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Production of Pectic Enzymes and Its Properties for
Citrus Wine Making
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Summary

In order to produce clear and favorable citrus wine, isolation of useful strain capable of hydrolase—
producing, production of enzyme and its properties. application of enzyme to wine making were
investigated. Enzyme activities of twenty—one strains of Aspergillus sp. isolated from field soils of Cheju
island. and four strains preserved in our laboratory were determined. Among these, the strain CCM-4
was selected as a best strain for this purpose,and was identified as Aspergillus niger CCM —4. Optimum
conditions of this strain for the production of pectic enzyme were for 3 days cultivation at 30°C on solid
culture of wheat bran or mandarin orange peel. Optimum conditions for enzyme reaction were pH 4.0 and
40°C, respectively. Enzyme treated wine was cleared much sooner and could be filtered much more

rapidly than the untreated.

processes among 3.7x10° tons produced in Che-

INTRODUCTION ju island in 1985, and production of citrus fruits

will be increased annually. Development of new

About 6X10* tons of citrus fruit was consumed citrus processing products other than juice or

per year for canning and juice manufacturing canning will also be significant in consuming
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citrus fruits efficiently. Wine making would be
one of the useful resolutions among these.

It i1s desirable that new wines be made clear
and free of sediment as soon as possible after
fermentation. Brilliantly clear wines are not only
more attractive in appearance than the cloudy or
hazy. but also, because early removal of sus-
pended yeast cells and sediment forestalls certain
undesirable changes in flavor, bouquet and stabil-
ity, they are of higher quality (Cruess et al.
1955). However, brilliantly clear wine would not
be made easily because of pectic substances
containing in citrus fruits, and sediment would
be caused very slowly according to a long lapse
of time. One means of hastening clearing is by
the use of pectic enzymes. They have been
investigated for many years in the clarification of
apple juice or orange juice(Fukui and Nomura
1971, Lee 1977, Lee and Chang 1971). How-
ever, there are some reports on the application of
pectic enzymes to wine making from apple or
grape(Cruess et al. 1955, Lee 1977, Lee and
Chang 1971, Raper and Fennell 1973, Reed
1975), no reports was found to mandarin orange
wine making for clarification.

It is well known that many microorganisms
produce several pectic enzymes, but only a few
reports were published on pectic enzymes ap-
plied to wining recently(Lee 1977, Reed 1975).
In this work, we isolated strains from field soils
in Cheju island, which could produce hydrolyz-
ing enzymes. Production of pectic enzymes and
its characteristics, and its application to citrus

wine making were investigated.

MATERIALS AND METHODS

Microorganisms
Twenty-five strains of fungi of Aspergillus sp.
preserved in the Biochemical Engineering

Laboratory of Cheju National University, and

isolated from field soils in Cheju island were
examined for hydrolyzing enzymes activities.
Among these, the strain which was identified as
Aspergillus niger CCM~4 is used throughout this
work. The stock culture was maintained on slant
culture of YM—medium.

In fermentation of mandarin orange juice, Sac-
charomyces cerevisiae preserved in author’s labora-

tory was used.

Midium and culture conditions

Isolation medium of strains capable of produc-
ing hydrolase is shown in Table 1. Pectin or
CMC was used as a carbon source, and the
strains were isolated by means of plate cultures.
Fungi to be tested in the determination of en-
zymes activities were inoculated to a culture
medium containing wheat bran or orange peel in
a 500 ml flask. and cultured for 3 days at 30°C.

Table 1, Isolation medium of hydrolase—
producing strains

CMC or Pectin 5.0 ¢
NaNO4 2.0
K,HPO, 1.0
MgsS0,-7TH,0 0.5
KCl 0.5
FeS0,+TH,0 0.01
Agar 20.0
Deionized water 1.0 ¢
pH 5.0
Taxonomy

All the tests used in the taxonomic studies
were carried out according to “The Genus

Aspergillus” (Raper and Fennell 1973).

Assay of enzyme activity
After cultivation, deionized water was added

to the flask. extracted and centrifuged(3,000 rpm,
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15 min). The supernatant was used as a crude
enzyme. Hydrolytic activity of polygalacturonase,
xylanase, amlyase, CMC ase was assayed
against citrus pectin, xylan, soluble starch and
CMC as substrates, respectively. Enzyme activi-
ties were determined by the method of authors
(Lee and Koh 1975, Lee et al. 1976), and reduc-
ing sugar was determined by the modified
Somogyi—Nelson method (Hatanaka and Kobara
1980).

One unit of enzyme in the screening of the
strains is defined as the amount of enzyme that
releases 1 gmol of reducing sugar from a given
substrate per min at 40°C.

Enzymatic reaction of pectinase was carried
out as a substrate of 1% citrus pectin at 40°C,
pectinase activity was determined by viscosity
reduction with Ostwald viscometer at 15°C (Lee
and Koh 1976) and citrus juice—clarifying activ-
ity (Lee and Chang 1971).

Juice—clarifying activity was determined as
follows. Crude enzyme solution(0.5 ml)was added
to 5 ml of mandarin orange juice in centrifugal
tube(1.5X 10 cm), and incubated at 40°C for 2
hrs. After centrifugation of reaction mixture
(3.000 rpm. 5 min). supernatant was diluted to 5
times, and absorbance was determined at 660
nm. Juice—clarifying activity was expressed as

follows.

Juice—clarifying activity(%)=

Absorbance of Blank—Absorsance of Sample

Absorbance of Blankx100

crude enzyme solution was salted out by
ammonium sulfate between 0.2 and 0.8 satura-
tion. After dialysis of the precipitate collected
by centrifugation(7,000 rpm, 30 min). reaction

properties of enzyme were investigated.

Fermentaion of citrus juice

Citrus wine making was carried out as follows.
After extraction of peeled mandarin orange,
juice was diluted to two times by addition of tap
water or supernatant of cultured medium of
Aspergillus niger CCM—4 as described in Mater-
ials and Methods, and was adjusted to Brix 24
by addition of sugar. Saccharomyces ceretisiae,
cultivated on orange juice medium for 24 hr at
30°C. was inoculated to the adjusted orange
juice, and fermentation was carried out for one

month at room temperature.

Analytical methods

After fermentation, alcohol concentration was
measured with hydrometer after distillation of
fermented orange juice. Methanol content was
determined by the method of AOAC(Horwitz ed.
1975). Optical density of the supernatant was
measured at 660 nm with PRE Unicam visible

spectrophotometer.

RESULTS AND DISCUSSION

Screeing of hydrolase—producing fungi

More than 300 strains were isolated form field
soils and plants of 250 samples collected in
Cheju island. Among these strains, enzyme acti-
vities of 21 isolated fungi and 4 strains pre-
served in author’s laboratory which were sup-
posed to be Aspergillus sp. were determined. A
total of 25 strains of fungi were screened for the
production of hydrolase under the conditions as
dedscribed in Materials and Methods.

The ten good producers are listed in Table 2.
among them, strain CCM—4 was selected as one
of the best producers of hydrolase from the cul-
ture medium containing wheat bran and orange
peel. Morphological characteristics of the strain
CCM-4 is shown in Table 3. After cultivation
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Table 2. Comparision of hydrolase—producing ability among several strains of Aspergillus sp.

Enzyme activity(unit/mi!)

Viscosity reduction(%)

Strain
CMCase Xylanase Amylase CMCase Pectinase
CcM 1 0.11 0.09 0.48 38.1 59,1
3 0.11 0.15 0.53 23.4 56.9
4 0.11 0.23 0.55 33.7 58.4
11 0.11 0.19 0.50 30.0 59.4
12 0.09 0.20 0.50 43,0 55,6
14 0.10 0.23 0.51 31.1 ' 57.4
15 0.09 0.20 0.55 35.4 52.6
22 0.10 0.22 0.49 35.8 56.8
M-2093 0.10 0.26 0.53 35.8 53.3
M-2299 0.10 0.24 0.55 30.3 55.9

Table 3. Morphological characteristics of isolate CCM—4

Colony character

rate of growth

texture

color above

color reverse
Cordinal heads

color

form

size
Conidiophore

color

markings

length

diameter
Vesicle

color

shape

size
Sterigmata

color

form
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ordinarily rapid growth
closely rough velvety
carbon black

orange brown

dark brown
globose
80-180 u

dark brown
comparatively smooth
1.5-2.5=

15-35

pale brown
glocose to subglobose
45-50 u

ocommonly pale brown

biseriate



Production of Pectic Enzymes and Its Properties for Citrus Wine Making 5

Primary sterigmata
length
width

Secondary sterigmata
length
width

Conidia
color
shape

size

15-20 p
3.5-4.0pu

5,0~6.0 ¢
2.5-3.0p

dark brown
globose
3.5-4.0

* Czapek’s agar medium(pH 5.0) at 30°C, for 5 days incubation.

of this strain on Czapek’s medium for 5 days at
30°C, morphological properties of this strain was
very similiar to Aspergillus nigerl described in
“The Genus Aspergillus”(Raper and Fennell
1973). This strain was identified as Aspergillus
niger CCM-4.

The U. S. Food and Drug Administration has
stated that pectinases prepared in accordance
with “good manufacturing practiece” as defined
by the FDA and derived from Aspergillus niger
are “gemerally recognized as safe”(GRAS) in the
United States(Reed 1975), and Aspergillus sp. has
been used in fermented foods such as soybean
souce and paste in oriental countnes. Athough it
is well known that many microorganisms pro-
duce several pectic enzymes(Reed 1976), the
strains of Aspergillus sp. only were screened and

investigated in this work.

Production of pectic enzyme

Viscosity reduction is mainly derived from
endo—polygalacturonase, and its activity contri-
butes to clarify fruit juice(Lee and Chang 1971).
Therefore, enzyme activities were determined by
the method of viscosity reduction in this work.
Maximum enzyme production of this strain were
for 3 days cultivation at 30°C on wheat bran or

mandarin orange peel as shown ‘in Figure 1.
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Fig.1. ‘Time—course of pectolytic enzymes
formation by Aspergillus niger CCM—4
on a wheat bran medium. Viscosity re-
duction activity((O) and citrus juice—
clarifying activity(@) were assayed
against 1% pectin and mandarin orange
juice.

There were not any differences of enzyme activi-
ties in pH of medium between pH 3.0 and 7.0

This would be derived from pH compensation
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between buffer solution and solid medium. Small
amount of buffer solution did not so much affect
the maintaining pH of solid medium. Various
carbon and nitrogen sources were tested for
pectic enzyme productions, but not so much
differences were found between these. Orange
peel seemed to be the place of wheat bran as a

carbon source.

Properties of pectic enzyme

Solid ammonium sulfate was added to the
culture filtrate between 0.2 and 0.8 saturation.
The precipitate formed was collected by
centrifugation(7,000 rpm, 30 min), dissolved in a
small volume of deionized water, and the solu-
tion was dialyzed against deionized water over-
night. Properties of pectic enzyme were deter-
mined with dialyzed enzyme solution. Optimum
conditions for crude enzyme reaction were pH
4.0 and 40°C, respectively, as shown in Fig. 2
and Fig. 3. After crude enzyme was treated at
the temperatures between 30°C and 70°C for 1 hr,

respectively, enzyme activities were assayed.
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Fig. 2. Effect of temperature and heat stability
on the activity of pectic enzyme.
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Fig. 3. Effect of pH on the activity of pectic
enzyme.

Most of crude enzyme activity was stabilized
under 50°C, and about half of activity was re-
mained even at 60°C. The pH of orange juice is

between 3.0 and 4.0. Optimum pH for enzyme

reaction of this strain seems to be useful for

application to clarify in citrus wine making.

Application of pectic enzyme to wine making

It was found that enzyme . treated wines were
cleared much sooner and could be filtered much
more rapidly than the untreated. Fungal crude
enzyme preparations contain not only pectic en-
zymes but also several enzymesCruess et al
1955). therefore, this enzymes would contribute
to spilt cellulose, pentosnas, pectin and other
polysaccharides. Citrus wine would be clarified
by the action of this enzymes. At 2 weeks the
enzyme treated wine was brililiantly clear and
the unterated was still cloudy. The untreated-

wine was failed to clear in 3 months’ aging, and
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Table 4. Chemical analysis of citrus wine with treated and untreated pectic enzyme

* L
Citrus wine pH  Ethanol Acidity Extract Methanol ODggo Sugar
Enzyme—treated 3.9 13.5% 1.11% 4.17% 0.05 % 0.017 1.22 %
Untreated 3.8 14.3 0.96 3.12 0.04 0.052 0,55

% Total acidity is expressed as citric acid.

% % Residual reducing sugar is expressed as g/100ml after fermentation.

sediment was proceeded very slowly during ag-
ing. Optical density of enzyme treated wine is
lower than the untreated as shown in Table 4.the
appearance of enzyme treated citrus wine was
transparent after fermentation, but became to col-
ored slowly during aging. In U. S., about 0.1%
of Pectionol-O or equivalent amount of
other pectice enzyme should be added for clar-
ification of wine from orange produced in Cali-
fornia (Amerine et al. 1972).

If a certain fruit is particularly rich in pectin,
the addition of pectic enzymes to the crushed
fruit may elevate the addition of pectic enzymes
to the crushed fruit may elevate the methanol
content since pectin esterase hydrolyzes the
methoxyl groups from pectin molecules. Libera-

tion of methanol from the hydrolysis of pectin in

citrus wine was found to be very small as shown

in Table 4.

During aging. citfus wine was being colored to
dark brown. Two general mechanisms for brown-
ing of wine have received the most
consideration: melanoidin formation by sugar—
amino acid(Maillard) interaction and oxidation of
phenolic compounds to brown pigments either
enzymatically or nonenzymatically(Reed 1975).
Several works demonstrated that increasing
temperature, pH, and oxygen as well as time
increased browning. while SO, retarded but did
not prevent browning. Therefore, further studies
on preventing browning of citrus wine such as
treatment of a wine fining agent, inactivation of
enzyme after clarification or low level of enzyme
concentration. oxygen—free conditions of wine,
removal of polyphenols, and preservation of

wine at low temperature would be necessary.
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