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Change in the Antioxidant Activity of Roasted Seasoned Laver Pyropia
yezoensis with Heat Processing and Storage
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There is increased consumer demand for roasted seasoned laver Pyropia yezoensis, processed in various ways. The
antioxidative activity of roasted seasoned laver was evaluated at different storage times and the quality of the roasted
seasoned laver was improved. The laver was also heated at different temperatures for 3 seconds: 340°C (SH340),
345 (SH345), 350C (SH350) and commercial roasted seasoned laver (D) was used as standard. The samples were
stored in a transparent acrylic case (39%27x18 cm) at room temperature for 10 weeks. The total phenolic content be-
gan to decrease after 7 weeks of storage and was 395.2, 386.4, 395.8 and 416.4 nug/100 g for SH340, SH345, SH350
and D, respectively. The respective DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical scavenging activity after 7 weeks
of storage were 48.6%, 49.5%, 47.7% and 46.1%. The ferric reducing antioxidant power (FRAP) decreased rapidly
after 7 weeks of storage due to the influence of sulfate groups. Therefore, the appropriate storage period and packag-
ing method should be established based on these results.
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TR FEF Y AFAN 07 S48 Qg =Rl 5
AIA S F-2 WAYRES =5k = 9ThKDI, 2017). o]
Qo A= B HEbo] ofu e} Azt 77} (well-being) 24

oo, 2o, AN S5 FHOE 587}
T3] S7FsRaL ek ol Al A AL Sl Aol A=A
£3591 HH(Porphyra tenera)x} WA (Pyropia yezoen-

ol 39 Br3slE R isofloridoside, floridoside 52 529
I+ Az LA AE9] hemicellulose 18|11 A|Z7F 4 &
el zugto] Qlr}, EZu2he 3 6-anhydro-L-galactose, D-
galactose, ester sulfate, 6-O-methyl-D-galactoseZ -/d % o]
Q= 484 AR tio]w(Yoshimura et al., 2006) A= 71 9]
10% W2 o5 o Stk Zol A Wi s = 484 A thd
FQl Zujehe Aol 24 A Ao o dZ3] st

sis), 54 #3521 QU =3 (Porphyra dentata)¥} W5-H 57
(Porphyra seriata) 5-°] 31o™, 571 ZALZRE Ajusto] vh=
2574, A 2R} =4 2SS Auliste] vhE ks

WAL 9, 5 Aso] Aol MF ARk ol 3 vhw
2 SHoTH el WEES WErkung ef al, 2001)
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a5 AN, 2wt B 2t {47 in vitroo] A
a3k © 2 DPPH (1,1-diphenyl-2-picryl-hydrazyl) 2}c]Z 4
superoxide }t]ZHe A HL-S B 59 th(Hatada et al.,
2006). E3F ol vhg g Ed|HlE SRt} 7R E o]
T A7t A A AR AR, FEdRo], k3t A danE 2t
+=tH(Comnish and Garbary, 2010). 7}2E]o| =9} Ze2|d=
SFHES A1 ol EA1SRA A 9 ofe] AR Ro] At
SPIAA = 25k, 7 B0l B W 24 St A 22
2} g gAl] ool AN DEFAL(0,)E A
0 2 275k} AksE A& 4= Qltk(Skibsted, 2012).

ufeba] B Aol A Ao W 7S H o o et A%
A910) Sl A8 T U HALES eld AlRS AL
of| A7gstHA Akt ol| Gk vlA= 7HE Bt

ct.

M2 U
A=

Aol ARG a2 A ARAl Sl A FER
B Sk, 2= AR 20| Aol A Tl s
I Ql= DAY Z71E Z(10 g, silica-gel 3, Z2|=2 4l
ZA)E FUBIATE A FEOA= 2| 220 TkE A
=9

12 hofsto] o5 AR YO B
AR A7]8 8 & u|ofof <l Al
27h Bakste e 13} /AL 165 T 323 hgt o
SN, A W T U0 R 0] 5 22 340T
(SH 340), 3457 (SH 345) ¥ 3507 (SH 350)0| 4] 327} 714
slo] A|lRE A zsgleh A 717 2016 99 SURE 10
% ok At APS AWshich AR e
Zxz2 g dlof EAE 2ulf] A (20 g, silica-gel E$H)+= A
FG 71 T8 of=™ A0 2(39x27x 18 cm)o] Yol A&
o] Baslitt 242 A3 ascorbic acid (Sigma-Aldrich
Chemical Co., St. Louis, MO, USA) ¥ a-tocopherols (Sigma-
Aldrich Chemical Co., St. Louis, MO, USA)2> -2 2719 A]
dohHA Aol ARE-SHAT
Zd|is 2 &8

49 FEZ8|dlE TS Maksimovie et al. (2005)0]] wh2f &
3t 7] 0.5 goll 80% acetone 894 50 mLE 4|31 25T o)A 6
A7t 5t 2EHt - 452 (484 g, 4C, 20 min)3H it A5
o 0.1 mLof| Folin-Ciocalteu's reagent (Sigma-Aldrich Chem-
ical Co., St. Louis, MO, USA) 0.2 mLE Y1 1 A|7F AA|A|
A WA A 7] 5 UV-Vis spectrophotometer (UV-1280, Dong-il
SHIMADZU Corp., Seoul, Korea)Z 750 nmoj|A] &4 =&
=243}t AL gallic acid (Sigma-Aldrich Chemical
Co., St. Louis, MO, USA)E ©]gsto] AaFase 2AeH &

2113 (Pyropia yezoensis) | @4t g 363
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< Koo et al. (2007)9] ®Hof| Fako] SAsk5AH =
508 (v/w) 8] S5 Eal pH7F 2 (pH 4.0)0]
A 243 & 80TOllA 3AIZE FRF =, A, =3
FEH 3ul(viv)RFe] oflete-& Hrketal YAEE(1,274 g
15 min)sto] 223t AHES S0CoA st 2xughE
Az} 239 9 100 mM potassium phosphate buffer
(pH 6.0)°] =21 & Viscozyme (Novozymes Ltd., Cophenha-
gen, Denmark)S 1% F7lsto] 35T 84 oA 1A &<t
7HrES| $F & 44 0 2 Protamex (Novozymes Ltd.) S 1%
A7kste] 35T 8/l A 1AIZE 53t 7hp-Esfishitt. 100T
ofl A 30i27F 7HA R 5 42 (15,000 g, 15 min)5toq /54
& 2R % 3Rl ohe S Htela AAlael(1,274
g 15 min)ste] 228t AHEE 50T oA 7ARsto] 23S
SAsHk

Conjugated dienoic acid (CDA)Q| £4

CDAS] £4-2 AOCS (1998) Ti-la-64E- 0]-8-3}o] =4
o}, ARPAJof| A i 2n] 33 mpE o] A SLufjgh 2m] ]
25 g2 7912 AR TR A | g SRR TSRS
(1208, vivi)e] E8-E4E o gato] 2asi500] 54
3549F7](Rotavapor R-114, Biichi Lab., Switzerland)E ©]-&
sto] GufE A A & AA-S AlRE ARSI A= 100
mg-Z isooctane 25 mLoj| &50]31, 12} 3]4] W& t}A] isooctane
©2 5208) 3]43}0] 233 nmof| A 3= (UV-1280, Dong-il
SHIMADZU Corp., Seoul, Korea)s Z7435}0] T2 4lof u}
g} AALSI T B3 A) 85 isooctane Al 52] L7} (0.2 o]
Sto] AL 0.8 o wff 4-25u 3]Asto] FFo WOE =
st

=

ol
3R

],

i

N

Conjugated dienoic acid (%) = 0.84(As/bc —K )

KO : acid2] Abs A4, 0.03
As : 233 mmoj| A 2] Abs

b : cell®] Zo](cm)

c: L AR g

DPPH (1,1=diphenyl-2-picryl-hydrazyl) free
radical AHEN =X

DPPH 2tt|Z &7ZA-2 Jao and Ko (2002)W5-S 3Fa1s)
o Z459lt). B4 AR BaE 7F AR 5 gofl 80% ofEke:
< 1:10 (W) H]E&R 552t 75T, 130 rpmoll 4] XI5 5=
Z3H(WIS-20, Daihan Scientific Co. Ltd., Korea) & {1}
(No.2, Whatman™ International Ltd., Maidstone, UK)Z o]
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o] A2 gl 51742 F547](Buchi Rotavapor R-114,
Postfach, Flawil, Switzerland)Z ‘=3 & DMSO (Sigma-
Aldrich Chemical Co., St. Louis, MO, USA)E &2 3}
20 mg/mL2] %= & A| %235}t ZF A 7S 500 ug/mLE A%
o Al 0.1 mLot A 214 1.5 10* M& A 2% DPPH
£ 0.1 mL2 96-well plateo]] F7}sto] & T35}l 420
A 305 7HERS A17] 3 UV £ 3= A|(Spectramax M2, Mo-
lecular Devices, Sunnyvale, CA, USA)E ©]-8-5}0] 517 nmo]|
A FBEE SIS dite FEEY W7 R
O] =S S7sto] offjel 22 o] oJsto] vl Ea= viE
Wtek

DPPH radical scavenging activity (%)=
[1-(A &/ EA E)] X 100

FRAP (ferric ion reducing antioxidant potential)

FRAPO] oft 5418} 240) 248 S90S o] 85+
© 2 Benzie and Strain ¥(1999)S -85l 43513 tt.

Reaction solution 300 mM acetate buffer (pH 3.6), 40 mM
HCIo] 33+ 10 mM 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ)
&9 2 20 mM FeCl,-6H,0 (Sigma-Aldrich Chemical Co.,
St. Louis, MO, USA)Z 10:1:1 (viv/iv)2] H]&E A2 A0
Egste] 37T Y| E54dol A 7123k 22 FRAP 71 &2
2 AREslYI T 96-well plateo]] 5 mg/mL =2 3435 Al&
o] 25 LS} FRAP 7|29 175 uLE Aath2 £35t0] 37
o Al 457k BkS- A]71 3 microplate reader(Spectramax M2,
Molecular Devices)E AME-31] 590 nmoj| 4| S3=E S35
pisg

SAXzZ

EAA 7+ SPSS Version 18.0 (SPSS Inc., Chicago, IL,
USA) programe A3l One-way ANOVA-tests AA|
Sk 3. Duncan multiple range test (1955)2 o 7+2] 324
(P<0.05)& A7d3tct.

of w2 Hx7 2] 3Hiteked 2ol o Q1S hetst
7] iste] Z2llE kS S5k Table 19 YefiSict. 7F
243 Zo|9|=9] RS SH340, SH345, SH350 2

DollA] 217} 716.9, 616.0, 642.1 2 720.3 ug/100 go] L, 7+
& == Zpol= glele 45 o= 271 71011, 613.9, 624.7
2 7124 ug/100 g & & A -9 glSich. 1t A% 7
77} 395.2, 386.4, 395.8 @ 416.4 ng/100 g©. 2 7+
28191, A% 105 o= 717} 365.9, 368.2, 339.8 1 378.8
ug/100 g & oF 50%9] &9z sheFo] 745t} Oh et
al. (2014)°] oJatH S AlRPR] & F Ed]vlE skke
SHFS 257, wEA, gl ol Al 242 9.06, 8.58, 5.35 mg/g
o g mteffof vlal 2533 = o vl 3= o
of f-oJstA =kt skgict. g, ntEd 5= 1 mg/mL
9] koA BlwslS o A4 FEEIA = 245 my/g,
M FE=olA 293 mg/g, el s FEECIA=
3.51 mg/g o 2 A5 Aol g-e EeulES AR
T Heiglen sigrdols 1 ol =Tkl skt
(Lee et al., 2012). Sabeena Farvin and Jacobsen (2013)°] 16
T sl 2Fol e EefulE T AR 2 fAE S
Pophyra purpurea 5- 3| 272] $F(0.12-6.08 mg/g)2} ThA| ok
(0.85 mg/g)?t 1| 9(1.26 mg/g) 59 EfHl= Shehe ool
vlsiA 7ol Zejuls ghego] vl wot AR 4 22
o

>
0

T E‘_
KHAkd: 27 B 5 771540 S7o] 27 lofat 4 9)
2 PAsteIet

%ol BEl Eajehe ophzesel Pelo] i D-galac-
tose, 3,6-anhydro-L-galactose, 6-O-methyl-D-galactose 2 L-
galactose-6-sulfate & -4l BAbeF ©F 30-224 kDa2] A3 3+
AtthdR-o]th(Yoshimura et al., 2006). 3} B o)A oL
oA Ao 4424 7177 o] 2ol ] 2ke] 5ok Yoshizawa
et al., 1995), < ZA(Inoue et al., 2009), A4 (Isaka
et al,, 2015), RS W JZH AHEE 5 (Tsuge et al,,

Table 1. Total phenolic contents of roasted seasoned laver Pyropia yezoensis under different heating process and room temperature storage

Storage time (weeks) SH340' SH345 SH350 D

0 716.9+2.5° 616.0+5.12 642.1£5.52 720.3+4.22
4 710.1£2.02 613.9+1.3° 624.7+2.22 712.4£1.32
7 395.2+5.4° 386.4+4.8° 395.8+4.6° 416.4+2.1°
10 365.941.1° 368.2+3.0° 339.8+4.2¢ 378.8+3.3¢

"Values expressed as gallic acid equivalent in ug/100 g of sample (mean+SD of triplicates). Data in the same column with dissimilar letters
significantly vary from each other (P<0.05). SH340, SH345, SH350 have undergone secondary heating at 340C, 345 and 350C, respec-

tively. D, commercial roasted seasoned laver.
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Fig. 1. Porphyran contents (g/100 g) of roasted seasoned laver Py-
ropia yezoensis under different heating process and room tempera-
ture storage. SH340, SH345, SH350 have undergone secondary
heating at 340C, 345C and 3507, respectively. D, commercial
roasted seasoned laver.

2004) BIHE EFRE ThekRt 2] S Frohdisith A7
Zhol w2 Ax7] 9] et FEFS Fig. 1of] Yepfiglct. 7H
A& =25k 2u|gt gk SH340, SH345, SH350 % Doj| A
7¥7}13.7,12.6,12.5 9 13.8 g/100 g & 713 &= 1l A%
Abol mh2 ol 1911, 45 Fol|w Zbzt 123, 11.1, 124 2
12.5¢/100 go= FA A o4& qlsieh 2euh A% 75 5
o= 7k2H11.1,11.0, 11.6 9 11.6 g/100 g© & 7431311, A
2105 3ol =742+ 9.5,9.4,9.4 2 9.6 g/100 g & 2F30% 7+
2313t Aol A A%F7]to] ool whet a2 ujRho] SleF
= A sk A= e AN sk A Qleh

7ol a8 A& FHE 0.31% Bholl oFE] 2|9k EPAS 23515t
M= EESERA AR v 50% o/ E]o] XA At}
2] dojuh= Ao & AR gl ol 22 (Aw, water
activity)?} a-tocopherol®] A7 & A A Atsto] 7H & ok
0] 2= A0 2 o FtHSon and Choe, 2014). 2SS o
2k 20 M A 2& AsHHA 2 AAS e} ghitstol | F

20|71 (Pyropia yezoensis) 2] 3JAaIeHA] 365

< UA= 55 2ARRE A3l SRR 0.75, 25 40T
A 1597 AAsE A3} Lo ek QFAof| A= 2F 45.5%, Hlof| A]
= 40.5%7} Folglo] Ble xu|gho] AShE E£X5k= Ao
LEFETHO and Choe, 2013). & A A3} 52 =04 7}
TRl Bkl A% 7ol of Zulte] gleFo] 7hAgt
AL 7t e GaA7F 23 22 5] Yof B
B3t 7] 2l A2 o AZIL

20| conjugated dienoic acid, CDA) &tk

SHolFAbghE BEIARO 48 T HFAo|S AT 0|
= T P FHolF AT R HetEe] FTlsk=tl, EPA
(eicosapentaenoic acid), 2]EdAk, ofel7|=Al 5 B]gd o]
FA%E 7HR1 A Ato] AbtE|o] Fllo|F At S St
A]7]H(Choe and Min, 2006), 49| AbF=Folut 2Hitst
& 37l vlEsto] S7tske A o2 A2 A lek(Gray, 1977).
zn]3] 9] A4 5 CDA FHe] H3lE Table 2] et itk
SH340, SH345, SH350 9 D A| 29| 7 A% CDA g 7+
ZF 4.4%, 4.7%, 4.6% 2 4.2% T} 57 L A 7o A Y3 AF
B2 Ao A 275t el 7] wjitoll Hof| &gt ek A girkar
= Qe A 452557 E CDA -2 571517 Al&ksto]
A 1750l 9F 7.1-7.3% 2 S716E o m, A% 10750l =
22 7.6%, 7.3%, 7.5% 2 7.9%2 712] 50% oA 2715 U
EF QAAITE, 7k 2ol wE A& ZF Afol= uie- A gich A
A4 120004 40 s E 120 s7F -9S W) FH o FAgHS
gt A3t 1.01%E 22 Eof|A= Algke| & zfo] 71 A
O}, LEE250TE =92 ul= 22 4.20%, 2.17%2 &
o5} Z7}1stoithal 3H9tHP<0.05) (Son and Choe, 2014).

DPPH  (1,1-diphenyl-2-picryl-hydrazyl) free
radical 2H&d &3

Aol ehrd A=A S22, 712H| kol &, 951
5o Mt e, ERHE, 2w 5o AP
o] thgo 2 ghpE o] glom, Akl 2ot 1 g
ul2} ARSI Zpo| & Helthal I THOh et al., 2013). #]

10 %@ (v N

Table 2. Conjugated dienoic acids (%) of roasted seasoned laver Pyropia yezoensis under different heating process and room temperature

storage

Storage time (weeks) SH340 SH345 SH350 D

0 4.4+0.4° 4.7+0.3° 4.610.4¢ 4.2+0.3°
4 6.0+0.4° 6.110.4° 6.610.2° 6.60.2°
7 7.140.52 7.140.5° 7.240.3° 7.3£0.57
10 7.610.5? 7.310.42 7.540.3° 7.910.42

Values expressed as mean+SD of triplicates. Data in the same column with dissimilar letters significantly vary from each other (P<0.05).
SH340, SH345, SH350 have undergone secondary heating at 340C, 345 and 350 C, respectively. D, commercial roasted seasoned laver.
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2717+ ot 7 A= SH340, SH345, SH350 2D A| &0

5}o] ascorbic acidE ¥# 2 & 5lo] DPPH 2tz &4 & =
g3t A7}= Table 30f LYef it Table 10 Yepdt viel 2+
o] I F& ko] Hizo] FH o] ¢lo] DPPH o] L=
3 08.9%0] o]o] Al& 22t 87.7%, 85.2%, 88.3% X 85.3%
B 22 s Bl o] AA 7ol Hol ol wheh At
43}o] A7 75 Fol= SH340, SH345, SH350 €D Al& Z
7+ 48.6%, 49.5%, 47.4% L 46.1%= YEF40% oA A5}
= o= FriE ek

A9y ut2q] FE5S e & skl DPPH radical 47
2 53 A S HIIsl] fleke] ZF Al EE 1 mg/mL
O] &= 3|45t & vt Auf X g, A3 9 s
O] of|ehe FEE AL 53.5%, 56.1% 1211 65.1%S LiE}
WSl &3k Aol A A=l 71 2] DPPH radical &~4-5
2 FAketH, sligell A oFAlE 7] FEEA 7P w2 e
2752 BYohal sk th(Lee et al., 2012). Hwang and Thi
(2014)] mb=H Az, 271, 203 izt e 54
g A7} %= 9 £2(100-1,000 pg/ml) .7 -2 gAslehy
< Bglon, 70% oet&E 37ColA &3 A8/ 37C 2
100C B2 FE3 AR ET 32 Jaksied S Yehf glckar
sto] ZeluE, EothiolE, Zujgh 59 sk Ao| ogt
Zof 2 gl == Ao R Fristoint. 7R o whE kst
A FFE Aol Aol A vlsegh Fheks Bl vt
A, 2uoA w2 AE e gt o)A 2o AR

=

ZA =T £ AR A sl 4 tehd D
Aol A THg- Lo 2 AR
LFERIA] Sot 24712kl BHAtskebAd o]
A0 ehtong o 5 7P ute
o] £ 702 ettt

n reducing antioxidant power)of|
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fin}
lu
of
of
o
=
N

o,

rir o

>
N
=
=2
B
=
ol
L
i
pad

FRAP (ferric i

1o
ol
ol
{0
JI
I
02 ©

lo
> ook
mﬂ'g‘)
;
o

=
b o i
SEL)
filo
NI\
)
QL

z r|r
ok
i)
U ofy
o
v

it

g

~

o

an

AN s
ox,
1o %

£
=
olo
filo
>~ o

o
=2

reductones ] =45
SA A A2 A4 R e e R R RS
qets Aotz 4tk vepdith E3 reductones>
ks A2k BES-S Eote] dAakeEe] A EE A
9l ofa} gheh(Nishide et al., 1988).

7R W A7 7S ©E) sk A& SH340, SH345, SH350
2 D A|#0] t3}o] a-tocopherolS #E 0 & 5to] FRAP &
A& 543 A1E Table 49 UetlSich 39 S
108.0%0°1 4] A 73 2 96.9.8%, A% 105+ 3= 82.4%= &t
HFo] SA =t SH340, SH345, SH350 2 D A7 9] 3t
LS FE7 v w5 o) 22 96.1%, 88.2%, 86.4% L
85.6%°1 11, AR} 4 Bof| = Z+7)F 92.4%, 78.4%, 75.1% XU
68.8%0°]%tt. 1Y AF 75 Foll= 2 34.8%, 32.4%,

?
oL

o

Table 3. DPPH scavenging activity (%) of roasted seasoned laver Pyropia yezoensis under different heating process and room temperature

storage

Storage time (weeks) Ascorbic acid SH340 SH345 SH350 D

0 98.940.42 87.740.32 85.240.6° 88.310.22 85.340.32
4 98.4+0.32 77.1£0.5° 77.4%0.2° 77.5+0.5° 76.5+0.4°
7 96.6+0.8° 48.610.2° 49.5+0.3° 47.7£0.2° 46.1+0.5°
10 96.0+0.5° 39.1+0.4¢ 40.5+0.64 38.3+0.5¢ 37.2+0.6¢

Values expressed as mean+SD of triplicates. Data in the same column with dissimilar letters significantly vary from each other (P<0.05).
SH340, SH345, SH350 have undergone secondary heating at 340C, 345C and 350 C, respectively. D, commercial roasted seasoned laver;

DPPH, 1,1-diphenyl-2-picryl-hydrazyl.

Table 4. Ferric reducing antioxidant power (FRAP) activity (%) of roasted seasoned laver Pyropia yezoensis under different heating process

and room temperature storage

Storage time (weeks) a-Tocopherol SH340 SH345 SH350 D

0 108.0£0.32 96.1+1.4° 88.2+1.82 86.4+2.12 85.6+3.72
4 100.85.12 92.4+0.7° 78.412.6° 75.144.1° 68.8+3.1°
7 96.9+0.9° 34.8 +0.8° 32.440.9° 28.6+0.8° 38.0%1.1°
10 82.4+0.7¢ 18.9 £0.3° 16.2+0.5¢ 13.410.6¢ 16.1£0.94

Values expressed as mean+SD of triplicates. Data in the same column with dissimilar letters significantly vary from each other (P<0.05).
SH340, SH345, SH350 have undergone secondary heating at 340C, 345 and 350 C, respectively. D, commercial roasted seasoned laver.
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28.6% 9 38.0%2 eHleo] FA3] Aaslarl, A7 o]
A3 7MAL 7} s dadhs 202 YENT Zhang
et al. (2010)°] &JalH 5%2] S| 2F(Ulva pertusa, Laminaria
Jjaponica, Enteromorpha linza, Bryopsis plumose, Porphyra
haitanensis) 25-€ ZtZ} T2 2EolA &3 =84 EH
3t e ES =4S A3} Laminaria japonica N &Eo)A 71
2 SIS YeER I, oA o] Alz el 97 sulfate
shegol 714 £9b7] wholet shgirk. 7ol S8 sulfate 3
Fe Aol et gashy] wEof(Kim et al., 2005) A
A717k0] Lotz 2elzo] Yol AukE Uehjs A
0= oA},

Ir

A AL

o] =52 AATBhL At S A SHLINC) S 4 A1
ofsjo] A REIRO0 Fol7| Ao RN A RS ATHTA 2
A FEO) =G,
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