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Abstract

Seaweeds are plants that inhabitant in the sea and produce unique natural compounds
according to the sea environment where they live. Their compounds have potential
biological activity on human. For example, Ecklonia cava extract has activity such as
inhibition of adipocyte synthesis, pain relief, anti-inflammation, excretion of heavy metals
and protection from radioactive substances. Lactobacillus species grows in the intestine,
an acid environment while enhancing immunity and biological circulation, and has effect
of suppressing various disease such as inflammation bowel disease. The extract of
Sargassum horneri shows various physiological activities such as antioxidant, anti-
inflammation, anti-coagulant, anti-cancer and skin whitening and wrinkle improvement.
Probiotics is bacteria that have various advantages on human health and prebiotics are
ingredients which help the growth of these probiotics and are indigestible substances that
affect the improvement of the intestinal environment. In this study, we investigated that
assessment prebiotic effect of Sargassum horneri enzyme-assisted extract on Lactic acids
bacteria and pathogen bacteria. On the growth of Lactic acid bacteria, S. horneri celluclast
extract has stimulation effect concentration at 10 mg/ml on L. plantarum and L pentosus.
S. horneri termamyl extract has best effect on the growth of L. brevis. In the evaluation of
Lactic acid bacteria secondary metabolite production, we measure weight of secondary
metabolite at presence or absence of SHC. Secondary metabolite was obtained from L.
plantarum 868.7g, L. pentosus 736.07g, L. brevis 572.0 g. Compared with MRS only

media, SHC could enhance secondary metabolite production 1.8 ~ 2.1 fold. These



secondary metabolite was used to evaluation of inhibition effect on the growth of pathogen
bacteria. Celluclast extract of S. horneri producing secondary metabolite has more
effective in inhibiting the growth of pathogen bacteria compared with MRS only media
producing secondary metabolite. First, secondary metabolite from L. plantarum has
inhibition effect on the growth of S. parauberis 10%, S. iniae 9%, E. tarda 5%,
respectively. For secondary metabolite from L. pentosus, it shows inhibition effect on the
growth of S. parauberis 8%, S. iniae 13%, E. tarda 9%, respectively. In further in vivo
experiment, mixed feed with SHC 5% and LAB 1% improved the growth and mortality
of S. parauberis-infected zebrafish as regulating the expression of inflammatory mediator,
iNOS and COX2. According to the results, celluclast extract from S. horneri has prebiotic
effect on LAB and improved mortality caused by pathogenic bacteria that occurred
frequently in the aquaculture industry and also, our conclusion from this evidence is that

SHC can be used and applied as a useful prebiotic or feed additives for aquaculture.
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B2 FEE0 2 FESE MESIRAM. Z47| O E YHez FE0h FEE2 A0 A8

71  0.22 pm syringe filter2 O|A| Oj1fst = A0 AHESIRALCE.

2.2, 4t HE

0x

g Mz Hf

IZZ2HO|RE M 3% L. brevis (Lactobacillus brevis), L. plantarum (Lactobacillus plantarum),

L. pentosus (Lactobacillus pentosus)dt Held Mz @l E. tarda (Edwersiella tarda), S. iniae

(Streptococcus iniae), S. parauberis (Streptococcus parauberis)= ZfZf KCCM (Korean Culture Center

of Microorganisms) % KCTC (Korean Collection for type culture, Daejeon, Korea)Of| Al T+ St RALCt

(Table 1). FAt# 352 MRS (De Man, Rogosa, Sharpe) K| H{X|[2} 2F MRS agar H{X|(Difco

Laboratories, Detroit, MI, USA)E 0|83t 30°CE HAEE HIY7Z|0|AM HIY SIS, HE

M@ 332 BHI (Brain Heart Infusion) 24| H{X|2} BHI agar H{X| (Difco Laboratories, Detroit, MI,

USA)S O|&7dt0] 30°c2 2F& Hi7[0A Bl St RACE



2.3. YWMo|m Xl §4 FEE 559

Sitd Z4 g4 "7HColony count assay)

2N HILE Qo 3F2 FAR L. brevis, L. plantarum, L. pentosus & MRS X H{X| 10 m@ O
HE = HHO|ZXHH B4 FEF AMG, Celluclast, Ultra (Ultraflozyme), Visco (Viscozyme), Term
(Termamyl)& 0.1, 1, 10 mg/m s=2 ZZH ®IHSH0] 30°CO| 24 AlZt HIY = HIZE QI MRS
K| HIX|Of A 100 peE FSt B PBS (phosphate buffered saline) 900 et =8t = HHA|

S|Mste] HIX[O| =2 = 30°CO| 24 A|ZH B Mz EE+E 53 SHACH

24, BMo| X 54 FEEQ fiT T4 2H EIL

HHO|Z Xt A FHZF SHC (Sargassum horneri Celluclast-assisted extract)2| FAtm 4

2d "WItE Qsl 3329 Ak L. brevis, L. plantarum, L. pentosus% MRS X HiX| 10meof &

ok

& = SHC2l SHC.PsZ 0.01,0.1,1,10 mg/me SE2 22 7160 30°COf| 24A|ZH HIQF = HY

AZOl MRS AA| HYX|IO|M 100008 F St E PBS 9002t =28 T CHA| S|MsHG HiX|

of =% = 30°COf 24A|Zt BiESIY M HE+E =53 StAUCH
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25 WYOIEXE 4 FEE 552 HHUY M7 34 AH 7t

Yot 2 FEE 5 T Y Mo A AM BUIE /Il 3 o EHY

Ml E. tarda, S. iniae, S. parauberis & BHI X B{X| 10 m¢ Of T = HMO|ZXE 2

FE=E AMG, Celluclast, Ultra (Ultraflozyme), Visco (Viscozyme), Term (Termamyl)= 0.1, 1, 10 mg/m@

sk

tu

Z2EZF HI5H0 30°CO]| 24 A|ZF HiQF = BHFS QI BHI A BHX|OA 100 & F St
Ho PBS 900 wet =28t = CHA| F|MTH0] HEX|O] = = 30°CO| 24 A|ZH BiLSIO] A

= =X =
Y+E B SYCh

2.6. Yo =2xtht & FESO| fitd OXALHAME HEY 5T

SHC2} SHC.PsS| |4t O|XICHAMME M HILE 2o MRS HUMBHX| 10 meOff FAtr

mjo
N
N
i}
P)l

3% L. brevis, L. plantarum, L. pentosus 2b2F MESE, 10 mg/m@ SE 9| SHC?} SHC.PsE 2zt

100 E FA20] BFE MRS MA HiX[O| ZtSHO 30°CO 24A|ZH HYSSERACE HY S

ot

10,000rpm2 £ 3027 M E2| St 045 um ZE (Woongki science, china)E AHE3H0 4

TS ot = SZAX ol0] O[ALAItE S 53 ot
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2.7. g4t o|xtCijArat=o B M2 S AHH E7t

HX BHI AHMBHX| 10 meO| HRAM M-I 3F E. tarda, S. iniae, S. parauberise 22t HF

SHRACE 2|1 SHCE H7tet MRS HiX|QF HItSHK| §42 MRS HiX|Of 22t itz

N

3 (L.
plantarum, L. pentosus)= &SI 4ot O|XCHARAZE S 212 10 mg/mel| s = HEE A
o 350| ™EE BHI HHH{X[0| ZHSIRACE 30°C0I 24A17F BIZSHO 100 E F5tn Zo
PBS 900p =% £ CHA| 5AMSH0] HIX|0 =% = 30°CO| 24A[7F HiZSH Mo FHE+E

£ SIRACH (Figure. 1).
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27| 250 homogenizer & 0|83t ZZXZ2 FE2{St1 lysis buffer[ (1% Nonidet P-40, 50 mM
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SAEM2 GraphPad Prism 7 (GraphPad Prism Software, San Diego, CA, USA)= 0| &3}0] two-

way ANOVA, Dunnett’s multiple range testsOll 2|3l *p < 0.05, **p <0.01, ***p <0.001, ****p <0.0001

HRM Rolds HESHRUL

14



Table 1. List of Lactic acid bacteria and pathogen bacteria species

Bacteria Species Number
L. brevis KCCM 40399
LAB L. pentosus KCCM 40997
L. plantarum KCCM 12116
E. tarda KCTC 12267
Pathogen S. iniae KCTC 3657
S. parauberis KCTC 3651
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\_// v
BHI 10mL BHI 10mL
+ +
secondary secondary metabolites
BH{ImllgmL metabolites (10 (10 mg/mL) in
mg/mL) in MRS SHC(100uL)
only containing MRS
+

1 loop of pathogen bacteria

(E. tarda, S. iniae, S. parauberis)

A J

Incubate for 24h at 30°C

A 4
Dilution series preparation (100uL from bacterial medium+ 900uL autoclaved PBS)

after given incubation period

A J

BHI Agar plating and incubation at 30°C for 24h.

A J

Colony counting assay

Figure. 1 Experimental scheme of effect of secondary metabolites of L. plantarum
and L. pentosus on pathogen bacterial growth
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3@*4 O —— -
== _
-2W F -1W F ow F 1w F 2W F 3w F 4w F swW )

Domestication for 2 weeks Feeding samples (LAB, SHC, LAB+SHC)

.
+  Samples: Lactobacillus plantarum (LAB), SH celluclast extract (SHC)

+  Pathogen: Streptococcus parauberis
* Infection time: 2 weeks

* 30 zebrafishes in 1 group

Figure. 2 Experimental scheme of challenge experiment of Sargassum horneri celluclast-assisted extract (1, 3, 5%) and
Lactic acid bacteria (1%) supplmented diets.
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Figure. 3 The stimulation effect of S. horneri enzymatic extracts on the growth of L.

plantarum.
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Figure 4. The stimulation effect of S. horneri enzymatic extracts on the growth of L.

pentosus.
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Figure 5. The stimulation effect of S. horneri enzymatic extracts on the growth of

brevis.
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Figure 6. The stimulation effect of S. horneri enzymatic extracts on the growth of

lactic acid bacteria. (ECC: Ecklonia cava celluclast extract, SHE: S. horneri ethanol

extract, SHC: S. horneri celluclast extract, SHD: S. horneri distilled water extract)
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Figure 7. The stimulation effect of SHC on the growth of L. plantarum. (SHC:

horneri celluclast extract)
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Figure 8. The stimulation effect of SHC on the growth of L. pentosus. (SHC: S.
horneri celluclast extract)
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Figure 9. The stimulate growth effect of SHC on L. brevis. (SHC: S. horneri celluclast
extract)
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Figure 10. The inhibition effect of S. horneri enzymatic extracts on the growth of

pathogen bacteria, E. tarda.
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Figure 11. The inhibition effect of S. horneri enzymatic extracts on the growth of

pathogen bacteria, S. iniae.
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Figure 12. The inhibition effect of S. horneri enzymatic extracts on the growth of

pathogen bacteria, S. parauberis.
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Figure 13. Production of secondary metabolites of lactic acid bacteria by adding SHC
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Figure 15. Effects of secondary metabolites produced by L. plantarum(A) and L.
pentosus(B) on S. iniae growth
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Figure 16. Effects of secondary metabolites produced by L. plantarum(A) and L.
pentosus(B) on E. tarda growth
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Figure 18. Changes in mortality rate of zebrafish infected with S. parauberis by addition of Sargassum Horneri extract

single feed
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Figure 19. Changes in mortality rate of zebrafish infected with S. parauberis by addition of Sargassum Horneri extract

mixed feed
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Figure 20. The effect of Sargassum horneri extracts on the expression of iNOS and COX-2 in 8. parauberis infected zebrafish.
(A) The mixed-feeding with SHC and LAB (A), and SHC only feeding group(B)
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