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ABSTRACT

This study aimed to determine the influence of process variables and production, of polygal acturonase (PG)
and polymetylgalacturonase (PMG) by solid substrate cultivation using a fixed bed column bioreactor. A
fractional factorial design (FFD) was used to study the effect of the following variables: microorganism
(Aspergillus oryzae and Aspergillus niger), substratum (wheat bran and defatted rice bran), aeration (40 and
60 ml h'ig?), pectin (5and 10 g g*) and nitrogen (ureaand ammonium sulfate). Microorganism, aeration and
initial pectin wereidentified in FFD as significant variables (p<0.05) on PG production. A central composed
design to optimize PG and PM G productionsindicated that Aspergillusniger presentshigher PG production;
substratum and nitrogen do not affect PG production; the aeration rate affects positively the production of
PG and negatively the production of PMG and theinitial pectin concentration affects positively both PG and
PMG production. The optimal point of aeration andinitial pectin concentration for PG production are 66.13 ml
htgtand12.8 g g, respectively and for PMG production are 40 ml h* gt and 15.0 g g2, respectively.
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INTRODUCTION

Solid substrate cultivation (SSC) is a process for bioactive
composite production that presents several advantages in
enzyme production for industrial applications such as lower
attack by proteases and higher enzymatic thermo stability
(12,14,20,25). For enzyme production using SSC, afixed column
bioreactor is considered the ideal one for small scale studies,
because it is inexpensive and easy to use in the control of the
processvariables(7,19).

Pectinases are enzymatic biocompositeswidely used in the
industries because of their capacity to degrade pectic
substances asfiber deguming (4), citric fruit peeling, industrial
residues from the process of coffee, cocoa, tabacco, tea (14),
wine clarification, juice extraction, fruit and pectin hydrolyses
(10). Pectinase synthesis occurs in many microbial groups,

however, for the industrial pectinase production, fungi are the
most used group dueto their high enzymatic excretion capacity
(23). Pectinalytic enzyme synthesis is highly influenced by
substratum, particularly, carbon and nitrogen sources (6),
presence of pectin (24) and temperature (3). Santos et al. (22)
reported that the aeration rate affects the substratum temperature
and recommend controlling it to avoid overheating and enzyme
denaturation during SSC.

Pectinase production has been aready studied but there are
no studies about the use of agroindustrial residuesand industrial
polysaccharides from Brazil to optimize polygalacturonase
(PG) and polymetylgalacturonase (PMG) production by solid
substrate cultivation. This study aimed to determine the
influence of processvariables such asmicroorganisms, substrate,
aeration rates, initial pectin concentrations and nitrogen
sources on the production of polygalacturonase (PG) and
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polymetylgalacturonase (PMG) by solid substrate cultivation
using afixed bed column bioreactor.

MATERIALSAND METHODS

Inoculapreparation

Aspergillusniger and Asper gillus oryzaewere kept on potato
dextrose agar (PDA) at 4°C. The inocula were made after the
growth of these microorganismson PDA during 7 daysat 30°C,
until the complete fungus sporulation. The spores were
suspended in sterilized agueous solution (121°C for 15 min)
with 0.2% Tween-80 detergent. Spore concentration was
determined by direct count in aNeubauer cell-counter chamber,
according to Hasan et al. (9).

Experimental design

A fractional factorial design 25! (FFD) was used to identify
variablesthat affect (p<0.05) PG production in solid substrate
cultivation. The variables studied in the FFD were aeration in
volume of air per time and mass of dried medium (ml h* g?),
concentration of pectin in mass of pectin added per mass of
dried medium (g g?), sources of nitrogen added to obtain 0.03
mol of nitrogen per mass of dried medium (mol g?),
microorganism (Aspergillus niger or Aspergillus oryzae), and
bran (wheat or rice). The runs, variables and coded values
studied in FFD are shownin Table 1.

According to the results from the FFD, acentral composite
design (CCD) was performed to optimizethe culture conditions
to produce PG and PMG. Theruns, variables and coded values
studied in the central composite design are shown in Table 2.
All experimentswere performed intriplicate.

Culturemediaand bioreactor

Culture mediato FFD and CCD were prepared mixing 150g
of wheat or rice brans with commercial orange pectin
(Braspectina® with high degree of metoxylation) as shown in
Table1for FFD andinTable 2 for CCD. Themoisturein culture
mediawas adjusted to 50% and 0.018 g of KH,PO, and 0.09 g of
MgSO,were added per gram of dried medium. The sterilization
of themediawas carried out at 121°C for 15 min. The pH was
adjusted to 3.5with HCI (2 N) and then nitrogen solutionswere
added to obtain 0.03 mol of nitrogen per gram of dried medium.
All solutions were sterilized by filtration (0.22 um pore size
filter). The culture mediawere inoculated to concentration of
4x10° spores per gram of dried medium. Eachinoculated culture
medium was transferred aseptically to a fixed bed column
bioreactor. The bioreactor consisted of aglasstubewithinternal
diameter of 50 mm and length of 300 mm, water flow jacketed
with another glasstube (5 mm in between glass tubes) to keep
the outside temperature of the bioreactor at 30°C. Theinlet of
water saturated air inside of the bioreactor was controlled by a
system described by Hasan et al. (9), shown at Fig. 1.

Table 1. Runs, variables and coded values studied in the 251 fractional factorial design (FFD).

Variablesvalue

Run Microorganim Microorganism  Bran Bran Aeration Aeration Pectin  Pectin Nitrogen Nitrogen
Coded Coded Coded Coded Coded
vaue vaue vaue vaue vaue
01 Aspergillusoryzae -1 Wheat -1 40 -1 05 -1 Ammonium sulfate +1
02 Aspergillusniger +1 Wheat -1 40 -1 05 -1 Urea -1
03 Aspergillusoryzae -1 Rice +1 40 -1 05 -1 Urea -1
04  Aspergillusniger +1 Rice +1 40 -1 05 -1 Ammonium sulfate +1
05 Aspergillusoryzae -1 Wheat -1 60 +1 05 -1 Urea -1
06 Aspergillusniger +1 Wheat -1 60 +1 05 -1 Ammonium sulfate +1
07 Aspergillusoryzae -1 Rice +1 60 +1 05 -1 Ammonium sulfate +1
08 Aspergillusniger +1 Rice +1 60 +1 05 -1 Urea -1
09 Aspergillusoryzae -1 Wheat -1 40 -1 10 +1 Urea -1
10 Aspergillusniger +1 Wheat -1 40 -1 10 +1  Ammonium sulfate +1
11 Aspergillusoryzae -1 Rice +1 40 -1 10 +1  Ammonium sulfate +1
12 Aspergillusniger +1 Rice +1 40 -1 10 +1 Urea -1
13  Aspergillusoryzae -1 Wheat -1 60 +1 10 +1  Ammonium sulfate +1
14 Aspergillusniger +1 Wheat -1 60 +1 10 +1 Urea -1
15 Aspergillusoryzae -1 Rice +1 60 +1 10 +1 Urea -1
16  Aspergillusniger +1 Rice +1 60 +1 10 +1  Ammonium sulfate +1

Aeration wasvolume of air per time and mass of dried medium (ml hg

'1); pectin was mass of pectin per mass of dried medium (g g%); nitrogen

was added to obtain 0.03 mol of nitrogen per mass of dried medium (mol g2).
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Table 2. Runs, variables and coded values studied in the 22
central composed design (CCD).

Variablesvaues

Run Aeration Aeration Pectin Pectin
coded value coded value
oL 45 -1 65 -1
(024 ) +1 65 -1
(0] 45 -1 135 +1
(07} ) +1 135 +1
® 60 0 100 0
(03] 60 0 100 0
or 40 -0, 100 0
(03} a0 +o 100 0
(0¢] 60 0 50 -0,
10 60 0 150 +o
1 60 0 100 0
12 60 0 100 0

Aerationisvolumeof air per timeand mass of dried medium (ml h* g?%);
Pectin isin mass of pectin per mass of dried medium (g g*). Constant
culture conditions: microorganism (Aspergillusniger), bran (defatted
rice bran) and nitrogen source (ammonium sulfate).

Enzymaticactivity and extraction

The raw extract was made with 5 g of fermented culture
medium mixed (1:10) with acetate buffer solution (pH 4.4). The
mixture was shaken at 100 rpm for 30 min at 35°C and then
filtrated. The raw extract was used to determine free reducing
sugars (FRS) and enzymatic activities of PG and PM G, according
to Castilho et al. (5).

Todetermine FRSa3,5-dinitrosalicylic acid method was used
with glucose as standard (15). The FRS were expressed as mass
of glucose per mass of dried medium (mg g?). Dry mass was
determined based on the principle of drying until constant
weight at 105°C, accordingtoAOAC (1).

For PG activity 5ml of polyga acturonic acid (0.5% prepared
daily in pH 5.0 with phosphate-citric acid buffer) was added to
atest tubewith 1 ml of raw enzymatic extract (diluted 1:50). The
enzymatic reaction occurred during 60 min at 37°C. Therel eased
D-galacturonic acid was quantified as reducing sugar using
3,5-dinitrosalicylic acid at 540 nm and D-galacturonic acid as
standard (15). An enzymatic activity unit (U) was defined asthe
amount of enzyme that releases one pmol of galacturonic acid
per min at 37°C (12,14). PG production was expressed as
enzymatic activity unit per massof dried medium (U g%).

For the measurement of enzymatic activity of PMG, 2 ml of
raw enzyme extract (diluted 1:25) was mixed to 8 ml of orange
pectinfrom Sigmaat 0.63% in acetate buffer, pH 4.0. The solution
waskept inwater bath at 30°C for 30 min. Theviscosity reduction

Optimization of pectinase production

1

Figure 1. Experimental device used for solid substrate
cultivation (1) air injection, (2) air filter (glasswood), (3) air flow
control, (4) flow meter, (5) water bath, (6) water pump, (7)
humidifier, (8) drop eliminator, (9) air distributor, (10) water flow
jacket, (11) cultivation bed, (12) gasoutlet.

of the mixture was measured with a Brookfield rotational
viscosimeter. One enzymatic unit was defined asthe amount of
enzymethat reducestheinitial viscosity of the solution to 50%
in 30 min (12). PMG production was expressed as enzymatic
activity unit per massof dried medium (U g2).

RESULTSAND DISCUSSION

Identification of variables that affected PG production in
fractional factorial design (FFD)

According to the FFD experimental conditions (Table 1) it
was calculated the effects of the variables on PG production
presented in Table 3. The effects show how much each variable
affected PG production. The variable “microorganism”
presented higher effect on PG production. At 60 h of cultivation,
the Aspergillus niger increased PG production on 368.9 U g*
(Table 3), which represents a46.1%, comparing with Aspergillus
oryzae. Thisresultissimilar to Baracat et al. (4) and Castilho et
al. (5) that reported high pectinase activities produced by
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Table 3. Effects as enzymatic activity units per mass of dried
medium (U g?) of studied variablesin fractional factorial design
251 (FFD) on polygalacturonase (PG) activity along the
cultivationtime.

Cultivation Time (h)
48 60 7 %
Microorganism 154.8¢ 2832* 3689 3629* 217.2*

Variable

Bran 24 11 3R7 480 3R89
Aeration 142 698 1535¢ 1909* 854
Pectin 451 1003* 1406* 1166* 208
Nitrogen 133 203 360 380 203
*p<0.05.

Aspergillus niger strains. The A. niger has been used as
producer of pectinases (18,26). Patil and Dayanand (21) used a
multi-step screening technique based on coefficient of
pectolysis and capability of pectinase production to isolate
microorganismswith high potential to produce pectinases. They
found A. niger as the best producer among the tested
microorganisms. Besides that enzymatic extracts of A. niger
have been used safely in food (10) and feed (17) industry and
another applications as model to study the interaction between
protein and carbohydrate (11) and to promote plant protection
(2). Thus, theuse of A. niger was chosen to the next experimental
phase, and one variable was ruled out.

Pectin addition to the culture mediainduced PG production
(p<0.05). At 60 h of cultivation, an increase on initial pectin
concentration from 5 to 10 g g* resulted in increases of PG
production on 140.6 U g (Table 3). The pectinase production
induced by pectin’s concentration in the substrate, found in
this study, was similar to that reported by Kashyap et al. (10)
with Bacillussp and by Fontanaet al. (8) with A. niger. Fontana
et al. (8) reported that pectin can be used by A. niger as a
growth substrate besides its role as an inducer. These results
agree with Maldonado and Strasser de Saad (13) that verified
mycelial growth and pectinase production by A. niger using
pectin as a sole carbon source. Thus, pectin was selected to
broaden the study range in CCD.

Theaeration affected (p<0.05) the PG production. At 60 h of
cultivation an increase on aeration from 40 to 60 ml ht g
increased PG production on 153.5 U g (Table 3). Increasesin
aeration rate decreases the temperature of the culture medium
and consequently reduces the enzymatic denaturation (16,22).
It could explain why the variable aeration affected significantly
the PG production. Thus, aeration was selected to broaden the
study rangein CCD to determinethe optimal rangefor pectinase
production.

Thevariables“nitrogen” and “bran” presented positive non-
significant effects (p>0.05) on PG production (Table 3). However,
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the PG activity values obtained with rice bran and ammonium
sulfate were slightly higher than the ones with wheat bran and
urea. Therefore, defatted rice bran and ammonium sulfate were
used ascultivation mediain the next experimenta phasein CCD.
For CCD development the following conditions were used as
culture conditions: microorganism (A. niger), bran (defatted rice
bran) and nitrogen (ammonium sulfate). Aeration and pectin
were selected to broaden the study rangein CCD and to optimize
valuesfor PG and PMG activities.

Pectinase production optimization through central composite
design (CCD)

According to the CCD experimental conditions (Table 2) it
was calculated the effects of the variables on PG and PMG
productions presented in Table 4 and 5. The highest value
obtained in CCD for PG productionwas 1829 U g* at 48 h of
cultivation. Thisresult was 228% superior to the highest value
obtained in FFD, whichwas800 U gt in 60 h. Thisoptimization
of the process variables shows a higher value of PG activity
in ashorter culturetime. Theincrease of the aeration rate, in
any culture time, showed inverse behavior to PG and PMG
activities (Tables 4 and 5). At 48 h of cultivation, the change
in the aeration rate from 40 to 80 ml h gt increased the PG
production on 323.2 U g (Table 4). The same change in
aeration rate, at 48 h of cultivation, provided a decreasein the
PMG production on 52.9 U g* (Table 5). However, pectin
presented positive effects (p<0.05) on both PG and PMG
activities. Theincrease of theinitial pectin concentration from
5t013.5gg?, at 60 h of cultivation, increased the PG production
on 387.0U g (Table4) and the PMG productionon 98.4 U g*
(Table 5). This variation in the initial pectin concentration
represented a 122% increase on PG production and 347% on
PMG production.

Increasesin aeration rate decreases the temperature of the
culture medium and consequently reduces the enzymatic
denaturation (16,22). It explains the PG production increase,
but not the PMG production decrease in this study. It is
possible that the PMG activity or/and synthesis are strongly

Table 4. Effects as enzymatic activity units per mass of dried
medium (U g?) of studied variables in the central composite
design (CCD) on polygalacturonase (PG) activity along the
cultivationtime,

Cultivation Time (h)

Variable

43 a0 yy %
Aeration 1372 3232 2142 1120 983
Pectin 79 2943 387.0¢ 499 -186*

*p<0.05; Constant culture conditions. microorganism (Aspergillus
niger), bran (defatted rice bran) and nitrogen source (ammonium sulfate).



Table 5. Effects as enzymatic activity units per mass of dried
medium (U g?) of studied variables in the central composite
design (CCD) on polymetylgalacturonase (PM G) activity along
cultivationtime.

Cultivation Time (h)

Variable

48 50) Y B
Aeration  -31.9* -529¢ -580* -390+ -22.7*
Pectin 453 769  984* R4 46.2*

*p<0.05; Constant culture conditions: microorganism (Aspergillus
niger), bran (defatted rice bran) and nitrogen source (ammonium sulfate).

affected by the FRS concentration in the culture medium. The
results found in this study show that the highest values of
PMG activity occurred always when the FRS concentration
waslower than 110 mg g* (Fig. 2). It meansthat anincrease on
aeration rate induces PG activity which increases FRS
concentration and consequently inhibits PMG activity.
Fontana et al. (8) found similar results working with solid
substrate cultivation of A. niger on PG and PMG production.
They suggested that the addition of pectin in the substratum
couldinhibit PM G production by pectin degradation products.
Thus, optimal conditionsfor PG production can inhibit PMG
production depending on the FRS concentration in the culture
medium.

The highest valuesfor PG activity were obtained at 48 h of
cultivation (Fig. 3). Usingamathematical model which resulted
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Figure 2. Polygalacturonase (PG), polymetylgalacturonase
(PMG) and freereducing sugars (FRS) in relation to cultivation
time. Average for four central points of CCD. Constant culture
conditions: microorganism (Aspergillus niger), bran (defatted
rice bran) and nitrogen source (ammonium sulfate).

Optimization of pectinase production

from CCD, it was possibleto calculate the optimal point for PG
activity, whichwas 66.13 ml h'* g for aeration and 12.8 g g*for
pectin. When aeration was higher than the optimal point (66.13
ml ht g!) PG activity reduction occurred. This behavior is
probably related to the increase of the air flow speed inside the
bioreactor, whichleadsto africtionincrease and mycelial rupture,
decreasing the mycelial growth rate and enzymatic activity. The
calculated optimal point of PM G activity, usingamathematical
model that resulted from CCD, was40 ml h' g* for aeration and
15.0g gt for pectin.

Considering the conditions and methodol ogies used in this
study it was concluded that Aspergillus niger presented
higher polygalacturonase activities than Aspergillus oryzae;
the substrate and nitrogen source did not affect the
polygal acturonase activity; the highest aeration rate affected
polygal acturonase activity positively and polymetylgal acturonase,
negatively; The highest initial pectin concentration affected
positively both polygal acturonase and polymetylgal acturonase
activities; the optimal point for the process variables for the
polygalacturonase activity was 66.13 ml h' g* for aeration
and 12.8 g g* for pectin; the highest values of PM G activity
were obtained with 40.0 ml h't g for aeration and 15.0g g* for
pectin.

Figure3. Resultsof all runsof CCD for polygalacturonase (PG)
activity inrelation to aeration and initial pectin concentration at
60 h of cultivation. PG isin unit of enzymatic activity per mass
of dried medium (U g*); Pectinisin mass of pectin per mass of
dried medium (g g*). Constant culture conditions: microorganism
(Aspergillusniger), bran (defatted rice bran) and nitrogen source
(ammonium sulfate).
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RESUMO

Uso debioreator de coluna para otimizacdo da
producéo de pectinases por cultivo semi-solido

O objetivo deste trabalho foi determinar a influéncia de
variaveis de processo na producdo das enzimas
poligalacturonase (PG) e polimetilgalacturonase (PMG) por
cultivo semi-sdlido utilizando bioreator de coluna. Um
plangjamento fatorial fracionariofoi utilizado paradeterminar o
efeito das varidveis “microrganismo” (Aspergillus oryzae e
Aspergillus niger), “substrato” (farelo de trigo e farelo
desengordurado dearroz), “ aeracdo” (40e60ml hg?), “ pectind’
(5e10gg?) e“nitrogénio” (uréiae sulfato de ambnia) paraa
producéo de PG. Microrganismo, aeracdo e pectina foram
significantes (p<0,05) paraaproducéo de PG. Utilizando-se um
plangjamento composto central com quadruplicata no ponto
central concluiu-se que Aspergillus niger apresenta maior
producdo de PG, o substrato e afonte de nitrogénio ndo afetam
(p<0,05) a producdo de PG a aeracdo afeta positivamente a
producéo de PG e negativamente a de PMG, e a concentracéo
inicial de pectina afeta positivamente a atividade de ambas
enzimas. Os pontos 6timos de aeracao e de concentragdo inicial
de pectinaparaaproducéo de PG sa0 66,13 ml htgte12,8¢g
g%, respectivamente, e para a producdo de PM G sao 40 ml ht
gle15,0gg?, respectivamente.

Palavras-chave: Fermentacdo semi-solida, residuos
agroindustriais, pectinase.
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