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Abstract

The objectiives of this study were to illustrate the effects of alkali pretreatment of cassava rhizome on
physicochemical properties changes and the efficiency of enzymatic hydrolysis. Cassava rhizome was pretreated
with 1% 5% and 10% (w/v) NaOH at 40°C for 3 h. The enzymatic hydrolysis of pretreated sample was performed
for 24 h and 48 h. The chemical compositions of untreated and pretreated samples were analyzed using the
standard methods of National Renewable Energy Laboratory (NREL). The results showed that the amount of solid,
lignin, ash and glucan removal corresponded to the severity of pretreatment conditions. The increased severity of
the pretreatment condition contributed to induce the disruption of the sample structure and to increase the
intensity of crystalline and amorphous regions. In addition, more severe of pretreatement condition resulted in
significantly increasing the glucan conversion yield. Thus, these results indicate that alkali pretreatment of cassava

rhizome can enhance the efficiency of glucan conversion.

Keywords: Cassava rhizome, Alkali pretreatment, Glucan conversion
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(Hemicellulose) waz@ndiu (Lignin) Mideusaiuag n1311
fngavanluwaglaauildlunszuiunisiiiesteadunis
gouaane (Hydrolysis) sagtauleiagiosdinisusuanin
(Pretreatment) fngAuniew Cara et al. (2006) F4n15UFu
anmaziivieynadunenin il uazdinw gaUszasves
msUuanmduienBsuuatesdusznaunielulnssadng
vosiivamarilimuannsalunishauveseulasifuiu
weinluldlunssuruniseielu Mosier et al. (2005) n1s
Usuanmmaailngldeaduisilddudon Snvtansldng
ﬁwaﬁﬂﬁﬁmqﬁuLﬁmmimuwamasLﬁmﬁuﬁﬁaé’uﬁﬂums
AGEER %aﬁﬂﬁi’mqauﬁmqumﬁwﬁu uananiidsan
anudulassasindnveavaglaauarszauanuduned
wosvualuganas (Suwa, 2558) denalilassasisuas
Wustilensioruegszninedniunaziefiwaglasgninane
Balat et al. (2008) Fuiinasionisdosaneseioulelii
UseAvBnmanndu
Fetuenideiisiiinguszasdifofnyinavosnisuiy
anwiniiiudugndsfessdoniaiudsunlasautiinig
wilnennuazUseansnmnistesaanenguausisiouled

=

2 gunsaluazisnig

2.1 ENKSTKRJOrE@IMLS) NIk (Cassava rhizome
preparation)

wisTudUzndetaunisuiuann (Aaudu 7.18
%wt)
(Untreated cassava rhizome) Qﬂﬁmmmuazﬁmt&m%mm
Tifivuntiosndt 1.7 mm andumisiudendagniinan
Aulilumsuznanaindaadndviunismaaedluduneu
ol

2.2 ENKJKFLjN1 (Pretreatment)

Untreated cassava rhizome 9u1a08n31 1.7 mm
gnianuvanmseasazaislufenlansenledfiniig
Viudu 1% 5% uaz 10% (w/v) gaumgdl 40°C Wulan 3
h Tu shaking incubator finusaseu 100 rpm ntuth
YDINANUINTDIA2E Gooch crucible Yu1n Pore size 13
um isfudUsndsfidiunisuuanin (Pretreated
cassava thizome) gnitilifunanafistazernuazsiiy
nMsouwiiselaioviuisneldaubunazgyyinia
(Freeze dryer) waggnitunifvliluggnaiiuiy
(Dessicator)

23 ENKTBGKNN @y -Ee@ENEITT

Compositions Analysis)

Untreated wag Pretreated cassava rhizome Qﬂﬁ’lm

NEde Jr{ Chemical

19U TENBUNILALAI1875289 National Renewable
Energy Laboratory (NREL) (Sluiter et al., 2011) #91

Untreated cassava rhizome Yu1a%88n31 1.7 mm an
thanafauuusiaidesdeiniunm 12 h uazgnarfasesie
vuea 95% e 12 h witudUsndsiiniunisan
Wa2 (Extracted cassava rhizome) %Qﬂismaﬁﬂaaﬂ‘ﬁ'
gamgivienauiulilunvusUnaiin

Extracted ka¥ Pretreated cassava rhizome Qﬂﬁ’]:ﬂ’]
gogrenIadansnidudu (72% HoSOs) ﬁqm‘wgﬁ 30°C 1Ju
1381 1 h ﬁ]'mﬁ?utﬁmffmél’mﬁaL?}@ﬁmﬂm%’aw%ﬂlﬁﬁmm
Wt 4% thuesnaudmdioteinide (Autoclave) ‘wamm
121°C maueiu 15 psi Wuian 1 h ntutunseatite
LENUBILTILATUDUNAD muwLﬂuéuaum%gﬂm‘lmﬂu
nanafeiindu udmnouwisiionmnd 105°C WWunan 4 h
wagilumdefionmgil 520°C 1uraan 18 - 24 h iilem
USunadniluiildazaelunsa (Acid insoluble lignin, AIL)
LLazahuﬁLﬁummmm%gmmqLﬁ'a’lﬁmﬂ%mmﬁwmauag
USunadndiufiazanslunse (Acid soluble lignin, ASL) n13
miﬁmmﬂg’]mamaammgﬂﬁ’lmﬂ%fuamwiﬁﬂuﬂm&éhs
AT ENANSUBLLA (CaCOs) wazthlUmUsunainniade
D-Glucose Assay Kit ( GOPOD Format, Megazyme,
Ireland) dwSun1smiUsunadniufiazatslunse (Acd
soluble lignin) vadwaIvzgNUn lUMAINITAANT LAY
in3nsanlasinlnfines (Spectrophotometer) fiauena
AAY 320 nm

24 ENCFHILK\FhEKI-TeGI@nzymatic hydrolysis)
Untreated aig Pretreated cassava rhizome gﬂﬁﬂm
gosaangigiaululigagiad (Cellic ® Ctec2, Novozymes
A/S, Denmark) 2835n115v84 NREL (Selig et al., 2008) 1Ty
1787 24 h uag 48 h Mmuaiu mﬂﬁ?uéhmm%gﬂmaal,l,aﬂ
Yo ILaTVBINAIAIE nylon syring filter ﬁmumgwiu
(pore size) 0.45 pm Lﬁauﬁmﬂwﬁw’mmml@uvlfaﬁ Al
JuwvesmargnifivinulilunwusUnatinaeldgaumgl -
20°C Lﬁ@ﬁ@ﬂ’l33Lﬂ3’l&;’ﬁﬂ%ﬂ’]mﬂ’]ﬁLU§&JuﬂQLLﬂusLﬁL‘fJu
‘137maﬂqiﬂa (Glucan conversion) A28 D-Glucose Assay
Kit
25 ENKTNIKNN KO ) kIO ) KEKBIHNT
(Physicochemical change analysis)
Untreated ey Pretreated cassava rhizome Qﬂﬁﬂm
Fas1vinisdsuuvasdnvazniaainienin laens
WATAlATIESeITAUanIARIENdnigansIAUBLanaseu

NEGe SENTijN

WUUEBINTIA (Scanning Electron Microscopy, SEM) JSM
6010LV (JEOL, Tokyo, Japan) #1eluunauas SEI 56U
WHI9IU 10 KV WAz seaun1a49818 500 111 haznIg
3Lm'1~ﬁmmLﬁuwﬁﬂimmﬂgmwu%’qﬁLﬁﬂ%é’wm%"m
Power X-ray D|ffrat|on (XRD D2 phaser) (Bruker, USA) i
Yayy 2°¢ fiAndaust 5500 7 1 e/t nszualudi 30
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KV 48 10 mA wazauennaussdiing (Cuka radiation)
0.154 nm (1.54°A) Tngarsviinuiuaesuan(Crystallinity
index, Crl) @1u15aA1uIlaaInANUENRUSTENINIAI
L“ﬁmu‘%nmﬁLﬁuﬁauaé’mwgmuazdauwﬁﬂ (Amorphous and
crystalline regions) azeffl 2 = 18.7° uay 22.4° puddu
(Bak et al., 2009 wag Hsu et al., 2010).

26 ENKINK\NI'OFL TRStatistic analysis)
TWUNUNTITNAABDILUY Complete Randomized
Design (CRD) lagilfiuusdaszAonuluturoiasayans
lgihsulansenled Toyagninundimsigianiuudsusiu
WUUN4RYD (One-way ANOVA) UazluSauliieunyanves
Aade (multiple comparison test) fe3Svas Tukey HSD
fiszsutiuddy 0.05 Tngldlusunsa Minitab® 16 Statistical

Software

3 Wawazdansal
31 EeqNEITTNE SEI-E B  NIkE (Chemical
composition of cassava rhizome)
PINNITAATIENI0IAUTENOUNILATIUDY Untreated
cassava rhizome fauanslu Table 1 wuiluTununguau
(Glucan) leuau (Xylan) @ndu (Lignin) 181 (Ash) Lay
Extractives lngiadefidnvinfu 30.07% 10.31% 23.18%
3.28% waz 19.20% AIUEIFU FINANITNAARIFING1D
#0ARRDINUNAIUITEYBS Martin et al. (2017) Tas1891u
Hadumiiudusendadiusununguau leuau andu uag
Wi Taewadouindu 20.6-34.1% 10.3-13.9% uay 12.2-

16.7% Muansiu d@2u91u398U94 Klinpratoom et al. (2015)
wuhwidiudgnddivsununguau lowau 8ndu wagii
IMNAY 42.10% 14.85% 35.63% Way 5.97% A1UA1U
wenanileuiseves Castano et al. (2013) Han et al.
(2011) wag Pooja Way Padmaja (2015) WU3ILMINTY
dendadivsunanguau lewau Aty wazidn Tawidu
22.80-38.8% 7.2-28.80% 11.80-33.80% way 1.90-2.2%
A1ua1au eg19lsAnNauIdeves Lee et al. (2008) Ia
TenuIiandunalssinvanluwaglaaasivsunnguay
louau uazdndu ogfl 40-60% 20-40% uay 10-30%
ANy TTedUsunaesdUsTneunIuaive i
duzndsunsdruenafinnnuwandieiu Faaunsaesuiele
niEnsnaaesuazatsiuivesingAuududilily
nsPnwveuiazA oty
32 JKEKNTYEEENK JKRLIjN 1S rEETRL G N kBRI

(Effect of alkali pretreatment of cassava rhizome)

3.2.1 ENK0] k§ O] KEFECERNEITTNES@ JriChemical
compositions change)

nnan1saaedlu Table 2 uanaUSunuveuds anilu
hi LLazﬂ@JLmuﬁgﬂﬁﬁmaaﬂ%mmﬁ"lﬁuﬁwﬂwé’qﬁmumi
USuaningnena lnewadefiawintu 42.02-51.01% 24.84-
35.74% 97.15-97.92% wag 3.26-21.12% A1Ua10U NANIT
nAaoILansliiuIUSU MY Iude 1N LLazﬂQLmuﬁQﬂ
mMinvonuUsHulngnTIAUIEAUAUITNTUTDIANTaYaNY
Tnidvlonsenledt uisunuaniuiigniidneenuusnniu
AuAMINTUTRsasazanalafsulansonlan

Table 1 Chemical composition of cassava rhizome. All values are calculated as percent dry weight of original

biomass.
' Compositions (%)
Biomass
Glucan Xylan Lignin Ash Extractives
Cassava rhizome  30.07 + 0.43 10.31 + 0.25 23.18 + 0.57 3.28 +0.19 19.20 + 0.61
Table 2 The solid recovery, lignin ash and glucan removal of pretreated cassava rhizome.
Removal (%)
Condition
Solid Lignin Ash Glucan
1% NaOH, 40°C, 3 h 42.02 + 2.99° 35.74 + 2.16° 97.34 + 0.05 3.26 + 0.61°
5% NaOH, 40°C, 3 h 43.03 + 0.85° 33.97 + 1.07° 97.15 + 0.38 10.72 + 4.78°
10% NaOH, 40°C, 3 h 51.01 + 0.81° 24.84 + 2.12° 97.92 + 0.10 21.12 = 1.06°

'The value represent the means of triplicate + standard deviations. The different letters in the same column represent the difference

among treatment at P<0.05.
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9813l5ARLMUITEURI Ko et al. (2009) wuirUsunudniuy
ﬁgﬂﬁﬁmaaﬂlﬂﬁﬁha&ﬁ 20-65% Fuifisanefiarunsadae
\inUszansannisdesaansivaglaasioieuleslly diu
4714798904 Singh et al. (2011) wag Zhu et al. (2006)
iwmudm?mmﬁﬂﬁmazLﬁwﬁgﬂﬁﬁmaaﬂlﬂ%dqwaﬁﬂﬁ
WisTinausaglaa uaﬂmﬂﬁahuﬂizﬂauguﬁgﬂﬁﬁmaaﬂ
fhenisazasluansavareaailifiuysuasanaiile
Lunu

3.2.2 ENKSJKRTO ) kEAIHNTNEI JBNTIjN 1
(Physicochemical changes)

- feKELK@KNhmERijNeE - IEES
(Microstructure of cassava rhizome)

miLﬂﬁauLLUaﬂ‘uaﬂmaa%’ﬂaizé’mgamﬂmm Untreated

TG

uaz Pretreated cassava rhizome waaslil Figure 1 Wu31
Untreated cassava rhizome (Figure 1A) fifuAnGeuuas
Laifigngu wansdensidousefuvedlasiadrmnaaiiegi
wdausstsensenisdesaaneiaglaadoteulul ewmi
ffudrgndarunsuiuaninil 1% NaOH gaumgil 40°C
\Wutaa1 3 h (Figure 1B) denalilaseadrsvounindu
ddzudsgniatsunsdiu eifinamuiduduyes NaOH
W 5% way 10% (Figure 1C way 1D) lassadsveaninaiu
émwﬁagﬂﬁwmamEJIUUNa'auLLazﬁuﬁaﬁﬂmuLﬁug‘w?u
nntu Snvarlasanaduionrtiedivlsansamnis
vhauveseulwiwaguadlunsdesaasimagladliuiniu
Iﬂ‘ﬁﬁa%ﬁﬁzﬁm}amﬂmaﬂ Untreated wag Pretreated-
cassava rhizome lauuananeiu Sanaunisusuanines
fanfunaziaiiiwaglagegnuiiiuseuiduloigaglaa
NAIANRIUNITUS VAN N LATIES 19D U1 Uz ras
%ﬁmwmﬂugwqwﬁu%u Wwithidesainmsidnaniiliiu
seilyuvesaniunasialiwaglaaeenlu (Chen et al,, 2011
Wwag Gong et al., 2010) 31N INAINa1ILaA LA LTNIN
Tassadrsvoanirifudiuendsgniaeuniuissfuna
quLLsa‘uaqama:miﬂ%amwﬁLﬁ'uﬂﬁu damasonsiiuaan
Lﬁuiwwmﬂu‘lﬂsﬂa%ﬁaLLasmﬁ]Lﬁuﬂisﬁm%ﬂwwiuﬂﬂisiaa
amEJLszJaaIaamEJLaulm“lmaﬂmw

- ENK|NKNN| é]NJO[ HKEﬁQENKOKﬁV
(Crystalhmty analy5|s by X-ray diffraction)

i‘ULL‘U‘USZJENﬂﬁLaEJ’JLUUNﬁLE]ﬂ‘U‘UEN Untreated uag
Pretreated cassava rhizome wanslu Figure 2 Tnaaa1u
duudnuiiudiuedygunazdiundn (Amorphous and
crystalline regions) %agjﬁ 2¢ = 18.7°uaz 22.4° AUAIAU
willassadvesdnlumaglaadu edwaglaauardniugn
ﬂmﬁmlﬂmwuaﬁaﬁm (Amorphous component) @231
waglaafidnuvaurlassadremdundn (Crystalline
component) (Bak et al., 2009) A1AMALTLKEN (Intensity

of crystalline region) 984 Pretreated cassava rhizome

(ELRESQ] 33 | KBURENK ) KRTEK

Lﬁmavﬁumﬂmmawwmi’ﬂﬁ’uémw‘“a Usuaninaie
10% NaOH gaumgii 40°C \uiaan 3 h viafiflosainied-
maqiaml,auaﬂuugﬂmﬁmaaﬂlﬂimmm%u (Chen et al,,
2011) uaﬂfﬂmﬁﬁhmmLéﬁuﬁuadaé’mmu (intensity of
amorphous region) U84 Pretreated cassava rhizome i
m“uumam&mﬂu Untreated cassava rhizome uwansloiidiu
nrsdsvaninimindudiUzndedaennsiinanonis
Wasuwasmnudundnvossaglaa Taofiafl 2¢ = 22.40
(002) manederududuresainudundn wasiindl 2 =
18.7° (101) nuedsnududuvesniudusdygiu
wonandedaiinnuduvesndn (Crystallinity index, Crl)
P9 URINTUdI U NaINoULAEUAIINNTUSUAAIN AUAAS
Tu Table 3 wuinasnisUsuan niuavalainingdu
ddendafian Ol ingetuegnefideddgi p<0.05
ADAARDINUNUITEVRY Kamalini et al. 2018) Iasneaui
nsUSuandwasiliien Crl Seniud esnmsida
aqﬁﬂﬁuﬂauz«huaé’mmu wu eliwaglaauwazinfiueenld
uenaIniaudTeves Baketal (2009) lés1891u
AMUFUNUSTULT SN AY (negative correlation) %114
anudundnveseagladuasnisgesaatemeieulel wui
mnudundnveasaglaafianasdsuarilihoulesdannse
govaneiagladldgelu ognelsiniuauidenes Puri
(1984) sreauianuilundnvenvaglaaenaliliinase
msdosaaeseeulnlneduds

Table 3 Crystallinity index (Crl) of untreated and

pretreated cassava rhizome.

Condition Crl (%) *
Untreated cassava rhizome 24.29 + 1.14°
1% NaOH, 40°C, 3 h 35.47 + 3.39"
5% NaOH, 40°C, 3 h 34.33 + 1.80°
10% NaOH, 40°C, 3 h 37.45 + 1.56"

"The value represent the means of duplicate + standard

deviations. The different letters in the column represent the

difference among treatment at p<005

@TEFPRIBNKEKEL (Glucan
conversion, %)
Untreated La¢ Pretreated cassava rhizome Qﬂ‘ﬁhm
govaatsnleoulviidunan 24 h uay 48 h laduusunu
ﬂ’liLUﬁIEJ“ImQLLﬂuIﬁLﬂmE’]mﬁﬂqIﬂﬁ fauansly Figure 3
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A

Figure 1 The SEM images of: (A) untreated cassava
rhizome; (B) treated cassava rhizome with 1% NaOH at
40°C for 3 h; (C) treated cassava rhizome with 5% NaOH
at 40°C for 3 h; (D) treated cassava rhizome with 10%
NaOH at 40°C for 3 h. The magnification and scale bars
are 500x and 50 pm in length.

wudndeifinnarlunsdesaneisaglaasoieulyd a1
24 h \¥u 48 h d1m3U Untreated cassava rhizome i1l
UsinaunaAsunguanliduinanglaadiutu 20.39%
nsuSuan mminiud1uenaenie 10% NaOH gungil
40°C 1Huinen 3 h fvsinunaiAsunguauliduthna

nglaaannnistesaanemeieulyiidual 48 h fidngean
agnaiifeddnyi p<0.05 (82.42%) wansvaaesaanndos
fuauAdeves Bak et al. (2009) Fanuinderiuszoziian
Tunsdesamesetouleshiliusnansiasunguauls
Huthemanglaauniu uenaniUiuiunisidsunguau
T dumanglaausiulnensstuszduanugunssves
an1zni1sUsuanin 1iesannisuiuaninaiunse
WasuuwlasesAusznoulassainevesity (Anduuazied
waglaa) viliauaiuisalunisitauvesiouledd
UsyAvsamaniu fedenalinsndsungualiidudine
nglaaldiniu Mosier et al. (2005) Bnsissni3deuas Liu
et al. (2016) Svawiiinuaniunaziefiwaglaaiana
eiqwaaiaﬂmﬂ'mmﬁuﬁﬁwamagﬂaa wazaLITeYRe Kim
et al. (2012) nuANUdLdUYeIanTara1eAeElBvEHAse
wandmihmannigungivarnafildlumsuiuani

002
101
/NA D
C
/\/\‘ B
/\A\& . A

5 10 15 20 25 30 35 40 45 50

2Theta (°)

Figsure 2 X-ray diffraction patterns of untreared and
treated cassava rhizome: (A) untreated cassava rhizome;
(B) treated cassava rhizome with 1% NaOH at 40°C for 3
h; (C) treated cassava rhizome with 5% NaOH at 40°C
for 1 h; (D) treated cassava rhizome with 10% NaOH at
40°C for 3 h.

4 a3l

nsUsuaninsieansiinaiensiiiuadudusnguly
IAseasisveanindud1uenas AnuduesdIunan
wazedygrurongaglaa Usuiuvesls anflu 11 way
nguaufignindneeniuegfuseduanugunssvesaniag
n1sufvanin deflauduiusidauanfunisiiiy
UsgAnsnmnisiiauveseules Tagnsifinyiuiunis
Wasunguavliiduthmanglaaainnissesaasivaglaa
setouled
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