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RIGTERFERAE - FEREUR - R ERSU/KRY B A MY DPPH Jz ABTS H HARERIEME: + Bl
NEARE ~ SE@aRE - KBRE - REWEERE ~ AR R > B RIFAPIE Sl I6E -
LIT - 4% FREBERRISINNSIMEGETR POk aREE - FSREURIIIE LR B R A — gl sr - SRR
AR HRINGRREA SR E A « 5550 - 9t s i- g E

PRAEDURS FEBERE S/ AR TR 1 ~ 2 Bz 4% ef:

PUBEBEEELL 3 B 2% WRiniEt: - wEisLL

4 52 2% UNHTHEAE - WP ERRILL 1 - 3% FRATHERAE - T3 DU FE Bl /K ik RS B 38 8 3%k -
HA A B THIIBIGLL 2 S 4% fefEdh - Bl i 2 - i3 DU LR RETR - DUS R EER
TREBRIARTRNN 2 Se 4% £ > (EFEA A B fe HRaR » R AR ITRG# 2% © R - Mg eI

IKEEEIH VBT MERSRATE -

REREST | TR ~ 3088 ARt
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BE# R A (AR BRI IR » R
BTN IV E Ok — T B AR VB R B B A
gkl (Buschmann et al., 2001) FI{E ks fa gkl 2 7]
HEM: (Appler, 1985; El-Sayed, 1994; Davies et al.,
1997; Wahbeh, 1997) » JRR5 A R BaPHE AR
Hh AT S I E YL TR R TR M AR R e — 2
B A RINE TR - IBEAIRAKIEEYIRT
WeEIYIEALFIA o WFZEEE AR AR R e e ]
REH Y ER - AR MEREI YRR (3,
2003) -

FEFE¥%: (Sargassumspp.) SHAFZEENER
VY& - EiEHE ey - B RS RS - HIRE
BWEE SIS - B0 PisAME (Linetal,
2012) ~ ¥1H (Vijayabaskar et al., 2011) ~ HifERg
(Zandi et al., 2010) ~ Fifi5E: (Fabregasetal., 1999) ~
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(—) BRERERKEHR

MREEEEREAFHMBELT  HRERZ
R BEE 2 K F AR T RBE /K B 7k 1% - DA
JEEZHERERE M R 70 °C > JEZ 24 hr) - 8080k
DIkytietierntt - BIfGRztgsetatn R -

(D) B RKEE

DAZX /K Be EIRAR EVATR 20 L » F%% pH 2
4.5 A 0.2% Viscozyme B2 (sigma Co.) Jifgi
10 kg JRE > FGEBEZ/KE 12 hr > DIEEEZIEHS
70°C HERHZMRERIERR) - BLBQRER IV BT AR -

= IBRERE T

(—) RIEBERE—MBRDDHTUE (AOAC,
1984 )

1. K4

FPEN 2 g BEALER TP H N EH A
B BEAE T L 105°C 5215 4 hr 1% > HUHH S E
ZEHZIRART o B A

Koy (%) = (HEHEELERSLAY & — R EE
R AR ALy B R /IR B A B R — MR E
&) X100

2. K5y

FPHN 2 g BRANER ENE HE N E . H
JRAIRAERE L 600°C JXAL 8 hr > IXAE5E S
HSE 22D FRR R BRI -

M e (%) = ORERH B IR S 1
I E R /R E ) X100

3. HEBHE

R 4% micro- kjeldahl i J53253H1E - BY 2 g £
e S g BRI R 18 mi ARG s+ B
NE B f#EE (BUCHI Speed Digester K-439) th
JOEL (480°C » 150 min) S3ERIETEIN » U2 Al
A 70 ml ZREE/K - BRI ZZAE s (BUCHI
Kjeldahl unit K-350) ZXEHHI% > ZKEHART A 40 ml
IRERy 40% S5 (LEl (NaOH) - FIHREERy 4% il
B& (H:BOs) fA 3 HE/RFIHEE S min £ - 2L 0.1
N HCl i BRI o AGHRAZEE -

FHE (%) = [(S-B)xFx0.0014x6.25/W]x 100
S : fRhhZ HCl Z B =T

B : 22z HCl & Z 8

N : HCl 25 &8

W BEE (2)

F 1 0.IN HCL f5H#EREI JJ1H

4. MENGEE

FEEGERS 2 g EREAT > IIA 2 g SIS
(Na;SOq) BRI S % - DABERETIA B IEAT T
FHRIZEAMAE - B LERRRMNEREE S
(VELP serl48) - iz gt # FF H & 8] A £ Bt
(CoHsOCoHs) » BRI By FRAR - 1 T3y
ZEM > IEARSEER 110 °C > FTBRZKIL SIS BEE B
ZBEMERSERR > Feop 20N ~ e femliess 3 e
B FF ARG T GRHE] B RARE S EE B
LA 105°C PrEiz 1@ Al > E R E -

MR E R (%) = EIEZERS R B R —
ZEREIOM B B/ A ER ) X 100

—

D) BEEERKEMZEGEE (Ames test)

SRESEE R S. typhimurium TA100 &% 98 2kH
A E RS A E R E -

1. MR

1F nurtrient agar 1[I A 0.1 ml fg#& 75 L2 TA
PR (B¥ OD {E : 0.3-0.4) > 0.1 ml JHIZAAR i Bl
0.1 ml 0.2 M phosphate buffer JE& » —fHAFIIA
0.5ml S9mix (DL 0.5 ml BERREELEERAREUL)
SF—fHAMA 0.5 ml S9 mix (S92 HiA BRI
T E R R RENE LR BEES%
TEFEIA R RILA - PR - 1A 37°C FIER:
= 48 hr o G - R ERES KRS A DA
7KE DMSO {AfEicEdEy 3 EAEVRE » =R
Ry 5 mg / plate » JRFAELZHIE (1 - 5 mg/plate)
HIEPY - fnHIELES S. typhimurium TA100 K 98 & &
T o MR R EEMREHE (R R0 0.1ml
HIEAEESS > LLO.1 ml DMSO HfY) - BRE7& #bE=
G R R I R - oGS TA
FitkE &M (Maron and Ames, 1983) -

2. BREIESERR
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% T ¥sh0 0.2 ml histidine/biotin (0.5 Mm) &%
RESN Hgibed PR ARt - JIEER
WS B ERE » AR B RE S SR R
MEEEZSEETEE > mR 2 DL e TR s
I EARR SR R T S 0 R B 1 B FE - it A
CLATECER] BHP E Ry IE ¥ KifH (Maron and
Ames, 1983) -

3. MEEEIEEER

B 7A00.1 ml RSB0 SA 5 4-NQO
F0 0.2 ml histidine/biotin (0.5 Mm) ARSI » H
St e - e A Y | I S E R A
BR=E% - EihEERH 2 His* revertans plate B#
R RIS (3N +-BHP) R HAHIEZE
S - B DB M DI 3 U -

Inhibition (%) =[1 — (fxifHZ His* revertans —
H 2 Mot B/ Pl His™ revertans — H #1428
)] X 100

IR 53 L AT i A e i

(=) BRERBERKEYNBILEIEDH

AN e B AT A g R Plsabae
e B 7 IR Ry 0.1 - 20 mg/ml -

1. DPPH H iR ES

%3 Blois et al. (1958) W9 /71% > BUE Rk
ZKEY) > MAHERE 0.1 mM DPPH (a,0-
diphenyl-B-picryhydrazyl) & ZFAR 2 ml - {BE
Y2180 3000 rpm > 5 min 2 SEEGEFE 30 min 14 »
BL4y ot ¢ B 3 (UV/VIS Spectrophotometer
SP8001) HIHAE 517 nm e NZROGIE - DL [42
HRH & BOEAE — (R A ZKIROEE — B i
FEOGAR) /22 i WOBAE] X 100% » 15 ETEEREL
JEE 73R -

2. ABTS B 5

U7k HaO: ~ iR L b ABTS VAWRIE
a¥ga > HE L hr o JIARS R BRI SE
10 min (22 HAHLL R B 77K > 7Y 655 nm
TEHBOLE -

3. &5

WU FEBERESA/K Y - A 0.2 mM HOBERR
FRESI (pH 6.6) Jz 1% HIZRIMEE  (potassium
ferricyanide) » E &L 50°C 7/KiA 20 min % » &
7K# 10 min fI A 10% TCA  (trichloroacetic acid)
VS > #% 3000 rpm » 10 min B0 2 0 BB
5mlAFHA 5 ml X8k K 1 ml ferric chloride i&
IR A2 » B8 10 min » A 700 nm JH]E H
OGME - Ot EBE R R T8GR - DL Abs 3%
AN

() FFREEERKENNEEIEHR

R HER R (BCRC10603 Bacillus cereus)
LA ZEAEE ~ (BCRC 10447 Bacillus subtilis) 5
B~ (ATCC 25922 Escherichia coli) KIS ~
(BCRC15290 Staphylococcus aureus)&s etz Bk
» (BCRC 11030 Staphylococcus epidermidis )7 7
#i & BRI ;2 (BCRC 10806 Vibrio parahaemolyticus)
Mo MBI TSA B3Rk b R IEHEL
I P AREA 100 pl o FERESERER /K - 2
37°C TH5#E 18 hr £% » FERH AN A/ -

(h) FEEERKENHESERBRS
MTT El8%

ZEEGHIN (RAW264.7) li§H BCRC - L)
10% R&2FIMiE (FBS)+ 1% Hi4E%HE (PSA)+ 1%
Pyruvate + DMEM {F E#fifid I 55 B L RAW
264.7 A T-25 flask o B854k 37°C» 5% CO,e
TN E A RS 224 - BB R4tk - DL
PBS JHUEAHAERIIA 0.05% Trypsin-EDTA jK5#iAd
FT8 > AR ZE T-75 flask H - B8 0% D
PBS {EBERIIEERANA 0.05 % Trypsin-EDTA jK5Hfid
FT8L > A DMEM + 10% FBS R58¥%SEHIIA 96
U B2 ERRE 0 WL PBS B - FIMA
AR S R R KRR 37°C 5% COL 5%
= (DIAIRIIE S BB R dEilE) - DL PBS
IHVEAIIEE: - IIAE 0.5 mg/ml MTT 1y PBS {51
HR o B 37°C £5%% 2 hr £ - 1] DMSO %5 >
A6 ELISA L1 570 nm gl R E -

IS ER (%) = B ahAH AR/ 2 R
B{E X 100%
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(V) FBEEERKEYHEBEIEBIREM
NO 8%

an (f1) BRERER INACKIERRE (200300~
400 ~ 500 ~ 1000 ~ 2500 ~ 5000 pg/ml) FFE R iERs
KR LPS (100 ng/ml)) » B DMEM+
10% FBS s (HEflR RN kR mEL LPS &
BREEL B BEIAE A LPS) R ERRw - HY
IEW 100 pl ZERGLELAEHE LY 96 FLERHE
L1 100 pl griess reagent JE75 » BEGEFE 10 min % »
FELL 540 nm 37 EAGH] -

FEHE N (ROhHPEER sodium nitrite) B/EAR SR
SRETERR AL R R R R R RS A NO & &
RN pM -
= ~ VAR BV EE AR
(—) HiEREEEEMRAIE
1. KB B AVE T
(1) KEEE

R MBSO BTN - BERE
bz vIRE (B ZEET TR H — R IRE < TR ETR
HEE R ERRIMEE A SR aaERE
EE) - KB RHIRER R H 10:00 - 45 HAC SRR -
BEE ~ DO ~ pH{H -

(2) BERR

FAEME R 250 L Z [E[fE7EHH PP 1 > Fuilited
KB FAL PREETKEUEIE - 2 R AT TR E -
1 BERFrh R R ESNAINER 2 SR IME » JERED
HETT o Rt o f B IR 2T Bk BT ARYS
FEBLE-

(3) SiEaoHA

Bt aL 5 SR DI E R R
PEEDRHEER > BRI e R RS 1:223-4% 1
ik - = T —EHEHEH 10E -

(4) EHREHRER
FteEER AR L O BEREN » HAHE DR

HE AR R R - A KB BB RTREZE A
L[ -

2. ofER R

R UEEBNFE N (Mitutoyo) HIESTEE
R AR EIHIIEREE - JERTSELL S ppm
2K ZFE (2- phenoxyethanol) HETTIHiEE - I FE5E
B 3kaimE] PP Am-hERERE o 8 EEE AR
FHHEBFRDL 8 BREITHIE - R KA RMEE -

3. 3UHE AN — Rk o

TR A AV LE B B 2 SV AT R - SR FR
W HEFT7KGT ~ IR ~ R E R AR T4 3
e WESTEN Bl = (—) % -

4. F9lEE A VIR AHENE

& FDA 2 Bacteriological Analytical Manual
for Foods (1996) i Jiikii#tL - HaiE i EVIE
L RS BT - AFERGEAR - PR~ FURIS
KRG T < v B HBLA DU Y& T i B AL
(colony forming unit, cfu) FrRZ - BFIEEHGEY])
b > IAERIRIEGR  IIA SRR RS 121°C/30
min JEE Y phosphate buffer solution (PBS) {EfF%1
Wil (10°-10%) » HGHEEMEERT BHYEIR 0.1 ml 2
I - FHEIA RO SRR R SR B
B KRR R ENR A9 2)1% PR R R e
% FEIEROGREEFERILE 37+0.5°C R 258
T TR - BDIRVE BEE (log cfu) R
Z o R & AR 30 - 300 REAYES B MG E
(Kornegay and Risley, 1996) °

(1) BEEEH (total aerobic flora) J8IE

fé F Plate count agar (Merck 1.05463) E5E £
BEEE 24 hr AT R HETE R -
(2) FFEEEE (total anaerobic flora) JBIE

Bl (1) fFAEAPEER - REEERNFEEE
JREREEE T MR B RSE L (Anaerocult®
Merck 1.13829) » §43% 24 hr #43H EH 758 -

(3) HLESRE (lactobacillus) SAIE

fi F§ MRS-agar (Merck 1.0660) B35 » §5&
JRIERSEEREE 72 hr £% > TR EEH -

(4) KIZIREEE (coliform group) SAIE
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f# A Chomocult® Coliformenagar; Merck
1.10426 557eH - 5538 48 hr ST R ERE -

(D) EIFFERIERRRE
L MEHRESE - HEARELHTE

&M% (2013) JiEHEST - 1 ml 22T
Al 25 G $19H - HEMREINK » KRS R
A 4°C FEFE—&1% » B0 (3000 x g ~ 10 min
4°C) » WY JE I » FAB0R-80 °C Uk iR 17 - H
RIMEREERE - AEA - BREA - BHEEEE -
PUEEHES (antiprotease) I 14 KWK 8 < G052 15
BT -

MR VB feH E H o W E F2 A Randox
(RANDOX Laboratories, Antrim, UK) Z I iEfE &
HE e FE R EHEST - BREE S 2R
HHERHEHZEEGE -

2. PUEEBSIETERIE - W RS T A A
HE

(1) MEBEEEHERE

HE 228 Bowdenetal. (1997) JiksEfT > If
TR EE - SE8F 10 pL M35 BL R 1 EA TR [ trypsin

bovine pancreas {AfY 0.01 M Tris-HCl (pH 8.2)
B JR4E 0 A 500 pL 2 mM  (1mg/ml)

BAPNA (sodium-benzoyl-DL-arginine-p-nitroanilide
HCI) > 2L 0.1 M Tris-HCI (pH 8.2) #RERINE feta
By 850 pL » JA 22 °C SZJfE 25 min 5 L4 150 uL » 30%
FEierh L S g » AR 415 nm REEERDLIE -
L35 Hr PUE E T T AR AR B 2 5 8 v 2o B
(percentage trypsin inhibition) 71k » EHEARE ¢
72 H AR 1 BE RO BOGE — BRI /22 H
HHIBEE S HIROGIE < 100
(2) BEESEERE

HEEZH Ellis (1999) W5k - KR HEE
B 0.05 M sodium phosphate buffer (pH 6.2) P
SUA IR - HIREE TR 0~2~4~6~
816 Jz 32 pg/ml - 511 0.05 M sodium phosphate
buffer (pH 6.2) P # 0.2 mg/ml Micrococcus
lysodeikitus i B  HUABESIEUERSIR 10 uL > A
200 pL M. lysodeikitus - DL # = 43 S Ot &

(microplate spectrophotometer, Thermo multiskan
EX) 7RSS | 388K 6 srrciffeiiR 530
nm R ZIRIEAE - ARIEA AR R VS BRI AR HE A TR
HAgorfnydost B AR ERRE (R - BS 2R
HiR o DR EMTFE B S R E S M E L
PR ACERES 1 SXBERCE 6 M EEZIBOLIE K
RO IE RIS AR AR HE AR IS VA T G
IR=BE > DI VARG < IR RO R IS BTG 1

(3) IFIRIRZBIE

WP A5 W 5E J7 152 22 i Secombes (1990)
K¢ Stasiack and Baumann (1996) fffift,Z nitroblue
tetrazoloum (NBT) EUEMETTHIE < [ 96 FLAEV K
TR SRR BEFRE A 100 ul 0.2% poly-L-lysine
i 30 min R poly-L-lysine - DUHIMERT:
FRRETE © B 100 pl EREHEMARARINABRELE
96 LA EREAEF - REREEE 2 hr {5l
BRAGHFERER - RBR BRI AIIA 100 pl 2
zymosan (0.2%) Jz Hank’s balanced salt solution
(HBSS) » fAZE IR % S 30 min 2 EBR B -
JA 100 pINBT (0.3%) IR A1 30 min - fii
A 100% JPGREHE 1S - DL 70% R =K %
B 8z oA 120 pul 2 M KOH K 140 ul
dimethylsulfoxide (DMSO) LL{Af# cytoplasnmic
formazon » & ELISA reader JZ£ 630 nm [iHIEK
A - KRFER G EHBAHIRIN HBSS FRHELEy basal
activity (BA) » F53% R FIEHHIS I zymosan JzEH
By stimulated activity (SA) » fi& & 2B R IR g 24
i M (respiratory burst activity, RBA) (Pick and
Mizel, 1981) » KR BRI £ A RRRE 2
K -

VY9 ~ et ik

FalBafi Rl SPSS A&k EE (Version 10.0)
i 1T B R
ANOVA) gt > HEAS R A A
25 TR IR KIERy p<0.05 -

(one way analysis of variance,

— ~ HEE RS ST
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Table 1 Toxicity of the extracts of Sargassum viscozyme hydrolyses toward Salmonella typhimurium TA strain

No. of colonies (Log CFU/ml)*

. Extracts
Strain ( late)
mg/plate -S9P +59
Control© 6.73+0.06 6.69+0.12
1 6.84+0.09 7.43+0.01
TA98
3 6.77+0.00 7.38+0.01
5 7.03+0.06 7.43+0.04
Control¢ 6.87+0.04 7.35+0.01
1 7.28+0.05 7.56+0.01
TA100
3 7.21+0.02 7.65+0.01
5 7.27+0.06 7.72+0.01

*Data are Mean = SD of triplicates.

>S9 is a metabolic activation system consisting of the postmitochondrial fraction of the livers of rats.

“Negative control: treated with aseptic water without extract or DMSO; spontaneous revertants / plate.

Table 2 Mutagenicity of the extracts of Sargassum viscozyme hydrolyses toward Salmonella typhimurium TA strain

No. of colonies (Log CFU/ml)*

Strain Extracts
(mg/plate) -S9b +S9
TA98 Control 36.00+2.65 59.00+2.64
1 45.00+1.00 59.30%4.72
3 46.67+1.15 69.30+1.15
5 51.00%3.61 65.00%3.00
Control* 33.3320.58 46.002.60
1 31.67+2.08 58.6+2.32
TA100 3 41.67%1.15 53.00%3.13
5 49.33+0.58 64.005.06

*Data are Mean = SD of triplicates.

>S9 is a metabolic activation system consisting of the postmitochondrial fraction of the livers of rats.
“Negative control: treated with aseptic water without extract or DMSO; spontaneous revertants / plate.

W25 R FE B — MR AT 0 IR Ry 2571 =
0.33% » BRI & ER 12.29£0.01% » 7K53H 6.48 +
0.01% - HEli& & 0.8 + 0.04% -

=~ LR
(—) SRR

BE 3 b R B T T A B
P HERA BRI SO mix BFTE TA SBRE

Fk > B3 HRREL RER B S ey 2 R R
mammRER > BORZEIEMEKE (Table 1) ©

() BEREMER

EREREE /KRS S, typhimurium TA100
Ko 98 & BB R R BRI E (1 - 5 mg/plate)
A > AN A AN S9 mix » TA FEtkZ His"
revertants BV ELH - FEE E R 2e B BT
AR 2 5L B B E AR AR SR B Y
DOmsg N - R A GBS SR AR L P T A
EHIENE N A EEEE#E (Table 2) -
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Table 3 The antimutagenicity effect of the Sargassum viscozyme hydrolyses on sodium azide-induced mutagenicity

in TA strain of Salmonella typhimurium

Inhibition (%)*

. Extracts
Strain
(mg/plate) -59b +S9, B (a)P®
Control© 0 0
_ d
TA98 4-NQO“+1 14.21 27.57
4-NQO+3 24.72 54.59
4-NQO+5 31.28 71.52
Control© 0 0
SAY+1 14.77 15.20
TA100 *
SA+3 24.85 17.13
SA+5 4.43 22.78

*Data are Mean = SD of triplicates. Inhibition (%) =1-(4-NQO (or SA) sample-control/4-NQO (or SA)-control)*100.
>S9 is a metabolic activation system consisting of the postmitochondrial fraction of the livers of rats.
“Negative control: without extract was treated with aseptic water or DMSO; spontaneous revertants/plate.

dPostive control: 0.5 pg / plate 4-nitroquinoline-N-oxid (4-NQO) or 50 pg / plate sodium azide (SA).

*Postive control: 0.5 pg / platebenzo[alpyrene [B (a)P].

Table 4 DPPH, ABTS radical scavenging activity and reducing power of Sargassum viscozyme hydrolyses

0.1 mg/ml 1 mg/ml 5 mg/ml 10 mg/ml 15 mg/ml 20 mg/ml
DPPH (%)Abs 13.01+3.30> 28.35%3.21* 54.76+1.08° 81.23%1.00° 91.20+1.29*° 97.02+3.98°
ABTS (%)Abs 2.06£1.29°  19.88+0.79*° 58.70+1.16° 84.66x1.04° 88.69+0.26* 88.52+0.15°
Reducing power Abs 0° 0.17+0.003" 0.61+0.001* 0.84+0.003* 0.85+0.001* 0.87+0.006"
Trolox Abs 85.06+0.11

Data in the same column with different letters are significantly different (p < 0.05)

=) MBEETHR

S R R /K R L AR ] (1 - S
mg/plate) A > ¥} S. typhimurium TA100 }z 98 B&fk
AT ZEs 4] (4-NQO) Kz sodium azide (SA) 1F4E
T ARH E SRR R SPIRRE
A IR - PR EORER T S, typhimurium
TA100 RZRAN S9 #HAL » HAREFEE B IREERY |
It JrzeB s Ry - Fr AR A PSS SUR
(Table 3) -

= ~ PGt

DPPH ~ ABTS HHEFRE M2 T - bE
FRIE ETHEE - {25 20 mg/ml Iif DPPH H

FHAERRIE MRy 97.02 + 3.98% » ABTS [ LT
BRI 88.52 £ 0.15% ¥ J I3 £y 0.872 + 0.006
i SR ERLATEHE T Trolox AHELER 7RI 10 mg/ml FF>
HPTELBAUEE - WS Rk B A
BIFHTEALSER (Table 4) -

VY ~ Presinhi A

R EBERKEYETCEIERE /£ (E o
KNG BT » IR 50 mg/ml 7J3E 29 mm » HXK
& (S.e) REAEBKE ~ (B.s) MEMAEK (S.a)
EETEEIRE - HIEEEE 24 mm DL E - A5
BRHAARLF (Table 5) » 3 i HUERTE 1 LA RE
B R 5 s I 3 2 i B R L T
Fe L HEUR B T SRS 1 B 2 A R LA E
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Table 5 The inhibition zone and minimum inhibitory concentration of the Sargassum viscozyme hydrolyses

Concentration  B- cereus®  B. subtilis® E.colic  S.aureus®  S.epidermidis® V. parahaemolyticus'
mg/ml DD# DD DD DD DD DD
50 19 25 29 24 26 15
25 12 22 25 20 22 10
*BCRC10603 Bacillus cereus
PBCRC10447 Bacillus subtilis
‘ATCC25922 Escherichia coli
4BCRC15290 Staphylococcus aureus
*BCRC11030 Staphylococcus epidermidis
'BCRC10806 Vibrio parahaemolyticus
®Diameter of inhibition zone including well diameter of 8 (mm).
160
140 I
120 4 ST L
T T
] I
@ 100 4 —
=
=
= 80+
)
=
> 60 |
40
20 -
U T T T T T T T T
Control 200 300 400 500 1000 2500 5000

Fig. 1 MTT assay of the Sargassum
viscozyme hydrolyses to RAW 264.7.

(Jain et al., 2008; Shan et al., 2007) » JF K Bt o X
P R L AR 2 I S MR S R 3 - eSOk
Y& (Faik et al., 2008; Hayouni et al., 2007) » iz
B S R AR AW RIS W I - ATRER
FIRERARC YIRS -

T~ IR KR B BRI
MTT bz

Fo AT R MR FUKIYIZ S H RAW 2647
/N BRI S SRS B B KL S AT
MTT J3Afr > DUESERTfE A 2 Bt RAW 264.7 &
AT LPS Frafis NO HyARpk - LIAFIR
JEE ) J P 35 I SR /K R ) B P R B i AR B iR

Concentraction (ug/ml)

RAW 264.7 > fSETHARISHI RAW 264.7 BaEgS—
RS ZAAER (Fig. 1) - FratkaZ s
IR BE VAR HASRETHE 80%
DUE - EREURE R /K Y IR ETHR A

S EIN R AP AEWE R e
ZEHL) -

S BREEENWHINE NO 55

FIF RS R e B SRk g B LPS JLEIBREE 18 hr
% RSN SR/KFR YIRS Ry 200~400~500~1000+
2500 ~ 5000 pg/ml » ELEFHEA LPS (RS 100 pg/ml)
—FAILBA KR 41.08 = 1.07 pM AHELER - FH R
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Table 6 The proximate composition (%) of Sargassum feed formulations

Seaweed feed Ingredient (%) 0 1 2 3 4

Fish batter (mackerel) 43.75 42.08 40.75 39.75 38.42

Eel powder 54.25 54.25 54.25 54.25 54.25
Multivitamin 1.00 1.00 1.00 1.00 1.00
Minerals 1.00 1.00 1.00 1.00 1.00
Sargassum spp. powder 0 1.00 2.00 3.00 4.00
Water 0 0.67 1 1 1.33
Proximate composition (%)

Moisture 33.85+0.57¢ 34.51+0.27° 33.85+0.45° 33.61+0.40° 33.80+0.77¢
Ash 9.17+0.07° 9.29+0.14% 9.54+0.20% 9.64+0.14° 9.67+0.22°
Crude protein 33.94+0.38° 33.96+0.42° 33.68+0.16" 33.76x0.16° 33.80+0.38°
Crude fat 6.69+0.13° 6.69+0.05° 6.39+0.07° 6.21£0.23" 6.35+0.11
Total calories (kcal/100 g) 261.41 258.29 258.40 258.05 260.26

Data in the same column with different letters are significantly different (p < 0.05)
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Fig. 2 Effects of the extracts of Sargassum viscozyme
hydrolyses on LPS-induced NO production in RAW
264.7.
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Table 7 Body weight (BW), body length (BL), body mass index (BMI), and condition factor (CF) of Plectropomus
leopardus fed with different Sargassum feed formulations for 8 weeks

Sargassum spp.

1 2
powder content (%) BW (®) BL (mm) BMI cF

0 136.30+£16.50 210.71+8.01 3.02+0.21 2.43+0.13
1 136.29+15.85 209.91+7.79 3.04+0.24 2.49+0.14
2 136.93+12.44 209.64+7.13 3.07+0.16 2.49+0.12
3 127.15+£11.36 204.21+7.52 2.87+0.18 2.40+0.11
4 136.28+13.83 207.25+7.58 2.99+0.24 2.48+0.12

'BMI = weight gain/g protein consumed.

’CF = Final weight / Initial weight/ Days of experiment

Table 8 Weight gain (WG), feed conversion ratio (FCR), protein efficiency ratio (PER), and specific growth rate (SGR)
of Plectropomus leopardus fed with different Sargassum feed formulations for 8 weeks

Seaweed content (%) WG (%) FCR? PER? SGR*
0 88.97+13.89 1.81+£0.13 1.63%0.11 1.13+0.18
1 89.02+17.97 1.82+0.20 1.69+0.18 1.13+£0.23
2 90.95+ 9.83 1.76+0.13 1.69+0.12 1.15+0.12
3 68.81+£17.42 2.23+£0.45 1.36+0.25 0.88+0.22
4 80.97+6.35 1.92+0.06 1.54+0.05 1.03+0.08

'"WG = 100 x (Final body weight-Initial body weight)/ Initial body weight
’FCR = 100 x Feed intake/ (Final body weight — Initial body weight)

*PER = weight gain/g protein consumed

*SGR = Ln (Final weight / Initial weight)/Days of experiment

Table 9 The proximate composition (%) of muscle of Plectropomus leopardus meat after being fed with different
Sargassum feed formulations for 8 weeks

Seaweed content (%) Moisture Ash Crude protein Crude fat
0 77.82+0.59° 1.29+0.68° 21.00+0.18° 0.44+0.21°
1 77.70+0.34° 1.70+0.12° 21.08+0.49° 0.31+0.15°
2 77.69+0.62° 1.42+0.15° 20.93+0.23° 0.95+0.09°
3 77.92+0.21° 1.47+0.10° 21.05+0.07° 0.49+0.08"
4 77.88+0.16° 1.50+0.16° 20.68+0.09° 0.97+0.10°

Data in the same column with different letters are significantly different (p < 0.05)
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Table 10 Effect of Sargassum feed formulations on intestinal microflora in Plectropomus leopardus

Seaweed content/

lleum (Logyo CFU) 0% 1 % 2% 3% 4%
Aerobe bacteria 5.01+0.15% 4.91+0.15" 3.25+0.04¢ 5.25+0.06° 4.38+0.11¢
Anaerobic bacteria 3.98+0.47" 5.14+0.08° 2.58+0.14¢ 4.28+0.22" 3.79+0.06"
Lactobacillus 2.84+0.19" 3.20+0.03? 2.78+0.05" 3.29+0.19°  3.01+0.05%
Coliform 5.03+0.20° 4.21+0.05" 4.33+0.01° 4.14+0.04° 4.40+0.47°
Lactobacillus/Coliform ratio 0.57+0.06° 0.76x0.00% 0.64£0.01°  0.79+0.04°  0.69+0.06%

Data in the same column with different letters are significantly different (p < 0.05)

Table 11

Sargassum feed formulations for 8 weeks

Levels of serum total protein, albumin, and globulin of Plectropomus leopardus after being fed with different

Seaweed content (%) Total protein (mg/ml) Albumin (mg/ml) Globulin (mg/ml)
0 37.97+0.58 16.68+3.16% 21.29+3.73°
1 26.54+0.52¢ 13.70+0.00° 13.14x0.18"
2 30.91£0.29° 17.09+0.62? 13.82+0.36"
3 30.32+0.73" 9.76+0.23" 20.56+0.96°
4 29.40+0.63" 16.82+3.69" 12.58+3.14°

Data in the same column with different letters are significantly different (p < 0.05)
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Table 12 Levels of serum antiprotease activity, lysozyme activity, and respiratory burst of Plectropomus leopardus

after being fed with different Sargassum feed formulations for 8 weeks

Seaweed content (%) Antiprotease activity (%)

Lysozyme activity (U/ml) Respiratory burst

0 51.72+0.88¢
1 43.29+1.17¢
2 60.84+0.30°
3 70.4620.42°
4 52.83+1.07¢

7.68+1.10° 0.23+0.046™
7.61+3.76" 0.23+0.017%
8.97+2.11% 0.24+0.002?

8.15+1.11° 0.23+0.020™
11.12+0.95% 0.19+0.018"

Data in the same column with different letters are significantly different (p < 0.05)
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The Physiological Activity of Sargassum spp. Extracts in Aquatic Feed
for Plectropomus leopardus

Hui-Chiu Lin, Chung-Kang Hsu", Tzu-Yen Liao, Hsueh-Ching Kao and Kim-Jung Lin

Penghu Marine Biology Research Center, Fisheries Research Institute

ABSTRACT

The purpose of this study was to develop Sargassum enzyme hydrolysis extract powders to be added to the
diets of Plectropomus leopardus and to assess their effects in terms of antibacterial, antoxidant, and enzyme
activity. The results indicated that the Sargassum enzyme hydrolysis extracts had good antibacterial and bacteria-
inhibiting effects against Bacillus cereus, Bacillus subtilis, Escherichia coli, Staphylococcus aureus,
Staphylococcus epidermidis, and Vibrio parahaemolyticus, as well as high DPPH and ABTS radical scavenging
activity. The growth and proximate analysis results of P. leopardus fed with diets supplemented with Sargassum
enzyme hydrolysis extracts were not significantly different from those of fish fed with a control diet. However, P.
leopardus fed with diets supplemented with Sargassum enzyme hydrolysis extracts had optimum intestinal
microbial flora. According to a blood immune analysis of P. leopardus, the serum protein ratio was better in fish
fed with the addition of 1%, 2%, and 4% of the hydrolyzed powder of Sargassum. The antiprotease activity was
better at 3% and 2% added, and the lysozyme activity was better with 4% and 2% added. In terms of the proximate
composition of muscle of P. leopardus meat after being fed with Sargassum feed formulations for 8 weeks, the
level of crude fat was better when the Sargassum composition of the diet was 2% or 4%, while there were no
significant differences at other composition levels. According to the above findings, better results were achieved
when the hydrolyzed Sargassum powder composition of the diet was 2% or 4%, but a composition of 2% appeared
to be best when the cost and benefits were considered. More generally, the results indicate that diets supplemented

with seaweed in aquaculture.
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