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Acid-Hydrolysis and Response Surface Methodology

Gwi-Taek Jeongl* and Don-Hee Park™"*

A9 2011 7€ 9 / AAERL: 20113 8 16Y

© 2011 The Korean Society for Biotechnology and Bioengineering

Abstract: This work is focused on the possibility of marine
biomass Codium fragile as renewable resources for production
of levulinic acid. In an effort to optimize the reaction
conditions of levulinic acid production from Codium fragile,
response surface methodology was applied. A total of 18
individual experiments were designed to investigate the effect
of reaction temperature, catalyst amount, and reaction time.
As aresult, 4.26 g/L levulinic acid from Codium fragile was
produced in the condition of 160.7°C of reaction temperature,
3.9% of sulfuric acid, and 39.1 min of reaction time. This result
will provide the useful information for chemical production
from marine resource.
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H pduo] 7h= 3l R dojgid Axn 9 s)et
ARG 2 HAA T dlR o] emiAe) - A4
7Vssh AR o 2 RE] R skl she B AT AgE L
AT} [1-5]. A2 7Fest vlol e KL 71 7] w97t
oergo} gEig o2 AE BERSLER FAIH 9le
o], o2 3leh AEeHHQl WS mYldle] aydoR
Ask= g 9l FRMER uliRs AT A=A 9T [1,3,6).

SAke] Lol o L 2182 g ol A vlo] e AR
e AElA Fea ARA] AsE 5o Aol 9o
U, S %FE o183 nlo] Qofuix|e] AR daAke s
kA7) urfo] 7] wligel] vi-g- HskAL, R %
Bh= Eok olakslgka gl Fojokste] A1) YUHE
sk 5 AEAIQ] eHg st Z)ofsitl. T uto] 9ol A
AR go ] SAFRRERE- 30~35%, FAll 20~25%, BT 45%
olato 7 gjzFrt B AL 7 AL Qlrk. ElERFE vtk
o A= 2FE EE0] A= FRAAEE S AEEH
A& (AT sG-S she Y 2RE TEh
At 2/EE HRAE, 232AE FRAET ERAE 5
vlclol] Al 257 239t alRqe] AR 5 Bees)
5o Slere. Erol wEh thFskA N, 25-60%2] ©EE
& hgala 9lor, 11 BEkEg sk T AR
theFsitt [5-10].
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OF & AR A2 a0 o) ARs®e] gokog Aoy
THAI7E W) Rk E4J0) ik 7 48 dsito g
A o}l 9l Arflel] Y] Bxsla AAA o7 oF oo Fo)
HIET, Sl 100950] B} k. 7 Feflax
N2V W2t (Codium fragile (Suringar) Hariot)2- &3}
T, G EE Y, shejo] T ol Tzl SA]oA
= AgoR gy olgs 3 Qlt} [11]. Fekeselx] Hhe
2% (enterpbiosis), % (dropsy), ¥ix=% (dysuria)®] X|&
of AME-Ele] it [12]. A3l 84 T FEL 8%
LA (anticoagulant agents) [13,14], I3 23] (platelet
aggregation) [13], H9A= &7} (immunostimulating effect)
[12], Slelz~A) &3 (antiviral effect) [15] 5% 7]5°]
S AR defA ok, 1y SR vl QulAel A7t
& o g3t nlo]2ofux] (vlol oA g, FeHEA) ] AjAle] T
3k Aqte dFeh

0] AR F W Ee] Pl thgk o] A9t 44
AT 2 5 (161 FZe] 7 BAolM 8t A7) 3
2 ko] Wst v 1, 24.9-45.8%9) 3RS W 13l
Ciancia 5 [13]<> Codium fargile¥} C. vermilara®) 5%
3 &5 8HEolA] sulfated arabinan¥ galactan B sulfated
arabinogalactan, Z12]1l a (1 —4)-D-glucan, # (1 —4)-D-
mannang F2]SF1 T, 71EF P4 GO 2 glucose, xylose,
rhamnose, fructose = ZRIBISATE. 523t Love &} Percival [17]
2 C fragile®] 84 S5 594 pyranose formolA 3-linked
galactose?} arabinose® TAJE o] QliL, C-4 =X C-67}
sulfate$} o] 3131, Whdo] arabinopyranose units-& C-2 &
= C-3°] sulfate3} ¥]o] Ikl B wslIr). Estevez 5 [18)
2 C. fragile®] A TGRS 225 A7} 319%2] A8
(1 —4)-p-D-mannans?} 9%2] pyruvated arabinogalactan
sulfate 522 FA o] ok B sk}

v o218 mla 1511744 (NREL, EERE, PNNL)
S5 WA AESH g} B8t E L ol jslol GRS )t
22 A E diAEk] Y8l e 127129 7=
S}2HE (Top Value Added Chemicals from Biomass) 2 1L}
I levulinic acidZ AAISFATH [19]. 81857140121 levulinic
acid= EA] A2 sl B 38 AL ddele
Hl AR E = Sl T 07 2ol= vlo| Qu o] 33
o 71 spekEelt), Zekag dijol) YU slsiola ARg-
3L e SAEERE dt FHEL levulinic acid
¢ 2 AR g 5 Uk At g8t A2 s
levulinic acidolX] @& oA 8= E FH& Eaf Je
olgheS AT 5= = FAEQ tke BrhE gl
T = AER Q18 levulinic acid®] G H ARGl
AghE W 9l [1,3,8].

Hlo| Qi Fof ehrgle S 38 SEgo) eekgo
2 7/9%e] 3leh. §899) glucose, galactose, mannose,
fructosex= A7Fritalol] 24l 5-hydroxymethylfurfural©]
U levulinic acid® Hghd 4= 9131, 2821 arabinose )
xylosew= furfural & {7 Agkd 4= 9lr} [1,8,20]. 2 AT
N Abgetmal sk Fe 7 ©EEe] tAo) e
mannose'} galactose 2 -4 %E0] o) FIHE] HMFL levulinic

acide} 22 SradS ANlel=t] A5 AR 7153 17).

WHS- 3 WA (Response Surface Analysis, RSA)™=
1951'd Box 2} Wilson®] =i-olli] #Hzx2 AAJ=1om, 4
ot SAIEE 7PH-E AREERe] WEE gl Uisk HA2AE
= oR 7| glehyst Allee Sl 34 HF3)
£ Slal A7 ARE oY Hole AEFE ) AL o
S8 F7EE v Q. o] AFAIEE olgshd BdsH
o7 g k] Sle A ARES dE5H 07 B3
AP ol AR E7} 22 B4 ARE AT Yol 48
= Qv gk WEEIHTA olA] YofR] o] 71x] B i
0] ArkEA el mlAlE e FEHQ B40] 7Fssitt
+ o] St} [8,21].

B AFrellrle 3l vle] el ] A (Codium fragile)s:
ogale] BetEIAZE AREERE levulinic acidE BAkH=
gl Q1o ARl Ao Z AN = QlER| sl st
of AlRal] W) wkS RS A 8siei)

.

2.5 2y
21 QA=

AAANRZ AN A2 (Codium fragile, TIPS S57
£ ARgsto] AlEste] o] EAE AAS the 60 CollA o)E
b Azt Ax A Alss Eligto] A (20~40 mesh)
2 st YAl gr)e WEAgshas Ao AME
t}. Sulfuric acid (99.8%, Duksan Pure Chemical Co. Ltd.
Korea), calcium carbonate (Sigma-Aldrich Co., USA)+= Aok
w2 AlE-, levulinic acid (Acros Organics, USA)= ¥5
A8 AlokS ARSI

2.2. Ay

AR S o] 8-350] A7+ 0 7 EBE] levulinic acid®
o] Ag AT FALNEY Foll $7R|Q] vk HEEA
& A-83lo] Al 71A] REgIAF (RS2, WESARRE, EllEL)
£ oo R A3sielvl. k2] Mg AgL 33 A <<l
A A" Ade] 4he71E ARgste] S=a813itt. 2040 mesh
4719 HzF B 1.5 g8 30 mLe 3 8o 5571
HAsto] 838 SR F AP AFEIT v s
2 2 TH Qhell A 80~180°C o) 7o & nlg] AAH
HES-AIZE (5-55+) 9 HH-gA17] 3 wEgo] Fpd whke-g
SANZI7] S8l A S ARSI A0 7 wWE
WA ZS R W79 2 AFHO) PID &%
AEETE olgste] dsiin). 18la vke7] W] ke
O W E 07| ¢5te] A untr & Algslo] oF
200 rppm ©. & WRESHHA] WH-& S35}, Hkg-o] Az}
& HES7) Uie] 257F 2% W25 (166-233C)oll B
k= AlF o R slsd o, ok si Aot F esigic). A¥
T A TS A71eke] A fA%o] 50 mLo}
HEE 20k 14 FRES 15,000 pm SEE 205
7+ YAFe sk A AT AS-4-8- calcium carbonate
£ o|g3to] pHE 72 2438 vk 15,000 rpm, 2027 €




AlEsEnt HSEHENUS 0183 SHEF H2AoRRE agaiael Mut 343
AEElsto]l WA E CaS0.E AAT F &S levulinic 3 mLell ¥o F 604 591 30T ol 2 Mo% i
g

acid Aol ARESIGITH
2.3. élfﬂﬂlil
T oz HE 38 F7 FAI21 levulinic acid Aik2 £t
248 wh=7] ¢Jste] W3- EA (Response Surface
Methodology, RSM)ell J?f A AL HAlet] 29l
3to 5-F=3-xke] 5384 A (central composite
rotatable design; CCRD)S A-£38}3it}). HEgolztz2 = vt
&5, WRAIRE, HuleEE A8s1glrt. o] WS A3
O] o] il # ﬁh—‘} ARE AlFsE] s 8712 PLOJX?OL
A, 670) 2] A, a7)e) FoF o) 23 18744 A
% AlEFATE. Levulinic acid®] Ak} #2 Q1xl=-2] Akt
HAE Frlel] Yt A8 tﬁ"’?‘é—ql Mol g%
(166~2337C), HES-A7H (5~55f) -5 (0.48~5.52 wt%)
ot} Table 1#3011 P3P QrasheA] ok 5 ]l
A} (X, S5, 23 APARE VRSt

Table 1. Factors and their levels in the central composite design

Coded factor levels

Variabl Symbol

e Y168 1 0 1 Les
Reaction temperature ('C) X 166.4 180 200 220 2336
Reaction time (min) X2 477 15 30 45 5523
Catalyst amount (wt %) X3 048 1.5 3 45 552
24. FAEA
AGA A Jsf vlaRlE Az ozRE 92 Ant

(Table 2):== Design-Expert 7 software (Stat-Ease, Inc.
USA) 9] NESERIANS ARgslo] FAsh 23}

Az oW e AR A7 glol B)7iEAe Falo] 4
BiSict, ARAshe G S B el o
5H ok 17

SR, BE e A4S SAAF RS Wl RN
(ANOVA)Z W EARA

Falol Alesi 7@ el
& o] Al (1)F 2w Aef ubksg)

T

Gﬁﬂ+28kLXl +Z*5A,1X, +Z Z *3M_7‘X1'Xj (1)

Flyj=i+1
Y& WS- 1A (F5), y v iHA 53 QAL g,
B WAk B AR 5, Q12 919 9uge)
3. 1:_ o1z} Lg]_] Alo)E Al ZH2-S 98t A

*OM [8,21].

19,

A=ro]
=E A

MR

_ﬁ

2.5, B4 uh
ol E3tE] Q= 1 ash, 7
#15te] NREL chemical analysis and testing standard
procedure [22]&] ¥jo]QmA A1 A pd-8 wigdste] 7}
el FAE Al g 292 sulfuric acidE
ol g3tof nlo] QuiAS FiElslol A FHITE DNS
& olgsto] EASIGIT 1A, 12} 7 ialE Al
218l 300 mg (10 mg)2] vl 2N AIEE 72 wit% FAt

B9 §FE A

Pre-hydrolysis A& QL‘J St Uk pre-hydrolysis ¥ P

4

o 84 g0 ZH2 AN TR 24 SRR o] 919
121°Collr 60 53t 7Fdatqint. 22} 7Fis] SAI=
S The W87]9] LS B SEEL o] galo] A

o7 gt} 7S] 2 e] pHE calcium carbonate
£ o] gslo] 72 FHsIgla, & 2A4E A5 Hsl
13,500 rpm, 103 53 AilEfslo] Abeols 48 \
& ARgsloiT), Shlke DNSH 0w BRIl & 23
AE o445t 580 nmollA] S7s8ISATh. Ash 9Fake- 2
o] Qi AE 575C2) a2 ollA] 4x13E 51t 3]3} §-
3} agh o] SeFo . ARSI 3 R A|5E 105C
Az 12412 B9k 127 Az AEL) 59
e 74]}\]—3].0%4_ 7e} S %HHXT x]/ﬂ zsﬂ/\]— e} o
vlolsL (ﬁ&]u-o 2 RAA] ok 7—1) o] & ib]—O o2 1)}
LHO*L} Levulinic acid®] &% GC (YL 6100 GC, F=17]
7], $FhE ARgsto] 418kt A7e HP-INNOWAX
(Supelco, USA)P_EL, AR FdES 3 mL/min®] 75
o8 ARSI 2B L AL 90 TollA] 132, o] F
15/ &2 240C 7] $2A)AH X680, T2
220l AZL FID A&7 o|8sle] &4slglct

>~

2l

O(\erﬂNcﬁ«

i b t:ru

il

J-

3
3

Ao

i

3. 4% 9 1%

2 289 42 24

sl 3ol 9l W, ash, 470 HHS A5 )
of Z} 9 2= AA ]o}o% 5495 ZARISIT (Table 2).
Ao *]‘%‘5} A2y (Codium fragile)S 57.1%°] 244,
9.2%9] &, 12.0%2] ash, 121 21.8%<] 718k &2
2 FAE) Q) o9t fAaket m2F 5 3l (Ulva
lactuca)= 33.0%2] BTG-S THaP3lon, T52 I&
] (Kappaphycus alvareziiy= 55.7%, 73 (Porphyra tenera)
& 34.4%9] IS Skl 2lSivh

T 0=

Table 2. Composition of marine biomass

Bi Reducing Moisture Ash Others’
o sugar (%) (%) (%) (%)
w7
. 2 120 218
(Codium fragile, Korea) 371 ?
(Ulva lactuca, Korea) 330 27 13.6°30.6
FEL
(Kappaphycus alvarezii, 55.7 54 226 163
Philippines)
7]
- 34.4 8.3 92 481

(Porphyra tenera, Korea)

“Others: protein, lipid, sugar alcohols, etc.

Azte] 2 ke g g /‘] Jof whe} 71 ghero] o
1 224 Qlv} [16]. Ciancia 5 [13]2 C. fargile?} C.
vermilara®|*] arabinan, galactan, arabinogalactan, glucan,
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mannan &2 7V3% thE R BEsisier, 7Iel AR
O %= glucose, xylose, thamnose, fructoses 215k T},
Love$} Percival [17]< Codium species®] 4849 g &
=9 72 97 JF-°= L-arabinose 2} D-galactose S K15}
o, Lee 5 [23]1< C. adhaerens, C. fragile, C. latumX]
arabinose” | =8 FA3dol2lal RS} KdF Matsubara
& [24]9} Bilan 5 [2512 24 C. eplindricum} C. yezoense
FEHE galactose”} T2 FUS FRISII}. Estevez 5 [18]
& C. fragile®] MEB 3% F 31%7} A (1 —4)-4-
D-mannans %, 9%7} pyruvated arabinogalactan sulfate
% 3%} Slvkar B SISith Love & [26)2 TAS &
Ze] gHow AHysle] 4L FEN F mannan®| Codium
%0] 272 MAEH ] fibrillar moiety2] T TAAE-
olgfal B usgit) ¥ ATl ARESE HZEE arabinose,
galactose, mannose”} -2, T go]a1, 71 2ol glucose,
xylose, thamnose, fructose”} %0 = G23%o vk #gt
v} [13,17,18,23-26]. ¥ AollM= Hes] Awke Fo
T2 HIES AABEA] ASEAIRE, Ee) Ak o T S
o] 2 A7+ 2HE9 levulinic acid® AgRE 4= 9lo.

e} st

3.2. 243 A o 23 levulinic acid2] A

B Aol sl nlo) el 2Rl M7t (C fragile)©
AR E A3 fevulinic acid® A7) DA HES T
ARE 2838l MRS A 3lslaAt 313t Table 3
of A v 209 AREAAE 7R o7 1879 A%
& AAdto] APe sk AL AukE YeR)
A A7} 166.4°C, 3.0% HyS04, 30.05-2] A 713+
2 4.11 g/L 9] levulinic acid”7F A4 =31t} (Run 4). %3+
200°C, 0.5% H;S04, 30.0%2] 271 (Run 5)°lAE= 1.32 gL
2 7P e s e

Table 3. Central composite rotatable second-order design, experimental
and estimated data for 5-level-3-factor response surface analysis

Reaction Reaction Catalyst  Levulinic

Std Run temperature time amount acid
(C), X, (min), X  (wt %), X3 (g/L)

9 4 166.4 30.0 3.0 4.11
1 6 180.0 15.0 1.5 2.64
3 8 180.0 45.0 1.5 2.64
7 10 180.0 45.0 45 3.50
5 13 180.0 15.0 4.5 3.56
14 1 200.0 30.0 5.5 3.93
11 3 200.0 4.8 3.0 3.37
13 5 200.0 30.0 0.5 1.32
12 11 200.0 55.2 3.0 3.32
18 14 200.0 30.0 3.0 3.32
17 15 200.0 30.0 3.0 3.59
16 16 200.0 30.0 3.0 3.69
15 18 200.0 30.0 3.0 3.62
4 2 220.0 45.0 1.5 3.64
8 7 220.0 45.0 4.5 3.28
6 9 220.0 15.0 4.5 3.92
2 17 220.0 15.0 1.5 3.37
10 12 233.6 30.0 3.0 3.71

Table 4. ANOVA results for the response surface quadratic model
for levulinic acid formation

Source Sum of DF Mean Square F Value Prob.>F™"
Squares
Model 5.374 9 0.597 3.142 0.0608
Xi 0.106 1 0.106 0.557 04767
X, 0.020 1 0.020 0.103 0.7561
X3 2.964 1 2.964 15.596 0.0042
X, 0013 1 0.013 0.067  0.8018
Xy’ 0320 1 0.320 1.686  0.2303
X32 0.114 1 0.114 0.602 0.4603
XXz 0.229 1 0.229 1.204 0.3044
XiX;3 0.052 1 0.052 0.275 0.6139
XoX3 1.287 1 1.287 6.774 0.0315
Residual  1.520 8 0.190
Lack of Fit 1.442 5 0.288 11.114 0.0376
Pure Error  0.078 3 0.026
Cor. Total 6.895 17

* Prob. > F is level of significance.
® Values of “Prob. > F” less than 0.05 indicate model terms are
significant.

Zg7ro R E] 88157 levulinic acid BAHS Aok #E
we 2 sk s VxR D2 oS 2

Y =3.552 +0.088 X - 0.038 Xz + 0.466 X5 - 0.040 X, X; -
0.200 X, X5 - 0.120 X»X3 + 0.135 X;* - 0.064 X5* -
0.319 X3

Y+ AAHE (levulinic acid, g/L)°Ith X, Xo, Xsi= 2+
Z} REQIA}E A WS- (C), HRSAIZF (min), SMiEE
(wt %)°|tt.

Fig. 19 &} 557} 3.0% (wv)2 o, ik % vh3-A]
7k, 18] o] gk QixlE2] AFw Ao levulinic acid A37d
of| B|X|= S YERHSITE Levulinic acid2] A/go] 44
&t WES-A|17F 2 WER 7] F7lsl= Eote] AE A
O ot Ve AEE YRt ¥ 50t #35
HE2-A) 7o) 2-&- whof levulinic acid®] AL =t} o)
g A= 78] A 5 galactose, mannose, glucose$}
728 Sevde] gBuk8-0 23 levulinic acid7F €A%
el of7|® Aoz gkt [1,8,20].

Fig. 2= LA3F 4H-S-A17F 3049 levulinic acid®] A3gell
A BESRE, Hlr L 5o s il ofgks YR
Gt 2 Hke-2 T oA levulinic acid?] AgAde] FofR
Sl st S71eel et S Bl whe2Tot &
VS 5o T SlsE Z27AE levulinic acid®)
AAgo] Bt 3] FuliEE 3.75% 7= RS2 57}
2 79 levulinic acid®] AgAEko] Wit s} 3.75%
oJAFS] Ao W57} YE-4F fevulinic acid®] A
e B Ao vkt o3t i Fig. 100A]
et A H7te] go] grikgo] Uo7l Bl
A2 A B E 0 Z M humic acid®E AFE7] o F
e [1,201].
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Fig. 1. Contour plots representing the effect of reaction temperature,
reaction time, and the reciprocal interaction of these factors on the

formation of levulinic acid at a constant catalyst concentration of
3.0% (w/v).
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Fig. 2. Contour plots representing the effect of reaction temperature,
catalyst amount, and the reciprocal interaction of these factors on
the formation of levulinic acid at a constant reaction time of 30 min.

Fig. 3oM = 9EgAI} Fullst 7he] Ats #-go) Hhkg-
212 200 ColA levulinic acidE Pkt v G
vtk BR8-A17 (15-458) 2] ZA00A FHolls o) &
7}aboll Wi} levulinic acid?] A AER o7 Frleh=
AeS YeERIIT) 2421 FullEE (1.5-4.5%) o) ot
Z HSA17+e] Z7V= levulinie acide) AAo] ZHA4sHs
Ao g et & Syt 71 RS A=
levulinic acid @] Ao} Lol ot o= st Eufe) 70
HRS-A| 7] Q&) A7) Z2] "ol HMFE 7A levulinic acid
72 gty F ukgo] tj% 25| humic acid= HEE
Avtz ekt [1,20].
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RO e N
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. i T i 1
Catalyst concentration (%) S Reaction time (min)

e
150 1500

Fig. 3. Contour plots representing the effect of reaction time, catalyst
concentration and the reciprocal interaction of these factors on the
formation of levulinic acid at a constant reaction temperature of 200C.

NS R EA S A gaio] et 7] el e vt
o] 9 m~ql 7o g BE levulinic acid®] S gt
A5} ATE 5388 A3}, W25 160.7°C, HEARE 39,13,
ZnsT 3.9%9] Z710lM 4.26 g/L2] levulinic acid”} 3=
L A0F =Rt RIS Vo E SEE
A}2-510] levulinic acid® BAteh= A7 [8]elA WH&2%
160C, ZF5E 3.0%, WESAIRE43.1320041 9.74 g/L2] levulinic
aid ISk BB ol B4 A1GE ¥ A7
Arke) B wahd =& 59 levulinic acidE AYAFSH A}
ot} olelsl i HEF F7e] dd 2L TR
arabinose, galactose, mannose=. 73 [13,17,18,23-26] %]
o= Wi, x7el 57l 8 7] galactose
9} 1,3-anhydro-L-galactose £ 7/d¥ o] 31O™, o]F 13-
anhydro-L-galactose 7} galactose 2.0+ 17| -8|o] 5-HMF
2 AskE) 7, o] 5-HMF7} levulinic acid 2 A8k A2
s [8].

4. 22

Booj ko] Ayl sk nlo] oA 2RI el AEE
ARgate] o] spetEA ) AlFM AR R ARE7FE S levulinic
acid®] AARS 98] AFAEY F S ETERATHE A8
st WSS HA3) st HZhe 2 HE levulinic
acid®] AAE $J5to] A lRaH Y A EATH-E A
25+ A5 A7} levulinic acids -2 160.7C, §FEA|
74 39,15, 783 EEE 3.9%0l4 4.26 g/L7F A
o} olgfet AT Aa= diek vlo] 2u)]l S FE FE
nlo) 9ol 9} sEtEA ] AT Qlo 71%AR] K.
£ Agg lojnt.
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