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Usefulness of Freshwater Alga Water-net
(Hydrodictyon reticulatum) as Resources for
Production of Fermentable Sugars

Seul Ki Kim, Hyun Jin Hwang, Jae Deog Kim, Eun Hye Ko
Jung Sup Choi and Jin-Seog Kim"*

ABSTRACT To investigate the usefulness of freshwater alga Water-net (Hydrodictyon reticulatum, HR) as
resources for production of fermentable sugars, the easiness of enzymatic saccharification was evaluated at
first. When 6 plant materials (HR, Spirulina, Chlorella, Scenedesmus, Cladophora, Corn stover) were
enzymatically hydrolyzed with 2% solid loading at the same condition, HR showed the highest ratio of
saccharification based on glucose production. No milled HR was also completely saccharified at the
amounts of optimal enzyme mixture. Glucose yield was not changed though the citrate buffer strength for
saccharification was decreased from 0.1 M to 0.1 mM. Only about 10% yield reduction was observed
compared to that of 120TC treatment when HR was enzymatically hydrolyzed at room temperature. The
saccharification was normally occurred at 37°C and pH 6.5 which is general growth condition of
fermentable microrganisms, suggesting that HR have a biomass characteristics applicable for the
simultaneous saccharification and fermentation. The saccharification was occurred by more than 70 ~80%
of one of the best condition although the supplied enzyme amounts was reduced to 1/10 volume. And the
glucose yield by enzymatic hydrolysis was not decreased by 10% HR solid loading and began to decrease
at more than 15% solid contents. Above these results show that HR is an interesting algal biomass which
is relatively easy to be saccharified by hydrolyzing enzymes. In addition, HR is a flilamentous alga and
very easy to be collected. Therefore, HR seems to be an useful and valuable resources in the economical

production of fermentable sugars for manufacture of bio-chemical products.
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Table 1. Effect of various enzyme combinations on the saccharification of HR-d2 and HR-d9.

Enzymes (mL/g DM)"

Glucose contents (g/100g DM)

Samples
El E2 E3 E4 24 hr 48 hr
0.2 0.04 - - 42.54+1.0 43.48+1.1
HR-d2
0.2 0.04 0.2 0.2 44.59+1.8 43.61+4.2
0.2 0.04 - - 40.23+1.0 42.50+1.2
HR-d9 0.2 0.04 0.2 0.2 39.03£1.5 41.22+1.1
- - 0.2 0.2 28.13+0.4 29.38+0.5

YE1 : cellulase, E2 : B-glucosidase, E3 : a-amylase, E4 : amyloglucosidase.
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Fig. 1. Effect of enzyme amounts on the saccharification of
several HR biomass.
V1 : E1+E2=0.02+0.004mL/g DM, V2 : 0.04+0.008mL/g
DM, V3 :0.1+0.02mL/g DM, V4 :0.2+0.04mL/g DM.
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Fig. 2. Effect of sodium citrate buffer strength on the
saccharification of HR sample.
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Fig. 3. Effect of pre-treatment temperature on the saccharifi-
cation of HR.
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Fig. 4. Effect of saccharification temperature on the produc-
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Fig. 5. Difference of enzymatic hydrolysis degree between
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Table 2. Effect of reaction buffer pH for saccharification on the production of glucose from HR biomass.

Temperature of Enzyme

Glucose contents

Samples . pH of citrate buffer
hydrolysis Glucose (g/L) Glucose (g/100g DM)
50C 4.8 10.01+0.11 45.27£0.6
HR-d3
50T 6.5 9.05+0.23 45.84+1.1
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Fig. 7. Effect of HR biomass on saccharification various solid loading (2~10%, w/v).
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Fig. 8. Effect of HR biomass on saccharification various solid loading (10~25%, w/v).

Scenedesmus SM1- A74ris] tiv] EA4T38HE0] L

80% W<, Scenedesmus SM2E 42.0%, AVY BFZ2F

Ql Cladophorat® 30.3%, =¥/ 21EQ 450 & At og HAEZQ A Ee FHOARAEZLA
T2 49.1%0 2ttt o9 Ade B A9 A vpo] Qujx0] E8WHE B 71 Zow WA KA
HRo| TE Hlo] Quj ~Eof Hl&l| EAaTst7t vl5- & TFEF 3 vy 28RS e geslEs &
o]ghg HojFTh g, 7frEAA dERE BEa olE g 24

Table 3. Comparison of relative efficiency in enzymatic hydrolysis of several biomass based on glucose production.

Glucose contents

Samples (g/100g DM) Eéf;i:ie(ll;;’,
Acid hydrolysis (A) Enzymatic hydrolysis (B)
Hydrodictyon reticulatum ~ HR-d23+d26 33.94+0.94 35.38+0.26 110.1%
HR-d8 32.56+3.53 36.64%1.3 112.5%
HR-d13 35.88+2.81 40.80+2.52 113.7%
HR-R2+R3 40.25+1.44 42.64+3.20 105.9%
HR-d9 44.60+5.42 44.1242.6 98.9%
HR-d31 46.38+1.09 44.12+0.61 95.1%
Spirulina pratensis 4.51+0.2 3.60+0.40 79.8%
Chlorella vulgaris 3.83+0.40 3.08+0.0 80.4%
Scenedesmus sp. SM1 12.31£0.15 9.79+0.2 79.5%
SM2 17.13+1.36 7.19+0.2 42.0%
Cladophora aegagropila 30.0+7.1 9.1+0.84 30.3%
Zea mays (Corn stover) 25.69+1.71 12.62£0.2 49.1%
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4 o Fe F7189 7lE = furfural S
hydroxymethylfurfural(HMF) 5o g3l o] &
Zbsithe E4S 7HAa Stk whdHe] AEZ e s
7}—1"1:51135\—?_' TAEOR st B /el Ed &
Al olgt Asietd T3t 71 B wHE
AFste] HZole 7P A ZeAl 7
=24 AAFo7ta ItkAlvira 5 2010; HarunZ}
Danquah 2011).

Z5 Hlo] Qv ~(algal biomass)= 2| PIAHZF
AR, Bv 52//FLFHEEHF co8 7HY
<t F7el webA "gxﬂill o} 7373 Ee] A &
g} Z3le _9._0]/\4 o xR =9 A5 3 4 E_oﬂ
w2 279 A5 ﬂ:’-“”%ﬁo*ﬁ 2] & H]3)
S Bt o] FojA= AoR A AR 4
g I3tE flal i AAEE AAsient Ale
7 Baud F8 AFARIERME YR B
2009; Ge & 2011; Nguyen ‘& 2009; Zhou ‘& 2011,
Kim & 2011), Z¥5k=4 2]2)(Yoon & 2011), NaClO,

N

0}

A

A2(Wi & 2009), 13t 3P (Kang & 2009; Zhou
5 2010), WA A Bl (Lee 5 2011), A4 o] &4 4|
o] &(Kim 5 2010), &3} #2|(Choi & 2012), %
A AE](JeonT} Ro & 2011), Y44 2](Okuda 5 2008)
ol MALA 0|58 HAES £ o, JF oz A
2R{e obF 23 AR e Fbd] FE A
4, 5 2009; Isa 5 2009) o] vjA %
e AxEEo] F47] wZel Brh 243 HA 27t 2
23 Aoz oAKHLee T 2009). oS £, HW

=279 Scenedesmus® A= 2539 2L A
A8 E vlug e dlok fEEd ?%%01 i‘—i‘ﬂr

(Choi 5 2012). B 7o) glojA & 2EIE=
3l AT Scenedesmus SM19l| H] 3] %@ A S ALE-3}
] I Scenedesmus SM22| 75 A7FE-a thH]
Fagshgol AACR v EAS BT 2).
7Y 22 AMEE 2791 Cladophora®l 7355 30%
HERA ofF W gATEES YeERITh ol
v 2 AFe] vAZ2F HRE mj$- 237} foldt
‘_5,/‘3 < B9l HRE ASE Agd oz wdlgko] bt
& Hpo] Q2o X & A7EEES] thH] EAdshEo
100% ©’% =31 o] =& Alie 4T3
95~100% 4 =olqth. Beo] e
FekEo] 100% o’ =2 ©l
FehE ol Hlate] At A
1 A5 YgEo] 2oz Qe o vk
0]9]¢] AHE (o], HMF)Z A$E 917
Qr/} E\Zzﬂ, HR.A _‘?_DE]‘ o]—?(] O]'o],\: -
Al gl A G5t B °1T°17<1U4(:1 6),
N o] buffer strength7} 7~ Srole FEE&d] 2 A
ol ATHE 2). A 129 AAglo] d4
Bl A vkE GSIAIAE 120C A2l Blg) 10% 7wt
o] delg 7rAav Btk 4TsiAle] A4ex W
A= Yol WEFo] IubAQl A1 37 CA
T Qe ARAc R & doju FELaE FAl
ZAHPAL § e vpo] evjaze] EXL Bt A
AHOR o5 olget] E ARES A AW E
H 135} tHNguyen 5 2012). B3+ §ATF3tA|] 2
£ AEpH) B9 HALGE 2), AHxAY 4%
ED} 110859 Fhgvegr HAxHA9 70~
80% o} dldete FHEES YERIITHE 1,
d 1) 2gln FEAE AAF o Yakalr] gEiA
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o} e HHY 8, 17 9, |
e sk gdeld feld 49 T
% stk

oVgel Aw A9 ENE S 2
FEF HRE W EAE o8] Az 2w sl
2Pk &40 4 delke 54 25t 2
il

&
% —’F 21% %EEE} = 479

%Ol = Tr—4 o] @28 7EA 3K
Hlﬂsﬂlé mell &= HRO| B3}&o] 71 =3k7] w2l
@] Ba AP Al = Fe e A 2

= A2 HRO| Al 72 S0 B Z24<l
el sl& Ao F4ska flen ofd tajr=

2 @1%;— o] %2 w2l 0|84 vl

4, A AR Selld A
3 g3t Aok H S-S 30% o33 Ao E U4
A3 ) th(Wyman 2007). mh2bA o 2|3t T3] &4
| o] FoJA = EL Al AL Aa] A7t Ak
ol 9holA 71 mheb gt *MOM. ol2gt SHelA
= o, 2= FEE ol g7 o] F42 Ek o}
TR 8717t wi-f- &olgk AV ZF(flilamentous algae)
o]7] Wio] T2 FF| 27 upe] Qufxo H]g] u}
i}fﬂ AE BIE A 952N FF o] 877t

X,

2 dFMe E552R7Y 15 S (Hydrodictyon
reticulatum, HR)= Akjulo] o 2o 2x &gele=
Weobs A slaxl dapdor g4gsle] ol
AEsItE HR et B4TstE 2% 13%
FoA LdxHoR FPP& o], e F7F Hlio|

Q| 2(Spirulina, Chlorella, Scenedesmus, Cladophora,

Corn stover) .t} glucose -5-&°] 7 =9tk HRS
Butslelz| gole HAx7e] FaAe oA g3}
7F BF o]FozH, HR B38| citrate buffer
strength7} 0.1mM7HA] ol BpS&o & 2]7%o]
ATk =3 HRS 129 HAZglo] A2 defolA
H}i A AE 120C A2l vlg] 10% wvke] T3}

& 7w JEQdn), Bt Qdukdol e e
91 37C T+ pH 6594 = G/t Hdxoz 2 o
oy} GRS FAl YA F U vl onl
220 B4 Bt 54%s 7IEEe] V103
%‘ﬁ‘: A z2719] 70~80%°l 3E3sl= glucose T5
o Uehith 28l & A3x7ddA HRY 13

B g% 10%714 945 g0 QoA wskn 15%
ol Elolof Zaalr] Adtele] LEE FE Al
© FE 54 UElth o5 A% Avhe HR

o] B3P} ulf- A doluhs SA& 7R 25/ Hiol
Qu)20lS Yehf ) o3 et At ol 43

g0l gk A2 F(flilamentous algae)©] 7|
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