 1.5

316 10.1 3.0 720 2.5 1.8 51 410 2.8 (.48 Q.15 1.5

300 10.8 28 610 ¢.0 1.9 42 330 3.1 0.32 Q.12 4.1

336 10.3 4.7 €69.5 1.7 1.8 9 330 3.0 0.35 0.10 6.0




Y

4
solubility index), ,
Table 8 11

palysaccharides)
Table 8 Table 9
2

branch-on-branch

(water

(intrinsic viscosity) X

(non-starch carplex

(branched paolysaccharides)
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Table 8. Solubilization of brown rice by extrusion

Samples]) WSI1(%) C(g/dL) [n 1(dL/g) Cn 1

RAW 1.925 0.0385 0.1855 C.0071

RO 1.60 0.0320 0.2232 0.0071
EX-1 31.15 0.6230 0.7108 0.4429
EX-2 34.15 0.6830 0.7321 (.5000
EX-3 31.63 0.6325 0.6776 0.4286
EX-4 38.95 C0.7790 0.6418 (.5000
EX-5 341 0.6820 0.6075 0.4143
EX-6 30.43 0.6085 0.8217 (.5000
EX-7 35.78 0.7155 0.6988 (.5000
EX-8 42.48 0.8495 0.4877 0.4143
EX-9 39.30 0.7860 0.4907 0.3857
EX-10 38.23 0.7645 0.7288 0.5571
EX-11 39.30 0.7860 0.6361 (.5000
EX-12 38.98 Q0.7795 0.6414 (.5000
EX-13 40.60 0.8120 0.5630 0.4571

D RAW - Raw cereals; RO : Roasted; EX : Extruded
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Table 9. Solubilization of glutinous rice by extrusion

Samples]) WSI1(%) C(g/dL) [n 1(dL/g) Cn 1

RAW 4.60 0.0920 0.1553 0.0143

RO 2.43 0.0485 0.2946 0.0143
EX-1 67.93 1.3585 0.8202 1.1143
EX-2 68.33 1.3665 0.8259 1.1286
EX-3 69.10 1.3820 0.8786 1.2143
EX-4 68.48 1.3695 0.5842 (.8000
EX-5 66.13 1.3225 0.9182 1.2143
EX-6 66.65 1.333 0.88935 1.1857
EX-7 69.93 1.3985 0.8274 1.1571
EX-8 71.35 1.4270 0.5306 0.7571
EX-9 69.98 1.3995 0.6125 0.8571
EX-10 69.13 1.3825 0.7647 1.0571
EX-11 65.45 1.3090 0.8512 1.1143
EX-12 64.05 1.2810 0.9479 1.2143
EX-13 69.98 1.3995 0.5308 0.7429

D RAW - Raw cereals; RO : Roasted; EX : Extruded
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Table 10. Solubilization of barley by extrusion

Samples]) WSI1(%) C(g/dL) [n 1(dL/g) Cn 1

RAW 4.12 0.08235 0.5204 0.0429

RO 3.28 0.0655 0.6543 0.0429
EX-1 17.78 0.3555 1.0046 0.3571
EX-2 22.45 0.4490 1.1136 (0.5000
EX-3 20.65 0.4130 1.2452 0.5143
EX-4 34.25 0.6850 1.2930 0.8857
EX-5 23.68 0.4735 1.2068 0.5714
EX-6 16.98 0.3395 1.0940 0.3714
EX-7 25.53 0.5105 1.1753 (.6000
EX-8 29.00 0.580 1.1823 0.6857
EX-9 36.53 0.7305 1.3689 1.0000
EX-10 24.10 0.4820 1.1263 0.5429
EX-11 31.60 0.6320 1.0398 0.6571
EX-12 27.60 0.5520 1.0870 (.6000
EX-13 33.63 0.6725 1.1046 0.7429

D RAW - Raw cereals; RO : Roasted; EX : Extruded
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Table 11. Sclubilization of Job"s tear by extrusion

Samples]) WSI1(%) C(g/dL) [n 1(dL/g) Cn 1

RAW 3.08 0.0615 0.2323 0.0143

RO 1.63 0.0325 0.43%6 0.0143
EX-1 56.18 1.1235 0.8519 0.9571
EX-2 58.90 1.1780 0.6791 (.8000
EX-3 55.33 1.1065 0.8005 0.8857
EX-4 60.18 1.2035 0.4629 0.5571
EX-5 55.90 1.1180 0.8561 0.9571
EX-6 55.68 1.1135 0.8083 (.9000
EX-7 55.10 1.1020 0.8426 0.9286
EX-8 62.90 1.2580 0.4429 0.5571
EX-9 59.78 1.1955 0.5736 0.6857
EX-10 57.45 1.1490 0.8206 0.9429
EX-11 57.73 1.1545 0.9157 1.0571
EX-12 54.58 1.0915 1.0078 1.1000
EX-13 59.28 1.1855 0.5543 0.6571

D RAW - Raw cereals; RO : Roasted; EX : Extruded
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hD

2)

solubility index)

Table 12

x Ch D

(Table 10 & 11). ,

roasting

(water

Filtrase BR
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—-gluculase cellulase, arabinase, xylanase

D
. . (S0P,
(IDF), (TDF) Tables 13 16

(complex carbohydrates) -
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Table 12. Water sclubility index of cereals

Barley (%) Brown Rice (%) Job"s Tear (%)

Sarples() _ Extrusion+ _ Extrusion _ Extrusion

Extrusion Enzymet) Extrusion + Enzyre Extrusion + Enzyre
EX-1 28.12 32.20 38.27 41.25 28.05 42.60
EX-2 30.28 35.65 39.15 42.72 29.80 41.85
EX-3 29.91 33.82 37.74 41.82 28.55 41.26
EX-4 27.95 35.76 38.82 43.18 30.8 42.22
EX-5 28.25 34.24 36.15 42_86 27.64 42.27
EX-6 28.72 36.14 38.32 41.95 30.11 42.21
EX-7 27.62 33.51 39.01 41.22 29.06 38.67
EX-8 30.15 33.34 36-99 44.22 33.17 42.23
EX-9 30.52 34.61 36.68 42.54 32.21 42.29
EX-10 26.99 30.29 39.25 41.61 29.91 49.57
EX-11 27.78 31.98 39.90 42.26 25.73 43.29
EX-12 28.14 32.62 38.26 43.63 28.78 41.31
EX-13 28.55 33.00 38.53 4419 29.62 40.71

() EX: Extruded
() Filtrase BR
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- (shear
force)

. Tables 13 16

Tables 13 16

Table 15

B -glucan
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Table 13. Dietary fiber content of brown rice

Samplel) IDF(%) SDF(%) TOF(%)
RAW 9.31 1.90 10.21
RO 8.38 2.04 10.42
EX-1 7.66 2.52 10.18
EX-2 6.91 3.03 9.94
EX-3 8.35 2.26 10.61
EX-4 7.79 2.26 10.05
EX-5 6.97 2.66 9.63
EX-6 7.70 2.31 9.91
EX-7 7.83 2.18 10.01
EX-8 7.94 2.24 10.18
EX-9 7.99 2.26 10.35

EX-10 7.56 2.81 10.37
EX-11 7.27 2.05 10.32
EX-12 8.21 2.30 10.51
EX-13 8.18 2.31 10.49

DRAW: Raw; RC: Roasted; EX: Extruded

- 81 -



Table 14. Dietary fiber content of glutinuocs rice

Samplel) IDF(%) SDF(%) TOF(%)
RAW 8.18 2.03 10.21
RO 8.02 2.15 10.17
EX-1 7.33 3.42 10.75
EX-2 7.53 2.70 10.23
EX-3 7.61 3.02 10.63
EX-4 7.53 2.82 10.35
EX-5 7.91 3.01 10.92
EX-6 6.89 4.07 10.96
EX-7 6.97 3.20 10.17
EX-8 7.02 3.31 10.33
EX-9 7.48 3.32 10.70

EX-10 6.93 3.11 10.04
EX-11 7.27 2.80 10.07
EX-12 7.64 2.51 10.15
EX-13 7.80 2.32 10.12

DRAW: Raw; RC: Roasted; EX: Extruded
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Table 15. Cietary fiber content of barley

Samplel) IDF(%) SDF(%) TOF(%)
RAW 10.53 6.55 17.08
RO 9.19 7.76 16.95
EX-1 7.88 8.19 16.07
EX-2 7.19 8.93 16.12
EX-3 7.97 8.68 16.55
EX-4 7.13 9.52 16.65
EX-5 6.58 9.65 16.23
EX-6 6.51 10.08 16.59
EX-7 8.20 8.81 17.01
EX-8 6.95 9.83 16.78
EX-9 6.74 9.27 16.01

EX-10 7.86 9.19 17.05
EX-11 7.23 9.15 16.38
EX-12 7.64 8.38 16.02
EX-13 7.53 8.60 16.33

PRAW: Raw; RC: Roasted; EX: Extruded
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Table 16. Dietary fiber content of Job™s tear

Samplel) IDF(%) SDF(%) TOF (%)
RAW 13.51 2.06 15.57
RO 13.45 2.23 15.68
Ex-1 11.22 3.69 14.91
EX-2 10.98 4.22 15.20
EX-3 11.78 2.60 14.38
EX-4 12.65 3.10 15.75
EX-5 11.31 4.31 15.62
EX-6 11.38 3.98 14.36
EX-7 10.71 4.13 14.84
EX-8 12.23 3.03 15.26
EX-9 11.05 3.99 15.04
EX-10 11.10 4.32 15.42
EX-11 11.67 3.80 15.47
EX-12 12.42 3.10 15.52
EX-13 12.19 2.93 15.12

DRAW: Raw; RC: Roasted; EX: Extruded
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2)

, (SbF),
(1IDF), (T0F) Table 17 19
Table 17. Dietary fiber contents cf brown rice
ICF ) SDF (%) TDF (%)
Sanples) i} Extrusion+ i} Extrusion i} Extrusion
Extrusion Extrusion Extrusion
Enzyme(t) + Enzyme + Enzyme
EX-3 8.35 8.84 2.26 5.00 10.61 13.83
EX-5 6.97 8.98 2.66 4.99 8.63 13.97
EX-9 7.99 8.86 2.26 5.12 10.35 13.97

() EX: Extruded
() Filtrase BR
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Table 18. Dietary fiber contents of job"s tear

ICF %) SDF (%) TDF (%)
Sanples) i} Extrusion + i} Extrusion i} Extrusion
Extrusion Extrusion Extrusion
Enzyme(t) + Enzyme + Enzyme
EX-3 11.78 11.37 2.60 4.89 14.38 16.40
EX-5 11.31 11.76 4.31 5.67 15.62 17.43
EX-9 11.05 11.31 3.99 4.18 15.04 15.49
() EX: Extruded
() Filtrase BR
Table 1S. Dietary fiber contents of barley
ICF %) SDF (%) TDF (%)
Samples() i} Extrusion + i} Extrusion i} Extrusion
Extrusion Extrusion Extrusion
Enzyme(t) + Enzyme + Enzyme
EX-3 7.97 4.74 8.68 4.56 16.55 8.36
EX-5 6.51 4.68 10.08 4.84 16.59 g.52
EX-9 6.74 4.28 Q.27 4.53 16.01 8.78

() EX: Extruded
() Filtrase BR
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Table 20

- 87 -
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Table 20. Ciareters of extrudates after extrusion of ceareals

Samples

Braown rice

CGlutinous rice

Job"s tear

EX-1
Ex-2
EX-3
EX-4
EX-5
EX-6
EX-7
EX-8
EX-9
EX-10
EX-11
EX-12

EX-13

13.54+
14.96+
12.36+

10.46+
10.20+
15.80+

6.38+ 0.56¢)

7.96+ 1.15
8.12+ 1.711

10.10+ 0.88
14.12+ 0.54
14.68+ 0.51

7.76+ 0.63

1.07
1.75

1.23 12.30+ 0.94

1.39
1.18

1.27 15.62+ 0.79

6.00+ 0.60
8.76+ 0.73
8.96+ 1.12
13.90+ 1.45
5.62+ 0.24
7.16+ 0.47
6.34+ 0.43
12.68+ 0.94
11.58+ 0.30
5.70+ 1.19
8.10+ 2.14
4.90+ 0.73
12.26+ 0.96

&) Meant SD



i II I !

Fig. 1. The dispersibility of brown rice(”), glutinous rice(B),
barley(C) and job"s tear(C)
1: RAW; 2: RC; 3: CO-RO; 4: EX-2; 5: EX-6; 6: EX-8
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3. :
Table 8 11
viscosity), X
(Table 21), WSl R
Clh]l 0.8
model
, SCrew
P < 0.01
P<0.1
WS1

0.980, 0.957

(Respanse Surface Methadology)

SAS program
0.948

- WSI

WSI

CIn 1
(Table 22).
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, (intrinsic
- Wsli
Fig. 2
18%
0.944,
WSl



amylopectin

SCrew

22%

WSI,

WSI

(P <0.01).
screw Fig. 3
250 rpm -
screw
Ch 1
Table 23
, Ch 1
Ch 1
WSI Fig- 4
, 24%
CIn 1
screw
300 rpm
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P < 0.01
Cn 1

22%

Cn 1

wst,
(Table 24). WSl

SCrew

- WSl

WSI

- CIh 1
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Table 21. Analysis aof variance showing effects of treatment variables as
linear or quadratic terms and interaction effects on response variables
of brown rice.

wsl c h1 €1
souree P soe prowF St ProvE SS* ProsE SS* Prowsk
Nodel 9  174.85 0.0816 0.070 0.0816 0.086 0.4992 0.023 0.4734
Linear 3  161.50 0.0219 0.065 0.0219 0.064 0.2262 0.007 0.4635
Quai:ati 3 411 0.7455 0.002 0.7455 0.010 0.7479 0.006  0.4858
Cross 3  9.24 0.5095 0.004 0.5035 0.012 0.7100 0.010 0.3537

R2 0.948 0.948 0.779 0.79%
X1 4  64.95 0.105 0.023 0.105 0.013 0.8048 0.014 0.35047
X2 4 9550 0.0¢45 0.038 0.0065 0.070 0.2776 0.013 0.3726
X3 4 13.65 0.4960 0.005 0.4960 0.011 0.8444 0.005 0.6973

Table 22. Analysis of variance showing effects of treatment variables as
linear or quadratic terms and interaction effects on response variables
of glutinous brown rice.

wsl c 1] n1
Source DF

SS* Prov>F SS* Prov>F SS* Prov>F SS* Prov>F
Vadel 9 0.011 0.%005 0.254 0.0925 0.397 0.0212 456.52 0.0627
Linear 3 0.007 0.6337 0.167 0.0397 0.261 0.0088 383.22 (0.0190
Quadratic 3 0.004 0.7857 0.086 0.0947 0.135 0.0227 15.11  0.5946
Cross 3 0.0005 0.9832 0.0007 0.9854 0.0004 0.9805 58.19 0.2061

R2 0.515 0.944 0.980 0.957
X1 4 0.003 0.9218 0.002 0.9840 0.007 0.6877 78.20 0.2211
X2 4 0.006 0.7783 0.226 0.0381 0.358 0.0082 387.22 0.0272
X3 4 0.002 0.9585 0.012 0.7042 0.014 0.4229 54.06 0.299
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Fig. 2. Response surfaces far the effects of moisture content and
tenperature on WS1 and concentration (brown rice)



Concentration

o

[N

.55

'R
BT TaT——— SN AT Serew speed
Muoisture ™

Fig. 3. Response surfaces of concentration, [n ] and C[n ] by the
function of moisture content and screw speed (glutinous rice)



Table 23. Analysis aof variance showing effects of treatment variables as
linear or quadratic terms and interaction effects on response variables
of barley.

WSl c [h1] CIn1
Source CF
SS* Prov>F SS* Prov>F SSs* Prov>F SSs* Prov>F
Madel 9 0.183 0.0627 0.118 0.1102 0.118 0.1102 0.392 0.0258
Linear 3 0.153 (0.0190 0.064 0.0612 0.064 0.0612 0.2847 (0.0092
Quadrat
B 3 0.006 0.5946 0.017 0.2837 0.017 0.2837 0.022 0.2531
ic
Cross 3 0.023 (0.2061 0.037 0.1224 0.034 0.1224 (0.083 (0.0518
R2 0.9957 0.936 0.936 Q.977
X1 4 0.030 0.22112 0.053 0.1096 (0.054 (0.1096 78.20 0.1508
X2 4 0.155 0.0272 0.076 0.0698 (0.076 0.0698 387.22 (0.0092
X3 4 0.022 0.2996 0.029 0.2189 (0.029 (0.2189 54.06 0.0976

Table 24. Analysis of variance
linear or quadratic terms and
of Job™s tear.

showing effects of treatment variables as
interaction effects on response variables

wsl c h1] CIn1
Source CF
SS* Prov>F SS* Prov>F SS* Prov>F SS* Prov>F
Madel 9 0.015 (0.0152 0.029 0.0152 0.364 0.0855 0.365 0.0834
Linear 3 0.006 0.0058 0.020 0.0058 (0.253 0.0341 0.253 (0.0333
Quadrat
B 3 0.021 (0.0205 0.008 0.0205 (0.104 0.1073 0.102 0.1086
ic
Cross 3 0.445 (0.4497 0.0005 0.4497 (0.007 0.8121 (0.010 0.7194
R2 0.984 0.984 0.947 0.948
X1 4 1.688 0.4939 (0.0007 0.4939 0.036 0.4305 0.043 0.3668
X2 4 48.31 0.0090 0.019 0.0030 (0.292 (0.0404 0.293 0.0393
X3 4 21.13 0.0291 0.008 0.0291 0.019 0.6412 (0.0140 0.7326
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Table 25. The Effect of extrusion on Vitamin B2 content of brown rice
and glutinous rice

Brown rice (mg%) Clutinaus rice (mg%)

Samples
Vitamin B2 FMN/FAD Total Vitamin B2 FMN/FAD Total

Raw 0.07C01 0.0000 0.07001 0.02462 0.0000 0.02462

EX-2 0.00C36 0.03348 0.03384 (0.0C026 0.01242 0.01268

EX-6 0.00C33 0.00133 0.00166 (0.0CO15 0.00031 (0.Coc46

EX-8 0.00277 0.05176 0.05433 (0.0C027 0.00879  (0.C0S06

Table 26. The Effect of extrusion on Vitamin B2 content of barley and
job"s tear

Barley (mg¥%) Job®s tear (mg¥%)

Samples
Vitamin B2 FMN/FAD Total Vitamin B2 FMN/FAD Total

Raw 0.01581 0.0000 0.01581  0.11962 0.0000 0.11962

EX-2 0.00105 0.00673 0.00778 (0.01008 0.06138 (0.07146

EX-6 0.00C84 (0.00796 0.00880 (0.00919 0.04885  0.05804

EX-8 0.00109 0.00684 0.00793 (0.03470 0.02569 (0.06039
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Table 27. The Effect of extrusion on mineral content

R glutinous rice barley Job®s tear
brown rice (mg%)

Samples Wiy} k) )

Fe Na K Fe Na K Fe Na K Fe Na K

Raw 1.23 153 213.7 1.23 118.6 293 1.22 112 151.4 1.42 114.9 300
Ex-2 1.22 84.7 185.8 1.29 118.9 151.9 1.24 88.1 176.5 1.31 101.8 229.5
Ex-6 131 729 174 1.24 103.6 150.4 1.28 91.8 160.5 1.19 101.8 204.8

Ex-8 1.25 80.3 171 1.14 87.6 160.9 1.22 93.4 145 1.24 117.3 232.8

- (Degree of gelatinizatiaon)

standard curve

Table 28 -
11 21% - 10 1%
- roasting
, (resistance starch)
-4
4
4, 5, 8, 9, 13 -
» , Screw speed
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15%)..

extruder
barrel

( , 1994).

Table 28. Effect of extrusion on the degree of gelatinization

Samples Brown rice Glutinous rice Barley Job*"s tear
® ® ® ®
Raw 21.7C+ 0.752) 16.8C+ 0.96 11.26+ 0.77 17.04+ 0.30
Roasting 15.50+ 1.11 11.01+ 0.70 10.20+ 0.39 10.54+ 0.53
Ex-1 82.22+ 4.94 83.13+ 4.9 67.80+ 2.00 74.44+ 3.92
Ex-2 81.04+ 2.45 83.06+ 2.21 77.35+ 2.09 77.55+ 3.17
Ex-3 82.59+ 6.12 82.37+ 1.72 85.45+ 0.37 78.68+ 1.93
Ex-4 85.33+ 3.75 82.57+ 4.60 84.55+ 2.26 73.2%+ 3.94
Ex-5 79.04+ 1.74 83.75+ 4.86 88.56+ 3.16 77.61+ 4.29
Ex-6 80.74+ 2.25 79.40+ 1.52 82.12+ 5.69 78.97+ 2.68
Ex-7 79.97+ 5.€68 62.15+ 7.25 76.32+ 2.10 71.02+ 7.18
Ex-8 84.75+ 6.47 79.81+ 3.47 78.26+ 4.06 80.03+ 2.24
Ex-9 84.11+ 7.24 78.78+ 0.59 80.69+ 4.27 80.86+ 2.63
Ex-10 82.80+ 2.53 68.91+ 6.71 79.10+ 2.03 80.46+ 1.00
Ex-11 84.68+ 2.79 79.74+ 4.46 77.43+ 1.54 64.76+ 9.43
Ex-12 82.33+ 2.51 57.25+ 14.98 78.89+ 1.04 49.89%+ 1.26
Ex-13 77.24+ 3.86 82.23+ 5.98 78.83+ 5.76 71.43+ 5.18

IWeant S_E.
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i)
in vitro Table
29 . . -

2-3 )

Table 29. Measurments of digestibility for cereal samples

Samplea BRC%) GR(%) BACY) JT)
RAW 37.5 45.7 19.4 30.1
RO 38.9 46.5 20.7 30.5

CO-RO 31.1 43.6 10.9 29.9
EX-2 79.2 85.9 54.6 76.9
EX-6 79.3 84.6 52.0 77.6
EX-8 79.7 85.8 54.0 77.4

&CR: Glutinous rice; BR: Brown rice; JT: Job"s tear; BA: Barly
RAW: original sample; CO-RO: cooked and roasted; RO: roasted; EX:
extruded
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2)

80-84%

a -amylase

Table 30

vivtro

Table 30. Measurements of digestibility for cereal samples

Brown Rice (%)

Jck™s Tear (%)

. Extrusicn +
Extrusicn
Enzyne

. Extrusicn +
Extrusicn
Enzyne

Barley (%)
Q -
Sanplese) _ Extrusion +
Extrision
Enzyne(t)

Ex-3  445+126 5C.zx C.C1
Ex-5 452+ C.C5 5C.¢t C.22
Ex-9 446+ C.C3 51.5C.17

78.2+1.13 81.2+ C.C2

76.5+1.21 8.3+ 1.15

77.2+ 1.06 83.5+ C.C9

75.9+1.10 8C.2+ C.14

75.5+ C.02 79.6+ C.27

74.8+ C.12 €C.5+ C.C5

() EX: Extruded
() Filtrase BR
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Table 31 .

Table 31. Neasurrents of resistant starch for cereal samples

Samplea BR GR BA Jr
RAW 2.46 3.40 5.87 3.46
RO 2.89 3.84 5.79 3.47
EX-2 2.14 2.33 3.43 3.13
EX-4 2.16 2.31 3.23 3.12
EX-6 2.11 2.28 3.34 3.08
EX-8 1.19 1.23 3.28 3.06

ECR: Giutinous rice; BR: Brown rice; JT: Job"s tear; BA: Barly
RAW: original sample; CO-ROC: cooked and roasted; RC: roasted; EX:
extruded

- 106 -



Phytosteracl

-sitostercol, campesteral,

Phytosteracl

phytasteracl
- phytosteracl
Phytosteracl
B -sitostercl

6, 7 .
12.9 B -sitcstercl
-sitaosterol

stigmasterol

(germ)

[ -sitostercl

(Table 32).

- 107 -

phytosteracl

gas chromatogram

B -sitostercl

Fig.

8.5



B -sitosteral,

(shear farce) 2

B -glucanase, xylanase, arabinase, pectinase, protease, amylase

Table 32. (B -Sitosteral cantent of cereals

B -Sitostercl (rg/100Qg)

Sarples _
RAW Extrusion  ExtrusiontEnzymre
Brown rice 1.2 10.2 10.4
Jab®s tear 1.1 12.2 14.2
7. : SEM
(€=))

(Fig. 8 & 9).
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Fig. 6. Cas chramatogram of whole brown rice

(a): RAW, (b): Extrusion treatment,

(c): Extrusion & Enzymatic treatment
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Fig. 7. Cas chramatogram of whole job™s tear

(@): RAW, (b): Extrusion treatment,

(©): Extrusion & Enzymatic treatment
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Fig. 8. SEM of job"s tear(A) and brown rice(B)
(@): RAW; (b): CO-RO; (©): EX-8
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Fig. 9. SEM of glutinous rice(A) and barley(B)
(@): RAW; (b): CO-RO; (©): EX-8
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@0
G1%

70,

90%

22%

4

(45%)

(G0,

58%,
(Table 33).

, @00,
Gcen,
630,
(62.5%)
€=y ,
2.5%, 7.5%,

- 113 -
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Table 33. Result of sensory evaluation

(n=40)
1. ?
|18 (45.0%) | 12(30.0%) | 3 (7,5%) 3 (7.5%) 4 (10.0%)
2. ?
16D |14 (/.9 |11 (8.2 |12 (0.80 | 1.6 |
3. ?
1250 |3 (7.5%) |5 (12.5%) | 25 (62.5%) | 6 (15.0%)
4. ?
| 19 (47-50) B 21 (52.5%)
5- ( (3 ? )
? (n=19)
| 5 (26.30) |9 (47.4%) | 3 (15.8%) 2 @050 |
6. ?
1 .50 14 (35.0%) | 25 (62.5%)
7. ( ) ?
4 (10.0%) 28 (70.0%) | 8 (20.0%)
8. ?
12 (.0 | 2 B.0% |20 (50.0%) | 6 (15.0%) |
9.1 2
C > C > ¢
| 10 (25-00) 29 (72.5%) 1 .50
10. ?
36 (90-0%) 0 (€% 3 (7.5%) 1 (2.5%)
11. ?
21 (58.3%)
7 (19.4%)
8 (22.2%)
0 (0%)
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formula

(Table 34). wetting time

0.5 1%
0.2% 1% .
- 1% 10,000 /kg
1kg 100 ]
Table 34. Wettability of powder-based foods
1 2
- - 1% 5%
4D - 20% 2% 20%
- 0-2% 1%
vettability 5 g =g 29 9
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. Formulation

i)
Table 35
specification -4 ,
2)
specification
- Table 36 -

Table 36. Results of sensory evaluation for 4 faormulations

1 2 3 4
3.6 4.5 3.3 4.0
4.7 4.3 4.3 4.0
4.9 4.0 4.3 3.0
4.9 a 4.0 b 43 a 3.3 b
« ) (1.21) (0.44) (0.46) (0.90)
1 3 2 4
2
1
1
1, 3, 2, 4
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Table 35. Farmulation of whole grain foads

1 2 3 4
7 7 4 4
8 8 4 4
3 3 2 2
5 5 4 4
10 10 6 6
9 9 9 9
28 28 40 40
5 5 5 5
7.7238 7.1238 7.7238 7.1238
0.7 1.5 0.7 1.5
1.4 1.5 1.4 1.5
0.1 0.1 0.1 0.1
0.1 0.2 0.1 0.2
1.5 2 1.5 2
0.3 a.5 0.3 0.5
0.1 0.2 0.1 0.2
0.1 0.2 0.1 0.2
0.5 1 0.5 1
1.6 3 1.6 3
0.3 1 0.3 1
0.3 0.6 0.3 0.6
1.5 1.5 1.5 1.5
0.1 0.2 0.1 0.2
0.5 a.5 0.5 0.5
0.3 a.5 0.3 0.5
0.2 a.2 0.2 0.2
1.2 2 1.2 2
0.04 0.04 0.04 0.04
0.04 0.04 0.04 0.04
0.04 0.04 0.04 0.04
5.3 - 5.3 -
A 0.003 0.003 0.003 0.003 500,0001U/g
Bl 0.002 0.002 0.002 0.002
B2 0.002 0.002 0.002 0.002
Q.02 Q.02 0.02 0.02 nicotinamide
B6 0.002 0.002 0.002 0.002
c 0.06 0.06 0.06 0.06
C3 0.002 0.002 0.002 0.002 100,0001U/g
E 0.01 0.01 .01 0.01 50%
0.0002 0.0002 0.0002 0.0002
0.012 0.012 0.012 0.012
0.013 0.013 0.013 0.013
0.13 0.13 0.13 0.13
0.6 0.6 0.6 0.6
0.2 a.2 0.2 0.2
100 100 100 100
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specification 1

©))

)

Hore Using Test

3

)
Table 38 1

30%

specification

(Table 37) 1
-1 2

specification

specification

3.5

- 118 -



8% )

)
Table 39 1

50g1

204g

40%

market test

85¢g
60 g
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Table 37. Formulation of whole grain foads for infant

1 2

35 30

15 15

20 20

10 5
2.4738 2.8738

1.5 0

gaa »r O Ok B O O O N O B
a N B 0O O B W O Pk b
N W O O Ww W Er o o NN o N W
O A NN O N ODN O ODN

.8 6
A 0.003 0.003
Bl 0.002 0.002
B2 0.002 0.002
0.02 0.02
B6 0.002 0.002
C 0.06 0.06
D3 0.002 0.002
E 0.01 0.01
0.0002 0.0002
0.012 0.012
0.013 0.013
0.6 0.6
0.2 0.2
100 100
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Table 38. Formulation of whole grain foods for diabetics

1 2

7 7

3 3

30 15

5 5

9 9

21 21

5 5
7.7238 7.7238

- 15

0.7 Q.7

1.4 1.4

0.1 .1

0.1 .1

1.5 1.5

0.3 0.3

0.1 .1

0.1 .1

0.5 Q.5

1.6 1.6

0.3 0.3

0.3 0.3

1.5 1.5

0.1 .1

0.5 Q.5

0.3 0.3

0.2 Q.2

1.2 1.2

0.1 .1
A 0.003 0.003
Bl 0.002 0.002
B2 0.002 0.002
0.02 0.02
B6 0.002 0.002
C 0.06 0.06
D3 0.002 0.002
E .01 0.01
0.0002 0.0002
0.012 0.012
0.013 0.013

0.45 0.45

0.6 0.6

0.2 Q0.2

100 100
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Table 39. Farmulation of whale grain foods for weight contral

1 2

7 7

10 10

20 15

5 5

8 8

5 5
5.7538 5.7538

- 15

- 5

0.3 0.3

0.1 0.1

1.5 1.5

0.3 0.3

0.1 0.1

0.5 0.5

0.5 0.5

0.6 0.6

1.5 1.5

0.5 0.5

5.0 5.0

0.12 0.12

7.3 7.3
A 0.0C3 0.003
Bl 0.0C2 0.002
B2 0.0C2 0.002
0.02 0.02
B6 0.0C2 0.002
C C.06 0.06
C3 0.0C2 0.002
E .01 0.01
0.0002 0.0002
0.012 0.012
0.013 0.013

20 5

0.6 0.6

0.2 0.2

100 100
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» 50%
43
21
18 , 2 16 , 3
38 16 , B
16
361kcal ;
Table 2

(5th ed. 1996)
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Table 1. Camposition and nutrient contents of 100g whole grain powderl)

Cenpesiticn  Certert(%) Nutrient Centent (%)
Fat €.5 vitanin E1l C.13 g
Frctein 1€.0 E2 C.10 g
Carkchydrete 7C.5 Fatty acid Tctel fatty acid €9g
Water 4.5 Felnitic ecid €39
Ashes 25 Steeric acid Clg

Cleic acid 1.99¢9
Lincleic ecid 449
Lincleric acid C29
Vireral Ca 175 .24 ng
Ng 18C.C2 ng
Na 131.21 ng
K 15€.€9 g
Fe 4.27 ng
Zn 2.5 g
Cu C.24 g

TContents provided by Pulruone Co.
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Table 2. Ingredients of whole grain pownder

© )

400 22.22
200 11.1
400 22.22
400 22.22
1C0 5.56
200 11.1
20 1.11
10 0.56
20 1.11

0.28

0.28
10 0.56
10 0.56
10 0.56
10 0.56
1800 100

(@ )
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Table 3. Calculated nutrient contents by using nutrient data in food

composition table

(509) (1009) (1009)
(kcal) 157.6 315.3 2500kcal
@ 6.56 13.13 16.0 759
@ 255 50.9 70.5 %0 108
313g ( )]
@ 3.59 7.17 6.5 20%
Fiber-crude(g) 1.43 2.86
Fiber-dietary(g) 1.56 3.12 20 25¢g
vit A(R.E.) 20.3 40.6 700 RE
B -caratene( ) 29.3 58.6
vit D(IV) 0.00 0.00 5
vit E(mg) 0.45 0.89 10mga -TE
vit BI(mg) 0.12 0.25 0.13 1.3mg
vit Bz(mg) 0.06 0.11 0.10 1.5rg
niacin(mg) 1.46 2.92 17mg NE
vit Be(mg) 0.41 0.81 1.5mg
vit BLZ( ) 0.00 0.00 20 ( )
vit C(mg) 2.16 4.32 55mg
folate( ) 5.07 10.14 250
Ca(rg) 57.9 115.8 175.94 700mg
P(mg) 120.8 2417 700mg
Cu(rg) 0.10 0.20 .24 1.5 3.0mg ( )
Mn(mg) 0.93 1.86 2.C 5.0mg ( )
Se(mg) 0.0037 0.0073 5 260 ¢ )
Na(rrg) 16.41 32.82 131.21 3,450mg
K(mg) 254.0 508.0 156.89 90mEq ( )
Mg(mg) 14.8 29.6 180.92 350mg ( )
Fe(rg) 2.03 4.06 4.27 12ng
Zn(mg) 0.46 0.93 2.95 15rg
SFA(Q) 0.54 1.08 10%
MUFA(Q) 0.90 1.81
PUFA(Q) 1.71 3.41
PA/S = 1/1.0-1.5/1
vit A

Caculated nutrient contents micht be inaccurate due to the incomolete nutrient data in
food composition tables furnished by National Rural Living Science Institute(5Sth de.,
1996) and the loss of nutients during food process
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D

(percent ideal

body weight, % IBW) k) {(C cr-100)x 0.9}
, (body mass index, BMI) (ko) (cm)
- % (% body fat) (lean baody mass, LBM)

(Body Fat Analyzer TBF-105, Tanita, Japan)

. tape
, (waist to hip
circurference ratia, WH) - 10
2)
, 24
N3 Program (N-squared Co. Ltd, CR, USA)
- Harris-Benedict
, 24
D
759 30, 60, 120
INC(Inmuno Nucleo Caoperation, Stillwater, USA) kit
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assessment)

4

Tokyo, Japan)

(chylamicron),

lipoprotein, LDL),

HCL

)

- HOVA(Hameostasis  model

B -cell .

, LDOL

(Autcanalyzer Hitachi 7150, Hitachi Ltd.,

, HCL
(low  density

(very low density lipoprotein, VLDL)

(sex harmaone-binding globulin, SHBG)

Diagnostic product Corporation(Los Angeles, CA)

kit
direct testosterone kit

androgen

(nmol/L)

6) harocysteine
harocysteine

2300rpm 30 centrifuge
500 pH 9.0
homocysteine -S

L-norleucine(Signa Chemical

(free androgen index)

cammercial
- testosterone Immuchem
SHBG .

testosterone (nmal/L)

Anderson

, EDTA vacutainer

borate buffer dithiothreitacl

internal standard

Co., St. Llouis, MC, USA) 20%
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sulphcsaicylic acid 3300rpr 15
- 0.2 menbrane filter(Waters,
Millipore, MNA, USA) 100 Pharmacia Biatech(Cambridge,
England) post-calumn ninhydrin reaction system Bioc20 autoloader
amino acid analyzer (Figure 1).
homocysteine  peak total homocysteine -
D,L-hamocysteine (Sigra Chemical Co., St. Louis, MG, USA)
homacysteine retention tire plasra

sample  standard D,L-homocysteine

Add 25 borate buffer to 500 plasra

25 dithiothreitol(0-88M in water)

Add 25 L-norleucine and 20% SSA 50

Centrifuge for 15 min., at 4 , 3300 rpm

Filter the supernatant through 0.2  filter

|

100 loading arino acid analyzer

Figure 1. Preparation for the total homocysteine analysis
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D)

) CGSH-Px
GSH-Px(Clutathione Peroxidase) Paglia Deagen
, hydrogen peroxide coupled enzyme procedure
- 20 100 , 0.8 reaction

mixture(4.5nM EDTA, 4.7nM sodium azide in 0.125M phosphate buffer pH

7.0, 2.8nmcle NADPH, 49.9nmocle reduced glutathione, 0.67 units

glutathione reductase) 0-25mM H202 0.1
Beckmam spectrophotometer 340nm
glutathione(GSSG) NACPH 3
. GSH-Px HzCZ
glutathione(GSH) , reaction rmixture glutathione reductase
NADPH CSSG CSH
GSH-Px - Enzyme 1 unit 1 1
NACPH nmale , Specific activity 1mg
albumin enzyre unit -
) SCD
Superoxide dismutase(SCD) Marklund  Sheri
Pyragallol  autoxidation  SCD - Total
SCD 20 methanol 1 chlaroform 1

- (0] tris buffer with 1mcle
KCN 3 60 pyrogallal Beckmran
spectrophatameter 420nm 5
- blank
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pyrogallaol  autoxidation - Enzyme

1 unit pyrogallol autoxidation  50%

. specific activity 1mg albumin enzyme unit
- Mn SOD 60 tris buffer with 1mole KCN 3 60
pyragallol - Cu
SCD Total SCD Mn SCD .
) NDA
Malaondialdehyde(MDA) Buckingham -

50 1/12N HE04 4 10% phosphotungstic acid 0.5
, 5 - (3,200rpm, 16 )]
1/12N H:SC4 2 10% phosphotungstic acid 0.3
- (3,200rpm, 16 )]
5 1% thicbarbituric acid 2 90 95 20
incubation - n-butancl 5 1 vortex
(3,200rpm, 16 )] butancl

luminescence spectrophotoreter(Amico Bowran Series2, SIM AMINCO., IL,

UsA) excitation 500nm, emission 553mm Tluorescence
intensity -
8) (a —tacaopheral B -caratene)
tocophercls, retinol carotenocids
- -70 , 2
Yeum HPLC
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) Chemical reagent
(methanal, ethancl, n-hexane, chlorcform, acetonitrile,

tetrahydrofuran) d-H.0  J.T. Baker Chemical Co.(Philisburg, NJ)

HPLC grade arganic solvent 0.5
membrane filter(Waters, Millipore, VA, USA) degasing

- tocopherals(a —tocopheral, y -tocopheral,
tocopheryl acetate), retinol carctencids(a-caratene, [3 -caratene,

lycopene, cryptoxanthin)  Sigma Chemical Co.(St Louis, Mo, USA)

)] tocopherals, retinol carctencids
500 chloroform:methanol  (2:1,v/v) 4_5ml ,
tocopheryl acetate internal standard 0-9% NaCH
vartex , 4 - 2500rpm 10 .
chlarcform hood nitrogen CHCIZ
, aqueaus 2.5ml  hexane vortex 4
2500rpm 10 hexane chloroform extract
nitrogen - 375 ethanol
extract 50 HPLC system (Figure 2).
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Add 4.5 chloroforr:methanol(2:1, vw/v) to 500 serum

|

Add 375 of internal standard sclution

|

Add 450 of 0.9% NaCl

l vortex far 1 min.

Centrifuge for 10 min. at 4 , 2500 rpm

|

Collect chloroform layer(lower)

! N2 dry

Add 2.5m1 of hexane

l vortex far 1 min.

Centrifuge for 10rin. at 4 , 2500 rpm

|

Collect hexane layer(upper)

|

Add to dried chlaorofarm extract

! N2 dry

Dissolve with 375 ethanol

l vortex far 1 min.

Collect supernatant

1

Inject 50 into the HPLC system

Figure 2. Extraction and automatic measurements of taocopherols,

retinol and carotencids
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) High perfarmance liquid chromatography(HPLC)

(1) HPLC system
HPLC systen reverse phase system Alliance Waters 2690
separating module, Waters 996 Photodiode array detector, Watersid74
scanning fluorescence detectar, C18 Symmetry 3.9x 15cm colurn(Waters,
Milford, MA, USA) , mobile phase solvent A (CHICN:THF
1d-Hz0=50:20:30,vw/Vv/Vv) solvent B(CHICN:THF:d-Hz0=50:44:6,v/Vv/V)
- 1.2 ml/min , Qradient precducer 10
solvent A solvert B 100% 6 solvent B
, 4 solvent A 100% , 2 solvent A
equilibrium - Tacopherols  294nr, retincl
340nm, carctenoids 450 nm Waters 996 photodiode array detector
, 0 —tacopheracl 474

Tluarescence detector(FC) -

(2) Peak identification

Tocopherols, retinal carctenoids  peak
HPLC retention time , Serum extract
retention time peak
peak - UV spectrum peak

raximum absarbance -

(3 Quantification

tocopheraols, retinol carcotenoids standard
tocaopherols, retinol carcotenoids ethanacl
HPLC system (standard curve)
- tocophercls, retinol carcotenoids extinction
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coefficient Table 4 -
peak area standard response factor
Millenium analysis system(Waters, Milford, MA, USA)
, extraction sample
internal standard tocopheryl acetate
tocapherols, retinaol carotenoids

(mmal), (mral)

HPLC chramatogram

Table 4. Extinction coefficient of tocophercls, retinal and carotencids

Nare Molecular Weight  E1%(Maximum Absorbance at)
a -tacopheral 430.7 71 (294nm)
y —tacopheral 430.7 92.8 (294nm)
Retinal 286.4 1835 (325nm)
o -caragtene 536.9 2800 (455nm)
3 —caratene 536.9 2375 (455nm)
Lycaopene 536.9 2250 (446nm)
Cryphtoxanthin 552.9 2370 (455nm)
)] Se)
Se Perkin-Elmer AAS 4110ZL

Pyrolytic coated THCA Tube(L"vov Flatform )  Ar gas(99.99%)

- 20 , peak area

Zeeman hbackground , slit width

- electrodeless discharge lamp ,

- 140 -
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- , a.1ml

0-2% Triton X-100 O.Sml 10 -
Perkin- Elmer (100Crg/L) , matrix modifier 5
Pd/5 - 10% HNC3 24 , 3
(Villipore, Milli-Q plus) 24 , 3 3
10) 8-epi-PGFza
12 1% butylated hydroxytoluene
palyethylene foil -70
- 8-epi-PCFza Praticao Mor i gas

chramatography(GC, Hewlett Packard 6890, Wilmington DE, USA) mass
selective detector(MS, Hewlett Packard 3973, Wilmington DE, USA)

. CC/NS 10 /min 190 to 310
, retention time 8.5 - peak
, alkaline picrated(Jeffe) reactiaon creatinine

- - - Window  SPSS
package(Statistical Package far the Social Science, SPSS Ins., Chicago,
IL, USA) , +

, p<0.05 ;
0 16 paired t-test
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B —cell
, a —tacapheracl

pearson®s carrelation

student t-test

3.
k) 1 k)
16 E
16 (Table 5).
(Table 6). éeavD
16 -
24 1% 22.4%
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24%
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™
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Table 5. Body mass index, blood pressure and estimates of daily nutrient
intakes In CAD male patients before and after 16 weeks of
whole grain consumption

Total subjects (n=38)

0 week 16 week
Weight(kg) 71.0 £ 1.54 70.4 £ 1.49
Bady mass index(kg/nz) 254 £ 0.42 25.2 £ 0.42
Systalic BP(mmHg) 132 £+ 3 132 £ 7
Diastolic BP("mHQ) 8 + 1 83+ 2
Glucose(mg/dl) 112.3 + 3.47 85.2 + 2.987*
Insulin(u UW/ml) 14.6 + 2.22 11.1 + 0.73
Estirates cf daily nutrient intakesl
TCIz(Kcal/d) 2178 + 47 2159 + 36
Percent carbchydrate 63 + 2 61+ 1
Percent protein 18+ 1 19+ 1
Percent fat 19+ 1 20+ 1
Vitamin E(rg/d) 6+ 1 9+ I
Folate(u g/d) 71+ 8 78 + 10
Fiber(g/d) 21+ 2 26 + 1°*
TEEX(Kcal/d) 2356 + 33 2373 =+ 39
TEE/TCI 1.09 + 0.03 1.10 £+ (.02

Meant S.E., *p<0.01, **’<0.001 compared with initial value

1 Nutrient intakes, cbtained from weighed food reccrds and calculated
using the database of the computerized Korean food-code

2 Tatal calory intake

3 Total energy expenditure
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Table 6. Age, anthroparetric pararmeters and blood pressure in CAD male
patients with and without diabetes before and after 16 weeks
of whale grain consumption

Non-diabetic CAD (n=26) Diabetic CAD (n=12)

0 week 16 week 0 week 16
Age 545+ 155 545+ 15 5.4+ 1.9 55.4+ 1.90
Height(ar) 167.7 + C.91 167.7 + 0.91 1659 £ 1.57 1659 = 1.57
leight(kg) 729+ 1.92 724+ 181 671+ 221 6.1+ 2.2
Eﬁg‘/’”gfss IndeX 2z g+ 054 257+ 052 243+ 0.5 24.0 + 0.60
Egg;eagléﬂii[;o 118.4 + 2.47 118.8 + 2.41 113.0 + 2.42 111.5 + 2.€8
Weist(cr) 0.4+ 1.27 893+ 1.5 87.6+ 149 .2+ 1.
Hip(ar) 97.8 + C.97 5.8+ 0.83 052+ 168 2.9+ 155+
Waist/Hip 092+ COL 083+ 0.0l 082+ 0.0l C.94+ 0.C1*
Lean kody
sy 544+ 151 539+ 130 508+ 171 5.2 + 1.6l
Fat (%) 253+ .80 255+ 0.8 241+ 176 2.4+ 1.62*
Z:fcﬁﬂereme(m) 289+ 059 293+ 0.46  28.0 + 0.58 28.0 + 0.70
Tricep(m) 11.7 £+ €41 122 + 0.42 9.88 + 0.73 G.13 + (0.43
Systclic BP(mtg) 1325 + 3.00 130.0 + 8.16 1305 + 5.50 134.3 + 13.7

Ciastalic BP
(mrHg)

Meant S.E., ’p<0.05, *7<0.001 compared with initial value in each group

8.2

I+

145 8.0z 3.4 85.5

I+

242 813+ 1.86
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16 24% (Table 5).
12

(Table 7). 16
- 22%(23.1rg/dl)
19%(58.9rg/dIx hr), 26%(32.7
p U/mix hr) (Figure 3). -
27%(35.8mg/dl)
25%(105.8mg/dIx hr) . HONVA B -

(Table 7).
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Table 7. Glucose and insulin responses on 75g oral glucose tolerance
test in CAD male patients with and without diabetes before and
after 16 weeks of whole grain consumpticn

Non-diabetic CAD (n=26) Diabetic CAD (n=12)
0 week 16 week 0 week 16w
Fastirg level
Clucese(rg/dl) 103.5 + 2.63 8.4 + 3.14”* 131.3 + 6.81§ 955 + 5.62%*

InsulinQu Ul 6.2 + 3.22 114 + 092 11.2

I+

1.048 103 + 1.18
Respaorse area

Clucese(ng/al) 7.3 + 102 248.4 + 8127 4273 + 18.78 215

+
+
+
I+

21.2*

+

Insulinu U/nD) 128.2 + 142 9.5 + 11.2* 711

I+

10.68 629 + 10.4

HCVA ecuaticon

21.7 326.9 = 40.8* 63.2

+

B -cell functicr®  158.2 5.998 140.0 + 18.57*

I+
I+
I+

Insulin resistarce  4.22 + (0.88 2.27 0.20* 3.71 + 0.48 2.58 + 0.45

I+

Meant S.E., ’p<0.05, *p<0.01, *’<0.001 compared with initial value in
each group
§p<0.05 carpared with non-diabetic CAD patients at baseline
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Fasting level

Glui:::-::_{mgfdl}
120
LR L
P L]
i -
b T O
o
Non-dinbetic CAD Dinhetic CATY
Response area
Glucose (mg/dl)
SO0
A0 - o
L2y ] Ak
=00 -
100~
Lty
Non-diabetic CAID Diahetic CATY

[] owee I 16 meen

Figure 3. Glucose on 75g oral glucose toleranee test in CAD male patients with and
without diabetes before and after 16weeks of whole gran consumption

#¥ p<0 01, **## p=0.001 compared with initial value in each group
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16
, HDL-
1.76mg/dl 16

26%

17%
/HDL-

4).

Testosterone,

%, 15%

12%

49.7+ 4.81mg/dl
16

16

(SHBG)

16 -

%, LDL-

, Atherogenic index

F

free androgen

(Table 8). GSH-Px

Mn SCD, Cu SCD

. Selenium
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40.0+
44.6+ 1.87mg/dl
39.3+ 2.53mg/dl
(Table 8).

igure

index

SCD,

16



Atherogenic index
poi

a
&
a o
=
i -
i@
Non-diabetic Al IHahetic CAD
Ttal/HDL cholesterol
o -
G *
1]
4 -
=
2
il
0
Non-dkabetic CAD Dabetic CAD

Figure 4. Atherogenicindes and Total/HDL chalesteral ratio in CAID male patients wath
and without diabetes before and after 16 weeks of whole grain consumption

* p=003, ** p=aD 0] compared with initial value in each group
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Table 8. Serum levels of lipids, sex hormones, and antioxidant enzyre
activities in CAD male patients with and without diabetes
before and after 16 weeks of whole grain consumptiaon

Non-diabetic CAD (n=26) Diabetic CAD (n=12)
0 week 16 week 0 week 16 week
_ _ 156.
Triglycerice(rg/dl) 152.4 £ 17.7 141.1 + 13.6 183.1 + 27.1 3 t 22.6
172.

Tctal cholestercl(mg/dl)  186.2 + 5.82 190.0 + 6.27 186.3 + 9.4 8 + 7.86
LCL chclestercl(rg/dl) 116.9 + 7.07 117.2 + 5.83 110.7 + 6.48 91.8 + 6.88
HCL chclestercl(rg/dl) 4.0 + 1.76 44.6 + 1.87% 29.3 + 2.53 49.7 = 4.81*
Athercgenic index 3.856 £+ 0.5 3.43 + 0.22r 3.95 + 035 2.69 + 0.25*
Tctal/HCL chelestercl 4.65 + 0.5 443 £ 0.2 4.9 + 0.3 3.69 = 0.5~
LCL/HEL chelestercl 171 + .09 1.67 + C.04 171 + 007 1.97 + C.15
Testcsterane(ng/dl) 4.18 + 0.26 4.21 + 0.26 4.89 + 0.43 5.6 + (.51
Sex harnane kinding
glckulin (mcl/L) 46.8 + 2.98 444+ 28 47.0+ 466 494 + 4.95
Free ardrcgen index 3.8+ 1.21 W7+ 151 B0+ 2.9 F8 + 3.14
Clutathicne percxicase
(nmel cf NACRH/min/ng 40.5 + 3.37 40.8 + 3.29 3B/.6 + 354 F.8 + 4.06
alburin)
Tatal REC SCC(L/rg REC) 2.90 £+ 040 291 + 033 248+ 046 253 + 0.32
REC Nn SCC(L/ng REC) 062+ 011 0.60 + 0.12 0.70 + 0.23 (0.41 + 0.09
REC Cu SCC(Wng REC) 2.8+ 0.3 230+ 027 179+ 038 212+ 031
Seleniur(u ¢/L) 9.4 + 3.40 89.6 + 2.81 €1.6+ 3.38 842+ 264

Meant S.E., ’p<0.05, *’<0.01 compared with initial value in each group
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MDA, , 8-epi-PGFa

carotencids

NCA 8-epi-PGFZa
16 30% (Table 9).
16 8.75+ 0.44p mol/L 31% ,
o -carctene, retinal, «a
—tocaopherol, y -tocopherol, lycopene 16 22-46%
(Table 9). 8-epi-FCFa
(Ln(y)=0.875Ln(>*)+3.78, r=0.42, P=0.001, Figure
5) , a -tacaopheral 8-epi-PCFza
(Ln(y) =-0.75Ln(x)+6.21, r=-0.351, P=0.007, Figure 6)
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Table 9. Effects cf whole grain consumpticn on palsma malondialdehyde
and homocysteine, urinary 8-epi-PCFzo, serum vitamins and
caratenoids in CAD male patients

Tctal subjects (r=38)

0 week 16 week
Valcndialcehyoe(nrel/nl) 482 + (.33 3.8 £ C.2r*
8-eri-FCFaa (prel/mrel creatinine) £71.8 £ €6.9 3158 = 5C.77*
Hareeysteine(u nol/L) 128 + C(C.E3 8.5 £+ C.447*
Folate(ng/L) 4.69 + (.37 4.8 + C.24
Lipid-ccrrected levelsl
a -carctene(u g/mrel) 479 + (CEl 5.& + CLEI™*
B -cerctene(u g/mcel) 2.7+ £ 3.6 £ 4.5
Retiral(u c/mmcl) 1801 + 187 2327 + 17.0*
a -tccophercl(u ¢/mrel) C.49 + C.C5 .68 + C.C&*
y -tccephercl(u c/mmel) C.13 + C.Cc2 .19 + C.C1™*
Cryptoxantrin(u c/mrall) 73.6 £ E.54 €5.9 £+ 7.86
Lyccrere(u g/mal) B4z 40 52.1 + &B.71%*

Meant S.E., *p<0.01, **’<0.001 compared with initial value
leach level of vitamins and carctencids is divided by sum of cholestercl

and triacylglyceral (nmal/L)
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Urinary 8-ep1 -PGF,, (pmol/mmeol ereatinine;

i w0 f
6| "..:"_;--‘"‘%
3 ‘I . ‘“‘ "

[

RA= 1739

‘.1 Plasma tHey {umel/ml)

Figuﬂ: 5. R‘:Iuﬂnnship between urinary Hq:pi—l-"ﬂf"‘mum::ntrulinn amnd  plasma
total homocysieine concentration before and afier whoele grain powder
ingestion in CAD male patients
{open cireles = before ingestion. closed circles— afber mgestion)

Repression equations and r valees: Lo(v) = 0873 La(x) + 3,78, r=0.42, p=0.001
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Urinary #-epi -PGF . {pmol/mmoel crestinine)
q -

| L]
1
B L
i s el
i . "y I
ik LI II L]
=, 1128
3
H .5 1 1.5

Serum ce-tocopheral (mgfmmaol )

Figure 6. Relationship between urinary 8- epi-PGF,_ concentration and serum
lipid corrected a-tocopherol concentration before and after whole grain
powder ingestion in CAD male patients
{open circlas = bafore ingestion, closed cireles= after 'in¥ml'tun]
Bepression equalions and r valees: Lo(vi= =073 Lo X3+ 6,21, r= = 0,331, p=0,007
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16

(1). Fukagawa (2) 12 68%
, 1000kcal  33g
43% , 100Ckcal  7g 21 28

95mg/dl 91mgszdl 9.2u U/ ml 6-9u U/ml
1 459
(3), cohort
whole grains 4).
16 -

HDL a —tacapherol

California cohart o)
6g 250 ;
Nurse®s Health Study whole grains
©-
» » Bt E ,

phytochemical
€.7).
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B6 -

atherothrambosis
(8,9).
10,
MDA (11) 8-epi-PGFZa (11,12)
(12,13).
8-epi-PGFza
a -tocaophercl 8-epi-FCFa
- 16
NDA 8-epi-PGF
Q)
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apoprctein, apcE  gene
MTHFR(5, 10-rethylene-tetrahydrofolated  reductase) MS(rethionine

synthase)
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(phytoestrogen)

160 -

12



160mg/dl ,
220mg/dl , LDL- 13Cmgv/dl 30-60
23 »
- 23 18 12
, 5 .
, 18 -
23 12
» 1 2301
- Table 1 -
1) , %
@© ) 12
, G 12 -
(percent ideal body weight, % IBW)
(k) {C cm-100)x 0.9} , (bady
mass index, BMI) (ka) (an) -
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Table 1. Ingredients of whale grain powder ( )]

D) ‘0
35.15 0.1387
7.8625 0.4902
2.775 1.5725

5.18 0.2775
10.175 0.2775
9.25 1.48
4.625 0.0694
0.74 0.5088
1.3875 0.2775
0.1387 0.2497
0.1387 1.2487

1.5309 (¢ ) 7.5

0.2775

0.1387 100
% (% body fat) (lean body mass, LBV)

(Body Fat Analyzer TBF-105, Tanita, Japan) -

tape
, (waist to hip circumference
ratioc, W/H) - 10
2)
, 24
-G
, 12 3

- 162 -



©)) ,

(free fatty acid) Hitachi 7150 Autcanalyzer(Hitachi Ltd., Tokyo,
Japan), INC(Immuno Nucleo Cooperation, Stillwater, USA)

kit -

4)
, LDL

Auto Chemistry Analyzer Express Plus(Chiron

Diagnostics Co., MA, USA) , HCL
(chylamicran), (low density

lipoprotein, LDL), (very low density lipoprotein, VLDL)

HCL
5) harocysteine
harocysteine Anderson
- , EDTA vacutainer

2300rpm 30 centrifuge - 500

pH S.0 borate buffer dithicthreitol homacysteine

-S internal standard L-norleucine(Sigra Chemical Co.,

St. Louis, MG, USA)  20% sulphosaicylic acid
330Crpm 15 - 0.2
membrane filter (Waters, Millipore, MA, USA) 100 Pharmacia

Biotech(Canmbridge, England) post-calurn ninhydrin reaction syster
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Bio20 autcloader amino acid analyzer (Figure 1),
homocysteine peak  total hamocysteine ,
D,L-hamocysteine(Sigra Chemical Co., St. Louis, MC, USA)
homacysteine retention time , Pplasma

sample  standard D,L- homocysteine

Add 25 borate buffer to 500 plasra

25 dithiothreitol(0-88M in water)

Add 25 L-norleucine and 20% SSA 50

Centrifuge for 15 min., at 4 , 3300 rpm

Filter the supernatant through 0.2 filter

100 loading arino acid analyzer

Figure 1. Preparation for the total homocysteine analysis
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)

) CGSH-Px
GSH-Px(Glutathione Peroxidase) Paglia Deagen ,
hydrogen peroxide coupled enzyme procedure -
20 100 , 0.8 reaction

mixture(4.5nM EDTA, 4.7nM sodium azide in 0.125M phosphate buffer pH

7.0, 2.8nmcle NADPH, 49.9nmocle reduced glutathione, 0.67 units

glutathione reductase) 0-25mM H202 0.1
Beckmam spectrophotometer 340nm
glutathione(GSSG) NACPH 3
. CSH-Px HzCz
glutathione(GSH) , reaction rmixture glutathione reductase
NADPH CSSG CSH
GSH-Px - Enzyme 1 unit 1 1
NACPH nmale , Specific activity 1mg
albumin enzyre unit -
) SCD
Superoxide dismutase(SCD) Marklund  Sheri
Pyragallol  autoxidation  SCD - Total
SCD 20 methanol 1 chlaoroform 1

. 60 tris buffer with 1mcle

KCN 3 60 pyrogallal Beckmran
spectrophatameter 420nm 5

- blank
pyrogallaol  autoxidation - Enzyme
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1 unit pyrogallol autoxidation  50%

. specific activity 1mg albumin enzyme unit
- Mn SOD 60 tris buffer with 1mocle KCN 3 60
pyragallol - Cu
SCD Total SCD Mn SCD .
) NDA
Malaondialdehyde(MDA) Buckingham -

50 1/12N HE04 4 10% phosphotungstic acid 0.5
, 5 - (3,200rpm- 16 )]
1/12N H:SC4 2 10% phosphotungstic acid 0.3
- (3,200rpm- 16 )}
5 1% thicbarbituric acid 2 90 95 20
incubation - n-butancl 5 1 vortex
(3,200rpm- 16 )} butancl

luminescence spectrophotoreter(Amico Bowran Series2, SIM AMINCO., IL,

UsA) excitation 500nm, emission 553nm Tluorescence
intensity -
D) (a —taocophercls B -caratencids)
tocophercls, retinol carotenocids
- -70 , 2
Yeum HPLC

) Chemical reagent

(vethanal, ethancl, n-hexane, chlorofarm, acetonitrile,
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tetrahydrofuran) d-H.0  J.T. Baker Chemical Cao.(Philisburg, NJ)

HPLC grade , arganic solvent 0.5
membrane filter(Waters, Millipore, VA, USA) degasing

- tocopherals(a —tocopheral, y -tocopheral,
tocopheryl acetate), retinol carctencids(a-caratene, [3 -caratene,

lycopene, cryptoxanthin)  Sigma Chemical Co.(St Louis, Mo, USA)

)] tocopherals, retinol carctengids
500 chlarcform:methanol  (2:1, v/v) 4_5ml
tocaopheryl acetate internal standard 0-9% NaCH
vartex , 4 - 2500rpm 10 .
chlarcform hood nitrogen CHCIZ
, aqueaus 2.5ml  hexane vortex 4
2500rpm 10 hexane chloroform extract
nitrogen - 375 ethanol
extract 50 HPLC system (Figure 2).
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Add 4.5 chloroform:methancl (2:1, v/v) to 500 serum

|

Add 375 of internal standard sclution

1
Add 450 of 0.9% NaCl

l vortex far 1 min.

Centrifuge for 10 min. at 4 , 2500 rpm

|

Collect chlorofarm layer (lower)

! N2 dry
Add 2.5m1 of hexane

l vortex far 1 min.

Centrifuge for 10rin. at 4 , 2500 rpm

|

Callect hexane layer (upper)

|

Add to dried chlaorofarm extract

! N2 dry

Dissolve with 375 ethanol

l vortex far 1 min.

Collect supernatant

|

Inject 50 into the HPLC system

Figure 2. Extraction and automatic measurerents of tocophercls, retincl
and carotencids
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) High perfarmance liquid chromatography (HPLC)

(1) HPLC system

HPLC systen reverse phase system Alliance Waters 2690
separating module, Waters 996 Photodiode array detector, Watersid74
scanning fluorescence detectar, C18 Symmetry 3.9x 15cm colurn(Waters,
Milford, MA, USA) , mcbille phase solvent
A(CHCN:THF -d-H20=50:20:30,Vv/v/V) solvent  B(CH:CN:THF:d-H:0=50:44:6,

Vv/V/V) - 1.2ml/min , gradient producer 10
solvent A solvent B 100% 6 solvent B
, 4 solvent A 100% , 2 solvent A

equilibrium - Tacopherols  294nr, retincl

340nm, carctencids  450nm Waters 996 photodiode array detector

, 0 —tocapheral 474 fluarescen-

ce detector(FD) .

(2) Peak identification

Tocopherols, retinal carctenoids  peak
HPLC retention time , Serum extract
retention time peak
peak - UV spectrum peak

raximum absarbance -

(3@ Quantification

tocopheraols, retinol carcotenoids standard
tocopherols, retinol carcotenoids ethanal
HPLC system (standard curve)
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- tocophercls, retinol carcotenoids extinction
coefficient Table 2 - HPLC chramatogram
peak area standard response factor
Millenium analysis system(Waters, Milford, MA, USA)
, extractian sample
internal standard tocopheryl acetate ,
tocapherols, retinaol carotenoids

(mmal), (mmal) .

Table 2. Extinction ccefficient of tocopherols, retinol and

caratenoids.
Name Molecular Weight E1% (Maximum Absarbance at)

a -tacapheral 430.7 71 (294nm)
y —tacopheral 430.7 92.8 (294nm)
Retinol 286.4 1835 (325nm)
o -caratene 536.9 2800 (455nm)
3 —caratene 536.9 2375 (455nm)
Lycapene 536.9 2250 (446nm)
Cryphtoxanthin 552.9 2370 (455nm)

t3)) ascorhbic acid

ascorbic acid
. -70 , 2
HPLC .
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) Chemical reagent

(methanol, distilled-deionized water) J.T. Baker Chemical

Co.(Philisburg, NJ) HPLC grade 0.5
membrane filter(Waters, Millipore, VA, USA) degasing
- L-(+)ascarbic acid , buffer

MPA(metaphosphoric acid), phosphoric acid, PCA (perchloric
acid), ammonium dihydrogenorthophosphate  Sigma Chemical Co.(St Louis,

Mo, USA) ]

) Buffer, internal standard
0.015%(w/v) NPA 20mM ammonium dihydrogenorthophosphate
phosphoric acid pH 2.95 buffer
- 1% (w/v) MPA 10%(v/v) PCA
- Internal standard IA (Iso ascorbic acid, Sigra Chemical
Co., St Louis, Ma, USA) , ascarbic acid standard  10%(v/v)
PCA with 1%(w/v) NPA ]

)] ascorhic acid
100 plasma internal standard 1%(w/v) MFA
10%(v/v) PCA 100 ) 20
centrifugation - 200 huffer
>, 1 12000 rpm centrifugation 10 HPLC
syster (Figure 3).
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100 Plasra

|

Add 100 cold 10%(v/v) PCA with 1%(w/v)MPA including internal std

|

Centrifuge far 20 min. at 4

| storage at -20 until analyzed

Add 200 hbuffer into supernatant

Centrifuge for 1 min at 4 , 12000 rpm

10 inject into HPLC system

Figure 3. Extraction and autamatic measurements of ascorbic acid by
HPLC

) High perfarmance liquid chromatography (HPLC)

(1) HPLC system
HPLC systen normal phase system Alliance Waters 2690
separating module, Waters 996 Photodiode array detector, Watersid74

scanning fluorescence detector, C18 Novapak 3.9x 15cm column(Waters,

Milford, MA, USA) , mabile phase buffer
- C-8ml/min , 254nm Waters 996 pho-
todiode array detector , 474
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Tluorescence detector (FD) -

(2) Peak identification

Ascarbic acid peak HPLC
retention time , plasra extract retention time
peak peak - W spectrum
peak maximum absaorbance

(3 Quantification

ascarbic acid standard ascorhic acid
HFLC system
(standard curve) - ascorhic acid HPLC
chromatograr  peak area standard response factor

Villenium analysis syster(Waters, Milford, MA, USA)
, ascarbic acid extractiaon sample

internal standard iscascarbic acid

)
Perkin-Elmer AAS 411071
Pyrolytic coated THGA Tube(L"vov Platfarm )  Ar gas(99.99%)
- 20 , peak area -
10% HNC3 24 , 3 (Milli pore,
Milli-Q plus) 24 , 3 3
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)] Se

Zeeman background , slit width
2.0nm - electrodeless discharge lamp ,
196.0nm - , C.1ml
0-2% Triton X-100 C.Sml 10
- Perkin-Elmer (1,000mg/L) , matrix modifier
5 Pd/5 -
)] Mn
Shit width  0.2nm hollow cathode larp ,
279.5nm - C.1ml 0-2% Triton X-100
0.-9ml 10 . Matrix modifier 5 Pd 3
Mg(NC2)Z )
)] Cu
Shit width  0.7nm hollow cathode larp ,
324 _.8nm - C.1ml 0-2% Triton X-100
0.-9ml 10 . Matrix modifier 5 Pd 3
Mg(NC2)Z )
)] Zn
Shit width  0.7nm hollow cathode larp ,
213.9nm - 0.0aml 0-2% Triton X-1C00
0-99ml 100 - Matrix modifier 5
Mg(NC2)z )
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)] Cr

Shit width  0.7nm hollow cathode larp ,
357.9nm - C.1ml 0-2% Triton X-100
0.-9ml 10 - Matrix modifier 15
Mg(NC2)z )

Window SPSS package(Statistical Package for the Social

Science, SPSS Ins., Chicago, IL, USA)

+

paired t-test

3.
+ 1.63kg 63.2+ 1.43kg
(Figure 4).
20.C+ 1.02% 1.5%
0.4%
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449 40.6 -
64.5
1.3kg
21.5+ 1.08%



1.2cm /

(Table 3).
Weight (kg) Fat (%)
B 25 1
1
= k4
L) /0 A
[
B &1
Whaole grain Control Whale grain Control

[ ] oween [ 12 wee

Figure 4. Body weight and percent fat in whele grain consumption and
control group withhyperlipidemia before and after 12 weeks

FE petd 01, ¥ p0000] compared with initial value in each group
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Table 3. Age, anthropometric parameters and blood pressure in whole
grain consurption and caontral group with hyperlipidemia before and after

12 weeks
Wrcle grain (n=18) Contral (n=18)
0 week 12 week 0 week 12 week

Age 49 £ 2.5 49 =+ 2.35 L6+ 10 4.6+ 1.09
Keight(cm) 1676 £+ 120 1676 + 1.20 1723 + 1.09 1723 + 1.9
Weight(kg) €4.5 + 1.63 632+ 1.43* 732+ 239 71.1+ 2.E4
Boay nmess

incex(ka/rD) 23.0 + C.46 25+ 043 247+ C8 239z C.C2
Waist(cn) €3z 1.4 8.6 + 1.27 849 + 1.9 €&&.7+ 1.5
Rip(ar) 44+ 107 G2+ CY* €0+ 127 .7+ 1.4
WaistHip .88 + C.(1 C.89 + C.C1 c.88+ C.C(1 C8&+ C.1
Lean bedy mass(kg) 5C.4 + C.€2  E5C.5 + (C.€0 3.1+ 141 223+ 1.39
Fat() 215+ 1.8 2.0+ 1.027* 229+ 1.18 218+ 1.16
ﬁfcmereme(m) 89+ C32 89+ 03B 207+ C65 €9+ 66
Tricep(mm) 1.7+ C.7/5 1C4 + C.68 154+ 145 16z 1.74
Systolic BF(mtg) 121.9 + 339 1194 + 348 1154 + 259 1(9.8 + 2.¢1

Ciastclic BF(mHg) 78.8

I+

2.4 1¢1

I+

2.54 7.2 + 1.8 73.7 + 255

Meant S.E., ’p<0.05, *p<0.01, *’<0.001 compared with initial value in
each group
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(hematocrit), (platelet)

(Table 4).

Table 4. Heroglobin, heratocrit and blood cell counts in whale grain
consumption and control group with hyperlipidemia before and
after 12 weeks

Whcle grain (n=18) Contrcl (n=1€)
0 week 12 week 0 week 12 week
WEC(x 1C/u L) E€l+ C47 EE2=+ CE2 49+ (35 450:+ C.A
REC(x 1Ce/u L) 429 £+ C14 473+ C11* S8+ (16 €2z C20
Fencelckir(c/cl) 10+ C20 16+ (%6 143+ (E3 128z C.eC*
Fenatccrit(%) 410+ 1.2 4.1+ 106 I3z 157 E8=z CEC*
Flatelet ccurt(x 1C/u L) 2C€.2 + 19 1625+ 1C9 ZIE8 + 1E8 2(C.7 + 1C.6

Meant S.E., ’p<0.05 *’p<0.01 compared with initial value in each group

, LDL-
2%, S% , HCL-
8% (Table 5).
HDL- 4.36+ 0.21 3.98
+ 0.22 , LDL  HDL-
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2.89%+ 0.18 2.56+ 0.20
(Figure 5). 12
, LDL-
, HDL- - Atheraogenic index
HCL-

(Table 5).

Table 5. Serum levels of lipids in whole grain consumpticn and control
group with hyperlipidemia befare and after 12 weeks

Wrcle crain (r=1€) Certrcl (r=16)
0 veek 12 veek 0 veek 12 veek
Trichycerice(re/cl) 112.2 £ 121 1125+ 125 1&9 + 227 2CG6 = .1
Tctel crclestercl(ne/cl) 21€9 + €05 2150+ 7.6€8 2247 + 125 2243 = 11.7
LCL chclestercl(ne/cl) 451+ EC7 1572+ 79 1€8+ 124 11 =+ 12.2
FCL chclestercl(ne/cl) F1l2+ Z€1 1=+ 223 £1+ 179 4£5=z 218
Athercgeric ircex 236 £ €21 28+ (22 €2+ Cz4 4.2 =+ C26
Tctel/HCL chclestercl 436+ C21 S8+ Czz* 4€2+ C4 tE(2+ (26
LCLAHCL chclestercl 289+ C18 256+ CzC*x 172+ C10 173z C.11
Ner-HCL chclestercl 167.8 + €38 15€9 + €49 16+ 119 17€.7 + 1C.9

Meant S.E., ’p<0.05 compared with initial value in each group
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Atherogenic indox
[

@ -

— -

Whaode grain Cuntrol
Total/HDL cholestersl
e
= ]
i BT
-
]
B4
1 ]
a
Whaole grain Control
LDL/HDL cholesterol
-
-. -
-
%
1=
Whade gradn Cuntrol
[ vver I v

Figure 5 Atherogenic index, Totn/HDL cholesteral and LDL/HDL cholesterol rntian
whole grain eonsumption and contral group withyperlipidemia before and

after 12 wecka

* p=0005 compared with initial value in each group
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- , , 8-epi-PGFza

, (Free fatty acid)
(Table 6). MDA (Malondialdehyde) 2.73+
0-28nmal/ml 2.69= 0.25nmal/ml
- GSH-Px 12
, SCD Mn SCD, Cu SCD

- Homocysteine 16.2

+ 1.42y mol/L 12 11.7+ 0.72u mol/L  28%
(Figure 6), 8-epi-PGFza -

. ascarbic acid

retinocl, carotencids, tocopheral

(Table 7). a
-carotene  lycapene
(Figure 7), cryptoxanthin
- a —tocopheral lipid-carrected level
0.57+ 0.07mg/mmcl 0.65+ 0.15mg/mmal

, B -caratene y —tocopheral -

ascorbic acid
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Table 6. Glucose, 1insulin, free fatty acid, antioxidant enzyme
activities, faolate, vitamin BXL, homocysteine and urinary
8-epi-PGFza levels in whole grain consumption and control
group with hyperlipidemia befare and after 12 weeks

Whale grain (n=18)

0 week 12 week

Clucose(rg/dl) 81.0 + 2.29 823+ 1.89
Free fatty acid(u Eo/1) 316.9 + 46.2 429.2 + 25.4*
Insulinu U/nl) 946 + 1.75 8.19 + 1.1
Clutathicne percxicase

(nmol of NDFH/min/rg alburin) L= 170 06+ 1.60
Total RBC SCC(U/rg REC) 8.45 + 1.42 6.07 + C.54
RBC Nn SCC(U/mg RBC) 3.85 + (.53 2.96 + (.52
RBC Cu SCC(U/rrg REC) 461 + 1.15 3.12 + C.33
Valandialdehyde(nmal/rl) 2.73 £ 0.29 2.60 £ C.25
Haracysteine(u mol/L) 16.2 + 1.42 11.7 £ C.727*
8-epi-PCFza (pral/nmal creatinine) 51C.5 + 42.8 5449 + 51.0

Meant S.E., ’p<0.05, *7<0.001 compared with initial value
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Table 7. Concentrations of serum vitamins and plasma ascorbic acid in
whole grain consurption and cantral group with hyperlipidemia
befare and after 12 weeks

Whole grain (n=18)

0 week 12 week
Uncorrected levels
a -carctene(u g/dl) 4.99 + 0.69 8.39 + 1.16*
B -caratene(u g/dl) 27.1 + 2.98 26.7 + 3.56
Retinol(u g/dl) 140.1 + 12.8 146.2 + 13.7
a -tocopherol(mg/ml) 3.98 + 0.44 4.49 + 1.22
y -tocapherol(mg/ml) 0.12 + 0.02 0.11 + 0.01
Cryptoxanthin(u g/dl) 41.6 + 5.11 26.1 + 2.05"*
Lycaopene(u g/dl) 48.4 + 7.36 85.9 =+ 14.7"*
Lipid-corrected levelsl
a -carctene(u g/mmol) 7.07 + 0.78 12.6 + 1.83*
B -caratene(u g/mmol) 39.2 + 4.18 39.4 + 5.11
Retinol(u g/mmol) 209.4 + 22.3 2205+ 22.6
a -tocapherol(mg/mral) 0.57 = 0.07 0.65 + 0.15
y -tocapherol(mg/mmol) 0.02 = 0.00 0.02 + C.0C0
Cryptoxanthin(u g/mmoll) 61.5 + 8.30 39.5 + 3.97*
Lycapene(u g/mmal) 69.3 + 8.€60 126.1 =+ 21.1°*
Ascorbic acid(u g/rl) 5.46 £ 0.32 5.54 + 0.26

Meant S.E., ’p<0.05, *p<0.01 corpared with initial value
leach level of vitamins and carctencids is divided by sum of cholestercl

and triacylglyceral (mmal/L)
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f-carotene {MEdL)

10 4

5 o
o

Uneorreeted Lipid-corrected

Lycopene (A5/0€)
LRt
L)
120
Y
£
so
=B
o
Uncorrected Lipid-corrected

L] o [ 12wee

Figure 7. Serum concentrations of ®-carotene and lveopene in whole gram consum-
ption and control group with hyperlipidemia before and after 12 weeks

# p<05, *#* p<h (] compared with mitial value

- 184 -



12
0.38u g/L
Manganese  copper
zinc
p gzdl caopper

. Chromium

9.07+ 0.31p g/L

zinc

selenium

(Table 8).

79.9+ 5.58u g/dl

Table 8. Serum concentration of selenium,

1.61

1.58

manganese,

8.57+

78.1x 3.14

copper, zinc,

copper zinc ratio and chrarium in whole grain consumption and

control group with hyperlipidemia before and after 12 weeks

Whole grain (n=18)

0 week 12 week
Selenium(u g/L) 8.57 + 0.38 9.07 + 0.31
Manganese(u g/L) 0.30 =+ 0.01 0.30 + 0.01
Copper(u gzdl) 122.0 £ 4.30 121.8 + 4.70
Zinc(u g/di) 79.9 + 5.58 78.1 + 3.14
Copper/zinc ratio 1.61 + 0.12 1.58 + 0.08
Chramium(ng/zdl) 45.7 + 0.38 449 + 0.58
Meant S_E.
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160mg/dl, 220mg/dl,
LDL- 130mg/dl
12
- 12
HCL- a -tocopheral, «a
—carctene ,
phytachemicals a,2),
(©F
tocotrienols, phencl compounds, lignans, phytoestrogens,
phytic acid @), E tocotriencls
(5.6).- s »

phytic acids

(OF
(8,9,10). NDA
Ay, 8-epi-PGFZa 11,12
(12).
Homocysteine »
LDL
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13).

- harocysteine
hamocysteine 5u mol/L
50% (19).
Voutilainen
(15).
marginal deficiency
apoprotein, apcE gene MTHFR(5,10-

methylene-tetrahydrofolated reductase) MS(rethionine synthase)
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1,

. 2), (estrogen)3),
(parathyroid hormone; FTH)4), D5), calcitoning)

, Albright

- (Naticonal Institute of Health; NIH)

(Naticnal Institute of Cancer; NIC)

. isoflavone

, 8).

isoflavone »

9).

isoflavone
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2309 Sprague-Danley (Randamized
Complete Block Cesign) sham-operation
(ovariectamy) - Zoletil 50(Virbaoc,
France) 1kg 50mg
C , )] 1kg  100mg - Sham-cperation
1 k)
4 - Sham-operatian
(Sham) ,
(Treat A), (Treat
B) , 8 6 ;
22 50% , 12
AIN-93M 10) Table
1 -
s 0.51% »
14%, 0.5% -, Ca 0.1%
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100g 165kcal, 28g, 6g,

30 -
Table 1. Compositicn of experirental diets(%)
Ingredients %
Casein 14
Carn starch 46.57
Dextrinized cornstarch 15.5
Sucrose 10
Saybean ail 4
Cellulcse 5
Chaline 0.25
L-cystine 0.18
Mineral mix1 3.5
Vitamin mix2 1
1. Mineral mrix.(g/kg): calcium carbanate 357, pctassium

phosphate(monobasic) 250, sodium chloride 74, potassium citrate
monchydrate 28, potassium sulfate 46.6, magnesium oxide 24, manganous
carbonate 0.63, ferric citrate 6.06, zinc carbonate 1.65, cupric
carbonate 0.3, potassium 1iHaodate, sodium selenite 0.01, chromium
potassium sulfate 12H20 0.275, sucrcse 568.465

2. vitamin mixture(g/Zkg): Vitamin A Acetate(500,0001.U./gr) 1.8, Vitarin
D2(850,0001.U./gm) 0.125, DL-alpha tocophercl acetate 22, Ascorbic acid
45, Incsital 5, Choline chloride 75, Menadione 2.25, p-Amincbenzoic acid
5, Niacin 4.25, Riboflavin 1, Pyridoxin-HCI 1, Thiamine-HCI 1, Calcium
pantothenate 3, Biotin 0.02, Folic acid 0.09, Vitamin B12 0.00135
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2-3 24

, ethyl ether
(ECTA) 3000rpm 20

(plasma) -

(bone farmation)

alkaline phosphatase(ALP) Kind-King kit(
«» -
creatinine Jaffe reaction kit @) )
, hydroxyproline HPLC .
550-600
HCI Inductively Coupled

Plasma Atcmic Emission Spectroscopy(JU 38S, France)
Archimedes ,
Instron(Instron, madel 1011: Crosshead

speed 50mr/min, Loadcell 50kg) (breaking farce)
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Turkeys multiple range test -

, Table 2 . 6
Treat A 753.75+ 9.24g
(P<0.05),

Table 2. Body weight, weight gain, food intake and food efficiency ratio

Initial body

Final body  Bedy weight Focd Food efficiency
weight(g)  gain(g/6weeks) intake(g/Euneeks) ratio

232.25+ 8.4a 274.25+ 17.68a 42.0C+ 9.87a 707.50+ 24.25a 0.C59:+ 0.Cl4a
Treat A 239.25:+ 13.07a 299.0C0+ 19.76a 59.75+ 7.0la 753.75: 9.24b  0.C79: 0.C0%
Treat B 246.25+ 11.82a 304.25+ 19.65a 58.0C+ 14.58a €86.25+ 2C.27a 0.085: 0.C21a

a, b Means with the sare superscript letter are not significant(P<0.05)
using Turkeys multiple range test

sham ,
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Morris  11)

12).

. alkaline phosphatase

ALF Table 3 . Sham Treat A

2.67+ 1.70, 3.67+ 0.94unit Treat B

, (F<0.05).

Table 3. Alkaline phosphatase activity in serum

Alkaline phosphatase

Groups (K-A unit)

Sham 2.67+ 1.70a
Treat A 4.67+ 2.4%a
Treat B 3.67+« 0.%4a

a, b Means with the sare superscript letter are not significant(P<0.05)
using Turkeys multiple range test

ALP (bone farmatiaon)

13). .

Treat
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- hydroxypraline(CHPr) creatinine(Cre)

hydroxypraline  creatinine Table 4

Table 4. Hydroxypraline and creatinine contents in urine

Croups Hydroxypraline(ug/d) Creatinine(mg/d) CHPr/Cre(ug/mg)

Sham 2.560+ 0.075a 0.433+ 0.047a 5.96+ 0.50a
Treat A 3.143+ 1.230a 0.375+ 0.043a 8.30+ 2.79%
Treat B 2.525+ 0.092a 0.425+ 0.043a 5.98+ 0.42a

a, b Means with the sare superscript letter are not significant(P<0.05)
using Turkeys multiple range test

Hydroxyproline 3.143+ 1.230 /d
, - Creatinine
sham - CHPr/Cre

8.30t 2.79 /mg -
CHPr amino acid
breakdown nmetabolism activity
14), CHPr -
CHPr

OHPr/Cre

15) CHPr/Cre
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Table 5 .
18.82+ (030,

18.98+ 0.45% -

Table 5. Ca content of bone tissue

Graoups Ca(®)
Sham 20.57« 0.82a

Treat A 18.82+ 0.3Ca

Treat B 18.98+ 0.45a

a, b Means with the sare superscript letter are not significant(P<0.05)
using Turkeys multiple range test

Table 6 -
sham 1.419+ 0.064g/ml ,
1.277+ 0.069g/ml -
sham 5.665+ 0.425kgf ,
4.240+ 0.133kgf -
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Table 6. Baone mineral density of bone and breaking force of femur in

rats
Groups Bone mineral density(g/ml) Breaking farce(kgf)
Sham 1.419+ 0.064a 5.665+ 0.425a
Treat A 1.277+ 0.06% 4.653+ 0.993a
Treat B 1.377+ 0.104a 4.240+ 0.133a

a, b Means with the sare superscript letter are not significant(P<0.05)
using Turkeys multiple range test

4.
isoflavone
C 100 10mg  isoflavone)
(sham), (Treat A),
(Treat B) 6 ’

- AIN-93M

- ALP

- CHPr/CRE

. , Treat B , Treat A
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