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ABSTRACT

During the harvest season the orange juice industry squeezes the fruits to extract the juice
and freezes it for further storage at low temperatures until processing. Due to its pH, the
orange juice requires, only a pasteurization to reach the stabilization of the product at
ambient temperature The pasteurization aims at the inactivation of the enzyme
pectinesterase (PE). This enzyme causes the loss of the juice cloud and its thermal
resistance is greater than that of common bacteria and yeasts in citrus juices. Therefore, the
objective of this work was the study of the effect of frozen storage on thermal inactivation
kinetics of PE in orange juice.
The degradation kinetics of PE in fresh and frozen stored (at -20°C for 5, 12, 19 and 27
days) orange ('Dalmau') juice were determined. The PE activity was analysed using the
method described by KOner [I] and adaptations suggested by Amstalden and Montgomery
[2]. To evaluate the kinetics, seven isothermal experiments were carried out at temperatures
ranging from 55°C to 85°C.
As observed by other authors, it was found the presence of two main enzyme fractions, one
more heat resistant than the other. In average the more heat sensitive fraction had 75% of
the total PE activity in the original samples. At a given constant temperature both fractions
follow a first order inactivation reaction kinetics. The Arrhenius model describes well the
temperature effect on the kinetics of both enzyme fractions. A non-linear regression to all
data was performed using the software STATA to calculate simultaneously the activation
energies and reaction rates at the reference temperature of 75°C of the two fractions. In
order to investigate the effect of frozen storage time a stepwise regression to all data was
carried out. It was concluded that this parameter has a significant influence on the
pectinesterase inactivation within 95% confidence.

1. INTRODUCTION

Fresh orange juice contains particles in suspension giving it a "cloudy" appearance. After
juice extraction the cloud losses stability and forms an unattractive two-phase system. This
characteristic affects the appearance and decreases the juice commercial value. The cloud
loss occurs due to the pectinesterase (PE) enzyme activity ([1], [2], [3], [4], [5], [6],
[7],[8]). Thermal treatment is used commercially to inactivate this enzyme. The adequacy
of a pasteurization treatment depends on the extent of the PE inactivation. Because of the
low orange pH (generally pH < 4) the microorganisms occurring in the juice are less
thermal resistant than the enzyme PE ([9], [10], [11], [12], [13]). However, the relatively



high temperatures necessary for PE inactivation produce undesirable "cooked" off-flavor
and degrades juice aroma ([8], [14], [15]). People have become more aware about quality,
therefore there is need to develop alternative methods that allow maximum retention of
natural fruit properties. Seymour et al. [8] observed some grapefruit PE inactivation during
frozen storage. Therefore, in order to preserve the quality attributes of the juice the use of
freezing and frozen storage as a pre-treatment before a less severe pasteurization can be
proposed.
Different forms of PE in citrus juices have been found. The thermostable (PE I),
thermolabile (PE II) and high molecular weight PE (HMW) are present in all citrus species
already studied. These isoenzymes have different inactivation kinetic properties and
temperature stabilities. PE I and PE II account for almost 90% of the total PE activity and
the HMW activity is variable in the different species of citrus. Furthermore, the main
agents causative of the cloud loss are HMW and PE I ([4], [8], [16]).
Several authors carried out research about inactivation kinetics of PE ([1], [2], [3], [4], [5],
[6], [7], [8], [17]). Particularly the effect of pH and solids concentration has been analysed.
However, a relatively fewer number of research works exist in the field of modelling and
quantification of inactivation kinetics.

. 	.
Table I. Fruit characteristics and pectinesterase (PE) inactivation kinetic data [18].

Fruit Medium pH Soluble
solids
(°Brix)

D85°C (min)
z
(°C)

T
range
(°C)

Reference

papaya puree 3.5 7 - 9 4.8 14.8 75 - 85 [17]
3.8 5.7 14.7
4.0 7.2 14.2

papaya . acidified 4.0 10 - 12 3.9 15.0 82	 - [19]
pulp 102

papaya nectar 3.8 14 5.0 15.1 75 - 85 [17]
mandarin juice 3.6 12 2.2 11.4 82 - 94 [10]
orange 4.0 12 3.6 10.1
Old South juice 3.7 11.7 0.11 Heat 17.6 60 - 90 [13]
Brand orange Sensitive 31.1 60 - 90

5.48 Heat resistant

Furthermore, the individual inactivation kinetics of the two PE fractions (heat sensitive and
heat resistant) was studied only by Tajchakavit and Ramaswamy [13].
The objectives of this work were to determine the inactivation kinetic parameters, activation
energy (Ea - value) and rate constant at a reference temperature (k - value), for PE
inactivation by thermal treatment in fresh and frozen stored orange juice and to determine if
the freezing and frozen storage influences the time/temperature relationship required for PE
inactivation.

2. MATERIALS AND METHODS

Orange juice preparation
'Dalmau' oranges (Citrus sinensis L.), grown in Portugal, were bought in the local market
and squeezed. The juice (pH 3.6 and 12.6°B) was filled into plastic bags, quick frozen in a
blast freezer (Armfield) and stored at -20°C. At time intervals (5, 12, 19 and 27 days),
samples were taken out of the cold store and thawed in a water-bath at 25°C.
Pectin esterase assay
PE activity was determined by the method described by [Caner et al. [1]. Basically, the •
method consisted of a titrimetric measurement of the rate of carboxyl group liberation from



a I% pectin (Unipectin Up Slow Set 150), 0.15 M NaCI solution at pH 7.0 and 30°C. The
activity was expressed in PEU, that corresponds to the miliequivalents of acid liberated per
min per ml at pH 7.0 and 30°C. Some modifications, suggested by Amstalden and
Montgomery [2] were done. A 20 ml of juice sample was added to 40 ml of pectin solution
(previously adjusted to pH 7.0 and heated until 65°C to reach 55°C after adding the juice)
with constant stirring and quickly adjusted to pH 7.0 with 0.1 N NaOH. When the pH 7.0
was reached the chronometer was put in action simultaneously with the addition of 1 ml of
0.05 N NaOH. The chronometer was stopped when the pH was back to 7.0. A constant
temperature of 55°C was maintained during the titration. PE activity was calculated by the

equation:	
PEU	

(1m1 NaOH * N of NaOH * 10 4 )	 (1)

(time (min)) * (ml of sample )

where PEU - unit of pectinesterase/ml of sample.
In order to take into account the effect of pectin degradation by the alkali which causes a
pH decrease, an analysis was made with the pectin solution heated with distillated water
instead of juice. The value determined was subtradted from the PE activity calculated by
equation (1). The accuracy of the method was ± 0.98 PEU.
Thermal inactivation of pectinesterase
Pyrex glass tubes of 100 mm length, 13 mm OD and 10 mm ID were used in order to
reduce the temperature come-up-time inside the tubes. Six ml of sample were pipetted into
each tube and heated in a well agitated thermostatic water-bath (Thermomix B, B. Braun
Melsungen AG, Germany) for known times. Immediately after heating, they were cooled
by plunging in an ice-water-bath. Four tubes were used for each time and temperature.
Residual enzyme activities were then measured. Heating temperatures varied from 55 to
85°C in increments of 5°C.
Inactivation kinetics
In the Food Engineering field first order inactivation kinetics are commonly use to model
isothermal degradation kinetics. If the two enzyme fractions (heat sensitive - PER, and heat
resistant, PEI) follow a first order inactivation kinetics the total PE activity can be
calculated as:

C = C	
-kl t 

+ C
	 - k 2 t

PEI	 PEII 
ee

	 (2)

where CpEj and CpEII are the initial concentrations (for time zero) of PEI and PEW
respectively, kl and k2 are the rate constants for PEI and PEII, respectively, and t is the
time.
The Arrhenius model usually describes mathematically well the effect of temperature on the
reaction rate constant:

Ea 	 1 

R ( —T	 T
k = k ref *e
	

(3)

where kref is the reaction rate constant at the reference temperature (Tref), Ea the
activation energy and R the universal gas constant.

3. RESULTS AND DISCUSSION

Figure 1 presents the inactivation kinetic data for orange juice stored at -20°C during 12
days. Similar results were obtained for fresh and other frozen stored samples (5, 19 and 27



days of storage). It can be observed that there are at least two enzyme fractions, one more
heat sensitive (PEW and another more heat resistant (PEI). In average the more heat
sensitive fraction had 75% of the total PE activity in the original samples.
It was observed that the effect of temperature on the reaction rate for the two enzyme
fractions was reasonably well described by the Arrhenius model.

Figure 1. Inactivation kinetic data for orange juice previously stored at -20°C
during 12 days.

Using the software Stata, a one-step non-linear regression to all data was carried out in
order to calculated the inactivation kinetic parameters for fresh and frozen stored samples.
Table 2 presents the results together with the corresponding standard deviations.

Table 2. Parameters for PE inactivation kinetics in 'Dalmau' orange juice.

PARAMETERS TIME OF STORAGE (days)
0 5 12 19 27

CPEft(*)
0.73
±0.03

0.79
±0.02

0.81
±0.13

0.71
±0.03

0.72
±0.03

CpEl(*) 0.26
±0.01

0.22
±0.01

0.189
±0.005

0.29
±0.01

0.29
±0.01

k I (min-1) 0.61 1.3 1.66 1.21 0.84
±0.05 ±0.1 ±0.08 ±0.01 ±0.06

k2 (min-1) 0.0015 0.019 0.0094 0.009 0.096
±0.005 ±0.004 ±0.0019 ±0.003 ±0.003

El (kJ/mol) 76 31 74 72 51
±6 ±7 ±3 ±6 ±6

E2 (kJ/mol) 1033 325 398 388 1127
±157 ±40 ±30 ±40 ±134

R2 0.97 0.98 0.99 0.98 0.98



(*) Normalized concentrations

Figure 2. Effect of frozen storage on the inactivation kinetics. Data obtained at 65°C (I, 3,
10 and 100 min) for all intervals of frozen storage (0, 5, 12, 19 and 27 days)

In order to investigate the effect of time of frozen storage on the inactivation kinetics of PE
a stepwise regression to all data was carried out. It was concluded that this parameter has a
significant influence on the pectinesterase inactivation within 95% confidence. Figure 2
presents the effect of frozen storage on the residual PE activity for different times of
thermal processing at 65°C. Similar results are observed for other temperatures of
processing. It was not possible to model mathematically this behaviour. Furthermore, more
experiments have to be carried out to confirm that the PE of frozen stored orange juices can
be more easily inactivated.

CONCLUSIONS

It was found the presence of two main enzyme fractions, one more heat resistant than the
other. In average the more heat sensitive fraction had 75% of the total PE activity in the
original samples. At a given constant temperature both fractions follow a first order
inactivation reaction kinetics. The Arrhenius model describes well the temperature effect on
the kinetics of both enzyme fractions. A non-linear regression to all data was performed
using the software STATA to calculate simultaneously the activation energies and reaction
rates at the reference temperature of 75°C of the two fractions. In order to investigate the
effect of frozen storage time a stepwise regression to all data was carried out. It was
concluded that this parameter has a significant influence on the pectinesterase inactivation
within 95% confidence.
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