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winLenIuea (Klaichom et al,, 2011; Soontornchaiboon &
Pawongrat, 2013)
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nsassideyanieana
AsnRaeInnmMIsedaviaun 3 91 Tngldununis
maamuuq'mamqim‘ Completely Randomized Design
(CRD) AtA5139%4AuKUsUTIU (ANOVA) waz 13suliisuaiu
wAne19veeA1Laa 8lae 35 Duncan’s Multiple Range Test

(DMRT) fisgdupundesiuil 95 Wesiiug (o < 0.05)

NAN1SINY
amsiimnsaulumsaiawaglaaain Nostoc sp.

Wlewhiwad Nostoc sp. suwits $auau 1 n$u luvinng
iinaaelsiiag lnstanatadeeniueadissiuanududy
14 9 (Foway 25, 50, 75 waz 100 lawUininsneusuing)
wuhvhazalenueatinudutudesay 100 TneUsuns
AoUTuIng amnsamdnnaslsfladldgaian fuandly

Table 1

Table 1 Effects of ethanol concentration on chlorophyll contents from Nostoc sp.

extraction (n = 3)

Ethanol conc.

%(v/v)

Chlorophyll contents
in supernatant

(mg/g dry weight)

0 0.25+0.01°
25 0.68+0.03°
50 1.57+0.09°
75 2.39+0.16°
100 3.57+0.20°

Note: a, b, ... is column mean to quality at p < 0.05 statistically significant confidence

level.

v
o o

a1 uthead Nostoc sp. BURAIT K1UNI5AIEA
raslsiladssieniueatiaudududosas 100 Tasusuas
foUIUINT 91U 1 nSU WNTMdRdne lneannnielg
nufisedumnadudusng q $eway 25, 50, 75 waz 100
TnedsunsraUsung) wuidvhazasenwuiinududy
Yowar 100 lagUSumssiou3uns annsamdndfinldgadian
fauanslu Table 2

Table 2 Effects of hexane concentration on lipid contents from Nostoc sp.

extraction. (n = 3)

Hexane conc. %(v/v) Liplid contents

(mg/g dry weight)

0 0.0+0.0°
25 54.0+2.7°
50 105.0+6.3°
75 152.0+9.9¢
100 213.0+11.7°

Note: a, b, ... is column mean to quality at p < 0.05 statistically significant confidence

level.

ndutiaad Nostoc sp. ouwiafiiunsisnaasisflad
wazdfnsiefharatsiemusasniuiimudududeas
100 waz 100 lagU3unsaaU3uns muainu unadalusiu
Tneldansavanslafonlansenledfinnnududusiig q (Geeay
5,10, 15 uaz 20 lagywinseadsuins) wuinansazany
Toifoulensonledf anudududesas 10 Instmdnde

YSuas awnseidnlusiuldgaiign dauansly Table 3

Table 3 Effects of NaOH concentration on protein contents from Nostoc sp.

extraction. (n = 3)

NaOH conc. %(w/v) Protein contentsin supernatant

(mg/g dry weight)

0 0.0+0.0°

5 27.0+1.4°
10 68.0+4.1°
15 72.0+4.7°
20 75.0+4.1°

Note: a, b, ... is column mean to quality at p < 0.05 statistically significant confidence
level.

waziiead Nostoc sp. aulTikuMstdanaslsiiad
afin wazwarlusiu efmvhazatsienusaienieud Ay
[uduioaz 100 wag 100 laeUsunsnaUinins wayiovas
10 TngsimdnaeUsuins muddu 11viin1swenv1Igay
lelasiaumneseenlesiiszduanududusiieg (Gevay 10, 20
waz 30 lngUTunsnauiuing) WUI1AINLT UT U
ansazanelalasiumesoanlesfivnzarlunisvenan fefl
syAuAUINTUSoar 30 lnaUsunsaaUiunns aduandlu
Table 4

Table 4 Effects of hydrogen peroxide concentration on whitening of cellulose

extracts from Nostoc sp. using RGB color system (n = 3)

H,0, RGB value
samples conc.

(%(v/v) R G B

Nostoc sp.
10 115.7+6.9% 113.4+6.1% 109.2+5.5%
20 134.5+8.0°  131.8+7.5° 129.7+6.4°
30 143.2+8.5¢ 146.4+8.2¢ 147.3+7.6°

Filterpaper
- 17351047 176.2+9.6°  178.1x8.9¢

(Whatman No.4)

Note: a, b, ... is column mean to quality at p < .05 statistically significant confidence
level

NNaNIVAaesEINsaasUladn ngimungalunis
afaaglaaann Nostoc sp. Ao MinmAaslsiiadeanmieien
YoaNAMUINTUSasay 100 lnguSuinsaeusuIng ndndnna

panMEEnUANUNTUSpeay 100 lnaUSunsraUsung
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o

minlusiivesndeansavanelaieulensenles Annududu
Zavaz 10 lngumdnaeUsunns uaziniswenv1idae
ansavanslalasauneseanlesiiaududuiesay 30 oy
USnssieuiunng Tnsnuindveawaglaaann Nostoc sp.
NunsEUILNISARARMLATIET NG SHTnnasey Fudns
Figure. 1b TuvnizfiwadSusuii@iereus fuans Figure 1a
Tnsluduneunisonamiinavinldaudy vesdanas usls
annsasihliiwaglaaain Nostoc sp. fanuvfilndidsaiu

nszAwNsed (Figure 10) la

a) Nostoc sp. starting dry cells b) Nostoc sp. cellulose ) Filter paper

after all chemical treatments (Whatman No.4)

Figure 1 Color comparisons of Nostoc sp. starting dry cells (a), Nostoc sp. cellulose

after all chemical treatments (b), and Filter paper (c)

paunmuazsaNanvauTaglaaiiaialiain Nostoc sp.
\efinnsanariosaznandnuesivaglaaain Nostoc sp.
fiunsadalutuneusig 4 wuih SevasnanAnveusaglaa
210 Nostoc sp. ﬁlE\I‘WUﬂJJ,UWBUHWﬁaﬂw@W‘ﬂ?JgumEJU (Mdn
Aavlsilad an TWsAY uazwenu1d) dewiniu 78.92 aedian
wanesegsllifitedfyneadifisedv 05 Waiflsuiudosay
wandnuoueaglaaain Nostoc sp. kLT umaunisiida

¢ aa

paslsiiaa ann wazlusau deuandlu Figure 2

100 4
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b
] i b
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a0 4
20 4
0 Jd

Nostoc sp. Chlorophyll Lipid Protein

Cellulose Yield (%)

Bleaching

starting removal removal removal step

dry cells step step step

Cellulose extraction step

Figure 2 %Yield of cellulose from each cellulose extraction steps: Nostoc sp. starting
dry cells, chlorophyll removal step using 100% v/v Ethanol, lipid removal step using
100% v/v Hexane, Protein removal step using 10% w/v NaOH, and bleaching step

using 30% v/v H;O,. (n = 3, p < 0.005

lagiliavinisfAnuidnwuzvenduleigaglaa
970 Nostoc sp. HHIUNITANAlUT URBURIY 9 AI8NA DY
4 1 o U I~
ganssey wuindnwasveduloiwaglaaain Nostoc sp. 1u
uaedunidulyvadnsea1unsed warlaedlarutunou
asanalagldansieinuindu iduleazdvuinguas feuwanaly

Figure. 3

el r
@ 1
e ¥ ®
| .’ o
- b
a) Nostoc sp. b) Nostoc sp. cellulose ) Nostoc sp. cellulose
starting dry cells after chlorophyll removal step  after lipid removal step

e
e
-
v

‘i

d) Nostoc sp. cellulose e) Nostoc sp. cellulose f) Filter paper
after protein removal step after bleaching step (Whatman No.4)

Figure 3 Nostoc sp. cellulose fibers from each extraction steps compared with filter
paper (control) under compound microscope (400x). (a) Nostoc sp. starting dry cells,
(b) Chlorophyll removal step using 100% v/v Ethanol, (c) Lipid removal step
using 100% v/v Hexane, (d) Protein removal step using 10% w/v NaOH, (e)

Bleaching step using 30% v/v H202, and (f) Filter paper.

\waglaaann Nostoc sp. NHUTUABUANTATANNT UABY
(M3nmaslsilad Aia LUAY wazenv1?) ANIUAITULAY
wulzdiwagiaa JUTuiuuImIa3fgaiign windu 29.58
Tadnsusdensuisaglaa sedasnAelvaglagain Nostoc sp.

& aa

NIUTUABUNNSANTRAaRLS WA Afin warlUsAu winnu 28.41

N a

uaaﬂimaﬂim%aaiaa Tmauﬂsmmmma faguananei U

ot slifidodAyn1eadad seduainud ety 05 nusae
U%mmmmaﬁﬁawimLeuaqiaamﬂ Nostoc sp. firuduneu
nsfidnaaelsilad wasdfia iadu 14.29 dadnsusensy
waglad frutunoumstidanaelsilad Wiy 6.37 fadn3u

Aansuwaglaa uay dregravaduiasusuliusuiainia

399 desiign Wiy 3.41 Tadnsusiensuwaglaa dauansly

30
20
10
: ]
0

Figure 4

Reducing sugar content
(mg/g cellulose)

Nostoc sp. Chlorophyll Lipid Protein Bleaching
starting removal removal removal step
dry cells step step step

Cellulose extraction step
Figure 4 Reducing sugar contents of Nostoc sp. cellulose from each cellulose
extraction steps: Nostoc sp. starting dry cells, chlorophyll removal step using 100%
v/v Ethanol, lipid removal step using 100% v/v Hexane, Protein removal step using

10% w/v NaOH, and bleaching step using 30% v/v H,0,. (n = 3, p < 0.05)

luvauefinszasnseanvumsieuledigagiaaainse
ATIvIRUTINAIARTAT 28.38 ladinSurensuigaglaa

(laluanaanisanen)
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330lNanI15IY

9NHANITIAaBINUIN SeuaznanAnivaglaadliain
Nostoc sp. Aavllufosay 77.82 Fslduandniigsniinisarin
waglaaaniis TagiFsuiievanuanisidonounidni
Tay Song et al. (2019) 51891u31 Sevaznandnivaglaadils
a1ndauia Wavew waz aensnduie Amduiesay 50.7,
41.1, war 64.1 audau Tneiflefiansuniaszesnaniildly
nswneidesleelusuaiiae Nostoc sp. lunuiseifildiaan
Wies 14 Ju luvaefifefdsenuiansaldlunswdnde
NIEAWIUARI9Y LU 19917 908 wag dulysn seeld
sreziiattun1saTyidulauu Tnefienguenisinizugn
Uszana 90 Fu ndsannmsifuiemandaud Tunsdivessiug
mdudaldssezaumaneiou dululselusuaiise
Nostoc sp. 3udunmadennisiianunsaldifuunaves
waglaa 1nnsdnwianvazidulewsaglagain Nostoc sp.
wuirdawedunindulewaglaaainnszaiunses Selsl
winzanlun1sinluynszane uazndaainn1sn1snNeny1l
Snuaztmngludiud wohiddnageu aeldlndiAesiu
ANNYNTRINTEAEnses o dumsigluleelunuafiiied
YSnussringvanevila 1wy aaslsilad uwalsiiuvesd nlale
g1ilu wardu Tnensvuaumsadaagldasadaldlunuide
laiaunsaataeenls (Laloknam et al,, 2017) faduuwama
Tunsthiwaglagain Nostoc sp. Wldusglewd fensldidu
ansnaduluntsnaandunauny Tasnnsiiwaglaafiarda
310 Nostoc sp. uiN1sgeealeieulesligagad 3o N3
dousaensn welildndnsuaiduthmanglaa et luldly
namduteniuealaen1unszuiunisudln (Capolupo &
Faraco, 2016; lbrahim et al., 2013; Kurokochi & Sato, 2020;
Punyanunt et al., 2018; Satari et al., 2019; Song et al,,
2019; Szyman’ska et al., 2017) Tnedlofansanysuaninia

i 14

Fgnliannisgesivaglaain Nostoc sp. MNIUTUABUNTT

o w

afannduneu (Minnaslsilad aiin TWsku wazneny1d) Ay

YSunadmiaifadilaannisgesigaglaaain Nostoc sp.

Priudunsuidnnaslsiad afin waglusiu SaflnaAeeniu

o
o v

wingean1siinstdduansaedulunisndandsnunawnu
WU LeN1Uea Tusauni1sianydelldaudndu lae

A1UN50AATUNBUNITANA LATAANISITATLATIUNTEUIUNNS

Y

anm @enAaaItUUITERINTSI8wAINUNSIIHARRE

H &

N19N156NEATNBUNUNEAYINNET AT UNS U UENTRIAUYDY
N1INEALeNIUDa (Behera et al, 2014; Camongol et al.,
2017; Klaichom et al, 201 1; Soontornchaiboon &

Pawongrat, 2013) sa1lu Nostoc sp. 3etiuunasmadend
Wadlalundandsnuneauny Teedlladinwaglaauddosl
Imhanasfdneudignssuiunindiegiunidlilalenuea

WelulHdundsnumaunmiluguuuululeleniueals

A3UNaN1337e

avgimuizanlunisanaigagladaain Nostoc sp.
ldonsdruvesgaauiis 1 nduaefvinazatguiuing 100
fiadans Inefidwuduneulunisadased Budenismin
aaelsiladlnglfionusaiinrudududesas 100 Tneusuns
feUsuns antuvnisisnafielagldionsudinoududu
Joway 100 lngUSuinsnousuing uagthluidnlusaulagly
arsazansladovlansenled i anudududosay 10 lny
YannneUsuias wazviiniswenvnlasldaisavane
lelasiuneseonlesiinududuiosas 30 lneuSunsee
U3uns Tasnisadataglaaain Nostoc sp. Audumou

aananlvTevasnandnvosgaglaagada 77.82 uay

YSurauInasadganianvindu 29.58 adnsurensy

U

waglad
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ABSTRACT

Cyanobacterial contains cellulose that can be hydrolyzed into reducing sugars utilized
for biofuels production. This research aimed to optimize conditions for cellulose
extraction of cyanobacterial, Nostoc sp. and to determine total reducing sugars after
hydrolyzed by cellulase enzymes. Dried cyanobacteria Nostoc sp. cells were subjected
to 4 steps cellulose extraction process with different solvent concentrations:
1) chlorophyll removal using 25, 50, 70 and 100 %(v/v) ethanol,
2) lipid removal using 25, 50, 70 and 100 %(v/v) hexane, 3) protein removal using 5,
10, 15, and 20 %(w/v) sodium hydroxide, and 4) bleaching process using 10, 20, and
30 %(v/v) hydrogen peroxide. The results showed that the optimal solvent
concentration of cyanobacteria Nostoc sp. cellulose extraction process was 100 %(v/v)
ethanol, 100 %(v/v) hexane, 10 %(w/v) sodium hydroxide, and 30 %(v/v) hydrogen
peroxide with the average yield of 78.92%. Cyanobacteria Nostoc sp. cellulose was
digested by cellulase to determine reducing sugar contents. The results showed that
Nostos sp. contains the reducing sugar contents 27.45 mg/g cellulose. This finding
suggested that cyanobacteria Nostoc sp. cellulose could hydrolyzed into reducing

sugars that can be used as renewable energy source.
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