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Lemon juice obtained from Interdonato variety was treated with different enzymes at specific concentrations as depectinization
processes to produce clear lemon juice and its concentrates. In addition, the best condition obtained from laboratory treatments
was carried out in the local fruit juice plant. Effects of the processing steps on some quality parameters were investigated during the
lemon juice production and the obtained concentrates were stored at —25°C for 180 days. The results showed that Novozym 33095
had the best depectinization effectiveness. Total pectin content of lemon juices decreased rapidly following the enzyme treatment
and could not be detected following the filtration. Viscosity values decreased after pulp separation and the largest reduction was
observed with the filtration. At the end of filtration in 40 41/100 mL concentrations of each of the three enzymes, values of residual

pectinmethylesterase (PME) activity were found to be in the lowest amounts.

1. Introduction

Citrus is one of the most important fruit crop in the world.
Lemons ranked third among the citrus industry in the world,
with a total annual production of about 9% in the citrus
production [1]. Lemons are cultivated in many countries all
over the world (13861411 ton) and Turkey ranked the sixth in
the production of lemon (790211 ton) in 2011 [2].

The lemon (Citrus limon (L.) Burm. f.) has many import-
ant natural chemical components, including citric acid, ascor-
bic acid, minerals, and flavonoids. Although their health-
related properties have always been associated with their con-
tent of vitamin C, it has recently been shown that flavonoids
also play a role in this respect. Lemon fruits not only have
their delicious flavors but also have their antioxidant capacity
with health benefits [3-6].

Lemons are usually earmarked for fresh consumption and
for the elaboration of juices, additives, and various other pro-
cessed products. New alternatives for beverages elaboration
may result in a promising use of surplus production [7].
Lemon juice is widely used as an antioxidant natural substi-
tute for the synthetic ascorbic or citric acids (E300 and E330,
resp.) [8]. Clarified lemon juice is a suitable acidifying agent

that can substitute citric acid and provide more “natural”
products that will fit the new market for ecological products
and new alternatives to the manufacturing of lemon [9].
Clarified lemon juice can be consumed directly such as fruit
juice and also used for production of nectar, jam, marmalade
and sweet, lemon sauce in ready to eat meal sector, candy,
alcoholic beverages, and acidity regulator in fruit juice and
has recently been used as fillings in canned fruits. Saura et al.
[9-11] reported that use of lemon juice as a substitute for citric
acid in canned fruit, for example, peach halves, will yield a
“natural” product for the new market of ecological products.

The traditional method of clarification of juice which
contains pectin involves a number of steps, including cen-
trifugation to remove suspended solid, hydrolysis of pectin
with specific enzymes (depectinization), flocculation of tur-
bidity with clarifying agents, and finally filtration by the
diatomaceous earth to remove the fining agents [12].

Fruit juices contain colloids that are mainly polysaccha-
rides (pectin, cellulose, hemicellulose, lignin, and starch),
protein, tannin, and metals. The principal purpose of the
clarification process employed in industrial juice processing
is to eliminate constituents responsible for the turbidity and
cloudiness in freshly produced juice. The key of producing



clear and stable fruit juice is a complete enzymatic breakdown
of pectin. Pectins make the clarification process harder
because of their fiber-like molecular structure. Enzymes
(particularly pectinases) can play a key role in improving
juice clarity and stability as well as reducing the viscosity.
The process of depectinization involves the use of commercial
enzymes, generally a blend of pectinases (e.g., pectinase,
pectinesterase, polygalacturonase, cellulase, and pectin lyase)
to degrade pectic substances. These enzymes degrade pectin
into smaller units. Pectinase hydrolyzes pectin and causes
pectin-protein complexes to flocculate. Polygalacturonase
depolymerises the polygalacturonic acid chain via breaking
down a-1.4 glycosidic bond, while pectin lyase depolymerises
the high esterified (approx. 65 + 98%) pectin; pectin esterase
hydrolyses the methoxy group of the pectin chain. The
resulting juice from this pectinase treatment will have a much
lower amount of pectin and lower viscosity, which will be
advantageous in facilitating the subsequent filtration pro-
cesses [13].

Clarification is an important processing step used by the
lemon juice industry. Clarification is necessary in order to
obtain a bright, clear product with low viscosity. Clarification
of juice involves the use of bentonite gelatin and silica sol
as fining agents. These three components, bentonite, gelatin,
and silica sol have successfully been applied for an efficient
clarification.

Viscosity is one of the most important physical properties
of a fluid system [14]. Viscosity, cloud stability, and other food
properties are affected by the impact of pectic enzymes, par-
ticularly pectinmethylesterase (PME), a ubiquitous enzyme
in plants, that deesterifies the methoxylated pectin in the
plant cell wall. PME is released into juice during extraction.
PME hydrolyses ester bonds of pectin in citrus juices, result-
ing in decreased cloud stability [15]. Pectin is responsible for
the turbidity and consistency of the juice causing an increase
in its viscosity, which hinders its clarification, filtration, and
concentration [16].

The aim of this research was to replace citric acid with
natural lemon juice, an acidifier perceived by the consumers
as a more natural or ecological additive. In this study, lemon
juice obtained from Interdonato variety was treated with
three different enzymes (Rapidase Intense, Novoferm 61,
and Novozym 33095) and three enzyme concentrations as
depectinization processes to produce clear lemon juice and
concentrates. In addition, according to the data obtained
in laboratory conditions, the most appropriate process was
carried out in production lines of fruit juice plant (Anadolu
Etap Inc.) in our region (Cukurova, Turkey). In this plant,
clarified lemon juice was produced. Effects of the processing
steps on some quality parameters were investigated during
the lemon juice production and the obtained concentrates
were stored at —25°C for 180 days.

2. Materials and Methods

2.1. Production of Clarified Lemon Juices in Laboratory Scale

2.1.1. Juice Processing. Lemons (Interdonato) were purchased
from a local market (Adana, Turkey) and were washed
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FIGURE 1: Production of clear lemon juice.

with tap water to remove surface dirt. The lemon juice
was extracted by a citrus extractor machine (Can Can,
Citrus Extractor Machine, Turkey) and then rapidly strained
through a stainless steel sieve with pore diameter of 3 mm
to accomplish separation of most of the suspended matter
from lemon juice. The lemon juice was pasteurized at 75°C
for 15s and enzymatically treated with pectolytic enzyme
preparation at 35°C.

2.1.2. Enzymatic Treatment of Lemon Juice. In this study,
for the production of clear lemon juice (Figure 1), enzymes
obtained from different companies, Rapidase Intense (DSM
Food Specialties, Beverage Ingredients, The Netherlands),
Novoferm 61, and Novozym 33095 (Novozyms, Bagsvaerd,
Denmark), were used. The enzymes were treated in a lab-
oratory scale stainless steel tank at 35 + 2°C and stirred
with constant velocity (65rev/min). Each of the enzymes
was added to the tank at a concentration of 10 #L/100 mL,
20 uL/100 mL, and 40 ¢L/100 mL (100, 200, and 400 mL/ton,
resp.). Pectolytic enzyme preparations were used to break
down dissolved pectin in raw lemon juice. Breaking down
dissolved pectin by pectolytic enzyme preparation provides
better clarification for the production of clear fruit juice by
releasing protein molecules attached to pectin molecules.
Breakdown of pectin was observed with alcohol test in 15-
minute intervals. Following enzymatic treatment, the next
step was applied to the lemon juice clarification process.

2.1.3. Clarification of Lemon Juice. After reaching each incu-
bation time (35°C, 15min-165min) the enzyme treated
lemon juices were immediately heated at 50°C. Bentonite,
gelatin, and kieselsol having negative, positive, and negative
charges, respectively, were added to lemon juice for clarifi-
cation. Bentonite (STHA-Puranit UF), gelatin (STHA-Gelatin
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Fine Granules type A, 80-100 bloom), and kieselsol (Levasil
200, SiO,, 30% Food Grade) were supplied by Targid Inc.
(Turkey). Preliminary experiments were carried out for the
amounts of bentonite (5%), gelatin (1%), and kieselsol (Levasil
200/30%) which were determined as 35 L/ton, 2L/ton, and
2 L/ton lemon juice, respectively. The lemon juice was incu-
bated (35°C) for 2 hours by mixing 5 d (110 rev/min). Initially,
to ensure homogeneous distribution, the fining agents were
stirred and then were incubated for aggregation without
stirring.

The clarification of the lemon juice was carried out using
laboratory scale filtration unit with filter paper plate (Minifil-
troF6, 200 x 200 mm, Enotecnica Pillan Snc, Italy). Clarified
lemon juices were concentrated in a rotary evaporator under
vacuum (Heidolph Basic Eei-VAP HL, Germany) at 60°C.
The clarified juice was concentrated using a rotary vacuum
evaporator until it reached about 45° brix. Each experiment
was carried out in three replications. Samples of concentrate
clear lemon juice were stored at —25°C for 180 days in brown
bottles and were analyzed in two-month intervals.

2.1.4. Production of Lemon Juice in Fruit Juice Plant. As a
result of the data obtained from laboratory results, consider-
ing both amount of enzymes used and enzymation time, the
best appropriate enzymation conditions were carried out in
production lines of fruit juice plant (Anadolu Etap Inc.) in
our region (Cukurova, Turkey). In this plant, clarified lemon
juice was produced by using Novozym 33095 (200 mL/ton
(20 4L/100 mL)) at 35°C. Enzymation was carried out in a 6-
ton tank, for 30 min. Clarification fining agents were added in
amounts of bentonite (5%), gelatin (1%), and kieselsol (Levasil
200/30%) which were determined as 35 L/ton, 2 L/ton, and
2 L/ton lemon juice, respectively.

In the production of clear lemon juice concentrate, the
production stages were extraction, pulp removing, pasteur-
ization, enzymation, clarification, filtration (rotary vacuum
filter, kieselguhr filter, and paper filter), and evaporation
(T.AST.E. evaporator, 95°C, 700 mmHg under vacuum),
respectively. Samples from production stages were taken
three times. All concentrate samples were stored at —25°C for
180 days in brown bottles and were analyzed in two-month
intervals.

Lemon juice concentrates (concentrate samples were
diluted to 9° brix and then analyses were made) produced
in the laboratory and in the factory were subjected to the
following analyses.

2.2. Determination of Turbidity. The turbidity of the clarified
lemon juices was determined using a portable turbidimeter
(WTW Turb550, Germany) and results were reported in
nephelometric turbidity units (NTU).

2.3. Determination of Viscosity. The viscosity of clarified
lemon juices was determined using a Brookfield viscometer
(Model DV-II+Pro, Brookfield Engineering Laboratory Inc.,
Middleboro, USA) at 100 rpm with spindle 62.

2.4. Determination of Pectin Degradation (Alcohol Test).
Alcohol test was used to verify pectin degradation after

enzyme treatment. This test was used both for process control
and for determining the optimum enzyme dosage. Two
176 volumes (10 mL) of acidified ethanol (add 1 mL of 37%
hydrochloric acid to 100 mL of 96% 177 ethanol) were added
to one volume (5mL) of lemon juice. For each sample,
breakdown of pectin was observed with alcohol test in 15-
minute intervals [17].

2.5. Determination of Total Pectin Content. Total pectin in
the clear lemon juice samples was determined according to
the method described by List et al. [18]. Standard graphics
were prepared as 10, 20, 30, 40, 50, 60, and 70 ug/mL from
galacturonic acid anhydride.

2.6. Determination of PME Activity. PME activity of the
sample was carried out by modifying the method of Kimball
[19]. For the measurement of PME activity, 10 mL of lemon
juice was mixed with 20 mL of 1% pectin-salt substrate (0.1 M
NaCl) and incubated at 30°C during analysis. The solution
was adjusted to pH 7.0 with 2.0 N NaOH and then the pH
of solution was readjusted to pH 7.7 with 0.05 N NaOH. After
the pH reached 7.7, 0.10 mL of 0.05 N NaOH was added. Time
was measured (') until pH of the solution regained pH of 7.7.
PME activity (%) was calculated by the following formulas,
where (¢') is time in min, A, is PME activity of the untreated
sample which was determined immediately after processing
to avoid the effects of storage time, and A, is PME activity
after the treatments. PME activity (A) was calculated by the
following equation:

(0.05N — NaOH) - (0.10 mL — NaOH)

A=
(#') (10 - mL sample)

>

@

A
Residual PME Activity (%) = <A—f> 100.
0

3. Results and Discussion

3.1 Pectin Degradation in Lemon Juices. Pectin degradation
was observed during depectinization with the alcohol test in
15-minute intervals. In figures (Figures 2, 3, and 4) belonging
to enzymation, (+) sign means that enzymation is still in
progress, (0) sign means enzymation is undecided case, and
() sign means enzymation is over.

Rapidase Intense. In enzyme applications, in the samples of
10 uL/100 mL concentrations, undecided case started at the
end of 120 minutes and at the end of 135 minutes negative
results were obtained. In the samples of 20 4L/100 mL con-
centration, undecided case started at the end of 60 minutes
and negative results were obtained at the end of 75 minutes. In
the samples of 40 /100 mL concentration, undecided case
started at the end of 30 minutes and negative results were
obtained at the end of 45 minutes (Figure 2).

Novoferm 61. In enzyme applications, in the samples of
10 uL/100 mL concentrations, undecided case started at the
end of 150 minutes and at the end of 165 minutes negative
results were obtained. In the samples of 20 4L/100 mL con-
centration, undecided case started at the end of 60 minutes
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FIGURE 2: Rapidase Intense enzyme application (enzymation is still
in progress (+), undecided case (o), and over (-)).
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FIGURE 3: Novoferm 61 enzyme application (enzymation is still in
progress (+), undecided case (0), and over (-)).

and negative results were obtained at the end of 75 minutes. In
the samples of 40 4L/100 mL concentration, undecided case
started at the end of 45 minutes and negative results were
obtained at the end of 60 minutes (Figure 3).

Novozym 33095. In enzyme application, in the test results
of 10 uL/100 mL concentrations, undecided case started at
the end of 60 minutes and at the end of 75 minutes nega-
tive results were obtained. In the samples of 20 4L/100 mL
concentration, negative results were obtained at the end of
30 minutes. In the samples of 40 4L/100 mL concentration,
negative results were obtained at the end of 15 minutes
(Figure 4).

According to the findings obtained from pectin degra-
dation, Novozym 33095 degraded the pectin in lemon most
quickly. The highest concentration of this enzyme achieved
pectin degradation in less than 15 minutes. Novozym 33095
was determined as the most effective enzyme for depectiniza-
tion followed by Novoferm 61 and Rapidase Intense. When
selecting an enzyme for depectinization in fruit juice indus-
try, economic as well as rapid activity should be required.
When enzymation occurs slowly, important quality losses can
be brought about due to oxidation and unwanted fermen-
tation. For this reason, fruit juice companies are obliged to
determine enzyme and dosage, between pectin degradation
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FIGURE 4: Novozym 33095 enzyme application (enzymation is still
in progress (+), undecided case (0), and over (-)).

speed of enzyme and economy of the enzyme which will
provide a balance without compromising on quality.

3.2. Total Pectin Contents of Lemon Juices. As shown in
Table 1, after extraction, total pectin contents of lemon juices
ranged from 116.45 to 121.77 GA-AH mg/L. For each of
the three enzyme applications, after pulp separation process,
reductions of total pectin contents were found statistically
significant (P < 0.01). Amount of total pectin contents after
pulp separation process ranged from 103.64 to 106.15 GA-
AH mg/L. Reduction of total pectin contents was considered
to be expected because of using a 3 mm stainless steel sieve
in pulp separation process. Increases were determined in
total pectin content with pasteurization. But changes of
total pectin contents were found statistically insignificant
between the pulp separation and pasteurization treatments.
Demirdoéven and Baysal [20] studied optimization of ohmic
heating applications for pectinmethylesterase inactivation in
orange juice and found 410.3 + 1.1 GA-AH mg/L pectin
content at 95°C for 60 s application. In our examples, similar
slight increases were determined with pasteurization. After
the enzyme treatment, total pectin contents decreased rapidly
and were determined to be 3.00-15.80 GA-AH mg/L for
Rapidase, 9.38-29.17 GA-AH for Novoferm, and 61 mg/L
and 0.00-0.00 GA-AH mg/L for Novozym 33095. It was
thought that all of the enzymes at this stage resulted in the
expected performance. Novozym 33095 degraded pectin in
lemon juice better than the other two enzymes. Increasing
the enzyme concentration caused more decrease in total
pectin contents. Pectin was not determined in clarification
and filtration stages for the different concentrations of the
three enzymes.

In the factory, total pectin content of clear lemon juice
produced by Novozym 33095 was determined to be 132.13
GA-AH mg/L in extraction stage, 80.52 GA-AH mg/L in pulp
separation stage, and 68.62 GA-AH mg/L in pasteurization
stage. A decrease in the total pectin content in the pulp
separation stage was higher than in laboratory production,
which could be related to a more effective pulp separation
process with the three-stage finisher systems that the factory
used. Decreasing the total pectin content in pasteurization
stage was found to be statistically significant (P < 0.01).
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Total pectin was not determined in the enzyme treatment
until the end of paper filter stage. 20 4L/100 mL concentration
of Novozym 33095 used in the plant was also carried out
successfully in the depectinization and clarification processes
(Table 1).

Both clear lemon juice concentrates were produced in
laboratory and in factory. Total pectin analyses were carried
out every two months during the 180-day storage but pectin
was not determined.

Wang et al. [21] studied quantitation of bioactive com-
pounds in citrus fruits cultivated in Taiwan and determined
total pectin and water-soluble pectin in the edible portions of
lemon and found 60.6 + 2.67 (mg/g, db) total pectin content
and 31.2 + 1.07 (mg/g, db) water-soluble pectin content,
respectively.

3.3. Viscosity Values of Lemon Juices. As shown in Table 2,
viscosity values after extraction of lemon juices ranged from
26.90 to 29.22 cP in laboratory production. After pulp sepa-
ration, decreasing the viscosity for each of the three enzyme
applications was determined to be statistically significant
(P < 0.01). After pulp separation, values of viscosity ranged
from 21.30 to 25.89 cP. Rough particles of pulp (membrane
particles of segment, particles of the central axis, sacs and par-
ticles, and particles detached from kernel and albedo) were
removed using 3 mm stainless steel sieve in pulp separation
process, so values of viscosity decreased. Value of viscosity in
the samples of 40 4L/100 mL concentration decreased more
than the other concentrations at the depectinization stage. At
this stage, viscosity values of changes in Rapidase Intense and
Novoferm 61 application were found statistically significant
in different enzyme concentrations (P < 0.01). The largest
decrease in the viscosity values was determined in filtration
with removal of elements of turbidity as expected (P < 0.01).
Viscosity values of clear lemon juices in filtration ranged
from 15.10 to 17.44 cP at laboratory production. Upon enzyme
treatment, degradation of pectin leads to a reduction of
water holding capacity. Free water is released to the system
and hence, the viscosity of the juice is reduced. Therefore,
to enhance filtration process performance, fruit juices are
usually pretreated with enzyme, before filtration, for the
purpose of hydrolysing soluble polysaccharides responsible
for high viscosity [22, 23].

Viscosity values of lemon juice samples in factory pro-
duction are shown in Table 2. Viscosity values in factory
were much lower than our laboratory production at the pulp
separation stage because plant has a more effective pulp sep-
aration system than our sieve. After the pasteurization stage,
changing of viscosity was found insignificant. In the output of
paper filter, viscosity value was decreased to 16 cP. Sanchez-
Moreno et al. [24] reported that viscosity value of fresh
orange juices was found to be 27.78 cp and that of pasteurized
(90°C/1min) orange juices was found to be 17.93 cP. Esteve et
al. [25] investigated the effect of storage period under variable
conditions on the chemical and physical composition and
color of Spanish refrigerated orange juices. They reported
viscosity values ranging from 24.3 to 31.3 mPa/s.

Viscosity values of clear lemon juice concentrates at labo-
ratory production were determined and the numbers ranged
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from 33.10 to 35.87 cP during storage (Table 3). Viscosity
values of clear lemon juice concentrates ranged from 32.10
to 33.40cP in factory production. In both laboratory and
factory production, changes in viscosity value of concentrate
samples were determined to be statistically insignificant
during storage. Also, in lemon juice concentrates produced
in the laboratory using different enzymes, concentrations
in each storage period of the changes were not statistically
significant.

3.4. Turbidity Values of Lemon Juice. Turbidity values of
clear lemon juice are given in Table 4. After the extraction
stage, NTU values of lemon juices ranged from 1075.05 to
1041.15 in laboratory production. There was no significant
change from extraction process to enzymation process in
NTU values. After the clarification stage, NTU values were
found to decrease significantly (P < 0.01) and ranged from
9.75 to 23.07. Values of NTU at clarification stage were higher
than the filtration stage due to addition of fining agents. After
the filtration stage, NTU values were again decreased and
ranged between 0.28 and 0.36. NTU values of filter examples
were determined to be 0.28-0.32 by using Rapidase Intense,
0.29-0.35 by using Novoferm 61, and 0.31-0.36 by using
Novozym 33095 (Table 4).

NTU values of clear lemon juice treated with Novozym
33095 (20 4L/100 mL) produced in the factory ranged from
733 to 1051.67, from extraction stage to clarification stage.
In factory, after addition of fining agents, lemon juice was
given direct rotary vacuum filter without holding in clar-
ification stage. Therefore, the NTU value in clarification
stage increased. Value of NTU was measured to be 10.60,
2.57, and 0.01 at end of rotary vacuum filter, kieselguhr, and
paper filter, respectively. NTU values produced in the factory
were determined to be lower than those produced in the
laboratory. The three-stage filtration was thought to lead to
such a result.

NTU values of all samples of clear lemon juice concen-
trates were increased at the storage and this increase was
found statistically significant (P < 0.01, P < 0.05).

NTU values of clear lemon juice concentrates ranged
from 0.21 to 0.58 by applying Rapidase Intense, ranged from
0.29 to 0.66 by applying Novoferm 61, and ranged from 0.18
to 0.51 by applying Novozym 33095 (Table 5). The lowest
NTU values were found to be 40 4L/100 mL in Novozym
33095 application. Although, NTU values of clear lemon
juice samples produced in our study were increased with
concentration and storage, NTU value was determined to be
less than reported 0.0-1.0 bright clear and crystal clear juice.
Also, NTU value of diluted concentrate is unaccepted more
than 2.0 at international trade of apple juice concentrate [26-
28].

3.5. PME Activity Values of Lemon Juice. Residual PME activ-
ity of lemon juices after the pulp separation was determined
to decrease between 81.77 and 88.15% (Table 6). Residual
PME activity of each of the three enzymes and their con-
centrations together with production stages was observed to
decrease. The difference between the stages of production was
found to be statistically significant (P < 0.01). Enzymatic
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application in different concentrations of each enzyme and
the difference between residual PME activity at enzymation,
clarification, and filtration stages were determined to be
insignificant. After the filtration stages, residual PME activity
ranged from 5.29 to 9.80% in laboratory. In factory, residual
PME activity was significantly decreased after pulp separation
stage due to an effective pulp separation with three-stage
finisher system and was determined to be 9.95%. With
pasteurization, this value decreased to 1.61%. Residual PME
activity at end of paper filter was determined to be 1.85%.

According to the findings of the residual activity of PME,
in both laboratory and factory productions, an increase
in residual PME activity was not observed at the enzyme
treatment. These findings indicated that there was not PME
activity in enzyme solutions obtained from different manu-
facturing companies. In the case of PME, an increase might
have been expected but no increase was observed in the
application of each of the enzymes in the enzyme treatment.

Residual PME activity of clear lemon juice concentrates
ranged from 0.21 to 1.69% during storage (Table 7). PME
activity of clear lemon juices decreased to significant lev-
els together with the concentration process. This can be
explained through heating load and changing with propor-
tional increasing of acidity level during the concentration
process in isoelectric point of the lemon juice. Enzymes
are protein structures, which quickly react to changes in
isoelectric points in lemon juice.

Changing of residual PME activity was found to be signif-
icant (P < 0.01) in Rapidase and Novoferm 61 applications
during storage. But these changes were in small amounts.
Although residual PME activity analyses of concentrates
obtained from Novozym 33095 application were done every
two months during six-month storage, residual PME activity
was not observed. In concentrates of clear lemon juice
produced in factory, residual PME activity values ranged
from 0.28 to 0.41% and were significantly (P < 0.01) different.

Pectinmethylesterase (PME) is an enzyme of major
impact on orange juice processing because of its effect
on clarification of orange juice or gelation of concentrated
orange juice [19, 29]. Determination of residual PME activity
level reveals important information about the stability of the
product [30]. Polydera et al. [31] applied the heat treatment
to orange juice at 80°C for 60 s and inactivated 95% of orange
juice PME. It has been reported that enzymatic activity of
residual PME is heat-resistant isoenzymes which were not
inactivated even at higher temperatures. PME is more ther-
mally resistant than vegetative spoilage microorganisms [32].
Sentandreu et al. [33] reported that residual PME activity was
determined to be about 20% residual PME activity in heat-
treated samples (mandarin and orange) at 75°C for 5, 10, and
20 s and at 80°C for 5 and 10s. Taking into consideration
the results of the sensory and residual enzyme analysis, heat
treatment at 85° for C 10s was found to be an appropriate
application.

4. Conclusions

According to the findings obtained from pectin degrada-
tion, Novozym 33095 degraded the pectin in lemon most

13

quickly. The highest concentration of this enzyme achieved
pectin degradation in less than 15 minutes. For each of the
three enzyme applications, after pulp separation process,
reductions in the total pectin contents were observed. Pectin
was not determined in clarification and filtration stages for
the different concentrations of the three enzymes. For both
clear lemon juice concentrates produced in laboratory and
in factory, total pectin analyses were carried out every two
months during 180-day storage, but pectin was not deter-
mined. After pulp separation and filtration stages, the largest
decrease in the viscosity values was determined at laboratory
production of clear lemon juice. Values of viscosity were
determined to display significant decrease in pulp separation
and pasteurized samples. NTU values of filter examples
were determined to be 0.28-0.32 by using Rapidase Intense,
0.29-0.35 by using Novoferm 61, and 0.31-0.36 by using
Novozym 33095. NTU values of all samples of clear lemon
juice concentrate increased during storage. NTU values of
clear lemon juice samples produced in our study increased
with concentration and storage. Residual PME activity of
each of the three enzymes and their concentrations together
with production stages was observed to decrease. At the end
of filtration, in 40 4L/100 mL concentrations of each of the
three enzymes, values of residual PME activity were found to
be in the lowest quantities. PME activity of clear lemon juice
samples was determined to decrease together with storage. In
clear lemon juice concentrates produced by using Novozym
33095, residual PME activity was not observed.
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