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The Effects of Korean Seaweeds on In vitro Ruminal Fermentation
Characteristics and Methane Production

Kim, Byul - Wi, Jisoo - Lee, Yookyung - Kim, Hyunsang - Seong, Pilnam -
Lee, Sungdae - Hwang, llki - Kim, Hyunchul - Lee, Seongshin

The present study was conducted to investigate the effects of seaweeds on in vitro
ruminal fermentation characteristics and methane gas production. Five seaweeds
(Dictyota dichotoma, DD; Chrysymenia wrightii Yamada, CW; Codium fragile, CF,
Sargassum fusiforme, SF; Gracilaria vermiculophylla, GV) were obtained from
National Institute of Fisheries Science (NIFS) in South Korea. The ruminal fluids
were collected from 3 rumen-cannulated Hanwoo steers (average 12-months-old).
The buffered ruminal fluids (50 mL) were incubated with substrates (0.4 g of
concentrate and 0.1 g of rice straw in dry matter basis) and seaweeds (5% of
substrates) at 39°C for 24 and 48 hours. The total gas and methane production of
all treatments incubated for 24 hours were not affected by the seaweed. However,
methane production (mL/g of digested dry matter) in the CW and CF treatments
incubated for 48 hours was decreased compared to control (p<0.05). Additionally,
the ruminal pH of all treatments incubated for 24 and 48 hours was lower than
control (p<0.05). There was no signigicant difference in total VFA concentration at
24 hours of incubation, but it was higher in the CF treatment at 48 hours of
incubation (p<0.05). The dry matter digestibility of all treatments incubated for 24
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and 48 hours were not affected by the seaweed. In conclusion, Codium fragile
reduced in vitro methane production without negative effects on rumen fermenta-
tion characteristics.
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3 A= wlE3HA FTHNIR, 2022). W TAFS gtF5Eo] HF st AR =4 ¥

g gl we} §iES AE TRAF 23 sH 4TS v wg wjEol JFgFS v

T AUTHAbDbott et al., 2020). H BFF9 9] Wk A7t AHste] TR AFoe OF
[e)

g 2R/IE o] &H A Atk EFe 5 @dtE, vulE T Y4 A Kumar et
al,, 2008), EEZE8 P dEA3} SHEH 22 23 tAREES skl 1o Hg A%k
I #EE A7 I E 3 Ark(Holdt and Kraan, 2011). A AT F A
o] aHAQ g AAES EH I (Roque et al., 2019), o]Lol= ZZFLI
(Brooke et al., 2020), X7 Gigartina &(Maia et al., 2016), =272 Ulva &(Machado et
- 2014) SOl W' A3 Heo] gttt Haw .

53'141"1]/\1 AL A= 2R/ 75049 F oo, dlEF TRl weEt 5ol g
AL el = g4e F848S 838k t(Cho et al., 1995). A ZN(Codium fragile)©l
A e 23F AR dbsl 5, 39 AF SAT 22 A8 0] due
B 7} dth(Lee et al., 2017; Sanjeewa et al., 2018). =3+ S (Sargassum fusiforme)°l 4 A2l
g4 Edo] Zol e aAZN A FRokA o] &% JATtHKwon and Yon, 2017). =
YoM E dF =75 283 e A7 &% A77F JAPHA S K Choi et al.,, 2021;
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4D S BAFS BN R A AAEA T A SRR BE M 3

AxFe THTAAS AN AF W2 ISR (Dictyota dichotoma (Hudson) Lamo-
uroux, DD), FEIZ 0|(Chrysymenia wrightii Yamada, CW), ZY(Codium fragile, CF), &
(Sargassum fusiforme, SF)3} ZIA 71 (Gracilaria vermiculophylla, GV)E 872 A3}
o} FEEFol9} WA 7= Rhodophyta (2 E1)0 &3l T2F/e1E B2 T+

Hol= 20221 627 A stold A=k, A= 22 8 7474 A IETelA A

A X
stk 2EMR T B2 Ochrophyta (NEHEZAEF)0 &3 Z2xFG1s g0
20221 797 A SETolA AFSAT. A2 Chlorophyta (F5Z22EE)0 &3] 5=
Fel= E22H 20221 697 A stold AS5dolA AsAh 38 dxie 2
4 A E AAE 8l 21CoAlA 383 AlH g & SAAZE FA7EA] -80C ol 2¢3t WE By

st WE Had sj2Fe 45T 53t BF FAAEs . # AR F cyclotec

1093 meal (FOSS, Hillered, Denmark)E ©]-83} 1 mm Z7]|Z2 E23tH .

3. In vitro w\ %

EFAIES} ZAIRHA)E 60ColA 48417 AZAIZ] F cyclotec 1093 meal (FOSS,
Hillerod, Denmark)E ©]-83t] 1 mm 27|12 &3l 7| A(ZAIE:FFAIE=3:7)2 AFE3)
A IR FFAE AL Table 13 29} 2o} 7]22 AOACH(2016)S &85}
ZAE(DM, #930.15), ZEE(CP, #990.03), %3] (CA, #942.05), ZX"HEE, #2003.05) L
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A AA B84 A -4(ADF, #973.18) A5t A T FAAAA 84 A -f4(aNDFom)&
Van Soest (1991)2] W& &&3le] 23| F FFS BT FFS &9 vl7+24
3HE(NFC)-& NRC (2001) 7Fol=8k0le EU &2 ﬂl&6‘}29E}(NFC=100-CP-EE-CA-NDF).
712 & Filter bag (Ankom Forage bag: R1020)°l 0.5 g2 FAoH AT+ 712 e
5% 7F & D85tk

Table 1. Chemical composition of experimental diets

Chemical composition Concentrate Rice straw
Dry matter (DM), % 87.78 98.33
Crude protein, % of DM 18.90 8.67
Ether extract, % of DM 3.38 0.83
Non-fiber carbohydrate, % of DM 47.14 13.76
aNDFom', % of DM 25.08 65.29
Acid detergent fiber, % of DM 10.84 46.79
Crude ash, % of DM 5.51 11.44

" aNDFom; method published by Mertens (2002) that includes the option of using a-amylase, sodium sulfite, and
correcting for ash contamination.

Table 2. Ingredient of the concentrate mix used in vitro experiment

Ingredient Composition, %
Corn flake 54.34
Corn gluten feed 5.08
Soybean meal 8.82
Wheat 6.51
Wheat bran 3.92
Palm meal 6.55
Soybean hull 6.51
Lupin flake 6.51
Limestone 0.77
Salt 0.37
Sodium bicarbonate 0.37
Vitamin & mineral mix' 0.25

! Vitamin (vit) & mineral mix; vit A, 2,650,000 IU; vit D3, 530,000 IU; vit E, 1,050 IU; Nicotinic acid, 10,000
mg; Fe, 13,200 mg; Mg, 4,400 mg; Zn, 4,400 mg; Cu, 2,200 mg; I, 440 mg; Co, 440 mg.
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393} McDougall bufferS 1:39] ¥ &2 &3¢ ¥ 39CE 719 wuksidA CcoE
FYdste] U1 EHE FASA T Bl FH LS filter bage] S0+ 125 mL serum bottle©ll
0 mL¥ &5 F 39C wjd7lol 24413 2 48413 F<F wigsidith. 43 @9 &
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4. In vitro 7F2A4 B HER9] WaAdd 24

Sh

& 7k WA 2443 vk - YRR ASQEAI(TPI645, TPI, Korea)9} o= A S ©]
&3t serum bottle W ¥ o] 7|t ZotAEF 7125 EFste] 4Pt 23 E
7t22= FF A 8]E serum tube (BD Vacutainer 367953, BD, USA)oll 231 & GC (gas chro-
matograph; NL/450 GC, Bruker, USA)E AF&3l] W&k WA FS 43I Th 71 23 3,
pH meter (pinnacle pH meter M540, Corning, NY, USA)E ©|&3}o] HEE9 o] A eE =74
StA T 3 A WAHVFA; volatile fatty acids)® &= U obe] & A (NH;-N) #4715 93] uj
FHS A3t 15 mL tubed] EF39 AL, vABE S5 FA 52 OS2 metaphosphoric acid
(Wako, Japan) 83} A& 1:10 HI &R 3|A4ste] £4 H71A] -80C o] W& KAt

VFA #42 Erwin 5(1961)9] WS $83te] 83ttt Yaearadd &2 4

S A2 F, YAE-E]7](Vision Scientific CO. LTD, VS-550)5 ©]-§3}4] 2,900 xg, 4°C ol A
2087 A4 Bt EElE A4S A2 micro tubed] 2 mL %% & W FAAEE]]
(Cyclo1730MR, Labogene, Korea)S ©]-83}0] 14,000 xg, 4C ol A 1087F L4 EElst o,
0.20 pM syringe filter® o33+ & A48 Fe|H ol &7 Thermo Scientific Gas Chromato-
graph (GC; Trace 1610)5 ©]-83to] 243U TE VFA EF-8Y-S volatile fatty acid standard
solution (Catalog number. 46975-U; Sigma-Aldrich, St. Louis, USA)S Al-&-3}3 T}
NH;-N #2412 Chaney9} Marbach (1962)2] WH-& 583t AT Warnd H A
S oA FE3] S T YAEE]7](Vision Scientific CO. LTD, VS-550)& ©|-&
o] 2,900 xg, 4C A 2083F U4 et A2 F5dS B 83Tt ME 4
A3} oFmijo} EZEEA(50, 100, 200, 400 ppm)< 1.5 mL micro tubel] 10 pL# EFa,
phenol color reagent (Phenol 50 g/L$} sodium nitroferricyanide 0.25 g/L)®} alkali-hypochlorite
reagent (sodium hydroxied 25 g/L¢} 4-6% sodium hypochlorite 16.8 mL/L)E Z+ZF 500 pL#
Arbetel EeAT. 57C FegzoA EFAL 57T FES] TAEH] 96 well
microplate®] 200 uL# &3 % UV spectrophotometer (Catalog number. 168-1150; Bio Rad
Laboratories, Inc, California, USA)E ©]&3te] 630 nmollA §F=E A3 AE U
NH;-N $E55 dEUYol F8de] AFH S 7|F 22 st AL ks &83t3th
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5. SAIEA]

2 AFoA Y2 BE ZAF= SAS program (Enterprise guide 7.1, SAS Institute Inc, Cary,
NC, USA)] GLM (General Linear Model) procedureZ ©]-&3to] 2248 A A5ttt 22l
oJsk Ht 7+ Bl = Tukey’s testE ©] 83 24319 Fo32 p<0.05 o2 AHs}
At

zFo Hrtol WE in vitro WY 244170 WES ) F 7}¢ 2 vk Sy Ay
(Table 3)= 2 RH?OM o)Al a7 ATt WHA, sl 2/ A7l W2 in vitro WY
48X WEE9 W] F 7h s A A= Fo A1 At %iM—‘/]'(Table 4), ek 1Ay
F Ay E FoHd AAE UEFATHp<0.05). WE LA FFH(mL, mL/g of DM, mL/g of
dDM) Aol A thz7o} vludE o, siEF AT F CWeF CF A2 771 frolZ oz
7H S TH(p<0.05). Keskinkaya 5(2022)9] ATolA 2 &= W H=4 sidEo] &
Raga, 1 F Diosgeninol 2 =4 T hUE 153Utk Diosgenine 2~H Zo] = Af

I Adel &3t= 23 UlAHHE Z(Herndndez-Vazquez et al., 2020), T2 EZ0} E3]& of
718 34 BAR] vigk APFS TFaAA W FAES AAZE 5 ATHNewbold et al.,
1995; Newbold, 2010). & AFANAE HAPAFL} FAFSH H 7 Aol A wig DAY o)
ZAE R, ol AZA EXEE HEd EAE S FoZ ASHTE To 5(2018)
o] Aol A 22 O)(Chrysymenia wrightii Yamada)S X33 2159 &2/ AW4t &
28 AAZ Adt C14:0(7) 8 2EAH)S 0.81~9.52% 72| WY olA 7.09%U 3L, SFAs (3£
S|4k, Saturated fatty acids)= 45.48~60.33% W9 & 57.43%°10Th F AR U AW
2 2 ukaka) S50 we & #Ao the] 2115 A th(Beauchemin et al., 2007). C12:0
(FH5-24h), C14:0(F B 2E4 52 wg vl&3 weks A3t Bte Elof 78 4 A7)
3(Dohme et al., 2001), Zhou 5(2013)2 -Z4+0] M. ruminantium®] M| 3E EEES 7+
A7l 95 7HAL i Rugdo g3 A aE &) i e A &
2 F7F A7 Bos Ao Z HRt Sofyan 5(2022)2 |27 ¥4 vEl B4 AxE
I wek o] 5% 2R/ TS FASAIL, 30~40% Atele] gk A Jhed S
EFE mA Y79 ARHF & BustAnt kAR 2 A4 SFeF GV A
& DA S Fo A1 Zpol7t AT 2/l EAehE I EH 22 AR

)

Lo
=
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FEE AY, #4 3 A 5= THI oY gkl wet FEAH, o= WEEEo]
AU e BT A Bds Debd 5 gloj(Abbott et al, 2020), B A3 Ao e 2
e Bl Ao Azt

Table 3. Effects of seaweed additives on total gas and methane production after in vitro 24 h
of incubation

Treatments’
Item' CON SEM® | p-value
DD CW CF SF GV
Total gas, mL 45.80 42.39 38.05 39.72 41.94 42.35 1.258 0.657
CH4, % 5.73 5.64 5.09 6.72 6.41 5.86 0.184 0.109
CH4, mL 2.94 2.42 1.96 2.67 2.69 2.49 0.127 0.410
CH4, mL/g of DM 5.87 3.80 3.61 5.08 5.12 4.74 0.260 0.110
CH4, mL/g of dDM 8.92 6.42 6.05 8.33 791 7.36 0.340 0.104

'DM, dry matter; dDM, digestible DM.

% Treatments were supplementrs 5% of substrates (DM basis); DD, Dictyota dichotoma; CW, Chrysymenia wrightii
Yamada; CF, Codium fragile; SF, Sargassum fusiforme; GV, Gracilaria vermiculophylla.

3 SEM, standard error of means.

Table 4. Effects of seaweed additives on total gas and methane production after in vitro 48 h
of incubation

Treatments®
Item' CON SEM® | p-value
DD CcwW CF SF GV
Total gas, mL 7440 70.40 58.04 67.04 63.68 59.06 1.912 0.069
CHi, % 7.28 6.08 6.16 5.80 6.83 7.15 0.199 | 0.116
CH,, mL 5.75° 430" 3.48° 3.76° 437% | 4.85® 0215 0.024
CH,, mL/g of DM | 10.83" | 817" | 6.60 714> | 744%™ | 818 | 0432 | 0.026
CH,;, mL/g of dDM | 13.92* | 10.76® | 9.36° 9.56° | 11.44%™ | 12.18® | 0.465 0.007

'DM, dry matter; dDM, digestible DM.

% Treatments were supplemented 5% of substrates (DM basis); DD, Dictyota dichotoma; CW, Chrysymenia
wrightii Yamada; CF, Codium fragile; SF, Sargassum fusiforme; GV, Gracilaria vermiculophylla.

3 SEM, standard error of means.

*® Superscript represents significance difference by Tukey’s multiple comparison (p<0.05).
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27/ 7ol w2 v 24413 QS in vitro BEAY R A EALSHE I Table
5o JelATh sl =7 A9 v pHE 5.86~6.18%, DD A2 7E A3 ZE A
g Toll A thxTol Hls| FolFow wgkow, 53] SF9F GV A TelA 7R Witk
(p<0.05). WFF9] pHoll Y& 1| X= Total VFA F=9} acetate, propionate, iso-butyrate,
butyrate, iso-valerate, valerate, A:P ratio (Acetate:Propionate ratio)oll A 2]ZQ1 =}Fo]7} QI
O, pH 73kt 29 A333A1R] NH-N §5E SF, GV 2.2 Wol(p<0.05), pHoll 2} 7}
A= Ao Z ALZHTE Wang 5(2008)2] o] mt2d YXF FxFeo TEEEo]
ool A ZrzEd-Gd EFAE P NH-N F3o] 2" & ok Choi &
0219 ATFANME ZZ2F FEES )& in vitro WMF APoA NH;-N =7 143}
Aom, O]‘?i AT At FAFsIATE 4, s A%ES -4;‘401 2ol 7F flod, sl =/

o A7t AE &8t FAAR) FFS HIAA d= A A=

lO :{o

Table 5. Effects of seaweed additives on rumen fermentation characteristics and IVDMD
production after in vitro 24 h of incubation

Treatments®
Ttem' CON SEM® p-value
DD CW CF SF GV
pH 6.18° 6.12"% | 6.06™ | 5.96% 5.90¢ 5.86¢ 0.291 | <0.001

Total VFA, mM 72.26 68.79 70.28 68.30 71.89 72.80 0.624 0.128

Acetate, % 55.83 54.65 54.34 55.39 54.67 54.32 0.181 0.052
Propionate, % 27.06 27.67 28.42 27.43 27.18 27.53 0.156 0.137
Iso-butyrate, % 1.30 1.45 1.42 1.47 1.50 1.54 0.029 0.205
Butyrate, % 12.01 12.16 11.92 11.88 12.68 12.62 0.139 0.412
Iso-valerate, % 2.37 2.54 242 2.39 2.44 2.44 0.024 0.455
Valerate, % 1.43 1.52 1.47 1.43 1.52 1.54 0.018 0.186
A:P ratio 2.06 1.98 1.94 2.02 2.01 1.97 0.015 0.181

NH;-N, mg/dL 14.61° | 15.03® | 14.89"™ | 14.14* | 13.00° | 13.76™ | 0213 0.001

IVDMD, % 64.60 61.90 61.41 63.13 62.54 64.22 0.747 0.847

"' VFA, volatile fatty acids; A/P ratio, acetate-to-propionate ratio; NH;-N, ammonia-nitrogen; IVDMD, in vitro DM
digestibility.

? Treatments were supplemented 5% of substrates (DM basis); DD, Dictyota dichotoma; CW, Chrysymenia
wrightii Yamada; CF, Codium fragile; SF, Sargassum fusiforme; GV, Gracilaria vermiculophylla.

3 SEM, standard error of means.

*4 Superscript represents significance difference by Tukey’s multiple comparison (p<0.05).
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Table 6. Effects of seaweed additives on rumen fermentation characteristics and IVDMD
production after in vitro 48 h of incubation

Treatments’
Item' CON SEM® p-value
DD CW CF SF GV

pH 6.04° 5.95° 5.94° 5.79° 5.75¢ 5.78° 0.026 | <0.001
Total VFA, mM | 87.90* | 88.96™ | 83.08° | 9298 | 9029 | 92.10® | 1.005 0.001
Acetate, % 55.16 54.89 54.56 54.17 55.05 55.32 0.233 0.791
Propionate, % 26.41 27.29 26.60 2721 27.32 25.65 0.322 0.685
Iso-butyrate, % 1.68 1.81 1.76 1.70 1.64 1.63 0.047 0.905
Butyrate, % 12.20 11.55 12.05 12.25 11.69 12.40 0.134 0.431
Iso-valerate, % 2.87 2.88 3.12 2.99 2.72 3.16 0.060 0.239
Valerate, % 1.68 1.58 1.89 1.69 1.58 1.85 0.045 0.229
AP ratio 2.09 2.01 2.06 2.00 2.02 2.16 0.032 0.746
NH:-N, mg/dL 2074 | 1672 | 16.43% | 19.50™ | 1497 | 22.81* | 0.752 | <0.001
IVDMD, % 80.27 75.52 70.46 74.77 72.26 73.42 0.962 0.092

"' VFA, volatile fatty acids; A/P ratio, acetate-to-propionate ratio; NHs;-N, ammonia-nitrogen; [IVDMD, in vitro DM
digestibility.

? Treatments were supplemented 5% of substrates (DM basis); DD, Dictyota dichotoma; CW, Chrysymenia
wrightii Yamada;, CF, Codium fragile; SF, Sargassum fusiforme; GV, Gracilaria vermiculophylla.

3 SEM, standard error of means.

*d Superscript represents significance difference by Tukey’s multiple comparison (p<0.05).

27 7t wE a 4BARE B9 in viro T EA ‘;—! ﬁ% 3-8 ZA = Table 6
3 2t} HkE$] pHE 5.75~6.042, CF, SF, GV A 2|7l fFoldoz 71 $3kth(p<0.05).
o]+ pH A3} ko] A433AQl Total VFA & =7} CF, GV, SF % 2 E=3k31(p<0.05), SF
g9 7g-oll= pH Aol 9] 43TAQ] NH:-N =7 78 WE3k7]1(p<0.05) w2
2 AddE 9] A E RS A% 44 NH-N 55 H9= 6~30 mg/mL (Preston and
Leng, 1987)°]1, ¥ A3o|A sj=F/FE H7IsF A 279 NH;-N §5F 14.97~22.81 mg/dL
2 39 v E A FEHQ FFL fle ZoE Addn AdE 43kE8S A A
TolA FA 2ol 7t flle AR A 7t slzR[7E w9 s 238HE
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S

NS AASA sl =7 A TFoNA in viro WS 2447 F 7k D gk B A
= A AgFelA FoH Aol7F A vl 484 HlE A Ao A= R

LR oo} H7F AT A FolH o2 (p<0.05) ) A =F AT W59 pHe 5.75~
6.122 thZT tiv] {22 0 2(p<0.05) RUTE Total VFA =+ Bl 24412k ol A f-2f
9] Zpol7k Yoy, Azt A ol A vk 4847 T2 thH] Frol A 0 2(p<0.05) =
AT NH3-N 55 5 Aol wF 2441303 484120 25 thxT thH] o] o
(p<0.05) ZFUTE AE A58 W 2443 484 B [ Q1 Aol & HolA &

_E-L
T

of sfzF7t W] ' £5h&o] FAARA IFS vIAA &t olF T HZo] wt
9 EAGY B &28hg FAAA T XA FouA vig BT FaATE
s B, 5 vg A 2A2A FUEE 98l 7HS 5ol Ade % ASe] dasith
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