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Summary

I. Title

Development of fat replacer made by waxy potato starch

II. Objective and necessity of research and development

Producing waxy modified starch out of potato to use it as fat
replacer, this study examined closely physiological activation and
intended to present the possibility of developing low-calorie food
and low-fat food. Developing carbohydrate fat replacer as materials
for low-calorie and low-fat food made of Korean potato, it is
expected that the new demand of fat replacer will be created. Since
fat replacer can keep the safety and quality of products and can be
applied to many areas and developed to be practical food, it is
expected to be usable for diverse uses. Furthermore, it may be also
new materials resource of new area to be commercialized in the
future. Producing domestically fat replacer by using domestically
produced grains as materials, [ intend to develop related products,
to examine obesity—-inhibiting effect and to present possibility of
developing low-calorie and low—fat food from safe carbohydrate fat

replacer (without side effect and toxicity).

M. Contents and scope of research and development

1. Developing modified waxy potato starch and processed food
1) Examining the property of potato starch

2) Establishing the optimum method to separate starch



3) Identifying the appropriateness of processing modified starch
4) Developing processed food in low fat
2. Examining the physiological activation of modified waxy potato
starch
1) Effect of cookies by modified waxy potato starch on the
weight
2) Examining the effect of high fat diet by modified waxy potato

starch to induced, obese and white mouse

IV. Suggestion on the result and utilization of research

and development

1. Developing modified waxy potato starch and processed food

Potato starch was modified by chemical and physical
modification. Potato starch was separated by using starch extraction
method of water and alkali processing method to establish the
optimum vyield treatment method in different starch extraction
method. In the case of general potato and small potato, the starch
yield by water digestion was high. Thus, SP showed higher starch
yield for each species than GP, presenting the difference in the
application of starch production among species. Furthermore, the
selecting condition of production process could be presented. While
yield of modified starch produced by different physical and chemical
modification method was in the order of DF, HTP > HPR > EZ >
AC > H40 , physical modified method rather than chemical modified
showed higher yield.

Observing modified starch (treated in different method) by

_10_



SEM, EZ showed shape of deformed round oval, HT, AC, HPR
showed shape similar to that of NL, the commercial fat replacer.

In the modified starch such as AC, DF, H40, peak in B and C
type similar to those of general starch was found, but HTP, EZ
showed non-crystalline shape. Compared to other modified starch,
HPR, the chemically produced denatured starch showed very peculiar
peak and structure in V-form. Namely, while the surface of starch
before modified treatment was smooth and regular in the starch
granule, most of denatured starch showed shape of irregular and small
pieces or lost globular form.

While the order of contents of amylopectin was in the
order of SP> GPS in general starch and H40 > HPR > EZ > APS >
AC > HTP showed extremely high contents. The degree of
distribution for each particle size showed almost similar tendency,
modified starch showed very minute size

Measuring the degree of gelatinization per the modified
method, the degree of gelatinization of SPS as much higher than
that of GPS. In the case of modified starch produced by different
modified method, H40 was the highest value and followed in the
order of HPR, EZ .

The water binding activity of modified starch was 280% in H40.
When producing modified starch, the thermally treated modified starch
showed high water binding activity ability.

Measuring viscosity by producing general starch and
modified starch as gel of 10% concentration, the GP, SP starch
showed very high viscosity of 30.30, 29.55 X 10° centi poise

Showing viscosity of 38.60, 31.60 10° X centi poise, the modified

_11_



starch was in the order of H40, HPR. While the calorie of starch
of SPS was measured to be 2.0 Kcal/g, very low calorie and that of
GPS was 3.0, those of chemically modified starch, H40, HPR
showed 2.4, 2.5 Kcal/g respectively, suggesting that calorie is
decreased by modified treatment.

The appropriateness of processing food was experimented
by substituting the existing oil and fat containing food with
saturated gel of starch and modified starch in constant rate
through utilization of modified starch.

When producing mayonnaise by substituting edible oil with
gel of modified starch in 10-50%, calorie was reduced by 44~45%
when substituted by 50%, suggesting the potential of low-fat food.
Measuring viscosity of mayonnaise by Brookfield viscometer, the
mayonnaise with H40 showed high viscosity and the chemical
modified starch group of HPR, EZ also showed high viscosity.
Generally, the material property of mayonnaise tended to reduce in
all measured items when oil and fat are substituted by starch
substituting materials and the substituting materials increase. When
it comes to the emulsification stability of mayonnaise with starch
substituting materials, emulsification stability of all mayonnaise with
starch substituting materials is lower than that of compared group.

While the group with NL as commercial fat replacer showed
emulsification stability which was slightly higher than group with
modified starch and the substitution group of H40, HPR showed
higher emulsification stability. Sensory evaluation for low-fat
mayonnaise by substituting oil the products substituted by modified

starch was more preferred than general starch substituting products
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such as GPS, SPS. While NL as commercially fat replacer showed
the hight preference, products with H40, EZ, HTP were also highly
preferred.

Producing cookie by substituting saturated gel of starch
and modified starch for butter, I checked whether fat of modified
starch could be substituted for bakery products.

The baking loss rate of each group is as follows: compared
group without modified starch-12.50% (the lowest); cookie group
substituted by EZ-S and H40-S -14.63% and 14.89% respectively;
SPS products that are not modified - 16.67% (the highest).

Measuring the material property of cookie, the cohesiveness
did not show larger difference between additional groups of
modified starch, H40-S and EZ-S than compared group and SPS
showed high measured value. While the group processed by starch
showed higher gumminess than compared group, EZ-S group
showed the highest value. While the group processed by starch
showed higher chewing property than compared group, EZ-S group
showed very high tendency. All groups with substituted starch
showed higher hardness than compared group. Especially, H40-S
processing group showed very high hardness. Springiness was
measured in the order of EZ-S >H40-S> NR(control)> SPS. In the
fragmentation property, compared group showed very high value,
EZ-S group showed the lowest tendency.

Comparing the saturation property between starches by
measuring gelatinization heat temperature with DSC, SPS began at
75.88C with peak temperature at 72.08C and termination

temperature at 82.46°C. Thus, gelatinization temperature was
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somewhat higher than general starch. Since the range of
geltinization temperature of modified starch, H40-S and EZ-S were
low at 73.80~74.07C and 71.97~77.61TC respectively, it is expected
that gelatinization temperature can be lowered, depending on the
modified temperature.

According to the sensary test of low-fat cookie produced by
substituting modified starch and general starch withbutter, the taste
of compared group was best, showing the order of H40-S > SPS >
EZ-S. In the item of fragrance, group processed by modified starch
except SPS showed similar preference with compared group. The
group processed by starch and modified starch showed lower trend
of brown color than compared group, suggesting low preference. In
the material property, H40-S showed similar preference with that of
compared group and high preference in general preference. Thus, if
H40-S is used to produce butter cookie, low fat product similar to

general cookie can be provided to consumers.

2. Examining the physiological activation of modified waxy potato
starch

Feeding rats high fat food composed of potato starch instead
of corn starch by transforming AIN-93 composition for 50 days to
make them obese, 1 divided them into 4 groups, i.e., GPS group,
SPS gropu, EZ group and H40 group. Then, feeding them for 70
days with different starch for each group, [ observed their
physiological activation in vivo. As a result, there was no difference
in the increment of weight in the groups of GPS, EZ and HA40.

Meanwhile, EZ group showed less increment than them and the
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measured value of dietary efficiency was also low. Calculating
obesity judgment index, Rohrer index, Lee index, T.M. index and
body fat contents, the obesity index of SPS group was lower than
other groups, which suggested that the starch of SP affected weight
less than other additive starch. While GPS group and SPS group did
not show significant difference in blood Glucose, TC, LDL-C level,
their measured values were lower than those of EZ, H40 group. In
HDL-C level, no significant difference was found except GPS group.
Furthermore, calculating Atherogenic Index by HDL-C, TC contents,
H40 showed higher measured value than other groups, suggesting
that H40 group affects obesity and arteriosclerosis more than other
starch added diet. Measuring the MDA formation quantity in serum,
liver and kidney, the serum MDA formation quantity of H40 was
measured to be much higher than other groups. In the tissue of
liver and kidney, EZ, H40 group showed significantly lower contents
than other groups. Examining acid-proof mechanism in the body, the
contents of glutathion showed different tendency in each tissue, but
the measured value of GP-x activity was low in SPS group, which
suggested that the suppression of active oxygen such as alkoxy
radical, hydroxyl radical, etc., actively contributed to the reduction
of lipid peroxide contents. The leptin contents in the blood was
measured significantly high in EZ group and H40 group and low in
SPS group and GPS group. Thus, examining the effect that high fat
food with modified starch has on the obese food, the group fed by
SPS produced by substituting SP starch by 100% seemed to have
obesity suppressing effect compared to other groups. On the basis

of this result, [ denatured SP starch in diverse methods (enzyme

_15_



treatment EZ-S, low temperature treatment: H40-S) and produced
cookie by using it as fat substitute replacing 30% butter. Then,
feeding rat this cookie for 9 weeks, I measured the physiological
activation in vivo. As a result, there was no big difference in weight
until the 4th week, but the weight increment of EZ-S group
gradually became lower than other groups from the 5th week. Since
the measured value of dietary efficiency was also low significantly,
it was found that increment of weight was low irrespective of
influence on diet. Moreover, EZ-S group showed lower blood TG,
LDL-C, glucose level than other groups except TC and the contents
of TL, TC, TG in the liver tissue was also measured low in the
EZ-S. The formation quantity of MDA in serum, liver and kidney
was also found low in EZ-S group and significantly high in H40-S
group. Since the GP-X activation was also low in EZ-S group, it
seems that GP-x and Ctalase contribute to the suppression of MDA
formation. The leptin concentration in the blood was also found
much lower in EZ-S, H40-S group than other groups. Thus, it
turned out that the starch denatured by treating SP starch with
enzyme is quite effective in weight. As the denatured starch seems
to have high physiological activation in vivo, it is expected to be
applied and utilized in the food industry.

The modified starch by various treatment, SPS with enzyme
is detoxified in the body and the cookie produced by using it as
substitute for fat showed high measured value in reducing body
weight and activation in vivo. Thus, they could be very useful as
substitute for fat that substitutes the fat used in large quantity for

confectionery and bakery.
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Therefore, research and development and industrial application
shall be actively and constantly made, considering that potato
modified starch, one of the substitute materials in the family of
carbohydrate does not merely substitute the characteristics of
existing carbohydrate but has useful result of physiological
activation. Especially, wusing polysaccharide as low calorie
carbohydrate material can suggest the potential of developing food
focusing on the function of substitute for fat. It is necessary to
develop food that doesn't affect texture or flavor of fat so that it
can be product with high sense and consumer satisfaction. Reducing
the fat contents by adding materials that fat replacer in the food
and eventually reducing consumer's ingestion of fat, health -oriented
food can be placed at high position in accordance with the intention
to prevent obesity. Therefore, research and development for
materials and related products which maintain the existing quality

and reduce fat contents will be constantly performed in the future.
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WE AN F AzA

2) X-ray 3ZEE = FALAREH 7 (scanning electron microscophy)
#4
A AiES 300 mesh® whfgh $ Owusu-Ansah 59 W
(Owsu et al, 1982)°] we} X-ray diffraction meter2 ©| &3l target :
Cu-Ka, filter : Ni, scanning speed : 5.0°/min®] Z7ACo % 3I|AZLE(20)
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D 50N E 40717 FANA Sd7ee] we wae fAwyE 4498
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AAAES 100 meshZ vhafdt & 140AFAZ =52 3
FALAA R AL o] &3Fe] 15kVel Al 200, 300, 1000, 30008je] H] &=
Aol FEE EASY. S, G FE= A ES 300, 1000 <]

3) ofdE e 2o} o2 AR FHF

AR opdR o ot opdZHY TS Williams 59 W
(Williams PC et al, 1970)°l we} SA4&k3ivt. B 7FF 20mgs 100me
ZetaTo] FHshal 0.5N KOHE 10mE 7lete] Algs & BAA70 o
o THTE 7Fek 100meE kit o] &4 10me FHske] 0.1N HCl 5
=2 FIAZ T FTHTE VFSte] 45m7t HA ST 8.2 &9
0.2% 1,9 2% KI £9) 0.5mE 7letal SHRFE AA7F 50m7t = A
oA 5EZF WA S 625molH FHES SAste] T

Al
=
Homane opdRo s Fw oluzAY FHFe FaAC

@

(oh

Amylopectin (%) = 100 - Amylose (%)

AARY] JrRAL 93] 100 meshZE v} 3 particle size
analyser (HELOS, Germany)E AFg3ste] F2X3}3th. Focal length :

100mm, beam length : 2.2me] FAC 2 JEEHS AAFA T
5) B—amylase pullase(BAP)YS o]&3l 33l= =3
Aol T3l g A3 fste] Ao 80% ¢IeE ek & 1

ot AJ3ste] Ao A E7A5 A vlaste] 1004 AE EFRAIA AEE A
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ATt olet o] Ax EHH ARE IR AasA] T RS
O E BEARAIZD & B-amylase9t pullulase® E33}e] A H maltoseS
Somogyi-Nelson® 0.2 Asla F g9 FFro} Gateke] xo]of A

—amylase pullulase(BAP)WH (L 1981)el <J3] tb3 &

A Z AR 80mgd SHT 8mLS EF3ste] #AkA7]aL 2mL FH ¢

0.8M o} EAE ¢k58 N (pH 6.0) 25mL=E g8 3}3lorn &3

53+ 10N NaOHE S 71she] 50T 25204 533 o &3} Al
Zth 1 % 2N oFMEAF &9S ImL FH7bste] pH 6.00.2 A3l
0.8M oA EAF &45-& N (pH 6.0) 2.2 256mL7F FA A& 3ot 2+ A+
B-amylase$} pullulase&3d-S 1m# H7Fstar 40T

A 30wt Aol WS AR SAlel 4mLe] Aol ZFEA e g
> WhE §100T €]
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o
el
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o
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-
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)
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e}
fol

A ! reduced sugar amounts of each sample
A' ! reduced sugar amounts of completely gelatinized each sample

a  reduced sugar amounts of blank test each sampl

6) TEAESH

A Aol FERARSHE Medcalfst Gilles®] W (Medaclaf
DG&Gilles KA, 1965)° whe}h vh&-3} o] SAS AT & A 2g& %
Fate] HlelAd FHd F FHF 30mE 7HeF the 1AIZE Sk ankeksd

. detele @e Fuo

I~

=
%713 SHFE Ho]AE AAFHA 50ml 2
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Fo 95% ethanol 300mLE 7}sfle] HE
AlZ1aL AbS AABE o of 7|4 dojzl acetlylation

AAAES Axske] eha Aol oF Wy A% Amz Aga)

@ Modified starch II(H40)
2M-acetic acidE& Al&9] 30W|7} H X5 7lste] 40TolA Z+
2hr ®WEg Al7]aL 10W]e] S/FTE AFEste] AlE & oA,

oAshg AR FAES Agdtel AH F A ANF T FHRFE

W ALgStel AHF F Azt A A oI MPARS

@ Modified starch III(EZ)
ol AAANA FES FFAI AR S dal 3ue ==
7hek H 255 50-55C2 243 v glucoamylase(Sumizyme,
BrHAMLE, Japan)E AW FoER itste % 9 0.075%7

AN WSAA T A -70TA A FANT T

@ Modified starch IV(HPR)
ZAAAE 100gS ZFH~3F0 Heted =75 120mlel NaOH

1.3g, NaxSOs 15g& 7}sle] &gt & water bathollA 40C=
A8t H A propylene oxided el 10%(v/w) F7tstar d# sk

o] 40C shaking incubatorol A 24A|7F&<F WHSEA]AH d -HoSO,=E



=33l & AAEY ¥ o7 A7 starch cakeg 1M-BaCle
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® Modified starch V(HTP)
A AIE 100g0] 30%¢] SFTE <dstod(w/w) ¢+ 1.5kg/
af, W% 121-123CE 7F238ke] 15min 5ot WH-&A1#A &%
Aglo] odt WAgAR R A xEA

® Modified starch VI(DF)
Ao A 2413 Bl HAgk & gwel EV|E A|lASHL A
-70C9 YsaoA ds &

=
=oH Al o MgdEer Azl

_46_



Table 1-1. List of used starch

Starch for fat replacer Treatment Method

N-LITEL L

Commercial NL
(National starch&Chemical Co., Singapore)

starch

Avebe Potato Starch
(fat replacer) APS

(Avebe Co., Netherlands)

GPS General Potato Starch
Natural potato
starch
SPS Small Potato Starch
AC treated by acetylation
H40 treated at 40C with acid
Chemical
modified starch EZ treated by enzyme
HPR treated by propylation
] HTP treated by deep frozen at -70C
Physical
modified starch DF treated with high temperature

(120C)and high pressure
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Table 1-2 The characteristics of commercial fat replacer

f i .
Name of product Manufacturing Application food
company
National .
) salad dressing soup,
NL N-LITE L | starch&Chemical Co.,
. sauce
Singapore
Avebe
Avebe Co.,
APS Potato noddle snack
Netherlands)
Starch

%
o

Pgel A e ol gt ARE Rl

H
H
ek o AAS Al A% awel A s 5 A o

—
N
o
n
o)
N
it
=it
)
i
Buj
S
o
=
e
(=
L
2L
T
°
rr

th B3 FEol wE ARsEs duAHGP)el Hls] 4FAHSP)7E EA

=
SAE] AL F&AM FF0 A7t dEe & o den, A
F

Table 1-2 . Yield of potato starch of treatment method

(%)
Treatment mothed GP SP
Water 12.10 15.65
NaOH 9.85 12.79
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=g, g4 WA A WHS dylste] Axd HAAHdEY] &S
DF, HTP > HPR > EZ > AC > H40 <o & 3}gz el HAx ey HU}
= EYAQ HAdAHEHol & &8 YEY
Table 1-2 . Yield of modified potato starches of various treated
mothed
Modified starches Yield(%)
AC 77.54
H40 71.18
EZ 77.87
HPR 93.08
HTP 100.00
DF 100.00

4. FAAAEnel o9 AR Py B2

=

AE ZYAgiiel mebds dEe dejol SEMe] & Ax AA
A ggkon, Akl AR FH T BYY RS aE @ -
AR

Ags 23 MRS dAdnder aR9 23 BZe ¥
o BRol Bl Fax X3 e SA4S #ES + Ay g
A A, F Ak dell o WA H40, AC, HPR WAd-EL Al
A Al=d NL3} 7ARSE FEE 23t
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< 300 < 1,000

GPS

SPS(water)

Fig. 1-1 Scanning electron microphotographs of potato starches
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AC H40 HPR EZ

x 300

> 1,000

Fig. 1-2 Scanning electron microphotographs of modified potato starches made by chemical treatment
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< 300

> 1,000

Fig. 1-3 Scanning electron microphotographs of modified potato

starches made by physical treatment
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NL APS

< 300

< 1,000

Fig. 1-4 Scanning electron microphotographs of commercial fat

Replaces
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2} x- ray JE=

EE YRR AL S SAHe HoEA e AT g8 ol &5
3 9tk x-ray S| =R FEE AHIF2E ALY JHE EFH, 7
A5 A8, J(tuber), FA(fruit), &7](stem) A& B, 77 A& A

ol BE ol &3l CES Btk(Fig .1-5). ol & dee A2AAA Yol A<
L AEER A 9dte], AY-oldREe 29t BEF-olERE AT
left-handed, parallel-stranded °¢]% YAF+Z& 7[R oy yAAdg e 4
AR} itghFo] gl AYS AAR Y F27F A}
722 12 anhydrous glucose unite} @ AlX 3 4719 EEA=Z Hof 9
o} 18l & ARFZ Yol F7te] 9o 12 anhydrous glucose unit®}
9] AET 36709 =EAF Aol e TEE Ho e, CEe 1 F
Zboll &3zt &7a] ofE RO 15 80% o)/ Adulsret 85-90TC WSl
frAsH A -opd 2o ~7 FAd¥ = vhH Ao X 5hH BE-ofdE e~

k
-
Mo
o,
X
rlo
iy

7} dojztta sl tiImberty A & Perez SA, 1988). T3l Lo AA4A L
#we ALEE0] HYSHA JFAE o] F7] witolw T2 ofdZ A oA 7]

o1 ¢k} 3 31 Y (French D, 1972)

o



oI AZI

Tuber

Tuber and Seed

Helical
Amylose Complexes

i L

10 20 S0

Diffraction angle (260

Fig.1-5 X-ray Diffraction Patterns of A, B, C and V-type Starches
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GPS

SPS

APS

NL

Fig . 1-6 X-ray patterns of general potato starches and commercial

far replacer
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AC H40

EZ HPR

HTP . DF

Fig . 1-7 X-ray patterns of modified potato starches

_57_



ohoAA AR oluz o 20t ol Y P
AR olsstd B4 ARACIFE 4 2 s AR YR
Wl obd e st ofEAES] T4 Hfolth AuAom opUEe s
gherol 80-97%0l W 1
ojgtoll A clNEWE o PRAWL, W ofUE
sa w7 A9 zEA A B

1995)

G
:ﬂt
E
%
o
jom]
(@R
j=n
<
o
iz
=
~

At okl EAE gael A S3HU,

AW SPS7F GPSKHT opd ARl 86.00% 3ol Eokrt.

Table 1-3 . Amylose and amylopectin contents of potato starches

Amylose (%) Amylopectin (%)
GPS (Water) 17.28 82.72
GPS (NaOH) 21.56 78.44
SPS (Water) 14.00 86.00
SPS (NaOH) 18.00 82.00
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Table 1-4 . Amylose and amylopectin contents of starch,

commercial and modified starches

Amylose (%) Amylopectin (%)
GPS 14.28 85.72
SPS 14.00 86.00
NL 31.26 68.74
APS 23.30 76.70
AC 29.36 70.64
H40 12.84 87.16
EZ 18.53 81.47
HPR 15.04 84.96
HTP 29.77 70.23
DF 29.79 70.21

te

AR WA AR QA=17]= Table 1-59F o] E731 )
2] 7h7e] dEEE= 7HF9] paste 543 gel consistency 59 ©]3}3H%]
=
=

Ag wsAgoR AEAEY Fh] AHA 9

_1_4

oft
to

R

R

i

A3t Y= A7 E gtk Aol Fa3ttHLee HY & Kum JS, 1999)
Dso Y= EXE=E Hudk 23 GPSeF SPS 46.633 39.18m=
- 22 BEEE Yehflon Alg AHgiAE APSE 41.61mE
FYEE Yehdith HAHES 17.19~26.69me] Y= HE%
etttk AR 9371 10~70mel™ 7 5(1996)e o3
Froll A AbA ol og MAHES F7]7} 20.5~25.6mel AW Aot FAL

il
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Table 1-5 Particle size distribution of starch and modified starch

Dsoc(tm))

GPS 46.63
SPS 39.18
NL 15.89
APS 41.61
AC 17.19
H40 ND

EZ 18.39
HPR 26.69
DF 18.34
HTP ND

ND :not detected
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ND : : ND .
ks _F!:"#M‘_I I 1| fa r —vlm‘—mwﬁ- b _‘::*‘u
H40 EZ HPR HTP DF

Fig. 1-7 Percent particle size distribution of

starch and modified starches
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Al. BAPl| 93t 3%
24392 BAP(B-amylase pullulase)® ol o8k A E o 33 %
A= v Fig. 1-83} 2t}

AW Wy mE sste 549 dyp=  GPSe SPS7F 72H7)
729 85.73% % =& 3I3IEAS BRI WHAPAHAEL H400] 97.95%

e

%

CD

e Ee £35S Eilor], HPR Ez9 02 E3wst w3t
540l B ATL 1A A3} opuEMAY Fapo] B AL

o,

H40, EZ WA AR} §ASE HeS Ho] opdzdely) 335479

0>"

)

(%)

0
GPS SPS NL APS AC H40 EZ HPR HTP DF

Fig. 1-8 Degrees of gelatinization and the comparison of potato

starch and modified potato starch
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Table 1-6. Degrees of water binding activity of potato starch,

modified potato starch and fat replacer

Water binding activity(%)

GPS 250
SPS 250
NL 190
APS 210
AC 200
H40 280
EZ 210
HPR 240
HTP 150
DF 180
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Table 1-7 The viscosity properties of starch and modified

starch pastes

viscosity (10°Cm poise)

GPS 29.55
SPS 30.30
NL 17.10
APS 23.70
AC 14.10
H40 38.60
EZ 24.50
HPR 31.60
HTP 12.10
DF 15.40
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A AR AAEe gIE AR 9P
Bomb calorie meter®= &g 543 A¥+e= th Table 1-83 %
skt AWbHESl GPS7F 3.0 Kcal/gdldl vl @32t d#<l SPSE
Keal/g2 dl$ 2 d3& no] Fol FRg By 548 o] F9vh
sl 518l WAl o Ax¥ H40, HPRE 77 2.0, 2.5 Kcal/g
2 u2 Aol SAH ols WAAES AAY, ALY TheAEel &
FATE HE AP AR 5 9 AOE dE
Table 1-8 The calorie of starch and modified starch pastes
Kcal/g
GPS 3.0
SPS 2.0
NL 2.9
APS 2.6
AC 2.9
H40 2.4
EZ 3.3
HPR 2.5
HTP 3.0
2.7

DF
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Table 2-1. Compositions of experimental diets

High fat diet

Control
Component (n=40) B
GPS” Sps”  EZ7  mao” (710
GPS"  34.375 44.875
potato SP§>2> 34.375

Carbohydrate starch giO“ 34.375 34 375
Sucrose 15.0 15.0 15.0 15.0 15.0
Cellulose 5.0 5.0 5.0 5.0 5.0
Lard 10.0 10.0 10.0 10.0 -
Lipid Corn oil 10.0 10.0 10.0 10.0 10.0
Cholesterol 0.5 0.5 0.5 0.5 -
Protein Casein 20.0 20.0 20.0 20.0 20.0
Vitamin mixture” 1.0 1.0 1.0 1.0 1.0
Mineral mixture” 3.5 3.5 3.5 3.5 3.5
DL-Methionine 0.3 0.3 0.3 0.3 0.3
Choline chloride 0.2 0.2 0.2 0.2 0.2
Taurocholio acid 0.125 0.125 0.125 0.125 0.125
Total 100 100 100 100 100

1) GPS : General potato starch 2) SPS : Small potato starch

3) EZ : modified potato starch by enzyme treatment

4) H40 : by temperature at 40T

5) Composition of vitamin mixture (g/kg diet) : Vitamin A-acetate
100.0 (50,000 U), vitamin D3 0.25 (10,000 IU), vitamin—-E acetate
500.0, vitamin Ks 20.0, vitamin B;-HCl 120.0, vitamin Bg 400.0,
vitamin Bg—HCl 80.0, vitamin Bis 0.05, vitamin C 3,000.0, biotin
2.0, folic acid 20.0, calcium-pantothenate 500.0, para—amino—benzoic
acid 600.0, nicotinic acid 600.0, inositol 600.0, choline-chloride
20,000m cellulose-powder 73,057.7

6) Composition of mixture(g/kg diet) : CaHPO4+2H.O 0.43, KH:PO4
34.31, NaCl 25.06, Fe-citrate 0.625, MgSO, 4.8764, ZnClz 0.02,
MnSO45Hz  0.121, CuSO45H20 0.156, Kl 0.0005, CaCOs 29.29,
(NHy)sMo7024-4H>0 0.0025, Cellulose-powder 5.1036
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Group Treatments

1. Control
2. GPS

3. SPS

4. EZ

5. H40

No. of O

rat

10

10

10

10

10

|

50 - 120days

|

Control diet |

Experimental diet |

Experimental diet |

Experimental diet |

Experimental diet |

Fig. 2-1 Experimental design for hight fat diet in rats.

1) GPS : General potato starch 2) SPS : Small potato starch

3) EZ : modified potato starch by enzyme treatment

4) H40 : by temperature at 40T
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index® 18|31 AAW FFE T.M. indexs ©| &3t H|WA|FE AH&E3}
At} Rohrer index= {Body weight (g)/ Naso-anal length
(cm)’}<10°, Lee index: {Body weight (g)'’/ Naso-anal length
(cm)}*10°, T.M. index®= Body weight (g)/Naso-anal length
(cm)**°x10°, Aol we} Axstgen, A g 0.581<T.M.
index-22.032.% A48 tHKim HS and Chung JS 2001).

2. @A J" 14

g4 ] total  cholesterol(TC),  triglyceride(TG) ¥
HDL-Cholesterol , LDL-Cholesterol %% ADVIA 1650 (Jeol, Japan)
FulE o] gste] FASIY. A9 HDL-Cholesterol -sXko djsh
LDL-Cholesterol H=% AXtste] Yell o™, Atherogenic Index:
TGSt A A v A o8 ALttt

Ath ‘e Ind _ Total Cholesterol — HDL-Cholesterol
erogenic ‘ndex HDL-Cholesterol

ob . kEA W A2 SF

2z Ul FAGY FAAAY FFE (Yoon JS et al 1999)9] #

O+
i)
:Ll

% Zel2HE §FL (Zak B 1968)0% Z4313),

v} . Amino transferase
1) GOP (LL-Aspartate : 2-oxoglutarate amino transferase)

L-aspartic acid¥ a-ketoglutaric acid®] ¥F23}ed oxalacetic acid®}
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glutamic acid &2 ¥ &d GOP7} 28-S 3t} o] & o] &35lof, ub
g ¥+ 9¢ A Oxalacetic acid® NADH, H™ o] ¥F23}o] Malate9}
NAD"(Malate dehydrogenase) ¥F&olA 4H]¥ NADH(B-Nicotinamide
EE AST (Randox, UK)Kit
£ A&, ADVIA 1650 (JEOL, JAPAN)OIA 54 3}3it).

Jb

—-adenine dinucleotide) ¢ T3 =& 74

2) GPT (L-Alanine : 2-oxoglutarate amino transferase)

L-alanine®} a-ketoglutaric®] WF&3}o] pyruvic acid® glutamic acid
o2 H+=d GPT7F &2E"HT. o] 98lE& 935}e], pyruvic acid, NADH
(B-Nicotinamide-adenine dinucleotide), H" ©] Lactate, NAD' 0. & &+
tl LDH(Lactate dehydrogenase) 7} AR Y& W3S o] &3], REg<
A ZH]¥ NADH ¢ F3%9 74452 ALT (Randox, UKKitE AM&,
ADVIA 1650 (JEOL, JAPAN)IA GPTe] &A=& S48t

A} . Glucose

g9 glucoseH S ETE(GOD kit, Waco company)kitES o] &3}

g Lowry W(Lowry et al 1951)& AF&3Fe] 540nmol|A] v] M
Aok 3o, A% 7 A1 22 2 cytosole] @z sk ZF g4
59 A4 Ak AL&H AT
2) kst A4 A= SH

Hare R F A LS Ohkawaol W (Ohkawa H et al 1978)2 A4

wgste] 4ot

_73_



pH 822 0.2 M tris buffer, 0.01 M 5,5-Dithiobis—2-
nitrobenzeonic acid (DTNB), 7+ & N3} AJo] 1587F =] 3 o}, €

At & 412 nmollA S3FEE 574 s th.(Sedlak T. and Lindsay RH

1968)

2) Glutathione®] 3k

Cytosol 0.5 mLel 10 mM 5,5-Dithiobis—2-nitrobenzeonic acid
(DTNB stock solution) DTNB working solutiong 4.5 mlL #7}3+ &
412 nmelX F3E=E S48 th(Ellman GL 1959)

3) Glutathione—-S- transferase (GST) &4
ZEA W cytosol 34 Glutathione-S- transferase A EE=
Habige] WH& $& Cytosol H-f<4,  GSHe}t

chlorodinitro- benzene (CDNB)S WHSA]A 340 nmolA2l S¥%= W3l

_0|L
2
Ay
o
QL
32
o

= =34 ddoy, a4 FHEE il med 1E7F v-&¥ = CDNB

nmole® YEIN It} .(Habig et al 1974)

4) Glutathione peroxidase

EDTAE &3¢ tris buffer, 0.1M GSH, 1000 unit/ mL GSSG
reductase 0.1 mL, 2 mM NADPH 0.1 mLe] H,O0% & 1 mLS %HF
o] Ao] 37TlA 23t incubation 3 % 7 mM tetr-BuOHE Yol 340
nmoll A 3% F¢ FFE=E SASAY. 5L = 9E megd 1
® F¢b atglEE NADPH nmole® 1 unit® $H4ksle]  #7]8H3i
(Flohe L. 1992)
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Leptin kit(Linco., U.S.A)

. FAAE

7
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°ol-&

S
=

SAS program

i

ja=s
o

% Duncan's multiple range test

ki3

(one-way analysis of vaiance)<

ﬂw_wo

2 3

A5zt

7}

Z WslE A E Ad3(Fig 2-2) SPS ¢ AFeo] tf

)

Jariy
i)

of vla|A 7H AA SHEN e, GPS, EZ,

i

1

7}

=]
=

1557 e R R

Z

3 X

391.59+37.91g, 7=}

} control

)
pul

s ¥l

oy

o

-

_ZD

o

A

Aol A HAAAZ 3

ki
472.09£68.99g ] A

5]

458.66+110.12¢g, A+ A7

H40 oA

Xfo

-
i

1 o]

=
=

7}

412.08+£44.10g%] <

1
R

SPS ol A]

el

el

o) gsteEe] A= ATl

1]

S

o] Zt}. Chang MJ and Kim MH (2003)= #2AES Zg2d WA

00
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Fig. 2-2 Body weight changes in rats fed different diet during 70

days.

, AT SR Aolass v Ay
(Table 2-2) GPS, H40i*°] SPS, EZ ol Hla] 2lo]g&o] %A e}
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Table 2-2. Food intake, weight gain and feed efficiency ratio in rat

Total Body

Dietray group food intake(g) weight gain(g) FER”
Control 31262.1 391.59+37.91 0.0235+0.0024"
GPS 28949.2 462.01£33.23  0.0159+0.0015"
SPS 31482.1 412.08+44.10 0.0131+0.0092°
EZ 34077.4 458.66+110.12 0.0135%+0.0053¢
H40 31492.0 472.094£68.99  0.0150£0.0099"

Each value is meanxSD of experimental group, n=10. Different
alphabets in each values show statistically difference at a=0.05 by
Duncan's multiple range test.

Y Food Efficiency Ratio :[Body weight gain(g)/total food intake(g)].

o . 715
3} e $A HA A= Table 2-3% 2t A7]9] A= AF
100g% #tgls o T¥ow yed Ao=w b A, o, A2 SPS
ol fFYHoR FA FAol HAAL, 1o FA= Control o] HHE
AA Aol AFE TR FA UebEth g e FAls dnky ol
t GPS, SPS, EZ,
H40 o] FAZF Blad A4 54 HAow, o= A3 Aol
aAgAe] AdFz ko] FAZE Srelthe Haret Aok (Sung 1S
et al 1997, Wursch P 1979, Park OJ 1994, Kang MH and Park SJ
2003, Kang MH et all 2004).
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Table 2-3. Organ weight in rats fed experimental diet

Liver Kidney Brain Heart Testicles
(g/100g B.W)

Control  2.72+0.42% 0.62+0.067 0.424+0.01* 0.294+0.05* 0.30+0.03°
GPS 4.5940.57° 0.57+0.05” 0.37+0.00" 0.27+0.00” 0.27+0.18%

Dietary group

SPS 5.75+0.80* 0.62+0.02% 0.42+0.00* 0.30+0.00% 0.27+0.09%
EZ 5.1840.21" 0.56+0.00" 0.37+0.01° 0.26+£0.00™ 0.24+0.18"
H40 5.134+0.67° 0.56+0.01° 0.37+0.00° 0.26+0.02* 0.23+0.05"

Each value is meanx SD of experimental group, n=10. Different
alphabets in each values show statistically difference at a=0.05 by

Duncan's multiple range test.

2 . HRERg g7}

A wgmgel 1M AR 9 5 9o, o Ave

&S HAT Kim & Chung (2001) 20%°] A|WH|E Zt+= 2o]& 10+

b EEAA F93E  w, Rohrer index’} AW 2o]o]

o gk ol WlshA ol BREA| ol TR v Balsh AR A3E e
stk

T3 ratd A Lee index:= 300 o]3t7} AAtolar, 1 o]Ael ¢

Bluto 7 7133 tH(Kim & Chung 2001). SPS & 281.14+7.67%

T
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Table 2-4. Obesity index of rats fed experimental or control diet

Control GPS SPS EZ H40
Rohrer index”  24.42+1.76°  26.21+1.95% 24.55+2.55" 26.76+2.38" 27.1942.04°
Lee index? 275.81+9.40° 289.85+9.40"  281.14+7.67° 292.86+10.51""  296.81+8.84°
T.M. index” 43.81+£4.27"  45.03+4.42% 43.91+3.54" 46.79+4.13" 47.61+3.39°
Fat contents”  3.42+2.48" 4.13+1.97° 3.48+2.56" 5.15+2.40° 5.63+2.66"

Each value are mean®x SD of experimental group, n=10. Different alphabets in each values show statistically
difference at a=0.05 by Duncan's multiple range test.

1) Rohrer index = [{Body weight(g)/Naso-anal length(cm)®><10°]

2) Lee index = [{Body weight(g)"’/Naso-anal length(cm)><10°]

3) T.M. index = [{Body weight(g)/Naso-anal length(cm)****]

4) Fat contents = [0.581XT.M. index-22.03]
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L -~ Bl - =

Table 2-5 &% TC, HDL-Cholesterol, LDL-Cholesterol %2 e
o} TC &2 GPG, SPS wollA wten, EZ, HA0 oA H& S B3l
i1, LDL-Cholesterol ¢ 74§ EZw, H40wolA %S & Hth TC,
HDL-Cholesterol AE® &7 3% =(Atherogenic Index)E& At=3] #
(Fig. 2-3) GPS, EZ, H40 oA w3 2/ vehd, ¥A4E 274 & A

Hol mla) MAHE Ao 3 AAFEZ Fole 4TS non, vtz

32

woll mla] A AEs Hrbetol AxF Aol EF Ads=rt WA U

B} ESOONE Aolsk 9 Ao Az

Table 2-5. Cholesterol levels and Atherogenic Index of serum of rats fed

different diet

TC LDL-C HDL-C
(mg/de) (mg/de) (mg/de)
Control 59.56+17.69¢ 9.89+3.40¢ 57.00£16.71* 0.045+0.06¢

AID

GPS  74.40+18.50° 17.10+£7.21° 41.60+11.42° 0.788+0.48"
SPS  68.80+2.60°)  19.00+3.11° 57.67£10.34* 0.192+0.09°

EZ  93.30+23.94° 20.56+7.48> 54.50+10.99% 0.711+0.32°

H40 110.304£45.05" 43.00£26.10"° 57.444+12.20" 1.660%0.99"

S_FZ) * * * *

Each value is mean®SD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple

range test.

Total Cholesterol — HDL-Cholesterol
HDL-Cholesterol

1) : Atherogenic Index =

2) S.F : Significant factor (* : p<0.001)
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Control GPS SPS EZ H40

Fig . 2-3 Effect of difference diet on atherogenic index in rats
Each value is mean® SD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple

range test.

¥ = HDL-Cholesterol®} LDL-Cholesterol H|&<(Fig 2-4) Control
SPS i+ > EZ i > GPS + > H40 +* o2 Uehy ux Aojs AF 3
oA e HES BHla, AES Aol A3 H4000H 5 A Zud
olyz} HDL-Cholesterol LDL-Cholrsterol H]& E3F o8 o2 713 v
guo] Aol WAWd el dF AFA L nAE g 2 YERd

) o~
2 % 5 A

e HEOH v

v
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Fig. 2-4 Effect of dietary added difference potato starches on serum
HDL-Cholesterol/LDL-Cholesterol ratio in rats.
Each value is meanx SD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple

range test.
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Table 2-6. Total lipid, total cholesterol and triglyceride in liver tissue

Dietray group TL (mg/g) TG (mg/g) TC (mg/g)

Control 83.33+19.09° 13.3+1.67¢ 4.58+0.82¢

GPS 135.16+21.23> 23.559+9.04°  6.58+1.33"

SPS 144.91424.69™  26.438+7.87°  5.85+0.91™

EZ 277.414£36.69°  57.849.34° 8.98+3.22%

H40 217.50+£12.50°  45.6+9.77% 10.23+2.45°
S.FY x x x

Each value is meanx SD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple

range test.

1) S.F : Significant factor (* : p<0.001)

A} . Amino transferase &4

AST (L-Aspartate : 2-oxoglutarate amino transferase) L-aspartic acid
I} a-ketoglutaric acide] ¥HZ3}e] oxalacetic acid¥ glutamic acid 2.2 ¥+
g oju] AST7} #gS 3slar, ALT (L-Alanine : 2-oxoglutarate amino
transferase)x L-alanine® a-ketoglutarico] W3l pyruvic acid¥
glutamic acide.® HEd ALTZ} A2ER¥H, ko] AZAEr £+ &L o,
ASTSF ALT®] A7} ottt

2 A3 A ASTEHHE HA0L# SPS wellA o2 Aoliel Hl& §9
Ao %A FAEASH, ALTE Control?t GPS wolA WAl 4=,
SPS, EZ, HAO0WelM= o4l Apol& HolA g9kth.(Table 2-7) Amino

an

transferase &4 gk 1AW 2olE AAHI oA BT A SHEHJSH,

Aolell H7bd el webd 53] MAHAES] Fg ko] AST, ALT ¢ €45
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Table 2-7. AST and ALT levels of rats fed different diet

Dietray group AST (U/L) ALT (U/L)
Control 147.8+33.36° 26.841.71°
GPS 201.0£56.75° 74.4+29.64°
SPS 429.2+117.05° 275.2424.66°
EZ 312.6+£229.93" 290.2+109.29"
H40 486.7+185.56° 216.3+173.54°
S.FY « s

Each value is meanxSD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple

range test.

1) S.F : Significant factor (¢ : p<0.001, #* : p<0.0001 )

o} . Glucose level

A WHIY FFol thE MES Ut Aele] el mAE dFS Lot
2 A¥ye= Tabls  2-89 Yepddok. Z2b Adate]  d92 Control
164.11+11.76 mg/dL, GPSt 148.70+18.14 mg/dL, SPS¥ 131.50+6.7
5mg/dL, EZ o 160.60+£20.36 mg/dL, H407 173.60+24.47 mg/dL & vL}E}
wom H40 o= > Control > EZ > GPS > SPS o2 =4 veyir 7 23
o] e uA kA olo] ofgh Je Ho|x gkgtown AFto] HrbE Wi

o7 AF FFol $= AL ARHAY, 53] WS F=d dws AdT



ol A A SAE AR AN Aol e P dHE EeEs
2o, g FEje BH7F A el dEel dFE vA= Ao B
ot

Table 2-8. Glucose level in serum

Dietray group Glucose levels (mg/dL)
Control 164.11+11.76"
GPS 148.70+18.14°
SPS 131.50+6.75¢
EZ 160.60+20.36"
H40 173.60£24.47°

Each value is meanxSD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple

range test.

2. A st

g%, 1+ 249 MDA RS SA 2 Ay, dAdAE HA0 oo
A frelFor e MDAYS yvEhwllal, 3 Ao A& Control ol GPS
o=, SPS ol & E=A Ao EZ, H40 Tl s MDA KA o] #9
Moz g velgth AlFzZCME GPS, SPS oA tE ol HlE) f¢
Mo o kS yed 72 24 MDA A4 743kl dEA yelgtoy, v
A abA e e M AR H40 ol A e #hs B, aAhxye dEs H7t
gk AolE Foldk EZ TollMde v MDA AAZHS yeiWlon o= ALT,
AST @43} 47 AnAAZS Hole Aow Algso] Rty 2 ALT, AST &
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Table 2-9. Serum, hepatic and kidney peroxidation of rats fed different

diet

Serum Hepatic Kidney
Dietary group
(umole)/mg/mL x10™* (umole)/mg/mL *x10™* (umole)/mg/mL

MDA (umole)/mg/mL

Control 5.13+1.38" 6.37£1.22° 0.025+0.0089°¢
GPS 8.5246.49" 4.12+1.51° 0.048+0.0042°
SPS 8.09+4.64° 2.88+0.34° 0.049+0.0100°
EZ 3.39+2.16" 1.5941.05¢ 0.038+0.0080"
H40 22.70+3.55" 1.22+0.49¢ 0.038+0.0050"
S.FY * * *

Each value is mean*SD of experimental group, n=10. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple
range test.

1) S.F : Significant factor (x : p<0.001 )

b s R

AR F-Evetel A o9k e AW o® % AldES] Tk &, Aol
oS, v St wER Qs A HelA AdrAHow A
= free radical®} HEo] 2E#H A7 8% JS & Fojgh= 7ol A
AlE 3L Qe (Bae JM 1994) AA Wloll A= free radicalel &3 54
A frafhg-o] A g wshapgo] e via st

A A JAe A4 EVFAS vH, 35 A FrdoR AR e 24
e felg 28-S dkr)h. wiiEe] AJAl= glutathione peroxidase, catalase

59 #go2 A hydroperoxide(LOOH)Y #4t8}44(H02)E W3ll5kar, A
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A2ket s =38 alkoxy radical(LO-)ely hydroxyl radical(OH) 52 &
drkae] RS AR giEAQl FAksE @49l superoxide
dismutase(SOD)= 007} 3§+ 719 HAAE WwoleEo A H superoxide anion=
hydrogen peroxide(H:02)2 34A]7]= 93-S st} Catalase™ A9 b
of el ¥l glar, SODel olof F WA kst Ao Hejste] H.0.&
FEE=Ao H,O2 Y3y, nfx]=o 2 glutathione peroxidase® GSSGE 3

Astozm z2 9 yitstE WA st (Fig. 2-5)
o

EEESA WS 42 4 Fol radical AW o R ThFe FatshA Dot

At Fales AT s AE L fElEe] Aol A A E

B Ao A= Akl 7]del SH 7], glutathione contentsE A3 1, 7}
AbstAd S Hol= GSH-Px, 75313 Ago] = GST ¢ &473
5 FAsY Bt (Fig. 2-6, 2-7, 2-8, 2-9)

Glutathione &2 (b 2o 2HE 23 cytosoleZ FA3E A3} H40
= > EZ & > Control ¥> SPS & > GPS o o2 ¥/ A=A oH, 2%
A AE 2 FEE FoHR Aol dEdlloy & e zole gl
Glutathione®] 7|22 ARE¥ = SH7I9 &% EZ, H40, GPS el =4 =
A3, Controld} SPS TolA= @2 &S Ho] glutathione %3 FAF
Sk AgS Hth(Fig 2-6, 2-7)
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a) Anti-oxidative enzymes

20, + 2H, SOD 02 + H0

2H,05 catalase 2H,0 + O»

ROOH + 2GSH glutathione peroxidase ROH +GSSG + H.0

b) Oxidized form GSH(GSSG)

y=Glu - C - Gly

<
w

y-Glu - Cys - Gly
¢) Thiol Form GSH

NH; 0 0

| || ||
HOOC -CH -CH, -CH, -C=NH -CH -C-NH -CH, -COOH
|
CHy - SH

d) Glutathione peroxidase

Fig . 2-5 Anti—oxidative cycle and structure
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Fig. 2-6 Glutathione contents in cytosol
Each value is meanxSD of experimental group. Different alphabets in
each values show statistically difference at a=0.05 by Duncan's multiple

range test. (p<0.0001) n=10
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Fig. 2-7 Total SH contents in cytosol

Each value is meanxSD of experimental group. Different alphabets in
each values show statistically difference at a=0.05 by Duncan's multiple
range test. (p<0.0001) n=10. Tatal SH contents and total SH(ug/mlL) in
1mg/mL protein is the same alphabet in each values show statistically

difference at a=0.05 by Duncan's multiple range test.
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GSTE= Adw v9)EA GSH-px2EA IAAY 24E& F53 A7+ FA
St 34E, 393 GSHE ¥ A7 glutathione thioester(R-S-G)&

gdshs Whes Sristal, EX 3| E 9] peroxides Ut dEE A9k A

Z=n

|
|
e

71 d8ks st} 7k 2219 cytosoldl A9 GST &A-& GPS+, SPS+, H40+*
oA =A =AHon EZ, ControlidAsE @e A4S By, A84%%
o &= GPS, SPS & Al9stal o] &Ql zto]& HolA| e9ktt.(Fig 2-8)

E3h st AE Balstel 22 AlEY AsY EFCRTE AETS B
2 3= GSH-Px:E GPS 9 A1AZZ cytosololl A w1
AEAoUY, e dE Y4 Aol HolA &dr. o= MDA BAF =
Ay nlaste] fF3 B wl GSH-Px: #4bsk x4 AAS 2h7] 98
thE ol Hla] @wol AREEHK 7] witel GPS & A|g thE dollA e

o
Y
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n
(€] w
T T
—
—
— T
—

(&)
‘
—

-
T
o

Glutathione—S—transferase activity
(units/mg protein/min)
o
T
O

o
&)l
T

Control GPS SPS EZ H40

Fig . 2-8 Glutathione—S—transferase activity in cytosol.
Each value is meanxSD of experimental group. Different alphabets in
each values show statistically difference at a=0.05 by Duncan's multiple

range test. (p<0.003) n=10
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Fig . 2-9 Glutathione peroxidase in cytosol.

Each value is mean®zSD of experimental group. Different alphabets in
each values show statistically difference at a=0.05 by Duncan's multiple
range test. (p<0.0001) n=10

* 1 N.S : Not Significant
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o 4 Atk ¥F Glucose, TC, LDL-C level> GPSw¥} SPS o] 9]
3l #polE Holx ekgkont EZ, H40 ol wl&| @A 4=, HDL-C
level2 GPSw& AlQlstal fol% ¢l ztol& HolA| vt T3 o 4stA
(Atherogenic Index)E HDL-C, TC &%o = A4 A3 H400] thE& o) H]
3l A S50 thE Wi H7E Aole] HlaE] H40wko] BIRE, FH A Sk 1A

3 P55 ¢ & A}k 83, 11, A% MDA S 5438 & 4
H40 o] 87 MDA M=ol tp&wrel ul&)] v =4 S4=A, 1H
4 =AM = EZ, H40 o] vhewdl vl foxow vre s yehil
A kst 71l el Ay A}, glutathion &2 2t 22E R B
o] &gtor} GP-x activity®s SPS oA WA =AHEAa, o= alkoxy
radical, hydroxyl radical 59 &4 kA A= A A3}
ke ALEE A Tha AlR o] A dF leptin €2 EZ o, H40 oA #9
Hog A FAHEAH, SPS, GPSw e s e

uebA, HiEs delste] H7EgE A Aozt wnkgk Aolo] WA= aiE
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Al 38 AAAAZS ol &3 AARY A F A=

L. 4345 2 ¥4

7F A dAEE o83t vhav|= Az

nf Q== QH2001D)9] WHel met WA s T3S SEagA E
Yy gk 237](Braun M810, Spain)E o]-&3te] 30%7F wyksta 1 & Mg,
2w AR A xE Ya oF 373 waksigltt, AlS EEstHA 2TSH ] 7E5

WA AL 10% geldH] 9] paste ol = A28t A&l og 2 o)A

#9 10~50%= v|-& =2 A8t Az}
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Table 3-1. Formula of mayonnaise made by modified starch

Fat substituted level (w/w)
Ingredients(%)
0 10 20 30 40 50

Soybean oil 100 90 80 70 60 50
Paste of MPS’ 0 10 20 30 40 50
Egg yolk 14.6 14.6 14.6 14.6 14.6 14.6
Salt 0.5 0.5 0.5 0.5 0.5 0.5
Vinegar 13 13 13 13 13 13
Mustard 0.5 0.5 0.5 0.5 0.5 0.5
Sugar 5 5 5 5 5 5

*Modified potato starch

D mtouv=e] A 2 54 A

et AR AES] giAH] S mE M E Haety] 9ste] M
(Spectro Colorimeter Model JS-555, Japan)& AMg3sle] zZ+2t L, a, b#tS 33
s S48l

Modified waxy potato starch@ thHA3 wvlay|=e] HAE HEE
Brookfield viscometer® Z43Fth. 3 nfgy|=e] E42 ZF utadl= A
Fukek 2709 Hlo]AGBGO ml)oll vkl =(50g)S FH% & parafiime® UE35}
o] 3T WHaolA 24A417F BI3T7F computer system¥} printer’} 243k
Texture analyser(TA.XT2 analyser, England)2 TPA(Texture Profile
Analysis) test® 3F¥th wladlz AgAEe] EAFAHLS 19mm(dia)2
plunger’} 50mm/mim®] £%22 EA4F54 AlZxWOoZHE 20me] Zo]|7bA|

Helbes s,



S59x712 v Table 3-2 9 #3kt}. TPA(Texture Profile Analysis)
S Eato]  zb A5 ZA%(hardness), E©EA(springiness), AN IA
(chewiness), 7143 (gumminess), 534 (cohesiveness), 53 (resilience)S Zt

7} 33] HbE S A3 tHWoo ar al, 2003).

Table 3-2. Operating condition of TA.XT2 texture analyser

Parameter Operating condition
Load cell 5.0 (kg)
Pre - test speed 50.0mm/sec
Post - test speed 50.0mm/sec
Test speed 5.0mm/sec
Distance 30.0mm/sec
Trigger force 20g
Trigger type Auto
Force grams
Distance millimeters

FAE st ANoAlE 24 A Axe vkevl=E 3T WA
Al 48AZF EoF Aete] mhavl=E QA AIZ]AL 50mLe] Al Ee]whell 15g(Fo)
= A tF oA 5022 F710llA 4817 < A A% F wt
QU2 E AR 7| (Model HMR-160V, Vision science Co, Korea)® 25T

Awe] FAF)E FFshel et e Yo vhavzel Fagye 54
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3t tHWoo at al, 2003)

Emulsion stability(%) = (F1/Fo) <100

F1 . precipitated weight after centrifuging of Fo

Fo . 15g of prepared mayonnaise

el =9 #ALX+=  Brookfield Digital Viscometer(Model DV-I,
o] ZAsFE T vl Y= 50gS H| o)A FHFFaL 6rpm
o 10% Aoz 183 A3 (14).

Stoughton, MA)E ©] &3}

ol A #4 spindleS ©]-&3}

3) #=HAL
st AW dAl=S 107 50% Aste] b= v dl= Alsgel gt #

THARE AW AFGFed St 158 E de At d e Addteto] oH|

dedrs oA 1148 o5 3419 gatglon] el 9o J@so] AAH
aL, Zhepol 7k Sla= ARl A ARl A, oE, oY, =A%, AAAQ] 7]l o

o] 23] wrE A AT HAAMHE S 91 7132 =9 (hedonic scale)ol] 2|3}

.
142 obF Ume), 94 & o}F Frhz Bkt o o) A5E Brhe Fole
MEA 20T BE QS AF F b thg AR BES S

HE 9 10~30% Y& && AAdEAARCZ gAste 7|5 A x=3A
o}, ¥k 2317 (Broun M810, Spain)ollA A& o2 Ao HES A3} A7 &

T TS 1/34 Uro] ¥ 33 Sl unkatu A 23S viro] W9l
o B W A GOERE S Yal aFA R TP Ee vE B
S 3.0 m X 3.0 cm & A& APste] WEAo] 2417+ BoF WX g T njg 18

0C = I 22 A 1023 79 HvH(Hong SJ, 2000).
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Table 3-3. Formula of butter cookie

Fat substitute level (%)
Ingredients
0 10 20 30
Flour 100 100 100 100
Egg vyolk 19.0 19.0 19.0 19.0
Sugar 50.0 50.0 50.0 50.0
Butter 70.0 63.0 56.0 49.0
Paste of MPS" 0.0 7.0 14.0 21.0

Modified waxy potato starch used as fat replacer

D 7719 #71e48 53
WAARS A 309 GAste] HE ASAES Fi BPolAe] 9
S4SAT 5 QYA LEAA A1 Told F FLoIM 2417 Prste]

FHS 24 A9 B4 549 FFoayy e Ao olste] Azt

Baking loss(%) = ————————- < 100
A weight of product before baking

B : weight of product after baking

AREL A AFY A% 53

w AREAIRECl ol el thA gl whE H=E Blalstr] €

2) WA

o

(E

742

[elg=i Ll

3l M= A(Spectro Colorimeter Model JS-555, Japan)ZS AFg3te] ZH7
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3) MARAAES A7 AF4 &4
AR ARSAES] B2 Alx F 2ol 2413 B § v&

Computer system¥®} A% TAXT Texture Analyser(Model TA-XT2,
A& & Table 3-49 Ztt},

FN

England)& AH&stel FHAsslen =4

[e5

TPA(Texture Profile Analysis)¥HS E3dte] 7 A|59 Z%(hardness), ©E
J(springiness), &4 (chewiness), 74 (gumminess), >34 (cohesiveness)

% 27 33 W SYsh

AlZHdEE9 W3 Differential Scanning Calorimetry(DSC 822e,
Mettler Toledo)) Donivan (Donivan JW, 1979)¢] Wl uwie} Z434¢lc).
Indiume AFESte] 2% HA (Tm : 156.60C)L 3912 Al® 5~10 mgs
sampling 3}o] ¢-Fw]gE M(Standard Al pan, 40x0)o] P il samplerE o] -85l
gek & APtk EEWeE 25~200C, 7MEEEE 10C/mine 2 543}
Gl DSCY endothermic peakZFE Z3/A] &%(Ty), 238 H2%(T,),

3T EE(Toe 39 (AH, J/g)E T3kt

- 101 -



Table 3-4 . Operating condition of TA.XT?2 texture analyser

Trigger force

Trigger type

Force

Distance

Parameter Operating condition
Load cell 5.0 (kg)
Pre - test speed 5.0mm/sec
Post — test speed 1.0mm/sec
Test speed 5.0mm/sec
Distance 15.0mm/sec

20g

Auto

grams

millimeters
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2. WHAEE o8 AN T NEY AT 54 2%
) ARARE 088 AAY mravz 54

1) BAAES o&F AXW mrav=e 9% A 55
HAAEL 10% geldH 9] pasteZ A|ZF3dte] A&FA]d il 10~50%
HAAA AR vl =5 A zsklth dubaQl nfav=e] Azl e} A
zslo] AWAEA S Hr ekA] Ze v =e] dFo] 7.19 Kcal/g <1d B8
SPS pasteZE 50%thA| g+ 2% 3.80 Kcal/g® ¢F 45.91%¢] d&A s a3= e
Wtk Al XA &2 9l ASP7) 3.98 Kcal/g2 9F 44.60%2] I3 #3539
HQIRH, H40, HPR vla =9 A% 717} 44.76, 44. T1%°] 9% A E2 5
AEo] AR A F g A dFAEARS 4T 5 A 53] vfad=

L =g AlZ A ARHAEZA] HAAHEL 10%paste A EI = A5 7] wf &
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Table 3-4 The Kcal and decrease ratio of mayonnaise made with starch

and modified starch

Substitution

Kcal / g Decrease ratio(%)
level
control 0 7.19 0
GPS 10 6.53 9.17
30 5.21 27.51
50 3.89 45.85
SPS 10 6.53 9.18
30 5.21 27.54
50 3.89 45.91
NL 10 6.55 8.90
30 5.27 26.70
50 3.99 44.50
ASP 10 6.55 8.93
30 5.26 26.79
50 3.98 44.66
AC 10 6.55 8.90
30 5.27 26.70
50 3.99 44.50
H40 10 6.55 8.95
30 5.26 26.86
50 3.97 44.76
EZ 10 6.55 8.86
30 5.28 26.57
50 4.01 44.29
HPR 10 6.55 8.94
30 5.26 26.82
50 3.98 44.71
HTP 10 6.55 8.89
30 5.27 26.67
50 3.99 44.45
DF 10 6.55 8.92
30 5.27 26.76
50 3.98 44.61
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2) AA vtav=e] Ax g &4
e s 10~50%7HA4 thA g A3 28] &)
S7HEEE Lkt bake doidor Frtste AEds yEhdddth ol dAd
paste®] SAI BAE dom, AE pasted] Aol Prop Ao F G
< A H(1995)9 Aol ot wrstEA AWgAER vsv=E Al
z3F A7} Lgke =31, bgro] wdtka B sk Akl §-A18 tH(Table 3-5).
|z 9] HEZ Brookfield Digital Viscometer® =7A3 A3} H402
2 50%AE vtedl = 6.10 x10° centi poise® W$- ¥ HE7F SHEH
A}k GPS> HPR > SPS > EZe| £0 2 HAE pasted AT/ =855 vl
zo] Axe 719 fARRE A3E Yeddn. AAAES S5 AE, ek
HHTh W SR 37 dojum, st 77 A i
Ho] 7|7 AXEE JE7t SUtebe 58S 7T wekA ARE oA st
AFs Az o HHe HEoA H7ksit

Zo|tH(Table 3-6).
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Table 3-5 Color index of mayonnaise made by different modified starch

Substitution level(%) L a b
GPS 0 73.86 -6.76 37.56
10 82.54 -6.76 31.65
30 84.44 -7.4 34.77
50 85.52 =7.45 30.79
SPS 0 73.86 -6.76 37.56
10 73.86 -6.76 37.56
30 82.79 -6.51 31.18
50 83.7 -6.74 23.95
NL 0 73.86 -6.76 37.56
10 74.24 -6.64 39.83
30 77.15 -6.99 32.98
50 83.96 -6.43 32.88
APS 0 73.86 -6.76 37.56
10 80.92 -6.78 34.44
30 83.97 -7.1 30.96
50 87.11 -7.32 28.72
AC 0 73.86 -6.76 37.56
10 76.17 -6.43 39.24
30 83.01 -6.25 32.33
50 85.23 -7.15 40.82
H40 0 73.86 -6.76 37.56
10 82.15 -7.34 48.12
30 82.88 -5.86 31.65
50 83.80 -7.16 43.38
EZ 0 73.86 -6.76 37.56
10 80.76 -6.92 36.19
30 82.83 -6.12 34.10
50 85.04 -6.58 39.75
HPR 0 73.86 -6.76 37.56
10 73.98 -4.97 17.22
30 75.04 -4.29 14.38
50 83.92 -2.45 8.41
HTP 0 73.86 -6.76 37.56
10 75.18 -5.85 20.55
30 78.00 -6.31 28.76
50 81.44 =-7.00 36.67
DF 0 73.86 -6.76 37.56
10 80.33 -6.95 46.27
30 84.92 -6.99 44.83
50 86.88 -6.54 33.76
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Table 3-6. The viscosity of mayonnaise made by different modified
starch
(10° centi poise)
Substitution level(%)

0 10 30 50
GPS 10.92 9.00 8.35 0.82
SPS 10.92 8.35 6.32 5.02
NL 10.92 7.72 5.90 2.17
ASP 10.92 8.20 8.63 3.12
AC 10.92 8.15 7.17 2.65
H40 10.92 9.20 8.30 6.10
EZ 10.92 8.35 6.10 5.32
HPR 10.92 8.65 6.40 5.70
HTP 10.92 5.90 6.50 2.05
DF 10.92 7.92 7.65 2.45
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Hardness

Springiness Chewiness
° e 25
T
W 2 20
T
12 s 15
0
6 ' 10
6
a 0s 5
2
0 3
Comol  GPS  SPS M. APS  AC W0 EZ  WR P OF Cool GRS sPS ML APS  AC O £z MR WP OF Conol  GPS  SPS  NL  APS AC MO EZ  HPR WP DF
Gumminess Cohesiveness -
Resilience
1.6
14 5
1.4
12 0.9
1o 0.8
10 0.7
| .
8 0.6
08 0.5
6
0.6 0.4
‘ 04 gz
2 0.2 0.1
0 0 Contol GPS  SPS  NL  APS AC  HA0 EZ  HPR HTP  DF
Conol  GPS  SPS  NL  APS AC  HiO EZ HPR WP OF comm G5 S L APS  AC W0 &2 R e OF

Fig 3-1. Rheological properties of mayonnaise made by 50 %

modified starch
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3) AX viav|=e] #3F 4R

AR WAoo gAste] Az AAY vlav=e] faebgdS Al
I AR NLo] 50%% Al 235 HlughSu 92.7% 7 E3ko
wo® oiAs A3, H40, HPRS H7kro] 91.8, 91.6 %= AREHE SPSe}h

6, 90.5%Hth Tha #& AFS HAFAT.  uebA H40, HPRe ®

AARELE FaAEe] A8t dol As Ao AlRHTh Ed o5 AdE
gel AE7F & WAHAEAE FAMS AFES HoFh

A 5(1994)2 Al A A H2) Neutral¥ Staslim, N-LiteE vt u|= A%
Al ¢k 5%5 W etAS w fraebd A 96.32, 97.88, 95.85%°]%1.1 Stella
100XE 25%A % H7I3E 4ol 98.11%2. 2 mtauv|= Alx Ao Ald X
s oF 25% R =74 E dAlskE Aol s dthal Balsglth. o] &F o] & AT

T ey =t g FEAES Az & v HAAE pasteZ oF 30%7HA
Aot AF] A E= FEd] FAE FHoR He] 7).
T3 vtad| =] fFelbAgAdd S A= aQle® i, AW Y
WX, fF3Ae sx B FH, FANET A 5 dnh o](200D) = fr3hAl ok -
AE At o ul=E Axe A7) vtau=r A4l S P Holgl e
1, Kanedani 5(1972)2 ntovlz+ 715 5 2 Axef g #A7 3lom

HE7E a5 vtadlze Ao S7kETaL @ A

1o,
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Table 3-7. Emulsion stability of mayonnaise made by modified starch

Substitute level(%)
0 10 30 50
GPS 100.00 96.46 92.31 90.50
SPS 100.00 97.64 93.43 91.60
NL 100.00 98.81 94.55 92.70
APS 100.00 95.40 91.29 89.50
AC 100.00 66.80 63.92 62.67
H40 100.00 98.59 94.35 92.50
EZ 100.00 96.25 92.11 90.30
HPR 100.00 97.85 93.64 91.80
HTP 100.00 94.86 90.78 89.00
DF 100.00 94.86 90.78 89.00
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4) AA vlav|=e] #5HAL
AT Al ASAEA S HUbste] Alxd ntadze] deAdds
the Table 3-8% Fig. 3-2¢F @tk = 5, 3v], 24, A%, 93 59 5
A v A A RS H7Ee H40, HPR, EZ vkadl=z9] 49 30%4 =2 o
AuEelXs A7 dswe] Aolg HolA] gtom AFAWAEEl NLO
50%7+A A gt Aol = avabse] Aakx xfo| 7k gldth. 2 A A
Wk A7 30%2 Al vlevlZ= NL "7kte] w2 A
H40 > HPR > EZ¢] A& %S BoJF}
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Fig. 3-2 The overall acceptance of mayonnaise made by 30% modified
potato starch
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Table 3-8. Sensory characteristics of mayonnaise made by modified

potato starch

Substitution Appearanc  Overall
Taste Texture Flavor Color
level(%) e preference
GPS 0 5.38 5.13 5.00 5.75 5.25 6.38
10 3.75 3.50 4.38 5.25 4.88 4.63
30 2.50 2.75 3.00 3.00 2.88 2.75
50 3.75 3.38 4.00 3.63 2.63 4.00
SPS 0 5.38 5.13 5.00 5.75 5.25 6.38
10 3.57 4.00 4.71 3.86 4.29 4.43
30 3.29 2.71 2.71 3.57 2.29 2.86
50 3.71 3.14 3.43 3.29 3.29 3.14
NL 0 5.38 5.13 5.00 5.75 5.25 6.38
10 5.00 5.13 5.13 5.38 5.50 5.25
30 4.63 4.25 4.00 5.38 5.63 5.13
50 4.75 5.00 4.50 4.50 4.00 4.75
APS 0 5.38 5.13 5.00 5.75 5.25 6.38
10 4.14 4.43 4.43 4.43 4.86 4.57
30 4.00 3.86 3.86 4.71 4.57 4.00
50 3.57 3.57 3.57 4.00 3.43 3.29
AC 0 5.38 5.13 5.00 5.75 5.25 6.38
10 3.13 3.63 3.25 4.13 3.13 3.63
30 3.38 3.25 3.25 3.75 3.25 3.75
50 3.13 3.38 3.13 4.38 3.38 3.50
H40 0 5.38 5.13 5.00 5.75 5.25 6.38
10 4.88 4.63 4.63 4.50 4.88 4.50
30 4.50 4.13 4.13 3.88 3.25 4.88
50 3.88 3.38 3.75 3.63 3.13 3.88
EZ 0 5.38 5.13 5.00 5.75 5.25 6.38
10 4.38 4.88 4.25 5.13 5.00 5.00
30 4.13 4.38 4.38 4.00 3.88 4.13
50 3.75 3.75 3.88 3.38 3.25 3.25
HPR 0 5.38 5.13 5.00 5.75 5.25 6.38
10 3.63 4.25 4.13 4.63 4.13 4.13
30 3.63 3.63 3.63 4.00 4.13 4.63
50 3.13 3.50 3.25 2.88 3.13 2.25
HTP 0 5.38 5.13 5.00 5.75 5.25 6.38
10 5.13 4.88 4.25 5.38 5.25 5.38
30 4.13 3.88 3.63 3.38 3.38 3.63
50 2.75 2.88 3.13 3.38 2.50 2.63
DF 0 5.38 5.13 5.00 5.75 5.25 6.38
10 3.88 3.25 2.88 4.00 4.13 4.25
30 2.63 3.13 3.13 3.13 3.50 3.50
50 1.88 2.25 3.00 2.75 3.25 2.50
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Y}. Modified waxy potato starchS ©]-&3 AXH F7] A=

o] H40, EZA g & WA NS A=x3s3th H40-S3 EZ-S ¥4
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Fig 4-3. Low fat butter cookie made by modified potato starch

* NR @ not replaced(control)
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2) AR F7)9] g7|1E4AE
MRS R 30%9 HEE Aste] 7|5 Azt 23 AF w7]&E

e the Fig. 4-33 2ol AAAERES AFEEA] 22 gzt #7184 80
12.50%% 7F4 ygkow, EZ-S¢ H40-S2 tiAlgr F7]ato] zHzh 14.63,
14.89%1%1 W, ®Ad3kA] &2 SPSe| AFS 16.67%= F7] &l 7
A%}

s

Baking loss(%
—_—
=

Control SPS HA0-S EZ-S

Fig 3-3 Baking losses of cookies made by modified starch
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3) AR F7]¢] M= v
AR F7]19] o AMEZ vudt AvE vhe  Tabel 4-83 o} 2T

°] Lgko] 98.95%1d H3l SPSe} ®AdxE H40, EZ= diAgr F#7]9] Lk &
T 99.98~100.56% FA S| APIEGA #F3 Aol dXsh= A
HoFQh HEHE A2 WAARE SR hAs 23 bgko] thAh TAstE 43
S YeERIAT

o

ot

Table 3-8. L, a, b color values of cookies made by modified starch

L a b

control 98.95 1.35 6.66
SPS 100.55 -1.43 6.69
H40 102.03 0.10 6.19
EZ 99.98 -0.82 4.47

4 AAY F719 44 54
AAY F7] A=A 7129 FrAdd dubdEa MAAdES 30% HlEE o

Akl F715 AxsHq oM, 180T, 10%3F 7 F 20l 24 B & &
Rheometer(TA. XT analyzer)E ©|&3to] 2F X (cohesiveness), A
(gumminess), A& A (chewiness), 7 E(hardness), €& (springiness), 34
d(fracturability) s° 844 SAS SAs] tvaa &2 2345 43Uk

SHAL dixatel ) MAIES] H7E H40-S, EZ-Sw3ke] 2 Aol &
Yeb A eFgkort SPS7F A SA AT A4S i 322.46 Hlste] R
Aol BF w4 SAERNCH, 53] EZ-Swro] 1816.09% 7HE =okeh. A3
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A

Prey 5(1974)2 gumEd &3 AES Ax SHAZ ALEste] A 29
SRS SIS E At Sg A Hael fAkek AaE Yo, 7

(1997 AAY AEAE Al A8 HES E017] Al gumdely MAdH
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NR SPS H40 EZ 0
NR SPS H40 EZ
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0 0
NR SPS H40 EZ NR SPS H40 EZ

Fig 3-3. Rheological properties of butter cookie made by
modified potato starch

NR: not replaced(control)
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5) FAAZA H7tE WAAR 585A
Indiume AFE3le] €% BA (Tm : 156.60C)S &3l Al25~10mgS
sampling 3t 4Fv]EF #M(Standard Al pan, 40p)oll ¥ samplerE o] &3

UREE 5 APt 5= 25~200T 93, 7tE4EEE 10T/ mine® A

7V E4E sk WU Ao slvh (35, 1994).

SPS¥ 75.88TCollA =37k A& oM peak2 & 72.08C, TR2E
= 824602 4 F(1998)¢] Hie] sk 62.79~77.70CHYE i F&
Axs  Yehgdoh @ wAdE H40, Ez:e 747 73.80~74.07T,
71.97~77.61C% Z3Lx Wor}t Yo} Aol WA g wet 53er=2 b
%= 5 S Aew oatdr,

o3t A (ANZF oW HAE YA sstHed AdS AW 72
g FAYgo sted 2 duAEs Zaw sl wEhr] SPS9328.34 J/g H
3] H40, EZ+ 245.15, 219.17 J/ge & v 53198 ety AR89 w3k
e e o E e s sheE 7t A BAE, 4R A7), A AR S

of o2} 7k a]lel o JFE Tt
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Fig. 3-4 DSC thermograms of the modified starches
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Table 3-9 Gelatinization temperature of modified starches

Thermal characteristics®

Sample No.
To(TC) To(C) T.(C) AHJ/g)
SPS 75.88 72.08 82.46 328.34
H40-S 73.80 74.69 74.07 245.15
EZ-S 71.97 72.16 77.61 219.17

IO, - - .
T, ! onset temperature T, ! peak temperature T. ! conclusion temperature
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Ab A¥E TR Fig 4-49F #dth vh2 diExte] b E=kon
SPS> EZ-S9] <=oldt}t. 3 SPSE A|93 HAHE Agato] tx3}
3 AEesS YJehddeh. He AR HA-HES AEd o] 43

of ula] Yol HNImrl Ge AyE HAFh BALS H40-So] RT3 #

|

o~
T
wn
K
>
o
i
flo
r>~
fo
K
il

APk Aees YelYa AAA-el 7|axd e H
HoFQdoh mElA H40-So.2 WHEF7E AXT 45 auARtEdA 7]

b frArsbaA AA AEE A S Aem Jddd.

il

Overall acceptance _ Flavor

Texture Color

—eo—control ——SPS —&—H40 EZ

Fig.4-4 The sensory evaluations of cookies made by modified starch
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Table 4-1. Formulation of substitute and control cookies

Control-S  SPS-S EZ-S H40-S

All purpose flour 41.84 41.84 41.84 41.84
Egg 7.95 7.95 7.95 7.95
Sugar 20.92 20.92 20.92 20.92
Butter 29.29 20.50 20.50 20.50
Substitution"” - 8.79 8.79 8.79
Tatol (100%) 100.00 100.00 100.00 100.00

1) Each starches(small potato starch, modified small potato stach by
enzyme, modified small potato starch by acid at 40C) fluid = Starch :
Water(1:9 v/v)
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Table 4-2. Nutritional compositions of control and experiment cookies

Control SPS-S EZ-S H40-S
Energy(kal/100g) 466.70 408.83 403.98 403.98
Moisture 0.15 0.14 0.14 0.14
Protein 4.78 4.79 4.74 4.74
Fat 25.93 18.73 18.51 18.51
Non-fibrous 53.46 54.79 54.14 54.14

Carbohydrates
Fiber 0.08 0.08 0.08 0.08
Ash 0.72 0.56 0.56 0.56
Calcium 17.28 15.73 15.54 15.54
Phosphorus 59.41 58.53 57.83 57.83
Minerals Iron 0.84 0.85 0.84 0.84
Sodium 223.10 161.35 159.44 159.44
Potassium 18.37 16.38 16.19 16.19
Vit. A 135.07 99.52 98.34 98.34
Retinol 116.28 82.37 81.39 81.39
B-carotene 36.03 25.52 25.22 25.22

Vitamins

Vit. By 0.06 0.06 0.06 0.06
Vit. By 0.06 0.06 0.06 0.06
Niacin 0.30 0.30 0.30 0.30
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SUR EER Y EEL
AFE7IZre]l T o® APEES 1243F 44 &, diethyl ether® wH A A
EHE NS & 8o Adste] d o Relste] AREsiith A F g
F = (4C)e WA 3 3 3500 rpm 15%
7H A4 e dH S #Este] -70T deep freezero] Hyshe] Aol A&
sttt b S dols AR 3 5 FA AE6te] A7kE 0.1 mM

phosphate buffer (pH 7.4)ol $==}d A& 3sle] AZAZZAE #A|A 3 v}S, filter

2

paper® E7|2 AAsI] FAZS A BEARAA -70C deep freezerol

H skl

43 HlYE f = %

M

gla Aol o7t 2 & APFsE] oA I
TR o] Aole} AFS FA3sle] Rohrer index, Lee index, T.M. index® 1
g AA FFS T.M. indexE ©| &3t H|WHAFE 4FE38FQITE. Rohrer
index™ {Body weight (g)/ Naso-anal length (cm)’}x10°, Lee index:
{Body weight (g)"%/ Naso-anal length (cm)}x10°, T.M. index: Body
weight (g)/Naso-anal length (cm)***x10° 2Ad wa} Axlslglon, 2=
kS (0.581XT.M. index-22.032.2 AASFFTHKIim HS and Chung JS
2001).

2. @FAZA J" 4

g3 W total cholesterol(TC), triglyceride(TG) =12]31 HDL-Cholesterol ,
LDL-Cholesterol 5X% ADVIA 1650 (Jeol, Japan)®dH|E o]&3le] =43}
th. @4 HDL-Cholesterol ‘%ol g LDL-Cholesterol &%= #4}3ke]
UERNISle ™, Atherogenic Indext™ W73t A 524 thgo] Ao s ALt
s,

Total Cholesterol — HDL-Cholesterol
HDL-Cholesterol

Atherogenic Index =
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d

|t B B 5

7122 ) =AW SAXHE SRS (Yoon JS et al 1999)9] W = F

g 2H 2 S (Zak B 1968) 0.2 ZA a9t}

v} . Amino transferase
1) GOP (LL-Aspartate : 2-oxoglutarate amino transferase)

L-aspartic acid?®} a-ketoglutaric acid®] Wk&3}e] oxalacetic acid@}
glutamic acid 2.2 ¥ &=d GOP7} 28-& st} o] Hel& o] &35k, vt ¥ +=
W2 A1 Oxalacetic acid® NADH, H® o] #-&3to] Malate®t NAD' (Malate
dehydrogenase)  WHgollA]  AWl®  NADH(B-Nicotinamide  -adenine
dinucleotide) ¢ F3=E 74 £EE AST (Randox, UK)KitE AFg, ADVIA

1650 (JEOL, JAPAN)SlA =4 514

ks

2) GPT (L-Alanine : 2-oxoglutarate amino transferase)

L-alanine® a-ketoglutarice] wWr&3}o] pyruvic acid® glutamic acido =
H=d GPT7F AR"EY. o delE 9dste], pyruvic acid, NADH(B
-Nicotinamide-adenine dinucleotide), H'©] Lactate, NAD'°o 2 I &1
LDH(Lactate dehydrogenase) 7} AR EHE QRS o] &3Fto], whLo|x 4nH
NADH ¢ F3%° #4455 ALT (Randox, UKKitE AH&, ADVIA 1650
(JEOL, JAPAN)el A GPT9] 24=E ZA33t)

A} . Glucose
HA 9] glucoseHS EEH(GOD kit, Waco company)kitE o] g3slo] &4

At

ol
20

of . EAH = W AAYI3=

D g g

G AL Lowry H(Lowry et al 1951)& AF&3}le] 540nmeoll A v 4= &}
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Habig 2]

SA49 1, A 224 9 cytosole] @il e 7 gAhEe] &4
AH8-= Tk
2) Wikst Ad AAE 54
izt A A YA S Ohkawad] W (Ohkawa H et al 1978)& i Wy
shel 5743l
A . A 53
1) & SH7| g%
pH 8.221 0.2 M tris buffer, 0.01 M 5,5-Dithiobis—2-nitrobenzeonic acid
(DTNB), b & A7} 4o} 153 WA g ofg, g = 412 nmollAl 53
3t th.(Sedlak T. and Lindsay RH 1968)
10 mM 5,5-Dithiobis—2-nitrobenzeonic acid (DTNB
412 nmelA &

-
T

e 5
2) Glutathione®] &

Cytosol 0.5 mlLol

stock solution) DTNB working solution& 4.5 mL #7}$ %
FEE SAS . (Ellman GL 1959)

3) Glutathione-S- transferase (GST) &4
k22 Ul cytosol =& A Glutathione-S- transferase &%=+
Hf- GSH9} chlorodinitro— benzene
S35 WHstE 54 sglon, 54 44

CDNB nmole® YEeEFAt}.(Habig et al

sl =43t Cytosol -
5

b o)

o

[e]

R
(CDNB)& HE&-AIA 340 nmel| A <]
T 9 mgd 123t
1974)
4) Glutathione peroxidase
F tris buffer, 0.1M GSH, 1000 unit/ mL GSSG reductase

¢

s
a

SHr
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(@)

.1 mL, 2 mM NADPH 0.1 mLe] H,0Z % 1 mLES 23 F0] 4o 37CaA
287k incubation 3 3 7 mM tetr-BuOHZ “o] 340 nmolA] 38 =<t &%
le]

o #HEs ol mgd 12 E¢F AFstE= NADPH

8

£

&
nmole® 1 unit® #2tste] #7]8F% k. (Flohe L. 1992)

Z} . 8A leptin 5%
Leptin kit(Linco., U.S.A)E Al&3le] FA 53T}

7 . $AA
2 d7e] FEAS APATE SAS program§ 0|85t 7t ARTT B
3 BEARE AW, 74 PR el QAR (one-way

analysis of vaiance)® 3t & Duncan's multiple range testo] 29]3&] a=0.059]

FoolA 7 AR A el Folde s

7} A AFLS Hi Control-Si 150.71g, SPS-S+* 172.75g, EZ-S+*
154.25g, H40-Si* 170.50g0.2 =AY oM, EZ-S o] 55:A5EH o= A
ol T I} AFel ZpolE Hol7] AlFsle], 8, 9F W= & AT AolE YEL

Wt (Fig 4-1)
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Body weight(g)
@
o
T

100 L —e—Control-S ~ —K—SPS-S —A—EZ-S  —©—H40-S

1 2 3 4 5 6 7 8 9
Experiment period(Weeks)

Fig . 4-1 Body weight changes in rats fed different diet during 9 weeks

7zt AEad Al S74ES Control-Sw 32.14g, SPS-S++ 53.53g,
EZ-Si+ 35.62g, H40-Si+ 51.75g ©=2 EZ-Sito] tt& o ula] 7148 %7)
njg- ukokom, Aol HH S 12,176g2 2 7MY wWol AFT ez FHH
t}(Table 4-3) AeldHAZFN AT S/HFLR Holass AXts 2 4
Control-S+*, SPS-Si* % H40-S i+ Ht} EZ-S o] 2lo]7} ATl mX=
gaFo] AL oz e

Control=S el A= the A2 o] ol Hls vig- 22 Ao] H4HHFS Hol

%

ot

I 9o, o] Ao|rt zk= Aol Aol Al gastric emptyingS A A A
2| A HFS AN TIH dFo] Ee Ho|dfE Aol dFHHFS fihdtsE B

19} dxst= A9tk (Dodge JA 1994, Martijn BK et al 1994)
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Table 4-3. Food intake, weight gain and feed efficiency ratio in rat

Total Body
Dietray group food intake weight gain FERY
(g) (g)

Control-S 5,395 32.14 0.0059%
SPS-S 9,568 53.53 0.0056*
EZ-S 12,176 35.62 0.0029°¢
H40-S 10,999 51.75 0.0047"

Each value is mean*SD of experimental group, n=8. Different alphabets in
each values show statistically difference at a=0.05 by Duncan's multiple
range test.

Y Food Efficiency Ratio :[Body weight gain(g)/total food intake(g)].

2l FAE Control-S @& A5k fe) 49l Aol& molA e¥gkor, A
g% wuge PAE RE TolA AolE UrhiA 2tk ol Ag o
S

2ol Aol HAZ Qa) e 2ol wlske] zreze] 4
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Table 4-4. Organ weight in rats fed experimental diet

Liver Kidney Testicles

Dietary group (g/100g B.W)
g/100g B.

Control-S 3.375+0.873"  1.50040.516"  4.560+2.137"
SPS-S 5.625£1.033  1.500£0.516"  4.625+2.229°
EZ-S 5.2504£0.753"  1.625+0.548"  4.625+1.472"
H40-S 5.625+0.516°  1.625+0.516°  4.752+2.137"

Each value is meanx SD of experimental group, n=8. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's multiple
range test.

* . N.S . Not significant

HIREA == HRbg o] 2H Al A E7 d 5 e, O A= Table

d

4-59} 2t} Rohrer indext 300]4-& Biwto g w43t (Kim& Chung 2001),
RE AoltolA 300149 A5 WA= gker, H40-S, SPS-S el A
g2 o Hla] & AeS Btk Kim & Choi (1992)% 25%¢] AWS A3
SEAA 1277 FAAS W, Al o vk f = drE Avte AF
Aol A8 A3k Lee indexs 300 o]sh7t Aatola, =1 o 5
wro 2 7+E3tH(Kim & Chung 2001). SPS 2 291.82+56.88% 714 =
el o EZ, Control wollA f92ow e x5 Btk T.M index®

At H7b=, AAY o] 10017 o o vH|vte = AA M (Kim & Chung

<

o3
ro
o,

=

2001), ¥ Aol AAGFFEL 301 4oldk Ao FFS wilon, 59
EZ-Site] AAW #e 1.06+£0.012 v w2 S zhe Ao yehgd
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Table 4-5. Obesity index of rats fed experimental or control diet

Control=S SPS-S EZ-S H40-5

Rohrer index" 23.27+3.21°  24.42+9.43%  23.02+7.56° 24.86+4.53°

Lee index?  281.14+16.44" 291.82+56.88" 284.43+76.85" 289.85+64.98%

T.M. index” 43.81£3.09" 43.91+6.43" 39.82+4.99"  44.21+3.98"

Fat contents?  3.4240.15% 3.48+1.98° 1.05+0.01° 3.65+1.92°

Each value are meant SD of experimental group, n=8.

Different alphabets in each values show statistically difference at a=0.05
by Duncan's multiple range test.

1) Rohrer index = [{Body weight(g)/Naso-anal length(cm)®x10°]

2) Lee index = [{Body weight(g)"?/Naso-anal length(cm)><10"]

3) T.M. index = [{Body weight(g)/Naso-anal length(cm)***’]

4) Fat contents = [0.581XT.M. index-22.03]
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o 83 AEA"

7k Aol de APFLE S48 £ d3(Table 4-6) TC= 2 AdE
oAl AolE YeRA ¥totth, Control-St, EZ-Siwol A th2 ol ]
w2 FAE Uelen, TG EZ-S wollA 7Hd vl SAH0S. 2F &
HDL-Cholesterol LDL-Cholesterol W& EZ-S oA 4oz =4
Ebwtal, TC, HDL-Cholesterol levelZ &

Azt A H-40-Sito] WA SAHJG.(Fig 4-2, 4-3)
Mattson et al (1975)& 2ol T AWAk Aol dF A kel &
dFS VAE 53 xeArte] AF SV €45 U2 ES $AEA

W Z7h feloleba shlu.

S

g

T

W73} A4 (Atherogenic index)

s

2

webd, ARe] APy 2 AW AAuEel weh A@EEe] e
ol Age & 4 Aglow, EZ-sTol old] WA ol Y AL
705 vehgt

Table 4-6. Cholesterol and triglyceride levels in serum

TC (mg/d¢) TG (mg/dL) LDL-C (mg/d¢) HDL-C (mg/d¢)

Control-S 114.98+2.87* 11.09+1.34" 33.45+2.64" 21.33£2.51°
SPS-S  98.25+12.97" 11.25+£3.59" 30.25+2.22° 18.05+2.51%"

EZ-S 107.25+13.96* 5.75+1.43° 34.55+2.64°  16.25+6.65"

H40-S  97.25+8.84* 7.25+1.70°® 37.75+1.71*  18.254+2.98%

S_Fl) * * * *

Each value is meanxSD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by
Duncan's multiple range test.

1) : S.F : Significant factor (* : p<0.001 )
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Fig . 4-2 Effect of difference diet on HDL-C/LDL-C ratio in rats
Each value is meanx SD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by

Duncan's multiple range test.

Atherogenic Index

0.5 |

Control-S SPS-S Ez-S H40-S

Fig. 4-3 Effect of difference diet on atherogenic index in rats
Each value is meanx SD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by

Duncan's multiple range test.

Total Cholesterol — HDL-Cholesterol
HDL-Cholesterol

Atherogenic Index =
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v} . ZF =AY X A3
b =AU TL, TG, TC &S n|yAZsle] 43+
Hog EZ-STolA e xd FEE YEa, H40-ST#e v 4 =&
F

2]
e Aem o], WA e} 1k 24 A4

A4 FEE g
Fgol gk A+ Atk A AR

Table 4-7 Total lipid, total cholesterol and triglyceride in liver tissue

Dietray group TL (mg/g) TG (mg/g) TC (mg/g)

Control-S 38.53+0.43" 3.54+1.29"  3.43+0.13°
SPS-S 32.58+2.34" 2.21+1.09™ 4.32+2.42°
EZ-S 30.56+5.33"  1.44+0.67° 3.21£1.78°
H40-S 24.59+3.75° 4.2142.56° 5.42+2.67°
S.F * * *

Each value is meant SD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by

Duncan's multiple range test. S.F : Significant factor (* : p<0.001)

A} . Amino transferase A4
ALT, ASP9] A4S &H& 2 A3, ALTE H40-S++& A3t
Aol ztolE YEtA] kot ASTY A% Control-S > H40-S

5
T EoR 2 F4E Yo AW ol B2
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Fig 4-4 AST and ALT levels of rats fed different diet

Each value is meanxSD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by
Duncan's multiple range test.

* 1 N.S : Not Significant

o} . Glucose level

Aol7h diel vAl= FFS SAE 2 A= vhed 2okFig 4-4).
H40-S <3 SPS-Site] tr&wtel] Hlal dde] %
Control-Sit3 EZ-S<to] w2 d3 AxE vebdllth weps, d5 A4
& oy, 3o AEe WA o] ¢S F= JoE A

o} At
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Fig 4-5 Glucose level in serum
Each wvalue is meantSD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by

Duncan's multiple range test.

2. AR Hitste

dH ] MDA S SAsE 23, v& oo &) & v&e] A
WS AF3Y Control-Swoll A %2 MDA %S ®Bow, EZ-Sito]
22 MDA} BAH o= 4= (Fig 4-6)

DxzA A= EZ-Sws Al9etal rEdel ] Fo 420 ApolE& HolA
o, gz A A= SPS-Sie] ol o R w2 MDAE A4de 7
o2 yetwth (Fig 4-7, 4-8)

ol Ax, 7} 22 9 A kst A A= e AHER
o] Folxl o] ¥ ojyg} AWhAR H7bE Aol Fu T I As

AL® AtgE o] Xt

Kl

|
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Fig. 4-6 Serum peroxidation of rats fed different diet
Each wvalue is meantSD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by

Duncan's multiple range test.

20 *
1.8 . * OlLiver O Kidney
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Control-S SPS-S EZ-S H40-S

Fig. 4-7 Liver and kidney peroxidation of rats fed different diet
Each wvalue is meantSD of experimental group, n=8. Different
alphabets in each values show statistically difference at a=0.05 by
Duncan's multiple range test.

* 1 N.S : Not Significant
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Z} 2ol SH71¢ Glutathione ¥%& 543 & 23, EZ-Swo] ot

(Fig 4-10, 4-11)

0

Glutathione> &&Z%2 <% nonprotein thiol® WHF-ES A5}

GSH+= Aretdz AAA 9 3 H0p 2 S d S thrbA7] =
GSH-Px 9] 7]do] Humazx Ay gmAde] SH7|S Yz 435
7] 918} thioltransferase?] 7]do] Hm=z sl = Fo3 9ade o
Fatal vk =, @EZo] A AR A - HbstE fFEE

o AR e] At AAE SAAA A o] g BE AES gt

kA 2 Ay A kst 289 7]de] ¥ SH7I, glutathione
o g2 EZ-SwollAl EA YEld FellA o] WojadE shglvha Hoef
™, Fig 4-6, 7, 849 kst A4 A Aol vluste] AullE o,
GST, GSH-Px &4Jo] w1tal= 4 A8kl s 2oz 7] el
EZ-Saoll A vh&el Hla] nals] A Ao Z ApzE o] Xt

%, Faksl a4 9 kst 1de AA FEsad ) gakekAd A
FS 2t AREEHM, oo nAIHIES e Aolet AWNYAER

el < E=

a9

oz
ox
filo
J2

o

oX,
)

ot
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A Hd7he ol Zt
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Fig. 4-8 Total SH contents in cytosol

Each wvalue is mean®xSD of experimental group. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's
multiple range test. n=8

* . Tatal SH contents and total SH(pg/mL) in 1mg/ml protein is
the same alphabet in each values show statistically difference at a

=0.05 by Duncan's multiple range test.
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Fig. 4-9 Glutathione contents in cytosol
Each wvalue is meanxSD of experimental group. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's

multiple range test. n=8
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Glutathione—-S-transferase activity
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T
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o
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Control-S SPS-S EZ-S H40-S

Fig. 4-10 Glutathione—-S—transferase activity in cytosol
Each wvalue is meanxSD of experimental group. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's

multiple rangetest. n=8
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Fig . 4-11 Glutathione peroxidase in cytosol.
Each wvalue is mean®xSD of experimental group. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's

multiple range test. (p<0.0001) n=8

7} . 8% leptin #&

Hink, A A o] ARAAE 2t lepting FFES BAE 2
A, Control-Si, SPS-Stoll HlE] EZ-Saro] wi¢- w& leptin TS
Hom, HA0-Swt2 73] mu|etA 1 o] FA AT

Table 4-52] H|WkA]4=9} vl & w] AW ggFo] =4 FHHS
H Control-S, SPS-S oA letin ¥ %7} =4 Z2AHQL, AAY ek

o] fFoJAo® YUt EZ-SwolA = letin v%7F WA S o] AA
S Ipetin o o AHRWAE 2 des & T AR, o

= Aol A8 E Hol7t 2 BAdE g 2 jlow Amsel A
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Fig. 4-12 Leptin level in serum
Each value is meanxSD of experimental group. Different alphabets
in each values show statistically difference at a=0.05 by Duncan's

multiple range test. (p<0.0001) n=8

2do M= FF(Luba), &3, wE(@Easy, A2 AAEhE

27F Al miA= ¥ Avrgioy, 44 dAEESE AES

upebA], AR AES MAAAERAYEZ-S, A3 E:H40-S)
10% A& T oA FH=z WEHE A & 5 s AgdAE=
ARgEte] F71E Azl om, o] 715 95 &<t ratdl w48k, in
vivo WA o] AE]ddS SAs ®oltt

AR AFA A= Aol 2 AfolE HolA fkken, 5FANEH
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A A3 EZ-S w9 AT Tl thE ol sl wekal, Aelas Wt
FogAoz v SHF o Holo wA= G BAGle]l AT FHEC]
ks S ¢ 4 AAY. w3 TC & A9 d%5 TG, LDL-C, glucose
level, o] t}&dl H|a] EZ-SwolA W@ AFS How, b A4
TL, TC, TG % ®3 EZ-Suto] WA SA8HAH. 34 2 3 A% =
AU MDA A% Hgk EZ-Swro] WA Uebs o, H40-S o] {94
o7 E%om, GST, GSH-Px &4 XEg EZ-SwolA Yo} GSH-Px9}
GST 7} MDA AAS oA A17]=d AFgo] FHAtta Algdd. g%
leptin &% %3¢+ EZ-S, H40-S o] th& o Hlg] wj¢ 22 s

LR

mebd, A ARe EaAeste]l WA Aiel AF @it &
&S & 5 o, in vivoold EF A @Ao] e QAow AbiE o]
AEaksdele] A8 3 &gl VidEy. S, 4 A maai st

249 BEE7 BS Rl & & Atk
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Al 5 & Modified waxy potato starch WXL &

A 2 modified waxy potato starch °©]& 7}&2E
Ly

1 . Modified waxy potato starch th&FAAF &3

AN

. AR B ARAR A4

p RS

ol

%

Potato starch (1000kg) @ 2M acetic acid (1:30. vv]

l 407, Zhr

Washing,

(Reactants @ Water (1:10, v/v))
| Filtering

l

Drying

l

Modified potato starch

(711.8knl)

Fig . 5-1 Modified potato starch treated at 40C with acid
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Potato starch (1000ks) - Water (1.3, wiv)

e Added gluccamylase (D.0753% staech 7]
e Repction at 55-60%, [or

Washing
(Reactants : Water (1210, wivl)

l = Filtering

Lyophilization

l

Modified potato starch
{778.Thg)

Fig. 5-2 Modified potato starch by glucoamylase (0.075%/g)
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2 . Modified waxy potato starch ©]-& 7}&2]% 7t

. AAY whav=

Fig. 5-3 Half low—fat mayonnaise

(ltev=e A F Lol dst] HAZFES 50% WAL F+
oF 45%9] dFL)
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Table 5-1. The formula of rice snack made with modified starch

Material (2)

Aplle juice 60
Dextrin 60

Sugar powder 30
Glucose 60
Modified starch(SPS) 50
Mushmerro 60
Water 50
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O &34 A2 54 vl 20

O #AAR EA 14 20
1A=

O HA A& 229 g4 20
(2004)

O Modified waxy potato starch®] high fat 40

diet f+%= B|W3H v x= a3 71

O 7F&A4d 54 20
2xbd = O oz iy o4 20
(2009 | o S E ) 20

O H|gk A 71 S (ob/ob mice) 40

O modified waxy potato starch 7| 60
HE37}

O vwr JA a3 74 40
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Table 5 The use of fat in foods

Frying oil Emulsified system Visible fat Dry system
o fluid, . o SOft
Fat form . esmall beads e solid
e Dlastic « meltable
« snacks, eice cream emuscle espeanut butter
«fried foods «dreessing meats « chocolate
Example .
«cheese « patties «baked goods
of use .
e margarine e bacon
« spread e Depperoni
e Crisping e Opacity ejuiciness, « Structure
o flavor, « Structure «tenderness e Creaminess
sheat transfer « slip « humectance
General « texture « mouthfeel
function e nutrition e Creamness

« stability
« flavor

« nutrition
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A 67 AT AEGAN S )Tt
;gy_

L. WAL 484

20029 BAH Azol osid, Fxw, n¥e, AIdRnAs T =3
1A AZE Ak 42971 ¥kl Ao W ¥ gl B[RS Body
Mass Index (BMDE %8 @489, 23(kg/m?) ol@d A$ #AZF,
25(kg/m*) o] Hlwk 30(kg/m?) 23 Al FEH|wtow wAE I 9
t}, 19959 Hwkel AJcle] u]&o] 18%, F=n|Rkel AJelo] 3% 1998
d 23.5%, 2% R} Hol AWHKTE wy Bk Abghe] Hojuta 9l
v Aotk B ofyg, 19959 tiM] 19984 A Z=EeEE 1935
kcalell A 1985 kcal = S7FakiaL, HIRke] 7 & dglo] & 4 U= A
ol AFHELS 30%00M 41%= F7heke] ol Z=E un A HAHE
o] 14%°)A4 19%= Z7}st Aoz YEeElF Y (Ministry of Health, 1998,
2000). -Evhet W oofut AlAl Zh=re] A AF HlES AuEY, A
TAYFE Aed AF vlEo] woka, Ak AFHuEo] w4 vehta
Atk wEbA wlar ARE dA dgelA AWe] AXAsE A &S
Fal AohREE-H, 2002).

i_.

i

O

30% ol3t2 U S A%
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Table 6-1. Intake of starch and ration of energy from lipid

28} o\ X H](%) A% A

Z7k9 ARE ¥E%) A (%)
19984 A
noo= 23.1 45.4 30
N v o 26.8 42.9 30735
o] ekejo} 33.8 44.5 25
R e 28.3 46.0 -
4 = 32.3 42.6 -
g w2 21.5 52.5 -
T A 5 25.2 40.4 -
g B 46.4 25.4 207 25
gk = 60.4 19.0 -

2. HZ ALUAI=ZES B

A S ‘ZHaw A HHreduced fat) 2=, A o2 AH|A A FHHE
ZF(Recommended Amount Customarily Consumed, RACC)Y 3% 9]

S e A AAYlow-fat) AF, 0.5% olste] A¥s EIEh=
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AL ‘FA W (no-fat or free fat) 2% o2 7/, AAYAEF HAE 7]
To 2 JEA £ Ade AW FFS S S % fat free 2 HA

stal, 0.5% olshe] AWE 2= AES 100% fat free o]t 3sle] 5714
B OEFekal vk ®E ARl ErIste]l Ao HEE Al gotste] A
Fo  Agstcd  golst=E v (xS, 2002).  FHE v=
supermarketol] A TojE 1 Q= AAH AFL AA LvH]AEo] 9.8%9
2atr, 19909 ol =i 1,0007H o]de] A, A A Fo] FA|E]
3 = Aotk wime] Aa gle Al 150098 S uldo s xARS
A 49 4 3ol AL, AAY AES Tl 13 e 23] o]
C

A&l Ao ZAE 2t Armbrister,

=
=
=

mEolet @k WA fHUH) WS Fa AYpaT FUEAL,
lean meats] AH§3} ol Bd AFAM Aol FHEL Folw WL
A8 John F(1986) HESAMAe] vhak FfElo] i AnE
el Fol @ 7% 28 U EaAWAre] stk FTh Rhee §

(1990)& 10-12%9] 7h=et 29S Fodt AASoA 7td7bekon) 3

54 ztel7h ¢lvka Bl 89l o}, Shackelford $(1990)e 21483
9o @AFelA s #A AolE weltha wa sheirh FhEubEel
o WMyow

Ausel RARS AASAY, FAAZ A 244
¥

w3 gude) v 28a4 e
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AAZIaL, Aol AHFES AR AAEY] 997 SUhE] AR
& AAEAL] AR A A A ] o]&o] AAE] Fojrtal 3l
o v (Krisstine N,1997), #l=rol A= 4001F 9] thekak tiAAWe] 53] &
A1 FDAFood and Drug Administration)®] ¢S HH&
Z A5 2 9 HC. Sanchez, 1995).

A A& CALO-Fato] & o] E o2 nj= Fx]8 3o 2& wixy
Fom dEFe FAXWHTE EX A2 075 kcal/geltH(Rekha S. et al,
1991) ey AAGS AR o =AM YEhds 2359 99, S, o g
2o WstE Aol Algats H53 Agto] AE e o] & EAH

o E@ irkRe] ARSI AQle] A% fA9 ke G A6l U@

2L

| &0

FAZ AEA WeE 0w §oFel we FAYRABS 2d 5 9
A TR AAECE AN ot o Y7 %A &

i=]
AIANA = 5 P& HAoZ B Hi YrFAmanda M.1992, Donald E,

olg AALL HAAFA e st =4, el %, HAjy

]_
ARk ol ARl A o] &H A ks Aol
]_
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& fat substitute=® 1}¥] o]
Aw, o )R] wet westEAl, awdA 2 A, G4 AW

(1) &53EA AW A EZ(Carbohydrate-based Fat Substitutes)

ojml QANH ©FsEA AAES AW HASHEE 45 52 A
AL gAste]  AFEEHAY.  @5sEAle U8 GRAS(Generally
recognized as safe)ZA <HAAo] EA7F ¢l 2A°l™, gum, modified
starch, maltodextrin, polydextrose, dextrin, cellulose 5©°] °o]&% 1
t}. o]5L YAE hydrocolloidd EA=E FE&AMNAE AEE Z7A 7] A
U ogels @Adste] 11 AMEY] 1A =4S BEL HARE SVRA 55

Al FrepbA A, At T 7lsAs AlEdth

S F= o] 9 ouk(Glickman, M. 1995), ¢FgAd ¢ #3t =9l &

Maltodextrin® 2% 4 kcal/ge] AUAE o] YA FArades
AT AELR AL A9 B3 3112 8o AMESIERE 1 keal/g
o] JduAE e A5 FUA A3 Fudes Aes ok

Maltodextring o] &3 AF2 FgoA wE Oatrim¥} Leanesse
ojth, Hito] ofdE A} ol AT S Fafste] A Maltodextrine 2
ZHA| 2 ARg-o] &5 om 1 keal/golste] W& AR ofol~aF, WE

FAF, GAE, ARF, A= R velolE JFo) sl S8 & k.
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ojn]  ArdslElo] FA|E  A|EEEE maltodextrin, rice flour,
modified food starch, hydro oat flour & &A= 33 Jom, o5&
stAl = AREE A9 AW AMAEE HAAT7|L 9o a3E F9
71%% 3cH(C. Sanchez, C, 1996).
AoldF4de]
B diAAgoz o]g¥ o] grhlLin, K.C., 1997). 2oldF2d3 2

=
23ste] Axg HAAL-S DuoFiber Volm 2ol 44w A A7 Ao

[e]
T
=
T

rir

ZA¢1 CMC (carboxymethycellulose)= 2 A5
=]

Aoz A AFE Aagk 22303 Algste] HS addds o
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flo
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G ol gele] FEjR 2FH, BY, A= SO Azl o8& 3l

H(Claus, J.R., 1991).

E 7t3E AZE o] 83 A E o= LeanMaker M7t 910, Heller
SeasoningAtoll A utE]o] §-Ex 3 9tk A=A o] 28hH LeanMaker ™

g A3 s A5 A, 9%, SuU2EEATE 42 AskE Ak Barst

TAA s T F olAs

3 %e TBA @& molFo] A% ergyel dflm F AT wobA 1
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AE A4 azx kil H skt
F cellulose, pectin, gum 59 Af4 & HL& gutS ALL3}o]
T 2] i J%e £ AEL] 1/10% AMEslo e g395 yER 4

uThal ®askal 9tk(Lindley, M. G, 1993)

(2) @A A A e A=A (Protein-based Fat Substitutes)
A vjEo g 3 AR G 9f, £, F, duAES

SR e, aroll A WM E o] Aol A} 5] HAaAE st

E ool Qo] med xefu NAREAE o gt $AED B of
Ueh mEd E9 27 ofshz 24 vk deu AukHQ xe), dE2E
E, UHTZA #A1%, Ae= 2dy, YSOAER, nh, 2728, 3
YA =, Azamd e, A 27 5 FEAES RAAGeEA Atgol 7}

ol
o

olf
ol
L

o Ay ZYAHE] 4GS 72+ 97%, 88% 74 wE 4 thal
9y Simpless© a2 3} o9

7N
NS v HAGH R ThEe Aow Aol oF 3.8 kcal/g® AN AR

N
o
=
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=
w
wn
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e
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O
(0e]
(0/e]
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é
ol
aY)

f

°F 1/3 X2 A&}A]7] 2, Dairy-Lo(PfizerAH)+ whey proteing 7]3#-0
A Az fAAE o m AXGAFE] FHE FEATIH, g T
S A, B3 As ol Aste] Hgg fAlE W& o® AHE TS
stk 71 9] AMP800, Calpro 75 52 AE&S A& SAlo f3He+4
st 2 AEF FAE ZANA F F A VIS I HAE g Ao
t}. &4 Protein Technologies InternationalAFoll A 7123 Supro™200G,
PP200G7} A% al 9l e (McMindies, M. K., 1991), = 531(53] 1.
93-2148)2E FHE FUEE o] =3 HES £33 &9
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Table 6-2 . Kinds of Fat Replacers

g%
2 A o E
% m XH (kC a]/g) 'g‘ 3 ﬂl'ﬁ‘ = ﬂ}é
s QO ) 3 o e caAl Sta-Slim,
Modified food | $4, 7, E¥L 4 Ay =944, A= Stell
AR ol ellar,
starch a]’r £l 7'“ E Amealean
g 28 e 43 s =gy, Maltrin
o AL 79 ’ 18
TEYAEY ;‘{;’;’, e 4 bulking agent, ¥5$4],|(Grain proceccing)
o "k, =94 Paselli SA2(Avebe)
&
PN } A WEOAZ xr)
F ; ZYHrERQA  |YAETZOAZHNE 1 u‘u:L/ SEAT, 759, A Litesse(Pfizer)
a u
t i] methylcellulose
HEzoxz gure 94, 54 Az, 229, #AY, B|(Dow Chemical),
m ** ST WA 5 Avicell RC/CL
i (EMO)
i
m A7 dEs PR fAE, WEF4, A TrimChoice
[e) E a 1 ~, 7 ’
e LEBQatin) 5 s ng L P (Staley)
t =
; LR B S 7Hes, EdA, #AE,
i Wy Ay o A8 ° 1~4 ezéz% & T tellar(Staley)
c
s Zrgdad 00 %
. ol A Jaicha olo] A8 =S 7
(microparticulated ;Q;j Li_flllaé x};}_l s 1/3 Fj ]'9___[::"; = Az, B Simplesse(NutraSweet)
protein) i -
Eji} ATy
2 (modified R A2, ST2E, &2 (& |Dairy-Lo(Pfizer & Ault
7?] whey protein TR 4 9] A% 4 Foods)
concentrates)
Soh S 36 Spg;}'(l{:\)/[erican driry
F _0 ZHEHN I A
a SPE e A A 23EFEA iiiof;’g e —l;]t(]l)ﬁ‘ﬁ °|Olestra
t (sucrose fatty acid (6~0) = s A %'_ ;H] E}E’ﬂ HzE Olean(Procter &
polyesters) (ii'ﬂiOH]%E o %_ 5 Z%H Gamble)
|y )
u
fr31Al, oFgA
b | Sucrose fatty acid | ARHAMA 5 j?xj’/ﬂ“:% L]_ e
S N T2 "’]'r—_l’—‘y‘o = \_”H oZ]H
¢ A esters (SFE) (1~3) (F7%) 3 284
i .
MCT MY, A _
t (‘?“/}HX]HJ')\\]') C%‘Cl() 83 ?_]_75] %_}EE]Z:}—}‘\—E“J' Zj|[;]_
u
t 5 Adut, A
Procter &
e Caprenin G, Gy & C F% |EI2HHEHY
%) M) Gamble GRAS
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(3) AMWHA AWo) A2 2 (Fat-based Substitutes)

Aoy didS 7|2 ow 3t AR =] 7 & S 749
23k =245 Aled o glvkes delth =, o3, =239 54, 24, F
#sol 7 RSk vz Aol AA A A o]t

Salatrim(short and long chain acyl triglyceride molecules)& %
f, Frobd = 1 HAAEL 5o 8% 93 compound chocolate
coatings, frozen application, chocolate chips, solid chocolate, nougats,
caramels, peanut spreads cookies, cookie dough, bakery cream
fillings, pie crust, pastries, ice cream, low fat cheese, salad
dressings, mayonnaise, spray oil o] A3 A5 1 AtH??. Veri-Lo
AFEL AEANFAY FALES Ho]A~=2 3Fo] A F3 A S = mayonnaise,
dressing, o}ol2==®, AUAFo| ol&¥ 1 9ow(Smith, F. C,1972_
Caprenine FIAH L UF} fFAFSte] ARk o= HxlFA zo o] &5 il

candy bar, ¥l FdFol YA, FI|AIENE AREHIL K
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4) AL ETS AW A E(Synthetic Fat Substitutes)
SARAES] 715 R gowA A L3ta kel o8& 7}t
Fie] HA Fot AmYES A WA i, fFA AR Vs s she
Faol e, bHAd I AFHTMERA Y I EHA S A
of ©do] glo] ulme A Ago] 37tEl A2 §lth. Sucrose fatty acid
polyester (SPE)&= A9 FAb7|9} Awhilke] 28 47]9 & &l
= ol &% Aow AT 3 EAo] AL 6-8EAF oY ARE FA
3 Aotk thE A<l Sucrose polyester (SPE)e] A|ZFo=ZE Olestra’f
Row o]AL FH, S, HAR T A=A VIEolA FEES
t}. Sucrose polyester(SPE)e] &&&<l Olestra® &% olean®|g} =g
=d) 9d9s @shH Sucrose?l 17F, 27}, 37F JdAHE oHAS "=
B4R f8&stn &3, 571 e 9 671, 77F 8719 Cd~HE A
A 7Rzl HA @7 wEd SEA genh ol EEE

o]
1=e)
Sucrose®} A& AW, 7E5(F,ST5T, ZAY, U)o =ZHYH o= AW
PN
T

rr

Ao M= v kAt A, B w], A% b R Fol FH A
HolAYAF sl 8 AHE ekl 53] AAGH = EAsto] S
. safflowerf ol & &ado] t& 7E0 £F AHgE & A0

Olestrax= &2 Wl =Ast= A3t 715 A2l digk tA

1

=
24 oA FEA i dY T FUSHE FAE R o] Fe

b

a9

o}
TS 7 v o] 4L AUAE giA EHdE &5 shed HE
ol wAZE 971 wiEel 1996\ 149 FDASZHE AdH o= A=
0} 598 Wol “QOlean'e]dfs= A&+ O 2 Procter & GambleA}ol A

o8 AW 9a, AEAAZA R wolEol A glek Tt o o
Fel9A %n Jg W ohe 1@ §492% fnkn Uk
&

5
Fre THER, Ad4702D), B2 59 54

- 165 -



2 23Rl A E QT e
o] £o] 9t} Oleatrax -
D, E, K) &5 A st # ofHet, HAE 2 & A & ¥
(Mattes., R. D., 1998).
Structured lipids(SL)& 3}etd o2 = aid 9ste] A ALY
=

o R

ghillof = “o] AFolE SH~ER AR
=)

random transesterification®] 23] W&z a1
e SRtk AFEE e ALY FR7F kst S H
A% B el B2 Aol A A8 5 AUk

Ao 4] ¢k Ao] ZFo} X+, table spread, A E, Ay= =4
A so® AEHY, AFSZE Arco Chemicalrte] EPG (Esterified
Propoxylated Glycerols)®t Frito-LayAte] DDM (Dialkyl Dihexadecyl
Malonate, CPC InternationalA}ol] A 7N sk TATC
(Trialkoxytricarballate)7} 1 ou, 5 7]k Fo] Atk

=3 dAAES F 7HA Z2 1 o] tiAA S £3ete] A
3to] x|Hbe] 7] HE Holsh= Edo|tl. ©l A gelling carbohydrated]
FdE& Y Rice Trin 3 (Zumbro), #AY "o o]&x+=
N-Flate(National Starch and Chemical)® A $& &, 344, A

AR guar gumS £33 Ao|t}. 18 a1 Ultra-Freeze 400 (Staley)<

HAARE AZgdaz 2 corn syrup solid ¢ Z&A otk “AU lean”
Fhebi gt i Faid SRS st e A 9E AEoR A
ukstako] 58%, 4% 37%, FulAHEAT 17%7F AAaEE AR H
HAom xE  EAEE A Foktt

2 Hel “7157%4 ZFE"o|l Azt o A 4] 2
Prime-O-Lean™, Advance "™2000¢]2}= AEH o & A1 4o HE5 1 g
=3
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b AFAA  AAL 2AA Ax e TEs AEsdon,

carageenan, W79 AS giA Aoz E3tste] AR

o $71FES AR 2AZE Ad 9l

el old @ AR K7FE A

ol & 3
Aol oJFY A AE JHE AFATIER, A 5(1992)L WA o] 94
st B Aax7E ek AW HAx2AS St

4 Al Zal Hol o AAR AW wEA glolk

g gglo® 282 k. 3 dilFRE2HH A3 glucitol fatty
acid polyestergE WAAO=A 7]Ee] A&F ol thAstAY FAA
FoEM BT F A& Aol AR o (Hsd, 1993) MCT 5+
o gste] A4 FraFEs ThedAY A= ol&d By =4I HeA
o8 5% AJARFE 7T F AL v ALZE, AAE AF9
Mol 7bsd Aow wusta Yrk(rES
Inulin powder, inulin gel 18] 3 SimplesseZ ©o|g&3slo] WS |z
A5 e Fuju gax, aga BeF 540 folAowE dnkiy A
A ©r2A &t}ar 4% AL, Akoh 5(1998)2 Captex 810D9} @A A o
A A2 SimplesseE o] &3}o] v|YF S A AlojgHS AT AL
ATz, 93 W Ado] Hasittar Barstal gl

2 9re] o)w AFrRAL Abels vheFebH, oAl A el s A e
g Ax7be7led AR AA4E Zta, vieA g ), 2243 g
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