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Lipid Oxidation and Antioxidant Changes in Perilla Seeds during Heating

Seonyeong Wang and Eunok Choe*

Department of Food and Nutrition, Inha University

Abstract

Effects of heating conditions and seed roasting on the lipid oxidation and antioxidants of perilla seeds were

studied. Perilla seeds, that were unroasted or roasted at 180°C for 20 min, were ground and heated over steam at 100°C/
1 atm or at 135°C/2 atm. Lipid oxidation was evaluated by peroxide value, conjugated dienoic acids contents, and fatty
acid composition. Tocopherols and polyphenols were also determined. Lipid oxidation of perilla seeds was higher during
heating at 135°C/2 atm than at 100°C/1 atm, and the oxidation rate was lower in unroasted seeds than in roasted seeds.
Degradation of tocopherols and polyphenols in perilla seeds during heating was faster under high pressure and temperature,
and was decreased by seed roasting. Contribution of polyphenols to the oxidative stability of perilla seeds during heating
was higher than that of tocopherols, suggesting polyphenols and seed roasting as important factors in lipid oxidation of

perilla seeds.
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AHE-8E -3 AHHPLC-grade), o] AZ 222 JT. Baker(Phllhps-
burg, NJ, USA)2] A& e™ 14% BF, e, ZFAHAHC16-
C18), 7}ul4t, EF9E ¥F3E (o, ¥-, S-tocopherol), Folin-Ciocal-
tew’s phenol A|2F2 Sigma-AldrichA}(St. Louis, MO, USA)2] |
Folddh. L & Aok el

Alzel FH| A X2

2 Ao AH8-3 7= A E7(unroasted perilla seeds)2}
E7Ml(roasted perilla seeds) 25FA A 7= F+4s E70

‘3}# Al flo] AHgsiion, ¥ =7 A E71E 180°C

oA 204 59 Gene Café coffee bean roaster(Genesis Co. Ltd.,

Suwon, Korea)ollA] 2ol At
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A B9} E-e E7l= 94 (Dynamics Co. Ltd.,, New Hartford,
CT, USAE 30% 3t w4lst & 15g 4 SomL &9 g
AgH ¥ agaplel dFulg for YFE LAl 100°C
AK1 am)e] BE B4 10, 20, 30, 40, 50, 605 EF, Ei
135°C 7FH(2 atm)?] autoclavell A 5, 10, 15, 20, 30% &<t 7t
k=g

SXHEe| F&

717 & EAARE L A8t AEe) AstR|A ghaks o
7¥eb7] f18l 717kE HEvh B At BE E7ERE A
TS FEST S, A 719 /2 571 1500 n-FE 100
mLE ¥ 40°C FZoIA 247 F<F &St 5 Biichner funnel
7} o F=](Whatman No. 42, Kent, UK)Z A&ste] 7H9teda} s}
Ark. AA=2HEH -34S TS E7I(N-N series, Eyela,
Tokyo, Japan)S AF&-3te] 40°CollA &3] A A F SR
A AU, A T3 F B -80°C WEaLel Basiict,

=M XWAe| M5t Wt

7IP7HEel e E7iAE S Akl Axe IksEgk(Peroxide
value, POV), &°]Z54HConjugated dienoic acid, CDA) %k, A%
A 2o g Frsislnt #kskEge AOCSHE #1¥ g Crowe
9} White o] "WHO)LZ AL, T o|FAHEHE AOCSH (10)
of o) ettt AWAE 2L EAANE S WE ol2Hs)
gt & Jt~a = ek @39 (Gas chromatography; GC)O. 2 -4
AT, &, 70 AEE 01 n-FA 2mLel 59 F o
GZo 51 05N FAI8skeE-8 2mLE H7Fske] 100°C Ref
Aol A 3087+ 71t 14% BE-AIEE 2mLE 7He &
100°Coll A 1037 7FEetaar, W7zt & Hsliy 2389 08

5 7Fetgnh WE d2EHslE ASE oLt 2mLE FET
T 1uLE ASAIEFY71(YL6100 Autosampler, Youglin, Anyang,
Koreay’} 42Hel GColl F=ds9ith. A3dell AR 7171= YL 6100
GC(Youglin)= HP-Innowax capillary column (30 mx0.53 mm,
1.0 um thick; Agilent, Boblingen, Germany)?} 30|23 &7|5
ARetdon, o8, FU7, HAE71Y == 72 200, 270,
280°COISlth. ol E e ® HAAE £ 10mLe] £E2 FHF
3, split ratio= 10:10]3{T}.

=Mel Zdluls stEEn ERNES &

A B Fe Bl JHE F ZElvle o st
Folin-Denis' (122 < W& sl S48t S71=2 54
g A 3¢S 10mL n-Fbe] Holy HEgd =9 &
}(60:40, vv)E 2mL¥ o] 3¥ RkE &3 TS
27](N-N; Rikakikai Co., Ltd., Tokyo, Japan)E 40°CollA F&&
T 8uE &3] A, WEs 1mLE IEES ST
o] ¥ 02mLE #3} Folin-Ciocalteau’s phenol A12F 0.3 mLE
H3 387 X &, 0.5mL Na,CO, X3} 898 93 FT/rF
2 S5mLE FE3 Fof] ALolA 1A17F X8I UV-Visible
spectrophotometer(HP 8453, Hewlett Packard, Wilmington, DE,
USA)E 725 nmellX $3=E5 45k Eejuls e 71
A FEEAEE AR 23 RS o8l Asiin.

E7M¢] EAE P2 a&SAA A= vntE 1 9 (High per-
formance liquid chromatography, HPLC)S AFE-3}o] 3R TH(13).
70 AW 0.1g2 n-34F I mLel] =°]3 02 um PTFE mem-
brane filter(Millipore, Molsheim, France)Z of3}s+ & 20uLE
HPLC(YL9100, Younglin)?ll AF&s-A|E55%171(YL9150 Autosampler,

(

X
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YounglinyE ©]&ste] FYstith. HH-S pPorasil™ HH
(3.9x300mm, 10 um ID, Waters, Milford, MA, USA)S A3}
AL ol RE nFY o] AZ 20 E8M(998: 0.2,
vvyE AHEste] £ 2mLe] S22 §EAZAT oY ¥34E
71(G1321A, Agilent 110 series)®] IS excitation 290 nm,
emission 330 nme|oH, E74e] EFNE e zhzte] TF
EFHE QS o] 8ste Faisint

XEe| SAHXE

Ag= FAATE SAZEOQ] SAS/PCSAS 9.HE AHE-3}
o] o5 9177 (Duncan’s multiple range test), 3|7 4] (regres-
sion analysis)oll 2Jall EA81L o] wf] §o45Ee 5%t

=}
=

a
K

&1

= 54

A E7 2 B E7)9 EAL Table 13 7o) A E709F &
2 B9 FAsERRS 712} 0, 0.64 meg/kg, 3N OlTARS Z
Z} 0.05, 0.08%= A E74o] Bl3)] ¥ =719 ItsEg
HolFAatgto]l FolahAl o =T oA EME L2(180°C)el
Al Ee g F B A ARt Al et &
+ 3 T A AAE bk AR M= BaE vb 9ok
(14). A =719} 85L& 27 BEFoA 4 AWk 5 2lEdite
o]l ¢F 60%= 7MY wWokew, 1 ¢ Skt fEdits 4
7} oF 16, 14%, ZH|EAND AHol2AMS 7bzb oF 6.7-6.8, 2.3-
25% skt ol 709 WA 242 Shin 5(15),
Kashima 5(16)2] Ril9} fALSIA T Exsix it} s
2ke] E=F H]&<2l unsaturated fatty acid/saturated fatty acid(U/S)
e A B9 B2 274 2 10.11, 9.68°1%15L, PUFASE
Z3pAAke] dheE H|g2l PUFA/SE A E71, 22 S7jox 2zt
Z} 828, 7.89% A E/HTE £ 70X Folyom gitt
I Bg B gollA B AWdoe| AslEASS yE
=, B¥3E) & AAARE Absle] FH ksl FE
g
)

I~

T
A

YA
[S)

Sdat 5o BEIA AR EER A v Akl
= Hago] #ol US @3 PUFA/S e 7H4sit). U/S
PUFA/S 32 #A19] 4l8lE Hrishe AE2 &3 o4
ATH(17,18).

ZY9E sEY T2 A B B EeA 4 2.77,
947 mgkg= & Zpol7b AUtk o)A EF HAoAM =4 =
FZ7F B R i ZPlHE FFEEC] ECRE ¢
2ol FERE e dF #E e Ao Azdrn.
T BB S A ST £ S7l0lM 27 429.0, 429.1
mgkgSZ Cha 5(19°] Rag £/ 7159 EXSE T3 &
Alstdeh A B9k e ErlolE a, v, SEZHEC] i
o] AAeH, T TR/ EA BT y-ERdA B0l 7P BU
I(82%), a-EZAZ(11-12%) -EFHAZ(6-7%) o2 Ti5
o] ATt

7i7tdof 2lst Siel XA LS}

A EAS BE E7Z 100°C AU atm) 135°C 7Y@
atm)oll Al 7HEERS W SAitslERY] Welk= Fig 13 2ok A
E71E 100°C Aol 7198 407 e FRstEo] AEHA &
kot 60k F FAtslEo] 4032 megkg) HEEISITE 135°C
7istollAl A EME 7S W 7HE Az wE itst
7k 571 A9 vS8l oy 100°C dstellA 7HEskd S o



Table 1. Characteristics of perilla seeds
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Unroasted perilla seeds

Roasted perilla seeds

Peroxide value (meq/kg) 0.00£0.00% 0.64+0.03°
Conjugated dienoic acid value (%) 0.05+0.00* 0.08+0.00°
16:0 6.71£0.06* 6.87+0.05*
18:0 2.29+0.03° 2.49+0.05°
18:1 16.51+0.08* 16.77+0.05*
Fatty acid composition (relative %) 18:2 14.36+0.00° 14.37+0.00°
18:3 60.13+0.06 59.50+0.04*
u/s? 10.11* 9.68"
PUFA/S? 8.28° 7.89°
Polyphenols (mg/kg) 2.77+£0.22% 9.47+0.27°
a 48.51£3.24° 51.73£1.41°
Y 351.19+4.24° 351.05+11.32%
Tocopherols (mg/ke) 5 29.32+047° 26.36+1.46"
Total 429.02+7.95° 429.14£14.20°

UContent ratio of unsaturated fatty acids to saturated fatty acids

IContent ratio of polyunsaturated fatty acids to saturated fatty acids
*Different superscript means significant differences between unroasted seeds and roasted seeds by t-test at a=5%.
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Fig. 1. Peroxide value (meq/kg) changes of perilla seeds during steaming at 100 and 135°C. A: unroasted perilla seed, B: roasted perilla

seed, -@-: 100°C, 1 atm; -O-: 135°C, 2 atm
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Fig. 2. Conjugated dienoic acid content (%) changes of perilla seeds during steaming at 100 and 135°C. A: unroasted perilla seed, B:

roasted perilla seed, -@-: 100°C, 1 atm; -O-: 135°C, 2 atm

aFEiE Bt
2 HHT= A
Al e o3t Akl £x9 F77F 100°C dstelA] 7ras
E70l Hls 135°C 719} slollA 718st E719] w2 FisEwk
o g& Fad 51010101g Zo 2 AtEH

A B9 Eo S1E 100°C AA 60E EE 135°C 71F

olM 30% &<t 7t skl W S A skt vt
A Ae] ARAIFE HlaA Eol(r>0.80), 7Y T E71 A
o] Ashe ARkl wEAoR Sk e & 7 9IS

th 100°C “FollA 60% &<t 7HEsS o J%*Pﬁ}gﬂ =7t
2= A E70014 0.005 meg/kg/min® 2, L £7)(0.030 meg/
kg/min)ol] B3} sSkeh. B3 71D 2710l 135°C 7HjFels
A EfelA 9] FskERE VMRS 0.034 meq/kg/min, e =
7HOA = 0.184 meg/kg/min®] ATt o2fst A= 2 E747F A
S0l Bl 7irE % 2bsl7r ] dojipom, HOo £ 9]
A9 F HGolX xHo] FHE] E7) WFe] Aol At
28t UL golatA HE % T e AolA gF- 7Iklske Ao
2 Azt=Erc)

A E79 e E71E 100°C EE 135°CoM 718 F9S ol
THO)FARES Fig. 29 7o) A7kl wie} Frtsle A4S B
Atk 7HE F BRI FHolF;igte] St £AVE AkslE
wA] v ZAo|Z=Acte] gAddtH o g oyl FE|ol Follo|=
Foz A== Al 71AeHH22). FHolF R SV 100°C

oA EEP‘— 135°CollA] Eesiste], 3087ke] 7kl 5 A &
7Mep Be Sl 242t 0.0012, 0.0019%/mine] HE2 Kol 3}
AR 9} mR IR R e Bl Fo|SAakgt St &
=7t ol A E7fel Blsl] E& EMeA TRVIE F AW 4

Sp7F whEA FE T 9SS SAlsT

A S71F F2 SIS 100°C AU 135°C 719E slelA 7
sholE el At 24 wishe Table 291 20 VMR &
A BN 2 B Bl W ESAAE TR ES T }oh
XS &2 hdske AFE Hilow 53] F2
(ol w2} el wstkeisich

7}
A=
S7le) Aar =4 e 7He Al

A

Ath o]AL & dE7 upel o] x| JJ | 45}11‘:““011
vjsl] fAlgCZ A Sk @43 x|zt ol (2425) At
of Foket R} o] Zlom wEba A E7)e vl He 7
o 77t F 1*“ Li} t “‘01 dolutES ofmlgitt. 71
F & =79 U/s7b1 FadEE 100°C Aol —-0.0064/min
(r=0.9033)°] 3L 135°C 719} slollAl= —0.0287/min(r = 09943)?-_
100°C el Hlgl 135°C 7t stellA 71E akies o 2 &
7ol U/Szkel o whEA At o] Axe 7HE 2% §F
o] Z7letS o, &gk A S0 wiE] HE E70e] XA

A s gl Ase Tl @ W BINA Tk

Sl 71V1d & AStEX|Ne] Hs)

A E7)9 Be E71S 100°C ALt 135°C 71dollA 1 &)
Ae W EedE sibEe % ®sk= Fig 33 2tk A A

72 5719 EeEE Sge e 7 A A 28, 95
mg/kgo| Ao, 100°C “FollA 6055t 7183t & ZH2 60.7,
62.1% <21 1.6, 8.0 mgkg 2 5 AasIsith T3k 135°C
719t stellA 304 7HE 3 & A EvieF £ =79 EvE
3gHE ke 247t 17, 59 mgkgl® So)EkA HAste] 7kd

Zz B &R ZEiElEe] WA rlEtith s
stE2 vXW@}OH olF] AR ItstETZolAl FAE Al
Fo A EHE SPE RS A st d et
gozd-gud 4ge Fo=HA FAEE AT AR
G A ATH26). Wang 5(21) E7149] AFs4tsl 5 Zdbs
shetEe] walEe Bk vk ok A E70lx Y] EejEls st
E2 100°C “d8ellA 604 &3t 7FE WS Wl -0.666%/mine] <
T2 EBHEAoM(r=09842), ES EjoME  -0245%/

min(r=0.9662) == A=Ak 3 135°C 71 2700A 30
B HEES We A E70014 -1.327%/min(r=0.9908), &
SN ~1.159%/min(r=0.9402)¢] 2 =AUt o) 4

o Mo
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Table 2. Fatty acid composition (%) changes of perilla seeds during steaming at 100 or 135°C
Steaming condition Fatty acid composition (%)

Sample

P Temperature o omin) 16:0 18:0 18:1 182 18:3 u/sP
and pressure

0 6.71£0.06®  2.29+0.03* 16.51£0.08*°  14.36£0.00°  60.13+0.06 10.12°
100°C 20 6.72+£0.12* 2.31+0.00° 16.54+0.03*  14.32+0.05°  60.11£0.20" 10.07°
1 atm 40 6.81£0.09* 2.35+0.03* 16.55+0.01*  14.29+0.01*  59.99+0.14° 9.91°
Unroasted 60 6.84+0.12* 2.33+0.01* 16.50+£0.04*  14.28+0.04*  60.05+0.13° 9.91°
perilla seeds 0 6.71£0.06" 2294003  16.51£0.08  1436£0.00°  60.13+0.06" 10.12
135°C 10 6.81+£0.18" 2.3240.04* 16.59+£0.00*  14.27£0.03°  60.01+0.17° 9.95¢
2 atm 20 6.99+0.07* 2.33+0.02° 16.58+0.08*  14.34+£0.02®  59.76+0.04° 9.73
30 7.05+0.04* 2.3440.05" 16.36+0.19°  1431£0.01®  59.94+£0.20° 9.65°
0 6.86+0.04™ 2.49+0.05 16.76+0.07*  14.36+0.00°  59.53+0.00° 9.69°
100°C 20 6.84+0.01° 2.48+0.04° 16.88+0.00°  14.28+0.04°  59.53+0.02° 9.73
1 atm 40 6.99+0.00™ 2.59+0.05® 16.67£0.04>  1429+0.06  59.46+0.04 9.44°
Roaiged 60 7.05+£0.07* 2.61£0.01* 16.64£0.01°  14.30+0.06°  59.41+0.03° 936"

rilla
psieds 0 6.860.04° 2.494+0.05° 16.76£0.07*  14.37£0.00*  59.50+0.00° 9.69°
135°C 10 7.0120.08" 2.54+0.10® 16.68+£0.08"  14.35£0.03*  59.41%0.03° 947
2 atm 20 7.29+0.08" 2.62+0.10™ 16.49+£0.08  14.17£0.08*°  59.50+0.01° 9.09°
30 7.41£0.10* 2.7440.03" 1638+0.09°  14.25+0.17*  59.23+0.11° 8.86"

YU/S: Content ratio of unsaturated fatty acid to saturated fatty acid

IDifferent superscript means significant differences among values in each treatment of each fatty acid by Duncan’s multiple range test at a=5%.

12,0 ¢ 120 ¢
(A) (B)
10.0 | 10.0 §:
)
S 80 | 8.0 |
£
p
5
S 60 60 I
5
5
=
= 40 f 4.0 |
=)
-9
5
20 | 20 |
0.0 0.0

0 10 20 30 40 50

Steaming time (min)

60

0 100 20 30 40 50 60

Steaming time (min)

Fig. 3. Polyphenol contents (mg/kg) changes of perilla seeds during steaming at 100 and 135°C. A: unroasted perilla seed, B: roasted perilla

seed, -@-: 100°C, 1 atm; -O-: 135°C, 2 atm

e Fe ARG A SN, EF 100C AFelA 1

The 135°C 719ke] 71 2310l Eejslls shebee] 23l7F 7h
E3lE 052 UERith oA A Abst Hrmoke wite] 7

For R7IE T 571 AR Akg oAl EldlE seke
°of Taskll 28t AEe HHACR Sk Atk Wang
TN 2ETF STl wEt ST st oA 48] SR
SNl Eelols shetee] RelGert SRt Bag
vF o} EE Nystrosm 527y Z2|HE sgHEo] Awe] 4ks)h
S oAlshs ASPEAAIRA S 2 Qo= A walld] e 2
AaleluAlE a= F e 2= 71hd A 28iE 5 3l

=5 BT

A E7IE 100°C A B=E 135°C 7IellA 71EslgS W E
I8 FF Table 33} Zo] THAEIKTE F, 71 A A B,
2 279 F BEIAAE FHS 429 mgkgol AL 100°CHA]
718 608 F A B9t Be B9 F BEFHE g 77t
79, 85% =21 3389, 3663 mgkgl®E AN, 135°Col|A
7171 308 FolE 366.0, 376.6 mgkgS 2 o8l 7HAdle]
7149 F 700 EiE EFHE0] EEdeS YU B
I EL A g HUZolA £AS AFEaL, Al 4t
slElo] ERFEFE, ZEA-ERFEFE, EFHE 3lo|=2
=02 A BR(28) EXHE T2 74%t. Yoshida 5(29)
3} Barrera-Arellano 5-(30)= A1 4t3} Fol EFTE o]
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Table 3. Tocopherol contents (mg/kg) changes of perilla seeds during steaming at 100 or 135°C

Steaming condition

Tocopherol contents (mg/kg oil)

Sample Temperature/  time

pressure (min) * i 5 Total
0 485+32 (100%)  351.244.2° (100) 293+0.5° (100) 429.08.0° (100)
10 474516 (97.7)  3427+112%(97.6)  295:0.1°(100.7)  419.7+12.9% (97.8)
) 20 447:03%(922)  330.1:6.1™ (94.0) 29.0604°(99.0)  403.946.9% (94.1)
llofmf 30 42.0+1.0° (86.6) 316.6+8.8% (90.1) 28240.5¢(96.1)  386.8£10.3% (90.2)
40 417:0.1°(86.0)  317.7+3.59(90.5) 285:0.1%(97.0)  387.943.5% (90.4)
50 412:02°(850)  307.7:2.3'(87.6) 27.4:0.19(93.6)  376.3+2.0° (87.7)
Unroasted perilla 60 375£049(77.2)  275.940.1° (78.6) 25.6:02°(872)  338.9+0.6° (79.0)
seeds 0 48.5+3.2° (100) 351.244.2° (100) 293+0.5° (100) 429.0+8.0° (100)
5 37.0£03°(763)  343.0£5.5%(97.7) 25.841.8°(88.0)  405.8£3.4° (94.6)
) 10 3424197 (705)  332.2+9.5% (94.6) 23.9:0.5(815)  3903+12.0% (91.0)
123a5t rg 15 32.7+1.0°(67.3) 328.8+5.2% (93.6) 23241.1°(79.3) 384.7+7.3% (89.7)
20 31.9£0.6°(65.7)  3223+7.0%(91.8) 2212054 (754)  376.38.1% (87.7)
25 315£0.1°(64.9)  3223+1.9%(91.8) 2212029 (754)  376.0:2.1% (87.6)
30 30.7£0.4°(634)  315.047.6°(89.7) 203£1.6'(692)  366.0£9.6' (853)
0 51.7=1.4* (100) 351.0411.3* (100) 26.4+1.5° (100) 429.1+14.2° (100)
10 485:0.9°(93.7)  330.3+0.6™ (94.1) 25.6:0.1%(97.3)  404.4+1.4% (94.2)
) 20 483+0.5°(933)  334.4+2.4%(953) 257:02°(97.5)  408.4+3.0°(95.2)
llofmf 30 46.740.6™ (90.3)  325.8+4.1% (92.8) 252404™ (95.5)  397.7+5.0% (92.7)
40 4514139 (872)  319.8£7.5 (91.1) 25.0:0.4°(94.8)  389.9+49.2°(90.9)
50 43.6:0.0°(842)  305.4+0.0° (87.0) 243+0.19(923)  373.3+0.1° (87.0)
Roasted perilla 60 £3.0:05(832)  299.3:2.8'(853) 23.9:0.1(90.8)  366.3+3.4° (853)
seeds 0 51.7+1.4° (100) 351.1=11.3* (100) 26.4+1.5° (100) 429.1+14.2° (100)
5 472422°(912)  321.0£11.7°(91.4) 2554120 (96.8)  393.7+15.1° (91.7)
) 10 473+12°(914)  319.0£7.9°(90.9) 25.0:0.7°(95.0)  391.4£9.8"(91.2)
123a5mf 15 46.6:02°(90.0)  317.1:0.7°(90.3) 24.8:02°(94.1)  388.4+0.3"(90.5)
20 477:0.0°(922)  317.1+3.7°(903) 250602 (94.8)  389.743.5°(90.8)
25 464:03°(89.8)  311.9:0.7°(88.8) 244:0.1° (92.4)  382.7+1.0°(89.2)
30 457+13°(883)  306.9+14.0°(87.4) 24.151.0°(914)  376.6+163° (87.8)

Different superscript means significant differences among values of each treatment with respect to steaming time by Duncan’s multiple range test

at a=5%.
JRetention (%) based on the content of zero min
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Table 4. Regression analysis between total tocopherol retention

(%) and time during steaming of perilla seeds at 100 or 135°C
for 60 and 30 min, respectively

Steaming Regression parameter"
Sample ..
condition a b ”
Unroasted 100°C, 1 atm  -0.311 100.63 0.9606
perillaseeds  135°C, 2 atm -0.437 97.40 0.9449
Roasted perilla  100°C, 1 atm  -0.224 98.91 0.9686
seeds 135°C,2atm  -0.302 96.13 0.8269

DTotal tocopherol retention (%)=axsteaming time (min)t+b, r=
correlation coefficient
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Table S. Regression analysis between antioxidant contents and
peroxide value of perilla seeds during steaming at 100 and 135°C
for 60 and 30 min, respectively

Regression analysis"

Samples Antioxidants
a b r
Unroasted Tocopherol -0.014 6.00 0.8737
perillaseeds  Polyphenols -0.838 2.23 0.8570
Roasted Tocopherol -0.090 38.31 0.8917
perillaseeds  Polyphenols -1.499 15.65 0.8619

YPeroxide values (meg/kg)=axtocopherol/polyphenols contents (mg/
kg)+b, r=correlation coefficient
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