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β-Glucosidase Recovery from a Solid-State Fermentation System by Aspergillus
niger
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Investigations were carried out on a β-glucosidase produced by Aspergillus niger under solid-state fer-
mentation conditions as a model of enzyme recovery from fermented wheat bran. The leaching effi-
ciency of distilled water to recover the enzyme from the fermented bran was higher than acetate buf-
fer, citrate buffer, citrate-phosphate buffer and 5% methanol; thus, the conditions were further opti-
mized with distilled water as the extracting agent. After fermented bran was washed three times with
distilled water for 1.5 hr each under shaking conditions at 1:5 solid to solvent ratio, a maximum re-
covery of 0.025 U/g of wheat bran was obtained.
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Introduction

Microbial enzymes are produced by using either sub-

merged fermentation (SF) or solid-state fermentation (SSF)

techniques [34]. Solid-state fermentation processes have been

developed for fungal enzyme production at industrial scale

[23]. SSF technology has gained renewed attention from in-

dustry because it has become a more attractive alternative

to submerged fermentation for many productions [4]. Thus,

SSF is found to produce a more stable product, with less

energy requirements and simple technology and smaller vol-

umes of polluting effluents [22]. Additionally, SSF prevents

catabolite repression phenomena that adversely influence

the production of many microbial products [28]. Outstanding

to the information that SSF may be useful means, especially

in the case of some industrial enzymes, a renewed interest

in this technology became evident in the last few years [24].

However, on downstream processing of SSF-produced en-

zymes information is very scanty, even though its significant

role and economic implications are well known [11].

The presence of the product in concentrated form [25] and

the consequent decreased cost of down-stream processing

as well as waste obviating the need for waste treatment [24]

are the major reasons which explain the growing interest

in solid state fermentation processes [12]. Depending upon

its application on process economics and to reduce further

down-stream processing costs, various techniques have been

developed by the researchers [2,3]. The efficient solvent to

leach enzyme from microorganism substrate may depend on

many factors e.g. type of enzyme, source of enzymes and

substrates used as a medium.

The economy of the process is severely affected by the

high cost of water removal and the low added value of the

product, which make it mandatory to recover and market

the cellulolytic enzymes produced [15]. Although enzymatic

saccharification of cellulose has been demonstrated to be un-

economical, large quantities of active and cheap cellulase

preparations are required [26]. To overcome this short-com-

ing, efforts are being directed continuously to reduce the

cost of production of cellulase by searching high-yielding

cellulase producing strains, mutants that are resistant to ca-

tabolite repression, genetic engineering methods and opti-

mizing processes of fermentation methods [18].

β-Glucosidases have been the subject of a great extent re-

cent research due to their potential for many bio-techno-

logical and industrial applications in food products, essential

oils, pulp and paper, jams, juices, biomass conversion and

pollution control [8,37]. These enzymes can be recovered

rather easily from SSF, making this system extremely appro-

priate for protein enrichment and cellulase production from

lignocellulosics [17]. Extraction of enzyme from the fer-
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mented bran is an important unit operation in SSF [4,22].

Until now, cellulolytic enzymes have been extracted with

different solvents without systematic procedure [33]. In this

connection, the present study addressed the extraction of β

-glucosidase (EC 3.2.1.21), one of the components of the cel-

lulase complex, as a model enzyme produced by Aspergillus

niger in SSF.

Materials and Methods

Culture and inoculum preparation

A local isolate of Aspergillus niger isolated from the soils

contaminated with the effluents of cotton ginning mills in

Nandyal, India [30] was used in the present study. The fun-

gal culture was maintained on a Czapek Dox medium. The

spore suspension of A. niger was prepared by adding 2 ml

of sterile distilled water to the 7-day grown slants.

Fermentation method

The fermentation was carried out in 250 ml Erlenmeyer

flasks. Six milliliters of the modified Czapek Dox medium

was added to the 10 g wheat bran in the flasks at the begin-

ning, and the remaining balance for achieving 40% moisture

level was provided to the respective matrix in the form of

distilled water. The modified Czapek Dox liquid medium

contained (g/l) 2.0 g NaNO3, 1.0 g K2HPO4, 0.5 g MgSO4

· 7H2O, 0.5 g KCl, 0.01 g FeSO4 · 7H2O, 30.0 g sucrose, 25.0

g (NH4)2SO4 and 5.0 g cellulose. Flasks were autoclaved for

30 min at 121
o
C and inoculated with spores at 2×10

6
, fol-

lowed by incubation at ambient (30±2
o
C) temperature. At

regular intervals, sterile distilled water was added to each

flask to maintain the initial moisture content during in-

cubation [6].

Extraction of enzyme

Ten grams of the fermented bran in a 250 ml conical flask

was extracted with the selected solvents by soaking the fer-

mented bran at 30oC for 30 to 150 min. The crude extract

was then filtered through a cotton cloth and the filtrate was

centrifuged at 9,000× g for 20 min. The clear filtrate obtained

was used for the β-glucosidase assay. The parameters se-

lected for this study were type of solvent, volume of solvent,

soaking time, physical state of leaching and number of

washes. In the experiment on the parameter pertaining to

the number of washings, fresh lots of the solvent were added

to the fermented bran recovered at the end of the previous

extraction. Leachates from these extractions were collected

separately and tested for the recovery of β- glucosidase.

Enzyme assay

Flasks were withdrawn daily for 5 days. Activity of β

-glucosidase activity in the culture filtrate was determined

according to the method of Herr [14]. One unit of β-glucosi-

dase activity was defined as the amount of enzyme liberat-

ing 1 µmole of p-nitrophenol per min under standard assay

conditions. The production of the enzyme on solid matrix

is expressed as the number of units per gram of bran.

Statistical analysis

All measured values are the averages of three replicates.

Values in the figures are means of 3 replicates ± standard

deviation.

Results

Selection of solvent

The first step for obtaining β-glucosidase from the fer-

mented bran is leaching, a process devoted to recovery of

the enzyme from solids in order to obtain a crude extract

using an appropriate solvent [4,11]. In order to find out

an efficient solvent for maximal recovery of β-glucosidase

from the fermented bran, we have scrutinized different sol-

vents such as distilled water, 0.2 M acetate buffer (pH 5.0),

0.2 M citrate buffer (pH 5.0), 0.2 M citrate-phosphate buffer

(pH 5.0) and 5% methanol (v/v) (Fig. 1). A single wash with

20 ml distilled water was used for extraction because, among

the solvents used, the maximum extraction of enzyme

(0.0158 U/g) was achieved with distilled water from fer-

mented bran. Therefore, subsequent optimization experi-

ments were carried out with only distilled water as the ex-

tracting agent.

Solid to solvent ratio

In SSF system, solvent is used a smaller amount. Thus,

a sufficient amount of solvent is required to leach out the

enzyme from the fermented bran. The volume of the solvent

i.e. distilled water used within a range of 10-50 ml and recov-

ery of enzyme was carried out immediately after addition

of solvent. The extraction results are presented in Fig. 2. The

solid to solvent ratio 1:5 i.e. 50 ml of distilled water was

recovered maximal enzyme from the 10 g of fermented bran.

The enzyme activity decreased when the lower volume of
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Fig. 1. Effect of different solvents on β-glucosidase extraction.

Values in the figure are means of 3 replicates with stand-

ard deviation (SD).
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Fig. 2. Effect of solvent volume on β-glucosidase extraction.

Values in the figure are means of 3 replicates with stand-

ard deviation (SD).

the solvents used for extraction.

Incubation time for soaking

The volume of the water in relation to the solid substrate

was retained at the optimal level, and the incubation for

soaking was further optimized for maximum recovery of en-

zyme from the fermented bran. The incubation time was var-

ied from 30-150 min (Fig. 3). Ninety minutes soaking time

was recovered maximum enzyme, beyond that the recovery

of enzyme from the fermented bran decreased.

Physical state of leaching

Two leaching conditions such as stationary and shaking

were employed during the extraction of enzyme from the

fermented bran using water. Shaking conditions were
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Fig. 3. Effect of soaking time on β-glucosidase extraction. Values

in the figure are means of 3 replicates with standard de-

viation (SD).

attained by adding the mixture of fermented bran and sol-

vent in the flasks and placing them on an orbital shaker at

150 rpm at 30
o
C. Physical state of leaching didn’t have influ-

ence on extraction of β-glucosidase from fermented bran

(Fig. 4). Extraction of β-glucosidase from the fermented bran

occurred to the same extent under both conditions.

Number of washes

In the earlier experiments, leaching of β-glucosidase from

fermented bran was carried out with a single wash of the

solvent. In order to find out whether a single wash could

completely recover the enzyme, fermented bran collected

from the previous extraction was extracted again with the

fresh lots of solvent in repeated manner for recovery of
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Fig. 4. Effect of physical state of leaching on β-glucosidase

extraction. Values in the figure are means of 3 replicates

with standard deviation (SD).
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Fig. 5. Effect of number of washes on β-glucosidase extraction.

Values in the figure are means of 3 replicates with stand-

ard deviation (SD).

enzyme. The enzyme was recovered in large amounts from

the first two washings, third washing leached less amount

of enzyme indicating two washings were sufficient for max-

imum leaching of the enzyme (Fig. 5).

Discussion

At the end of the fermentation, when the product is at

its maximum level, the fermentation bran is subjected to

down stream processing. The compost extract was capable

of releasing reducing sugars from wheat straw, suggesting

a possible biotechnological role for this extract in the up-

grading of waste straw to animal fodder [27]. The cellulolytic

enzymes were extracted from the fermented beet pulp with

0.1 M sodium acetate buffer, pH 5.0 (10 volumes/g pulp)

under shaking conditions at room temperature [9]. Citrate

buffer (0.1 M, pH 4.8) was tried to leach cellulase from the

fermented bran [10]. Extraction with fifty millilitre of sodium

citrate buffer (50 mM, pH 6.0) showed good results under

mild shaking for recovery of cellulolytic enzymes [1].

Phosphate buffer (0.01 M, pH 7.0) was used to extract cellu-

lases from fermented banana wastes by bacteria [19]. Tween

– 80 is frequently used for extraction of different enzymes.

The efficiency of leaching increased as the ratio of sol-

vent-to-solid increased [22]. The cellulases and hemi-

cellulases were extracted by suspending the fermented corn

stover in distilled water with shaking for 1 hr at 25
o
C [32].

For optimal recovery of cellulases the fermented bran were

mixed with 10-25 ml of distilled water under shaking con-

dition at 100-130 rpm for one hour [29,36]. Similarly, distilled

water was employed, as extracting solvent for leaching of

endoglucanase, FPase, cellulases and xylanases from the fer-

mented bran [5,13,16].

The ratio of solvent-to-solid plays a significant role in the

extraction of enzyme from the fermented bran. Recovery of

the low yield of enzyme from the fermented bran with lower

volume of solvent might be due to the inadequate solvent

volume to penetrate the fermented substrate [5]. Higher sol-

vent to solid ratios also causes the solute to be more dilute

in the final extract. The increase in leaching efficiency gained

at higher ratios must, therefore, be balanced against the extra

effort for concentration of the dilute extract. However, in

many cases, it may not be possible to achieve an economic

balance [22]. Virtually, information on influence of solvent

to solid ratio on extraction of cellulase from fermented bran

is lacking. For extraction of cellulases, distilled water at the

ratio of 1:20 (w/v) was used [16]. The enzyme from fer-

mented banana fruit stalk medium was extracted twice with

0.01 M phosphate buffer (pH 7.0) applying a substrate and

buffer ratio of 1:10 using a simple contact method [20]. The

extent of recovery of other enzymes such as amylase, amylo-

glucosidase and protease was assessed by varying the vol-

ume of solvent [7,35]. An increase in solvent to solid ratio

from 2:1 to 9:1 improved the efficiency of leaching of α

-amylase from 41 to 100% [35]. The increase or decrease in

solvent to solid ratio could affect activity of enzymes [7].

Hence, in order to have the product in concentrated form,

it is always preferable to use low bran to solvent with high-

est leaching efficiency. In the present study, 50 ml volume

of the solvent water for 10 g of fermented bran was optimal

to leach β-glucosidase. Similarly, solid to solvent ratio (1:5)

was employed for extraction of FPase [5].

Solid to solvent contact time is another important parame-

ter for recovery of enzyme. In the present investigation 90

min contact time between solid to solvent recovered max-

imum β-glucosidase. At higher contact time the β

-glucosidase recovery yield was low, this may be due to the

inactivation of enzyme. The maximal recovery of FPase at

90 min solid to solvent contact time was reported [4].

Soaking of the moldy substrate in water at room temper-

ature (25 to 28
o
C) for 1 hr was used for the recovery of cellu-

lases and β-glucosidase [1,31]. With 150 min occasional agi-

tation for the leaching of α-galactosidase from the fermented

bran, soaking for amylase extraction was reported [31].

Influence of physical state of leaching on extraction and

recovery of β-glucosidase from fermented bran was not sys-

tematically examined. Soaking of fermented corn stover,
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Eichhornia leaves, coconut coir pith and rice straw in distilled

water with shaking for 1 hr was employed for extraction

of cellulose [1,29,32,36]. Soaking of fermented bran with dis-

tilled water without shaking for 1 hr was employed for ex-

traction of cellulose [16]. In the present study, two methods

of leaching stationary and shaking were compared on ex-

traction of β-glucosidase from the fermented bran. Both the

conditions were recovered same yield of β-glucosidase. In

earlier studies made, one hour duration was employed for

leaching of cellulase enzyme from fermented bran

[1,16,29,32,36]. Results of the present study indicate that 90

min duration is sufficient for the extraction of β-glucosidase.

Conclusion

There is no study on β-glucosidase extraction from fer-

mented bran by Aspergillus niger. Therefore an attempt was

made in the present study to optimize the extraction meth-

ods of β-glucosidase from fermented bran. The present in-

vestigation showed that the distilled water with three

washes for 90 min at solvent to solid ratio of 5 ml distilled

water to 1 g of wheat bran resulted in the optimal extraction

of β-glucosidase from the fermented bran.
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초록：Aspergillus niger의 고체상태 발효 시스템에서의 β-Glucosidase 회수
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밀기울 발효에서 효소회수의 모델로 Aspergillus niger를 고체상태로 발효시켜 조사하였다. 발효시킨 밀기울에

서 증류수로 효소추출 효율은 초산 완충액, 구연산 완충액, 구연산-인산 완충액 및 5% 메탄올 처리보다 높았다.

따라서, 추출 용매로 증류수를 이용하여 최적 조건을 상세히 검토하였다. 최적 조건은 고체와 액체 용매를 1:5의

비율로 증류수로서 세 번 세척하였을 때에 최대 회수율을 0.025 U/g으로 확보하였다.
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