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Abstract

Article Info

Immobilisation of filamentous fungi such as Rhizopus sp. onto biomass support particles
(BSP) surface was studied as whole-cell biocatalyst. The function was to aid fermentation
process. By using the microbial immobilisation process, the complex procedures of
isolation, purification and immobilisation of extracellular enzyme can be avoided. Loofa
sponge was selected as the BSP to aid in the immobilisation of the cells. In this study, the
growth of immobilised RhAizopus sp. on loofa sponge was compared in four different
cultivation media and the attachment of Rhizopus sp. on loofa sponge was investigated
using scanning electron microscopy (SEM). The media used in this study were hydrolysed
cassava starch, cassava dextrose, potato dextrose, and soy dextrose. The process condition
and other parameters which were temperature, pH, inoculum dilution, and weight of loofa
sponge, fixed at 30 °C, 7, 20 mL, and 2 g, respectively. The highest and lowest of
maximum growth (ymqx) of the immobilised cells were determined from potato dextrose
and soy powder mixed with dextrose media, respectively at 1.5281 g/g and 1.0370 g/g.
Whilst, the highest and lowest observed rate constant (k) were obtained from cassava
starch mixed with dextrose and soy powder mixed with dextrose, which respectively at
2.9403 day ! and —0.8763 day . SEM images showed the presence of mycelia attached to
the loofah sponge after immobilisation process. In conclusion, Rhizopus sp. has been
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successfully immobilised on loofah sponge as a whole-cell biocatalyst.

1.0 Introduction

Fermentation is used as means to produce a
variety of fermentation products such as organic acids
and alcohols. These products are in a high demand as
feedstock in many other industrial products (Huang et
al., 2021; Miller et al., 2019). Rhizopus sp. is one of
the fungi used as an efficient biocatalyst in such
fermentation process due to its robustness which
requires minimal nutrients for its growth (Azmi et al.,
2016; Maslova et al., 2019). The fungi being able to
produce several industrial enzymes such as protease,
amylase, and lipase (Benabda et al., 2019; Lopez-
Fernandez et al., 2020), assist fermentation. Using the
intracellular ~ Rhizopus enzyme, the complex
separation procedures involving the extracellular
enzyme can be avoided. The isolation, purification
and immobilisation of extracellular enzyme are the
main obstacles in achieving low-cost production
process.

Immobilisation of whole-cell biocatalysts can
enhance the performance of the biocatalysts by
elongating their lifetime and having high stability of

immobilised cells in contrast with the free cell as
shown by more efficient performance when reusing
the enzyme. This immobilisation technique also gives
benefits in increasing specific biocatalyst loading and
the simplicity of the recycling and the downstream
processes (Sattari et al., 2015). Immobilisation also
generates higher cell density, increased specific
productivity, easy separation of catalyst and products,
increase the possibility of continuous bioreactors
arrangement without cell wash-out, recycling of
biocatalyst and reducing the cost (Polakovi¢ et al.,
2017).

The particles that are selected as cell support for
the immobilisation processes are known as biomass
support particles (BSPs). The cell support must be
mechanically strong for long term usage, nonreactive
and nontoxic and the procedure for the immobilisation
process also must be easy to perform (Maslova et al.,
2019). Biopolymers are an effective support for the
immobilisation of enzyme respective to their
characteristics which are biodegradability,
biocompatibility, and high affinity to peptides
including enzymes. Furthermore, natural biopolymers
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support larger quantity of peptides binding and
smooth the control of catalysed processes.

Immobilisation of Rhizopus sp. on loofa sponge
as a whole-cell biocatalyst was investigated in this
current study. In this study, the growth of immobilised
Rhizopus sp. on loofah sponge was compared in
different mixtures of cultivation media which were
cassava starch, potato dextrose broth, soy powder
with dextrose, and cassava starch with dextrose. The
immobilisation was conducted at fixed process
parameters of temperature, pH, inoculum dilution, and
weight of loofah sponge at 30 °C, 7, 20 mL and 2 g,
respectively. The cell dry weights (g cell/ g loofah
sponge) were obtained, and the growth kinetics was
fitted in a regression equation model. Then, the
presence of the Rhizopus sp. on a loofah sponge was
investigated using scanning electron microscopy
(SEM).

2.0 Methodology

2.1 Materials and medium preparation

Cassava tuber and loofah sponge were purchased
from the local market (Selangor). Potato dextrose
broth and dextrose powder were purchased from
Difco Laboratories and Global Sdn. Bhd.,
respectively. Rhizopus sp. was isolated from bread
and grown on potato dextrose agar (PDA) at an
incubation temperature of 37 °C for 4 days. The
spores were collected by shaving using the L-loop and
extracted with 25 mL of sterilized distilled water.
Then, the spores were filtered through sterilized filter
paper. The inoculum size was 10> spores/mL.

Cassava tubers were peeled and washed with
water. Then, it was dried in an oven at 80 °C for
24 hours. The dried pieces were ground to powder and
stored in a microwavable container until further use.
Four media (Table 1) were prepared in the 200 mL of
distilled water in 500 mL beakers. The media were
heated on a hot plate at 50 °C until dissolved and
strained through a sieve. Each medium was
transferred in a 500-mL Schott bottle and autoclaved
at 121 °C for 30 minutes and left to be cooled at room
temperature.

2.2 Rhizopus sp. immobilisation on loofa sponge

A modified method based on Ranjit & Srividya
(2016) was adopted. Loofa sponge was submerged in
distilled water and autoclaved three times at the

Table 1: Cultivation medium and its composition
Medium Composition

Cassava starch

5 g of cassava powder

Potato dextrose 5 g of potato dextrose broth powder

Soy dextrose 4 g of soy powder and | g of

dextrose

Cassava dextrose 4 g of cassava and 1 g of dextrose
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temperature of 121 °C for 15 minutes. The distilled
water was replaced few times to remove any chemical
that may contaminate the culture medium.
Approximately 2 g of loofa sponge (about 5 to 7 mm
cubic size each) was put in each flask. A 50 mL of the
cultivation medium was added to the spores. After
sterilisation, each flask was put in the water bath at
30 °C for seven days. The pH was adjusted to 7 using
hydrochloric acid and sodium hydroxide.

2.3 Cell dry weight and growth model equation

A piece of loofah sponge immobilised with
Rhizopus sp. was taken from each of the medium
(Table 1) every day for seven days. Each piece of the
sponges was put on a small piece of aluminium foil
and dried in the oven at 50 °C for one day. Then, the
sponge was placed in a desiccator for about 10
minutes. The sponges were weighted on a weight
balance. The immobilised cells’ dry weight (ICDW)
was calculated using Eq. (1).

cow = 48=¢

(1

where A4, B and C are the weight of immobilised cell
attached to a piece of loofa sponge on an aluminium
foil, weight of aluminium foil, and weight of a piece
of loofa sponge, respectively in gram (g). The growth
model equation is shown in Eq. (2).

Y = Ymax(1 — e_kt) ()

where y, Vmar, k and ¢ are growth (g/g), maximum
growth (g/g), observed rate constant (day ') and
time (day), respectively.

2.4 Analytical methods and equipment cell

The morphology of Rhizopus sp. immobilised on
loofa sponge was investigated using scanning electron
microscopy (JSM-5600, JEOL, Tokyo, Japan). The
concentration of glucose, lactic acid and ethanol were
determined from the supernatant after the
immobilisation process. HPLC was used to analyse
the concentration of the products. The samples were
centrifuged at 5000 rpm for 15 minutes and filtered
using syringe 0.45 um syringe filter (Azmi et al.,
2016).

3.0 Results and discussion

3.1 Growth kinetics of immobilised Rhizopus sp.

Fig. 1 shows the graph of growth kinetics of
Rhizopus sp. attached to loofah sponge during the
immobilisation process in seven days of growth
duration. The immobilised cells were grown in
various media which were cassava starch, potato
dextrose, cassava dextrose, and soy dextrose broths.
The process condition and other parameters which
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were temperature, pH, inoculum dilution, and weight
of loofah sponge were respectively fixed at 30 °C, 7,
20 mL, and 2 g. The growth was based on the dry
weight of cell per weight of loofah sponge (g/g) as
calculated based on Eq. (1).

The growth data were fitted to the exponential
association growth (y) model of Eq. (2) and plotted in
Fig. 1. The values for the maximum growth (Yumax),
observed rate constants (k), and coefficient of
determination (R?) are shown in Table 2. The R* are
all above 0.80 except for soy dextrose broth which
indicates that more than 80 % of the data fit the
regression model.

The highest yu.c of the immobilised cells was
obtained from the potato dextrose broth with
1.5281 g/g followed by immobilised cells in cassava
dextrose broth with 1.4170 g/g as shown in Table 2.
Whilst the lowest yuw Wwas obtained when
immobilised in soy dextrose broth with 1.0370 g/g.
This study showed higher cell mass attachment as

compared to the study done by Alasali et al. (2022),
with the observation after 2 days compared to current
study after 7 days. However, quite similar cell density
was obtained as studied by He et al. (2016) where the
observation made after 3 days. Cassava dextrose and
potato dextrose broths had higher content of starch
and simple sugar compared to soy dextrose medium.
Cassava contained more than 80% of starch
(Karlstrom et al., 2016) with the addition of simple
sugar like dextrose. On the other hand, Robertson et
al. (2018) and Stevenson et al. (2006) reported that
the concentration of starch in potato and soybean were
16 % and between 0.19 to 0.91 %, respectively. Thus,
immobilised cells in soy dextrose broth recorded
lower growth than the other media. Rhizopus sp. has
amylolytic characteristics where it converted starch to
glucose. When there was low starch concentration, the
glucose concentration also became low, hence lower
production of metabolites and the growth of cell were
achieved.
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Fig 1: Growth kinetics of Rhizopus sp. on loofah sponge in (a) hydrolysed cassava, (b) potato dextrose, (c) soy dextrose, and
(d) cassava dextrose

Table 2: Values of constants y.... and k and coefficient of
determination (R?)

Ymax (g/g) k (day™) R’

Cassava 1.4104 0.2467 0.8497
starch

Potato 1.5281 0.2652 0.8798
Dextrose

Soy 1.0370 —0.8763 0.7694
Dextrose

Cassava 1.4170 2.9403 0.8100
Dextrose

3.2 Rhizopus sp. Morphology and Cell Attachment

Fig. 2(a) shows the neat loofah sponge before
immobilization, while Fig. 2(b) shows the cell mass
attached to the loofah sponge which was clearly
shown by the presence of black attachment on the
sponge. While Fig. 2(c) shows the morphology of
Rhizopus sp. under microscope. The species was
isolated and grown on PDA. Rhizopus was
characterized by its black sporangiospores as can be
seen in the figure where some has been released in the
liquid medium and some were still intact inside the
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b

Fig. 2:(a) Neat loofah sponge, (b) dried immobilised cell
on loofah sponge grown in potato dextrose, and (c)
morphology of the RAizopus sp. under microscope

(250x of magnification).

spherical structure of sporangium on the tips of
sporangiophores. It was also being characterized by a
body of branching mycelia composed of three types of
hyphae:  stolons, rhizoids, and unbranching
sporangiophores (Melissa Petruzzello, 2016) .

Fig. 3 shows SEM images of loofah sponge
without (Fig. 3(a)) and with cell attachment on the
sponge after 7 days of immobilisation process. Fig.
3(b) to 3(c) clearly show the presence of Rhizopus sp.
that are firmly attached and covered the loofah
sponge. These resulted from immobilisation process
using different medium. These validate the presence
and attachment of Rhizopus sp. All figures, except
Figure 3(a), clearly shown mycelia of Rhizopus which
were firmly grown and covered on the sponge fibres.
The cells immobilised during the cultivation after
adhesion of the cell to the porous matrix surface, loofa
sponge. Then, the immobilization generated higher

SED 13.0kVWD18mmP.C.31 HV  x20 500um —
Sample 0000 Jul 22, 2020 Sample

SED 7.0tV WD13mmP.C.31 HV  x85

Sample 0000 Jul 22, 2020

SED 7.0kV WD1BmmP.C.31 HV  x70

cell density and increased the cell mass as also
observed by Cabulis et al. (2012).

4.0 Conclusions

Rhizopus sp. has been successfully immobilised
on loofah sponge as a whole-cell biocatalyst for starch
fermentation. The growth kinetics of the immobilised
Rhizopus sp. on the sponge was compared in four
different cultivation media namely cassava starch,
potato dextrose, soy dextrose and cassava dextrose
broths. The highest to lowest growth of Rhizopus sp.
that attached to the loofah sponge was in the
following order of cultivation medium which were
cassava dextrose, potato dextrose, cassava starch and
soy dextrose broths as depicted in the exponential
association growth model. In addition, the presence
of the cell that attached to loofa sponge was also
investigated using scanning electron microscopy
(SEM). The fungi were observed and found attached
to the loofah sponge by the presence of mycelia
consisting of sporangiospores and black sporangia at
the tip of sporangiospores. The mycelia of Rhizopus
sp. were observed firmly attached and covered the
surface of the loofah sponge.
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Fig. 3: Surface scanning electron microscopy (SEM) of loofah sponge (a) neat loofa sponge, and immobilised cell in (b)
cassava starch, (c¢) soy dextrose, (d) cassava dextrose, and (e) potato dextrose broths

41



A. S. Azmi et al/MJCET Vol. 5(1) (2022) 38-42

References

Alasali, U., Azmi, A. S., Karaman, 1., Alam, M. Z.,
& Mohamad Puad, N. I. (2022). Response
surface optimization of Rhizopus sp. fungi
immobilization onto loofah sponge using potato
dextrose. Current Applied Science and
Technology, 22(6), 1-16. https://1i01.tci-
thaijo.org/index.php/cast/article/view/252685

Azmi, A. S., Yusuf, N., Jimat, D. N., & Puad, N. L.
M. (2016). Co-production of lactic acid and
ethanol using Rhizopus sp. from hydrolyzed
inedible cassava starch and leaves. [IUM
Engineering Journal, 17(2), 1-10.
https://doi.org/10.31436/iiumej.v17i2.610

Benabda, O., M’Hir, S., Kasmi, M., Mnif, W., &
Hamdi, M. (2019). Optimization of Protease
and Amylase production by Rhizopus Oryzae
cultivated on bread waste using solid-state
fermentation. Journal of Chemistry, 2019.
3738181. https://doi.org/10.1155/2019/3738181

Cabulis, U., Kirpluks, M., Stirna, U., Lopez, M. J.,
del Carmen Vargas-Garcia, M., Sudrez-Estrella,
F., & Moreno, J. (2012). Rigid polyurethane
foams obtained from tall oil and filled with
natural fibers: Application as a support for

immobilization of lignin-degrading
microorganisms. Journal of Cellular Plastics,
48(6), 500-515.

https://doi.org/10.1177/0021955X12443142
He, Q., Shi, H., Gu, H., Naka, G., Ding, H., Li, X.,
Zhang, Y., Hu, B., & Wang, F. (2016).
Immobilization of Rhizopus oryzae LY6 onto
loofah sponge as a whole-cell biocatalyst for
biodiesel production. BioResources, 11(1),
850-860.
https://doi.org10.15376/biores.11.1.850-860
Huang, S., Xue, Y., Yu, B., Wang, L., Zhou, C., &
Ma, Y. (2021). A review of the recent
developments in the bioproduction of polylactic
acid and its precursors optically pure lactic
acids. Molecules, 26(21), 6446.
https://doi.org/10.3390/molecules26216446
Karlstrom, A., Calle, F., Salazar, S., Morante, N.,
Dufour, D., & Ceballos, H. (2016). Biological
implications in cassava for the production of
amylose-free starch: Impact on root yield and
related traits. Frontiers in Plant Science, 7, 604.
https://doi.org/ 10.3389/fpls.2016.00604
Loépez-Fernandez, J., Benaiges, M. D., & Valero, F.
(2020). Rhizopus Oryzae lipase, A promising
industrial enzyme: biochemical characteristics,
production and Dbiocatalytic applications.
Catalysts 2020, 10(1277), 1277.
https://doi.org/10.3390/catal10111277

Maslova, O., Stepanov, N., Senko, O., & Efremenko,
E. (2019). Production of various organic acids
from different renewable sources by
immobilized cells in the regimes of separate
hydrolysis and fermentation (SHF) and
simultaneous saccharification and fermentation
(SFF). Bioresource Technology, 272, 1-9.
https://doi.org/10.1016/j.biortech.2018.09.143

Melissa Petruzzello. (2016). Rhizopus (fungus
genus). Britanica.
https://www.britannica.com/science/Rhizopus/a
dditional-info#history

Miller, C., Fosmer, A., Rush, B., McMullin, T.,
Beacom, D., & Suominen, P. (2011). Industrial
production of lactic acid. In M., Moo-Young
(Ed.), Comprehensive Biotechnology (2nd ed.)

(pp- 179-188). Academic Press.
https://doi.org/10.1016/B978-0-08-088504-
9.00177-X

Polakovi¢, M., Svitel, J., Bu¢ko, M., Filip, J., Nedé¢la,
V., Ansorge-Schumacher, M. B., & Gemeiner,
P. (2017). Progress in biocatalysis with
immobilized viable whole cells: systems
development, reaction engineering and
applications. Biotechnology Letters, 39(5),
667-683. https://doi.org/10.1007/s10529-017-
2300-y

Ranjit, C., & Srividya, S. (2016). Lactic acid
production from free and polyurethane
immobilized cells of Rhizopus Oryzac MTCC
8784 by direct hydrolysis of starch and agro-
industrial waste. International Food Research
Journal, 23(6), 2646-2652.

Robertson, T. M., Alzaabi, A. Z., Robertson, M. D.,
& Fielding, B. A. (2018). Starchy
carbohydrates in a healthy diet: The role of the
humble potato. Nutrients, 10(11), 1764.
https://doi.org/10.3390/nul0111764

Sattari, S., Vahabzadeh, F., & Aghtaei, H. K. (2015).
Performance of loofa-immobilized Rhizopus
Oryzae in the enzymatic production of biodiesel
with use of oleic acid in n-hexane medium.
Brazilian Journal of Chemical Engineering,
32(2), 367-376. https://doi.org/10.1590/0104-
6632.20150322500003525

Stevenson, D. G., Doorenbos, R. K., Jane, J., &
Inglett, G. E. (2006). Structures and functional
properties of starch from seeds of three soybean
(Glycine  max (L. Merr.)  varieties.
Starch-Stérke, 58(10), 509-519.
https://doi.org/ 10.1002/STAR.200600534

42


https://doi.org/10.3390/catal10111277
https://doi.org/10.1590/0104-6632.20150322S00003525
https://doi.org/10.1590/0104-6632.20150322S00003525
https://doi.org/10.1002/STAR.200600534

	Abstract
	Immobilisation of filamentous fungi such as Rhizopus sp. onto biomass support particles (BSP) surface was studied as whole-cell biocatalyst. The function was to aid fermentation process. By using the microbial immobilisation process, the complex procedures of isolation, purification and immobilisation of extracellular enzyme can be avoided. Loofa sponge was selected as the BSP to aid in the immobilisation of the cells. In this study, the growth of immobilised Rhizopus sp. on loofa sponge was compared in four different cultivation media and the attachment of Rhizopus sp. on loofa sponge was investigated using scanning electron microscopy (SEM). The media used in this study were hydrolysed cassava starch, cassava dextrose, potato dextrose, and soy dextrose. The process condition and other parameters which were temperature, pH, inoculum dilution, and weight of loofa sponge, fixed at 30 °C, 7, 20 mL, and 2 g, respectively. The highest and lowest of maximum growth (ymax) of the immobilised cells were determined from potato dextrose and soy powder mixed with dextrose media, respectively at 1.5281 g/g and 1.0370 g/g. Whilst, the highest and lowest observed rate constant (k) were obtained from cassava starch mixed with dextrose and soy powder mixed with dextrose, which respectively at 2.9403 day−1 and −0.8763 day−1. SEM images showed the presence of mycelia attached to the loofah sponge after immobilisation process. In conclusion, Rhizopus sp. has been successfully immobilised on loofah sponge as a whole-cell biocatalyst.
	1.0 Introduction
	2.0 Methodology
	2.1 Materials and medium preparation
	2.2 Rhizopus sp. immobilisation on loofa sponge
	2.3 Cell dry weight and growth model equation
	2.4 Analytical methods and equipment cell

	3.0  Results and discussion
	3.1 Growth kinetics of immobilised Rhizopus sp.
	3.2 Rhizopus sp. Morphology and Cell Attachment

	4.0 Conclusions
	Acknowledgement
	References


