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Analysis of Major Food Components in Raw Laver Pyropia spp.

Depending on Harvest Area and Season

Mingyun Kang

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

With increasing demand for the consumption and export of laver Pyropia spp. its
production in domestic industry is increasing rapidly. The export of laver processing
products reaches approximately 500 million dollars in 2018. In July 2017, the
"Regional Standard for Laver Products" (proposed by Korea) was adopted as the Asian
standard of the International Food Standards Committee (CODEX), which is involved
in the foundation for the globalization of domestic laver processing industry. Currently,
the raw laver is dried as a dried laver product and then mainly processed as a seasoned
laver product in Korea. Most of the research focus on the processed products of dried
as well as seasoned laver. However, research on raw laver is limited and no analysis
has been conducted on the raw laver by region or production period. The object of this
study is to analyze the difference of major food component of raw laver depending on
harvest area or season. In the present study, it had collected raw laver from four regions
Gangseo-gu (Busan), Seocheon-gun (Chungnam), Wando-gun (Jeonnam) and

Goheung-gun (Jeonnam) in the month of December to March. The collected samples



were analyzed for general components, trace elements, total phenolic compounds and
antioxidant activity. Results showed that the raw laver contained large amount of amino
acids, minerals, phenolic compounds and also has antioxidant activity. The average
contents of general components and total phenolic compounds from the sample
collected in December were found to be high. The crude protein content of raw laver is
the highest in December and to decrease gradually from January to March. No
significant correlation was found between antioxidant activity and total phenolic
compound content in raw laver, indicating that instead of phenolic compounds, other
substances affect the antioxidant activity. The results obtained from this study on
nutrient components and antioxidant activity of raw laver were expected to provide

basic data for the development of new laver processing product.
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2. 48 9y

21 PSS 9= A HEF}H HE 4

2.1.1. kA, diF3ET R 3T 24

At o, gt ot 2 g g 242 A EF A (MFDS, 2018)2] At

AFW F AR Al Fshe Pios Aasarh 297 od 3
A7bA A B3 A EES 9ol 0.85% HiE A A A 225 mLE 104
343 & 120%7F Stomacher (BagMixer 400V W; Interscience, Saint Nom, France)
& o] &3t wAs}sgit AWt AldsE #4Y ImLE F 3k 0.85% E

Y A9 9mLol BAME ATk 4 @A 34 NS plate count
aga r(PCA; Difco, Detroit, MI)°ll &3l HEd 5,35+ 1°Co] 48+2 A|ZF &
b ik = AAHE HrE SA o AT B TS Hg
Ho =z sl om, YA Fe] 79 LST (lauryl sulfate tryptose; Difco), <+
A2 79 BGLB (brilliant green lactose bile broth; Difco)E AF-83F¢] 35 +
1°C, 24 - 48A|1 3¢ vk Tk 442 EC broth (Escherichia coli broth; Difco)=
AREsle] 445 £ 1°C, 24413 vl o, it didatel] AREH
BGLB % EC wjA|7} &8 x| Av} & P (durham tube) o 7}2~7) @2y 3k

e Fgo= JAStaL, o] & F E(most probable number, MPN/100g) = 1}

o
=

ATt



B9 duk ARS AOAC (2005) H:= 21EF#(MEDS, 2018)° whe}h
S i TS 105°C A7HE xRl wEl 5439 3L (AOAC,
2005), 33 FFE 550°C il 3| spRel] wEl S5 IL(AOAC, 2005),
o e AR AAY 2 FEAAS A 2eEdRE A
*|(KjelFlex K-360; Buchi, Flawil, Switzerland)E ©]-&3}% Semimicro
Kjeldahl %ol we} =743} I (MFDS, 2018), =AW+ n-hexane (Duksan
Chemical Co., Yongin, Korea)= 27| = Soxhlet 5% “*|(Buchi extraction unit

E-812; Buchi, Flawil, Switzerland)S ©]&3}4 Soxhlet F=Wo| u}z}

=4 31 THMFDS, 2018).
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2 g 24

THEOREE FEMHg, HEb) B FHEFCHS H¥ HdEoEs
A E(Se), WHMn), o} (Zn), YZANi) 2 H(Fe)S ATt HH(Pb),
7FEE(Cd), A HE(Se), FHMn), o+A(Zn), HAND) R H(Fe)> AT
Zepzok APRAVNE ool Ao, FeHge P Gold
amalgam H © 2 Direct Mercury Analyzer (DMA-80 TRICELL; Milestone Inc.,
Sorisole, ltaly)E AF&3te] AT 4> FA 2 FEA A E (F-AHA

) o oJF sl AL WAt



2.1.4. §3) olm|:=AF BA

B709] felopuliett 242 Slalo] EAAZAR 05 g & ATl 3
TCA (trichloroacetic acid) 10 mL & T3kl vortexing ¥ “=olA] 1 AJ7F

A3 15,000 rpm, 15 23 A 28 & A5 AS FH5te] 045 um

Millipore o] #eto g2 o gk Fof ofm it 25 4] 7](L-8900; Hitachi,
Tokyo, Japan)E  ©]&3d}o]  &4I5}3] T Aed g
TEARAEHALE L)l oFate] #41S WPt

2.1.5. AT 72A

=

12 955 od 3 A7 AFA 53 M| WsE MAA (Lovibond RT-
400; Tintometer Co., Ltd, Amesbury, United Kingdom)E A}-&3}o] Wi
L Zt(lightness), %= a Fl(redness), &M= b #h(yellowness)= 7 A5
33] yhRsto] S5k olth AHRE EF AR ke L=927,a=03137,b=

0.3196 ©]t}.



22. 7154 AR 2 ggas g4 BA

22.1. SH=EIHFE FF £4

%  ¥|=3tgE(total  phenolic compound)  Folin-Ciocalteu HO =

5431 th(Mahindaetal., 2010). 52471 x2 H =4 9% 05g2 FH3sF 80%
OPAIE &9 S0 mL o2 EF3 v 6 A ek S 3,350 rpm, 20 37F

ANFE T ATl ALgshe] AshTHHan et al, 2015). A5 05
mL £ 10% Folin-ciocalten £ 2.5mL 9} 7.5% T HAYEE 25mLE &3
T 45T, 45 % w9 &A 3 AlA E3F3 = A(Biochrom Libra S22; Cambridge,

UK)E AH&ste] 765 nm oA S48, EF2d 2= gallic acid (Sigma-

Aldrich Co.; St. Louis, MO)& A}-8-3}31 T}

2.2.3. DPPH radical 24 &4 =34

DPPH radical 274 €22 Brand et al. (19959 WWHS W3

g4 FHS 93 Al5Z A3 DPPH radical 4~A 42 749t 5
S 54 Az " B4 2mg 2 e £ I mL o 52 AS 02 mM
2,2'-diphenyl-1-picrylhydrazyl (DPPH; Sigma-Aldrich Co.) 0.05 - 1.00 mg/mL

w2 Egstel AeolA 30 B3 4o A WA F 200L B



3 96 well plate ] ¥ 3L microplate reader (Tecan GENios, Tecan Austria GmbH,
Salzburg, Austria)E &3] 517 nm oA FHEE FSAHIIIY. 24
drre Ans FPe EReL 34891, FHRETRE 02

mM 9S4 ¥ A= olefe] A 02 DPPHradical 27 &AL AAtelqith.

Absorbance of control - absorbance of test><

DPPH radical scavenging activity(%) = 100

Absorbance of control

2.2.3. ABTS radical 24 &4 =3

ABTS radical 27 242 Riberta et al. (1999)2] WHS W50
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A1 5FSth ABTS radical 227 €2 2.4 mM potassium persulfate
7 mM 2] 2,2-azino-bis [3-ethylbenzothiazoline-6-sulphonic acid] (ABTS; Sigma-
Aldrich Co.) €& A|xg F tdeA 16 AlKF B yatar, o] goE 734
nm °1 A4 0.700 £ 0.005 7} ¥ == 3] 3lo] A&t ABTS 89 150 uL 9}

2ot 3 A AzxY B9 2mg & oES & 1mLol 3¢ A 50

Co)E AH&3tla, SHE ZAxb= otgle] 2 o2 ABTSradical 227 24 S

Absorbance of control - absorbance of test><

100

ABTS radical scavenging activity(%) =

Absorbance of control
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Table 1. Bacteriological levels on raw laver Pyropia sp. according to

production region and season in Korea (December 2017-March 2018)

Viable cell Coliform  Escherichia
Region Month counts group coli
(logCFU/g) (MPN/100g) (MPN/100g)
December  3.48+0.49% 20 <18
Gangseo-gu, January 2.80+0.02¢ <18 <18
Busan February — 2.22+0.06¢ <18 <18
March 2.56+0.09° <I8 <18
December  2.66+0.04 <18 <18
Seocheon-gun, January 2.45+0.077 <18 <18
Chungnam February  2.82+0.04° <18 <18
March 2.59+0.05° <18 <18
December  3.05+0.30° <18 <18
January 2.44+0.26° <18 <18
Wando-gun, Jeonnam
February  3.56+0.24° <18 <18
March 3.31+0.20P <18 <18
December  2.774+0.16 <18 <18
January 2.64+0.29° <18 <18
Goheung-gun, Jeonnam
February  2.68+0.08° <18 <18
March 2.69+0.112 <18 <18

+dMeans with different superscripts within each column indicate significant differences
by Duncan's multiple range test (P <0.05).
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Table 2. Bacteriological standards on seaweed in China (GB29921)

Viable cell counts

Month (log CFU/g)
n c m M
Viable cell counts
5 2 3x10* 10°
(CFU/g)
Coliform grou
=% 5 1 20 30
(CFU/g)
Salmonella ssp.
(Positive / Negative)
Staphylococcus aureus )
Not Detection

(Positive / Negative)
Vibrio parahaemolyticus
(Positive / Negative)

12
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Table 3. Physicochemical contents of raw laver Pyropia sp. according to

production region and season in Korea (December 2017-March 2018)

) Crude o
. Moisture _ Crude lipid Ash
Region Month protein
(%) (%0) (%0)
(%)
December  86.09+1.91*  7.20+0.28"  0.15+0.02*  4.10+0.04°
Gangseo- January 86.65+0.01°  6.08+0.13* 0.13+0.01¢ 3.77+0.01°
gu, Busan  February  86.48+0.17¢  4.26+£0.12° 0.06+0.01*  3.68+0.01?
March 88.43+£0.02*  5.45+0.18*  0.05+0.02°  2.92+0.04°
December  86.83+0.6 1  5.11£0.09°  0.16+0.02*  3.36+0.15°
Seocheon-
January 89.05+£0.12*  3.9240.03°  0.12+0.00°  3.85+0.00°
gun,
February ~ 91.55£0.13*  3.51£0.06® 0.04+0.01°  3.24+0.09°
Chungnam
March 87.47+0.08°  3.82+0.07° 0.06+0.00* = 4.06+0.63"
December  85.18+0.10°  4.66+0.25¢ 0.17+0.01*  3.14+0.06°
Wando-
January 89.32+0.41°  4.66+0.13°  0.25+0.00*  3.93+0.03%
gun,
February  90.76£0.23%  3.34+0.27°  0.06£0.02%®  3.46+0.01°
Jeonnam
March 86.83+£0.60°  4.98+0.09° 0.06+0.01*  3.59+0.00%
December  88.11+0.14*  4.27+0.01°  0.10+0.01°  3.35+0.02°
Goheung-
January 88.21+£0.51°  3.92+0.03° 0.16+0.01°  3.70+0.02¢
gun,
February  89.16+0.32¢  4.25+0.64*> 0.08+0.01*  3.50+0.01°
Jeonnam
March 89.01+0.13*  4.23+0.33°  0.08+0.00*  3.71%0.04*

+dMeans with different superscripts within each column indicate significant differences
by Duncan's multiple range test (P <0.05).
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Table 4. Heavy metal content of raw laver Pyropia sp. according to
production region and season in Korea (December 2017-March 2018)

(Unit: mg/100g)

. Mercury Cadmium Plumbum

Region Month (He) ) (Pb)
December 0.0022 -! -
Gangseo-gu, January 0.0022 - -
Busan February - 0.074+0.04° -
March 0.001? 0.194+0.05° -
December 0.002* - -
Seocheon-gun, January 0.0012 - -
Chungnam February 0.001® 0.114+0.03° -
March 0.001* 0.118+0.01°¢ -
December 0.001* 0.033+0.04* -
Wando-gun, January 0.001° 0.066+£0.01? -
Jeonnam February 0.001* - -
March 0.001° 0.129+0.09¢ -

December 0.001* 0.032+0.01? -

Goheung-gun, January 0.001® - -
Jeonnam February 0.001% - -
March 0.001? 0.294+0.07* -

"Not detected. *“Means with different superscripts within each column indicate
significant differences by Duncan's multiple range test (P<0.05).
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FhMn) el thE Aod ws WEdor kA ZARUG
obed(zn)e] 45 1 9ol AHE G537 D27} 6275+ 0.00 mgKg &2 7HF

= SAENeH, dEd dxo ofd@n) FFel vE AHe =4
dxEg Hagdoew x/ SAEANG. HEFee] A5 3 do A4

AZxelA 46.08 + 0.00 mgKg o2 AT =4 ZHLAUt AHA

—

AzolAe H(Fe) FFo] e X

—

Ao 7 dxHt HFHo=w E

i

et on, 12 e AFHT 134 dx9 49 7.192 £ 0.00 mg/Kg 0=
7HE A dEbstth ol A A 9E B3 wulE 3 A% Jung
et al. (2017) Ao} v e o, 12 ol AHAT G54 dx H 2 Lo
AFF A= Az A9 H(Fe)d} WIH(Mn) Ado] Jung et al. (2017)2]
By B E=A BAHAC SHRE g2 Al AFHE B3 9z
Aole 2 Wy gl

Seo et al. (2007) Aol A AlQbAE 21 &f wul2h §FeFS o}l (Zn) 4.14 + 0.60

mg/100g 2 H(Fe) 11.70 £ 0.50 mg/100g = VX HAt o]& Ed=z B

Aok vl SkE ), obd(@Zn)e] A5 Fab AT 1Y =4(6.275+0.19

U

mg/100g) X Ad & 3 4 E7(6.090 = 0.09 mg/100g)N A =A =4
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Table 5. Mineral content of raw laver Pyropia sp. according to production region and season in Korea (December 2017-

March 2018)

(Unit: mg/100g)

Region Month Selenium Manganese Zinc Nicl.<e1 Iron
(Se) (Mn) (Zn) (Ni) (Fe)
December - 2.546+0.87° 5.607+0.212 - 9.136+0.11°
Gangseo-gu, January - 2.959+0.94° 6.275+0.19° - 10.75+0.24°
Busan February - 3.376+0.41? 2.439+0.14° - 14.3+£0.33¢
March - 3.753+0.62¢ 3.961+0.31¢ - 9.03£0.51°
December - 2.228+0.37° 3.119+0.24¢ - 13.51+0.67°
Seocheon-gun, January - 2.424+0.52° 3.255+0.12¢ - 22.94+0.22°
Chungnam February - 3.061+0.20° 2.559+0.11° - 20.16+0.17°
March - 5.495+0.17° 4.595+0.37° - 46.08+0.19°
December - 1.476+0.14¢ 3.330+0.20° - 7.956+0.16°
Wando-gun, January = 1.828+0.11°¢ 4.503+0.11° - 7.743+0.11°¢
Jeonnam February - 2.171x0.21° 3.087+0.312 - 17.17+0.12°
March 0.06+0.01? 2.659+0.31¢ 3.855+0.36° - 9.801+0.25¢
December 0.113+0.09° 1.693+0.67° 2.774+0.24¢ - 7.192+0.29¢
Goheung-gun, January - 2.32540.22° 2.432+0.144 - 11.73+0.37°
Jeonnam February - 1.772+0.17° 2.215+0.11°¢ - 13.50+0.22¢
March - 4.864+0.11¢ 6.090+0.09° - 22.36+0.55°

"Not detected. **Means with different superscripts within each column indicate significant differences by Duncan's multiple range test (P<0.05)

21



Bz A A7E R A9E F7 opn|x=At g

ks
“

Pk

=
-

ZdF dH=

o

il

puze)

)

—_
fie)

0
el

=

&

opHmAle F

Bell wel 2 7 o] o] ofmimito]l o HH =

3]

w3 ol eate] A

o].u] -

ks
pul

Ach

FHzE= vF EA

o
<]

g

Aoz d#H 2 JrkKoo et al., 2016).

s

A4

A

&

Table 6 o YEMAATE EF-R(Taw)d] 45 1 Lol

FeFe

oA 131.6 mg/100g o2 7}%

=

2]

(2976 mg/100g),

=

2]

357

E | 2 (Thr)9]

(Val)2 129 =7 9%(3.302mg/100g), WEl 2T Met)S 12¥ 4=F

el

(1.939 mg/100g), °l&F2l(Is0)e] -5 3 & A3 Y %(5.897 mg/100g),

=

2

FALew)2 4% 129 957 9%(3.031 mg/100g), #'d L (Phe)e] 7 $-

Z(2.475mg/100g), 24l(Lys)el 45 12

2]

14

Sk

1

124¢

o} 27l (Arg) ]

mg/100g),

mg/100g)°l A 7H& =7 e

22



o

9 74 el

9

£ Ao )

=2 = veEister, o

iAo

3

3

EF3-7 (Tau)©]

B

el
i

0

IEA

°|

<

o] =

Bix

FAl(Lew) - #id e (Phe)©]

o]

e

H

A

o}n)

9 7FA ¥

<

H

A

g el ofv]

|=]
24

Al e )

Hglont e

Row FA

1
1

o3}
2R

2] o gt

EX R

<l

el 23]

o

ez Aed Ao st

AT 7=

oe

ke
N

t‘%]:

Hid ygeow

23



Table 6. Free amino acid content of raw laver Pyropia sp. according to production region and season in Korea (December

2017-March 2018)

(Unit: mg/100g)

Seocheon-gun,

Free- Gangseo-gu, Busan Wando-gun, Jeonnam Goheung-gun, Jeonnam
amino- Chungnam
acid Decem  Januar  Februa March Decem  Januar  Februa it Decem  Januar  Februa March Decem  Januar  Februa March
ber y ry ber y ry ber y ry ber y ry
Taurine 65.85+ 108.1+ 91.24+ 112.7+ 9894+ 131.6+ 5584+ 39.58+ 7131+ 53.67+ 79.80. 109.8 6541+ 56.52+ 70.89+ 98.59
0.05° 0.08° 0.242 0.67* 0.882 0.742 0.77¢ 0.81¢ 0.66° 0.45¢ 51° +0.33° 0.21¢ 0.17¢ 0.91¢  £0.74°
Threo- 1.819+ 1.732+ 1.662+ 2976+ 1929+ 2848+ 1276+ 2373+ 2.296+ 1.559+ 2296+ 1.559+ 1396+ [.141+ 1.88+0. 1.728
Nine 0.21° 0.31° 0.27¢ 0.242 0.34° 0.262 0.754 0.88° 0.95° 0.41° 0.562 0.37¢ 0.24¢ 0.32¢ 445 +0.47¢
Valine 2421+ 2,147+ 2501+ 2422+ 2744+ 2691+ 1.724+ 1926+ 3.302+ 1.83+0. 2.973+ 1454+ 1.769+ 1.938+ 3233+ 1.992
0.33¢ 0.21° 0.54¢ 0.66* 0.29° 0.31* 0.25¢ 0.57° 0.44* 31¢ 0.19° 0.67° 0.36¢ 0.94¢ 0.74*  £0.45°
Methio- 0365+ 0.19+0. 1216+ 0.3340. 1.76£0. 0.5+0.5 0.474+ 1 1.939+ 0.102+ 1.639 ) 0.234+ 0223+ 1473+ 0.136
Nine 0.33° 18P 0.39° 36° 242 7? 0.24¢ 0.292 0.14° +0.25° 0.11° 0.24° 0.44*  £0.56°
Iso- 1.303+  1.336+ 2285+ 1.032+ 3.75+0. 3.203+ 0.632+ 5897+ 3.226+ 0.778+ 3.405+ 3.035+ 0.84+0. 0.853+ 3.005+ 1.332
leucine 0.22¢ 0.25% 0.57¢ 0.244 512 0.36* 0.214 0.482 0.61° 0.57¢ 0.49° 0.11° 184 0.27¢ 0.33*  +0.01°
Leucine 2499+ 1.576+ 2.094+ 2.088+ 2107+ 2.018+ 0.879+ 0.737+ 3.031= 1.374+ 2.748+ 0.772+ 1382+ 1373+ 2349+ 0.947
0.27° 0.64° 0.74¢ 0.672 0.47¢ 0.612 0.784 0.35¢ 0.162 0.77¢ 0.642 0.21b¢ 0.644 0.17¢ 0.22>  +0.24°
Phenyl- 1071+ 0.844+ 0.641+ N 2475+ 0.997+ - - 1471+ 0342+ 1115+ 1782+ 0.607+ 0473+  1,05+0. i
Alanine 0.11¢ 0.342 0.44° ) 0.27* 0.37* 0.45° 0.33% 0.972 0.772 0.74¢ 0.46° 274
Lysine 1.072+ 0.835+ 0.855+ 1.155+ 0.811+ 1.466+ 0.454+ 0708+ 2.591+ 0.747+ 1.131+ 0.516+ 0.522+ 0373+ 1.109+ 0.566
0.14° 0.28° 0.14% 0.342 0.18° 0.342 0.44¢ 0.67° 0.452 0.74° 0.152 0.33% 0.58¢ 0.65¢ 0.412  +£0.54°
Arginin- 2,997+  2.794+ 2117+ 1915+  2.017+ 0959+ 2.086x 4.041x 1.773+ 3.734+ 2,675+ 2.631+ 2.648+
e 0.31° 0.252 0.21° 0.344 0.51° 0.414 0.632 0.172 0.11° 0.342 0.27¢ 0.312 0.19°

'Not detected. *4Means with different superscripts within each column indicate significant differences by Duncan's multiple range test (P <0.05)
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Table 7. Chromaticity Analysis according to L-a-b Value of raw laver

Pyropia sp. according to production region and season in Korea (December

2017-March 2018)

Region Month L value a value b value
December 26.79£1.36®  3.06+0.57° 2.51+0.47%
January 28.22+0.66°  0.44+0.07* 0.73+0.18¢

Gangseo-gu,
February 28.60+0.349  0.42+0.08*  0.67+0.13%®
Busan

March 28.87+0.51*  0.29+0.04* 1.01+0.21°

F-value 2.587 42.664 18.884
December 28.16+0.17*  0.51+0.10° 0.78+0.16*
January 28.13+0.08* 0.44+0.13¢ 0.90+0.26°

Seocheon-gun,
February 27.794£0.13*  0.36+0.07% 1.16+0.01°
Chungnam

March 29.90+0.23*  0.48+0.05¢ 2.10+0.21%

F-value 68.555 1.021 22.766

December 28.14+0.35*  0.22+£0.03°  0.44+0.11*
January 29.43£0.81*  0.61+0.16° 0.93+0.11%

Wando-gun,
February 27.85+0.14°  0.25+0.02° 0.4440.02%
Jeonnam

March 27.96+0.20°  0.18+0.09° 0.3740.07%

F-value 5.121 9.370 16.526
December 26.95+0.28*  0.36+0.04¢ 0.21+0.12°
January 27.68+0.57° 0.26+0.04° 0.25+0.10°

Goheung-gun,
February 27.96+0.47¢  0.29+0.01° 0.56+0.06*
Jeonnam
March 28.50+0.34* 0.22+0.07°¢ 0.74+0.232
F-value 4.457 3.255 6.580

Different superscripts within a row (a ~ d) indicate significant differences at p<0.01.
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Table 8. Total phenolic compound of raw laver Pyropia sp. according to

production region and season in Korea (December 2017-March 2018)

(Unit: mg GAE/100g)

Region Month Total Phenolic compounds
December 237.25+0.042
Gangseo-gu, Busan January 119.36+0.022
February 72.30+0.024
March 61.40+0.042
December 68.09+0.03¢
Seocheon-gun, January 59.42+0.03¢
Chungnam February 80.72+0.02°
March 59.92+0.01°
December 236.26+0.03°
Wando-gun, Jeonnam January 61.15+0.03¢
February 89.39+0.01¢
March 59.92+40.02°
December 173.35+0.02¢
Goheung-gun, Jeonnam Januafly 84.4320.02°
February 84.68+0.03°
March 41.84+0.02¢

+dMeans with different superscripts within each column indicate significant differences

by Duncan's multiple range test (P <0.05).
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Table 9. Antioxidant activities(DPPH) of raw laver Pyropia sp. according to production region and season in Korea
(December 2017-March 2018).

DPPH' (%)
Region Month 0.05 0.10 0.25 0.50 1.00
mg/mL mg/mL mg/mL mg/mL mg/mL

December 3.38+0.02° 10.15+0.02° 12.62+0.02° 24.3140.02° 36.62+0.02°
Gangseo-gu, January 6.01+0.01° 6.11£0.04¢ 12.91+0.03° 23.42+0.032 48.35+0.022
Busan February 2.17+0.03¢ 4.04+0.03¢ 13.35+0.03¢ 22.36+0.02¢ 45.03+0.02¢
March 5.78+0.02¢ 7.90+0.02¢ 16.72+0.02° 29.79+0.022 49.85+0.032
December 4.79+0.04° 8.08+0.02° 14.67+0.01° 24.55+0.032 39.52+0.02°
Seocheon-gun, January 1.50+0.02¢ 6.61+0.02° 11.41£0.01¢ 18.32+0.02°¢ 33.3340.02°
Chungnam February 4.26+0.03¢ 6.08+0.01°¢ 14.59+0.02¢ 23.40+0.03¢ 45.59+0.02°
March 6.60+0.02¢ 7.81£0.03¢ 15.62+0.02¢ 24.02+0.02° 45.95+0.03°
December 5.11+0.03* 5.71£0.03¢ 11.41£0.03¢ 22.52+0.02¢ 39.3440.02°
Wando-gun, January 7.42+0.03° 11.71£0.01* 21.32+0.04° 21.62+0.02° 30.93+0.02°¢
Jeonnam February 4.86+0.02° 7.29+0.02° 15.50+0.01° 28.88+0.03° 49.54+0.032
March 12.46+0.04° 15.20+0.03* 20.36+0.01° 23.40+0.02¢ 34.95+0.01¢
December 0.90+0.02¢ 1.80+0.044 4.20+0.04¢ 7.52+0.00¢ 23.03+0.02¢
Goheung-gun, January 7.53+0.02° 8.11+0.02° 12.61+0.03¢ 15.92+0.03¢ 28.23+0.02¢
Jeonnam February 8.60+0.04* 11.15+0.012 19.11+£0.02* 29.94+0.03* 46.50+0.02°
March 12.61+0.04° 14.71+0.03° 22.82+0.02* 26.13+0.02° 44.44+0.03¢

'DPPH, 2,2'-diphenyl-1-picrylhydrazyl. *Means with different superscripts within each column indicate significant differences by Duncan's
multiple range test (P<0.05).
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7.2. ABTS radical &~A &4 3

ABTS radical 271 @49 7% 0.05-1.00mg/mL FEHEZ 957 dx=

540 - 58.11%, A7 Yx= 571 -56.78%, F=7 AZE= 279 - 54.06% 2

I FERE 128 - 5541%% UEFSTHTable 10). ¥4 tix272 AMEd

Trolox (0.05 mg/mL - 1.00 mg/mL)%] ABTS radical &~45 86.75 - 87.62%
o]t}

Choi et al. (2008)2] tiAlv} %9 ABTS &4 Ao} vwslyS wj,
oA Eke] Hdls Q] 0.04 mgmL oA FFAHoR % TARE ABTS

g4 A9 5753 - S8.11%E EAEALH, 71 ThAlEl ABTS &4 9

rlo

A5 28.11 - 3820%°S. 2 #2A}. Flavonoid 2 polyphenol 4 =32 &

gakst 28] A EE F9 SR free radical < SHAA 7AW A AA T =
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Table 10. Antioxidant activities(ABTS) of raw laver Pyropia sp. according to production region and season in Korea

(December 2017-March 2018).

ABTS' (%)

Region Month 0.05 0.10 0.25 0.50 1.00
mg/mL mg/mL mg/mL mg/mL mg/mL

December 5.40+0.03° 6.67+0.03¢ 13.97+0.02° 21.27+0.02¢ 43.49+0.01°
Gangseo- January 5.67+0.00° 7.03+0.02° 15.65+0.03° 25.88+0.03° 51.76+0.03°
Bﬁ‘;;m February 7.0120.03° 9.55+0.03° 20.70+0.04° 21.34+0.01¢ 56.05+0.04°
March 8.07+0.01° 11.21+0.03 17.29+0.03¢ 24.67+0.02° 58.11+0.04°

December 6.11+0.02° 8.4140.03° 14.42+0.03° 24.57+0.02° 46.57+0.02°
Seocheon-  janary 5.71+0.00° 7.30+0.02° 16.51+0.04° 26.03+0.02° 56.51+0.03*
cm?:gﬁam February 6.33+0.02° 7.59+0.01¢ 15.19+0.03¢ 25.32+40.02¢ 52.85+0.04¢
March 7.74+0.02° 10.78+0.02° 17.09+0.02° 23.45+0.02° 56.78+0.01°

December 4.47+0.02¢ 7.354+0.04 12.46+0.03¢ 23.00+0.01° 40.89+0.01¢

Wando- January 8.23+0.02° 12.34+0.03° 15.19+0.04¢ 19.62+0.04¢ 42.4140.02¢
Jeg,lf,?ém February 5.00+0.04° 9.06+0.01° 20.00+0.02° 28.13+0.01° 54.06:£0.04¢
March 2.79+0.02° 3.82+0.03¢ 6.69+0.02¢ 19.11+0.04¢ 50.96+0.03¢

December 1.28+0.03¢ 4.49+0.024 8.3340.02¢ 12.18+0.02¢ 32.05+0.02¢
Goheung- January 4.10+0.02¢ 4.73+0.04¢ 10.73+0.02¢ 14.20+0.04" 30.91+0.01¢
Jegﬁgém February 6.98+0.01° 6.98+0.02¢ 18.10+£0.02¢ 28.25+0.01° 55.24+0.02°
March 2.56+0.03¢ 3.18+0.02¢ 7.64+0.01¢ 18.15+0.02¢ 55.41+0.03¢

'ABTS, 2,2'-azino-bis [3-ethylbenzothiazoline-6-sulphonic acid]. “Means with different superscripts within each column indicate significant
differences by Duncan's multiple range test (P<0.05).
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