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activity of Kluyveromyces wickerhamii by using response
surface methodology
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Ahbstract

This present study was undertaken to find optimum conditions of pH, temperature and, period of incubation for the
pectinolytic activity of Klyyveromyces wickerhamii isolated from rotting fruits and to assess the effect of these factors by use of
response surface methodology (RSM). A central composite rotatable design was used as an experimental design for the analysis
of the allocation of treatment combinations. A second order polynomial regression model was fitted and was found adequate,
with an R* of 0.94469 ( P=<(.001). The effects of temperature and pH were the most significant factors in influencing enzyme
production. Estimated optimum conditions were as follows: pH 5.0, temperature, 32 °C and an incubation period of 91 h.
Pectinesterase (PE), pectin lyase (PL), and cellulase activities were not detected. Pectinase production was partially constitutive.
Pectin was degraded by the isolated strain of K. wickeriamii in the current study, and the pectinolytic activity is referred to as
polygalacuronase (PG) activity. Crude enzyme extract was thermostable at various temperatures and, stimulated by the
presence of Ca” " ions but inhibited by other ions like Mg® ™, Zn* ", Co® ", Mn® " and Na™.
© 2002 Elsevier Science B.V. All rights reserved.
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L. Introduction citrus peels, maceration of fruits and vegetables to

give unicellular foods (Kilara, 1982), and reducing

Microbial pectinolytic enzymes are known to play
a commercially important role in a number of indus-
trial processes. Among these are retting of flax and
other vegetable fibres, imcreasing the yield of fruit

juice extraction, clarification and depectinisation of

fruit juices, extraction of oils from vegetables and

* Comesponding author. Tel.: +267-3552590,
E-mail address: gasheba@mopipiub.bw (B.A. Gashe).

viscosity in concentrates (Fogarty and Kelly, 1983).
Use of pectinolytic enzymes is preferred over
mechanical methods for peeling of fruits and is
widely being adopted for several fruits (Ben-Shalon
et al., 1984; Donaghy and McKay, 1994; Pretel et al.,
1997).

The economics of pectinase production may be
enhanced by the selection of more productive mutants
or genetically modified organisms (Blanco et al.,
1997, 1998), which are not subject to catabolite
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repression or synthesise large quantities of the enzyme
without the necessity of an inducer (Fogarty and
Kelly, 1983 ). The commercial pectinases used in food
industry often come from moulds, in particular the
species of the genus Aspergillus (for example, Asper-
gillus niger, A. wentii, and A oryzae) and Rhizopus
(Acufa-Argtelles et al., 1995). Mould pectic enzymes

mewrmally coembain o muvhiree Al secioalube anoceec
normally contain a mixture of pectinolytic enzymes
and are always associated with xylanases, cellulases
and hemicellulases. However, there are cases where
only one type of pectinolytic enzyme is required. The
cloud in orange juice can be stabilised by use of high
levels of polygalacturonase (PG). Many commercial
pectinases form 4. miger are low in PG activity, A.
niger also secretes pectinmethylesterase which, if left
in the pectinoltic digest, produces the toxic aleohol
methanol. The production costs of PG from A niger
are high if pure enzyme is needed since the separation
from other enzymes is required. A. niger also secretes
a variety of other enzymes. Some possess oxidising

activities that are not desirable in the production of

wines and fruit juices. Although they sometimes
produced one or two types of pectinolytic enzymes,
the production of pectinase is not so widespread in
yeasts, Very few yeasts show this ability namely those
belonging to the genera Saccharomyces, Kluyveromy-
ces, Cryptococces, Rhodotorola, and Candida (Luh
and Phaf, 1954; Vaugn et al., 1969; Winborne and
Richard, 1978; Lim et al, 1980; Federici, 1985;
Barnby et al., 1990). Pectinases are not produced
commercially from bacteria, although highly produc-
tive constitutive strains are known (Lei et al., 1985;
Chatterjee et al,, 1995). This is because of the high
costs of production.

The conventional method that has been used for
optimisation is the “change-one-factor-at-a-time™
method in which a single factor or one independent
variable is varied while fixing all others at a specific
level may. This may lead to unreliable results and
less accurate conclusions (Oh et al., 1995). Response
surface methodology (RSM), which includes factorial
designs and regression analysis, can better deal with
multifactor experiments (Quintavalla and Parzlar,
1993; Kalathencs et al.,, 1995; Nketsia-Tabiri and
Sefa-Dedeh, 1995; Montgomery, 1997; Sen and
Swaminathan, 1997). This present investigation has
been carried out with an aim to isolate a pectinase-
producing microorganism and to optimise culture

conditions for the production of extracellular pecti-
nolytic activity.

2. Materials and methods
2.1 Isolation and screening

Pectinase-producing organisms were isolated from
various sources, with special atlention given to rot-
ting fruits such as apples, oranges, tangerines and
pears obtained from the local shops. The pectinolytic
microorganmsms were selected on the basis of utili-
sation of pectin as a sole carbon source in the selective
medium which contained (g/1000 ml distilled water):
CaCl, (Saarchem 5822320, RSA), 0.05; KH,PO,
(Saarchem 5043610 RSA), 0.2: MgS04.7H,0
(Saarchem 4123920, RSA), 0.8; (NH4)S0, (Saarchem
[122720), 1.0; Yeast extract (Oxoid E21, England),
[.0; High Quality Agar (Oxoid LPOO11), 15 and Citrus
pectin (Sigma PP135, 5t Lows, MO), 0.05. Wherever
possible, the fungal spores were taken directly from
the infected material onto the selective medium. Al-
ternatively, the plant material was blended and serially
diluted in distilled sterile water before platng on the
selective medium. The plates were incubated at 25 °C
for 48 h. The colonies that were surrounded by a
largest diameter of the transparent zone were selected
as potential producers of pectinzse. By sub-culturing
through several generations in pectin agar, the stability
in pectinolytic activity was ascertained.

2.2, Maintenance of cultures

Isolated yeast strains were maintained at 4 °C on
agar slopes containing (g/1): yeast extract 3.0 g (Oxoid
E21); peptone (Oxoid L49) 5.0 g glucose Merck
08342 RSA), 20 g; malt extract (Oxoid CM57), 3.0
g and High Quality Agar, 15 (Oxoid LP0011), 20 g
{Schawan and Rose, 1994).

2.3, Inoculum preparation

Forty-eight (48)-h cultures of yeast strains grown
on malt extract agar (Oxoid CM59) plates at 25 °C
were used o prepare standard inocula. Sterile distilled
water (5 ml) was used to suspend the yeast cells. The
suspension was adjustzd to an optical density of 1.0 at
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540 nm cn a 2 1UVD-spectronic spectrophotometer
using a l-cm hight path test tube Only 1 ml of the
suspension per 100 ml of medium was used es a
standard moculum (unless otherwise stated), m 250
ml capacily Crlenmeyer flasks.

2.4, Pectinase produchon

Isolated pectunase-producmg yeasts were grown in
a modified media of Kebede (1994), which contained
the follawing (/) NaCl (Saarchem 5822320, RSA),
0.1; CaCl, (Saarchem 152010, RSA), 0.02; KH.PO,
{Saarchem 5043610, RSA), 0.2; FeCls.6H,0O(-
Saarchem 2340530, RSA), 0.001, NH,C] (Saarchem
1122720, RSA), 0.2; MgSO, (Saarchem 4123920,
RSA), 0.17; Yeast extract, 0.5 (Oxoid E21), which
was supplemented with a chosen carbon source.
Citrus pectin (Sigma P9135, Germany), galacturonic
acid (Sigma G2125, Germany), polygalacturonic acid
(Sigma PIRZQ, Germany), glucose (Merck 108347,
Germany) glycerol (Merck 104092, REA), cellobiose
(Sigma C7252, Germany), xvlose (Sigma X3877,
Germany ) and sucrose (Merck 10012085, RSA) were
all used as carbon sources. All reagents were analyl-
ical grade. The carbon source and yeast extract were
sterilised separately from the basal medium. The baszl
media were sterilised at 15 pst, 121 °C for 15 mn.
The total extracellular pectinase was determined in
the culture supernatant after growth in an mcubator
shaker (Gallenkamp, UK) at 150 rev/min maintained
at 30 “C with different combinatons of temperature
(24-48 °C), pH (3.0-5.0) and time of incubation
(40120 h). The initial pH was adjusted using 0.5 M
HCL.

2.5, Preparation of enzyme samples

Samples from the medium were withdrawn perio-
dically, centrifuged at 1 °C using Biofuge stratos
(Heracaus Intsruments, Germany) at 10,000 > g for
10 min. The cell-free exiract was used to serve as a
crude enzyme source of total pectinase, polygalactur-
onase, pectineslerase, pectin lyase and cellulase.

2.6, Assay for pectinase ectivity

Extracellular pectinase activity was measured by
quantifying, usng the method of DS (Miller, 1939,

the number of reducing groups which had been
liheratad afier incohation with 1% cirus pecrin sol-
ution, using gelacturonic acid as a standard units. The
assay was carricd out using 1 ml of 1% pectin
(dissolved in 0.05 M acetate buffer), 8.5 ml of acstate
buffer (pH 5.0) and 0.5 ml of culwre filirate. The
resulting mixture was incubated at 43 °C, with shak-
ing for 1 h in a water bath incubator shaker. One unit
of pectinase activity was defined as the amount of the
enzyme. which catalysed the formation of | pmaol of
galacturonic acid per hour at 45°C. The enzyme
activity was expressed as units per milligram dry
weight per mallilitre (U/mg DW/ml) of the supcrnatant
(Baracat et al.,, 1989).

2.7, Assay jor polygalaciuronase (PG

Polygalacturonase zctivity was assayed by incubat-
g a mixture of 1 ml of 1% polygalacturonic acid
(dissolved in 0.05 M acetate huffer, pH 5.0, 8.5 ml of
sodium acetate buffer and 0.5 ml of culture filirate
at 45°C for | h in a water bath incubator shaker
(Baracat et al., 1989). Poly galacturonase activity was
measured by quantifying the amount of reducing sugar
groups which had been liberated after mcubation with
1% palygalacturonic acid at 45 °C, using the method
of DNS (Miller, 1959) and using galacturonic acid asa
standard. One unit of polygalacturonase activity was
defined as the amount of the enzyme, which catalysed
the formaticn of 1 pmol of zalacturonic ccid per hour
at 45 “C. The enryme activity was expressed as units
microgram dry weight per millilirre (U/mg DW/ml).

2.8, Assay for pectinesterase activity (PE)

A 1% (w/v) soluticn of pectin (47% esterified) in
0.1 M sodium chloride was adjusted to pH 7.5 with
0.5 M sodium hydroxide. Unbuffered enzyme solu-
tion 0.1 5.0 ml was added to 20 ml of pectin solution,
and the pH was maintained at 7.5 for 30 min by the
addition of .02 M sodium hydroxide. The volume of
sodium hydroxide added is proportional to enzyme
activity (Barnby et al., 1990).

2.9, Assay for pectin vase activity (PL)

Pectin lyase activity was measured spectrophoto-
metically, Once-half muillimetre enzyme solution was
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added to 0.25% (w/v) pectin in 0.1M Tris—-HCL
buifer, pH 7.5, and the increase in absorbance at
240 nm was monitored (Barnby ef al | 1960)

2400 Assay for cellulase activity (cellulase)
Cellulase activity was determined by measuring the

release of reducing groups using DNS assay and
glucose as a standard. The reaction mixture consisted

of one strip of filter paper (1 % 7 em) and 3.0 ml of

culture supernatani was incubated at 45 “C for 1 h.
One unit of cellulase activity (Cellulase unit) was
defined as the micromoles of glucose released per
microgram of protein per hour.

2.11. Reducing sugar determination

In all cases, the amount of reducing sugar was
determined using | ml 3,5-Dinitrosalicyclic acid
(DNS) reagent (Sigma D0550, Germany) and 1 ml
of reaction mixture in a test tube (2 % 17 cm) and was
boiled for |5 min. A 1 ml solution of 10%; Potassium
Sodium Tartarate (Rochelle salt) (Sigma PD165, Ger-
many) was added to the mixture of the reactants
subsequent to development of colour and prior to
cooling. The reagent control contained for each assay
contained | ml of substrzte solution that had been
incubated in the absence of the inoculum. After
cooling, the optical density of resulting coloured
mixture was read at 575 nm using l-cm light path
cuvette. p-Galacturonic acid was used as a standard
with which the amounts of reducing sugars produced
by the action of pectinases and polygalacturonases
(Miller, 1959).

2.12. Biomass quantification

Protein quantification was carried out by the modi-
fied methed of Lowry et al. (1951) using bovine
serum albumin (BSA) (Sigma B2771, Germany) as
a standard. Biomass determination of yeasts was
determined gravimetrically after drying cells at 80 “C.

2.13. Experimental design
A central composite design for k=3 was used and

it generated 20 treatment combinations (Cochran and
Cox, 1959; Montgomery, 1997). This generated 20

sample combinations. The effects of independent
variables, pH of growth medium, temperature, and
fermeniation time on the response (i e the pectinase
production by the isolate Khyveromyces wickerhamir)
were investigated. Five levels of each variable were
chosen. The upper and the lower limits of each
variable were chosen to encompass the range in
literature and to reflect what is done in practice after
a preliminary investigation of the limits. The remain-
ing levels were identified using CCRD (Montgomery,
1997). To set up a statistical model, we let ¥ denote
Units of pectinase preduction, we determined code
factor levels as follows: X;=(temperature—35)/5.0,
Xo=(pll—4.0)0.5 and X;—(time—72)/24. Table 1
Contains the actual factor levels corresponding to
the codad factor levels. For each factor, a conventional
level was set to zero as a coded level. Using this
design, a second order polynomial regression model
to the data (Eg. (1)) and was used to generate response
surfaces. The ireatment combinations and response
are shown in Table 2.

Y = by + biXi 4+ baXa + baXa + b XE + bk}
1 F’J-J-Xg,z FhaX X 4 b X XS+ B Xo XS 42
(1)

2.14. Statistical analysis

Data were analysed using SPSS for Windows
Release 6.1.3 (SPSS, USA) to yield regression equa-
tions, regression coeflicients and analysis of variance.

Table 1
Process variables used in the central composite rotatable design
(K= 3) with actual factor levels corresponding to coded factor levels

Factor Code® Actud factor level at coded factor
levels of
—L682°  —1 0 1 1.682
Temperature X 26.59 30 35 40 434
(*C)
pH X 3.159 335 4.0 45 4,841
Time (h) A 31.68 48 72 D6 11232

®Code level limits based on preliminary investigations and also
to reflect what is done in practice. (X,=(temperature—35)5.0,
Xy=(pH-4.0)/0.5 md Xi=(time—T2y24).

®Lewels based on the Central Composite Rotatable Design
(Cochran and Cox, 1959; Montgomery, 1997).



8 Mave o al / Iwernational Journal of Focd Merobiology 85 {2003) 87100 Q]

Table 2

‘Treatment combinations and mean responses

Trearment Coded variabie ievel’ viem
o i 5 response (F)

(UimgDW)

1 -1 1 1 6.0

2 -1 1 1 7.0

3 1 -1 1 7.6

4 1 1 -1 45

5 0 0 0 B8

[ 0 0 0 B.1

7 -1 -1 1 kN

8 —1 1 -1 7.5

9 I -1 -1 79

] 1 1 1 T8

11 0 0 0 7.8

12 0 0 0 7.3

13 1682 i} i} 7.0

14 — 1682 0 0 7.8

15 0 — 1682 0 6.7

16 0 — 1.GE2 0 4.3

17 0 0 1.682 kN

1% 0 0 —1.682 22

19 0 0 0 27

mn n n n 1.5

® Code level limits »ased on preliminary investigations and also
to reflect what is done in practice. (X;=(temperare—35)5.0,
Xo=(pH —4.0)/0.5 and X;=(time— 72}/ 24,

¥Levels based on the Central Composite Rotatable Diesign
(Cochran and Cox, 1959; Montzomery, 1997).

The models were examined for lack of fit and
adeguacy and efficiency in predicting the response.
All three-dimensional response surface graphs and
two-dimensional contour plets were generated using
STATISTICA for Windows (Release 5.1, Stasoft,
USA). In our regression model, the response variable
pectinolytic activity and candidates for explanatory

variables are linear, interacticn and quadratic terms of

coded levels of temperature, pH and time. The a-level
at which every term in the selected medel should be
significant was set at 5%. Optimum conditions were
found through differentiation.

215, Effecis of metal ions on enzyme octivity

The effect Mg (MgCl,; Merck 214733 RSA),
Ca?t (CaCly: Merck 102383 RSA), Znt (Zn(l:
Merck 108813 RSA). Co®* (CoCly; Merck 159242
RSA), and Mn?* (MnCly; Merck 105917 RSA) on
enzyme activity was investigated from 05 mM con-
centrations.

2.16. Thermal stability studies

Enzyme stabihity studies were performed by first
incubating the culture filirates in the absence of
subsirate at 50, 60 and 70 “C. Samples were with
drawn at varions intervals op to 90 min and the
residual pectinelytic activities were then determined.
Incubating the culture filtrates in the presence of the
metal icns and samples withdrawn periodically for
enzyme assays, the effect of metal ions that enhance
activity on thermal stability was assesscd.

3. Results and discussion

Eighteen strains of fungi were isolated from rotting
fruits based on growth and diameter of tansparent
zone arcund their colonies. Only five of these (four
moulds, onz yeast) had a significantly higher (=14
mm) diameter around their colonies. The moulds were
identified as Riizopus sp., A niger, Aspergillus sp.,
and Fericillium sp. by mormphclogical exammation
using light microscopy. Substantial work has been
done on the moulds 1solated in this study as regards
pectinolytic activity. The veast 1solate identfied as K
wickerhamii using the method of De Vroey and Raes-
Wutvluck (198%) was found excrete reasonable stable
extracellular pectinolylic activity on pectin agar gels
and was used in this study. Some members of this
genus have also been shown to be potential sources of
the pectmase, especially K. marxianus of which 85
00% of the proteins it secretes are polygalacturonases
(Barnby et al., 1990; Schwan et al., 1997).

The analysis of variance [ANOVA) demonstrates
that the model is highly significant { F<0.001; Table
3y and the R* value being the measurs of the goodness
of fit of the model, indicates that 94.469%; of the total

Table 3
Analwzis of variance for the evsluation of the second-order maodel

for the madel

Source of  4°  Sum of Mean F-ratio Povalue
variation SOUITES square

Mode| P 20309447 2279939 5692945 0.0000
Residual 30 1201454 040048

Total 3 21720001

Rsquare = 0.94469; Standard error of the estimate=0.63284;
afjusted K-square =109280%; Durbin- Watson test= 1.47 109,
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variation 1s explained by the model. In studying the
influence of growth conditions on pectinase produc-
tion, the model clearly reveals no significant interac-
tions between temperature and time (P=0.05) and
nonsignificant interactions between temperature and
pH ( P<0.05). Further, ANOVA (Tables 4 and 5) for
variables in the model showed that the linear effect of
temperature was the most important variable, as it
contributed 39.206% of the variaton of 94.469%. The
quadratic effect of time also contributed significantly
{P<0.05) to the model, as it accounted for 28.079%
of the total variation. The linear effects of pH also
contributed significantly ( P<0.05) to the total varia-
tion. Thus, in the growth and enzyme production of K.

wickerhammi, the fermentation time, initial pH of

medium and temperature are all important and treating
them separately may not reflect their true influence to
the total varation or to the response. This model
therefore indicates any of them and or a combination
can be manipulated to control (enhance) growth and
enzyme production.

The shapes of contour plots indicate the nature and
extent of the interactions. Prominent interactions are
shown by the elliptical nature of the contour plots
(Fig. 1), while less prominent or negligible interac-
tions would otherwise be shown by the circular nature
of the contour plots. The more linear the response
(Fig. 2), the less the magnitude of interactions and
vice versa (Figs. 1, 3, 4 and 5). The response surface
plot (Fig. 3) indicates an optimum enzyme activity

Table 4
Coefficient estimates in the regression model selected through
variahle selection

Independent Coefficient Standard ~ r-Vale Significant
variahle [13)] emor, S.E. level
(parameter”) )

Xi* —1.765645 0121082 — 14582 0.0000
X* — 0369988  0.121082 —3.056 0.0047
Az* 0917176 0.121082 7.575  0.0000
Xxn* —1.545911 0017855 — 13117 0.0000
XA — 0025919 058210 =064 08710
R oP Chid — 0456090 0158210 — 2883 0.0072
A — 02283380  0.117855 —1.937 0.0622
XX 0472220 0.158210 2985 0.0056
R e% oh — 0928935 0117855 —7.882  0.0000

* X}, Incubation temperature (°C); Xz, pH; A5, fermentation
fime,

*Highly significant { P<0.01).

** Significant ( P < 0.05).

Table 5

Further ANOWVA for the variables in the order fitted

Source df Mean square Fratio Paluc
Temperature 1 H5.15926 24 50631 0.0000
pH 1 373938 066565 0.4197
Time 1 2297804 4 49570 0.0406
Temperature " 2 1 6099063 14.83592  0.0004
Time "2 1 17.34985 329693 00773
pH"2 1 0.00061 0.00011 09918
pH*time 1 356TET 0.63461 0.4306
Temperature *time 1 332829 059133 04467
Total 7 19337545

around a pH of 3.8-4.5 and a temperature of 28.5
35.5 between 72 and 120 h of incubation.

The seven-variable model was identified using
stepwise multiple regression analysis. The functional
form of the model (Eq. (1)) was solved by partial
differentiation. The maximum values of the process
variables in coded values are as follows: X =

0.6968818; X>=0.3919087; and X3=0.7835076
with corresponding ¥=8.510477 U/mg DW. The
uncoded values of the test variables are as follows:
temperature =31.52 *C, pH=4.70 and time =90.80 h.
The experimental results indicated a maximum yield
of pectinolytic activity of 7.9475 U/mg DW, which
confirms the closeness of the model to the experimen-
tal resnlts

The enzyme activity of 8.51 U/mg DW/ml is close
to the optimum pectinolytic activity of Aspergillus sp.
CH-Y-1043 of 10 U/mg DW/ml (Aguillar et al.,
1991). The optimum pH and temperature optimum
are also consistent with values that have been found
for fungal pectinase production of 4-6 and 26-37
“C, respectively (Luh and Phaf, 1954; Lim et al.,
1980; Whitaker, 1984; Schwan et al., 1997).

The commercially available preparations of pecti-
nolytic enzymes are produced from Aspergillus sp.
They contain a mixture of enzymes and are sometimes
associated with cellulases and have usually low PG
activity (Aguillar and Huaitron, 1980; Acufia-Arghelles
et al.,, 1995; Madden, 1995). Such mixtures are
usually useful for extraction of juice and maceration
of vegetables. On the other hand, only one type of
pectinolytic activity may be required, for instance, in
the stabilisation of the cloud in orange juice, high
levels of polygalacturonase are required (Kotzekidou,
1991). The organism in this study appears to be useful
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Fig. 1. Contour plots for the effect pH and temperature on the pectinolytic activity of K wickerhammi after 72 h of incubation. Figures shown
indicate the level of pectinolytic activity in Units per milligram dry weight per ml (U/mg DW/ml). One unit (17) of pectinase activity was defined
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Fig. 2. Response surface for the effects of temperature (°C) and time
(h) at pH 4.5 on the pectinolytic activity of K. wickerhamii. One unit
(L) of pectinase activity was defined as the amount of the enzyme,
which catalysed the formation of 1 pmol of galacturonic acid per

hour at 45 °C.
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Fig. 3. Response surface for the effects of pH and temperature (*C)
an the pectinolytic activity of K wickerhammi after 72 h of
incubation. One unit (UT) of pectinase activity was defined as the

amount of the enzyme, which catalysed the formation of 1 pmeol of
galacturonic acid per hour at 45 °C).
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Fig. 4. Response surface for the effects of pH and time on the
pectinolytic activity of K. wickerharmmi at 30 °C. One unit (L)
of pectinase acivity was defmed as the amount of the enzyme,

which camalysed the formaion of 1 pmol of galacturonic acid per
hour at 45 *C.

for such purposes and i¢ a polential scurce of a pure
PG enzyme, which could be used directly in fruit and
vegetable processing or on cocoa beans for the extrac
tion of cocoa juice. Since K. wickerhamii produced
one type of peetinolytic activity (PG activity), 1t can
be used as & direet source of the enzyme, PG. This
may reduce the time and cost involved in the produc-
tion of P'G. This 1s because the current source A, niger
produces as wide mnge of pectinases and other
enzymes. The separation of FG from other enzymes
is very expensive.
Pectinzse production has been shown o be influ-
enced by the type and source of carbon (Nair et al.,
1995). When the isolate was grown on glucose, as a
sole carbon source pectinase, levels remained lower
than when pectin was used as a sole carbon source.
Fectinase was produced in the absence of pectin (Fig.
0} suggesting the constitutive nature cf the exiracel-
lular pectmase. It has been demonstrated that bacteria
such as Bacillus subtilis (Fogarty and Kelly, 1983),
moulds such as Aspergallus sp. CH-Y-143 [Aguillar
and Huitron, 1990}, are capable of producing poly-
galacturonases constitutively. The absence of growth
observed with 1% galacturonic acid as a sole carbon

8 Movo ei al. / International Jowrnal of Food Microbiology 85 (2003) 87-100

source may suggest some form ol catabolite repres-
sion (lanara =t al., 1975; Solis-Ferera et al.,
Schawan and Rose, 1994).

An increase in extracellular pectinase activily n
the combination of glucose (1%) and pectin (1%), as
compared to the individual substrates, suggests that
the extracellular pectinase production of the £ wick-
erhamni was partizlly constitutive. The presence of
pectin (1% in the media containing glucose (1%) thus
induced an increase in enzyme activity from 9.0 o
13.7 U/mg DW/ml, which represents an approximate
50% increase in the pectinolyiic activity. Winborne
and Richard (1978} have observed this effect in a
similar study of the yeast Saccharomyces fragilis
(Khuyyveromyces fragilis). Since pectin 15 a high-level
molecular weight polysaccharide, the question arises
as to how induction takes place or how the czlls can
sense the substrate in the outer environment. It has

hean suggested thal some microorganisms can pro-
duce low levels of hasal constitutive activities that
degrade the polymeric substance, and that low levels
of the reaction serve as inducers or energy sourcas to

Fig. 5. Respuise swifce for the ellzct of emperaioe willn e at
pH 4.0 on the pectinolytic activity of K wickerdammi. Onz unit (1)
of pectinase activity was defined as the amount of the enzyre,

which catalysad the formation of 1 pmol of galacturonic acid per
hour at 45°C
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Fig. 6. Effect of carbon sources on the pectinolytic activity of K. wickerhammi One unit (U) of pectinase activity was defined as the amount of
the enzyme, which catalysed the formation of 1 pmol of galactwonic acid per hour at 45 °C. A=Pectin(1%). B=Ghicose (0.2%). C=Pectin
(1%)+ghicose (0.2%), D=Glucose (1%), E=Pectin (1%) + ghicose (1%).

promote cell growth and pectinase production (Leone and fungi (Kelly and Forgarly, 1978; Dosanjh and
and Van den Heuvel, 1986; Aguillar and Huitron, Hoondal, 1996; Aguillar and Huitron, 1987; Schawan
1987). This has been demonstrated in some bactena and Rose, 1994; Schwan et al, 1997).

15 ~_

1.4
1.2
1.0

0.8

Eazyme activity (Uiugprotein/ml)

Ol

0.4

02

2 3 4 & [ 7 8
pH

Fig. 7. The effect of pH on enzyme activity of th: crude pectinase extract of K. wickerhamii. One unit (L) of pectinase activity was defined as
the amount of the enzyme, which catalysed the formation of 1 pmol of galacturonic acid per hour at 45 *C. (Cell-free culture supematant from a
96-h cultare mamtained at pH 5.0 at 30 *C was used.)
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The pectinase secreted by K. wickerhamii has
optimum pH and temperature of 5.0 and 50 “C (Figs.
7 and 8, respectively) typical of pectinase secreted by
most yeasts (Luh and Phaf, 1954; Sanchez et al.,
1984; Ravelomanana et al., 1986; Barnby et al.,
1990). The effect of temperature on the pectinase
from K. wickerhamii was similar to that reported for
other yeast like 8. fragilis, Kluyveromyces marxianus,
and Candida sp. (Lim et al., 1980; Sanchez et al.,
1984; Ravelomanana et al., 1986; Barnby et al.,
1990). The presence of up to 3 mM Ca’* (Calcium
chloride) stimulated enzyme activity by up to 16.46%
over native enzyme activity (Table 6). Mg” ", Zn**,
Co”*, Mn” *and Na* inhibited the pectinolytic activity
of K. wickerhamii, unlike the pectinase of Bacillus
GEK-8 that has been shown to be stimulated by these
cations (Dosanjh and Hoondal, 1996). Ca” " has been
reported to cause 290% increase in poly galacturonase
lyase activity (Kelly and Forgarty, 1978).

The extracellular pectinase of our strain of K
wickerhamii was relatively thermostable as it retained
over 80% for activity for 4550 min at 60 and 70 °C
in the presence of 3 mM Ca” * ions. This suggests that
Ca’ ™ conferred stability to the pectinase (Fig. 9ab,

Table 6
Effects of metal ions on the activity of the pectinase of K.
wickerhamil

Metal  Concentration (mM)
wons g 1 2 3 4 5
NA® 1616 Ulg
protml
Ca* TP 6.6% 165%  63%  5.5%
Mg™' No activity detected
Zn* No activity detected
Co™ No activity detected
Mn® No activity detected
Na' No activity detected

*NA=native enzyme activity. Values quoted as Units (Uipg
protml).
¥ Percentage over native enzyme activity.

and c). This may be due to the protective action by
calcium chloride against heat inactivation of the
pectinase. Similar results have been obtained in the
production of pectinase by Bacillus pumilus (Fogarty
and Kelly, 1983).

The thermostability of the enzyme is important in
juice extraction. Prior to the use of pectinases, fruits

Enzyme activity {Ufugprotein/mil)

o

36 42 46

50 54 58 62

Temperature {“C)

Fig. 8. The effect of temperature on the enzyme activity of the crude pectinase extract of K. wickerhamii. One unit (U) of pectinase activity was
defined as the amount of the enzyme, which catalysed the formation of | pmol of galacturonic acid per hour at 45 °C. (Cell-free culture
supernatant from a 96-h culture maintained at pH 5.0 at 30 °C was used.)
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were first ceoked to release more juice. This gave a Apples, stone fruits and herries are normally pro
covked flavour and also released a lot of pectin into cessed at 3050 °C for about 15 to SO min (Madden,
the juice giving a thick and a cloudy appearance. 1995). The fact that the pectinase from K. wickerhamu
a
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Fig 9.(a) Thermal stability profiles for the pectinase of & wickeraamii at 50 °C in the presence and absence of 3 wM CaCl.. (Residual
activity is the amount of enzyme activity thet was retained over native (originall enzyme activity.) (b) Themal stability profiles for the
pectinase of K. wickerhami at 60 °C in the presence and absence of 3 mM CaCl, (Residual activity is the smount of enzyme activity
that was retzined over native (original) enzymre gctivity.) (c) Thermal stability profiles for the pectinase of K. wickerhomil at 70 °C, in the
presence and absence of 3 mM CaCl;. (Residual acivity is the amount of enzyme activity that was retained over native (original) enzyme
activity.)
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Fig. 9 (continued ).

1s thermostable up to 105 min at 50 “C and has an
optimum tzmperature 530 °C presents excellent oppor-
tunities for its use in the fruit juice industry.

4. Conclusion

The conventional approach to oplimisation used
for multifactor experimental design s the “charge-
one-factor-at-a-time™ traditionally used by many
microbiolegists has limitations because: (a) 11 gener-
ates large quantities of data which are often difficult to
interpret, (b) it is time consuming and expensive and
(¢) ignores the effects of interactions among factors,
which have a great bearing on the response.

The yeast strain of K. wickerhamii, which has
bezn isolated from rotting fruits, is a potential source
of pectinase for use in feod industry if 1t 15 further
explored. A more long-term goal weuld be to con-
struct overproducing strains, which could be used as
source of polygalzcturonase and a starter cultures for
fermentation. The optimum pectinolytic activity was
achieved at pH 5, 33 “C afier 91 h of incubation.

‘The pectinase production was partially constitutive
and the scercted pectnase was thermostable and its
aclivity was enhanced by addition of 3 mM Ca®™
ions.
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