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Immobilized Endo-8-glucosidase Enriches Flavor of Wine and Passion

Fruit Juice
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Aspergillus niger endo-3-glucosidase was immobilized to acrylic beads as well as to corn stover cellu-
lose particles. The efficiency of the immobilization at pH 6.5 to the acrylic beads, with respect to
activity, was higher than that to the cellulose but still low (10%). However, higher immobilization
efficiency for cellulose (30% ) was achieved at pH 4.5. The thermal stability of the enzyme was improved
by its immobilization in both methods. Free and immobilized endo-8-glucosidases were used to treat
Muscat Roy wine and passion fruit juice (pH 2.45). GC-MS analysis as well as sensory evaluation
indicated a significant increase in flavor compounds, monoterpene alcohols, and linalool oxides in the
wine and linalool, benzyl alcohol, and benzaldehyde in the passion fruit juice. The precursor of the
benzaldehyde is a cyanogenic glycoside as evident from the evolution of cyanide followed by the enzy-

matic treatment.

Enzymatic hydrolysis of flavor precursors attracts many
researchers (Schreier, 1988). Cordonnier and Bayonove
(1974) were the first to suggest that must of Muscat of
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Alexandria (Vitis vinifera L.) contains nonvolatile (fla-
vorless) forms of monoterpene glycosides. Williams et
al. (1982) identified a series of glycosides, such as 8-ru-
tinosides (6-0-a-rhamnopyranosyl-3-p-glucopyrano-
sides) and 6-O-a-arabinofuranosyl-8-p-glucopyranosides
of monoterpene alcohols and §3-glycosides of benzyl alco-
hol and 2-phenylethanol. The glycosides were found in
must as well as in wine, indicating that there is no nat-
urally occurring enzymatic hydrolysis during the fermen-
tation that can hydrolyze the glycosides. The impor-
tance of the monoterpenes to must and wine flavor has
been extensively reviewed (Marais, 1983; Rapp et al., 1984;
Strauss et al., 1986). Many fruits, such as passion fruit
(Engel and Tressl, 1988), prunes (Chet et al., 1986), apples
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(Schwab and Schreier, 1988), and others, contain glyco-
sides of monoterpenes, C;3 norisoterpenoids, sesquiter-
penes, and other alcohols, possessing a great potential
that can be realized by a suitable enzyme. Aryan et al.
(1987) studied the properties of different glucosidases in
an attempt to find an enzyme capable of hydrolyzing gly-
cosides efficiently under must or wine conditions. They
concluded that none of the commercially available enzymes
as well as enzymes produced in their laboratory had the
desired properties. Recently, we have isolated a unique
strain of Aspergillus niger that secretes an endo-3-glu-
cosidase (Shoseyov et al., 1988). The enzyme has unique
properties such as low optimal pH activity, high K; (glu-
cose) value [calculated according to the method of Dixon
and Webb (1979)], and enhanced activity in the pres-
ence of ethanol.

The advantage of using immobilized enzymes over tra-
ditional batchwise treatment for industrial processes is
primarily due to better control of the enzymatic process.
Cuatrecasas (1970) described different methods for immo-
bilization. Schwab and Schreier (1988) reported on simul-
taneous enzyme catalysis extraction of apple fruit glyco-
sides. Their data indicate that the different glycosides
are being hydrolyzed at varying rates. The ramification
of the latter is that the flavor profile of a few products
(fruit juice, wine, etc.) treated by enzyme varies with the
incubation time. Therefore, a fine control of the enzy-
matic treatment is essential for optimal results.

This paper presents methods for the immobilization
of A. niger endo-3-glucosidase to synthetic acrylic beads
as well as to corn stover particles (natural cellulose), eval-
uates their efficiency, and demonstrates the potential use
of the immobilized enzyme for flavor enrichment of wine
and passion fruit juice.

EXPERIMENTAL PROCEDURES

Plant Materials. Yellow passion fruits were obtained from
the farm of the Faculty of Agriculture in Rehovot. The juice
(pH 2.4, 10° Brix) was filtered through a cheesecloth and used
immediately afterward with or without addition of 110 ppm
S0,. Muscat Roy wine (pH 3.2, 12% alcohol) was obtained
from the Israel Wine Institute. Fresh corn was obtained from
the local market; the stover was dried at 110 °C and then ground
and fractionated with 500- and 1000-um screens.

Enzyme Preparation and Assay. A. niger endo-g-
glucosidase preparation and isolation were done as described
elsewhere (Shoseyov et al., 1988). Enzyme activity was mea-
sured by using p-nitrophenyl 8-p-glucopyranoside (PNPG, Sigma).
A typical reaction mixture contained 1 mM PNPG in 20 mM
citrate buffer, pH 3.4, and the appropriate amount of free or
immobilized enzyme. After a 5-min incubation at 35 °C, the
reaction was terminated by adding 1 M NayCO3; (200 xL to 1
mL), and OD at 400 nm was measured. Protein concentration
was determined according to the method of Bradford (1976)
using Bio-Rad protein assay kit. Michaelis—-Menten kinetic con-
stants were determined by Lineweaver-Burk plot (Dixon and
Webb, 1979).

Enzyme Immobilization. Endo-3-glucosidase was immobi-
lized by using three methods:

1. Immobilization to Oxiran Acrylic Beads (Polexyzyme
0., Rohm). Forty milligrams of protein was dissolved in 10 mL
of 1 M KoHPO, buffer, pH 6.5. One gram of beads was added,
and the slurry was agitated for 48 h at room temperature. The
beads were washed sequentially with 50 mL of HoO (2x), 150
mL of 0.5 M NaCl (3%), and finally 50 mL (2x) of 20 mM cit-
rate buffer, pH 3.4. The immobilized enzyme was kept at 4 °C.

2. Immobilization to Corn Stover Cellulose by Glutardial-
dehyde (Vallat et al., 1985). One gram of cellulose particles
(500-1000-pm fraction) was oxidized by 20 mL of 0.2 M NalO,
solution, agitated 24 h in the dark. The solution was decanted,
and 20 mL of 2.7 M ethylenediamine was added to the cellu-
lose pellet. After 24 h of agitation, the solution was decanted
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and 20 mL of sodium cyanoborohydride (5 g/L in 50 mM phos-
phate buffer, pH 6.5) was added to the pellet. After 3 h of agi-
tation, the solution was decanted and 20 mL of 3% glutardial-
dehyde (in 50 mM pyrophosphate buffer, pH 6.5) solution was
added to the pellet. The slurry was agitated for 24 h, and the
cellulose particles were washed with 20 mL (2X) of 20 mM cit-
rate buffer (pH 6.5) and then agitated for 24 h with 40 mg of
protein. Washing and storage were the same as for the acrylic
beads.

3. Immobilization to Corn Stover Cellulose by Acid Chlo-
ride Cellulose (Kumar et al., 1986). Sodium periodate oxida-
tion was performed as above to give poly(2,3-cellulosedialde-
hyde). The particles were further oxidized to give the corre-
sponding carboxyl by 50 mL of 200 mM freshly prepared NaClO,
solution (1.8 g of NaClO. was dissolved in 756 mL of H;0, and
then 20 mL of 5 M acetic acid was added and the volume was
made up to 100 mL). The reaction mixture was incubated at
room temperature for 72 h; 50 mL of 100 mM ice-cold HCl solu-
tion was added, and the mixture was put on ice for 30 min.
The particles were filtered and washed thoroughly with ice-
cold water and then freeze-dried. One gram of dry particles
was taken in a round-bottom flask equipped with a water con-
denser and CaCl, trap. One milliliter of distilled SOCl; was
added, and the mixture was heated until reflux. After 1 h, the
flask was cooled and the remaining SOCl; was vacuum distilled
off by using several 5-mL portions of benzene. Twenty millili-
ters of 50 mM acetate buffer (pH 6.5) containing 40 mg of pro-
tein was added to the activated cellulose particles, and the mix-
ture was agitated at 4 °C for 4 h., Washings were conducted as
above. Optimizing the pH of the coupling step was done in the
same manner except for pH, which varied from 3.5 to 7.5.

Enzymatic Treatment and Flavor Extraction. Two grams
of acrylic beads (endo-8-glucosidase immobilized) was added
to 1 L of Muscat Roy wine. The flask was sealed under nitro-
gen and agitated for 72 h at 25 °C. Passion fruit juice with and
without 100 ppm SO, was treated with 20 ppm endo-8-glucosi-
dase for 24 h at 25 °C. Both the wine and the passion fruit
juices were extracted with trichlorofluoromethane (Freon 11)
according to the method of Rapp et al. (1976).

Gas Chromatography-Mass Spectrometry. Freon 11
extracts of 250-mL samples were concentrated to 100 uL, and
1-uL samples were injected to a Finnigan MAT 4600 GC-MS
or to a GC Varian 3700, both equipped with either 60 m, 0.32
mm i.d. Supelcowax-10 (Supelco) or DB-5 (J&W) capillary col-
umns. Helium was used as a carrier gas, and the oven was pro-
grammed as follows: 5 min at 60 °C with gradual heating to
190 °C at 2 °C/min. All peak identifications were confirmed
by injecting authentic standards.

HCN Analysis. Five-milliliter samples of passion fruit juice
with and without enzyme were placed in 20-mL air-sealed vials.
Whatman No. 1 filter paper strips (2 cm long; previously dipped
in alkaline solution of 1% picric acid and dried) were placed in
the vials above the liquid, and the vials were incubated at 25
°C for 24 h. HCN gas was detected (Kingsburg, 1964) as evi-
dent by the color change of the strips from yellow to red.

Sensory Evaluation. Duo trio experiments were con-
ducted by 11 judges, and the significance of the results was deter-
mined according to the method of Amerine and Roessler (1983).

RESULTS AND DISCUSSION

Three immobilization methods were employed for the
endo-g-glucosidase. The oxiran acrylic beads (Polex-
yzyme) immobilized 82 % of the protein compared to only
5.4% for the acid chloride cellulose matrix when pH 6.5
was used at the coupling step. The immobilization using
glutardialdehyde was found to be very inefficient under
these conditions (Table I). The relatively low activity
remaining on the acrylic beads can be explained by either
the “overcrowding” of the protein on the matrix that
blocked active sites or preferential coupling of the pro-
tein at sites that inactivated it. The Kwm value (which
remained the same) indicates that the conformation of
the active site remains intact. However, to obtain bet-
ter immobilization efficiencies, several parameters at the









