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Stability studies of papaya pectinesterase 

Stability studies were carned out on the purilied papaya (Curiro pupqa L. var. 
UM~UI) pectincsterase (EC 3.1. I. I1 1. The enzyme preparation was stabk at 4’C 
in 0-02~ sodium phosphate butTer (pH 7.5) solution containing 0.2~ N&l and 
O-O% sodium azide and the loss in activity was less than 5% after storage (or 
I year. The thermoslability studia showed that enzyme was more heat-stable at 
pH 7-5 thao at pH 4. After heating al 60°C for 5 min. 65 6 and 82% activity still 
remained at pH 4 and pH 7-5. respectively. Ii war completely inactivated by heat- 
ing for 5 mitt at 70 and 75°C al pH 4 and pH 7.5, respectively. The D values 
(time to inactivate W%, or the enzyme) at 55.60, 65 and 70°C at pH 4.0 were 
estimated 10 bo 112.14. 23.78.8.33 and I.71 min. respectively. Lower inactivalion 
rates were ohscrvcd for pH 7.5. whh lhe D values ranging from 143.27 to I.67 min 
for tcmper4tures between 60 and 7W. The 2 values, which indicate lhc rise in 
temperature necessary *o obarvc a IO-times faster rdte of heat-inaclivdtion. 
were estimated lo he 7%‘C and S,38’C at pH 7.5 and pH 40. respectively. The 
inactivation energies and Qlo values were calculated as 256.9 W/m01 and 15.59 
at pH 4.0 and 284.76 kllmol and 19.21 at pH 7 5. respectively. pH stability 
arudics showed that the enzyme was stable from pH Cl I abler exposure of ihe 
enzyme LO these pHs far 24 h at 3WC. More than 85% of the activity was re- 
tained in all of these casts. However. at pH I and 12. the enzyme was unstable 
nnd it complctcly lost ib activity after 24 h of incubation at 30°C. 

lNTRODUCTlON 

Papaya pctinesterasc (EC 3.1. I I I ) is a pectic enzyme 
which has an important intlueccc on the quality and 
stability of processed papaya products. A short period 
after papaya is pulped into puree, a gel is formed. This 
gel formation has been attributed to the enzymatz 
action of pectinesterase (Yamamoto & Inouye. 1963). 
Pectinesterase is also of great concern to the citrus 
industry since it has been definitely established that it is 
the causative agent for clarification of citrus juices and 
gelation of concentrates (Joslyn & Pilnik. 1961; Krop, 
1974). According IO Verstecg er ui. (1980). to prevent 
these quality defects in the citrus industry. the enzyme 
must be inactivated by pasteurisation at 90°C for 
I min. On the other hand, the heat treatment necessary 
to inactivate the pectinestemse in the juice varies with 
variety, pH, etc. (Rouse & Atkins, 1952, 1953; Atkins & 
Rouse, 1953: Kew er u/., 1957). Eagerman and Rouse 
(1976) examined the pectinesterase inactivation in juices 
extracted from diRerent citrus varieties and found that 
the 2 values (the rise in temperature necessary to 
observe a IO-times faster heat-inactivation) varies 
depending on the variety. Nath and Ranganna (1977) 
showed that the processing time for pectinesterase 
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inactivation increased as the pH increased. Low pH 
inactivation of pectinesterase has bean suggested as an 
alternative to oasteurisarion in citrus juice (Owusu-Yaw 
e/ (II.. 198s). . 

This work was designed to carry out stability studies 
(including storage stability, thermwtability and pH 
stability) on purified papaya (var. exorica) pectinester&% 

MATERIALS AND METHODS 

Enzyme source 

Previously extracted and purified to homogeneity, 
papaya (Curicu pupoya L. var. exo/ica) pectinesterase. 
was used in this study (Fayyaz er ul. 1993; Fayyaz 
et ol, 1994u,h). The concentrated enzyme preparation 
had a specific activity of 780 pmoVmin/mg protein 
(500 unit5 per ml of enzyme solution). The enzyme was 
kept in 0.02 M sodium phosphate buffer (pH 7.5) solu- 
tion containing 0.2~ NaCl and 0~02% sodium azide 
at 4°C. 

Enzyme assay 

The pectinestcrase activity was determined by the 
method of Kertesz (1955). as described by Korner el al. 



392 A. Fuyya.- cl al. 

(1980). Briefly, the method consisted or a titrimetric 
measurement of the ralc of carboxyl group liberation 
from 1X pectin, O,lSM NaCl solution at pH 7.0 and 
3WC. The initial reaction velocity was measured by 
automatic titration of the liberated carboxyl groups 
with 0,02 M sodium hydroxide for IO min in a Titralab 
Autotilrator model VIT 90’ABU 93/SAM 90 (Radio- 
nutcr. Copenhagen. Danmark). Non-enzymatic 
de-esterigcation of pectin was determined in the 
presence of denatured pec:inesterase and corrections 
were made to obtain the correct rate or the enzyme 
reaction. One pectinestcrase unit is defined as the activ- 
ity corresponding to the release of one pmol of 
carboxyl group per minute. 

Starage stability studies r 

Concentrated enzyme (having 0,6416 nlgiml protein) 
was stored in 0.02~ sodium phosphate buffer (pH 7.5) 
containing 0.2~ NaCl and OGX, sodium azide at 4°C. 
Residual activity was tested arter I year storage under 
standard assay conditions. 

ThemWahility studies 

Residual activities of pactinesterase after incubation for 
5 min at various tempcrrturcs at pH 4 and 7-5 were 
determined. Citric acid-phosphate bugcr (O-I M) con- 

Tahk I. D vallm (rater of iaactintioa) ia mimdas at pH 4 aad 
15 

TcItlp. Slope 
(OC) at 

PH4 

55 -00X391 
60 -tW3652 
65 -0~lRlO8 
70 -058374 
75 

/J value = I/slope. 

D valae Slope D vdlue 
at 

pR4 p&5 p&5 
___. 

112.14 - 
27.38 ~Ouu698 14;27 

8.33 -0.03248 30,79 
I.71 -0.13471 7,42 

-0.59705 1.67 
-____ 

mining 0~02% sodium aaide was used in these studies. 
Tubes that were identical in length, diameter and 
weight were used in all of these studies. Pectinesterase 
(15 ~1) solution was added and mixed in the pre- 
incubated screw-type tubes having 1485 PI of buffer 
solution at the desired temperature in a circulating 
waterbath. After incubating the tubes for 5 min at the 
desired temperatures. the tubas were cooled in the 
water with melting ice and. immediately after that. 
residual actjviry was measured under standard assay 
conditions. 

D attd Z vahtes 

The rate of heat-inactivation of purified Papaya 
pcctinesterase were determined from 55 to 75°C in 
pH 4 and 7.5 citric acid-phosphate buffer containing 
0.02% sodium azidc as an antimicrobial agent. Pectin- 
esterase solution (80 pl) was added to the identical test 
tubes containing 7920 PI of buffer and incubated at the 
desired temperature in a circulating water bath. One ml 
samples were taken out at various time intervals and 
cooled in water with melting ice, Residual activities 
were determined immediately after the samples were 
cooled down. To calculate the D values (decimal reduc- 
tion value which is the time period required at a certain 
temperature IO reduce the activity to 10%). the log of % 
residual activity was platted against heating time. 2 
valuer (the rise in temperature necessary to observe a 
IO-times faster heat-inactivation) were calculated by 
plotting the log of D values against temperature (“C) 
(Table I). 

lnactivatian energy and Q,, values 

To determine the inactivation energy. K was calculated 
from the data for D values (Tables 2 and 3) and L,.K 
was plotted against the absolute temperature (K). AH 
was calcubdted from the slope by formula, E, = slope X 
R. Inactivation energy and Q10 for inactivation energy 
was calculated as described by Toledo (1991). 

T&de 2. Rnte convtants ai diRerent temperahwes for the ~akutntton of inacttvattan eacrgy at pH 4 
__~-- ~___ -- ~~~_. .-- 
Temp. (“C) Temp. ?K) I/T(“K) D value (min) K = 2,303,~ (min ‘) 1°K ----____ 

55 328 0@l3408 112~14 O-020536 --3.88553 

z 333 338 o.uo3003 0~00?958 27-38 8.33 0~0841!2 0~276410 -2~47.560 -1.28565 
70 343 o+lo2915 I.71 I.346783 -0,29772 

Q value ?? l/slop. 

Table 3. Rate caratants at dlgercnt tmtpratures for Ike csblstlan of lnrtlnttaa energy at pH 7.5 
--- 
Temp. t°C) Temp. 1°K ) I/TC’K) D value (min) K ?? 2 303/D (min ‘) L.K 

L? 333 338 0.003083 0.992958 143.27 30.79 0.0 0.074797 16074 -4.13051 -2.59297 
70 343 0.002915 7.42 0.3 10337 -1.16996 
75 34n OSQ2873 I .67 1.379041 -0.32139 

Q value = lislope. 
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pH stabiti1y studies 

Purified papaya pectinesterase was incubated at 30°C 
for 24 h at pH I-12. Four different buffer solutions 
were used lo cover this range of pH in these studies. 
Residual activities of each preparation were assayed 
under standard assay conditions. Rate of pH inacti- 
vation of purified papaya pcctinesterase were also 
dctcrmined from pH I-12 at 3iYC. After preliminary 
studies two sets of experiments were designed. In the 
first set of experiments (pH 22-I I ). rates of inacti- 
vation were determined for 5 days and in the 2nd set 
(pH 1, 1.5. II.5 and 12) rates of inactivation were 
dctcrmined up to 100 min. For pH 2-2-l I, enzyme solu- 
tion (70 fl) was incubated in the 3430 gl of respective 
buffer solution containing OW% sodium aride at 30°C. 
Samples of 500 pl were taken out after 24 h. and, im- 
mediately after that. residual activity was determined 
under standard assay conditions. For pH I. l-5. II.5 
and 12, samples were incubated for IO0 min in the 
respective buffers containing 0.02% sodium azide and 
samples were taken after different intervals and residual 
activity was measured immediately under the standard 
assay conditions. 

RESULTS AND DISCUSSION 

Papaya (var. e.roticu) pectinesterase was stable at 4’C 
in 0.02~ sodium phosphate buffer (pH 785) solution 
containing 0.2~ NaCl and 0~02% sodium azide and the 
loss in activity was less than 5% after storage for 
I year. This stability was as good as the pectinesterasc 
from other fruits. Loss of activity of purifted peclin- 
cstcrasc from navel orange in solution of 0905 mall 
litm sodium phosphate. pH 7.5 with 0.1 molllitre 

sodium chloride was less than I SK after storage for 
2 veals at 4OC (Versteeg. 1979). On the other hand, 
&nesterase purified fr& jelly fig achenes was stable 
in distilled water or in 0.2 M NaCl for 6 months at 
room temperature (Lin cl al., 1989). 

The thermostability studies on papaya pcctinesterase 
were carried out at pH 4 and pH 7.5 81 different tcm- 
peratures. pH 4 was selected because it was the opera- 
tional pH for papaya puree processing. pH 7-5 was 
selected. first lxcause the heat-stabilities of purified 
pectinesterases from different sources had been deter- 
mined at PH 67.5 (Prcsscv & Avants. 1972: Naka- 
gawa PI o/I, 1970: Manabe. j973: Ciislaldo PI a/.. 198% 
Seymour ef al, 199)) and second to compare the 
results with Manabe (1973) and Castaldo e( al. (19891, 
since they have determined the heat-stabilities at the 
same pH. Secondly, pH 7.5 was selected to see the 
difference in inactivation at diRerent temperatures due 
to the variation in pH since, according to Nath and 
Ranganna (1977) the processing time for pectinesterase 
inactivation increased as the pH increased. In the first 
part of this study, heat-stabiiity of the enzyme was 
determined after hedting il for different temperatures at 
pH 4 and pH 7.5 for 5 min and the results are shown 

393 

I, 

Fit 1. Effect of temperature ~1 the stability of papaya 
re&esterase. 

in Fig. I. According to the results, the enzyme was 
more heat-stable at pH 73 than at pH 4. It was com- 
pletely inactivated by heating for 5 min at 70 and 75°C 
at pH 4 and 7.5. respectively. About 82% of enzyme 
activity still remained after incubation at WC, pH 7.5 
for 5 min, but at pH 4, after 5 mitt incubation at 60°C, 
a value of 656% for residual activity was recorded, 

According to published data, the temperature of 
inactivation of plant pectinesterases covers a wide 
range. Heating for 5 min at 6K gave complete inacti- 
vation of purified tomato pectinesterase at pH 7 
(Nakagawa e( ul, 1970). whereas. on the other hand. 
purified citrus natsudaidai pectincsterase was com- 
pletely inactivated after 5 min incubation in 091 M 

pot.tssium phosphate buffer (pH 7.5) solution at WC 
(Manabe, 1973). A large difference in themtostability 
was observed between thermolabile pectinesterase 
(TLPE) and thermostable pectinesterase (TSPE), puri- 
fied from marsh white grape fruit pulp by Seymour 
cr ai. (1991). They tested the thennostability of both 
enzymes by heating them for 5 min at various tempera- 
tures from 40 to 85°C at pH 7 in IO msi phosphate buffer 
and measured the r&dual activity. TLPE and TSPE 
were completely inactivated at 65 and 8YC, respec- 
tively. The only report available on the thennostability 
of papaya (var. solo) pectinesterase by Lourenco and 
Catutani (1984) shows that about 50% of the enzyme 
activity remained after incubating at 6X for 5 min. 
pH of the incubation medium was not mentioned but 
most probably it was 7% because the enzyme was 
stored in 5 mM potassium phosphate buffer (pH 7.5) at 
-20°C. On the otfier hand, the enzyme purifKd in this 
study from papaya (var. e.rorica) showed 67.8% residual 
activity after incubating it at pH 7.5 and 65’C. Results 
obtained from the above experiment are also in agree- 
ment with the results of Joslyn and Scdkey (1940). 
They found a marked difference in thermal stability of 
pcctinesterase in citrus juices according to species and 
varieties. Fressey and Avants (1972) have also shown 
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2. Thermal inactivation rates of purified 
pcctinesrerase al pH 4.0. 

Fig. 3, Thermal indctivalion ralcs of purilicd papaya 
~clincsterase al pH 7,s. 

that the pcctincsterases puritied from different varieties 
of lomalo wcrc digcrcnt in lerms of stdbihly to heat. 

In the next expcrimcnt the rates of heat-inactivation 
of purified papaya pectinestcrase were determined at 
pH 4 and 7.5 at different temperatures (Figs 2 and 3). 
Citric acid-~phosphate buffer was used in these studies. 
D values at SS. 60.65 and 70°C in pH 4 bulfer solution 
were 112*14, 27.38, 8.33 and I.71 min. respectively 
(Table I). Lower inactivation rates were observed at 
pH 7.5 and D values were calculated as 143.27, 30.79, 
7.42 and 1.67 min 81 temperatures 60.65, 70 and 7S”C, 
rcspcctivcly. These results are in agreement with those 
of Nath and Ranganna (1977) who showed that the 
processing time ror pectinesterase inaclivalion 
increased as the pH increased. increasing the pH from 
4 to 7.5 at 70°C incrcared the D value by approxi- 
matcly 4.4.fold. AI 70°C a D value of I.71 mitt 
occurred for the inactivation of purified peetincsterase 
ai pH 4 while a D value of 7.42 min resulted when the 
enzyme was inactivated at pH 7~5. 

Fig. 4. Thermal destruction curves for purified papaya 

Fii. 5. Graphic method for the calculation of inactivation 
energy of papaya pcctincsterasc. 

From these D values the changes in tempcraturc 
required to increase the inactivation rate IO-fold (2 
value), wcrc calculated IO bc 7.8 and 8.38’C at pH 7.5 
and pH 4. rcspcctivcly. as shown in Fig. 4. These 
values lie in the range observed by Verstceg et al. 
(1980) for purified pcctinesterascs from navel orange, 
They reported Z values of 6.X for pcctinesterase I 
and pcctincstcrdsc III and a 2 value of 11°C for 
pectinesterase II at pH 4. In another report Wicker and 
Temelli (I 988) have shown Z values of IO.8 and 65°C 
for the sensitive and stable fractions from Valencia 
orange pcctinestcraacs. 

Inactivation encrgics were calculated from the data 
obtained for D values given in Tables 2 and 3. The 
values were calculated to be 257 kJ/mol and 285 kJ/mol 
at pH 4 and 7.5. respectively, as shown in Fig. 5. Q,, 
values for inactivation energy were calculated as I559 
and 19.21 at pH 4 and 7,5, respectively. 

Comprehensive pH stability studies were carried out 
on this purified papaya pcctinesterasc, which included 
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Fig. 6. EfTcct of pH on the slabili~y of papaya peclincsrerasc 

Fig. 7. pH inactivation rates of purified papaya pectinerterase 
at 30°C. 

1.11 
,a 21 44 72 Vh I81 

Time(h) 

Fig. 8. pH inactivation rates of purified papaya pxtinesteme 
at 3OOC. 

Fig. 9. Schcmaiic reprmtation of e&t of pH on the 
stability of purikd papaya pxtinesterax. 

pH slability for 24 h at 30°C in the pH range I-12 and 
measurements of rates of inactivation of the enzyme 
incubated at different pHs. As shown in Fig. 6, the 
100% enzyme activity remained at pH value 8. In 
contrast. pectinerterase activity decreased under both 
acidic and alkaline conditions. The enzyme was stable 
at pH Cl 1 and it retained more than 85% activity. but 
at pH I and 12 the enzyme was unslable and it com- 
Pletcly lost its activity after 24 h incubation at 30°C. 
On the olher hand, purified pectinesterase from Ficur 
awkw~sang has shown different types of response to 
pH stability (Komae et 01, 1990). This enzyme was 
incubated aI 2S”C for 24 h at diRarent pHs. A11 the 
enzyme activity remained at pH values of 8-11 and 
decreased under the slightly acidii conditions in the pH 
range 5-7 and more than soo/n of the enzyme activity 
was lost at pH 4 and 12. Enzyme purified in this study 
from papaya (var. e.rolica) WdS more stable at pH 4 
and less stable at pH 12 as compared to Be Ficus 
o~rkvufsang pectinestemse purified by Komae Q al. 
(1990). In another report by Man& (1973). citrus 
natsudaidai pectinesterase was unstable at pH 3 and IO 
and was completely inactivated within IO min. At pH 
ranges from 5 to 8, however. it was considerably stable. 
These ditferences in stability may be related to its high 

Table 4. El&cl of pli on tk rate constant (sbpc, 

PH Rate constant (h) 

I.0 
I,5 
I,? 
40 

:.: 
IO,0 
I I,0 
II s 
120 

-2.525840 
-0.348570 
J_l0x?l49 
~~col I to 
~00Io800 
-O+NQ468 
~OGII5Q7 
~OGJ37S8 
-0~033Mw) 
-0~300640 
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incubation temperature ixause natsudaidai pecdncsterasc 
was incubated a1 SO’C and the temperature of incu- 
bation is an extremely crhical paramcwzt in delermining 
the stability of an enzyme. 

Kcrtaz. 2. I. (1925) Peclic enzymes. In .&r/&t o~&f:ymo/. 
ogy, Vol. I, eds S. P. Colowiek & N. 0. Kaplan. Academic 
Press. New York, pp. 158. 

The nexl attempt was made in order to get the com- 
plete stability data as described by Whilaker (1972) 
and the resuhs are shown in Figs 7-9 and in Table 4. 
Figures 7 and 8 show the rates of inactivation of the 
purified papaya pectinesterase incubated at differem 
pH values at 3O’C. These figures show that the loss in 
activity was due to the denaturation of the enzyme 
because, according to Whitaker (1972). when pH alTects 
only denaturation of an enzyme. plots of log (l/o acdvily 
Ieli) versus time will usually be straight lines. The slopes 
of the lines arc the first order rate constants for loss of 
enzyme activity. In Fig. 9, rate constants oblained from 
Figs 7 and 8 are plotted against PH. The enzyme was 
stable over a pH range of 4-l I and became unsrable at 
pH I2 and more unstable at pH I. 
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