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M2F F st Ao EANE FEEHY, $3o|d Fo A= FFE0] ToH,
o) e 2 F2EHL, e, FAF, 39, F+ a3=0] R (T Hoshino et al,
1998; P Shao et al., 2014; Y Li et al, 2017; Q shi et al, 2019; K Sanjeewa et al., 2017,
2019, 2020)
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AT oA 7HA BaE A gs-(Machado et al.,, 2014b, Choi et al., 2020)

2 ATFHAE S Aol mANe] waEE Y T wHEAAAdTE 10% A 24 A §Y
Fol A EAstE W2 5% A, 247 2% A 9 TS & YA Y 0.6%E A
¢F(Johnson & Johnson 1995; Sauer et al., 1998; IPCC, fifth assessment report, 2015, M
Rojas-Downing et al., 2017)
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BAT71BCIGE F43AD) + 22HE 28 &dF TMR(IMP) 3 wigdrl< /i

D 24 &8 218 A5 I wigr)E A
7h HlAE #F o]§ Hal A AREHAo| AN BE VRAR AY
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@l (crude protein) : Digestor 2508, 2520(Foss, Denmark)E Al&3le] A1&&

IAZE 52 &3 3 Kjeldahl Analyzed(Kjeltec 8400, Foss, Denmark) 7]#|&

FFZYs] Y
[e)

(e} E’.El_}:
5.382 3t Zwhil =A(SO Lourenco et al., 2002)

- ZA¥HEther extract) : Al &5 XT-4 filter bag(ANKOM technology, USA)ell Ho} Wi
XT-15 ether extractor(ANKOM technology, USA)oll F3te] F&8 g AAkste =

(AOAC, 1990)
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420°C ol A
3 A4

AtEd B disiAE 6.25(A0AC, 1990), Aol = A o] tsiAi=

oxl ok

- Z3]%(Crude ash) : =714 AZLS F2 & 600CoNA 243 &<k Furnace(FHX-63,

Daihan Scientific, Korea)S %3l 3)3}ste] =#H(AOAC, 1990)

- NDF(Neutral detergent fiber), ADF(Acid detergent fiber): A|&%& F-57 filter bag(ANKOM
technology, USA)ll &o} =& % Fiber Analyzer(A2000, ANKOM technology, USA)E AH-&

dled Van Soest(1991) 2. & NDFe} ADF =34 3HVan Soest et al.,, 1991)

- 9% B4 (Heavy metals): AlR ZFEA WAz &4, 2017.4.1. 4R =423
Zgt=uvpPH(inductively coupled plasma)S EtlZ Avio 200 ICP Optical Emission

Spectrometer(Perkin Elmer Inc., USA)E %3] £2J(AOAC, 1990)
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-5 e s At o]8 gl Mgl 7% TMRE 257713 Ad=tistalel A&
ARkl Aok Ze A o] =¢lo] FaslA "rhd Yrielgo] Fuk A5EH

A7) AFE A vkash Pxste] S 3l

2) 2Apt 28 Hg X7Hg J18A 7154 AR AFS

b mANE e vlg A g A7 )54 Aol AFS F2

D S AAFTMDE AB7kste] mhgn 712 )9

Q) %
=<
O JF+FE 2 AuFst AAL 20189 I AFEZE 3

14 RUEH
3, CVB Feed Table 2021,
INRA Feeding System for Ruminants(2018) % HEAFFEFE 20083 7S &-83to] HiFH|

(
-
=
oL

FAFE Lt BN hE AR2E 943 Bs

wAe AHY AH AE1Es 0F FRPS 2Y D AFAY ATLE 2
= =
=

stae] Aol At S AAZIMPO tjd 85 o H2 Fo
3

A4 AT e ga HE RS
Ao FR-FFEAT/WA /ozel 3ol o AT AAF U 45
FA4L YE

FTEAFIHATNE W) B &8 A8H AgT)E E

D B2ApEe] AlR FFEY A

b B BE gF ol mAu Y8 71F AREA Y JFstH s}x

A
o

Wb AE AR g

O O

BN e

Al

>
N

i _]{Nl

O

A WA EARKAFH A0t A AF)
&

W (crude protein) : Digestor 2508, 2520(Foss, Denmark)E A&3te] A Z& 420TC oA 1
7t B9 433 3 Kjeldahl Analyzed(Kjeltec 8400, Foss, Denmark) 71 AlS H3 d4 Sk
Aot Ak AL R A= 6.25(A0AC, 1990), WA o] mz}uke] tisfA = 5382 &
lod zekm =4(SO Lourenco et al., 2002)

r0o1x oo

- zA"HEther extract) : A2 XT-4 filter bag(ANKOM technology, USA)el o} W& &
=3

XT-15 ether extractor(ANKOM technology, USA)ell T3t FZH & AlAtsto
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(AOAC, 1990)

- 23]&(Crude ash) : =7 MES & F 600CNA 2A%F &<k Furnace(FHX-63,
Daihan Scientific, Korea)& &3l 3}t =74 (AOAC, 1990)

- NDF(Neutral detergent fiber), ADF(Acid detergent fiber): A& & F-57 filter bag(ANKOM
technology, USA)ell Eo} ©& % Fiber Analyzer (A2000, ANKOM technology, USA)E A&
3la] Van Soest(1991) 2.2 NDF¢} ADF =A% (Van Soest et al., 1991

- 5% B4 (Heavy metals): Al BEFEA WH(A13x #9H), 2017.4.1. /1) =273
Zgt=uvPH(inductively coupled plasma)S EOIZ Avio 200 ICP Optical Emission
Spectrometer(Perkin Elmer Inc., USA)E %3 £4] (AOAC, 1990)

S
22
&
f
s

ZAYE B HF AP 44
D) s HEAPE B3 Ao AW AN AHTHEA N5 FHERT D

vitro batch culture)i 5 ??} 71548
2) A9 A5 9 U
O AdAE : 8,8 -bieckol(AFH Z =32 A|F)
o 5 1:3 /H 61-_9_
- pH: pH meter, S20 SevenEasy(Mettler Toledo, SwitzerlandZ =%
- % 7F2AAd= Total gas production; TGP): I&EW W F7|¥=HE& Gas transducer(Sun-Bee
Instruments., Inc., Korea)& AR&-ste] Wi 45S 543 3 Theodorou et al., (1994) WEOE ALt
- WERYAZHCH, production): Thermal conductivity detectore} capillary column(HP-PLOT/Q; Agilent
Technologies Inc., USA)7} &=l Gas chromatography(HP6890, Agilent Technology Inc., USA)Z =
s
- Y YokNH,): Catalyzed indophenol reaction(Chaney and Marbach, 1962)e] wWrwiel| wieh
Spectrophotometry(Synergy 2, Biokek Instruments., Inc, USA)E A}-&3&}e] =A
- 3t A akak(Volatile fatty acids;VFA): Flame ionization detector®} capillary column(
DB-FFAP; Agilent Technologies Inc., USA)7} 22+l Gas chromatography (HP6890, Agilent
Technology Inc., USA)Z =4
- In vitro AEE3L&Un vitro dry matter degradability): Ankom nylon bag (R55, Ankom
Technology, USA)9] 43} A3t & FA Aol& F3 =4
- BAEA: SAS 9.4 software(SAS Institute, USA)E &, F2olF Zol= p< 0.05 B A3
0.05< p < 0.1¢ o 2=y

rlo

W) e BENYS B AAolRAN AE T§ Andmel Ui HA we BrAT
2
(D) Aol =AY &8h& B7h AT@T 2D

b &2 ¢ AAolmAte] &3ks HIFE Hs W dE, e @ @9l Bees &

.

(L].) /\Elz‘ﬂn ;(HE’_ tu tﬂ-l:l—]
O AFAR : Yo mA, dvts
O AldWH



- A2 Z 4g# ANKOM nylon bag(R1020, ANKOM Technology Inc., USA)oll Ho} U&-3 & 7
oA 9 WellA 0, 4, 8, 12, 24, 48, 72, 96 AIZF vl g & JE AR S A5t v
A in situ 23&& AL

O EA3g&

- FEFPE: BARE AlE FEAN T Y

- AE f& W8] S(Dry matter Effective Rumen Degradability; DM ERD) : A1 3 &1 7.
@rskov & 1. McDonald, 1979)¢] ®Hol uwla} A4+

- f71& f& W39 i) 8(Organic matter Effective Rumen Degradability; OM ERD) : A%
H ZBE ABRE 600C oA 2417+ =<F Furnace, FHX-63 (Daihan Scientific, Korea)S A&}
of 33 1?,7_ Z 3|5 EPE]:_Q_ Z_;H st A4k

- HF39] B3 o @ (Rumen Degradable Protein; RDP)o] H]& : AXH I&E AFE Kjeltec
8400, (Foss, Denmark) #4171 &3l dA& FFS SHsIY, It AASd S ti3)A]

6.25(AOAC, 1990), Aol = yte] thaiA = 5388 Fsdte] oW kS =AH3 3(SO
Lourenco et al., 2002) NRC(200D)2] HHol uwra} A Ak

E 3-1. Chemical composition of alfalfa hay and Sargassum horneri

Chemical composition Alfalfa hay Sargassum horneri

Analyzed values
CP, % of DM 15.10 11.80
NDF, % of DM 35.42 19.02
NDIP, % of DM 2.99 5.84
NDFy, % of DM 32.43 13.18
ADF, % of DM 24.94 20.19
ADIP, % of DM 0.57 5.28
ADL, % of DM 5.06 5.86
EE, % of DM 1.33 0.32
Ash, % of DM 9.20 21.61
Ca, % of DM 1.68 0.99
P, % of DM 0.26 0.25

Calculated values
NFC, % of DM 41.94 53.09
TDN, % of DM 63.86 54.21
NE, Mcal/kg DM 1.54 1.17

T'CP, crude protein (% of DM); NDF, neutral detergent fiber (% of DM); NDIP, neutral detergent insoluble protein (% of DM); ADF,
acid detergent fiber (% of DM); ADIP, acid detergent insoluble protein (% of DM); ADL, acid detergent insoluble lignin (% of DM);
EE, ether extract (% of DM); Ash, crude ash (% of DM); NDFy, Neutral detergent fiber excluding neutral detergent insoluble protein
(% of DM); TDN, total digestible nutrients (% of DM); NE,, net energy for lactation (Mcal / kg DM); The calculated values were
calculated according to the equations in NRC (2001)

(2) In vitro A7-E B3 AA)ZAR] HA FF& 78 AT 2-2)
b 53 . WE5E AR W Bl RANY HA FHES 1
b A2y A5 L P
O ¥¥shs =7(CP, NDFy, ADL, NEp) F°] #& 274 sixzfF &8& AR FH7 59
Park and Lee (2020)2] %ol whg} W+59] in vitro batch cultures 13

s

E 3-2. Nutritional composition of feed ingredients of total mixed rations

Corn Corn Tall
. Wheat Soy bean Rap seed Alfalfa Sargassu
1
Items grain Bran meal DDGS meal gluten fescue hay m homneri
ground feed hay

Analyzed values
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CP, % of DM 7.84 16.48 48.48 29.13 37.78 19.37 5.67 15.10 11.80
NDF, % of DM 11.15 41.23 15.30 48.13 32.14 43.19 71.07 3542 19.02

NDIP, % of DM 113 4.52 3.99 8.87 7.43 2.53 1.83 2.99 5.84
NDFy, % of DM 10.02 36.71 11.71 39.26 24.71 40.66 69.24 3243 13.18
ADF, % of DM 2.53 12.22 6.75 13.72 28.99 21.30 41.01 24.94 20.19
ADIP, % of DM 0.14 0.41 0.16 0.77 7.62 0.48 1.34 0.57 5.28
ADL, % of DM 0.41 3.04 0.59 1.38 16.93 2.97 4.70 5.06 .86
EE, % of DM 3.21 3.25 0.77 7.68 0.61 0.99 0.62 1.33 0.32
Ash, % of DM 1.25 5.02 6.75 5.51 9.38 5.72 10.20 9.20 21.61
Ca, % of DM 0.04 0.14 0.39 0.16 0.86 0.16 0.48 1.68 0.99
P, % of DM 0.33 1.11 0.71 0.79 1.27 1.02 0.22 0.26 0.25

Calculated values

NFC, % of DM 77.68 38.55 32.30 18.43 27.52 33.25 14.27 41.94 53.09
TDN, % of DM 88.23 72.61 80.27 80.27 55.99 68.10 51.60 63.86 54.21
NEL, Mcal/lkg DM 2.20 1.82 2.36 2.21 1.50 1.71 1.07 1.54 1.17

T"CP, crude protein (% of DM); NDF, neutral detergent fiber (% of DM); NDIP, neutral detergent insoluble protein (% of DM); ADF,
acid detergent fiber (% of DM); ADIP, acid detergent insoluble protein (% of DM); ADL, acid detergent insoluble lignin (% of DM);
EE, ether extract (% of DM); Ash, crude ash (% of DM); NDFy, Neutral detergent fiber excluding neutral detergent insoluble protein
(% of DM); TDN, total digestible nutrients (% of DM); NE., net energy for lactation (Mcal / kg DM); The calculated values were
calculated according to the equations in NRC (2001)

¥ 3-3. Formulations of total mixed ration containing 0, 0.5, 1, 2, 3 and 4% of Sargassum horneri in dry
matter basis

Sargassum horneri inclusion (% of DM)

%; DM basis 0 0.5 1 2 3 4

Corn grain ground 17.67 17.09 16.51 15.36 14.20 13.05
Wheat Bran 10.00 10.00 10.00 10.00 10.00 10.00
Soy bean meal 7.62 6.94 6.26 4.91 3.55 2.19
DDGS 12.85 14.06 15.27 17.68 20.09 22.51
Rap seed meal 2.00 1.84 1.67 1.35 1.02 0.69
Corn gluten feed 15.00 15.00 15.00 15.00 15.00 15.00
Tall fescue hay 29.65 28.92 28.19 26.72 25.26 23.80
Alfalfa hay 5.21 5.65 6.10 6.99 7.87 8.76
Sargassum horneri 0.50 1.00 2.00 3.00 4.00

¥ 3-4. Estimated nutritional composition of total mixed ration containing 0, 0.5, 1, 2, 3 and 4% of
Sargassum horneri in dry matter basis

Sargassum horneri inclusion (% of DM)

Items' 0 0.5 1 2 3 4

CP, % of DM 16.60 16.60 16.60 16.60 16.60 16.60
NDF, % of DM 43.48 43.57 43.67 43.85 44.04 44.23
NDIP, % of DM 3.29 3.39 3.48 3.66 3.85 4.04
NDFy, % of DM 40.19 40.19 40.19 40.19 40.19 40.19
ADF, % of DM 21.18 21.15 21.12 21.06 21.00 20.94
ADIP, % of DM 0.83 0.84 0.86 0.88 0.91 0.94
ADL, % of DM 3.04 3.04 3.04 3.04 3.04 3.04
EE, % of DM 2.35 2.42 2.49 2.64 2.78 2.92
Ash, % of DM 6.49 6.57 6.64 6.78 6.93 7.07
NFC, % of DM 34.36 34.22 34.08 33.79 33.50 33.22
Ca, % of DM 0.34 0.35 0.36 0.37 0.38 0.39
P, % of DM 0.58 0.58 0.59 0.59 0.59 0.59
TDN, % of DM 69.09 69.09 69.10 69.11 69.13 69.14
NEL. Mcallkg DM 1.71 1.71 1.71 1.72 1.72 1.72

T'CP, crude protein (% of DM); NDF, neutral detergent fiber (% of DM); NDIP, neutral detergent insoluble protein (% of DM); ADF,
acid detergent fiber (% of DM); ADIP, acid detergent insoluble protein (% of DM); ADL, acid detergent insoluble lignin (% of DM);
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EE, ether extract (% of DM); Ash, crude ash (% of DM); NDFy, Neutral detergent fiber excluding neutral detergent insoluble protein
(% of DM); TDN, total digestible nutrients (% of DM); NE., net energy for lactation (Mcal / kg DM); The calculated values were

calculated according to the equations in NRC (2001).

O #4%d=

- pH: pH meter, S20 SevenEasy(Mettler Toledo, Switzerland)Z =4

- % 7F2=Ad % (Total gas production; TGP): #&w W F7]¢=-& Gas transducer(Sun-Bee
Instruments., Inc., Korea)& AR&3te] WF &S 37483 F Theodorou et al, (1994) =

Ho = AL

- W& ) A FF(CH, production): Thermal conductivity detectore} capillary column(HP-PLOT/Q;
Agilent Technologies Inc., USA)7} &=+# Gas chromatography(HP6890, Agilent Technology
Inc., USAHZ =H

- = YoKNHs): Catalyzed indophenol reaction(Chaney and Marbach, 1962)¢] el whe}
Spectrophotometry(Synergy 2, Biokek Instruments., Inc, USA)S A}-&3te] =A

- AR H4H(Volatile fatty acids;VFA): Flame ionization detector} capillary column(
DB-FFAP; Agilent Technologies Inc., USA)7} &=2%l Gas chromatography (HP6890, Agilent
Technology Inc., USA)Z =4

- EARA: SAS 9.4 software(SAS Institute, USA)S &&, F22 zto]= p < 0.05 & A
0.05< p < 0.1¢ o 2=

N
=
r
—o
)
o
td
Y
r]I
o
2
il
et
o
>
2
e

(TME)el ik H7b 24 A3+ D

(D F2: &9 o Fa71314) AF ZAR A7 F AAFTMP td 7154 H

2 A9 A5 9 U
O FIANE=: & AAS F 12F
O AdgAR: 2xdt A5 g+ AlAE(TMF)
O Al&g”7|zE 304
O A@AA: dE=7(=ARE v TME), A8 1(th27+0.4% =AEE, DM 7]15), A & 7-2(H
Z7+0.8% =AHE, DM 7]1<#
O Mg+
- 7154 #H7b w5d TMFS A 5o 9 s gelste 7154 #H7t
-4 FAE v AF AT HEE S I SAF A=
- We A&} AR Fo ¥ Laser methane detector(Laser methane mini™; Tokyo Gas

Engineering Solutions Cor., Tokyo, Japan)S Z3af w& WAz =4
- EAEA: SAS 9.4 software(SAS Insititue, USA)S &&, F97 ztol= p < 0.05 2 A
005 < p =< 01¢¥ w ==

W ke i m2ARE A g AAF(IMB ok JA7bg 24 AT 2)

(1) = mau Aze] 7hgo] ohe mils) L welsio] f& o mA dxe g

#r AAZF(IMB tigk 7134 H7E T3l AT 98 2%
2 29 A= 2 OH

_‘]2_



O FAITE: g AAS F 165

O AFAE: ZARE A8 3 AIAF(TMF)

O A&7|7E: 30

O A@AA: EzHEARE ugF TMP), A&7 1(th27+1.0% =A4E, DM 7]5), A 2 7-2(d
Z7+2.0% EARE DM 715), A2 73( 27+4.0% =AEE DM 7))

O &Y=

- 7134 H7F ¥ TMFS /MAE 39 2 3FS st 7134 37}

- 499 FAH 59 AF AT WSE S5 9 A F A=

2
au

kA 7bEas AlE Fo] & Laser methane detector(Laser methane mini™; Tokyo Gas
Engineering Solutions Cor., Tokyo, Japan)S Z3af w& WA=z =4

- EARA: SAS 9.4 software(SAS Insititue, USA)S &, 22 ol p < 0.05 & HeFS
0.05< p =< 01¥ o =

4) 35 g AFER e T8 2N 28 TE AR VT HF

7h B2 HF g9 E 28e AT 2AR gf AAFIMP)S Hrte 24 d7E 7IRte
2 3 AAS i AFEE S 59 AAE R we AgasE A2
W A As 2y
A EE: T AAS T 247
NEA T BANE A& - AlAFH(TME)
ZF 90
]'é 374]: =7 (E2AR v ghf TME), A2 71t 2++0.4% =AE, DM 71%)

ooooo
>
o
Y N
_}L

X
- 7154 W7k w5 TMFS 7IAE g 9 23S g1ste] 7154 37t

- 99 SAE Fo AF AT AsE S5t 9 SAF A=

- W Agay: Arg g9 &% Laser methane detector(Laser methane mini™; Tokyo Gas

Engineering Solutions Cor., Tokyo, Japan)S Z3aj w&k @Az =4

- ¥Z AN AF: gaFE MyT HYE AR BE 2A}

- d% tAMHE A3 Glucose, GOT, GPT, BUN, TP, TG ZA}

- EARA: SAS 9.4 software(SAS Insititue, USA)S &, 22 ol p < 0.05 & HeFS
0.05< p < 0.1 w e

TEAT7IRAFEHI=TT) : AeE 2A HF 28 Ve A

7h) A o] mARE A g

(D ZYUHE B

AE efo] & WEEO] glom,

Lok
AstRaL, 4 293 244 A3 7-1)
- 2022:d 02€~05€ 2A 27| =APAIZAA G/ ARt F 1638 A}
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9% 7-L Aol mAW BE A 93 2 AHEAA)

O =AF ¥

b ®WET A 2 AHH

- Z3E 4 1-5m, 6~10m, 11~15m 5 37He] F2AEEZ HAAE A3t Z2he
0.5 x 0.5m* T NN Aol wel sAHoz 7
+ Aol mAe A AR et W FEE FEStY IEW| BREeta(" 7-2. B-D),
02 EAREE 38 28 WA & 775 obdel 7153

(b Byl wAte] 54

- HEFEHE AQFE Aol AN AFAE Rtete MAEE MM FTHF
(wetgm™E& A FAL 7179 713 7IARREH AAHANRAY Aol VFe=w ¢
(29 7-2. E~P).

(th A=2] 4

- 22" 25 = microsoft Ecxell program= o]83te AHgstg o, z4zte] A
Ab AZIE BARER F WAl B S Al EE, Aol mAEe] =4E

Fol Alzte] WM& HEes S

T o




2 RYUHZY Az

b =4 A3

O =3 2ANFe] Jez 54, %

@ A o) R AWK Sargassum horneri, ~1

O ¥u# &4

- BEA7I= AR ThidTes HERE PEEE £
A dF3es A== 0 =0 U, 7Y e I3 VMNES o 4. 230}
A= 127 9] dAEFolo FAEH dsaiAH
o FErAE~-AFgor LRSS AZ
Aol W EF. VG2 2x7FA ¢ DA

A

o
o
fz

2 f8

4 7-3)

o
of
ol
L
1o
[a—
N
N
s
R
Ll
o ot
ox
}_l
_>;L
N
s

Wel BT e 4TS 2 A
e o) 4. ApgolFolH T mANFY

O = % AAZEE

- vt b, AsliQE EElich AFE, FE(0]8F, ZFAY 200D); HEolAlol, ol
o}, Ho}lm & 7HGuiry and Gyiry 2022)

O AF&= W AMAA 2 FAEE

- AFE A AddA E5A #EET, =104 3

H~z3t] =4 16m 7}A] FHLsE =2 &
XE HY 4 tm AdTFeA 7P =8 AEEHS UEY. AFdaAE ‘=" ET O EE
‘wZgAol 5’ olgtnE B (A FEH I3 2016).

O &4 AR

- o] g A& HE(FAY 1968)

- E35]: F53st 9A(10-2012-0065631), Es§A Al AH 2 g
& Z, &FdShao et al. 2014), 4+s

o HHZ7N, 1020170066164) <] 11
, B<(Shao et al. 2015)

a8 7-3. Aol R AN Sargassum hornerdd) A #+ 2 7 3 E

® AV B AWK Sargassum filicinum, 18 7-4.)

O "z 54

- 71gS ALE RE 3 EALS Aol nA Nty T, G Aol mauky g
F-etd ol A FUs Felo #AH F AFE JHE. AEE 5699 F &

=
ZE AL, 2o] W dFFoln Terpxd T4, AeEF
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H
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=
[e)
EZ2E FREE EFo|BZE, o] RAMA = Y] H5HE F
Ko(2012)2} Cho et al.(2012) =3+ o] F& HAAo|wxnty} ZHe
O = % AAEE

- iy Felieh AT, Fx18d, AA QG 2001); HFsokrol, FdobAlof, HotHEldt,

Zotobml 2] 7HGuiry and Gyiry 2022)
O AF= W AAA g F2ARE
=

- AFE BZ 8 ¢E Al

e
X
rJ
s

O 84 AR

a8 7-4. IAE BARH(Saregassum filicinume A T+ A

H, 540 5-15m W lel AA(FEE 5 2019).

- BV e AFFoE Ul 2718 | Ve 9FeIy Ador B4 IApAe €719

W] o A7k YAER, e Al Ay ARE SRRes 3 W, 147
o) srole F mAel AN FURFe] AYEIL Be Aol YD, o] ¢ 8A
ol Y B77F SREE GAE. 2 L7k QASGol T We Bw
e ol B2 AFHOE 27k AASTolA BA. Qe M shpelA WPFos
A7} AL A B4 @ a7

I 4RE BEE 9 Fo| Fopxn ANt 2o,
2% AX7} FHEM, F5e
FYEr, 79, By wE
Neke 6990 BAHD, MPoz DA o] ST A-golF
O = B AARE

Lo fo

ok

FEsta o ®2Ro =5 7de 1AEA ARk 227HA] 9

SHYoR e AFe A4E7] B AW BYL AL A4

- vk geleh Eslieh Asiet, AlFE(EHeARE 2016); H-s oAl oKGuiry and

Gyiry 2022)
O AFE W AAA 2 FAHEE

- AFE A Acke] E£37) BEstu, x5 £4 2me20m 7HA FEAT A
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2ol Aeel 7H =543 5 2019

- E35]: =423 (371, 1020150051387)
2] &4 3kate 2] olKamei, et al. 2009), 3 =(Manzoor et al. 2014)

a3 7-5. A BAWNSargassum macrocarpum)e) A T2 AE)

@ BYEAWK Sargassum serratifolium, 18 7-6.)

O ¥F"3 54

- 2T E W, B Ao R diUl st AR EV1E W Ve OF e AL
=

= BASE Ude] IAE W4 1AL A d& 7

< Ty e =
6~7oll HEEH, AT HFF o2 F AXE A o duriAd FA. AFEolF
O =W & AlA £
- vl gk, saQl, Asieh AlFE(0]8F, AP 2001); FEotAol, AgotAloL, F
dolajo}, 7AW =(Guiry and Gyiry 2022)
O AFE Wl A4A 9 FAEE
- AFE A Al BE. AFAEA]
3m~20m 7HA] FRELT FAEEE B
O &4 AR
- o] & A EFHUE FEEHAFAEALH 2018), AFECEAL 1968)
- E3. ZY 2" E MAE7, 1020180111213), d+-4FsH(10-1893250-0000) <] 12
- Ay A &d30oung et al. 2017), d4k3}(Park et al. 2018)
O 349

L
an

[1{
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a9 7-6. 5 RAYK Sargassum macrocarpum)®) A+

—

wr
"

0

ol &= R 2K Sargassum yendol, 1 7-7.)
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dH. 2
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ol o3 747k

ul
=

12} 7HA =

o 127kA o] 2 majE] ol A
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Fotx 1 A
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gass

oH

()

1.2cmel ol21 71 AFE 714,

S7EA= Qo] A

= A

golol 73 @A 4. A

s

ul
=

7hA o] BAE oA sdH B gl 24,

M| A F-3E

=i
=

O =ui

- vt AlFE(e] 8, FAF 2001); E-FolAlol, FdolAleHGuiry and Gyiry 2022)

K

3me| ¥ oA 15me

zahn], F2 54

i)

3r
s
o

Qdl = @ & 29 K(Sargassum yvendone A<

a9y 7-7.
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® Aol m AWK Sargassum patens, 18 7-8.)

O "z 54

- B2V e i e oy e 718 SAlN W e 9dF4oE fHo| 9
Be 1A7HAE weksty £7]9 wrtel o8 ) A 21}7}Xl‘: HeFst 1x71A] o] &
A SHHAG T4, Q12 SR A AERA ol FERFF e A A mp
g £43hA] EAY 13 942 £49. AXIE gAY LA Kﬂ*éﬂfq, FE52 FHste ¢
o] FHe EF. 9 @H2 A2A Y wet Ao~ Fo R ek VdS P oR Fe
A2 8 Bk AES 7M. He THA 9] 4 BAYAA FYEHAL A TR
= 4o AxFolo 71 A FA. AAES v Y AR FAS 2kt EE)
3t AT AFEANAE 5Tl s

O = 3 AA X

- FYuet FagE, el Mgk AF=(C]&E, ZAF 2001); HF

(Guiry and Gyiry 2022)
O AFE Y A2A 9 FHEX
- AFE A Ato] Bx FA Ime ¢S FolA FE 10me thi
O #&4d AR
- A4 Fgutole] 2~(Zhu et al.2003, 2004, 2006)
O Ed49Y

- u] ok

[e)
o =, “]‘E

obAlok, FopA o}

a8 7-8. o) RANK(Sargassum patens)e) XA = AMH

- FEH 54 RAVE 44 HROR o R 3, AR
of WA/ SRR Y Tl P Aol LIAE 3
G OIA tha melsl & 2
7 B4

BAR. 27 A5d
o

=
4. A7 = e



K3
3

iy

A A

wope] A3 AT BYL 7M.
AAE 5-6el 2 B2 v, ole) A7}

QAT L Bo] WA g %

o dF9olH
l ke

2o 2t g2 WE

=
=
=

O =y 2 AAZ=E

- Evkel el sEeh, AsliE, AF=(]&E, FAF 2001); E-FotAol, EdobAlof
(Guiry and Gyiry 2022)

O AF= W A4A g F2EX

- AlFE A AgtllA GA #FED F dow, Az Aol EECGHEX T 2019)

O #+84 AR

- P24 F93Hwang et al. 201D, &4k}, W7 d(Hwang et al. 2010)

O =344

- HYE on

- EuEr gk, e, Asieh, Al

a8 7-9. A 2 Au(Sargassum hemiphylluml A4 o

i)
b ®AWH Sargassum fulvellum, —13 7-10.)

O gz EA

- RERZIE FAG VPSR 1218 AR 271 W 27w EASHA ol EeRo
1-308 1A7HAE 34, 1A7ERIE ehtollAl Zho]l E7tE e Absdoln F~dFodlA Al
22 Zo] Yt AEF. 1x71A ol olgEzo g EE3 BHEo] v By, 230}
1= =°] Ae ASFOE IA7EA Y ZF mAgA Eoprt A, @eriAe #al, 2
27EA1 o) dAER oo 7 A v FAA. 4 sHRolA e Ee AIFoR
AAZF AW &, GA AHE deF FokAH AATE ZAolF. F5L2 Iu|stH o
] &, 7] % B e UFFoE Aol iAWY JABET], AE e JdEREFY #Y
< = A7 e 3~ 2 #2EET, Fo] MEI IdFFPoE EA IR St
o, ‘:}7}?401] FTA. AgolF

O =ul ¥ AAEE

(o] 48, A% 200D BEolAlol, FobAo}

(Guiry and Gyiry 2022)

O AFE W A4A L FHEE
- AFE A Aol REhW, 2] s~z 4 10m ol EE. HZ AFE Ak
AL Pehe F43 gasta glom =AAYn Y, Fo, el 5 38 A A
o] REIAL & AFEANAE ET EE FE’ olgm BYATH L= 2016)

O #8484 AX
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- o] & A&, AFECHAY 1968)
- 59 AAAE 2 (10-2012-0070971), W S31(10-2015-0025274) <] 5
- A& &8 (De Zoysa et al. 2008), 3NE, FLH A, &HS(Kang et al. 2008)

18 7-10. RAWN Sargassum fulvellum)® A 2 AHE)

@ ﬂ]EX}HP(Sargassum yezoense, 13 7-11.)

O gH& EA

- 27| o R 2715 oA WFoR FAC | £V Fu dFH Ader B
A&kar, kol o2 jo 1Ix7IRE FA. 71d Y ®H HPetA A J= E71A
H 71 @eErIE & 1AUHAI= A FJom Zro] T AEE. AAAI7] 7} H‘?ﬂ 2}
ZHA glol 1A7EA o dA =Gttt dartx 7 P A& HAEAI-AHP R AXTE
(AU F& AXNE Y. T5S FHstL o #
of GE7IE Zton, AXAY] - &
2718 2% B E B §He #4432
Z BZE il A8 RAVE 2o A2t W MES ¥4

O =u 2 AAZ=E

- v el sElick, Al AlFE(e]&d, AAF 2001); H-sobAloKGuiry and
Gyiry 2022)

O AF= W A4 8l F2E&x

- AFE =AY F2 X, A2 dA EZstz b
A(AFAZ 5 2019

O fr&4d BE

- 59 3x=3K10-2012-0071365), &#5H7(10-2007-0114773)

- AgEA: F=Kim et al. 2012), &4Fsh(Lee et al. 2009)

o E3dAY

=
a-

off

—o
ool
b~
o
H
)
M
b
i
4

_ o
-+
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a9 7-11. ) 29K Sargassum yezoense)d] A T2 A

@ Z¥7WA BAK Sargassum micracanthum, L3 7-12.)

O Ig&a EA

- FAV = AFA0E oY 2718 A H d"el 2HE AMAY B F2TE FA4
FEH 2719 55 wWE=AF. 7] a}l 2oz 23] EAskH, Bkl 4 Ji9] 1
7HAE A 1A7HA = shRel A BAg 7 E7tER AedEeln ARE ST AS
A7t Zl AW AFEEel HYIE & =719 BEAZE weE 7HA B !
4. 27'<}7}X1l‘~ 127kA o] AB g ol Eotrt FAHW 1A G Fs. e &

o
e
o OF
il
N,

NN AEAR-AANPoR Fe AN} glor, FHE AFE QXS Foli, AXE
Qold F5ol G, 58 FHGL o wHe] EEUT, e FE-cHYes 3
427 EE O Bl BAL M. #A9 54 e e e PYAEr1Ee] A
B

O =Wl 2 AAZEE

- v gelijh, FaEcl, AlFE(e]8d, FAP 200D E-FokroHGuiry and Gyiry 2022)
O AFE W A2A 9 FHEX

- xﬂ?—t A Aol A v fA #FS 5 lom, AR oA FHajr|magy A4
= 2019)

~~
0¥~
O
- ["N'
of

i)
i
Lot e
o

3 H10-2007-0114773), &< 5(10-2010-0047385)
284 4ks}, dato) 2] ~(washima et al. 2005), 3-<%=(eong et al. 2013)

_22_



a9 7-12. RZ7VA B AWK Sargassum micracanthum) A9 T8 A

@ =¥ AR A=

@ AE=Hwet.gm™)

¢

=

- zAXGA 20219 129%E 20229 5971x] =4E mAWEe] %

AEFE 1,313
wetgm ® AEHPOH HIE W B 951.3, $=olA 1,675.4 wet.gm?E =X Hd
A ta B2 ol AEHNE HYEY A¢ 12€0dA 5EE Aes YETF MR St
e BAEFES li?iour =t 1—5 129~290) 1,788.4~2492.0 wet.gm™e] o= A& H]$:

g FEE FABITE 3420 982.2~919.1 wetgm®E FA3I FadHon, o]F 54|
14357 wetgm®® IEHE= FFE RAS ol 320 ¥ BEE Fud 4T o
dFoe ¢& Yo Teld wPo As) =AW Feo) Aed AR FHHCLY
7-13)
3500 OBiyangdo MUdo M Aver
3,000 A
2500
f?El 2,000 A
B 1,500
1,000 A
300+
G -
Decat Jan22' Feb.22' Mar.22' Apr22 May22'
month
13 7-13. 2AA Y] 2 AR dE & (wet.em ) AZtel] wE WEFY

® 7WA< (individuals.m™)

- ZARA G A 2021 1225 H 20223 5€74A SAHE AR A S e
T Bt 494 AR ZAEJ oW, HIYFEANA 248704 B S=olA 74 NAZ AHEE
TEA Yol HgE A9t 453 W AT BARFE Eigdts AR AR
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Az WE AT HEL BUgRoAE 12904 598 252 ta 7AsteE AFS
Uehglon, $=olME 12¢€~3¥0] 55.0~72.5% H|wZ WEZo] ygror} 49~540
89.8~108.8/MA = FA F7tske AEFS B oldd & HEZY BANRF MAT HE
& B8 ANAG7E 2o Ak B w AN Sargassum  hemiphyllum) vES] ¥ U

=% ool mt yelys d4d@™ 7-14).
Oeiyangdc MUdo B Aver
160 7
140 A

120

E§MM“

Dec21’ Janz2' Feb.22' Mar.22' Apr22' May22'

no. of individuals
]

month

329 7-14. 2AA o] FHF BART AT Az BE WEFPY

THZ

HAEZFHwet.gmHOEZA Y SHE

- ZAA GO A 2021 1295 20229 5¥€71A] A9 2AEFY] A E 2 (wet.g.m )OO EA]
o $¥Fe ZLAw\ RN Sargassum macrocarpum, 416.6g) - B o) ZAWKS,  horneri,
305.52) - HYURAMKS. serratifolium, 208.6g) - A= RAWHS, yendoi, 279.3g) - EAEt
(S. fulvellum, 71.1g) =S YEld. HlFZo = BAY ol RAWKS, horneri, 384.5g) - &4
v RARKS. macrocarpum, 208.1g) - A= LB ANKS. yendor, 129.1g) - BANKS. fulvellum,
354g) wo 2 FAHY, FEAMNeE FAURANKS. macrocarpum, 625.1g) - FY AL
Wb - AZ= QR RARKS. serratifolium, 417.9g) — A | ZARKS. horneri, 305.5g) — EARKS.
fulvellum, 71.1g) £ 2 7128(18 7-15).

©
O

Fl

OBiyangdo MUdo MAver

800

600 o
2 400 -
E

. F‘-

; | | | = ml
S. mar 5. hor 5. ser S.yen &, ful
Species

a3 7-15. 2AX G FEE AR dEHwetgm ol W $HES
mar, SEMZARE; S hor, Ao ZAE S ser, BUEAWE S yen, A=
oAl S ful ZA
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O 4AAMAHT MAF=ZHY 4%

- AR oA 2021 12€FH 20221 5E7MA W ol ST BANre] FE JfA T
24 $HEFE AR AWK Sargassum  yendol, 16.970A) -  ZAv) RAWK Sargassum
macrocarpum, 9.07WA) - BARXWKS, hemiphyllum, 8.7/A)) - B ) RAWKS, horner;,
58704 - o]l B ARKS. patens, 1.970A]) o2 #HFH. HdZolA s ZE | ZARHS
macrocarpum, 9.971A) - A= RN Sargassum yendol, 5.470A) - Ao ZAEKS,
horneri, 43WA) - AL RANKS. hemiphyllum, 4.070A) - 2ol mAWHS, patens, 2.370
A) o2 YJElR, $EoAME dxQ BN Sargassum yendol, 28.3/MA) - & 2 zput
(S. hemiphyllum, 13.470WA) - ZLEWEARKS. macrocarpum, 8.17/WA) - JA o] ZAHKS.
hemiphyllum, 7.3/ A) - 2ol R AWK, patens, 1.6701A) =2 Z=HF(1H 7-16).

OBiyangdo MUdo @ Aver

35 7
30 A+
25 4

% 20

£ .

5 153 A

£ 10 1

il It m 0

i

= g A : : : : l_____‘
5. yen 5. mar 5. hem 5. hor 5. pat

month

39 7-16. 2AACle] ERF mANRe] B9l 94 AT mE ST
(S yen, A=LRARY S mar, ZLMEARE S hem, BATANY, S hor, T35
248y, S pat, AT BA

@ AAY o) mAYHSargassum horner)®) B3 D AEZF W%

@ zAF A7)0 W2 FAE YEER(wet.gm®) WE

O HY=

- B oA HAY o) RAMK Sargassum hemiphyllum)e] S H AT A EFS =4 1~6m 3+
ol A 490l 2,058.0 wet.gm™Z 71 T #HE J289S. 4 1-6m FhelME 12€
(21.2 wet.gm oA 49€(2,058.0 wet.gmdHE ZF2 ¥H Z7sichrl 59(643.5 wet.g.m™)
o Zradtes A4S BY. 4 6~10m FolAE 129879 wetgmdolA 3€(1,121.1
wet.gmIZ 242 QYEZFo] Y Z718lthr 49(224.5 wet.gmDol] A HQ A AT

o, 59(877.8 wet.gmdol ThAl I ESE= FFS BAS FA 11~15m ol A

29(4.0 wet.gmdo] AHe ZHste] 59(106.6 wet.gmIHE 242 HH Zrlsl=E A

UEIA S, o] ZAA Yo s L8 7|Fo2 ditzoz 4o QojAFE YEF

AA 7radteE A Jeion, 4 1-56m el AE 49, 4 6~10m 7ol A=

9, 74 11~16m 7oA = 5€ol 7M1 =2 AEHFS 7|SHaY 7-17).

O o rr o
O,

w
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BEO| HARE H T

4000 o HDec. Wian. MFeb. EMar. EApr. EMay

3,000 ~
z
S 2000 A
£
3

1,000 -

o o | comle
6~10m 11~15m
Vertical Level

a9 7-17. MFEAG ] A B A o) RANK Sargassum horneri)
AEZF(wet.gm e €¥ FAEY HE o)

o=

S ol| A HA o) R AK Sargassum hemiphyllum)®] S H AT AEFS 4 1~5m T3kl
A 690 1,899.5 wet.gm?Z 71 =& S 7239, A 1-5m IR AE 129377
wet.gm? ~ 19€9(122.2 wet.gm ol $urd] Z713tchrt 3€(1,899.5 wet.gm™?ol| 23] =7}
stthrt 3~4€(Z+7+ 158.3, 67.3 wet.gmHo] E ZAsH o 59(464.9 wet.gm Do THA|
3B AFS B F4 6~10m T AE 12~19(22F 105.0, 251.1 wet.gm™ol gt
3] Z7lslthrt 2~39(Z2F 44.2, 91.3 wet.gmHE 743 T 491169 wet.gmHE Z7}3t
AL, 54265 wet.gmPol ThAl ZadteE 5 Bxd s BS54 11-15m F3tol
Me 12~-19(Z2 433, 96.4 wetgmHE 9uks] F71schrl 2€(1,870.6 wet.gm ol Hj
AEFS L}E}w}guq ol FAS] 7rAste] 3~49(ZH7F 28.9, 1.2 wet.gm Do HA AEZ

< 7153t H A, 5€9(1,343.0)0 TA 588 BE=F FIFE 7SS o] 2AF A GdA=
TLs 7]%2 T ME AEY Fxo dAH WPt BFAHA FRoH, %
R oz 4 6~10m FRHlA He AEFES 7SS B AT OE BEF
HEzol gutzaol AN T FAER &S o] A= o] XY 44 6~10m TIHe Zduw
AuH(Sargassum macrocarpum)®] -9 AT BH A3 FFY I OE BZAR
gx) o] waEAA 79sE Aoz AP 7-18)

BA0| R, R

W Dec. Wlan. @Feb. EMar. EApr. @ May

1~3m 6~10m 11~15m

Vertical Level

a9 7-18. RIFEA A SA% BAY o] RANK Sargassum horneri)
AEZF(wet.gmDe] 9 FHAET AE ok}
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O ZARAZTO wE A 2 mm) s

O H¥&=

- Bk s oA A o) RV EK Sargassum hemiphyllum)® B FAL £ 6~10m F7ro A 5€
1,643.9 mm=Z 7} 71 S 7|E39S. T4 1-bm F1rel A= 3€(3,449.8 mm)ol 7}

Z Adon, o)F HA 7AsIS 4 6-10, 11~156m Tl s 12964 592 &4

= gAo] A JUIste S BAda™ 7-19.

N
2

r]

BEO| AL HTE

8,000 1 PR P R — | . § PO £\
E
£ 6000
%}
T
2 4000
"5
T
= 2,000
5
g
= 0 1
E Dec. Jan. Feb. Mar. Apr. May
=

Month

OF 7-19. HlS=E Aol Ede BAY o) RARK(Sargassum horneri)
P A A7 F FAE HERE

0 =

- = o A B o) RANK Sargassum hemiphyllum® B GAE FA4A 1~5m Tl A 3L
871.6 mmE 7} 11 GAS 7IFstAoH, o9k FARRE B G 74 11~15m 3kl
Al 348525 mm) F 5€¥€(849.1 mm)lAE e o] Ao Ao HARE Ht g Ao
TA D ZAAZIE o) F AXE B dAHT fHs 3FS 5 A" 7-20).

Bo| 2R, 2=

1,000 - =—1-5m 6~10m === 11~15m
H .
E 200
% 600
£
(™S

400 A
T
£ 200 A
g
- 0 ;
=
z Dec. Jan. Feb. Mar. Apr. May
z

Month

a8 7-20. = AYol] 233 PAY o) EZ}‘i(Sargassum horner)) 947&<]

- $x 2 HYgEAN FAI EAPMRE wAW 2K Sargassum  filicinum), 3320 RAPHS,
horner), RAWKS,  fulvellun), *3Eo|RAMKS  patens), N=LRAWKS  yendo), NEARKHS.
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yezoense), YZWANBEANKS  micracanthum), FBAFRARKS  hemiphyllum), B0 EARKS.
macrocarpurm), ZA{AREARKS. coreanum), FUEARKS. serratifolium) & 11§02 ©] 5 % A
HoA= 115 BF S5t o, HdEol e TAREARNE =2t Z7FA| RAmE SR
ZHE, FUERARE 5 5F8 AYS 6Fc] Fdst $EAGANA B & TUHWFES 715
[e]

BEARES S 42 ST 7-2D

DAV BAWK Sargassum filicinum): <FA11~15m 73F AAo] A3 BEEsta e, 4 6~10m
TRHNA 7P & AEEFE 715

PR BANKS, horner): 7411~15m 71F Ao AX E2xsla Rew, 4 1~5m ol A
7 =2 AEEFS 715 FAlol Aoldas Aa daske .

FEANKS fulvellun): 741~10m 73kl AA E3x3ta JQom, 74 1-6m FolA 7P =2
AEFS 7158

RO RARKS, patens): 411~10m 3ol AA &2stal Ao, 4 1-dm FRtellA 7F
=S A=FE 7153

A= BN yendo): +41~156m 73F A Ax F2zsta JAem, 4 1-6m F1hol|A 7}

2 AEFS 715 o8 BARER Hl§ AEFo] tha @2 Holn FAlo] ZlojHEr

.
AL Zaske e 19,

O
o i
(0]

—f fil  —C hor e—C fu]l  e—n pat e—Cyan e——i yer
5. mic 5. hem 5. mac 5. cor 5. ser

2,000 ~

w

=

=}
L

WEEF (wet.gm2)
o
=

L
2
(=

1

1~5m 6~10m 11~15m

Vertical Level (Water depth)

19 721 ZAAAEGE, MEDel 2R 2ARE FH Ggud
AE e (wet.gmdol] ©E FRARIZT kAt = S
hor, 3\ BANY, S.ful, BANY, S, pat, %ol A}
S yez, AEAWY, S mic, 27N RARY S hem, &
B2 S cor, EQEAEE S ser, FURANH

BAEHS, yezoense): 74 1~5m A ol St B, s
F7VA RANKS, micracanthum): <4 1~5m
FA BN, hemiphyllum): 74 1~5m A3kl A5t
2 MAEC] B WEE A

o] 2 2A9KS. macrocarpum): 574 1~15mol] A3 71 B3t A EFHo] A w2 F
~10m FIH A 7HE =L AEFS B

BARKS, coreanum): 4] 1~15mell 24 #xstH BEZFS T4 1~6omell FJF

BANKS. serratifolium): 74 6~15m WL ¥lwd 21 FAo 2. F4 11~15m
THAA 7 =2 AEFE B

ko] B AMHHS, patens)S HFEol & FAlo HFdld B2
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b
o

H

G T DA
gﬂgmm&&g

)
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3. AN EA
D |47 23

D BH 702484

59 A% 2 BE 94 3=

FHAT7IHCIk2 FA 3 AD ¢ A B8 ¢E TMR(IMD) H3Z witrl< A

7h 22k &8 28 As9 HF Histrle e

(D MAE #F o8 Edll =AM

s

A3}
O =T A(CCP) 2 EX}HJ
= 15.9%=% s +F HFS

Uep

O o, =AM YE2] NDF(14.5%)2} Hlnsle] B21-272 WA E 5 HFol w2
AHeke] NDF&= 17.5%% Z4sts 23S Jehd
O BAHE &8 AF3t AiHS sl ASA A7

AES AHE AS

A(

.I_,

o=
o
=

o] EAh e
O ZAmt =, vAE dF HF ZAHH =T

= 12.8%, ==

L
ol AR dE

EERES

T, A

AGE e

oL
i)

NzT= 14.7%, EARE & &
o zemd Hael 27

: B21-272)9] 7= %

E 4-1 2R A&, vAE g2(E79), MAAE $EB21-272) AP & 728 4 A
EAEE A& 22 3 E 27 2R 38 A A
Chemical composition (%, DM basis)
CP (NPF: 6.25) 12.86£0.11 14.70+0.12 15.90+0.14
NDF 19.12+0.11 19.57+0.22 17.52+0.06
ADF 14.46+0.18 15.96+0.07 15.13+0.21
EE 0.64£0.05 1.94+0.09 0.55+0.05
Ash 34.06+0.03 30.18+0.03 31.47+0.04
Macro minerals (%; DM basis)
Ca 0.61£0.01 0.48+0.01 0.45+0.01
P 0.11+0.00 0.0940.01 0.11+0.00
NaCl 0.47+0.03 0.05+0.00 0.12+0.02
Micro minerals (ppm)
Cu 1.72+0.09 1.89+0.04 2.03+0.07
Zn 12.59+0.16 12.38£0.20 13.33£0.20
Se ND ND ND
Pb ND ND ND
Cd 6.90+0.16 6.52+0.09 7.33£0.06
Cr 0.68+0.05 0.76+0.06 0.81+0.04
As 240.88 £0.56 239.04+0.74 250.92£0.59
Hg ND ND ND

CP, Crude protein; NDF, Neutral detergent fiber; ADF, Acid detergent fiber; EE, Ether extract; NPF, Nitrogen to protein

conversion factor, & 43t 6.258 Foto] e A LS F456192; ND, not detected.

@) - hE 7= 87 Fl A 5 W]
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B 4-2. dHE HUHA dFEE

Name Formula

(% of FM)

Corn(FLK) 15.00
Lupin FLK.AU 1.50
DDGS:Corn(35%) 5.00
Molasses(M) 6.00
Salt(Na) 0.20
NaHCO3(NA:25) 0.20
Limes(F:37) 0.30
CMB(Bionite-Na) 0.50
DFM(EcoFarm-Gold) 22.50
Hay-A.Rye(#1) 7.00
T.Fescue(Straw) 3.00
VM-Mix:BC-Common 0.01
BMW(LQD) 24.00

O F¥TTY ZAAHL 2018 39 AISEE 33 AR CE&XTH Iy F4H4s), CVB
Feed Table 2021, INRA Feeding System for Ruminants(2018) %! a‘% A}%‘EE% 20083
(Japanese Feeding Standard for Beef Cattle, NARO)S &-&3}o] wjghn

O ¥E8H7I= SREFAEAERE 017(5&35d 3 54H459), CVB Feed Table 2021,
YEFEASAHERE 200913 FH(Standard Tables of Feed Composition in Japan, NARO) 2
DSM Vitamin Supplementation Guidelines 2016 for animal nutritionS -8

¥ 4-3. Seaweeds Nutrient Specification (Sargassum spp.)

Items Average
Main analysis (% of DM)
Dry matter 92.1
Crude protein 8.5
Crude fibre 10.1
NDF 29.5
ADF 21.3
Lignin 4.5
Ether extract 1.2
Ash 35.9
Total sugars 1.9
Gross energy 9.1
Minerals (mg/kg DM)
Calcium 3.8
Phosphorus 2.2
Potassium 46.2
Sodium 36
Magnesium 7.7
Manganese 214
Zinc 214
Copper 7
iron 7291
Amino acid (% protein)
Alanine 4.6
Arginine 49
Aspartic acid 7.6
Cystine 0.9
Glutamic acid 14.5
Glycine 4
Histidine 2
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Isoleucine 3.9

Leucine 6

Lysine 35

Methionine 16

Phenylalanine 3.7

Proline 3.9

Serine 3.3

Threonine 3.5

Tryptophan 04

Tyrosine 2.9

Valine 46

(3) HiE9] e A7 ZAFE ZIvte R 459 HF HIIHES ARSI AlAF Ui drpEzt
o<t vk

O 92 tgom =AN olg The WigiE TAY TMRES FEAT7T Aztistaol
A&

O g BE A % VFA @] Wsls A omA, vge
A AR & e

O FAE UE == R

ARt AF7F AFA A T

O =AEe] Aol e HAE 7hae =9o] FasiA dnd WriHgo] Fuk 53l
o] o]& Haslely] 98 FEATIR AFHIAETT} PR3t S 9

W) 22pk 28 Mg X738 I8 7154 AR AF3E F3

D
O

3 AAFHIMEE AB7ste] widn] 7|& s394 ZYE T

g AMSEE A MAMEFEEH TH S, 20184), CVB Feed Table 2021,
INRA Feeding System for Ruminants(20181d) % & Ab¢F3EF(Japanese Feeding Standard
for Beef Cattle, NARO, 2008'd)S &-838t] FFFol A wignE 74

AEH7IE 5 EFAE AEX(FE3TH a9547484, 2017d), CVB Feed Table
2021, 98 EFALE A E-FE(Standard Tables of Feed Composition in Japan, NARO, 2009
W) = SDM Vitamin Supplementation Guidelines 2016 for Animal Nutrition<S 283

O Ao mANLS TIHF AR TH YR F%H 7% WS Al TVMF Fulol A=
AAEL AU
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O
O

HE Hib+E Py LE = THAE
SMO|DRIEE | 0.4% (DM7|E) o & M2 A=risty Mol
M. Safari et al. (2018)
o7 > 3| L
B El(EiLl e 50) | 0-31% (DM71) St / J Dairy science (SCIE)
7]1=4: S.W. Nombekela(1994)
. D —— / J Dairy science (SCIE)
MSG 0.2% (DM”‘?'_S) %}’:'_l'il’ g:! ?lgg Sxx_l %*ﬂﬁi:cl%}%(.?ow)
/ Food science and industry
M 10g 73y 9 A% 57 MZ #8849
. C12(Lau), C14(Myr) : 30, 15mg/day,
Pico Fat 30g ol & A2 Carla R. Soliva 2004

a9 8-2. #& TMR(IME) wigt] 4

Cl < Aol mAEe AFH H WE FTEEH FEF WHIA
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LS [22F] 2y E|AA(TMF/ FMR/ fTMR A2 =) : SH2(H M)

o =

8 =2 €

2 ¥ @& 6 7 8 9 10 11 12 13|14 15|16 17 18 |19 |20 21 22|23 24 25 2 27 28 29 30 31 32
HEEHF | (kg) 180 202 227 253 282 312 343 375|407 439 | 470 499 527 | S53 | 578 602 624 | 646 668 690 710 728 746 764 780 791 800
ggdsH (kgy ¥4 07 08 09 10 10 10 11|10 1111 10 10| 09 08 08 07|07 07 07 07 06 06 06 05 04 03
[22] 0722 | (kg ‘9.0‘100 11.0‘12.0‘12.5 13.0‘14.0 75|70 |60|55|50|40|30|20|10

[2L] 1430 | (kg) 75| 80| 95(100(110|120| 130|140 |150| 160|160 [ 155|155(150| 150|145 | 145|140 | 140
= o & A | (kg ‘9.0 ‘100 11.0‘12.0‘12.5 13.0‘14.0 150|150 [ 155|155 | 16.0 | 16.0 | 16.0 | 16.0 | 160 16.0 | 16.0 | 155|155 | 15.0 | 150 | 145 | 14.5 | 140 | 140

a9 8-3. 5 AAS i wlZ=aH

H

EAE Az

(A FH =2

A
=]

Prdg

~ 0

ta

2R 9 Ak

i T —

(c1k F2 814

gl FelHs ARWAB ASH RUHY 2 vy

O

O

O

mAgke] Zohe $hekS 11.8%, NDF 2 19.02%2 el 2AR Btk e Afa &
7AW, ShEdtel FapgbE Atole) @A RIEE THA, e AR diAldeR AR

F IS Aow AHHGE 5-1)

B S 359% 2 Hnd = FAZ, o]lF AAE A% AUt A2 FE5AT7 A FH
AxvpA)olA AP F

EAF) e 16.75ppm O & MigALE W 3 8-2(Z 4 30ppm, -9 50ppm)et T AR W 7]
= A & &%(1,000ppm) =0l &3¢

] 2x(As) §HeF-e 248.80ppm o2, WiFALE 38X Cppm)e}t Fu]ALE 3§ H40ppm) = ©]4
oA gk, @A A2 FEATVIHAHNFH A=) Ao EARY M 2o WE T
& ek W3l o wE2d BE 5o 2% W3l ulgl 4E9 v s tin] 79% Ha

N
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=)
=

o=}
=

)
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(60C 2} 80C) H 85%(100C) o]’ T4 AFARE BY
O 1 9 F8(Cw, A#+wGe), FPh), 7t=F(CAD), ZZ2FCnNS AEHA &+

F* 5-1. Chemical, micro minerals and heavy metals composition of Sargassum horneri

Items Sargassum horneri

Chemical composition (% of DM)

CP 11.80
NDF 19.02
ADF 20.19
EE 0.32
Ash 21.61
Macro minerals (% of DM)

Ca 0.99
P 0.25
NaCl 3.59
Micro minerals (ppm)

Cu ND
n 22.49
Se ND
Pb ND
Cd ND
Cr ND
As 248.80
F 16.75

CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; EE, ether extract; Ash, crude ash; Ca, calcium; P,
phosphorous; NaCl, sodium chloride; Cu, copper; Zn, zinc; Se, selenium; Pb, lead; Cd, cadmium; Cr, chromium; As, arsenic; F,
fluoride.

(2) 9.9

O AMo|mALe] 7% ArRAC] YU NS SAT 2
fa s SRS TAAE Aolo] whuAstare] xAHo] o
Aed & 9le Aow BlE

O HlFAE 3] &X|@ppm)st THrALE 3] & FU0ppm) FF o4 B WAAs) FHL BE B

AAE AHS 53 A" F AS o= At
W) B9 HEHP S T3 HF Wi AA

(D W39 HEHFS 5 AN AT AR YT EA /54 73

O WAl Aol =x Rk Al =2l 8,8° -bieckol 24A17F H&EANA 0.8% H7M7F &
7V ES T.50%E, w9 e viee 8.57% T AAF(E 5-2)

O E% 1.6%2 H7tes F 7t S 7.33%E, W49 F28 WeS 6.98% A

O 24A1ZF L& ol A ¢L} pH7}F #ej&d oz ZFrvlsle= Z& Rolal, iso-butyrate, butyrate,
iso-valerate, valerate, ZL12]3. AP ratiodl A f27F U= Ao A

O 48A7F W& AF}ZE pHYF §9A o2 ZF7leteE BES Kol we dAlZo= zto]7t
EbuHA] b

O ©]+= 8,8’ -bieckolo] 24A17F 7] W& &+ vgk Afdol= & F EZRY E37} 7]
SRR A YA 2 ST Bl o % 3] AP ratio”7} 7kt A o= Hol o] 3 v
g A a7 Ao oulh 48A1%F 3] RRAAAE wE9] HAE FRo] gt AFE
3 Ao ATy
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X b5-2. Effects of inclusion of 8,8’ -bieckol on rumen fermentation characteristics after 24 and 48 h of

incubation
8,8’ - bieckol (% of DM) SEM p-value
Items 0 0.2 0.4 0.8 1.6 L Q
24 h incubation
pH 6.79° 6.78° 6.78" 6.81%° 6.83% 0.01 0001  0.420
IVDMD (%) 60.67 61.95 62.22 60.79 58.40 0.55 0.0275 0.1404
TGP (mL/g DM) 233.47*  229.11* 23253 215.97™  216.35° 211 <0001 0.0246
CH; (mL/g DM) 40.24° 39.00%  39.54% 36.79° 37.43"™ 048  0.004  0.047
NH; (mg/L) 72.89 70.93 73.1 70.95 72.09 1.34  0.861  0.687
Total VFA (mM) 63.41 65.33 63.11 66.41 61.17 095 0417  0.250
Acetate (mol%) 40.34 41.52 40.11 42.2 39.29 063 0591  0.359
Propionate (mol%) 13.3 13.79 13.3 14.12 12.79 022 0250  0.067
iso-butyrate (mol%) 0.63% 0.61% 0.60% 0.60% 0.53° 0.01  0.006 0.521
Butyrate (mol%) 7.40% 7.65° 7.53%® 7732 7.00° 0.15 0.022 0.012
iso-valerate (mol%)  0.97%® 0.97° 0.97 0.94% 0.84° 0.03  0.004 0.194
Valerate (mol%) 0.79% 0.80% 0.822 0.81% 0.72° 0.02  0.009  0.036
AP ratio 3.06° 3.05" 3.08% 2.94¢ 3.14% 0.02  0.037 <001
48 h incubation

pH 6.70% 6.68" 6.69° 6.71% 6.74° 0.01  0.003  0.239
IVDMD (%) 69.76 69.61 67.84 66.92 66.31 061 0.044 0.384
TGP (mL/g DM) 234.14 233.14 228.01 237.83 238.12 1.90 0.169  0.721
CH4 (mL/g DM) 45.30 43.78 44.71 45.43 44.55 0.37 1.000  0.798
NH; (mg/L) 106.35 103.16 99.14 101.93 100.69 1.35  0.140  0.156
Total VFA (mM) 93.67 106.68 83.30 89.35 91.12 525  0.365  0.320
Acetate (mol%) 60.83 70.48 53.90 58.28 59.64 3.74 0407  0.339
Propionate (mol%) 19.42 21.27 17.09 18.26 18.66 1.01  0.373  0.257
iso-butyrate (mol%) 1.12 1.20 0.96 1.08 1.03 0.07 0281  0.496
Butyrate (mol%) 9.80 10.53 8.86 9.34 9.10 0.42  0.178  0.480
iso-valerate (mol%) 1.81 1.91 1.46 1.69 1.59 0.08 0234 0415
Valerate (mol%) 1.20 1.28 1.03 1.14 1.10 0.05 0235  0.436
A:P ratio 3.18 3.23 3.13 3.19 3.16 0.04 0.606  0.957

SEM, standard error of the mean; L, linear effects; Q, quadratic effects; TGP, total gas production; VFA, volatile fatty acids; AP ratio,
acetate and propionate ratio.

(h 2.9F

O A3 24

O W9 Hd=E EsliAFE E4 A, vhxolA m=A 2=+ ‘a’ fraction A o] =A}gk
o] ¢FIHT 2 HH, A Hog FalE 4 A= vEQl ‘b’ fractione &ZutET} 73
Aol mAREl A YERHE 5-3)

O skAIRE, ‘b’ fraction®] #8&E el ‘¢’ & Ao AR dEMH T HA ] vHA
fFrafs) e S Aol mANtEG oF 11%/h 7M1 =4 =



¥ 5-3. Dry matter degradability parameters and effective rumen degradabilities of Sargassum horneri and
alfalfa hay

Items! Alfalfa hay Sargassum horneri
Dry matter degradation parameters
a 30.83 32.66
49.25 40.00
C 0.07 0.03
Dry matter effective rumen degradability® 62.22 50.73

T =

a = rapidly soluble fraction (%); b = insoluble potentially degradable fraction (%); ¢ = constant for disappearance rate of b fraction
? Effective rumen degradability (ERD) was calculated by the equation from @rskov and McDonald (1979); ERD = a + bc / (c + Kp),
where Kp was the rumen passage rate assumed to be 4 %/h

O B39 f71E RHale& A4S Ayrd, w39 vz B EE ‘a’ fraction
‘b’ fraction, Edll&E A4 ‘¢’ BT AAolmxapbbe] ddmETh ¢ A SAHE. (B

5-4)
O o33 YA A o] mapito] LFulof HF] EL ZI|H S /AL 7] WEo=2 A2+
O 9 met F 7HA] Az gk v fU]E F& Bl &9 Aole 14%/Mhe] zkolrt &

¥ 5-4. Organic matter degradability parameters and effective rumen degradabilities of Sargassum horberi
and alfalfa hay

Items! Alfalfa hay Sargassum horneri
Organic matter degradation parameters

a 26.49 23.69

b 52.34 44.17

C 0.07 0.04
Organic matter effective rumen degradability” 58.97 44.37

T'a = rapidly soluble fraction (%); b = insoluble potentially degradable fraction (%); ¢ = constant for disappearance rate of b fraction
? Effective rumen degradability (ERD) was calculated by the equation from @rskov and McDonald (1979); ERD = a + bc / (¢ + Kp),
where Kp was the rumen passage rate assumed to be 4 %/h

O HWHF9 o é %EH% ANE A EH, HFEQ oWz B FE= ‘b’ fraction, EIEE
ol Pryolmauto] AdFutRT ¥ YA SAHETW, 1o whel v B o
Wl 2 (RDP)-&- %%L-‘JJ-Q] 40.01% =2 JEeEIHE 5-5)

O Aol mA k] =o Hk3x9 bypass&-S RUP(Rumen undegradable protein) Y& 29| o] &

I 5-5. Crude protein degradability parameters, rumen degradable and undegradable protein proportions of
Sargassum honreri and alfalfa hay

Items' Alfalfa hay Sargassum horneri
Crude protein degradation parameters
a 21.62 26.89
b 71.99 35.99
C 0.09 0.03
Rumen degradable proteins® 71.43 42.85
Rumen undegradable proteins 28.57 57.15

T'a = rapidly soluble fraction (%); b = insoluble potentially degradable fraction (%); ¢ = constant for disappearance rate of b fraction

2 Rumen degradable proteins (RDP) and rumen undegradable proteins (RUP) were calculated by the equation from NRC (2001); RDP = a
+blc/(c+Kp], RUP =[1 - (a +b) + blKp / (c + Kp)]l, where Kp was the rumen passage rate was assumed to be 4 %/h
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O H AFE T3l Aol 2x R vt AE, f7|&, @9 bypass&2> &2Z3le} v usho]
=2 ZoZ Yehd

(WP In vitro Q75 37 Aol ZARe] HA & 1 AT
O AR 2%
O 24X %t v ¢F A ¥, total VFA A FE BAYo| BAT HI7ME FaFS WA ks o4
Aol B 2gE H77E W] wE A S| AR FgFS A
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O wehA], HE39] W H|AE HF B F&FS 71X A F O MA linearstAl W& A&
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¥ 5-6. Effects of inclusion of Sargassum horneri on rumen fermentation characteristics after 24 and 48 h
of incubation

Sargassum horneri inclusion (% of DM) p-value
Ttems 0 0.5 1 2 3 g oEML Q
24 h incubation
pH 6.52 6.51 6.50 6.50 6.52 6.51 0.012 0773  0.159
TGP (mL/g DM) 55.60  55.71 5555 5491  54.34  54.53 0.847  0.003  0.695
CH, (mL/g DM) 11.91*  11.98*  11.81*  11.63®™ 11.43° 1147 0300 <001  0.375
NH; (mg/L) 9.20° 9.48° 9.17°*  9.10™ 08.67™ 08.40°  0.211 <001  0.208
Total VFA (mM) 7694 7811 7810 7528 7621  77.24 2.690 0569 0.771
Acetate (mol%) 60.44  60.44 6043  60.67  60.49  59.87 0.237 0.120  0.054

Propionate (mol%)  23.77 23.80 23.81 23.70 23.82 23.90 0.968 0.677  0.571
iso-butyrate (mol%)  0.99 1.03 1.03 1.03 1.00 1.04 0.232 0321  0.981
Butyrate (mol%) 10.89 10.78 10.76 10.71 10.75 11.04 0.305  0.253  0.033
iso-valerate (mol%)  2.22 2.23 2.22 2.21 2.20 2.29 0.232 0321 0981

Valerate (mol%) 1.69 1.73 1.74 1.69 1.75 1.85 0551 0.116  0.389
AP ratio 2.56 2.56 2.56 2.58 2.56 2.52 0.666 0.319  0.195
48 h incubation
pH 6.45 6.44 6.44 6.38 6.45 6.45 0.011 0945 0.125
TGP (mL/g DM) 64.66 64.86 64.14 66.56 62.85 62.09 0.912 0.092 0.158
CH, (mL/g DM) 15.10°  15.04*  15.15® 15.52%  14.59®®  14.38" 0.314 0.024  0.065
NH; (mg/L) 11.93 12.80 12.81 12.98 12.72 12.56 0.314 0.326  0.023
Total VFA (mM) 93.00 91.47 88.87 90.51 90.29 88.69 3.195 0.274  0.746
Acetate (mol%) 59.86 59.77 59.80 59.97 59.80 60.16 0531 0.326 0.627

Propionate (mol%)  23.31 23.33 23.22 23.30 23.35 23.17 0.631 0.704  0.740
iso-butyrate(mol%) 1.26 1.27 1.26 1.26 1.25 1.28 0.047 0736 0.674
Butyrate (mol%) 10.63° 1075 10.72°  10.56®  10.55®  10.34° 0.293  0.002  0.239
iso-valerate (mol%)  2.91 2.89 2.95 2.88 2.95 2.95 0.032 0206 0521
Valerate (mol%) 2.03% 2.00° 2.05% 2.02% 2.10° 2.09° 0.061 0.001  0.446

A:P ratio 2.59 2.58 2.59 2.59 2.58 2.61 0.086 0.599  0.646
SEM, standard error of the mean; L, linear effects; Q, quadratic effects; TGP, total gas production; VFA, volatile fatty acids; AP ratio,
acetate and propionate ratio.
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W9l VFA A3 Mg & A7 AAE 18t WasE AR W Aol =AY
A StE&S A%E YUEY

O 3tAIT, FFAT7IAAFH A T)o A7 Ao W=, B EAT A& 7|E 4% =
E& HAAs) TS e &5 93559 AW 3 9 S4E dol& 1Este] Tu|AL
SC2ppm) 3 EAE 7|EoE Y| BANE d=ES A 0.8%7HA HAME e AeE &

SeEEE A9a AAAL A9
O AAE 7HFol uhe Ao AL M 71E AHF
o AE 9 AR AAFIMDE FRAT7| RO 2R

™ SEUEE $E A% FoiEE 29 ARFRATBA FF 5)

(D ¢ o ZARE & i AAFTMB tig A7k 24 d
b 23 23
O gt o= 7|2AE W 04, 0.8%9 UZ}HP(TMF A A F, FHAT7H ok AF)E 30

O AE HAT WS A, Gzroh vmsiel LE waw AdTAAE FIA9 Fol
£ Holx gol, B Hd 715 L YW Ao Uehd

O & AF 2 UF FAFl ol mA Arke dET il f9HQ o] & Holx
Ahe

O N¥ F$EY 04% ZAW F4 AF ARE FoIS 99 F vg BYFL 2T o)

¥ 5-7. Effects of inclusion of Sargassum horneri as a raw material on productivity and methane emissions

Sargassum horneri inclusion (% of DM)

Items 0 0.4 0.8 SEM pvalue
Productivity
DMI 8.43 9.03 8.68 0.30 0.89
BWG (kg) 48.50 60.25 60.00 2.75 0.43
ADG (kg/d) 1.62 2.01 2.00 0.09 0.44
Methane (ppm)
Initial CH,-Breath 13.46 17.10 18.13 1.19 0.52
Final CH4-Breath 12.90 13.03 23.99 1.85 0.06
Initial CH4-Eruc. 73.48 81.80 82.51 7.73 0.82
Final CH4-Eruc 81.32 81.21 89.67 5.68 0.82
Methane intensity (ppm/ADG)
Final CH, intensity-Breath 8.35 6.98 12.57 1.11 0.17
Final CH, intensity-Eruc. 53.48 44.71 47.72 3.84 0.83
Methane yield (ppm/DMI)
Final CH, yield-Breath 1.63 1.51 2.90 0.24 0.14
Final CH, yield-Eruc. 9.90 9.23 10.52 0.75 0.82

0.4% and 0.8% of S hornnery were used as a raw material until allow As concentration.
Eruc., eructation; DMI, dry matter intake; BWG, body weight gain; ADG, average daily gain; increment, (final CH4 - initial CH4) /
initial CH4 x 100. SEM, standard error of the mean.
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O EAME FH7F thn] 0.4% ZAE 3 TMF= 5 A5 2 I3 S Zod 93-S 54 &F
ok g BAS A AEFES RIS
(2 3¢ i 2ARE A2 g AAFIMP ek 7t 238 I+
b 249 A3
O AT/ AAFE I A)e] AF Ao w2, 100C e E* 2l(blanching)® XA}4k
HE9 HlAaAs) FHFS 2= F Ao, 7[2AE U HU 4.7% ZAEE 571 b4 7+
of e Ro= ek
O o] 7]&0) F3ete 2A02 72AE W €489 1.0~4.0% 2A &-F TMF(GFHAT7)
# olekz APl e A$ Wz 7154 B 5-8)
O Hzx+ tiHl Z& BEAE H7E g A5 AT T8 Als 2 949 SAZd dF = F
A ge Ao Yehd
O Ad T5Y 5 et FAFES AHEH, 2.0% ZA H7F Fo+= g2 iv] =2 F
Zo vy Y FEG ek
O ol& Hl&(As) FFS EF7] A3 ZAE A E &) 959 W nAAES] ol & FII=E
Wk By ero] ke Ao2 ek
O 3HH, =7 tiv] 4.0% B8 EANke wek By o) YIS 74 e AoE el
E 5-8. Effects of inclusion of Sargassum horneri on rumen fermentation characteristics after 24 and 48
h of incubation
Sargassum horneri inclusion (% of DM)
Items 0 1.0 2.0 40 SEM prvalue
Productivity
DMI 8.43 9.58 9.30 8.63 0.30 0.71
BWG (kg) 48.50 51.75 52.50 45.25 2.75 0.87
ADG (kg/d) 1.62 1.73 1.75 1.51 0.09 0.87
Methane (ppm)
Initial CH4-Breath 13.46° 8.86% 7.91° 7.2 1.19 0.01
Final CH;-Breath 12.95° 20.3*® 28.49° 10.89° 1.85 0.01
Initial CH4-Eruc. 73.48 54.74 94.31 48.52 7.73 0.49
Final CH4-Eruc 81.32 76.97 100.35 51.11 5.68 0.15
Methane intensity (ppm/ADG)
Final CH, intensity-Breath 8.35 12.76 16.23 7.91 1.11 0.11
Final CH, intensity-Eruc. 53.48 45.71 57.98 38.08 3.84 0.50
Methane yield (ppm/DMD
Final CH, yield-Breath 1.63 2.06 3.28 1.27 0.24 0.06
Final CH, yield-Eruc. 9.90 7.93 11.58 5.93 0.75 0.24

1.0% to 4.0% of S hornnery were used as a blanched marterial until allow As concentration.
Eruc., eructation; DMI, dry matter intake; BWG, body weight gain; ADG, average daily gain; increment, (final CH4 - initial CH4) /
initial CH4 x 100. SEM, standard error of the mean.
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= 5-9. Growth performance of Korean steers fed with a basal diet containing 0.4% Sargassum horneri

Sargassum horneri inclusion (% of DM)

Items 0 0.4 SEM prvalue
Initial BW, kg 634.4 632.1 2.82 0.93
Mid BW, kg 693.4 689.5 2.43 0.90
Final BW, kg 727.8 719.3 2.91 0.90
Initial to MId BWG, kg 58.8 57.4 0.72 0.85
initial to Final BWG, kg 93.3 87.2 1.07 0.57
Average daily gain, kg/d 1.03 0.98 0.012 0.67
Dry matter intake, kg 94 8.8 0.05 0.24
Feed efficiency 0.11 0.11 0.002 0.96

BW, body weight; BWG, body weight gain. Feed efficiency = dry matter intake per body weight gain. SEM, standard error of the mean.
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E 5-11. Growth performance of Korean steers fed with a basal diet containing 0.4% Sargassum horneri

Sargassum horneri inclusion (% of DM)

SEM p-value
Items 0 0.4
Methane (ppm)
Initial CH,-Breath 10.1 10.3 0.56 0.77
Mid CH,-Breath 10.7 9.9 0.08 <01
Final CH,-Breath 8.6 8.7 0.06 0.49
Initial CH,-Eructation 60.6 64.3 5.90 0.66
Mid CH,-Eructation 66.6 66.0 0.46 0.37
Final CH;-Eructation 70.6 71.3 0.79 0.53
Methane intensity (ppm/ADG)
CH4 intensity-Breath 9.2 9.7 0.89 0.72
CH4 intensity-Eructation 75.1 79.2 7.33 0.69
Methane yield (ppm/DMI)
CH, yield-Breath 0.9 1.0 0.04 0.19
CH4 yield-Eructation 7.6 8.3 0.36 0.19
SEM, standard error of the mean.
Methane from Breath Methane from Eructation
12.0 73.0
71.0 .
11.0
Y 69.0
5 10.0 . 5 87.0 .
& 2 650
2 g0 2
£ ° 2 630
2 80 = 610 &
® controf R2 = 0.469 59.0 ® control R? =0.9851
70 » treatment R® = 0.8983 57.0 e treatment R?=0.9199
6.0 55.0
DO D45 D90 DO D45 D90
Period, days Period, days

a3 9. Changes in the methane emission from breath and eructation of Korean
steers fed with a basal diet containing 0.4% Sargassum horneri
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EE AZANA FAA ZolE YEUA %e

O A& 717+ Period)oll wre} &< ) MCH, MCHC, platelet, PCT &&& A& m& dH A4
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¥ 5-12. Changes in the blood hematological parameters of Korean steers fed with basal diet containing 0.4%

Sargassum horneri

Sargassum horneri inclusion (% of DM) p-value
Items 0 0.4 SEM  Diet Period D x P
DO D90 D0 D90 (D)) ®
WBC, x 10% 1L 11.0 7.6 10.7 8.0 0.25 0.96 0.02 0.81
Lymphocyte, x 103/ «L 15 2.7 1.7 2.7 0.03 0.46 <.01 0.58
Monocyte, x 10%/ x« L 0.5 0.6 0.6 0.6 0.01 0.84 0.03 0.69
Granulocyte, x 10% xL 9.0 4.3 8.4 4.6 0.23 0.93 <.01 0.73
Lymphocyte, % 17.8 35.8 21.9 34.6 0.80 0.64 <.01 0.41
Monocyte, % 5.7 8.5 6.6 8.3 0.19 0.63 <.01 0.36
Granulocyte, % 76.5 55.7 71.6 57.1 0.98 0.63 <01 0.38
RBC, x 10%/ «L 10.0 8.3 9.1 8.1 0.14 0.29 <.01 0.50
HGB, g/dL 16.4 134 14.9 134 0.04 0.34 <.01 0.37
MCV, fL 44.0 46.5 434 46.2 0.21 0.83 0.20 0.94
MCH, pg 16.4 16.1 16.3 16.4 0.19 0.85 0.80 0.56
MCHC, g/dL 35.5 34.8 35.6 35.6 0.55 0.20 0.31 0.26
W, % 16.6 17.1 16.6 17.1 0.05 0.88 0.07 0.88
Platelet, x 10% xL 358.1 372.9 352.7 356.5 11.61 073 0.77 0.86
PCT, % 0.207 0.232 0.211 0.223 0.0064  0.89 0.25 0.37

WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin;
MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; PCT, platelet crit. SEM, standard error of the

mean.
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F 5-13. Changes in the metabolic parameters of Korean steers fed with basal diet containing 0.4% Sargassum

horneri
Sargassum horneri inclusion (% of DM) p-value
Items 0 0.4 SEM  Diet Period D x P
DO D90 DO D90 D) P)
Glucose, mg/dL 72.8 73.8 74.7 79.6 3.00 0.04 0.10 0.27
TCHO, mg/dL 141.2 179.0 138.5 181.8 2346  0.99 <.01 0.81
Albumin, g/dL 3.7 4.0 3.6 4.0 0.21 0.49 <.01 0.85
BUN, mg/dL 16.8 19.6 16.9 20.2 1.79 0.47 <.01 0.65
Total protein 6.6 7.3 6.5 7.2 0.44 0.59 <.01 0.92
GOT, U/L 62.3 68.3 59.5 66.6 3.99 0.49 0.05 0.86
GPT, U/L 24.8 27.2 24.5 25.1 1.20 0.34 0.25 0.49

TCHO, total cholesterol; BUN, blood urea nitrogen; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic transaminase.
SEM, standard error of the mean.
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W 2 23

O &8 Ao 3 42 &4

¥ 6-1 €3H0¥ ~ 59 AEC w3

NEZ= =9 1€ 2€ 3¢ 44 5€ A
g keal/100g 259.0 254.8 252.0 262.3 277.2 2 F54 A8.2.1.6
et sy g/100g 55.5 49.0 44.1 52.7 57.6 A FFH A8.2.1.4
T % 9.0 9.1 10.6 9.9 9.7 A FFH A8.2.11
3 & % 26.9 27.9 274 30.3 27.1 A EFEA A8.2.1.2
o g/100g 8.1 13.3 17.0 11.5 9.9 AFFA A8.2.1.3.1
A g/100g 0.5 0.6 0.9 0.6 0.8 AFFA A8.2.15.1
TR g/100g 0.0 0.0 0.0 6.6 71 AFFH A8.2.14.1.4
E3 A g/100g 0.3 04 0.5 0.4 0.5 AEEA A82.1.5.4
EP A g/100g 0.0 0.0 0.0 0.0 0.0 AEE A82.1.5.4
ZY=HE mg/100g 0.0 0.0 0.0 0.0 0.0 A EFA AB.2.1.5.5
UJEF mg/100g 5236.2 5383.7 4943.3 3388.1 4731.3 A FFH A8.2.2.1
Aol g/100g 50.0 44.7 37.6 34.3 34.8 AEEA A8.2.1.4.3
H mg/kg =HE | 2dE | EdE 1.3 0.7 A F5 A8.9.1.2
AR=N:s mglkg 0.6 0.9 2.1 1.6 0.8 2 F34 A8.9.1.3
H] A& mgkg 60.5 79.4 101.5 213.7 266.5 2 F34 #18.9.1.4
T mglkg 0.0 0.0 0.0 0.0 0.0 2 F354 #8.9.1.6
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24

2 A =21E AR A¥ £ - FUIHE £4 23

A ZA A =z =z A
ey S0 e [sees] i4n | i s
% keal/100g 289.2 251.4 252.1 237.5 AFFH A8.2.1.6
gt g/100g 52.4 46.0 45.2 44.0 A FFA A8.2.14
T % 10.3 9.3 9.4 9.5 AFFH A8.21.1
3% % 18.9 28.7 28.7 32.2 AFFH A8.2.1.2
g g/100g 17.1 154 15.7 134 AEEA A82.1.3.1
A g/100g 1.3 0.7 0.9 0.9 A EFEH A8.2.1.5.1
g g/100g 0.0 0.0 0.0 0.0 A EFFH A8.2.14.1.4
E3 A g/100g 0.8 0.3 0.3 0.3 AEEA A82.1.54
EdzA | glig 0.0 0.0 0.0 0.0 NEZH A82.154
ZH=HE mg/100g 0.0 0.0 0.0 0.0 AFFH A8.2.1.5.5
UJEF mg/100g 2936.1 6550.6 9658.0 7890.4 AFFH A8.2.2.1
2o g/100g 54.0 414 38.3 42.1 AFEH A8.2.1.4.3
5 kg | ®4% | ®9% | ®a% | ¥u% | AESA AB9L2
VAR mglkg 2.1 0.9 1.4 0.5 2 EFE7 A8.9.1.3
H] A& mg/kg 62.9 67.8 76.0 23.7 A EFE7 A8.9.14
T mglkg 0.1 0.1 0.1 0.0 2 EFE7 A8.9.1.6
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- 500, 250, 125, 62.5, 31.25 ug/mL ©.& 3|4

- 0.2 um 2A¥UA EHE A3 T ALE

@ AE B4

- FAgo)BAH AlE 10 mg/mLE 80% wWIEH-&ol 3]st A=
- 02 um A¥A HZ A3} & ALE

= B
Q AE A

- FEE 9 XFF BHL Waters photodiode array(PDA) detector 2998(Waters Co. Milford,
MA, USA)E #2Hgk high performance liquid chromatography(HPLC) system e2695 (Waters
Co)= AR&3H

s -

Time Flow
(tmin) D.W. ACN (tnl/min)

0 90 10 1

D 0 10 1 - Z 9. phenomenex Luna-C18
15 70 30 1

(250 mm x 4.6 mm)
20 30 70 1
- 2% 40C

2 30 70 1 - Volume: 10 uL

26 10 90 1 ’

36 10 90 1

37 90 10 1

45 90 10 1

h A 43

- Ao AT JAE FFESE ST ARLAE HABE fd V1€ AAEHT
¥ ®F3¥F 33(fucoxanthin, fucosterol, phloroglucinol) ¥ 24

(D fucoxanthin +24(447nm)

- Aol mAREA A fucoxanthin(37 min)S =& AlEolA HEHUL 2€ A=
ZHAoH, 53] 25 =¥ ABAA =4 HAESHAS(TH 10-3 ~ 10-15)

@ fucoxanthin(125 ug/mL) HPLC spectrum_447 nm

a
o

1 Fucoxanthin STD 125 pg/mL

3

Ei -
Maues

18 10-3. fucoxanthinl HPLC spectrum
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Hl %% HPLC spectrum_266 nm

Analysis result on fucoxanthin content in S Aorneri(Turner) C. Agardh
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19 10-10. fucosterol HPLC spectrum

® Fucosterol 2% Az XA

%3 10-11. fucosterol A=A
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@ A3z <

- A M2 A<d(murine macrophage cell line)Ql RAW 264.7 M3E= ATCC(American Type
Culture Collection, VA, USA)S. ZHE H S

- penicillin-streptomycin 100 units/mL3} 10% fetal bovine serum(FBS)e] ¥ DMEM Hj %]
(GIBCO, Grand Island, NY, USA)E Abg3led 37C, 5% CO* &e7]oA wjeF 2 2~3Y o0
g AR Al s 9

( Nitric oxide 234337}

- RAW 264.7 M=ZZ 10% FBS7} #7}¥ DMEM iR S o] &3sle] 1.5x10° cellssmLE 34
% 24-well plateol] H=E

- Al59t LPSA pg/ml)E sAlAl AHElste] 24A7F wlleF 2 AAFZEH NO 42 Griess Al9F
[1% (w/v) sulfanilamide, 0.1%(w/v) naphylethylenediamine in 2.5%(v/v) phosphoric acid]&
o]-&st] AEujFd Foll EAst= NO.- o FHE FH

- AEuF 5N 100 Lo} Griess AleF 100 LE &33te] 96 well platesol A 108 &<t
HE-3A1Z1 % 540 nmolA] §FFEE =4

- A" NO9 %2 sodium nitrite(NaNO?)E standard® H]al

© AE=4 H7HLDH assay)

- RAW 264.7(1.5%10° cells/mL)& DMEM #j=|o] o#A 59 A=F&d LPS(1ug/mbL)E A2

- 24X viFE & wliF BiAE do] 3,000 rpmeoll Al ST AAE

- LDH(lactate dehydrogenase) assay+ non-radioactive cytotoxicity assay kit(Promega)& °]-&
st 54

- 96-well plateo] 4] Ee]ste] A2 wik wiA] 50 4L} reconstituted substrate mixE 50 «L
s Y, Ao 30E HEAZ & 504Le] stop solutiong & % microplate

reader(Bio-TEK Instruments Inc., Vermont, WI, USA)E AF&3}a] 490 nmolA SFFE=E =A
- ZF AEF U8 ¥ T35 e TEeoer, t=F(MDH control, 1:500008] 3%

I Blarste] ME=544S BTt

@ AR BN RO Giks T5E7)
(@ DPPH =4
S A

- 23 g4 & 1,1-diphenyl-2-picrylhydrazyl(DPPH)S o] &3l A g9 zo)zd 474 &4
(radical scavenging effect)& 43t BloisH = &-&

- DPPH ¢F 2mgS ethanol 15mLell <] DPPH& S A%

- Alz" &9 12mLd DMSO 6.25mLE #H7FgF 3, 517 nm oA =79 UV-Vis. &
F57} 0.94 ~ 0.970] E == ethanolZ 3]sl 10x37F &

- &" ImLol AE Imges 412 & FT83] Fola, FHlE DPPH 450uLel Ald&Ed &9
S0uLE ¥o] 42 § Ao 10823 Attt 517 nmolA FREE 573

- DPPHY| &§3=7F 50% 4 o Yetud= A5 F=IC50E FEAASY, 72t Als
33 RHE A S ot HApE 7T

rr

h 23 23
@© B =AM "YW % H3 2A31H 10-16 ~ 10-19)

- Ag S BA3H= Aoz AR nitric oxide(NO)9}F cytokine Aol W3t &%5-S H7lehA
3 21 A FA NO A= Wsr fidla, 2a 23108 AR+ NO Aol S71st
Pom cytokine(INF- ¢, [L-18) BAE 55 o&802 2771 AL 4AT F AAS
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19 10-16. Effect of immunomodulatory factors and cytotoxicity on variety sample of Sargassum

homneri in RAW 264.7 cells. The production of immunomodulatory factors were assayed in the culture
medium for 24 h in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity
was determined using the LDH method. Values are the mean £ SEM of triplicate experiments. *,P<0.05**,P<0.01
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a3 10-17. Effect of immunomodulatory factors and cytotoxicity on variety sample of Sargassum
horneri in RAW 264.7 cells. The production of immunomodulatory factors were assayed in the culture

medium for 24 h in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity
was determined using the LDH method. Values are the mean + SEM of triplicate experiments. *,/2<0.05**,P<0.01
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19 10-18. Effect of immunomodulatory factors and cytotoxicity on variety sample of Sargassum

homeri in RAW 264.7 cells. The production of immunomodulatory factors were assayed in the culture
medium for 24 h in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity
was determined using the LDH method. Values are the mean = SEM of triplicate experiments. *,P<0.05**,P<0.01
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a9 10-19. Effect of immunomodulatory factors and cytotoxicity on variety sample of Sargassum

horneri in RAW 264.7 cells. The production of immunomodulatory factors were assayed in the culture
medium for 24 h in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity
was determined using the LDH method. Values are the mean + SEM of triplicate experiments. *,2<0.05**,P<0.01

@ Ao EAN FHAF &5 B A3 H 10-20 ~ 10-23)

- LA T ostdeld, HE dEF %‘:&"ﬂ 8% 9L e ZeE &#F nitric
oxideNO)2} 454 cytokine A A &% H71sHA

- A" NOY<= Griess AleFS ©] 83} HPHH F Fo EASH= NO* 9 Fel=2 =3
3 94 cytokine& ELISA assay kitE o] &3t =4

- NO A4 oA 85& AT F Aoy Fode
NA 2~4do X F= EHOE oA EFo] e

- 3, x4 BUHAREEA S LDHE EE A9 4
acide} lactic acid 7+ 7}94# Ao Hfste] Zv
g o Y Fog Fevet 5 LDHVL s

- EE Al 400 ug/mL % olstol A= ME=Ao] mlnlstAY UEhA] e AR E11d

U]o

ol
i
2

_g_
j=4
a91m

[e) 2= [e)
A AT F AYE

%)

=X
HJr < 3l LDHE WE3 z3zo] 3}

O assay 4+ LDH assey 4
] s 2 {
£
RN -
£ Yz
z 6 | % E § &
§ P ol
360 wE 2 an[
0 I
i 40 lwd & w
- z
g o
¢ 20 ‘
ol- []
LPS LPS
PC. . PC.
Sample - - . 1M ZBIJ MIIJ NW ZM IUU HN) zao lﬂD |DD ZDD m |M 200 ll‘m Sample - - . |Dﬂ ZDU IDD 1UD ZW ADD WD ZDO 4D0 M)D ZEIO iDU EDD IGEI
January February March April May January February March April May

g 1w | g
: 5
g o i
3 3
E 60 | 3
2 &
@ 40 ©
Y a
21 =
= 0
0t
LPs LPS - + + + + + + + + + + + + + + + + +
PC. PC. S % E B % ¥ & o 2 R % G m wm ez A
Sample - - - mn ZDD &00 iﬁﬂ 200 400 150 205 600 100 l’ﬂﬂ JDD mn 200 -lnD Sample - - - 100 200 400 100 200 400 100 200 400 100 200 400 400 200 400
January February March April May January February March April May

13 10-20. Effect of pro-inflammatory factors on variety sample of Sargassum horneri in RAW

264.7 cells. The production of pro-inflammatory mediators were assayed in the culture medium for 24 h
in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity was determined
using the LDH method. Values are the mean £ SEM of triplicate experiments. *,/<0.05**,P<0.01
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13 10-21. Effect of pro-inflammatory factors on variety sample of Sargassum horneri in RAW

264.7 cells. The production of pro-inflammatory mediators were assayed in the culture medium for 24 h
in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity was determined
using the LDH method. Values are the mean £ SEM of triplicate experiments. *,/<0.05**,P<0.01
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13 10-22. Effect of pro-inflammatory factors on variety sample of Sargassum horneri in RAW

264.7 cells. The production of pro-inflammatory mediators were assayed in the culture medium for 24 h
in the presence of LPS(1 ug/mL) and variety sample (100, 200, and 400 ug/mL). Cytotoxicity was determined
using the LDH method. Values are the mean + SEM of triplicate experiments. *,/<0.05**,P<0.01
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I3 10-23. Effect of nitric oxide production and cytotoxicity on variety sample by fermentation

condition of Sargassum horneri in RAW 264.7 cells. The production of nitric oxide was assayed in the

culture medium for 24 h in the presence of LPS(1 ug/mL) and variety sample(12.5, 25, and 50 ug/mL). Cytotoxicity
was determined using the LDH method. Values are the mean + SEM of triplicate experiments. *,P<0.05**,P<0.01
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18 10-24. Anti-oxidant potential on monthly samples of Sargassum horneri
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13 10-25. Anti-oxidant potential on variety sample of Sargassum horneri
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19 10-26. Anti-oxidant potential on variety sample of Sargassum horneri
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