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SUMMARY

I. Title

Study on the Whole Utilization of Perilla

II. Object and importance of study

The main objectives of this study are to characterize improvement
of processing, volatiles and sensory propefties of perilla oils by
various roasting conditions of perilla seed, and also to investigate
properties of perilla oils extracted with supercritical carbon dioxicie at
the first phase. It was also investigated to improve of oxidative
stability of perﬂla oils, antioxidant compounds in perilla oils, utilization
of defatted preilla meal from byproduct of perilla oils, preparation of
food materials using the partial cracked perilla seed with extruder and
processing of food materials using perilla leaf at the second phase of

study.

III. Content and scope of study

1. The 1st phase of study

(1) Improvement of processing of perilla oils by various
roasting conditions of perilla seed

The roasting temperature of perilla seed conducted from 150C to



210T every 20C and roasting time of that also conducted from 10
min to 30 min every 10 min.

(2) Oxidative stability of perilla oils by various roasting
conditions of perilla seed

The oxidative stabilities of perilla oils from each roasting condition
estimated by peroxide value, oxygen content of head space, conjugated
dienoic acid content, electron donating ability and fluorescence.

(3) Volatiles and sensory properties perilla oils by wvarious
roasting conditions of perilla seed

Sensory properties of those oil also estimated flavor, color, taste
and platability by sensory evalution. Volatiles of perilla oils were
analyzed by GC.

(4) Properties of perilla oils extracted with supercritical
carbon dioxide

Supercritical extraction of perilla oil conducted from 4,000 to 7,000
psi and from 40 to 70°C.

2. The 2nd phase of study

1. Improvement of oxidative stability of perilla oils
The different concentrations of tocopherols, BHA, BHT and
TBHQ were added perilla oils and determined their effects on
oxidative stability of perilla oils under autoxidation.
2. Antioxidant compounds in perilla oils

It was investigated to determine physicochemical properties of
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perilla oils obtained from perilla seeds roasted for the different roasted
time. It was also determined the antioxidant compounds in perilla oils
from perilla seeds roasted for the different roasting time.

3. Utilization of defatted preilla meal from byproduct of
perilla oils '

For the utilization of defatted preilla meal from byproduct of perilla
oils, the residual oil was extracted from defatted meal, and added to
perilla oil. The oxidative stability of the oils containing residual oil
components were determined.

4. Preparation of food materials using partial cracked perilla
seed '

Partial cragked perilla seeds containing some irons as food
additives were extruded by single extruder. The oxidative stability of
the extrudated perilla seed were determined by peroxide value and
headspace oxygen content under autoxidation.

5. Processing of food materials using perilla leaf

Seasonings and drink were prepared from perilla leaf.

IV. Suggestion and utilization of results

A. The first phase of study

1. Unsaturated fatty acid in fatty acid compositions of perilla oil
represented above 88%. Linolenic acid, one of unsaturated fatty acids

is most abundant and presented up 60% of all fatty acid composition.



Contents of phosphorous in perilla oil decreased with the roasting
temperature and time increased. Their contents significantly decreased
under the roasting conditions conducted at 190C for 30 min, at 210T
for 20 - 30min. PE, PI, PC and PA were identified in perilla oils. PC,
which was the most abudant phospholipid, significantly decreased
under the roasting conditions at 190C for 20 min. Tocopherol contents
unchanged at the roasting conditions of present study and

gamma-tocopherol showed major tocopherol.

2. The oxidative stabilities of perilla oils increased with the
roasting temperature and time increased. Induction period of the
unroasted perilla oil showed 3.9 days but that of the perilla oil roasted
at 210C for 30min showed 55 days. The electron donating
ability(EDA) on DPPH by perilla oils increased with the roasting
temperature and time increased. EDA of the unroasted perilla oil
showed 24% but that of the perilla oil roasted at 210C for 30min
showed 64%. These results suggest that the reducing compounds are
formed by the roasting. The fluorescence intensity in perilla oil
increased with the roasting temperature and time increased. This
result indicated that Maillard reaction was occurred by the roasting
and these Maillard reaction products were probably attribute to

stabilize perilla oil.

3. Major flavor compounds of perilla oil showed pyrazine, pyrrole,

indole and phenol. Pyrazine, one of flavor compounds in perilla oil



increased with the roasting temperature and time increased. Sensory
evaluation of perilla oil roasted by various conditions showed
significance differences in taste, color, flavor and platability. The best

platability estimated from oil roasted at 190C for 20 min.

4. The optimum pressure and temperature showed 5,000 - 6,000psi

and 40 - 50C in the supercritical carbon dioxide extraction.

B. The second phase of study

1. Improvement of oxidative stability of perilla oils
The different concentrations of tocopherols, BHA, BHT' and

TBHQ were »added perilla oils and determined their effects on
oxidative stability of perilla oils under autoxidation. Tocopherols acted
as prooxidant. BHA and BHT showed weak antioxidant activity but
TBHQ showed strong antioxidant activity. Therefore, TBHQ is
suitable antioxidant for improvement of shelf life of perilla oil.

2. Antioxidant compounds in perilla oils

The oxidative stability of perilla oils increased with roasting time at
190°C. The perilla oil removed methanol soluble material significantly
was decreased its oxidative stability. Methanol extract obtained from
perilla oil was fractionated into methanol and hexane fractions. Both
fractions showed antioxidant activity in perilla oil. Antioxidant activity
of methanol fraction was bettér than that of hexane fraction.

Fluorescence, browning intensity, and electron donating ability of



methanol were higher than those of hexane fraction.

3. Utilization of defatted preilla meal from byproduct of
perilla oils

The oxidative stability of the perilla oils containing residual oil
components obtained from defatted meal were significantly decreased.
The oxidative stability of perilla oil was decreased as concentration of
residual oil components increased.

4. Preparation of food materials using partial cracked perilla
seed

Ferrous sulfate and ferrous acetate were added to partial cracked
perilla seed and corn starch mixture. This mixture was processed by
single extruder. Extrudate containing from 50 to 150 ppm of ferrous
acetate was progressed slow autoxidation but that conatining from 50
to 150 ppm of ferrous sulfate was sharply progressed autoxidation.
Therefore, ferrous acetate is suitable as fortifier of iron in food
material using the partially cracked perilla seed.

5. Processing of food materials using perilla leaf

Seasoning sauce, powder and drink having perilla flavor were
prepared. Formula of perilla seasoning sauce was dryed perilla leaf,
4g, mushroom extract, 100g, ume extract, 100g, red peper 5g, garlic
paste 10g, ginger paste bg, soybean sauce 50g, and syrup 50g,
respectively. Formula of perilla seasoning powder was dryed perilla
leaf, 90g, dryed laver, 4g, and red peper, 2g, respectively. Formula of
perilla drink was perilla extract, 30%, water, 60%, citric acid, 0.18%,
malic acid 0.20%, and ascorbic acid 0.09%6, respectively.
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HM1E M =

E7M(Perilla frutescens var. japonica Hara)e= BE3lo] L= 1W€A
ZEOE g HRS FF, dE, Bl SACA AujEe] gton
et A9 AZ AAAA Aujstn Qv S0 A7 AatEe 92
dell 37000822 =id F7F FAe giRe 93delE 28500807 of
85008 ZastArh?.

ENSFAZEE 2T E7152 ety o8 ARE 480z A}
&3 stew & 4&f) ¥l linolenic acid $Fol 50~60%0] 42
T =1 YA, AF N, GAEY FAdA S mFU HZ @E
"ol met E718 g Frbh =g n Qg =38 57129 4y
71Tl #F dA7= Bo] Ru=Hed, E7184 %ol FHE 03 -
linolenic acid7} thAt=o] MEHe] Xwhal FAo) W3S Fo] ejcosanoid
gl FE PIAERA dggde G Ao) Feated g G o
Asted ZFFHolg sPYF®. = E71E¢] thFA prostaglandint
thromboxane®] HFAIQl arachidonic acid¥zel FFL Fo] WY TA
£ AdAYE 230t gioke 299 B9 o mE A 59 g

el 28 & &g g3 Bax oY,

fjrt

1920\ Burr7} "4 Apake] 22 A A olf] zylol= w- 649
linoleic acidg& FHo=Z Auhite]l "ol ZAxFHAT w-34 A ukakel
linolenic acid’} £33 FAFX= <k iOOk‘l%i(1887)—°4 o)} linolenic acid

U ol25E  FAS=  eicosapentaencic  acid(Caps w-34, EPA)Y



docosahexanenoic acid(Cazs, w =341, DHA)Y] Z5Ao] og] ZwHoA =7
AL B 104d A oY, Ev]2L o9t 2o ot Al
= 7F fAel7lE stk = X3 W4 linolenic acidZt FAE-©]
Eof A7) ks Bleo] EAFoth

E718% @7 LA dRE A EHAR AV|EY Afoe EVIEEROE
A7 d dAstEE ol AHE FHrIE FE AWt linoleic acid$} oleic
acidel7] W EoIT?. m FAFE oA A T AEo] FHE

Re AT AT YE=H Fukuda TV H712 24 sesamold 7 -

X
=)

tocopherole] &A1&t T F7A9 acetoneFEE FoE bisepoxylignan &

AHEA# trans-ferulic acid, sesamolin -FAFE A} sesamin FAFE R Fo)
= Aoz =AHFYI?, Fukuda Y€ A<l sesamin SAFE A o)
sesaminolY-& ¥rgom, FAMe methanoldFEE o] phenoldd ERAo)

ee g ot E Kikugawa S99 sesamol 9T Osawa =

99  sesaminolel B AT S= 9tk oleh o] el FRE o UE
SAANA AR BE ATE WEH F olTold = W, S
2L 7|29 YAHAEd B3} dTE #EF AHoln)

HIZ7A] AFHE EV]E AR d7s A¥Ed, P 578 508

o AFzAE 2L o VI AsE WstE A S A%
257t 2445 A EIPE 2438 Ao S oln dARRA L]
dgx agzm g9tk = o] e putylated hydroxyanisole(BHA),
butylated hydroxytoluene(BHT), propylgallate(PQ), ascorbyl
palmitate(AP), ascorbic acid® 2tz E7]€°] 200, 200, 100, 100 & 200
pom¥ F7bste 4bgl A& ZANE 23 BHAE &3 UehiA g3t

_3.8 -



-

o gascorbic acid AIE7F AR BV Egotm ¥ = S
~tocoperol& 2000 ppm BE B7} & 7392k ascorbic acid H7Hol 2000
ppmE H7FEMEE A9 8 —tocoperol®] 4+E FHA T E synergist2 A
o] = YehiA ggotn 3gnh & 9 S7)E2¢ g3 tocopherol
T g4k AL EHE FASIY BRI YsSH tocopherold HEQLR
Aol EH7) 1913, ascorbic acid 500ppmell tocopherol2 200ppm©]
A HrMA e AsEHE JeEll®E, f7)14EEdE ascorbic acid?t 7R
aRFelgntn gt =, 2 59 Ergd odsiA HEHE &
#sted ol Atz HFAEE AT EV1E8S HERS EFSAE
o 7 ZfFolgta st en olAL dFfel AL EIZHE Tl v}
F Be A% BAC ' Aoz FAHSAT =, ¢ FPe 57184 9
ARe Arlstd E7189 Asg e o dAEe ZdE ARG
=d gAY gEARE T 2T A3 P ZF7F e HA" o
3} tocopherol, ascorbic acid, ascorbyl palmitate®] EFEE 9GA] A5 H7}
JFHG T FHTE olFteE HARle] AR Ee gAY
synergist2 4] Zg3ttE BuSo] guk®®,

39, 3 5@Po ZFR 59 sesamolF} tocopherol FHE HHFs

=d E71& F9 EAHFE Fo= sesamole]l AEZHA &gttt s

327

tocopherol& e -, 8-, rv-, &-toccpherole]l &8l OH-71& 71z A4
AR AR AFHEE FAY] AR BAA7E AE HAoa 01-95.3} o] £}
2L EV7E T A E ol9elx X EMEY ethanolFEE°] Y

Biol e HYBeldt RIE JB .

1
E, 192 SAE BoAA H{F BV18A HEA JFER FHHE



A 248244 BYsgdn BRusyo. 3%, Shin S®e ozual
7 FF 57HAl o AE Aol da Rusgded E49 AwR
FEL B6~47.8%2 FFTTN 9% AolE Heln, 1 F FHAAL

91.2~ 93.9%, FA AL 39~58%, AR FAL 2.0~3.0%°]K k1 sk,
S AWE FoE tracylglycerol(881~91.0%)°], F A o=

esterified sterylglycoside(48.9~53.2%) <} sterylglycoside(22.1 ~25.4%)7}

N

P Eeka, < XA FolE phosphatidylethanolamine(50.4 ~57.19) 3
phosphatidylch- oline(17.6~20.6%)°] F& A& ol¢ttm 3k},

7§89 27 A9 444 E FA AWA, G A7 2 QA
Ze] HstE AR F, B FA FoAA dEHEd & Yo
AFFL T4 AgAe] tiREeoln Fa AWHO2E palmitic acid7t 94
~18.2%, stearic acid= 2.2~5.1%, oleic acid¢} linoleic acide Z}z} 19.1~
32.1%, 12.4~15.3% Z18]31 linoclenic acide 30.6~54.1% £°2 JElgoin
Aot E3 e 2Vlde T Afate]l Exs AWAET o] &

< et w2 B 2 AASAL FAT 44T wet gasign
dEl2 F& 7 AWAY Fo AHEOSEE  cerebroside, galactosyl
diglyceride 5 °]1™ linolenic acid®} oleic acid’} F& A¥bikoz 159
o 39, o ANAY Fa AE-E phosphatidylcholine® phosphatidyl
glycerol5olith £33} v 5% 25202 8E triglyceride® %25t

I 24E ZAIEEH 2 4 1530t sty
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1. A=

2 Ao ARE EAE 19949 g BAX(Perilla futescens var
japonica Hara)& @AA FUsle FAH3 & A9 asdia Azxsid
AER ARSI

2. %

7h EAY & 24

L
o,
£

E7] 250g¥ -8 E-27)(Hesse, Andre’

Al AR oA WA
Ack olm Hgx7

3
et

Vilk=+ %31;7](Fred S. Carver Inc., USA)I A ¢+
Ak, olwl 42rle] 4L 700kg/cm7tA &F F 10



FZ7]9] @1 4T T glass woold 338 thg FZHI =27

Bt 571 FH valvest separator &9 valveZl A X

E ZA& 3 linedl 40bar x99 oz oA EBAE ANEE circulator
=

o} cabinet®] heater ¥ fang ZFEste FZ2 A4 o)

LA

al
separator®} fine micro metering valveE heating tapelZ 7}gstgc) &
=71 dF3A #X" F high pressure liquid pumpE ©]-83te o]Ak3}ler
&8 43 ¢4¥97A 7iteled olw olitzigtA9] ¢¥E back pressure
regulator® ZZAsHTE olFA FE3 E7/E L extractor® separatorzF
Bl $ASEoH FEA FELEE 40, 50, 60 2 0CE Yz F2¢49
£ 4000, 5000, 6000 ¥ 7000psiz 3t

L #& % FEFY

YRY P 294 HA 22YoR 23 5718 S 48 AT
o FARA gl B 5718 HAFL %= BUSGCN, FEHS

£ (Karl Fischer Titrator (Metrohm 701 KF Titrino, Swiss)2 &3I4}



(2) A4k

E7129 A AL AOAC®9] wHo) we} methylationdt & gas
chromatograph (Hewlett Packard 5890, USA)E EA&lQct. olw £4 =
AL 2E injector-&EE 220T, detector2E+E 250C, detectore= FIDo]S
™, supelco wax 10 capillary column(length 30m, ID 0.32mm, film
thickness 0.25m)& AHE3IATE 2B Z7|2EE 180C= 3tx 187
FXT F 200C7HRA BF 2T £52 255 4$A71T 200THA 58
Z fASHET oAl 230C7HA 2% 20T £E2 2EE A5A F
230ColA 287 fASHIY. Akl 242 integratorol]l VERE Zb peak
o HAE AEY HEEE e

(3) <

UdAGA 5ol zinc oxide 0.5g& 7}t & hot platedlA] 71 B3l €r3}A) 7]
3 550T3 gz 2/ T AsAzen, sd ARE LA U
ZtA 713 5mlY) EFF59 5mlel conc. HCIE 718t AlAFAIS H1 58
b okstAl stEsith olFE A #A] (Whatman No. 40)ollA =3}
100ml A8 E&3Fd &7 tml¥ =AL FHRSFE 53 A E AH
gt & o] o7t EEE AR 50% KOHE 3+ #&4 dojmwg &
conc. HCI& zinc oxideZ7t H&W7tA 7Fetfit. ©lAE& S/ FE52

E5olEH 10mE s 50mle HE Fak23d 30 o)F e
AOCS™ ol wal $3t spectrophotometer® 650nmell Al FR=E =

gate] FFsUnt.



4) 91 A=k-4
2 XA Mounts®™ 59 W o] wal glass column(2X 25em)dl silica

gel 60(mesh size 70~230 mesh, Merck) 10g2 n-hexaned] ¥EAH =z

i

I E7]% 10g< loadingdt & WA chloroform 400mlz &Z&3l1, e

O

o acetone 200mlZ €Z%3 & methanol 300mlE €239 ©] methanol
=
Table 13} Zt},

E£ Rivnay %79 HPLCEA whdd) wa BAslgom zAL

i

Table 1. Operational conditions of HPLC for the determination of
phospholipids in perilla oil

Instrument Waters HPLC model 510
Waters model 510 Automated Gradient Controller

Column 1 —Porasil Waters No. 027477 (3.9 X300mm)
Detector UV(206nm)
Eluents A n-hexane : isopropanol @ water (60 : 80 : 7)

B n-hexane @ isopropanol : water (60 : 80 :14)
Flow rate 1.5ml/min
Gradient controller A solvent for Smin.

condition A solvent — B solvent for 20min.

mixing type : linear, curve No. 6
B solvent for 25min.
B solvent — A solvent for 10min.

mixing type : linear, curve No. 6

Integrator Spectra — Physics SP 4290




(5) Tocopherol

i
g
)
E)
b
>
o2
Olr .
o
gﬂ .
£

Tocopherol #4128 213 AAz= AQOCSS

= 2991 E7|29] 96% ethanol 8mlE 7}l B ETEAE T oyq)

KOH&Y 4mlg 718t 45 tha] 3 Bojdold: & WXslm 26T
water bathollA] 102 7F shakingstfth olu Zdtc2zaE 4d=2nF 392
#ola HiGFAozHE AGAFOH, orle "oles 50mlE st

5

250mle] separate funnel® &7 & 50ml¢] diethyl ether® 7}3] 187t

>

38 WHE3 & FFEE EF ST 4l 50mle FHFFE Jhete =4

YA EE & EZFE AASFYETY. 4] 0.0IM HCIRY 30miE )8t

ol

g F 2FE Z4A2HA ded & A2EC sodium  sulfate
anhydrousE 3g7}stx o3} X (Whatman No. 40)2 3}sle] AL 40T o]
sl A AdEHHAT. $547] AUE hexaneo = 2 Aold F 10miA
|Z8232 &7]3 hexanel® HEAZLA ML F tocopherolEA Alg =

AH-8-3F T ol tocopherol®A-& 913+ HPLCZ AL Table 29+ 2t}



Table 2. Operational conditions of HPLC for the determination of

tocopherols in perilla oil

Instrument JASCO
Detector JASCO UV-975 intelligent UV/Vis detectot
Column Nova Pak Silica(é.QX 150mm)
Integrator JASCO 807-1IT Integrator
Mobile phase hexane : diethy! ether (95:5)
Flow rate 1ml/min
uv 292nm

oX

2. E7159 4AtserA

1) #2tsE7}

e 2AEE FH3 E7]5E =7 dF3E 100ml vl o)A 10g4
EFste] 50T gerlol Agstas A0CSe] a6 wel zpatelEr}
g £33 F E7]8 5g% 50mid E8t239 #H3 T chloroform
acetic acid(2 : 3, v/v) &9 30mlE 7}l &3St 05mle] =3}
potassium iodide(KI)E 7}3tt}, 3027 E501F ¥ 50ml 9 2{FFE 718

T 1% ARLENE A%z 0.0IN sodium thiosulfate® o2 A3}
HAgE7ME AESAT. 23 &7l AFF Z4sEVFY Wste] oE
HEAZ AR e HAREIF 80 meg/Kgol ELSEH AT ATH)L



(2) Headspace oxygen
35mle] serum vialdl £71F 2g2 %I rubber septa® sealingdt & 50
T2 7|4 A73FstH A serum vialll headspace®] oxygen® nitrogen<]
Afd 2AWM3E gas chromatograph(Hewlett Packard 5890, USA)&

F8t e o|HoBZHEE headspaceZF9 oxygen AUEFEEES AAbste 4

I

moles OymlZ E 718ttt olul, gas chromatograph® injector& =+ 200
T, detector 5% 200TC, oven 2% 40CE 3¢ columne molecular
sieve 5AE F 73 stainless column (6ft. X1/8")& ©]&3}99th. Detectors
TCDE AlE3l9 carrier gas= helium®] 2™, flow ratex= 30ml/min®]
ATt

(3) FAo|FAT A|wit
EAE Rexdel gt B2 F A84P 57188 10g8 EHsho 50T
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(5) Fluorescence
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o] W&l spectrofluorometer(JASCO FP550, Japan)® fluorescence® &7 3]
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Fig. 1. Likens-Nickerson’s apparatus used for the simuitaneous steam distil-

lation and extraction of flavor compounds.
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Table 3. Operational conditions of HPLC for the determination of amino

acids in defatted perilla cake

Instrument

Detector
Column
Integrator

Eluting Solvent

JASCO PV - 980 pump

JASCO HG- 980 -30 High pressure gradient module
JASCO 831 - AS Autosampler

JASCO 807 ~ IT Integrator

JASCO UV - 975 UV/VIS Detector

PICO - TAG Column (3.9 X 150mm, Waters)

JASCO 807 -IT Integrator

Eluent A
0.14M sodium acetate trihydrate
0.05% triethylamine
1. HPLC grade water
pH 6.4 with phosphoric acid
Eluent B
60% acetonitrile
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EZAE 10g€ 243 ZF n-hexane 100mlE 7}t 30837 wwrsln
15000 x gellAl 2087 dAE ST AL ZAk n-hexane 100m
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Blakeney 5 %¢] 9w wel 7l4Rs, $938L AA acetylationdhd
gas chromatography® ®X3ldt. olu AM&-3F gas chromatograph
(Hewlett Packard 5890 Series I plus, USA)9l Z2} 27L& thgz 2}
Z Detectors FID, 2% 300C, injector2Xx 275C, ovene&® 220T,
Columne DB225 (length 30meters, ID 0.25mm, film thickness 0.25¢m,
J&W, USA) capillary column® AME-8tH 2™ carrier gast helium, split

ratio= 50:132 stQTh
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Table 4. Changes in extraction yield of the oil extracted from perilla seed
roasted at different conditions

(%)

Roasting conditions Pressure (kg/cn?)
Temp.(T) Time(min) 100 200 300 500 700
10 30.6 49.8 59.8 69.4 76.7
150 20 311 457 54.7 66.6 73.7
30 293 46.8 58.4 68.6 74.7
10 28.4 482 578 67.9 74.2
170 20 28.2 48.3 56.7 68.4 .6
30 294 496 59.5 69.2 5.4
10 30.2 483 58.0 68.4 7.0
190 20 304 49.6 59.8 69.8 76.2
30 335 50.7 60.9 70.6 71.2
10 313 50.5 60.0 69.6 75.9
210 20 35.3 54.1 63.0 72.2 78.7
30 37.8 55.7 64.8 73.8 80.3
Unroasted 30.1 479 58.4 68.8 76.6
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Figure 2. Effect of pressure on the extraction of
perilla oil with supercritical CO,at 40 C.
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Table 5. Changes in moisture content of the oil extracted from perilla seed
roasted at different conditions

Roasting Roasting Moisture
temperature (C) time (min) contents (%)
10 0.06
150 20 0.06
30 0.06
10 0.05
170 20 0.07
30 0.05
10 0.05
190 20 0.03
30 0.03
10 0.02
210 20 0.02
30 0.02
Unroasted 0.06
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Table 6. Changes in fatty acid composition of the oil extracted from perilla
seed roasted at different conditions

Fatty acid(%)

Roasting conditions

Saturates Unsaturates
Temp.(T) Time(min) 16:0 18:0 181 18:2 18:3
10 79 2.0 164 11.8 61.0
150 20 6.7 2.1 166 12,0 61.7
30 65 2.0 165 11.8 62.4
10 7.4 2.0 16.2 12,0 61.8
170 2 65 2.1 164 12.0 62.0
30 6.7 2.1 16.4 11.9 62.1
10 65 21 165 119 62.2
190 20 6.8 2.1 165 12.1 615
30 6.4 2.1 17.0 12.1 60.7
10 6.5 2.0 16.9 12.0 61.5
210 20 76 2.0 167 119 60.1
30 6.7 2.1 17.3 121 59.8
Unroasted 73 2.0 16.4 116 61.7
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FEZA o EV1F F ) €% ¥sle Table 78 2k F
Frel Wse AMEE RELET} EolxL Algke] LojA4E oy 7
Asle FeE Holthr) 190C Al 308, 210T oA 204, 308 & A9
F7H8 oot AL & F YYD TW, SAS 24 1 A5 52
o AgelE o 0lng/l00ge2 WS AL oFo] AZHYEH FuA =
= FREAI synergist® €EA Y A=A FEF Wale) X urd
& TASE 9 FPdsE ¢ YHI BA 9 Aow BBREJY

Table 7. Changes in phosphorus content of the oil extracted from perilla
seed roasted at different conditions
{mg%)

Roasting conditions

Phosphorus content

Temp.(T) Time(min)
10 15.6
150 20 20.0
30 16.4
10 20.7
170 20 17.4
30 15,7
10 19.9
190 20 17.1
30 45
10 19.0
210 20 15
30 0.4
Unroasted 0.1
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Table 8. Changes in phospholipid composition of the oil extracted from perilla
seed roasted at different conditions

Roasting conditions Phospholipids (mg/100g)

Temp.(T) Time(min) PE Pl PA PC
10 200 135 27 206

150 20 192 105 23 286
30 118 105 21 253

10 166 111 2 259

170 20 24 14 18 226
30 3 11 14 213

10 82 39 12 256

190 20 trace 8 6 230
30 trace 4 4 119

10 trace 23 9 170
210 20 trace 5 2 trace
30 trace trace trace trace

Unroasted trace frace trace trace

PE ; Phosphatidylethanolamine, PI ; Phosphatidylinositol
PA ; Phosphatidic acid, PC : Phosphatidylcholine
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Fig. 6 HPLC chromatogram Qf phospholipids of the oil extracted from

perilla seed roasted at 150C fer 10min
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perilla seed roasted at 190C for 10min
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Fig. 8 Changes of phospholipid content of the oil extracted from
perilla seed with different roasting times at 150°C

—A— Phosphatidylcholine —#M— Phosphatidylethanolamine
—@— Phosphatidylinositol —w— Phosphatidic acid
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Fig. 9 Changes of phospholipid content of the oil extracted from
perilla seed with different roasting times at 170°C

—d&— Phosphatidyicholine —H— Phosphatidylethanolamine
—@— Phosphatidylinositol . —W¥— Phosphatidic acid
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Table 9. Tocopherol contents of the oil extracted from perilla seed roasted
at different conditions

(ppm)
Roasting conditions Tocopherols
Total
Temp.('C) Time(min) a 8 4 é

150 10 51.4 89 967.0 179 10452
20 51.3 9.6 959.4 18.3 1038.6

30 49.6 9.5 893.6 175 970.1

170 10 65.7 13.0 1082.5 20.0 1181.1
20 74.3 9.3 11549 20.2 1258.7

30 55.6 89 12474 189 1330.8

190 10 64.0 11.7 1021.0 186 1115.3
20 62.2 10.2 13158 19.6 1407.7

30 61.6 11.8 1233.1 191 1325.6

210 10 69.8 9.2 12117 199 13106
20 64.6 11.3 1469.4 211 1566.3

30 44.4 104 1111.1 20.2 1186.1

Unroasted 60.2 9.0 1096.6 18.6 1184.4
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Fig.12 Changes of the peroxide value of the oil extracted from perilla

seed with different roasting conditions during storage at 50°C

—B— Control (unroasted) —@— Soybean cil (commercial)
—0O— roasted at 150 T for 10min —QO—roasted at 150T for 20min
—A— roasted at 150 for 30min
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Fig. 13 Changes of the peroxide value of the oil extracted from perilla

seed with different roasting conditions during storage at 50°C

—@®— Soybean oil (commerciai)

—l— Control (unroasted)
—QO— roasted at 170 for 20min

—[O-— roasted at 170Cfor 10min
—A— roasted at 170 for 30min
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Fig. 14. Changes of the peroxide value of the oil extracted from perilla
seed with different roasting conditions during storage at 50°C

—®&— Control (unroasted) —4@— Soybean oil (commercial)
—0O—roasted at 190Cfor 10min =~ —O— roasted at 180°C for 20min
—&—roasted at 190°C for 30min
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Fig. 15. Changes of the peroxide value of the oil extracted from perilla
seed with different roasting conditions during storage at 50°C

—®— Control (unroasted) —®@— Soybean oil (commercial)
—O— roasted at 210 for 10min —O— roasted at 210T for 20min
—A— roasted at 210T for 30min

— 86—



Yen §%& #71E 180, 190, 200, 210C A 3057t Ho} 243 Hr)=
= 60Tl AAFstHA 2l Aol Wiss zASGEY olm 200°C o A
ol /e A7150) 7 Aol ¢ttt stgen 25T &
aoM AFAldlE 210TAAM Fol 243 E7120] 744 Akslobg o] <
T BRuste E Agn 4413 A3s Jehigio
W S22 YES vialol AAsiHA headspace®] At4A%EEFS =3
g A= Fig. 16~199 2tk E/E 150TeA Hol &s3 5r|29 #
ol E79] AT E BAGlel 27l FH3 Aago] A=
Bl WFSte], 190T s} 210Toll A Bo}l 43 S7]89 Hoo= Sy Re
Alzte] Sobgtell mhe}l A H R4 SEr dusiFon BoAte e
ALY F FAaET o] Zolrl 150, 170T Y ASED AFSL By =9
ol AL AW EH9 vwms Hgom 150TlA 10, 20, 308 B2 793}
ColA 10, 20, 30% 190TolA 10, 208 28] 210Ce)A 108 Eo} =
FHEZIES Atols B 5718 A% vialll9] headspaces] AbAdhar

#Hae £=71 Al o)

ﬁ__.
o
o
o

[

[o

FEO w3, 190CelA 308, 210CA 20, 305

<)
e ~lﬂ
~n
Jo
o
>,
o~
UQL
o
)
P
Jpy
i
f
Au
"
L
3
2.
3
5
=
9

e AedE A

Al st AQEE & S UL, BEAT L BELES Zote) what

__; 87. —



10
o
S N
§ g - !\A o\
.C% \ .\.
2 a “e
e "o \
S 6
7] 6 g
K
o]
E
3 ®
c 4 - diu \
=) \
@
= (m] &
% | . \ 7[5$~< o —g¢g
£ ~f=0—g 5 N
o =
° 2 4
@
3
@

0 T T T

0 10 20 30 40

Storage time (days)

Fig. 16. Changes of the oxygen content in the headspace of the ¢il
extracted from perilla seed with different roasting conditions during
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Fig. 17. Changes of the oxygen content in the headspace of the oil
extracted from perilla seed with different roasting conditions during
storage at 50C

—&— Control (unroasted) —®@— Soybean oil (commercial)
—{J—roasted at 170C for 10min . —QO— roasted at 170C for 20min
—A-— roasted at 170°C for 30min
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Fig. 18. Changes of the oxygen content in the headspace of the oil
extracted from perilla seed with different roasting conditions during
storage at 50°C

—M— Control (unroasted) —@— Soybean oil (commercial)
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—A— roasted at 190C for 30min
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Fig. 19. Changes of the oxygen content in the headspace of the il
extracted from perilla seed with different roasting conditions during
storage at 50C

—B— Control (unroasted) —~—&@— Soybean oil (commercial)
—O—roasted at 210T for 10min° —O— roasted at 210 for 20min
—A~— roasted at 210°C for 30min
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Fig. 20. Changes of the conjugated dienoic acid content of the oil
extracted from perilla seed with different roasting conditions
during storage at 50°C

— B — Control (unroasted) —@&— Soybean oil (commercial)
—0O-—roasted at 150T for 10min  —Q— roasted at 150°C for 20min
—A— roasted at 150 for 30min
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Fig. 21. Changes of the conjugated dienoic acid content of the all
extracted from perilla seed with different roasting conditions

during sterage at 50°C
—&— Control (unroasted) —@&— Soybean oil (commercial)
—[1—roasted at 170 for 10min —Q—reasted at 170°C for 20min

—A—roasted at 170°C for 30min
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Fig. 22. Changes of the conjugated dienoic acid content of the cil
extracted from perilla seed with different roasting conditions
during storage at 50°C

—#— Control (unroasted) —@— Soybean cil (commercial)
—0O-— roasted at 190°C for 10min —Q~— roasted at 190C for 20min
—A~—roasted at 150T for 30min
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Table 10. Changes in eclectron donating ability of the oil
extracted from perilla seed rosted at different conditions

Roasting conditions

Temp(C) Time(min) Electron donating ability(%)"

150 10 25.2
20 29.8

30 28.2

170 10 26.3
20 446

30 46.81

190 10 415
20 46.0

30 49.9

210 10 47.3
20 549

30 64.0

Unroasted 24.4

%, Electron donating ability (96)
= [1-(Absorbance of sample / Absorbance of blank)} X100
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Table 11. Changes in fluorescence of the oil extracted
from perilla seed roasted at different conditions

Roasting conditions
Fluorescence”
Temp.(T) Time(min)

150 10 15.34
20 35.35

30 70.04

170 10 24.01
20 140.07

30 200.10

190 10 | 93.38
20 206.77

30 420.21

210 10 246.79
20 430.22

30 210.11

Unroasted 534

* Fluorescence at the emission maximum of 444nm
(excitation maximum = 355nm) was expressed as

~relative fluorescence to that of the quinine sulfate
- standard solution (1xg/ml 0.IN H2SOs = 100) at
room temperature,
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Library Searched : C:\DATABASE\WILEY138.L

Quality : 95
ID : Pyrazine, methyl-
Abtundance Scan 2166 (18.939 min): JHHA02.D (*)
8000 -
6000 A
4000 +
2000 -
0 L A -
i 1 I r. ' b l T t 1 v '[
m/z--> 20 30 40 S0 60 70 80 90 100 110 120 130
Artundance #469: Pyrazine, methyl- (~)
8C0Q -
6300 -
4000 4
2000 - i ’ :
, .
t 1“ | . t
0 ——— I "t » - —
m/z--> 20 30 4C 5Q 60 70 80 90 1CC 110 120 - 130

Fig. 26. Mass spectrum of scan number 2166 (methyl pyrazine)
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Library Searched : C:\DATABASE\WILEY138.L
6

Quality : 8
1D : DIMETHYL DYRAZINE
Abundance Scan 2668 (22.627 min}: JHHA02.D (*)
8000 1
6000 |
4000 |
2000 4
o i, e | i
m/z--> 30 40 S0 6370 8o 90 100 110 120 130
Abundance #118694: DIMETHIL DIRAZINE (%)
8000 |
6000 -
4000 4
2000 - .
H
! i i i
0 - : lf ‘ : : ‘ ‘ .
m/z--> 30 40 50 63 70 80 90 100 110 120 130

Fig. 27. Mass spectrum of scan number 2668 (dimethyl pyrazine)
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Library Searched

C:\DATABASE\WILEY138.L

Qualicy : 83
ID : Pyrazine, 2,5-dimethyl-
Abundance Scan 2699 (22.855 min): JHHAQZ.D (*)
8000 A
6000 -4
4000 4
2000 A
ol. plil! 1. ) |, ” ) | |
m/z--> 20 30 40 50 €0 70 80 90 100 liO liO
Abundance #118635: Pyrazine, 2,5-dimethyl- (¥)
800Q -
6000 -
4000 4
2000 - l
i
i |
o il | , b
m/z--> 20 30 40 50 €0 70 80 90 100 110 130

Fig. 28. Mass spectrum of scan number 2699 (2.5-dimethyl pyrazine)
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: C:\DATABASE\WILEY13S8
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Library Searched .L
Quality 95
ID : Pyrazine, 3-ethyl-2,5-dimethyl-
Abundance Scan 3642 {29.782 min): JHHAQ2.D (*J
8000 1
6000 4
4000 A
2000 -1
0 [Jl ll'l,l .,1[' A H' ‘, |
M i 1 T | i | v T ' ' i T N [
m/z--> 30 49 54 60 70 80 90 100 110 120 130 140 1s0
Abundance #121880: Pyrazine, J-ethyl-2,5-dimethyl- (*)
8000 -
6000 4
4000 -
2000 A |
*l
0 ! i ! i l ) !
m/z--> 30 40 50 €0 70 80 90 100 110 120 130 140 150
Fig. 29. Mass spectrum of scan number 3642 (3-ethyl-2,5 dimethyl
pyrazine)




Library Searched : C:\DATABASE\WILEY138.L

Quality : 94
ID : 1H-Pyrrole
Abundance Scan 4004 (32.441 min): JEES0Z.D (%)
8000 4
6000 4
4000 4
2000 4
0 N , l'. R [‘ ) . h
M i 1 i i 1 T M T 1 | N T
m/z--> 30 40 50 60 70 80 90 100 110 120 130 140 150
Abundance #116233: 1H-Pyrrole (*)
8000 +
6000 -
4000 - !
2000 - l
|
0 — | AN . —
m/z--> 30 40 50 60 70 80 90 100 110 120 120 140 150

Fig. 30. Mass spectrum of scan number 4044 (1H-pyrrole)
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Library Searched

C:\DATABASE\WILEY138.L

Quality 97
ID Phenol, 2-methoxy-
Abundance Scan 6684 (52.128 min): JHHAO02.D (=~

80Q0 -

6000 A

4000 1

2000 A

l
0 .H‘.‘ . ‘”0 : q“ ' ‘ 1 - I : l : k

m/z--> 40 60 80 100 120 140 160
Abundance #120382: Phenol, 2-methoxy- (*)]

80040 -

6300 +

4000 -

2000 - l
i o- ‘ !L . L . [ | ' E
m/ z--> 40 60 80 100 120 110 160

Fig. 31. Mass spectrum of scan number 6684 (2-methoxy phenol)
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Table 12. Flavor compounds in the oil extracted from perilla seed roasted at 210
C for 30 minutes, collected by Likens-Nickerson's apparatus

Scan No. RT Flavor Compounds Identification method
575 7.25 Methyl benzene GC-MSD
1250 12.21 1-Penten-3-ol GC-MSD
1481 13.90 1,4-Dimethyl benzene GC-MSD
2166 18.93 Methyl pyrazine GC-MSD, GC
2668 22.62 Dimethyl pyrazine GC-MSD, GC
2699 22.85 2,5-dimethyl pyrazine GC-MSD, GC
2972 24.86 2,3~-dimethyl pyrazine GC-MSD, GC
3119 25.94 Methyl-ethyl pyrazine GC-MSD
3192 26.47 2-ethyl-5-methy! pyrazine GC-MSD, GC
3392 2794 Trimethyl pyrazine GC-MSD, GC
3642 2978  3-ethyl-2,5-dimethyl pyrazine GC-MSD, GC
4004 32.44 1H-pyrrole GC-MSD, GC
4056 32.82 2,4-heptadienal GC-MSD
5275 41.77 2-furan methanol GC-MSD
6202 4858  1,2,3.4-tetramethyl] cyclobutene GC-MSD
6684 5212 2—-Methoxy phenol GC-MSD, GC
10211 78.03 1H-indole GC-MSD, GC
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Table 13. Effect of roasting conditions on the sensory scores of perilla oil

Roasting conditions Flavor Taste
Color Overall
Temp. Time | SRF  BO RPO  SRT BT RPT % acceptance
(C) (min)
150 10 2.53%9 2.0° 3937 280°9 1.93° 407*° 313% 2.87°¢
20 12.80% 2.67°% 473 2679 252°9 4732 347%%F 240"
30 (3537 27399 407°°  347°¢ 2.73%9 4070  347%F o947
170 10 13.20%¢ 2.33% 447 2474 2339 473* 327 2.93°¢
20 14.73% 3.20°% 2g3bede 3937 9q3ed 9 g3ed gpgabed  goma
30 |4.53*% 3.20°°% 26009 4407° 3.27°9 240°9 48720 4.60°
190 10 [4.40° 340°<% 367%P¢9 4130 3.07%% 367%P¢ 36799 3733
20 [5.03° 3.60°°¢ 2.20° 447 309 193¢ 527 487
30 5.07% 413" 233% 433" 460° 240%° 40P 407
210 10 520* 373 227% 473 367 1.80° 520° 4.47
20 1493 420° 227 427 453° 20°  467P 407
30 [357°° 6.07*  2.80°°% 233 687 240°¢ 247 1.87°
Unroasted [2.33° 1.93°  347%P°de 953°d 9909 9 ggbed 9 ggef 227°
F value 757" 748 497 730" 10.15° 669" 6.46" 8.03"

* 1 Significantly different at 1%
SRF; Sweet and Roasted Flavor, BO: Burnt Odor, RPO; Raw Perilla Odor,
SRT; Sweet and Roasted Taste, BT: Burnt Taste, RPT; Raw Perilla Taste
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Fig. 32. Changes of the peroxide value of the oil extracted from perilla
seed roasted at 190C for 20 min by addition of a-tocopherol

BO0«< @

Control (the oil extracted from perilla seed roasted at 190°C for 20min)
Control + 100ppm a-tocopherol
Control + 200ppm a—tocopherol
Control + 300ppm a-tocopherol
Control + 400ppm a-tocopherol
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Fig. 33. Changes of the peroxide value of the oil extracted from perilla
seed roasted at 190C for 20 min by addition of 8-tocopherol
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Control {the oil extracted from perilla seed roasted at 190°C for 20min)
Controf + 100ppm d-tocopherol
Controf + 200ppm &-tocopherol
Control + 300ppm S-tocopherol
Control + 400ppm 5-tocopherol
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Fig. 34. Changes of the peroxide value of the oil extracted from perilla
seed roasted at 190C for 20 min by addition of BHA

Control (the oil extracted from perilla seed roasted at 190°C for 20min)
Control + 50ppm BHA
Control + 100ppm BHA
Control + 150ppm BHA
Controt + 200ppm BHA
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Fig. 35. Changes of the peroxide value of the oil extracted from perilla
seed roasted at 190C for 20 min by addition of TBHQ

Control {the oil extracted from perila seed roasted at 190C for 20min)

Control + 50ppm TBHQ
Control + 100ppm TBHQ
Control + 150ppm TBHQ
Control + 200ppm TBHQ
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Fig. 36 . Changes of the conjugated dienoic acid content of the oil
extracted from perilla seed roasted at 190°C for 20 min by
addition of d-tocopherol

Control (the oil extracted from perilla seed roasted at 180°C for 20min)
Control + 100ppm a-tocopherol
Control + 200ppm a-tocopherol
Control + 300ppm d-tocopherol
Control + 400ppm a-tocopherol
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Fig. 37. Changes of the conjugated dienoic acid content of the oil
extracted from perilla seed roasted at 190°C for 20 min by
addition of d-tocopherol

Control (the oil extracted from perilla seed roasted at 190°C for 20min)
Control + 100ppm 3-tocopherol
Control + 200ppm &-tocopherol
Control + 300ppm &-tocopherol
Control + 400ppm §-tocopherol
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Fig. 38 . Changes of the conjugated dienoic acid content of the oil

extracted fro

m perilla seed roasted at 190°C for 20 min by

addition of BHA

ol vl I

Control {the oil extracted from perilla seed roasted at 190°C for 20min)
Control + 50ppm BHA
Control + 100ppm BHA
Control + 150ppm BHA
Control + 200ppm BHA
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Fig. 39. Changes of the conjugated dienoic acid content of the oil
extracted from perilla seed roasted at 190C for 20 min by

addition of TBHQ
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Control (the oil extracted from perilla seed roasted at 190°C for 20min)
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Control + 150ppm TBHQ
Control + 200ppm TBHQ
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Table 14. Sensory scores of mixed perilla oil

ltems
Sample Flavor B Taste Color Overall
SRF BO RPO SRT BT RPT acceptance
A 5.07° 271" 286° 421 264 343° 3.86° 4.21%
B 5.07°  3.00° 3.07° 471* 2717 350° 464  450°
C 500° 321* 271° 457  257°  293° 4.86° 4.64°
D 518 357° 264° 514* 3217 279 5.0° 4.71°
E 560° 4.00° 264° 5.07° 357° 264 4.64° 4.43°
F value| 086 1.15  0.17 144 124  0.80 1.22 0.29

*. All of the items are not significant.

A : Oil extraced from perilla seed roasting at 190°C, 20min.

B, C, D, E: 5, 10, 15, 20% addition of oil extracted from perilla seed roasting at 2107,
30min. in A, respectively.
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Changes of the peroxide value of the mixed perilla oil
extracted from perilla seed with different roasting conditions

HMO«< @

Control (the oil extracted from perilla seed roasted at 190°C for 20min)
Control + 5% 2130°
Control + 10% 2130°
Control + 15% 2130°
Control + 20% 2130°

« The oil extracted from perilla seed roasted at 210C for 30min
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Fig. 41 . Changes of the conjugated dienocic acid content of the mixed
perilla oil extracted from perilla seed with different roasting conditions

Control {the oil extracted from perilla seed roasted at 190C for 20min)
Control + 5% 2130°
Control + 10% 2130°
Control + 15% 2130°
Control + 20% 2130°
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* The oil extracted from perilla seed roasted at 210°C for 30min
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Table 15. Changes in browning intensity of the oil
extracted from perilla seed roasted at different conditions

Roasting conditions
Temp.(C)  Time(min) Absorbance at 420nm

150 10 0.166
20 0.170
30 0.237
170 10 0.174
20 0.311
30 0.457
190 10 0.441
20 0.636
30 0.927
210 10 0970
20 1.746
30 2.150
Unroasted 0.153

50T A BgAtel me} 448 5718 35225 229 2483
& B9 BEAITtel Zolgel wek AAFATO] ZFH Z/HEHAT 170

TS 190C e Aoz 150T 9 2 Aot 190TA 308 Ho} 2
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Table 16. Changes in electron donating ability of browning
material in the oil extracted f{rom perilla seed roasted at
different conditions

Roasting conditions
! Eletron donating ability (%)
Temp.(C)  Time(min) |

150 10 i 19.77
20 22.43
30 ! 23.58
170 10 18.97
20 30.05
- 30 34.21
190 10 25.97
20 34.21
30 54,95
210 10 50.10
20 60.80
30 75.16
Unroasted i 17.64

*, Electron donating ability (%)
= [1-(Absorbance of sample / Absorbance of blank)] X 100
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Table 17. Changes in amino acid content of defatted perilla cake from

perilla seed roasted at 150°C for 10, 20, 30min

Roasting time ( min )

Amino acids

Unroasted 10 20 30

Aspartic acid 437182 434376 433143 432596
Glutamic acid 1088111 10845.79 10535.69 10236.43
Serine 3520.44 3102.19 9607.13 0553.72
Glycine 2883.41 2877.82 2817.95 2737.21
Histidine 1689.71 1683.81 167258 1650.57
Arginine 585607 5806.69 5797.87 5731.38
Threonine 1697.90 1623.88 1619.83 1610.24
Alanine 3003.10 3051.47 288276 2766.59
Proline 169211 1642.26 1617.23 1562.03
Tyrosine 2172.62 2142.99 1949.64 1868.40
Valine 2597.60 0527.87 2029.35 2566.20
Methionine 24892 204.96 120,64 92.95
Cysteine 638.99 605.89 567.94 480.90
Isoleucine 1933.06 1923.0 1900.20 186461
Leucine 3581.24 3545.15 3538.24 3493.37
Phenylalanine 2633.76 2563.21 2552.05 2479.93
Lysine 9365.99 9310.79 9301.82 2064.11

Total 51857.15 50801.53 48842.35 48093.60

— 132 —



Table 18. Changes in amino acid content of defatted perilla cake from
perilla seed roasted at 170C for 10, 20, 30min

Roasting time ( min )

Amino acids

10 20 30

Aspartic acid 444862 422448 422136
Glutamic acid 10806.85 10705.48 10696.88
Serine 2525.68 2477.05 2327.64
Glycine 2963.94 2876.47 2712.65
Histidine 1690.43 1658.60 1647.98
Arginine 5698.76 5687.99 5472.13
Threonine 1632.73 1595.36 1594.57
Alanine 3094.26 3017.17 2699.19
Proline ’ 1721.59 1667.77 1566.26
Tyrosine 2195.72 2130.02 1863.64
Valine 2020.61 2778.28 2110.30
Methionine 255,96 229.58 79.28
Cysteine -549.08 337.23 231.85
Isoleucine 1940.38 1938.29 1934.94
Leucine 3584.87 3552.82 3511.82
Phenylalanine 2601.33 2600.35 2597.44
Lysine 2312.61 1735.38 1324.64

Total 50943.42 49212.32 46592.57
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Table 19. Changes in amino acid content of defatted perilla cake from
perilla seed roasted at 190C for 10, 20, 30min

) . Roasting time ( min )
Amino acids —

10 20 30

Aspartic acid 3900.05 3550.11 3161.37
Glutamic acid 9984.0 9906.58 9687.18
Serine 2174.32 1848.94 707.18
Glycine 2590.45 2524.45 2454.71
Histidine 1436.10 1398.16 124730
Arginine 5180.80 4360.01 3017.93
Threonine 1441.98 1335.76 887.30
Alanine 2626.49 2520.82 2451.57
Proline 1488.91 145561 1430.41
Tyrosine 2006.58 1982.22 1793.46
Valine 271225 2591.95 2114.76
Methionine 267.68 21528 188.45
Cysteine 389,11 247.16 200.35
Isoleucine 1849.64 1785.94 1709.50
Leucine 3279.44 3267.86 2519.30
Phenylalanine 2437.79 2410.44 2190.65
Lysine 1678.91 954.09 584.28

Total 45445.5 42355.38 36745.7
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Table 20. Changes in amino acid content of defatted perilla cake from
perilla seed roasted at 210C for 10, 20, 30min

Roasting time ( min )

Amino acids

10 20 30

Aspartic acid 3160.19 2921.59 2726.50
Glutamic acid 10700.70 9040.95 8028.94
Serine 1797.77 339.33 216.45
Glycine 2944.62 2691.15 2406.39
Histidine 1304.25 1196.24 1027.63
Arginine 4220.90 2712.97 2360.24
Threonine 1265.78 657.02 410.27
Alanine 2833.89 2548.77 2464.39
Proline ’ 1595.42 1451.81 1392.45
Tyrosine 1909.76 1818.50 1765.25
Valine 2586.58 2322.01 1999.89
Methionine - 222.91 165,52 23.42
Cysteine 497.30 206.71 198.41
Isoleucine 1878.71 177722 1598.85
Leucine 3221.59 3095.65 2065.22
Phenylalanine 2411.95 2332.995 219691
Lysine 922.99 739.90 71771

Total 43475.31 36018.29 33398.92
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Table 21. Changes in sugar content of defatted perilla cake from
perilla seed roasted at 150C for 10, 20, 30min

(%)
S Roasting time (min)

vears Unroasted 10 20 30
Arabinose 3.37 4.37 2.95 2.70
Xylose 1.81 2.33 1.49 1.31
Mannose 0.74 1.17 0.90 0.65
Galactose 1.99 2.88 2.24 1.49
Glucose 7.95 11.38 8.98 6.00
Total 15.86 22.13 16.56 12.15

Table 22. Changes in sugar content of defatted perilla cake from
perilla seed roasted at 170C for 10, 20, 30min

( % )
Roasting time (min)

Sugars
10 20 30
Arabinose 2.70 3.28 2.30
Xylose 1.31 1.79 0.89
Mannose 0.65 0.87 0.25
Galactose 1.49 1.82 1.03
Glucose 6.00 7.96 4.30

Total 12.15 ' 1582 85
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Table 23. Changes in sugar content of defatted perilla cake from
perilla seed roasted at 190°C for 10, 20, 30min

( % )
Roasting time (min)
Sugars
10 20 30

Arabinose 194 367 194
Xylose 0.89 1.85 1.01
Mannose 0.38 0.52 -
Galactose 1.04 1.82 0.89
Glucose 5.37 3.95 1.97

Total 9.62 11.81 581

Table 24. Changes in sugar content of defatted perilla cake from
perilla seed roasted at 210°C for 10, 20, 30min

(%)
Roasting time (min)
Sugars - —
10 20 30
Arabinose 4&3 1.15 1.08
Xylose 2.26 0.66 0.66
Mannose 0.66 - -
(Galactose 2.37 0.70 0.55
Glucose 543 2.34 1.60
Total 15.38 485 389
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A 1A AA

B9 FANA /3 EVIEL SEUEA ddRE ®e] of
AE AEFT A Aol o 40%FE FfiE JoH
AAH @ ~linolenic acid, Ciss, w-3) &HFo| 50~60%=2 TS 4859l
131 =Y. -z =Wae =2 Hlinoleic acid, Cisn, ©-6)3 vlR3] B
o, AAYNA FE4kd olgl]E4Harachidonic acid, Cop, @ -6)7HA,
a - &AL eicosapentaenocic acid(Cas, -3, EPA)E 73-#3}9 docosa
hexaenoic acid(Cazs, @~3, DHA) 74% 38?4 -641¢9 dA=Akal o
349 o-PEALE FEANIAE 43 ARHA g1, E, AYHA
7] MEA 27 AFA JAd ol sk B4 AParez? 7159
F8 AAA o-HEAWe A, AFNA, GAE F2A,
ST TN, ¢HE7] AR MM, w2 He dg 59 vt
o] gxgo wet FEL Px gtk ojyF F& AIsES /R
7180 = EES}F AR ¢ - &AL gl =ol AET] 4o
= BAFES Z 3o] SEvEelA ddiE gl ol&de 8% F
9] she|HAE I o] gAdl Aleke] AT

FI7HA 474 5715 AAqARA 478 4¥ug, 3 5% 57
9 AZzxAE 2EAE d 7159 sz ¥IE 2AEIYE,
AZFLE7F S5 BAREI F43] et . = o] F
@e. putylated hydroxyanisole(BHA), butylated hydroxytoluene(BHT),
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27

¢
=

propylgallate, ascorbyl palmitate, ascorbic acid® E7)&°) A71slo] 4F
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acid A7H77F 7 md7h F40a ok A 92§78 W@
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tocopherol® f714te] A EHE, A 59 57184 dsA 48
g E3te ol5e g AL AN =, ¢t 57 E78
o HAAEE Hristed E7]84 SR AZd vAE HA®EeY &HE,
e 71 FAE oA 5T EVIECl EE B FAA
F23% E7)1EHT 4gg o] 24 oY FUsi Y B st

o|g}zto]l E7159] AR U A7 E7 AAe gi4ks A
S ZARIAY AF 3siAlE Avbste] g4tsl 53E AWEE A
| dFEolgrt. 28y E7]82 dutdoz EAE 254 43t
3, o] BAHNA EZY 2] HEE°] melanoidin ZHMAE FAs e
Maillard ¥t¢& AA E71F 579 F714E] A€ Maillard 9+
o o3 AAHE ZHEZA = melancidin® FA o 3k F4rsl =g
Bt e F-oluiqhE 0|83 A RdA € A Fo cl=2I|7A e &
€ AF7999 g2 E709 ethanol FZE9] a3} EAHE ZAG B
a7k AT YoM =g, F-olujieag o] 43 Maillard ¥l
2435l EZ¢] W ethanol FEES 4HIMHAY &7 BuEEz gl
1:]_.(15—-18)

mEA, B dFdAe 1) HEALELE 79 £& A4 IR &
718 E7EA i AlE Hrlele EV1EY AEAAE AESIL
) ENY FEATC mE AR 7159 o3y SA4usie 43
AFAZE AHEI, Ef o EVIE FA AALE BHERAE
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1. FA3A7E E7159 AsAA G vA=
9
b AR 2 Ay

A=

B Age AlgE E/E 19943 3 FA4H(Perilla frutescens var.
japonica Hara)& Ao A FYste] A% F 429 asdA Adxst
o AEZ AT

E7 250ge 2.2 7)(Hesse, Andre Co., Germany)E 190TolA 208
B¢ BEL EAY ER &L EAE 4R ¢A71(Fred S. Carver Inc,

USA)Z &8l EVIES AZSHY. oln IF7e gL
700kg/c®7+A] & & 1087 §RA51AA gt ch.

(3) Tocopherol $3F

E718¢] tocopherol £4-g& 93 AAIYE A0CSY ™o el
ABSAT. F 2g9] E71E°) 96% ethanol 8mlE 715t & EE
F, o719 pyrogallol 100mg& thAl 7Fate] g3 Sal=w dag &
F, 60% KOH&9 4mlE 7}5ith. A4AE thA] 34 Bo] Yol 5 |
B-3}o] 26 water bathollA] 10837t shakingslrt. ojw ZelxzE
FoF SUE HolA HYFAHOZEE AFAIFOH, 7] "ol
50mlE 7}t 250mie] EfejFo) &3 F 50mle] diethyl ether& 713l
12 E59 F4rh o9 2L F2238 33 WES} & AEFHE R

N
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T gtz orle 50mle] FHFE JtElY FA2YA EE £ E

AASTE T 00IM HCIES 30miE 7Hata 283 ¥, saxs
A2~GA wahfo] AFFHd) sodium sulfate anhydrousE 3g7}sln o=}
Z/(Whatman No. 4002 33l HE 40TCelstolA AdFHstdt.
577 YHE hexane22 ZF AW F 10mIPEEe2a2 &7)3
hexanee 2 FEM7}R] A& F tocopherolF4 A2 ALL39T). ojuj
tocopheroli&4]o] Al&3 HPLCE JASCO HPLCZ Nova pak silca
coumn(39 x 150mm)& AHE-SISL™, 292nm= ZFEE UV HE7=2
Z43 9L, ol FA L2 E hexanediethyl ether(95:5, v/v)E& 2% 1mL=
st} 3383

mlo

B

B
[+

(4) FiksiA o] F7t

&4 32ksl Al BHA, BHTS TBHQE 2 10mL9] hexanesl 50,
100, 150, 200ppme] H=F =gth o §4& E7IF 100gel Hr}slo]
A&7 FSA  stirrer2 2BFG EFF F, 40TolA  rotary
evaporater® |mWlE AAsStY A5z ALY EIdHE Jrte 5
7154l #HE Jde FFY o- & s-EIZHEFS ALES 100,
200, 300, 400ppme] HE=E 99} 72 Wz Yrisdoh

(G) E7159 43R A

FASAZE A7kE E718€ 2717F 48T 100ml wlelA 10g4 &
#Hste 50Te Ferld AFsHA AOCS] wE @) wra} 73 EL
E FASATY. £ S8 190ToA 20870 Fol F/3 E75H &
A %3 FHE 5718L 2D dxTE AHESD. 57189 fE/IT
HAHE7F7E T0meq/kg oildl =23 AR st ilst AEE

flo
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U 4dy ¢ &
(1) Tocopherol %
E7189 EIZVHEFHFL Table 1o JedT. EIHS9 A

a, B, 7, 7t BT AZHYCM 1 F y-EasdEdFol A B3t
3 gYL &% TANGT EAE §FE B SANA 4P 5]
Bol BA %S EANA AR IR FFo| BT

Table 1. Tocopherol compositions of oils from unroasted
and roasted perilla seeds

Oils Tocopherols
(ppm)
a B 7 &  total

URPO” 602 9.0 10966 186 11844
RPO? 622 102 13158 196 1407.7

1) : perilla oil from the unroasted seed
2) : perilla oil from the roasted seed at 190°C for 20min

3 = (2122) o

M= a-, B-, r- ¢ 6 -tocopherols®] FEA]3}H
OH-71& 7Hd A4d AFAA=Z AR EE vAe 443t J&e] A&
A4t gt 2 59 A4 7189 2EIHE FFL 430ppmo]
W, 8 EIFHEL 7y -tocopherole]d Eid Zile} B AFPdA] FE
ZHE FFo] 1184 - 1407ppm FHE AT HolE Jehic). oz
Aole A 592 A E718L, £ 4hdAE AASA gL A4
o] E7I8= AHEE Aoly] Wil A5 AoldA & Aoz AZEH
pei=

RO
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(2) Fst4 At 18 E7159 43t AAFA

190CellA 208F¢ £2 E79 £A &2 E7E 472 FR/E
B8 «-ERHE, s-EZFHEL 100, 200, 3003 400ppm, BHA,
BHT$} TBHQE 50, 100, 1507 200ppme 2 F=E=2 AH7kste] 50T
A AsIEA BHadg 8IS F35Y Alz #8443 gh& Table 291
ERH ST

EA G FF{e E7IERT 190THAA 2085 B2 S04 Ff

E7IE9 AU} 4201822, E&FH 0] E7I59 Aol 7145
= Aoz UEhton 190THA 208 Beomm BEXga 43
718°l TBHQE ¢ 100ppm3A7e &I} fASIA. °l&d dis
A W] Bgers BgAte] /1848 E78e AL
F7retgve Bael fAMES € F

ﬂ%}éﬂi LR a-9% s-EINEBL A/IE EAEY Als

QzTEY Yol EINELS A3EAFEE st Aoz Yoy,
A7VFel 718 £5 AU FU1stth. gEta B AfoAde B8
o i3 EIZHERY Jvtes 7189 A3t IBAe gt mAst
Qe Aoz R A F9¢ E7189 tocopherole FEE= 3
71t E71E9 4t GAFA FAAFE oy FE7179 xpolst
AT S, olu AER AlEF EVE F9 tocopherol ¥
< o 400ppmA =TI st B AYS] Adete B Zolrt UULh

3t

it

gz, Z 590 A1 43 E51EL AZoA TYd Ao w FgFA ]
N ool A £F7] FRYLE AFAST Aelmzg B AFyAae
= HmE7] oHE ALewE FRHAULh E3 o]5L tocopherolTHE A}

‘A= &EF7F @193, ascorbic acid 500ppmell tocopherols 200ppm
ol AN E A5aEHE Yehln, H7]4rFoE ascorbic acid7}
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4 mgoota st E=F o] 59 s-EIFHEL 57159
2000ppmA7FSIAE of s -EZHES AsBAHAEd = JEREA sk
L= S 3 A=

FAeakskAQl BHAS 50, 100, 150, 200ppm F7Hetgle of oz
] Als} Z2AY @0 BHARE £718de £87} gl A2 YE
Wtk BHTE 50, 100, 1507 200ppme E7]18¢] A7lelALe A¢ £
EANA Ff38 E718& ALstae JArvtexErt S w8 AUt
AR ez kst el FolR A, d4tst adE =X Gdvh 28
U TBHQ= 73 34tslg & Rtk TBHQE 507 100ppm H7He 7
S A7} 230 - 275, 4.83 - 49022 2o H|3] <F 2 - 4u)0]
4 mged, BAge SANM A4¥ 57189 TBHQE 1503
200ppm F7MSE A= AFZ 713 35l ATg AN A H4sE
7} ¢F 16.2meq/kg cil® 13.7meq/kg cil2 ¢ =2 4Hs HAAE
itk & EAA FF3 7189 TBHQE 50ppm H7HS 73
Solle oo vs] o 2ujold AFHAeH 1507 200ppm HIHT
= AF7I1ZE 704 ] AR AHANA FHASIEIFE oF 10meg/kg oil B
E2 o9 52 48 ABAAE JEMIY o7dA ZaE AFEHA
E%A g AFF FYolFAT A4t T Wstx: HAAHEVS =
AZAe vA7tAE TBHQRHO] 4tst M4 AZEAE VERICH
o] A=z w|FolEw TBHQE W3 3§ 7IFXY 200ppm oA
A7kl e E7159 AFAREEE obu] o] FE AESF JEAL
= o4=u, TBHQ/l E7189 48 34 ol 743 Age o4
A2 T =3 FL42AE 2EFLEN E7]159 A A
dx 7198 Aoz #AHEHUT
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Table 2. Oxidative stabilities of perilla oils added some antioxidants

Antioxidants  Concentration URPQV RPO?
(ppm) Al Al
URPOV 1.00 0.24
RPO? 4.20 1.00
@ ~tocopherol 100 0.88 053
200 ' 0.73 0.60
300 0.70 0.69
400 0.64 0.97
¢ —tocopherol 100 0.77 0.80
200 0.87 0.85
300 097 0.92
400 1.02 0.97
BHA 50 0.88 0.88
100 0.94 0.95
150 097 0.96
200 1.02 1.00
BHT 50 1.04 0.98
100 1.08 0.98
150 112 1.02
200 116 1.04
TBHQ 50 275 2.30
100 488 4.90
150 7.88 >>4.90
200 9.16 >>4.90
DD e .

Experssions are the same as in Table 1
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2. 7159 €Ast= 43t A&

7. Als 29

1
Obh EAERH 328 A=
© EA9 £¢ =A% S8 FF

E7A E71EE A7 A3 E7] 250g-L H37](Hesse, Andre &
Co., Germany)o]l ¥ol #& 2Xx2Q 190ToAM £& AL g 3o
%, 5, 10, 15, 20, 30, 40 ¥ 508 EU HL T A4 A3vhE, #A
& EAY EE ANEE EL EAE 4F7|(Fred S. Carver Inc,
USA)E ¢Fslel E7188 itk 43719 48 500kg/cm™7HA] &

d T 1085 FAAIEA FFsan. 58 57182 34 A4S
F2azd ¥n Aartcz A5 -30CAA WE RAsHA EAA
52 AMEET

@ 57189 Wge 338 A=z
2zt 718 50gH¢ 250me A2t EBetamd AT F, S| 5

ZFo] wWeE 250mS FUME H 1AL B¢ mutsiyeh £ Z4niriz

&A Z EECZ H, 240 B A AV, BEY T 2L 44 B

Baze] &7 4T AATO] Y B¢ FASFAL. 2L B

5 222 o, 22% NI Fsld 40TAN HYEEe

Aeg 289 Gas Z3 ZASEY AT, WHe Sl
AAR F1gFe W2 Hel FYEFTA $UhE AAANNE wm A=
= A8k
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L
2
BN

@ WS FEEEZRH WL 2895 A4 £

EFA &2 7187 5 15 30 ¥ 508 H2F FRS Er|E4 @
< FFE 208 g4 wEe(1 D) 100mZ &A1 F, EQ7d 7]
A ZEIE o5 &9 7 & 40CHA FEEFs daEs 7184
BEEEFr DI g4 7184 B Fr 22 A=xs9d. Fr 13 Fr 29 A=z
F4L Fig. 191 YeESH

1) E7159 A&

E71E9 ge=7tE AOCS®e wd) wa), wFsiste A0CS®
o] whdel uwa, Ate AOCS®e whde] wEl Al zHL
AOAC®2] w¥o] we} methylation 3 %, capillary columng ©]-43}
& gas chromatograph(Hewlett Packard 5890, USA)Z E4}stict. £4
Z1L Table 37 23, A4t 242 integratore]l YEld 2+ peak<l
AL A 9EEE YRS 34 EVLE 718 22 250me
47 Egta=o) 3 & acetic acid : chloroform (3 : 2, v/v) €9 30
w2 &35t X3} potassium iodide(KD) 05me-2 7Hoh. 307+ &
5, 50mte] FFHFE JFIL 1% JEE S Ao ALE-3le] 0.0IN
sodium thiosulfate &0 2 ZAsle #FA3E7Hmegke)S A3 QT
(20).

(h) E7159 AZLd
®© E715F VgL 7184 LS AAT 57159 ARZAY

Z4zke] E7184 E°) 6em, AE 159 vialel 3g¥ £33t 50T
8-27](Vision Scientific Co., LTD)l A&8t®A AOCS®2] upgo) u}
2 dARALE AEE A FAEIE SHSY AL ¥
stk
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@ WEE I Fr DI G948 LFHEFr 2)& A7 7189
2344
A2 g2z Qe dgg EYFr DI Y94 £3Fr 2 F4€
1L0% FEZ ®A ¥&F {3 5718 & F, vladlg be ¥x
AN T Aot S8 EH/TH, Fr 15 Fr 27F 1L0%E J7ME €
7184 o] 6en, AE 1.5cm?] vialdl 3g¥ EFHslY 50CE FAsE 3
2714 AFstEA 29 Aoz FHAREIE SHSH

=

&) FE£EA 54
®© 2=
Z 7159 wigE FZE, Fr 13 Fr 28 0l1g F38td WL tm=
£3] AF EFFE=A(BECKMAN, DU-7 Spectrophotometer, USA)Z
20mel A 2N EE S

® Fluorescence

Z 189 verE F&5, Fr 1, Fr 28 01g Fsty AgdS 5wz &
AAZE A7 Ine A AHEL 15ME ETFFF Park T By
o] wa} Spectrofluorometer (JASCO FP550, Japan)® fluorescenceE =
Astdrt. o]mf o] excitationd 352mE A8 ™ emissiond 300~
600nmz 34t EFENE 1ug quinine sulfate/mé 0.01N HoSOsZE AlE-
slgom oA Zhe 1002235t A& 9] fluorescence® AlAFIATH

@ HE TF
2zt 7129 We& & E Fr 17 Fr 29 total polyphenol &%

P =9 we] uwlel Folin-Denis Al2FS AZ3F &, tannic acid®
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FFTHAL AT ABEFY total polyphenol TFL &A1Y} 100
M2 FE3 7 A BNA 5mE HAF F Folin-Denis Al oF 5meT WA
713, 3% Foll 10% NaCOs &9 tmls F7Me F, 1A% Fo £3F=
A(BECKMAN, DU-7 Spectrophotometer, USA)E 760molA] FF=E
35t

@ AARAFTAF

z 7189 WEe F2E, Fr 13 Fr 29 AAFTY FHge
1,1-diphenyl -2-picrylhydrazyl(DPPH)E °]&-3le A3t &, 2

E 10mg& ethyl acetate 1m¢oll $3)A1ZF 05m-& F3) 3x10™M DPPH

49 15mE 71ete] Ao 308EEQ¢ vHeAIZl & 520mel A FHEES
389tk AAFA5L DPPH $98 AE0 /e Am A7lslA
g2 A FFEE WELE AT

Electron donating ability(96)
= [1-(Absorbance of sample/Absorbance of blank)}X 100
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Table 3. GC conditions for fatty acid composition of perilla oil

Instrument Hewlett Packard 5890
Col Supelco wax 10 capillary column

(0.32mm ID, 30m length, 0.25um thickness)
Carrier gas Helium

Initial temp. : 180T
Final temp. 230C
Initial time : 5 min.
Final time : 2 min.
Rate 1 : 2C/min.
Rate 2 : 20°C/min.

Temperature program

Detector Flame Ionization Detector(FID)
Split ratio 100 : 1

Injector temperature 220C

Detector temperature 250C

Injection volume 0.440
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Perilla oil

extracted with MeOH

MeOH extract MeOH treated perilla oil

| |

kept. at 4C for overnight

MeOH exiract

extract with MeOH or hexane

MeOH soluble fraction Hexane soluble fraction
(Fr 1) (Fr 2)

Fig. 1. The schematic diagram of the extraction of the
antioxidative substances
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L = s e £

1) H& A0 e 7189 € us

F& NS 2Yq £ EAE RE FRA, E7159 54 A
= Table 49 2ot H& A7o] ZA+E F{EL Frete A

B2

=

o

ded, 2 g1 FH3 EVEY €L 278% I, 190TNA 50
ol Zf3 7189 £€& 323%E oF 5.0%9] Aol BYrh

Table 4. Changes in extraction yield of the oil extracted
from perilla seed by roasting time

Roasting Time(min) Yields(%)

0 278

5 28.5
10 28.2
15 29.3
20 304
30 309
40 , 32.4
50 32.3
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(2) H5 Azt e 57159 Aus

b 388 A% usg

e Aol ok e 7189 388 48 Z3E Table 59 2
L E71EY ae=vte BA €3 AFE E7]1E0] 1968, 190TA 50
B FobA /e E7IEC] 19424 A oyl 9, Asirts
A il FF3 E7]E0] 1869, 190ToNA 508 Holx g3t Sr)s
o] 188824 & Aol7t fiew, 47t 94 A gm F{F BI85
043, 190TCoNA 502 #HolA FF& E715°] 066 U ol AEFF
AP JEFAN AP FA2A BLADe] 98] 57159 357
AEol ZA WA & & 5 U

o

3o

Table 5. Physicochemical properties of the oils extracted from
perilla seed roasted by different time

;i{;ls(:lii) Iodine Value Saponifiable Value Acid Value
0 196.8 186.9 0.43
5 ' 198.0 1865 0.76
10 196.6 188.3 0.76
15 195.0 1917 0.68
20 197.3 1909 0.68
30 197.2 1883 0.61
40 196.1 1881 0.76
50 1994 188.8 0.66
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b A =4 s

EF Aol wet Fi3 E7159 ANt 24 EF= Table 63 2
tt. &, E7)E89 A9AFS palmitic acid(Cigo), stearic acid(Ciso), oleic
acid(Cig1), linoleic acid(Cisg), linolenic acid(Ciss) T2 FAH O 3L,
linolenic acid o] 58.6~6L1%2A FE A4S e &5 UA
ok EF, EA AL AAARAE] 95~11.2%F AA| e, EXSFAY
b 88~90.6%F AA St E71§9Y EEIJEI =2 AL €5 UNM
o} ol& Shin® 59 Akt HudE A YA FA oo B
Alzbel] weh B& B2 RE AR S A st s 2ol
E UehiA 448 g T duTh
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Table 6. Fatty acid compositions of the oil extracted from perilla
seed roasted by different time

Fatty Acid(%)

: Saturates Unsaturates
fﬁﬁzi Cio Ciso Cisx  Cmz  Cuss us B
0 7.7 1.8 160 130 611 95 74.1
5 79 19 170 124 603 9.2 72.7
10 8.2 19 168 126  60.0 89 72.6
15 9.0 19 165 128 59.2 3.1 72.0
20 - 8.4 19 162 128 599 8.6 72.7
30 . 9.3 19 164 130 586 79 71.6
40 8.6 19 170 128  59.2 85 72.0
50 8.9 19 16.7 128 589 8.2 71.7

EFA : Essential Fatty Acid

() S Azt B 57159 A3t A
O 7159 43434

AIZER B2F {3 E715S 50T 2716 ARsAA

i & ¥ Rgkth Fig. 2 190CeA 5, 10, 15, 20, 30, 40 50

B EE £ F AR £7159 #As=ET WEE Ul Aoz

A 43 HFHT EVI5ES FAFEIDE o Hol, EAY BT
i %7t 39t Fig. 32 & E7]8S "WE&d

deE M4 HES AAStL Z4zhe 84 JE2 50T @
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POV (meq/Kg)

160

140

120 +

100 |

§0

60

40

20

Fig. 2.

1) URPO
5RPO

10RPO :
15RPO :
20RPO :
30RPO :
40RPO :
50RPO :

—— 50RPO

—e— URPO

—=— SRPO

—a— 10RPO
—»— 15RPO
—s— 20RPO
—e— 30RPO
—— 40RPO

Storage

time (days)

Changes of the peroxide values of the
oils from perilla seeds ‘roasted at different time

. oils from the unroasted perilla seed

. oils from the perilla
oils from the perilla
oils from the perilla
oils from the perilla
oils from the perilla
oils from the perilla
oils from the perilla

seed roasted for 5 min at 190TC
seed roasted for 10 min at 190T
seed roasted for 15 min at 190T
seed roasted for 20 min at 190C
seed roasted for 30 min at 190C
seed roasted for 40 min at-190°C
seed roasted for 50 min at 190C
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POV (meq/Kg)

300

—eo— URPOM

—a— SRPOM

250 | | —a— 10RPOM
—x— 15RPOM
—3¢— 20RPOM
—a— 30RPOM
—— 40RPOM
—— S0RPOM

200 -

150

100

50

0 3 ) 9 12 15
Storage time (days)

Fig. 3. Changes of the peroxide values of the oils
without methanol  soluble  components during
autoxidation at 50°C

1) URPOM : URPO removed soluble components by methanol
5RPOM @ 5RPO removed soluble components by methanol
10RPOM : 10RPO removed soluble components by methanol
15RPOM : 15RPO removed soluble components by methanol
20RPOM : 20RPO removed soluble components by methanol
30RPOM : 30RPO removed soluble components by methanol
40RPOM : 40RPO removed soluble components by methanol
50RPOM : 50RPO removed soluble components by methanol
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POV (meq/Kg)

100

—a— control '
90 F | —a— URPO ~
' —a— 5RPO

§0 | —e 15RPO
—x— 30RPO
70 F|—e— 50RPO

0 3 5 7 9 11 13
Storage time (days)

Fig. 4. Changes of the peroxide value of the
perilla oil containing methanol fraction during
autoxidation at 50°C

1) URPO, SRPO, 15RPO, 30RPO and 50RPO refer to Fig. 2.
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POV (meq/Kg)

120
—e—control
—a— URPO
100 + |—a—5RPO
—¢— 15RPO
-~ 30RPO
30 —a— SORPO
60
40
20
b‘ ) L

0 3 5 7 9 11 13
Storage time (days)

Fig. 5. Changes of the peroxide values of the perilla

0oils containing hexane fraction during autoxidation
at 50°C :

1) URPO, SRPO, 15RPO, 30RPO, and 50RPO refer to Fig. 2.
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L0%= Frtsted ARFE 7189 FuslErl dss 94t e g2
= F7METE A2, FEATA ae FulE sixe ggken,
A FEe gL g i PSR Zex ggh o
A, E7189 94 7184 FRede P Bdo] nFoez AT
Ox 2R Sith ZEFHL2, Y15 EAsk: s B uF

A GaEn SA4Y gL 44 &3lEe 249e ¢ 5 U
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&
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Table 7. Yields of Me-OH extract, Me—-OH fraction(Fr 1), and hexane
fraction(Fr 2) from the perilla oil by roasting time

Roasting Time Yield of Yield of Yield of
(min) Me-OH Extract(%) Fr 1(%) Fr 2(%)
0 39 2.21 1.65
5 4.6 2.99 1.45
10 4.6
15 44 3.08 111
20 4.5
30 5.0 3.89 0.89
40 53
50 | 5.5 4.49 0.81
1) 2=

Zt E7|8Lo R BHEY F23 v FE2E g2 EIEr D
B3 (Fr 2)¢] 420molA] 2R3 2 EE Table 87 Zt) W& =28

HPot 508 £ FE2ES 33602 59 AEe] 2 Fe Uehfio], &

LAzl ZolAS5E ZHET} FHES ¢ F YTk Fr 2& AAAo

2 g Re FAE BAU EAzte]l WA BAESL F7tE
_iF_

Atk A FA= Fr 27t AlY 231, Fr 1] Ald
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Eor, & dgdA AT AAAFAE dFoAME 2L £AE UE
e, o]Zd ZA#E ZAx9 45 G747 A2 AFT FAV &S

Table 8. Changes in browning intensity of the Me-OH extract, Me-OH
fraction(Fr 1), and hexane fraction(Fr 2) from the perilla oil

Absorbance at 420m

Roasting Time(min)

Me-OH Extract Fr1 Fr 2
0 0.3255 0.6508 0.0397
5 0.4694 0.6252 0.0780
15 1.1694 1.8535 0.1315
30 1.6688 2.5626 0.2163
50 2.3040 3.3606 0.3731

(x}) Fluorescence

FEEAZ B AR 7159 AgE F2E, g 84 B
(Fr 1) 3 4 7184 EFEr 29 34 ¥3lE Table 99 VeI
o). o], excitation HHFEL 352molA] S=AHEUA, emissione 300~
600m= 3tA2™, emission 442molA UL VEMWIRII, quinine
sulfate FFT8M(1ug / mé 0.0IN H,SO»9 ZFHS 10022 3le] A 89 ¥
F4E AT AAHLez BTl A4F fluorescence S F
7RI, Fr 2R20he WE& F2E0], vgL 358 HoE Fr 1o ©
=2 FAE Bt F, dEg FEE FAA EX g2 F9E 00 o

flo



Ao 508 Fe BEE 17249 & Bo B /184S §F
20 wol 448 ¢ AUk Fr 19 Fr 2% Wge F2E3 2
< B¥eR FUtHLH, Fr 1¢] 71 &8 £AE HYEd o
g2 FEENAME Aeg /M4 40 o B FFEHo| ojalige

A oA dFT ZAE, FFAG g4y FrldE @40 Qon

Table 9. Changes in fluorescence of the Me-OH extract, Me-OH
fraction(Fr 1), and hexane fraction(Fr 2) from the perilla oil

Fluorescence”
Roasting Time(min)

Me-OH Extract Fr1l Fr 2
0 0.0 11 0.0
5 35 6.8 0.0
15 75.3 92.7 16.6
30 136.3 152.7 394
50 1724 167.1 , 62.8

* Fluorescence at the emission maximum of 442mm (eXcitation maximum
=352rm) was expressed as relative fluorescence to that of the quinine
sulfate standard solution(1zg/mé 0.IN H;SOs~100) at room temperature

&) A= FF
1 2 Fr 2¢] As9F
(mg/g)2 Table 107} Zgivh wlg & FE2E A4 £x gL F2E
23mg ©1X|gh 508 EL& FEEL 110mo 24 £& A7te] AojAS4E
AAH EHAsHFLe FUiste BE¥E £ F A3, Fr 19 Fr 2= &

flo
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ATl wet FFol FAlske 2L AL Holm ik

W9, Fr 25 W9 AL §BL Holtd, ok Fr 27} gasans
A7 BYE FoE AXSE Fwold. ARA=, Fr 10] 7MY BE
NEFFE PR g B HARA) AGeH, XeAlzte] I

AASEE 2 WH) Zrlel JPL HAGE AL FAYS Y.

Table 10. Changes in total polyphenolic content of the Me-OH
extract, 11Me—OI—I fraction(Fr 1), and hexane fraction(Fr 2) from the
perilla oi

Polyphenol content(mg/g)

Roasting . Time(min)

Me-OH Extract Fr1 Fr 2
0 2.329 2.664 0.423
5 4.644 6.018 1.211
15 8.606 12.285 2.016
30 8.840 12.392 2.004
50 11.014 14.713 2412

(vh) AAFAF

FEAel mEt £ F AR/ 57189 vEe 322, vuge P
Fr 1) 2 94 JEFr 2)¢] DPPH ik AxF 28-S Table 119
HERRT E7189] MEg FE2EL B2 A7) "oldLE AT
Tl SIS 30801 BEAldE 238 Gt P AL

HA, Fr 1= 2L Agoezs Zrsdch. 28y Fr 2 22 A7lo

i

—
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AA5E AAFAF| FASE AFL Hel Fr 13= wo) AL
GERQT WEe 22 ERT Fr 104 4TS @l § o=
P2k GAol A3 Yol Fr 1o] o gol ZATE I+ AT ol%
E UUE, Fr 28 Wge $58 2u0E § 4 ARFdFe A
S YA BAo| A Ao WA EATE FATS Uk

Table 11. Changes in electron donating ability of the Me-OH extract,
Me-OH fraction(Fr 1), and hexane fraction(Fr 2) from the perilla oil

Electron donating ability(%6)"

Roasting Time(min)

Me-OH Extract Frl Fr2
0 60.2 75.1 439
5 ‘ 60.3 715 36.5
15 5.2 89.2 34.7
30 71.0 84.0 36.3
50 71.7 82.6 386

Electron donating ability(%6)
=[ 1-(Absorbance of sample/Absorbance of blank) ]x100
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1A=
EZE 190ColA 208F¢H oA ¢F7|2 700kg/cm’™7tA] &8 &
1027 F&Fsle E7182 AAT F oA E79E AlER A3

o

(2) Ffrupl ZES= 7I5AHAEY F5

E7018F 100go] H4F 1ILE 718le] 12417 B¢ o5& FollA] stirrer
2 stiringst A FE&3TE Z2 YYo=z 33 F&39, I F=
S 0TAA AdsFste 94 289 59 2AS=H Ao
/T EAYAE F 10%] 7IEAHE] A8t

(3) Ffuat #d 718489 A%

25 58 712 AEE 10mLe hexanedl 3, 67 9%7F HEE =
ek o] £4L 190CoA 208 Eo} ZHF B8 100g9) H7lste]
A7 F/EFNA stirrerZ 285 EF3E &, 40CHAA] rotary evaporater
2 §WE AASS AFAER A3

(4) Fa & 718 F7td E7189 Asa34
Afd FEd Z1gel A7k E718€ 2717 YA 100ml Bl o)A )
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10g¥ EH3to] 50T gFerld AFsHA AOCSe #H@e] wa) 3
d Ze 49 Ao HARENE SRS £ SAS 190CAA
20837 Hol A3 E718¢ 22 =T AMgsiglth

G) ARHZ = E71E9 AAAY vwA Y
AEHFFEAAANA & Azt 571852

= TASA Z77l 4F%
100ml H]o]A ] 10g2 3l 50T FLrlo] AZSAA AOCSY
TP wel 39 Fe 49 oz HAEIlE s, 7 Az
dA =T E7159 AFGEZE vwsiyo.

6) ARHD Y= Ffud FEFE J1ERF 23
ABHIL I FHEE 4 AAAA
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POV (Kg/meq)

400

—e—control
350 | | —=3%
—a— 6%
- 9%
300 F
250 |
200 +
150 F
100 |
50 k-
0 B

Storage time (days)

Fig. 6. Changes of the peroxide values of the
perilla oil containing the residual oils from the
defatted perilla meal during autoxidation at 50°C

— 188 —



POV (meq/Kg)
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80

60

40

20

Storage time (days)

Fig. 7. Changes of the peroxide value of the
seven  commercial  perilla oils  during
autoxidation at 50°C

1)A B, C,D,F,F and G indicate seven companies.
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——A 8B —a—C D
45 r |—%E —e—F ——G

Acid value

0 15 29 44 59 75 00 106
Storage time (days)

Fig. 8. Changes of the acid values of the seven
commercial perilla oils during autoxidation at
50°C ‘

1) ABCDETF and G indicate seven companies.
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Table 12 YERSAT 2 AlxPAwct AYard Esjbre] rjegke
oF 10%°l1A 20%7+A] AzGA T Foldo] UPLH, Fg4g o)A
TAT Holzk AZEo] AzPA ) Ffutd FESE SU)/29 T
BH3le F4FHL ALES 9. Yutdow FHrZ 58 A
B} expelleri 3k oA ZESE 718 o] Ao, o]
FEEA0 mHAE AESE JETTO OE Aoz AREHYS

!

Table 12. The residual oil contents of commercial perilla
meal obtained after oil extraction

Company Crude oil content(%)
AV 11.64
A? 10.00
B 12.41
C 21.42
D 19.25
E 10.25

1).'Pressing extraction method, 2).'I-E)q:)erller extraction method

el
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Al 22 Axs 2 93y
Q) A=

E7lE B2 4ol EASE AAS thg 4FARANI L H&A4Y 3
ol Roll mill2 &3]3t Hobart mixer& AH-8l9 44 AL &
et old EFHIE kg EFEY S55AL 0832%e, BHE &
7 0.168kge AT EFEY AW FFe 6%Pen £ I

2 654% %t AE FHUSEL 0, 50, 100, 150, 200, 300ppme] ferrous
acetate = ferrous sulfate® F7}slar & EFSIY gAY ALE-3)
piy=

(2) ¢=49 =24

B AT AR 4EWNSTIE Y 4 2EYY olEyE vk
7)(corotating, intermeshing type twin-screw extruder, Biex—-DNDL 44,
Buhler brothers co., Switzerland)24] L/D € 1|7} 40:190]3L 20kwe] 3
FAF7IZ FFEHA, A ERET 2 43 AE-S 7R dee
HAFE Fig. 1o Yehligit. 959 T2 £2988 834 547
A K-tron L-10& AM4-3gm, 986 78IAE 422 powered
valves} flow meterg 8t HIAUWRZ FYste] =F3 ¢t nid9
8= A 71483 R (Regloplas temperature control unit, 250KL,
Switzerland)& AM&-ste] vl REE S 98 FFFEHEH 90, 130, 150T=
dASA FASAT ARF 23F WL E, motor torque, YEFLS

=, 4EdY, 48¥EF HF € J1AF9UA 22E 59 A=RE
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LCD display paneldl EAIE3 FAl9 interfaceE ©] &3ty 10x k3o
2 AFHA AT ddd A" 7] A=A Table 17
23, 4o AMEE 23 Fe 2L Fig. 13 2on A wige
Table 29} Zt}.

A AN AR AN N A A N A 77

Fig. 1. Screw configuration

Table 1. Extrusion condition for perillar seed and corn starch
processing

Feed ratev Dough moisture Screw speed EXT EXP SME
(kg/hr) (£ /or) (rpm) () (bar) (kWh/ton)

30 5.2 320 155 9~20 134
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Table 2. Screw configuration for extrusion of perilla meal

Element  Left screw elements* Element

Left screw elements

Shaft collar
CNVY,44/27.2/66/66
CNVY,44/27.2/66/66
CNVY ,44/27.2/66/66
CNVY ,44/27.2/44/44
KD(R),44/27.2/20/14.7
KD(L),44/27.2/20/14.7
CNVY,44/27.2/44/44
CNVY ,44/27.2/44/44
10 CNVY ,44/27.2/44/44
11 CNVY ,44/27.2/44/44
12 CNVY 44/27.2/44/44
13 CNVY 44/27.2/44/44
14 KD(R),44/27.2/20/14.7
15 KD(L),44/27.2/20/14.7
16 KD(R),44/27.2/20/14.7
17 CNVY,44/27.2/44/44
18 CNVY,44/27.2/44/44
19 CNVY 44/27.2/44/44
20 CNVY 44/27.2/44/44
21 RS(1.),44/27.2/14.67/44
22 RS(R),44/27.2/14.67/44
23 RS(R),44/27.2/14.67/44
24 CNVY 44/27.2/44/44
25 CNVY 44/27.2/44/44
26 CNVY, 44/27.2/44/44
27 CNVY, 44/27.2/44/44
28 RS(L), 44/27.2/14.67/44

O o010 U&= Wb+

29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44

45
46
47
48
49
50
51
02
53
54
55

RS(R)44/27.2/14.67/44
RS(1),44/27.2/14.67/44
CNVY,44/27.2/44/44
CNVY),44/27.2/44/44
RS(1L),44/27.2/44/44

CNVY,44/27.2/44/44

CNVY,44/27.2/33/33

CNVY 44/27.2/33/33
CNVY 44/27.2/33/33
CNVY,44/27.2/33/33
CNVY,44/27.2/33/33
RS(1),44/27.2/114.69/44
RS(1),44/27.2/14.67/44

RS(1),44/27.2/14.67/44

CNVY,44/27.2/66/66
CNVY ,44/27.2/44/44
CNVY ,44/27.2/44/44
CNVY,44/27.2/44/44
CNVY 44/27.2/44/44
CNVY 44/27.2/33/33
CNVY,44/27.2/33/33
CNVY,44/27.2/33/33
CNVY,44/27.2/33/33
CNVY 44/217.2/33/33
CNVY,44/27.2/33/33
CNVY,44/27.2/33/33
SCREW TIP

* CNVY = Conveying screw element, KD = kneading disk element,
RS = reverse screw element, (R) = right handed,

(L) = left handed,

A/B/C/D : A = screw diameter ; B = root diameter ;
C = length ; D = pitch lead '
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3) AZAdgx4

&4 E A2 hammer mill (sieve I D. 8mm)& AME-3le Zo}
A AFAY ALEstAT. AE®E A|EE headspace oxygens &3 317]
A5t serum vialdl 20g¥ EASGL, FAESE 2Hs7] st
polyethylene TFA2 100g¥ EFstH 40T, 22% RH 2G4l A
435k

(5) Headspace oxygen &%

Serum vial100mDell LYEFZFE AE 20ge Fol DHF 40T g2
Aol AFstEA Aol AMS-SFUTh Head space oxygen W3
GC(Shimadzu GC-14A, Japan)& ©l83ste E£4383em, GCo E4=
7L detector : TCD, column : Carbosieve S-II(80/100 mesh), column
temp. : 50°C, carrier gas% He(35ml/min)E A3t Tt Gas-tight
syringeg  °l&3ld AHAFTF FrVE 20008 FIEF ©E L&

chromatogram .2 At4A % ¥3lE EASHT.
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(6) ALAF

AE E AP ALEE AEE 2g4 FAstd AOCAC WY wat A
235 A7l & 0IN HCIE D3] 3Aste] Atomic Absorption
Spectrometer (Perkin Elmer, US.A)2 335t

(1) QAR EH

OAC e o3 AN YT}
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Al 3d 479 2 »F

(1) gutg

HEHG AHEE A8 AWAHEL Table 37 2o AMLE 98
9 =AY FFE JIEoE 42AY AT =AY FHL %= =3
8171 915t formular® Z2AFsIYE 1
kge THIE W E70 01466 kg, S5 HAE 08534 kg& EFsI] &
E4FA AT SeFARe] 3B FEYFL SqHT 0
Hold =38 /49 o 37 %oln ARL 13 %E EAHPTY o9
ol 98 AN 2 HEFo] oY A=A o 40 ppme] EA)
Blal ol Al FEE FEEE JUIElY &Y ALg-sig)

ZAY EATEFE Ve 98 1

Table 3. Composition of perillar seed and corn starch

moisture(%6)  crude fat(9%) mineral(%6) Iron(ppm)

Perillar seed 4.62 40.40 2.68 158.3
Corn starch  6.93 0.09 0.10 20.6

FEEPN AT 489 FEFFL BT oA 10% nlTtelm, ¢

63% 2 EAMEQC).
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(2) Headspace oxygen

Ad&AY T EHE A8 FS serum vial®l head spacell 9] 4t
FFE SHS Ao

T A E(Fig. 2) 2E S0ppme J7IE AT/ AF Aol AA 4

F Zasert xR 49d Aoz JEgt =3 ZES 100
150ppm A7FE A TE ALF Fasert AR IR = dE2T
gt fAEE oY I ol FREE FaEEIl ta T3 AR UEy
). ARG 200, 300ppm F7HE AP FE AF 27|HH ALF FLE
=7t dzTrg Bgten AF FrldrMe 2 Al FIEUE Aol
N AEL AMEF systemol A 50ppme FZISIRE W AHARSL)
% ArFg AAEE AHEAE E F AU olHF BFL Rao &
Artz®9] ZA3s} dASFeH JolrtA Aol 6% =Z0NA
ferrous acetate H7}FFo] oF 150ppm7HA|ANM = FE & A4rst
AAEHRE B 4 YU 200ppm EE 300ppmT 22 F2 AEFF
AEe Aualkd7l 22 E o] Rao & Artz®7} H¥-o] hydroperxides %2 th
2ol T3S free iron] free radicals$} FHE-3tE 2 A AHAISE <A
dote AL AT B Q7AAEAN FEF HE dF AR
7t AeL ANSAT dolgHd FE AF AAA AA HAA=
ANA FEFFol WG T8 -r-*""i:?%t"] & Agde Aolgsl
I AHEARE £ 4 fenz® qe4dH 22 SHTHAAL o
2 ¥$¥ 4 YT 2. Ferrous sulfae® AAE AT
A28 (Fig. 3)L ferrous acetate® F7IS Ay Fode &

a
Fig. 2, 3% 2t} Ferrous acetate® 713k A7
a
=

rr

r°*‘

RE AP ARAL AWAA BaF Fo
£5rl gzFac Bgn. W78 AR ST} 225 A2F Bak
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Fig. 2. Changes of the oxygen concentration in the headspace
of the extrudate varied level of ferrous acetate during
storage at 40°C.
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Fig. 3. Changes of the oxygen concentration in the headspace
of the extrudate varied level of ferrous sulfate during
storage at 40°C.
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=7} wekd 300ppme] A4 AF LYele ALFET} 696% FEL
GolATH GEAFA A4ts AdAETdE FriE 28 TR oy
2} gol&71e FHol o3 Xol7t E Aoz HAAH.

(3) Peroxide value

PEHY AEE 40T AFZAFIEA FAEVE FHE 2dHd=
Fig. 4, 5% 2t} Ferrous acetateE A7F3 AlEE 44 F A4 AH ¢

& Agez dzFe HAgE7L vaste] FE-S 50, 100, 150ppm

A7 A FY A& ErE AstEAS. AE-ES 200 == 300ppm
A71E AT 2E8FH v st AasiE e gEs.
FE7THE ALY 2RV $EL2 vEetdE tl=2T 209, S0ppm 22
2, 100ppm 23%, 150ppm 23¥, 200ppm 19¥, 300ppm 16¥ 2 JENNTH
o] = A ferrous acetate® A7IE A4 AW AR E AT FESHRAF
oA Aoz AF A4zt ASEHAE FY AT Ferrous sulfate

E F713 A4 (Fig. H® BE IR /=AM dzFEg A% F 3
A EZI7E Eteh ol ge AIE headspace AAEF FHNA S AX
3t A7 Y. £x7]17F2 50ppm 18Y, 100ppm 19%, 150ppm 154,
200ppm 14¥, 300ppm 1092 YElgew 2ZE A7t 2FEY
=7|7ke] &tk 1AL FH7HEE FE(ferrous sulfate)o] ATAHE &3
ANATE AFREHY, o= 44 T4 SHZAFHSL QA
oldel ZARA EZY &F5 AEE o8& YEAHAIAF AzxA A
W FL 6%Y W ferrous acetate® 50-150ppm F7FE B FEES 3
7hetA gfe ART A& Er = om oloke Y2FOF ferrous
2 dFA F&3 ZE FJrheEAA ARt

l

JP)

rlr

sulfate® Z7}13F AL
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Fig. 4. Changes of the peroxide value of the oil extracted
from extrudate varied level of ferrous acetate during
storage at 40°C
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Fig. 5. Changes of the peroxide value of the oil extracted
from extrudate varied level of ferrous sulfate during
storage at 40°C
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triencate F°ol FFEu Uk EAYS WRE FEELS Salmonella
typhimurium TA 987 TA 100314 AFBIL, Trp-P-2 ¥ B(a)P9 &
ddelfdE JAAIIE &IV e, oEL &l T EFIE
i EFAE ZAF7E fJUA 7, HARETS REE HEAA FEdH
ol7} dslew, Hetd FEA 2-propyl furan, ethanodioate, dibutyl
ester, benzaldehyde, 2-methyl- 2-ethyl- 3-hydroxy -propanoic acid,
octahydro —3a-methyl —2H-inden-2-one $°] $AFHQATY. oleid
& 5297t BuHz YA @, A4 4FSH o8 F3] mHlsty &
AL 35 Aoz AASA, Folr T ERter ol§se= 43
aH FWAME EALE o8 BIFT ATl tle Aol

oA EAPAAE S/ EATE e zviadeg §8E A=
o E/ARe 2RI E frEstaal s
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B Ao AlEEH EAUL 19963 84 JHgAFNA FYd F
AgE & 50°Col A 43 ARVE AZxSt AEE AMSSITH
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Table 1. Formula of seasoning sauce using perilla leaf

Materials Ratio(g)
Dryed perilla leaf 4
Mushroom extract 100
Ume extract 100
Red pepper 5
Garlic paste 10
Ginger paste 5
Soybean sauce 50
Sugar syrup 50
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Table 2. Sensory charcteristics of seasoning sauce using perilla leaf

properties Flavor Taste Platability

Perilla drink 40 30 32

5A(clF 2T, 48(@ET, 3A@Folth), 23w,
17 (o1 F vmch)

o) gloidE ABFA Bar] rdFRT A JEge, 0w &
FE EEE SA Ushath g SAY gl Znrle) o

= Aoz AZEH, AR 217 FERY AT B 4L 2
2gdm @ %

2

. B SA9S 0§ FvAxv e Ad

AZ A% S/YS pine millg EEE AFd F A7 EARE

E3tste] A=Y AMR3 BARE 153015, 4, £ 72 gAY
& 3l 433 v9]&L Table 3o JeERA AT

Table 3. Formula of seasoning pewder using perilla leaf

Materials Ratio(g)
Dryed perilla leaf 90
Roasted sesame 4
Dryed laver 4
Red pepper 2
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Table 491 YER ST

Table 4. Sensory charcteristics of seasoning powder using

perilla leaf
Properties Flavor Taste Platability
Perilla seasoning powder 3.3 3.0 3.2

54 (ke F), 40(ED), 3RS, 2A(JaT),
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Properties Flavor Taste Platability

Perilla drink 4.0 3.0 3.2
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