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Evaluation of agro-industrial wastes, their state and mixing ratio \

. . .. g
maximum polygalacturonase and biomass production in sub

fermentation O

The potential of important agro-industrial wastes; apple p ) and orange

peel (OP) as C sources, was investigated in the maximization Of polygalacturonase

(PG), an industrially significant enzyme, usi ustrially important
microorganism Aspergillus sojae. Factors such 10us hydrolysis forms of the C

zed-AP+OP, nonhydrolyzed-

sources (hydrolyzed-AP, nonhydrolyzed-
AP+OP), N sources (ammonium s rea) and incubation time (4, 6, 8
days) were screened. It was obgerved thag maximum PG activity was achieved at a

combination of non-hydrolyze OP and ammonium sulphate with 8 days of

incubation. For the pre-o

the mixing ratios of at different total C concentrations (9, 15, 21 g I'") were
evaluated. The opfiumn

study, ammonium sulphate concentration and

itions for the maximum PG production (144.96 U ml™")

was found as Al carbohydrate concentration totally coming from OP at 15 g
I'! ammoniu IphatS¥eoncentration. On the other hand 3:1 mixing ratio of OP+AP

at 11.50 g/l

monium sulphate concentration also resulted into a considerable PG
.73 U ml"). These results demonstrated that AP can be evaluated as an
1 C source to OP for PG production, which in turn both can be alternative
solutions for the elimination of the waste accumulation in the food industry with

economical returns.

Keywords: Agro-industrial waste, polygalacturonase, apple pomace, orange peel,

Aspergillus sojae.
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1. Introduction
Over the recent years, it has been observed that there is an increasing interest around the
world towards efficient utilization of agro-industrial wastes, which could be bio-converted
into different value-added products. [1, 2] Million tons of apple and orange juice processing
wastes like peel, pulp, seeds, etc. are produced annually all over the world, being highly
biodegradable where their disposal generates a serious environmental problem and finally
leads to pollution. \

Among these wastes, apple pomace wastes have been proposed as st the
production of different value-added products including enzymes [3, 4], &&c [5],
si

ethanol [1, 6], and natural antioxidants.[7] The world production of apple 10 was 69.5

million tonnes, [8] around 30% of this amount was used in th uction of different

products like juice, concentrate, jelly, pulp, canned slices, wine, , etc. Apple pomace,

which represents around 25-35% of the processed appleg$ f the main by-product of
fruit processing industry containing peel, seed, coselcalyx, stem, and soft tissue. [2, 9]
terms of its high water content

asS¥cellulose, hemicellulose, and lignin. It

and composition containing polysacchari
is rich in galacturonic acid, arabinose, galac with minor amounts of rhamnose, xylose

and glucose, as well as small am f minerals, proteins, and vitamins. Also apple

pomace is a natural source of p ances. [1, 10, 11]
On the other hand& ontribute around 10% of the world fruit production

griculture Organization of the United Nations Statistical

transformed into juice while the other half is considered as
productio 2] Therefore orange peel holds a great potential to be used as substrate
an the production of polygalacturonases (PG) by microorganisms due to its
appré€lable amount of pectin content.

PGs are a part of pectinases involved in pectin degradation. These enzymes are
utilized in fruit juice industry and wine making to increase the juice yield, facilitate
pressing and filtration and to provide clarification. Pectinolytic enzymes used in food
processing are mostly derived from fungi because the pH optima of these enzymes are in

the range of natural pH of materials to be processed. [13] Utilization of orange peel and
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apple pomaces in enzyme production has also several advantages like easy availability of
cheaper raw material, reducing the cost of the enzyme and resulting in reduction of
environmental pollution. [14]

Therefore, the goal of this study was to investigate the potential of important agro-

industrial wastes; apple pomace and orange peel as C sources, using an industrially

t

important microorganism, Aspergillus sojae, in order to maximize the PG productign under
submerged fermentation using statistical tools. A final low cost media formul
could be of industrial significance was attempted to be developed besides e gohl of
providing an alternative solution for the elimination of waste accumulaﬁ\

industry that can lead to economical returns. 0

2. Materials and method
2.1.  Microorganism 20

Aspergillus sojae ATCC 20235 was purch ocochem Inc., an international

ollection) in Europe. This wild type

gGmbH, Bremen and used as the m @ train in this study. The propagation of the culture

was done on Yeast Malt Extra o. BY plates containing (g 1™'): malt extract, 10; yeast

extract, 4; glucose, 4 an 9 and molasses agar slant medium containing (g 1I''):
glycerol, 45; molasse ptone, 18; NaCl, 5; agar, 20; and stock solutions (mg 1)

FeS04.7H20, 15; ; MgS0s4, 50; CuS04.5H20, 12; and MnSO4.H20, 15. Spores
were harveste n 1 of Tween80-water (0.02% v/v).
2.2 e pomace and orange peel

Fresh@apple and orange peel were purchased from a local market in Buenos Aires,
Argentina. Apple pomace obtained after pressing apples, composed of almost just peels of
approximately 1 cm?-sized particles stored at -20°C in plastic packages until needed.

Orange peel was ground by a laboratory mill and stored at room temperature.
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2.3.  Hydrolyzation of apple pomace

Based on our previous experiments temperature of 110°C, 40 minutes, 4% phosphoric acid
and 10% solid liquid ratio were determined as optimum hydrolysis conditions. [15] Apple
pomace hydrolysates were filtered, pH adjusted to 5.0, using 6N NaOH and sterilised at
121°C for 15 minutes.

2.4.  Fermentation \

A.sojae was grown in 250 ml Erlenmeyer flasks containing 50 ml subnfe um
& 8x10°

given by the statistical design. Initial spore count was adjusted to appro%
°Cin a 250

spore ml"! and used for the inoculation of the flasks which were incubdted

2.5.  Statistical design of experiments 0
Design Expert Software Version 7.0 (Stat Ease, olis, USA). was used for the
1

@eriment& Primarily screening of

design. The analysed factors were

rpm rotary shaker.

statistical experimental design for all the ferm
media formulation was performed wit

carbon source, nitrogen source and§

Responses were PG activity (U ml dybiomass (g ml!). Total carbohydrate contents of
each experiment given by the s@e Were adjusted to 9 g I"!. Content of nitrogen sources

were adjusted to 8 g I'! basédign

ious experiments. In the mixture of AP (hyd)+OP and

mixing ratio were performed at three different total carbohydrate concentrations (9, 15, 21
g I'") with five different mixing ratios (0:4, 1:4, 3:4, 1:1, 4:0) giving 15 levels (9(0:4),
9(1:4), 9(3:4), 9(1:1), 9(4:0), 15(0:4), 15(1:4), 15(3:4), 15(1:1), 15(4:0), 21(0:4), 21(1:4),
21(3:4), 21(1:1), 21(4:0)). Ratios were decided so that the first number in the brackets

referred to the ratio of orange peel and the second number to the ratio of apple pomace.
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At the end of the first optimization study a complete optimization of the factors
could not be achieved, therefore a second optimization study was performed. In this
optimization study, Combined D-Optimal design was applied in order to obtain a mixture
of apple pomace and orange peel (Table 3). Hence they were the components of the design
and ammonium sulphate was a factor with enlarged levels (1, 15 g I"'). The total

carbohydrate content was fixed to 21 g I"' which was the optimum carbghydrate

concentration in terms of PG activity determined in the first optimization study. T

ratios given by the software were 0:4, 1:3, 1:1, 3:1, 4:0. ¢
Analysis of data and generation of graphics were performed usinﬁffxn

Version 7.0 software. The analysis of variance (ANOVA) tables wefe gederated and the

Xpert

significances of all terms in the model were judged statistically @'ng to the p-values

(significance level of p<0.1). 0

2.6.  Polygalacturonase (PG) activity

I the modified procedure of Panda

as substrate at pH 4.8 and 40°C. [16]

Polygalacturonase (PG) activity was assayed a

et al. (1999) using 2.4 g I'! of polygalac

One unit of enzyme activity was defffied as th&jamount of enzyme that catalyses the release

of 1 micromole of galacturonic ac i& nit volume of culture filtrate per unit time at

standard assay conditions. \®

2.7.  Biomass determ

Biomass expresse ﬂ ell weight (g 1) was determined by means of gravimetric

tation broth was filtered through the preweight filter paper, followed by

method. The [@
drying to @ eight at 100°C, overnight.

3. Results and discussion

For any industrial fermentation medium optimization is of outmost importance. The
classical method of changing the medium variables one at a time in order to optimize the
performance is impractical. Therefore, the need for efficient methods for screening large

number of variables has led to the adaptation of statistical experimental designs. [17]
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Among related researches, Sathishkumar et al 2013 optimized culture conditions for
laccase production from fungus Pleurotus florida by statistical experimental design using
agro-industrial wastes such as banana peel. [18] Also apricot and peach pomaces were used
to produce gibberellic acid from Aspergilus niger by Cihangir and Akséz 1997. [19]
Furthermore Carchesio et al 2014 compared biomethane production of some selected

agricultural substrates such as grape seeds and plum stones. [20] \

3.1.  Screening experiments ¢

Factors like carbon and nitrogen sources and their concentrations have alw&?&n great

interest to the researchers in the industry for the low cost media desi@ 0% to 40%

of the production cost of industrial enzymes is estimated to be th% growth medium.

[21] In the literature various agro-industrial wastes including@ el and apple pomace

have been searched for the PG production for low cost iEn. [22-24] It is generally
%of polygalacturonase is that

agreed that the optimum medium for the enhanced pfed
containing pectic materials as inducer. [25] In C @ study the effect of C source (AP

(hyd), AP (hyd)+OP, AP (nonhyd) and

OP), N source (Ammonium sulphate

and urea) and incubation time (4, 6 4nd 8 day§) were screened in terms of PG activity and

biomass. AP was screened in the fo (hydrolyzed and non-hydrolyzed.
With the hydrolyzatior@ he aim was to open the accessible areas in the
cellulose structure of ap& ¢. Hydrolysis affects lignocelluloses, creating larger

ore size. Moreover, hydrolysis was expected to improve the

d the hemicellulosic sugars remained in the filtrate. Apple pomace was pre-
treatéd with the phosphoric acid (H3POa4) since after neutralization of hydrolysates with
NaOH'™ the salt formed was sodium phosphate, which could be used as nutrient by
microorganisms. [30, 31]

As a result, it was seen from the ANOVA that the effect of C source (A), N source
(B) and their interaction (AB) had significant effect on the PG activity (p<<0.1). But the

effect of incubation time and its interactions with the other factors were insignificant on PG
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activity (p>0.1). Furthermore, the lack of fit of the model was insignificant indicating that
the model could be used with confidence. From the AB interaction plot shown in Figure 1a,
it can be observed that the highest PG activity (64.39 U ml') was achieved using AP
(nonhyd.)+OP level as C and ammonium sulphate as N sources at 8 days of incubation.

In terms of biomass production, ANOVA results showed that all the determined
factors, C sources (A), N sources (B), incubation time (C) and their interacti ns
significant effect (p<0.1). The highest biomass production (52.98 g I'') was ob
AP (hydr.) as shown in Figure 1b. Similar to PG production, ammom
nitrogen source also resulted in maximum biomass production. In terms 0 time

there was no significant difference between 6™ and 8™ days of incubati@n b the 4th day
biomass production was very low (Figure 1c¢). %

Lower PG activity but higher biomass was obtained @ yzed AP (Figures la
and b). This result might be due to the consumpti 1l sugars formed after
hydrolyzation towards biomass production instea ﬁrmg the hydrolysis process

d
a ronic acid units in the hydrolysate

ré8ults. Probably the glycosidic bonds

pectin was not hydrolyzed therefore there was

which was confirmed in previous unp

between galacturonic acid units wefl, too reSigtant to acid hydrolysis. In the hydrolysate

used as fermentation medium there @ o apple peels but in the non-hydrolyzed apple

pomace there were also apple ¢ medium. Absence of peels in the medium might
have reduced the pectin co& nduced the PG production.

In the literature @ as been utilized solely [32] or combined with various agro-

tic enzyme productions. [33] However, to the best of our
omposition, the mixture of apple pomace and orange peel, has not
sidered for this purpose. As a conclusion one can prefer the use of
for optimum biomass production and non-hydrolyzed AP+OP for optimum
PG ptoduction in the presence of ammonium sulphate and 8 days of incubation. Since the
goal in the current study was to achieve maximum PG production, the optimization study

continued with non-hydrolyzed AP+OP as fermentation medium.
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3.2.  Optimization experiments

Based on the initial screening experimental results, D-optimal design with 2 factors;
amount of ammonium sulphate (numeric) and OP+AP mixing ratio (categoric) was
performed (Table 2).

ANOVA results indicated that both ammonium sulphate amount (A) and OP+AP
mixing ratio (B) were the significant factors (p<0.1). Furthermore their interaction (AB),
their quadratic interaction (A’B) were also significant terms with respect to P %/
(p<0.1). ¢
One factor plot of orange peel + apple pomace mixing ratio indicated ti\%&m PG

0

activity (143.39 U ml!) was achieved, in the presence of maximur total €arbohydrate

concentration, coming totally from orange peel (21, (4:0)) aﬂlmum ammonium

sulphate concentration (8 g I'!) (Figure 2a and b). Addition% a in Figure 2b were
summarized with 3 different figures given in Figure 3 Q se plots illustrate the PG

activity change by a change in OP+AP mixin ioNor different total carbohydrate

concentrations (9, 15, 21 g I'!) at three differe m sulphate concentrations (1, 4.5,
8 g I'"). The axis of the plots showing th

AP and descending OP ratio (4:0, 1:1§3:4, 1:

ixing ratio is in the order of ascending
:4). The plots indicated that in the presence
of only AP, PG activity was very all of the ammonium sulphate concentrations
(Figure 3a, b, c). Comparin@ b and 3c, an increase in ammonium sulphate
concentration from only 4¢ 8 g 1! resulted in a decrease in PG at 9 g 1! total
concentration of carbof @ e at 1:1 ratio of orange to apple (>90 to <20). This could be
explained with the@g icant effect of AP on PG activity. As it was stated before, 3:4,
i

old higher AP pomace concentrations which were not effective on

re an increase in ammonium sulphate concentration could only cause a
in PG activity at 1:1 condition at which OP and AP concentrations were
the safe, and OP concentration was more robust than at the other conditions.

Another view point in discussing this issue would be to consider the C/N ratio. In
this particular case it was observed that the C/N ratio was 2 at 9 g I! carbohydrate
concentration in Figure 3b (4.5 g I'' ammonium sulphate) and dropped to 1.125 in Figure 3c
(8 g I'' ammonium sulphate) for the same 1:1 ratio of orange peel to apple pomace.

However, this ratio was 3.33 in Figure 3b at 15 g I"! carbohydrate concentration and

10
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dropped to 1.875 in Figure 3¢ when ammonium sulphate concentration was increased to 8 g
I"!. Since a C/N ratio of 2 and 1.875 were close values, this decrease was not as drastic for
15 g 1! carbohydrate concentration compared to 9 g I' at high ammonium sulphate
concentrations (8 g I'). In this particular case the critical C/N ratio seemed to be below
1.875. Similarly, at low ammonium concentration of 1 g I'! at the same OP:AP ratio of 1:1,

the C/N ratio was 15 and 9 at both 15 and 9 g I'' carbohydrate concentrations, respgctively

(Figure 3a) which were quite high. Since again there seemed not be a balancegth
activities were low compared to the intermediate ammonium concentrati8i, 8 @
Therefore, one should pay attention to this ratio when making choicesﬁr;\s
carbohydrate and ammonium sulphate concentrations. Thus there @
between C and N sources which will determine the route of the m% pathways.

a balance

At the 8 g I'' ammonium sulphate concentrati% was the optimum
concentration for PG production, presence of only OP i ium with the maximum
total carbohydrate concentration (21 g I'!) resulted @ ximum PG production (Figure

3c). Additionally, as an alternative combinatiig 1 total carbohydrate concentration

gave reasonable PG activity (98 an I'") at both ammonium sulphate

concentrations of 1 and 8 g 1" withy 3:4 1:1 OP+AP mixing ratios, respectively

(Figure 3 a and c), which can enabl e of apple pomace with orange peel. With these

results the possible use of ano ndustrial waste such as apple pomace was proved
to be used in PG producti orange peel. As the factor levels of OP+AP mixing

ratio were categorical egponse surface plots could not be determined for ammonium

sulphate amount AP mixing ratio. Their interactions (AB) made it difficult to

iflonal optimization study was decided to be performed.

g to ANOVA results, considering biomass production, ammonium
sulphdte was insignificant (p>0.1) whereas OP+AP mixing ratio and their interactions were
significant terms (p<0.1) at the determined levels. The maximum biomass (24.4 g I'") was
also achieved at maximum concentration of carbohydrate 21 g I'! with (4:0) mixing ratio
and 8g I ammonium sulphate amount as in PG production (Figure 2c). The interaction plot

of ammonium sulphate amount and OP+AP mixing ratio supported the data that

11
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ammonium sulphate had no significant effect on biomass production between the current
studied levels (Figure 2d).

As a result in this pre-optimization study it was seen that the optimum conditions
for PG and biomass production were the same at the maximum levels. Therefore using
these conditions in Aspergillus sojae termentation one can ensure both maximum PG and

biomass production at the same time, which can be a great advantage for the indust

in the pre-optimization study, a Combined D-optimal design was applied in%ozd® btain

a mixture of apple pomace and orange peel (Table 3). Hence they were thﬂ&

the design and ammonium sulphate was a factor with enlarged levels (@ 1. The total

carbohydrate content was fixed to 21 g I'' which was the optimuv@ yd
1

terms of PG activity in the first optimization study. The mixing rati

rate content in

ven by the software

were 0:4, 1:3, 1:1, 3:1, 4:0.
According to ANOVA results of PG activit% lied model was significant with

a p value of 0.0361 (p<<0.1). The lack of fit ue .43 implied that the lack of fit was
not significant (p=0.6705). Additionally tore which meant the mixture of OP+AP
(A+B) was the significant factor (p<<@.1).

The model equation of the P¢ @ ity (Eq. 1) in terms of coded factors is given

below;
PG activity (U ml 1) *A+23 23*B-86.64*A*B+14.16¥*A*C-16.29*B*C-
*(C-49.54*A*C2-0.23*B*C*+166.36*A*B*(A-B)
93*A*B*C2+22 88*A*(C3+18.88*B*(C? (1)
It gﬂ the Figure 4a, that as the concentration of OP in the linear mixture of OP

and increased, the PG activity increased and the maximum PG activity (144.96 U ml!)
was achieved in the presence of only OP in the fermentation medium. It can also be
deduced that at the highest ammonium sulphate concentration, presence of low amount AP
ratio in the medium also promoted a reasonable PG activity (Figure 4a). Additionally like
the linear mixture, as the ammonium sulphate concentration increased in the fermentation

medium PG activity increased, too. The optimum conditions for the maximum PG

12
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production (144.96 U ml') was 21 g I"! total carbohydrate concentration totally coming
from OP at 15 g I'' ammonium sulphate concentration. Moreover, 3:1 mixing ratio of
OP+AP at 11.50 g I'' ammonium sulphate concentration also resulted into a considerable
PG activity (115.73 U ml™) .

According to ANOVA results of biomass, the applied model was significant with a
F value of 16.77 and there was only 0.12% chance that a model F value this large could
occur due to noise (p=0.0012). In this case linear mixture components (A+B), AC %3
were significant model terms (p<0.1). The lack of fit F value of 0.013 implﬁ t lack
of fit was not significant (p=0.9152). The model equation of the biomass (&Xt s of

coded factors is given below;

Biomass (g I'') = +24.83*A+7.83*B-2.27*A*B+15.54*A*C-@%+12.17*A*B*C-

3.67*A*C?-0.47*B*(C%-22.40* A*B*(A- *B*(C2-
13.29*A*C3+21.24*B*(C3-78.92*A’% -B) (2)
From Figure 4b it can be conclu t crease in the OP concentration in the

linear mixture OP+AP resulted in increage in the biomass production at the higher
ammonium sulphate concentration aximum biomass production (26.2 g 1) was
achieved at 21 g I'! total carbo@ ncentration totally coming from OP similar to the

maximum PG production.

3.3. Validatio
In order to vdlida ¢ adequacy of the model equations a total of three verification
experimeufts arried out at the predicted optimum conditions for PG production. As a
res g9.65 and 12.77% deviation was observed for each of the validation
expetiments (Table 4). The overall margin of error was 23.29%.

Moreover, maximum PG activity in the validation experiments was experimentally
determined as 21 g 1" carbohydrate concentration totally coming from OP at 9.13 g I’!

ammonium sulphate concentration giving 109.64 U ml™! PG activity with 17.44% deviation

from the predicted PG activity (132.80 U ml)).

13
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The fermentation yields mostly depend on each substrate type and concentration
used. Therefore it is crucial to choose the optimum substrate type and concentration by
optimizing fermentation techniques for each substrate. This is primarily due to the reason
that each organism reacts differently to each substrate. The utilization rates of various
nutrients differ in each substrate which in turn affects productivity and yield. Mostly agro-
industrial wastes such as wheat bran, orange bagasse, coffee pulp, sugar cane bag%e

no peint

used in solid state fermentations. [34-36] Hence, current study will serve as a starti

for the use of cost effective substrates, agro-industrial wastes, in furth @ rged

fermentation studies. ga
Many researchers have reported on the production of polyg @ ses from a

wide variety of fungal strains and agro-industrial wastes under conditions. The

maximum PG activity in this study was nearly 9 times hlghg activity obtained by
re

over, Mohamed et al.

on mandarin Citrus reticulate peel as cultur evels lower than the maximum

Anuradha et al. (2010) (16 U ml!) using orange peel
(2009) obtained a maximum PG activity of 10 U % richoderma harzianum grown
ed

enzyme activity obtained in the current s the other hand, Pedrolli et al. (2008)

focused on the production of PG frém Aspergillus giganteus by submerged fermentation

using agro-industrial wastes like wh
bagasse. [22] In their study, er‘@a vity using citrus pectin as sole carbon source, the
highest extracellular activ& .5 U ml"!, while using orange bagasse, the highest

extracellular activity w

8% U ml!, which were lower than the maximum PG activity
obtained in our @ ayela-Torres et al. (2006) reviewed some polygalacturonase
activities by f#Su ed fermentation with different microorganisms using various
substrate 6 tana and Silveira (2012) performed submerged fermentation by using
no 0 and partially hydrolyzed pectin as C source for the cultivation of
Aspexgillus oryzae in stirred tank bioreactor and found maximum exo-PG activity of
80+0.2 U ml!, which was quite lower than the one found in the current study (109.64 U ml°
1) [37]. Moreover the maximum PG activity was found as 51.82 U ml! in submerged
fermentation by Aspergillus niger ATCC 9642 using pectin as C source in the study
performed by Gomes et al. (2011). [38] The PG activity obtained in the current study was

considerably higher than the PG activities obtained by other researchers. However, up to

14
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date there is no report about the mixture of orange peel and apple pomace as substrate in
order to obtain optimum polygalacturonase production conditions. Data obtained in this
study showed us that the apple pomace and orange peel combination was superior to these

agro-industrial residues with respect to PG production.

4 Conclusion x
The potential of important agro-industrial wastes; apple pomace and orgng a
sources, using an industrially important microorganism Aspergillus sojae
maximization of the PG production. In the screening experiments, i &)served that
maximum PG activity was achieved at a combination of non- Q-APJrOP and
ammonium sulphate at the end of 8 days of incubation. The % conditions for the

maximum PG production (144.96 U ml!) was found asN21 g»I' total carbohydrate
concentration totally coming from OP at 15 g I'! ammo@phate concentration. On the
nium

other hand 3:1 mixing ratio of OP+AP at 11.50yg I'fa sulphate concentration also
“Yas well. These results demonstrated

to OP for PG production. In fact, both

resulted into considerable PG activity (115.73
that AP can be evaluated as an additional

can serve as alternative solutions for elimination of the waste accumulation in the food

industry with economical retum@
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Tables

Table 1. Factors and levels of screening experiments

Factor Actual factor levels
Carbohydrate AP (hyd) AP (hyd)+OP  AP(nonhyd) AP (nonhyd)+OP
source
Nitrogen source Ammonium Urea - - \
sulphate ¢ Q
Incubation time 4 6 8 \
Design type D-Optimal (27 runs)

AP (hyd) : Apple pomace (hydrolyzed)
AP (hyd)+OP : Apple pomace (hydrolyzed)+Orange peel
AP (nonhyd) : Apple pomace (nonhydrolyzed)

AP (nonhyd)+OP : Apple pomace (nonhydrolyzed)+Orange peel

\@
OQ’Q
O

>
)
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1

Table 2. D-optimal experimental design and results of the pre-optimization study.

Factor 1 Factor 2 Response 1 Response 2
Run A:Ammonium B:Orange peel+Apple PG Activity Biomass
sulphate pomace (U mI'") (mg mI'")

1 1.0 9, (4:0) 43.98 6.86

2 4.5 9, (1/4) 12.55 4.40

3 1.0 9, (1/1) 37.72 6.02 \
4 4.5 15, (3/4) 26.10 * 9Q
5 1.0 21, (1/4) 23.49

6 4.5 15, (1/4) 18.72 &3

7 1.0 15, (1/4) 259 7.88

8 1.0 21, (4:0) 2% 20.46

9 8.0 21, (1/4) Q 10.22
10 8.0 15, (0:4) -85 7.50
11 8.0 21, (1/1) 019.47 14.24
12 1.0 21, (3/ % 14.71 10.54
13 8.0 1 4 22.37 7.26
14 8.0 21, 33.27 15.02
15 1.0 , (1/1) 34.76 8.64
16 8.0 ) (1/4) 21.33 3.48
17 1.0 @ 21, (0:4) 19.40 7.42
18 1.0 \ 15, (0:4) 10.34 5.56
19 15, (4:0) 43.30 7.70
20 @ 9, (1/1) 14.35 6.10
21 08 21, (0:4) 28.78 5.60
220 8.0 15, (3/4) 82.78 10.60

8.0 21, (3/4) 98.54 12.80

4 1.0 15, (4:0) 54.32 17.00

5 4.5 9, (1/1) 96.29 6.20
26 8.0 9, (3/4) 72.56 4.80
27 1.0 21, (1/1) 70.31 15.40
28 4.5 9, (3/4) 62.90 4.40
29 1.0 9, (3/4) 73.40 4.40
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10

11

12

13

14

15

30
31
32
33
34
35
36
37
38
39

8.0
8.0
8.0
4.5
8.0
1.0
1.0
1.0
8.0
1.0

21, (3/4)
21, (4:0)
15, (1/1)
15, (1/1)
9, (0:4)
15, (4:0)
9, (0:4)
9, (1/4)
9, (4:0)
15, (3/4)

84.30
143.39
120.90
117.98
29.38
40.97
32.75
55.12
112.57
87.23
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1 Table 3.. Combined D-optimal experimental design and results of the optimization study.

Component1 Component 2 Factor 3 Response 1 Response 2
Run A:Orange B:Apple C:Ammonium PG Activity Biomass

peel pomace sulphate (Uml'h) grh
1 10.5 10.5 15.0 74.40 19.60
2 21.0 0 4.5 110.20 17.8
3 21.0 0 1.0 79.17 :
4 10.5 10.5 15.0 89.28
5 0 21.0 1.0 18.80
6 21.0 0 15.0 92.92
7 5.25 15.75 115 27%
8 0 21.0 8.0 0
9 10.5 10.5 1.0 Q
10 0 21.0 15.0 019.56
11 10.5 10.5 8. 36.96
12 15.75 5.25 115.73 17.80
13 5.25 15.75 32.07 13.20
14 0 21.0 15.0 31.15 7.20
15 21.0 0 1.0 10.38 18.00
16 21.0 @ 8.0 127.96 24.80
17 15.75 x 4.5 102.66 17.60
18 0 1.0 1.0 21.41 6.20
19 21 0 15.0 144.96 20.60
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1

Table 4. Results of validation experiments

Run Carbohydrate Carbohydrate Ammonium Predicted Actual Error
concentration concentration  sulphate PG PG (%)
coming from coming from (glh activity activity
OP (g1 AP (g (U ml) (Um
1 21 - 9.13 132.80 109.64 7.44
2 10.27 10.73 15 81.51
3 - 21 4.13 28.97
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Figure Captions

Figure 1. a) Effect of interaction of carbon and nitrogen sources on PG activity, b)
interaction of nitrogen source and incubation time (BC) and c) interaction of carbon source
and nitrogen source (AB) on biomass production.

|

Figure 2 (a) Effect of OP+AP mixing ratio (B) and b) interaction of ammonium hate

amount and OP+AP mixing ratio (AB) on PG production, c¢) effect of OP+AP mixi
(B) and d) interaction of ammonium sulphate amount and OP+AP mixing [ ) on
biomass production, respectively at different total carbohydrate concentrat&\
Figure 3. Effect of OP+AP mixing ratio at different total carbohydrat@ congefitrations and

at constant ammonium sulphate concentrations of a) 1 g I'!), b) 4.5%) gl

Figure 4. Response surface plots of the interaction of ammqniu

linear mixture (A+B) a) on PG production b) on biomas@ ion.

ate amount (C) and
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