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A B S T R A C T  

Ionic liq uids (ILs) pre treat ment is cur rently be com ing an at trac tive ap proach for im prov ing the ef fi ciency of 
en zy matic hy drol y sis on lig no cel lu lose. Cholin ium ac etate (ChOAc) ILs that con tain choline cation com bined 
with car boxylic acid - based an ion is not only marked as bio com pat i ble ILs but also known as a use ful cat a lyst 
in the pre treat ment of lig no cel lu losic bio mass, which re sults in an in crease of en zy matic sac cha r i fi ca tion rate 
of the bio mass. In this study hy drolytic ac tiv i ties of cel lu lase and xy lanase which pro duce ex tra - cellularly by 
iso lated actin o mycetes un der the pres ence of ChOAc were in ves ti gated. ChOAc/ bio mass ra tio (g/ g) were set 
up be tween 0.0 and 3.0 for pre treat ment fol lowed by hy drol y sis us ing cel lu lase and xy lanase that ex creted 
when actin o mycetes were grown up in pre treated bagasse suc ces sively. Act - 7 was used as in ocu lum in sac cha - 
r i fi ca tion, and the op ti mum of ChOAc/ bio mass ra tio was as iden ti fied to be 1, which achieved high sac cha r i fi - 
ca tion with a yield of re duc ing sugar 74.58%. Since the cel lu lase ac tiv i ties re duced to around 30 – 70% while 
ChOAc/ bio mass ra tio was in creased to 2 – 3, in con trast, xy lanase ac tiv i ties re main sta ble at the range of 
58.97 – 75.19 U/ mL. This ex per i ment demon strates the promis ing bio - hydrolysis of bio mass in green tech nol - 
ogy to in crease the yield of the bio mass sac cha r i fi ca tion process. 

1 . Introduction 

Due to its po ten tial to re new able or ganic ma te ri als, lig no cel lu losic 
bio mass was con sid ered to pro vide as a low - cost feed stock for bio con - 
ver sion into fer mentable sugar which can be fur ther uti lized for bio - 
fuel and valu able chem i cals pro duc tion ( Gomez et al., 2008 ; 
Uppugundla et al., 2014 ; Wu et al., 2016 ). This ma te r ial pri mar ily 
con tains three bio - polymers par tic u larly cel lu lose, hemi cel lu lose and 
lignin with a low num ber part of trace com po nents such as acetyl 
groups, phe no lic sub stituents, and min er als unit edly. The quan ti ties of 
these bio - polymers in bio mass, de pend ing on the source of bio mass, 
com monly the bio com pos ite com posed of cel lu lose, hemi cel lu lose, 
and lignin with the var i ous con cen tra tion of frac tions biopoly mers at 
35 – 50%, 20 – 35%, 10 – 25% re spec tively. ( Isikgor and Becer, 2015 ; 
Menon and Rao, 2012 ). The in ter ac tion of poly mers in bio mass pro - 
duces the re cal ci trance which comes from the crys tallinity of cel lu - 
lose, coat ing of cel lu lose by the lignin - hemicellulose ma trix, and, hy - 
dropho bic ity of lignin ( Agbor et al., 2011 ; Isikgor and Becer, 2015 ; 
Mosier et al., 2005 ). Na tive lig no cel lu lose struc ture forms strong re - 
cal ci trance to en zy matic hy drol y sis and re sults in poor di gestibil ity of 

the ma te r ial it self. A con ve nient pre treat ment method is in volved to 
over come this lim i ta tion and makes the poly mers eas ily ac ces si ble for 
en zyme di ges tion ( Sun et al., 2016 ). 

Ionic liq uids (ILs) pre treat ment, which is a kind of chem i cal pre - 
treat ment tech nique, has earned high in ter est af ter some types of ILs 
were in vented as sol vents that have the abil ity to sol u ble cel lu lose 
( Swatloski et al., 2002 ). ILs are or ganic salts gen er ally con sisted of or - 
ganic cations and in or ganic an ions and the forms are in the liq uid bel - 
low 100  °C ( Macfarlane and Kar, 2017 ; Welton, 2018 ). Re cently, ILs 
have been pointed out to de con struct the com pact struc ture of lig no - 
cel lu lose. Some of ILs have been ex hib ited to dis solve lignin, hemi cel - 
lu lose, and cel lu lose so that the main poly mers could be sep a rated one 
and each other. Fur ther more, the crys tallinity of re gen er ated cel lu lose 
be came di min ish sig nif i cantly af ter the cel lu lose was be ing sol u ble in 
the ILs. This frag ile cel lu lose would be pro moted more ef fi cient en zy - 
matic hy drol y sis ( Brandt et al., 2013 ). How ever, com pared with the 
other ad di tion of chem i cals on pre treat ment such as di lute acid or am - 
mo nia, the ap pli ca tion of ILs on lig no cel lu losic pre treat ment is not 
only have been shown more ef fec tive than con ven tional ones, but it 
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has also been proven to be ap plic a ble to var i ous types of lig no cel lu - 
losic bio mass ( Kilpeläinen et al., 2007 ; Brandt et al., 2013 ). 

Re cently among the type of ILs, im i da zolium ILs type has been ex - 
ten sively stud ied in par tic u lar. In con trast, their abil i ties in the de con - 
struc tion of the lig no cel lu losic tight struc ture were faced by bio com - 
pat i bil ity is sues in clud ing their dis ad van tage points for ex am ple in cy - 
to tox i c ity and biodegrad abil ity, and also in the high ex pense rea son 
( Datta et al., 2010 ; Ouellet et al., 2011 , 2015 ; Ninomiya et al., 
2015a ). On the other hand, com pare with im i da zolium ILs, some 
types of cholin ium ILs have been ap par ent more bio com pat i ble 
( Petkovic et al., 2009 ) and are also have a lower price gen er ated by 
the low ex pense of the source cation ( Plechkova and Seddon, 2008 ). 
Cholin ium ILs are com posed of ei ther choline cations as so ci ated with 
two com mons of an ions such as the amino acid - based ( Hu et al., 
2007 ), or car boxylic acid - based ( Fukaya et al., 2007 ) ones. Many ob - 
ser va tions re marked the ad van ta geous of cholin ium ILs in the pre - 
treat ment of bio mass that im proves the hy drol y sis of lig no cel lu losic 
bio mass us ing cel lu lase ( Ninomiya et al., 2015a , 2015b ; 2015c , 
2015d , 2014 , 2013a ; 2013b , 2013c ). In ad di tion, choline ac etate 
(ChOAc), Fig. 1 , has ap plied to pre treat bagasse in high - loading bio - 
mass (100  g/ L) which has risen up the hy drol y sis of cel lu lose and 
hemi cel lu lose ef fi ciency into 95% and 93% re spec tively ( Ninomiya et 
al., 2018 ). 

Since many pre vi ous stud ies con ducted the en zy matic sac cha r i fi ca - 
tion us ing pure cel lu lase and/ or hemi cel lu lase, there were fewer stud - 
ies that in ves ti gated the ap pli ca tion of na tive en zyme which se creted 
ex tra cel lu larly by mi croor gan isms when they cul ti vate on lig no cel lu - 
losic bio mass. How ever, this work ing was ex plor ing the op por tu nity 
of im pured ex tra cel lu lar hy drolytic en zyme which pro duces by some 
in dige nous actin o mycetes iso late in ChOAc - pretreated bagasse 
medium to en hance sac cha r i fi ca tion of cel lu lose and xy lan con tained 
therein. The aim of the study is to in ves ti gate the syn er gis tic be tween 
a pre treat ment of bagasse us ing a bio com pat i ble ionic liq uid (ChOAc) 
and en zy matic sac cha r i fi ca tion by ap ply ing the in ocu lum of actin o - 
mycetes that ad e quates to ex crete ex tra cel lu lar cel lu lase and xy lanase 
se quen tially. The fu ture prospect of this study is to de velop a one - pot 
bio con ver sion of lig no cel lu losic bio mass into fer mentable sugar and 
its de riv a tive prod uct such as ethanol, or ganic acids, and other ad - 
vanced chem i cals. 

2 . Materials and methods 

2. 1 . Materials 

Row bagasse was ob tained from use less sugar pro duc tion residue 
of Sweet Indo Lam pung (SIL) Com pany lo cated in Lam pung Province, 
In done sia. The bagasse was dried and mashed up and screened us ing 
a sieve to ob tain the less than 250  μm par ti cle. The bio mass was 
stored in an oven at 90  °C un til used. Choline ac etate was bought 
from Sigma - Aldrich and all chem i cals clas si fied in lab o ra tory guar an - 
teed reagent (GR), which pur chased from a va ri ety of com mer cial 
com pa nies. 

2. 2 . Isolation of actinomycetes and screening for cellulase and xylanase 
actinomycetes 

De com posed bagasse as a source of in dige nous actin o mycetes was 
col lected di rectly from the waste area of SIL Com pany. One gram of 

Fig. 1 . Mol e cule struc ture of Choline ac etate. 

the bagasse then was trans ferred into 100  mL of saline wa ter (NaCl 
0.95% w/ v) and was shaken us ing shaker in cu ba tor at 120  rpm for 
60  min. The sus pen sion which formed was sub jected to se r ial di lu - 
tions up to 10 −7 . Iso la tion of actin o mycetes was con ducted by pour 
plate meth ods in which each dif fer ent di lu tion sus pen sion was in oc u - 
lated onto Yeast Mal tose Agar (YMA) Medium (4  g/ L of Yeast ex tract, 
10  g/ L of Malt ex tract pow der, 4  g/ L of Glu cose, and 18  g/ L Agar) in - 
ap pro pri ate in trip li cate. The colony of actin o mycetes was then iden ti - 
fied base on mor phol ogy ap pear ing af ter in cu bated for 7 – 14 days at 
37  °C. 

Pu rifi ca tion of actin o mycetes was con ducted by quad rant - 
streaking the sin gle colony on a spe cific medium ISP - 2 (Hi me dia) 
( Shirling and Gottlieb, 1966 ). The pure cul ture iso lates are cul ti vated 
in the slant ISP - 2 medium at 4  °C and glyc erol stock was pro vided for 
the next ex am i na tion. 

Screen ing of cel lu lolytic and xy lanolytic was ex am ined by the 
Congo - Red method which the pure se lected iso lates were grown on 
YMA medium - enriched us ing 0.5% (w/ v) car boxymethyl cel lu lose/ 
CMC (Sigma) and 0.5% (w/ v) birch wood xy lan (Sigma) re spec tively 
for 14 days. Abil ity to de grade CMC/ birch wood xy lan of the iso late 
was eval u ated af ter the growth pe riod by in cu ba tion with stain ing so - 
lu tion of Congo Red 0.1% (w/ v) for 30  min and af ter ward was 
washed out us ing NaCl (5  M) ( Amore et al., 2014 , 2012 ; Teather and 
Wood, 1982 ). The clear halo zone around the colony of the iso late 
was signed as a pos i tive iso late that has cel lu lase/ xy lanase ac tiv ity. 

The Yeast Mal tose Broth (YMB) base medium used for en zyme pro - 
duc tion by the iso lates con tained the fol low ing com po nents: 4  g/ L of 
Yeast ex tract, 10  g/ L of Malt ex tract pow der, and 4  g/ L of Glu cose. 
The medium was en riched by 1% of CMC and 1% of Birch wood xy lan 
to pro duce cel lu lase and xy lanase re spec tively. All along with the pro - 
duc tion time, a re peat edly su per natant was col lected for en zyme ac - 
tiv ity as say. 

2. 3 . Pretreatment bagasse using choline acetate 

Pre treat ment of bagasse us ing ChOAc was ap plied ac cord ing to the 
Ni nomiya's group work ing ( Ninomiya et al., 2018 ) with slight mod i fi - 
ca tions. Def i nitely, ra tios ChOAc/ bio mass (g/ g) at 0, 0.5, 1, 1.5, 2, 2.5 
and 3 for pre treat ment of bagasse by ChOAc was con ducted by im - 
mers ing 5  g of bagasse pow der with 0, 2.5, 5, 7.5, 10, 12.5 and 15  g 
of ChOAc in Er len meyer re spec tively. The mix ture was then stirred 
gen tly us ing a mag netic stir rer for 60  min  at room tem per a ture. Fur - 
ther more, the pre treat ment was con ducted by us ing an au to clave at 
110  °C for 1  h and the heat ing was ex tended in a ther mal oven at 
110  °C for 20  h. Af ter this pre treat ment step was com plete, the mix - 
ture was cooled down at room tem per a ture which placed on a clean 
bench. 

2. 4 . Saccharification pretreated bagasse using actinomycetes 

Actin o mycetes medium was pre pared by adding the pre vi ously 
pre treated bagasse as a bio mass source in gre di ent. The pre treated 
bagasse was sus pended well with 50  mL ster ile YMB medium asep ti - 
cally. Fer men ta tion was then un der taken by in oc u lat ing 2 cork bore 
(Ø  =  5  mm) of cul ti vated actin o mycetes into the pre vi ous sus pen sion 
medium. In cu ba tion was con ducted us ing a hor i zon tal shaker in cu ba - 
tor at 37  °C, 120  rpm. Dur ing the fer men ta tion, a pe ri od i cally liq uid 
sam ple was taken up af ter 1 – 14 days. The col lected sam ples were cen - 
trifuged at 6000  rpm for 5  min, ob tained su per natants were trans - 
ferred into sam ple la beled clean tube and was stored in a re frig er a tor 
for fu ture analy sis. The op ti miza tion of ini tial pH was con ducted by 
set ting up the ini tial pH at 6.0, 6.4,7.0, 7.2, 7.6 and 8.0 us ing 0.2N 
Na 2 HPO 4 – NaH 2 PO 4 buffer so lu tion. 
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2. 5 . Cellulase and xylanase activity assay 

The ac tiv ity of cel lu lase and xy lanase was ex am ined ac cord ing to 
the Car boxymethyl cel lu lose - ase/CMCase ( Ghose, 1987 ) and Xy lanase 
( Bailey et al., 1992 ) as say method re spec tively. The mea sure ment of 
CMC - ase ac tiv ity was con ducted by adding 0.5  mL of the col lected 
sam ple as a na tive en zyme into 0.5  mL of sol u ble 1% CMC in sodium 
cit rate buffer (0.05M, pH 5.0) at 37  °C for 30  min. Af ter fin ish ing in - 
cu ba tion, the re ac tion was cut off by pipet ting 1.0  mL of 3,5 - 
dinitrosalicylic acid (DNS) reagent and was then boiled at 95  °C for 
15  min. The spec tropho to met ric method was ap plied to de ter mine re - 
duc ing sug ars with DNS ( Miller, 1959 ) us ing glu cose as stan dard. The 
CMC - ase ac tiv ity was cal cu lated ac cord ing to the amount of re leased 
glu cose from CMC, More over, the ex am i na tion of xy lanase by mix ing 
0.5  mL of ob tained crude xy lanase en zyme fil trate sam ple with 0.5  mL 
of 1% birch wood xy lan in 0.05M sodium cit rate buffer (pH 5.0) at 
37  °C for 30  min. The re ac tion was then ter mi nated by adding 1.0  mL 
of DNS reagent and was then heated at 95  °C for 15  min. Xy lose con - 
cen tra tions were es ti mated by us ing sim i lar meth ods with re duc tion 
sugar analy sis us ing xy lose as stan dard. The xy lanase ac tiv ity was 
mea sured base on the amount of lib er ated xy lose from xy lan. 

The unit of cel lu lase or xy lanase ac tiv ity (U/ mL) was de fined as 
amount of the en zyme that cat alyze the CMC or birch wood xy lan into 
1  μmol glu cose or xy lose as the prod uct re spec tively per minute. 

3 . Results and discussion 

3. 1 . Isolation and screening actinomycetes 

Some in dige nous actin o mycetes from de com posed bagasse were 
suc cess fully iso lated on the YMA medium. Us ing a di lu tion se ries of 
ini tial sam ples to ob tain a sep a rated grown strain colony, the di lu tion 
fac tor at 10 −5 was noted as the best sus pen sion sam ple to be cul ti - 
vated. The sin gle dif fer ent sep a rate colonies grew on the YMA 
medium so that the sin gle colony could be col lected and char ac ter ized 
base on its shape and color ap pear ance ( Fig. 2 ). 

More over, the pu rifi ca tion step was con ducted to col lect a pure 
sin gle colony that would be screened for their cel lu lolytic and xy - 
lanolytic abil ity. The actin o mycetes strain which is able to hy drolyze 
cel lu lose and xy lan was rec og nized by the for ma tion of halo clear 
zone around the colony af ter ap ply ing Congo - Red stain ing on the se - 

Fig. 2 . Cul tur able actin o mycetes on the YMA medium re sulted from cul ti - 
vated 10 −5 sus pen sion of de com posed bagasse. 

lected cel lu lolytic or xy lanolytic medium as say. In this work ing, seven 
actin o mycetes iso late, namely Act - 1 to Act - 7, could grow con sis tently 
when they cul ti vated on the YMA medium and the iso late also ex hib - 
ited hy drolytic ac tiv ity on CMC - YMA and ei ther on Xy lan - YMA 
medium. In ad di tion, cel lu lolytic and xy lanolytic in dexes were es ti - 
mated base on a com par i son be tween the di am e ter of a formed halo 
clear zone to the es ti mated di am e ter of the colony. The colony of 
strain has a di am e ter be tween 8 and 24  mm, and the di am e ter varies 
be tween the as say medium. The cel lu lolytic in dexes were be tween 
1.05 and 2.10 since the xy lanolytic ones were 1.20 – 1.80 ap prox i - 
mately. Table 1 de scribes a mea sure ment both of cel lu lolytic and xy - 
lanolytic in dexes of pu ri fied strains. 

3. 2 . Cellulase and xylanase activities of actinomycetes 

The plate as say us ing Congo - red stain ing has been widely ap plied 
in many stud ies to screen mi croor gan isms were able to de grade cel lu - 
lose and hemi cel lu lose. De spite, Teather and Wood eval u ated that the 
di am e ter of a formed halo zone was not al ways ac cord ing to the en - 
zyme - producing abil ity of mi croor gan isms and also the ac tiv ity de gree 
( Teather and Wood, 1982 ). To con firm the abil ity to en zyme ac tiv i ties 
of iso late, in this study, the de vel op ment of en zyme ac tiv i ties dur ing 
cul ti va tion actin o mycetes was ob served. 

The ob ser va tion of both cel lu lase and xy lanase ac tiv i ties started to 
de velop af ter seven days of the in cu ba tion pe riod. It was de tected that 
al most the high est ac tiv i ties of cel lu lase were seen on the thir teenth 
day and the ac tiv i ties saw de creas ing af ter the fif teenth day. How ever, 
high ac tiv ity of cel lu lase was de tected over 20 U/ mL to 50 U/ mL from 
sev eral iso lates since the oth ers have low ac tiv ity un der 15 U/ mL. In 
ad di tion, among seven iso lates that have cul ti vated in batch cul ture, 
the cel lu lase ac tiv i ties from Act - 1, Act - 3, Act - 7 were higher than the 
other iso late. The in creas ing of cel lu lase ac tiv ity from these three iso - 
lates has a sim i lar pat tern which en larged be tween eighth to the thir - 
teenth day. The op ti mum cel lu lase ac tiv i ties of Act - 1, Act - 3, and Act - 7 
achieved to 35.34, 42.41, and 50.18 U/ mL re spec tively and it tends to 
re main sta ble af ter the peak for the next three days pro duc tion. It also 
ap peared clearly, the cel lu lase ac tiv ity from Act - 7 was the high est 
one. The ac tiv ity was over the oth ers since the cel lu lase was re leased 
af ter tenth - day pro duc tion with the range ac tiv ity of 26.37 – 50.18 U/ 
mL. All of the en zyme ac tiv i ties which are de scribed in this work 
serve in Fig. 3 . 

Fol low ing the pre vi ous ob ser va tions, the ac tiv ity of xy lanase along 
with the cul ti va tion of se lected actin o mycetes strains was con ducted. 
It was com ing into sight that the xy lanase ac tiv i ties were grown up 
ini tially af ter the eighth day of fer men ta tion. The in creas ing of xy - 
lanase ac tiv ity dra mat i cally rose be tween the twelfth to the four teenth 
day, which the high est one was seen on the four teenth. Con trastly, it 
has been viewed that the xy lanase ac tiv ity of Act - 4 and Act - 5 iso late 
were higher than their cel lu lase ac tiv i ties, herein, both xy lanase ac tiv - 
i ties ex ceed the ac tiv ity of Act - 1. Com par ing with its cel lu lase ac tiv ity 

Table 1 
In dexes of cel lu lolytic and xy lanolytic of strains. 

Strains Cellulolytic Xylanolytic 

 D d Index D d Index 

 (mm) (mm)  (mm) (mm)  

Act - 1 30 21 1.42 23 16 1.46 
Act - 2 19 18 1.05 10 8 1.20 
Act - 3 29 14 2.10 25 21 1.20 
Act - 4 38 32 1.20 26 24 1.10 
Act - 5 29 19 1.50 30 21 1.42 
Act - 6 39 28 1.38 18 12 1.46 
Act - 7 32 18 1.80 29 16 1.8 

D; halo clear zone di am e ter; d: colony di am e ter. 
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Fig. 3 . Time course of cel lu lase pro duc tion by se lected actin o mycetes strains in 1% CMC en riched YMB medium. 

(35.33 U/ mL), the xy lanase ac tiv ity of Act - 1 was al most equal at 
36.26 U/ mL. Mean while, it was noted that xy lanase ac tiv ity from Act - 
3 and Act - 7 rose above the other xy lanase ac tiv ity, and Act - 7 has the 
high est xy lanase ac tiv ity. Fig. 4 sum ma rizes the xy lanase ac tiv i ties of 
actin o mycetes strain Act - 1 to Act - 7 in the course of xy lanase pro duc - 
tion. 

Both of cel lu lase and xy lanase ac tiv i ties de clined af ter their max i - 
mum peak ac tiv i ties which it was com ing af ter 14 days cul ti va tion. 
The alight ing could be as so ci ate to a con di tion af ter sta tion ary growth 
phase of the actin o mycetes iso late, whereas might be at trib uted to 
sub strates de ple tion and/ or the ac tiv ity of con tained pro teases 
( Fatokun et al., 2016 ) or cata bolic re pres sion of byprod uct such as 
cel lobiose and glu cose ( El - Naggar, 2012 ). Low er ing of car bon and ni - 
tro gen sup ply in the growth medium could af fect the growth of the 
actin o mycetes and pro duc tion of ex cre tion hy drolytic en zyme in the 
iso late were di rectly af fected. On the other hands, the pres ence of hy - 
drolytic prod uct of bagasse such as cel lobiose, glu cose and xy lose in 
suf fi cient con cen tra tion might be give a feed back in hi bi tion which 
could in hibit en zyme ac tiv i ties ( Andrić et al., 2010 ; Lammirato et al., 
2010 ; Mithra and Padmaja, 2017 ). 

Base on the high est en zyme ac tiv ity of Act - 7 iso late, it has been 
cho sen as an en zyme source in the hy drol y sis of the pre treated 
bagasse ex per i ment. In pre vi ous pro ce dure, the fer men ta tion was con - 
ducted us ing YMB en riched medium that has ini tial pH at 6.4. To op - 
ti mize the pro duc tion of hy drolytic en zyme, in this study, the ini tial 
pH for both pro duc tion of cel lu lase and xy lanase were ex am ined. Fig. 
5 shows the ac tiv i ties of cel lu lase and xy lanase that col lected at 14 

days in pro duc tion pe riod at dif fer ent ini tial pH lev els, and it ex hibits 
the op ti mum ini tial pH was 7.0 that is the most suit able ini tial pH set 
up to achieve the peak of pro duced cel lu lase and xy lanase at 79.97 
and 95.95 U/ mL re spec tively. 

Screen ing of cel lu lolytic and xy lanolytic and the char ac ter of its 
ac tiv ity from mi croor gan isms have al ready ex posed by many re - 
searchers. Actin o mycetes are fa mous as a source of many in dus trial 
en zymes in clud ing cel lu lase and xy lanase and have the abil ity to re - 
lease the hy drolytic en zyme ( Lynd et al., 2002 ; Mukhtar et al., 2017 ). 
The hy drolytic ac tiv ity can be quan ti fied by a va ri ety of meth ods and 
its value also di verse de pend ing on the medium set ting in the pro duc - 
tion pro ce dure ( Johnsen and Krause, 2014 ). Cel lu lase pro duced by 
iso lated actin o mycetes from a dif fer ent re gion in In dia has ex am ined 
which CMC - ase ac tiv ity of actin o mycetes strain NAA2 was the high est 
at 0.366 U/ mL. It was re sulted from the cul ture us ing mod i fied Man - 
del's medium at 30  °C for seven days in cu ba tion ( Saini et al., 2016 ). 
Fur ther more, two Strep to myces strains iso lated from Brazil ian soil for - 
est, M17a and M23, have cel lu lase ac tiv ity at 235 and 95 U/ mL re - 
spec tively. In an other study, by us ing mod i fied Hosikoshi liq uid 
medium, actin o mycetes were se creted xy lanase with range ac tiv i ties 
be tween 105 and 149 U/ mL. It was also noted in many stud ies that 
the ap pro pri ate and op ti mum pH for cel lu lase and xy lanase pro duc - 
tion us ing actin o mycetes was nearly neu tral (7.0) ( Kulkarni et al., 
1999 ; McCarthy et al., 1985 ; Lynd et al., 2002 ). The cel lu lase and xy - 
lanase ac tiv i ties in this work ing have been in the range of the ac tiv i - 
ties and range of the ini tial pH pro duc tion achieved by the pre vi ous 
re searchers. 

Fig. 4 . Time course of xy lanase pro duc tion by se lected actin o mycetes strains in 1% Birch wood xy lan en riched YMB medium. 
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Fig. 5 . The op ti miza tion of ini tial pH pro duc tion in YMB medium that was en - 
riched by 1% of CMC and 1% of Birch wood xy lan to pro duce cel lu lase and xy - 
lanase by Act - 7 re spec tively. 

3. 3 . Cellulase and xylanase activities on saccharification in presence of 
ChOAc (Act - 7) 

The pre treat ment of bagasse us ing ChOAc was then con ducted to 
pre pare a pre treated bio mass sub strate for hy drol y sis en ter prise. The 
pro ce dure was ap plied to ob tain sim i lar sub strate con di tions to Ni - 
nomiya's group work ing ( Ninomiya et al., 2018 , 2015d ). They men - 
tioned that pre treat ment us ing ChOAc up to ChOAc/ bio mass ra tio at 
1.5 (g/ g) pro vided a suf fi cient spe cific sur face area (SSA) herein it ex - 
pected to ac com plish en zyme ac ces si bil ity for bagasse and also the de - 
creas ing of crys tallinity in dex (CrI) of bagasse was 50 – 60%. Since that 
re search used a pure hy drolytic en zyme, nev er the less this re search ap - 
plied a source of the hy drolytic en zyme from actin o mycetes that se - 
creted to the pre treated bagasse when they were grown up. There fore, 
ob ser va tion of the ef fect of the ChOAc amount used in pre treat ment 
to hy drolytic en zyme ac tiv i ties was nec es sary to be ex plored. Adopt - 
ing the pre vi ous op ti mum hy drol y sis con di tion, the mea sure ment of 
both cel lu lase and xy lanase were ex am ined. Fig. 6 (a) and (b) de scribe 
the fluc tu a tion of cel lu lase and xy lanase ac tiv ity in pres ence of ChOAc 
when they pro duced to hy drolyze pre treated bagasse in the growth 
medium re spec tively. The cel lu lase ac tiv i ties at the ChOAc/ bio mass 
ra tios 0.0 – 1.5 (g/ g) were ob served sta ble since at the ra tio 2 (g/ g) the 
ac tiv ity ini ti ated to de cline and the de clin ing was clearly seen at the 
ra tio 2.5 – 3.0 (g/ g). The high est cel lu lase ac tiv ity ap pears at the ra tio 
was 1 (g/ g). On the other hand, the xy lanase ac tiv i ties seem sta ble at 
all of the ChOAc/ bio mass ra tios, whereas the high ac tiv ity was shown 
also at the ra tio 1 (g/ g). In or der to ex plain the trend of the en zyme 
ac tiv i ties in Fig. 6 (a) and (b), the amount of ChOAc in the hy drol y sis 
medium was cal cu lated and it de scribes in Fig S - 1 (in the elec tronic 

sup ple men tary in for ma tion). It was pointed out that in the range pres - 
ence of ChOAc be tween 0.0 and 0.2  g/ mL, cel lu lase ac tiv i ties were 
set tled at 46.23 – 66.40 U/ mL, nev er the less, the ac tiv ity dra mat i cally 
re duced into 17.87 U/ mL in the pres ence of ChOAc up to over 0.25  g/ 
mL. On the con trary, the pres ence of ChOAc did not cause the xy - 
lanase ac tiv ity to fluc tu ate, which the xy lanase ac tiv ity re main sta ble 
in the range of 58.97 – 75.19 U/ mL. For all of the ChOAc/ bio mass ra - 
tios were given, from the stand point of as pect the en zyme ac tiv ity, 
this study ac quired the op ti mum ra tio was 1 (g/ g) whereas the cel lu - 
lase and the xy lanase have ac tiv ity at 66.40 U/ mL and 75.19 U/ mL 
re spec tively. 

More over, in this step, the yield of re duc ing sugar was cal cu lated 
base on the amount of re leased re duc ing sugar com pare with car bo hy - 
drate (cel lu lose and xy lan) con tent of bagasse (the com po si tion of 
bagasse was de picted in Fig. S2 ). Fig. S3 pre sents the yield of re duc ing 
sugar from the sac cha r i fi ca tion of pre treated bagasse in this ob ser va - 
tion. It was con firmed that the high est ob tained re duc ing sugar yield 
was achieved at the con di tion in which the high est both of cel lu lase 
and xy lanase en zyme ac tiv ity were pro duced. Turn ing into de tail, the 
pre treat ment by us ing the ChOAc/ bio mass ra tio at 1 (g/ g) re sulted in 
the yield at 74.58%. Even though the yield of re duc ing sugar in this 
ex per i ment was noted as a high re sult as a hy drolytic ac tion of cel lu - 
lase and xy lanase, how ever it might also be in volved by other hy - 
drolytic en zymes. 

ChOAc is cat e go rized as bio com pat i ble ILs ( Petkovic et al., 2009 ) 
than im i da zolium or the other tra di tional ILs. The ef fec tive ness of 
ChOAc in us ing for pre treat ment of lig no cel lu losic bio mass which not 
only in creases the ac ces si bil ity of en zyme on sac cha r i fi ca tion of bio - 
mass al ready proved in many ex per i ments but also has slight in - 
hibitory im pacts on mi croor gan isms an en zyme while 1 - ethyl - 3 - 
methylimidazolium (Emi mOAc) ac etate has neg a tive ef fect sig nif i - 
cantly ( Liu et al., 2012 ; Ninomiya et al., 2015b , 2015c , 2015d , 2013b , 
2013c ). In this study, we ob served that up to 0.15  g/ mL or equiv a - 
lently with 1  M of ChOAc con cen tra tion did not af fect the de crease in 
the en zyme ac tiv ity sig nif i cantly. Con versely, the other ex plo rations 
have un der lined that im i da zolium ILs type even in mil limo lar was 
able to in hibit the ac tiv ity sac cha rolytic en zymes (such as cel lu lase) 
and have sig nif i cant tox i c ity to fer men ta tive mi croor gan isms (such as 
yeast) in oc u lated in bioethanol pro duc tion from bio mass ( Datta et al., 
2010 ; Ouellet et al., 2011 , 2015 ). Al though the fu ture ob ser va tion is 
in volved to ex plain the ef fect of con cen tra tion ChOAc into the re duc - 
ing of en zyme ac tiv ity, how ever, at least this study was en cour ag ing 
in the use of ChOAc in the suc ces sive process of bio con ver sion lig no - 
cel lu lose into bioethanol or the other valu able bio chem i cals us ing fer - 
men ta tive mi croor gan isms. 

Fig. 6 . The pro duced cel lu lase ac tiv ity (a) and the xy lanase ac tiv ity (b) in the pres ence of re main ChOAc in pre treated bagasse. 
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4 . Conclusions 

This study found eight dif fer ent in dige nous actin o mycetes that 
have shown both cel lu lolytic and xy lanolytic ac tiv ity. The halo clear 
zone on Congo - red plate as say sug gested the iso lates are ca pa ble to 
pro duce the hy drolytic en zyme that can em ploy cel lu losic and hemi - 
cel lu losic sub strates. Among the strains tested, Act - 7 ex hib ited the 
high est cel lu lase and xy lanase ac tiv ity at 66.40 and 75.19 U/ mL re - 
spec tively. In ad di tion, the op ti mum ini tial pH for en zyme pro duc tion 
us ing the YMB medium was 7.0, since the op ti mum time pro duc tion 
was 14 days. Fur ther more, in the pres ence of ChOAc up to 0.15  g/ mL 
the cel lu lase ac tiv ity showed sta ble, how ever, the cel lu lase ac tiv ity 
starts to de cline in the pres ence of 0.2  g/ mL ChOAc and it ap peared a 
dra mat i cally de creas ing of cel lu lase ac tiv ity in oc cu pancy of 0.25  g/ 
mL ChOAc. On the other hand, the ac tiv ity of xy lanase was re main ing 
in low fluc tu a tion in var i ous ChOAc con cen tra tion that was ex am ined. 
The pre treat ment of bagasse us ing ChOAc in creased the yield of re - 
duc ing sugar to the ex tent of 74.58%. This study has ini ti ated the op - 
por tu nity of a one - pot process in bio con ver sion of lig no cel lu lose bio - 
mass us ing a bio com pat i ble ionic liq uid and po ten tial in dige nous 
actin o mycetes. 
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