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Abstract 

β-glucosidase is an enzyme that is ubiquitous in nature and is produced by bacteria, fungi, plants and animals, including humans. 

Although, microorganisms especially fungi are considered the best choice for enzyme production as in industrial utilization 

especially from Trichoderma reesei, the filamentous fungus Acremonium persicinum, Aspergillus oryzae and Thermoascus 

aurantiacus. Classification of β-glucosidase is based on substrate specificity, nucleotide sequences identity and hydrophobic 

cluster analysis. β-glucosidase is known to hydrolyse the glycosidic bond of a carbohydrate moiety to release non-reducing 

terminal glycosyl residues, glycoside and oligosaccharides. Microbial β-glucosidases are produced in low quantities, and are 

inhibited by glucose, which is their end product. This results in accumulation of cellobiose during cellulolysis, which in turn 

inhibits endo-glucanase and exo-glucanase thereby making β-glucosidase the key enzyme in determining the cellulase efficiency. 

β-glucosidases have diverse biotechnological applications in food, biofuel, and agricultural industries. The search for novel and 

improved β-glucosidase is still continued to fulfil demand of an industrially suitable enzyme with high productivity of β-

glucosidase and high glucose tolerance, thermostability and catalytic efficiency. This review article, describes the classes of β-

glucosidases, mode of actions, microbial sources of β-glucosidases, production methods, factors affecting their production and 

biotechnological application. 
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Introduction 

β-glucosidase is an enzyme that is ubiquitous in nature and it 

is being produced by bacteria, fungi, plant and animal not 

leaving out humans; that are regarded as the non-cellulolytic 

organisms (Tiwari et al.,2013) [56]. Bhatia et al. (2002) [7] 

defined β-glucosidase as enzymes which hydrolyse the 

glycosidic bond of a carbohydrate moiety to release non-

reducing terminal glycosyl residues, glycoside and 

oligosaccharides. 

Additionally, some novel β-glucosidases with β-galactosidase 

and β-xylosidase activity have also been reported that it has 

the ability to hydrolyse β-D-glucosidic bonds of different 

compounds comprising alkyl-β-D-glucosides, aryl-β-D-

glucosides, cyanogenic glucosides, disaccharides and short 

chain oligosaccharides liberating glucose from their 

nonreducing end, (Zhou et al., 2012) [61]. β-glucosidase also 

catalyzes synthetic reactions of oligosaccharides or glycosides 

under certain situations (Sonia et al., 2008) [52], of which 

occurs either by reverse hydrolysis which is a reaction that 

lowers water activities, traps products or high substrate 

concentration resulting in a shift of reaction equilibrium 

toward synthesis under thermodynamic control or by 

transglycosylation; in this reaction, the donor glycoside is 

hydrolysed by the enzyme resulting in enzyme-glycosyl 

intermediate which is in turn attacked by a nucleophile other 

than water such monosaccharide, disaccharide, aryl-amino, 

alkyl-alcohol or monoterpene alcohol to yield a new elongated 

product under the kinetic control (Singhania et al.,2013) [50]. 

In many physiological processes, β-glucosidase plays 

important fundamental roles (veena et al., 2013) such roles in 

plants are; defense against pests, phytohormones activation, 

catabolism of cell wall in plants and both plant–microbes and 

plant–insects interaction, lignification, secondary metabolism 

and fruit ripening (Morant et al., 2008; Ren et al., 2008) [36]. 

Examples of such roles in microorganisms are; cellulose 

hydrolysis, carbon recycling and cellulase gene induction (Doi 

and Kosugi, 2004) [15]. In mammals, example of the roles is; 

hydrolysis of glucosyl ceramides and in humans its defect 

causes Gaucher’s disease in which accumulation of 
glycoceramides takes place in the lysosomal tissues (Butters, 

2007) [11]. 

Microbial β-glucosidases have the potential application in 

many biotechnological processes such as bioethanol 

production, improvement of the aroma in wine and fruit juices 

industry through release of the aromatic compounds from 

flavourless glycosides and are also used to hydrolyse 

isoflavone glycosides thereby increasing its absorption from 

small intestine positively affecting human health (Michlmayr 

and Kneifel, 2014) [35]. β-glucosidases is also important in the 

detoxification of cassava and deinking of waste paper (Obili et 

al., 2004; Elliston et al., 2013) [37, 17]. β-glucosidase is used in 

biosynthesis of alkyl glycosides and oligosaccharides which 

are compounds that have wide range of uses in medicine as 

therapeutics agents, diagnostics tools, and as growth 

promoters for probiotics bacteria (Seeberge and Werz, 2007) 
[46]. Alkyl glycosides possess an anionic surfactant properties 

and can be used as antimicrobial agents, and in cosmetics, 

detergent pharmaceutical, and foods industries (Bankova et 

al.,2006) [6]. 

Microbial β-glucosidases are produced in low quantities, and 
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are in turn inhibited by glucose which is their end product 

(Yang et al., 2015) [60], resulting in accumulation of cellobiose 

during cellulolysis which in turn inhibits endo-glucanase and 

exo-glucanase thereby making β-Glucosidase the key enzyme 

in determining the cellulase efficiency and the bottle neck in 

bioethanol production through biomass conversions (Rani et 

al., 2014) [40]. Researches are ongoing towards finding or 

developing microorganisms with high productivity of β-

glucosidase with high glucose tolerance, thermostability and 

catalytic efficiency (Amer et al., 2017) [2].  

The classification of β-glucosidase is a challenge, because 

when β-glucosidase cleaves β-D-glucosidic bonds from a 

variety of compounds glucose is released as the end product, 

thus, differing greatly in their substrate specificity particularly 

with regard to the aglycone moiety (Bhatia et al., 2002) [7] but 

the two widely accepted methods for their classification are;  

Classification based on substrate specificity where it is further 

categorized into three classes which are; aryl-β-glucosidases 

hydrolyzing only aryl-β-glucoside linkage, cellobiases 

hydrolyzing only cellobiose, and broad substrate specificity β-

glucosidase hydrolyzing wide range of substrates with 

different bonds such as β(1→4), β(1→3), β(1→6), α(1→4), 
α(1→3), and α(1→6) linkage of which most of the known 
microbial β-glucosidases show broad substrate specificity 

(Langston et al., 2006; Singhania et al., 2013) [27, 50] 

Classification based on nucleotide sequences identity and 

hydrophobic cluster analysis (Krisch et al.,2010), here β-

glucosidases are placed in Glycoside Hydrolase (GH) family 1 

and family 3 as in Carbohydrate active enZyme database 

“CaZy” (Bohlin et al.,2013) [8] of which β-Glucosidases 

belonging to GH family 1 are reported from archeabacteria, 

plants and animals while β-glucosidases belonging to GH 

family 3 are from bacteria, fungi and yeast, although β-

glucosidase can also be found in family 5, 9, 30 and 116 

(Michlmayr and Kneifel, 2014) [35]. 

Depending on the configuration of anomeric carbon atom of 

the released glucose β-glucosidase are either retaining or 

inverting enzymes for example; inverting β-glucosidase the 

resulting glucose has α-configuration whereas in retaining β-

glucosidase cleaves β-glucosidic bond with the resulting 

glucose unit has β-configuration. β-Glucosidase belonging to 

GH family 1 and 3 are retaining enzyme while those placed in 

GH family 9 are inverting enzymes (Caim and Esen, 2010) 
[12]. The mechanism of action employed by both inverting and 

retaining enzymes follow acid-base catalysis mechanism with 

two residues at their active site, in catalysis generally, acid or 

base catalyst and nucleophile, are involved.  

Retaining enzymes use two step reaction to catalyse the 

hydrolysis which are; glycosylation and deglycosylation, or 

double displacement mechanisms. In glycosylation step, a 

proton is donated by the catalytic acid or base to the substrate 

leading to formation of oxocarbonium ion, and then the 

nucleophile attacks the anomeric carbon atom yielding 

enzyme-glycosyl intermediate while in the deglycosylation 

step, a water molecule attacks enzyme-glycosyl intermediate 

to displace the catalytic nucleophile from the glucose with 

basic assistance of the catalytic acid/base as shown in figure 1 

(Qi et al., 2008) [39].  

Inverting enzymes uses a step reaction to catalyse the 

hydrolysis of glycosidic bond, where one water molecule acts 

as nucleophile and attacks the anomeric carbon atom to 

displace the aglycone (Qi et al., 2008) [39]. 

 

 
 

Fig 1: Mode of action of retaining β-glucosidase (Amer et al., 2017) [2]. 

 

This review will describe the microbial sources of β-

glucosidases, production methods along with factors affecting 

their production and biotechnological applications of β-

glucosidases based on hydrolytic and synthetic activities.  

 

Sources of β-Glucosidase  

β-lucosidase is an enzyme that is ubiquitous in nature enzyme 

and can be produced by all life domains such as bacteria, 

fungi, plants and animals, the β-glucosidase produced by 

animals and plants has been purified and characterized (Li et 

al., 2005). Microorganisms are considered the best choice for 

enzyme productions in industrial utilization due to the 

following reasons; rapid microbial growth thereby speeding 

up the production of enzyme, easy handling of 

microorganisms since they require less space making the 

processes cost effective, microorganisms can easily be 

manipulated with help of genetic engineering, mutagenesis 

and direct evolution and furthermore, some microorganisms 

possess the ability to produce enzymes with special 

characteristic such as alkalophilicity and thermostablility 

which can be utilized in many industries requiring such harsh 

conditions (Sundarram and Murphy, 2014) [55]. β-glucosidase 

can be produced by fungi and bacteria, but fungal β-

glucosidase are the preferred because fungi are preferred 

source of cellulase enzymes (Amore et al., 2013) [3]. 
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Fungal Sources of β-Glucosidase  

Majority of β-glucosidase extracellular enzymes belonging to 

GH family 3 has been isolated, purified, and characterized 

from many fungal species, for instance, β-glucosidase has 

been produced and characterized from Trichoderma reesei, 

the filamentous fungus Acremonium persicinum, Aspergillus 

oryzae, lanuginosus–SSBP, Thermoascus aurantiacus, 

Chaetomium thermophilum var. coprophilum, Penicillium 

purpurogenum, Daldinia eschscholzii, Melanocarpus spp. 

MTCC 3922, Neocallimastix patriciarum W5, Monascus 

purpureus and brown-rot basidiomycete Fomitopsis palustris 

(Amer et al., 2017) [2]. β-glucosidase recently has also been 

produced from Penicillium purpurogenum KJS506, Phoma 

spp. KCTC11825BP, Aspergillus fumigatus Z5, Penicillium 

italicum, Fusarium proliferatum NBRC109045, Aspergillus 

saccharolyticus, Aspergillus niger A20, Fusarium solani, 

Flammulina velutipes, Monascus sanguineus, Sporothrix 

schenckii, Gongronella butleri and Fusarium oxysporum 

(Amer et al., 2017) [2]. Although Trichoderma reesie is the 

major source of industrial cellulase, it lacks sufficient amount 

of β-glucosidase activity for efficient cellulolysis, therefore 

supplementary β-glucosidase is required for efficient biomass 

hydrolysis. The fungal species Aspergillus niger is the major 

source of commercial β-glucosidase under the name of 

Novazym188 (Sørensen et al., 2013) [53].  

 

Bacterial Sources of β-Glucosidase 

Bacteria have been the centre of many researchers for 

production of cellulases and β-glucosidase because of their 

high multiplication rate and robust properties exhibited by 

bacterial enzymes but they secrete cellulase enzyme in low 

quantities (Lynd et al., 2013) [29]. Several bacterial species 

have the ability to produce β-glucosidase and they have been 

identified, purified and characterized from several bacterial 

species such as Clostridium thermocellum, Pyrococcus 

furiosus, Bacillus circulans subspp. Alkalophilus, 

flavobacterium johnsoniae, Actinomycete Thermobifida fusca, 

Paenibacillus spp. Strain C5, Lactobacillus brevis, 

Caldicellulosiruptor saccharolyticus, and Terrabacter 

ginsenosidimutans spp (Amer et al., 2017) [2]. High glucose 

tolerant β-glucosidase with high specific activity toward 

cellobiose from Thermoanaerobacterium 

thermosaccharolyticum has been characterized and β-

glucosidase with ability to transform ginsenoside Re to the 

minor ginsenoside Rg 2 from Pseudonocardia spp. Gsoil 1536 

has also been identified (Du et al., 2014). 

 

Microbial Production of Β-Glucosidase 

The major source of concern to researchers generally is the 

search for microorganisms with high β-glucosidase 

productivity to overcome the problem of low amount 

production of β-glucosidase, for instance, Trichoderma reesie, 

cellulase hyperproducer species lacks sufficient β-glucosidase 

activity (Martinez et al., 2008) [32]. Solid state fermentation 

(SSF) or submerged fermentation (SMF) have been used to 

produce β-glucosidases from number of fungi and bacteria 

(Baraldo et al., 2014) [9]. Solid state fermentation (SSF) has 

been extensively studied with thousands of publications 

describing various types of bioreactor designs, process 

conditions and microorganisms for the production of various 

value added products like SCP, feeds, enzymes, ethanol, 

organic acids, B-complex vitamins, pigments, flavours, 

(Singhania et al., 2009) [49]. This process consists of 

depositing a solid culture substrate, such as rice or wheat bran, 

on flatbeds after seeding it with microorganisms; the substrate 

is then left in a temperature-controlled room for several days. 

Liquid state fermentation is performed in tanks, which can 

reach 1,001 to 2,500 square metres (10,770 to 26,910 sq ft) at 

an industrial scale. Liquid culture is ideal for the growing of 

unicellular organisms such as bacteria or yeasts. To achieve 

liquid aerobic fermentation, it is necessary to constantly 

supply the microorganism with oxygen, which is generally 

done via stirring the fermentation media and accurately 

managing the synthesis of the desired metabolites requires 

regulating temperature, soluble oxygen, ionic strength and pH 

and control nutrients (Capalbo et al., 2001)  [13]. 

 In solid state fermentation, the microorganism is grown on 

solid substrate which is used up steadily and slowly, therefor 

can be carried out for long period of time. Examples of 

substrate used are; castor bean cake, sugarcane bagasse, 

cassava cake, wheat bran, rice straw or corn husk solely or in 

combination. Solid state fermentation is more suited for 

cultivation of microorganisms with less moisture content 

requirement. The merits of SSF are high productivity, cheap 

substrate utilization, low energy requirement, minimal water 

output and lacking of foam up, while heat generation and 

lacking knowledge on automation are the demerit of SSF 

(Coradi et al., 2014) [14]. 

Generally, in submerged process of fermentation, substrate 

used for fermentation is always in liquid state which contains 

the nutrients needed for growth. The fermentor which contains 

the substrate is operated continuously and the product biomass 

is continuously harvested from the fermentor by using 

different techniques then the product is purified and screened 

for enzyme activity, aeration is also an important operation in 

the cultivation, heat is generated during cultivation and it is 

maintained by using a cooling device and the microbial 

biomass can be harvested by various methods (Kargi et al., 

2005) [25].  

 In submerged fermentation, microorganisms are cultivated in 

free flowing liquid such as molasses and broth containing 

different nutrients, into which bioactives, enzymes, and 

metabolic wastes are secreted into this liquid fermentation 

medium and the substrates are rapidly utilized therefore 

continuous supplementation with nutrients is needed. This 

fermentation technique is best for cultivation of 

microorganisms that require high moisture content such as 

bacteria. The major merits of SMF are the easiness of; 

sterility, heat and mass transfer, process monitoring and 

automation, and extraction and recovery of enzymes and 

bioactives (Subramaniyam and Vimala, 2012) [54]. 

After the fermentation process, the enzyme will be extracted 

using appropriate extraction technique and purified before 

being assayed for its enzymatic activity and finally packaged 

for marketing and sale. The flow chart for the production is 

illustrated in figure 2. 
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Fig 2: Schematic chart for the production of β-glucosidase 

 

Factors to Consider During Production of β-Glucosidase 

One of the very important steps for profitable enzyme 

production and commercialization is optimization of 

fermentation conditions, of which there are many factors 

which needed to be carefully optimized during fermentation 

processes for enzyme production and such factors include; 

carbon source and concentration, nitrogen source and 

concentration, salts, pH, temperature, oxygen availability, 

fermentation period, inoculum size (Melikoglu et al., 2013) 
[33]. among others factors, the optimal conditions for 

fermentation vary depending on the species of 

microorganisms, desired end product such as enzymes, and 

method of production.  

 

Carbon source 

Microorganisms synthesize β-glucosidase which is an 

inducible enzyme among other cellulases, in response to 

various carbon sources incorporated into the fermentation 

medium and these carbon sources may be complex in nature 

such as cellulose, wheat bran, rice straw, rice husk, sugar cane 

bagasse, and pectin, or simple sugar such as glucose, lactose, 

cellobiose, or sophorose. Complex sugar cannot enter the cells 

through cell membrane, it is therefore believed that some 

constitutively expressed enzymes degrade them to simple 

sugar such as cellobiose and lactose, which can then be 

transported through the cell membrane using specific 

transporters to the cytosol where they induce the expression of 

these enzymes in poorly understood mechanism (Zhou et al., 

2012) [61]. Metabolizable sugar such as glucose in 

phenomenon also known as catabolite repression represses the 

synthesis of β-glucosidase, and other cellulases (Sirilun et al., 

2016) [51]. In the production of β-glucosidase, the optimal 

carbon source varies depending on the species used in β-

glucosidase production, fermentation method, and other 

fermentation parameters and interaction among these factors. 

For instances, optimum production of extracellular and 

intracellular β-glucosidase from Chaetomium thermophilum 

var. coprophilum was achieved when sugarcane bagasse and 

avicel used as carbon source, respectively (venture et al., 

2002). In the production of β-glucosidase with high glucose-

tolerance (HGT-BGL) using Aspergillus oryzae optimum 

production is achieved by using quercetin as carbon source 

(Amer et al., 2017) [2]. Two extracellular β-glucosidase are 

expressed when pectin was used as carbon source under solid 

state fermentation by Aspergillus strain SA 58 (Ng et al., 

2010). Microbial consortium of Aspergillus niger and A. 

oryzae’s optimal production of β-glucosidase was achieved 

when wheat bran was used as carbon source, more 
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interestingly, an optimal production of extracellular β-

glucosidase from Candida peltata was achieved when it was 

grown on glucose and xylose containing broth medium both of 

which are considered simple metabolizable sugar and a 

catabolite repressor for these genes (Amer et al., 2017) [2]. 

Kluyveromyces marxianus produced optimal β-glucosidase 

when cultivated in medium containing cellobiose, sucrose and 

lactose and Aureobasidium pullulans produced highest level 

of extracellular β-glucosidase when cultivated on medium 

containing lactose and corn bran (Iembo et al., 2002) [22]. 

Optimum production of extracellular β-glucosidase from 

Proteus mirabilis VIT117 was achieved in medium 

supplemented with sorbitol as carbon source (Amer et al., 

2017) [2]. 

 

Nitrogen source 

Nitrogen is essential for microbial growth, thus making 

nitrogen source a vital component of the fermentation medium 

to enable microorganism to synthesize amino acids, proteins, 

nitrogenous compounds, vitamins, nucleic acids and 

bioactives (Sundarram and Murthy, 2014) [55]. Nitrogen source 

can either be from organic source such as; peptone, yeast 

extract, beef extract, tryptone, and soybean meal or from 

inorganic sources such as ammonium sulphate, ammonium 

chloride, ammonium hydrogen phosphate. Different species 

required different nitrogen sources for optimum β-glucosidase 

production, medium containing bean cake powder as nitrogen 

source for optimum production of β-glucosidase from 

Penicillium simplicissimum H-11, when Chaetomium 

thermophilum var. coprophilum was grown using peptone and 

yeast extract as nitrogen source, optimum production of β-

glucosidase was achieved (Venturi et al., 2002) [52]. 

Aspergillus strain SA 58 produced high level of extracellular 

β-glucosidase when cultured on medium containing beef 

extract as nitrogen source while least production was observed 

when cultured on ammonium salts as nitrogen source (Ng et 

al., 2010). Flammulina velutipes produced highest β-

glucosidase activity when L-asparagine was used as nitrogen 

source in comparison to other ammonium salts which 

produced negligible to low activity (Jeya and Lee, 2013) [23]. 

The mechanism by which these nitrogen sources influence the 

expression of β-glucosidase is not clear and more future 

investigation is required (Amer et al., 2017) [2]. 

 

Temperature 

Temperature is essential in microbial cell growth and the 

production of β-glucosidase temperature varies from species 

to species but usually in line with optimal temperature for 

microorganism growth. For instance, β-glucosidase has been 

produced from Monascus purpureus at 30°C, Penicillium 

italicum at 28°C, Chaetomium thermophilum var. 

coprophilum at 45°C, Penicillium simplicissium H-11 at 30°C, 

Daldinia eschscholzii at 25°C, Thermoascus aurantiacus at 

50°C, and Aspergillus oryzae at 28°C (Venturi et al., 2002; 

Amer et al., 2017) [58, 2]. β-Glucosidase have also been 

produced by bacterial species like; Clostridium thermocellum 

at 60°C, archaeon Pyrococcus furiosus at 90°C, Lactobacillus 

brevis at 25°C, flavobacterium Johnsonae at 28°C, 

psychrotolerant Shewanella spp. G5 at 15°C, these 

temperatures are exactly the same for species growth and 

researches has also been conducted on the optimization of 

temperature for β-glucosidase production from various species 

rather an arbitrary temperature usually the same for optimal 

growth is used (Michlmayr et al., 2010) [34]. 

 

pH 

For optimal production of β-glucosidase, different species 

required different initial pH just like in the case of 

temperature, pH for β-glucosidase production an arbitrary pH 

is used and atthis pH, these species grow optimally. For 

instance, β-glucosidase has been produced from Fusarium 

oxysporum at pH 6, Penicillium italicum at pH 4.5, 

Aspergillus oryzae at pH 6.0, Fusarium proiferatum 

NBRC109045 at pH 5.0, Candida peltata at pH 5.0, Daldinia 

eschscholzii at pH 5.5, and Phoma spp. KCTC11825BP at pH 

4.5. Aspergillus strain SA 58 was found to produce optimal β-

glucosidase at pH 5.0 when screened from pH 3.0-9.0. Pichia 

pastoris achieved optimal β-glucosidase production at pH 7.5 

when screened from pH 4-8. The microbial consortium of A. 

niger and A. oryzae was found to produce optimal β-

glucosidase at pH 5.5 when it was screen from pH 4.5 and 7 

(Ng et al., 2010; Amer et al.,2017) [2].  

 

Fermentation period 

Fermentation period is another important factor affecting the 

production of enzymes. The optimum time for fermentation 

process has to be considered otherwise optimal production of 

specific value-added product like enzyme cannot be achieved. 

Enzyme production of increased with increase of incubation 

time till it reaches an optimal peak beyond what there is a 

decline in enzyme production and activity of which the 

decline in the enzyme production may be attributed to decline 

in the nutrient availability, accumulation of toxic of waste 

products, and decrease in the stability of the enzyme itself, for 

instance; it takes after 4 and 5 days of fermentation, 

respectively, for optimal β-glucosidase production from 

Aspergillus niger and Trichoderma spp. after which the 

production was decreased gradually (Melikoglu et al.,2013) 
[33]. Optimum extracellular β-glucosidase production from 

Penicillium purpurogenum, and Chaetomium thermophilum 

var. coprophilum takes about 96 and 140 hours, respectively 

(Venturi et al.,2002) [58], for optimum production of an 

extracellular β-glucosidase from Fusarium solani, Lichtheimia 

ramose, and Thermomucor indicae-seudaticae it takes 72, 96 

and 196 hours using solid state fermentation (Raza et al., 

2011; Abdella et al., 2016) [43, 1].  

Additionally, there are other number of other factors affecting 

the production of these bioactives or enzymes such β-

glucosidase during fermentation processes, these factors 

include; size of inoculum, moisture content, methods of 

fermentation, volume of fermentation, fermenter size, 

substrate concentration, salts and its concentration, aeration, 

and additives. The exact mechanism by which these factors 

affects the production of β-glucosidase is not yet understood 

and it appears to be specific to each species and greatly 

influenced by interaction between these factors. Future 

investigation should be centred on understanding the 

mechanisms by which these factors influence the production 

of this valuable enzymes and the interaction between various 

factors so that designing of cost effective processes may be 
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initiated. Moreover, isolation of new microbes, fungi and 

bacteria, and optimization of fermentation conditions for β-

glucosidase production under solid state fermentation and 

submerged fermentation should be highly encouraged in 

research (Amer et al., 2017) [2]. 

 

Applications of Β-Glucosidase 

 β-Glucosidase is a hydrolytic enzyme which acts upon β(1-4) 

glucosidic bonds of disaccharides, oligosaccharides and 

glucose-substituted molecules and under certain conditions, it 

also possess the ability to catalyses synthetic reactions through 

reverse hydrolysis or transglycosylation. β-Glucosidase has 

numerous biotechnological applications which is broadly 

classified into two based on its applications, they are; based on 

hydrolytic activity and based on synthetics activity.  

 

Application Based on Hydrolytic Activity  

β-Glucosidase takes part in the hydrolysis of β(1-4) glucosidic 

linkages of disaccharides like cellobiose, oligosaccharides and 

glucose-substituted molecules, but some of the novel β-

glucosidase can hydrolyse bonds such as β (1-3), β (1-6), β (1-

2) bonds, thus making it useful in biofuel production, food 

technology, and biomedical sciences. 

 

Biofuel production 

Biofuel production from plant biomass makes use of many 

enzymes whose major components are cellulases and 

xylanases that act synergistically to degrade the 

lignocellulosic material to pentose and hexose sugar which in 

turn is fermented to ethanol (Hu et al., 2011). The three 

enzymes that makes up cellulase enzymatic system are, 

endoglucanase, cellobiohydrolyase, which degrade the 

cellulose chain to cellobiose and short oligosaccharide and 

both get inhibited by cellobiose, then β-glucosidase which is 

the third enzyme hydrolyses cellobiose and oligosaccharides 

into glucose unit eliminating cellobiose inhibition and 

increasing the rate of cellulolysis but glucose which is the end 

product inhibits β-glucosidase itself and thus limiting the rate 

of cellulose hydrolysis therefore β-glucosidase is considered 

as the rate-limiting step in cellulolysis pathway and the bottle 

neck in biofuel production (Balan, 2014; Rani et al., 2015) [5, 

41]. T. reesei, a filamentous fungus which is regarded as 

cellulase hyperproducers lacks sufficient amount of β-

glucosidase, which is another problem in biomass conversion 

and biofuel production (Treebupachatsakul et al., 2016) [57]. 

Therefore, majority of reported β-glucosidase identified and 

characterized for their biochemical and kinetics properties are 

meant to be used in biomass hydrolysis and in solving these 

problems associated with β-glucosidase like low productivity 

and glucose sensitivity (Pei et al., 2012) [38]. 

 

Flavour improvement 

Research over the decade has shown that that most of the 

flavour compounds in plants and fruit tissue exist in form of 

glycoconjugate rendering them flavourless and non-volatile 

compounds (Maicas and Mateo, 2005) [31]. Fruits such as 

grape, yellow plum, mango, and strawberry contain glycoside 

flavour compounds that are complex and diverse in their  

structures particularly aglycone moiety and the glycone part 

usually consist of glucose unit conjugated to various 

glycosides such as 6-O-α-L-arabinofuranosyl-β-D-

glucopyranosides, and 6-O-α-L-arabinopyranosyl-β-D-

glucopyranosides. Flavourless compounds are made available 

to flavour content by hydrolysing them, the to release 

aglycone part the hydrolysis can be carried out using acids or, 

most preferably enzymes (Whitaker et al., 2003) [59]. The 

enzymatic hydrolysis is carried out in two sequential steps, 

firstly, enzymes such as α-L-rhamnosidase, or α-L-

arabinosidase cleaves of the terminal sugar: arabinose and 

rhamnose, secondly, β-glucosidase acts upon the 

corresponding β-D-glucoside releasing glucose and aglycone 

moiety such as monoterpenol, but, β-glucosidase from plants 

such as grapes has low activity and unstable under wine 

making conditions therefore adding β-glucosidase from 

microbes with high activity and stability is mandatory for 

complete hydrolysis of flavour compounds. β-Glucosidase 

with high hydrolytic efficiency for terpenyl glycoside has 

been reported from Sporidiobolus pararoseus, and 

Aureobasidium pullulans suggesting their potential application 

for the development of wine aroma (Baffi et al.,2013) [4]. 

 

Cassava detoxification 

Cassava is a carbohydrate rich tuber that grows in many parts 

of the world and are consumed by about 500 million people in 

the world, but the consumption of raw cassava is harmful to 

human health due the presence of cyanogenic glycoside such 

as linamarin and lotaustralin however, β-Glucosidase has been 

used in the detoxification of cassava (Amer et al., 2017) [2]. 

Moreover, a correlation between prolonged consumption of 

cassava products and human central nervous system syndrome 

“Konzo” has been established. Normally, during processing 
and grating by endogenous β-glucosidase and linamarase 

present in the root, cassava is detoxified, but these enzymes 

are expressed insufficiently leaving part of cyanogenic 

glycosides even in the processed food. It is therefore 

suggested that an exogenous linamarase and β-glucosidase 

from microbial sources can be utilized to enhance the 

hydrolysis of cyanogenic glycoside from this important food 

(Etsuyankpa et al.,2015) [19]. 

 

Deinking of Waste Paper 

One of the industries that consume wood the most is paper and 

pulp industry, and due to increase in the world economy and 

population this industry is expected to be expanded more thus 

creating more waste paper which is one of the major 

environmental pollutants. Presently the recycling of these 

waste paper is attracting more attention in order to solve this 

two-dimensional problem which are; forest wood 

consumption and landfills pollution. Enzymes or chemicals 

can be used in the recycling of waste paper. The major 

problem with waste paper recycling is the removal of ink 

which can be carried out by conventional methods which 

utilizes several chemicals which are environmentally harmful 

and decreases the brightness of the paper but the enzymatic 

method for waste paper recycling has been reported to be 

efficient in solving these problems. The enzyme preparations 

for waste paper recycling contain cellulase, β-glucosidase and  
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hemicellulose (Lee et al., 2013; Elliston et al., 2014) [23, 18].  

 

Application Based on Synthetic Activity 

β-glucosidase is known to possess synthetic activity other than 

hydrolytic activity, for instance, transglycosylation and 

reverse hydrolysis resulting in the synthesis of a variety of 

oligosaccharides, aryl- and alkyl-β-D-glycosides which has 

wide range of applications. The higher regio- and stereo-

selectivity synthesis of oligosaccharides by β-glucosidase is 

preferred over glycosyl transferase. Moreover, synthesis of 

these compounds by β-glucosidase does not require any input 

energy in form of sugar nucleotides as is the case of glycosyl 

transferases (Bruins et al., 2003) [10]. Alkyl glycosides have a 

wide range of applications due to their biodegradable non-

ionic surfactants owning good emulsifying and antimicrobial 

properties imparted by their carbohydrate head group (Rather 

and Mishra, 2013) [7]. N-alkyl glucoside ester formed by 

reaction of phenyl butyric acid and n-alkyl butyl glucoside by 

β-glucosidase –lipase is used in treatment of fever. On other 

hand, synthetic oligosaccharides can be applied as 

therapeutics agents such as heparin and acarbose, 

carbohydrate based techniques such as antibacterial, anti-

parasite and antiviral vaccines, and probiotic agents since they 

enhance the growth of beneficial microorganisms in human 

gut flora (Bruins et al., 2003) [10]. 

 

Conclusion 
β-glucosidase is a vital component of cellulase system 

produced by all life domains and playing important roles in 

many processes of life, therefore, making it to have wide 

spectrum of applications for instance in biofuel production, 

food technology and biomedical sciences. Although β-

glucosidase is produced by microorganisms in low quantities, 

and inhibited by glucose which is its end-product thereby 

limiting its application in biomass hydrolysis and biofuel 

production. The search for novel and improved β-glucosidase 

is still continued to fulfil the demand of an industrially 

suitable enzyme with high productivity of β-glucosidase with 

high glucose tolerance, thermostability and catalytic 

efficiency. 

 

Recomendations 

1. Strain improvement research should centre on finding 

improved strains of microorganisms with high β-

glucosidase production and catalytic efficiency, 

thermostability and glucose-tolerance.  

2. Studies should be conducted towards identifying the 

structure of β-glucosidase at molecular level. 

3. Identification of more strains of microorganisms able to 

produce β-glucosidase and genetically manipulating these 

microorganisms to produce β-glucosidase on a large 

scale. 
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