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Effects of Seed Germination on Characteristics of Perilla Seed Lipids
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Abstract

Color, lipid and fatty acid composition, and tocopherols and polyphenols contents of perilla seed lipids in response to seed germination

were studied. Perilla seeds were germinated at 30C in the dark for 12, 30, or 48 h, after which total lipids were extracted by the Folch

method using chloroform and methanol (2:1, v/v). Seed germination resulted in a decrease in yellowness and greenness in perilla seed lipids,

but there were no significant changes in composition of the lipids including major neutral lipids ()90%). Contents of phosphatidylcholine and

phosphatidylethanolamine in the perilla seed lipids significantly increased in response to germination, Linolenic acid ()63%) was the most

abundant fatty acid. Seed germination tended to decrease the relative content of linolenic acid and increase the contents of oleic and stearic

acids. Contents of antioxidants, especially a-tocopherol and polyphenols, increased in response to seed germination, As the germination period

was extended, the antioxidant content increased. Therefore, increases in useful components, phosphatidylcholine, phosphatidylethanolamine,

a-tocopherol, and po enols contents seed germination can contribute to the improvement of perilla seed utilization in food industry,
tocopherol, and polyphenol tents by seed g t tribute to tf p t of perill d utilizat food industry

Key words : seed germination, perilla seed lipids, tocopherols, polyphenols
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30C H=wFrIEFHet, FFoM 12, 36, 48A17F F<t
HolA|Zith, el AR ellA 481|3te] ol 7131 o]Fdl= 7|
Aze) WAl Zohde] R WIEAE Bad Wl
F de 7 lenz S Ho oAby 48ARte

AAetgint. gk ol AR F 12ARE migp 2+ &
ol Ftold w30l AdE HAUE AAAHH. 12,
%, A4S WolE A WolEAe] el Aol 2z
(50 mm, 50= ¢ 100 mm, Y100 mme] W] &3}Fon,

wobel 7k We Austa ATl s F 9
oro

ENE ARSIt

Afel ARES HPLCE n-84h) olo]AZZHAEL
Baker AH(Phillipsburg, NJ, USA), 14% BFs-W&-S, 7134}
2EEEY, IAvE kot 2Hol2A FnE
ZHih gEdih geEdit 5o A 254, - 74
ag]al ¢-EF¥EY} Folin's Ciocaltau A]9FS Sigma-Aldrich
AKSt. Louis, MO, USA)S] A|Zo|Ych, 2 ¢Jo] BE Aok

dF Aol AT,
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FEOCE. 5, vldol e Holesl 20 gofl EREEFY
e (211, vv)S T3 &1 200 mLE A (Blender
8420, Waring Commercial, Torrington, CT, USA)ol Hil 18
o B3t & oI} R|(Whatman No, 42, Kent, UK)9} H&
Y Zu71E ARgske] Akl sk Aol ofskzl
ofite o] 20%e] FRFE YL THZHINA 18R
b AANA AFEE A dolxl A4S 3z
SHF7](N-N series, Eyela, Tokyo, Japan)& A3l 40T
NN gl 9as AR BAel F ABAS Ak

1) A=

Hirol i wholsZfAgAe] A2 Hunter  Lab
Colorimeter(£90 Nippon Denshoku, Tokyo, Japan)& AR&-3}
of L7k (lightness), aZk (+red/-green), bk (+yellow/-blue) ©.
2 yehlilt. 2+ dde s3] whEste] de HoEd &
FHAZ Yeplilen], nigol SAAAMEES wolE A
Ao A Aol(4B)= vy He ol&dte] T (Kilic
K & 2007).

AE= V(ALY +(Aa)*+ (AD)

41; Lightness difference of germinated perilla seed oil from non-germinated one

4a; Redness difference of germinated perilla seed oil from non-germinated one

4b; Yellowness difference of germinated perilla seed oil from non-germinated
one



A9l $hA| UV-Visible spectrophotometer(HP 8453, Hewlett
Packard, Wilmington, DE, USA)E ©]&3}¢] 400~700 nmol|A]
S A TP 2FE"S Fete] S/A A

S8 Aeg 24e0,

2) A9 A

Wi} i WolEAAMAs 24 ghevtazrhE
P H (thin layer chromatography, TLC)ol ]3] H7}8}3ic).
=, Pre-coated Kieselgel G0F,5; TLC I (Merck Co., Darmstadt,
Germany)= AR5} tlolldofd] 2o EARHERE (90:1:1, v/v/v)
of &gt gHom WA F sn 8l H7b S8k 20
oco 187F 71¥ske] 8l 3 imaging  densitometer(Model
GS-700 Biorad, Hercules, Calif,, USA)E Alg3le] Weg A
ot it

wg B ALY giEs AAske FAAE
AN 7158 9 AR Tlsel de gl A
Aol MFE ZAL Nzai M Proctor A (1998)9] HHS 9]
g3to] Tcet QAEVEHE ARgSte] Feklek. =, 70
o] FALAES ZEEIFAEE055, v &
3] ol 0.1
TIC ¥ (Merck Co)ol AHg ¥ FEIZIE-MES-=
(75:25:3, v/v/v)ol EFEAE ol gate] AN 5% FE

il

mLE F3}e] Pre-coated Kieselgel 60Fus;

o
golo] 1027 92 T ZAsMY 100C QA sE7F
HAAZT E719] AEe HAEREE AMSle],
ZFE9 TANEYZA(LE, density = 0.0839 X FLE -
473, 7 =0.994)3 FT29E|oehLolvl (UL = 01831 X
T+ 0,075, £=0993) o AgFAogRE A3t

S oo

off

3) S AR At 24

Hjtol = wolEj A o] A it 242 SAEA
S 14% BF-HEER 2 23A7]  #ito g &
7t=a=2rtEd8 3 H(gas  chromatography; GC)o2 HX3}
Aot ee J 5 2004). ojuf EA7]7]= Supelcowax 10
capillary column(30 m X 0,53 mm, 1.0 #m thick; Bellefonte,
Pa, USA)T EZol27AZ7]7} A2E Younglin M60OL GC
(Seoul, Korea)o|lal, Q& =
230, 280, 280TOItE. LHIAQ]l Ao e 2T S

mL, split ratioe 33:10]90ck. EAAEAS] AL 4 2

Sijo| Loyt S S4of ojxle ¥ 53

o EE A o mEekEade] uRe A7k
WAL olgate} T

Mol e WolSAle] ExE SFe mbeld|msn)
EI 3 H(High performance liquid chromatography, HPLC)
o7 FILh (Wang S 5 2010). A FE3 /AL
0.1 g& n&d2t 1 mLe] =0]al polytetrafluoroethylene(PTFE)
membrane filter(0.2 mm X 13 mm; National Scientific Co.,
Lawrenceville, GA, USA)E &j¥}3l & 20 pLE HPLC(Younglin
9100 HPLC System, Seoulol] FYatedch. p-Porasil™ AH(3.9
X 300 mm, 10 #m ID, Waters, Milford, MA, USA)S A&
3L, dlotolhnzagtge]  EFHEY
(99.8:0.2, v/vyg ARS8l £ 2.0 mLe] Hrg A7
. oluf &F7E71(G1321A, Agilent 110 series, Boblingen,

T
o5t RE

Germany)9] 3}7;}—8_— excitation 290 nm, emission 330 an]
SAES o]83t]

o EFHE; y(¥3Wd, mFUs) =
11421 x (EZ9E F%F, mgkg) + 998.6 (7=0.998), 7-
EFAE; y = 1854.1x + 309.2 (=0.999), &- EFAIE; y
= 3074.6x - 360.1 (=0.999)°|%lc}.

l

5) el ate

ujdho}p = wolesle] FAE A ohrd
& SRS Lee | B (20079 WS HIS
, EAANAE 3 g% n-FA 10 mLo] 9HA3)
L3 E(60:40, v/v)o] EFEv] 6 mLE Fo] 30x
o] & & YHEF7](Avanti J, Beckman, Fullerton, CA,
USAE 11872 xg, 4C o4 203 ok Relsiole. ah3o)
9] 3 mLE #3}o] 5 mL volumetric flaskel] EFF2 343}
3, 3ol 1 mLE YAl 5 mL volumetric flaskol] F3}$]
t}. Folin's Ciocaltau AJ2F 0.3 mLE YL 387 AXA|Z] &
Na,CO; %3} 89 05 mLE Y1 ZFF/HFE 5 m7bA @3
I 1AZE FoF AXAIZ] T UV-Visible spectrophotometer(HP
8453)2 725 nmelX ] FREE FAskct. ZejHE Shg
9] e BT FHlcke] ARy = 22.816x - 0.0003,
F=1.00% o-g3te] Faheich.
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A8E SAAHE AZEY0l SAS/PC(SAS 9.1, SAS
Institute Inc., Cary, NC, USA)E Al&st3lor tsHAHA

2220

(Duncan’ s multiple range test)] fo|4FFL 5%z 3T

—_

SRR £8T ME

EME 12, 36, 48A1%F FF WobAZl F Folch ol of3)
FET FALAY FFS A7 37.6, 37.2, 37.4%2 Ho}A|
71 e thzTte] 35300 HlE] Egkout ol E7) A}
oo FAHA geFo] W3k}, Chung DSS} Kim
HK (1998b) o} Z7]ell= 4 o] A7t do] o}
dquAdes o]gEo]x|al, o} F7] o]FFYH AEE
UAdog o]gay] uite] 7] F AgE e ol
713 3 o] FHE w48 Fagnta Bagh vp QItkKim
HK 1998). weba] obr|gho] FHuj) 48A17k9] & dA7-olM=
E7he] @ijdo] ouAdoR o] &E7] Sl TaEHol A
A SN FACNA AR 7 AdAe] Hlgo] 748k
oz 79 @9 A JiEew A FFol vHd
Aog AlgE,

Hpol = ol /fA A Y] AEE Table 13 #rh
el mpgel E7) AMAS] L, a, b F®E A 33.45,
-0.16, 23.022, <7t 2548 Hal 3
2 3 VeAe Bl B AN AR A
d2 Figure 13} 0] 400~500 nm A WL FLuE, =3
660~680 nm AN Htj FruE Ho) B Aol
Ag4 Aze) AREmolze FRed Fo| Ml T
Ho} ol Aoz math 222w kbt 34 §4 3
Aol 4289 453 nm A9 B2 S 9ol 6617 642
om DAY F Ao F4 HFE Holw, FREmolE
© 4003} 500 nm AtolellA 37Hef W Hd FFWE e
A} (Lichtenthaler HK2} Buschmann C 2001).

H[rol 5709l thxwd) H]aLdte] ol
2ol Aw wsh= dAF FFe HolAw Fon, wop

222 Alolo|Ae B9 ol 7]7kol| ulel Mze

=2 ‘:7/H ;(]H]—

|
=

=

Z A Z %2733 2] A27d A|33(2011)

Al el 124 Wl SR ASBIRE Wl
of A4E LGt bt AAST aghe 7SS o

S79] o} Fgke] A5E olEAlel A Ao 3
QoA AL A

el
=
ol=s} F2Eo| Hslel #¥gE Zew

A, WgrE A 4 4
1% 0% 8 WekEAe] A4S BAlel wobrigial ek

HolAe ggten, mm epal Eh)

Table 1. Colors of perilla seed lipids affected by germination

Color Germination period (h)
attribute” 0 12 36 48
L 33454031 | 5051+121° | 3749+029° | 27.61+0.11°
a 20.16£0.02° | -1.10+027° | 3234005 | 6.24%0.07°
b 23.024021° | 34441081° | 2594+0.20° | 19.20+0.07°
47 0 2055 6.03 948

VL : lightness; a : redness; b : yellowness

? 4E : color difference between germinated perilla seed oil and
non-germinated perilla seed oil

¥ Different superscripts mean significant differences in each color attribute
among samples with different germination periods at a =5 %,
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Table 2, Composition of perilla seeds lipids affected by germination

Germination period (h)

0 12 36 48
Neutral lipids | 117.3094.4)" | 93.6095.0) | 94.2094.0) | 93.9(89.5)
Glycolipids 0.02(0.02) 1.52(1.54) 212(2.12) 3.02(2.88)
Phospholipids 701(.64) | 3373.42) | 3.88(3.87) | 8.03(7.65

Phosphatidylcholine

z d2) c = b a
105.3£1.2 168.113.1° | 206.5+4.8 | 2378126
(mg/kg)
Phosphatidylethanol . e b a
i 1120+33° | 1282+65 | 1921453 | 321.3+24
amine(mg/kg)

Y Density (relative %)
? Different superscripts mean significant differences in phospholipid
content among samples with different germination periods at a =5 %,

WolS7) ool s Ee BE UERer, 12, 3642
BolAzl S FARA] A7 34, 3907 ANPA=
Z QA el uigict

Hjol & o Hlsf FAA
AAFA e FFol weh g2ARtE Fap ol & o
UA Yoz A}%ﬂ% A(Chung DSS} Kim HK 1998b)iA]

2wl

HolE7HQl EH o] TaoEldEdY I o
Sopule] ke zhzh 1053, 112.0 mg/kgl® WolE7j o
Hlg] wigron, wolr|zte] F7hshel| et
kg mpdol S vls) 27 1.6~2.44, 1.1~2 98] BT
oAl STkt (p€0.05). L} o] A
28CoIAM 2~3Y WolAZE w] E2vlE|doegolnle] g
Fe F7tdoy xagEdEd Ee Atk Kim
CK F(1994)¢] Hie}l to]g YERHT:  El-Sebaiy LA}
El-Mahdy AR(1983)2 S2IAE wolgt § o] F ¢IAA

stk webd oleldt Aol S8

o5 QAP

=

= E)H EWH%

ol Aags Har

HIES T £%, Sk AdE d%Tel Lot F
UAdez olgse AR 5 54 AololA B R ¥ (Chung

DS9} Kim HK 1998b) Aoz Azt=Ec) f&-ﬁ, E709 1A
WAL TAREAFHY E2gEdg
2o dE Mg, I20E Yo, a‘rol Ear e S}

2 So] EZAstEEMin YK} Kim ZU 1992), Wolo] ¢Jst
AATA e FAaolx Bt EAuE|EEUY £29
Elddghgolyl g I7ME B Aoz AZH. ol
Wolol] oJaf Sl EAulE|EEHY TATpE RS
optl g Sk ol AT HY fspAl B ASHAA|

Sile| wotrt SMRIUZ| EMof Djxl= 4E 55

olg;ol #Hstel S ol&e H%

=4
[e]
999 + e 26 Moz ARG

Hdbol & wolE7)] FXAe AWk AL Table 3

I 2oy S ARAele

Bl drElo] A gt ledlite] vk A

2(11~14%), Ei}%]ﬂc}

o g FHyEo Unh. ol AEe uol =
<

Aol Hls| selolzal LUNE ol i

=

rz
(o]
i)
h=h
|
I
>,
)
[
)
(o]
o,
il
2
rlo
2
X
=

Holom, gmdlite] ke fofstAl Rkouk(p0.05) 1
zfol= 6% mIREO R AR eFgtrh, EXESAMAY 3R
Ake] SheFulRl U/s Hl&L wol o] wE zbolE YR
| 93kt Chung DS9} Kim HK(1998b)& 20Y Fob E7
utolA]Z ) who}r|zko] F713tel| wheh EshAAbe]
HE2 S7kekaL, skt gedit e At
stoict. 2y “‘”HOML wol7h g el wah 2
o2, glEdlite] Hlg2 Frlstal, SHA et
Hl&o] ZHaetglrh (Kim HK 1998). o9} o] FAEA e
ol Al ARl 2 AR AFES JEA g
olA AA| FAke| FF, Aol Wol T oUAYPo g o]

SHE AE T SAd wE Aoldx 7|9l A
(Chung DS¢} Kim HK 19982)2. 2 AZ+Hrc},

N

oX Nlﬂi

i:l

Table 3, Fatty acid composition (%) of perilla seed lipids affected
by germination

Germination period (h)
Fatty acid
0 12 36 48
C16:0 72+01" | 68+00" 7.0+01° 7.2%0.1°
C18:0 15401" | 152003" | 16+01" | 17%00'
C18:1 128+01" | 13.420.61" | 13.6201" | 145+0.1"
C18:2 118+00° | 137401 | 131+02" | 134%01"
183 668+02" | 647403 | 647x04" | 63.1%01°
Saturated fatty acids 8.7 83 8.6 89
Unsaturated fatty
) 914 91.8 914 91.0
acids
U/S ratio 105£04" | 11.1£09" | 106+08" | 102%03"

Y Different superscripts mean significant differences in each fatty acid

among samples with different germination periods at a =5 %,
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Table 4= H|to} B dolE7le] FAM A $Hd E
Y FYus e s Bosth S7A =
EFHE o|JAA T v-EZFHEo| 7P ®ol dhrEof
AN (F EFFHE] 78~92%), 0 EiJﬂ%«] SHerol 7t
& AJT~20%). vlEdolEA] A F
732.0 mg/kgo| ot 12, 36, 4827t ‘%}OWZ EMe] FA
e = EFHE e 77} 831.2, 838.6, 874.3 mg/kgl.
2, ol oA gk wolr|zte] 7t w749
EAdE e frostl S71eFAtk(p0.05). EXAE F
a-EFHE| e vlols/) ALAANA 437 mg/kge]
Ao} wolr|zte] 12, 36, 48Xk F7)stel wel Zhzb
116.6, 138.6, 171.0 mg/kgS 2 Z7}8le] wol57] A|ao|
HpdolE7) AARTt OF 3~4u) o]} Ee Fo «-EFF

S skt o] AFE Kim CK 5(1994)0] FEAE
28001]*1 2~3U oA ZE u) «-EAFH S| FhFo] 3l
7tk Bael dAgtt y-9f 0-EXFE e
Wol=7l Ay} ntolsl A Aol frolgk Aol
7F Il ond, ot o3 «-EFFHE FFo] SUF= A

e Btk ole} Zo] y-of 0-EFFE HE| «-EX
HE shFol FolatA S7tst dde B ol T BT
Z o]AAA 719 FEAZH(interconversion)©] YRS 754
S @AgE &, Zhang H 5(2007)2 7hEehrE 109 &
opr7lE F o -ERHEYN vE ERIE oEAY A

AAgkel] <3l -E:Uﬂifﬂ e EHE o]dEARG

& e EINE
o wla i A= oA iﬁﬂiﬂl Hs] S4do] 2
Za)9E 3}3Eo|(Wang S5 2010) H]FA2 7 Ao
A FZ2E717F olEld AdA A 1
5]1*4_ u]}:ﬂ-o}_—-yﬂ ;(]l:ﬂ-zl,] lg]_ﬁ]] .
mg/kgo| O 12, 36, 48A)17F opA|7l ~77H«l A
< Fvs e AR A7 3.09, 4.24, 4.69 mg/kgS
2, ol oA mgk wolr|Zto] FItgtel whet E74 A
WA A FE2H EYdE ¥E T fosHl 1
3FTH(p(0.05).
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A E 22783 A A27@ A35(2011)
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