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A study on microencapsulation technology for the production of functional
lipids containing large amount of polyunsaturated fatty acids
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SUMMARY

® Powdered perilla oil with improved oxidative stability and functionality was developed
for further application to the commercial products, based on the analyses of chemical
characteristics and its oxidation behavior related with various processings. The study
consisted of 3 main parts; 1. Technology for the production of functional lipid
materials, 2. Verification of the functionality of the functional lipid materials, and 3.

Commercial application of the functional lipid materials.

® Main results obtained from the study are as follows;

O Perilla seeds contained total lipids at 35.31£1.24%6  mostly with neutral lipids
(94.3%), and the lipid consisted of linolenic(66.78+0.17%), oleic(12.80+0.10%),
linoleic(11.80+0.02%), palmitic(7.15%0.13%), and stearic(1.50£0.08%) acids. Contents
of tocopherols and polyphenols were 731.98 and 30.9 ppm, respectively.

O Activation energy of the perilla oil oxidation was estimated to be approximately 24
kcal/mol, and light and temperature increase accelerated the oxidation.

O Chlorophyll and carotenoids added to perilla seeds porridge inhibited degradation of
tocopherols, resulting in improvement of its lipid autoxidative stability.

O Chlorophyll addition to perilla oil emulsion increased the oil oxidation and
degradation of tocopherols and polyphenols under light, but did not affect
significantly in the dark.

O Linolenic acid was the major fatty acid in the sn-1, 2 and 3 positions. The
percentage composition of fatty acids in the all positions showed the same pattern
as In total fatty acid composition; however, the concentration at each stereospecific
position was slightly different.

O Lipase CC (Group I), Lipase RM (Group II), and Lipase AP (Group III) were used
for selection process. Lipae from Rhizomucor mieher was finally selected for
enzymatic esterification process of perilla oil

O Lipase had high thermal stability over 60C. The optimal lyophilization pH to
dehydrate the lipase coincides with the optimal buffer solution pH for hydrolysis.

O For interesterification, the hexane was shown to be suitable for industrial practice
whereas the isooctane was shown to be convenient for laboratory uses.

O The results obtained from the transesterification in solvent and solvent-free
systems implied that the fatty acid compositions at sn—2 position of structured
perilla oils were not significantly different from that of original perilla oil used as a
substrate oil.

O Roasting conditions of perilla seeds did not affect fatty acid composition and

phytosterol contents, however, oil extraction and color increased and tocopherol and

- 13 -



polycosanol contents in the oil were decreased with roasting time.

The autoxidative stability of perilla oil increased with roasting, while there was no
significant effects on photooxidation by roasting.

Supercritical fluid extraction of the perilla oil increased polycosanol contents, but
the autoxidative stability was significantly decreased in the oil by supercritical fluid
extraction.

Volatile compounds were significantly affected by the oil extraction methods;
pyvrazine contents were the highest in the expressed oil followed by the oils
extracted with supercritical fluids and the organic solvents.

Gelatinized SPS and PSMS were found to be suitable coating materials and
emulsifiers for the production of emulsion with high oxidative stability, and
microencapsulation was performed by freeze—drying after addition of isomalt to the
coating materials.

Microencapsulation ~ was  optimized by RSM; [core  materials]/[coating
materials]=0.34, addition level of emulsifier= 221.7 pmole, temperature= 13.3C
Microcapsule of perilla oil was stable (>89.9%) upto 30 days at pH 2-12 at room
temperature and refrigeration temperature.

The microcapsule of perilla oil was stable in a stomach condition and its releasing
ratio reached 65.6% within 4 h in an /n-vitro digestive model system.

Treatment of both perilla seed o0il(PO) and sunflower oil have not observed
cytotoxic effect on the 293T normal kidney epithelial cells.

PO showed significantly higher anti-cancer activity than sunflower oils on the
U937 and THP-1 leukemia cells in a dose-dependent manner.

PO treatment up-regulated pb53(tumor suppressor gene) and Bax (pro—apoptosis
gene) gene, while down-regulated Bcl-2 (apoptosis—inhibiting gene) gene expression
in a dose-dependent manner.

Powdered perilla oil showed significantly higher anti—proliferation activity than other
tested edible oils on the THP-1 human monocytic lymphoma cells.

Powdered perilla oils showed significantly higher anti—proliferation activity than
sunflower oils on the B16F10 melanoma cells.

Powdered perilla o0il up-regulated p53(tumor suppressor gene) and Bax
(pro—apoptosis gene) gene expression on the THP-1 leukemia cells.

Oral administration of powdered perilla oil significantly increased both B, T, Th
and Tc lymphocyte subpopulations as measured with a flow cytometer.

Powdered vperilla oil effectively suppressed the formation of metastatic tumor
nodules in the lung of C57BL/6 mice.

Perilla oil porridge (POP) inhibited cell viability of MOLT-4 leukemia cells in a
dose-dependent manner.

Oral administration of microcapsule of perilla oil enhanced (up to 50%) the mouse

splenic B lymphocytes.
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Oral administration of POP increased the mouse splenic B and T lymphocytes
subpopulation.

Oral administration of POP and microcapsule of perilla oil increased significantly
IL-2 concentration but microcapsule of perilla oil decreased IL-4 concentration in
mice serum.

Treatment of POP up-regulated Bax gene and down-regulated BclL-2 gene
expression.

Treatment of POP up-regulated Bax protein but down-regulated BcL-2 protein
expression.

Superoxide anion scavenging activity of perilla oill was greater than other tested
oils. But DPPH and hydroxy radical scavenging activities of sasamine and
sunflower oil were greater than perilla oil.

In animal study with apo E ko mice and its wild type mice, serum TG, TC and
LDL-C were decreased by 29.23, 27.23, and 27.40 %5, respectively. The serum lipid
lowering effect of perilla oil in apo E ko mice were significant (p<0.05).

Protein expression of ICAM and VCAM-1 on endotherium of apo E ko mice were
suppressed by 47 and 17 %, respectively, compared with lard group fed mice
(p<0.05). eNOS activity was elevated by 37% while that for iNOS was decreased
by 21 % than those of lard group, respectively (p<0.05).

Peilla oil reduced the lesion size of fatty streak by 47% than lard group. Take the
results in consideratio, perilla o1l seems to inhibit atheroscleosis in
hypecholesterolemia induced animals.

Beneficial effects of perilla oil were found in brain demonstrated that less brain
damage (=35 %, p<0.05) occurred with suppressed TC and TG accumulation in the
brain than lard fed mice, although lipid peroxidation was enhanced in perilla oil
group.

Antiatherogenic effects of emulsified perilla oill were confirmed in apo E ko mice
model and its effects were comparable with perilla oil

TG concentration of subjects (n=10) consumed rice porridge containing emulsified
perilla oil (RPEPO) for 30 days as a breakfast was significantly decreased
compared with subjects (n=10) consumed rice porridge. Calorie provided to the two
groups was same.

However, cholesterol suppression effect of RPEPO was not observed.

AST and ALT level of both subjects were in the normal range after consuming
RP and RPEPO. Preference for RPEPO was higher than rice porridge with black
sasame in 9 scale sensory evaluation.

Perill oil was powdered in a mass production to give good mixing property with
other food components by use of cyclodextrin and HPMC; the optimal oil drop
size of powdered perilla oil in the aqueous solution (aqueous nano perilla oil; ANP)

was 514 nm for solid-solid mixing system with maximum yield of 95%.
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O ANP was modified to a paste form with oil drop size of less than 200 nm for
liquid-liquid mixing system.

O Convenient type of oil having 109 perilla oil for bibimmyon was commercially
developed and its oxidative stability was guaranteed by addition of tocopherol at
400 ppm.

O Perilla oil porridge (POP) was commercially developed with ANP added with
tocopherol at 500 ppm. POP, in a retort type, consisted of rice, peanuts, ANP,
perilla seed powder, salt, sugar, etc, and 12 month of shelf-life was guaranteed on
the basis of peroxide value, off-flavor, and rancid flavor.

O Marketing strategy through the analysis of SWOT-AHP was established for retort
type POP to population over 40 as a target market.

O In-depth interview among perilla-related industry workers and professionals showed
positive response on the use of perilla seeds and oils in a convenient type of oil
due to high content of linolenic acid and flavor.

O Overall preferences for dishes of perilla seeds and perilla oil were 3.53 and 3.65 out
of b.

O The most preferred convenience food with perilla seeds/ perilla oil was a ready to
end-cook type in a survey with 250 random panels.

O In a cross—cultural descriptive analysis, Koreans, Chinese, and Americans draw 18,
12, and 16 terminologies, respectively, to express the flavor characteristics of perilla
oil.

O Koreans and Chinese showed high preference on the roasted perilla oil porridge
among foods with perilla seeds and perilla oil from the descriptive analysis and
consumer acceptability test. Glossy appearance, savory flavor, and salty taste were
main factors for its preference for Koreans, and glossy appearance, flavor, and
whiteness were for Chinese. On the other hand, greyness, dirty appearance, and

rough mouthfeel lowered the preference for both peoples.
® Upon carrying out the project, 10 papers were published (SCI list 4, KSCI list 3) and

in press (SCI list 3) at present time, and 3 paper were under review. Three patents

were applied and reviewed for registration.
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(Thin layer chromatography)¥ ©@A]E0E ¥ (Densitometry)S AR&-3Fo] 3ttt E70
E SEEIF S (95 15 v/v)Y EFEH k] =<l 5 0.1mlE FHste] ATt
Aol ¥ TLCHO AAg & 223 F @ Weks 1 & (75251 3, v/v/v)9] &3&1)
2 5% TLC chamberolAl AMAHT Al T 209 Q0==2 A7 =< 5471
chamberol| A 533t M Al 7] 3L, TFA] 5% SAEE- Mol 1023 T $ Fxlste] 100T &
off A 5@zt 9 AT AXH TS dAIEHH (Model GS-700 Imaging
densitometer, BIO-RAD, Hercules, CA, USA) & A}&3}o], 53 PCe PES H#E=4o
25EH It s FHS Lee 59 WHS ®Fsto 33T
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[op)
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f
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S04+ 3ge n-FAF 10mlel A3 =< 5 HEE = (60 : 40, V/V)-/] %%}l”ﬂ 6
2712 10,000rpm, 4TCx5<l & o 52

2 93tk 30x Et Ao = F 94
gttt st 3mlE #3dte] Sml volumetric flaskell /= 34 stx §]’ﬂ.<ﬂ194 1

—% 5ml volumetric flaskel &9tk Folin's Ciocaltau A1 9F 0.3mlE ¥ il 3837 X A

F NaxCO3 X3} €9 05mlE Y1 FTHTE dm7FA EFATh 1412 &< 171 %
UV-Visible spectrophotometer® 725nmeoll A &3 =S =A&AUct. Zeds TS g5
caffeic acid®] A @S o] &3sto] T3t

(2) 2%

7h MY =4

SEEIEFYN WY &F &2, vv)E ©l&& Folch®ol 93 =/M2FYH F=3
FA4A stEe AEdY] (dry basis) 35.31%1.24%°]1%1 2™ 94.3%7F A4, 56%7F 1A
4, a8 FAAE 1% vrto|dnt. TA A Aat 24 glmdlito] 7Hd wol g
o AAem (66.78£0.17%), =4F (12.80+0.10%), ==AF (11.80£0.02%), Zw]
(7.15+0.13%)7F 1 HE ol 2" ol24ke] a2 v A3t} (1.50+0.08%).

Folchg oz F&3 E7] A dd /e &= EFHEL 42 731.98+£17.96 ppmo =, a-,
y-, s-EFZAEo] Z+7F 596%, 91.97%, °l3lth. EYHE $FS 309 ppm oA Th EAl =
phosphatidylcholine®} phosphatidylethanolamine®] Z+Z} 112.02+3.34, 105.33+1.05 ppm 3
ol ATt

R4
ke

oF

E

5]
A

(W) EAFe =4

e FHEAN ZHotE4l SHAl gEdal, gEdldos FAdE qllen, o
< glEdldte]l 7MY Bel gy o »l‘iiﬂr (Table 1) E3dEe F T2 641.15 ppmo]
Al a-, y-, S-isomer7} =AstR o, Zg|H =9 gFS 80.56 ppm ©] AT

Table 1. Chemical characteristics of perilla oil

16:0 7.38+0.23

18:0 1.93+0.10

Fatty acid composition (relative %) 18:1 16.70+0.42
18:2 14.91+0.20

18:3 59.08+0.95

Tocopherols (ppm) a- 51.65+2.32
¥- 568.99+12.93

5- 20.59+2.11
Total 641.15+17.36

Polyphenols (as caffeic acid, ppm) 80.56+1.79
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U 2x, 48 2 3AY EA BE A R EAFY AL

(1) oH

A% B 7k BAolA ESHA AT ¢ e 2 2ok B o3 A4 B S
o] bt A EH ARE ¥l dTsidt 74 (10 g5 20 mL A &Hel ¥ 1
skx| 9} a2 ol F7|7F FYHEE SH9a ols ARMES 1,700 lux9 light boxel
ol AstA AT, 3 A EHS dFrE 392 A4 dF el US Adsdd =
5ol Arehaee 20, 40, 60, 80 “COlA 27k 50, 40, 15, 69 Fek AAFL SAE =
Aol d3ds EU=, 571 (18 @905 Als5Wdl Y3l rubber septa®t aluminum capo.2 49t

2t Axs= S A A ERY FAolFAikgk, E/19 A gas chromatography
o 2]gt headspace oxygen content® &A18tHth E70foll thdk control 71 HFOREE EXES}
AR el e Hld AA SeeRE ARSI T. Seaefe ANdERde Z
MEA (12120%), AHCRRA (273%), LN (3317%), 2EAN (5094%), EA
(1.04%) 0.2, EX3AWA FFo]l 8515%F At SFFfo EFdAE IF2
671.24 ppmo 2 a-, y-, S-EZIAZo]l A7 32.2%, 61.7%, 6.1%E A AT s

Sl dAEsA it

Figure 1. Oxidation of perilla seeds
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71 e AtsekAA
O 2x9 AF43
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& AT (Figure). /4= WELd Sefok vlud o (Figure) F&=7]3F2 grol
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Figure 2. Conjugated dienoic acid contents and peroxide values of perilla oil during

oxidation in the dark at 20, 40, 60, and 80 °C
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Figure 3. Conjugated dienoic acid contents and peroxide values of corn oil during

oxidation in the dark at 20, 40, 60, and 80 °C

S v g 57179 oxidative sensitivity, == &4, ¢AA ¥
PitstEgHstE g SRS SR 40, 60, 80°CelA 9] As4its FE7HE

2097, 461, 0.26L(E7+), 18.65, 10.82, 1.02Y4 (3ol o AsAaksto] st &
AU A= 22 23.94, 1575kca1/mol°]°ili‘r w3k CDAZWHsIZE 3 779 S5+
40, 60, S0°Col Aol As4tsl f-=7]7F2 2291, 4.86, 0274 (E7), 19.60, 11.41, 1.98¢
Fameldlen AEAkste] thgh %“éﬁroﬂﬂxlw Zyz} 2422, 12.45kcal/molo] At} =
20°Coll M &= HAakst&Etkat CDAGLS 577 w9 =3ov SF5a7F SR @E2 @
= Bt o] Ade /4G SEFael vl 2xRoEA] =S drlet SFr
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Akt ojA Sl HlEl AR 1 FEVIFE SFFR oxidative
sensitivity 7} E71FRtF WS w28y 40, 60, 80°ColA FE=7IE o] F 9
POVt 571 vHl&2 243, 1.60, 0.11 meq/ kg/ day (E70+), 3.96, 9.40, 0.35 meq/kg/day
(Z49), CDAZel S7F Hl&2 0028, 0015 0.001%/day (E71+), 0.049, 0.129,

[e)
0004%/day (552 E7AFe] aerg ol A tehgeh T3 FABIAE 771
Sl Ha e MRS AL, G B AngHe ST SF
545 BEYS AR AZEL F SE5RAIME AEHA AR Bedol E40
= 8056 ppm FHH AROM EF olsk I EAF AE FHNA EAK BE A F

A &= MRP (Maillard reaction products)®] 2Fstil=] 283} #tedd Aoz AZHET

( ﬂllO
—

of

® 2t A9 23

We Sfe A8E FAACH, fEst SRR Wel Eael BE 547 4bg
" AR Aol7h Fastdth e RE 2RAA SR Atste AAtses g
woARzANA FEAS wolx Ak Ed Solap ol mal Brlsel @
Abskebg el =4 et
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Figure 4. Conjugated dienoic acid contents and peroxide values of perilla oil during

oxidation under light at 20, 40, 60, and 80 °C
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Figure 5. Conjugated dienoic acid contents and peroxide values of corn oil during
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oxidation under light at 20, 40, 60, and 80 "C
14 - Perilla 140 Perilla
12 A 2% 120 &
- -
- ’ -
10 - R 100 - »
P ¥ ”
g o8 4 T 80 2 “
g ” = '
é 06 -7 E 60 e
F £ -
v
04 - = 40 4 - -
IhE »
S o B 2 - = 20 L4
> - > o g - ”
P
00 T T T 0 + > ¢ 4
0 10 20 30 40 50 0 10 20 30 40 50
Oxidation time (days) ‘Oxidation time (days)
—— perilla-dark, = # = perilla-light —— perilla-gdark. = # = perilla-light
;i corn o corn
12 = o 120 -
”
-~
18 7 » 100 »
- -
o | - ] -
H 08 aZ 8 e
- 2 -
g o5 | - - -
G - g B0 - )/
- - & -
04 - _ - = = il - -
02 IP'""-__- 20 -~ 5
- ‘.’
i 0 e ? # % % —=
0 10 20 30 40 50 o i Sit i i 5
Oxidation time {days) ‘Oxidation time [days)
—#—corm-dark.  — @ —corn-light —#— corn-dark  — @ — corn-light

Figure 6. Conjugated dienoic acid contents and peroxide values of perilla and corn oils

during oxidation at 20 °C affected by light
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Figure 7. Conjugated dienoic acid contents and peroxide values of perilla and corn oils

during oxidation at 40 °C affected by light
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Figure 8. Conjugated dienoic acid contents and peroxide values of perilla and corn oils

during oxidation at 60 °C affected by light
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Figure 9. Conjugated dienoic acid contents and peroxide values of perilla and corn oils

during oxidation at 80 °C affected by light
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Figure 1. Headspace oxygen consumption of the roasted/ unroasted perilla seeds during

storage at 40 and 60 °C in the dark
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Figure 2. Headspace oxygen consumption of the roasted/ unroasted perilla seeds during

storage at 40 and 60 °C affected by light
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& WS At

A3} A= 9AabeE gy headspace oxygen consumptiono & A& Atk HAEE g
4k} E gh(Peroxide value, POV)2 AOCSH (Cd 8-53; AOCSW 1998) 3k Crowe
and White (2001)9] ®H o 2 &% © ™ headspace oxygen consumption< headspace®l A
o] AtA%S GCHOoR F3ato] Hrbstdt. =, A 5419 headspace gas (05 mL)E 25 mL
gas tight syringe (Hamilton Co. Reno NV, U.S.A.)2 thermal conductivity detectors}
80/100 mesh molecular sieve 13X 7} S 3% A5 (1.83 m x 0.32 cm; Altech, Deerfield, IIL,
US.A)° &% Younglin M600D GC (Younglin Co., Ltd.,, Anyang, Korea)ol|l 5% 3} t}.
olwf ERHVAZE HAFES AFESA L o8, T, HE719 x5 27 35°C,100°C,140°C
ol FAHAHORKFE 9359 FAMAGFE ol&ste] At 4 (umole OY 1 mL
headspace)2 3} %t}

Ao Al 24, EFEE, 29
Astdh Azl A 242 =
3

BF;-m &2 2 o 2 23tA17] 3 3ito

2 7+7} GC, HPLC, spectrophotometry®l] 23l &
= EAERY itog FE3 EMAEE 14%
=oto] GColl o8] A8kt ofu] *417]7]
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U.S.A)¥} flame ionization detector’} 2+¥ Younglin M600L gas chromatograph®] %1z,
oven, injector, and detector®] =%+ ZHz} 230, 280, 280°Ceolltt. AAio £+ Y 5
mlLoltt EzmdE F2e aEAxazvutEa#y  (High performance  liquid
chromatography, HPLC)& At&3tel sttt 570 e S/=5FE Ao s 53 57
A4 01gg n-AF Imloll o]l hydrophobic 0.2um membrane filter= o] 33k % 20 ul
£ HPLC (Younglin 9100 HPLC System, Seoul)ol %3ttt AL u-Porasil (39 x
300mm, 10um ID, Waters, Milford, MA, USA)S AF83t% a1, o] 5o == n-d4k @ ol4&
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Figure 1. Peroxide values and headspace oxygen contents of roasted perilla seeds during

oxidation in the dark or light, and at 40 or 60°C
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Figure 2. Fatty acid composition (%) changes of roasted perilla seeds after oxidation in

the dark and under light at 40 and 60°C for 28 and 12 days, respectively
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Figure 3. Polyphenol contents (ppm) changes of roasted perilla seeds after oxidation in

the dark and under light at 40 and 60°C for 28 and 12 days, respectively
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Figure 4. Tocopherol contents (ppm) changes of roasted perilla seeds during oxidation in

the dark and under light at 40 and 60°C for 28 and 12 days, respectively
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Table 1. Regression analysis between tocopherol retention (%) and time during oxidation
of roasted perilla seeds in the dark and under light at 40 and 60°C for 28 and
12 days, respectively

. 1)
Regression ~ parameter

Temperature (°C) Tocopherols 3
a b r

40 Dark a -1.214 87.963 0.6634

¥ -0.624 95.687 0.7924

& -0.218 99.58 0.9136

total -0.651 95.304 0.7814

Light a -1.811 89.519 0.8397

¥ -0.712 95.723 0.8404

) -0.222 98.63 0.8074

total -0.768 95.411 0.8443

60 Dark a -2.719 89.371 0.6998

¥ -0.978 96.082 0.641

& -0.336 99.27 0.8383

total -1.070 95.745 0.6558

light a -2.721 86.839 0.6059

¥ -1.425 96.841 0.8676

) -0.717 99.182 0.8734

total -1.488 96.287 0.8435

1)Tocopherol retention (%) = a x oxidation time (day) + b

(W) S+ Adstet nFAHE 3
@ A3t
B, 25X, 71 5 Abgtzded wE /e dabskE gtk CDA= Figure 59 2ol =70
S} mRRZRA = 40°CHE= 60°Cell A, 3 AFslr]gto] ool el pabshEghyt CDAE
S7bekdnh =3 Blo EAE S/ kst CDA #s S7HA1ZH
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Figure 5. Peroxide values and CDA contents of roasted perilla oil during oxidation in

the dark or light
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dAE o] Wo] EA w T3t 257} =S5 5 Akl &0 Frtste]l EEdE ol
== AR A4dn
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Figure 6. Polyphenol contents of roasted perilla oil during oxidation in the dark or light
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Table 2. Tocopherol contents (ppm) of perilla oil during oxidation in the dark.at various

temperature
Temp  Time Tocopherols
O  (day) a-tocopherol y-tocopherol §-tocopherol total

0 51.65:232 (100) 56899+1293 (100) 2059+211 (100) 641151736  (100)
20 30 5084952 (986) 54346:1101 (955) 1839162 | 612694312 (95.6)
50 4831412 (937) 541.92¢2.03 (952) 17.87+1.00 (868) 608.10:7.15 (948)
0 51.65:232 (100) 56899+1293 (100) 2059+211 (100) 641151736  (100)
10 47404210 (919) 55830:220 (98.1) 1820144 (884) 62389575 (97.3)
40 20 44184300 (857) 54430:2.04 (957) 1752127 (851) 606.03+631  (94.5)
( (82.6)
(

30 4001428 (77.6) 47276320 (831) 17.08:050 (830) 526.86+7.98
40 935:193 (181) 40735656 (716) 1683043 (8L7) 43352:892  (67.6)
0 51.65t232 (100) 568991293 (100) 2059+211 (100) 641.15+17.36  (100)
3 450:024  (863) 54192:321 (952) 19.04+051 (924) 60548+396 (944
60 7 44398232 (861) 54415:1444 (956) 1950:0.05 (947) 608.03:16.81 (948)
(
(

11 41.88+261 (812) 52382820 (921) 1937+017 (94.0) 585.07+1064 (913)
15 3912+115 (759) 49987:534 (879) 1756001 (853) 556.54+418 (86.8)

0 51.65¢2.32  (100) 568991293 (100) 2059+211 (100) 641.15+17.36  (100)
1 4782:088 (92.7) 57252:868 (100.6) 1893+029 (919) 639.27:985 (99.7)
80 2 4738:225 (919) 561.05:0.03 (986) 1862+1.08 (904) 627.05:330 (97.8)
4 41513138 (805) 55125:386 (%9) 1723039 (837) 609.99+287 (95.1)
6 3685:298 (715) 50688:0.05 (89.1) 1604+031 (779) 559.76+2.62 (87.3)
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Table 3. Tocopherol contents (ppm) of perilla o0il during oxidation under light. at various

temperature
Temp  Time Tocopherols
O  (day) a-tocopherol y-tocopherol §-tocopherol total
0 5156:232 (100)1)  56899+1293 (100) 20594211 (100)  641.15+17.36 (100)
20 30 4643+045 (90.0) 350058753 (617)  19.69+0.06 (95.6)  417.07:7.93 (65.1)
50 41464100 (804) 153114378 (269)  1678+023 (815)  2112443.01 (33.0)
0 5156:232 (100)  56899+1293 (100)  2059+211 (100)  641.15+17.36 (100)
10 4799:051 (931) 4704444530 (827) 20484038 (994)  538.91:45.43 (84.1)
4 20 43864170 (851)  20182¢1271 (513) 18494021 (898)  35416+14.20 (55.2)
30 3583+166 (695)  17843+1059 (314)  16.02:083 (778)  230.28+1141 (359)
40 11954052 (32) 76334902 (134)  1450:031 (704) 10278984 (160)
0 51561232 (100) 5689941293 (100)  2059+211 (100)  641.15+17.36 (100)
3 36744124 (712) 547514065 (92) 2016090 (979) 604404100 (943)
60 7 2876+113 (558)  52228:021 (918) 19214027 (9B3) 57026107 (889)
11 13574033 (263)  47883:644 (842)  19.07:031 (926)  51148+6.42 (798)
15 6916065 (134) 3815441609 (671) 16294090 (79.1)  404.74+17.64 (63.1)
0 51561232 (100) 5689941293 (100)  2059+211 (100)  641.15+17.36 (100)
1 44451045 (862)  54580:1143 (959) 1964040 (954)  609.89+11.49 (95.1)
80 2 4304223 (835) 536814963 (943)  1851:047 (89.9)  598.36+12.33 (933)
4 3790:005 (735)  50755:542 (892) 1683044 (817)  56228:493 (87.7)
6 24614382 (477)  46495+1213 (817)  1568+004 (762)  505.25+15.98 (78.5)

% B4 2 EA% ¥4 HIAF AkE AFASS A L EAH W

BAAE 78 T A YA Aol Y HE F& AT, ol A W4 5
EASZRE fASE FEeA Azdnclnd AR FAF AL FY T A 9 5
A AHAE FRe B SATE & 45 g A (A% BBF 4ERA

EVHE %%‘% 1‘,31_7& 255 180°C°ﬂ/‘1 20 &9F Gene Café¢
coffee bean roaster(Genesis Co. Ltd.,, Suwon, Korea)& o 35 ztolx A}&) 30 g, & 225
g, chlorophyll a (Sigma-Aldrich A}, 99.9%) 0.1 mg %+ HWE-7}=Z®I(Sigma-Aldrich A},
99.9%) 1, 3, == 6 mgd H&Z st 15 g¥ 50 mL Al5Hd ¥ 5 3hx] <}
22 "ol F7I7F FYHEEE 9l 100°C 720l 104, 30+, 1417, 2417 71
2 7Fdste] Alx=% 3 chloroforms A3t E71=9 AWAS FZF39T 9
o g+ FREZo|y HEg R d S HUFSHA] ¥ Alg = Akt

EMS AXE AT 7FEA A8t Aes AbsE G 3 Y o] FAHCDA) S 47 AOCS
M (Cd 8-53; AOCSW 1998)5 W33t Crowe and White (2001)e] ®H3} AOCSYH(Ti
la-64; AOCS 1998)°o. = H7tstAth A Wik 24, ExdE, E8dE 24 4 o339 &
Akt
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Fr2d 7tRH o= 25 HPLCH oa #4350, 5, 715 01 g& dol
2298 1 mL® *9°]1 hydrophobic 0.2 ym membrane filter® ]33 & 20 uyLs 12
MAAZvETHZ (HPLC; Younglin SP 930D, Anyang, Korea)ol T3ttt ##
symmetry C18 (5.0 um, 4.6 x 150 mm, Waters, Milford, MA, USA) & A}-&3l% 3 o] &
S 2+ dUolAH ol B grE 5o £3-8&d (50:37.5:12.5, v/v/v)= AFEste] 9 1.5 mL
o] £ & AAY. olw UV #H&E7] 342 438 nmAth S22 AL dv FE2=
A ad o] &3le] Tt #H 29 ¥e Redfearn ¥ Friend (1962)¢] #el wet F229
o] 0.01 M @4H& 7teto] Azt on HAekd 2L y(3a |3, mFU.s)=117.35x (] 2.9
gl b 3%, mg/ke)+1.0233 (17=0.999)°] 2L t}.

EM=F9 IR wol= dES AOAC 970.64F (AOAC. 1995)°.2 Ala & HlF3)t A7 &
2 g n-FAkobA|E: et EFa (10:7:6:7, v/v/v/v)e] E%&ujS ¥o] PTFE syringe
filter (0.2 ym x 13 mm; Tokyo, Japan)® o3t & uEA-m=ZnlE 1z (YLI100,
Younglin, Anyang, Korea)el 20 pl. & AsAIEF9Y7] (YL6100 Autosampler, Younglin,
Anyang, Korea)E o]&3te] Fg3tgtt. A#H L p-Porasil Meolumn(3.9x300mm,10um 1D,
Waters, Milford, MA, USA)& AH&3k3laL, ol &3 o2 n-drholaz 2 g2 o] a8
97:3, v/v)E AH&stden, #+9 1 mL ¢ 52 &EAF o, UV A&7 34 436
nm = AT JMRExolE T4 9 AHe AT B-IVIEH, FHAS o]&ste] Yo
W AgAde 77 y(¥3Z WA, mFUs) =52308x(B-7F=# stk  mg/kg)+0.3336
(=0.999),y (3] 2 2 mFU.s)=261.88x(F €3l g, mg/kg)+0.0452 (+=0.999)°] AT},

ox rlo b iy

(2) 2+
(7}) Chlorophyll H7}e] &3 3
EME AZRE 93 1o e EMso2YE FEREY
5.0579,06% % 7FEA|Zte] A= AUt (Figure 7). ©l&
A Hpo] AR ol R o A9} THIAES o]Fo] FEEYL

W Ao AzhHct

35 9

&5 o

20 =

perilla oilyield (%o)

0 0.5 1 1.5 2

Heating time (hour)

Figure 1. Lipid yield (%) from perilla porridge after heating at 100°C
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© X4 A3
S AXE Yt 709 &, BEAES /HEE u stk el 2 gEoe] b
st o} kst E gk FdolFakghe] SUtstd oy S22F b <
ek}t (Figure 8).

018
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= %
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E onso - 3
p g 010
g = 008
& pdo ¥ £
% & 006
B Z
= g
A op20 - g Wk
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0.00 i . . . 0.00
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—+—0mg —®—01mg ——0mg —8—0.1mg
Figure 2. Peroxide value (meq/kg) and conjugated dienoic acid content (%) changes
during heating at 100°C for perilla seed porridge-manufacturing affected by

chlorophyll a addition

s70eh &, BoEges MEE o SRR HUL oqlﬂr
A WstetA] gokow 53]
5 HolA Skt} (Table 4).

Table 1. Fatty acid composition changes during heating at 100°C for perilla seed

porridge-manufacturing affected by chlorophyll a addition

Addition level

Heating Fatty acid (relative %)
(mg) of time

chlorophyll a  (min) 16:0 18:0 18:1 18:2 18:3 u/s
0 64310.06  232+0.03 17.62t0.15 14.34£0.12 59.29t036  10.43

10 6411004 2391000 17.68£0.03 14.22£0.09 59.30£0.08  10.36

0 30 6.36+0.08 2531021 17.63+0.07 14.23£0.01 59.25£0.05  10.25
60 641+0.03 2471010 17.68+0.11 14.33£0.05 59.11+0.09  10.25

120 6481001 2444005 17.69£0.11 14.32£0.05 59.07£0.09  10.22

0 0.340.02  2250.02 1746015 14.06+0.02 59.89+0.04  10.65

10 6.3610.04  233+0.02 17.63+0.08 14.10£0.05 59.58+0.16  10.51

01 30 6.3110.05  2.32+0.00 17.51£0.02 14.02£0.08 59.84+0.10  10.59
60 6.3310.05  238+0.01 17.53+0.05 14.19+0.05 59.56t0.16  10.47

120 6.27+0.00 2404001 17.58+0.04 14.07£0.08 59.68+0.03  10.53
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@ Chlorophyll 3}
EMs AxE 9ot E9 & EoEFES MEE W HUkg EEEEY =47 7
U FEEIHE FaEo] 1 o] FAasHAT (Table 5). #FalEEs 2 EEIHS A
7hek Azl Al B wrdT

A a1

Table 2. Chlorophylls contents (mg/kg oil) changes during heating at 100°C for perilla
seed porridge-manufacturing affected by chlorophyll a addition
Addition level (mg) of

Heating time Chlorophylls contents

chlorophyll a (min) (mg/kg oil)
0 0 0.31£0.00
10 0.06+0.01
30 0.00+0.00
60 0.00£0.00
120 0.00+0.00
0.1 0 0.52+0.01
10 0.37+0.01
30 0.13+0.00
60 0.02+0.01
120 0.00£0.00

@ Tocopherols

S AxE fste] ¢ & 2dEd=ES UHEE W EadES

(Table 6), 222Ho] A7kel AelA] 7 #3) £E7b Wtk (Table 7). o3& 22
"o] Yol EAA g 2NN FANWEE dAFE 48 AT BAYL Ao B
b %, gzzud Asyd 4§02 57 §49 AsgA 4o A Eus S

Mo o

= 7+ A A7 S (sparing action) A o2 A7},

Table 3. Tocopherol contents (ppm) changes during heating at 100°C for making perilla
seed porridge affected by chlorophyll addition

Addition

Heating Tocopherol
level (mg) of  time
chlorophyll ~ (min) d ¥ 6 total
0 0 5038+1.44 (100)”)  347.95:340 (100)  23.65:0.24 (100)  421.98+5.09 (100)
10 35.800.04 (71.0)  317.44+7.08 (91.2) 22.80+0.14 (96.4) 376.04+7.26 (89.1)
30 3083013 (612) 30845:0.89 (887) 2242:029 (94.8)  361.70+1.04 (85.1)
60 297240.28 (59.0)  290.49+2.35 (83.5)  21.97+0.01 (92.9)  342.18+1.64 (811)
120 27.97+0.05 (5. ) 270.60+1.46 (778) 21.22+023 (89.7)  319.78+1.64 (75.8)
0.1 0 5072:116 (100%)  3467+3.69 (100)  2352+0.28 (100)  420.98+2.81 (100)
10 36.62+0.39 (72.2)  326.26% 336 (941) 23.18+0.14 (98.6)  386.07+3.89 (91.7)
30 3121+0.02 (615) 32032:1.99 (924) 2258:0.64 (96.0)  374.11+261 (88.9)
60 3075023 (60.6) 306.52+2.92 (884) 2206013 (93.8)  359.33+3.28 (85.4)
120 28811045 (56.8)  281.23+0.86 (81.1)  21.25+0.22 (90.3)  331.30x0.63 (78.7)

YRetention (%) based on the content of zero day
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Table 4. Regression analysis between tocopherol retention (%) and time during heating at

100°C for 2 h to make perilla seed porridge

Addition level Regression parameterl)
(mg) of chlorophyll Tocopherols a b r
0 a -0.269 81.200 0.5168
¥ -0.161 95.293 0.8595
& -0.075 98.075 0.8913
total -0.169 93.766 0.7956
0.1 a -0.261 81.699 0.5112
¥ -0.141 97.399 0.9407
& -0.078 99.185 0.9634
total -0.152 95.607 0.8677

YTocopherol retention (%) = a x heating time (min) + b

® ZFV=E FFE

EME AZXE Yote] S & BEdES 719 o 7pGA gt wEl ZE s
E3leko] F7bsld =4 (Figur 9) ol E70oA Faleh Zolds 3tgE ol9ld oA #
Y3t Zo o EagEo] g3 JFgor HoXT A= edAE 5 I {9 o9
E3gtEo] EA3tt E3 FE 2ol UMY AR ZEHEIEgE dHE S e
o "ol EAfstx] Feu] FEEI AW AEyE dF FAH S o Bt F
S fA2 Azl T dste sl ZydEo] FAAEMA Fgow Ry =d F
2z23go] Al AtstibA] 28-S O 2 M (sparing action) &3 7)ol A g & H =9
BalE JAste] sk S S Aow Ay

120
£
a
=
g

20 -

4]

0 20 40 (s8] 20 100 120 140

Heating time (min)
—4+—0mg —B—01mg

Figure 3. Polyphenol compounds contents (ppm) changes during heating at 100°C for
making perilla seed porridge affected by chlorophyll addition
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(W) Het-7t=d H7td 9% 9%
O A¥2itst
=M= Axs fste] a7 & 2oedes HED o FEA T

shs)o] wpishE gkt FojolEatgel Frksion WEtRd Arhwel FAR5E 1 g
& Ao, MEIRHO EA% ARA 7D BN 5 AWAY AAE JATE L F

9l Ao}t (Figure 10).

10 0.18
——H
=~ 015 T g
G & e
i T =
g il 012 g=f—r
B 06 - — — -
% — _E 00w
- I — ]
FU Y e A — ki
= §, 0.08
§ ¥
B S pos
o0 ' 0.00 ; ; . i
1] 30 &0 =i 120 ] 30 &l 20 120
Heating time {minj Heating time {min}
—+—0mg —®—1lmg Img —*—Gmg —#—0mz —®—Ilmg —+ Img —*—Emg

Figure 4. Lipid oxidation during heating at 100 °C for perilla porridge-making affected

by addition of B-carotene

@ A=A

S5 AxE st Sk A, BAEFES Y w AN wep Ak x4
27 WaksA ggrom 58 8% evlzh-3 AWMLl e WF EG 2 Ffol

it rlo

EO] ] 5 A}]\—E]’ (Table 8)
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Table 5. Fatty acid composition changes during heating at 100 oC for perilla porridge-making

affected by addition of [B-carotene

Addition Heating time Fatty acid composition (%)

level of .

Bearotene ™) 160 18:0 18:1 182 183  U/S

0 mg 0 6.43+0.06  2.32+0.03 17.62+0.15 14.34+0.12 59.29+0.36  10.43

10 6.41£0.04 239+0.00 17.68+0.03 14.22+0.09 59.30+0.08  10.36

30 6.36+0.08  2.53+0.21 17.63+0.07 14.23+0.01 59.25+0.05  10.25

60 041£0.03  247+0.10 1768011 14.33£0.05 59.11+0.09  10.25

120 6.48+0.01 2444005 17.69+0.11 14.32+0.05 59.07+0.09  10.22

1 mg 0 6.33+0.08  2.32+0.10 17.40+0.01 13.63+0.10 60.33+0.13  10.57

10 6.47+0.13  2.33+0.05 17.87+0.22 14.01+0.06 59.32+046  10.36

30 6.5910.38  2.30+0.02 17.87+0.01 14.08+0.04 59.16+043  10.24

60 6.55+0.32  2.29+0.01 17.86+0.03 14.31+0.22 59.00+0.57  10.32

120 0.4610.07  2.32+0.02 1787026 14.12+0.05 59.23+0.21  10.39

3 mg 0 6.65+0.06  2.27+0.01 17.75+0.24 14.17+0.03 59.20+0.27  10.27

10 6.70+0.25  2.29+0.02 17.71+0.09 14.10+0.07 59.32+0.18  10.27

30 6.42+0.12  2.28+0.04 17.82+0.17 14.04+0.03 5945+0.12  10.51

60 6.47+0.01  233£0.02 17.90+0.17 14.16+0.02 59.15+0.16  10.37

120 6.36+0.01  2.35+0.00 17.81+0.10 14.11+0.10 59.32+0.06 1042

6 mg 0 0.48+0.00 227+0.01 17.78£0.16 14.07£0.00 59.40+0.18 1043

10 6.5210.14 231+0.03 17.82+0.08 14.02+0.05 59.34+0.30  10.33

30 6.46+0.05 2.32+0.07 17.86+0.22 13.97+0.05 59.37+0.27  10.36

60 6.49+0.12 2314001 17.85+0.23 14.17+0.01 59.18+0.36  10.36

120 6.34+0.04 238+0.04 17.95+0.01 14.05+0.07 59.21+0.06  10.39

UContent ratio of unsaturated fatty acids to saturated fatty acids

© HE-7t=d
=S AxE fste] A9 &, =oEdeEs A7re wept=da 7471
ZHA AL Qi et =Rl FHIS s o] L ko] HAstAY (Figure 11). Ea&H==
HIE7L = 'lS H7EeE Al Rol A v & B3t (Table 9).

Hag
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Figure

5. Carotenoids content changes during heating at 100 °C for perilla porridge-making

affected by addition of B-carotene

Table 6. Regression analysis between carotenoids retention (%) and time during heating at

100°C to make perilla porridge affected by addition of [B-carotene

Carotenoids ~ Addition level Regression  parameter”
(mg) of B-carotene a b R?
[B-carotene 0 -0.246 98.187 0.9700
1 -0.230 95.095 0.8525
3 -0.247 96.067 0.9156
6 -0.216 94.699 0.8923
Lutein 0 -0.412 89.277 0.7220
1 -0.404 90.394 0.7556
3 -0.383 86.977 0.7055
6 -0.392 89.666 0.7972
YCarotenoids retention (%) = a x heating time (min) + b
® EzvE
=ME AxE dste]l E749 2, EEdES VIEE 9 ExdES ZaElen
(Figure 12), wlEl7}2 o] H7tgl A|R5oA] 3] $27 @& HgS HAt (Table 10).
oA EREIE HUbek mpUHA R FhmHle] A9 AtstE AAlste 28 dF
9 Ao noth % shmdle] AsgA AgoE 5 A9 AsgA Ao
EF3AES] ElE FAAIH S (sparing action) A2 AZbE T
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Figure 6. Tocopherol content (ppm) changes during heating at 100 °C for perilla

porridge-making affected by addition of [-carotene
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Table 7. Regression analysis between tocopherol retention (%) and time during heating at

100°C to make perilla porridge affected by addition of [B-carotene

Addition Regression  parameter’
level (mg) of Tocopherols 2
a b r
[B-carotene
0 a -0.269 81.200 0.5168
¥ -0.161 95.293 0.8595
& -0.075 98.075 0.8913
total -0.169 93.766 0.7956
1 a -0.255 81.439 0.4956
¥ -0.134 97.257 0.9279
& -0.084 99.021 0.9442
total -0.146 95.452 0.848
3 a -0.238 92.436 0.8284
¥ -0.109 96.693 0.8549
& -0.082 98.958 0.9522
total -0.122 96.284 0.8569
6 a -0.240 93.109 0.8328
¥ -0.113 95.925 0.7675
& -0.080 99.116 0.9129
total -0.127 95.721 0.7852

YTocopherol retention % =

® Polyphenol

S% 22 Astel S7is B, BAEFES
Mz B EEEE Fgol 2781 (Figure 19, Webhza A7te Zes) =833
F718 HEAR oL WEERE FRe] nhE dolt #IH A

a X heating

time (min) + b

o)o
s /v]\'

7bde o ZpA Al whel ok e} mizl

t} (Table 11).

Polyphenn] contends (ppm}
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—+—0mz —8—1mg

3mg —@—bHmg

140

Figure 7. Polyphenol contents (ppm) changes during heating at 100 °C for perilla

porridge-making affected by addition of [(B-carotene

- 53 -



Table 8. Regression analysis between polyphenol retention (%) and time during heating

of [B-carotene added perilla porridge at 100°C for 2 h

. 1)
Regression  parameter

Addition level (mg) of B-carotene >

a b r
0 0.16 100.38 0.8603
1 1.88 136.19 0.8469
3 1.85 145.36 0.8411
6 1.87 142.28 0.7932

A713 5712 8 emulsion AF9 A3 AA H o}t

i

L 5 AF AR

(1) %9

An¥ Choe® W4 (2011D)S wet &7+ (3312 g), G&7FF (05 g), &4 (0.15
g), 5% OFAEA $84 (6623 g)o AR JEAS Axdger ord Fzzd b
20, 2 4 mgkg TEZ EAT. F0lE dEAE 4 g A 20 mL AR ¥ JF
E 4 eAY 15y iR "wes & ¥3s (1,700 lux)el FERE 25 °CE27
(LBI-250, Daihan Labtech Co., Seoul, Korea)oll % o] 48 A7t Hot AF3hA| A oL
30, 48 Azl 7o A&k

H
L
o)
—_
IS

o

Light (1700 Tux)

&L

o EAo| el 7159 23 HEE AW headspaced] AFAAwH]#3} ferric thiocyanate
Holl 93k hydroperoxide /4o =2 7}etltt (An and Choe 2011). S 2=, ESFHE,
ZYdE g9F 2 AP 242 emulsions FEElgd & (Lee and Choe 2011), HPLC,

HPLC, visible spectrophotometry, GCH ol 2]&] #2439t} (An and Choe 2011).
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Dil Phase

Interfacial
Phase

Water
Phase

Belore Alfter

v

(2) 43

(7F) Chlorophyll #7}el 93t o dAde fX% 43}

Fzggo] Hrte B/ dwde Ho] EASA kS Wl headspace®] HHEAFA T
hydroperoxide A4 48/\]7P.4 Absh AIZE s & WEE BolA ¥gkom Hrld SRR

4 ol 9 Aol= okt aHu, 9o EAgtelA e SR olHde
headspace 2] ZPZ"V\E’H? 48417kl Abs) AlZE FF Y skAl A sH Al hydroperoxide A3
AL fFolstAl SUrste] oA §X AtstE HoFon Tt HrtE FERE FF
S kel whet 74 Abske S FElo]l Skl (Table).

A

In the dark In the dark
. us0 o
el
& R,
i £ 9 °
T 900 &=
g 5 & 4o
= v T
- L5
g oo Z © 30
£ —+—0Oppm °3 —+=0ppm
o E
e —B—20om g5 20 —B—20om
S @00 L £

=

; “==dppm S £ 1o ===4ppm
e ,.—*—-l L—
2 750 0o
o
] o 10 20 30 40 50 0 10 20 30 10 50
-1
£
I Oxidation time (Hours) Oxidation time (Hours)

Figure 1. Effects of Chlorophyll on the Headspace oxygen content (umole/mL) in perilla

oil-emulsion during oxidation at 25T in the dark.
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Under light Under light

=—+=ppm =—+=ppm

—E=ppm —E=ppm

200 ==dppm ==4ppm

(mmol CuOOH eq/kg)

Hydroperoxide contents

Headspace oxygen content (umole/mL)

a 10 20 30 40

Il 10 20 30 40 50 L
N ) Oxidation time (Hours)
Oxidation time (Hours)

Figure 2. Effects of Chlorophyll on the Headspace oxygen content (umole/mL) in perilla

oil-emulsion during oxidation at 25C under light.

Table 1. Regression analysis between oxidation time (h) and residual headspace oxygen
contents (% based on Oh) of the perilla oil-emulsion containing chlorophyll
during oxidation at 25C in the dark and under light for 48h.

Addition level of Oxygen content Hydroperoxides
chlorophyll (ppm) a b e a b .
In the 0 -0.022 100.019 0.966 1.224 115.371 0.823
dark 2 -0.020 99.356 0.450 0.830 113.597 0.711
4 -0.035 99.826 0.879 2.093 104.862 0.972
Under
light 0 -0.074 10017 0992 3.403 116.024 0.973
2 -0.190 100.152 0.999 10.644 89.039 0.985
4 -0.234 99.638 0.996 16.185 114.982 0.983
Residual headspace oxygen contents (% based on Oh) = a x oxidation time (h) + b, with
correlation coefficient, r
Hydroperoxide contents (% based on Oh) = a x oxidation time (h) + b, with correlation

coefficient, r
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In the dark Under light

100% 100% ]

g 90% g 0% .
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T eom T eowm
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T 3% R .
> 0% > 0%

£ £ .

510 = 10% ]
0% 0%

o 12 48 o 12 43 o 12 42 o 12 48 o 12 48 o 12 48
Oppm 2ppm dppm Oppm Zppm dppm

Figure 3. Fatty acid compositions(%) of perilla oil-emulsion during oxidation at 25C under light.
( M ; palmitic acid, Il ; stearic acid, Il ; oleic acid, B ; linoleic acid, B ; linolenic acid )

(t}) Chlorophyll 3 3}

A% dRgel Arle 2RRBe Yol EASA B 48X B9 i@ W)
iAo, dol EAE wf 71 ko] A on (Figure), olv Z2239 #3& o0 3
In the dark Under light
400 fr———pr & o A 4.00
o o
= i b\‘-\—‘
g 300 g 00
& e & = £
£ 200 ——ppm 5 20 .\1-'\". ——0ppm
§' =&=25pm § =®=2ppm
£ 100 ——pprm = 100 —=4ppm
000 - < < - 000 & < < =3
0 10 20 30 40 50 o 10 20 0 a0 50
Oxidation time (Hours) Oxidation time (Hours)

Figure 4. Change of Pheophytin contents in perilla oil-emulsion during oxidation at 25T

under light.

(8}) Tocopherols 3}

%’:iiﬂ o] A7te EAF AEAE o, 6, y-ERZIAZ0o] 47 176, 1230, 27.7 mg/kg
TER o] Ao 48417k AF Abst Az Tt EFHE S & WSt glo] A
| 7Hasho] 48A171e] Absto] 2 95% o] o] EaH Fo] ESHA T (Figure).

ol

A
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In the dark
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Figure 5. Change of tocols contents in perilla oil-emulsion during oxidation at 25T
under light.
(@ : a-tocopherol, A : &-tocopherol, B : y-tocopherol, X : total tocopherol)
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gy gle]l EA4 stellA EadEe Edl= S7hekl e (Figure), walis= H3E Bl
EA sl M =dkvh. 53] "ol EAskA] B2 3ol Abstel M= §-EAH E0

M= a-ERZHF &%= =Y (Table).

o\:i N
[-'>~
2ol

Table 2. Regression analysis between oxidation time (h) and residual tocopherol contents
(% based on Oh) of the perilla oil-emulsion containing chlorophyll during
oxidation at 25T in the dark and under light for 48h.

Addition of level of Regression  parameters
chlorophyll (ppm) Tocopherol a b r
In the 0 a -0.051 99.947 0.995
dark ¥ -0.031 100.056 0.978

) -0.092 98.652 0.738
Total -0.043 99.813 0.976
2 a -0.059 99.634 0.954
¥ -0.028 99.829 0.942
) -0.092 99.346 0.944
Total -0.042 99.729 0.950
4 a -0.088 99.322 0.922
¥ -0.022 99.824 0.835
) -0.113 99.042 0.895
Total -0.044 99.641 0.885
Under 0 a -0.620 98.855 0.958
light ¥ -0.282 98.637 0.959
) -0.255 99.067 0.983
Total -0.311 98.731 0.975
2 a -0.622 98.556 0.963
¥ -0.325 98.053 0.928
) -0.307 97.639 0.931
Total -0.352 98.031 0.953
4 a -0.628 98.278 0.960
¥ -0.343 97.248 0.913
) -0.314 97.047 0.905
Total -0.368 97.320 0.935
Residual tocopherol contents (% based on Oh) = a x oxidation time (h) + b, with correlation

coefficient, r

() EoE B9e

220 H7bE E/F oEdee EedE st ECl 192 mgkgsERE FE
lom 4gA7ke] A% Absh ol 90% olitol MESARL Fmmhe A7t fEol wE
fold Aol wolx ergkth. e BASAE ABArse] He) B o) Fajvis
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A S 7het

Ze) =

of TN FREF HI} FFo] S/EFE EoHsEe] il w9
Attt (Figure). SE70 ol d A9 48X 7H%<t Atslo| A F22d H7l 5

e}
-
4 o|
o] B3 £ H3 o]l9} U HIES HAT (Table).

o]
u}

r[m

In the dark Under light
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1500 \\ﬁ

1000 e ORI
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10.00 e (D 2ITH
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Polyphenol contents (mg/kg)
Polyphenol contents (mg/kg)
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Oxidation time (Hours)
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Figure 6. Change of Polyphenol compounds contents in perilla oil-emulsion during oxidation

at 25T in the dark and under light.

Table 3. Regression analysis between oxidation time (h) and residual polyphenol
compounds contents (% based on 0 h) of the perilla oil-emulsion containing

chlorophyll during oxidation at 25C in the dark and under light for 48h.

Condition of  Addition level of Regression  parameters
Sample chlorophyll a b r
In the dark 0 ppm -0.191 99.421 0.895
2 ppm -0.134 99.199 0.888
4 ppm -0.194 99.110 0.924
Under
light 0 ppm -0.483 95.320 0.794
2 ppm -0.581 92.244 0.713
4 ppm -0.700 90.077 0.713

Residual polyphenol compounds contents (% based on Oh) = a x oxidation time (h) + b, with
correlation coefficient, r

2. AEEZSALS THEER e ATARE At

e APdE R AE 2L ARRIA ] AN Te)e
& F ARHA TARS 28 § 422 HEHuT xlw % Zel A

ul = w9 AldrichAf Xﬂ o] ALE-5 At} Wakogel C-300 (230—400 mesh)<
Chemical #|3Fol o™, AFEH A3 B &uf= A %w oy HPLC w3t
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(2) XA &4

S A 2L deE&e &3 w21, v/v)E ©]&3 FolchH& o]&3sto EM=5
H FAES FFta A=ZvEIHIH(TLOC o& A=A i"é% Btk =,
Pre-coated Kieselgel 60F254 TLC plate (Merck Co., Darmstadt, Germany)E& A}-&3}o] t]oj
do " 2 ofMEAE - WS (90:1:1, v/iv/v)Y &R AANSE & 5% FAkEde ©@rt T4
5 5 200°Coll A 187+ 7Fd3te] &elslal imaging densitometer (Model GS-700 Biorad,
Hercules, Calif, US.A)E AF&ste] AFstdoh. 7479 AWt 242 S8 14%
BF;-me&2 o ~H 23 A7 & hexanel 2 FZ3le] GCol 9& A&ttt oju] A
717]1% Supelcowax 10 capillary column (30 m x 0.53 mM, 1.0 uM thick; Bellefonte, Pa,
US.A.)3} flame ionization detector’} 2% Younglin M600L gas chromatograph©] iz,
oven, injector, and detector®] =%+= 77} 230, 280, 280°CelAtt. A4 2+ +9 5
mL o] At

(3) XA YA EolF FA
Al A Eo|A (stereospecific) A HAF FA
chromatography S ©]-&3fo] EA3 3 A&d&

o

Kol
2 ~Z o2 (pancreatic lipase, Mucor
miehei lipase 5) 7Fwalst & 2 X w4k

-
Relste] A 24e BASGYY =

 mwZelde s 2estel sn2 Sl dnAR AR, ANRN F £
selohal A2% e Ralae] AW £AE BASD ool ANSE Feekel A9 3
o

ATFZF2A Auak =4S Bgdoh E7052 pancreatic lipase® 7hrEsdta, vhEES TLC
of A83}e] 2-monoacyl-sn-glycerol¥} diacylglycerols ##3}th.  2-monoacyl-sn-
glycerol bandE wolulo] sn-2 #1A9 A =4S 248+t Diacylglycerol band&
=9/l anhydrous diethyl ether® F=3% % PPhCI2% phosphorylationd} %1 t}.
Phosphorylated  diacylglycerolZ  phospholipase A2%  7F¢i&jst & Axp&EQl
1-monoacyl-sn—glycero-3-phosphatidicE TLCelA #HojWol sn-1 A2k 2AS 34
t} sn-1 99X AWak 24L& 3 x [TG] - [sn-1 + sn-2 position] ]S AF-g3}o] AAako
2 Jath

(4) &2 73 esterification ¥H-g

Lipase (500 mg)E 500 mL 0.01 M phosphate buffer solution (pH 7.0)o] *¢1 & =
ZAZ T 0.35 M linolenic acid®t 0.025 M glycerol2 30 mg lyophilized lipase”} & ]
5 mL isooctaneol| #7}slo] WE-S-& Al 23S} T IsooctaneW] @] &2 molecular sieves
7Fske] A ASA T wES Fo] BAE FELS 046 ¢ WakogelS #7Fste] A AT w-S-
vials< 5% dichlorodimethylsilane in toluene® silanize A]# glycerole] ¥W A& oz <ls}
o dflqurause] £+ AS Wx3Acrt. 10%7F sonication § reaction vial2 submerged
magnetic stirrer (500 rpm, VarioMag Telemodule 20P; HTP Labortechnik, Munich,
Germany)ol ¥o] ¥F&S A zslgdct. B 5T E A8, aliquots W linolenic
acid, mono-, di-, and tri-linolenin® %< HPLC=Z =4 3}%t}.

3O
oA

k)
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(5) & x9 H3ZF s

LipaseE o1& 7}FA| buffer Wl FZAA A A A9 bufferi= citrate buffer (pH 3,
4, 5), succinate buffer (pH 4, 5, 5.5), phosphate buffer (pH 6, 6.5, 7, &), histidine buffer
(pH 9)99 3 buffer concentration= 0.05 Mttt EAHAZE F acetonitrile® E4AE o}
glass filter $19] saltE A AsFT HF7ME 49 42 30 mg protein concentration (by
Lowry method)Z Z4d3Ath 10413 wHs & glycerides®] %S HPLCZ A st
Synthetic activity F <52 =4317] 939 Lipase RME AF&3Fo] 20, 30, 40, 50, 60,
70, 80Col A 10417+ HF-8-Al At} Isooctaned reaction medium= A3} T,

10A17F dk8 & 1 H s A& 800 b ©ll chloroform 200;1@3 7}sle] &A1zl & PTFE
Syringe Filter (13 mm 0.45um, Whatman)& &34A|7l & EAA 52 AF&3A T

(6) Solvent—free systemo| A ¢ LEEZ A LAS o] &3 AFAXA A

Solvent—free systemol|4¢] wHS =72 o3 2o tgdst +F9 linolenic acid&
glycerol thH] 1:561¢ H]&=Z HESA|ZT ¥H$-E-S screw cap Erlenmeyer flaskel] %31,
3g of molecular sieves®} Lipase RM 5%%& 7}ste] #¥H§-& A2t 982 %=& 40T,
HES- Al 7S 12417 0.2 3F3l

jag)

(7) ENFE ol &8 AFZAZA A

S71+2k linolenic acidE A8 AHg ABAstAth 7149 S oF bml == st H
Aty oA BAAoRE AFZALS ABAkstdal, o7 Aibs 9ot = 714 S
109 A = (50me) = scale upste] ATFAAAS Arketdoh. E70/ ¢ linolenic acid®] mole
ratiox= 1:5% 3t o, W8-S 40 ColA 15417 &<t transesterification ¥+$-S A7t}

L e = 1

(1) EAFY dASIH At =24 &4

EME AE 7o ®2 AU 478%Y FAE sttt E70F+ neutral lipids (more than
90%)7F FARAEoZMN FTAAAL o 90%E triacylglycerolsolth. E7F9] EAHLS H&
linolenic acid $F&ell A+=dl W= 536 - 64%°|th A A9 &4, 3}8t% AEA A
AL A 5ol A Aal 26 wel A Gt S5 sn2 $1A 9] T8 AHAES
linolenic acid® <& # At}

SN FAA S 456% =2 e o =8 XAk linolenic (53%), oleic (20.9%),
linoleic (15.4%), palmitic (7.3%), stearic (2.5%) acids® YWE}SET} Myristic acidi minor
componentZX A s A= ZUTh (Table 1). FAAETFS 7]E9] Bauet aA EA

R
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Table 1. Positional fatty acid distribution of perilla oil

Total sn-1 sn-2 sn-3

Palmitic acid 7.3 10.3 3.6 8.2
Stearic acid 3.3 6.7 2.1 1.1
Oleic acid 20.9 13.8 26.5 22.5
Linoleic acid 154 7.1 16.0 23.2
Linolenic aicd 53.0 62.1 51.9 45.0

S dAElH At 24 A A= Table 1% 2t} Linolenic acid”} sn-1, 2,

Yol et 72 Aol A o A Al /g o]y FA] Aol A ¢ X]
b 2488 AA 2R kot oFke] Aol= uEhwth i A=A Ao AT,
Z A AR sn-2 position®l], E3A WA sn-17 sn-39] T ®o] EAFE Ao oELEq
]t} Palmitic acid®} stearic acid 22 X3A| WA sn-13 3H. U= sn-29 ¢ o]
TSI AAY. Aty oz AEA fA| oA &= palmitic acid®} stearic acids”F sn—-13} 3]
j=1 N6} hya

Zo1} S/ A= sn-2 positiono] o] B XA = ekkr)

(2) LEBIXAIAE WSERE st ATAAAE AE AF 549 ML} Esterification
pattern

EE¥s AU Al =8 A S f1ste] 3T Ui A<l lipaseE isooctane SFAl
Al 9ESAIZL A3 E Table 290 % A8 T

H

Table 2. Synthetic activities of lipases for polyunsaturated glycerides production*

Products

Monolinolenin Dilinolenin Trilinolenin

Reaction time

Lipase 3 10 3 10 3 10
Lipase CC + ++ + 4 + i
Lipase RM + ++ ++ ++ ++ RTRTRI
Lipase AP + ++ + ++++ + ++

*+, 0-10000; ++, 10000-20000; +++, 20000-40000; ++++, 40000-50000; +++++, over 50000

Test3t Al7}A] lipase soNA R miehei lipase”} A o2 £ A4S HAY. 778
ml YolA £& A4S Hol: lipaser= L WS patternol w2t Al 7HX 2 UE 4 At
Group I+ Lipase CC (C. cylindracea), Lipase OF-360 (originated from C. rugosa),
Lipase AY (C. rugosa), Lipase MY (C. rugosa) S°| Z3&t=d anEEIZ3AA
glycerides ¥Aol= £ €4S HolA &kl Group o= Lipase PS (P aeruginosa),
Lipase CV (Chr viscosum), R. miehei lipase 5©| 438t=4l trilinolenin &/ =& &4
= Btk A5 3AI%F vkl = MG DG7F o7 A H A 1047 ¥vhE o= T
7F b AArE Ak Group o= Lipase AP (A. niger), Lipase F-AP15 (R. javanjcus),
Lipase D (R. delemar) 5°] %3t=d DG Aol o gt Group I lipase: 7FE3)
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HE-3-ol 4] nonspecific lipases® &84 o™ (Fig. 1), Group II®} Group III lipasest® &

% 1,3-hydrolysis—specific lipases® <&# douy F7]8w HolA A patterne =t}

1 ddA ok 2E2F 22 Group I lipase’t 1 E=EE XA TG Ao Ad 2 ehsty
b

(Fig. 2), DG 4o+ Group I lipase’} %3t 2oz eyttt (Fig. 3).

Product concnetration (mM)

Product concnetration (mM)

[0,0]
o

()]
o

N
o

N
o

o

0
o

(o))
o

B
o

N
o

o

il

—-—MG

T
3 9] 9 12 15

Reaction time (hr)

Fig. 1. Esterification pattern of Lipase CC

Reaction time (hr)

Fig. 2. Esterification pattern of Lipase RM
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Fig. 3. Esterification pattern of Lipase AP

(3) vkg=7 9 HAs

Group I, II, TIo %3 Al &/ lipasex= A F7]8vl, ¥ pH, ¥H& %A A}
o EAS B HA frleuE Adelr] $stel & Lipase CCE, pHE Lipase RM<
W= Lipase APE AMEsiith. =Adol ©& #71-8&vl Wl linolenic acid®]
glycerides &4 Z 3} Table 29| AT}

Table 3. Product concentration by Lipase CC in various solvents

Reaction time Concnetration (mM)
Solvent

(hr) MG DG TG

Cyclohexane 3 25 60 10
10 18 63 38

Octane 3 36 53 4
10 25 81 13
Hexane 3 12 45 35
10 6 33 52

Isooctane 3 36 60 3
10 24 59 38

8424 esterificationo] A3 F7]8vjE AEslr] $35ke] 4714 water-immiscible -
7|42 23 AyE Table 391 ZA8 T Hexane WolAE 81%2] linolenic acid”}
esterification o] Zs}&ol AU =UYrh 1 YFO =2+ isooctane Ulo Al 73% A TE
Hexane WolA o] T&o] AY =dort AAA &rjo] S8 97] 3 19 F47F o
T o] Aol isooctanes Aol A&t

Lipase AP (A. niger)E AF&3to] A4 pHE 233t A3 E Fig. 49 #A 8%t
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Fig. 4. Effect of lyophilization pH on synthetic activity Lipase AP
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44 —% UHEWV] % okth. Fig. 29144 & pH 55
3, pH 65904 Ad =2 45 Oﬂ‘:}
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Fig. 5. Effect of reaction temperature on synthetic activity Lipase RM
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PHE] E4E2 40T o)A es &84S 2o Liapse RM2 40CAA 7Hd =2 &4
S HAoH 60CAME Fds B Ho] T2A%E ALgo] 7153 §4=2 ALEHITh

!

(4) Solvent-free systemo A9 T EE XA WIS o] &3 ATARALY A
dn]Ad A} linolenic acid®] Hl &S =4 dF+= Aol HE$9 §8S HolE Aoz e
U 11, 1:2 A 15569 aH| S-S ®@5te] WkgA 7l A3E Fig. 60 YER AT

e B2

=

E 10 -

c /‘\‘_‘-‘_’: e ¥

S 8 —_F -

(1]

e 4 =-DG
S TG
1 2

=

g O | ] 1 ] ] |
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Reaction time (hr)

Fig. 6. Esterification pattern of Lipase RMin solvent—free system

Solvent—free system< AF£3+H product® 3]47F zFHA3E vbd whS §88 wkS A
A TS EEA0E AAM Folof ¥bE FE&S =Y F U 1Yy 2

Sk batchtlr reactordl A= AAAQ] A& F7]&u] dolAe] wtgHT} g Yol 2
stab7lell= B W2 A7k dad Ao Almdth

(5) E71% < linolenic acidE& &3 AFAAAH9 A

E70¢}F linolenic acidE AT+ A DS AAikel7] 9138k 7119 linolenic acidE 40T ol
Al 15413 &<t transesterification ¥H-8-A171 § fJASol A AWAE 24 A4S g ARE
Table 4] YERHATE

844 interesterification $ol% A A WA F linolenic acid 32 53%°l A 55% =
°F7k STtk ot BAIAG fFeabe HolAl itk 53] sn-2 91Xl A 9] linolenic acid
S o STk o o] JAl FAIASQ FYAE HolA| &ESkth o= AMEE &AL

“ R
1,3-specificdt A& zt7] w2l Ao g AlRHY, A2H o2 E70F9 liniolenic acid 3t
FS =ol7] fst] AFAAAS At AL AAAQ oguE zbY] ojH - FoE An

O

QA -
A, gE nERIsUael A$E mae d 542 A¥E 9 inter HE
P

o2 Alg ¥t}

trans—-esterification ¥t-§5 &3} incooperation Al7]7]+
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Table 4. Positional fatty acid distribution of structured perilla oil

Total sn-1 sn-2 sn-3

Palmitic acid 6.9 10.1 3.3 79
Stearic acid 2.9 5.9 1.9 1.0
Oleic acid 20.1 11.9 25.5 21.2
Linoleic acid 15.1 6.9 15.8 19.7
Linolenic aicd 55 65.2 53.5 50.2

3. AAE 24 2 FESWH ©E SARFY 7R dF F AL
(H1=A 1)

b 24d As 2 U

(D) A¥As 2 AAE

Wl FUF EAFANE AYARE ol FHArh. 4P AEE SN FF A 30
of AA FEEE Ao] B W F& AAT F FAZ 5AF AolN B/E F2 A
¥, Bee dakar

T =

Ao AFRI E7E dkg® FE A 3 Ax FAEte] olEA W HS AAZ
3 S AFE3sFe] 240Col A 10min, 12min,

(3) &3
e SAE A2AANE Agete] 7t
(4kg)e) EME FH 4T
4 Ahstel ekt
AR A e B 1E GRES Bt VacumF A7 97

Ho
of
oxl

¥ o] ¢+ Filterd = =
= A7

)

1GAR

(flg.2) Jt2HIH DI

(fig. 1) ArE=322|

- 68 -



(4) 29A FAE 15T FH3A

Fe EAE HAANES o] &3te] whad & 18 x1.8 mm 7Y HAS H ALE
ANEE 2974 F58 AEZ ALt 244 74 FE2dA9 F/x2d F F5%
doll & =759 AelE &yl fs 72+ 150ge] vk EME 294 74 F=

% (Iishin, Autoclave Co., Ltd, Korea)®] Zf&o] Ho] FExLL 50TCAA FE29

25 300, 360, 420bar® Z+7} ”\“4 sto] 2413F EF & stlth ojw] e xo ofH I

[

222 57015 50ml Centrifuge tubeol] H#ste] &7 Y& & dik(hexane)S #7Fsha,
108-7F 2 283 & 40CE A" 9 Sonicatoroll Al 1A 7+ &<t Sonicationdt 3, 441 &2]7]
BOOORPMOHH 1527 AR E Adste] 4FAQ diFs 3gedin. oldg FET

Ll =715 43tk

& 38 ¢ wkaste] 4L ks SEAIA ARSshe]

A7vek S el 12% Ethanolic KOH(w/v)E 20mL H7bsk 9 F5x
i A ”ﬂ%%# 20mL

| Eare % 0R0 24 % AuEE A5

(7) TLC (Thin-layer chromatograph)
H 73} Wkgo 2 Ao EHSES A dalo =z
A3k & A7)81(40:60, hexane:ethyle ether)® Z713}%t}.

33t TLC Plate (3cm x 8&m)oll #
TLC plateE 10% Cupric
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Sulfate Solution®] 5% &¢F A F TLC plateE A=olA <4Hds Azxsar 150TC <
Dried © ¥ 9] Developed bandZ <13} t}.

(fig.4) 8, standard mixture of octacosanol and Cholesteral,
A, TMS from Perilla seeds oll

(8) EAFo AWA =4 4 (Analysis of fatty acid composition)

EMFAEE Screw cap ©] @9 Test tubeZ &7 ¥ ¥ 025N NaOCH3E ImLE 7}
3} Heating blockel 4 70C 20minZF WH3-A] %t} H}QO] 1 Sample2 X3} NaClg& <
ImL# Hexane 1mLE 23 &332 30min 7+ AA S 3 A5 HE Mol GC Bialel ®H3/
TSR A AL 5 2 (Jung MY et al., 2011).

e Model = GC-2010 (Simadzu, Japan)

e Injection Volume = 10puL

e Injection temp(C) = 250C

e Detector temp(C) = 260C

e Split ration = 1 : 20

e Capillary column SP-2380 (100m X 0.25mm Id., film thickness 0.25pm, SUPELCO Inc,
Bellefonte, PA, USA)

(9) EAF9 EZAETH 54 (Analaysis of tocopherols)

E70F Sample> 27} 0.2500gS A &3] A=kslo] A A=l Hexanel = £3d 3 045n
m Syringe FilterE A}-&3to] T3 A8 10uLS ®ol &34 AZ7] (FLD-1200, Agilent,
USA)E #zsk HPLC (HPLC 1200 series, Agilent, USA)o| F<sle] A5t
(Carpenter, 1979). ¥24o] AF&3 Z+&l & p-Polasil column (3.9X300mm, Waters corp.,
Milford, MA)o]Qt}. o] A S 2= hexane: 2-propanol (99:1)& AF&3+$ 3L, flow rates
ImL / min®] 1t}
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(10) TMS3} ¥tg (Trimethylsilylation reaction)

Saponification¥ 42 E713E AEE5 ImL Hexaneol &3f3k & A& 500pL vialol =
7 ga, ATt E AFESH %UH% T AT o]l thA] Na2SO4= &3t
Chloroform< 200ul®} BSTFA in 1% TMCSE 400ulE #H7}shar, =424 0Tl A

30%7F TMS3} wh8-& Al At}

(11) I E2HZ ¥4 (Phytosterols analysis)

TMS3} ®kgo] £ A5 E GC (GC-2010, Simadzu, Japan)ol F+¢1ste A st A
43t A48 L2 Capillary column Rtx®-1 (30m X 0.25mm ID. film thickness 0.25um,
RESTEK International, Belleford, PA, USA)°|Att. =47 9 HE=7] 2%+ 247 315T
% 315C o] 3Ath.

(12) 8 3ZAE ¥4 (Policosanol analysis)
oo 71438 WH o TMS3H3E AJ22 GC-FID &< GC-MS/ME o] &3ste] then 2
& 2ACA EEFAbE

Gas Chromatograph +#4 =71
e Model = GC-2010 (Simadzu, Japan)
e Injection Volume = 10pL
e Injection temp(TC) = 315T
e Detector temp(TC) = 315TC
e Split ration = 1 : 20
e Capillary column Rtx®-1 (30m X 0.25mm LD., film thickness 0.25um, RESTEK
International, Belleford, PA, USA)

Gas Chromatograph-MS/MS #41 %7
e Model = GC 7890A-Triple Quadrupole 7000B (Agilent Technologies, Palo Alto, USA)
e Injection Volume = 1uL
e Injection temp(TC) = 315T
e Split ration = 1 : 3
e Capillary column HP-5MS (30m X 0.25mm LD., Agilent Technologies, USA)
e Jon source temp(C) = 310C
e MSD transfer line temp(C) = 280C
e (ollision induced dissociation energy(CIDE) = 30v

(13) SPME®H & o] &3 9zd 4 (Analysis of pyrazine compounds by SPME
method)

S Zg% A g3 A&slo] 15mm x 15mma 7] 9] margnetic bar®} 7 serum bottle

o &7 Y teflon—coated rubber septum¥ aluminum cap< ©]-&3}4 serum bottles <+
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sl dHEg & 0CE FASE wwkr] foA] 20:7F wdk AJA T wRk £ serum bottle

o] AR-Fo EA5= 3)HA 338ES SPME (solid phase microextraction) fiber (75um

carboxenyl polydimethylsiloxane fiber, Supelco Inc., Bellefonte, PA, USA)E S35l 4

0Ce] wuk7]ol Al 203F oAl F2 A7 ) GColl FYF-olA 2 &2 FYste] 43}
Gt SPMETE 270C=2 9+ =7 AAE GCo 587 F=UAA SPMES fiberoll &2+

H Edo] BT GCE 9 2 F ALEF sdon, ojuf A& AxlS Capillary column

wax-10 (60m X 0.25mm LD., film thickness 0.25um, Supeco, USA)°|l oW, HE=7]9 =
=5 280C o]t

(14) AF2k3}t kA

o
M

4] (Autooxidative stability)

AE 2g% AFsHe] 2 A
o BAEL AOCSAE ol8edel RuAEA G AUUAR Fgad A
(AOCS, 1990).

(15) BA3F <tA A 4 (Photooxidative stability)

S70e Batsk kA '% LA 7] el A E 20gs A s Aot Az Ee A &
7 " 5 5000LUXel ¥335o] A2 # light boxol H ¥t o] A8+ AAI A|7H
itk AlE 2gS iHHG}Oﬂ A &frol FAakst RS SAHSAT AE&Fo AsEEs
AOCSH & o]&ste] HAikst=7t o 7t d7ME S48kl gttt

(16) #43}E 7} (Peroxide value, POV) &3
EMT AR 1ge AZEdaTe Ags] HZFg £ acetic acid 9F iso-octane &3t-& v
(37, v/v) 20ml& 93 Alg7F & Folyr = 5o FUu ¥3) KIEHS 05mlE ¥,
A AN 5E MAEF9 30mlS @A71ste] whe-S

HAEAAISF 056ml W2 E£5o FAo. 2813, 0.0IN Sodium thiosulfate-g <}

==

’ -

AbESle] el Mol glojd wi7zbA] A Aste], o] AAHGE ol &3t HAEEIE S
gtk

(17) Conjugated diene % =3

A& 0.01gs screw cap Al g dol] Bes] J e F, hexaneS® A|RE 345t 233
nmol A FFEgke] 0 - 1 Ael7t HEE AAFFom A gt ditel] s|Ag A&
UV - SpectrophotometerE AF&3}e] 233nmol A FFEE At S8 AsA e
=i

(18) p-anisidine”t &3
S AR 0.05-0.1 g& 15 mL A& ¥l A =Fstal iso-octane 5 mLS 7Fako] Al <t
o] 275 3] &HAA F3h iso-octaneo] &3 A E= 0.25% p-anisidine*] A oF
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Linolenic acid
61.4
60.9
61.1
60.9

Linoleic acid
13.6
13.8
13.9
14.0

Oleic acid
16.9
171
17.0
171

Fatty acid composition (%)
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£ 38 A7 REA0E Gus A4 BB Y EaNE 24 2 99 U
W Aot SIS Ark-EasEe] 7 Wl sl 1 vee®
W we-EadEedE AUt 4% FE24 549 BeARS 2estel FEA9e W,
Bg Aol Bl W 1287AE F EaAERTel dass FAF mgov, 82
b ol AFg e F EIVE TS 4628 ppmol Ao, 1273 Fol #AF3 57
frol & B E FaFo] 433.0 ppm e 1 FEFo] oFfk #Aehs sttt
T3 WeAS BYstel 4HFEPOR AL 5B EadE I

Roasted time Tocopherols contents (mg/kg oil)

a-tocopherol  b-tocopherol g-tocopherol d-tocopherol Total
8min 43.1+0.32 - 396.9+3.54 22.8+0.23 462.8 +£3.53
10min 42.7+0.23 - 395.4+2.86 22.6+0.03 460.7+3.06
12min 40.7+2.53 - 370.5+4.02 21.8+1.71 433.0+3.21
14min 40.9+0.16 - 386.9+2.35 23.1+1.10 450.9+2.62

() 4RE78d JE2HE 24 % $3
B 4E RS 9] de 4REsRe FhE MEAHE 24 0 FFS e
d Aolth, ¢tz E7]Fd+= B-Sitosterole] 7Fg Wol d{FFHAANL, I TgoR
stigmaterol @ campesterol®] A2 1 ko] AUtk 4 FEsle] AL =789 AG-
of Ess| Bt v, S0 BgAlgte]l MEAHEFFAE 2 Aole vhehbA ek
o 8wt Fob A AR S/Fe F VESHE S 32083 ppmellor, 1423t
Fol tFARFT /R F HE2HE Tkl 33178 ppmO 2 1 FHeFo] ofzE FUHEA
o1} felHe] Aol Gt (E 4).
T4 BEARE 9] GHFEYOR AL E/50) NEAHE Y
Phytosterols contents (mg/kg oil)
Roasted time
Campesterol Stigmasterol b-sitosterol Total
8min 275.61+2.71 310.98+3.87 2621.73+31.11 3208.32+37.68
10min 286.97+11.59 349.71+4.92 2715.06+71.83 3351.74+78.49
12min 289.50+4.45 352.56+7.77 2707.39+8.78 3349.45+21.00
14min 298.82+5.92 219.20+3.25 2799.83+85.40 3317.85+59.07

(v}) GC-MS/MSE o]l &3 M= FIAIE E4AY AL

ek © & polcosanol®] HA1S GC-FID TX GC-MSE AMg3ste] EAsta Qo
GC/MS (single quadrupole mass system)< Selected Ion Monitoring (SIM)S Al-g3lo] &
g e o EdS dedor 4 & 4 Q7] wWitel GC/FIDEY ¢ &394¢l Zo=
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el A Ao SHAINE 7 B3E matrixE ZEE AR A9 GC/MS SIMHH 2 &4 8
a2 sk tidEE S FAdg AEe] oy v b s EY EAR J8 iS22 HA
X% 2435 45 7 vk 2 AN E 57150 T8 EYaAEdEs 7S 4
7l GC/FID %2 GC/MSH & o]&3ate] SAstolal A= ov EAR=de S8 &
Aol Z ool AUt ol#d FAWEHE AL policosanol> HFEA] GCEA el A A
A 7Aook gt shAINE o] FA AL wlg X F3 HAHolw AEEt A =E Yo
2HE QA " dwbg o2 GC-MS/MS<e] Multiple Reaction Monitoring (MRM)S- A}
EotH =2 AYA, 5o, =& ATsty] wited o AAARA glo] w4 & F U= W
H % gtdelth ey GC-MS/MSE o] &3 Z8IAbs Aol of 7idE o] x| &
ket wEbA o] Ao A= GC-MS/MS<€ Multiple Reaction Monitoring (MRM)S AM&-3}
of ZAAFA FEFA 9 AFHEAS G E/Fd 5o A+ Policosanol(C207C36)
= A8k 913 GC-MS/MS9] A3t URlS A e =HATh

a3 29 a9t bx Z+7 standard policosanol-TMS3E$E % E7]&89 E43E-TMS3}H
gt= 9] total ion chromatogram-s YEFH Z ot} o] 2o HE= upel o] 57|59 &
HAelzoll = ZgFAbEol el st g EFEo] AU AS st

=10 2
1

-0 1

[

094
0.8+
0.7+
0E+
0.5+
0.4+
0.3 4
0.2 1
014

0
fa]

[T 1

L

Fooao8 10 11 12 1% 14 15 15 1% 18 18 do 2
Counts () vs. Acquisition Time {min)

1 1 1
3 4 &5 ®

=101

0.9
0.8+
0.7 1
0.6+
0.5
0.4
0.34
0.24

0.1 44
3

C2E-0T

[

7 8 9 10 11 12 12 14 15 16 17 18 139 20 21
Counte (%) we. Acquizition Time {min)

<— 2001

€— (2200
£— o

é un

Iu
en4
o

9 2. Total ion chromatograph (TIC) of gas chromatography-single quadrupole mass
spectrometry of a) authentic policosanols-TMS derivatives and b) TMS-derivatives

of unsaponifiables obtained from perilla seed oil.
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3 EYIAE RTFY full mass scans HoJF= Ao|th ©] mass spectrum®l
AbeFoll Al -CH37F AlA®E [M-15]- ©]& 3] A7} base peak® YWE}IL $)

s 44 0T 5 A} o5 A4 HeFAbEe [M-15]- ol ¥
= target ionS % A3lal, o] 5 2] product ionFA HEHES 2l Ay RE Zg FAA =l A
75 amu “%‘ 57 amuEs 2zt ol ¥ =7t A7 7b A3, 1 g o2 2 product ion¥l =
2 As FystA

[&
b
]
0

e C26-OH

1 1030
£311

e C28-0H

2] 81 & 100 120 120 130 180 200 22 .a— 250 280 30 320340 350 380 400 420 220 230 80 SO0
= {miz]

= Ny "'_ |!"

19 3. Full scan GC-MS spectra of authentic policosanol (C22-OH, C26-OH, and
C28-OH) - TMS derivatives
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E 5 FelaAbl zzbe B RE A Y A% 2 g
Retention Time
And Mass
Fragmentation| Retention Target Qualitative | Quantitative " Scan
Time (min) Ion lon (m4) | Ton (m4) CIDE* (v) | time
(m) (cycle/s)
Policosanol

C20-OH 3.667 355 55 75 30 25
C21-OH 4218 369 55 75 30 2.5
C22-OH 4.898 383 55 75 30 2.5
C23-OH 5.368 397 55 75 30 25
C24-OH 6.476 411 55 75 30 2.5
C25-OH 7.365 425 55 75 30 25
C26-OH 8.316 439 55 75 30 2.5
C27-OH 9.302 453 55 75 30 2.5
C28-OH 10.317 467.5 55 75 30 2.5
C29-OH 11.355 481.5 55 75 30 25
C30-OH 12.533 495.5 55 75 30 2.5
C31-OH 13.891 509.5 55 75 30 2.5
C32-OH 15.503 523.6 55 75 30 2.5
C33-OH 17.423 537.6 55 75 30 25
C34-OH 19.721 551.6 55 75 30 1.7
C35-OH - 565.6 55 75 30 1.7
C36-OH - 579.6 55 75 30 1.7

I 65 ZH7be] EYIARE-TMS Fr=Ao thigh calibration curves, @34 (12) 2 A&
stA (LOD)E YWE Aolth. 7% EFIAE-TMS FEA9 LODs 2 0.015-0.086
mg/mL ot 9F<9 ZFA=(C20-OH, C21-OH, C22-OH, C23-OH, C24-OH,
C26-OH, C27-OH, C28-OH and C30-OH)ell t3dt 73] WHE-A3 o)A relative standard
deviation (RSD)<> 3.36% o= vt Faatdet =3k S7]5dd £35S 27 & 3
34E& Ao E  Ht recovery for heptacosanol (C27-OH) 2 10229 % with 3.77%
RSD ©]%13L, octacosanol (C28-OH)ell tgh 3+ 3]4+&-2 106.25% with 4.51% RSDe]3lth
(£ 7). WebA] AESA A, 2 S5E EFoA v ot AaE dojA ol¥ld &
H 3k gas chromatography-tandem quadrupole mass spectrometry &A1& E7| 5o shf-w

e sabme] A6 AT 24/ MAS FAstgin,
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3 6. Calibration curves, correlation coefficients, and limits of detection of nine authentic

policosanol-TMS derivatives in the tested ranges

Policosanol Tost oD
Standard curve e (Iesg r;rll_%; (mg ml'l)
C20 y = 3810.709753 x — 28.299486 0.998 0.016-0.4 0.002
C21 y = 4334.436872 x — 37.008333 0.998 0.016-0.4 0.002
Cc22 y = 1505.364887 x — 19.672074 0.998 0.024-0.6 0.006
C23 y = 1330.653554 x — 18.372692 0.997 0.024-0.6 0.006
C24 y = 1156.944783 x — 15.840321 0.998 0.024-0.6 0.008
C26 y = 995778215 x — 23.638761 0.997 0.04-1.0 0.01
C27 y = 1062.117364 x — 27.295253 0.997 0.04-1.0 0.01
C28 y = 1131.640588 x — 49.765317 0.996 0.06-1.5 0.012
C30 y = 771.602858 x — 47.644732 0.996 0.06-1.5 0.016

3 7. Analytical results for recoveries (n=3) of heptacosanol and octacosanol spiked in

perilla seed oil

Heptacosanol (mg/g oil) Octacosanol (mg/g oil)
Trial Spiked Recovered  Recovery Spiked Recovered  Recovery
(mg/g oil) (mg/g oil) (%) (mg/g oil) (mg/g oil) (%)
1 0.16 0.170 106.25 0.080 0.081 101.25
2 0.16 0.163 101.88 0.080 0.088 110.00
3 0.16 0.158 98.75 0.080 0.086 107.50
AVERAGE 0.16 0.164 102.29 0.080 0.085 106.25
STDEV - 0.006 3.77 - 0.004 451

(h) &F 7189 EYIAE 24 L FF

O 4= A= g GC-MS/MSHell  oate] #EAg 57159 EEFAAES TIC
chromatogram< YElH Zo|t} HA= nle} o
T 5759 EYIAEEAS 7eA shATh 238 HeAESs Ed st
o ZelaAbs S yER Aojth EHFAIZEo] 8felA 147 7HA S
Abe e %94*39} A7kt FHaAlzte] 8,10, 12 B 14%4<]
ZE FA =SS 22 302, 332, 352 2 372 mg/kg oil ©] AT

- 78 -



x10 !

1.75
1.5+
1.254

C26-0H
C28-0H

CI0-01

0.75+
0.5+
0.25+

©27-0H

———————————— -0l

= (25-0H
- C29-0H

= (123-0H

= 22.0H

F C21-0H

Fe——— C20.-0H
-
b

o
| | | | |

| | I I I I
8 10 12 14 16 18 20 22 24 26 28
Counts (%) vs. Acquisition Time (min)

[+7]

19 4. Gas chromatography-tandem mass spectrometry for policosanol-TMS in perilla

seed oils obtained from supercritial fluid extraction and hydraulic press

E 8 REANS desel FAFEHOR U BB EFdaAE 99
Policosanols contents (mg/kg oil) in perilla seed oils
Policosanols
8min roasting 10min roasting 12min roasting 14min roasting

C20-OH 3.38+0.21 4.70£0.06 5.26%0.14 4.34+0.59
C21-OH 0.84+0.09 0.83+0.08 0.83£0.04 1.06£0.09
C22-OH 7.33+0.63 8.90+0.20 10.17+1.60 9.08+1.02
C23-OH 4.26+0.4 4.50+0.07 4.99+0.43 5.34+0.42
C24-OH 19.25+1.48 24.59+1.96 29.57+3.61 25.21+0.49
C25-OH 4.53+0.18 4.88+0.26 5.46+0.47 5.32+0.32
C26-OH 50.52+5.15 58.87+0.54 61.95+6.41 62.96+8.88
C27-OH 9.57+0.11 9.57+0.49 10.83+0.15 12.66+1.24
C28-OH 161.43+5.90 173.18+4.86 181.09+2.52 181.38+8.46
C29-OH 9.07+0.14 9.42+0.01 9.65+0.03 13.08+0.96
C30-OH 18.83+1.25 18.79£0.11 18.94+0.11 37.87+1.39
C31-OH 7.09+0.33 7.09+0.22 7.02+0.01 7.50+0.22
C32-OH 6.86+0.11 6.75+0.05 6.82+0.05 6.99+0.06
C33-OH - - - -
C34-OH - - - -
C35-OH - - - -
C36-OH - - - -

Total 302.98+11.60 332.06+7.29 352.58+14.86 372.78+6.77
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acid composition (%)

Fatty

Condition

Linoleic
acid

Linolenic acid

Oleic acid

Palmitic acid Stearic acid

300 bar 50C

19 16.2 14.0 62.2

1.8
1.9

5.8
5.8
59

360bar 50C

62.7

13.9

15.8

420bar 50T

62.1

14.0

16.2
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o503, 444, 420
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)

E59

420 bar L,

B AT

hud]
=

300 bar, 360 bar

=
=

mg/kg oilZ & =}9]

contents (mg/kg oil)

Tocopherols

Condition

g-tocopherol  d-tocopherol Total
503.26+9.53

b-tocopherol

a-tocopherol

300bar 50C

14.70+£0.91

440.91+8.09

47.65+0.53

360bar 50C

13.83+0.53 444.83+3.86

386.30+4.91

44.70+0.53

420bar 50T

13.36+0.88 420.16£8.29

363.54+5.92

43.26+1.50
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12. F2570(12 B2 FH dEEd1S 2

2HE I

ol

to] 297FEHoR de 57189 &

Phytosterols  contents (mg/kg oil)

Condition Campesterol Stigmasterol b-sitosterol Total
300bar 50°C 339.24+7.92 219.52+1.89 3105.28496.43  3664.04+106.24
360bar 50C 360.86+5.02 214.38+8.98 3141.75+71.45 3716.99+85.45
420bar 50C 334.30+0.86 198.48+6.31 2929.98+2.37 3462.75+4.80

("h) 2974 74 F< 7189 FIAE 24 R FF

E 13e FeeM AERRFH dEEds @Este] 2AARFA FEHoR A% S5
of gitdl EFEAbE 24 R dES UEd Aotk 297 FEA FEdE s WA
A% ARt S8 FHE EeaAls g3 4YE HFolE navh 294 fA F
24 FEeo] U £2 580 @4 T AR woh 2 $4 F3
Al & o] 300 bar, 360 bar ¥ 420 barell A 23 57159 & EHeZAbsEdEe 47

683, 640 2 576 ppm oAt (3 13).
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E 13 RS 2RENZ PH gHRAL 29t 2AAFEPOR de 5750 £
EREE
Policosanols contents (mg/kg oil) in oil obtained at different extraction pressure
Policosanols
300bar 50C 360bar 50C 420bar 50T
C20-OH 10.56+0.31 9.00+0.08 8.11+1.28
C21-OH 1.70+0.30 1.44+0.18 1.58+0.19
C22-OH 19.19£0.26 17.11+0.45 15.53+0.74
C23-OH 7.97+0.25 7.57+0.39 7.76+0.79
C24-OH 46.4311.08 45.51+4.79 60.24+8.98
C25-OH 8.81+0.94 8.17+0.29 8.18+0.17
C26-OH 98.52+1.33 86.95+3.31 62.36+3.17
C27-OH 17.34+0.17 15.62+0.16 15.20+0.74
C28-OH 362.30+1.74 338.43+7.29 305.48+1.17
C29-OH 19.59+2.08 16.40+0.45 15.91+1.30
C30-OH 70.19+19.09 61.85+1.37 49.88+6.61
C31-OH 11.74+0.24 10.04+0.08 11.22+0.41
C32-OH 9.15+3.08 10.25+0.23 10.41+0.08
C33-OH - - -
C34-OH - - -
C35-OH - - -
C36-OH - - -
Total 683.48+22.73 640.93+17.80 576.20+6.14
(3) &d FE=2 oW EARFY 71 2 &4
h FE%
4= E708 F23A0E @Ystal, 4% 2oz JujFE oS wW FHEAT
Ebd Zleolth Aol 8, 10, 12 B 14%3F A g E744

o 4y to 2 ru M
>

off Ho 2 fU R

i
iy

A% 77k 3973, 4137, 4176 2 4199 g oil/kg seed®] E/15E
Aol x HRFZ3} vpAstA 2

Afel Hiae S0 BeAne aA 9

B o x7to] ZytEsE

2T = =

L35 (hexane) 0.2 A& 5718 &

Extraction rate (g oil/kg seed)
8min 10min 12min 14min
397.3 413.7 417.6 419.9
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ato] &M FEW (hexane) 2 & 4L 7159 AW =4S o
Bl Aotk §iFEe] AfolME S7e] FHEAE oste] Atz el EWEs B
olA e¥gkem, kel ofste]l A2 F7IFH &uiFE Wl ot AL EVENE A

F 15 HeAlzbe 2ydte] &ulFER (hexane) &2 22 7|59 AWA =4

Fatty  acid composition (%)

Roasted time Palnitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid

8min 59 1.9 16.1 14.2 61.9
10min 59 1.9 16.0 14.2 61.9
12min 59 19 15.9 14.2 62.0
14min 6.0 1.9 16.3 14.3 61.5

=5

16. #

o
>,
ri
ftlo
i
i)
ol
s
oo
=
N
ni
i)
lo
ot
2
rlo

S EF

i
o
ot

Tocopherols contents (mg/kg oil)

Roasted time

a-tocopherol ~ b-tocopherol  g-tocopherol  d-tocopherol Total
8min 48.23+0.15 - 348.13+14.22 21.23+0.59  417.59+14.96
10min 46.65+1.26 - 341.82+7.01 23.15+1.54  411.62+6.72
12min 49.07+0.10 - 330.68+0.98 23.73+1.60  403.49+2.68
14min 45.67+0.23 - 329.59+2.61 22.5740.62  397.84+3.00

(#}) Phytosterols®A 2

£ 172 SFEA FEALE 2Este] 42 SR FRE JERHE 24 3 T
S uehd Zlolth bHFF AR, S FE Aol FeAlte] o wE 575 JE
sHEdFe] Aol Ao fAT (& 17). 823 HEAgsty vz FRd Sk F
VELEE T2 3431 ppmol o, 1423t Fol 4HHART 2AFe] T AELHE T
Fol 3400 ppmell Wk}, 1 ko] FojH o] Aol AT (G 17). FeAIREE 8,10, 12

]

2 148 Aol gulz FHd 5718 F

3400 mg/kg oil ]t

ExH S-S ZH2F 3431, 3448, 3513, #
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£ 17 HEAHE Bl g FEUOR Qe Bfe) NEAHE Y

Roasted Phytosterols  contents (mg/kg oil)
time Campesterol Stigmasterol b-sitosterol Total
8min 330.53+2.52 201.78+7.32 2898.77+55.69 3431.08+60.49
10min 333.62+13.77 199.89+13.44 2915.38+55.47 3448.89+55.80
12min 343.92+17.90 191.13+10.91 2978.51+70.07 3513.56+77.05
14min 334.72+0.65 191.56+2.97 2873.99+22.32 3400.27+20.18
(Fh) §W3E 7159 B2l 24 4 ¥
TI8E BeARE Qe AL gulFE SAGY Za:AlE §9S e Aot

=708 FHEAZEe]l 8EolA 14w A SUE SR, SisE =759 EYEitE dEE

TOAAA FrE . 5ol AL EviFE 57159 A9t dFRFEFE7VIEC vl

Ze3Abs ol marh HEHEAIZe] 8 10, 12 3 14w 4 FAFEVIFY & Y FAL

=R 77t 385, 436, 473 H 527 mg/kg oil ] AT

T 18 WA GElele] gulFEEHoE A8 5715 EaaAs @

Policosanols content (mg/kg oil)

Policosanols 8min roasting 10min roasting 12min roasting 14min roasting
C20-OH 6.08+0.41 6.69+0.07 8.11+0.20 6.70+0.01
C21-OH 1.68+0.23 1.54+0.01 1.53+0.01 1.57+0.09
C22-OH 9.92+0.13 11.04+0.84 13.93+0.81 13.56+0.80
C23-OH 4.90+0.03 5.60+0.18 6.30+0.29 6.46+0.26
C24-OH 28.99+0.19 35.63+0.98 42 57+3.74 37.69+0.53
C25-OH 5.77+0.22 5.97+0.32 6.70+0.42 6.84+0.06
C26-OH 49.72+1.74 60.34+2.62 62.42+4.04 76.68+4.26
C27-OH 10.81+0.72 12.80+0.34 14.60+1.29 16.45+1.18
C28-OH 190.01+1.13 205.10+2.98 215.78+5.47 259.31+6.16
C29-OH 13.02+0.17 13.76+0.29 14.97+1.88 17.50+0.14
C30-OH 49.41+2.83 60.72+3.05 68.10+0.65 65.83+2.56
C31-OH 7.90£0.05 8.63+0.33 9.09+0.11 8.86+0.22
C32-OH 7.56£0.22 8.71+0.33 9.40+0.22 10.02+0.22
C33-OH - - - -

C34-OH - - - -
C35-OH - - - -
C36-OH - - - -
Total 385.76+4.39 436.53+12.18 473.51+8.20 527.47+3.06
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Storage day

719 5. Change of the peroxide value of press-extracted oil obtained from roasted perilla

seeds with different roasting times of 8, 10, 12 and 14 min during storage at 60C
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—@— Perilla oil (Roasted 8min)

—O— Perilla oil (Roasted 10min)
—W¥— Perilla oil (Roasted 12min)
—/— Perilla oil (Roasted 14min)

233nm absorbance

Storage day

18

19 6. Change of the conjugated dienoic acid contents of press-extracted oil obtained

from roasted perilla seeds with different roasting times of 8, 10, 12 and 14 min

during storage at 60T

(Ah) HSAE 239 94L& AFEVEY FAEAAA
FEAI mE FHE7IEY s A SAHSH] ek, FeAAA wdg
Fexdor § 10, 12, 3 M4 7S 2/ ARESEH HEFE st 2R3 =70
fr 20 g€ 100 ml A7FEg A &A wol FAo] ALEE At Al A AA FA
o] Ab3tetAgA Hrbe] BHEEE HA3E 7} (peroxide value) 2 conjugated diened] $F
= g9l stdth 29 7e BoAIe] vE EARRYH 42 AR EAFE FAY =
Ab st BastwW A AAkskE T} (Deromde value) & =743 Aol Asitste] A
'451}54“ Jol st ﬂWHJ W AlZke]l 8ECdA 1402 Frtstel® FAkstE A o]
e EMESE 4 ZAFT S5

acid contents)% %X ??} 75340]‘4. %0—‘10
o
=

E?i‘jr. = %—%Alﬁo
O

= —=
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500

—@— Perilla oil (Roasted 8min)
= —O— Perilla oil (Roasted 10min)
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Storage day
19 7. Change of the peroxide value of press-extracted oil obtained from roasted perilla
seeds with different roasting times of 8, 10, 12 and 14 min during storage under

fluorescence light

—@— Perilla oil (Roasted 8min)

—O— Perilla oil (Roasted 10min)
—w— Perilla oil (Roasted 12min)
—/— Perilla oil (Roasted 14min)

233nm absorbance

18

Storage day

19 8. Change of the conjugated dienoic acid contents of press-extracted oil obtained
from roasted perilla seeds with different roasting times of 8, 10, 12 and 14 min

during storage under fluorescence light
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19 9. Change of the peroxide value of the oil extracted from perilla seed with different
extraction method during storage at 60C



) —@— Mechanical hydraulic press
00 - —O— Supercritical fluid extraction
—W¥— Solvent extraction

150

100

p-AV value

50

Storage day
19 10. Change of the p-anisidine value of the oil extracted from perilla seed with

different extraction method during storage at 60T

—@— Mechanical hydraulic press
—(O— Superecritical fluid extraction
—W¥— Solvent extraction

233nm absorbance

18

Storage day

19 11. Change of the conjugated diene value of the oil extracted from perilla seed

with different extraction method during storage at 60C
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() FFEHE 283t 9L 7189 FAsAA

S 2RSS 2AARATFE 2 EFEE dyste 2R =704 20 g= 100
ml 2z ek =0 euﬁ ot 5000 lux®] # AP T dtol A 1743 BaehAA AbsiehA
A3 AAE = FASEE T (peroxide value), oYU AIY 7} (p-anisidine) % conjugated diene
o WstE SASAG. 29 12+ FAFEde]l vE EZFE 5000 luxe] F AF 238}
ol A BE¥stAA #HAEEHETE (peroxide value)E S ¢H A2 Asitstets & A= o
2 FAaus Tl 42 = 2T aksET SR A9 %/‘}3}“‘4 w3 T4
st A5 E AFE3Fe] ol Al 7Hp-anisidine) ¥ conjugated diene S FGSH Aol A
T FAo]l FAME = el A AAsts skl ofUAdrE & FAolTARA A A
SEo| e AR EZtY & ztolE WERWA] FdTh (L 13, 14). o] g A= ol
T8 v e AeEA, 57189 FEWHY Aolrt 5715 FAsIHAACA 2 FEFS
XA Kok o2 FehE Sk

—@— Mechanical hydraulic press
800 [-| —O— Supercritical fluid extraction
—w¥— Solvent extraction

600

400

Peroxide Value (meq/kg oil)

200

Storage Day
19 12. Change of the peroxide value of the oil extracted from perilla seed with

different extraction method during storage under fluorescence light at 5000 lux
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70

—@— Mechnical hydraurilc press
60 H —O— Supercritical fluid extraction
—W¥— Solvent extraction

p-AV value

18
Storage day
1% 13. Change of the p-anisidine value of the oil extracted from perilla seed with

different extraction method during storage under fluorescence light at 5000 lux

—@— Mechanical hydraulic press
—(O— Supercritical fluid extraction
—W¥— Solvent extraction

Increase in Absorptivity at 233nm

0 2 4 6 8 10 12 14 16 18

Storage day

719 14. Change of the conjugated diene value of the oil extracted from perilla seed with

different extraction method during storage under fluorescence light at 5000 lux
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(Ah) ZAEHs 28t 42 57189 A= 53

FeAts "Este] A2 S/RRE HAFEHeR AR 57189 AR (Hunter's
A
a1

=
£ 9] whiteness(ZME)7} ZF4sFHTE EE A
a* (redness) #ol S7let o, 53] 12014 143AFe]o] #H S A 1
7+ Alskad Ao Al dojy= Hlaad 4
5 o

1 e
Aow BT E & BLARE dHste @
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o e
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go, A
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ﬁ
Ev)
=5
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—
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e
flo

o2 M o d 2
(o
B

iui
=
ZOAFEHoR FFe 57|29 ML (Hunter's Lx, a*, bx)S EFH
=l o] 300 baroll Al 400 bar® F7Fs o, L 3k (AN %)= 245}

U, % dele) wale me Auge we 4e Aol

ool oox o2 ot X oo
)
H 4o
e
o
©

o]
ST
—~ 1"}1'

2o
=
rlr
o|N
N
N
ol
ol
3@ L
lo

T 19 FeARbE gEste] 48 EMERY GRAFEHOE AR 5V A=
(Hunter’s L*, a, b%*)
Roasted Color value
time L * a * b *
8min 87.21" 0.01 106.91
10min 83.27 1.67 105.42
12min 82.66 5.83 108.59
14min 58.66 30.41 97.36

T 20, B2 delste] g EARRE §uFEUos T 58 A

= -

(Hunter’'s Lx, a*, bx)

Roasted Color value
time L * a* b *
8min 9251 3.40 86.11
10min 91.80 3.39 84.71
12min 92.52 341 82.08
14min 91.87 3.11 82.95

F 21 HFEEAQ2e) 2R 2dAFER R 253 57159 M: (Hunter's L, ax, b¥)

7 =

Color value

Extraction Condition
Method L * a* b *
300bar 50C 89.18" -1.22 94.64
SCE 360bar 50°C 88.94 -0.63 103.11
420bar 50°C 88.60 -0.12 107.13
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o] 4% FZ4 hexane-E7]E micelledl 4] hexanes 7¢tstoll A SoA 71 Ao A 7]
Ao W e AAAAEY] wWES AR FuHET ¥ 248 1287 ReAYE I =
N ARE 2AAFERLE A3 57159 9ax F=FS HErd Aol 2JAAFAF
= 57159 A% T 1T EFE &ujFEdd vt dAE =dou, dRFEE7IE
HlglH k7 vt Holduh P JFHAFEFEVIEYN 2AAFEEVIEY v AR F
AulEE ofr BEA Yewt. 53] SR FEr st
1

=7 WERS T

peak areas ( x 103 count)

Compound name

8min 10min 12min 14min
Pyrazine 54.99+1.39 50.22+0.69 147.42+4.14 394.71+12.02
2-methylpyrazine 989.61+8.79 1434.60+12.08  3210.98+71.85 4325.67+128.96
2,5-dimethylpyrazine 1902.75£41.32  3903.29+19.47 3932.22+111.23 1635.55+55.46
2-ethylpyrazine 425.40+7.31 722.85t12.07  1060.33+36.83  858.75+20.46
2,3-dimethylpyrazine 78.75£2.05 117.28+1.37 147.90+2.09 111.64+4.09

2-ethyl-5-methylpyrazine 902.50+20.97 728.57+1.39 498.40+17.22  293.27+51.58
2-ethyl-5-methylpyrazine 214.96+12.77  514.49+12.83 462.09+4.98 176.52+25.76

2-ethyl-3-methylpyrazine 26.53+0.50 55.64+4.25 85.57+9.61 78.66+14.56
Trimethylpyrazine 510.74+5.68 875841290 7549843042  319.63+18.88
2-ethyl-3,5-dimethylpyrazine =~ 241.99+8.57 513.02+10.55 513.09+2.06 341.79+7.27
2-ethyl-3,6-dimethylpyrazine ~ 41.63+1.31 83.99+0.24 90.27+1.74 58.11+0.10
Tetramethylpyrazine - - 3003.59+55.76  7463.51+171.61
2-isobutyl-3-methylpyrazine - - 257.55%0.15 313.61£9.46
Total peak areas 5389.90£103.77  8999.85+87.84 14164.46+313.34 16371.48+398.13
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o

Compound name

peak areas ( x 10° count)

Pyrazine
2-methylpyrazine
2,5-dimethylpyrazine
2-ethylpyrazine
2,3-dimethylpyrazine
2-ethyl-5-methylpyrazine
2-ethyl-5-methylpyrazine
2-ethyl-3-methylpyrazine
Trimethylpyrazine
2-ethyl-3,5-dimethylpyrazine
2-ethyl-3,6-dimethylpyrazine
Tetramethylpyrazine
2-isobutyl-3-methylpyrazine

Total peak areas

703.78+2.56
1014.03+7.39
286.55+4.88
43.61+0.80
99.15+9.25
151.35+29.52
42.29+3.94
234.70+2.68
202.82+25.07
21.75+0.03

2823.99+79.03

24, H2=74(122) = F-H

P

dAFEHOR

Compound name

peak areas ( x 10° count)

300bar 50C 360bar 50C 420bar 50C
Pyrazine 72.77+2.10 95.31+4.57 97.19+0.91
2-methylpyrazine 1327.03£12.58 1499.05+76.87 1440.66+44.14
2,5-dimethylpyrazine 1772.18+3.27 1913.24+129.76 1857.78+57.34
2-ethylpyrazine 456.54+10.11 485.49+48.93 461.29+11.12
2,3-dimethylpyrazine 76.72+2.89 85.03+9.05 86.68+1.41
2-ethyl-5-methylpyrazine 233.72+4.07 176.37+14.27 206.02+19.76
2-ethyl-5-methylpyrazine 203.67+6.30 201.72+6.71 192.23+5.97
2-ethyl-3-methylpyrazine 33.45+2.05 33.384+2.99 34.83+0.52
Trimethylpyrazine 362.49+9.23 360.13+£27.16 367.02+3.67
2-ethyl-3,5-dimethylpyrazine 275.46+21.07 294.50+14.82 300.09+6.71
2-ethyl-3,6-dimethylpyrazine 37.11+1.34 27.54+2.90 18.88+1.40
Tetramethylpyrazine 5104.65+15.81 5613.51+171.14 5591.24+98.15
2-isobutyl-3-methylpyrazine 289.45+4 .31 297.60+25.64 267.41+10.08
Total peak areas 10245.31+71.73 11082.91+529.01 10921.38+239.99
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4. M9 mAAEs 5 I (A=A 2)

b AT Wg (20099 13 E)
SRR ERE

- HLB(Hydrophilic lipophilic balance) valueo] W& 2 #3k4] &4 2@ A

- Homogenization &4 A4 2 71 &¥

n JH
=
o
it
4o
ot
B
X
N
Y,
Bis)

o

- 3 P emulsion PSS 918 HA w2 gy (WA
- mAEs & AW g9
v, AT
(1) &% A S 9 T4 EF BEA HAA
- B AEEXS AFAEN Ao AA FEE EAste] 28 Alx A o3 9
e QR gEHo FEAAY FEE e ol& WA skt st 7}

=
=
= 2Ff+(fully hydrogenated canola oi)& #H7Fste] TAEH =84S A5
PAE Azsdn AHEE SR8 JhEE e tristearine 2 A EO] gle
Fe|2HE YIS MAA Fe= AR BuFEHAoH(D), E AT SAHE
2 AAsAT. EAFS FEA s ThEate] e B FAEE] 99
E‘QQJZPE @At HA HlEs dHAdES EdE SAFe &

- YEEEE @502 AMSE "EY 27FA] o) Eete] ARSE A MR A=
Behsty Hojd AevdH S Bdu BuHAuH2). & Aol agvrk dES I
EEAdR Abgete 7teaAge] 4S99 isomaltE: H7FeRAATh isomalts ©@ubs
WA Zrds gle 3EEe] & TR0, S5l v A E ze 540 9
om Wz F A JAS AL e FEI SR AR A A AgAdel a
7} Aot BuEdch old WAL wigo® uwl AR} jsomaltE: E£3ste] I E

(@) fHAAASe AE

()
ol
ol
_r,
1o

ko] fF3tet A A4 2FEH Q1 volumetric methodE
| 9l /\}J‘lﬂ 7171+ Turbiscan LAb(Formulaction,
]

o ZAgto] theo] GRS Ao =A 7k

ALEstA T FeltAdAd S 54 3}
France) 2.2 F3}=oA &=% 7
< sk

_11}1

o/\ — [1_ wolumeofseparatediayer
ESI(%) [1 total volume of emulsion 1100

i S 93 homogenization &3 /A&
- el s Az 8 7 AFeint 7] EE BTE FASHEA FAEA(

ully
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Mt 52438 JhseH, CmS =314 7 A7 (Ultra-turrax T25, Janke & Kunkel
Co., Ltd,, Stuafen, Germany)® 3,000-9,000 rpmoll 4] 607t A w2 3}alch olw,
stol Ao 43S 1A F e FAZEACmIT JEED(Wm)e =441, §3H4 %

= T
E 52 MSEARAA o 4@AHe) we 242 desus 19 FPsA,

HSERTA R A% T gAY 5 A =4 FA5
%

stolo] Ae- Ay or =2 HLB(hydrophilic lipopilic balance) value

dgwo], duadddass Egig SAEE (EA4F9 =

=4 (SPS¢} Isomalt, Wm) H] &S 0.6(Cm/Wm, w/v)&

2 %2 559 F38kAl(Table 1)E 7Z+zF 200 pmol 37}

omogenization ¥4 S AA F3AE FAAAY. AxH F3tdL 75T
J 2]

= AR F270¢0 243 AAF F Zi Al FEtgAsE SAsA

of
Ho
i

ofk
Ho

ARG oA A
ate] 127+ h

Table 1. Emulsifiers for the formation of the emulsion
HLB* value Emulsifiers
8.6 sorbitan monolaurate(SML)
11.0 sucrose monostearate(SMS)
14.9 polyoxyethylene sorbitan monostearate(PSMS)
16.7 polyoxyethylene sorbitan monolaurate(PSML)
19.0 lecithin(Lt)

*Hydrophilic-lipophilic balance

@ F3A A HotF He A

- e AgATA AAE iAo HA ArhE Wes AAaer] 9 100 pmold
B 500umol7t A fr3kAel AR wAd e AN faAE FAAATD o
W, FAEAn BEde] e 06(Cm/Wmher 1Ae 2N Fas

o, §3YAEE FHs] HUAA fFargS sty

2 ARt O, @9 HAdA4xE EgE PSMSHLB 14.9E 200 umol #7}sle]

TEAlE A F FERAASE SA AT

@ Homogenization &3 Z7A &9

TSRS 9k wdst 3 HA rpm HAE AA37] 98l homogenization
pm HEE 3,000 rpmel Al 9,000 rpm7HA] @AIA o2 ARt Q7R o] A ANE
EWZ F3AE A FEIAAFE SAAH
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A AFAA
3to] MINITAB statistical software (version 15, Minitab Inc.,
State collge, PA, USA)= AR&3atslon, f3tofo] S 3k =1 HA st g
AFA LGS FAFAAG A we} AASATE 3] FAho FF¢S PA= W
A FEtAI Y HIbE, 3ol =4dH B homogenization rpme ZH7He] SR WS
AARsta, ZF M4ES -168, -1, 0, +1, +1.682] thA @AZ H G slste] F4H A

Lls

|

T

oo

=5

1)

M

%

o

o fio

= y 1
ol uhel % 2079 APTFIroR A olF EPWsol o8 I
FEUTE FRAYASRE AARAD, A2ke] SPusel U 4Pge

g Aas ol&ste AAsk

Table 2. Coded levels of independent variables used in experimental design for emulsification

Coded level

Variables Coded Xi AX
-1.68 -1 0 +1 +1.68

The ratio of Cm
to Wm X1 0.2 04 0.6 0.8 1.0 0.2

([Cm]]/[Wm])

Contents of

emulsifier X2 100 200 300 400 500 100
(umol)
The degree of
homogenization X3 3000 4500 6000 7500 9000 1500
(rpm)
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Table 3. Central composite design for the optimization of emulsification

Coded variables Process variables Observed predicted
Run No.
X4 X5 X § X4 X3 x4  ESI (%) ESI (%)
1 -1 -1 -1 0.4 200 4500 32.8 24.6
2 1 -1 -1 0.8 200 4500 32.5 32.7
3 -1 1 -1 0.4 400 4500 57.8 56.1
4 1 1 -1 0.8 400 4500 73.3 724
5 -1 -1 1 0.4 200 7500 75.7 73.8
6 1 -1 1 0.8 200 7500 84.4 83.3
7 -1 1 1 0.4 400 7500 80.5 775
8 1 1 1 0.8 400 7500 90.0 95.3
9 -1.68 0 0 0.2 300 6000 58.2 65.7
10 1.68 0 0 1.0 300 6000 87.4 87.5
11 0 -1.68 0 0.6 100 6000 49.3 49.3
12 0 1.68 0 0.6 500 6000 85.9 85.9
13 0 0 -1.68 0.6 300 3000 21.3 21.3
14 0 0 1.68 0.6 300 9000 82.9 81.9
15 0 0 0 0.6 300 6000 78.7 78.3
16 0 0 0 0.6 300 6000 77.1 78.3
17 0 0 0 0.6 300 6000 84.4 78.3
18 0 0 0 0.6 300 6000 80.9 78.3
19 0 0 0 0.6 300 6000 74.1 78.3
20 0 0 0 0.6 300 6000 75.2 78.3

?the ratio of ([Cm]l/[W
bcontents of emulsifier

“the degree of homogenization

A AP ot =& AR FIMAEAFE
RSREG(response surface regression)& ©|-&3dlo] SAEA 843, 3209 A4S &
sto] 3Rt Fstd FA 3o HAsE AAlsd 759 mAdEst 34
HAste] #HEE SRS Fstde] A HEXD, 34 vR(X2), =
homogenization rpm (X3)¥} FEHFQ Fslebd 2] o] st TE3|ARP AL

g} 2},

YZBO-Fng,'X,-‘F glpi’X"+ﬁ =7

i=1j=1i

+1BIleXj

o714 Y FHWF, Xi Xjt S9WSF, B0 AW, Bi, Bii, Bij 87 Aol



- mAHET A AFT WEEFEEAE oil red OF AAAoH, A WA EE
Fol7] A& FAEAA 1.5 mM H7tste] nAfEst #48S T AR <)
H ZAR o 2 RE 20 mLE AMF S BISA 718 vwHQl n-hexane 1omLoﬂ =k
A k7] o] &8ke] 300 rpmO 2 581 wwbete] 30¥7k FA & F 510 nm #H4
o EHEE 0ol Hom gstel vAAEE £82 mfs}aau}.

. . o _ B—A
Yieldofmicroencapsilation (%) = B x100
A: Absorbance of oil red O isolated from non-encapsulated layer
B: Absorbance of oil red O added in perilla oil

SHEUEAH ot HA 2o R AxH 3N spray-chilling 34 F wAfE

& 2480 A8AA AAnY fade VARE F& BAYS FYstqd

o a4+ 2%

O HSEAEAYEA g 1 AAAZY F3td FA =4 A3
b SHHT AR ¢ Azt 39y AR

i) FAY EF 4
- a2 IR fretd AxE 93 55 FEAE AFEEte fFstAE BN F
Azxzd Fstdel F3tBAFE ST 1 A Fig. 29 o] #AZ

SML(HLBS8.6) 66.8+1.6%, SMS(HLB11.0) 80.5£0.1%, PSMS(HLB14.9) 92.7+2.3%,
PSML(HLB 16.7) 89.4+15%, Lt(HLB 19.0) 69.0+45%¢°] ¢t4A S Uehddet.
F543(O/W type) Fatdd o] Aizor = HLB valued 3471 ¢
S A ol oy AwrH oz ARt ZE yERA Zlo|th AT
HLB  value’} ¥ PSML(HLB16.7), Lt(HLB19.0)& A& 3&  wf,
PSMS(HLB14.9)2 Ab&3 49wt o3 e oS wel

il HLB valued] #3tAlE 5743 A I8 AssiA &=

.

O

FF >}L

g1 B
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HLB values of the emulsifiers

Fig. 1. Effect of HLB values of the emulsifiers on ESI (%)

i) F3AY HA HArE He 24A
A

T3 T34 TR A APEA%E EdiE PSMSHLB 149)¢] ®kg-29

ok
BAg 9% A4 A7hg WeE Ades] A8 dudde a9tk 7 A3 Fig,

O

35k o] 100 umol#E 500 umol7x| #el4el WahE meom, 2 Hrkgvil
} A BH37) st EAnse)
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Fig. 2. Effect of PSMS content on ESI (%)
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100

70

ES| (%)

50

30 : : - - :
0.2 0.4 0.6 0.8 1.0
The ratioof C_to W_ (C_/W_, wiv)

Fig. 3. Effect of the ratio of [Cm]]/[Wm] on ESI (%).

iv) Homogenization(&#23}) rpm ¥ Y 2 A

- Homogenization rpmel|] W& F3HA4E Fig. 4o Yelew, o1 A3 2z
homogenization rpmell wel o)Al MeE H o 7} homogenization rpmol
w3 A HobE 2 st 2Adnieke] AuaAE EA 6] A sHHT
A8 S 3000 rpmol A 9,000 rpm7bA] S @] Adgdor HASATH
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100

7o

ESI (%)

10

3000 4500 6000 7500 9000
The degree of homogenization (rpm)

Fig. 4. Effect of the degree of homogenization (rpm) on ESI (%).

QD HSEHEANES o] &F 4F HA
i) HSEHEEAY AT FERAT W BAELY
- SAAEAG N okl dAE 2070 A 23Sl FIIAATE ST
A= Table 33 Zt}h Table 3& W& RSREG #] ¢] 3} UrE‘r‘dl A=
o

[©)
Table 49} #om, 37k Sy¥F7E 242 Wdo] me mAfEste] & Yol
3]
AR

& AN e thevt Lol BAH

Y'="78.2867 +6.4849.X ,+10.8749.X ,+18.0158 X ;—0.6031.X 2 —3.7851. X% —9.4243 X%,

+2.0750X , X ,+0.3750X , X ,—6.9250.X , X,

TEMF A Céﬂ?‘i&(Xl,XZ,XB), o AF(XT, X5, x%), T WA
(X X, X X4, XX DFNA F5(p<0.001), 423 X, X,, X, (p<0.05), o]x3 X
(p<0.05), ¥ WA X ,X, (p<0.05)°] F2olAde] A= A= vepyitt
AR o] A3k Table 58F 2tk A<, A3, olahd), el wxpake ool =
Ao 2 ey o ] (p<0.05) 474 Al 9(coefficient of determination, R %)= 0.9648% 2|4
o] 5%l FolgFollA AU E=3 lack of fitghe]l 0.1122A4 FoAdo] AAH A
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= F ig 6ol e (a)=

Salolo] zAu| 9} S8kAl Hrbere] #A Z+7y 0.8([Cm]l/[Wm]) 2
400 pmol F-ol 4 frafebg AR b wgeh (b)E fshele] ZAH ¢l homogenization
rpm® #A 2z E e e 22 1.0([Cmll/[WmD 2 7500 rpm F-<Foll A 3kekA
A 4=7F 7H =dkv) (o) 384 73 homogenization rpme] #+4] 22 E YERN S

=]
ouf 717} 300 pmol 2 6000 rpm el A FEEFAGIE g we Ao HH AL,

Table 4. Regression coefficients of the predicted polynomial model

Parameter Estimate Standard error p value
Intercept 78.2867 2.264 0.000
X 6.4849 1.502 0.002
X 9 10.8749 1.502 0.000
X 3 18.0158 1.502 0.000
X 21 -0.6031 1.462 0.689
X 22 -3.7851 1.462 0.027
X % -9.4243 1.462 0.000
X X9 2.0750 1.963 0.315
X X4 0.3750 1.963 0.852
X 9X 3 -6.9250 1.963 0.005
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Table 5. Analysis of variance (ANOVA) of independent variables for the second-order

response surace model

Source DF* Ss:zlaroef Mean square F value p value
Total model 9 sadad7 938.27 30.45 0.000
Linear 3 6622.02 2207.34 71.63 0.000
Square 3 1403.23 467.74 15.18 0.000
Interaction 3 419.22 139.74 4.53 0.030
Total error 10 308.18 30.82
Lack of fit 5 235.42 47.08 3.24 0.112
Pure error 5 72.76 14.55
R 2 0.9648

"Degree of freedom

{ L i
FRREETERR,
: 117
2 o o
B2 na = |~ aenn =
Eona . e
0E gpg e 66 \{f
The ratso of Cm o W
{Cow/Wm)

(Cm/Wim)

Fig. 5. Response surface plots showing the effects of variables in the ESI (%) : (a) the
ratio of [Cm]]/[Wm] and emulsifier (umol); (b) the ratio of [Cm]]/[Wm] and

homogenization (rpm); (c) emulsifier (umol) and homogenization (rpm).

i) S EEEH ] % 2 P F3Y A HH =4 A

- Wb 2 249 A 249 HF DACA Fig. 73 o] Addd AAAE
A gkst Atk Fig. 6914 Hojx|= miep o] 44 7= 2= H A5t ol
FAEAT. HAAstE 1 g Fatele] g4 2302 F3ke 2AH([Cmll/[Wm)
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0.8788, fr3hAl #7h 302 pmol, 12
LHERSE T

3l homogenization rpm< 7,667 rpm2-

_;Tq_| s The ratio of Cm to Wm (Cro W) Emmlsifier (pmol) Homogenization (rpm)
D == 1.0 500.0 9000.0
cur [0.8788] [302.0202] [7EEB, BBET]
0.99930 u= 0.20 100.0 3000.0
g
HE=e
(1,99930
ESI (%)
= HF2H95.0
y =94,9895
d =0.99930

Fig. 6. Optimum conditions for ESI (%) of emulsion by response surface methodology:

the ratio of [Cm]]/[Wm], 0.88; emulsifier, 302.02 pmol; homogenization, 7666.7 rpm.

fof

X‘im
\1
w

Ty A= Fig 7ol HER AT

Oil red 09 &3#=+ 510 nmolA2l &F=7F 358 nmoll A9 3= Ry o wWst
Al W& 3 R2%ko] 0.9988= A3 o] 1=l 510 nmollAle] FHEE F4 F
BEZ AAsto nAAEst & S0 AHEsAT vAfE & B4 SHES
el HEEHEAH ot HA x7oE AlxH Fotde HAHEs) &
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14

R? = 0.9988
12| y = 248571 x + 0.0162
1.0
)
Q
S ostl
: -
o
g 06
- by
<
04
R? = 0.9989
¥ =16.3486 x + 0.0110
0.2
0.0 . . ! .
0.00 0.01 0.02 0.03 0.04 0.05

Concentration of oil red O (mM)

Fig. 7. Calibration curves of oil O as an internal standard isolated in n-hexane.

(O: Abs. at 512 nm, @: Abs. at 358 nm)

@ 3 SHAA Fstl FAHS 3 HHXAAAY vAfEe BT &<
St Aol 73kl PAS 93k A7 (the ratio of
h

omogenization,

[Cm])/[Wm], 0.88; content of emulsifier, 302 umol; the degree of
7667 rpm)oll Al 3t S A e F spray-chilling ¥} freeze-drying 338 F3f W]

AAe EEs Az

Fig. 8. Photographic representation of microcapsule powder containing perilla oil under

the conditions optimized in this study.
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2. ATHH
(1) EAF Ff vAdEstE 9 spray-chilling X2 &9
(7}) EAE e A=
- Spray-chilling &3 9a =7l 0.025%(w/w)EEE polyoxyethylene sorbitan
tristearate (HLB 9.6, PSTS)E X 7}ste] &A1zl & vAfe IS 93 24z

A

(Y}) Spray-chilling &3 =4 ¢
- B oAgoA HZH xR AxH F3Y 20 mLE zZF AA
200 mLW ol spray-guns AFE3te] EAMAIZI & wlAHEs

.

Spray gun

o2 RE 20 mLE AFHEte] B

194 §7185
H7]12 o] &38te] 200 rpmoE 5E7F awkal o).



o
Rl

(2) MAREs $49 F+8 s AR

|‘|«|‘| | | | | ||

wol ghmEl ol 1087 AAE F, 459 2 mLe Aske] 510 nm HAAA S
FHEE g9 Ao digste] nAMAEs &S FatskATh
. . - s . B—A
Yieldofmicroencapsulation (%) = B x100

A: Absorbance of oil red O isolated from non—encapsulated layer

B: Absorbance of oil red O added in perilla oil

ik
o

o9l MY 4AL T Uy

)

h F3tAle HA HMF HAA4A

- FrekAlel HA Hrbd HAAEAS fs fstdY xAdu)er Aol 2xE ZH7Y)
04([Cm/Wm)), 15C= s 3 ouads A3E EPZ polyoxyethylene sorbitan

monostearate (HLB 14.9, PSMS)E 342 AAste] A3 #3334 ¢

A7 S 50-250 pmolel W 9lolA 50 pmol @92 @A o7 FIAIIH FEAS

g A7l & spray-chiling 34 vAAEs & SHAHS o83t HA =0 E

A4t

(W) F3d9 H¥ =8 ([Cml/[Wm]) BALA

- el HA =dn] HAE HAs] s duAddAddE EQE f313 A9 A

1ol el 02-06([Cml/[WmDHl&= dA4st, WMo 49 2345 EYE PSMSE
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150 pmol H7}8te] F3tAlE A AZ F spray-chiling 482 AA vAREst =&
pS)
=

WL ol gstol AH 24u WAS AR

D

(th) &4tv) =9 2 HAALAA
- Spray-chiling &7 o] &%+ Eatme] 2% HAEAS & FahAe] AT &

i}oﬂ 24915 747} 150 pumol, 0.4([Cml/[WmDfh 278 A1Z1 9 5-25C2] HeedA 5T
2 SV F3AE FAA 7 F spray-chiling 58S AA A

Gas +& FAUE oo A ik £E WAE 2y,

X
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oy
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Ax
0

(2h) #4243 ¥4 £= HAHEA

- A FAY] A rpme AAS7] Y& rpm HEE 1,000-9,000 rpmel Al 2,000 rpm
G492 dAHer ST WHA S AdARE EdE f3AE d4A3 F
spray—chiling 3485 714 vAREs & SHHS ol&sto] FH4 mpm HAE 24

S o] &3 vAfes T8 HAH 3
TARE A AFAA
- S/ i vAAE 34 FH3E 98 MINITAB statistical software (version 15,
Minitab Inc., State collge, PA, USA)E A}l&3slo] WFS-EHENS Sttt vHgx
HEAS P8 T5Hee Afe T2 ’\*qub/\ﬁti =4 oujdg Az

=
HgE =
<=5 AAsan. A

o<
T
-

g

g Bz fae) A7, fatelel 2y, aEn e 4 4
98 Seuge foA9 WSUAE 2 10, oL 29 3 @AE Fastsel 3
AFAAG ) wet F 207 HPTFRHoE AHSAL

Table 6. Coded levels of independent variables used in experimental design for emulsification

. . Coded level
Variables Coded Xi AX
2 -1 0 +2 +2

Content of
emulsifier (umol)
The ratio of
[Cm] to [Wm]
Temperature of
dispersion fluid(C)

X1 50 100 150 2000 250 50

X2 0.2 0.3 04 0.5 0.6 0.1

X3 5 10 15 20 25 5

(W) WeEARAL 088 23 43
3

- =A% A | wel AAG AF A ool =EH3 Al mAHEd} FE&S
RSEG“‘AMN%E ol&3sle] FA B4R, 3AY A4S Flo vAfEst
FstE 913 TA HAHIE AAEAT EAS S5 vAREs T4 A3

J?ﬂr_ H SyRed F3A9 H7FE(umol, X1), F3d el 2= 8([Cml/[Wm], X2),
ko] 2=(T, X3)oF FHEF vARES} F&(YM, %)dp W 23R
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He vhewt 2o,

Y=B,+ 36X+ 28X+ 3B,

1=1j=1
71A YE FHEE, Xi, XiE SUWSE, BoE AW, B, Bii, BijE @7 A5l

v, A4
(1) MAREs} 49 FE HT A 2 FYAHA HaEy A S 9% AdudE
7h) F3tAl e HA HorE HAAEA
- AR A" PSMSS H7bE M9AAEES 98 FsAe A0 e Eabuje] 2k
2 747} 0.4(Cm)/[Wm)), 15CZ nAAZ & 3849 H7leEFS 50-250 pmole] H
el 50 umol T & GAIX o2 FI7HATIH wAFlE &S SAsAT 1 A
iAo HrbsFel ol 77 81.8%+0.88, 84.9%+0.78, 96.9%+0.32, 99.3%+0.14,
99.7%+0.0562 F&°] A=A (Fig. 10), PSMS2| H7F#o] & 7l#o] 50 ymol%-E
250 ymol7HA| F7t&5 vAHEst F&% HEA o2 F7hste] 150 pmolol /o] &
Lo A= v Est FEo] E3tEE S HERUITH

100
<
- a0t
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>
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Content of PSMS (umol, HLB14.9)
Fig. 10. Effect of PSMS content (umol) on yield of microencapsulation (%).
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= v HAALA

q el dnAdAnE EdZ F3kA "H7bES 150
umol® TAAIZl & 3o Hl o] vl &S 0.2([Cm)/[WmDel A 0.6([Cml/[Wml])7}
Al st mAMAEst F&S A8 Fig. 119 YeERRglth st xAgulq o
g+ Z+7; 99.19%6+0.24, 89.1%+0.86, 82.9%+1.00, 82.9%+0.5, 85.8%+1.04% =A% Qo
Hl&o] 02014 067HA 7153 vAllEs F&2 vlEdoz Aasts
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o BN
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)

- retele] XA =4 WedA
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Fig. 11. Effect of the ratio of [Cm] to [Wm] on yield of microencapsulation (%).

m

- Bk ex weE Ay A fskAel Abgs fekel z4ues 727 150
mol, 04([Cml/[TWmD=Z nZAZ1 & FAtme] 255 5TeolA] 25T7H#] 5THH =
ZINA wARES &S AR (Fig. 12). 2 A3 Bk %o w7
98.8%+0.62, 97.1%+1.50, 96.8%+1.96, 87.4%=1.96, 74.8%+3.37= ZA Qo A
3} &2 15THH 25C7AA Moz fgass Aoz ey}

i) _l}l OlN —
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Fig. 12. Effect of temperature of dispersion fluid on yield of microencapsulation (%).

(&}) #3239 FAH £ Z(homogenization rpm) HYAA

- Homogenization rpm W ¢lo W& nAAE3st &S S487] 98 34 d7F=3

T3} 2AHE 47 150 pmol, 04(Cml/[WmD= 24842 F rmpm ®HAE
1,000-9,000 rpmell Al 2,000 rpm @2 GAX R FHAI7IH HAfEst TS S
Akt 1 Ay, ZH7F 98.1%+0.45, 98.1%+0.2, 97.6%+0.75, 98.3%+0.50, 98.3%+0.01

2 =459 o} (Fig. 13), Homogenization rpm W] wat mlAfRE F8L 5974
el ol 7t gle Ao=Z Ay o] vSHATAH SHAFAA A 93 T
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Fig. 13, Effect of the degree of homogenization on yield of microencapsulation (%).

- %’1‘:%”37412‘?301] olste] AAH 207H-4 A3 A5 NA vMREe FES S 4
#+= Table 73 #Zt} Table 75 Hl®o® RSREG 4 Agdte] ved A3
Table 8o YeElSow, M7A S@wWgErE Zhz Aste] e vA|lEste] =8 Y
of tigh 32 th5 2ol A

Y=94.63+10.79X ,—1.63X ,—4.33X ,—3.53X2—1.16X% —2.90X%+0.19X , X ,—1.61X , X ,—0.09X , X,
e R A AR (X, X, Xg), olxd(x3E, X3, X%, ¥ wxE

(X Xy, X X4, X X4) TAA A(p<0.001), Eakd X, X, (p<0.05), o]=+3+ le’XZ:g
(p<0.05)°] frelde] e Aoz glwdrh
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Table 7. Central composite design for the optimization of microencapsulation

un No. Coded variables Process variables Observed Predicted
X4 X5 X4 X4 X4 x4  YMd (%) YM (%)
1 -1 -1 -1 100 0.3 10 76.6£0.90 83.9
2 1 -1 -1 200 0.3 10 99.2+0.16 101.9
3 -1 1 -1 100 0.5 10 76.3+0.69 80.5
4 1 1 -1 200 0.5 10 99.2+0.07 99.2
5 -1 -1 1 100 0.3 20 68.9+0.57 72.2
6 1 -1 1 200 0.3 20 97.5+0.09 96.4
7 -1 1 1 100 0.5 20 67.8+1.52 68.4
8 1 1 1 200 0.5 20 97.5+0.90 93.6
9 -2 0 0 50 0.4 15 64.9+1.54 58.9
10 2 0 0 250 0.4 15 99.4+0.44 102.1
11 0 -2 0 150 0.2 15 97.8+1.58 93.2
12 0 2 0 150 0.6 15 85.5+0.13 86.7
13 0 0 -2 150 0.4 5 97.1£1.32 91.7
14 0 0 2 150 0.4 25 72.3%0.88 744
15 0 0 0 150 0.4 15 95.6+0.67 94.6
16 0 0 0 150 0.4 15 95.3+0.27 94.6
17 0 0 0 150 0.4 15 95.0+0.49 94.6
18 0 0 0 150 0.4 15 95.3+0.08 94.6
19 0 0 0 150 0.4 15 95.2+0.08 94.6
20 0 0 0 150 0.4 15 94.7+0.28 94.6

’the ratio of [Cm] to [Wm]
®content of emulsifier (umol)
‘temperature of dispersion fluid (C)

dyield of microencapsulation
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Table 8. Regression coefficients of the predicted polynomial model

Parameter Estimate Standard error p value
Intercept 94.6318 1.8066 0.000
X 10.7938 1.1324 0.000
X 9 -1.6313 1.1324 0.180
X 3 -4.3312 1.1324 0.003
X 21 -3.5341 0.9033 0.003
X 22 -1.1591 0.9033 0.228
X4 -2.8966 0.9033 0.009
X Xy 0.1875 1.6014 0.909
X X4 1.6125 1.6014 0.338
X 9X 3 -0.0875 1.6014 0.958

wAbEAl o] A (Table )& 4, A8, olx3d2 fFojAdo] v ASZ YewoeH
(p<0 05) A A AT (coefficient of determination, R 2)¥ 09292 FolAdo] 10%°] e 9
ol A AA = AT

Table 9. Analysis of variance (ANOVA) of independent variables for the second-order

response surface model

Sum of

Source DF* Mean square F value p value
square
Total model 9 2662.6 2662.6 14.42 0.000
Linear 3 2206.8 2206.8 35.85 0.000
Square 3 4347 434.7 7.06 0.008
Interaction 3 21.1 21.1 0.34 0.795
R? 0.929

*degree of freedom
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14. Response surface plots and contour plots showing the effects of variables on the
YM (%): (a), emulsifier (umol) and and the ratio of [Cm] to [Wm], (b),
emulsifier (umol) and temperature of dispersion fluid (C); (c), the ratio of [Cm]

to [Wm] and temperature of dispersion fluid (C).

HES- A HEA O ogk mMAEs ¥ HY 21S Sty f8 FAH A A
Aed d3s 4488 VM 22 HHstior 36 tH(Fig. 15). MAHE
T& SUsE 9 HH TR FIAY HUFEES 2217 umol, F3H4 e %
Arl= 0.34([Cm)/[Wm)), 1831 4k &%+ 133TC= 27t AA A

" Ernulsifier (umol) The ratio of [Cm] to Wim)] Temperature (C)
OpE}mal }(j:igh
S [2271. 71 721 [0. 34T 4] [13.2828]
1.0000 | g, ““sb.0 0.z0 5.0

—j
Composite

Desirability
1.0000

==

YA (%)
raximum
v = 103.5771
o = 1.0000

Fig. 15. Optimum conditions for the preparation of microcapsule containing perilla oil

from response surface methodology.
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A: Absorbance of oil red O isolated from non—encapsulated layer

B: Absorbance of oil red O added in perilla oil

E4 a4 nAfEe] pHol WeE A% obgA 9 exo we A% ogALs st
7] 9&l vAHES] pH HE 2.0-12.00014 25 @912 dAH SR F7HA7IH dA ¢
ST (200)R A3 Lo AXF] AF7| 7] wWE AFAHS %xgs}g;\r/}. T3
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-

o

z

(2) EAF & AR ANYESE 738

- 7 g vAREY ANLEEALS FEe7] H8 2 AFA= in vitro 43}

- 119 -



i
ﬂ.] O
o,
N
N
ol
ol
3

o ol gste] AL FAED WEA 2 AR
= <

oz @ﬁls}aiguﬂ, 4 sl AW RAE

rui>
5
m
_lu _{lN
E
m
s
;D
Ao
£
o
£

(3) EAE &5 nAREY T+ B4

b B2 ¥z e 22Ydd 54 749

- B SR VARES B AZE A Feme 2 HREA A buteto
s rAslt dezee] TR A5 Asdel weol A8 sorbitol, maltitol,
xylitol, isomalt® HFstgom, nrbARs} YUAnS S FHF 242 16%, 30%2
FAN7 F 4P FAsan

(4) CLSM< °] &% ] Hl He 72 4

- E7% F vAHAfe BAde FxE E487] 918l CLSM  (Confocal Laser
Scanning Mlcrosocpe) o] &3lo] Wzt Wall materials S840 &%=
FITC (Fluorescein isothiocyanate0& ©]-&3to] 100 ymol® @SS 3t oW, Core
materialol = A &40 €35 += Nile redE ©] €3l 100 ymolZ A3 & 2gS

T

-

(th) FE-SEM % FIBE &% "Afe 7= £4 R 33 &2

- FEaEol HUE olFs HAREY A Fx 2 FAE syl Sl
Field-Emission Canning Electron Microscope(SUPRA 55VP, Carl Zeiss, Germany)
o7 #2392 Focused Ion Beam(Auriga, Carl zeiss, Germany)Z ©]-&3Fo] U
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o} @723
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Fig. 16. Changes in yield of microencapsulation during storage time

(@: 4T, O: 20T, W: 40T, A: 60T)
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Fig. 17. Changes in yield of microencapsulation during storage time

(@: pH2.0, O: pH45, W: pH7.0, A: pH 95, H: 12.0)

(2) EAF - AR AWTESEAL 77

2 AFAA in vitro A&3F RS o] &3 EF FF vAfEY SAEE WEA
2 AYEAES H71e A3 (Fig. 18), 9 (gastric stage) &7 % xS 180 &
QF 20% oldte] TAHEH WEES B oW, Hintestinal stage) = FAHE=H W
ZEo] Ao m F7tE o] WA 4AIZE Yo FAEE WEEo] 656%0 =gl
AL st dt. AFFoAE g mAfsdA 7HE dE ol&Ha e AAlE

poly lactic acid (PLA)% poly lactic-co-glycolic acid (PLGA) ©]A| %} initial-burst
release®] TAHOZ A A QJrH3-4). . AFolA itE wAHfHEe] H$-
initial-burst release’t $lv WEEAS glstgon, ojejst HE5AF9 o= o
ol AL A9 oral administrations 98 HlM e A& 5 S Ao=
AP E
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Fig. 18. Release profiles of core material from microcapsule in simulated gastric and

intestical juices (@: intestinal juice; A, gastric juice; ¥, DDW).

(3) EAF I vAFEEY F2 4

71 %3t FAXAN & ARy 54 79
S S olsE mAAEe] B A ZE 98] maltitol, erythritol, isomalt, xylitol
g 27 A EEdd Hrutste] H¥S FAS AF Fig. 199 #Zo] YERRTE maltitol,
erythritol, xylitol 7]A &4 AAE FAeHA] Kt 2Ee A go] dojwtt.
isomalt™ "l A FEYA7E 124 YERY FE-SEM#} FIBE ©]&3to] &2 A}e]

54 9 Fash
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Maltitol

Isomalt Xylitol
Fig. 19. Effect of various sugar alcohol to wall material on the morphology

microcapsule powder.

() CLSM< ol &% "AfRse 72 &4
- E705 i vARE 2o Cme Nile red2 A5 o] 2402 yElyton 1
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(INile red)

(FITC + Nile red)

Fig. 20. CLSM images of microcapsule containing 100 pmol nile red dissolved in perilla

oil with 100 ymol FITC dissolved in wall materials (scale bar = 20 pmol)

(th) FE-SEM % FIBE °|4% mAfE T2 £4 L 94 83
S E% B4 vARe B2 o8& FE-SEMOR BAT A3 oo 2ol ey
ohoobdl g% Bwo] Az FAHE Fejoln, FIBE o] §3el 1 e wAF

Fig. 21. Respresentative SEM images showing the outer morphology left and inner

structure right of perilla containing microcapsules.
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A2A 78 AL 249 74 245 A9 (A 185 3A)

1. 7 F5E (powder fat, )9 & HIAZHEA F7) (in vitro)

BTt
(1) o284, 434 AW

S MaE FEE9 FEAWe] 0MEs9], 2001), 7159 W™ 7 (Kweon
MN et al, 1994), perilla frutescens® apoptosis =& ¥ (Lin CS et al, 2007) 5 A3 <
TAHREC] o HaEolA oy & AgelA Akt o= W& 2pdAd o] gt
B Ao M= in vitroAlol A U937A 3E(human histiocytic lymphoma), THP-1 (Human
acute monocytic leukemia celDAl¥E & WIABAEFE o] &35l &7 Uﬂ‘:&i FEZ2(EA
)2 FA(MEFNEA) E4dS MTTassay= =4 38FaL apoptosiset #HHEH F1x Hd &
PCR assay® 7% 3+

(2) 4+ W&
N EAFEEEATY F4E8Y HF U (in vitro)
O AExgHEA

MTTHl ¢&] THP-1, U937TM 2 & WEYME wjtAe 7 5% (1~100 pg/mhe] =
MFEZEAEE F7Fsto] 48A1%F &<t 37T e COlE7] (5%-COs, 95%—air)Woll A vl st
Aok vlY FFE 4417 Aol 5 mg/mlFEE DPBS-A (pH 7.4)° 343 MTTE9 20 pl=
Zy wellell #7Fskar, 01N HClOl =21 10% SDS 100 pl= &3AA 18A17F ok 2Hx] =2
S 2l A E 7ZF welld] §F %5 ELISA readers ©| 8314 570 nmol Al =43}
I oETe) FREg st AXAYEES WEeE Fasdn”

JI

>~

@ RT-PCR (Reverse Transcription - PCR)

W& A 3 (1x10°A4] Li_/well)‘;‘ R2wellel #F3tal EMFEEAEE #5281 ~100 pg/ml)
2 AHeste] 24417 W& & N X ZHE Total RNAE #23le] p53, Bax, Bel-xLGs &
ot 2 apoptosis#Hd FHAAE &5t Total RNAE easy-BLUEES o] &3l om A%
S| AFe] v o)l =39 th ¢cDNAE Maxime RT PreMix (Oligo dT primer)E A}-g3te] &4
, Maxime RT PreMix (i-starTaq)E ©]-&3}lo] TaKaRa PCR thermocycler (DICE)Oﬂ A

(3) &7 23 : EAN FEE(EAT)Y FEEH AT

=+ R sutetrrel ddadE A7) skl MTT assays ol 8she] AdAxEF
= st AxZEdsE A Ao AGAE 203-T(N I A £5) A 20l A 2] Al
Fasave BEEA Fdv(Fig. 1.1). o] 23= 577 R sinkebrl 7t AdAEAA =

AlE=A ol glas rlsh= Aol
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Fig.1.1 Cytotoxic effect of methanol extracts of perilla seed and sunflower oil in cultured

293-T cells

t}g-ol+= U937(Human histiocytic lymphoma cell line)A¥, THP-1 (Human acute
monocytic leukemia cell line) Al ¥ 5 WA EFTE o] &3o] qdaxnsE AF3 21 o
Za]l dutelrl i FEE et B4 WEs FEE(EANTANAN sRoEHoR AX

daAgs vebdel ddadrt #3 ¥ dvk(Fig. 1.2).
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Fig.1.2 Cytotoxic effect of methanol extracts of perilla seed and sunflower oil in U937(A)
and THP-1(B) leukemia cells
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d719 Aslads A5ty f18kel RT-PCRES o]l &38te] &< 2 apoptosis#Hd f-% =}
g og I3t Ay =7 vWeEFEE(E70)°] pb3(cancer inhibiting gene)¥}
=7

Bax(pro—apoptosis gene)-+d A2 @& S YAl Z o o]} Hktf 2 BeL-xL(anti-apoptosis

gene) T A A EH S A A Z tH(Fig. 1.3).

<pb3>

<Bax>

<BcL-xL>

Fig.1.3 RT-PCR analysis of methanol extracts of perilla seed and sunflower oil in THP-1

leukemia cells

AR SF5/#(CO), €Y EF(00), F715(SBO), 3ute7]#(S0), &4 &7 (PO)

1) a4+ W&

(7hH) MERAEE&MTT assay)

AthejeE=2l THP-1(human acute monocytic leukemia), B16F10 (mouse melanoma
cells) L2 96well plateo] 175x10* cells/welle] HEE MEIFS A3 S 2555,
S B, A, e, BAEAR AS1T40u/m)E H7Eske] 24413 F<F 37T
5% COz 7] ol A wigFstdeh. mdE = 422 el Smg/ml == PBS (pH 7.4)°l
sldE MTTE 205 ZF welll A2l&kar, 0.1N HClol %91 10% SDS 100u0 2 &3] A
A 18AI s Sk =2 HS Adsieich e 7F welle] §F35EE ELISA readerg ©|
&3 A 570nmol A SA s R FF =l Blaste] AlE *@zgé Mg E A

E]_(Zl)

(4) Apoptosis ##H FH A 2 (RT-PCR)

THP-1M EZ(3x10° cells/well)o] 1710pg/ml 2] A2 H7MsF T 24A7F St wjslx
RNAE &3ttt Total RNA &2+ Trizol reagentE ©]-&3F 0w A|zx3|AFS] HE o
3519 tHY. ¢cDNAE Prime Script™M I reverse transcriptase®}t oligo dT primer® o] &3}

]_

O
52

o A3t al, Tag DNA polymeraseE ©]-83}o] Dice(Takara)oll 4l 30 cyclest &3
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t}t. Z+7F9] cycled 98Coll A 10%7F denaturation*] 71 %, 55Coll 4 30%%} annealing*] 7] 1L
72ColA 30%7%F extensionr|#th PCR product= 1% agarose geldlA 7|9 535l
LoadingSTAR(DYNE Bio Co.)=Z @43ttt PCRel AFE-¥ primeres ta3 2t p53
sense(5'-CGC TGC TCA GAT AGC GAT GG-3'), pb3 antisense(5’'-TGG GGA GAG
GAG CTG GTG TT-3'), Bax sense (5'-GAG TGT CTC AAG CGC ATC GG -3'), Bax
antisense(5'-CAC CCA ACC ACC CTG GTC TT-3'), Bcl-2 sense(5'-ACG AGT GGG
ATG CGG GAG AT-3'), Bcl-2 antisense(5’-TCC ACA GGG CGA TGT TGT CC-3').

(th) @94 B3 ¥ Western blot

THP-1M Z(5x10° cells/welDol 17100ug/ml ] A2E H7Fs & 2447 FoF w|kslx
1% NP-40 lysis bufferE A}g3}o] oz S Zr%‘é‘}oﬂ‘?} FZ3 G4 AS bradford HS 9]

g3 A T well T 20pg loading 3+ ¥ 10% acrylamide gel & S8 SDS-PAGEZ
A &3ttt A7199% ¥ PVDF membrane (O.ZUm)Oﬂ transferg 3 s 1AIZF 5<F 5%
skim milk® blockingst$th. 2+ 13 &AE overnight¥H-3-(1:1000, 4C)staL TBS-T(0.05%
Tween 20)0. 2 43] |2 3s}al goat anti-rabbit IgG- HRP conjugated antibody(1:3000)< 1
A7 Sob "k A Z T 43] AFH & membranes ECLHES o] &3] 9t2olA] X-ray filmel
ZHg A A

(2H) ¥1F 2 FAF=ZTY ol ¥& (in vivo)

BALB/c AFd AZE 457 AFFASL AF Sd7AA ¥ F 2 AL FE38 &
2 2 FAME FFAS A 1><106CGHS/W€H°ﬂ PE/FITC conjugated-anti B220 2
Thyl monoclonal antibody$®t PE-anti CD4/FITC-anti CD8 monoclonal antibody(1:30)%
olF @AEt] 4T 30 &< RESAI7]AL flow cytometer(excitation: 488nm, emission:
525nm/FITC, 575nm/PE)E o] §3}o] Hix o] ol d S =435 o},

(v}) Aol Al &4 (in vivo)

C57BL/6 A# ¢l B16F10 melanoma cellsS 8x10°7H/mice & AW TS E3) F
AEE 253 AFostal A5 G AA #HlE AE8 4% formaldehyde 174 el 114
N2 F An e AHgE) zﬂoﬂ dold HL colonye] M4E Z4act?

W
S
=
ol
o
=

(vh) FAIA =
E721 8] += student’s t-test®} Duncan’s test® Al &3¢ o, p<0.050]8+S #9Ado]
= Aoz AR

(2) 743

(7}h) AZAEE v A= 9% (THP-1 cell line)

BEAEAFE v FaA 57HA oilS THP-1A4 Eo| 241759k A2l & A
SA% A¥, & oildl vl A EAF(PO)A Tl FoHor MEANEE
t}(Fig. 2.1).

l
oY ox
B i
>
2 o

o
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§7

Cellviabikity (%)
e
=

3

5
=

CON Cco

0

CO; corn oil, OO; olive oil, SBO; soybean oil, SO; sunflower oil, PO; perilla oil

Fig.2.1 Effect of perilla seed oil on the cell viability in THP-1 cells

Samples(1~40ug/ml) were treated with cultured THP-1cells, and incubated for 24 hours, and the
cells assayed by MTT method. The OD of each well was measured at 570 nm with a microplate
reader.

The data represents the mean+SD of 3 experiments.

a-; Data with different letters are significantly different with ANOVA followed by Duncan’s

multiple(p<0.05)

(4) AIZAE&4 "X = 93 (B16F10 melanoma cell line)

B16F10 Ao afjuteb7] f(SO)et EA S/ (PO)E 24X 5 A Fsta AZAEE
S SAS A, SO vld POAETe] sEoEA o2 dAstA AEE] FAaE o] 40us
/meell A 10%0lsl=2 7 A3 thH(Fig.2.2).
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Fig. 2.2 Effect of perilla oil on the cell viability in cultured B16F10 melanoma cells

Samples(1~40ug/ml) were treated with cultured B16F10 cells, and incubated for 24 hours, and the
cells assayed by MTT method. The OD of each well was measured at 570 nm with a microplate
reader.

The data represents the meantSD of 3 experiments.

a-h; Data with different letters are significantly different with ANOVA followed by Duncan’s
multiple(p<0.05)

(th) A159 pb3, Bel-2, Bax @A L A v & 9
THP-1M Z o] A 52 6A17HE¢E 83 & mRNAS AAsty 4 422 s 4
I FFAAF AR po3FA A= PO Aol A sREXoR F7Fs L, Bel-2/ Ak

= TR EHor HAadtd o BaxfAAE A F71eA tHFig. 2.3).
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Fig. 2.3 Effect of perilla oil on p53, Bcl-2, and Bax gene expression in cultured THP-1 cells

THP-1 cells were treated with the indicated concentration of samples for 6 hours. Total RNA was
isolated, and p53, Bcl-2, Bax mRNA expression was determined by RT-PCR. (C (+) ; cell treated
with 0.25% DMSO in PBS)

(&) A 29 p53, Bel-2, Bax @A o] mx&= 43

AN 5k A 8BS AHE3 T g8 ERHS o] apoptosis ¥ vl A S B A
7}, pb3(tumor suppressor gene)w¥ A2 vt} 7] {-(SO) A 2l oFshAl kst o

A= (PO)A 2ol 3u7kA] S 71 v (10ug/ml). Bel-2 (anti-apoptotic gene)
POX gl ol A T o&EH o7 7HAsleE 43S Holi Bax(pro-apoptotic gene):
=7t (Fig. 2.4).

Ho

10 =

3
rl
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p
1.81 Ops3
18 - B OBel-2
1.6 HBax
1.4
1.26 1.27
12 | 1.16 Ll

Interesting protein /B-actin
[y
T

08
06 - 052
04 o
0.23}:"
0.2 ’7;55;

10

2 2
SO (ug/mL) PO (ug/mL)
Fig. 2.4 Effect of perilla oilon p53, Bcl-2, and Bax protein expression in cultured THP-1
cells

THP-1 cells were treated with the indicated concentration of samples for 24 hours. p53, Bcl-2, Bax

and [B-actin were assayed by Western blotting using specific antibodies. (C (+) ; cell treated with
0.25% DMSO in PBS)

(7h) AGAM=E o Jde mA= IF

BALB/c Al ARE 473 A5 & F 0g 2 FHo AQAE ofdds FH¢
A, vl A BAEZE S0 PO)Fo ol A 11.6% F7Fstdal TAHES ¢F 2
ol A Ty7b 19.2%, Tc7t 31.8% F7tstdon FAo = Tyzt 10%, TeAlE7F 31.6% 7+
A tHFig. 2.5). ©o] A= E2F7F WA E T(TyTe), BAXe A48 5
H7F Q& o gt
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CON . SO 2 CoN 2 T 50

,25.0 216

®) S 1 2
Splenocytes g2 o Thymocytes 7| .-l ] _:
S : 2 <
Anti-Thyl
PO
h7.9 S 2
e =
do e, E 2
A v -
- Anti-Thyl Anti-CD8
. CON . SO
9.9 102 -+
)
2
; i 2
,44 o E,. 5 = 41 "
- Anti-CD 8
PO
=11.8 <+
8
o,
Anti-CD8
Cell type Splenocytes (%) Thymocytes(%)
T cells
B cells TH cells Tc cells
Treat TH cells Tc cells
14.7+0.8
CON 25.0+0.5 11.2+0.4 3.8+0.1
9.9+0.1 44+0.1
15.1+1.6
SO 21.6+0.7 12.8+£0.5 3.710.3
10.2+0.9 41£0.5
17.9+0.9*
PO 27.9+1.0% 12.3+0.3* 5.0+0.7

11.8+0.2* 5.8+0.3*

Fig. 2.5 Effects of perilla oil on the lymphocytes subpopulation change in mouse
splenocytes and thymocytes in vivo

Oils was administered p.o. once a day for 28 days (SO, PO; 10 mé/kg/day p.o.), thereafter cells
were collected and the lymphocytes subpopulation was measured by a flow cytometer staining
with PE or FITC conjugated anti B220/Thyl or anti CD4/CD8 monoclonal antibody. The data
represents the mean + SD of 3 mice.

(A) splenocytes (B) thymocytes.

*: significantly different from control group (p<0.05)

(Bh) SGAIE H Aol A wA= FF

BI6F10 A5 wAMFAL 5 2530 A28 477 3 5 dAxzs dAste] dnAd



o2 FEeHUA melanomaZt Zol¥ colony®l HE FAskAvh 1 A} sfuielr] &
(SO)= 50%0°17d oAl= ey, HAS/F7F o FoA o=z o7t oAl = A vh(Fig. 2.6).

B16F10 - i+
Sample - CON

120

MNumber of eolones

CON S50 PO

Fig. 2.6 Effects of perilla oil on lung metastasis in C57BL/6 mice

Lungs were photograped and observed for any metastasis on the 21th day after i.v. of B16F10
melanoma cells with or without oils (SO, PO; 10 ml/kg/day p.o.). a-c; Data with different letters
are significantly different with ANOVA followed by Duncan’s multiple (p<0.05).
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(D) Ng : EAFEE-F3FAPE), EAFEPO) R A AEPP)

(2) d7+%44

7hH MERAEEMTT assay)

Auf 2l MOLT-4(human acute T lymphoblastic leukemia), THP-1(human acute
monocytic leukemia), HL60(human acute promyelocytic leukemia), U937(human monocyte
like histiocytic lymphoma)A S 96well platee] 5x10! cells/wello] =2 HEIFS ZA
g v, PE(fr37A), PP(AAIE), POEA A E1~100ug/m) S 7 7Fste] 24413 &<t
37C9 5% CO. ¥iF7] el A vigstdvt. MidEs 4A1%F doll bmg/ml %= PBS (pH
74)° A E MTTEY 20uE 7+ wellel A gstar, 01N HClYl =<1 10% SDS 10040 =
S A A 18AF e A= ¥lg Adsiith EAE Zb welle] §3 =5 ELISA reader
£ o]-&3A 570nmell A FAsEL oo FFEe vl MEZAEES HEsgs &

sl oh,

o |

S

(1}) RT-PCR(Reverse Transcription-PCR)

MOLT4AH Z(3x10° cells/well)el 17100ug/ml ¢ A2E HA7}et & 24417 SoF wjeksla
RNAE #8353 tl. Total RNA #32]+= Trizol reagentE ©] &3t o A Z3)AL2] HIH o
3519 HY. ¢cDNAE Prime ScriptT™M I reverse transcriptase®}t oligo dT primer® ©]-&3}
o] $+A5F L, Tag DNA polymeraseS ©]-83F¢] Dice(Takara)ol A 30 cycles <t S%3F
th Z+2F9] cycle 98T oA 10%7F denaturation A7l ¥, 55Tl A 30%7F annealing A]7]
L, 72Col A 30%7F extensionA] At PCR product® 1% agarose gelol A A 7]|9d% 3l

LoadingSTAR(DYNE Bio Co.)& A&ttt PCRel AF&¥ primer: thS-3 2t} Bax
sense (5'-GAG TGT CTC AAG CGC ATC GG -3'), Bax antisense(5’'-CAC CCA ACC
ACC CTG GTC TT-3'), Bcl-2 sense(5’'-ACG AGT GGG ATG CGG GAG AT-3'),
Bcel-2 antisense(5'-TCC ACA GGG CGA TGT TGT CC-3’), PCNA sense(5'-GTC CAG
GGC TCC ATC CTC AA-3’), PCNA antisense(5'-CAG GGT GAG CTG CAC CAA
AG-3').

(th) @93 £ 2 929 E=H

MOLTA4A E(5x10° cells/welDell 17100ug/mt ¢ A &S H7Fsh F, 24417+ St wj st
196 NP-40 lysis bufferg A}-&3ste] @ dS FZ3th F&3 G A& bradfordd & ©|
g A T well T 20ug® loading 3 & 10% acrylamide gel & %3] SDS-PAGEZ
AlgstAtt. d71ds $ PVDF membrane (0.2um)ell transferg 3 ths 1A1ZF 5 5%
skim milk® blockingstith. = & 2z 1z 3AE  overnightWF-g(1:1000, 4TC)star
TBS-T(0.05% Tween 20)°.=2 43] A &3 goat anti-rabbit IgG-HRP conjugated

o
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antibody(1:3000)= 1A13F &<+ WHS-A| AT 43 M3 £ membranes ECLH-E o] &3] 42
oA X-ray filmol 71%“\],;9\]:}(6)‘

() "3 % %ﬁ"‘éi‘?i’q otxde 54

BALB/c AF ol ANEE 4573 BFFoAstal 45 &4AA v 2 §4& 45 & 5,
A 2 FANE BHAS 24383 1x10%ells/wellel PE/FITC conjugated—anti B220 =
Thyl monoclonal antlbody-@r PE-anti CD4/FITC-anti CD8 monoclonal antibody(1:30
dilution) 2 ©o]%F @3t 4TolA 308 &< WSA|7]2L flow cytometer(excitation:
488nm, emission: 525nm/FITC, 575nm/PE)E o] §3te] @z o) opxluhe Z4atglnt”,

(vh) BF FLFAAL-2, IL-4)¢ =4
@ IL—294 ZX-]
1L—2.°4 =42 sandwich ELISA 4oz 83 U IL-29 ¥22 24390, 4ue/ml
E=% 0.1M phosphate buffer(pH 90)01] 32418t anti-mouse IFN-yantibodyE 96well
mlcroplateoﬂ 7y welld 1000% 3E3Fe] 4T 24 A7 FeF WAl A F2AZHT. 1
¥ PBS® 33] AlHsta, 1% BSA-PBSE 7t welld 150u% 7Fato]l A-2olA 147
blocking= 3l3l PBSZ 33 AlH39th 1% BSA-PBS=Z A3 YA g9 HF8
(recombinant mouse IL-2)& 7} welld 100x® 2ol H204 1AIZbE<t
PBS® 33 AlAH3Arh 1 F 2ug/mlEEE 1% BSA-PBSel 34 gF  biotinylated
anti-mouse IL-2 antibodyE Z} welld 1004 Yol A-2oA 1A <t WA AT
PBS® 33] M #3&ta 2ug/ml 52 3243 streptavidin-alkaline phosphataseS ZF welld
10007Fskal thAl Aol A 1A Tk WEEAAY. 1§ PBS®E 53] AlHI F
p—nitrophenyl phosphate& 12 Z} welld 1000 7}stal A2 2}F343fo| A HHAHES-S A
Atk oF 30% $ 5009 2N HoSOq&d o2 whg-S AHAX|A|7]a1, 30% ol ELISA reader
%2 450nmIFe A FREE 54 Bl

@ IL-4 & &4

[L-4 A& [L-29 =A4 o } Ao

M
ol

(vh) FAA
EA A 2]+ student’s t-test® 3FA oW, p<0.050]3E FolAo] A= Aoz AAH AT

(3) d7+2%

OhH AEREE "= 9% (MOLT-4,THP-1, HL60, U937 cell line)

MOLT4, THP-1, HL60, U937 47} WY Ao A|SE g 7}A LE_E<1~100/zg/me)
2 Agg A3 dvrd oz SA/FPO)V7E 7HE AEAEES HAEHVE Feden 1
Fol Al MOLT4M EZAAE E714 Bls28tAl AAFPP) AT AIAE AMEZAEES TAh
A ZHFig. 3.1).
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HL-60

120
OCON
C1ipg/mL
a E10pg/mL
100 | m100pg/mL
o kkx L
: Aosfe sk _ Hookook
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=
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=
=
U 40
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0
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= :
2
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=
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3
~ 40 -
20 -
0
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Fig. 3.1 Effect of PE and PP on the cell viability in cultured various leukemia cells

Samples(1~100ug/ml) were treated with cultured MOLT4, THP-1, HL60, and U937 leukemia cells,
and incubated for 24 hours, and the cells assayed by MTIT method. The OD of each well was
measured at 570 nm with a microplate reader.

The data represents the mean+SD of 3 experiments.

*, Significantly different from control group(*p<0.05)
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() apoptosis@® 8= Ao mX= 9F (Bel-2, Bax, PCNA FrAA)

MOLT4 M X0l Al5E 27} 17100ug/ml 2 2] 8] apoptosis #+& 74 22] mRNAZE
dArS Folst Ay Bel-2 (anti-apoptotic gene) A A= F3H-# (PE) A &l ol A &= 2.3
 100pg/meol A F7tetlovt AAE(PP)A gl el AE s EA R Aasklal Bax
(profapoptotic gene) A A= A A|EA ol A 28 0] A4 (100pe/ml) 7HA] 5 7FsE T PCNA

FAAE AAE AdEIA FrRoEdon pasglol gred s pasAs 29
H(Fig. 3.2).
PE(ug/mL) PP(ug/mL)
C 1 10 100 1 10 100

1.4
O Bel-2
B Bax
1.2 = -
PCNA
1.0 A
ax
2
ay
<
Q08 -
¥}
=
=
=
= 0.6 A ]
8
z
=
04 -
0.2 1
0.0
c 1 10 100 1 10 100

PE PP

Fig. 3.2 Effect of PE and PP on the Bcl-2, Bax, and PCNA gene expression in MOLT-4 cells

MOLT4 cells were treated with the indicated concentration of samples for 24 hours. Total RNA
was isolated, and Bcl-2, Bax, PCNA mRNA expression was determined by RT-PCR.
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o

(th) @ dddd w3+ 9% (Bel-2, Bax, PCNA)

MOLT4 H]J_—Tdoﬂ AlaE 27 17100pg/mb? 2441 7HEQF A 2lsle] apoptosis ¥& whul
DA YYS gt 43 RT-PCR 239t #YU35HABcl-22 F3H+A(PE)9} &2 A AEF A
g (PPl A FEogEd oz AT Baxe AlAE AgwolA 100 wg/mlsE
25%°1d F7tetith. 1elal PCNA(SA A 23 3ed)= Al AlIF A gtolA ofgh 7Hastgle
v o8 ®olA eFskrh(Fig. 3.3).

PE(pg/mlL) PP(pg/ml.)
C 1 10 100 1 10 100

Bel-2

BAX

PCNA

p-actin

0.7

0O Bcl-2
m Bax

u
0.6 PCNA

0.5 4

04 -

0.3

Interesting proteins/B-actin

0.2

0.1

C 1 10 100 1 10 100
PE PP

Fig. 3.3 Effect of PE and PP on the Bcl-2, Bax, and PCNA protein expression in MOLT4 cells

MOLT4 cells were treated with the indicated concentration of samples for 24 hours. Bcl-2, Bax,
and PCNA protein was assayed by western blotting using specific antibodies.
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(1) A9M=E o ddd mAE 4F

BALB/c AF ol FatfA1et AlAFS 473 A5 & 04 49 HAME ot
S =43 Ay, vl A BAIEE F35A(PE)Folito] 49%, AlAFE(PP)Fo oA 63%
Z7Fe AL, TAIEE PE Folato] 237 %, PPFolato] 31% 718k tH(Table 3.1).

Table 3.1 Effect of PE and PP on the lymphocytes subpopulation change in mouse

splenocytes and thymocytes (in vivo

Il type Splenocytes(%) Thymocytes(%)
B cell T cell TH TC
cells
Treat TH TC
11.4+2.6
CON 20.0+0.8 7.6104 5.2+0.5
10.0+0.2 4.1+0.6
14.1+0.9
PE 29.8+1.2% 7.5%£0.3 5.3+0.1
11.8+0.5* 5.7+0.2*
15.0+0.5
PP 32.6+1.1% 7.7£0.5 5.6+0.7
10.5+0.3 5.0£0.8

Samples(500 mg/kg) were administered p.o. once a day for 28 days, thereafter the cells were
collected and the subpopulation was measure by a flow cytometer staining with PE or FITC
conjugated anti-B220/Thy1 or anti-CD4/CD8 monoclonal antibody.

The data represents the meantSD of 5 mice.

*; Significantly different from control group(*p<0.05)

(v}) @3 lymphokine(IL-2, IL-4)¢] WA nx+= &3

BALB/c AF el fF3iA AAEFS 4730 A75Fo &, 34 #8¢ & IL-2, IL4
TS S48 A9, IL-2% F3FA(PE)FAATolA 417%, AlAFPP)FoToll Al 54.5%
Z7hekR AL, IL-4% PEFoldto] 66%74, PPFolto] 224% 43t th(Table 3.2). o] 2
Y= 53] PEZF W8S gdsA SAA7IE 237 &S u s

Table3.2 Lymphokine production in PE and PP administered mice serum

(unit:pg/mé)
- Lymphokine 1.2 1.4
CON 8.8+1.2 68.4£6.5
PE 45.5+5.2* 23.2+1.8*
PP 13.6+2.3* 53.1£3.5

Samples(500mg/kg) were administered p.o. once a day for 28 days, and the collected
serum was assayed lymphokine with ELISA Kkit.
The data represents the meantSD of 5 mouse.

* ; Significantly different from control group (+p<0.05)
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8 2289 A4S 2 FSNAS L3} B} (AP D
7h AE 2 Wy
(1) EAFEEY As=Ed2id a3 € 8483 a3 HF (IXdE, in vitro)
In vitrool Al DPPH, Superoxide anion, Hydroxyl radical ol W3t 275 5& 43}
S FER(EB)N A7 £ A8e BH Adssds M GnRE dels

Fibrin plateE ©°]&3sto] E/MFE=(E/47 FE)9 dd& 45 HAFstaa sk

71 ENFEE(E718) T4 Phenolic compound &
@ 70% "WlgSS ol &3 HAsHEY =
Oil ¢ HA=dite F=3LA 70% methanol = AHE3FA T 500mL hexaneo] -& 3%
100ge] 7075 70% methanol=Z 3Weol] AA & F=3FATt (Fig. 1). |3 70% &t
&% vacuum rotary evaporators AM&3H] 40TColA ARAIATE o]FA Aoz Hge
2222 HAA3 T Z methanolo] £ -20CoA BASIL} rroz Aled A=
o oFuebrl A FLS o R FEste] RSt .

h_’il
i

o
oft

& Folin-Ciocalteu'§ ol w2} '3“5‘}9?\‘:}. =, lmg/mLe] =71+, #7]
At deE FE5E 02mLo 26mLe /5, 0.2mLe Folin-Ciocalteu A| %<
6% Zo] 2mLe 7% Na2CO3E F718te] 9087F WhS-AlA 750nmolA] F3EE =4
o} ¥+ 52 25 tannic acid(Sigma, USA)E AF-&3S T}
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+ Besame ol / Perilla oil / Sunflower oil H 100g Oil  +500ml Hexane H

(stir 30min)

+200n! 70% Methanal
(stir 1hr)

. 0% Metfianolic
residue
raction

+200ml 70% Methanol
(stir 1hr)

residue 70% Melhanolic
fraction &

+200nl 70% Methanaol
(stir 1hr 30min)

|
residue 70% Methanolic
fraction @

)

Melhanalic | % Matfanolic I ﬂ 70% Memanollc
fr fr 2cli Hm

yacuum rofary evaporator 406

Fig. 1. Preparation of 70% methanol extract from oil.

) EAFEEY FE7 &2A EF HF
@ Oil# Oil WgE F2E9 DPPH &4 84 574

=715 AAl(Total fraction)s} ¥l&te F3&&=(ME)] DPPHA 752 Hanato & (1989)°]
ko whEl Microplate reader (Model 680 Microplate Reader, Bio-Rad Laboratories UK
Ltd)E Ar&ste] SA4std 1, gixaoz2 J753 ntatrlf 2 72 7189 vags F5&
S AHE3ATh 7159 DPPH &£2A%5S 542 Iso-octaned] sE=EZ &3 des F
=5 100xLet 60uM 2,2-diphenyl- 1-picrylhydrazyl(DPPH)E 96welloll Y& + 23319
Fasoll 4] 3027 WS A1) F B540mnel A FHES ZAEAT (Lee JM et al,2007). WgHE

il

FZEE59° DPPH 2452 A =59 DPPHS &vl=& 95% W eheS o]&3lo] Hd3 Whyo
Fs9 T AIRE HUreHA] &S gz Hlausle] DPPH 2A5S WME& (%)= e
Aow IC50 (radical B 50%= Aet=H B8R dt= ARFE) #s ALtednh

@ Superoxide anion &A%

Here FE5E 400 plol 100 uM xanthine 400 pL, 600 uM nitrobluetetrazolium (NBT)
400 uL, 0.05 U/mL xanthine oxidase 400 uL, 0.1 M phosphate buffer (pH 7.4) 400 pL<
H7betol(F 2.0mL) 37CoA 107 vl ettt o] &3S 96 well plated] ¥ $ 540
nmo A FFEE =A3AUE (Robak | et al, 1983). A5 H7let# & thxay v
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slo] superoxide anion &~ &S MEE (%)= YERNSI T

@ Hydroxyl radical &A%

Hes FE5E5S 14 mlol H2027F 27F & o] 23 whgsto] F4ks)t girzs A st
Fenton ®F-g-9] w2} 10 mM FeSO4 - TH20-ethylenediaminetetraacetic acid (EDTA) 200 p
Lol 10 mM deoxyribose solution 200 pLe¢t &£3%3 2, 10 mM H202 200 mLE # 7}3}
o] 37C water batholAl 4A1F &<t wlgstsict o] &FHol 2.8% trichloroacetic acid
(TCA)$}F 1.0% thiobarbituric acid (TBA) €4S 717 1 mLA H7bste] 1021 8 +
W7tste] 515 nmolA FFEE S43AT (Chung SK et al, 1997). Al5& H7lsHA &2
o) 23} vl adke] hydroxyl radical 24 &3S WEE(%)E YERATT

() EA F2E9 84 &3 23 A5 U9
@ Fibrin 81X 9 FH]|
Fibrin Eal&4 S Astrup 5 (1952)9] fibrin plate method(¥ B¢l HAH)S $83F] A}
L9t 10mM  AAeE &9 (pH 7.8, 015M NaChe=® 10mL¢ 0.6% human
fibrinogen(Sigma)¥} 10mL<2] 2% agaroseE THEo] E¢3ta, FU3 dFEqo 9l
100NIH thrombin 0.ImLE °]&3}4] fibrinogen©] fibrino 2 A A3 oA A sFF Tt A=
gt plater= -2 A 30&7F WA & A AL

@ Fibrin #3184 &3
7y 5715, F71E, vt FEE9 fibrin ¥3 FAAS S5 Yool v A%
B wjA o] AR 50uE Golrme] 37TolA 18Xt vl - v‘i‘—
A& S48 gERTEAE AAE AL 542 plasmin(0.5U/mL)S AF-&3F% AL,
Al&9] fibrin w3l &AdS FAE plasmin®] FH3 T—% 100% g3 FAHox ¥ASHL
plasmin®| &3 2 ol H]#sto] plasminol]l thet Ao S 7k(%) o= FAIES

i
>,
il
o

(2) BAEAFY TEATS T AFAF 7548 AF 2AEE, in vivo)
n-3A4 AWAks e S0 (perilla oi)e] A A A}, FdsWAs &3S ASstaA &
WAst e FAAG wd A7} gxe E=
Zel2EHE-2L w9l &
ztol & ol 7|® QAT Perilla oile] thgh tixzaro® Fa 4 AWAbo]l linoleic
acid(n-6)¢1 afnutz}7] -2 n-94] MUFA®F SFAs® T4 lardES AF&3F9th &3 S70
= AN RBEEE] A F3 A S (Microencapsulated perilla oil, MPO)ol| th3l A&+
T AAste] M2 AdaAe g5 gotr iz &

dl ¢l apolipoproteinE knockout(apoE A
A s A AolE 1057 ¢ Faste] A4

(7}h) FEALS B HolAlx
@ 2 olA=x
B2 o] w7 5h-f-kA o] (Atherogenic diet, AD)Y¥ Paigen’s Atherogenic Rodent Diet
(Paigen B et al., 1987)5 w}ero =2 1.25% cholesterol¥} 16% fatS $Hisle A= 7|2 o=
slsdar, o] wf H7behe fate] FFol wel 47FA A2 o](Lard, Perilla, Sunflower, MPO)
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£ Axsttt (Table 1).
protein, fate. 2 FTHEH= &

}
AEANT2 formula o wel 2] o] 2

e Aol 42 keal/gd
45, 20, 35% = FAHEE
]EX/H_Q ZAslo] A L oA o] <

= ZA St (Table 2). A3 2]o]=

o olErhth wAske] AT Aol

Table 1. Diet used for the experiment

L

F9 HAoR Azl 0T AH WEF wus
o

o 2

+S 7FAIM  carbohydrate,
skt MPO2] o] 9] 7 $-

]_

Ot
¥R Hl Hm

=

Ingredient Lard Perilla Sunflower MPO
Corn Starch 42.5 42.5 42.5 27.5
Maltodextrin 21

=49, HLB10, 12.9
Sucrose 5.3 53 53 5.3

Cellulose 9.0 9.0 9.0 9.0

Casein 7.5 7.5 7.5 6.2

Sodium Casenate 1.3

soy protein 13.0 13.0 13.0 13.0
DL-Methionine 0.3 0.3 0.3 0.3

Lard 10.0

Perilla oil 10.0 6.0

Sunflower oil 10.0

73 Bt 4.0

Cocoa Butter 4.0 4.0 4.0 4.0

Coconut Oil, 76 2.0 2.0 2.0 2.0

Mineral Mix 3.5 3.5 3.5 3.3

KoHPO, 0.2

Vitamin Mix 1.0 1.0 1.0 1.0

Choline Bitartrate 0.2 0.2 0.2 0.2

Cholesterol 1.25 1.25 1.25 1.25
Sodium Cholic Acid 0.5 0.5 0.5 0.5

Total 100.1 100.1 100.1 100.2

* Invariant basal fat source: cocoa butter (57-64% SFAs, 29-43% MUFAs, 0-5% PUFAs), coconut
oil (92.1% SFAs, 6.2% MUFAs, 1.6% PUFAs).

- 147 -



Table 2. Formula of microencapsulated perilla oil (MPO)

Formula % in MPO
Perilla oil 24.35
) Fat

Hydrogenated oil 16.24

Corn syrup 49.14

Polyglycerol HLB10 0.23

Almax 1000 2.89 Carbohydrate
Sodium stearoyl lactate 0.23

Sodium casenate 5.43 Protein
K2HPO4 0.69 Mineral
Water 0.80 Water

@ 5% A%

C57BL/6 strain®] A% 6% wild type(10 w}&])3} apoE ko type (41 wvig])e] SPF
mouses Japan SLC Inc. (Hamamatsu, Japan)ollA T+ 3sle] Ao A3t A=
23 + 1C, 12 hr light-dark cycle(07:00 ~ 19:00) ZZ o4l Chow diet®} =& F®3] &35}
W AFA 80 ASAAT AeUE AR rheat TR WA
155
A AHAES ST (Table 3). =gk A& 7|3F &<k U A
Z4sgom o u 4 F AR A o % Awste] HoPAR A% gAaele A
7}E 9kth. The animal protocol used in this study has been reviewed by the
Pusan National University - Institutional Animal Care and Use Committee (PNU-TACUC)
on their ethical procedures and scientific care, and it has been approved (Approval
Number PNU-2010-00031).

of
-0,
jus}
ol

N

oN o Ho

]_

ol T M~

ol
2 v

off of

Table 3. Experimental group

Mouse model Exp. diet N the major fatty acids
Wild Lard 5
ild type
P Perilla 5
Lard 9 Oleic acid(n-9 MUFA) 44 - 47%, SFAs 38-43%
Perilla 9 a-linolenic acid (n-3 PUFA) 50-60%
ApoE-ko
Sunflower 9 Linoleic acid(n-6 PUFA) 48-74%
MPO 7 Perilla oil + hydrogenated oil, 40.59%

C57BL/6 strain (Wild type, Apolipoprotein knockout type) male mice.

OERIEIRERS:

A Aol FHF 107 &, w$2ES 1243 AAAF)3L zolazepam, tiletamine E3%HE
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(Zoletil 50, 30 mg/kg)®} xylazine (Rumpun, 10 mg/kg)S EB7FAste] nmlFsle] BR =
A7)ske]l sl A 9 (inferior vena cava)ellA A &3ttt o2 3.8% tri-sodium citrate
tubedll AN F 3t 3000 rpm, 4CelA 2023 LA EEdon, dojd 42 80T Xt
stk AlE & PBS #Fstel A7) Ol @RS AASI L 3 A v, 1g HE HE
sto] oRA 2 FES AN F FAES SASAT. 718 A= 10% formalin & <4
aAste] FEEE BEAS 93 N8R AFESY T YA E -80TC o R

(Y) &A71d mx= 54 HAAL Plasma AST/ALT 2 BUN-E, creatinine =73

g% AST/ALT §%+% Reitman-Frank®} < ©]83% &4 kit(AM101-K, Asan pharm.)&
Abgsle] =Asl o, BUN-E % creatinine %%+ Urease-Indophenol®& o]-&3%h
kit(AM165-K, Asan pharm.) % JaffeldS ©]&3F labassay creatinine kit(no.290-65901,
Wako Inc.)& Ab&3sto]l F73ek3ltt

(th) AAZAs 23 4 943} A F<
O ¥F AEdFse &4 4 s9AF3 Ax
g7 W total cholesterol(AM202-K), triglyceride(AM157S-K), 2] 32 HDL-C(AM203-K)
o gAHS o83 AFE kit(Asan pharm., Korea)S Alg3ste] =438t 1L (Allain
CC et al.,1974; McGowan MW et al.,1983), LDL-C+= Friedwald¥ [LDLC=% Z ¥ X2HE -
(HDLC+Z A A W/5)]o o3& Alxredth (Friedewald WT et al, 1972). 59743t A4+
Cardiac Risk Ratio(CRR)=TC/HDLC, Atherogenic Coefficient(AC)=(TC-HDLC)/HDLC,
Atherogenic Index of Plasma(AIP)=log(TG/HDLC)®  A4Fsttt (Tan MH et
al.,2004;Grover SA et al.,1999).

=

@+ 4 x23 F TG TC 5% 3

H & 27 Fo] AHE AAFE Ev(choloroform : methanol, 2:1)& AF&3}e] Folch
H1957) ol wel F=Fs9 o™, o] & TG, TC #4 kit (Asan pharm., Korea)& AF-&3}o] A
Elpass

Lo

e

(2) 23 A Ad{AsE A A FiAsAd 52 54

z2] T #}2eA A FEE Thiobarbituric acid reactive substance (TBARS)H & o] &
st =Ast¥tt (Uchiyama M et al, 1978). =, =& @A} 067% TBA, 0.1%
phosphoric acid& 907100C water bath oA 45%7F HESAIZ] & AZoA 23|a

n-butanol= H7Fste] 3,000rpm oA 10537F QA EE AT o] AT del FHFEE 540
nmoll A Ao AFF TBARSY TEE ZFFHo2ZXHE MDAY nmolEA

ehp ik,

(vh) 9 F dA £33 (fibrinolytic activity) 3

H &3l 52 fibrin plate®-& ©]&3ste] 743ttt (Barrios M et al, 2009). =, 50 ulL
4S5 09 mLe 0.017% acetic acidet EF3te] 20+ &<k iceoll A incubationd} Tt o] A
S 4TAA LA (B,000rpm, 158)3Fe] AFHS AAST AL H 7 E(euglobulin
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fraction)< 50 ul® 0.05M Tris buffer, pH 7.4°] AY-#3t2Ac}t. Fibrin plate: 3-cm
diameter FEZ Y F oA  Imidazole saline buffer, pH 7.4 E3Az1 01%
plasminogen-rich fibrinogen 1.5mLe| 75 ul bovine thrombin (10 IU/mL in 0.025 M
CaCl2)S =3l oA =@k 15 ul9 euglobulin &S fibrin plated] &3t 3
TCAA 24A7bs<t HbgAIZl = &3l fibrine] 4& FAHAY. 7 Al5Y S
plasmin®| fibrin #3834 =0l v &3t plasmin® &4 (plasmin units/mL) S 2 Y ERH ST}

() & FHH3s 23 g
@ Oil red O stainingS o] &3 FHFo xd A} AL &<
TG AR ARE %OPEﬂ #1te] Oil red O GMS 3 5 ALY WA S
=3 s T WS #AF 5 10% formalindl 28 E AFS OCT compound Xwj
&Aoo R ectlonomﬂ ARE 2o =2 Oil red 0 o] £3t0] A3}
o™ hematoxyling R GAA = ARgatsdch. d® A Fdn 7 (Olympus
CH30, x40)o.2 ##3e] DMC advance image softwareE A}-83Fe] WHA ALE 8¢

;

@ Imunohistochemistry(IHC)E o] €3t T9 U g9z g 24

Tl AN (ICAM-1, VCAM-1)9} nitric oxide A4 24 (eNOS, iNOS)e]
e W x23tst (immunohistochemistry, IHC)WFS-S o] &3] &2l3tdtt (Leal S et
al., 2006). ICAM-19] &4+ 4 um #Z24d8E, VCAM-1 % eNOS, iNOS9| #4o+= 6
um d#td FHE AMESg e, AHEd 1z &A= anti-mouse ICAM-1 monoclonal
antibody (ab25375, Abcam, UK), anti-VCAM-1 polyclonal antibody (sc-1504, Santa Cruz,
USA), anti-INOS monoclonal antibody (sc-7271, Santa Cruz, USA) % anti-eNOS
monoclonal antibody (sc-654, Santa Cruz, USA)¥t}. 1x}/2%} antibody o} WHg-A1 71 A A
HL diaminobenzidine (DAB substrate-chromogen solution, DAKO, USA)= A Al 7] 31
hematoxylin®. 2 thxgAste] Aoz dhaly ohalzd v S MIRAX MIDI slide scanner
(Carl Zeiss, Jena, Germany)< AF-&3le] #2319}

O O

(Ah) £2H33 B4S 88 39 AE2AF A H &4 A= &<
@ Oil red O A& &3 7+ =39 steatosis FH
ol A el A A5 98 "ol A e T FY e AEE AR
stttk 24S 4 um FAE 2 HH3ste] Oil Red O §Ao= A9t A2sk &
ol=+ Bt nA ol A %%’3}219_‘34 x1009) #HF ko] EA o] Abgsidnt 2 A
Photoshop 7.0.12.2 &4}38te] & WA 3t %= ettt

® Morphometrical analysis of the brain (hippocampus)
AEd ¥ 242 B "oew 67um T2 datste]l hematoxylin- eosin® A& ‘5‘}04
AA d@nAdow HEY s #Eerh AW HE3FS giHgdd dxA A, F
HEGS HH A, Al debtiESs dEEg e, ol & Towfighis(1991)¢] el ¢
VS

A dstke] gHakstAth (Table 4).
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Table 4. Grading for brain damage degree

Grade Degree of damage

0 Normal or 10% of cells are damaged
1 10~90% cells are damaged
2 More than 90% of cells are damaged

(o}) Statistical analysis

A ANE Hit + FFHUAR FAIFA L, SAS program(ver. 9.2)5 ©] &3] ANOVA
A3 & q=0.05 94 Duncan’s multiple range testoll 9|3t} A&+ HF = 719 FoYA S
AAsA. =3 Wild  type mF$2olA Lard9t  perillantel 594 S student
t-test(Microsoft Excel 2007)& o]&3to] 1 Z53FA

(3) FSEA 7159 F5Y 43 71T QA GAYE, F=43F)

A A7 23 Fedst 237 de sAMFE 35 ATEY F
Taky] flstel Sl Ve AdE aEE 2dE
7% (emulsifide perilla oil, EPO)E A %33t &
A AR ARRAVE) v A s
i, o] & AFHA Algrtol o] FewAdst &
=3

(encapsulated perilla oil) <}
NG AdAs a3s 5%
A= 3 E4FE NN
7

= Apo E KO mouse?l /‘1

m
e
Y
>Pﬂ
_O‘L

L £ mln o

(71) AeolAlz 2 FEAS
D AgAo] 24 2 A=
Ao A& FEAF AL Table 59 #u B Ago] Ful7stfaka o]
(Atherogenic diet, AD)+= Paigen’s Atherogenic Rodent DietE HI® o 2 1.25% cholesterol
I 13.76% fats Ffrshe AS 71202 8¢, o u HIlste fate] 7ol wet 3714
A& 2 o](Lard, Perilla, EPO)E A 23}ttt Larde} Perilla oil 232 ol= 3.96 kcal/gel &
ZS 7FA™ emulsified perilla oil A& 2o]= 373 kcal/gel @HE 71A1 carbohydrate,
protein, fat®. 2 F g%+ U7} 1821, 50.27, 31.52% =& FAHEEE 9t (Table 6).
Agrols dFYd HFo=m Axste] 20T oA Y& RASA wld wA st AlMgh
ol

@ 5% 79 2 A%

C57BL/6 strain® apoE-ko type (18)¢] SPF mouseE Japan SLC Inc. (Hamamatsu,
Japan)oll A Fdske] Ao A&ttt AU2% 22 + 1C, 12 hr light-dark cycle(08:30
T 20:30) 7194 Chow diet®} =& % wolH dFdzt @A ASAAY. A&7
AR vhe2as FALR A ASte] o B AlTo] HksteE s F 3w e ® Urelal i
Aol Aol A 105723 Aol AE A A3 =S ﬂﬁiﬁr. 10579 A3713 =
AF o] aH e A 7ho] A FS =AYl The animal protocol used in this study

has been reviewed by the Pusan National University - Institutional Animal Care and Use

3]

oﬂ l‘-{E
OH

rO g
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Committee (PNU-TIACUC) on their ethical procedures and scientific care, and it has been
approved (Approval Number PNU-2011-000294).

Table 5. Formula of emulsified perilla oil

Formula vl $HH] (% EPO)
Perilla oil 30
Pentaglycerol myristic acid 3.75
Oligosaccharide 48.25
Water 18

Table 6. Diet used for the experiment

Ingredient (%) Lard Perilla EPO
Casein 6.45 6.45 6.45
Soy protein 11.17 1117 1117
DL-Methionine 0.26 0.26 0.26
Corn Starch 36.53 36.53 36.53
Sucrose 4.56 4.56 4.56
Cellulose 7.74 7.74 7.74
oligosaccharide 13.82 13.82 13.82
Lard 8.60 - -

Perilla oil - 8.60 8.60
Cocoa butter 3.44 3.44 3.44
Coconut oil 1.72 1.72 1.72
Mineral mix 3.01 3.01 3.01
Vitamin mix 0.86 0.86 0.86
Choline bitartrate 0.17 0.17 0.17
Cholesterol 1.25 1.25 1.25
Sodium cholic acid 0.43 0.43 043

@ A g A5+
A Aol FHF 10F F, w$2ES 1247 AAAF)3L zolazepam, tiletamine E3HE
(Zoletil 50, 30 mg/kg)¥} xylazine (Rumpun, 10 mg/kg)S E7}FA}sle] npEH A7) B =
A8kl st A W (inferior vena cava)ollAl stk @A 38% tri-sodium citrate
tubeol AF 3t 3000 rpm, 4ColA 2087 94 Ea o 1 g2 80T »at
sttt AAE ¥ PBS #irste] 7] Wl A4S AASA L 1 A v, g HE AE
sto] o RA® FES AAT F FAE SASAT. AR 9 dF= 10% formalin &

=4 h
ool aAsto] FeEjsty A< 4l &3 YA = -80TCel Htatsltt

ne r
2
R

ok
>
a
i
>
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(F) s9TY AZJIFAE FH
o

A sEAHANA V=T W

(¥}) Statistical analysis

AgANE  Hit + EFAIE J/\]’5 AL, PASW statisticsE ©]-83}to] one-way
ANOVA (analysis of variance) A& % a=0.05 o] 4] Duncan’s multiple range testol] 2]3}
of AT HA 7He] FoAdS AASAT

(4) YA EE 53 =77 H7F 9 ARDAS] 7158 HAF (BAEE, pilot scale
human study)

A FEAFAAN a9 A5E T3t SAFE A

o 20/ 1A% APAE st 3193t 1 HAE S

Ass gz 1082 A5S sFo 37 AAsad. A=34 =

to PN
rot
ully
)
AN
Lo
: o
)
i
)
o|\
_O‘l’,
N

offl
©
ol
ol
X
ol
ol
2
o
=
AN
rlo
(03
-9
il
>,
S
Do)
fr
X,
H
ol
ol
X
ol
ol
2
.ﬂ
}~U
f
&
o
_|>i
i
o
AN
it
A
>,
)
2
o r

FAEF)ANA FeA g A5 B eSS dHEEE NER

Aole] F ZrY= FdeA AxzHAn (Table 7).

Table 7. Recipe of 2 types of experimental rice porridge

rice porridge rice porridge containing EPO

Formula

g/500g kcal g/300g kcal
Soaked rice 39.52 137.5 13.4 46.8
Soaked glutinous rice 43.68 163.4 13.4 50.3
Perilla seed flour - - 26.9 145.2
Perilla oil - - 2.7 10.2
Peanut flour 542 31.8 13.4 78.9
Salt 0.80 0.0 1.1 0.0
Sugar - - 0.4 1.6
Water 410.58 0.0 228.6 0.0
Total (1 serving size) 500 332.7 300 333.0
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@ Inbody 573 2 4 A
A3 713 Eote] WstE dolH 7] A AR AR o F AlA

Inbody(X-Scan Plus II, Jawon Medical, Guri, Korea) =#A 3 g 3= 3}
S A 3 oF 22X F E AHE 4 A FES At
e Akt =3, 7 §e S ool o o
=2 it =4 A5 J|(height), AT (weight), A1) & #FX4(body mass index:
BMID), AAWF(body fat amount), H AW E(body fat percentage), =2 <% (skeletal
muscle weight), #| AW (fat free mass), H5 A& (waist-hip ratio: WHR) o]t} & =)
HAve 122 385 5 dAE #eAbel o) AdEAon, dds EDTA tubeol 43 3HA
3000 rpm, 4ColA 1087 44 Egsdr). dojzx g4 07 Glucose, Triglyceride, Total
cholesterol, HDL-C, LDL-C, AST, ALTE 43} t}

>,

(th) Eq &4
@® ¥% glucose 2 A T= &4
g4 W triglyceride, total cholesterol, LDL-C, HDL-C, 1#] 1 glucose?] H=% A&
A71E o] &3t AT
@ Plasma AST/ALT &4
g% AST/ALT %+ Reitman-Frank® < ©]83 &4 kit(AMI101-K, Asan pharm.)&

A3l =43kl

(2 B5AA

ALAFS] HEEE Lolnr] fa) wm BEPAE AT A%, TSN
FNF, M%), S70%¢] o9, 9, o, 47 2 @), Ansel /5% 59 %o 0 3
e A7 9ol BHOR i 94 A=W ol &adth AL F AR o 1552 A7
6emel 214 Folgo| wol WA A £F AFE ol gote] Fo| S AASGUA
Y 2N BEPAE AT £ Q=S Stk 2 FEel o AEE 1RGNS 28,

1 =i
3F(HE #5), S (FAE A% &), TH(EST £5), 9H0F T2 Yetlidh



(v}) Statistical analysis

AdAF=  Hr + FFAAE FEASHY AL, SPSS  (Statistical Package for Social
Science)& ©]&3lo] + <tol e A & HluE paired t-testE, E/FT, 5T F 9
o142 student t-testE ©o]&3ste] HFeATh FEg BEH7FE one-way ANOVA
(analysis of variance) A3 % a=0.05 oA Tukey HSD testol] ¢]ale] A3t Ht = 7He]
oS HdAs

& %9 % phenol contents
H

F=
SAS A9 575, 715, el 5 &2 72 057, 061,
E 1

FEEY 5 = ,
0.30% = HEFRT FE=E 9 phenol T2 1.88, 886, 0.51%= EFSTH (Table

8).

Table 8. Yield for methanol extract of oils and its phenolic compounds concentration

Oil Yields (%) Phenolic compounds (%)
Perilla 0.57 1.88
Sesame 0.61 8.86
Sunflower 0.30 0.51

@ Oil# oil M&E F=E9 DPPH &4 &4 &3
, F71&, 'SHHPEW]%Q} O WEE FEF5° DPPH radical 2755 43 43
R FREAQ &4 E4S5 Yehddth(data not shown). 7] 5 A4 €] DPPH 4~A
| 13 2 E71%, #7105, sivterlf7F Zh2E 212, 1.91, 3.35 mg/mLE YERR:
A7 5, ke wehe FEE9 1502 27 042, 0.07, 4311 mg/mL&
ettt 37153 57159 WEes F5E5° DPPH &A &4 & Aol H& fF9%4
02 =55 ¢ F AU (p<0.05)(Table 9). ©]&= Espin et al(2000)&] 2]-&-FA]of digt A
T2 E o 3 57189 F FE7] AES ves £8 A= v sfukebr] 9o
7] e AE 94 7] WEQl Aom AlsHn olHH AZEA] FR/ 7] & (total
fraction)?} ol59] Wg&FEE2 DPPH £ASS —f—xé??_ AE HokS w s Y
(methanol fraction) % ¢ &4 =Ho] A F(ipid fraction)d U+ EIZIHZI 22
st 2ART £ & FE7eS M Aow B

ol
o~
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Table 9. IC50 for DPPH radical scavenging activity by oils and its methanol extracts

(mg/mL)
oil" Methanol extract?
Perilla 2.12° 0.42°
Sesame 1.91° 0.07°
Sunflower 3.35° 43.11°

Y0il and DPPH were dissolved in iso-octane.
’Methanol extract and DPPH were dissolved in methanol.
““Data with different letters are significantly different with one-way ANOVA followed by

Duncan’s multiple range test at p<0.05.

3

<

@ Oil M&s FEEY &4 4A&2F(02-, -OH)d o A
Superoxide anion(02-)= AW AL 34 T 7FE HA A = gdAgaA~Z H202v
-~OHell Hl&f w542 ofsiut AAe] il vE %‘f”’\}i%oﬂ Hlal A el aA A
dEo] & S4NAE HAeE7] o] 1 At} In vitrool A 02-¢]
AARE Frdte] Img/mLE =AY 718, 378, oﬂﬂ}a}ﬂw MeEFEE0 02- &7
E‘_Tﬂli ’\Lﬁii Ay E7)E Hee FEHEo] 21.10 £ 2.83 %9 superoxide anion &7 A
+ %) ¥} siutelr]f FEEB14 £ 1.21%)H 1} 16,
1S ¢ F dAH §_1_, hydroxyl radical 2ASNA = Al FEE9]
A r

oA ¢l o] Holx= FUTt (Fig.2).

% inhibition
2

Ferilla Sesame Sunflower Feilla Sezame Sunfower

Fig. 2. Free radical scavenging activity of methanol extracts of perilla, sesame and
sunflower oil against reactive oxygen species.
A: Superoxide anion scavenging activity of methanol extract of oils, B:

Hydroxyl radical scavenging activity of methanol extract of oils.

a-cData with different letters are significantly different with one-way ANOVA followed by
Duncan’s multiple range test at p<0.05.
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(W4} A F2EY 84 &3 a7 AF
3% fibrin plate% o] &3 Fibrin #3]&4 =
%—H gHE dolH gt} (Fig.3).
J8 T3S 100%2 39S wW &
aﬁu}a}ﬂ FEE 8 33.3 %ol &3 g

o
oL
o
fr

ME of oil (80 mg)

Perilla Sesame Sunflower

Fibrinolysis
(plasmin U) 0.21 0.21 0.17

Fig. 3. Fibrinolytic activities of Methanol extract (ME) of perilla, sesame and sunflower
oil using Fibrin plate assay

Plasmin (0.5 U/mL) was used as a positive control

(2) TEARE T =AFY AAAS} 7IsA AF5 QAIE, in vivo)

(7}) Changes in body weight gain and relative organ weight

@ 2ol T FAFLA B AF F7HF

A wdel wE ve-xo] AF SUME AHEGS W o 27 AFS Wild type PF-
5L 22 g, Apoe ko PF9-2F Hit AT 24 golAt 1057 AFS & vpg-2~9]

WateEs vlagk A3 a3k fo) A< }01% wolx sttt (Table 10).

Table 10. Body weight gain after 10 weeks of experiment

ﬁggiﬁ Diet Body weight gain(g)
Wild type  Lard 6.0 £ 29NS
Perilla 40 £ 08
ApoE-ko Lard 47 = 1.2NS
Perilla 33 £ 26
Sun 26 £ 25

Initial weight (Wild type mouse: 22g, Apoe-ko mouse: 24g)
Data are mean *+ SD.

NS : Not significantly different with student t-test or one-way

ANOVA followed by Duncan’s multiple range test at p<0.05
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v AulFAl= perillaxto] th2 ol vld] =2 A4
B o]x] ekokt} (p<0.05)(Table 11).

ZT o2 wilde type 28] 3 apo E mice EFolA FAF Lol wE

ekt WbH wild type "F$-2~9]
i1

FolHow FAEAL JUFY G4 2L

Table 11. Organ weights of experimental group

v F- A= Perillaw™ o] Lardw-oll H] 3]
A A THp<0.05). ApoE ko w529
= Boy AT Fds AolE

Mouse Diet Liver Kidney
model Weight(g) Relative(g/100g)  Weight(g)  Relative(g/100g)
Wild type Lard  213+031"°  7.80+1.33"° 0.34+0.02"°  1.18+0.04™°
Perilla 2.45+0.18 9.37+1.02 031£0.05  1.17+0.15
ApoE-ko  Lard 228021  7.82+0.46™° 0.31+0.02"°  1.07+0.05™°
Perilla  2.58+0.58 9.19+1.61 032+0.03  1.17+0.14
Sun  2.24+0.40 8.27+1.90 031£0.02  1.13+0.07
Mouse Diet Spleen Testicle
model Weight(g) Relative(g/100g)  Weight(g)  Relative(g/100g)
Wild type Lard  0.09+0.02 0.32+0.06 0.21+0.04™  0.75+0.17"°
Perilla 0.14+0.03*  0.52+0.13* 0.19£0.03  0.710.10
ApoE-ko  Lard  0.150.06"  0.50+0.22"° 0.19+0.02™  0.65+0.09"™°
Perilla 0.18£0.04°  0.65+0.23 019+0.02  0.67+0.08
Sun  0.13:0.02°  0.46%0.06 0.19+0.01 0.70+0.05

Data are mean * SD.

NS : Not significantly different with student t-test or one-way ANOVA followed by Duncan’s

multiple range test at p<0.05.

Data between wild type and apoE-ko analyzed by student t-test are significantly different at * p<0.05
*®Data with different letters are significantly different with one-way ANOVA followed by
Duncan’s multiple range test at p<0.05.

(W) EAS 37 A7)0 vlxE= 93 AST, ALT, BUN-E, Creatinine ¥ %=

ASTS ALT X+ wild typeoll A+ A olF/ol W& ZpolE& HolA

kot apoE ko

typeoll A= Lards*©] Perillav©]Y Sunflowers*ol] H]3| Fo& o2 &2 AST, ALT X
= YeA et (p<0.05)(Table 12). BUN-EY creatinine %= 7t xfo] & H.o] x| ¢kkt}

(Data not shown).
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Table 12. Alanine aminotranferase (AST) and aspartate aminotransferase (ALT) levels of

experimental group

ngzle Diet AST (Karmen/ml) ALT (Karmen/ml)1)
Wild type Lard 53.17 + 10.32"° 52.99 + 26.35™°

Perilla 55.54 + 9.73 69.00 + 3559
ApoE-ko Lard 1571.25 + 156.96° 48250 + 134.82°

Perilla 340.90 + 118.73" 15532 + 20.16"

Sun 648.54 + 321.28" 197.78 + 69.17°

YKarmen Unit = IU/L x 2.10

Data are mean + SD.

NS : Not significantly different with student t-test at p<0.05.

*®Data with different letters are significantly different with
multiple range test at p<0.05.

(th AAA% 57
O ¥EF ANEdFs=
Wild type vF-$-2=9]

2 59738 A% 9

dEAA vEE AolfA F

one-way ANOVA followed by Duncan’s

doll wE zPo]E Ro|A] gkoror}

apoE ko w920 29lo] Perilla®} Sunfloweri©] Lardv ol Hl&] Fod o=z v+ TG, TC

2 LDL-C Fx& YEeERNATHp<0.05)(Table 13).
Lardyt Sunflowerw-ell Bl F<]4 <l &% HDL-C

==

o] =

L=,

Table 13. Triglyceride, total cholesterol, HDL-C and LD

w3l apoE ko wF$-2olA Perilla7-<

*rc =
o -1- ©

7He Bt (p<0.05).

L-C levels in plasma of experimental

group
(mg/dl)
i\n/[gggf Diet TG TC HDL-C LDL-C
Wild type  Lard  65.35+14.81"°  180.21+26.46"°  43.16+5.59"°  123.99+28.99"°
Perilla  61.67+7.64 158.99+27.15 36.863.68  109.80+26.53
ApoE-ko Lard  276.46+25.01°  1460.71+166.04° 2.89+0.72" 1402.52+169.77°
Perilla 195.65+47.37°  1061.35+76.51°  4.03+0.84° 1018.20+81.29°
Sun 178.94+34.01°  1209.61+75.88°  2.77+0.56" 1171.06+73.13"

Data are mean *= SD.

TG: triglyceride, TC: total cholesterol, HDL-C: HDL-Cholesterol, LDL-C: LDL-Cholesterol
NS : Not significantly different with student t-test at p<0.05.

“®Data with different letters are significantly different
Duncan’s multiple range test at p<0.05.

®@ 9733 A4 (Atherogenic index)

Wild type PF$-2=olA = A3 o] atherogenic indexol] 2] %

ko P} A= sunflowerw 3} lardS #294<l zpo] =

with one-way ANOVA followed by

zFol] 7} gl Th. ApoE
Wb perillav < lard

o
T

Ho|A] &

o] Hl& FoF o g e atherogenic indexE H . tHp<0.05)(Table 14).
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Table 14. Atherogenic index of plasma in experimental group

Mouse ) Atherogenic index"
Diet
model CRR AC AIP
Wild type  Lard 4.24+0.89™° 3.24+0.89™° 0.18+0.10™°
Perilla 4.31+0.61 3.31+0.61 0.22+0.09
ApoE-ko Lard 536.68+184.04° 535.68+184.04° 1.99+0.10°
Perilla 278.33+89.00° 277.33+89.00° 1.68+0.18"
Sun 449.79+83.16™ 448.79+83.16™ 1.81+0.15%

Y Atherogenic index: Cardiac Risk Ratio(CRR)=TC/HDLC, Atherogenic
Coefficient(AC)=(TC-HDLC)/HDLC, Atherogenic Index of Plasma(AIP)=log(TG/HDLC).

Data are mean * SD.

NS : Not significantly different with student t-test at p<0.05.

*Data with different letters are significantly different with one-way ANOVA followed
by Duncan’s multiple range test at p<0.05.

(H) T+ 2 ¥ 239 TG, TC 7%
@ Liver tissue
Wild type "}$29] 7+ TG 5%+ Perilla v¢] Lard ol Hl&] Fo¥ oz 7HAhs o
(p<0.01), 2+ TC %% Perilla ¥#°] Lard ol H]3] Fd oz 7HA3AT (p<0.05). Apo
E ko "F-9-29 1+ TG %+ AolfA add & Fo4< Aol& Holx &%k, I+

TC &=+ perilla w0 lard ol W& frol4 ez sttt (p<0.05)(Table 15).

@ Brain tissue
Wild type 7F§-29 ¥ 2% % TGsE+ Lard 79 Hl&perillatoll A fF2ol& o=
3t o™ apoE ko "F-$-2=9 9lo] perillavt©] Lardw ol Hlal] fold oz v ]
EF AT (p<0.05). Wild type "F$-29] ¥ %% T TC &%+ perilla©] lard o] H] 3|
Aot o, Aol Aol WE KA Aol HolX &ttt ApoE ko wh-g-Z=of 3l
A+, perillair ¥} sunflowerst©] Lardol W3} 2% TC x99 #IA2E HY
(p<0.05)(Table 15).

co

RUB AR R

e
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Table 15. TG, TC concentration in liver and brain tissues (mg/g tissue)

Mouse . Liver Brain
Diet
model TG TC TG TC
Wild type  Lard 51.94+7.43 25.58+3.29 7.42+0.50°° 14.44+0.99°
Perilla 28.41+9.78  16.61+6.17 4.23+1.53° 14.11+2.20°
ApoE-ko Lard 61.67+5.56°  32.93+11.91° 8.13+1.98° 17.22+1.55°
Perilla  56.78+8.61 24.16+3.90° 6.71+0.60° 15.91+1.70°
Sun 58.78+3.63 32.83+3.57° 7.30+1.43% 14.65+2.29"

Data are mean + SD.

TG: triglyceride, TC: total cholesterol

NS : Not significantly different with one-way ANOVA followed by Duncan’s multiple range test
at p<0.05.

Data between wild type and apoE-ko analyzed by student t-test are significantly different at *

p<0.05, ** p<0.01.
**Data with different letters are significantly different with one-way ANOVA followed by

Duncan’s multiple range test at p<0.05.

(v}) 23 H o] AAJASE AL A
@® 39 HFiAAE v=
Wild type v}-$-22] 7+2] TBARS &%+ perilla 7#°] lard ol H & Z7}stA A 7F 9
ZolA] e tHp<0.05). Apo E ko "F9-29 7+¢] TBARS %%+ lard +©°] perilla v 3%
sunflower ol H]3] Fo]& o2 743} Hp<0.05). (Table 16).

@ A9 FiAAA =
Wild type vF$-229] = %7 T TBARS F%+ AolfA S wWE oA ol=
Bolx gkokt}. AW apoE ko "F-$-2~o ol A+ sunflowers3} lards-oll H] &l perillas™oll
A frolAel #As HAY (p<0.05)(Table 16).

Table 16. TBARS concentration of organ tissue
(nmol/g tissue)

i\n/[:))g:le Diet Liver Brain
Wild type Lard 6.89+2.85"° 26.72+4.62"°
Perilla 16.96+8.20 25.81+3.71
ApoE-ko  Lard 17.74+7.35° 32.46+5.24°
Perilla 35.71+14.07° 25.70+4.91°
Sun 41.97+19.88" 31.74+3.18°

Data are mean + SD.

NS : Not significantly different with student t-test at p<0.05.

*®Data with different letters are significantly different with one-way
ANOVA followed by Duncan’s multiple range test at p<0.05.
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(vp) 89 F dA L35 (fibrinolytic activity) =3

& 7o] euglobulin fraction Wolli= $& 3} fibrinolysisoll 3¢ &}+= plasminogen activator,
fibrinogen, Factor V, VIII, XI s°] £°] 1t} Euglobulin fraction®] ¢]3l fibrin plate’}
lysisHl &= AEES AZA3 A3} wild typeol A& Aold W& xpo]E HolA gtor} apoE
ko "}$-2o A= perillaito] oA o® =2 dH&d5S XA (p<0.05)(Fig.d).

Mouse Diet Lysis area
model (Plasmin U/mL)
Wild type Lard 0.57+0.09™
Perilla 0.55+0.16
ApoE-ko Lard 0.11+0.03"
Perilla 0.22+0.03" \
Sun 0.10+0.02° M
Data are mean *+ SD. = N Ne
NS : Not significantly different with student t-test at [/ | J( )
p<0.05. 4
*Data with different letters are significantly different S

with one-way ANOVA followed by Duncan’s
multiple range test at p<0.05.

Fig. 4. Fibrinolytic activity in euglobulin fraction of plasma

(AD) Qil red O staining< ©] €3 F9F9 A2 I3} A= &<

Wild type "9 sHllTolAe= Ad S 719 & F gldoy, sWAst el
Ql apoE ko #lf-2olA = W] Ak WHes B 5 QtH(Figh). Oil red O 94 & &
3k positive areat™ lardi- Y sunflowersoll H| & peillazo] A Al @25 o] perilla oil X7}
7F A A 2SS feoldow AHAZl Aoz HAtE (p<0.05).
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ApoE KO
_ Perllla 011 Sunﬂower oil

Apo E KO mice
0.40

o Wild type

0.30

025 e eess  WIREUS
0.20 - & 3
0.15 e Rl

0.10 - = _ 3

0.05 - _ ; ;
0.00 §nnan, > :

Lard Perilla

Lesion area (mm?)

Fig. 5. Oil red O staining of atherosclerotic lesions in aortic sinus

(o}) Imunohistochemistry(IHC)E o] €3 T ] gz &3d B4
@ sl ICAM, VCAM %& &9l

Apo E KO v}-$2o A T2 ICAM-19 &L perilla oilS AA#H 3 A$ lardE A F 3

ol M]3l 4659% A AES EAY (Figh). VCAM—l ‘*?’4_7: wild type® apo E KO
]——?— B g3E5 B lardel Y] perilla oils FH3S oA 22 26.31%, 17.15%
7 aekslnt
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Fig. 6. Quantitative analysis of ICAM-1(A) and VCAM-1(B) expression in aortic tissue
and photomicrographs of immunohistochemical staining of apoE ko mice. Data
are mean * SD (n=b).

Abbreviations: WTL, wild type mice fed a diet containing 10% lard; WTP, wild type mice fed a
diet containing 10% perilla oil; AL, apoE-/-mice fed a diet containing 10% lard; AP, apoE KO
mice fed a diet containing 10% perilla oil; AS, apoE KO mice fed a diet containing 10%
sunflower oil

@ Nitric oxide synthases %@ &<l
eNOS 32 Apo E KO vl 5 perilla oil AF3 oA 71 =4 dehyskon o]
A== wild typed H]S23F A=A th Wild typedl A INOS &2 perilla oil 4% A lard
AF ) mal 33.6% 7FAsArk =3 Apo E KO #9920 A = lardel H] 3} perilla oil®
sunflower oile] Z}Z} 20.8%, 125% @& 7 AE B A vHFig.7).
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Fig. 7. Quantitative analysis of eNOS(A) and iNOS(B) expression in aortic tissue and
photomicrographs of immunohistochemical staining of apoE ko mice.

Data are mean * SD (n=5).

WTL:wild type mice fed a diet containing 10% lard, WTP: wild type mice fed a diet
containing 10% perilla oil, AL: apoE-/-mice fed a diet containing 10% lard, AP: apoE KO mice
fed a diet containing 10% perilla oil, AS: apoE KO mice fed a diet containing 10% sunflower oil

() =AEH A& T3 19 AZIF L o &4 A= g
Oz =24 F ALAFX ZE
Wild type w9229 7F XA A2 5 A2 S o perilla °] lard oo Hl&A 79
Hog HARALE7F Fthp<0.001). Apo E ko w29 78 AAHZ AEE= lard 9]
perilla 73} sunflower ol W3} A& H2AAE7F =dt} (p<0.05) (Table 17, Fig.8).

g
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Table 17. Degree of hepatic steatosis in the mice

Mouse model Diet Hepatic steatosis (%)

Wild type Lard 48.32+20.00
Perilla 29.66+11.50°

ApoE-ko Lard 57.44+16.33°
Perilla 42.32+10.27°
Sun 45.23+10.50"

Data are mean *= SD.

Data between wild type and apoE-ko analyzed by student t-test are
significantly different at * p<0.05.

**Data with different letters are significantly different with one-way
ANOVA followed by Duncan’s multiple range test at p<0.05.

Fig. 8. Degree of hepatlc steatosis in the mice fed high cholesterol dlet contammg

different oils for 10 weeks.

(A) WT.Lard (B) WT.Perilla (C) Apo.Lard (D) Apo.Perilla (E) Apo.Sunflower

@ HAE &4 AHZ: Morphometrical analysis of the brain (hippocampus)
Wild type PF-§-229] afjupiEo] A3 &4 AolfA wdd mE Fo4Ql Aol &
Holx] ko) perillavto] lardeol H|&| &4H L7t 27% AT Apo E ko vh-$-2=9]
o) = sulflowers ¥ larde*oll B8l perillastoll A 35%2] oA ZAsHA £k 7Ha

1=

5 R ATHp<0.05)(Table 18). T3+ Apo E KO wl§-2 7hol] Ao|FfFrol 2 x2g% w3l
E Hlxd B, Lard®} Sunflower oil oAM= o] LA FH] AXFIT ol AXE
R Fo] HrAow FEsta Aol FHH FIFST WolgE Hol= AETF Bol
BT webs A ek E4o] Bol IFHATS & 7 AT WY, Perilla oils A
g ol M= Fo] AFHA 2 AETVF gow I FHo] E dET d dojd AS =
T AT (Fig9).
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Table 18. Degree of brain cell damage

Mouse model Diet Brain histological damage
Wild type Lard 9.25+2.38™

Perilla 6.60+1.74°
ApoE-ko Lard 14.75+2.28°

Perilla 9.60+2.24"

Sun 12.40+2.58%

Data are mean + SD.

“Data with different letters are significantly different with
one-way ANOVA followed by Duncan’s multiple range test
at p<0.05.

Perllla Sunflower

(3) A&7 (microencapsulated perilla oil)7} 718 L ZH2HE o] & HFH3I
ApoE-ko miced] F A = % 7 HZEZF &4 Uik s a7

hH As 2 2H FAY ¥
O Aol T FAFLd WE AT F/HF

L9 4 initial weight® H i 24gl & FAEHEEZE A} vl-+29 105
P ATt E A% A3 MPO ] lard 3 perilla 79 B3] o8 oz 7FA4sATh
(p<0.05). MPO +& 105+ &<t AT S7HE A9 Holx| o FAHAELR AE3A
= Al A3 a7 s Ao® ddEtt (Table 19).

Table 19. Effect of dietary supplement MPO on body weight in apoE-ko mice

Diet Body weight gain (g)
Lard 47 + 1.2°
Perilla 33 + 26
MPO 02 + 2.8

Data are mean *+ SD.
“Data with different letters in the column are significantly different with one-way
ANOVA followed by Duncan’s multiple range test at p<0.05

@ 7154
ApoE ko mh¢-2=9] b R, ngke] FFel= ik AtelE WolA| Skt (Table 20). 4l
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=}

o

AU A= perilla 0] MPO ol vl3] Adldo=z o AFFS B YA (p<0.05)
Zo| = 2jo]E Ho|x erkr)

off 1o

Table 20. Effect of dietary supplement MPO on organ weight in apoE-ko mice

‘ Liver Kidney
Diet Weight (g) Relative(g/100g)" Weight (g) Relative(g/100g)
Lard 2.28+0.21"° 7.82+0.46™° 0.31+0.02°° 1.07+0.05™°
Perilla 2.58+0.58 9.19+1.61 0.32+0.03" 1.17+0.14
MPO 2.18+0.35 9.12+2.65 0.28+0.02° 1.16+0.18
Spleen Testicle
Diet
Weight (g) Relative(g/100g) Weight (g) Relative(g/100g)
Lard 0.15+0.06™° 0.50+0.22"° 0.19+0.02"° 0.65+0.09"°
Perilla 0.18+0.04 0.65+0.23 0.19+0.02 0.67+0.08
MPO 0.15+0.06 0.64+0.24 0.18+0.03 0.74+0.18

URelative organ weight, A% 100 g 712 45 % = (organ weight / body weight) x 100

Data are mean *+ SD.

"Data in the column are not significantly different.

“*Data with different letters in the column are significantly different with one-way ANOVA
followed by Duncan’s multiple range test at p<0.05

) 85 X]él‘E 2 FHAg A&
O 8F AL =&

ApoE ko PF§-2o o] TG w%+= MP ol perilla vl H & FojH o R

20
BY
rlo
&
=
o

Aaskelal, TC9 LDL-C $%% lard o] W8] fod oz Fhaste] perilla w2 W]5zeh
F2E YRS (Table 21). HDL-C %9 oA lard 3 perilla o3} v%*—iﬂ 2]
]’ ME}(D<O.05).

Table 21. Effect of dietary supplement MPO on plasma lipids in apoE-ko mice

(mg/dl)
Diet TG TC HDL-C LDL-C'
Lard 276.46+25.01° 1460.71+166.04° 2.89+0.72"° 1402.52+169.77°
Perilla 195.65+47.37° 1061.35+76.51° 4.03+0.84 1018.20+ 81.29"
MPO 126.99% 3.50¢ 1072.50+188.46" 5.79+0.69 1041.32+188.53"

Data are mean * SD.

TG: triglyceride, TC: total cholesterol, HDL-C: HDL-Cholesterol, LDL-C: LDL-Cholesterol.

"Data in the column are not significantly different.

“®Data with different letters in the column are significantly different with one-way ANOVA
followed by Duncan’s multiple range test at p<0.05
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® T A3 A4 (Atherogenic index)
MPO & lard 7o H|&] Feld oz e atherogenic indexE H oW perilla &
ARSE o] M As F3E YERHATHP<0.05) (Table 22). TGl t3d HDL-C2] v =
o] 43 AIPSIA = MPO 2 perilla #HUE §o8 07 %o 232 Bt (p<0.05).

Table 22. Effect of dietary supplement MPO on Atherogenic index in apoE-ko mice

Atherogenic index

Diet
CRR AC AIP
Lard 536.68 + 184.04° 535.68 + 184.04° 1.99 + 0.10°
Perilla 27833 + 89.00° 277.33 + 89.00° 1.68 + 0.18°
MPO 187.85 + 40.62" 186.85 + 40.62° 134 + 0.06°

CRR: Cardiac Risk Ratio (TC/HDLC), AC: Atherogenic Coefficient[(TC-HDLC)/HDLC], AIP:
Atherogenic Index of Plasma [log(TG/HDLC)]
Data are mean + SD.
““Data with different letters in the column are significantly different with one-way ANOVA
followed by Duncan’s multiple range test at p<0.05

(th) =4 F TG, TC &= &3
@ Liver tissue
ApoE ko wpf-22elA MPO w+9] 7+ TG FE+& lard 7ol v&l] 942
22 F TC %% MPO 3 perilla +°] lard +HT} Foxow 743
(p<0.05)(Table 23).

o
Hﬂ
o
B~
ol
B
o
H

_I_4

22
)

@ Brain tissue
ApoE ko wl-f-2=o A MPO w#} perilla 9] ¥ TG&E+ lard ool H|3] Fojd o=
239 3L (p<0.05), ¥ %4 F TC H%E MPO o] perilla 7ol H]&] o8 oz =7}
tH(p<0.05)(Table 23).

1

N

ol
2 o

}_

>

A

Table 23. TG, TC concentration in liver and brain tissues of apo E ko mice

(mg/g tissue)

. Liver Brain
Diet
TG TC TG TC
Lard 61.67+5.56" 37.23+9.86" 8.13+1.98" 17.22+1.55°
Perilla 56.78+8.61°" 23.94+4.16° 6.71+0.60° 15.91+1.70°
MPO 47.64+9.01° 26.17+8.18 7.23+0.90° 16.81+2.83°

Data are mean + SD.

TG: triglyceride, TC: total cholesterol

**Data with different letters in the column are significantly different with one-way ANOVA
followed by Duncan’s multiple range test at p<0.05
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(8})) 24 5 TBARS 5%
@ Liver tissue
ApoE ko PH§-2eA 7F TBARS %+ Aoladdd weE ¥ 794 xko]7t yEA
oF SETHP<0.05).

® Brain tissue
ApoE ko "2 Al ¥ TBARS ®%% MPO 9] lard oo H3&] fodo=z 7ha
om 7 F3+E Perilla w3 §AFFE THP<0.05).

bl

ot

(v}) Zroll WA= 93 : AST/ALT

AST A= MPO w©] lard woll Hl&} FoHow @& FA5 YEHla(P<0.05), ALT
T2+ MPO 3 perilla 7°] lard o H]3] FJH o=z e 3= YHe v (Table
24). AST/ALT A olM = AolFQel wa 37k F242 zolZ Holx erdth(p<0.05).

R4 LS AN

N

Table 24. Effect of dietary supplement MPO on AST and ALT levels

Diet AST (Karmen/ml) ALT (Karmen/ml)"
Lard 1571.25 + 156.96° 48250 + 134.82°
Perilla 340.90 + 118.73° 155.32 + 20.16"
MPO 790.00 + 251.87° 14756 + 44.58°

YKarmen Unit = IU/L x 2.10
Data are mean * SD.

““Data with different letters in the column are significantly different with
one-way ANOVA followed by Duncan’s multiple range test at p<0.05

(4) %3 =70 (Emulsified perilla oil, EPO)¢l 71%54< Apo E KO moused] A &3l
(3xkd X, in vivo)
7hH) AT 2 Z7 FA A3
® Ao & fAFL w2 AF 57
105 A% & mpSro] zEWalers vlw
(Table 25).

(o off

Table 25. Body weight gain after 10 weeks of experiment

Group Body weight gain(g)
Lard 34 + 14
Perilla 26 £ 29
Emulsified 1.3 £+ 1.0

Data are mean * SD (n=6).
“Data in the column are not significantly different.
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@ Z715A
13k A= Emulsifiedwto] Lardwel Hl8] #o4 o2 S71s s & + AdAt
(p<0.05). 2, A%, v 2 w3ke] Ao F A= Emulsifieditoll A Z7FsFA AW 240 %}
o] & Holx &= &ttt (Table 26).

Table 26. Organ weights of experimental group

Liver Kidney
Group 5 . ) . .
Weight(g) Relative(g/100g) Weight(g) Relative(g/100g)
Lard 2.64+0.32"° 10.72+0.81™° 0.30+0.03™° 1.23+0.07"°
Perilla 2.47+0.45 10.72+1.10 0.30+0.03 1.29+0.11
Emulsified 2.51+0.38 11.2241.23 0.29+0.02 1.32+0.10
Spleen Testicle
Group ; 5 5 ;
Weight(g) Relative(g/100g) Weight(g) Relative(g/100g)
Lard 0.13+0.03"° 0.54+0.11™° 0.17+0.01™° 0.69+0.05°
Perilla 0.11+0.02 0.48+0.55 0.18+0.01 0.78+0.10%°
Emulsified 0.14+0.03 0.64+0.18 0.19+0.02 0.84+0.05

YRelative organ weight=(organ weight / body weight) x 100

Data are mean * SD (n=6).

“Data in the column are not significantly different.

*®Data with different letters in the column are significantly different with one-way ANOVA
followed by Duncan’s multiple range test at p<0.05.

(W) A2 A3t 23 £ 593 A &2

Perilla®} Emulsifiedw*©] Lardw o] H]&] fFojA o= e TG, TC ¥ LDL-C A& 4
EF A tH(p<0.05)(Table 27). HDL-C %9 749+ Perillax*©] Lardao 1|3 feldo=
Z 7Vl A Wk, Emulsified 2 Lard+toll H]3] f-2/&Q 715 Holx &kt (p<0.05). &
WA X == Larda ol Bla] perillavte] FoFHo® wrkon (p<0.05), emulsifiedi-&
perillawt % #e] Lardwel W8] froldowm w2 FWASAFE AT (p<0.05 Table
28).

Table 27. Triglyceride, total cholesterol, HDL-C and LDL-C levels in plasma

(mg/dl)
Group TG TC HDL-C LDL-C
Lard 109.91+15.56"  1782.51+338.94°  2.66+1.48"  1757.87+336.18"
Perilla 84.13+13.76°  1398.79+201.23°  7.81+2.37°  1374.16+199.08"
Emulsified 84.81+18.42°  1424.52+194.08°  4.23+1.09°  1403.33+196.57"

Data are mean * SD (n=6).

TG: triglyceride, TC: total cholesterol, HDL-C: HDL-Cholesterol, LDL-C: LDL-Cholesterol.

*®Data with different letters in the column are significantly different with one-way
ANOVA followed by Duncan’s multiple range test at p<0.05
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Table 28. Atherogenic indexes of the experimental groups

Group Al TC/HDL-C LDL-C/HDL-C
Lard 84136 + 408.46° 84236 + 408.4° 830.80 + 403.14°
Perilla 190.87 + 61.32° 191.87 + 61.32° 188.55 + 60.58"
Emulsified 351.10 +83.61° 352.10 + 83.61° 346.96 + 83.47°

Data are mean * SD (n=6).

TG: triglyceride, TC: total cholesterol, HDL-C: HDL-Cholesterol, LDL-C: LDL-Cholesterol.

*®Data with different letters in the column are significantly different with one-way
ANOVA followed by Duncan’s multiple range test at p<0.05

2

(th) 8% J=2d &5 &

& 49] euglobulin fraction U
fibrinogen, Factor V, VIII, XI 5°] E°] <t} Euglobulin fraction®] 2]3l fibrin plate’}
lysis¥ &= AEE B3 A3 perillav ¥ emulaifieds*©] lardwol H] & fFod oz e &
ALl sS BATH (p<0.05)(Fig.10).

| = S8 fibrinolysisol #¢]3}l+= plasminogen activator,

2

d

\\

Larci Perilla Emulsified

Group Lys‘is area
(Plasmin U/mL)

Lard 0.019+0.010"

Perilla 0.074+0.024"

Emulsified 0.073+0.016"

Data are mean * SD (n=6).

**Data with different letters in the column
are significantly different with one-way
ANOVA followed by Duncan’s multiple
range test at p<0.05

Fig. 10. Fibrinolytic activity in euglobulin fraction of plasma

(&) T3 ALAIAARZE SAHS T FeHAFs 27 &<

Oil red O 9MS E3 positive arear Lardwtol H] 3] Perilla ¥} Emulsifiedv=ol A A Al
##E o] perilla oile] H7H7F A HAFAESE FYHoZ ASHAI71H, Emulsifiedws <Al
Perillax7 3} H] <=3k 235 H G (p<0.05) (Fig.11).
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Fig. 11. Oil red O staining of atherosclerotic lesions in aortic sinus
(vh) k=4 HAR AST, ALT 5%
ASTS ALT A= Lardo] Perillat o]y Emulsifiedwol Wl #FolAow Edvt

(Table 29).

Table 29. AST and ALT level of experimental group

Group AST (Karmen/ml) ALT (Karmen/ ml)l)
Lard 156.09 + 30.71° 129.87 + 14.35°
Perilla 117.61 + 18.40° 90.67 + 16.03"
Emulsified 119.83 + 14.17° 103.88 + 24.70°

YKarmen Unit = IU/L x 2.10

Data are mean * SD (n=6).

*Data with different letters in the column are significantly different with
one-way ANOVA followed by Duncan’s multiple range test at p<0.05

(5) dFHEE T3 A7 HUS9 AEAEIISAH AF (32HAE, in human)
Zh) AA =4
A% A kA 20 9] Har Yol 2544264, 7] 162.4+38cm, AT 56.2+5.7kg =
7= (Rice porridge with emulsified perilla oil, RPEPO), 3= +*(Rice porridge, RP) 3t
o)Al Aol A THTable 30). &gk zF v Ad W § A& AHAS AA =4 &
[e]
o

o] FoA<Ql Wal= gl (Table 31).

Jg to
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Table 30. General characteristics of the subjects before and after clinical trial

Types of porridge Age (years old) Height (cm) Weight (kg)
RPEPO 254 + 3.0™ 1634 + 3.9 583 + 51
RP 254 + 23 161.3 + 3.6 540 + 5.7

Data are mean *+ SD.
RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge
"Data in the column analyzed by student t-test are not significantly different at p<0.05.

Table 31. Food intake and body composition of the subjects before and after clinical trial

RPEPO RP
) Baseline 2178.8 + 316.5™ 1887.3 + 396.2™

Calorie (kcal)

Post-test 2074.5 + 211.1 1971.2 + 181.8

) Baseline 219 £ 1.7 208 £ 21

BMI (kg/m")

Post-test 21.7 £ 1.8 210 + 23

Baseline 15.6 + 3.0 14.0 + 3.1
Body fat amount (kg)

Post-test 159 + 3.1 145 + 3.6

Baseline 26.6 £ 3.0 257 £ 32
Body fat percentage (%)

Post-test 271 £ 3.2 263 + 3.9

Baseline 427 £ 24 40.0 £ 3.0
Fat free mass (kg)

Post-test 421 + 24 401 £ 3.0

Baseline 18.6 + 3.0 16.0 + 3.8
Skeletal muscle weight (kg)

Post-test 17.0 + 2.7 159 + 3.3

Baseline 0.76 + 0.33 0.75 + 041
Waist/Hip ratio

Post-test 0.76 + 0.27 0.76 + 0.36

Data are mean *+ SD.
RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge
“Data in the column analyzed by student t-test are not significantly different at p<0.05.

(th) 8F glucose %

SASTY A2 38 49 wRe 47 479%, 9.36% et o Wites
vjastd, 71wl ¥ A7 st o ol Aol gl th(Table 32).
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Table 32. Changes in fasting blood glucose (FBG) concentration after 30days of porridge

consumption
Types of FBG (mg/dL)
porridge Baseline Post-test A Change
RPEPO 7730 + 6.57 81.00 + 4.69 3.78 + 5.04™
RP 7690 £ 5.63 84.10 + 6.57 6.67 * 5.31

Data are mean *+ SD.
RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge
“Data in the column analyzed by student t-test are not significantly different at p<0.05.

(th) 8% AdsE € T9Fs A+ g
O ¥EF ANEdF=

S5 579 Triglyceride?] ®W3t&e F o ol fFolAg Aol ASdTH
(p<0.05, Table 33). 28j}, F Total cholesterol, HDL-C, LDL-C& F94Ql Afol& H
o] %] ¢r9Fth(Table 34). ©o]#]3d 2ol wjU ofF AAZ AAHA 2l F7lAEo
2L FRIA o Hy "Homx F=A4 X Ho] AEsF oy FoAel WHIlE oy o]
gk Wst&o] E/FTo]l FoHor AL Aom Hol F AA Ast a7t vk A
= YEpdT

o
)
el

Table 33. Changes in Triglyceride (TG) concentration after 30days of porridge consumption

Types of TG (mg/dL)

porridge Baseline Post-test AChange

RPEPO 45.63 + 18.28 61.00 £ 13.35 13.00 + 10.82°
RP 58.63 + 15.45 93.00 £ 15.28 32.00 + 20.72°

Data are mean *+ SD.
RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge
*Data with different letters in the column analyzed by student t-test are significantly different

at p<0.05.
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Table 34. Comparison of serum cholesterol of the subjects after 30days of porridge

consumption
(mg/dL)

Types of TC (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL)
porridge Baseline Post-test Baseline Post-test Baseline Post-test
RPEPO 180.22 = 183.00 = 99.78 + 106.22 = 72.67 * 73.89 +
22.00 18.12"™ 29.85 27.39™ 11.87 11.21™
RP 169.11 = 17411 = 9511 + 100.44 = 62.67 * 6422 +

21.60 30.38 20.90 26.87 9.58 7.60

Data are mean + SD.

RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge, TC: total cholesterol, HDL-C:
high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol

“Data in the column analyzed by student t-test are not significantly different at p<0.05.

@ %733} ®4 (Atherogenic index)
27259 A3d A F 9 atherogenic indexoll= 212 zto]7F gl tH(Table 35). &} vt
EMETo] A AR SWMASA R A Ao vk TS Uy As5s A9E By

id

Table 35. Atherogenic index" of plasma in experimental group

Types of Al

porridge Baseline Post-test

RPEPO 1.58 £ 0.62 157 + 0.52™
RP 1.79 + 0.53 1.88 + 0.64™

Y Atherogenic index: (TC-HDL-C)/HDL-C

Data are mean *+ SD.

RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge

“Data in the row and column analyzed by student t-test are not significantly
different at p<0.05, respectively.

(2}) Plasma AST/ALT 5% &4 & 53 ¢dA

ASTeF ALTO 4]¢] Ase b3 e doka 5ol vk AST, ALT 39 A%
M= Z+7; 8740 Karmen, 5730 Karmeno|th. AST, ALT X9 A3 HAZF xjo]x= Ho]
2] k9tH(Table 36). °] 24, 7|t 2| Fo] 7H=Ao] 9SS 3Holst = glh
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Table 36. AST and ALT levels of experimental group

Types of AST (Karmen unit/mL) ALT (Karmen unit/mL)

porridge Baseline Post-test Baseline Post-test

RPEPO 2690 + 458 2690 + 296™ 11.80 + 3.05 1550 + 1.72™
RP 27.30 + 4.08 26.40 + 5.00 10.60 + 462 15.80 + 3.19™

Data are mean + SD.
RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge
"Data in the row analyzed by student t-test are not significantly different at p<0.05.

— S

%, 4%, 599

Q1 Apol7b AT Fvl= =] b
2

(b A Wz B35 A4
=

Lo

NNEEE ST 8
(Table 37). u}&}A,

a7+
2 =7
gl=ro] 7}
=
‘:L‘]‘
=
=
AL, ) ouk dekA

o X 9 o N Ho
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N
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il
11

T

¥ O

Table 37. Comparison of the means of the sensory characteristics

;l;}(])}r)reifi;ef Appearance Flavor Taste Viscosity pg;f:;?ce
RPEPO 580 + 1.90% 615 £ 1.50° 620 £ 1.61° 4.60 £ 1.64° 620 + 1.65°
RP 520 + 120 520 + 1.05° 565 + 1.22° 625 = 1.11° 580 + 1.15°
BSP 390 £ 210 410 + 1.71° 430 + 222° 435 + 157° 445 + 2,01

Data are mean=SD

RPEPO: rice porridge with emulsified perilla oil, RP: rice porridge, BSP: black sesame porridge

“®Data with different letters in the column are significantly different with one-way ANOVA
followed by Tukey HSD test at p<0.05.

"Data in the column are not significantly different by one-way ANOVA.
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Table 1. F-ratios, p-values and mean intensity values of 18 attributes for the 7 perilla oil
samples evaluated by the Korean panel
TMPO HPO HRPO DPO ORPO JPO JRPO F-ratio p-value

Flavor

Burnt 96 27 720 329 76> 35" 53 42736  <0.001
Nurungji 69 299 51" 219 53" 309 39 18642  <0.001
Sesame 10.3* 43% 90"  31¢ 83" 427 64° 42724  <0.001
Briny 91* 30 72> 319 60° 33"  49° 38758  <0.001
Petroleum 20° 39" 265 70" 27 470 28 20131  <0.001
Acetone 194 33 1.7 660 21% 42>  25% 40053  <0.001
Sour 27 36  21°  61*  21° 36”27 14576  <0.001
Perillal 58 42" 54™ 53" 57 41" 47" 2508 0.020

Fishys 33" 33> 37" 37" 31" 28 49° 4.148 0.001

DrdGreen 43™ 37" 38 46™ 42 40 39 1017 0.417

Piner 28" 36 28 41* 32 30" 29 2.025 0.066

Iron 265 30™  24° 45 28° 37  31™ 4860 <0.001
Detergent 199 31° 239 68 28¢ 45 299 22424  <0.001
Cookie 350 19" 39* 19" 34* 28" 30° 4.401 <0.001
Sweet 33" 22 34* 26" 32 31 33" 1.485 0.187

Alcohol 174 29™  18Y 520 219 35" 229 926959  <0.001
Rancid 40™  34™ 38 45 36 39® 37 1020 0.415

Gmeat 52¢  23% 48" 23 43> 26  34° 19.053 <0.001

YMean values within the same row with the same alphabet superscripts do not differ
significantly (p<0.05)
ns: not significant

2)
Table 2. F-ratios, p-values and mean intensity values of 12 attributes for the 7 perilla oil
samples evaluated by the Chinese panel
TMPO HPO HRPO DPO ORPO JPO JRPO F-ratio p-value

Flavor

Sesame 1250 38 105" 25 119 327 67° 61165  <0.001
Greent 35" 72* 41> 84" 51> 53> 51° 8.566 <0.001
Cpepper 43" 25%  40™ 329 45 260 33" 4782 <0.001
Fish 4.4 44" 5B 46 51" 47" 53" 0.849 0.535
Apple 244  52¢ 18 58 294 50* 38> 9.759 <0.001
Citron 220 40™  24% 48 309 43" 35" 6224 <0.001
Alcohol 20° 23> 22" 43 25> 25" 28 4.259 0.001
Oil 45" 47 50" 48 54™ 47 54™ 0964 0.453
Coconut 23" 31™ 25 29 27 28" 28" 0586 0.741
Beany 43" 38 45" 40™ 39"  36™ 45  1.089 0.373
Persimmon 294 38™  24% 43> 279 67" 34 12843  <0.001
Fleaf 265 44 28 48 27°  32° 35 4739 <0.001

"Mean values within the same row with the same alphabet superscripts do not differ
significantly (p<0.05)
“ns not significant
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Table 3. F-ratios, p-values and mean intensity values of 16 attributes for the 7 perilla oil

samples evaluated by the American panel

TMPO HPO HRPO DPO ORPO JPO JRPO  F-ratio p-value
Flavor
Pumpkin 1.6° 30" 269 38" 21%° 46 35" 7.886 <0.001
Greent 157 53 39™ 47" 279 53 44® 9.881 <0.001
Musty 31 17 33 26 27 24 28" 3.953 0.001
Salty 370 17 29" 20 28" 20 23 3.837 0.002
Nuts 51 21° 21 19° 37" 20°  2lc 12.111 <0.001
Fish 36 23" 31 23> 33* 22> 33" 2.587 0.021
Premover 1.0 14™ 1.3%* 14 11" 14" 16™ 0.819 0.557
Tofu 16™ 25 15" 20 16™ 25 227 1.844 0.096
Rwine 13 16 16® 19" 220 16 18" 1.459 0.197
Flower 119 27" 19bc 28a 1l4ed 25ab  2.6ab 7.240 <0.001
Grass 13¢  20™ 17 17% 13 23 21° 3.155 0.006
Ssweet 16™ 19 14™ 19% 13 19 14™ 1.340 0.244
Rcorn 550 207 39 20 45* 219 309 10.899 <0.001
Sesame 760 265 49> 23 59" 21° 32 28.387 <0.001
Dsocks 22° 13 23 11”220 10> 15 8.428 <0.001
Sour 15 177 24 26 14" 14 16 5.008 <0.001

"Mean values within the same row with the same alphabet superscripts do not differ

significantly (p<0.05)

2)

B &=ds dder 3 5715 75 Wi HAREY S

ns: not significant

Al X

13- A3 gl (burnt), %5~

(roasted rice), 7l (toasted sesame), Ul (briny), - (petroleum), ©}Al&=(acetone),
A (sour), 71 (sesame leaf), Bl AW (fishy smell), Al 7](dried radish greens), %%
(pine resin), 4] (iron), A Al (detergent), ¥} (cookie), Tl (sweet), &3 (alcohol),
b3l - (rancid oil), 37| (grilled meat) 5 &W| 54 18717F =Fo] a1, o] F
of Alg7], $4, @, A 55 A9 s 147] fo S0 F2H2l Ao]rt vERTH(p
<0.05).

ToeE ggoR g A= FHi(F7]5; sesame oil), #k4<(5=}; green tea), (E
(At =; Japanese pepper), AT+ fish oil), FAHE(EA; apple), Hli1(F2F
citron), Wiki(¢3E; alcohol), Fffili(zNEfr; oil), 1 (oFAL; conut oil), 4 5(F
beany), #lif (% persimmon), i (U<, fallen leaf) v 54 12717F =& AL
o, o] T o, AT, okl T HHUE AL 8/ Lo EdA FHo] 2ot
Byt tH(p<0.05).

npxjuto 2 wlapdlS Ao R gk Ao A= T HH(pumpkin), % 2Hgreen tea), & 39|
WA (Musty), Z(salty), A3F 24 WAl (nuts), AA H]AH(fish smell), HJE



2] %" (paint remover), T4-(tofu), #=FA(red wine), Z&F7|(flawer), Ft] =
(grass), Tl (soft sweet), 7+ = (roasted corn), &7l (sesame seed), Tl & &
WAL (dirty socks), Al (sour) &¢ &n 54 16717F =& 3aL, o] Fol FHAJNE g
T, T, dEeRl, GllE AL 147] &ojEdlA BT fFol Al Aol b vERE

(p<0.05).
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Variables (axes F1 and F2: 86.75 %)
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F1(74.09 %)

using descriptive sensory profiles (b).
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Fig 1. Multiple factor analysis of a variable correlation circle obtained using descriptive
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F2(26.19 %)

Variables (axes F1 and F2: 61.71 %) Observations (axes F1 and F2: 61.71 %)

= e 8 ——————————| -Brown/Cinnamon sppearance
(a) DirtyA Srownd ok (b) - Dirty appearance / Grayness
ML T i B, - Odor of Rye bread and burnt
H ackn BeanyO
BurniT J& I 5 I
= NHPP
= GHPP
HPP,
2 - Odor/flavor of - Odor/flavor of Milk
Perillaleaf i - Odor/flavor of Soy milk
I - Odor/flavor of - Appearance/cder/flaver of
:,' Lettuce RPS Roasted soy flour
= " L, W 4 : - Th
g 0 t t t T T L3 | I'P
o -Sodden appearance
o - Mouth feel of - Swaet odor
Fermented rice/Grains - Sweet flavor
2 | -0dor of Rancid oils u NSPP -Soggy appearance
4 . = RSPO
SavoryT
- Odlor/fiavor of
flow, chemical substance - Yellowness
YellowA
GlossyA (Chlorine/Plastic/Detergent) RWPO - Glossy appearance
-Sourness | -Savary flaver
I
-0.75 -05 -0.25 0 0.25 03 075 1 -12 -10 -3 -6 -4 -2 Q 2 4 3 8 10 2
F1(35.52 %) F1(35.52 %)

Fig 2. The PC loadings of the sensory attributes (a) and the scores of the perilla

porridge sample loadings (b) evaluated by the Korean panel. RSPO; Roasted
perilla oil porridge, RWPO; Raw perilla oil porridge, HPP; Husked perilla
powder porridge, NHPP; Non husked perilla powder porridge, RPS; Roasted
perilla seeds porridge, NSPP; Husked perilla seasoning powder porridge by
NongShim, TPP; Milky tea type perilla porridge.

ghrQlEol Bk 87k S 54 Aol tElA 7 Ase] Bdgs 485t
FAE A4S AA A, A 1 8JAEFEDH A 2 8R1(F2)e] AH F WHE
36.52%, 2619%% Aol F WEC 61.71%2 A% cHFigure 2). F1(X3)
3 o] Wako® 33l¥ NHPP, GHPP, HPP, RPSE #4, g4 A4 %a oo

v}
»
A3 s et 5o gulel pEd 54 Sol mA Uehki, wh

Joome o i £ o @

Jakol 9%
NSPP, RSPO, RWPO+= o|21d 54 50| YA veval, = &7]90s= o)+, 7t
ot 5450 EA dEET F2o diE] e wEgoem Had TPP Aliv -, 7
grl EA 2 5 FUHFY 93 540 =4 e
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Variables (axes F1 and F2: 59.20 %)

Observations (axes F1 and F2: 59.20 %)
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.
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B [ seliT < e S oy ~Light flaver
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Fig 3. The PC loadings of the sensory attributes

(@) and
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Red dot/Rice seeds/Sawdust
- Dirty appearance
- Meuth feel of Rough

2 25 3

Fl(33.64 %)

the scores of the perilla

porridge sample loadings (b) evaluated by the Chinese panel. RSPO; Roasted

perilla oil porridge, RWPO; Raw perilla oil
powder porridge, NHPP; Non husked perilla
perilla seeds porridge, NSPP; Husked perilla

NongShim, TPP; Milky tea type perilla porridge.
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NSPP

RSPO

RWPO

RPS

NHPP

HPP

GHPP

TPP

Dendrogram Dendrogram

(b)

(a)
I o
1

GHPP

TPP

RPS ———
wpp |

RWPO —l
RSPO g

0 100 200 300 400 500 600 700 800 a 100 200 300 400 500 600 700 800

Dissimilarity Dissimilarity

Fig 4. A hierarchical cluster analysis dendrogram of the 8 perilla porridge samples

evaluated by the Korean (a) and Chinese panels (b). RSPO; Roasted perilla oil
porridge, RWPO; Raw perilla oil porridge, HPP; Husked perilla powder porridge,
NHPP; Non husked perilla powder porridge, RPS; Roasted perilla seeds porridge,
NSPP; Husked perilla seasoning powder porridge by NongShim, TPP; Milky tea
type perilla porridge.

I

)

sharQle]l S/l digh BAMEAIS R A8 A3, NSPP. RSPO, RPSE ¢
Ho g EF{3ta, NHPP, HPP, GHPPE 3+ ¢, TPPE X t& Ifo=
o (Figure 4a), == 0E<2 NSPP, HPP, GHPP, TPP, RPS, NHPPE &<
531, RWPO, RSPOE & t& #+3 o= E5F3slo(Figure 4b) 7]&basel A, 7}
base?1 Al B = AA S YA AV]o e FAS W ASE ey

¢
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Fig 5. The PLSR result indicated a relationship between the sensory characteristics of the
8 perilla porridge samples and consumer acceptability as evaluated by Korean (a)
and Chinese panels (b). RSPO; Roasted perilla oil porridge, RWPO; Raw perilla oil
porridge, HPP; Husked perilla powder porridge, NHPP; Non husked perilla
powder porridge, RPS; Roasted perilla seeds porridge, NSPP; Husked perilla
seasoning powder porridge by NongShim, TPP; Milky tea type perilla porridge.

Bl =23 T S50 e BANEA Aol 4HA V3% FA ATE blg o
2 PLSREAS 2A%e A3 F vyt =5 RSPO Az that 7| =71 =4 el
o gh=rlel A9 f7] e 3d, Auh gEg 5o EAo] V|EEE wole F4a%
Qolog ZAgePa, =0 A &7 T, FUE Fgn|, gre 93 5o E
Aol 7|ZEE EolE FR3 Qeow &S H 4 Qddrh. Wb A A&
F AN G T 5L & Tl BF /RS UFE 29ow Aga AL
2 ettt

AR AF AEMETAAA nA-nALR] FLg EFoI = AFS] Afre gl
FEFe T U5 EFTAS 449 F9 959 =9 SAd 9T dew A9
B 54 #2907 (angel of reose), BE7] W& (aereated bulk density) & A EZFA
=] (Model PT-R, Hosokawa Midron Co. ¥€¥)& ZA3ch. Tak A3 #H o2 Eo
=AE AdE F&sde W AT HEY SAHS st EAE AL GAl= H 3}
AL S AT Sl A5E 1% MW/ §F A8 7h2siuA fds] 5= 2=



1:!1 HA]-Q A=

Lab, France)2 60°C, 1At &<9te] b d o=z P 7helltt.

(D) BAY EAFY ATEY 47

b EAY 54 AD 249 2 354 54
P AEe) azdnd dAde ol 4455

Z
4 glth Bl zhe] 40 W ) v‘i'—iﬂ
= =
T =

24 (flowability)o] #+A4=

W oorzte 9o Fu, 200, Bed, $HE, &
AL S B WA TAAE A
2AY AALA (AF b

Ay

[UO

W S A BA AEe
0.35~0.50 (g/cc)E A48
ﬁJJr o}/u 710 P ¥as 45, 52° o] A

W ZA9
2o A

& B719% A2 BAYE AEx
Jth (Table 1). A48 A4 &4 A
al

7HAHE] 52 0.36. 0.50 ©] A

A e EA
=]
U

flowability)e] <vbar &
S A 55 ol Y A ¢

(fluidity), W4 ¢ 1+

Rk

=
o

2EE SA}A L FItFgAA L AL laser sediomentometer (Turbiscan

5
=

ol

e Al

o8 2 54

A7 (%) TR 2 (g/ce) 2= (O
el 58.9 0.35 21 940
(spray dry) : . g
oy iy 2.2 44 o~
<Spray dry) o2 0. A 2750
o 39 Al 0.~
(drum dry) 52.0 0.48 9240
S 46.0 0.58 2 9750
(drum dry) : ‘ e
/\ j OJ - 5 \ Al @~
(342 %) 49.0 063 o0
3t
(FAAE 7)F3 AA) 51.62 0.49 )
71574 AA A
- ‘ R
(N FFD) 5 0.36
7154 AA A
: ! - He
(A FF2) 5 0.50
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(W) 4 A2 73 € Widx=dd & 3133 54 x4}

B A3 X2 A= 55(74 A Ekekers 7FA| a1 1 o™ wall material =& FAFAE
5 AHEste] A xF F freeze drysto] Az AlFol™, B 40%9] A3
A3 glem wall material 2= WE Aol FRYAEY GAEYUS ALEsle] A
S spray dry sto Az FAE A C = A5 AFS Tolske] ¥l st
H oF 30%9 A WS f-3tar 9al, starch syrup S wall material® dto] A F3E

spray dry sto] A|z=3k Aol Atk

o ol

fo & 3L on2

ER HJ

B Table 2914 B+ A3 o] spray dryerol A #lZ3 B, C A& o2zt 7MAM| S
wAE A FA47E kA 71 50~55°, 7 E 7l 0.35~050 (g/co)E
LS oY AR AT caking o ® 1@ QbAZE, TRAMH|Fe] FA o] E7ls skt
% BE 100Ce] ERAHE S Yekond, AR A, CE 60, 50N gl
) St A& Figure 1914 B A Zo] A& A, B+ 60°C, 1A3Hs
o] it & mbSshx] Eetdloy Als Ce 60°C, 1A &te] #3iebgd<

Table 2. 7F&x3 3l A5 wE ZAE A2 =834 54

A B C
QFA 7 (%) Not detected 52.2° 50755°
EAEA
7FAH] 5 (g/cc)  Not detected 0.35 0.5570.60g/cc
|3 =% (°C) 60°Col /¢ - A

..
Fraherg 4 - - :
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Figure 1. 7% 2 d5d mE 243 29 F3etdA

(2) EAY EAFY 7tz 4A
A E75E DAt AlgE A28 (PFE, =), 298 (N2Y; EFEI)S target
o2 sty ¢38) wall material A, F3FA wign] AA S H A3} 51

7h. A8 E7F9 wall material A7

B A e 2272 4 0% Hes & 5 I+ wall material S A
atith. Zkzbe] wall materialol wel S50 W<st Awrt g2 A8 =759
AR7EE A BAEY 24 58S 7l kA7 50~55°, 7HAHHIE 0.35~
0.50(g/cc) o2 AA AT}

i

Aol EAHAEAL #olZt (angel of reose), BH 7] U% (aereated bulk density) =
A& Z=A42 (Model PT-R, Hosokawa Midron Co. )& =431t}

Mz Hm

B Table 3914 B&= A o]l #AFE S779 7T FA 7] 7)ol 2= wall
material =+ cyclodextrin ¥ HPMCo] A 3$3}it).
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Table 3. Wall materialel] w& A9

lly

Aol Az @ Al

FNZ AApuF 37 w3

Cyclodextrin 52 0.35

- Capture capacity 7
S S R )
- Capture capacity 1

~ Az A HAS
- wAHA 1 N e

HPMCV 50 0.40 . o} &
- 4t (wall materila e
AA o] o] Qlg) 0 TE
Hi-cap 60 0.55 Capture capacity & BEAEA |
Arabic gum 58 058 - ol FFo] A& Cagturiffpamt”
- E7138Fo] capsulation — Capture capacity |
Corn syrup 65 0.60 Hx] o= Exo] 918 - EAZA |
i S/ &ko] capsulation ¥ - Capture capacity |
Dextrin 58 0.60 A or= Eaxjo] 9l - MAmA |

YHPMC : Hydroxy Propyl methyl cellulose

(1

) AE EAFY @y AA

EAYE E742 wall materialol W& FHZA wjdd] AAHS 9138 cyclodextrin,
hydroxy porpyl methyl cellulose (HPMC)ol| w2 34 2 7]e} F3d A 2 ujg
HE AAstd. AdA8d Al HA wiEu &S FEb8Ade 22 laser
sediomentometer (Turbiscan Lab, France)® =A3l% 1L, 60°C, 1A7F et <rAA

S turbiscan stability index® % 7}8} i th.

w49 =7+ A B 44 #3kA ®H O 7Ie FEAY HA3S AFS turbscan
stability index® % 7}3F A3 #A8 57| A (cyclodextrin)i= pentaglycerol mono
stearate® FZ7] 1.2% FH7Fetde W HAH o FEbEAS e, EAE =
M B (HPMCO)+= lecithing 1.6% H7Fstds o HA9 #F3ltdAds Jetddt
(Table 4).

w2t Type A A S5 S71F 40%, pentaglycerol mono stearate 1.2%,
sodium caseinate 27%, cyclodextrin 31.1%, polyphosphate 0.7%% HZ 3} 3}
Type B #A8 77+ &7 40%, lecithin 1.6%, corn syrup 9.3%, maltodextrin
12.3%, hydroxy porpyl methyl cellulose (HPMC) 36.5%, polyphosphate 0.7%=%= % 4
s} stttk (Table 5).

- 193 -



Table 4. §3}4] H7le] WE wWE 2438 S469 384 (A type © cyclodextrin)

1 2 3 4 5 6
Perilla oil 40 40 40 40 40 40
Pentaglycerol mono
0 04 0.8 1.2 1.6 2
stearate
Sodium caseinate 27 27 27 27 27 27
Cyclodextrin 32.3 319 315 31.1 30.7 30.3
Polyphosphate 0.7 0.7 0.7 0.7 0.7 0.7
Turbiscan stability
) H 3.13 2.88 2.67 1.56 1.59 1.58
index
Y Turbiscan stabilty index : A 7tol] wa} §3forg Aol Ma= Ax

Table 5. 3kl H7tol| W& whe ZAE S7072 F3t84d (B type : HPMC)

1 2 3 4 5 6
Perilla oil 40 40 40 40 40 40
Lecithin 0 0.4 0.8 1.2 16 2
corn syrup 9.3 9.3 9.3 9.3 9.3 9.3
Maltodextrin 135 13.1 12.7 123 11.9 115
HPMC 365 365 365 365 365 36,5
Polyphosphate 0.7 0.7 0.7 0.7 0.7 0.7
Turbiscan stability ) 278 256 2.04 176 175

index?
Y Turbiscan stabilty index : AlzFell wa} sletd Aol Wl Hw

(3 #AY A% A4 /334 49

Oh AR N5 AL 24 244 B

B 2AY SA%e Axe AMuge Az
& (psi) % A

A A& (Type A)
4spatqch. hEEdo s
F (times) .2 A A3A T}

°f‘&7}%

ftlo
k& PN

N

;

homoxing 4% (rpm), homogenization

B Homoxing %% (rpm), homogenization &% (psi) % A]Z}F (times)i= spray dry
07@/] 37]§. 2_7@0]—

o/w @ fratdefel Ao f+3t&ES Mastersizer 20005 ©]-& 3o
of HA3t etk FtEe] FHAVI7 A FdT Ao wep EdA o] el

& vt} (Table 6).
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B Homomixing

6,
homogenization A|ZF 1~3 times W $lolA A &3 31 homoxing

sodium caseinate 7} =& 2% 80°CZ A3} oil drop sizeE A3 stk 2 7}

I~ A
= .

=
a
7z

000~9,000 rpm, homogenization

= 3,000~6,000psi,

<%= Type A9

#2719 HA5E Minitab 158 A§eke] FRAE B4 F AH20S 495

Table 6. 7F&=x71o] & Type A9l A

& =709 oil drop size

Homomixing &%

Homogenization &2

Homogenization A] 7t

Oil drop size

(rpm) (psi) (times) (nm)
6,000 3,000 1 1,500
6,000 3,000 3 952
6,000 6,000 1 1,254
6,000 6,000 3 o576
9,000 3,000 1 1454
9,000 3,000 3 932
9,000 6,000 1 1153
9,000 6,000 3 !

* Homoxing =% : 80°C

Mean

1400 4

1200

1000 4

a00

1400 4

1200

1000 4

a00

Main Effects Plot for Size

Data Means

Homomixzing =&

Homogenization 25

T~

T

B0 5000

Homogenization AlZF

N

N

1' 3

3000 FO00

Figure 2. 7F&x71o] WE Type A &8 E7/9 oil drop size T3 F=

Figure 2914 H%o] Type A9l 48 FA+= homomixing % (rpm)< & IFS 1

%] 2] ¢k o1} homogenization 9= (psi) ¥ AlZF (times)+= 6,000psi, 3 timesolA] 7} oil

- 195 -



sizeZF Atk w48 FAE HE7] A owdHe F3E9] ol sizew AFSTEH HAHS EA
g E4HE Jedoh.wElbA] homomixing % (rpm) 6,000, homogenization 92 (psi)
6,000, homogenization A7}t (times) 3°] & 7}yzdo 2 AA3A

i

(W) £AF 71548 Ad &4 544 F4E A 713=x2d A4 (Type B)

B 2438 =759 Alzxs A e ez HAssign. texnores
homoxing %% (rpm), homogenization &2 (psi) % A7t (times) &2 A A3}
Homoxing 4% (rpm), homogenization &2 (psi) % A%t (times)s= spray dry A
ow & F3delol el §3ES Mastersizer 20002 o] &3t 29 AV|E ZH3}
o #H A3} sttt (Table 7).

B Homomixing e’;—E‘: 6,000~9,000 rpm, homogenization ¥  3,000~6,000psi,
homogenization A]7F 1~3 times WY olA A3 homoxing &%+ Type B
HPMC®] EAof uwhe} SOOCE TIABFA oil drop sizeE HA3 stk 2 bR AY
# A g}i= Minitab 15& AF83to] Fa3% 4 & HAxAS dASHA .

Table 7. 7F&Z 7o W& Type Bo A8 =709 oil drop size

Homomixing &% Homogenization 4%  Homogenization A3+ Oil drop size
(rpm) (psi) (times) (nm)
6,000 3,000 1 1,500
6,000 3,000 3 1,056
6,000 6,000 1 1,243
6,000 6,000 3 912
9,000 3,000 1 998
9,000 3,000 3 732
9,000 6,000 1 798
9,000 6,000 3 943

* Homoxing =% : 30°C
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Main Effects Plot for Size
Data Means

1300 Homomixing £ Homogenization 218

1100 4 \

1000 4 —

900 - \ T

B0 4

OO 9000 3000 OO
Hormogenization A2

Mean

1200 4
1100 \

1000 4

500 \
800

i 3

Figure 3. 7F&x71o] mE Type B &A1& E71/9 oil drop size =9 F =

B Figure 34 o] Type B¢ A3 A+ homomixing % (rpm),
homogenization %2 (psi) % AlZF (times)ol &S o 9000rpm, 6,000psi, 3
timesol 4] 7} oil sizeZ} 4 At}

B 2AY A5 BE7 A o/wB F3t=9 ol sizes &S5 tAe EAY =74+
= yebdoh.g#t4 homomixing £ % (rpm) 9,000, homogenization $F2 (psi) 6,000,
Pz

ey
homogenization A%}t (times) 3¢] HZA 7tazxAd o= A3}

(4) 2AE A+ WIS 34 &4

AP SR AL, AGATIHL FAa BFOR RRARA A42AS

154 Ad &2A4¢9 2 A3l 8¢ 49

2 = E75 type AZE o/w HHE F3A71 & BEEAZ7] (spray dryer)

g o83t HxsA AxFHL gFe=z Azxste w2t fa&Eol 5047t
_]

=Z=
feeding 4 % (mL/min), automize &%= (Hz), 57 Z7] inlet &%, outlet &% Sl

N
=
i
2
i oft
N

=
Ho

B v2A feeding 5% 10~30 (mL/min), automizer 4% 10~20Hz, 571 % inlet <%
150~170°C, EF71 = outlet =% 100~110°Ce] 291 T #2 A0S FHsAh
FAAH QAL &2 HUet¥ ™ Mintab 156 Z271

o ST
a 1 = ™
AAsATE F3tEe 1PE FEFS 20% = o] BEFAFXE AlYsA T (Table
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Table 8. +FAx 7Fayxdd & F&¥3)
Feeding &% Automizer &% Spray dryer Spray dryer
(mL/min) (Hz) inlet &% (°C)  outlet &% (°C) T o)
10 10 150 100 90.8
30 10 150 110 83.2
10 20 150 110 92.5
30 20 150 100 85.3
10 10 170 110 91.3
30 10 170 100 82.2
10 20 170 100 95.5
30 20 170 110 854

Main Effects Plot for ==
Data Means

Feeding £& Sutomize £
92 4

90 4 \

6 4 f’fﬁ
86 - \

84 4 .

c . : :
o 10 30 10 70
= et =& Dullel 25

57 -

504

88 1 — — — —

g6

84- T T T T

150 170 100 110

Figure 4. 7}&Zdd W& BEA8 S/ &9 9=

B Mintab ¢ Fa3% 4o 9t &/ F3EY feeding =l 714 & IS &
o Ot % 2 gutomizer =0 FEFES W=tl (P<0.05). spray dryer inet, out let
= g FaAd (P>0.00)S FA &g wEA BHFAFR7IE feeding &,

A

automizer £=7F F&o F8 FEAS 8AUS & + A (Figure 4).
(W} A 71548 AZ 249 JF AL 32 &4
EAE EFE o/w HHE 18 E St 20%E 5327 & BERAZ7] (spary dryen)=

o] &3t AxeATE AXFTAHLY F&dd S WA= 8Ao=E feeding % (mL/min),
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ol

2 automizer

AT

S (Hz)2 delster o 9] &5

< WAA &k ek

Ea

feeding 4 %9} automizer

e
==

SR RIESE

&35t Als)stsdt) (Table 9).

inlet, outlet

AZ719] inlet, out let &% (°C)
170°C, 110°C=
T2 HA3 a4t A3 3A-HL Mintab 156 T2 23S

LT =

T -=

Table 9. F&FFS A AT =479 H43 A
Feeding Atomizer T& (%)
20 15 92.8
30 20 81.9
20 20 84.5
20 15 86.7
30 15 83.5
10 15 93.2
30 10 85.4
20 10 84.3
10 10 91.8
10 20 95.8
Opgma' High "0 Aué%%iz_e
o G e i
Composite
Desirability
1.0000
+2 (%)
Maximum
y = 95.4628
d =1.0000
Figure 5
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o

B 20%= F3A7 A8 =% e dxFAY F&d dFs fxsE 89
feeding £ % (mL/min), 2 automizer <% (Hz)E 10mL/min, 174 HzYw A= o}
E}

B A 248 779 HA4s 342 E57x 27 feeding %  10mL/min,
automizer &% 20Hz, 5 7%7] inlet =% 170°C, &% %7] outlet &% 110°C¥

o Hdl& 95.5%= Wskth (Figure 5).

F84 WeEARE B4R TS Ads] O/W Fe fIRAR Az
AxE 4 heEAS FF W EE 2d A0 Arisel A8 & At FUE Az
st

1) Y==AFY 71TE5H A3

7hH 84 Yx==AF9 =8 33 54 A

B SAF AlFY] 2=v 2 W wigda] HkE 84 Y=EAaE OW & FEaA=
FEE7E dojupr] grotol dhtl ulElA 60°Coll A 30¥ FoF AFsAS W 759
water phase®] &7} WA= A Folof g,

AN

11'1

TEAA st S HIMeA S W A S R o] ook &)
™ oil drop size’} 200nme]3} o]ojof =& H Arefol A oil drop size’} ¥ A AZF F<k
]
o

A% S gl w2l

(W) 84 Yx=E4F9 wgxdd o0& E333 54

B 84 Y=E749 wighv= 3k, water phase, E752 dtEFoz AAd AT
AARE 784 YesAFY g = F4327](oil drop size), 344 (turbiscan
stability index) 2.2 AAstFTt 227 (oil drop size)™ Mastersizer 2000& ©o]-&
kel A AVIE FASIA R, FebgAde A9 laser  sediomentometer
(Turbiscan Lab, France)® 60°C, 1A|3F &< #7138k A& turbiscan stability index®
UEF A TE (Table 10).

W 84 AR SAR 05068 OW YR AZINE A £8Y eS
Fol AAMGNE Atk 84 heEARe) MFHE Design Expert 70
239e olgtel A3 5

- 200 -



Table 10. =84 Yx=s7/4F2] wignlel we 749 27 2 7344

+3HA| =8 P g 5 Oil ‘drop Turbi‘s.can
(Pentaglycerol (%) (%) (%) size stability
monostearate) (%) ? ? ? (nm) index
1.50 30.00 50.50 18 620 0.92
1.50 30.00 50.50 18 495 0.89
1.99 39.76 40.25 18 788 1.98
2.25 30.00 49.75 18 481 0.82
2.25 30.00 49.75 18 399 0.87
2.36 34.74 4491 18 512 0.89
2.47 4450 35.03 18 753 2.78
2.48 49.52 30.00 18 862 3.12
2.48 49.52 30.00 18 533 1.05
2.94 39.19 39.88 18 397 0.85
3.05 43.92 35.03 18 446 1.00
3.05 48.95 30.00 18 472 0.98
3.63 48.37 30.00 18 496 0.88
3.63 48.37 30.00 18 402 0.75

A=

i

Y Turbiscan stabilty index : A|ZFell we} §3letd Aol Wa}

B &8 Y=s/AFY F4371+ Design expert 7.0 Z219S &83to] A3 gt
A3} 2427, turbiscan stability indexE #H A3} st 278 AAS A3 {2 Uiy
fF3hA1 9] sheFo] 0.075Y Wl F2 9 =7] ¥ turbiscan stability index”} A3} = it}

B vt 84 J=E755 E705 30%, 281193 49.7%, pentaglycerol monostearate
2.3%, water 18%= wjg| = A A3} (Figure 6).

A: 88HA
22.000

Prediction 1.000

= ——
<™

51.000 1.000 51.000
B: M7 C. 2cME

Desirability

Figure 6. +% 271, turbiscan stability7} #4ste +&84 Ux S70F2 HAu| gy
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(2) #8484 =549 7tz 4A
W 584 Yns ze A ezas A4sed. dezdezs
g 7F

homomixin (times) ©.& M43t}

S.é
o
2

=
<% (°C), homogenization &= (psi) 2 A

B Homoxing <% (°C), homogenization &3 (psi) E A7t (times)= O/W & #3}4
Bl A 2] #3}ES Mastersizer 2000 ©]-&3stod 49 AV|E FAsI HAS oA
t} (Table 11).

A

W 520l oil size oil size?t A&5E BARHIL S 5ot faetgAdo] B
A,

Homomixing =%+ 60~90°C, homogenization 42 3,000~6,000psi, homogenization
AlZF 1~3 times WYl 2Ad83A 1 o= 53 oil drop sizes H A3} 333}

Table 11. 7}&x4Ae W& =84 YXx=E70/2 oil drop size

Homomixing =% Homogenization 42  Homogenization A7t  Oil drop size
(°C) (psi) (times) (nm)
60 3,000 1 512
60 3,000 3 321
60 6,000 1 421
60 6,000 3 319
90 3,000 1 403
90 3,000 3 309
90 6,000 1 321
90 6,000 3 192

* Homoxing %% : 5,000rpm
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it

Main Effects Plot for Size
Data keans

Homomizing & Homogenization 2H&

400 -
375 \ \

350

395 \ \

300 4

&0 a0 3000 5000
Homaogenization AlZH

Mean

400
375
350
325
300 1

3

Figure 7. 7F& =749 W& F84 Y5779 oil drop size T3 F%=

[ | Figure 74 HXo]l 84 YxE7H+ homomixing =% (°C), homogenization %t
g (psi) B AIRF (tlmes)oﬂ 3eS wom 90°C, 6,000psi, 3 timeslAl 7} oil size’}
79191‘:}. TEA Y=E/FE ol sizes A5 B FEA UY=EAFE HET
tt. w24 homomixing <% (°C) 90, homogenization & (psi) 6,000,
homogenization A7t (times) 3°] & 7taxpdoz2 ARG o] ZdAe =&

A YS9 oil drop size 200nm ©] 3} At}

(3) 44 UxEA%9 dFAL T4 B
84 HwEAFe Lab scale ARG, AHATT P02 JFYAS AP ol
S IEE SR L E

B Lab scale HAuggn|d E747 30%, <819 49.7%, pentaglycerol monostearate
2.3%, water 18%% W gHl= et oju] thFAYL2 1 ton 7= o2 Artstsl

LA JtFzAe g ZFad dujy|Eor MAste] Adstdtt (Table 12). o] uj
% % hemogenization Aol wmeEkA Z zolE YE A &kt whEbA] o3 g
Z < 6

A4 Homomixing 2%, Homogenization *] 7} °C, 1 time A A3t}
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Table 12. =AY 7Fgx2e] M2 84 Y=E707F2 oil drop size

Homomixing <% Homogenization %43 Homogenization A3+ Oil drop size
(°C) (psi) (times) (nm)
60 3,000 1 198
60 3,000 3 196
90 3,000 1 197
90 3,000 3 198

o 544 Y=EARE B4 dEZE S4F B3AL FH A3
§4 UeE62 Asste] dERE S4% N4t ddsdn. dERE 5%
2 %, WA, YT AR S A4S AT 4
&

=5 ;
AEZES A3 A 3 FEoE Uyed, A”E 32 98 G9sA47F, 93
3L 3 FAHoE whE A 9d g3 &
o 5T 9 £ 2 UMEFAE AA dEEE EAF
HA T4 &Y JEEZES/SS rotary packerf"‘ o] &3 EHI FT
aﬂEEE datdte THoR A4 AR AE b5 2o dEEZE 7458 350kg 7

W dE T D“%, FAS N o) =Y F BIULE, 29 EAtFE Fdsta AAs

i}%?‘é% AT HEZE S/5 Axo 7MY Ta3 ¥A
E -

o FF T4 TRNAE Elso]l E3tE Y] wEol o] FAAA EAMF
= 3] TATIA HH dEZE A A HAETF EokA] AEe THAI7E "ol A
2h=3

B A 5334 5 33 E 80°C, S SAIES 5~15% AAste] A ol =
39 B9 brix 2 dx7F 7+ 40~42, 0.17~0.18% wEHdeE S AAE
o} o]uf o] Brix¢ d%E+ i’ﬂEEE HA A4S /A= wEoltt

B 2323 J4 s |4 brix 4.0~42, 9% 017~018.% 7IAE 24L&
1540 A T},



L= 80°C, 152 AdAste] Aabksiitt

(o) JE=2E T3

B Holding tank® °]$%¥ E752 A5x4 7| (Rotary packer)&

_

R pu ] o
-2l 300g¥ SXEM, ol %, TF R AFE AN sealing EFHA B 5 HHE7
£ TRt 554275 S S5 dEEE AV diate AAHe] HE
= o A EAF2 300g A 12004 & S AL, 13k A

E g#3Aon oFHr) ¢
95°Coll Al 0.95kg/cm2, 15+7F H&stA 121°C7HA] 524171 & 121°C, 2.00kg/cm?2

ol Al 253t Atsklar, 40°C 74A W2k 2o zsk ARl & vl &Skl

B UE=2E Ao Adg e F values: =#3te] #dsis, dukz o
1

(Commercial Sterilization)==¢1 12D JE9] A#H &

s F AdWATFE 102/g, WEAHTS 2408t dEZERA U Fel ELAB
Sensorg &3oto] Faks SAstdon, oAl W9 v HAE SAsH7] flste] 7
At o] gk #A FAE st e, TP Ay o] Wojx e #A o et

g of x
Holo] AMAE wjxsle] =Astt Setting® HEEZE AFEAd wek AHE F
values 43+ A3+ Table 137} %

Table 13. HEEZE 23 3 F value =4 23

BA FAN #A g

F  value 20.27 19.00

W =23 71 Aateo] ofgk FEl #HA FEFoA 19.00¢] F values < H st
F value 19.00 € "AEFE 2718 109993 A AZ5 Adrhs o)t} upaebA,
Aol AubAl el 107gS 25 WEA Ao gt skl = 10%cfu/gs —10 Vefu/g
2 AAAZYE U R o]l & AYdA HAite 55 FFAZIY dd & 4 9l
o), MZS A A EFAANY] “16) ATESAY (BHEYH dEEEAE)S
AAEHF L T A7 =3 BF S0l

B 53tY =715 rotary packergE o] &3] S T HEZE AsteE FAHAAEFA
b GRS oju HAE T HA e WS WSS 913 913
153, 121°Cell A} 258-7F A tslgla olu) Fak
Br EEAZH oW AefgEor 127199
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AAZA

(2) dEZE S7/459 AxTAE
AEEE S5 dAFAIES st7] 9% il Table 143 Zgkow
Figure 8~9¢} #Zo] Hastdrt. HFH oz Aikel A AEF2 Figure 103 28kt
Table 14. Pl E2E 7= 8¢y
12 (g) 12004 (kg)
ik 134 16.08
A 134 16.08
gy M7 26.9 32.32
2=Q X
S i 3%
g7+ 134 16.08
A A 1.1 1.36
7 0.4 0.49
A A 228.6 274.33
Total 300.0 360.0
% Ho| /=R (142

|
L
!

T E R

s

-—

Retort

|
*

g

LH
[=]

=

Figure 8. 4 &

_— =

B3 28 22 o

RPM 20 / BOC, 15

Y RO Bk d~42
EE017~0.18

K4 ending point &0

ol
(=}

La 4 1799 0 o
95°C 108 / 121°C 258

E A4S AxTEE
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>
o
2

Figure. 9 1 EEZE =715 A G4

Figure 10. I EE2E S5 A A=

- 207 -



2 dEZE E/4FY vAY A
(1) W/9F 73 =A
(7} 95373 =AE
B =22 654 o3& $auel 1092 19-S 654 oo mEARE 20054 9.1%00] A
2018 14.3% = 1HAALS] 2 AYsn] A= 202610 20.8%0] E=EE o o
e (1.

DHATE sl Aol whel o f gl ANS JWow HAFHe) AuE i A
Yo' A3t 1 99 Ao TRE & gov], HYH FuMY Hog A9 @
A AR/AGdEe] WE RS ALS sk Al (@)

W QR g AT 49 Auagel $8m 9ot feueks A4 xs1as e

B 2 E0g0e Ago goixesE H A7s mEel o] tidh #alo] ZF7Ew A
Down-Aging, A7 FA& 3t HEx2E A7 F So] /MEEa om o] A

=
e A S, 44E gele A ().

\h & A% 4R BFEA @)
W 20079 olF F A% gk BREUA ABPYS wolm Uk AA F AL
300091902 B glon, Ha 3z At A AFRPe] FAsm A FAlol

W 2000t Hell= F7ha2Ee F8 A
Soll CJ7F A1 *YdstiA M/SE
Ak L Qo= Ed4H, sHd, el
Cigva=g

J
60 A AN F AN A 291F 2AA 5

A= @OFT9 ZHolg o) 2010 o]
oF 2 a
2 PAENRS oA Z7FEAEA I A<

W 20109 A4 % AFL 26608 Mrrlo]don] Bk type o W AEFo] 329w v
MFol 71 Egtem deont HusF (13%), k% (13%), &
= (11%), #FA5(10%) o2 YEFYET

W 5459 fEAY BuluFe 37%2 B Aol 7}% Esren, dEes ¥
(20%), 791 ) B 775 (129), M oh 8779 (119%), A9 2 S 3
= ey

Eﬂ
=
o
S
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(3) SWOT-AHP ¥4

SWOT 5 ol A Q9 =3}
SWOT &9l
0§ $A#9 Mg 9aw e
ZA% e olgF Y
i e cET 0.323 0.152
A Jdto] 7hs sk
734 a0 WE/MF/AEZE F I
A 0.470 =/ E 00000 g 0973
HENEE A DYS
g3 SAF Mkl B 0.097 0.046
% %ol 20104 oF A% A7
. o Aow 4 0.283 0.095
7] 0.335 0.0328
27 7154 7134 Fo] &7 4. 0.643 0.216
Z7Ee] =27 thoka) A, 0.074 0.025
Z2ko] M/S7F 7+ vhe 0.723 0.096
A% e ABAFE Al B
coes e 0193 0026
ok 0335 A ¢ 0.0330
A Zo] wE AENE process
0.083 0.011
7F $le
= Jl2 AEQAI =713t 0.230 0.014
=dF ATAFAEAE olEL
) ° N ] 0.648 0.040
A3 0062 €A FuFelE IR 4. 0.0018
4% ABAELD FAR A
ToTemmem 0122 0.008
Aol = o] & Mogh
(4) E/MF vAY A=
SWOTRA S B3 @ 549 % A% A9 Wg 24, 4, 713, 989202 el
93 AHP 24 B3l S48 Atk ¥4 43 @ P dAd 1FE KD
A7 50) AaE hEAEe] ae] REEE SA%e] AFAL] e HoE we
o EAZY vAY e AYFel AuE, @7 AR A5e AFEon HYad
t} S|E0 2% 300gely ZE = 333kcal® 37 AR JFsEE, o] w0l 1Y o
FAGFE 1700~2000kcal= B SkS wf ofHAANFEIZ 7Hed Ao E HAXY, Target Al
AL 604 o] AU AT 454 olAe]l nE R Ee] MUt = AToR Y
o 604l o1l FAUS] AFT 454 oo nHARAE ABI e AFe WFE U
e SoA AH AES AdYsta 4aujs = o wEbA 604 ool FAIYo] AlE
Bt el AEAY FAL nefste] MG AT 2R} AdsE Qo A
A R 604 ool Aol AZel vu 2P BAIA wxeld oo
NES NEs] FF ot @S stEs | AoR wolT wEd EAFE 4z
A EF o2 ZHASHA HAARAE o] &3l AT ‘/F JE FHES vAY EJAE AT A
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3. B, EARFE &3 HY AF AL (A 2 5HAA A"HAA 1
7L EARE &8 "HYgHF N
Target A% AL ¢H402 779 s 7tsAds SAHCE £3 9 A4 B
oA, #ASE A 2 S &8 dA B Y AF AXxdA HdEvF 108S dde®
in-depth interviews ©|-&3ste] @A g & A o] 74 AF T Ve HE&OE ARG
= AFS ARG e, A48 AFLs EYE AL oY #537tE 19 & AR
st #A o] 71QelA Y871 5S A&k AlE S BA type AlF st AS
ARt st e HIH type AIE T A type Ao HE7IE] wigHIE Ndet=
AL B2 9. A type o AE F Target 1 (-84 type), Target 2 (1 type)=
AAete] 987155 JMEst7| 2 A8t
(1) A FE AE4 HE 2 AYQHFS A vy A
W gide=z dA-E Target AlFe 987152 #Fo7gdelA Ax3 onion flavor
seasoning oil (seasoning oil A) % onion flavor seasoning oil¥} 2g]H-F9 37
(seasoning oil B)E 7|¥ o2 &1l 3} perilla oil®] wWiEH] S Ea& 7133}

=
=

100%2.2 &tg1 88789
o B JFom WS

Design expert 7.0 T2 1 &

o|g3te] A% FH W&S 0,5 10, 30, 50, 70, 90
e, wsA 154 AW AR 03 AR
27 bl o,

B H3lebd A2 RancimatE ©] 8319 (AOCS Cd 12b-92) SA43sIA 1, 7| &% HA= &
SHANEY T 9 HAEWS AEv I5H S dde®E SASAT Vs Ad A<
w-3 AWA2ke] ek gas chromatography (CP 3800, Varian, USA)E ©]&3}lo] =4
2 AAEsEA T

B Target 1, 241559 987159 7|54 A4S AU 2T B ofvet BHS Foho]
Tt YR 7S AHE HAEE 79 soybean lecithin, Vitamin E,
Polyphenol FZ&&2 &5, 53 H7ME wefstslom(Hd 400 ppm) T A= ohs
3 2o Target 1, 2 AFY 987159 577 i vl @& 98759 Aspet
A4 (1nduct10n period (hr)), ¥5HAAF 98 HEW) 753 A JE2A 0-3 P4k

61—

< T Table 1,2¢} 2t
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Table 1. Target 1 A% Y-E&7152] vl m& SA43 (A9 type)

. 0 AD . . ) Sensory
Seasoning oil A Perilla oil Induction ) -3
. evaluation .
(%) (%) period (hr) fatty acid %
(Preference)
1 100 0 15.59 6.5 N
2 95 5 14.48 6.5 10.70
3 90 10 14.06 6.2 13.63
4 70 30 11.57 6 25.34
5 50 50 10.1 5.52 37.05
6 30 70 9.11 4.56 48.76
7 10 90 9.95 4.76 60.47
8 0 100 9.79 4.55 66.33
b Sesoning oil = Onion flavor seasoning oil

Table 2. Target 2 A% 987152 g & SAdWs (F&H type)

. R . ) ) Sensory
Seasoning oil B Perilla oil Induction . -3
. evaluation .
(%) (%) period (hr) fatty acid %
(Preference)
1 100 0 17.59 6.70 6.59
2 95 5 16.38 6.40 9.58
3 90 10 14.96 6.50 12.56
4 70 30 11.59 6.13 2451
5 50 50 109 5.78 36.46
6 30 70 99 4.56 48.41
7 10 90 11.83 4.32 60.36
8 0 100 9.79 4.00 66.33

: Sesoning oil = Onion flavor seasoning oil + olive oil

B o] & AEAA AZEAS 100°Col A ¢ Rancimatell &3 F=7]7F (144 7Fo] ),
TAAN 712 (HOg), 71548 AZAAAED 0-3 AL FqFF FHgihHS A= =
S =%3 A3 Figureol ] B A3 o] Target 1, 2 B seasoning oil 90% th
10%°] 7155 H7tetds "Wk A 002 =5 Av (Figure 1).
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Two Component Mix Two Component Mix

w300 — 0340 —|
Target1 (Z4™ type)
Target2 (REH type)
| 030
z z
I‘g s1ar | 'g Bath —
— =
@
8 &
s000 —| 0o —|
8500 —] 3 P - - . 2 0000 — ZM—a- & P o .
| T T T T T T T T T
e e L) -l ] " 100 B L] E 40 e v
datual pera ol 150 mn L] m L] Aduadperiacd 100 ” 50 = n

Figure 1. Target 1, 2 987152 aign|e HAx2

&5, A% 9 A4t 715 &S F
17154S FHel7] $13l soybean lecithin, Vitamin
3t = A3} polyphenol &% 400 ppmeS &

_('3_
Polyphenol F&&9 9%
uf J yol 7hd -3k th (Figure 2).

ERLT e

3}
==
LN

A: Sovbean lecithin
400.000

400.000 0.000 400.000
B: Tocopherol C: Polyphenol extract
Desirability

Figure 2. §-87]&¢] Soybean lecithin, tocopherol, polyphenol extract % 7}e] & & =71
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(2) AAXF9 ¥4 B7}

B Target 1, 2 A559 #2497k AsAsMAAL S 7oz A8 AT Absitgde
7FEAR S ol &dte] 60°CEE7IA 12Y FF AFetAA #AbsEF (AOCS Cd

8b-90), headspace oxygen 4H|Z (gas chromatography), hexanal A% (gas
chromatography) 2.2 3 7}slith olw] control A1BEE2E E7%7F 18 9% &
£ seasoning oil 100%S A}-&-3F )

A
&

B Target 1, 2 ¢ 7|3% H7t= 47 A
< 94 H=E Frlstat

9 15%8E e s dubd Vo, o &

B I A% Target 1, 2 o #AFEEZHS Figure 3914 HiE nvpel o] 60°Col A 12¢
F AFsteE s SR oY BV H7ME JNEA|E-S controlA &l H]E] A

3}E ko] yvrokth. '3k polyphenol®] H7b= 1 7S gL <3S

)

_ 8 Target 1 (?:IE t_‘{pe) 50 Target 2 ('?r%!'ﬁ type')
F
k-1 40 4 40
E a0 0
3
F 04 20
g
E 10 10
-8

o 0

0 2 3 p g 0 i 14 a s 4 p 5 10 1z fa
Oxidation time {days) Oxidation time (days)

Figure 3. 60°ColA] 12¥€ %t AAst= s<te] 987|859 #HAits =3 (@ : seasoning oil
100%, O : seasoning oil 90% + perilla oil 10%, V¥ : seasoning oil 90% +
perilla oil 10% + polyphenol extract 400 ppm)

B 1Y AE Target 1, 2 ¢ headspace oxygen &S 60°Col A 1297 A Aets H
A3 2L control Al &9 H| & Target 1 #|3% 2] headspace oxygen AE =2 2t}

polyphenol extract #7}+= headspace oxygen AE %S UL ZHAAZ T} Target 29

749 control Al &9} 2 Zo]= Holx &kt (Figure 4).

- 215 -



E H
T o : ] hzk§¢2*31_
2 S ey
a4 s
g7 g7 Target 2 (S type)
6 4 .
Target 1 (¥ type) £ °

T T T T T T T ] T T T T T T T ]
o 2 4 [ g 10 12 14 o 2 4 =] g 10 12 14
Oxidation time (days)

Figure 4. 60°ColA 1293+ A&st= Fetel 987

Oxidation time (days)

£ 9] headspace oxygen % (@
seasoning oil 1002, O : seasoning oil 90% + perilla oil 10%, ¥ : seasoning
oil 90% + perilla oil 10% + polyphenol extract 400 ppm)

B Target 1, 2 #A&FS 60°ColA 1243 A3t &< hexanal $HH2 S71sk o,
control A& Bla] A %77+ %<t hexanal A o] A At} polyphenol extracte] 7}

+ hexanal Ao T3t a3= Yeh# &t} (Figure 5).

0.6 -

0.5

Target 1 (S type) Target 2 (FEH type)

o] L)
2 s

Hexanal content (pph)
=1
=

Hexanal content (ppb)

0.1 01 A

0.0

oo

Oxidation time (days) Oxidation time (days)

Figure 5. 60°Coll A 12¢ %t A3t 52 987159 hexanal 3% (@ : seasoning oil
10025, O : seasoning oil 90% + perilla oil 10%, W : seasoning oil 90% -+

perilla oil 10% + polyphenol extract 400 ppm)

(3) AF7F i3 #5H 7}

B Target 1, 2 Al&S 16%H9 AL7FE oz 7|5
= 98 T 47 613, 6.000.%2 7| A F Target 1 = =
AE AT (Table). B3k & JA] S FoHTE oFF Folsts FTo2
AE 7NEeE Y53 Ao R FHrlE et =3 Target 1

0



zho]= @1 2} control Al &9 HluEle] 7| E R HS

Table 3. 7W&A| % Target 1, 29

W7 A

LS B e Els ¥
Control 5.56+1.85 5.38+1.63 5.75+1.88
Target 1 6.13+1.24 5.47+1.55 6.13+1.41
Control 5.93+1.48 5.87+1.25 5.93+1.53
Target 2 6.00+1.31 5.93+0.68 5.87+1.02
. EAE AZE o] &3 HYAF vjgH A
(1) HYAF type A3
WL ddes A S5 Fofrldel Ak 7hsd = e s 7Eew
Akt EAMEFS A5S VRoR PR EAY A5, AV, 2V
g, A, 29)E st s skqlvt

W ouEe wast 38e Egstel MEsan, SRS 67200 Hrbshel Axs
wao] W, FENTYES FRIFPEE AR/ 1092 o Fo BA
HANe BEAE HAT BAF FAL ARFH USC~150T o)A Ssecit
HwE g oA 100~104TCe] 572 3531 FHwkeksitt

Table 4. S74=¢] 2= A o]

wigkel 1 wigkel 20 wigkel 30 wigel 4 wiEe] 5 wiEhe] 6
B (g) 5) 10 10 20 15 30
2 (g) 5) - 10 - 15 -
2= (g) 0.5 0.5 0.5 0.5 0.5 0.5
= (g) 189.5 189.5 179.5 179.5 169.5 169.5
HASHA (g) 200 200 200 200 200 200
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Table 6. 759 2= w|go] M2 Ao %

Hj g =4 34 NZ%
1 3.44+0.88 4.22+0.67 4.33+0.50
2 3.00£0.87 3.89£1.17 4.00£0.87
3 3.89+0.60 4.56+0.73 4.56+0.53
4 4.00£0.71 5.00£1.12 5.00+0.87
5) 5.56+1.01 4.78+1.09 5.44+1.13
6 6.33+1.00 6.11+0.93 6.11+0.60

S5 EAE wEH] dEEAAE 90 HAEYHoR HEvh 108S tdes AHAs)
Atk wise] 1~55 B8 2AE 4G9 E9 = 9 oignl s AAs et (Table 5).
wAE BT EAVMFE 2SS 200g ol Tge HUbete Aol S/ntd S AEE
7F 7bE mskom BAY Bk EAVET vl e 72% ¢ 28%7F 7 71E %t ol
gy 55 wAE AT EAVERY AAMARE AAskA T wee 6~108 8 &
Mol ZulAdEe wignE AAQsAct gD, &7, A9S Aee B5HAE AA
3 A3 vy 10004 et D AR A A5 ert 7P =4 e wige) 1002 S5
o] E7lazol wiEgnE HA3A T (Table 7).

I

Table 8. E7152] 742 wigel] wE Hdo=

Hj ] =71t =N st AAH 75 =
1 3.56+0.53 3.78+0.67 - 3.89+0.60
2 3.11£0.78 2.96+0.88 - 3.78£0.67
3 5.56+1.13 5.67+1.41 - 3.35£2.18
4 4.44+0.53 4.33+0.71 - 5.11+0.93
5) 6.44+0.73 6.11£1.05 - 5.33+0.71
6 - - 4.56+0.73 5.67+1.12
7 - - 5.89+0.60 6.00+1.32
8 - - 6.56+0.53 6.44+1.59
9 - - 6.67+0.50 6.78+1.30
10 - - 6.78+0.44 7.11£0.78
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Table 8 7§etA1% Target 1, 29 #sH7F 23 Awtd 7|s %= 1k

A J5e o %
=M= 6.33+0.71 5.44+0.73 7.11+0.63

(3) B A F) F4 %7}

W= @ s 2ug MYaRg AN BAY S50 FA%E Adesi

2 7MEA P S o] §3te] 45°C &2 7)ol A 18U B A st A

headspace oxygen AH|% (gas chromatography), hexanal A% (gas
chromatography) .2 3 7} 3} t}.

B =/ AU FgS 98 E=ZEE 500, 1000ppme H7bste] F2H7ME
B ekt E7] 22 9] headsapce oxygen 2] W3l#2 Figure 694 Hi= nle} o]
45°Coll A 18Y 7t A Ast= &<t 7HAastg o, A AAE S hexanal %2 5715k

b S/~ ze] ExHE2] 7= headspace oxygend 4AH|S w31 hexanal (ppb)

o] AAHES Yt T3 EFdE 500, 1000ppm 3 7Fel wE headspace oxygen,

|

- 3 -
hexanal $F#e] W3al= 2 ol7F At
9.4 250
S_FQ —@— 0ppm —@— 0 ppm
\ 3 e+« 500 ppm 200 - e« s+ 500 ppm
9.2 J —w= 1000 ppm = %= 1000 ppm
= 150 -
)
100 -
8.8 -
50 -
8.6 z
) 8 o
=]
T o
) [2]
284 — ; ; ; ; ; S : — e : : : : :
2 0 2 4 6 8 10 12 14 16 18 20 § 0 2 4 6 8 10 12 14 16 18 20
[ -
2 Storage time (days) < Storage time (days)

Figure 6. 45°Coll A 1843t A Hst= setel S8 E2E570H 2 headspace oxygen &
% 2 hexanal 3% W3 (@ : tocopherol 0 ppm, O : tocopherol 500 ppm, ¥
: Tocopherol 1000 ppm)

B 5 sAoA MEs ~Hg 248 S22 headsapce oxygen & W3}#2 Figure 7
o 5 H= npe} o] 45°Coll Al 18YU7F A Asts &<t Ao EFsE 37t
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w2} headspace oxygen AHES Zo]E5%19M hexanal HE F7lE gt AWE
A8 /M7 EFHE H7ME headspace oxygen®] AH|E Y31 hexanal
(pph)e] AA =S wEvh md EFZdE 500, 1000ppm  H7Fe]l wE  headspace
oxygen, hexanal &&<¢ Wsl= 2 2ho|7t gl

r
HTI

9.4 250
—@— Oppm —@— 0 ppm
e« O+ 500 ppm 200 - s«dDe+ 500 ppm P
9.2 O =% = 1000 ppm = &= 1000 ppm pafeTT 7"‘-‘-;:--0
E v’ ,.‘- \v
A
= 150 L.
3 9
=90
100
8.8 -
50
8.6 z
' 3 o+
3
T S
2 8
D84 ; ; ; ; ; ; ; ; ; ; S ; ; ; . . . . . . .
=
2 0 2 4 6 8 10 12 14 16 18 20 2 0 2 4 6 8 10 12 14 16 18 20
L -
3 Storage time (days) 5 Storage time (days)

[
<
ofo
M

d

Figure 7. 45°Co A 1843+ A #3sl= & <to] FE 9 headspace oxygen %

2 hexanal &% W3} (@ : tocopherol 0 ppm, O : tocopherol 500 ppm, V¥ :

il

Tocopherol 1000 ppm)

o 84 Y=EFE 83 dEZE E/F Y
& g3t AERE S/4% AAHe 29S AYsglon), 435

=
S5 AFANS AU dERZE S5 9d52E g4 318 2y s
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At (Table 10).

94 #=2)

Table 10.




(2) BN E AR W B5H7}
W c=E=E %UH%% 1099 AENE o= 71
9% A= FGrlelA 750 o2 Folsl: Fego
Folele AR YeHlon, F2 Folste FrEoE YERY JNEAEFS 7]
Ao w BF7HE v

Table 11. 7W&A|% Target 1, 29 #sH7F A3 Adrd 7|a % gk &

Ay 75w o @

7= 7.50£0.71 6.70+1.16 7.40+0.52

il

(3) A EF9 =4 F7}
N HEZE E4F W Y=EA4F9 <HAHAZ Hot
B U577 F5718 A HJExEs 7459 QlOvalueE +3H7] 98l AOM]
FE717He A5 o, ojue] QlOvalue: 2.38°]AtH(Table 12). w2kA QlOvalue
5 A &oto] ARSIt HAeS Agh EAES sk e, 60°CAAl A 18U7E A%

swA W7tea

Table 12. =702 QlOvalue

Induction  period Activation energy

Oil Temp(TC) Qiovalue
o b (Hours) (kcal/mol) 10
90 15.47
_ 100 7.48
S 23.3 2.38
110 2.86
B =571 headspace vial el 3+ U ALY FES SAToRE QAS
=574l e e ST AbEIEAd S Bohskdth

B SFs AaE v meg JatstEgk, 38 85HE (hexanal 5)°] A E™ o]
1 [e)
=

[*]

B 4==7Fs 60°CAG e e} AbAE AvlstHA AbstetAl H=u A% 189 <
A7F AvlEE AEE vek Fo® YEeElgtH(Figure 8). RFA AMsFH o] A F AR
% 34l hexanal 7} A3} hexanal %2 A XS 100ppb= HGS W] EFZHE
500ppm F7Fe Yx=Ewe FE71E 127074 b % AdE YEr AT (Figure
9). WA YA FErigh 12719 dHE 98] EZdE 500ppm & 7SR
t}.

ON
noﬂ'
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Figure. &.

ZF (ppb)

d

e
o
a

Hexanal

10

Headspace oxygen contents (umol/mL)
(o))

——Control
4 - ~#-Toc 500ppm
Toc 1000ppm
3 =<=PPX 500ppm

—#=PPX 1000ppm

N

T T T T 1

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

/8718 1)

AL A7) o] e Y x=E7] 9 Headspace oxygen contents

140.0 -
120.0 - N S
100.0 -
80.0 -
60.0 -
—o—Control
=-Toc500ppm
40.0 Toc 1000ppm
=><=PPX500ppm
20.0 ==PPX1000ppm
0.0 o . . . : : .

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

w871 (HE)

Figure. 9. A& A&7t W& Yw=E57079 Hexanal %

Azd JEZE S/ PEZE AT oz LS A
Aol Al &AL 36°Col A 1097 AFe & 147
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|

i

W b2 S50 fE T F
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a4
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o

B UEZE S5 36°Coll A 1902

X

1358704 = SHA 3t Al 0.9% 4

CReninad i

kel
T

oluf 36°CellAl 190

AsHe

W 36°ColA 1909 &<t

FA %kt (Table 13).

7}&

=
[}

25°C Ao 71Fo 2 1353719 EoF AY

A= 2 YEStE (Table 13).

% o)Ak AXE

FA olv]

S

A A7 135870 Lol oF

-

ﬁo

el

W oeby s

o 3}

==
‘:E“

JEZE S/

=
T

Table 13. 724174 7] 3ol o

i

TH

ﬁo
Jo
e

25 A7z (1)

10

1.37

1.75%0.71

1.19

2.14

2.13+0.64

1.27

4.29

2.63+0.92

1.14

6.43

3.25%0.71

1.07

8.97

3.63+0.92

1.11

10.72

4.13+0.83

1.17

12.86

4.38+0.52

1.32

13.58

7-9 o]jiq =L o]u] %A@o] o].

5-7 014 2 o]

~

e A

=
= —

$H

1
T

1-3 o|F B o7} =AAA &
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M4m SELMET U B 7|05

o AV R BB, A 5

A
U5 3EolA R

7 A7 L] B A7 Le] g S E (%)
(AAR) 7he 8 A 23 - S/ R 57159 AR 24 100
Sl S71 % S AL ec gy w By 2o e
shet A 71 @ S7Rel Eerg A 100
(Agh) AAY 21 2 FF |- AFEPeR de IF /)54
Pol e SR 54 | AR 2 agagyd nxe g9y 0
EUE R AN HY | waza, 9, 2AARARE S|
e FE S AR B4
(1E2) =77 vAAEs} |- 3 A9 emulsion BAHS 9IS
T& Fdsts A% H1 = | ez 2NEHA JEEL ¢ 100
el g F3ha 44)
- A g FEEAY g9 100
(S1eH) E7) F5E9] AFA |- 57 322 (powder fat, )] ot
3 2 5o w57} EEESR 100
- x| F2l vlRE &3 100
- In vitroolH frel7) AARES FE B8}
sEd| W B9 SRl OPPH 27|
hydroxyl, superoxide, peroxynitrie radical
A 54, dAsss 34 5
e |(2EF) S BAAES |- A% gus Aed g, sug Az
IAPAE g o anx 24 2 97T B4, A4 B5ER 24 24}

(2009)

content analysis, 71 €& A4A 2 &
AZ t749] in-depth interviewE % 3t 100
A BEst 7hs A B4

S/ AFel dg AR QIAE F

2TE 4 100
- Cross-cultural descriptive analysis& 100
T3 =AY A4 v F2 =24 2A
- 2AE 71 Ad A o &Y, 3
std 54 24 100
- bEERA 2 459 wgnd g 2
AY 54 A 249 2, 393 100
LR
- target consumer group® W& FZH 100
HA7bsd = B F 79 24
(") SA, SARFE o8 |- S, A7 Ee ZAY =77+ T
3o AE A 7154 AR 24 FFA wE #4 100
F 484 A% 2 AGNE AE D
2 g wjgE A
S BANF AF DO FL YR AR




T ALY B E AL & ks
(AIAF) 7k 3= AR 24 | 57 2 SR Fo v o] 2 100
stol =70 R SR | g mxE G
seHEA, AEBISFAE W
SEZ 3= AFAARNE A =7 8 SR S e Eel Hrhe

AE A87F 24 B E71% ASIEA | 100
o mAl= FF A+
7] AAFo1H At 24 24 100
(A=) AAZ =d R F2 | wdzd, 2, 29ARAFE S o 100
el wE S 71%—*3 2 FE B7H AE 24
g g Ak gA
° R AAIN T | came Awe v 100
FEXUCN e A EergA 100
(S182) SAse wAfEs |- RS FEEUsE ﬁ?& Hhg-Z0]
g Zysle 9s FA =z | ANSFE SHS A B wReEEES | 100
A9 &y < °l8T A= BY)
Spray-chilling ¥Ax7 & (H4 &4t 100
A " EAE)
(A 1§ %H)FE‘”H FEE (powder |_ in vitro $HHIE 2] apoptosistr Oﬂ A= &
fat, F42)e] Ih-Hgxd 24 7}, RT-PCR, Western Blot, A X & 100
&7 3 B4
= ==1 S =l A S
(A=) =7 o] A=A ;1;3 g(}f‘“kout miceel A} FEHAS
21 9 =l A 71w 24l
25(}155:‘ st R e Est &yt ot
(2010) sHEs s dd FE WA
apoE KO vk AL, AdF=ZHA, 00
oo AQAAAE 24, dBR|
AA EH, NO A aadd &<l
(A28 %) E7 BHAFY A Cross-cultural descriptive analysis& &
g R auARE AL & S ol WY FNA FAAHE B
A EA Fd ¢Ad w2 Hukel| 100
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