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Effects of Seed Germination on Oil Oxidation and
Tocopherol Stability of Perilla Qil
Hyunsuk Hwang and Eunok Choe*
Department of Food and Nutrition, Inha University
Abstract Auto- and photo-oxidative stability of oil extracted from germinated perilla seeds during storage at 60°C for 4

days was studied by determining peroxide and conjugated dienoic acid values. Tocopherol contents during oil oxidation
were also monitored by high performance liquid chromatography. Perilla oil was oxidized and tocopherols were degraded
during storage at 60°C regardless of the presence of light. Light increased oil oxidation and tocopherol degradation. Seeds
germinated for 12 h had increased tocopherol contents in the oil and improved the auto- and photo-oxidative stability of
the perilla oil. Tocopherol played a more important role as an antioxidant in the presence of light than in the absence of

light.
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wolSMsrel F=&

ol E70 1109l n-&4F 500 mLE %A (Blender 8420, War-
ing Commercial, Torrington, CT, USA)°]l ¥ 5% F<F &3
S F7Z0] = 1L 8 €719 &4 40°C x4 247 &
ot 96 rpm o2 &ttt Biichner Zw 719} o] #H%](Whatman
No. 42, Kent, UK)E AM&-3te] 79tei=siar, 40°CollA 34713
Z497](N-N series, Eyela, Tokyo, Japan)S AF&-3le] ojzjE=zi
B n-d3Hs b 8] A Ast] WolERE ATt

wolEMsel L5t

ol E7lF 7g A TP 20mL AIEHol| L x|} I
FE2 48 Yol 377 F9E & J=F & F FB5(1,700
lux)°] 2 60°C ¥l %71(LBI-250, Daihan Labtech Co., Seoul,
Korea)oll o] 4 F¢F 7F2348A1Z10, mijd Aol 2463l
o} ol Y A S-S GRuE TUE A Eg A FH
BE Ade 23] vhE AAES
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= 14% BF3-vﬂ%—.%i 01]1:3]_3_5}/\] ) 3 sgow %—%s}oq
7t Z e 229 H (gas chromatography; GC)o-Z A HHF 24
S EASATHIS). olul £47]7]= Supelcowax 10 capillary
column(30 mx0.53 mm, 1.0 um film thick; Bellefonte, PA, USA)
3} flame ionization detector”} Z2HE GC(M600L, Younglin Co.,
Seoul, Korea)ol$:, &, FU+, AE719 2=& zZHzF 230,
280, 280°Co|ith. 2WH71A|Q]l A4 £e B SmL, split
ratio= 33:10|0ch. HolErlfol At §4 2 A FF A
Wike] GC ARREDHS] BFF A7k} HIwA S o]8-3t
Tttt

wotSMwrel EZEHE —E— q

ol o] EXHE e IEAA| AR ke 2299 (high
performance liquid chromatography, HPLC)RE T3 Th(16).
OlE7H 0.1gS n-34F 1 mLol|l 0] hydrophobic membrane

Table 1. Characteristics of the germinated perilla seed oil

filter(polypropylene syringe filter; 0.2 pmx13 mm, Tokyo, Japan)
2 o3tgk F 20uLE HPLC@O100 HPLC System, Younglin
Co)oll FYstth. #AHH-2 p-Porasil™ ZH(3.9x300 mm,
10 pm, Waters, Milford, MA, USA)S AME-3IRAL, o830 2=
3 abolol AX e o] B (998:02, vivyS AREale] B
20mLe] £E2 &ESAIZTE old FFHAE7VI(GI321A, Agilent
110 series, Boblingen, Germany)] I}72 excitation 290 nm,
emission 330 nm®|SiTh HolE7 e ERAE T ¥ FHS
F ERAE HHFFAE o] &ate] Faitt.

XEe| SAHXE

Age BAAEE AZEY o2 SAS/PC(SAS 9.1, SAS Insti-
tute Inc.,, Cary, NC, USA)E A8-319.9™ t53 9177 (Duncan’s
multiple range test)Z} 3|72 (regression analysisyS ¥ 3§}
olwf frojFEe %2 skt
do o g
wolEmrel 8 ¥ sS4

12, 36, 48417F oAzl E709] Ae] Aole ZF7F <50 mm, 50-
100 mm, >100 mmell &3}tk Wol=7j 25 e oz &%
Wol=S7le] 82 ZH7t 384, 37.1, 373%=, tlRa2l Hldto}
E70-(38.9%)°0 HIEl <FF A2 AS YER oL, dAH o=
48A7F FREe] oAk A & B & & 9
< FA= WUt dol 27)ol= FA W] Aol o}
AUAIY SR o]gr|o] Wol B/ F A e IA 7
3R] eront, o] Akde] U Yo R olgErRE F
1aeithy By wh 9lek10,17).
ol 5719 5442 Table 13 Zth. E70f¢] #HAitslEgte
0.31-0.34 meq/kg® 2 oL/} B EA - Atelol] fro]3h
2ol & HolA] gdgkom, FNolFAFEH(0.10-0.12%) H=3F ot

£ frolgh i}ol‘” UATE 2L} Wopr|7ie] 12’\]7“’] E71
A FET ST DobrIzre] 36717181 EOlA FEF EH
frach Fedols 1—713}0] FrelatAl ESkth(p<0.05). “LO}*WH
FEA LS 1921-21.09%2 Hopol] w2} f-o] 2olE UrE}

ol

ok

Germination period (h)

0 12 36 48
Peroxide values (meq/kg) 0.32+0.03*" 0.31+0.01° 0.32+0.00" 0.34+0.03*
Conjugated dienoic acid contents (%) 0.11£0.00® 0.10+0.00° 0.12+0.00* 0.11£0.01%*
Free fatty acids (%, as oleic acid) 20.83+0.96* 19.21+0.25° 21.09+0.30° 20.70+0.59°
Fatty acid composition (relative %)
C16:0 6.55+0.01* 6.35+0.01° 6.25+0.01° 6.36:0.04°
C18:0 1.86+0.00° 1.94+0.01° 1.97+0.00° 1.94:0.00°
C18:1 13.33+0.00° 14.39+0.01° 15.09+0.00* 14.40+0.03°
C18:2 11.92+0.03¢ 13.90+0.14* 13.44+0.12° 13.19+0.01°
C18:3 66.34+0.02° 63.42+0.16° 63.26+0.11¢ 64.110.08°
U/S ratio 10.89+0.02¢ 11.06+0.02° 11.174+0.01° 11.04+0.06°
Tocopherol (mg/kg)
o- 64.8+3.3¢ 202.8+0.2° 236.3£9.4° 251.9+9.0°
Y- 790.9+£25.9% 739.4+16.1° 770.8+4.3" 836.0+38.0°
d- 11.0£0.2® 10.6+0.9 10.5+0.1° 12.4+0.6*
Total 866.8+28.9° 952.2+17.2° 1017.6+13.6® 1100.2+47.5°

"Different superscripts mean significant differences among samples in each attributes at a=5%
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Fig. 1. Peroxide values (meq/kg of oil) of the germinated perilla seed oil during storage at 60°C for 4 days (A) in the dark and (B) under

light (Germination periods: 4,0 h; ll, 12 h; A, 36 h; @, 48 h).
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I Ealrke] hE| o] w9k, AEolEA Sk, e
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ik 2 EVlFolle ERAE o|EA T y-ERLHE0] 7}
Z ®ol drEo] sed, sEFHES o] 7 Hdh
vl 57l 0] & EXHE T2 866.8 mgkgllANoH 12, 36,
4817k WolAZl E7HAA FES WolERo F EXHE T
22 77} 9522, 1017.6, 11002 mg/kgl & olr]7ko] Z7135to
ngt EXEEY] F e fsHl et Athp<0.05). B
EFAE F o-ERAEY] T vdolE/RelA 64.8 mgkg
o]glou} wolr|7bo] 12, 36, 48A17bO. R Z7)3Hdl| uwhel zbzt
202.8, 2363, 251.9 mghkgS 2 Fol3Hl F718te (p<0.05) Tols
57t BlolE7)fraTE oF 34ul o) ¥ 3SR o]
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o] Zgtgl Agloll vdolE7lfe] sitslEgke A% 7 032
megq/kgo|oH, A4 2d7RE W3 giloy o]F Frtsle
A% 4Y F 644 megkgol AT FABEILS A9 12}
sHE9l FatalEe] MY EE SHshe WeR fX9 45
z271olle A 2kt Jre Hlgste] F7FT(18). 12, 48A17F
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Fig. 2. Absorption spectrum of the germinated perilla seed oil
( , germination period 0 h; --—--- , germination period 48 h).
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30.04, 24.78 meg/kg =, Wo| xptE AJejelA o] E71-Fol Hls)
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Fig. 3. Conjugated dienoic acid values(%) of the germinated perilla seed oil during storage at 60°C for 4 days (A) in the dark and (B)
under light (Germination periods: @,0h; ., 12h; A,36h; @; 48 h).
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ZloA] di 711519S AoZ AlsE .

STieel MY B XL x4 Ha)
WOLENRE 60°CoIA 49 Bt o] kel AejelA A%



ol E7) fre) Ats} 9 E 592 W) 2

Table 2. Fatty acid compositions of the germinated perilla seed oil during storage at 60°C for 4 days

Germination Storage time Relative content (7o)
period (h) (d) C16:0 C18:0 C18:1 Cl18:2 C183
0 6.55+0.01% 1.86+0.00° 13.33+0.00° 11.92+0.03° 66.34+0.02°
0 2 6.48+0.02° 1.88+0.02° 13.31£0.04¢ 11.860.04° 66.47+0.00°
4 6.46+0.06" 1.83+0.04° 13.17+0.13¢ 11.70+0.06° 66.84+0.28"
0 6.35+0.01° 1.94+0.01° 14.39+0.01° 13.90+0.14° 63.4240.16°
12 2 6.40+0.05° 1.9120.02% 14.21£0.01¢ 13.860.15° 63.61£0.21°
I the dark 4 6.38+0.11% 1.92+0.03* 14.29+0.01° 13.89+0.23° 63.5240.46°
t
fiie qar 0 6.25+0.01° 1.97+0.00 15.09+0.00° 13.44+0.12° 63.26+0.11°
36 2 6.24+0.02 1.93+0.01° 14.95+0.02° 13.39+0.00° 63.49+0.06°
4 6.26+0.01" 1.95+0.01° 15.03+0.06° 13.48+0.02° 63.29+0.01°
0 6.36£0.04° 1.94+0.00° 14.40+0.03° 13.19+0.01° 64.11+0.08"
48 2 6.21+0.03 1.94+0.01° 14.3440.02° 13.29+0.13° 64.224+0.07
4 6.16£0.05° 1.92+0.02° 14.2440.06° 13.210.15° 64.47+0.28"
0 6.55+0.01° 1.86+0.00° 13.330.00° 11.92+0.03° 66.34+0.02°
0 2 6.45+0.15 1.86+0.03° 13.28+0.12¢ 11.89+0.13° 66.52+0.44°
4 6.560.00° 1.89+0.00°¢ 13.42+0.03¢ 11.90+0.13° 66.2340.09"
0 6.35+0.01° 1.94+0.01° 14.39+0.01° 13.9040.14° 63.4240.16°
12 2 6.26+£0.01* 1.94+0.00° 14.26+0.01° 13.9240.06° 63.63%0.06°
Under liah 4 6.400.00° 1.95+0.00° 14.48+0.01° 14.01£0.01° 63.16+0.02¢
t
neeriig 0 6.25+0.01° 1.97+0.00 15.09+0.00° 13.44+0.12° 63.26+0.11°
36 2 6.22+0.03° 1.94+0.01° 14.97+0.04* 13.36+0.24° 63.51x0.27°
4 6.28+0.02° 1.95+0.01° 15.08+0.06° 13.38+0.17° 63.3140.08°
0 6.360.04° 1.94+0.00° 14.40+0.03° 13.19+0.01° 64.11+£0.08"
48 2 6.13+0.01° 1.92+£0.00° 14.37+0.01° 13.22+0.01° 64.36+0.03°
4 6.26£0.04° 1.97+0.00° 14.48+0.01° 13.28+0.07° 64.01+0.04°

YU/S: Content ratio of unsaturated fatty acid to saturated fatty acid
IDifferent superscripts mean significant differences in fatty acid at a=5% among samples with different germination periods

AZHE o] Ak 24 MslE Table 29F 2tk A A 70 UAL, 48A17F WolAIZ]l EAMRNEH FET B 44 A &
oo] A AL Bu|EA] 625-6.55%, SEHOFE Pol 1.86- T B39 e B T MY =3ke LH9081mg/kg) Klas

1.97%, <d4ko] 13.33-15.09%, E=aAto] 11.92-13.90%, &&= H|-&(82.5%) Th2 E71F9 HIszslsl e 48A)7F ol

2Fo] 63.26-66.34%= E719] Holel wE} ztolb Yo, Yol AZ E7fOIA &3 E712] AR é 1 vl STl e H
AE oA 4Y 7F AAse 9 wolEs 9} vlelEA) 3 =9 A2 44{ o] ARAEL BEFHE o] =3k Aol
Frolld mEF ofrke] Z4AE Kol Tu|EAlI A olEANS A9 Al QB 71018 Aog welth E7Re EZHE o4 AA 7t
slale XA 24 2 WEE HolA] itk S oc-EiJﬂ%O] T2 ol @A e vlsl vlwA &3l7t ol =
S 9 EA Sl = EAR A T ol ofRee A Aom 53] 36A17F Wolrzl EA FET ERONAME 4
Fglo] SR Akt 240 & Aol o)A gt wEh d AY T o-EZEE TFo] A A sHe] 35.4%921 83.7 mg/
Al ol Hldol e BT A% S We] EAet g kgO 2, 79.8%, 86.8%2] v-, S-EFH =0l nla| Haf&o] v =
o] 4d 7k AAel o8 A4 2L A HelekR] ek Sttt -EFH B F71E0] Alglsle B¢t o ERAE o4
=5 & & UTh F, E71Y Wols ST A 24 Aol vlsl 7Y B9t sitta B vl Arh(23,24).
FEFE FAOL 60°ColAM 4U7He] AL E7le] WolejRel A Yol Xjete 3733} U}ﬂﬂx]i 1,700 lux o] &4 sl =
Aglo]l B A 200 FFE T LU EFoAM L] BEXmEe] F T2 A7 ] ot 7Aastsd
om, o Fe XA AN WolEMfe] F EXnE TR
dolEvRel M& & EIHES He| T} folatA Wt ol ERH|Eo] Wl EA sl £
ol EANRFE 60°ColA 4Y %O& o] 2t Ae] Es Yo 7t AbslElE Eet BS Wol EIEASS onisith & W &
EA) sloll AAEARS Wl EFHE FHFS Table 337 7o) W3l Al BllA ARsatsHE ollE Y5 PAoﬂ AHP sbsl= °1 3 &
Stk Wol gk oA HelEMRE Agehe 5 EX FHE9] g LAAEME BEE A5 4E AR B
HE F TS A7 wet ZAsIHon, 1 A= I Ee] A Abs} WA FHgo] Wo ﬁ ﬂﬂ EFg g &
E79] Wolr |17t ESRE oA ] TR w}ﬂ ztol 7 Sh 7F Boke Aoz AlFHY. T3 S ¥89 e W
ATk 36217 oAzl EERRE FET Eh= 4 2 A% o7k ERAE I A e o éé_iﬂ«l Foll w2k
% & EFHE $H2H(707.8 mgkg)? FHEH]E(69. 6%)01 VAR o7} Vreh, |l -9} 12, 36, 48A)7F WolAlZl Bl A
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Table 3. Tocopherol contents (mg/kg) during oxidation of the germinated perilla seed oil at 60°C for 4 days

Tocopherol content (mg/kg oil)

Light Gerlpination storage time
period (h) d) o % ) Total
0 64.843.3°Y(100.0)”  790.9£25.9°(100.0)  11.0+0.2 (100.0) 866.8+28.9° (100.0)
1 62.942.49(97.0) 746.6£15.2% (94.4) 10.84+0.5" (97.9) 820.3£12.30° (94.6)
0 2 58.8+0.4% (90.7) 726.3+20.9° (91.8) 9.4+1.3° (85.0) 794.4+21.8° (91.7)
3 56.5+0.14 (87.1) 679.9+9.6" (85.9) 9.1+0.5" (82.2) 745.4+10.2° (86.0)
4 56.6+0.4% (87.4) 661.8+3.0™ (83.7) 8.8+1.2* (79.8) 727.242.3°(83.9)
0 202.8+0.2°(100.0) 739.4+16.1° (100.0)  10.0+0.9° (100.0) 952.2+17.2° (100.0)
1 194.0+£9.3° (95.7) 698.5£12.1° (94.5) 10.10.7°(100.5) 902.6+22.1° (94.8)
12 2 192.6+0.9" (95.0) 705.8+3.1° (95.5) 9.9+0.6™ (98.1) 908.2+3.4" (95.4)
3 190.9+8.2° (94.1) 710.03.5° (96.0) 9.8+0.1° (97.9) 910.7+4.6" (95.7)
4 131.5+0.7° (64.9) 695.4+1.3* (94.1) 9.240.5* (91.8) 836.2+32.9° (87.8)
Mo 0 236.3+9.4*(100.0) 770.8+4.3%™ (100.0) 10.5£0.1°(100.0) 1017.6%13.6™(100.0)
1 127.8+1.5°(54.1) 735.5+33.6™ (95.4) 10.120.3 (96.5) 872.0+31.5™ (85.8)
36 2 119.7+0.3° (50.7) 696.7+22.1° (90.4) 10.4+0.4™ (99.7) 827.1£22.0° (81.3)
3 102.1+0.5° (43.2) 636.9+21.6° (82.6) 9.1+0.32°(87.1) 748.0+0.9° (73.5)
4 83.7+3.7°(35.4) 615.1£17.2°(79.8) 9.1+0.8%(86.8) 707.8+21.6° (69.6)
0 251.9+9.0* (100.0) 835.9438.0° (100.0) 12.4+0.6° (100.0) 1100.2+47.5% (100.0)
1 243.3+6.9" (96.6) 784.8+14.1% (93.9) 12.0+0.3% (96.8) 1038.9+21.2% (94.6)
48 2 238.7+9.3* (94.8) 776.7+16.9* (92.9) 11.9+0.9* (96.2) 1018.4+19.2% (93.4)
3 232.6+0.0* (92.3) 784.6+13.5% (93.9) 11.9+0.1* (96.1) 1029.0+13.5% (93.5)
4 204.5+1.1* (81.2) 691.8+4.3 (82.8) 11.8+2.2* (95.2) 908.1+3.2* (82.5)
0 64.8+3.3° (100.0) 790.9+25.9" (100.0)  11.0+0.2% (100.0) 866.8+28.9° (100.0)
1 49.643.49(76.5) 687.9+2.2" (87.0) 9.540.1° (86.2) 747.0+£5.4° (86.18)
0 2 39.9+4.5° (61.6) 674.6:10.3" (85.3) 8.7+0.5° (79.1) 723.3£15.3°(83.4)
3 35.248.07 (54.4) 663.9+8.5" (84.0) 8.7+0.3° (79.0) 707.9£9.0° (81.7)
4 29.843.2° (46.0) 629.9+13.5" (79.6) 8.7+0.4" (78.6) 668.3x17.1° (77.1)
0 202.8+0.3° (100.0) 739.4+16.1° (100.0)  10.1x0.9° (100.0) 952.2+17.2° (100.0)
1 112.8+1.8°(55.6) 687.0£10.2° (92.9) 8.9+0.1¢ (88.8) 808.7+11.9° (84.9)
12 2 102.6+3.6" (50.6) 685.743.3* (92.7) 8.8+0.0° (87.2) 723.3+15.3°(83.4)
3 75.8+1.4°(37.4) 632.4+3.5" (85.5) 8.8+0.4" (87.5) 716.9+1.8" (75.3)
4 66.9+1.8 (33.0) 598.3+9.5" (80.9) 8.7+0.2 (86.4) 673.9£7.9° (70.8)
Yes 0 236.3+9.4* (100.0) 770.8+4.3™ (100.0) 10.5£0.1° (100.0) 1017.6%13.6™ (100.0)
1 131.4+3.1° (55.6) 688.8+1.4° (89.4) 9.9+0.3" (95.0) 830.1%1.5° (81.6)
36 2 107.242.3" (45.4) 656.1£14.3° (85.1) 9.9+£0.2 (94.5) 773.2+£16.7° (76.0)
3 82.0+2.6" (34.7) 644.0+£21.3°(83.6) 9.9+0.6™ (94.3) 735.9+24.5" (72.3)
4 58.7+£1.7° (24.8) 599.1£29.0° (77.7) 9.2+0.9" (88.1) 667.0+£31.6" (65.5)
0 251.9+9.0* (100.0) 835.9438.0° (100.0) 12.4+0.6° (100.0) 1100.2+47.5% (100.0)
1 218.6+6.8" (86.8) 767.0+10.2% (91.8) 11.5+0.0* (93.3) 997.1+17.0% (90.6)
48 2 186.6+1.4* (74.1) 698.0+9.9* (83.5) 10.7+0.9* (86.8) 895.3+11.0° (81.4)
3 168.6+3.3" (66.9) 700.442.5" (83.8) 10.4+0.7* (84.0) 879.3+6.5* (79.9)
4 159.1+6.3" (63.2) 678.3+7.0* (81.2) 10.3+0.3™ (82.9) 847.7£0.4* (77.1)

UDifferent superscripts mean significant differences among samples with different germination periods at a=5%

ITocopherol retention % based on the content at 0 storage time
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Table 4. Regression analysis between oxidation time (day) and
tocopherol retention (%) during storage of the germinated
perilla seed oil at 60°C for 4 days

. Germination Regression parameters”
Light .
period (h) a b 7~
0 -4.09 994 0.982
12 -2.35 994 0.720
No 36 732 96.7 0.947
48 -3.59 100.0 0.802
0 -5.03 95.7 0.844
12 -6.81 96.6 0.923
Yes 36 -7.82 94.7 0.896
48 -5.66 97.1 0.901

DTotal tocopherol retention (%)=axOxidation time (day)+b, 7
determination coefficient

Table 5. Regression analysis between total tocopherol contents
(mg/kg) and peroxide value (POV) of the germinated perilla seed
oil during storage at 60°C for 4 days

) Germination Regression parameters”
Light .
period (h) a b 72
0 -0.04 347 0.726
12 -0.02 21.6 0.791
No 36 -0.07 663 0.896
48 -0.02 175 0.889
0 -0.19 164.9 0.922
12 -0.08 71.4 0.922
Yes 36 -0.08 82.0 0.885
48 -0.09 100.6 0.922

YPeroxide value (meg/kg of oil)=axtotal tocopherol contents (mg/kg)
+b, 7% determination coefficient

Aol Uitk Ho] e BN 4Ue] AP B B
MN5el F BTN ATET AP|7E Mg B 4B

A3 0.72-098)5 Bt A7 EFHE] AEH] &L
AL 71271 F ERHEY ElEEE 12417 WolA|
7 ENERY FE3 SV 7P 2o ™ (2.35%/day), 36
AL oAl BTN ERE FE3 E7FlA 7.32%/daye] 3l
&g 7P =3t oL 1247 WolA ]l BN FE3
Sl EFEEe] 7Y g sSS oulgith
OS5 1,700 lux H 2] shol] 4d 7F A=

Bt
EMfe) & EIHES] FENE& AT AA] 2

Al 0.84-090)05 EATh F EFH S| Ril&ies dolErlf

oAt} ujEolE/FollA W9k om(5.03%/day), ol W =A)
St WolE7l G Atstel o FE ERFEo] gUd 47
Az e] ZHg oo AFFANA AR, B3] 318HE 4~A HF
o] Fol AA FFe F Ao/t flRoY HAEEE =US A
52 HQlt}

A, SRS 60°CAAAN 4d T4 AR v EIE
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