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Characterization and Anti-inflammatory effect of
Extracts from Enzymatic Using Crude Enzyme by
Shewanella oneidensis PKA 1008 and
Gamma-irradiation on Undaria pinnatifida roots and

Sargassum fulvellum

Xiaotong Xu

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

Marine algae are important marine resources, with abundant reserves and a
wide variety. Algae polysaccharide is a biologically active substance. A
large number of studies have shown that Algae polysaccharides have many
biological activities such as antiviral, immune regulation, antitumor and
antioxidant. However, in many of industrial applications low viscosity of
polysaccharides is required. Alginate is the polysaccharide obtained from
brown algae and is composed of 1,4-linked B-D-mannuronic acid and a
-L-guluronic acid. In order to use alginate more effectively, alginate can
be depolymerize by acid hydrolysis, enzymatic treatment and gamma

radiation degradation and so on. The aim of this study was to investigate
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the characterization and functionality of Undaria pinnatifida roots (UPT)
and Sargassum fulvellum (SF) extracts degraded using crude enzyme by
Shewanella oneidensis PKA 1008 and gamma-irradiation. Firstly, in order
to obtain the optimum degrading condition for the UPT and SF, the UPT
and SF were respectively mixed with crude enzymes from Shewanella
oneidensis PKA 1008 and incubated at ratio of 1:1 (v/v) for 0-48 h. And
the changes in pH, reducing sugar, viscosity and color were measured with
increasing incubation time. As the incubation time increased, the pH value
and viscosity were decreased. The highest reducing sugar content of UPT
and SF is respectively 250.68 pg/mL and 231.60 pg/mL at 24 h. The
effects of enzymatic extract on nitric oxide(NO) and cytokine(IL-6, TNF-aq,
IL-1B8) secretion. The UPT and SF production of NO, cytokine were
inhibited. Then, the UPT and SF were irradiated with gamma irradiation in
dosages ranging from 3 to 20 kGy to determine the effect of radiation on
the alginate properties of UPT and SF, such as pH value, reducing sugar,
viscosity and color. As the gamma-irradiation dosage increased, the
reducing sugar of UPT and SF were increased and viscosity were
decreased. When the UPT and SF production was irradiated by
gamma-irradiation, the UPT and SF production of NO, cytokine were
inhibited. These results indicated that crude enzyme from Shewanella
oneidensis PKA 1008 can be wused to enhance the polysaccharide
degradation of UPT and SF, and 24 h was effective to produce alginate
oligosaccharide. In addition, the high gamma dosage can enhance the

polysaccharide degradation with immune activities.



o xzF ol AEHA T7E ez AGHI AT Lee et
al, 2010). dFxFe 22 wg ZZF(brown algae), = ZF(green
algae), ¥ TXF(red algae)= W™, A MAHOZ oF 2000 F<

EF/7E AAET de ZExFY dETOCEE ¥ Y (Undaria
pinnatifida), oA v (Laminaria Jjaponica), AR (Sargassum
fulvellum) 2 S(Hizikia fusiforme) S°| Qom EslE shafo] oF
30~60%% alginate, fucoidan, laminararan 2 mannitol 5 tdHF
= g3t I sx2F= 9233 (Enteromorpha compressa), 23}
N (Ulva lactuca), &3+ (Monostroma nitidum), 32 (Codium fragile)

2w A o] (Capsosiphon fulvescens)s©°] W¥ FOo=2 B3 &E

e
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oF 48~55%% cellulose, pectin, mannan % xylan 59 ©3dFZ g

3t AY.  ETFxFE  ggstEoe] oF 40~T75%%E  agarose,
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carrageenan % porphyran %S¢ U3H ratm,  ZH(Porphyra
tenera), SS7MAE(Gelidium — amansii) R ZA ) 7)(Gracilaria
verrucosa)’t ¥ Tz <A JQHKim et al, 2011, Kim et al.,
2012). ZxfFv ©@FstE T &l FEA7ld whek oF 70~80%
ol Aok dxAke Az

9] uronic acid?] B-D-mannuronic acid(M)2} a-L-gluronic acid(G)=
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o]Fojx o a-14 = B-14 2= st AtH(Park and Jeong.
2013). &R1AE2 kA, FFAl R F3A o A
7 o] &% YrHAn and Lee, 2000). aFA 1wk 4714 AF2o A &3
H=d Algre]l BWol AR H I FevF FUFSe] wet HAde] AR 5o
LAl o] AFdA o] fo] AFEI vt o3 HAE A}
skl ttEdFe AdAs A7 AW EIL S (Rehm et al, 1997),
st ARlel= Tt R,
WAL ZAL stsh #e 2 aadd 9%k EalY 5ol At (Song et
al., 2007).

old A vAE FI A4AE o83 L7k AEAE AT
(Stevens et al., 1977; Linker et al, 1984)¢} ZnpdS o] &3k <4714}
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uronic acid =49 14 glycosidic 23S Halste] &34 vk
Al Eae Al ZItH(Woog et al, 2000; Zhu and Yin, 2015)3L 413§
21 ¥ Qlth Sunwoo 5(2013)8] AFelA = HxRF[F AT H(Ulva
pertusa) 2F-€  Shewanella  oneidensis A% TF= Eg st
Shewanella oneidensis PKA 1008= WwW3ala, 474k #3] &84
Aake] HH AR A6 dis] Rausteleh =3 Kim §(2015)& 43
Ab 8 EAE Bl Alxe G0 gElnde] g9F5 a2 g ®
aetgo. @ekAd ZAM= B-glucan, laminarin % fucoidan® #2 v
TE wx A, HE B el o ARASAVI= F8F A W
Moz oAt (Byun et al, 2008; Choi et al, 2011; Choi et
al, 2013 ). oA AT = Fupd FAE Fd AAIIE glycosidic
bondE #Lste] UdIFFE AEASE Al F AsS EasAH(Byun
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B Ao A o] &3 #FFE Shewanella oneidensis PKA 1008 T =
FAb Ak 4 hnjre A FaEl7F A& F9l 2F/ Y2 (Ulva

pertusa) =58 8] dto] AFg3F9 )
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aomgEte] gl Feapnke] Foe 747t 56.81%, 63.94%¢]3lth. Marine
broth(MB)¥ Difcorle] A|%&<S, Sodium azides: Junseirld] A|ES A}
stk YA D AR A%t FElASF BE 25119 Hl&(v/v)
2 E3%ste] AU FElAYF AE sodium carbonate anhydrous,
Tl

potassium sodium tartrate tetrahydrate, sodium bicarbonate %

sodium sulfate® AZ3tAth FE)AeF B CuSOs5H0% Al x5k



t}. Sodium bicarbonate= Sigmaite] AEFES AFE3S 3. Sodium
carbonate anhydrous, potassium sodium tartrate tetrahydrate %

CuS0,-5H,0= YakuriAlol A +4 3k AF-&3FS o)



Table 1. Characteristics of Undaria pinnatifida roots and
Sargassum fulvellum
(unit: %)
Characteristics
o Crude .
Crude lipids . Moisture Crude ash Carbohydrate
protein
Undaria
pinnatifida 0.67+0.02 12.44+0.19 8.19+0.20 20.86+0.17 56.81+0.08
roots
Sargassum
9.06+0.11 19.83+0.23 2.04+0.10 19.58+0.07 63.94+4.55
fulvellum




2. % X
2-1. 3

2-1-1. 25499 A=z

r-|n:

Shewanella oneidensis PKA 10082 # A zx7< pH 9, 2% NaCl, 30T
off ;] 24A17F wikelAth o] % w2 7] (Supra 30K, Hanil Science

Co., Korea)Z o]&3lo] 4T oA 10,000xg= 30%37F 94 B,
FEAdE 2EAROR o] & o W AEF xEAMY AL

490 U/mLe] 31t

L\')

-1-2. 24EHES A=

njoj By g g zpdk B9kS 10 mM phosphate buffer (pH 9)& o] &

|

sled 80 mg/mL T=Z A Z£3F9 L, Shewanella oneidensis PKA 1008
Zahde H¥ A4S pHE 1 N NaOHE o] &3ke] pH 9= uH39lt}.
80 mg/mLe FTEE Ax® mgErEel FEAAN AR
Shewanella oneidensis PKA 1008 =& ANy} 1:19 v &(v/v)E &3t
ATt olwf wAE eAFA LA sodium azide(0.02%)E 7ttt
Zy Alg+ 30TCeA 0, 3, 6, 12, 24 2 48A1F &<t HH-S- A Z T},

7+

NS

rlo

2-1-3. 842 %HEY EA
2-1-3-1.
ngity] B HAuxnt FEEHEY pHEFHS pH meter(HM-30V,
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o WEstel Hirghe FEAth oWl Ag® EEAW Fe
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s
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steide] sk WElE =A3s7] Y3t Somogyi-Nelson H (Nelson,
1994)& o]g3te] =43 tl. Test tubedl A& 05 mLe FElAeF D

& & water batholA 20%7 71935te] Cu0S A
Al71a, EZBdAE R 1 mLE A A H7Eske] T A Z
I v 3% B EA(Thermo Spectronic Rochester, NY, USA)E o] &
gt 520 nmolA FFE=E F4ste] EFI(glucose) o= A3
M (Fig. D& &3 9IS A&ttt 39T standard curves 1
mg/ml glucoseE 200, 100, 50, 25, 12.5, 6.25, 0 pg/mLe] FTx= 343}
of 349 AT FFor ==t

3
=

Hsls =A37] s HJ=ALVLTDV-1, Brookfield Co.,

H

Middleboro, MA, USA)E AF&3}%1 21, Stevens® Levin(Steven et al.,
1976)9] WS #Faste] 25T, 30 rpme] =71 A 40 cP spindles Ab

g3kel Z4soh
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Fig. 1. Standard curve for determination of reducing sugar.
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2-1-4. A4 A o] & 754
2-1-4-1. £l &9 A&
e tE]oh FuAn AlggE 23 A3 11 H&(/vE 2t e
o 0, 3,6, 12, 24 B 48A1ZF FF RES AT 7k AZHE R
sldel EAE BEAs 7] fld 1083 #BE

=
10,000xg, 4ColA 1023 94 283 §F 45945 ¢4 dxsdn. &

)
>
il
1o
=

4 dxd Aas

20 mg/mLZ &3]AIZl ¥, 99.5% ethanol
o] 41:11(v/v)el HEE ethanols Algd H7lste] 12A417F &< =29
T FE F 7500 rpm, 4ColA 30&7F QLA E 3]

FSNe AASAIL, ethanole AASZ] Sl oA Axzste] 49

FalEo AR E &lel7] 913} thin-layer chromatographyE ©]
L3tAt. A EA3H samples 3 ulL® S silica gel Fusy plate©l]
spotting 3913, 1-butanol : methanol : water(4 : 1 : 2 v/v/v) A7}
= ol&sto] AASAT. A 5 10% FAEETE A EE &ods o] &5}
o] EF3EAI o] 5 110T oA 4023F 7HE sk 3i ).
Standard mixture= cellooligosaccharideE A}83F%12™, cellobiose,
cellotriose, cellotetraose ¥ cellohexaosei= Megazyme( Megazyme Co.,
Wicklow, Ireland)ell 4], glucose= Sigma Chemical Co. (St. Louis, MO,
USA)ol A -4 38to] ARE3ESIT

2-1-4-2. 459 A5
A 3 v F
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npe-2 fFefe] A A EFQ Raw264.7 celle dh=r A 523 (KCLB,
Korea cell line bank, Seoul, Republic of Korea)olA] #%Fuiokt}. Al X
jokS 98] 100 unit/mL penicillin % 100 unit/mL streptomycin¥}
10% fetal bovine serum (FBS)E 3313l DMEM/(dulbecco’s modified
eagle’s medium, Welgene, South Korea)2 Al&3tlom, A¥+= 37T,
5% CO, incubator (Thermo, Carlsbad, CA, USA)ol A4 wlj &3} o}

Nitric oxide A% =A
ZHdke] g Aol B Eo] AEZHEH AAFE NOJ =
Ae AP FA) Aokl griess W2 ol Bshel WY Fo £4

st NOp o d= 545ttt DMEM iAol A RAW 2647 A& 25

=

2
&
&
S
2
1
ol

x  10° cells/mLY X2 24-well plateoﬂ @%3}9}31, 5%  CO2
incubatorell A 2017t Awj skt wlE = WA E wF P, RAW
264.7 A X 2 ug/mLe] LPS(SIGMA, St. Louis, MO, USA)E = g|3}

Gk ol F AmAW vuee] Y EEa FHBL 2% A
stol 24Mr A FSATE. ol F, MFe) FEAS el $74 T

griess Al ¢F(1% sulfanilamide +0.1%6 naphthylendiamine dihydrochloride,
1: DS 1118 v&2 FH7ste] A2oA 1023 v&A AT ZF AlE )
el NO &%+ microplate reader (Model 550, Bio-Rad, Richmond,
CA, USAE o]&3ste] 540 nmelA F3F=E FAHIL 5 1 F=

sodium nitrite(NaNO)2] =¥ FFa43 Hlusto] A=3sHS T

Pro-inflammatory cytokine ¥4 % &3
M EZrfdd F IL-6, TNF-a % IL-18 cytokine®] ¥#H] %S ELISA-kit
(BD Bioscience, San Jose, CA, USA)E o]&3lo] A3t RAW
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264.7 cell= DMEM ®|A| & o] &3] 25 x 10° cells/mL® ZH3 F
24-well platedl] HE3FaL, 37C, 5% CO. incubatorol A 18 A7+ A uj

FotAact Ao mARe e} FRANt gARHE AEE A =2
¥, 2 pg/mLe] LPSE R=¥3dto] 12 AlZF A gstgivl. WA, ELISA
microplate®l] capture antibady antimouse IL-6, TNF-a % IL-18 mAb
= B8] 4TCodA &5 coatingst i, o|E 0.05% Tween 20
o] 3% phosphate buffered saline(PBST)= A& 3}3th o] % 10%

FBS €9 & blocking 3t1al PBST®Z A # 3% 5, ZF microplateo] i
¥ ATAS Y A2 24 HSAHT ol AS tA] PBSTZ Al

e

3k % 343 biotinylated anti-mouse IL-6, TNF-a mAb %
streptavidin-horseradish peroxidase conjugateE microplate®] % 7}s}¢]
Ao A IAZE FeF WS AIHY. IL-18¢] A9, Dbiotinylated

anti-mouse IL-1B detection antibodyS = 7}stal 1A17F wESAIZl &

streptavidin-horseradish peroxidase conjugateE % 7}slo] 30837+ WES
A AT o]& ©A] PBSTZ AMAHE o5 OPD &HS H7isto] ks
Al 7131, ELISA reader< ©]-&73to] 490 nmolA F3 =& F43I3Ath

—

2-2. ArtAd A 9
2-2-1. ZelbAd 2A

Canada)< ©l&3t3laL, A2(14+1TC)elA A|ZtE 10 kGyE 3, 5, 7, 10

% 20 kGyol FEAFl HES 24 sk Aubae 24

ro

A5

s

(

4C Y Bnag AHgE A3 o] &3st4drt.
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AE ZA4L abds 2ARgE mj el R 7). AIEE 3000
pm, 4Tl A 1027 AR & A=A S AAA 58 cello] F 3]

2-1-3-2¢% BUR PPoE ZARAL. olg8 EEMW Fe

2-2-3. A4 H o]& 75

2-2-3-1. £l &9 A&

ks AR m el Frapnk ZF Alg o] AEAstE gl
#3ke] thin-layer chromatographyE ©| &3tk A Exlstd 7+ A&
o] A5 dS 3 plA silica gel Fosy plate©] spottingdlil, 1-butanol :
methanol @ water (4 : 1 : 2 v/v/v) AMAE o] &3te] st Ach A

A F, 109 FAAT g G o gl By

ol

FR 3L, o] & 110TC
A 3087 7HEEte] AxE g9lsltl. Standard  mixturet®
cellooligosaccharideE AF-83} 2™ cellobiose, cellotriose, cellotetraose

2 cellohexaose= Megazyme( Megazyme Co., Wicklow, Ireland)ol 4],
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glucose= Sigma Chemical Co. (St. Louis, MO, USA)dl A Fdste] Ab

gahgle

2 Pro-inflammatory cytokine

e 24 21427 5 How Faay

=
ke
juv)
-
o2
i)
z
=
@}
]
a3
[oR
¢}
o
o,
off
e
o,

2-3. TAA =

e Aylel EA A= SAS software (Statistical analytical system
V8.2,SAS Institute Inc., Cary, NC, USA)S o] &3&to] BAIREAS 2 A
st 2AF 55 7o) #5994 AAL Duncan s multiple range test

el wel P<0.05 ol A AA skt
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1. E&E8
1-1. E4EHEY 54
1-1-1. pH

10 mM phosphate buffer (pH 9)& ©]83F] 80 mg/mL FE= w1 S8
Y AR5 AFRFa, o] A|5EE Shewanella oneidensis PKA 1008 %=
a9 I Hlev/v)E Egete] 348 stttk 24 o HA
=521 30Tl A 0-4841%F viFst A ¥= Table 29 #Zt}. pH 8.11(0 h)
oAl A F-E wjFAIZe] HoAdESF pHke] FojA oz Zastlal, 244
A4 pH 7.00%= 7H& w2 pH #s HetA. FEA Ags 7
el NEe TdstA A43e AAlsta, 1 A3 = Table 39 2t}
0AlZF pH 8.040l A Bl fA|gto] Aojd45 pHO gho] FHAsto] HY A

247 3roll M pH 7.37% 74 @A Yy, mgitel el FEANE AR
E5 HRAIRE 2481 3ell A b wre pH #E Bt o] AE

Park(2017)e] Aol A ¥r3l w} F YR AHK(Sargassum  coreanum)©ll

l‘i

12

e

S pHZF AR AAad Aol A o3 Aol uwhel, &3I4l

& & 42 Shewanella oneidensis PKA 1008 & A& ©

I
&
&
S

ﬁd
ot
=2
=
it
=
ox
(il

(]
ox
o

S god ¢ YAk 1 9, v Algko] F7
2 9% pH 7#A7F Yelo] & 4 A GAEHE AF A

n A&l 2 dS A&7 93t sodium azide(0.02%)E 3 713FS 7] ol
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MAE e gor QA% pHO| #Ha dF2 st Absdch
Table 2. Changes in of pH enzymatic extracts of Undaria

pinnatifida roots with incubation time

Time (h) pH
0 8.11+0.00*"
3 7.97+0.01°
6 7.8740.01°
I 7.74+0.01¢
24 7.00+0.01°
48 7.06+0.01°

YMeans in the same column (a—f) bearing different superscript in samples

are significantly different (P<0.05).
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Table 3. Changes in of pH enzymatic extracts of

Sargassum fulvellum with incubation time

Time (h) pH
0 8.04£0.01*
3 7.59+0.01°
6 7.43+0.02°
12 7.40£0.01°
24 7.37£0.01°
48 7.38+0.08¢

"Means in the same column (a-d) bearing different superscript in samples
are significantly different (P<0.05).
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1-1-2. M

ZE a9 Fx2F A5 TEATHS PElste EE] ArE 57
Sl A3}i= Table 4, Table 59} 2t} vy E3E2 M= a9F 0
Az A A A (a) ok FAE(b)7F 247 541, 601652 7 wrkom,

10.22, 75472 A=A HE=DLHe A vl 0A 7l A 55.09% 0.,

s FAIR el Aol s Wk fastel A ofFAAE e Hile
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Table 4. Changes in chromaticity of enzymatic extracts of

Undaria pinnatifida roots with incubation time

Time (h) L* a’ b*
0 55.09+0.01%" 5.41+0.01¢ 60.16+0.02°
3 38.20£0.04° 8.37+0.15¢ 63.77+0.27¢
6 35.81+0.01¢ 8.57+0.15° 63.61+0.624
12 35.30£0.06° 9.09+0.10 64.52+0.11°
24 36.32+0.03° 10.24+0.08 69.85+0.04"
48 34.13+0.00f 10.22+0.02° 75.47+1.07

YMeans in the same column (a—f) bearing different superscript in samples
are significantly different (P<0.05).

Table 5. Changes in chromaticity of enzymatic extracts of

Sargassum fulvellum with incubation time

Time (h) L* a’ b*
0 59.28+0.04 5.17+0.04° 52.50+0.07"
3 43.68+0.02° 9.98+0.05° 63.95+0.15"
6 41.35+0.02° 9.98+0.05 61.850.67"
12 39.48+0.05" 9.92+0.14 60.60+0.09°
24 43.030.11° 8.27+0.12° 57.90£0.17¢
48 44.96%0.03" 8.29+0.06" 59.15+0.46¢

YMeans in the same column (a—e) bearing different superscript in samples
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are significantly different (P<0.05).
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AL oA & = AT
Table 6. Changes in reducing sugar assay and viscometry
of enzymatic extracts of Undaria pinnatifida roots with

incubation time

) Reducing sugar ) )
Time (h) Viscosity (cP)
(ng/mL)
94.82+0.83V 1.31+0.02°
193.33£1.25 1.26+0.04°
201.69+2.10 1.25+0.03
12 202.29+5.45 1.24+0.02
24 250.68+1.78% 1.23+0.02°
48 243.73%1.73? 1.13£0.04°

"Means in the same column (a—d) bearing different superscript in samples
are significantly different (P<0.05).

Table 7. Changes in reducing sugar assay and viscometry
of enzymatic extracts of Sargassum fulvellum with

incubation time

) Reducing sugar ) )
Time (h) (ug/mL) Viscosity (cP)
Hg/m
0 84.37+4.53e" 1.27+0.012
3 153.94+0.03¢ 1.26+0.04™
6 181.48+0.07¢ 1.22+0.03™
12 213.28+0.68" 1.20+0.05%
24 231.60+1.53 1.17+0.024
48 216.19+4.24" 1.06+0.03°

YMeans in the same column (a—e) bearing different superscript in samples
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are significantly different (P<0.05).
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Monomer

Dimer

Tnmer

Tetramer
Pentamer

Hexamer

Fig. 2. TLC analysis of alginate hydrolysate of Undaria
pinnatifida roots by crude alginate degrading enzyme with

various incubation time.

Reaction time: lane 1, standard; lane 2, 0 h; lane 3, 3 h; lane 4, 24 h; lane 5,
48 h.
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Monomer

Fig. 3. TLC analysis of alginate hydrolysate of Sargassum
fulvellum by crude alginate degrading enzyme with various

incubation time.

Reaction time: lane 1, standard; lane 2, 0 h; lane 3, 3 h; lane 4, 24 h; lane 5,
48 h.
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Fig. 4. Inhibitory effect of enzymatic extracts of Undaria
pinnatifida roots with incubation time on the production of

NO in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 5. Inhibitory effect of enzymatic extracts of
Sargassum  fulvellum with incubation time on the

production of NO in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 6. Inhibitory effect of enzymatic extracts of Undaria
pinnatifida roots with incubation time on the production of

IL-6 in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Incubation time (h)
Fig. 7. Inhibitory effect of enzymatic extracts of
Sargassum  fulvellum with incubation time on the

production of IL-6 in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 8. Inhibitory effect of enzymatic extracts of Undaria
pinnatifida roots with incubation time on the production of

TNF-a in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 9. Inhibitory effect of enzymatic extracts of
Sargassum fulvellum with incubation time on the

production of TNF-a in RAW 264.7 cells.

Means with different superscripts are significantly different (P2<0.05).
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Fig. 10. Inhibitory effect of enzymatic extracts of Undaria
pinnatifida roots with incubation time on the production of

IL-1B in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 11. Inhibitory effect of enzymatic extracts of
Sargassum fulvellum with incubation time on the

production of IL-18 in RAW 264.7 cells.

Means with different superscripts are significantly different (P2<0.05).
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Table 8. Effect of gamma radiation on the pH in Undaria

pinnatifida roots

Radiation dose (kGy) pH
0 5.80+0.02*"
3 5.65+0.01"
7 5.52+0.01¢
10 5.57+0.01°¢
20 5.66+0.01"

YMeans in the same column (a-d) bearing different superscript in samples

are significantly different (P<0.05).
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Table 9. Effect of gamma radiation on the pH in

Sargassum fulvellum

Radiation dose (kGy) pH
0 4.77+0.04"V
3 4.75+0.01¢
7 4.78+0.01"
10 4.81+0.01"
20 4.94+0.01°

"Means in the same column (a—c) bearing different superscript in samples

are significantly different (P<0.05).
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Table 10. Effect of gamma radiation on the chromaticity in

Undaria pinnatifida roots

Radiation dose

(kGy) L @ >
0 90.04+0.01°" -0.61£0.05° 11.80+0.04°
3 89.75+0.01° -0.79+0.02¢ 13.85+0.02°
7 84.64%0.04° -0.16+0.02° 17.80+0.02°
10 90.94+0.01? -0.48+0.02" 13.40+0.01¢
20 88.02+0.01¢ -0.45+0.04 16.50+0.01"

YMeans in the same column (a—e) bearing different superscript in samples

are significantly different (P<0.05).

Table 11. Effect of gamma radiation on the chromaticity in

Sargassum fulvellum

Radiation dose

(kGy) L2 2 >
0 65.19+0.03V 7.28+0.07° 64.27+0.03°
3 71.29+0.024 5.17+0.04 60.75+0.03"
7 73.43+0.02" 4.62+0.04° 59.87+0.05°
10 72.59+0.01° 4.24+0.044 58.63+0.024
20 76.67+0.01° 3.11+0.02° 55.64+0.03¢

"Means in the same column (a-e) bearing different superscript in samples

are significantly different (P<0.05).
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Table 12. Effect of gamma radiation on the reducing sugar

assay and viscometry in Undaria pinnatifida root

Radiation dose

Reducing sugar

Viscosity (cP)

(kGy) (ng/mL)
0 134.91+0.05°" 1.26+0.06
3 223.48+1.27¢ 1.05+0.03"
7 268.68+0.11" 0.94+0.02°
10 240.92+0.30° 0.96+0.02°
20 283.40+1.81° 0.91+0.04¢

YMeans in the same column (a-e) bearing different superscript in samples
are significantly different (P<0.05).

Table 13. Effect of gamma radiation on the reducing sugar

assay and viscometry in Sargassum fulvellum

Radiation dose

Reducing sugar

Viscosity (cP)

(kGy) (ng/mL)
0 279.01+2.08°" 1.21+0.01°
3 360.16+0.24¢ 1.04+0.03"
7 413.97+1.00¢ 0.95+0.03°
10 471.51+1.68° 0.90+0.03¢
20 528.16+1.54 0.83+0.02¢

"Means in the same column (a-e) bearing different superscript in samples
are significantly different (P<0.05).
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Fig. 12. TLC analysis of alginate degradation of Undaria
pinnatifida roots by gamma irradiated-treatment with
various radiation dose.

Reaction time: lane 1, standard; lane 2, 0 kGy; lane 3, 3 kGy; lane 4, 7 kGy;
lane 5, 10 kGy; lane 6, 20 kGy.
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Fig. 13. TLC analysis of alginate degradation of
Sargassum fulvellum by gamma irradiated-treatment with
various radiation dose.

Reaction time: lane 1, standard; lane 2, 0 kGy; lane 3, 3 kGy; lane 4, 7 kGy;
lane 5, 10 kGy; lane 6, 20 kGy.
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Fig. 14. Inhibitory effect of extracts from
gamma-irradiated Undaria pinnatifida roots with various

radiation dose on the production of NO in RAW 264.7

cells.

Means with different superscripts are significantly different (P2<0.05).
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Fig. 15. Inhibitory effect of extracts from
gamma-irradiated = Sargassum fulvellum with various
radiation dose on the production of NO in RAW 264.7

cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 16. Inhibitory effect of extracts from
gamma-irradiated Undaria pinnatifida roots with various

radiation dose on the production of IL-6 in RAW 264.7

cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 17. Inhibitory effect of extracts from
gamma-irradiated Sargassum fulvellum with various

radiation dose on the production of IL-6 in RAW 264.7

cells.

Means with different superscripts are significantly different (P2<0.05).
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Fig. 18. Inhibitory effect of extracts from
gamma-irradiated Undaria pinnatifida roots with various

radiation on the production of TNF-a in RAW 264.7 cells.

Means with different superscripts are significantly different (P2<0.05).
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Fig. 19. Inhibitory effect of extracts from
gamma-irradiated = Sargassum fulvellum with various

radiation on the production of TNF-a in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 20. Inhibitory effect of extracts from
gamma-irradiated Undaria pinnatifida roots with various

radiation on the production of IL-18 in RAW 264.7 cells.

Means with different superscripts are significantly different (P<0.05).
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Fig. 21. Inhibitory effect of extracts from
gamma-irradiated Sargassum fulvellum with various

radiation on the production of IL-18 in RAW 264.7 cells.

Means with different superscripts are significantly different (P2<0.05).
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