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Abstract. This study aimed to assess the potential of pineapple waste as substrate for β-Glucosidase
production by Aspergillus niger under submerged fermentation. β-Glucosidase activities of crude enzyme
extract from cultures maintained with pineapple substrate and with the commercial substrate
carboxymethyl cellulose (CMC) were assayed and compared. The assay conducted at different periods of
fermentation shows that enzymatic activities were generally higher on cultures maintained with CMC.
However, β-Glucosidase activities on cultures supplemented with pineapple substrate had been found to
be functional at a higher temperature (60°C). In conclusion, pineapple substrate has been demonstrated
to be capable of inducing the synthesis of β-Glucosidase enzymes.
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Introduction. The pursuit of finding alternative energy source due to the subsiding
reserves of fossil fuels had already engaged bioconversion of cellulose – a renewable
carbon source abundant in the environment that compose plant materials in majority
(Duff et al 1985; Heck et al 2002; Ojumu et al 2003). However, the conversion of
cellulose into products having commercial value (e.g. bioethanol) calls for efficient and
economical methods to lower the expenditure of the entire operation (Mandels et al
1971; Macris 1984). Over decades, it appears that the improvement of cellulase
production technology is the most promising means to enhance biofuel production and
several industrial processing.
Cellulase it is a multienzyme complex capable of decomposing plant substrates.
One component of the cellulase enzyme system is β-Glucosidase (EC 3.2.1.21) and it
works together with endoglucanase and exoglucanase to break down cellulose in the
plant cell walls (Yun et al 2001; Lynd et al 2002). The synthesis of β-Glucosidase and
other components of cellulase enzymes may be carried out in cultures of cellulolytic
microorganisms. In fungal cultures, such enzymes can be produced extracellularly by the
fungus itself to aid the digestion of insoluble substrates such as cellulose (Hurst et al
1977; Chaudhary & Tauro 1982; Pandey et al 1999).
β-Glucosidase basically plays a significant role in several biological processes
occuring in nature such as beta-glucan synthesis during development of cell wall,
pigmentation, fruit ripening and defense mechanism. It is also the key enzyme
component present in cellulase which is important in various biotechnological processing
of food products, textile refining, production of pulp and paper, improvement of oil
recovery, waste treatment, and especially in biofuel production (Singhania et al 2012;
Rajoka 2004).
The current setting of β-Glucosidase production is focused on utilizing plant
biomass, agro-industrial and municipal wastes. Such materials are used as substrates in
attempting to reduce the expensive enzyme production cost, which has been a major
economic limitation not only of biofuel production but also of other industrial processes
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(Bakare et al 2005; Immanuel et al 2007). In the local point of view, utilizing plant
wastes would also help alleviate the problems on disposal of solid waste. It is for this
reason that production of β-Glucosidase enzymes using such waste materials would be
beneficial to both local community and industry. The present study then, investigates the
possibility of using pineapple waste as substrate for β-Glucosidase production by
Aspergillus niger under submerged fermentation.
Material and Method
Microorganism and inoculum preparation. A. niger van Tieghem acquired from the
Philippine National Collection of Microorganisms (Accession No. BIOTECH 3080) was used
throughout the study. It was grown on Potato-Dextrose Agar (PDA) slant at room
temperature for 7 days and then it was maintained at 4°C as a stock culture. Subcultures
were also performed prior to the fermentation experiment. Spore suspension was
prepared by adding 5 mL of 1% Tween 20 on a week-old slant and made up to 50 mL of
the same solution. Inoculum size was adjusted to 5 x 106 spores mL-1 by microscopic
enumeration with a cell-counting hemacytometer.
Substrate preparation. The pineapple (Ananas comosus) fruit samples used in this
study were collected at a local market in Pala-o, Iligan City, Lanao del Norte, Philippines.
Fleshy edible parts were separated from the rind (Figure 1a), and the latter were then cut
into strips and were grounded wet using a corn mill (Figure 1b). Grounded wet samples
(Figure 1c) were then washed successively with water and sun-dried for about a week
(Figure 1d) or until completely dried (Figure 1e). Finally, it was milled into fine powder
(Figure 1f) and then sieved through no. 80 mesh (Tyler Equivalent).

Figure 1. Preparation of pineapple rind as substrate for β-Glucosidase production.
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Culture media composition and the experimental setup. The liquid media basically
contained (per liter of distilled water): 1.5 g KH2PO4, 0.5 g KCl, 0.5 g MgSO4, 1.0 mL of
trace metal solution (de Groot et al 2003), and 1.25 g (NH4)2SO4. The total volume of the
liquid media used for each fermentation setup was 100 mL. It was adjusted to pH 5.0
and then added with 10 g of the selected substrate. The culture media were then sterilize
at 120°C for 15 minutes and were inoculated by adding 2 mL of spore suspension. The
submerged fermentation was carried out in 250 mL Erlenmeyer’s flask at a room
temperature (29.5°C–30.5°C) under constant shaking conditions.
β-Glucosidase assay. The crude enzyme extract for the assay of β-Glucosidase
activities was prepared by centrifugation of culture fluid for 15 minutes at 1328 x g (3500
rpm). The assay was carried out at 37°C during the monitoring of enzymatic activity at
different periods of fermentation; and on the study of thermal stability, it was conducted
at temperatures (29°C, 40°C, 50°C, and 60°C). The reaction mixture consists the
following: 1.4 mL of 0.1M sodium acetate buffer (pH 5.0), 0.1 mL of enzyme extract
(undiluted), and 0.5 mL of 0.02M 4-nitrophenyl-β-D-glucopyranoside (PNPG). The
reaction tubes were incubated for 15 minutes and then the reaction was stopped by the
addition of 2.0 mL 0.2M sodium carbonate (Na2CO3). The controls for the assay was also
prepared in the same conditions except without the enzyme source during the incubation,
and wherein the stopper (Na2CO3) and enzyme extract were added only after the
incubation period. Using the spectrophotometer, the optical density was read at 400nm.
Using the values of the change in absorbance (Reaction Mixture400nm – Assay
Control400nm), the amount of 4-nitrophenol released by enzymatic activity was calculated
from a standard curve (Figure 2) prepared previously. One unit of enzyme activity (U) is
defined as the amount of enzyme required to release one micromole (µmol) of 4nitrophenol per minute under the described assay conditions. Enzymatic activity is then
expressed as units per milliliter (U mL-1) of the crude enzyme extract.

Figure 2. Standard curve: Optical density of different concentrations of 4-Nitrophenol.
Results and Discussion
Crude enzyme assay at different time periods. A parallel experiment was conducted
growing A. niger on media supplemented with pineapple waste (PW) and carboxymethyl
cellulose (CMC). β-Glucosidase activities of crude extracts from culture fluid were then
monitored as shown in Figure 3. Enzymatic activities were generally observed to be
optimal between the 60th and 70th hour of fermentation and declined between the 84th
and 96th hour. Under the assay conditions, the decrease of enzymatic activities could be
due to the accumulation of catabolic end-products (glucose) in the culture filtrate that are
produced from the enzymatic hydrolysis of the selected substrate. As the catalytic
activity progresses over time, the amount of glucose also increases and enzymes are
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consequently inhibited. Several studies have also reported that glucose competitively
inhibits β-Glucosidase (Yeoh et al 1988; Chen et al 1992; Riou et al 1998; Xiao et al
2004; Elshafei et al 2011) and the study of Andrić et al (2010) have shown that in situ
removal of glucose during the enzymatic hydrolysis has increased the catalytic activity.

Figure 3. β-Glucosidase assay of crude enzyme extract from A. niger cultures
supplemented with CMC and pineapple waste at different periods of fermentation.
In the present study, it was observed that after conidiophore development and
sporulation was visible at 102 hours of fermentation (Figure 4b), β-Glucosidase activities
were then elevated as shown in the assay at 108 hours. The elevation simply implies that
glucose was consumed to support energy production and vegetative growth of the fungi.

Figure 4. Growth of A. niger on media supplemented with pineapple waste: (a) 72 hours
of culture: mycelial mat is visible, (b) 102 hours: conidiophore development and
sporulation.
Furthermore, β-Glucosidase activities were observed to be higher on cultures
supplemented with CMC substrate compared to β-Glucosidase activities from cultures
maintained on pineapple substrate. Studies of Narasimha et al (2006) and Gautam et al
(2010) also projected the same results in which A. niger grown on CMC had higher βGlucosidase activities compared to those grown on other substrate. The soluble structure
of CMC clearly accounts for its efficiency to induce sysnthesis of β-glucosidase which has
high specificity to PNPG. The result on this particular assay indicates that hemicellulosic
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content of pineapple substrate and the crystalline structure of its cellulose (Smith et al
1998; Smith & Harris 1995; Bartolomé & Rupérez 1995) have caused the enzymatic
hydrolysis to slow down at some point. In this case, the production of β-Glucosidase by
A. niger depends on the preceding steps of cellulose degradation involving the enzymes
endo and exoglucanase. Moreover, the hydrolytic activities of these two enzymes are
greatly affected by the type of substrate incorporated in the culture media.
Crude enzyme assay at different working temperatures. Crude extracts from
cultures maintained on PW and CMC were also assayed at varying temperatures. The
optimal temperature for β-Glucosidase from cultures maintained on CMC substrate is
50°C as shown in Figure 5. On the other hand, β-Glucosidase of A. niger grown on PW
substrate was demonstrated to have a thermal stability at 60°C for 15 minutes under the
conditions of the assay. In the study of Yan & Lin (1997), β-Glucosidase of A. niger was
reported to have an optimum activity at 55°C and pH 5.0. In another study of Rashid &
Siddiqui (1997), β-glucosidase from A. niger were shown to have optimal temperature of
70°C. Rashid & Siddiqui (1996) also reported in their previous study that the stability of
this enzyme is enhanced by non-covalently attached polysaccharides secreted by the
fungi A. niger itself.

Figure 5. β-Glucosidase assay of crude extract from A. niger cultures supplemented with
pineapple waste and CMC at varying temperatures.
Conclusions. The utilization of pineapple waste as substrate for A. niger cultures has
been demonstrated to be capable of inducing the synthesis of β-glucosidase enzymes
that were sensitive to glucose inhibition but operative at temperature (60°C).
Furthermore, the inexpensive overall cost of the substrate preparation serves as the main
advantage in preferring the pineapple waste for β-Glucosidase production.
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