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ABSTRACT

Pectinases are heterogeneous group of enzymes at@alsed to hydrolyze the pectic substances arsitthcomes
of high interest in many industries. The objectifethis study is to develop cost effective indaktmedium for
pectinase production. The effects of medium cortipesbn the production of pectinase using a newlhlated
Aspergillus niger strain were studied using onedaat a time (OFAT) approach. At first, differemiedia which
were reported before for their high potency to suppectinase production were screened. The meditnich
support higher pectinase production was composeg af): Sucrose, 30; KHPO,, 1 and Capek concentrate (10
mL) containing per 100 mL: NaN@; KCI ,0.5; MgSQ@ 7H,0,0.5; FeSQ@ 7H,0, 0.01. This medium yielded cell
biomass and total pectinase activity of 2.15'gand 26.85 U mt, respectively. Attempts were done to change the
carbon source to cost effective source (mandargtipewhich considered also as agriculture wastsfter this step,
other medium ingredients were also changed in tesfrtgpes and concentrations to develop new medébumula
for high pectinase production. The optimal mediwmposition for pectinase production obtained irs twork was
composed of (gH: Mandar in orange pectin, 30; ammonium sulph&e33; and KHPO,, 1.0. This medium
supported maximal enzyme production up to 74.35 Uafter 96 hours cultivation.

Keywords: Aspergillus nigerMedium optimization, Pectinase, Mandarin orangd.pee

INTRODUCTION

Pectinase is a generic term that used from deowadf the pectin. Pectin is a complex class of chydrates

polymer which composed of member galacturonic dleat linked through the-1-4-glycosidic linkage and it is
widely found in the primary cell walls or at theddle lamella of higher plants [1]. Application dfet pectinases is
based on the pH requirement either it is acidialkaline for optimum enzymatic activity. The acigiectinases are
usually applied for extraction, clarification ariquefaction of fruit juices or wines whereas fokaline pectinases
are widely used in the fabric industry for rettiogplant fibres such as flax, hemp and jute. Initald it also used
for solving the retention problem in mechanicalgbleaching in paper industry [2]. The potentiad @apability of

true filamentous fungi in the processes or paridylin the secretion and production of pectinakage been
revealed by in many studies [3]. Thus, the filarmeastfungi provide a potentially high yielding aredatively cheap

option and the genus d@fspergillushas been used with a success as a production4jogt. [nigeris a normally

known as cell factory for the production of orgaaaids and different types of industrial enzyme$§][3 his based
on the versatile metabolism &. niger which allow to grow on a wide ranges of substrateler various

environmental conditions [7-9].

In general, pectinase production is highly influeshdy growth medium composition[10]. However, thestrcrucial
fermentation medium is the carbon source whichsgential to support cell growth and expressiorhefdnzyme
production [11].Carbon sources are ranged from leremall molecules like sugars, organic acids,aodhol up to
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complex structure high molecular weight polysacictes. Usually, industrial bulk enzymes such asipases, are
produced using agriculture feedstocks as sour@adifon to reduce the production cost and also déttebenzyme
induction [12]. According to this study, citrus piecgives the highest pectinase yield with 14.00mU™ while
fructose and poygalacturonic acid give the lowesttipase yield with 3.00 U mL Furthermore, nitrogen source
plays important role in both cell growth and peasie biosynthesis as reported in previous studyAti8jtions of
phosphate in fermentation medium can improve tlagme biosynthesis and its production [14].Thereftlie main
objective of this study is to formulate new prodoctmedium for high pectinase productionfhiger suitable for
industrial application using one factor at a tifd#=AT)methods.

EXPERIMENTAL SECTION

Microorganism, preparation of inoculums, and medium composition

The fungus was identified & nigerNRClami was obtained from National research ceitokki, Cairo, Egypt.
Once received, stock culture in form of master batk and working cell bank were carried out, dépdsunder
strain number WICC F29 in Wellness Industry Cult@ellection (Institute of Bioproduct DevelopmenBD),
Universiti Teknologi Malaysia (UTM), Johor, Malag3iFor activation,A.niger was first cultivated on potato
dextrose agar and incubated for 7 days 4C3Dhe obtained spores were harvested and suspémdégtile saline
solution to obtain 1x10spore mL* for inoculum preparation.

Shake flask cultivation

The initial pH condition for the basal medium walusted at 5.5, prior to sterilization at 1%2 for 15 min. 2.5 mL

of spore suspension were used to inoculate 250nknfeyer flask of 50mL working volume. The inoceldt
flasks were incubated for 96 hours on rotary shakéis0 rpm and 38C. After incubation, the cells were separated
using cooling centrifuge at 4000 rpm for 10 mineTdupernatant was taken for further analysis aad¢tl pellets
were washed using distilled water and centrifugeitd. The washed precipitate was dried in vacuumnofor
constant weight.

Screening of media for cell biomass and pectinase production by A. niger.

From previous studies, different media have beghegfor optimization of pectinase production Aynigef9,15-
19] (Table 1). As starting point for this researttte previously published optimized medium haventtested with
the new fungal strain in this study.

Table 1 Different media used for production of pectinase by A. niger

No Medium composition (g Referenceg
1 | Citrus pectin, 15.00; KO, 0.5.; MgSQ, 0.5.; KNQ,2.50 [15]

2 | Citrus peel, 15.00; )kIPQ,, 0.50; MgSQ.7H,0, 0.50; yeast extract, 20.00 [16]
3 | Pectin, 10.00; PO, 2.00; KHPQO,, 2.00; (NH);SO,, 2.00 [17]

4 | Sucrose,30.00;K PO, 1.00; NaNQ, 3.00; KCI ,0.50; MgS@7H,0,0.50; FeS®@7H,0, 0.01 [9]

5 | Glucose, 34.60; KHPQ,, 2.00; corn powder, 20.97 and (N$O,, 8.42 [18]

6 | Citrus pectin, 3.00; PO, 2.00; MgSQ.7H;0, 0.10;(NH),S0O;, 1.00. [19]

I mprovement of medium composition for cell biomass and pectinase production by A. niger

The best medium screening for cell biomass andr@ese production was chosen as the basal mediuimgdone
factor at a time (OFAT) method as an optimized medcomposition. Hence, the aim of this study wasdffect of
an individual parameter toward the cellbiomass pectinase production. Thus, the parameters inclutiéerent
types of carbon source which were classified asavarbon (glucose, fructose, xylose, glycerol, aahguronic
acid), disaccharides (sucrose and lactose), palpisaicles (malt extract, apple pectin, citrus peaimd mandarin
orange pectin). Then, this follow study of selectadbon source different concentrations of carbmurce when
growth in the (between 10 and 50 @)|different types of nitrogen source (sodium nérécontrol), ammonium
sulphate, ammonium nitrate, ammonium chloride, )reifferent concentrations of selected nitrogenrse
(between 1.33 and 5.33 g'Land different concentrations of phosphorus dadtween 0.5 and 3.0 g} All
experiments were performed in triplicates.

Orange peel treatment
Mandarin Orange peel were cut into small piecesshed by tap water several times and dried @C50
[15,16].Finally, the dried mandarin orange peel walted and sieved [20].

Comparison study on the growth kinetics of A.niger when growth in the medium of unoptimized and
optimized OFAT medium

The growth kinetics of unoptimized medium and ojation medium through OFAT method by using onédaat
a time was compared by analysed the cell biomadspantinase production after 4 days of cultivatarrotary
shaker with 3@C and 150 rpm (Table 2). All experiments were ititles and the samples were analysed.
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Table 2Unoptimized and optimized medium components

Unoptimized medium (modified Optimized medium (CHA
Component gt | Component gt
Sucrose 30 Pectin industrial 3(
KoHPO, 1.00 KHPO, 1.00
NaNG; 3.00 Ammonium sulphate  3.38
KCI 0.50 KCI 0.05
MgSQ,.7H,O 0.50 MgSQ.7H,O 0.05
FeSQ: 7H,0 0.01 FeSQ7H0 0.1

Analysis

Pectinase activity deter mination

Pectinase activity was determined using 1% (w/trusipectin as a substrate. The culture supern@adiml) was
incubated with 0.7 ml substrate and mixed togefberl5 min at 40 °C. The liberated galacturonicdagias
determined according to Miller [21] and modificaticassays from Esawy al][16] by dinitrosalicylic acid
(DNS).One unit (U) of pectinase activity was defireess the amount of enzyme producipgnblof galacturonic acid
per min.

Biomass Deter mination
The biomass production was measured by the cellvaight of the sample. After the sample was filterié was
dried at temperature 6C-80°C to a constant weight[22].

RESULTSAND DISCUSSION

Screening of production medium on the cell biomass and pectinase productionby A. niger

In this experiment, the six media (of different rfaration obtained previous studies) were investidator
suitability to produce pectinase enzyme with theaist under study. Samples were collected after 86rsh
cultivation and proceeds for the analysis. Thelteso figure 1 clearly demonstrate that
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Figure 1 Cell growth and pectinase production by A. niger using different media after 96 hour s cultivation (The data present the mean
values and standar d deviation of two independent experiments)

The growth ofA. nigerproduction on different media screening in Figlrghowed maximum cell biomass of 1.90 g
L™ from medium 4 compared with cell biomass of 1.356'gfrom medium 2 and 3.Followed by 1.05 g from
medium 1, 1.00 g £ from medium 6 and 0.29 g'Lfrom medium 5.Medium 4 has the highest pectinfidmwed
by medium 3, 1, and 6with Pectinase production 883J mL?*, 6.42 U mL*, 5.43 U mL*, and 2.56 U mL,
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respectively. In conclusion, medium 4 (Table 1)wheose because it can produce the maximum celldssrand
pectinase activity due to the presence of adeqrateth substrate in culture medium which includeboa source,
nitrogen sources, phosphorus and trace metal whichportant cell for growth of\.nigerto secrete the maximum
pectinase. Medium 4 composed of medium with somdifiation in g L which include sucrose, 30.00,HPQ,,
1.00; and Capek concentrate (10 mL) containing 1@ mL: NaNQ, 3.00; KCI, 0.05; MgS@Q7H,0, 0.50;
FeSQ-7H,0, 0.01 (Table 2)[9].

Effect of different typesof carbon source on the cell biomass and pectinase production by A. niger

All of the carbon sources used in this study cfessias the mono carbohydrates, disaccharides alydgrcharides.
Various sources from mono carbohydrates used wihidiide glycerol, glucose, xylose, fructose andagaironic
acid. Furthermore, lactose and sucrose were usasduases from disaccharides whereas; malt extrattpectin
excreted form apple, citrus and industrial wasteewesed as polysaccharides sources in this stuthestesult was
shown in figure 2. Among the mono carbohydrate @arbources, the galacturonic acid was achievediteer
pectinase and specific yield of enzyme productiohictv were 58.56 U mt and 44196.23 Lzyme Geell s
respectively. The cell biomass production was 133" and the pH of the medium after cultivation was pH8
which increased from the initial that was pH 5.Bimilar to observation by Aguilar and Huitrén[12he
galacturonic acid give the higher activity of execpinase and were releasedAspergillussp. when growing on the
galacturonic as a carbon source. However, the timbeof the best carbon sources was not dependermigher
production only but also lower in economic valughe galacturonic acid was highly costing and itas suitable in
a large scale industry as now many industriestlieelower economic value with the higher productidherefore,
the selection of the best carbon source was osdbend higher pectinase production and specifid yieenzyme
which was from the pectin industrial which is cifiss as polysaccharides produced about 37.68 U rahd
22836.36 unzymegce..'l, respectively. The cell biomass productiorAafiigerwhen cultivated in pectin industrial was
1.65 g L'* and the pH of the medium after cultivation was97.Rectin from industrial was the source from the
orange peel waste. It is not only low in econowatue but utilizes all the waste that produced thes industries.
This work is in agreement with other work which wlea superiority of orange peel waste (as sourqgeeofin) to
support pectinase production compared to otherocadources [15]. However, other studies showed #iab
pectinase production can be enhanced through pegeetion of the carbon source in the cultivativedium[16].
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Figure 2T he cell biomass and pectinase activity including yield coefficient of pectinase production of A. niger in the different types of
carbon sour ces

Effect of different concentrations of carbon source on the cell biomass and pectinase production by A. niger

The different concentrations of pectin from the Marn orange peel were studied to find the optimum
concentration for cell growth and producing higpectinase production. The concentration of theipaatiustrial

in the range of 10 to 30 g'iwas used in this study. Figure 3 shows that irginggthe pectin concentration from 10
up to 30 g [* increased both of volumetric and specific enzymapction and decreased gradually thereafter. At
30 g L* pectin the maximal volumetric and specific pectm@roduction of 40 U mitand 24169.18kzyme Geerl
respectively, were obtained. In addition, this recbncentration produced biomass of 1.66”g Erom the result
obtained, it showed that, the further increasedpeétin industrial decreased the cell biomass andinzse
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production. Hence, pectin at 30 g lwas used as a carbon source for next experimentfufther medium

optimization study
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Figure 4The cell biomass and pectinase activity including yield coefficient of pectinase production of A. niger in the different types of

nitrogen sour ces

Effect of different types of nitrogen sour ce on the cell biomass and pectinase production by A. niger

Subsequently, different types of nitrogen sourcesewused which are sodium nitrate, ammonium suiphat

ammonium nitrate, ammonium chloride and urea. Fiigure 4, ammonium sulphate gave the best result in

ML 32405.79 Yhayme Qe

respectively. Whereas, the cell biomass produdiiorammonium sulphate was 1.73 @ Bnd the pH condition

producing the pectinase and specific yield of pecte which were 55.90 U
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after the cultivation was pH 5.02. Similarly, inettstudies of Weihongt al. [14],they proved that ammonium
sulphate was preferred to produce higher pectipaséuctivity and mostly used as a nitrogen soufoesungal
fermentation. The lowest production of pectinasd gpecific yield of pectinase was from the ureahv@7.65 U
mL* and 17838.71 uzymegce..'l, respectively at pH 3.26. Urea gives the minineet biomass which was 1.55 g
L% In this study; the reducing of the pH in urea wag to the releasing of the ammonium ion by unside the
medium. It is known that, ammonium ion was elema&hnén inhibitory enzyme and produced the enzyméh@
lowest value [23].Thus, ammonium sulphate was prefeand used as a nitrogen source for this study.

Effect of different concentrations of nitrogen sour ce on the cell biomass and pectinase productionby A. niger

The different concentrations of ammonium sulphatege in the range of 1.33 to 4.33 g.LFigure 5 showed the
best concentration of nitrogen source was 3.33.dtlproduced maximum pectinase, specific yielghetinase and
the cell biomass with 74.35 U i1l.36898.26 bh,ymeGeer™ @nd 2.02 g L, respectively. At this concentration, the
pH condition was pH 4.56. These findings were irr@ation with the study of Gummadi and Panda [Bd{ging
the optimal pH for thé\. nigerwas around 4.00.As a result, ammonium sulphatertentration of 3.33 gtwas
chosen. The minimum production of pectinase, sjpegiéld of pectinase and cell biomass was obtainbdn the
concentration of ammonium sulphate at 6.33'gathich were 48.20 U mit, 32901.02 W,ymeGeer™ and 1.47 g L
respectively. The pH condition for cultivation tviammonium sulphate of 6.33 ¢ was 4.64. Studies by P
al. [23], stated that the higher concentration of j&o source was not significantly contributed to iigher yield
of pectinase. As a result, ammonium sulphate wi@3 & L was preferred and used as optimized concentrafion
nitrogen source for further optimization study.
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Figure 5The cell biomass and pectinase activity including yield coefficient of pectinase production of A. niger in the different
concentrations of ammonium sulphate

Effect of different concentrations of phosphorus salt on the cell biomass and pectinase production by A. niger

In this study, the phosphorus salt used was diptashydrogen phosphate. The concentration ranges studied
in a range of 0.50 gtto 3.00 g [* and the result was demonstrated in Figure 6. Tigkekt concentration of
dipotassium hydrogen phosphate used was3.08 gjues the lowest pectinase and specific yieldaftimase which
were 48.20 U mtt and 32901.02 uzymegce”'l, respectively. The cell biomass production fos tthdncentration was
3.18 g L* with the final pH of 5.32. This is due to the wth of theA.nigerwere delayed and the maximum of cell
mass concentration were obtained in the late handsat that time the cell concentration was rapéifginished
[25]. Therefore, the best concentration of dipdtasshydrogen phosphate was at 1.00 § with the highest
pectinase and specific yield of pectinase were¥4.3nL* and 36898.26 szmegce"'l, respectively. Whereas, the
cell biomass production was 2.52 g with the pH 4.87 which was lower compared to theers. In conclusion,
dipotassium hydrogen phosphate with 1.00'galas used in the medium cultivation throughout shisly.
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Figure 6The cell biomass and pectinase activity including yield coefficient of pectinase production of A. niger in the different
concentrations of dipotassum hydrogen phosphate

Growth Kkinetic of pectinase production and cell biomass between unoptimized and optimized medium by
using one factor at atime (OFAT) method

The complete growth of microbial during the cultiea in unoptimized medium and optimized medium whswn
specifically in pectinase production, cell biomagigld coefficient and pH changes (Figure 7 andI8)general,
kinetic studies are important in order for bettaderstanding the microbial growth and metabolitesdpction
behaviour during cultivation under different cuéttion conditions. Through the study of the optiria of one
factor at a time (OFAT) of the main medium compdgeit is clearly obvious that the new optimizeddioen give
much higher cell biomass and volumetric and speg#ctinase production when compared with unopghiz
medium (table 3). In the new optimized medium, ggiectin as natural carbon source is more supgostivstrate
for pectinase production over the defined carbomrcs The high induction of pectinolytic enzymespiactin
supplemented culture was also reported before $120]1. The nitrogen sources used in the optimizedinme was
ammonium sulphate. For fungal cell cultivationwias also reported that ammonium sulphate usualiy @s a
nitrogen source to support cell growth and differeretabolites production as it also contain utbizasulphur
[26].This is also clear in this study that carbowl aitrogen sources influenced the pectinase agtiviom Table 3,

it clearly showed that, the cell mass productiomtimized medium was quite less compared to tregptimized
media. the maximum biomass in the new optimizedipcton was about 2.15 g*'Lwhich was decreased by about
23.21% when compared to the growth in unoptimizediiom. On the other hand, the pectinase produdtidhe
new optimized production medium was increased uge®5 U ml'after 54 hours. This value is alsmot141%
higher compared to the volumetric enzyme produndiiounoptimized medium (11.11 U miafter 42 hour). As a
result, the production rate of pectinase in unoith medium was very slow of only 0.26U thih* whereas,
production of pectinase in optimized medium reachedo 0.50U mL* h™.These results are likely to be related to
the study from Tong and Rajendra [27],who showed the amount of mycelial growth are not correlatiowards
the production of enzyme.

As shown in Figure 7, the pH started to declinera®2 hours in the unoptimized medium. After 66 isathe pH
dropped to 5.89 to 4.78 and stayed low (pH 4.58¥during the growth remaining period. Besides,the
optimized medium (Figure 8) the pH started dectinoon after inoculation, fell to 4.48 after 6 t®and stayed
low (pH 4.20-4.33) during the growth cycle. Botindition of pH be evidence for decreasing of pH praled the
pectinase activity were actively produced [29]. Hiwld of pectinase production in this study showeat the new
optimized medium gave the higher value aboutl12%l g yme Gl - compared to unoptimized medium only
3967.86 Wnzyme gce..'l. In conclusion, the new optimized medium producedre pectinase enzyme during the
cultivation compared to unoptimized medium.
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Table 3: Kinetics parametersfor cell growth and pectinase production when A. niger cultivated in unoptimized and optimized medium
using OFAT method

Parameters Unoptimized medium  Optimized medium BADmethod
Biomass, X (g L) 2.8 2.15
Pectinase , R (U mL?Y) 11.11 at 42 hour 26.85 at 54 hour
Yield , Ypix (Uenzym Geei) 3967.86 12517.48
Specific growth ratey (h?) 0.031 0.024
Production (U mE h'%) 0.26 0.50
CONCLUSION

Through this study, the low cost of nutrient whighs mandarin orange peel waste was used as nstinstrate for
the pectinase production. Furthermore, the usagenohonium sulphate as nitrogen source can suppertell
growth and pectinase production By niger. Ammonium sulphate was one of the components thedys been
used in industry as a nitrogen sources due tobitiyato provide utilizable sulphur. Thus, it i®honly used as a
nitrogen sources but also used as a sulphur soltleege, all medium used in this study are appleabt only in
the shake flask study but also in industries camditas all the components in the medium has undsrdbe
optimization process for efficient fermentationtthanefit for producing higher pectinase activity.
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Figure 7 The cell biomass and pectinase production including yield coefficient of inA. niger growth in shake flask cultures of using the
unoptimized medium
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optimized medium (OFAT)
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