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Abstract 

 

Background and Objective One of the major challenges of linking enzymes to insoluble support 

matrices is the use of non-naturally occurring support matrices that are expensive and not readily 

accessible, which most times are not easy to handle with the process needing several steps. 

Therefore, naturally-occurring materials that are cheap, available and need a little or no 

modifications with the potentials to act as support matrices for enzyme immobilization were 

investigated.  

Material and Methods: In this study, coconut fibers, pseudo stems of banana and plaster of Paris 

luffa sponges as appropriate carriers for the immobilization of pectinase produced by Aspegillus 

niger FTR 002 were investigated and purified using chromatographic techniques, physical 

adsorption and covalent bonding with glutaraldehyde. Characteristics of native and immobilized 

enzyme preparations were studied and then used in the clarification of juice using packed-bed 

column reactor and standard procedures. 

Results and Conclusion: Of the four materials in this study, sponge included the highest 

immobilization rate. Free and sponge-immobilized pectinase preparations were characterized and 

results recorded a temperature optimum of 50 °C for the two enzyme preparations. A shift in pH 

optima from 6.0 to 5.0 by the pectinase was observed after immobilization on sponge. The Km and 

Vmax of the free and immobilized pectinases included 2.33 mM and 0.018 µM/min and 1.612 mM 

and 0.019 µM/min respectively. Reusability studies showed that the immobilized enzyme included 

approximately 55% of its initial activity after 15 repeated cycles in batch operation. Orange juice 

clarification using sponge-immobilized pectinase using packed-bed column reactor at a flow rate 

of 0.5 ml/min showed that the immobilized catalyst included 40% of its clarification capacity after 

80 h of continuous operation. These findings indicate that the pectinase immobilized on sponge 

includes promising potentials as a clarifying catalyst in fruit-juice industries. 
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1. Introduction 

Pectinases (EC number: 3.2.1.15) are industrially 

important enzymes as they break down pectin, which is 

a polysaccharide within the cell walls of plants through 

hydrolysis, trans elimination and de-esterification reactions 

[1-3]. These pectinases have significantly been interested 

due to their versatile uses in foods, textiles, beverages, pulps 

and papers, plant fiber processing, teas, coffees, oil 

extractions, treatments of pectin-containing industrial waste-

waters and biofuel industries [4]. In food industries, 

pectinases are extensively used in fruit juice extraction and 

clarification, where presence of pectin is not desirable due to 

high turbidity of the pectin-containing extracts and formation 

of sediments during storage [5-6]. Furthermore, use of 

pectinase in clarification of juices reportedly enhances 

efficiency of the juice production in as well as helping in 

improvements of the juice appearance and stability and 
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quality characteristics of the final products [6]. Although 

industrially important, use of free pectinases in juice 

clarification is reported to include challenges linked to costs, 

low stabilities and problems with downstream processing. 

One of the strategies to overcome these limitations and 

optimize juice clarification processes with pectinases 

includes immobilization of free pectinases onto appropriate 

carrier molecules using stablished protocols [5,7-9]. These 

immobilization protocols enhance characteristics of the 

pectinases, including activity, stability, selectivity, 

specificity and resistance to inactivation by chemicals and 

other adverse industrial environments. 

Immobilization strategies involving the attachment of free 

pectinases on appropriate carrier molecules, including anion 

exchange St-DVB macroporous base resins, glass beads, 

sodium alginate beads, microporous polyacrylamide, 

magnetic nanoparticles (MNPs), microspheres, porous 

hydroxyapatite/calcium alginate composite beads, nanop-

orous activated carbon, chitosan magnetic particles and 

CLEA smart magnets with or without crosslinking with 

agents, have been reported as great potentials in juice 

clarification [2,3,5,9,10-12]. One of the problems of major 

immobili-zation protocols is the use of synthetic molecules 

that are expensive, which ultimately increase the costs of 

industrial processes. Furthermore, enzyme linking with these 

synthetic materials sometimes leads to changes in the 

chemical characteristics of the enzymes, resulting from the 

several steps [2,13-15]. To overcome these problems, 

naturally-occurring (with a little or no modifications), cheap 

available materials with potentials to act as support matrices 

for the enzyme immobilization have been investigated in the 

current authors’ laboratories, who previously reported 

successful immobilization of inulinase on kaolin clay [16]. 

The present study reported successful immobilization of 

pectinase from Aspergillus niger FTR 002 on luffa sponges 

and described characteristics of the native and immobilized 

pectinases. Furthermore, the sponge-immobilized pectinase 

was assessed as an appropriate catalyst for use in clarification 

of juices using fixed-bed reactor (FBR). Available cost-

effective sponges with their excellent protein retention 

capacity are expected to play critical roles in decreasing 

production costs of immobilized pectinases. This favorable 

combination includes significant potentials for large-scale 

industrial uses. 

2. Materials and Methods 

Sample collection 

Coconut (Cocus nucifera) shafts were purchased from 

coconut processing outlet in Bodija Market, Ibadan, Nigeria. 

Pseudo stems of banana (Musa sp.) were purchased from 

Teaching and Research Farm, University of Ibadan, Nigeria. 

Plaster of Paris (POP) fibers were provided by the local 

suppliers within Ibadan Metropolis, Nigeria. Luffa sponges 

were purchased from Bodija Market, Ibadan, Nigeria. All 

other chemicals were supplied by the local distributers and 

included analytical grades.  

Microorganism used and cultural condition 

The A. niger FTR 002 was provided by the Culture 

Collection of the Department of Microbiology, University of 

Ibadan, Nigeria. It was previously isolated from spoilt 

oranges and its sequences were deposited in GenBank with 

the accession number of OP231019. This was preserved on 

pectin agar slants containing pectin, 3 g l-1; (NH4)2SO4, 0.33 

g/l; K2HPO4, 0.1 g/l; MgSO4.5H2O, 0.005 g l-1; KCl, 0.005 

g/l; and FeSO4.5H2O, 0.01 g/l. 

Pectinase production and assay 

An aliquot of 100 ml of sterile pectin media (as previously 

described without agar) in 250 ml Erlenmeyer’s flasks was 

inoculated with 1 ml of spore suspension (containing 1.0 × 

106 spores) of a 5-day-old A. niger FTR 002 on potato 

dextrose agar (PDA) and then incubated at 35 ᵒC for 3 d at 

150 rpm using shaker incubator (New Brunswick Scientific, 

Edison, USA). After incubation, the whole content was 

centrifuged (Bioevopeak, CFGR-B580, Shandong, China) at 

1,073 g for 20 min and the supernatant was used as the crude 

pectinase. Pectinolytic activity was assessed using DNS 

method [17] by adding 1 ml of the crude enzyme to 1% (w v-

1) citrus pectin in sodium acetate (0.1 M, pH 4.0) and 

incubating at 50 °C for 10 min. After the incubation, reaction 

mixture was supplemented with 1 ml of freshly prepared 

DNS reagent and incubated at 100 °C for 5 min using water 

bath. Solution was allowed to cool down using ice water 

bath, followed by the addition of 3 ml of distilled water 

(DW). The resulting solution absorbance was measured at 

540 nm using Jenway spectrophotometer (Jenway, UK). 

Estimation of pectinase activity was carried out based on the 

quantity of galacturonic acid released during the hydrolysis 

of citrus pectin, utilizing galacturonic acid monohydrate as 

the standard in concentrations ranging 0.2-10.0 mg ml-1. One 

unit of pectinase activity was defined as the quantity of 

enzyme needed to release 1 µmol of galacturonic acid per 

minute under standard conditions.  

Pectinase purification 

Purification of pectinase included a series of steps of cold 

acetone precipitation and then dialysis by tubing and gel 

chromatography with Sephadex G-50 Column (2.5 × 100 

cm) based on the methodology by Manisavagan and Oh [17].  

Immobilization of pectinase 

Activation of the coconut fibers (obtained by removing the 

shaft of coconut), pseudo-stems of banana, luffa sponge and 

POP fibers was carried out by washing them using acetone 

with gentle agitation for 30 min and then overnight drying 

them at 60 °C using oven [16].  

Immobilization by adsorption 

Two grams of each activated sample (carrier material) were 

mixed with 20 ml of pectinase enzyme (50-100 U) in 100 ml 

of 0.1 M sodium acetate (pH 4.0) using beaker. Mixture was 
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gently stirred and left to set for 24 h. Then, supernatant was 

carefully removed and the immobilized pectinase was 

collected by filtration using Whatman filter paper no. 1 

(Whatman, USA). This was dried at room temperature (RT) 

for 24 h [16]. 

Immobilization by covalent method 

Briefly, 100 ml of 0.1 M sodium acetate buffer (pH 4.0) and 

8 ml of 2% (w v-1) glutaraldehyde were added to 2 g of each 

sample of dried coconut fibers, pseudo stems of banana, luffa 

sponge and POP fibers and mixed gently for 1 h at 25 °C 

before filtration by Whatman filter papers no. 1 (Whatman, 

USA). Support matrix (recovered by filtration) was rinsed 

with DW and dried at RT until reached a consistent weight. 

Then, each support matrix was gently agitated for 2 h at 4 °C 

using 20 ml of pectinase (50-150 U of enzyme) and 100 ml 

of 0.2 M sodium acetate buffer (pH 4.0). Immobilized 

pectinase was recovered by filtration using Whatman filter 

papers no. 1 (Whatman, USA) and carefully rinsed three 

times with DW before drying on the filter papers at RT. 

Adsorbed pectinase was desorbed by gently rinsing in 100 

ml of 0.5 M NaCl in 0.1 sodium acetate buffer (pH 4.0) for 

30 min using magnetic stirrer. Immobilized pectinase was 

stored at 4 °C until use [16].  

Assessment of the immobilization extent  

Extent of the pectinase immobilization (quantity of pectinase 

attached to the carrier materials) was investigated by 

assessing protein contents [18] of the filtrates (as the 

unattached pectinase) using centrifugation after each round 

of washing of the carrier molecules with DW. Protein 

contents of the immobilized enzymes were estimated by 

subtracting the protein content of the enzymatic solution 

from the protein content of the total filtrate. Equation 1 was 

used to calculate the extent of immobilization: 

Quantity of pectinase immobilized (%) = Activity of 

immobilized enzyme / activity of free enzyme × 100 

 Equation 1 

Optimization of immobilization rate 

Optimization of the quantity of pectinase attached to the 

carrier matrix was investigated as follows. 

Contact time 

Effects of various contact times on immobilization rates by 

the support materials were assessed based on a modified 

method of Saxena et al. [19]. An aliquot of 20 ml of pectinase 

solution (50-100 U) with 2 g of the fibers and 2% 

glutaraldehyde was transferred into a shaking water bath (4 

°C, 100 rpm) for contact times of 30 min to 2 h. After cross-

linking, immobilized rate was calculated as described 

previously.  

Support concentration 

This was assessed based on a modified method of Saxena et 

al. [19]. Pectinase solution (2 ml) and various support 

weights (0.4, 0.8, 1.2, 1.6, 2.0 and 2.4 g), each with 2% 

glutaraldehyde, were incubated at 4 °C for 2 h at 100 rpm 

using shaking water bath; after which, immobilized rate was 

assessed as previously described. 

Characteristics of the immobilized and free pectinases 

Effects of temperature and pH on the activity and 

stability of free and immobilized pectinases 

Effects of temperature on free and immobilized pectinase 

activities were investigated based on a method by Madu et 

al. [20]. Enzymatic assessment was carried out in 0.1 M 

sodium acetate buffer (pH 4.2) at various temperatures (25-

70 °C) for 10 min using water bath. Reactions were assessed 

against a blank solution. Similarly, effects of pH on free and 

immobilized pectinase activities were investigated using 

reaction mixtures of 1% pectin in appropriate sodium acetate 

buffer with pH ranging 3.0-6.0. Thermal stabilities of free 

and immobile pectinases were further investigated by 

assessing residual enzyme activities at 55 °C for 1 h with 10-

min intervals. Moreover, pH stability was assessed by 

investigating residual activities with 10-min intervals during 

incubation at pH 5.0 for 1 h. 

Kinetic parameters 

Kinetic constants of Vmax and Km were estimated using citrus 

pectin (Sigma-Aldrich, USA) as a substrate. This was carried 

out by recording rates of reaction at various concentrations 

of citrus pectin (0.5-20 mg ml-1) and data from the 

experiments fitted into Michaelis-Menten model using 

GraphPad Prism 6 ( GraphPad, San Diego, California, USA). 

Reusability of the immobilized pectinase 

Reusability of the immobilized pectinase was assessed 

using batch pectin hydrolysis cycles. One gram of the 

immobilized pectinase was added to 10 ml of 1% pectin 

solution and pectin hydrolysis was proceeded for 20 min as 

a cycle. After each round of hydrolysis, immobilized 

pectinase was rinsed with repeated changes of sterile DW 

and immersed in the fresh substrate. Quantity of the reducing 

sugar released was estimated using DNS method as 

previously described. 

Use of immobilized pectinase in clarification of the 

orange juice using packed-bed reactor 

 Packed-bed reactor 

The packed-bed column reactor (PBCR) included a 

double-walled glassware cylinder with an inside diameter of 

1 cm and a length of 20 cm. The inner chamber was packed 

with 25 cm3 of the immobilized pectinase while water of 

controlled temperature (50 °C) was recirculated in the outer 

chamber of the doubled-walled apparatus. 

Orange juice was pumped from the system bottom and exited 

from the top based on a method by Azimi et al. (2021). 

Effects of the flow rate and residence time on juice 

clarification 

Flow rates of the orange juice varied 0.1-5 ml/min at 50 °C 

while residence time of the orange juice in the PBCR column 

was calculated as follows.  
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Residence time (min) = V/F   Equation 2  

Where, V was the reactor volume (cm3) and F was the 

flow rate (ml min-1).  

Operational stability of the PBCR 

Operational stability of the immobilized pectinase for the 

clarification of orange juice was assessed within continuous 

use. Samples were periodically achieved from the PBCR at 

every 10 h and clarification proportions were calculated 

using Equation 3. Turbidity of the orange juice was assessed 

at 860 nm using Jenway spectrophotometer (Jenway, UK) 

and the clarification capacity of the PBCR was calculated as 

follows. 

Clarification (%) = Initial turbidity - final turbidity / initial 

turbidity × 100     Equation 3 

Use of free and immobilized pectinases in clarification of 

the orange juice in batch process 

For clarification using luffa sponge-immobilized pectin-

nase, 1 g of the immobilized pectinase was added to 10 ml of 

orange juice solution and incubated at 50 °C. Clarification 

process was proceeded for 30 min. After 30 min, 

immobilized pectinase was separated by filtration and the 

quantity of reducing sugar released in the clarified juice 

sample was calculated using DNS method as previously 

described. For the clarification of orange juice using free 

pectinase, 1 ml of pectinase enzyme (containing 5-10 U) in 

100 ml of 0.1 M sodium acetate (pH 4.0) was added to 10 ml 

of orange juice solution and incubated at 50 °C for 30 min. 

After incubation, quantity of reducing sugar released was 

assessed as described previously.  

Physicochemical parameters of the various juice samples 

Physicochemical characteristics of the clarified orange 

juice were investigated as described later and then compared 

with those of raw juice samples. Total titratable acidity was 

assessed by titration of samples with potassium hydroxide 

(0.1 N) using phenolphthalein indicator and pH was 

calculated using pH meter. Digital refractometer (Brix 

Meter, Bioevopeak, RFT-A670/RFT-A630, China) was used 

to investigate total soluble solids (TSS) of the samples. The 

total reducing sugar in clarified and raw samples was 

investigated using DNS method by Miller [21]. Turbidity 

was measured at 860 nm using Jenway spectrophotometer 

(Jenway, UK) as previously described. Presence of pectin in 

orange juices before and after clarification was investigated 

by the addition of acidified ethanol to the juice samples at a 

ratio of 2:1 (v v-1) and the samples were mixed upside down 

three times and then set for 15 min at RT. Formation of gel 

indicated the presence of pectin in juice samples. 

Statistical analysis  

All experiments were carried out in triplicate and results 

were reported as mean values ±SD (standard deviation). Data 

were used in one-way analysis of variance (ANOVA) at a 

significance level of α = 0.05 using SPSS software v.20 

(IBM, USA) [22].  

3. Results and Discussion 

Pectinase immobilization 

In this study, luffa sponges, POP fibers, coconut fibers and 

pseudo stems of bananas as cheap and available materials 

were assessed for their suitability in the immobilization of 

pectinase using physical adsorption technique and covalent 

bonding (using glutaraldehyde) methods (Table 1). Results 

showed that for all the materials under investigation, quantity 

of immobilized pectinase ranged 54-84% and immobile-

ization by covalent bonding using glutaraldehyde was higher 

than that of physical adsorption (Table1). The low pectinase 

immobilization observed with physical adsorption could be 

a result of inefficient binding affinity between the support 

matrices and the pectinase enzyme since adsorption 

technique depends on non-specific interactions between the 

immobilization matrices and the target enzyme [23-25]. 

Furthermore, physical adsorption is usually based on 

relatively weak reversible interactions between the matrices 

and the enzyme; hence, enzyme could leach out from the 

support. Differences in the quantity of immobilized pectinase 

attached to various materials could be attributed to the 

differences in protein retention as immobilization capacity 

has been suggested as a function of the surface area as well 

as pore volume of the carrier molecule [2,16]. Furthermore, 

protein-carrier interaction during immobilization has been 

reported to affect immobilization [15]. 

In this study, immobilization rates by various carrier 

supports are similar to those for various synthetic carrier 

molecules [15,26,27]. Results from this study could be 

advantageous since these materials are cheaper, non-toxic, 

physiologically inert, widely available and highly accessible 

organic materials. Moreover, their use could be a supportive 

scaffolding decreasing enzymatic manufacturing costs by via 

use of the appropriate immobilization techniques. From the 

results of immobilization rate presented in Table 1, 

immobilization of pectinase from A. niger FTR 002 onto 

luffa sponge with glutaraldehyde through covalent methods 

was selected for further investigation. Optimization of the 

immobilization pectinase on sponges was investigated 

regarding effects of various contact times and sponge 

concentrations on the immobilization rates. Results showed 

that contact time of 2 h and sponge concentration of 2 g were 

optimum for a maximum immobilization rate of 88% in this 

study (Tables 2 and 3). Concentration of 2 g of sponge 

supporting a maximum immobilization rate of 88% could be 

due to the fact that this concentration provided the optimum 

surface area for the pectinase attachment.  
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Table 1. Capacity of various materials in immobilization of pectinase produced by Aspergillus niger FTR 002 

Carrier molecules Immobilization method/Percentage immobilization (%) 

 Adsorption Crosslinking with GA 

POP fiber *54 ± 0.02b 62 ± 0.05c 

Luffa sponge 56 ± 0.23b 84 ± 0.03a 

Banana pseudo-stem 43 ± 0.11c 54 ±0.21d 

Coconut fibre 70 ± 0.08a 82 ± 0.06b 

Data are means of three replicates. *Means with different letters within each column differ significantly (p≤0.05) 

 

Table 2. Effects of contact time on capacity of luffa sponge in immobilization of pectinase produced by Aspergillus niger FTR 

002 

Contact time (mins) Immobilization rate (%) 

30 *60 ± 0.01f 

60 68.8 ± 0.22d 

90 75 ± 0.12b 

120 88 ± 0.08a 

150 71 ± 0.11c 

180 64 ±0.06e 

Data are means of three replicates. *Means with different letters within each column differ significantly (p≤0.05) 

 

Table 3. Effects of various concentrations of luffa sponge on its capacity in immobilization of pectinase produced by 

Aspergillus niger FTR 002 

Concentration of luffa sponge (w v-1) Capacity (%) 

0.4 *58 ±0.04d 

0.8 65 ± 0.18e 

1.2 85 ± 0.02b 

1.6 86 ± 0.06b 

2.0 88 ±0.03a 

2.4 82 ± 0.03c 

Data are means of three replicates. *Means with different letters within each column differ significantly (p≤0.05) 

 

 

Immobilization has been reported to affect activities and 

characteristics of the enzymes due to conformational effects, 

microenvironment and diffusional or mass transfer effects 

[2,9,13-15]. In this study, an enhanced relative activity was 

seen after immobilization of pectinase on sponge covalently 

attached with glutaraldehyde. Enhanced relative activity of 

the enzyme after immobilization has been reported by 

several authors [10,14,15] and might be connected to the 

multipoint covalent bonds between the enzyme and the 

carrier molecule, which protects the pectinase active site 

from distortion caused by heat [28]. Furthermore, 

immobilization has been reported to decrease inhibition 

effects of a substrate resulting in enhanced activities of the 

immobilized enzyme, compared to the free enzyme [25,29].  

Figures 1a and 1b illustrate effects of temperature on the 

activity and stability of free and sponge-immobilized 

pectinases. Findings revealed that free and immobilized 

pectinase preparations included their peak activities at 50 °C 

(Fig. 1a). Compared with the free pectinase, sponge 

preserved 76% of its activity after incubation at 50 °C for 6 

h while the free pectinase preserved 30% of its activity under 

similar conditions (Fig. 1b). Enhanced thermal stability after 

immobilization has previously been reported and this might 

be as a result of additional mechanical supports for the 

enzyme as provided by the sponge [9,15,30]. Moreover, 

enhanced thermal stability might be attributed to the 

crosslinking of the pectinase with the luffa sponge at multiple 

points. This crosslinking created a further rigid spatial 

configuration of the immobilized enzyme, making it resistant 

to unfolding when exposed to heat; thereby, preserving its 

stability at elevated temperatures [5,9,24,29]. The present 

findings include significant advantages when considering 

use of pectinase at increased temperatures. Use of pectinases 

at high temperature is particularly important as pectin has 

been reported to include decreased viscosity at increased 

temperatures. This decreased viscosity results in increases in 

the substrate mobility inside support pores; thus, favoring 

interactions with enzymes located inside the pores of the 

support matrices [8]. Furthermore, this decreases chances of 

microbial contaminations as most microbial contaminations 

are produced by mesophilic microorganisms [16]. 

Effects of pH on the activity and stability of free and 

immobilized pectinase preparations are present in Fig. 2b. 

The highest pH of 5 and 6 were reported for sponge-

immobilized pectinase and the free pectinase, respectively. 

Hence, shifts in optimum pH were seen towards the acidic 
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region after immobilization on sponge (Fig. 2a). Earlier 

reports have indicated shifts in the optimum pH towards the 

acidic range for enzymes after immobilization and these 

shifts were possibly due to secondary interactions between 

the enzyme and the support system with the crosslinking 

agent, which might result in distribution of negative charges 

in the support system [2,15,31]. Results of the pH stability of 

the two pectinase preparations showed that while the free 

pectinase preserved 40% (pH 6) of its activity after 6 h of 

incubation, the sponged-immobilized pectinase retained 76% 

(pH 5) of its activity at a similar incubation time (Fig. 2b). A 

better stability of the pectinase after immobilization in this 

study has previously been reported by Dal Magro et al. [24]. 

The enhanced stability could be linked to the immobilized 

enzyme resistance to alterations in ionization states of the 

surrounding microenvironment close to its active sites. This 

resistance typically delays substrate binding and affects 

enzyme activity during fluctuations in pH. 

Estimated kinetic parameters 

Estimated kinetic parameters of the two pectinase 

preparations were investigated at 50 °C and pH of 5 and 6 for 

the immobilized and free pectinase, respectively, using 

pectin substrate. Results respectively revealed Km and Vmax 

of 2.33 mM and 0.018 mM min for the free enzyme while Km 

and Vmax of 1.612 mM and 0.019 µM/min were reported for 

the immobilized enzyme, respectively. The smaller Km of 

1.612 mM for the immobilized enzyme suggested that a 

smaller concentration of substrate was needed to reach half 

of the maximum reaction rate, compared to the free enzyme. 

The Vmax of 0.019 µM/min for the immobilized enzyme 

suggested a mildly greater maximum reaction rate, compared 

to the free enzyme. From these results, immobilized enzyme 

with a smaller Km could include a greater affinity for the 

pectin substrate, needing a smaller concentration for the 

optimal reaction rate. Additionally, a mildly greater Vmax 

could suggest that it included a greater potential for 

catalyzing the breakdown of pectin at its maximum capacity 

[16]. Immobilization of the enzyme have been reported to 

produce changes in kinetic parameters of the enzymes after 

immobilization [14,15]. These alterations could be ascribed 

to conformational changes occurring close the enzyme active 

sites due to the close proximity between the enzyme and the 

support. Such proximity could lead to changes in substrate 

affinity, allosteric characteristics and subunit dissociation 

[8,14]. 

Reusability of the immobilized pectinase in batch system 

Reusability studies are important because it creates 

insights into the potential capacity of enzymes in industrial 

uses since this directly affect economic feasibility of a 

bioprocess. Investigation of the reusability potential of the 

sponge-immobilized pectinase and its results are present in 

Fig. 3. Results showed that the immobilized enzyme 

preserved approximately 100% of its initial activity after four 

repeated cycles in batch operation. However, gradual 

decreases in the initial activity were seen with activities of 

approximately 97 and 84% after Cycles 6 and 8, respectively. 

Azimi et al. [5] reported a nearly 75% activity for pectinase 

immobilized on glass beads. De-Oliveira et al. [15] reported 

that pectinase immobilized by entrapment techniques lost 

nearly 70% of its initial activity after eight cycles of repeated 

uses. Generally, variations have been reported in the residual 

activity of immobilized pectinases after repeated uses in 

batch operation for pectin hydrolysis [10,32]. This variation 

could be associated to the nature of the enzyme and types of 

procedures used for enzyme immobilization [5]. Additi-

onally, decreases in activity of the immobilized pectinase 

following repeated uses might be resulted from confor-

mational changes in the enzyme and detachment of pectinase 

from the carrier surface. These decreases in activity could be 

linked to diffusional limitations of the reacting species. 

However, certain structural variations of the immobilized 

enzymes on supports prepared using various protocols 

cannot be ruled out, including enzyme distortions [5,33]. 

Juice clarification in sponge-immobilized packed-bed 

column reactor  

Effects of the flow rate on juice clarification 

Effects of luffa sponge-immobilized pectinase were 

assessed for the continuous clarification of orange juice in 

PBCR at various flow rates (Table 4). Based on the results, 

no significant decreases were seen in clarification capacity as 

the flow rate increased. At a flow rate of 0.5 ml/min, 

clarification capacity was reported as 89%. When the flow 

rate was doubled to 1.0 ml min-1, clarification capacity 

decreased to 83%. This suggested that increased flow rate 

negatively affected the performance of the luffa sponge-

immobilized pectinase, resulting in a smaller efficiency of 

clarification. Furthermore, decreases in clarification capacity 

were further reported at a greater flow rate of 3.0 ml min-1, 

where the capacity significantly decreased to 30%. This 

substantial decrease in performance indicated that the 

immobilized pectinase was less effective at higher flow rates, 

leading to a poorer clarification. This lower clarification at a 

higher flow rate could be a result of the fact that at higher 

flow rates, contact time between the orange juice and the 

immobilized pectinase decreased, which might limit the 

immobilized pectinase ability to break down pectin and 

clarify the juice effectively. Similar results have previously 

been reported as this has been attributed to the substantial 

quantity of biocatalyst present in the PBCR per reaction 

volume [5,8,15]. Based on these results, a flow rate of 0.5 ml 

per minute was selected to investigate operational stability of 

the PBCR. 
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Figure 1a. Effects of various temperatures on the activity of luffa sponge-

immobilized and free pectinases from Aspergillus niger FTR 002
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Figure 1b. Thermal stabilities of luffa sponge-immobilized and free pectinases 

produced by Aspergillus niger FTR 002. Incubation was carried out at 50 °C
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Table 4. Effects of flow rate and residence time on the clarification capacity of luffa sponge-immobilized pectinase using 

packed-bed column reactor 

Flow rate (ml min-1) Residence time (min) Clarification capacity (%) 

0.5 15.7 *89 ± 0.02a 

1.0 7.82 83 ± 0.08b 

1.5 5.23 80 ± 0.05c 

2.0 3.9 46± 0.08d 

2.5 3.14 36 ± 0.21e 

3.0 2.61 30 ± 0.12e 

Data are means of three replicates. *Means with different letters within each column differ significantly (p≤0.05) 

 

Results of the operational stability of the PBCR in juice 

clarification are shown in Fig. 4. Results showed linear 

decreases in clarification capacity of the luffa sponge-

immobilized pectinase during 80 h of operation with 40% 

clarification capacity at Hour 80. During this 80 h of 

operation, steady increases in accumulation of the juice 

particles were seen in the PBCR. These findings were similar 

to those by Dal Magro et al. [8], who also reported linear 

decreases in the catalytic capacity within 54 h of operation. 

They detected increases in accumulation of juice particles 

inside the reactor over time, leading to similar results. 

Although accumulation of the juice particles is not desirable, 

periodic washing of the PBCR to remove the accumulated 

juice particles has been suggested by Azimi et al. (2021) as a 

way of increasing its efficiency.  

Physicochemical characteristics of the orange juice 

samples 

Investigation results of the physicochemical 

characteristics of the raw and pectinase-treated (using free 

and immobilized pectinase samples) are illustrated in Table 

5. 

 

 

Table 5. Physicochemical characteristics of the juices clarified with free and luffa sponge-immobilized pectinases 

  Raw Juice Clarified 

 *FP LSIPB LSIPC 

Pectin Present Not detected Not detected Not detected 

TTA *0.34±0.12c 0.51±0.02a 0.41±0.06b 0.44±0.11b 

pH 3.8±0.11a 3.7±0.21b 3.7±0.42b 3.7±0.08b 

TSS 7.8±0.02a 5.2±0.11d 6.0±0.05b 6.2±0.08c 

%Transmittance  0.85±0.06c 6.5±0.05b 8.0±0.03a 8.0±0.07a 

Reducing sugar conc (mol ml-1) 3.84±0.09d 4.35±0.11c 6.82±0.22b
 7.35±0.04a 

Data are means of three replicates. *Means with different letters within each row differ significantly (p≤0.05). FP- free pectinase, LSIPB and sponge-

immobilized pectinase in batch process, LSIPC and sponge-immobilized pectinase in continuous process 
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Figure 2b. The pH stability of luffa sponge-immobilized and free pectinases produced by 

Aspergillus niger FTR 002 at pH 5 and 6, repectively
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 As shown in the table, increases (p≤0.05) in total 

titratable acidity (TTA) were recorded with the clarification 

of orange juice by free and immobilized pectinases while 

mild decreases in pH were recorded. Similar results have 

previously been documented in the clarification of various 

juice samples. These were linked to the liberation of organic 

acids, particularly galacturonic acid, resulting from the 

pectin hydrolysis by pectinase enzymes [5,15,34]. Moreover, 

decreases (p≤0.05) in total suspended solids (TSS) of the 

juice were reported after clarification of the orange juices. 

These decreases in TSS have previously been reported and 

suggested due to the effective removal of suspended solid 

particle in the juice which contributed to the TSS assessment 

[34]. Results of the investigating sugar concentrations of the 

treated and untreated raw juices revealed increases in sugar 

concentration of the juice after enzymatic treatments (Table 

5). Similar results have previously been reported by [35,36]. 

Increases in sugar concentrations were linked to the possible 

releases of these sugars by pectin hydrolysis [2]. 

Physicochemical investigation of the raw and pectinase-

treated orange juices revealed increases in the transmittance 

after treatment of the raw juice with the immobilize pectinase 

(Table 5). Diano et al. [37] reported increases in juice 

transmittance following a 2-h clarification treatment with 

pectinase immobilized on activated alginate-montmorillonite 

beads. They described that increases in transmittance with 

free pectinase were mildly higher than that with the 

immobilized pectinase. Increases in percentage transmit-

ttance in the present study were similar to those in studies by 

Azimi et al. [5] and Deng et al. [36] when grape juices were 

clarified with pectinase immobilized on glass beads and 

calcium alginate microspheres, respectively. Increases in the 

proportion of transmittance in this study suggested that the 

luffa sponge-immobilized pectinase could be a potential 

candidate for the effective clarification of orange juice 

samples. Results of the investigation of pectin in raw and 

treated juice samples revealed that pectin was not detected in 

the enzyme treated samples after clarification of juice sample 

with free and immobilized pectinases (Table 5). Similar 

results were reported by Deng et al. [36] and Azimi et al. [5]. 

This could be due to the complete hydrolysis of the pectic 

polysaccharides by the enzyme. These findings indicated that 

batch and continuous methods using free and immobilized 

pectinases included promising results for use in the 

clarification of orange juices. 

4. Conclusion 

In this study, purified pectinases from A. niger FTR 002 

were successfully immobilized on luffa sponges using 

covalent boding with glutaraldehyde as a cross-linking agent. 

Characteristics of the native and immobilized pectinases 

were investigated and then used in the clarification of orange 

juices. To the best of the authors’ knowledge, this is the first 

study reporting pectinase immobilization using luffa sponge 

as carrier. The temperature optimum of 50 °C, pH of 5.0 and 

Km and Vmax of 1.612 mM and 0.019 µM/min respectively 

with orange clarification capacity of 40% after an 80-h of 

continuous operation in PBCR suggests that luffa sponge-

immobilized pectinase includes a great potential use as a 

biocatalyst in clarification of orange juices.   
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 زیرا ید نبس اسیفادهدسیرس و قابل  در آسانی به و هسلید   گران که اسلت  غبرطابعی پشلیباانی  هایماتریس

 پیانسللبل با طابعی موضللوب بررسللی، مواد  نیبجه، در. ای نباز داردچد  مرحیه فرآید ی به انجام اوقات اغیب

ا تغببرات تغببرات ی به نباز ب ون قابل دسللیرس آنزیم که ارزان، تثابت برای پشللیباان ماتریس عدوانبه کارکرد

 .ان ش ه بررسی کمی لازم داشیه باش ،

 وانعدبه لوفا اسفدج و پاریس گچ موز، کاذب ساقه نارگبل، الباف ش  از سعی مطالعه این در : :امواد   ر ش د

 با سازیخالص اسیفاده وFTR 002 آسپرژییوس نایجرتوسط  ش ه تولب  پکیبداز تثابت برای مداسب هایحامل

 خواص. گیوتارال  انجام شود از اسیفاده با کووالانسی پبون  و فبزیکی جذب از اسیفاده با کروماتوگرافی، هایروش

یونی س ببوراکیور یک در مبوه آب سازی شفاف در سپس و گرفت قرار مطالعه مورد ش ه تثابت و بومی هایآنزیم

 مورد اسیفاده قرار گرفت. اسیان ارد های روش از اسیفاده با (Packed Bed Column Bioreactor) پر ش ه با بسیر

 سازی آماده پس از. داشت را تثابت بازده بالاترین لوفا اسفدج بررسی، مورد ماده چهار از گیری:  نتیجهدا یافته

 درجه 20 آنزیمی سازی آماده دو هر برای بهبده ش  دمای مشخص لوفا اسفدج آزاد و تثابت ش ه بر پکیبداز

 و mK. تغببر کرد 0/2 به 0/6 از بهبده pHلوفا،  اسفدج بر پس از تثابت پکیبداز حال، این با باش می سیسبوس

maxV ترتببتثابت ش ه به و آزاد پکیبدازهایmM  33/2،μM/min  010/0 و mM 612/1،μM/min  010/0 .بود 

 فعالبت از درص  22 تقریااً ش ه تثابت در عمیبات ناپبوسیه، آنزیم که داد نشان مج د اسیفاده قابیبت مطالعات

 بر  هش تثابت پکیبداز از اسیفاده با پرتقال آب سازیشفاف. کرد حفظ تکرار چرخه پانزده از پس را خود اولبه

 ml/min جریان سرعت با (Packed Bed Column Bioreactor) سیونی پر ش ه با بسیر ببوراکیور در لوفا اسفدج

عمیبات  ساعت 00 از پس را خود سازیشفاف ظرفبت از درص  00 ش ه تثابت کاتالبزور که داد نشان 2/0

 کاتالبزور کی عدوانبه لوفا اسفدج بر ش هتثابت پکیبداز که ده می نشان هایافیه این. کد می حفظ پبوسیه

 دارد. ایامب وارکدد ه مبوه توانایی آب صدعت در کدد ه شفاف
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