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Abstract: b-Apiosidase is a rare glycosidase applied in winemaking for flavour enhancement. This enzyme is 
involved in the release of volatile terpenes by hydrolysis of their odourless glycosidic precursors. It is found 
as a minor component in commercial pectinase/cellulase preparations. Microbial production of b-apiosidase 
by two Aspergillus sp. strains was investigated. Apiin-induced production of this extracellular glycosidase 
was confirmed only during the cultivation of Aspergillus niger CBS 554.65  but the high productivity 
value reported in the work of Dupin et al. (1992) J. Agric. Food Chem. 40(10): 1886—1891 could not be 
reproduced. The achieved productivity was by far not satisfactory considering the apiin cost. Commercial 
enzyme preparations with b-apiosidase side-activity thus remain a better alternative as the enzyme source 
for biocatalytic applications.
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Introduction

The role of aroma compounds in wine has been in 
the centre of interest for many decades. It is well 
established that the glycoconjugates of monoter-
penes are one of the most influential sources of 
wine aroma (Mateo and Jiménez, 2000; Maicas and 
Mateo, 2005; Ruiz et al., 2019). There has been a 
continuous research on the enhancement of wine 
quality and aroma by an addition of exogenous 
enzymes to improve the liberation of a volatile 
aglycone linked by a glycosidic bound to glucose or 
disaccharides comprising b-D-glucose at the reduc-
ing end (Günata et al., 1988; Williams et al., 1989; 
Günata et al., 1990; Cabaroglu et al., 2003; Palomo 
et al., 2005) .
In case of disaccharides, the second monosaccha-
ride attached to glucose can be arabinose, rhamnose 
or apiose. Hydrolysis of disaccharide-containing 
glycosides takes place in two steps. The mentioned 
monosaccharides are first released by the action of 
specific glycosidases. In the second step, b-glucosi-
dase hydrolyses the resultant glucosidic linkage 
and releases the free aromatic compound (Günata 
et al., 1988; Günata et al., 1990).
b-Apiosidase is a glycosidase involved in the cleav-
age of apiosylglycosides. Properties, production 
and purification of this enzyme were intensively 
studied for the first time in 1990’s (Dupin et al., 
1992). Depending on grape variety, the level of 

apiosylglycosides can reach up to 50 % of the total 
glycoside content (Mateo and Jiménez, 2000). On 
the other hand, b-apiosidase is present in very 
low amounts in the enzymatic systems of grapes 
and yeast or it is even absent. Hydrolysis of grape 
glycosides can be therefore enhanced through 
enrichment of the enzymatic activity by exogenous 
glycosidases (Günata et al., 1990; Cabaroglu et al., 
2003; Sarry and Günata, 2004; Castro Vázquez et 
al., 2002; Spagna et al., 2002).
Abundant levels of b-apiosidase side activities were 
identified in some fungi-derived enzyme prepara-
tions formulated for their pectinase or cellulase 
activities. Fungi-originated glycosidases were ob-
served to be more stable in wine pH compared to 
those of plant origin (Cabaroglu et al., 2003; Sarry 
and Günata, 2004). Dupin et al. (1992) showed that 
the production of b-apiosidase by Aspergillus niger 
can be induced by an addition of apiin to the cul-
ture medium. Likewise, the presence of Tween 80 
(0.15 % v/v) and peptone (2.0 % w/v) also enhanced 
the synthesis of this glycosidase. The enzyme was 
partially purified from the culture extract and some 
of its characteristics were determined. Günata et 
al. (1997) purified b-apiosidase from an Aspergillus 
niger enzyme preparation and characterised this 
glycosidase in detail. Guo et al. (1999) achieved 
tenfold b-apiosidase purification degree from the 
same preparation. Characteristics of the isolated and 
purified b-apiosidases are shown in Table 1.
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A renewed interest in b-apiosidase has recently been 
observed with the aim of investigating its potential 
in biocatalytic synthesis of specialty chemicals. Kis 
et al. (2016) examined the occurrence of b-apio-
furanosidases in 45 samples of commercial enzyme 
preparations and in eight samples of plant mate-
rials. The enzyme was identified in 16  enzymatic 
preparations, from which the highest b-apiosidase 
activity was found in Rapidase AR 2000, Lallzyme 
BETA, Amano a-galactosidase DS, Viscozyme L 
and Novozym 188. All preparations exhibiting 
b-apiosidase activity originated from Aspergillus sp. 
(Kis et al., 2016). Reaction mechanism of exo-acting 
b-apiosidase found in Viscozyme L, a product of 
Aspergillus aculeatus, has recently been studied in de-
tail by Mastihuba et al. (2019). Results obtained from 
experiments using H NMR spectroscopy revealed the 
inverting mechanism of the enzyme, which is there-
fore unable to provide transglycosylation re actions. 
Exo-b-apiosidase can anyway find applications not 
only in terpenyl glycosides hydrolysis but also in 
lignocellulosic biomass degradation. However, 
endo-apiosidase cleaving b-apiofuranoside bonds 
in rhamnogalacturonan-II found in gut bacterium 
Bacteroides thetaiotaomicron can reportedly provide 
the retaining mechanism (Ndeh et al., 2017).
Since there is no commercially available b-apiosidase 
and its activity in commercial pectinase/cellulase 
preparations is relatively low, the objective of this 
work was to investigate the potential of two Aspergillus 
strains, Aspergillus niger CBS 554.65  and Aspergillus 
aculeatus CBS 101.43, to produce b-apiosidase using 
plant-isolated apiin as the inducer.

Materials and methods

Materials
Aspergillus niger CBS 554.65  and Aspergillus 
aculeatus CBS 101.43  were purchased from West-
erdijk Fungal Biodiversity Institute (Utrecht, The 
Netherlands). Enzyme preparation Viscozyme L 
(protein concentration of 85  g/l as given by the 
producer), a product of Novozymes (Bagsværd, 
Denmark), was purchased from Biotech (Trnava, 
Slovakia). A synthetic substrate, 4-nitrophenyl b-D-

apiofuranoside, for the detection of b-apiosidase 
activity was synthesised using the chemoenzymatic 
procedure described by Kis et al. (2016). Crude 
apiin (65 % according to HPLC) was prepared by 
extraction from parsley leaves using a proprietary 
in-house procedure based on the method of Huly-
alkar et al. (1965). Oxoid bacteriological peptone 
was purchased from Thermo Fisher Scientific Inc. 
(Waltham, Massachusetts, USA). Tween 80 was ob-
tained from Sigma Aldrich (Steinheim, Germany). 
Other culture medium and buffer components 
were of analytical grade and were purchased from 
Centralchem (Bratislava, Slovakia).

Cultivation conditions
Purchased lyophilized fungal cultures Aspergillus 
niger CBS 554.65  and Aspergillus aculeatus CBS 
101.43  were grown on agar plates containing po-
tato dextrose agar at ambient temperature (25 °C). 
Based on the supplier’s recommendations, spore 
inoculum was collected after three weeks of revi-
talisation. Suspension of spores was prepared by 
washing the agar plates by 5 ml of sterilised 0.1 % 
Tween 80 solution. Total concentration of the har-
vested spores was determined microscopically by 
counting them in a Bürker chamber. Composition 
of the cultivation medium for b-apiosidase produc-
tion was adopted from Dupin et al. (1992). Experi-
ments were conducted in 50 ml Erlenmayer flasks 
containing 20  ml of liquid medium consisting of 
the following nutrients (% w/v): MgCl2·6H2O, 0.1; 
KH2PO4, 0.1; apiin, 1.0; peptone, 2.04; and Tween 
80, 0.15 (% v/v). After sterilisation in an autoclave, 
the flasks were inoculated with 1  ×  106 spores of 
fungi and incubated at 30  °C in a rotary shaker 
at 140  rpm for seven days. The culture broth was 
centrifuged at 5000 rpm and 5 °C for 15 minutes. 
Supernatant with the secreted enzyme was filtered 
through a 0.22 µm polyethersulfone syringe filter. 
The clear filtrate was used as a source of extracel-
lular enzyme for the assays.

Enzyme activity assay
b-Apiosidase activity in the culture filtrate and 
Viscozyme L preparation was determined using a 

Table 1. Properties of isolated b-apiosidases.

Product 

(Enzyme source)

Specific activity 

[nkat/mg]

Purification 

factor
Optimum pH

Optimum 

temperature [°C]
Ref.

Cultivation supernatant 

(A. niger CBS 554.65)
6150 9.4 5.6 50

Dupin et al. 

(1992)

Klerzyme 200 

(A. niger)
  216 27 6 50—60

Günata et al. 

(1997)

Klerzyme 200 

(A. niger)
1285 270 5 40

Guo et al. 

(1999)
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slightly adapted method described by Dupin et al. 
(1992). The assay was conducted by incubating a 
properly diluted sample and 2.2 mM 4-nitrophenyl 
b-apiofuranoside in a 0.1 M acetate buffer (pH 4.4) 
at 40 °C. The reaction was initiated by adding the 
enzyme solution to the synthetic 4-nitrophenyl sub-
strate in the volumetric ratio of 1:1. b-Apiosidase 
activity was determined using the initial reaction 
rate method (Fig. 1). Samples at different time 
intervals were withdrawn from the assayed mixture 
in 20-minute intervals and added to 0.1 M Na2CO3 

to stop the reaction. Concentrations of the released 
4-nitrophenol were evaluated from the absorbance 
measured at 405 nm. The activity was expressed in 
nanokatals per volume of the enzyme sample.

Protein assay
Total protein concentration was estimated accord-
ing to the bicinchoninic acid (BCA) assay. Suitably 
diluted aliquots of culture filtrate were used for 
the determination in microplates. Formation of a 
purple-coloured complex was measured at 562 nm 
after 30  minutes of incubation at 37  °C. Bovine 
serum albumin was used as a protein standard.

Results and discussion

The main motivation for this work was the disparity 
between the b-apiosidase activity in nowadays 
enzyme preparations reported in the paper of Kis 
et al. (2016) and that reported in selected 1990’s 
papers (Table 1). As it follows from Table 1, crude 
preparation of Klerzyme 200  had the activity of 
5—8  nkat/mg. Table 2  shows that Viscozyme L, 
selected as the best enzyme source by Kis et al. 
(2016) considering its price and availability has the 
specific activity by one order of magnitude lower. It 
is difficult to interpret this difference by the former 

preparation being obtained by A. niger cultivation 
whereas the latter one is a product of A. aculeatus. 
Kis et al. (2016) examined 13  commercial enzyme 
preparations of Aspergillus species and all but 
one A. niger preparation showed no b-apiosidase 
activity. However, the last one, Novozym 188, had 
the second highest activity after Viscozyme L. 
Variation of the b-apiosidase side-activity by two 
orders of magnitude in this kind of preparations is 
thus common.
Since these commercial preparations are rather 
crude protein concentrates, it can be expected that 
b-apiosidase specific activity was not significantly 
reduced during downstream processing. Spe-
cific activity in the corresponding cultivation broth 
could be very similar. From this point of view, the 
results of A. niger laboratory cultivation presented 
by Dupin et al. (1992) are striking. As shown in 
Table 1, they achieved a specific activity of more 
than 6,000 nkat/mg at a small purification degree. 
The corresponding b-apiosidase specific activity in 
the cultivation broth was about 650  nkat/mg. An 
interesting aspect of the work of Dupin et al. (1992) 
is that, without induction by apiin, no detectable 
b-apiosidase activity was observed for any of the 
four investigated A. niger strains. Moreover, they 
found that the enzyme yield increased 50-fold when 
the basal medium was supplemented with peptone 
as nitrogen source and surfactant improving the 
enzyme release from cells.
These results inspired the investigation of the op-
tion of preparing sufficient amount of b-apiosidase 
for the respective biocatalytic research. Two strains, 
Aspergillus niger CBS 554.65 and Aspergillus aculeatus 
CBS 101.43, were selected for this purpose. The 
former one was used by Dupin et al. (1992) and the 
latter one was probably used to produce Viscozyme 
L since this strain is typically found in patents filed 

Fig. 1. Apiosidase activity measurement using the initial rate method.
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by Novozymes (Dörreich et al., 1993). Optimal 
conditions for induced b-apiosidase production 
were adopted from the work Dupin et al. (1992). A 
medium with the concentration of crude apiin of 
1.0 % w/v was used.
Unfortunately, the cells of A. aculeatus CBS 
101.43 were unable to grow in the chosen medium. 
Evidently, apiin is not a convenient carbon source 
for this strain. Consequently, the work focused on 
the cultivation of A. niger CBS 554.65. The cultiva-
tion was carried out for seven days. The cell biomass 
was subsequently removed from the culture broth 
by centrifugation and b-apiosidase activity in the 
supernatant was determined by the initial reaction 
rate. Table 2 shows that the final value of b-apiosi-
dase activity was 0.79 nkat/ml, which is remarkably 
lower than the values of 200—300 nkat/ml declared 
by Dupin et al. (1992). It should however be empha-
sised that more typical values of b-apiosidase activ-
ity of about 3—4 nkat/ml were achieved due to the 
induction by apiin. The enormous increase of the 
mentioned values was achieved only by the change 
of the nitrogen source and surfactant permeabili-
sation of cell membrane. It is also interesting that 
substitution of the laboratory grade apiin with a 
very crude apiin source, parsley seeds, resulted in 
the activity decrease to several nanokatals per milli-
litre.
Thus, lower purity (about 65 %) of used apiin is a 
potential reason of lower levels of apiosidase activ-
ity in our experiments. On the other hand, apiin 
purification costs are very high. Several chemical 
suppliers currently offer 95—99  % apiin from 
5  €/mg to 220  €/mg depending on the package 
size. The lowest unit price is for 100 mg package. 
Considering the optimal apiin concentration of 
1 %, even the best price results in the apiin cost of 
30,000 €/l of cultivation medium. Obviously, this 
cost is simply unaffordable. A cultivation experi-
ment was made using 1.0 % glucose as the carbon 
source instead of apiin but it did not provide a 
positive result. As it was also observed by Dupin 
et al. (1992), A. niger CBS 554.65 cells cannot pro-
duce b-apiosidase when they grow on glucose.

Tab. 2. b-Apiosidase activity in examined enzyme 
preparations.

Enzyme preparation
Activity 

(nkat/ml)

Specific activity 

(nkat/mg)

A. niger CBS 554.65 

cultivation broth
0.79 >0.2*

Viscozyme L 29 0.3

*Due to the interference of residual peptone, the measured 
protein concentration can be overestimated.

As it follows from Table 2, cultivation using crude 
apiin resulted in b-apiosidase specific activity com-
parable to that of Viscozyme L but in a much less 
concentrated form. The idea of overproduction 
of this desired enzyme via apiin induction thus 
appears less advantageous. Viscozyme L produced 
by Aspergillus aculeatus represents an available and 
economical source of b-apiosidase. It can be a 
suitable source for further purification to obtain a 
biocatalyst free of undesired enzymatic activities.

Conclusions

Induced production of b-apiosidase by two strains 
of filamentous fungi of the genus Aspergillus was 
examined. Aspergillus aculeatus CBS 101.43 was not 
able to grow in the cultivation medium optimised 
by Dupin et al. (1992) for the overproduction of 
b-apiosidase by a strain of Aspergillus niger. This 
fact is fully understandable since the composition 
of nutrients in the medium can be very specific 
for each strain. The second investigated strain, 
Aspergillus niger CBS 554.65, exhibited induction 
of b-apiosidase production by apiin but the level 
of apiosidase activity was not sufficiently high 
probably due to the use of crude apiin. On the 
other hand, very high cost of pure apiin makes 
this approach to the b-apiosidase production not 
feasible. Thus, the use of commercial enzyme 
preparations with b-apiosidase side activity iden-
tified in two dozens of enzyme preparations by Kis 
et al. (2016) is a better alternative.
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