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A B S T R A C T  

White rot fungi are well known for their abil ity to de grade the struc tures of the plant cell walls and to pro duce 
of a wide range of ex tra cel lu lar en zymes us ing lig no cel lu losic bio mass as sub strate. In an at tempt to re duce 
the costs and ob tain high - yield of lig no cel lu lolytic en zymes such as cel lu lases and lignin per ox i dase, their pro - 
duc tion has been stud ied by solid - state fer men ta tion us ing low - cost agroin dus trial residues as car bon sources 
and sur fac tants. In this con text, this work aimed the pro duce cel lu lases and lignin per ox i dase from the fun gus 
Pleu ro tus os trea tus PLO 9 us ing ba nana pseu dostem, ja t ropha and co conut fiber as the sub strates sup ple mented 
with the sur fac tants tween 80, sodium do de cyl sul fate and glyc erol. The re sults showed the max i mum lignin 
per ox i dase ac tiv ity was ob tained af ter 15 days of fer men ta tion us ing ja t ropha sup ple mented with sodium do - 
de cyl sul fate (49916  ±  541 U g −1 of sub strate). The high est cel lu lase pro duc tion was reached af ter 5 days of 
fer men ta tion us ing ba nana pseu dostem sup ple mented with glyc erol as the sub strate (19.5  ±  0.2 FPU g −1 of 
sub strate). The re sults in di cate that it was pos si ble to reach sig nif i cant ac tiv i ties of cel lu lase and LiP us ing the 
white rot Pleu ro tus os trea tus af ter solid state fer men ta tion of lig no cel lu losic bio mass us ing sur fac tants as ex oge - 
nous in duc ers. 

1 . Introduction 

Lig no cel lu losic bio masses are con sid ered the most abun dant sus - 
tain able re new able en ergy sources ( Lazim and Hadibarata, 2016 ), and 
are mainly com posed of the poly mers cel lu lose, hemi cel lu loses, and 
lignin. The de vel op ment of biotech no log i cal ap pli ca tions us ing lig no - 
cel lu losic bio mass re quires an un der stand ing of its biodegra da tion. 
Even in smaller amounts, the lignin frac tion in volves the poly sac cha - 
ride por tion af fect ing the poros ity of the cell wall, form ing a bar rier to 
the biodegra da tion process ( Huijgen et al., 2014 ; Singh et al., 2014 ). 
This pro tec tive ef fect caused by lignin is one of the main eco nomic 
and tech ni cal ob sta cles for the pro duc tion of bio fu els and other chem - 
i cal in puts based on lig no cel lu losic ma te ri als ( Guan et al., 2015 ). 

There is a large spec trum of mi croor gan isms ca pa ble of de grad ing 
lig no cel lu losic ma te ri als, of which two groups of fil a men tous fungi be - 
long ing to the class Ba sid iomycetes are dis tin guished: white rot fungi 

and brown rot fungi. The fungi known as white rot have the abil ity to 
de grade all struc tures of the plant cell walls ( Bari et al., 2015 ), un like 
brown rot fungi, which se lec tively de grade the car bo hy drates, with 
lim ited abil ity to de grade lignin ( Pandey, 2003 ). Pleu ro tus os trea tus 
(Jacq.: Fr.) Kumm. (Dikarya, Ba sid iomy cota, Agari comy cotina, Agar i - 
cales), a white rot ba sid iomycete fun gus in dus tri ally cul ti vated in a 
va ri ety of lig no cel lu losic ma te ri als, is an ed i ble mush room with high 
nu tri tional value ( Reis et al., 2012 ). P. os trea tus pro duces a wide 
range of ex tra cel lu lar en zymes and can be used to pro duce lig no cel lu - 
lolytic en zymes ( Talebnia et al., 2010 ). 

These en zymes have been used ex ten sively in dif fer ent in dus tries. 
Cel lu lases are among the en zymes with the great est num ber of uses in 
in dus trial scale processes, such as in pulp and pa per pro duc tion 
stages, in the tex tile in dus try and in the bio - polymerization of jeans. 
In ad di tion, they can be ap plied in the wine and brew ery in dus tries, 
in the fer men ta tion of poly sac cha ride to pro duce al co holic bev er ages. 
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Cel lu lases are used in the ex trac tion of fruit juices, and in the feed in - 
dus try, by im prov ing the qual ity, di gestibil ity and nu tri tional value of 
an i mal feed. In re cent years the cel lu lases has been ex ten sively stud - 
ied in the pro duc tion of sec ond - generation ethanol ( Manisha and 
Yadav, 2017 ). 

Lignin per ox i dase (LiP) is an im por tant mem ber of the ligni nolytic 
fun gal en zymes, along with man ganese per ox i dase and lac case. LiP 
can dis rupt the al pha and beta car bon bonds, by open ing the aro matic 
rings of the dye struc tures and cause cat alytic degra da tion of phe no lic 
and non - phenolic com pounds. A wide range of ap pli ca tions of LiP in - 
clude the delig ni fi ca tion of lig no cel lu losic ma te ri als for the pro duc - 
tion of bio fuel, the con ver sion of coal into low mol e c u lar weight el e - 
ments, the use as feed stock to pro duce chem i cals, us age in the pa per 
and poly mer in dus try caus ing bio bond ing and en zy matic poly mer iza - 
tion, re spec tively, and re moval of un de sir able toxic or ganic pol lu - 
tants, mak ing it a biotech no log i cally im por tant en zyme ( Shaheen et 
al., 2017 ). 

Due to the di verse ap pli ca tions of these en zymes in in dus trial 
processes, it is nec es sary to ob tain en zy matic cock tails with high ac - 
tiv ity and sta bil ity, im prov ing en zyme per for mance and con se quently 
re duc ing the pro duc tion costs of these bio cat a lysts ( Lee et al., 2014 ). 
The pro duc tion of lig no cel lu losic en zymes can be stim u lated by the 
pres ence of a wide va ri ety of in duc ers and may be rep re sented by car - 
bon sources for cell growth or in duc ers of en zy matic syn the sis ( Usha 
et al., 2014 ). The sur fac tants can act as in duc ers of en zy matic syn the - 
sis, stim u lat ing spore growth, im prov ing the per me abil ity of the cell 
mem brane lead ing to a greater se cre tion of the ex tra cel lu lar en zymes, 
en hanc ing en zyme sta bil ity, in creas ing the bioavail abil ity of less sol u - 
ble sub strates to the fun gus, and fi nally, con tribut ing to an in crease in 
en zyme pro duc tion ( Zheng and Obbard, 2001 ). 

Solid state fer men ta tion (SSF) has gained sig nif i cant cred i bil ity in 
re cent years in pro duc ing en zymes, where a fer mented prod uct can be 
di rectly used as an en zyme source ( Castro and Sato, 2015 ). The SSF 
re sem bles the nat ural habi tat of the fungi, re sult ing in im prove ments 
in growth and se cre tion of a wide range of en zymes when com pared 
to the sub merged fer men ta tion (SmF). Other ad van tages in clude a low 
risk of con t a m i na tion, a high yield, lower pro duc tion costs, a re duc - 
tion in en vi ron men tal prob lems, mak ing the SSF more at trac tive to be 
used in in dus trial processes for the pro duc tion of en zymes ( Lizardi - 
Jiménez and Hernández - Martínez, 2017 ). Many stud ies have re ported 
the use of sur fac tants us ing lig no cel lu losic bio mass to pro duce en - 
zymes through SSF processes, point ing out the enor mous po ten tial of 
their use with SSF to in crease en zymes pro duc tion ( Bharti et al., 2018 ; 
El - batal et al., 2015 ; Gautam et al., 2018 ; Irfan et al., 2014 ; Jain and 
Naik, 2018 ; Postemsky et al., 2017 ; Saratale et al., 2017 ; Singh and 
Singh, 2017 ; Szabo et al., 2015 ). How ever, this in duc tion process was 
not demon strated for agroin dus trial residues and fun gal strains used 
in our study. There is also no stan dard iza tion of sur fac tant con cen tra - 
tion and the com par i son be tween the ac tions of these sur fac tants in 
dif fer ent agroin dus trial residues has been only slightly re ported. Fur - 
ther more, our study groups per formed en zyme pro duc tion processes 
and ed i ble mush rooms us ing en zyme syn the sis in duc ers. 

Con sid er ing the biotech no log i cal rel e vance of these en zymes, es pe - 
cially cel lu lases and lignin per ox i dase (LiP), the pre sent study aims to 
eval u ate their pro duc tion us ing ja t ropha, ba nana pseu dostem and co - 
conut fiber as sub strates and the sur fac tants tween 80, glyc erol and 
sodium do de cyl sul fate (SDS) by P. Os trea tus through solid state fer - 
men ta tion (SSF). 

2 . Methods 

2. 1 . Fungal strain and maintenance 

The pro duc tion of LiP and cel lu lases was per formed us ing the fun - 
gus from the species Pleu ro tus os trea tus PLO 9, ac quired from the fungi 

col lec tion of the Lab o ra tory of My c or rhizal As so ci a tions of the Fed eral 
Uni ver sity of Viçosa (UFV). The fun gus was grown and main tained in 
plates con tain ing potato dex trose agar (PDA) at 25  °C, at a pH of 4.5, 
and stored at 4  °C. 

2. 2 . Culture media 

The in ocu lum was pre pared by grow ing the fun gus in petri dishes 
con tain ing BDA at 25  °C for 7 days. Af ter the growth, the disks of 
mycelia were re moved and trans ferred to the cul ture me dia. 

Twenty grams of each sub strate (~70% mois ture), pre vi ously au - 
to claved (1  h at 121  °C), were trans ferred into vials with the ad di tion 
of 2  mL of Kirk's cul ture medium (pH 4.5) ( Tien and Kent Kirk, 1983 ) 
and 1  mL of each sur fac tant tested (0.3  mM tween, 0.1  mM, SDS or 
glyc erol P.A.). Four mycelial discs (1  cm) ob tained af ter 7 days of 
growth, were added into each vial con tain ing the cul ture me dia. 

The vials were in cu bated for 5, 10 and 20 days at room tem per a - 
ture (around 25  °C). The crude en zyme ex tracts were col lected by 
adding 100  mL of tar trate buffer to each flask (100  mmol  L −1 , pH 3.5) 
con tain ing EDTA (5  mM). Af ter wards, the vials were cen trifuged at 
4000  rpm for 30  min and the su per natant was fil tered on fil ter pa per 
(What man N°. 1 fil ter pa per). The fil trates were col lected to de ter mine 
the en zy matic ac tiv i ties. 

All the ex per i ments were per formed in trip li cate, in clud ing the 
con trol groups (sub strates with out the ad di tion of sur fac tants). 

2. 3 . Chemical composition of the substrates 

The ba nana pseu dostem, “Prata Anã” va ri ety, was pro vided by 
UNI MONTES (State Uni ver sity of Montes Claros) from plan ta tions in 
Janaúba, Mi nas Gerais state, Brazil. The co conut fiber ( co cos nu cifera 
L.) was col lected in Aca iaca, Mi nas Gerais state, Brazil. The ja t ropha 
was do nated from Fuser mann bio com bustível, lo cated in Bar ba cena, 
Mi nas Gerais state, Brazil. 

To per form the chem i cal com po si tion analy ses, the sub strates were 
first con verted into saw dust (40/ 60 mesh) us ing a Wi ley mill, then 
dried at room tem per a ture (23  ±  1  °C) and kept in closed bags for 
fur ther analy ses. The mois ture con tents were de ter mined ac cord ing to 
TAPPI 204 cm - 97 . The con tents of Ash, ex trac tive, car bo hy drate (glu - 
can, xy lan, galac tans, man nans and ara bi nans) and lignin (sol u ble, in - 
sol u ble) were also de ter mined. 

The Ash con tent was analysed us ing the gravi met ric method. Sam - 
ples (0.5  g) were in cin er ated at 575  °C for 3  h. Af ter cal ci na tion, the 
sam ples were cooled in a des ic ca tor un til they reached room tem per a - 
ture, and then weighed. The in cin er a tion was re peated un til con stant 
mass ( TAPPI 211 om - 02 ). 

The ex trac tive con tent was de ter mined by sub mit ting the sam ples 
to Soxh let ex trac tion with ace tone for 5  h. Ex trac tive - free bio masses 
(0.3  g) were sub mit ted to acid hy drol y sis with 72  wt% H 2 SO 4 at 30  °C 
for 1  h with oc ca sional mix ing. The re sulted hy drolysates were used 
to de ter mine car bo hy drates and lignin con tents. The Kla son lignin (in - 
sol u ble lignin) was de ter mined gravi met ri cally ( Gomide and 
Demuner, 1986 ) and the sol u ble lignin was mea sured by ul tra vi o let 
spec troscopy us ing an equa tion, ac cord ing to Goldschmid, (1971) : 

C (g L −1 )  =  4.53 ( Al – Ac ) / 300 (1) 

Where Al and Ac cor re spond to the ab sorbance at a wave length of 
215  nm and 280  nm, re spec tively. 

The sugar con tents (ara bi nose, galac tose, glu cose, xy lose, and 
man nose) were de ter mined us ing the su per natant af ter acid hy drol y sis 
ac cord ing to Wallis et al. (1996) . This was car ried out us ing a high - 
performance liq uid chro matog ra phy (HPLC) sys tem Dionex IC S3000 
(Dionex Co. – Sun ny vale, CA, USA), equipped with a pulsed am per o - 
met ric de tec tor (PAD), a gold elec trode, a Car boPac PA1 col umn 
(Ther mo Sci en tific, USA), an in jec tion vol ume of 25  μL and a flow rate 
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of 1  mL  min −1 . The ex ter nal sugar stan dards used for the cal i bra tion 
were glu cose (Merck, Ger many), xy lose (Merck, Ger many), galac tose 
(Sigma - Aldrich, Ger many), man nose (Merck, Ger many) and ara bi nose 
(Sigma, USA). Fu cose (Sigma, Slo va kia) was used as an in ter nal stan - 
dard. 

2. 3. 1 . Quantification of minerals content 
Ini tially, the ma te ri als were di gested us ing 65  vol.% of ni tric acid 

in a di gester block at a tem per a ture of ±95  °C. Later, a sec ond di ges - 
tion was per formed by us ing 70  vol.% of per chlo ric acid at a grad ual 
in crease in tem per a ture up to ±150  °C un til the sam ples were cleared 
in the di gester tube ( Skoog et al., 2007 ). The de ter mi na tion of the 
min er als Cu, Mn, Mg, Fe, Ca, P, S and Z was per formed us ing a 
plasma op ti cal emis sion spec troscopy (Perkin Elmer, Op tima 3300 
DV). All the sam ples were di gested in trip li cates. 

2. 4 . Lignocellulolytic enzymes assays 

2. 4. 1 . Lignolytic activity 
Lignin per ox i dase (LiP) ac tiv ity was de ter mined by spec tropho - 

tom e try based on a change in ab sorbance at 310  nm  at 30  °C (Mul ti - 
skan ™ FC Mi croplate Pho tome ter), ac cord ing to the method of Tien 
and Kirk (1984) . The en zyme as say con tained 100  μL of sodium tar - 
trate buffer (100  mmol  L −1 , pH 3.5), 100  μL of ve r a tryl al co hol 
(4  mmol  L −1 ), 50  μL of hy dro gen per ox ide (0.2  mol  L −1 ) and 10  μL of 
the en zyme ex tract. LiP ac tiv ity was ex pressed in unit (U) per gram of 
dry sub strate. The as say was per formed in trip li cate. A unit (U) of LiP 
is de fined as the amount of en zyme re quired to ox i dize 1  μmol ve r a - 
tryl al co hol in 1  min, at a pH 3.5  at 30  °C. 

Ve r a tryl al co hol and Re ma zol bril liant blue R (RBBR) were pur - 
chased from Sigma - Aldrich (St. Louis, MO - USA). 

2. 4. 2 . Cellulase activity 
Fil ter pa per ac tiv ity (FPase) was es ti mated based on the dini tros al - 

i cylic acid (DNS) method through the mea sure ment of the re leased re - 
duc ing sug ars ( Miller, 1959 ). The en zyme as say com posed of a What - 
man No. 1 pa per strip with di men sions of 1  ×  6  cm (50  mg), 1.0  mL 
of sodium cit rate buffer at pH 5.0, and 500  μL of the en zyme ex tract. 
The en zyme ac tiv ity was car ried at 50  °C for 1  h, fol lowed by the ad - 
di tion of 3  mL of DNS and an in cu ba tion in boil ing wa ter for 5  min. 
The as say was per formed in trip li cate. FPase is ex pressed as FPU (fil - 
ter pa per units) per gram of dry sub strate. Ac cord ing to Ghose (1987) , 
2.0  mg of re duc ing sugar as glu cose from 50  mg of fil ter pa per in 
60  min, has been des ig nated as the in ter cept for cal cu lat ing fil ter pa - 
per cel lu lase units (FPU). 

2. 5 . Statistical analysis 

One – way ANOVAs analy sis and Tukey's test were per formed us ing 
Graph Pad Prism soft ware (Ver sion 5.0, Graph Pad Inc., USA), con sid - 
er ing a con fi dence level of 95% (p  >  0.05). 

3 . Results 

3. 1 . Chemical characterization of the substrates 

Table 1 shows the main chem i cal com po si tion of the sub strates 
tested. Ba nana pseu dostem pre sented higher cel lu lose and smaller 
con tent of lignin when com pared to the other sub strates. This could 
favour the pro duc tion of cel lu lases, as the lignin can limit the ac cess 
of the cel lu lose por tion and also at tract the cel lu lase, lead ing to non - 
pro duc tive bind ing and as a re sult, en zyme yield losses ( Ellilä et al., 
2017 ; Lu et al., 2016 ). On the other hand, the higher amount of lignin 
pre sent in the sub strates ja t ropha and co conut fiber could in duce the 
pro duc tion of lign i nases, such as LiP. 

The con tent of ashes rep re sents the min er als pre sent in the ma te ri - 
als. Ba nana pseu dostem pre sented the high est amount of min er als 
when com pared to ja t ropha and co conut fiber. A bal ance be tween the 
sources of car bon, ni tro gen, phos pho rus, vi t a mins and mi cronu tri ents 
(Mg, Mn, Ca, S, Fe, Zn) in the cul ture medium is cru cial to mi cro bial 
growth and con se quently the pro duc tion of en zymes. Dif fer ent strains 
and species of fungi dif fer in their sen si tiv ity to met als dur ing their 
growth on lig no cel lu losic sub strates. White rot fungi re quire im por - 
tant Mg, Ca, Mn, Zn, Cu ions in mi cro bial growth. These ions are also 
im por tant as co fac tors for the pro duc tion of en zymes ( Sathiya et al., 
2007 ). Re gard ing the Pleu ro tus os trea tus , min er als such as sul fur ions, 
phos pho rus, potas sium and mag ne sium are im por tant in stim u lat ing 
its de vel op ment ( Bellettini et al., 2019 ). How ever, the ex cess of these 
met als in the cul ture medium can be toxic, caus ing a de crease in the 
fun gal growth rate and a pro longed la tency phase ( Sathiya et al., 
2007 ). 

Table 2 shows the com po si tion of the min er als of each sub strate 
tested. Cop per and iron pre sented higher amounts in the ja t ropha sub - 
strate when com pared to the other sub strates (0.022  ±  0.003  g  Kg −1 

and 0.35  ±  0.002  g  Kg −1 re spec tively), which pre sented the high est 
LiP ac tiv i ties. In ad di tion, this sub strate also pre sented higher 
amounts of phos pho rus (4.6  ±  0.04  g  Kg −1 ). Ions such as iron, man - 
ganese and cop per can favour the for ma tion of free rad i cals in the 
medium. These formed rad i cals, can sig nif i cantly help the pro duc tion 
of en zymes such as LiP which use per ox idic rad i cals as a co fac tor. 
Ear lier stud ies ( Liang et al., 2012 ; Manavalan et al., 2015 ) have 

Table 1 
Chem i cal com po si tion of the sub strates tested for the pro duc tion of cel lu lases and lignin per ox i dase (% dry mass). 

Cellulose Hemicellulose Total Lignin Ashes Extractives 

Banana pseudostem 40.7  ±  1.0a 14.1  ±  0.3a 13.1  ±  0.1a 10.2  ±  0.0a 3.8  ±  0.5a 
Coconut fiber 31.6  ±  2.0b 13.5  ±  1.0a 33.1  ±  1.5b 0.9  ±  0.1b 3.3  ±  0.6a 
Jatropha 25.7  ±  1.2b 21.7  ±  1.5b 20.9  ±  1.3c 6.7  ±  0.9c - 

Data are the means  ±  stan dard de vi a tions of trip li cate ex per i ments. Val ues within a col umn bear ing the same let ter are not sig nif i cantly dif fer ent (p  >  0.05) ac - 
cord ing to Tukey's test. 

Table 2 
Min eral com po si tion of the sub strates used in the pro duc tion of cel lu lases and lignin per ox i dase (% dry mass). 

Minerals (g Kg −1 ) Cu Mg Mn Fe Ca P S Z 

Banana pseudostem 0.002  ±  0.0a 2.5  ±  0.2a 0.11  ±  0.0a 0.25  ±  0.01a 7.1  ±  1.8a 2.5  ±  0.1a 1.2  ±  0.1a - 
Coconut fiber 0.003  ±  0.0a 0.3  ±  0.0b 0.008  ±  0.0b 0.14  ±  0.0b 0.6  ±  0.1b 0.42  ±  0.1b 0.85  ±  0.1a - 
Jatropha 0.022  ±  0.003b - 0.044  ±  0.001c 0.35  ±  0.002c - 4.6  ±  0.04c - 0.04  ±  0.001 

Data are the means  ±  stan dard de vi a tions of trip li cate ex per i ments. Val ues within a col umn bear ing the same let ter are not sig nif i cantly dif fer ent (p  >  0.05) ac - 
cord ing to Tukey's test. 



Biocatalysis and Agricultural Biotechnology 22 (2019) 101428

4

I. Ferreira da Silva et al. 

shown that phos pho rus has a sig nif i cant im pact on white - rot fun gus 
growth and in the pro duc tion of ligni nolytic en zymes such as LiP. 

Re gard ing the cel lu lase pro duc tion, Bhavsar et al. (2015) re ported 
an in crease in the cel lu lase ac tiv ity when ions such as Mn 2+ and Ca 2+ 

were pre sent in higher amounts in the ba nana pseu dostem against any 
other sub strates tested (0.11  ±  0.0  g  Kg −1 and 7.1  ±  1.8  g  Kg −1 ). In 
gen eral, the co conut fiber pre sented lower con tents of met als among 
the other sub strates. 

The pres ence of cop per ions in cul tures of Pleu ro tus os trea tus de - 
creases the ac tiv ity of ex tra cel lu lar pro teases ( Palmieri et al., 2000 ), 
which can lead to more sta bil ity in the en zymes cel lu lases and LiP. An 
in crease in LiP pro duc tion in the pres ence of 500  μM Mn 2+ and 
1.0  mM Cu 2+ us ing the fun gus Pleu ro tus eryn gii was ob served by 
Akpinar and Urek (2012) in solid cul ture me dia com posed by grape 
residues. Levin et al. (2008) ob served an in crease of cel lu lase ac tiv ity 
in the pres ence of 3  mM Cu 2+ in the cul ture medium. 

3. 2 . Effect of the surfactants on the production of cellulase and LiP 

Figs. 1 and 2 show the ac tiv i ties of lignin per ox i dase and cel lu lase, 
re spec tively, af ter 5, 10, 15, and 20 days of SSF. 

From Fig. 1 it can be ob served that LiP ac tiv i ties pre sented the 
low est val ues on day 5, in creas ing their ac tiv i ties af ter 10 days of SSF. 
Apart from ja t ropha sup ple mented with SDS, all the other sub strates 
con tain ing sur fac tants showed a de crease or sim i lar val ues in their LiP 
ac tiv i ties from the 10th to the 15th day of SSF. Be sides this sub strate, 
the ja t ropha sup ple mented with tween 80 and co conut fiber with SDS 
also pre sented sig nif i cant dif fer ence LiP ac tiv i ties be tween the eval u - 
ated days of fer men ta tion (p  <  0.05). The sub strate ba nana pseu - 
dostem with tween 80 and glyc erol, as well as the co conut fiber sup - 
ple mented with tween 80 and ja t ropha sup ple mented with glyc erol 
showed sig nif i cant in creases in their LiP ac tiv ity from the 5th to the 
10th day of fer men ta tion (p  <  0.05). The sub strate ba nana pseu - 
dostem sup ple mented with SDS also pre sented an in crease in LiP ac - 
tiv ity at these same days, how ever they were not sta tis ti cally sig nif i - 
cant (p  >  0.05). All the LiP ac tiv i ties de clined grad u ally af ter 15 days 
of cul ti va tion, not pre sent ing any ac tiv ity on the 20th day. 

The high est ac tiv ity of LiP was ob tained us ing ja t ropha sup ple - 
mented with SDS (J - SDS) (49916  ±  541 U g −1 of sub strate) af ter 15 
days of fer men ta tion. The sec ond high est LiP ac tiv ity was found us ing 
ja t ropha sup ple mented with tween - 80 (J - TW) (37622  ±  2154 U g −1 

of sub strate) af ter 10 days of fer men ta tion ( Fig. 1 ). These ac tiv i ties 

Fig. 1 . Lignin per ox i dase pro duc tion by SSF of Pleu ro tus os trea tus PLO9 us ing agroin dus try residues (J  =  ja t ropha, B  =  ba nana pseu dostem, C  =  co conut fiber) 
sup ple mented with sur fac tants (SDS  =  sodium do de cyl sul fate, TW  =  tween 80, G  =  glyc erol) and with out sur fac tants (B - Control, J - Control, C - Control) af ter 5, 
10 and 15 days of in cu ba tion. Mean val ues fol lowed by the same let ter in the columns within the same day of in cu ba tion are not sig nif i cantly dif fer ent (p  >  0.05) 
ac cord ing to Tukey's test. 

Fig. 2 . Cel lu lase pro duc tion by SSF of Pleu ro tus os trea tus PLO9 us ing agroin dus try residues (J  =  ja t ropha, b  =  ba nana pseu dostem, c  =  co conut fiber) sup ple - 
mented with sur fac tants (SDS  =  sodium do de cyl sul fate, TW  =  tween 80, G  =  glyc erol) and with out sur fac tants (B - Control, J - Control, C - Control) af ter 5, 10 and 
15 days of in cu ba tion. Mean val ues fol lowed by the same let ter in the columns within the same day of in cu ba tion are not sig nif i cantly dif fer ent (p  >  0.05) ac - 
cord ing to Tukey's test. 
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showed to be 3 times higher when com pared to the LiP ac tiv i ties ob - 
tained with out the sur fac tants (14978  ±  2397 U g −1 and 
13422  ±  1827 U g −1 , re spec tively). Apart from these two ac tiv i ties, 
only ja t ropha sup ple mented with SDS and glyc erol af ter 10 days of 
SSF (16111  ±  2031 U g −1 and 18375  ±  1055 U g −1 , re spec tively) 
and ba nana pseu dostem sup ple mented with glyc erol af ter 5 days of 
SSF (10376  ±  215 U g −1 ) pre sented sig nif i cant val ues of LiP ac tiv i ties 
when com pared to the con trols per formed with out the sur fac tants 
(p  >  0.05) ( Fig. 1 ). 

Fig. 2 showed that the FPase ac tiv ity can in crease or de crease af ter 
5 days of SSF de pend ing on the com po si tion of the sub strates. Ba nana 
pseu dostem sup ple mented with tween 80 and ja t ropha with SDS pre - 
sented max i mum cel lu lase pro duc tion on the 15th day, show ing sig - 
nif i cant dif fer ences in their FPase ac tiv i ties be tween all the days eval - 
u ated (p  <  0.05). Ja t ropha sup ple mented with tween 80 and co conut 
fiber with SDS also pre sented sig nif i cant in creases in their FPase ac - 
tiv i ties af ter 5 days of SSF, al though no sig nif i cant dif fer ences were 
ob served on the FPase ac tiv i ties be tween 10th and 15th days 
(p  <  0.05). The sub strate ba nana pseu dostem sup ple mented with SDS 
and glyc erol, as well as the ja t ropha with glyc erol pre sented max i - 
mum FPase ac tiv i ties on the 5th day of SSF, mean ing the fer men ta tion 
process did not need to be longer than 5 days. The sub strates co conut 
sup ple mented with tween 80 and glyc erol pre sented very sim i lar and 
small val ues be tween the days of fer men ta tions eval u ated (p  >  0.05). 
Sim i lar to LiP ac tiv i ties, all the FPase val ues de clined af ter 15 days of 
SSF. Only the sub strates ja t ropha and ba nana pseu dostem sup ple - 
mented with tween 80 pre sented FPase ac tiv i ties on the 20th day. 

The max i mum cel lu lase ac tiv i ties were ob tained us ing ba nana 
pseu dostem sup ple mented with tween 80 (B - TW) (21.8  ±  1.1 FPU 
g −1 ) af ter 15 days of fer men ta tion, and ba nana pseu dostem with glyc - 
erol (19.5  ±  0.2 FPU g −1 ) af ter 5 days of fer men ta tion ( Fig. 2 ). The 
cul ti va tion of ba nana pseu dostem with tween 80 reached the max i - 
mum FPase ac tiv ity af ter 15 days of SSF (0.061 FPU g −1 h −1 ), com - 
pared to only 5 days of SSF when us ing the same sub strate sup ple - 
mented with glyc erol (0.16 FPU g −1 h −1 ), there fore, the lat ter was 
con sid ered the best me dia com po si tion for cel lu lase pro duc tion as it 
re quired less SSF time to reach a sig nif i cant FPase ac tiv ity. These 
FPase ac tiv i ties showed to be 2 and 4 times higher re spec tively, when 
com pared to the FPase ob tained with out sur fac tants (9.7  ±  2.1 U g −1 

and 4.8  ±  0.3 U g −1 , re spec tively). Af ter 20 days of fer men ta tion ( Fig. 
2 ), only ja t ropha and ba nana pseu dostem both sup ple mented with 
tween 80 showed FPase ac tiv i ties (4.1  ±  0.2 FPU g −1 and 3.7  ±  0.2 
FPU g −1 , re spec tively). 

From the sub strates tested, the co conut fiber was the one that pre - 
sented the low est val ues of LiP and FPase ac tiv i ties ( Figs. 1 and 2 ). 
The high lignin con tent of the co conut fiber (33.1  ±  1.5%), which ex - 
plains its high dura bil ity and strength, could in duce the pro duc tion of 
lign i nases, but it can also make the di rect con tact be tween the fun gus 
P. os trea tus PLO 9 and the sub strate harder, lim it ing the pro duc tion of 
en zymes. Con sid er ing the com po si tion of the co conut fiber, the pro - 
duc tion of en zymes us ing this sub strate could be more ef fec tive by 
mak ing some changes, such as sub mit ting this sub strate to me chan i cal 
or chem i cal changes, al ter ing the physic o chem i cal char ac ter is tics; 
poros ity, vol u met ric spe cific sur face, crys tallinity of solid - state sub - 
strate, as well as in creas ing the mois ture of the process, and ag i tat ing 
the flasks dur ing the SSF ( Pandey, 1991 ). These changes in the SSF 
could favour the con tact sur face be tween the fun gus and me dia, and 
also im prove aer a tion, en hanc ing the ac ces si bil ity of the fun gus to the 
nu tri ents and lead ing to an im prove ment in the pro duc tion of en - 
zymes ( El - Mansi et al., 2006 ). 

This study showed higher LiP and cel lu lase ac tiv i ties 
(49916  ±  541 U g - 1 and 19.5  ±  0.2 FPU g −1 re spec tively) when com - 
pared to sev eral stud ies pre sent in lit er a ture. Saratale et al. (2017) re - 
ported 0.89  ±  0.1 U mL - 1 of LiP ac tiv ity af ter 8 days of SSF at 30  °C 
us ing waste - house wood sup ple mented with sur fac tants (PEG - 4000; 

PEG - 6000, tween - 20, tween - 80, Tri ton X - 100) by Strep to myces sp. 
MDS. Szabo et al. (2015) achieved 22 U g - 1 af ter SSF at 30  °C by Tri - 
cho derma vireus TUBF – 498, us ing fi brous flax sup ple mented with 
tween 80.92.5  ±  3.6 U g - 1 and 11.8  ±  0.3 U g - 1 of LiP were 
achieved af ter SSF by Pleu ro tus os trea tus and Pleu ro tus sapidus re - 
spec tively ( Bilal and Asgher, 2016 ; Ergun and Urek, 2017 ). 

Yoon et al. (2019) per formed an SSF us ing Pleu ro tus sajor - caju 
and achieved 0.0045 FPU g −1 at room tem per a ture (30  °C) us ing pre - 
treated sug ar cane as a sub strate. Trivedi et al. (2015) and Hu et al. 
(2018) also pro duced cel lu lases, reach ing 9.60 FPU g −1 and 1.56 FPU 
g −1 af ter SSF us ing green al gae and tex tile waste scrap as sub strates 
re spec tively. 

Ac cord ing to the re sults pre sented, the sur fac tant tween - 80 can be 
con sid ered a good ex oge nous in ducer for the pro duc tion of cel lu lases 
and LiP. Sev eral au thors have shown im prove ments in the se cre tion of 
lig no cel lu lolytic en zymes in the pres ence of sur fac tants such as tween 
80 in solid and sub merged cul tures ( Babič et al., 2012 ). It has been 
sug gested that sur fac tants in crease the pro duc tion of ex tra cel lu lar en - 
zymes in fil a men tous fungi, im prov ing the out put of com pounds from 
the cells by al ter ing the per me abil ity of the plasma mem brane ( Ding 
et al., 2008 ). 

Holmberg (2018) ob served that the non ionic sur fac tants such as 
tween 80 and glyc erol have a ben e fi cial ef fect on cel lu lases ac tiv i ties, 
when a lig no cel lu losic ma te r ial is used as a sub strate. The im proved 
ef fi ciency of the cel lu lases ac tiv i ties is prob a bly due to the ad sorp tion 
of the am phiphile on hy dropho bic lignin patches, pre vent ing the non - 
specific ad sorp tion of the en zyme on these patches. This cor rob o rates 
with the re sults from this work, which pre sented the high est cel lu lases 
ac tiv i ties af ter us ing the non ionic sur fac tants tween 80 and glyc erol. 

Lazim and Hadibarata (2016) re ported an in crease in the bio mass 
pro duc tion and lign i nases ac tiv i ties in the pres ence of tween 80 af ter 
fer men ta tion with a white - rot fun gus Poly porus sp. S133. The tween 
80 with ja t ropha pre sented the sec ond high est LiP ac tiv ity 
(37622  ±  2154 U g −1 ) af ter 10 days of SSF. The high est LiP ac tiv ity 
was reached af ter cul ti va tion us ing ja t ropha sup ple mented with SDS. 
Ear lier stud ies re ported in creases in en zyme ac tiv i ties af ter us ing SDS 
in cul ti va tion me dia ( Gebicka, 2001 ; Hahn et al., 2017 ; Mitsou et al., 
2017 ). These could be down to changes in the pH val ues in duced by 
the sur fac tant ions, strongly af fect ing the cat alytic ac tiv ity of the en - 
zyme ( Mitsou et al., 2017 ). 

4 . Conclusion 

The strain P. os trea tus PLO 9 was con sid ered an ex cel lent pro ducer 
of cel lu lase and lignin per ox i dase us ing ba nana pseu dostem and ja t - 
ropha re spec tively, un der SSF con di tions. The higher LiP ac tiv i ties 
were achieved af ter 15 days of SSF us ing ja t ropha sup ple mented with 
SDS (49916  ±  541 U g −1 ) and 10 days of SSF us ing ja t ropha sup ple - 
mented with tween (37622  ±  2154 U g −1 ). The max i mum cel lu lase 
ac tiv i ties were achieved af ter 5 days of SSF us ing ba nana sup ple - 
mented with glyc erol (19.5  ±  0.2 FPU g −1 ) and 15 days of SSF us ing 
ba nana pseu dostem sup ple mented with tween 80 (21.8  ±  1.1 FPU 
g −1 ). These high en zyme ac tiv i ties were en hanced by the pres ence of 
the sur fac tants tween 80, SDS and glyc erol on the cul ture me dia. 

Among the sub strates tested, ba nana pseu dostem was the best for 
cel lu lase pro duc tion and ja t ropha was more de sir able for LiP pro duc - 
tion. The co conut fiber did not pre sent a good pro duc tion of the en - 
zymes. 

The re sults achieved in this study were higher than sev eral stud ies 
pre sented in lit er a ture, show ing the ef fec tive ness of the SSF process in 
us ing the sur fac tants tween 80, glyc erol and SDS for the pro duc tion of 
lig no cel lu losic en zymes by the white rot fun gus Pleu ro tus os trea tus 
PLO 9. Fur ther more, fur ther stud ies on the in crease in mush room pro - 
duc tion and the po ten tial of this food by hu mans and an i mals af ter 



Biocatalysis and Agricultural Biotechnology 22 (2019) 101428

6

I. Ferreira da Silva et al. 

the ad di tion of sur fac tants in the cul ti va tion sub strate can be per - 
formed. 
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