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SUMMARY

I. Title

Development of value added products from walnut and its

industrialization

II. Objective and Significance

Objectives of this study were to establish preservation method for
long time storage with stabilized quality of walnut as a good source of
a -linoleic acid, to set a optimal conditions for production of walnut oil
as a potential alternative of sesame oil for domestic use and to propose
desirable processing conditions to minimize oxidative damage of walnut
oil. Also development of processed products from walnut flesh and its oil
for wide consumption through clinical test for its constipation relieving
on human and serum cholesterol lowering effects on animal was the
another goal of this study. Advertisement of resulting products would

contribute to increase walnut consumption.

m. Scope
1. Establishment of technique to prevent oxidation of walnut flesh
o Establishment of pre-treatment method(heat treatment, coating etc.)

o Quality assesment of pre-treated walnut flesh during storage



2. Determination of optimal production conditions and preventive
oxidation measures for walnut oil

o Properties of walnut oil from different roasting conditions

o Stability of walnut oil against oxidation upon different roasting
conditions

0 Quality assessment of walnut oil with application of antioxidants

during storage

3. Clinical test for animal and human to investigate physiological
functionality of walnut oil
o Constipation relieving effect on human

o Cholesterol lowering effect on animal

4. Development of processed products from walnut flesh and extracted oil
o Development of snack-type product coated with sugars and coffee
o Simulation study for processing flow of dried persimmons roll with

walnut

o Soft capsule type walnut oil products with improved functionality
IV. Major results and Recommendation

1. Establishment of technique to prevent oxidation of walnut flesh
Quality changes of walnut flesh coated with one or combination of
acetylated monoglyceride, tocopherol, ascorbyl palmitate solution and

package in aluminum pouch was investigated during storage at 37TC.
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Walnut flesh coated with acetylated monoglyceride solution containing
2% tocopherol and ascorbyl palmitate was most effective to prevent
oxidative deterioration during storage.

Optimal concentration, repetition times for coating with shellac, a sort
of polysaccharide, was established by judging their appearance such as
gloss. Walnut flesh coated with shellac was packaged in vinyl and
aluminum pouch and changes of their properties during storage was
investigated. For both packaging materials, raw flesh had deteriorated
first but flesh with steam treatment maintained unique flavor after

storage.

2. Determination of optimal production conditions and preventive

oxidation measures for walnut oil

Strong roasty flavor of walnut oil produced from conventional methods
was subjected to improve to meet the needs from consumers to seek a
fine replacement of sesame oil in kitchen. To establish an optimal
production conditions of walnut oil, diced flesh was roasted at 150~210C
for 10, 20, and 30 mins and extracted. Extraction yield was increased by
5~8% compared to raw flesh but there's no significant differences
among conditions in terms of time and temperature. Yellowness of
walnut oil was decreased with increasing roasting temperature and time.
Redness of the oil was increased proportionally until roasted at 190TC.
Roasting at higher than 190C remained same in their redness. Acid
value of extracted oil from raw flesh was 0.37. With increase in roasting

temperature and time, initial values for acid value of extracted oil was

_.11_



increased. There was variation in POV of walnut oil extracted from
different roasting temperature and time. Extracted oil from walnut flesh
roasted at 170C for 20 min had highest POV. Sensorial properties of
walnut oil roasted at different temperature and time was evaluated.
Extracted oil from walnut flesh roasted at 190C for 10 min had most
desirability following by at 170C for 20 min and at 190°C for 20min.

Induction period of oils from walnut flesh roasted at different
temperature and time was determined by AOM test. Walnut oil with 21
0C for 10min roasting had 3 times longer induction period(49.2 hrs)
compared to oil from raw walnut flesh. Except this treatments, other
roasting treatments shortened induction period of correspondent extracted
oil.

From the results of sensory evaluation, oil from walnut flesh roasted
at 150C for 20 min(150-20), at 170C for 20min(170-20), and at 190°C for
10 min(190-10) was selected and packaged in clear bottle and stored in
60C incubator and their oxidative stability was investigated. After 50
days of storage, POV of 170-20 and 190-10 remained same as initial
value. Conjugated dienoic acid content was also same as initial value up

to 60 days. Their acid values were slightly increased.

3. Oxidative stability of walnut oil

Lecithin, tocopherols, BHT, and TBHQ was added to walnut
0il(190-10) and oxidative stability was evaluated against marketed walnut
oil. Lecithin, tocopherols, BHT were not effective to stabilize with almost

all added concentration. However, addition of TBHQ with 200 ppm level
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to walnut oil could extend its induction period by 2 times compared to
control and had 100 meaq/kg as POV up to 25 days of storage.

Induction period of oils with different stabilizer was calculated.
Induction period of all oil samples with stabilizer were increased
compared to control regardless of kind and their concentration. TBHQ
treated oil had 3.1 times longer induction time than control(15.9 hrs) and,
therefore, TBHQ was chosen to be most effective to stabilize walnut oil.

Walnut 0il(190-10) with 200 ppm TBHQ was packaged in clear and
amber bottle and stored in 60C incubator and their oxidative stability
was investigated by abserving changes in POV. After storage, there was
no significant difference between two packaging material but oil in
amber bottle with TBHQ had more oxidative stability than oil in clear
bottle without TBHQ.

4. Cholesterol lowering effects of walnut oil diet on animal

Effects of addition of soybean 0il(S10), lard(LL10) and walnut oil(W10)
at 10% level or addition of 5% walnut cil plus 5% soybean(W5-S5), and
5% walnut oil plus 5% lard(W5-L5) on animal diet was investigated.
Mixed oil diet lowered weight gain. This results means that there was
no difference in amount of feed consumption and food efficiency among
oil diet.

Triglyceride content in liver from W10 was lowest with 14.84 mg/g
and those from Wb5-S5 and W5-L5 were 19.17 mg/g which is the
highest. Total cholesterol content was highest in L10 with 10.22 mg/g

and lowest in W10 with 7.04 mg/g. From this results, it can be said that
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walnut oil diet was effective to lower cholesterol content in liver tissue.
W5-1L5 and W5-S5 were also effective to lower total cholesterol content.
From the results of serum triglyceride content analysis, W10 was also

more effective to lower triglyceride content than L10 and W5-L5.

5. Constipation relieving effects of walnut oil diet on human

Consumption of walnut oil doubled fecal number for women suffering
severe constipation and reduced defecation pain effectively. Walnut diet
also could improve the conditions of feces. Without consumption of
walnut oil, 44.44% of testee expressed conditions of feces as "hard” but
reduced to 21.05% after 1 week walnut oil diet. 33.33% of testee
expressed conditions of feces as "soft” but increased to 65.79%6 after 1

week walnut oil diet.

6. Development of processed products form walnut flesh and extracted oil

To produce and simulate processing flow of dried persimmon roll with
walnut, bar was made of walnut flesh which is chopped, formed with
gelatin and cut into bar type. Dried persimmon sheet was made by
rolling 4~5 persimmons with corner overlapping. Walnut flesh bar was
wrapped with dried persimmon sheet and produced roll was cut into 7
mm thick disk type snack. Walnut gangjung carrying its unique flavor
with friable texture is made by mixing a sugar solution to walnut with
ratio of 0.3~0.4 : 1 and then cut into square form. The sugar solution
was prepared by adding gelatin solution to melted sugar and corn syrup.

To improve mouthfeel and taste, puffed glutinous rice added to walnut
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gangjung as 10~20% of walnut volume. Crispy walnut snack without
stickiing to hand was prepared from drying a multilayer-coated roasted
walnut. Small drop type product was prepared with various chinese herb,
anchovy and sea tangle. As a health supplement, soft capsule type
walnut oil products was produced with -3 and w-6 fatty acid. Two
types of walnut dasik was prepared. One is with completely chopped
walnut and another is with cut into small pieces to give chewable
texture. For both, some formulation of walnut, dried persimmons and

soybean powder was tried to obtain different sensorial properties.
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HE, BT U ] iiavucuses ot ot sy st o o e e Lo St s

A 13 2249 AA AAF 7Y TN cnvunemnmsasssosstasmissi
1. Acetylated monoglyceride FLE oo
2. TP THE] ceciiiiiiiionasiismsessssrorsssromssasssnsessssnstssssssasssssensssssns st sns ssssssssssononsssens
A2 A FTEZNEY AMAFTA B e
. 22278 TE7Z9 EA EA st
D, TIET| | A BFOIA A cxvvsrvemorsitsotsss e e aad s S SIS
LE, OVEN Al B covremireasiemsesare s sissssssssesssssosessesse s ssesssssasessesssses s ssessssseesassseessessens
A3 A ZEANEY A WA 71 TP i
1. &28tA Hrbo]l e 357120 A8E SFAA v
2. AZE7o] W2 TE7]29 A3 SFAA s
A4 H ZEINEY 7154 ZE cieeeemesissrssssssssiessesssssssssseesessssssosse
L 85718 A7k4o)7t 4958 A2z S0l nXE GG e
2. TE7)1E 9 W] A A]§ ressrmimi i i s s
A5 HIEMN ZENES LT FFAE ML s
1. 3% - ZZL0] ZFEFA AR s
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I 5 (Juglans regia L)E SA9 wuldAz Avte] @i Z2r 52 2
Fo2 ARE 4Y BHEE oo FHoez 4y oljHULH TEE of§
2 2Ad Ax2 de 484 gt 2=

= 84 Zu2dE AeAs, 3 AN, =shiA, 2gEs
obg} 53] WH X5 F B2 duijle]l sasts AW diE &S] &
st Aoz oA dld Ut 3] HZ Lu-d &AL @ -linolenic acid)
ol EAxAe Wsl ¢k kol AAl, dd=r] AFe A, TEHIA,

oo 97 53 Qe ddo] Yt Ao BEH] AFA F

M2
=

51 glenz -] Muzt & £ glv 3= A% A5 )
H N o)SS o) &ste &wAEe] A 9 A
TAES AL @ AHA & AFsvtn B 5 Yok

20008 FAE A dsd A=) 3= AUFE 1,000 A= A
Zhre oF 143025 7h2 GEA Avh A d AAEE AHEA Fde] 257

off

E, A%e] BIELR /g Aol 1 1 theoz Ao A6E, $3o)
1689 #0.2 %oh mebd SE 0E A%uc a9 BFHA o}
GF ol5e B4 AEAZ AW, nFo] olFo)d Be A2 Ao FA
4 SFadt A s ot

SEE 4% % dzse srdE $AT 9ue 422 sese Qe
Axe] B AgEn JEEs YA, $e] 5L ol §¥ FaY £E U

5349 zto] B4V ogste] FAU a AAL AAT TEAw
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AoiEw ok Fue A AEEE A giie] Y YrEF 2L 5
A7 2uHn ARG AAR EEAL 14, Rgom Ay A%

B3 5 ABAER 2ol Fol AT Qo T Fe BA gon

aw A&, F, S, OY 2738 5 &R Ha 489 4§ ogud
T 249, A o o]&dir AUt

w9 % #A ATE APRY xR ud Ay vd §F 2 A
k24 S 2e gy 54 R a-, 8-, y-EFAHE, o, S92
ZHE Aol gt BAo] o]Fojx ko] o3ty £E4L A5 ¥
B, Auizzo] et o7l &S Budtgtt 359 7%d EAF B3}
o n-3 A4, 53] e-linolenic acid®] 7153 &3 % ST H7M2ol7) 837
o ¥4 FZ¢2HE % LDL-, HDL-Z32HE9 &§F& W3 o FoEe B
Ak duy AME deg £8E Ike AN SgdsEde] AstE v
b AeRE FHAe FA3 A7 ALS f18) 40~45TC Az HHolg A
i, FHEE 60%, 10C Ae] 7HE Fodithe Bik 3o Sz i
W2 E Y8}  whey protein  isolate(WPI), distilled acetylated
monoglyceride(AMG)E Hlol~2=2 3 3® % Igade FIAE Y3 47
o] 2o EFAHZEI ascorbyl palmitateE H713te FIE3I Az AMGEE
2 AMGe] EFHE ascorbyl palmitateE H7I3F AL A8 Ao =)
UL o}, E£3 S K571 AFE e E& Adh AFHE 7}
A AERAE B e Ad A4 S dA9] AHES ALk s 271§
W, FA¥ ¥ § 25~35TC, 43 Kw ¥33td AL H$ 7189 POV
R ABEojAZ T8 Zn, Cu, Pb, Cd 5 T34 WE ZASIE 3440

AN
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Foll o3t AakE et AU v vk B3 SE7|Eel g 7l
irradiation &3, A% <t
2000 torre] Z-EF3}eA 10~20% infiltrationd] 8] 3He WS Rustr)x 84
t 3EE 8% HSAFA g dFEE FAE, 53] olo)aAYd IE
& g3 A9 1 2 A, 2HAE breakfast cereal 5] 443 B

o
olN
™
o
Ao
o)
o
o
>
>,
oty
)
R
o
oo
o
>
o
o
5
{

A)uke] ofp]abe] ok Faw
Ho] SR S5 AP obrlate] 24 WES AR U= A A=
F74, MEFE Bol G5 oA AZNELRAY $540] Falx
Ack et 4AHe FHAA BE/189 gl Wss #AE BoLme

At S AAE 3, a2 AR, 7 5 Ase A g 3

A e 71y g B AFY FEAES TN & de H849

o AHE FFsAe] Eout o}z olfe Hobe] YE 144 AR gle
Aol

AR Aol oahd @t 34 557} 00F AT £UH] Fu s%
2HAFY ARE FAAAD olHF WYL FF US /45 P Aoz B
BHEE S Buo Hs gt Fol $5E TN T U@ wHotyo]
2 AAAL B Y AT BE AMsslel A AN 256 ¥
9 e WA A& 2 AZAF Aol e,
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02
e}
1l

a
0
i3

H 2

Al14d AR

2 Ao A IEe FH GFT FEAA 2000, 200149 &

s HEEe Yz A% F SR I AR SEAL TY, S
sk

A24d ALY

1. 349 AF A3 71 A2

7}. Acetylated monoglyceride ¥

ojlFEd ZI=AE  T5TAA L3 1A AMG(acetylated
monoglyceride Myvacet 5-07, Eastman Chemical Products Inc., USA),
AMG®] 2% tocopherolla-, B-, v-, 6-EXAZHE = 13 : 14 : 628 :
228%, HYE dAHAAFEGENIE FHAE A, AMGA 2% AP(ascorbyl
palmitate, Roche Ltd., Switzerland)E 7}& A, AMG®l tocopherol® AP
g 74 2% B8 EFT o A7 18% HA, 2EAGAT. ZEA
g 3RS ®dd EoE ALY J4E v5F AL RHIE o] L3
ARG A2 & dFFY S99-d XA
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4. g5 29

ASTEE v B3 284X Zt2 58 A3 & 40TdA EFAx3)
Atk 5% EZ 15% 9 FEZ 8327 shellac(Dewaxed white shellac,
Gifu Shellac Co., Japan) 9o W =9 A EE Zt7t 18] A, 29
vk ZREAGS sEAE T Eolle HAYY d& FFHEY 94
2718 ol &t AASL AN AxAIZ thE

] c
=

EE eu Bexe] 247 xgage,

o)l

244 %4 PE, PET H]

AR T s 4 9

Acetylated monoglyceride =+

shellac ¥, Mg F ETF3} =4S

37C F2719 MM A7 3=AS JiEste FA WA, Ad#

(2D< 100 mL 7}ate] 3] &AM F

2

#ols BEE 4944 PAVE el de AE

Mrkel WatE zAlSIT

ZTEVIE 5 g8 250 mL AAZeAAo] FHE I ether © ethanol &

% 1% phenolphthalein & &

~3%& 7}stiL 0.1 N KOH - ethanol &40 2 w|Z o] 3027 A 44 o

FHgoz stel AAsgon] g Yo o3 4rte AEsach
(V-v) X 5611 X F
27} =

S

cAlE9 01 N KOH &9 A AH]ZF(mL)

Vv
v : blank test?] 0.1 N KOH &9 9] & A H ZFH(mL)
F : 0.1 N KOH €9 <7}

S AlE AHH(g)
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2) #ikstE7t

3E7)1E 5 g& acetic acid : chloroform = 3 : 2 (v/v) €% 25 mLZ &
a8t ¥ 3} potassium iodide €% 1 mLE 7}sle] 587 oAolA w3
F 7T 30 mLE F7stn AEEAS AA e r 3hef 001 N NaS:03
FAqo 2 AAHHoY gy Ao o HigEILE AEsFAT

(V-v) X F X 0.01
8L E 7Hmeqg/kg) = X 1000
S

V i A159] 001 N NaxS:03 &4 AA AH FH(mL)

v : blank test®] 0.01 N NazS:0; & 2] 2 A AH]ZF(mL)
F : 001 N NaS:03 g9 g7}

St Als ANFHHg)

N
fol
=
o
Lo
o2

b
oK
o2
o
)

—

7h 327159 Ax

IS 9HAVR st gAFE AxE Efold Zi 150~21
0Ce 222 24% dz7]d . Az %7t 27 AT &
=2 Asstd Zzte £x0lA4 10, 20, 3084 ZeAadn. LeAn e
FEAE 4PLE FdH FAVIZ AR SEVES AR 9AE

TR FFo i =715 AFFE %2 FAEA
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2) AT

A2 A (Color & color difference meter, UCB00IV, Yasuda Seiki Co.,
Japan)& o]&3to] L(MAE) a(HA%) (FYE) &g FA3H2oH, o
g Ao zes WMAH(L=89.2 a=0921, b=0.783)2 Ab&3t5icth.

=

3) A7t

o
Rl

i
o
ki
)
it
o,
£
N

v

= GA dFE ARl wet S8

4) #3274
FE71Fe HdstEvbe oA AFE AOCSS Wl et HAsigloh

5 AWM=
S%715Y A¥uEE B33 EA(Bekman DU-7, USA)E o] §3te 435
nmo A FHE Foe2 JeEhlTh

%8 3E7189 BEAAE Ao 1599 BFAA &
4g 4R o oMoz WA(RAT A, B WA, EE 559 W),

, 294 EEE 24U,

. 357159 A3eAA

1) AOM A1¥

HE 25, AE 3E71EY AbstA Abdel tid ekAd A2 POVZE 100
meg/kgel] °12F AOM A]7HE Rancimat 679(Metrohm, 29 2)& AM4-3}
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o F7% 20 (/hr, ANEF 25 g, 2% 90+02C ZAAAH HFZA|7H
(induction time, IT)& A4 eH 7|71&F =10 & 1% 2o o o
EFT 71ES Y2 T2 AT

¥ 1. Rancimat &% %7

Temperature 90T

Conductivity range 200 ps/cm
Evaluation mode introduction time
Paper speed 1 cm/hr
Measuring time 48 hr

Air flow 20 ¢/hr

2) Oven A9

g4 150, 170Col A 20+, 190ToA 1023 24 HEA YT s=52 )
de 7185 100 g &9 T 75 g¥ WO H1, 524 ded o
60Cel AgsEA A F 7€ HFAsETH FHo
p-anisidine, M %9} @35 FAlSIA T

FdojF A7 AOCSH Ol et fA 01 g& A3 FHslq oliAgg
7% mL g9 =5 o5 168 F oJaSgeR 100 mLE ®FEATH 104
2 3|43 ¥ UV-Visable spectrophotometer(Beckman, DU 650)& A}-4-3}
o 233 nmollX FREE FAHFL b AH o] FHo|FastE FEA

o},

i)

o
go

o
2

d N 4

o g

’
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Conjugated dienoic acid(%)=0. 84( —kO)

ko © acid o &%X, 0.03
s 233 nmelA g FHT

b : cell ¢ Ao](cm)

c:L 3 ANz gF

%789 ohNdEskE AOCS B o2 FHAY F, F4 055005 g
< F3d oASEE AMEEe 25 mLE  AE3  UV-Visable

spectrophotometer(Beckman, DU 650)& A&3te] 350 nmollA FFEE =
Aot oAl o] &9 5 mLE AlP#e] FHstx ofAld Al 1 mLE

H7bete]l 102 % 350 nmollAM FHEE ST oS 2o 93] ofrd
71E Axretdrh
X _
Anisidine value = 2 (1-%?5 Ap)

As @ ofUA AT WESF & FX] AlE £99 FFE
Ab : FAAREYY] FFE
W HS fFAAEY FA, g

3. 3x718e A WA 79 AR

7l 371§ A=

A4S 13 292 343 AL 5 mm, 2 mmAE o] &st o, F, &
Rz Aok g A9 vE 190C2 24 Az Y &
=7 190C2 Asstd 10830 AR F, AdAe 44 58 BS
Attt FHAUEIIE ol &t TEVES Az o, 500042
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o st} Aol ARG

. @4stAl ZAte 2 s%=71E9 4t kA A

1) F43A H7}

2% TE7IEA AEhEA ] dAA—RGIEE)S 200, 400, 600
ppm, A FASAYN 53 EFHE(a-, -, v, §-EIZHAE =13 14
D628 1 22.8%, 4AAA, dE)S 100, 200, 300 ppm, ¥8 FAEAA
BHT (butylated  hydroxytoluene),  TBHQ(tertiarybutyl  hydroquinone,
Eastman Co., USA)= 7tz 50, 100, 200 ppmE 718t 60~70ColA 7t
8t} FitstAE @@ SAd BE UHA ZIES Holetd Ay

5EIEL AzSA.

2) 3E7E9 A AA

Oven Al @& FAstA7E A7ld 3 =7]8S 50 mL HlolAd 20 gX
Hstol 60T 2710 AsHA AOCSS %ol wet #ArstE7he}
7He SAs Ao

AOM AHL2 FAsAY F$=7]5S RancimatgE ]88t FE7IHE
gaten oW tzse & FAY FoArIdd dFFTdEAAA
A ddHez wujdin e ZEVES AHEEA

oA

il

=

5
N

. AF847d B2 =759 A5 AAA

190Col A 10837 Bol /3 57|83 o8 TE7|8d 4 aas
A(TBHQ)E 200 ppmAE7He 7188 242 100 mL %9 59 2 24 &
7ol A FH ¥ vhg 4EsAT 72, AZ, Fol7b 75X T70%55 cm

A 60T F27] o] kol 20%E #¥F5E At oo T2718
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J 2o] AN Arts FishEsle] WHE 24

it
1)
32
rr
o
N
s
ol

4. 357159 758 AE

7h X718 RA7MA o7t A5 Ee] AP ZH 26 g vXE 97

D A9%E

358 9 Sprague-Dawleyd +H #AE FU3te] HPHo2 ALK}
A dut wid nPAIRZ 1FYT GuARSEtR A§AZ & A Fol wet
dgor 5xtor ERFste 653 A@Holr AFIAT A¥UR F

g3 Aol vld AW FFs] Azl HANAT

2) A4 o]

gHolsl FHYRES E 29 Bom A4 FHYRE 10% UFRE
ASH WEE, FAG%) BRI E6%) ERE, AN B10%), WA
(5%)+ BE7) B(6%) EFT, TE71810%)S 2 Aold] Hrae) of o)
S8 B A g/l AN, ARHIL Ut AL AL

4 agie] RE Yol FALHEL 05%FEZ HrtT

3) HeldAH, AFT7HE 2 Holag
Aol dAFLE A A7 ¢ 4F A FAHIAoH AT 33U
st Y 23519t 2 o) & (Food efficiency, FER)& A AFZrleks 7

2 717 B HoHAFo s o] ANFAT
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¥ 2.7 AP o] =4

i =5+ R 71 &+
Ingridientflets o 2;;% A7 EHE]EJ]% =lE
Casein 20 20 20 20 20
Methionin 0.3 0.3 0.3 0.3 0.3
Sucrose 40 40 40 40 40
Corn starch 195 195 195 195 195
Mineral Mix 3.5 3.5 3.5 3.5 35
Vitamin Mix 1.0 1.0 1.0 1.0 1.0
Cellulose o 5 5 5 5
Choline
bitartate 0.2 0.2 0.2 0.2 0.2
Cholesterol = 0.5 0.5 0.5 05
Soybean oil 10 5 - & =
Lard = = 10 5 =
Walnut oil - 5 - 5 10
Total 100 100 100 100 100
4) A2
AYFEL A7 AP Mol 1207 AANA dH=2 AN F Y
S AAoA FAIZ PG F 3,000 rpmoll A 1587 A& e A
S AFHs AL BEA7A -30C WEael RAsA. 4 A FA HE

3t 0.9% Az A7 718 AAT g5 -70T RAFFAT

5 AlRiY

49 triglyceride, total cholesterol, HDL-Z# 2 H & L& Alet3) s
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FF(F)Y kitE o] 8% &4 HAHoR ZAHIAUY LDL-ZHZHES
Fiedewald#]{Total cholesterol-(HDL-cholesterol+TG/5)}o 2l3] A3t
ot} 7te] EXAL Folch ¢ Wyoz #5329 triglyceride, total
cholesterol v+ kitE o]43% &4 nlAygoez Ao AL 1%
p-toluenesulfonic acid-methanol® methyl esterification3t & GCE £4A
Atk o] wf ARE-¥l GC column A= GP 3% SP-23101/2% SP 2300
on 100/120 Chromosorb WAW©] ™ carrior gas© helium= A}-83}% T},

2 bel WthEd T A SA o mE i Mo Mg &

U4 BR8] A A8 A

D AYAR

10CAA 10832 H&AD ) A5 BEI|B0l 23l EFS U
F A7he 55 g8 Ad EFeoh

o

2) AF A

9ol A7hE WS AR AHUe Bl AFU 28 o) ug
BA Rehi WAl B35 =7t 20~300 o34 208 e AH AT,
3) 484

5 g4 A¥ EF% FYsF £E/18S okF A4 A WA, 19 23
1497 GRS AEE BE] s WY wudr)e
HAA E3E EASHR,

£ K
}Oll
M
N
i
e
op
2
=2
i
(e
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® 3 3E7IE HH 43 9A

A 28 % )
5 F %) EPAL
DR P I ] N ng F oz
e DA OHES082 [, [Ln
oo F|@tT g @AR(@BY (1| AEes
@438 gel@ead (@34 |° 7|
/
/
/

5. 354, 357158 ol &% /H3AFE AR

, o] AxE AT I3 AR AL A FAGA )
ojFoA = FTAAY WMARZ, vHAAAY FAHE At H2e7]
SRS AR AR EY F Agd £945 olRIq AP, AGEY
of AlgE 4 & IEA barE AXFIATE o] W AT
3IEE olf, ZEH barg ARSI #FH EHL vasHrt.

2 UAE AAsL 25EF F ANE AASID v Ao 4~57 A
5 &% A7t HAAESE dZsta 2 Aol oA HdE €3 1A &
HE oA FE g ZHAlY ¥t YRS 23 HEAsY TEPol4
7+ sheetE AZX3AY. T=. ALl AXFHZL T=4 barg & I

#7F sheetol]l ¥ Tol AFE A7z Adste] S AT
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Y. 353A
1) T Az

X

o

n)

Ak 7hEg ol 13}

=
)

kA
& the S Sl 2o
sERe A7 2 A5E AL A8 &
o, g Fu PAFe AZAFY 9,

10~20%9] Hl &= ZA33rt

2) AR A%
dAg A7 Adg 3%
& fqow TS

TR WAy,

tiu] 38 9] hexanes

of3sts g

At

AP

=5

A7E Ao 244

A

T

1

=
=
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&2 &t 7
A7 g
A
Fel o 30~40%
49, 37, duste s Azsq E=@

AR TE7EE AET

. Bt ezl v
E£qsel Al st
Arkstol ALY F o17)

At AA Artekn &

a

ol HPg FaE AHEsle

24 §¢ melste] BEFY
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o 352y
sEAANA BREE g e ARG FA T 43 g3
71 g ATOIN SR EWe) FY Hos wAAHA BAL sl
7l A% pete] Uz A48 Be B Et 2HdAM I sRas
zdA 2o o]t 5EME ~HoR 5~5B% AHIF AR B 2
X 3E~1287 @AY s ALAF %3 AY L o5 Az
F g3 Agg wasgrh
srave 20, 4%, 439 IANER EFH AL 100T o4
2 7taste] e FRIFS 24T FAL BT FER YA o
& b, A4 59 $RE A Ao dAY 58 Yrsted £, 7
T Azs Azt =¥ Ax F & B AED @8 B
 tEeR 52 gadd 498 £

l—
}.

g
o
_l

&
il
>

9 Azxsnr g9 24
3k ok,
opabubabel 22 7He Rojsly] Y8 ZEE 130CANA 1087 2 st
of ALtk B APoME sxavel gEl2E EAES Ader] 9
%A

@ were] sz B Ehd ol X AAEL w2 mgsgod o
W H7HES WP 24 AFAF D WA 24T ¢ A= P
s Y34

2 716 A3t TEVNES o4 dARE

TEVES o8 ARABEEHEFY IR eHSE AN dAQE
AEE 297F-3 A a7 ou7l-6 ALY AHAES o)z oz wy
gate] oo 5ES ATE Fed 25 FU] A8 BEVEA r-gE
dake]l Hmel dgto]lE ExH4 L EX 7S, DHA(DHAZ7/EPAS)E &3 3}
T A7le] FEUA2HE, TUEGMAZE, AW FaAstE 5 gF
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7154 E w3 st= A2 oryza tocotrienol, FF31-60, 28 A A7) A B
Argpd S H7tstd AAYES A=A

v BE-gAv @ .

- OAlEE @ @uel A Aot AX7)Fe] AL W E: Yol
e ¥l o St ofeta o] M= ol A FAo] A4
B Al &%, dAvk 5 Brstel AzsATh W 3 &

rr

E, $492 A% ARS BT EPstd ¥y 14 2A89d 3E,
SAFE 742 9N BAG AT A¥s s BL WA EF B

i

W] 9% Sxbete] EAsAT UnA Aok R 23 2 @7}
sl EFF F 2UL WE EANAYL )5S Al Ee] B E33
of 4AE EFaY shtel Yolgist HES WFAUY. FEAYAE o
g3to) MEL AT WHe} A7) S F ABIINA AV 2
ZlH B B BS o]l8ste TYsPon 70~80C FLAZI A A
zse] Tu-thAul Be Az

uh, 3 x4
IEE o] &3 ATATY U2 gL AzdAY. Wz
Bato] AE AAT g FTrEE Ryn 29d 92 EHsid gre

sheet= A Z3tATh of7]d] ERE Hrtsta w5 & FrhFo Hgs
B

—_—
I3
N
N,
flo
o
ofrt
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M 3 & dn H oH

A 1A = AF A 71 AL

A NFAA sEE 24 AL AASA e NEwd APL 9y
o sEae] Pz EHD Yo NIEE £ £ AL
W 7le gRRe]l 49 WEBdI 2 R AV Ry4ow suym
M EEAe AeAFE AL WA v dF PABY
A% Y vYEAH) 4L FEHIL U T TEHE LMo
$E717t0] Azl wet se) ZeiwEzgdel Wstd ofs mw Aol
gz A AAEAY £ 2A0e) Aol AsiHe] AuAE wHA
ez FEHo 9oixA ok,

o]

rir

T

1. Acetylated monoglyceride 8

sEAe A, K% F OAHEAE 943 I¢e vz 14
acetylated monoglyceride(AMG)E 71802 3l F®I} T4 o7)d
tocopherol(Toco)3} ascorbyl palmitate(AP)E @5 T HE& &3 oo
2 AQ¥ ZTEEE 29X 245 37T AF T FE MEE A}
&t ot

E 4¢ Agyd SN FEF 71§ A7F HEE ZARE Hol
o AF 289 A 2= Ate 2+ AMG+Toco+APA &+ 7F 0.94
2 A 74 Hlato] Y Frtstd ot &dk gheRe 2PE se
< A7 Aol A9 fle ALz vEEth
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adie A dxyot AT F ogAstEvre] F717F b mE Re=

VERSESL, A2kl AMG 2 AMGO] 2% tocopherolS £ g3 Hoz
AP =S qExTRYgE o =gA HAsEZE dsEidd. oy
L} acetylated monoglyceridedl 2% ascorbyl palmitate® T &3 RojA =
B3 sxide osrHT HAsEZIe] Frlt #4 =il acetylated
monoglyceride®l tocopherol® ascorbyl palmitate® z}Z} 2%% ®H& &3}3
o IR TeH42 AT F 74 AFr)d #asEssr b g

&

Aoz et anael A%, £% F VAgAd 2t Aee ¢ & 3

of eutuheNe] X3 BN A% F EY A4% WA wIE 2
A Ak APl BAgel 37C, AE UAARE AAY 5EY F
FARE Aoz uryt A% 219 Aot ASEE e ¥4d gz
_C[)_
=
e

-
oft
et
o

9 acetylated monoglyceride® Z®3 =4S TAXE 7
& A AV HEEHRoY g2 Adte 279 2 Aol glien
o] qA7)7to] ATto] wal nAS o] WPHYT TH MAF
& z2719 Zel7t A9 gk
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X 4. A% & acetylated monoglyceridex] 8] Z =49 b7} w3}

A%

0 0.28 0.37 0.37 0.28 0.37
7 047 0.56 0.56 0.47 0.56
14 0.66 0.75 0.75 0.75 0.75
21 0.75 1.03 1.03 0.94 0.94
28 0.94 1.12 0.94 1.12 0.94
g2t %A

AMG : acetylated monoglyceride®] 8] & =4t

AMG + Toco :

R

acetylated monoglyceridedl] 2% tocopherol &% &

AMG + AP : acetylated monoglyceride®] 2 % ascorbyl palmitate 3?_'—%.

Az =4,

AMG + Toco + AP : acetylated monoglyceride®] 2% tocopherol®}
ascorbyl palmitate €3 A& x4
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E 5 AF % acetylated monoglyceridex @} 3 %49 A3t &7 W3

A%
234_{; W= AMG 2}0\AM’IG‘0(1:LO g‘;:[il: AM?A+1’£OCO
0 0.33 0.33 0.50 0.33 0.33
7 1.33 0.33 0.66 0.33 0.33
14 2.67 1.33 1.01 0.66 0.66
21 3.33 2.33 2.00 1.66 1.33
28 5.33 3.67 3.21 2.67 1.67

2 S =R o

AMG : acetylated monoglyceride*] & & =4t

AMG + Toco : acetylated monoglyceride®l] 2% tocopherol &3+ # ]
oA

AMG + AP : acetylated monoglyceride®] 2 % ascorbyl palmitate &%
AY s =4,

AMG + Toco + AP : acetylated monoglyceride®] 2% tocopherol=}

ascorbyl palmitate &% A2 3 =4
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# 6 AYTE s A F TF A2E H 715 POV ¥E

. 59) 102 159
TN F ol =gk =2k
AT wig (r:eoq\//kg) ars <ng/zg> ait (ng/zg)
(%) (%) (%)
s 129 | o5 | 198 | 27 | 27 | s0
A+ 139 | 10 | 207 | 21 | 275 | s5
asde | 162 | 20 | 272 | 49 | 328 | 61
asze | 154 | 23 | 232 | 39 | 301 | 58
~942 | 156 | 25 | 241 | 44 | 284 | 65
selezmd | 151 | 26 | 234 | 40 | 275 | 61
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A% ¢ & Uk

% evtnteAe] TAW SE¥ A4 F EA A4 @A ¥HE =
A As AL Tel BARC] 37T, AF TAAAE NAE R FS F
Adte Ao ekt A% 149 Aot e Tol4 9
4AH7 wEHAY. AF YA E ABEE IU2 TS Yrre B

ol
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fol
ki
i1
flo

o
i
lop
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i
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S,
il
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©
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0

A7 AT 2y A”es
g s A3y FFd #AQl 2719 Aol7t |

Zz: A5 Agj; ~9 |2g+3m| 2e g %:j
0 0.28 0.28 0.29 0.27 0.29 0.27
7 056 | 037 | o028 | o028 | o037 | o3
14 0.66 0.47 0.37 0.37 0.37 0.37
21 0.75 0.56 0.56 0.47 0.56 0.47
28 0.94 0.61 0.56 0.47 0.68 0.58
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shpsiE st W
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¥ 8 Agad s [AF F
Zj,:if AEE Agjj ~9AE |2g+ag| B 2 ;’Lf%]
0 050 | 050 | 38 | 38 | 500 | 500
7 w67 | 167 | s00 | s00 | 667 | 667
14 401 4.66 5.66 5.00 8.66 10.66
21 4.00 4.66 6.07 5.66 11.33 10.99
28 8.45 6.28 10.21 6.23 14.32 10.11
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X9 BHez7d 32789 #%53 54
ez - 2 A% s
A% & | 3E (228 8 |Ex 713
A Hd8 360 | 1.40 | 480 | 350 | 1.20 | 5.00 [ 2.30 4.65
10+ | 480 [ 210 | 465 | 550 | 1.50 | 530 | 3.75 4.95
150C | 20% | 530 | 270 | 550 | 530 | 250 | 6.10 | 4.60 4.50
30 | 535 | 265 | 575 | 575 [ 285 | 540 | 465 590
10% | 575 [ 335522 | 630 | 435 | 48 | 530 590
1707 | 20% | 7.10 | 270 | 510 | 6.70 | 440 | 450 | 5.50 6.25
30+ | 595 | 360 | 510 | 695 [ 470 | 455 | 595 5.75
10% | 692 [ 435|420 | 755 | 575 | 345 | 675 6.88
190C | 20 | 750 | 4.10 | 410 | 7.30 | 560 | 3.80 | 6.70 6.30
30% | 655 | 535|305 ( 59 | 660|320 | 645 450
10+ | 7.10 [ 515 | 320 | 6.13 | 6.60 | 2.80 | 7.60 5.95
200C | 20 | 6.60 | 550 | 390 | 520 | 7.70 | 3.00 | 7.10 3.70
302 | 585 | 587 | 340 | 470 | 720 | 245 | 800 3.50
10% | 6.10 | 630 | 245 | 410 | 775 | 215 | 7.40 2.60
210C | 20% | 6.00 | 700 | 3.00 | 3.10 | 840 | 270 | 6.30 2.40
30+ | 535 | 800 | 1.85 | 3.30 | 865 | 1.60 | 5.05 2.05

_59_




7. AOM A ¥

Beexo A7 dEste ARG T2V dgAANE S5
29 Yz72 39 AOM Ager 571702 A Hluad Ade

105 2o AZ=E a2 FH/E 189 A FEAT] 13443
Argoy ELAd T8 FH3 7
A F3te 10837 Hol AR 71ES vwaH 150T 11742k A 210T
o] 334A7to.2 298] ZojAE Aoz YEhY ZE7|F9 A3t Aol
ZolAE A BAY a3y BE2E ANE 2Ed AR s
E9 7% 210TolA 308 ¥ol &A{KT 715U92AHE AYstne A%
HFF9 23A%RT FE7)H] S Aoz YERy.

—_

2 FEAREO] Al ZojA]7]

-

.....

a9 5. 7] b2 2EAA 0% HFIAYE S=7EF AP WA

_60_




¥ 10, Bz S8 270

moxn F27)ZHAIZH)
o 7 42.3
BEE 134
10% 117
150C | 20% 133
308 16.4
108 166
170C | 208 156
308 11.2
105 20.3
190C | 20% 19.7
3058 29.7
105 334
210C | 20% 375
308 49.2

. Oven A&
OFM ELLwo A @ty FA{3 TEVIEY FFHAA A V)
Bl 3578 F 150, 170TCAA 208, 190CANA

1087 Fob 2Zfat 7158 Wol £4ste] 60T F&7]o AZsAM

1'011
4

i
Mo
PR
lo
i
£

seotgAgdzt fEse FAsET 7L Aol F7t e -anicidine 5 H

A4 AF 3E/|BY AAHBIHE HEEAA @ 2 HolE 1

_61_



Al 1861 meq/kgl® ¢ 738 & Aoz YERt AY F olE 7159
B E7E 2T E AFEE dFR9 A AF7re] el wet
M A3 Z718te] 209 Aol E 7.9 meq/kgl.2 MR =2 @S Ry %7] g

] 1589 AEdd o o|FRHE AAY ZAadAY. TEZIE] A4
150Col A 208 %ol &F 7152 A 8Y7AA A F7tstd 271 &
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Al 3d 5789 Ad A 7y A

EdE E2E B AL 5 2 mmAF ol E5 o), F, 29”2 A
datgith M Bexdd sEVE9 #FHNNN Y £

& SEVIEY Az w2} dgte F4 v 190CR 24§ A
Z719 ¥ 2R7F 190CR Festd 1083, 3, 2UAs 587 849
Atk A= FAAFHNE o8 71§ A2 F 50MA 2 o7
kel Abg-atsitt,

ArEst FEATs A4 715 EadHE 240 FFL 24 2
H EEINFNE B, v-, 0-ERHEB HEHYR o] F y-Em:AE
Rrgol 247k 5818, 5294 mg%R JHE wgton F EaEY #Fe 4%
S AR 7150) 7833 mg%E 10TAHAN HAestd Fia 7189
69.67 mg% Xt} °F7F =kt

4
ot
L
o
f

i

1. @435tA A7lol d& 357189 431 R A

gl A€ (200, 400, 600 ppm), B3 EZFE(100, 200, 300 ppm) 2 BHT,
TBHQ(30, 100, 200 ppm)E A7t 3 =715 60Ce 27 Agstd
A AEPE AT BEEHE AEESL Ak WElE 24T o o o
ETE YR dvEHE 3E7ES AHEE

A F B3 27t 2 ARE a9 12, 13, 14, 159 2t} gAEe
A7ME A2l ¢ AZ7Ike] gl wel A EAE HF 2097
Ae AEHoz Friste Aoz Jehgt dutdoz NBAY 39 A

$ AEBEZHE 100 meg/kgel EEEE W A S SEAGoE A
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31 Qe Ae A o HA™ 200 ppm F7MFE ARF(HFEZITL 10
U)o} vpAZtAZ AR 10879 107.98 mea/kg2 FHAksHE7H7 A58t

FEA o) =R o™ 400, 600 ppmI7LFE olRT A =& AR 15
A7l 100 meg/kgol o2 A5dte RoZ Y SxV]Ed @A"Y
H7be sEo #AIGle] AsAAA 2 dFE v AA Fste Aoz
Eb skt

B3 EZAE H7h7Y B9l dAME dA"RR stz 4373
o] Z#gte] we} HAAsEVIF AEAH R FHaRen AY 1544=
% 100 meg/kg °) e A3 ENE RGow A 204 FAE FHix
T3 & 72439 300 ppm H7FFE 11829 meg/kgl 2 AT F 7}
A 3gtn A7 2569 Aol Au o =@aHct

#H BHT, TBHQE == Hrlstd Q3 @dsAe 227184 o
gk At A S F2 235 A3 A BHTY %+ 50, 100, 200 ppm
H7bF 25 Aol 3388719 Aeolzt A9 Qlol AR7)zbe]l At
o wat A&EPoez At AR 15940E FE7I% EgEnh
gy TBHQT o #idstAlgte 28 100 ppm H7HFE A% 209, 200
ppm H7FFE A 26UA7HA #4EskE7HE 100 meg/kg o3t E X7
of iz & 2v A= AFHE AoZ Yetyd =759 4tg) <A
A FRe 237 A5 S ¢ & UAfTh
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T A9 Zol7tk YR ou A 09N E HrbsEels BA] WET
B oA we £218 g, EdE s E, A3 @4skA T BHT
kT dAET A fAE AFE 2R oy TBHQ 37Hre A7)
d 3x71Ee] AL be AT vlE oa da 53] A% 26d 2%
Al = 200 ppm#E 7t 0942 7HE gk
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—— X3 <
O 200ppm
—w— 400ppm /
4 —#- 600ppm / /7
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=
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o] Z7telgrt #AIH-E 400, 600 ppmE IS ZEVEL FEA|ZFO] 235
ANzZto g dzT 257189 #2200 159A17F B} 150 Aden Ex

—

HE 200, 300 ppm F7HE, BHT 200 ppm3A 7 H+E S EAZke] 30417 A%
2 g2 oy of 28 A= Aoz veEwt =3 A3 FAEA
TBHQE 50 ppm H7Fg 3% 293A13F, 100 ppmA 7L+ 431X 2 #
LA 7] AAEYew 200 ppm AT E hxF Roh ¢ 31H) =77
o] Hojxl& Zer vEY QF FAEAQ TBHQ #H7M7F 3x7]89 4
3} +8A e M 2 FAS AR dEEH A

W=, &3HF  BHT TBHQ
/ !;‘ / /
/ / H /

19 200 FAAskAl FRE sE71ES RV WE
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¥ 11. AOMH ol 9% 2384 2HE 37|89 FEAHT ZUAIL

- IT RT
A
(FE=AI7) FgAIH
=+ 15.9
200 195 1.23 .
A"
400 235 1.48
(ppm)
600 23.4 1.47
100 222 1.40
EFAE
200 304 191
(ppm)
300 312 1.96
50 236 1.48
BHT
100 289 1.82
(ppm)
200 314 1.98
50 29.3 1.84
TBHQ
100 43.1 2.71
(ppm)
200 497 3.13

IT : induction time, RT : relative time

2. 43870 d& =759 435 AAA

190ColA 1083 ot Ff/e T=7)153F o8 7|4 &4 FAEA
TBHQE 200 ppm d713 327158 FH¥A 2490 Z1zh 9 FN ¥
Z, dEstel A F 2=7189 #HAstErte] WsE 2ANG Ads
129} #r}.

IEVIES TS 2 AZE e Agv|zie]l BHEe] wat A
A3 HAs g7 Sk e A 90U ol 100 meg/kg ©) el Ak

=]
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ge7ke YeEtidz ¥ £ el A fle Re2 JEEY. &4
&astAlel TBHQE 200 ppm A 7pste] Fgws 2R A38 327
T2 A7l BAde wet fAsEsF destdi ey TBHQE 7t
A eFe Ao Hlste zt AR7IE s ETLe] deo] ¥ AoR
Btk £33 TBHQE H7He A% 2AWdd A" 2x7|Fo] FHHI
Hlgto} IakatE el gho] ol ¥ 87170 wE At s adg L3
StATE.

F 12 AF871E, @4 FASA HIHRF mE IxrE A% F 3
G i o

A 5278 #%7]% + TBHQ

717+

) L SRR £y Za
0 9.33 9.33 9.33 9.33
5 19.50 10.84 19.50 9.17
35 28.33 23.99 25.99 20.66
65 49,99 43.33 44,99 33.33
95 116.66 112.32 84.99 70.00
110 8.67 8.67 8.67 6.67

125 3.33 1.66 3.33 1.66
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A4d 3x7189 718 HE

5718 A7/ APEES A ZY2EHEA v A
R

1.

3& 7t A4gHolz 657 AIFT APFEY AFF7HE, £ Aol A
2R3 Aotk AFL HAZIE 10% H7tte] 7HE %3, &
A71E 5% EF Hubare]l /Mg we Ao ugwth oiF,
S ZH7 10%4 #H7re HElE vastd ASs SUHE
SE7)E AH7bo] 23685 go2 e 241.09 g, HAVIE Y 244.13
gell Bl wokom EF diFf, HAZIGAN =7 24zt 5%% &g
ke A9 9 H/AAEG MF F7F welAE Ao® vyEvn Qi
asy AR AFHE Hola & APzt Aozt e AR vEN
o AREEY A7 F 1] FAT HAVE 10% HF7hdol 1232 go g

5, 227

290
=]

=2

tha Eoket

¥ 13 A S5 AFZE7H, Mol Aol
o &+ SIETE| .
= o = L= =

Welghﬁg‘fam 041.1+42.5(232.2+ 385(244.1 +29.2[227.0+27.3236.9 £ 30.6
Food intake )7 09+ 4 16(17.48+4.38] 18.16+ 45 |17.54 1 449(17.37 + 4.12

(g/day) :
Hoad fﬁ/ﬁflency 0.3470.06 | 0.32%0.04 | 0.33%+0.03 [0.336+0.04| 0.33+0.05

(o]

Liver ‘Z‘S‘ght 11.99+2.01(11.42+1.63[12.32+2.27|11.71 +2.25|11.93+2.58

3] == 9l o

j]]_g‘(“: /“)] 3544027 | 347%0.17 | 363+0.45 | 3.61+052 | 359+0.38
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653 APAo)Z AbS F He AWE Folch WY oz FE3H FAHA
A (triglyceride), ¥ Zd2HES FFES FAS Az &£ 149 2o ¢
@9l FAE Ao FFHE dFF, HAVIE, T=VES A4H 10%% #F7t
g AT T AT 10% Frkdol 1549 mg/go = 7Hd @k, A7 &
10% #H7Fato] 1939 mg/go.2 7Fd Ehor =75 10% H7MTL o
o T AEE VYUY o FAAY FEFS I=VE 10% HIbatol
1484 mg/go® b sk, diFf, #HAZIE ZF 5% HIbre] 1917
mg/g .2 7HE vk SULHES FFE HAVIE 10% H7hae] 10.22

mg/gl 2 74 & vt TE7]E 10% F7ho] 7.042 7 @A Yk

Aoz veht EErIEe NEA W FA2HBY IS RFE AL
Fag + Atk

¥ 14. ¥4 F RHH(TL), triglyceride(TC) 2 total cholesterol(TG) 3%

TC TG
A3t TL(mg/g)
mg/g mg/liver mg/g mg/liver

T4+ | 16391459 [193.6+5820| 9451297 |112.7140.2| 154.9+51.7

T

IE7 8

19.17£5.34 |2185+167.65( 9431225 [108.0X32.15( 164.2+32.7

H 2718 | 16.77£254 [2059146.01| 10221234 |124.3+31.54| 193.9+62.3
A+

1612256 {189.014791| 893+1.99 [106.7129.75 174.0149.5

SE7]E | 14841473 |173.6150.63| 7041285 [81.68+30.77| 177.2%£705
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FoxA AW 2AE BHE Ade E 159 24 IxVIES dF
F& 242 Holdl M7}, A&

oleic, palmitic acid®] T2oZ X|Wike]

o
ol
Ho
)
N
o
=2
>
o
L
ot
A
o
ro
5
o,
@

o

713t A7 = oleic, palmitic acid9] &
ool T,
linoleic acid®] F+4H|7l F473]
acid’7}b §243] 74383l linoleic acid® T4 8]7}
et 327159 F9e AE5EY T 29 A 2R S
g 4 5 AR

TEVNEE s

F 15 AojFde] vE AYETE T A At 249 AN

(%)
Diets o 7R+ AR 71 E+|
SR R - e AT
Fatty aci ITE ENE
Myristi
yooue 0.80 0.71 111 0.92 0.78
(14:0)
Palmitic
24.24 21.87 30.62 23.13 22.38
(16:0)
Palmitoleic
. 6.08 3.82 8.14 4.55 441
(16:1)
Stearic
6.12 6.73 7.22 7.49 6.59
(18:0)
Oleic )
25.95 22.08 45.05 30.70 19.29
(18:1)
Linoleic
34.13 41.40 7.70 31.19 43.07
(18:2)
Linolenic
2.64 3.34 0.15 1.98 3.44
(18:3)
EPA 0.04 0.05 = 0.04 0.04
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6573t AFA R AlS & Ao FA A Altriglyceride), = Zd2H)
Z, HDL-Z2d2e 29 3F%F& A 23 & 1630 2o 8% A
o] gae AWEY Hx e Hrhito] 8461 mg/dlE M =1
H7b2 ol 69.34 mg/di2 7HE 2t @A FAHAEY FH 9ol doiA
A71E 10% @5 b 32788 5% E£F #H/Me AS ww
E71Ee 7t SAAAY 7S 2FE 4L FE 4+ AU, F
TU2HE FF IEVIE 10% A7l 4411 m 2
HA 7] E 10% H7tat9 85838 mg.dle] EWrAH Tt £33 HFF, =27
@5 H7kA g vad w o] V& SEVIEE 5%Y TF Hitse
AL FEH2HEY §FE Z2A7E Aoz vy, @3 HDL-Z3
2HE9 FFol oI E HAAINE 10% H7brel 3564 mg/dlE Mg =

1 ZE7E 10% H7kate] 2838 me/diz JHE @otow iR, = %)
95 Wikl vl £2718S 47 5%% EF3 A7t HDL-Z49)
2H g0 gl #Fadte Ao vewoh a2y LDL-Zd g9 &
F2 10% HAZE A7, ZEVIE HME, TR WY oz v
A vEstth

ai(]
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¥ 16. €N 9] triglyceride ¥ total cholesterol § 3

(mg/dl)
AP 7 TC TG HDL- —
=TT 2y 2HE | Za2HE
R 69.34+16.72 | 68.88119.86 | 32.21 1021 | 87.77+20.71

FH+2 278 702312012 | 56.77+22.89 | 2891 £10.72 | 87.79£22.13

H =71 & 84.61116.33 | 85.881+42.18 | 35.64+12.72 |103.07=27.02

HA+T =7 F | 74.0419.02 | 53.61£18.89 | 30.04£10.03 | 93.36£12.72

I=7E 77.87120.04 | 44.11£22.05 | 28.38+21.59 | 97.43+21.59
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A OFS, B dFH6G%) + 257156%), C: HAE,
D: HA7NEG%) + 327156%), E: I=7E
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87, $8 may A WA B3] "Ml 4444%, ok A7
3333% ol® Aol BEVE BE& 159 Ad: “dans 1012%2 2
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4 AFAFY Uz AuHL e = - FHDo ARFAHL F
el ofa) 3 A RS L2 dded F HNE AAsLL a2 £ TR
Y %ol 72 daste] ARsn Jvk B dApMde AP 3uA
S ERsuA WA Exe)y] x4 dqudd Ay AR 1% deE
fI9e A FFo &) 15~20%AE A7 et E83 T | cm AR
FAZ A4S s HDe A2 Hdddty Sx - R dold M bar

i

tio

g AzdAY. EF Parely) TENS AW RN IAY @ AL
o143t 319 BUY WWoE SR bar ARG VA 5HS )
st .

2He $AAZE AL BAE AASD 258F F AS AAHT Y
Aol 4~57) AEE @= MY} AAAEES ddsn 1 ol vhA w]g
$ 93 14 B2 oSl FE g 2gAbole Fol UEF 28 ¢
o] 27 sheet® Az olm R AZFAL AR /BE 3
HYHol F8F WS AEHEZ 14 FEHA 5~6 mm, 24 AF F 3
4 mmAEe] FAE FARGAE ol ge] FHo a) AxF & Fo F
shectol £%% barg ¥ Tob AW/E ol§stel AP A7)z Puel

of g% - Epweld ABZHE FYUNY

™
ki

o~

l

2. 3=3}A
FAF F ABAS WYY TRY TR 2= GAN 9T, 5% 59 2
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A $2) AEAFY stolt 4% Auel

3, AEFA) wael @ FAF, HAF L2 o5 B AZ, o)&
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o B9, £ u3}3Fe EFsi9 714, &8st A7l vlE o AgEe
Hobste] 71, &AM AL Gl HrL oAl st EFE AAHE A
Az} 7tdE €0 ASE wE 130ToA 10827 2&HEd 3%
A7bsle] 80~90C AZ7E HA 7AEd F oA FHlg dAS HIlsto
33 oS AYEE S0 ol Ay, ¥Z, ddsld AL AXIA
o] uf FAo HstFL 3 FF of 30~40%TTLE AHEIAT. EF &
=740 Az 9 73 F& 8 2FA HAFE FRE AR,
Ay e Hrrge HAFAFY 9#, 23 & 1HI}A T=F5FY 10~
20%9) Hl&=2 EFse= Aol 7 Fqurh

o

il

_94_



¥ 17 3RS Fo 24 E] vjga
(g)
A | age 1| agE 2 | W) 3| wigEel 4 | WigE] 5
A ' 300 300 500 175 175
kA 500 500 500 - -
B9 - 175 175
Ay | 25%gd | 25%8d | 15%& | 10%4 | 10%8
& 50 50 50 25 25
H E 10 20 20 10 10
T 400 550 150 700 700
(7 - - 30 15 -
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7ke) WEE ZAS ARE ¥ 187 2Th FAHEY A AT
FeAdE 35 BT 27] 233 megkgdA AG T F Frlste] A%
80Uel 50 meq/kg BEY #HE Eo st A9 wAsA FALS &
T AAJT AE =3 x7] 037904 AR 0dddlE 07002 ALl W3}
gE Aoz ey

AA717HE)
54
0 20 40 60 80
sasest| Aes | 233 333 5.00 5.67 578
(mea/kg) |mosw| 933 3.43 5.12 5.00 523
A% | 037 0.47 056 0.67 0.70
A7}
vozw| 047 0.56 067 0.75 0.81
3. 3ExY
ERad AZE 98 NN Auez Aol Atus TR 7}
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oJst7] Y8 TEZ 130CA 10837 %%ﬂﬂ‘s}@ AH&3HA T

B Aoy sx2Ye g BAAES sﬂéo}ﬂ Az ke st
2 3% ¥ o8 74 HrMES vE AYIPgen o W HIHEY W)
Fulg 248t HFAFY % G4 2AT F AT WS FHIFA
HA st 25 gof] BAvietd ¥ 025 g, SFRD-H 4 025 g8 &
et ARG APE ARsY B g2 FAAFHG Z-BAE 5 gg
T2 100 gol mE2A B3 vL A9 5 g& Zxe He EF3AT 97
o oA IEAY 5 g& H7E E2A B3 3 packstar 5 g& & H
2 Egsdct. 29 ZHE sxdd oA ZYAY 5 g& Htete 124
£33 & packstar 3 g A" 5 g& U] FZo By EEEsch 39
ARE sEdd ZHAY 5 g& tA H7h n2A 29 95 49 5 g2
Txo Wy EFstn stebd gIA=2Y 5 gH A 2 g(H2A 1 g+ 27

)< AHrbste E&siqict AFHow XA packstar 2 g A" 3
g2 ThA By EFE F 8T Id¥URINA 68 AT ARI}H TE2
vg Az
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¥ 19 35 Y8 9RAE gy

AFA & g 1 vl g 2 wign] 3
3x 100 100 100
2 3}l 20 25 25
i E o
A]Eif éﬂ;}f}é 0.2 0.25 0.4
A A 0.1 0.25 0.25
Aw 5 12 15
Packstar 14 10 10
7tk 5 5 7
7 2 2 2

a9 26, ZEAY
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TE71EY 714 ZsE A A 985S A A @AM 2=

S A 75 e BHRE Qo deid R, FIHH, SRR FA,
ARF, A, B, MEAAA S01E o gstel AP 2EFF F )T

linolenic acid®] 3= b2 Ao H|dle] & RAoZ Yy B4 97

T BRolE FARE AYstas 7E A 24 SHEAM B 9 5k

\’J—ul—o]
A | B TR (ESA |0 [AAT | 2NN | ER | 0FER
=

Cl16:0 5.0 7.4 5.8 6.9 11.8 | 121 5.6 2.0
C18:0 2.9 4.0 24 2.1 4.7 6.4 19 0.9
C181 170 | 195 | 119 7.2 180 | 397 | 245 | 205
C18:2 665 | 679 | 786 | 755 | 559 | 418 | 125 | 121

C18:3 8.5 1.2 14 8.3 9.6 - 114 7.7
C20:0 = = S = & - 1.1 0.7
C20:1 - = = = = = 115 8.6
C2211 = = - - = = 316 | 476
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Aot # AFAAE 2u7k-3 AEY ALAAHR enrt-6 Ade] ANAs

o] FH oz gt A 535S 93 e =5e FU A 2=

7189 y-ElEdde BRI 4 EgolE FTAHF, EE=HA TIE,

DHA(DHA27/EPAS)E {3t o7]d &2 =dHE, 93 3/H4%4E,

AW FAERE 5o Farl X1 9 oryza tocotrienol, HE@H =

Z 2 27060, =904 AH, F9Fs 5& dATE AL A7)
o

H7hstod

o
i)
i
ty
o
2
BN
214’
R
v

2 B AGRY, HVES

5. 2x-4Av} @

3 E7]9 a7t 328 How FEo] WEN wetee &o] vm, F¢

2 Bt AL #9% o7t £§% 4Folg &, 1 nat: 8,

P82 wEsl AFT AN Al s sbE gelEna @k BR op
% 4471552 ekt o 8e $4eE AFHLARE o] §5of g,

T5E o] &% FAFY FUR el Aot ATl oA
S w, Yol vi2a Aol 3 st ¥3tu ¥ A2 A2 A F
Aol ALg-s= Ewr|gte] Aol TEE Hibsle] & Az A

SE-tAeE ge] Az WY F Ix JMEFS 12%70A) FsAlF)a o
Aleh, 2o H7MEFE 178%1AM 12%AEZ F2AF|EA vhE, 23, ¥
7] 225 A7 & AFE Az3A

6. 351934

b

BECAS BRd 27, $74F, TG, 4L WS Azdgon
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rlr

o

o Wieel &

G A% ARA7 2 2RAS He W ZEPA}
% e Fuz Phstdoh G4 A4 NsE

Mo ozs 240 Jbsstan the

4.2 FH(g) H] & (%)

T 500 89
%23 300 5.4
Abek 225 40
e 225 4.0
oy 150 2.7
W E 150 2.7
) A} 150 2.7
57 100 1.8
L7 =} 100 1.8
%3} 300 5.4
il 500 89
& 300 5.4
) 600 10.7
THA] uf 1,000 178
4 X 1,000 17.8
7 5,600 100

- 103 -




T R |

1. Az 93 0 3271829 triglyceride®AFFo] #3 AT =2 F 3

sh3] 7], 19(2), 134(1987)

o)A ¢ A TEFHY AN 24 T B AT IHFAAE

o

i =3, 15, 467(1983)

3. A, A, A, &8 0 @At T 9E H AL 24
B A5 = 3sha] A, 29, 318(1986)

4. 2%, 1402  HPLCAl &8 355 AW & opr|ik 24, 24|

AATSAF A 2A 7837, 8 111(1985)

5 A9E, AYY, BFEF, FA4E 0 RS AVNEFY EJdIIAMAI=Y
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