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Abstract — In this study, the effects of malonic acid-catalyzed pretreatment on the subsequent enzymatic hydrolysis of
red macro-algae Gracilaria verrucosa for production of biosugar (total reducing sugar) were investigated. In the hydro-
thermal pretreatment condition of 300 mM malonic acid, 1:20 solid-to-liquid ratio at 130 °C for 60 min, a 49.2% bio-
sugar yield was achieved. Moreover, by subsequent enzymatic hydrolysis after pretreatment, maximum yield of 64.5%

was achieved.
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FAIA F sl 2T/ AhEF(macro-algae) 9t WM F
F+(micro-algae)® T--SHH1-4]. PIA| 2= H T vlo] s 2
A7) ARz A ARESE] flste] B A7 F3E o] A
‘3837t o] FoIX| I QUTH5,6]. AT g 23 Y- L
gl A 1 AR 2§07 AFE-E 31 Q1 91, agar, carrageenan,
alginate 57} 22 AUIZF @9 EEHEo] A& g aglgow
ARE-E L QITH7-9]. Htoll= Az el 'rsleS o83
o] o] Qoflghg, vio] @ FEhE ¥ - o] e w W StAaAlE
ek A 7F 3 E AL AATH1L,8,10-12]. At dRbA S
2 5 F 5 (green-algae), =3 (red-algae), B35 (brown-algae) =
W53k 910 [4,10,11,13], ATIEFS] Z(species), A1 2184, 715,
AR Tl w2t &gk, A4, B, w3 i T 744
o] EF} Fapo] ThETH4,10,11,13].
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2 ATt Ag-St A 71 (Gracilaria verrucosa)y agarophyte
& %5 (Rhodophyta) & SHH= sh=r-& E 33t o2 ofAJo} 7|
oA 2APYERaL k2w 31 QITH8)9,12,14]. ZAl 7 1= R Ak €f
}o] 21553} agar Aate]l ARl A 0% de] o4 a1 9IrH8,9,12,14].
IAE7]19] =9 A% ehrdhE2 agar® D-galactose®} 3,6-anhydro-
L-galactopyranose® 74 =0 At} - A 7]E ©]4-3t nlo]
Loekg A A77F FEE| 31 Qe 8, 14].

A7 A o] Az W AT o] it g
stEERE gE 7be e Dokl 9 )E @7 flsiAE A

m 12 1o
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A s Bato] B4 Gt golskeS stofof akar, M
3780l o] A et a4 Felaygo] HAglE ofof grh4,89,12,15].

olE fIgk A2 el =14, sk, A=shAql Wro] &
= T HUH 0% o] AL 3ltH4,89,12,15]. 712 AR
&

Aol 22 B, BAL 5O S AHESe] 1E 2N
A A 1S S e Sl RAle s 497k nangin

[1,7.8,10-12,14]. "5 AH8-8h= 7d-9-oll= 2] Izt dojut
W32 AHTFs73 9 Algk W AR5 Fbsfof sk AR
o] ItH7,8,12,14].

2 Aol A}-8-3F malonic acid (propanedioic acid; CH,(COOH),;



Malonic acidg ¢85+ AA 2|7} 7mAlH|719] 71w3llol vRe & 543

pK ,;=2.83, pK ,=5.69)= 7 WA = 22 aliphatic dicarboxylic acid®]
T}, Malonic acid= =l &2 83l =5 714 ™, specialty polyesters
o] -4, 12 31 barbiturates, coatings, biodegradable containers 2]
Al zoll ARg-E Tt #HZolli= X3 yeasts o] &8t GO EHH
malonic acid®] AAHS 3 F ol TH16]. Hu [17]%52 choline
chloride £} malonic acid 7] RF2] deep eutectic solvent (DES)E ©]
&3to] 7154 pyrrolese AlZ3h=d] E&740]al AT Fssh &
ujr] B 0 2 A-g3F3 T}, 18}, o}2 malonic acidS FvlE AF
&3to] vio] Qi AE AAE] oF AE AT oFF BaE L glA|
AT}, Zst A3 S vERE AT AIARS ARSEE AellE 1
A Bl o] AREs 7 dojuk A Fre E AHA 9 kel
B F7F 58 AR BATTHT8,12,14]. & AelM =
malonic acid®] -+ 7H2] 7F= 54717} vehdi= pH 912 AV e E
o] g-sto] mAlg|712] A e]el 2-g-akarat sl

L ATolA = Y AvzT & 27l Fake mAEVIG
verrucosays S % malonic acids F = ARESE Q= g
o} olojA|= FA 7Rl E Fske] vlo] oA (#Hh2] el

v XE A e 270] e 2AkRaA st

2. = 3

2-1. HEi=

Aol AR WA B 7 (G verrucosayi= e Sl A G88ko]
AxT As THRTE 33 AlFste] ¢ 59 o] EAS Al ¥
ARzt EAE 5, A E 0]8-38ke] 200 um o] RS

At Ao 285133t} Malonic acid (Alfa Aesar, England),
citric acid, sodium hydroxide (Junsei Chemical Co., Ltd., Japan)
5o BFAlkg Abgateith AP AR Aot S EAS)
Cellic CTec 11 (cellulase, B-glucosidase; Novozyme A, €17}=1), Viscozyme
L (cellulase, amylase, xylanase 5-; Novozyme A}, €lw}=1), 7|31

Cellic HTec 1I (hemicellulase; Novozyme A}, ©lo}=)E ARE-5FAT]H

2-2. HIO[2OA M 2|

Malonic acid& ©]-&-8F AAH7] A& ¢l8te] tha3 2ol
AAIBESITE 100 mL 8710 mAJE)7] 2 2 g3t 4 50 A
2] g F v Z malonic acid €& 473+ 31N 8] (solid-to-liquid
ratio)=. F7FSHATE. Tt A& flete] Ad2ollAf 30:3E mk
3k & W5 5}o] autoclave (MaXterile 60, DAIHAN Scientific Co.,
Ltd., Koreay& ARg-stod 4743k 222 7FgstaA A 2lstsltt
A2 AlZEE autoclaved] 57t A mol] TS AI7HS 0
o7 o] AAsIGlth. A $ BPES ATl AHeet
At

2-2-1. A 58] JF

Aol v ]E Axe] Eo] dda AKE] f1ste] uho] 2
] 2~ 2} malonic acid £ 24200 mM)2] H] & 1:10°0.2 A7 5}
90~130 °CellA] 60+ 52t autoclaves AHE-3t0] 2] e &, a4
7lelE ste] 4 ] S vl

2-2-2. Malonic acid T2 9&
= 2ol 11X+ malonic acid 5 =2 J&FS A Y51

n}o] @ v 2~ 2} malonic acid £22] H]E 1:10°2.2 73} malonic
acid®] FEE 100~400 mM2] WY oA autoclaved ©]-&3}o]
130 °Cof|A] 604 EoF T8t T & 7[R S Saate] gL
AT S vlwsisitt.

2-2-3. 119m) o] g3k

Aol v]X]= 32988 (solid-to-liquid ratio)?] 4= FASH|
£J5}e] nlo] 2 mi A2} malonic acid £ 2] H]E 1:6914] 1:209] H
Q2 AA3E}] autoclaveS AFEdF] 130 °CollA] 60 E<2F 2132
st 9, GATRREE ekl 9 Sl ok vlaskint.

2-2-4. A A7re]

Ax el mx= AT AREe] JES AR $lste] Hiol 2
vl 2~ 2} malonic acid §2J(300 mM)2] H] S 1:20°0. 2 A7 3}o]
autoclaveE ©]-83F0] 130 °CollA] 0~120- &3+ AA st &, a4k
7Vl E Faste] 4 FAEE] oFS vlwesict. A o>
autoclave?] =57} 130 °Coll =35 AIZHS SJm|gict,

2-3. B4 71555l

7o) 'rskE 7 W 9 5 ARG dEA] QA
okl Hatehy] vl theFdt vhrdhs el A ARSIl
= 04‘?01]/\1 7Heaalloll AREsE £33 a4 7 5419 ATellA
=2 558 YEhd £33 8421 Viscozyme LY} Cellic CTec 11, 2
2] 3 Cellic HTec IIE 1:1:0.12] 0| &= Z3tato] ALE-3IIT G4
Zleslle dAelE A d7] €95 sodium hydroxide §-H 02
pHE 502 43 &, &3tg 2N (Cellic CTec II: Viscozyme
L:Cellic HTec II = 1:1:0.1 (v/v/v); HFo] 2.0 2 715 20%)S 37}
&}] shaking incubator®l] A4 50 °Coll 4] 180 rpm ©. & W HF}H A
487171 57t GARkSS At

2.4, BMH

Ax e W G493t & 449 2> DNSH I #3357
(Spekol 1300, Analytik Jena, Germany)S ©]-&3}%] 580 nmo]| 4]
ST 18]

3. du} ¥ nE

HA71E S E malonic acids FZE ARE-SF G= M3
ol ik 7hralel 9 Al vlA dFE 2SI
A AR A oR AP 25, S 5, ], AR A
Zhol] t3t ek zAYslict

Hi2250| ofs}

7@ 743] 2529 JgS A7) Y3Fed 200 mM malonic acids
AREEIO] TS 1:100.2 AA3H] 90~130 °Ce] A4 60+
B AH T T, 4847 TR A4 VEElisle] A2 gl Al
A &S v s A9E Fig 19 YRS A 5 e
AR AA 7] 7)ol S g AN 8ol ST ek
S UERNISITE 130 °CollA 7HE 32 36.6%S] &S YER
Atk st AA T 9 § gAvEEEe] ot #ld A e
A Aol fARHAl A e 227t Hold4E elde] A
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Fig. 1. Effect of pretreatment temperature on pretreatment and
subsequent enzymatic hydrolysis of G verrucosa. Different large
and small letters indicate significant differences (P<0.05, Dun-
can’s test).

FEo] Tk AES UERNSITE 130 °CollA 7HE & 58.78%2
FEE eI ey A & 258 4TSl &3
S7HE 82100 °C] ZolA 2721%Z tHE AT £ =
el vlste] Hofl 5% g% A UERsE o) oF v wkek A s
Kwan 5 [9]< citric acidE FvlZ AHE-3F AAg) 9 a49d3t A
TollA WEg257} S ekl wet S &= S8k 130 °C,
60%-2] 710l WAzl 23l 31.95%, 18] L oo Eadle|
I3l 45.04%2] A5 ® skt o] 2 $F A ¥ malonic acidE
Zu| 2 Abgate] B8 AAY 2% A w-S-S Fasho 24
WAIA71E ISR Qi BslE ARl Aol A 2}
o] AR A B2 9, o) 2 Qs F40k 71 -0 FHF
o] S7¥st Axjetal FekE T 13,15].

3-2. Malonic acid S=°| Y&k

Aol m)x]+= Zl|(malonic acid) 552 FIS ZARE] S8l
TNB]E 1:102.2 A3} malonic acid?] F5EZ 100~400 mM2]
o= 2dato] 130 °C2] Z710llA 603 Bt A ek -, 484]3F
Bt a4 7lEEste] 42 U A &S v FoE
Fig. 2¢ YRS AxE] 3 ghelge] A/ S| 57 o}
ArE ghdde] A 8] SV B3-S eI 300 mMell
A 7P =2 40.3%8] &S HERISITE R SRR ARSSE
Aol s 1.03%S] W2 T8-S YERNQITE T3t A2 vhg- &
AT 23 Y A 8-S SRS AR 9o
2No1A 35.8%9] AT &S HEFITE vHdH ] 100 mM 2]
malonic acidE AFE-3F 7 $-ol A& 5.78%%] &S YER AT
150 mMolA 400 mMe] ol a7 ialo osf nis=3t gk
AF &S HeERIGITE Fr) 2ol - A w vlolemi
el tist gav=galell el T71e ] & el
A3+ malonic acid 5l W} 18.6~23.4%% LERITE. ]9} B
wEE A9 Z = Kwon 5 [9 citric acid® Z| 2 AFE3 G4
A (120 °C, 60)N A Ful] =7t F71EE ST 8%
S7FF7T 0.5 M citric acid 2271914 42.7%2] 85 R8T

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018

47
80
[ Enzymatic hydrolysis
70 4 [ Pretreatment i
60 - B c c c c c
—F—  —= + —E— =
§ 50 4 B
o e
° 1 d d g ]
2 40 A b c
& ]
~ 304 b
20 4 B
10 .
0 T T T T T T T
DwW 100 150 200 250 300 400

Catalyst concentration (mM)

Fig. 2. Effect of malonic acid concentration on pretreatment and sub-
sequent enzymatic hydrolysis of G verrucosa. Different large and
small letters indicate significant differences (P<(0.05, Duncan’s
test).
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Fig. 3. Effect of solid-to-liquid ratio on pretreatment and subse-
quent enzymatic hydrolysis of G verrucosa. Different large
and small letters indicate significant differences (P<0.05,
Duncan’s test).
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Fig. 4. Effect of pretreatment time on pretreatment and subsequent
enzymatic hydrolysis of G verrucosa. Different large and small
letters indicate significant differences (P<0.05, Duncan’s test).

°“Hl7} STV 60.8%C114 64.6%2 S7FoR= S LERSIT

fujof whet A 2] e npol e gofof] thgh g A7tal ol
40}1 27 felge] S8 nomlzh kgl tet 182-14.4%
sk A YeERIT o) w2 18] 24 malonic
acids Sl E ARES A AP ol A o7 5L a1y
H) 213} ko) Soje} vho) eul s 7ke) o] i o= vhol
Aol o]k A AAdo] wkgkar, o] % A e s eflA T
IEA} EA 0] A3l E B B2 Fo] 7| A 7 25
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1:209] H]&-Z 7313 300 mM2] malonic acidE ©]-83°] 130 °C
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o o
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