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ABSTRACT: Marine algae(Macro algae) are easily bio-degradable, and by-products are available as feed and fertilizer.
The biomass of marine algae has higher CO, absorption capacity than the wood system, and is highly valuable in use
due to its fast growth speed and wide cultivation area without special cost for raw material production. In 2018, Marine
algae production was 1,722,486ton, such as Saccharina japonica, Undaria pinnatifida and Porphyra tenera, the large
amounts of by-products have been generated in the food processing facilities for commercialization. In this study, Saccharina
japonica, Undaria pinnatifida were collected in the south coast region and Porphyra tenera was collected in the west
coast region. The theoretical methane potential and biochemical methane potential(BMP) were analyzed, and Modified
Gompertz model and Parallel first order kinetics model were adopted for the interpretation of the cumulative methane
production curves. The theoretical methane potential of Saccharina japonica, Undaria pinnatifida and Porphyra tenera
were 0.393, 0.373 and 0.435 Nm¥kg-VS, respectively. BMP obtained by the Modified gompertz model 0.226, 0.227,
and 0.241 Nm/kg-VS for Saccharina japonica, Undaria pinnatifida and Porphyra tenera, respectively. And BMP obtained
by the Parallel first order kinetics model were 0.220, 0.243, and 0.240 Nm/kg-VS for Saccharina japonica, Undaria
pinnatifida and Porphyra tenera, respectively.
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H7] a3t AFHTE F 2mm AE FTHAAZ T
38T ollA F7]af ¥ /\lﬁ ol&3l/d el fF71EF o
Aol ol-gstaltt 7180 A2
e ARESEaL ThAmte} T

2 dafibelld A F A H Ae AHSst

2.2. 0|24 OHEHEE A (Theoretical
methane potential; Btn)
ol24 vEHede YAEN AAE ugoR
Boyle(1976)9] f71& #3l W32 (Eq. 1)< ©]83}
of 2hE3IAT. 24 & w8l WA vher

230 = =)
& ﬂﬂ%ﬂﬂ < &%ok%‘;u}
b 3d e
C.H O.N,S +(a— 7 5+7+2)1{20ﬁ
(a+£—i—ﬁ—i)(1{+(£—£+p+ﬂ+F)(UZ+dNTI3+cHQS

2 8 4 8 2 8 4 8 4

(Eq. 1)

(4a—b+2c+3d+2¢)/8 ]
12a+ b+ 16c+ 14d + 32e

(Eq. 2)

By (NmP/kg— VS, ypa) = 22.4 X[

2.3 d=stetd HEMYAHEIE AlS
(Biochemical methane potential test;
BMP test)

Ad ol HZFN(Inoculum, 1)Q! F7]|A3}e0-8 38C

oAl T2 F7HEES AA T T FE(Volatile
Solid, VS)¥ 4T Uo}lE xHgk o7t AE A ASH
931, 713 (Substrate, S)1 THAIUE Z, w2 H3
sto] o] &3ttt T 71T HEAS LA 1
HE gheFo] vl (91 ratio)?] 0.57}F H =5 43}
ol 33] HHE-© 2 160ml Serum bottledl| 4] 3]E2l0 =
gt on, AL 100ml 55 *JEHOM 71
A HFN LAE 1FEY HIES 052 95
o] 3%l 7149 & P, HFA AA A T
A= Wk olikslerad] g BAsH] 13l
Azl B33 Serum bottleE: HIEHA|H O E 213
Aok @718 HelE FAs] el aFepiE 2
HA|A 38C2] vjg7]olA 90Y7t v FstAA 7k~

WA o] we 27] 209 B 1Y 18] 1= w
SHHA T Algtell 7}&4‘%} §'v'h+ ItrEES
AL, o]F FAHFVIE =Hskth

3&A @719 vlo] Uk AR SA
TFAA T SATE Ao d =
Hlo] @ 7k~ (Eq. 3)9F Zo] i 255 BAs)
of FFFENTC, 17]19hellA o] Axe] 7k H3)
2 kst A e S AT Vay
o BE (0C, 1719D)00AMe) Az 7hxe] B
3, T 8719 T?ﬂ%% Vit gas a 0T RFS7]
SRR (38C)elA Y F& 7] 23, P T
o] Fu&A g9 ﬂ%ﬂ?& Pri= TColA 9] 23}
<71 (mmHg)°|™, & ATo)A= PE 760 mmHg
2
2k

ez

rlo

= 'Sh Pi= 38C oA Z3}5=r|etoz A

273 (P—Py)
Vdr‘y gas = unt gas at T °C X (273+ j’j X 760 (Eq 3)

2.4, 2M ZE(Analytical model)

&3 mean el AEs 99 AR
A2 Modified gompertz model3} Parallel first order
kinetics model-S ©]-8-31 SigmaPlot 02 343t

24.1. &2 W-37]E T xR 1=

H3l W34 %(Modified gompertz model)

Modified gompertz model (Eq. 4)°l4] M2 +2 o]
AL (mL), t= F71M Y713 (days), P 5
S (mL), e= exp(l), R HHHRHY4EE
(mL/day), A+ AAZZAIZE (lag growth phase time;
days)S WERATH

Hﬂl
5 (A=t)e+1] (Eq. 4)

2.4.2. 372 Her)E B sxFe fU]E

2 Hhg-
3l HH-8-<5 % (Parallel first order kinetics

Parallel first order kinetics model (Eq. 14) =@ =
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olt}. (Eq. 159149 44 ki, ky, f& < ©]83lH
BMP testol|l Al €2 A e 2ol 32 s)stod
T3HATh

Foldt f71ES B3l £EE fUIEe 7S
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(Substrate) 2] v7]=3( VS (Eq. 5)9F 2] ¥7]14
slapgo A wgko 2 Hghe]= A3l /d(Biodegradable)
F1E(VSy) T Wete 2 HEEA] v G
(Non-biodegradable) 718( VS,,) 2 A2|slHi o,
= AR F71E(VS,)S (BEq. 6)9F 2ol ¥7]a
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712428} $710ll Z4748] == E3) A3 (Persistent)
F71B(VS)E T3t st

Jl->

VS, = VSy+ VSyy (Eq. 5)
VS, F 3T E (VS; volatile solid)2] & ()
VS, : E314d (Biodegradable) VS| 3 (g)

B,
VS = VSp X ——

: 23] 4d(Non-biodegradable)
B T

L

Vsl g (g)
B, : A% vet el (Nm’-CH4/kg-VSadded)
By, ¢ o124 vets el d (Nm’-CH4/kg-VSadded)
VS, = VS, + VS, = f, X VS, + (1—f,) VS (Eq. 6)
: 423043 (Easily biodegradable) VS&| 3 (g)
VS, A (Persistent) VSOl T (g)
I ]T"i‘ 14 (Easily biodegradable) -F-71& A<=
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VS, = fx VS, (Bq. 7)
VS, = (1—f) < VS, (Eq. 8)

o714 12} g4 52] (First order kinetics)2 ©]
f71EH E A 71E9]

= A (Eq. 93 (Eq. 10)9} 2om,
71%(V5T)94 3N SE (Bq. 1) 2ol
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Atk o714 (Eq. )3 (Eq. 8)= (Eq. 11)°ll tids}
A, (Eq. 12)2F 20,

—d[vs] [vs.],
=kt — [VS], = [VS 106*“*

E : Vs e @718 &8l 13} ¥4 (First
order kinetic constant)
t : AZE (day)

Jo [VS.], + Z71HEEAIZE (0)3 tAIZEe A9

e

ky © V9o @714 &all 12} W& (First
order kinetic constant)
t : AXE (day)
Vs o3 [Vs)], « 2718AIZH0) tAIZE A €]
Hhe=e] He)
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Table 1. Chemical Composition of Substrate

Parameters TS" vs? Fs¥ TKN? NH, N
mg/kg
Saccharina japonica 251,580 59,761 191,818 1,783 50
Undaria pinnatifida 375177 151,252 223,925 6,863 65
Porphyra tenera 170,036 157,967 12,069 6,174 17
Y Total solid.
2 Volatile solid.
% Fixed solid.
 Total kjeldahl nitrogen.
) Ammonium nitrogen.
VS, = VS {fe ™+ (—r)e ™} (Bq 120  B3IEH, AEE of2 (A 7FAE ol5doR

AIZE ol Ao E3lF71E9] 4 (Eq. 13)9F 2ol &
Y 9o, t >0 A W, [VS,], >0, B— B,
7} B3, (Eq. 142 =8 &= Atk 9714 (Eq. 13)
9} (Eq. 14)< (Eq. 11)°ll tigste] 9 (Eq. 15)%}
2ol ol&3g 7' AlF(f,)et HSHEAYL =
(B2 TAH= HE 12 HEEAs 78
Ao, TG 5h 48 B3 o]
g f7lE(vs)H BEARAE F1E(vs,)o
[e1s ahg :rLal- 2= 011;}7)

=4

[o rﬂl

"

[VSplo— VSl = By« B, (Eq. 13)
By : WA S (Methane yield constant, g/mL)
B, : AZE tellMe] miggakad (mL)
[VSB}U = BP * Bmax (Eq 14)
B, AU eI A Hultimate methane production,
mL)
Bf = Bmax{l_fee_klt _(1_]‘;‘)3_]@} (Eq 15)
2.5. Ag&M (Analysis)

Hj0] Q7119|712 dHEA38- TCD (Thermal conductivity
detector)”} 728 Gas chromatography (Clarus 680,

PerkinElmer, USA)E ©|-&3tth ZH-2 HayesepQ
packed column (3 mm x 3 m, 80~100 mesh size)= ©]

AHESE] flow 30 mL/min®] &7 dEfolA FUF
(Injector) =% 150C, ZH*4- (Column oven) 90C, 73
3 (Detector) 150C ol A EA3IATH?, Al52] Ui
42 4241E27] (EA2000, Thermo Finnigan, CA)S
AREaEATE AHIAMAl B84 A (Acid Detergent
Fiber, ADF), /3414 -84 44 (Neutral Detergent
Fiber, NDF), 43 A4l -84 2l 1'd(Acid Detergent
lignin, ADL)9] &8 Van(1991)°]] whe} 2233150,
% 1% E(Total Solid, TS), 34 & E(Volatile
Solid, VS), 384 4tA Q7% (Chemical Oxygen
Demand, COD), ¥ Z'& & 4x(Total Kjeldahl Nitrogen,
TKN), &= o 24 (Ammonium Nitrogen, NH,-N),
dZE] S (Alkalinity), 52 FETEAHA wet 33

HHE o 2 ety

A Tﬂﬂﬁﬂok Al?% ol&3Ng A71EH A7t 2E A
A 3 HFHS B3I Table 1, 20 2+ Ve
tAml 1Y, 7o) F 1 o%~ 251,580, 375,177,
170,036 mgkg® ©] F fF7]&°l sidste= F¢Ad 1
FEL 59,761, 151,252, 157,967 mgkgl- 2 EF:
ok oAmkel m el 2HFA 313 E(Fixed Solid,
FS)o] & gto] U2 A2 g3y o= Qs 4

T FUE Ee] YFE vRIZIoE Hey MD}.
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Table 2. Chemical Composition of Inoculum

Parameters pH TS" Vs? CODcr? TKN? NH,'-N° Alkalinity (as CaCO3)
mg/L
Inoculum 8.09 23,533 11,850 32,717 11,688 6,124 22,463
" Total solid.
? Volatile solid.
% Chemical oxygen demand.
 Total kjeldahl nitrogen.
> Ammonium nitrogen.
Table 3. NDF and ADF Content of Substrate
Parameters NDF" ADF? ADLY Hemicellulose Cellulose
%
Saccharina japonica 11.28 11.06 0.71 0.22 10.35
Undaria pinnatifida 28.60 15.08 2.12 13.52 12.95
Porphyra tenera 40.09 7.55 0.73 32.54 6.82

! Neutral detergent fibe.
P Acid detergent fiber.
 Acid detergent lignin.

HETHE 277 38T oA F7Hs Al &
¥} pH 8.09, F I1FE 23,533 mg/L, 34
11,850 mg/L, 3}8+3 4k4 Q7% 32,717 mg/L, &
2 A4 11,688 mgl T YEUoMd AT} 6,124
mg/Lo 2 YERSTE McCarty(1964)= pH7} 7.4~7.6
olatol a1, kYol A9 FE7} 1,500 ~ 3,000
mg/Loll A S48 do7H, 3,000 mg/LE Z3shA
pHell Aol HAo] Yepdtt Y. =5
Velsen(1979)= 5,000 mg/LYHE =2 wol|A] 71 &5
717ko] SF=HA T WetA A vlhE|glols Al 2&
Aol =getha ST, B AFelAs 7]
NH;'N F=7} 7|48k 542 v)X= W)X
T HJEHo] 21 &8 7IHE AX Fo]ZE BMP
test 717F &< 54 UERA] Zshthar AaE ok

rlot

ohAlel, m ) Z1e] FA9AA B84 A FHNDF)<}
AAA A B84 A FHADF)2] 3 Table 39+ 2
q. oﬂu]/HlE 9_3:’ @__}%EO)\ 11]11/]9] 61—&&
UehlE NDFE ZH2E 11.28, 28.60, 40.09%53.0.1,
NDFOA] SnAEZ 5 A|2st ADFO| 32
11.06, 15.08, 7.55%°]13It}. ADFolA] AEE 0 S

,x_,AE
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Table 4. Elemental Composition and Theoretical Methane Potential of Marine Algae

Elemental composition

Parameters Bth"
C H (0] N S Ash
Nm’/kg-VSadded
Saccharina japonica 9.35 1.19 9.63 0.73 N/A 79.1 0.393
Undaria pinnatifida 17.93 2.36 19.43 1.69 NA 58.59 0.373
Porphyra tenera 40.07 5.76 34.06 4.09 NA 13.62 0.435
" Theoretical methane potential.
0.30 0.30
@ @‘ 0.25 PSR . ¢
¥ ¥
£ é 0.20
H &
2 £ 015
: :
‘5. :5; 0.10
E E
£ £
E: 2 005
‘ ‘ ‘ ‘ 0.00 : : ; ‘
0 20 40 60 80 100 0 20 40 60 80 100

Fermentation time(days)
Fig. 1. Methane production curve of Saccharina japonica

with Modified gompertz model.

Methane production(N m3/kg-VS)

0 20 40 60 80 100
Fermentation time(days)
Fig. 2. Methane production curve of Undaria pinnatifida
with Modified gompertz model.

dolr 7] 23t Modified gompertz model ¥} Parallel
first order kinetics model-S- 2}-8-31T}. Modified gompertz
model> AEE Tt Fe +F wgAL=Ad o
2 gL P), HH SIS ER,), AA
A7)k 3709w sE S8 ske] H i)
BAAFS E&5e 222 AA| 87 (lag growth

Fermentation time(days)
Fig. 3. Methane production curve of Porphyra tenera with
Modified gompertz model.

phase), t55-2]7](exponential growth phase), % |3
77| (stationary growth phase)E AA= 7|0 |AE
o] 32 Fr|hglo o] HAEAH Hlo] o7}
22 A BEAS & Aishe AR o] ok Modified
gompertz modelS ©]-83+ 423+ Table 49} &
ow gArt, B, 712 247} Fig. 1, 2, 390 siE3ith
chAul, med) Fle) A wigkAAREP)S ZH7) 134,
135, 142mL, ¥ Hul HEAYLFHR,)S 7.39, 6.83,
4.06 mL/day, &77|A8E°] 7]12-& Ealist=t 48
S AR AAAAAZI(L)S 5.49, 3.73, 2.27day®]
Atk olwl, AESISH wEA ks EIAE-2 0.226, 0.227,
0241 Nm'/kg-VSo2 AJE3}la] wehiyiksiel o]
o232 wWetseld e Ui 713 f71E B
B|(VS)S 7171, 60.82, 55.49%% AF=%%IT}. Parallel
first order kinetics model-> &t SFAY 22K B, ©]
Al FEATL), 12 SR k), AR
4 F71E(VSp), B F71E (VSw)S &
o2 FAEe] o, ARG F7EL oA

F71E(VSe), AR F71& (VSH)= 72 &

71 &AL 3L, 28(4), 2020
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Table 5. Ultimate Methane Yield and Modified Gompertz Model Parameters

Parameters B," Vs2 pY R 4%
Nm’/kg-VS % ml ml/day day
Saccharina japonica 0.226 57.51 134 7.39 5.49
Undaria pinnatifida 0.227 60.82 135 6.83 3.73
Porphyra tenera 0.241 55.49 142 4.06 227
D Ultimate methane potential.
? Ratio of degradation(B./By,).
 Maximum methane production.
9 Maximum methane production rate.
% Lag growth phase time.
0.30 0.30
§ ? 0.25 1 S
"’E 5 020 /
H H S
2 £ 015
: :
& 2 0.10
g 2 005
‘ ‘ ‘ ‘ 0.00 * : : ; ‘
0 20 40 60 80 100 0 20 40 60 80 100

Fermentation time(days)
Fig. 4. Methane production curve of Saccharina japonica
with Parallel first order Kinetics model.

0.30

0.25 -

o
N
5]

(=]
=
(4]

0.10 -

Methane production(Nm3/kg—VS)

e
=)
a

et
o
=)

20 40 60 80 100

o 4

Fermentation time(days)
Fig. 5. Methane production curve of Undaria pinnatifida

with Parallel first order kinetics model.

It} Parallel first order kinetics model-S ©]-83+ &
AoAe= 1 AAZZ7E ZHe 7129 H9 vA
9 HEE 9 AHAEA Q] s 015':]?0] 2

o] Table 594 4AF=d A7) 717k o)uf

el

J. of KORRA, 28(4), 2020

Fermentation time(days)
Fig. 6. Methane production curve of Porphyra tenera with
Parallel first order kinetics model.

A3t vlo] @7k WA EE 7 m A Eo] 7| H e &
sk 71ztolgkal dhete] Ale]stal B ST
E“*—i = Table 69} o™, tiAlm}, v, 71 7}
Z} Fig. 4, 5, 69 s33tch Z ol WY 2B )
130, 145, 142mL, & 13} ¥k AS(£)S 0.57, 0.58,
0.900]th. o|Ba STIE(VS) TS 3208, 38.03,
49.95%, welAE A 71 =(VS) T 23.99, 27.10,
5.33%°1H A FEFellA olisd frlEdE &
A 7S AL ke EelEA g
FA F71E(VSw) o2 AlLtsIAT) olu, AJE3}st
Z} e el -2 0.220, 0.243, 0.240 Nm'/kg-VS2.
2 AESEH wetgis el e o4 weksE
Aol Z& vhe 714 f71E EallE(VS)2 56.07,
65.13, 55.29%% AF=5 Aok
A E=31eA WgA Lol o] &% wewE
Aol vl3] A AEEE olfre ol&F HeyE
AL 7AE @748 oS W 2 de

o[o o
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Table 6. Ultimate Methane Yield and Parallel First Order Kinetics Model Parameters

VSg"
Parameters Bu" vs? Brax! k¢ ko vy v VSys'?
Nm3/ke-VS % ml %
Saccharina japonica 0.220 56.07 130 0.57 0.06 0.06 32.08 23.99 49.93
Undaria pinnatifida 0.243 65.13 145 0.58 0.07 0.04 38.03 27.10 34.87
Porphyra tenera 0.240 55.29 142 0.90 0.12 0.04 49.95 533 44.71

" Ultimate methane potential.

? Ratio of degradation(B,Byp).

 Maximum methane production.

 Distribution coefficient of the parallel first order kinetics.
36 Kinetic constant.

 Biodegradable volatile solid.

% Easily biodegradable volatile solid.

%) Persistent volatile solid.

19 Non-biodegradable volatile solid.
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