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Abstract

The impact of storage temperature on the changes in acid value(AV), peroxide value(POV), color value, total phenolic
content(TPC), and antioxidant activity in perilla seed(PS) was investigated. The PS was stored at 25, 35, and 45°C for four weeks.
An increase in the storage temperature resulted in significantly increased AV, POV, redness, and yellowness of the PS. Conversely,
TPC, antioxidant activity, and redness of the PS significantly decreased. The changes in the AV and POV followed a first-order
kinetic model, and the kinetic parameters such as &, #1,, Q10 and Ea were calculated. The k and #, values decreased with increasing
storage temperature and the Oy values for the AV and POV were 1.56, 1.91, 4.61, and 3.43, respectively. The Ea for the changes
in of the AV and POV in the PS were 70.40, 102.63 kJ/mol, respectively. The half-life values for the AV and POV of the PS
at 25C were 169.52 and 373.18 days, respectively, while the values at 45°C for those, were 28.47 and 27.93 days, respectively.

Key words: perilla seed, storage, lipid oxidation, antioxidant, kinetic

N B o @4 9 A 2R R FALER 97
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S0 (Perilla frutescens var. japonica Haray Q) B34 Q19] A4FolA] FRT 92 AHelR i A& B ot
B BET(Labiawe)d] 31 o) obAlol YAl A 2 A 57 FUNAZIFEA] ook BAR SOl
Zei AR AR WA, 3 FURIL YAoln, 92 ol 2HF UHE AT £ FANE 309 ol 2aE
HERE HIRT B, Uk, QB SA0] REE] grikin ok glor, 1 9l SAY 123 EEnE w2 Ao

5 1999; Ji & Jeong 2013; Kim 5 2018). E7= thE A& 2 H1EcH(Kweon 5 2014).

W) 55719 ol SHIF ol Aol Eaol Jhsstel  EAhY) FR AUBHORL SA%EEY YEol
ABAAAL 298 AEZ BHIHT QOm(Chung S 1995,  (Park S 2001) 2 319l(Lee & Han 2012; Lee S 2014) & 4o}
Lee S 2015), S-E}ate] AE &2 = stz 20)qukst  GAESKYoon = 1993; Cho & Ahn 1999; Kim KH 2003), ] 7]
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ZA A8} 7HA(Okuno 5 1997), ThAHEF A (Narisawa
1991) 237} HuEQlom, 7|89 8 P =
HoF7FA(Paschos 5 2007), @4 7HAl(Holy 5 2011), S
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Park 1991), Q17| 7]% 7H4(Um S 2004) S 9431 7]153
E/do] BaEa Qlet. SkARE o]t 8 gAY 24
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1. MEME Y AR NE
B AP 8T B GREFOR 3R
AolA] 201891 6o B AL AFot AP 485

Attt AHEE 65% = 7] sl "AACIH
(Nalgene Desiccator, Nalge, Rochester, YN, USA)Qto] Z3}-&
HE Jol His=E 26U EIEHY| A5 cobalt
(II) chlorideE 3§ 01”4 FEE Yol ZIJHE vt
= &, HAAClE Qo] ARE ¥l Addigko] =2 1
7R AFESFIT AMdS 57} A A RS A]ZQ oukir

HAEZHEE(0.1 mm, 10x15cm, PET+ALAPE, DongilPack, Korea)
o do] "gmAsto] 25, 35, 45C(*0.3C)2] HJ%F7|(JSBI-
150C, JSR, Seoul, Korea)ol| Al A5l o, Z+2+9] Alg=

s o

2. s
Ao g 719 AsRbE/Ade 457 fisto]
A7 9 BASIESIE 29 A7Hs AOCSH(AOCS
1990)& o]85to] =435} Oom, A|F 5 go] ethanol : etherS
s 1) ZE 89 30 mLg Yol BT T AASk
2 1% thymolphthalein(100 uLyE 7}ste] & 42 th2 YA o]
2 wj7}A] 0.1 N potassium hydroxide(KOH)/ethanol 894 © &
Agetel Arke 2getoich

FASHE7H= AOCSH(AOCS 1990)0] 2J8] 2A43stgom,
A& 1 go] acetic acid : chloroforme 3 : 2(v/v) &9 25 mLE
2ol A1 & E35}EQ @ =35} Z-E(potassium iodide, KI) &
o | mLE ol 187F AFAIZ] T GA0IA 1087} WA
J\E, F54 75 mLe sfste] A the, AAore R
1% AE AL | mLE 7[5t & 0.01 N sodium tiosulfate
(Na:$,0) B91E 0] 8510] wHg o] Ruo] B rjg F2H

ow IsIETtE A5

Acid value(mg KOH/g) = (V| —V()x5.611xF/S

Vii & A9 0.1 N KOH §919] 24 4-H]|ZH(mL)
Vo: 3AIE2] 0.1 N KOH & 2] 2|7 4-H]FH(mL)
F: 0.1 N KOH &9 7}

S: A=A H ()

Peroxide value(meq/kg) = (V3 — V2)xFx0.01/S

Vi & AH9] 0.1 N NayS,0; &H9] A7 AH|=H(mL)
Vi BAIEE] 0.1 N Nas$,0; 09| 27442l
F: 0.1 N NaS,0; &99] o7}

S EEEE TS

3. M

7 A|zo] M= 12 g¥ HEHFB5x10mm)o] A
o} FFHATHI=93.6, a=0.31, b=0.32)0. 2 RHAH AX}A
(Minolta Sensing Inc., Chroma Meter CR-400, Osaka, Japan)S
0]-8-5}o] L(lightness), a(redness) & b(yellowness)Zt< 33] Hb
B 274590,

0% methanol= 3]4 5}, & 7] (Wiggen Hauser, D-50,
Berlin, Germany)Z 10,000 rpmoﬂfﬂ 187+ #4819t} o]
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Shaker(n-Biotech, NB-303, Inchen, Korea)E ©]-8-5}%] 300 ipmC.&
4COIA 3A12 5 32 F ofatat AL Aglo] AMgsISITh

% E9H= Y A o 1 ST 9 mLE
S3l5lo] 1 mLe] Folin & Ciocaltew’s phenol reagentS 4 7}st
T A2 dAolA sEZF WX 1 ¥ 7% sodium
carbonate 10 mLe} 25 4 mLE &A7}slo] £ 25 mLE
stoich. o5 A2 oA 2417 F_t AR v 58
A (Shimadzu Corporation, UV-1800, Kyoto, Japan)S ©]-8-5}
o] 760 nmo| A FFE=E FH5IA o, T EuE T
mg gallic acid equivalent(GAE)/kg dry weight(DW)Z LEFH A
T}(Singleton & Rossi 1965).

DPPH(2,2-diphenyl-1-picrylhydrazyl) 2}t]Z A7 FAHLS
Blois MS(1958)9] ®H-& WHygsto] AF-E& ZPstct. 100
mLO| o228 mg® DPPHE -§5fiA|A DPPH ¥HS A
Z3FIt}. o9 0.1 mL: DPPH -&94(0.D:1.000) 0.9 mLe}
Shotol A2 QHolA 3087 A F BUVEAS o1&
stof 517 nmo| A B =E S5

rlot
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5. ASIEE

A2 oE E719 A7t d ISR HER e
of mE &= Aot 8443} o U A (Bay= 241349
71&7] e =RY dAston, ie&E AekE °l&
3 W7 (1=0.5%k") TAAE o]&st] A&
(Garzon & Wrolstad 2002). 12|11 2% tfst ¥re&EE
BA5L1A} Arrhenius?] [k=kyxe™*, k: rate constant, ko:
frequency factor, Ea: activation energy(J/mol), R: universal gas
constant(8.314x10™ kJ mol'K™"), T* absolute temperature(K)}&
ojgst o, HhE] 2k 9EAS UEtl= &4} oy
A= A4 SAEA A s LojA|= Arthenius plot®] 7]
7|2 5¥E A tH(Kirca & Cemeroglu 2003).

6. SAHAZ

Ao mE S99 4L EETE A, & &7
H=ohg 9 At &4 9] A A 2= Windows& SAS 9.4
version(SAS Institute Inc, Cary, NC, USA)S 0]-8&35}9] p<0.05
LZof| A BAFE A (analysis of variance)S A A|$H &, Duncan
9] o H9 A% (Duncan’s multiple range test) 0.2 -3-9] 4
= ASoITh B3, AAAT s Atel9] ATTA £4]
< $I5to] Pearson AIHEAS AASHAT

A7} 5709 AR 1))

rir
o
9;‘

& 671

£ S35t A4S At Aak= Fig 19] UEr Rl
o} dukA 0 2 {A| 7oA A= %12 ZujobA] B9
EgZgAlgtol=9] 7t Eofjo gt A E=
AR MAE 294 &, dH o}, B8R, F3golof Qg A%
Bal 22072 ¥AIGHTH(Suarez-Martinez JM 1975; Pristouri
T 2010). 47t= FAIREAEY] RSOl st BA4E
FHAGAE oFge] Holm, AdH FYA AR 54t
3ks FXIste] 4 AstE 427 o] "rk(Park BH
2005). E/LTE AFLE 25, 35, 45T A 043 S A
Aet9S o 7] A7F= 1.30 mg KOH/go|9.oH, #1&7]7k
4% T Z¥7} 140, 1.78, 2.60 mg KOH/g &0 2 A% 7}
ol e} A 27kt Ao 2 YERST) Gutierrez
& Fernandez(2002)= & H 4 WA 22|H A9 A4
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Fig. 1. Changes in acid value, and peroxide value of
perilla seed stored at different temperature ranged from 25,
35, and 45°C as a function of storage period. (A) Acid
value, (B) Peroxide value.
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SO =2 By 2% 9 A49] EA7) AEE S7HA1Y]
I, =2 IskeA 34 9 EolE doA 7tEEAA] 34

2002).

WABEE7HY] STt 7)o sk W2 AbEARRHRES-o ™
(Del 5 2003), o] = 7] HASE=AE FAdok= A 2Hd
Z JAYUS 93t Aoz EQHAT A9 SER ¢4
Eofl=o] AR oFFE BAdstaL, F3tol Q) aldehydes,
ketones, hydrocarbons, alcohols & ester®} 72 3]ghA] SISHE
o] B3t SE-S AT THMorales 5 1997). E7] L2
Ao g AREVHE ST 2, 27 ek
7H= 15.00 megkgol o™, A7t 47 & Z47) 15.80,
20.02, 30.01 meqkgO 2 A&7} oo wel IAISHE
7k B7kehe Ao veRdtch 25C AAReIA Thatst
B710] Z/A%S WA Fusiet 53] 45ColA A
o] A H=7F WS & 5 AU, A7l 35 AT
SRAREL G4 2745 202 Uehgrt Agen
off w2 oFrto] XA o) A& RARRE Aol A A
£E 40O AP} 8 Sa5EE 38 Sl T
E2 3= 7= 22 E YEHH T Min 5 1985). E3F A7
24 9 A7 AAE] EM7|E ARGl A= IF
o4 ALz} otilo] kAl AskaEIzto] 223
24807 ¥ 15} THBack SE 1994).

2. M

A% 2 9 A7) 02 Y] A 54 A3
£ Fig. 20 Uit} A2 =7t S71skol whet Lgto] &
ol o g ZHAgh ¥, agtd bt R o g J7ol= 4
Fe BTk Lgt2 A2 25, 35, 45C € AAR71710] A
o]l what 2+2k 55.66~55.65, 55.66~54.05, 55.66~46.10°0.2 7}
Aot= Ao g yepyth A3 7|7l whet A% 25TR
AollA= RH Zpol7t §lloH, 35, 45°C] ¢ #3717t
o] Aol whet Lgko] oA o= TAstT agh 25, 35T
A2 200A [F9F Apol7} QIlen, 45T A=
2704 215914 27182 F7Fek= ZA2E YEth 5-6
0C A= 9 A7 2 FF59] EHEAL A+
oA =2 2LoA #EA Lgto] FAgcha B skt
(Nasar-Abbas 5 2009). 7242 AF2ro| 2 F4E
goll A AX717E 8RN A aghTt bto] SVt B
tHSon S 2019).
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Fig. 2. Changes in color value of perilla seed stored at
different temperature ranged from 25, 35, and 45C as a
function of storage period. (A) L value, (B) a value, (C)
b value.
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SAML 22 7hst BEAMELE ghd3t o] RS Sigh
EE50] 11 ¥ Z3Ech(Harborne & Williams 2000; Yu 5
2006). A7F 2= 9 7|7t & LR F EYHsT
Tl B, AL 25,35, 45C B 27| F &S

£ 2,954.00~2,954.02 mg GAE/kgo| .01 AA7|7F 35=3}10]
A ARLE 25, 35CE 22t 2,954.01~2,954.02 mg GAE/kg,
2,954.00~2,954.01 mg GAE/kgO.2 92| z}o|7} QI 4
Z2 oA AZLE 35T A 2,756.32 mg GAEkgO. 2 ZhA
St A 02 YERylt) i AT 45T A E71Y3F
9] F ZH &30l AXTIZE 2FARE 4FA7HA] A
Sh= A0 R Uegon &, 05345219 F EduE3d

2 2,954.00 mg GAE/kgoll Al 2,046.13 mg GAE/kgO. 2 23]
#aote Ao v
Uubz o2 DPPHE= £} q101] o3t g AL 3-95h%]
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Fig. 3. Changes in total phenolic content, and antioxidant
activity of perilla seed stored at different temperature ranged
from 25, 35, and 45°C as a function of storage period. (A)
Total phenolic content, (B) Antioxidant activity.
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ohu| L W53t 2 WS oyl 59 A ol e =
A3}t i ghgEo] 2 HEtdlo] MR o] Qb 3k
=2 ¥t gl E A Hot o3t vkl k=
A 9] =4 Folsoll &3t (Blois MS 1958; Shahidi
& Brown 1998; Yoshino & Murakami 1998). S7]H=2
DPPH &t E AALGLS ALk 25, 35, 45C L5F 27|
DPPH &t]E AAGAFL 77.83~77.84%P.0H, AALE 25T
A& AR7IZF 4521744 DPPH ett]d AAEAJo] wj$
P H ol o, AL 35T A AF7IZt 4522100 A
76.12%= FAoh= AR UEtth v, A2k 45T
oA DPPH tZ AATE2 0F4FA7MA] 7783~
64.32%% A%g717to] Aol wet Zashs 20 & et

>
0:

AR

SMEFY Ao mE FHAEALTY AFHTARAE
A7, ARV Mk, & ST, T4 84 ol
57119] E/of| thsf| EA15tom, 1 A¥t= Table 13} ZTh
A7) g E79] AVt IHAEEHEE7H0.979, p<0.05)
131 M agk(0.956, p<0. OS)TJr AHY FEE B, A

I LEH(-0.97436, p<0.05), & Z2] ¥=8=F( - 0.968, p<0.05),
2 &ALsFEA (- 0.995, p<0.005)T} H(-)ATHS Hch T}
ARBFE7H= M agk(0.9530, p<0.05)2t A O] AHHS B o,
A LEH( -1, p<0.001), F Z] 93 - 0.921, p<0.05), &
A8t BHd(-0.994, p<0.005)7 9] S YEFRH. EIE
AT LFre gHASE 84(0.991, p<0.01), & Z2 ¥ =3
FAFS}F &44(0.9517, p<0.05)3} 9 *J{J_ra Heloh A agh
= & EH=ATH(-0964, p<0.05) I FAFS}F BA(-0.965,
p<0.05)7} 79| A3 Uehilth. /959 Ao mE &
AE/ 7H9] AtA B4 ollA THAkEETReE AT Lgko] 7}
A =0 Ho] Ao el o, 7 th&o 2 Al DPPH
S d 275 H AsETReL e /o] 2 R A
T 7= ALE UK.

S-"'

M

SR 4} 9 HsETle] AT o v
E£E 5 EA51AL ArheniusA]Z& ©]-&5to] AFERE A=
Fig. 4, Fig. 5 9 Table 22} Zt}. E749] A7} 9 3pASHE 7}

£ AA7)7ro] whet first-order plots2 WEF] A th(Fig. 4). o
2] ¥he-&L R4l o|-gsto] A% A, 47} 9 wHaks)
E7H9] A% 12 vhg RloA 7MY 52 RS 7R E A
o7 UYEG O, first-order ploto] A A%7]7k1} In(C/Co)7}
AFEAE Uetdo] 13 B 2EE 2= S HojF9]
OF A2 25Cof|l A= v 2] QH o]l o, 35T} 45T
oA B@7|Zto] SUHEFE wEA Bislols A0E U
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Table 1. Pearson’s correlation coefficients among acid value, peroxide value, color value, total phenolic content, and
antioxidant activity of perilla seed stored at different temperatures of 25, 35, and 45T as a function of storage time.

Color vlaue

Acid . Total phenolic Antioxidant
Peroxide value ..
value L a b content activity
Acid value - -0.974™" 0.956™" 0.847%2  —0.969™ -0.969™"" -0.995™
Peroxide value - -0.999" 0.953™" 0.877" -0916™" -0.994"
L - -0.948™ -0.881" 0.905" 0.991"
Color - 0.692" ~0.964™" ~0.965""
value
b - -0.696™ -0.856™
Total phenolic content - 0.952""
Antioxidant activity -
D Significant at p<0.001, “p<0.005, “p<0.1, "'p<0.05.
? NS: Not significant.
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—e— 25T 38 |
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[ ]
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Fig. 4. First-oder plots for the changes in (A) acid value,
and (B) peroxide value of perilla seed stored at different
temperature ranged from 25, 35, and 45°C as a function of

storage period.

Fig. 5. Arrhenius plots for the changes in (A) acid value,
and (B) peroxide value of perilla seed stored at different
temperature ranged from 25, 35, and 45C as a function of

storage period.
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Table 2. Degradation kinetic parameters of acid value, peroxide value, total phenolic content, and DPPH radical scavenging
activity of perilla seed stored at different temperatures ranged from 25 to 45C as a function of storage time

Reaction Temperature( C) kx10* (day ™)) R? tin (day)® Oi” Ea (kJ/mol)”
25 4.089° 0.467 169.53
Acid value 35 10.830 0.984 64.01 1.56 70.40
45 24.348 0.996 28.47
25 1.867 1.000 373.18
Peroxide value 35 11.489 0.839 60.39 1.91 102.63
45 24.815 0.936 27.93

D k: Reaction rate constant
2 Adjusted R%: Correlation coefficient
3 t1p: half-time

Y Qyp: The number of times content and activity degrades with a 10C change in temperature

% Ea: Energy of activation

® Different letters superscript indicate in the same column that means are significantly different(p<0.05) by Duncan’s test.

BTt &, 47F 2 BHRHETHY] A 2k YEH R F
7kohs A& UEth

A2 ro| e SAYFY A7 @ HAEHETHY 7
EoflEk-gol tiet ¥HEEE A 2= &4 ofdY
FAAE o] gote] A A AAE AU Th(Fig. 5). E3L
A4 Ao =RE ko] gt ol Y-$-A 7ol vY w}
e & 2ot o, 1 A= Table 29} At} AFL%
25C9] A7F 9 FHAtSHE7E] g S (k<10 2H2Zh
40899 "7t 1867 'o]lom, AFLE 35ColA 77t
10.8302'3} 11.489% "2 UElT) E5] AFLE 45T
Me 77y 243489 7'T} 24.815Y 712 WSS EANRT) HEE
Al F7Vot= AL R YET A3 HA9] 71E7] o=
FE 9ReEE ARnE 2ot AL e 719
A7) AR oH, AL 25TCofA= A7 4
ISR 242 16993 37382 YERY)loH, AL
T 35CoA = 648} 602 BT T2{u 45Tl A
£ 289} 27U & W% wEA Hasilth EA Y227 1
0C 5ol metA sHEEE U= Qi A7 9
A7 ZH2E 156, 1.91= Yo w, 843} oA
o] AL Ay} @ TASHEIIZF ZHZE 70.40, 102.63 kI/mol&
IAESHEZE A YErgTh 48 4 Aotet dRE g3
SRSE T Tt e Y A2 A 8L S5k d 25
Zolt}. k, tip, O Y EaS} T2 5 etu|He £5 9%
49 A% S F45H, AEY EYde I9tE,
Arete ] 9 AR 52 FAIskE AR A& 9
Sh=d| AHEE| o] X tH(Taoukis 5 1997).
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MA52 AL atetart Ak, & ET9s8d, &

b5} gy, BAEAT Aole] 4 B4 U AL
w2 QP4 BRIt 1 A, AL} Eoldes
AWH R IAISIE7PE SoesT AR A7} o}
Q4% Lghe Z4s19100], aglsh batol S7leson, 3
Eusohg d MRS A2 d AA7|Ite] &
7vete] whet w2 A astloh 2k wE 7R @A
2 A7} 9 IASHEZL) first-order plotof| Al A&7 7 )
In(C/Co)7t AFTAE UEtho] 12} ¥H-g RS TE= 7
o= yehdrh AFLE] tt ok} 9 He&E et
vEE 2YEAT, AL 1E At 3 askEle)
HHSEE A AL Boldeg oS whaA S7k
R}, A5} A= 22 70.40 kl/mol¥} 102.63 kJ/mol=
Yo ™, 0109 4% 242t 1.56, 1912 HisHE7E E7
et Ageme] 1e B9 wgble 25t %es
= Z7isto] QPESIelom], ALE 25ColA Ah 8 Tt
SHE7PF 242 16997} 37392 w2 PAE UErieH,
4SCONE 27} 2895} 27902 Wl 2] Pashe Ao
2 UEhgth X827t 10T 5ol mabA B4
2 e 003t AV 2 ISP} 217t 16, 1912
Uehom, S} olue] 79 At 9 BaiskEsboL 2t
7+ 70.40, 102.63 kJ/mol= FASHEZ17} A UEtTh A&
Z 2 Z512} THH degradation kinetic parameter®] 242 A
& F8= dlEste dl BFAolth k fin O B Ea®t 22
s GuHe 3% 9 T4 A F8= F4s6kL, 4
29| Sejuls shke, PASRA D AP 52 $A
L A AAHE o|SsRen] ARG Eo] Itk Taoukis 5 1997,
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