Journal of Food Measurement and Characterization (2021) 15:743-757
https://doi.org/10.1007/511694-020-00676-x

ORIGINAL PAPER q

Check for
updates

Physicochemical and antioxidant properties of pear juice prepared
through pectinase enzyme-assisted extraction from William Bartlett
variety

Gousia Gani' - H. R. Naik" - Nusrat Jan' - Omar Bashir' - Syed Zameer Hussain' - A. H. Rather' - Monica Reshi’ -
Tawheed Amin'

Received: 4 March 2020 / Accepted: 24 September 2020 / Published online: 29 September 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

The aim of the study was to optimize the process for enzymatic extraction of pear juice from William Bartlett variety using
central composite rotatable design (CCRD) and characterize its physicochemical and antioxidant properties. Pectinase
enzyme concentration (0.4-2.4%), incubation temperature (20-70 °C) and incubation time (13—147 min) were evaluated
as the independent factors of the optimization and the yield, clarity, TSS, acidity, turbidity, ascorbic acid, color and pectin
were analyzed as responses. The results revealed that the enzyme concentration (A) significantly (p < 0.05) affected all the
responses and increasing enzyme concentration led to an increase in the juice yield with better physicochemical character-
istics. Enzyme concentration (1.90%), incubation temperature (30 °C) and incubation time (120 min) were determined to be
the optimum condition to get the desired responses. The optimum conditions were experimentally validated. The derived
optimum conditions were used for the production of pear juice which was further characterized for physicochemical and
antioxidant properties. At these optimum conditions, pear juice of desirable quality in terms of physicochemical and anti-
oxidant properties were obtained. Conclusively, pectinase enzyme assisted extraction has potential to enhance the yield and

quality of pear juice during processing.
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Introduction

Pear (Pyrus communis L.) belongs to Rosaceae family and
is rich in vitamins, minerals, dietary fiber, antioxidants and
polyphenols with negligible amounts of sodium and fat
contents. It is due to this nutritional value that this fruit is
reported to help in the prevention and management of sev-
eral metabolic disorders such as obesity, diabetes, hyper-
tension, cardiac problems, etc. [1]. India ranks second in
the World in pear production with an annual production of
around 340,000 Metric Tons [2], with the Union Territory
of Jammu and Kashmir producing 89,500 Metric Tons annu-
ally [3]. Although several varieties of pear are grown in the
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Union Territory of Jammu and Kashmir, but William Bartlett
var. is being preferred over other varieties due to its charac-
teristic sweet taste, pleasant aroma, and high juice yield [4].

The moisture content of fresh pear is about 80% which
makes it highly perishable with a shelf life of only about
5-6 days [5]. Its high perishability affects the quality attrib-
utes of fruit after harvest. In order to reduce post-harvest
losses and facilitate its value addition, extraction of fresh
juice from pear seems to be a beneficial approach [6]. Sev-
eral traditional methods are available for extraction of juice.
One such method is the use of mechanical presses but these
result in less recovery of juices with inferior quality, includ-
ing the loss of some vital constituents. Use of enzymes for
juice extraction offers a better choice, since it helps in the
retention of vital constituents of fruit [7]. A structural com-
ponent of pear viz. pectin, pectin—protein complexes and
high concentration of pulp hampers juice extraction process
[8]. Therefore, it is imperative to remove or breakdown these
structural components for ensuring better juice yield. Sev-
eral beverage industries are using pectinases obtained from
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various sources to maximize the yield of juice with better
organoleptic quality [9]. Pectin is acted upon by pectinase
enzyme in the middle lamella of cell wall, thereby improv-
ing efficiency of juice extraction with enhanced clarity [10].
Traditionally, use of mechanical presses have been used,
apart from using diffusion, extraction, decanter centrifuge,
fruit pulper and screw type juice extracter [5]. The juice
yield could be increased by combining them with various
pretreatments viz. cold, hot and enzymatic extraction [11].
Enzymatic treatments however, give significant increase in
juice recovery compared to hot and cold extraction [5]. The
use of enzymes has been found to offer a number of advan-
tages over thermal or mechanical processes of several fruit
pulps. Pectinases in particular, have been an integral part of
modern fruit processing technology involving treatment of
fruit masses. Enzymatic treatment facilitates the extraction
of juice from pulp thereby increasing the recovery of juice
and retaining quality of end product [5].

To the best of our knowledge, no such study has been car-
ried out wherein the pectinases have been used for enzymatic
extraction of pear juices. Enzymatically extracted fruit juices
retain better organoleptic characteristics than convention-
ally prepared fruit juices [12]. However, the enzyme-assisted
juice clarification and extraction process is quite sensitive
and controlled by various factors like enzyme concentra-
tion, incubation temperature and incubation time [13]. It is
therefore, of vital importance to know the optimum levels
of enzyme concentration with optimum temperature and
time for incubation during the enzymatic extraction of fruit
juices. The present investigation was, therefore, conducted to
optimize the process parameters for the enzymatic extraction
of pear juice using pectinase enzyme as an aid for extraction.
Besides, physicochemical and antioxidant properties of pear
juice were evaluated in the study.

Material and methods
Procurement of fruit

About 100 kg fresh pear (William Bartlett variety) were har-
vested from the orchards of the Division of Fruit Science of
our university, SKUAST-Kashmir and immediately taken
to cold store maintained at 5 °C, which is located adjacent
to the orchard within the university campus. Fully matured

fruits, without any visual defects, were selected for the study,
which were processed on the next day.

Extraction of pear juice and clarification

Pear were thoroughly cleaned and washed in tap water to
remove any debris or dirt. About 10 kg pear was ground
into pulp by grinder (Bajaj mixer, India). Addition of
water was not necessary, since, pear already had higher
moisture content. Potassium metabisulphite (KMS) was
added at the concentration of 1% in order to prevent dis-
colouration. Following this, pectinases were added to
pulp for the temperature and time combinations as per
the experimental design (Table 3). The whole mixture
was filtered through a fine mesh cloth to remove any fruit
residues and the juice was then stored in glass bottles
until required.

Experimental design and process optimization

Central composite rotatable design (CCRD) was used
to examine the effects of three independent variables
viz. enzyme concentration (A), incubation temperature
(B) and incubation time (C) on dependent variables viz.
juice yield, juice clarity, total soluble solids, turbidity,
titratable acidity, ascorbic acid, instrumental color and
pectin content. The experimental ranges along with the
respective coded levels of independent variables are given
in Table 1. The table indicates that the enzyme concen-
tration ranged from 0.4% to 2.4% with central point as
1.4%. Similarly, incubation temperature and time ranged
from 20-70 °C and 13-147 min, respectively with central
points as 45 °C and 80 °C. Statistical Software Design
Expert 12 (Stat Ease Inc, Minneapolis, MN, USA) was
used to develop second order polynomial models for
dependent variables to fit the experimental data for each
response. Multiple regression models were used for data
analysis and statistical significance of each response was
tested by analysis of variance (ANOVA). Optimization
of pear juice extraction was done by numerical optimiza-
tion using response surface of desirability function. For
numerical optimization, the optimum condition criteria
was used to maximize yield, clarity, TSS, ascorbic acid
and lightness (L*) while minimizing the turbidity and
pectin content.

Table 1 Coded and decoded
levels of independent variables

Process variables Code Variables Level Codes

—1.68 -1 0 +1 +1.68
Enzyme concentration (%) A 0.4 0.8 1.4 2 2.4
Incubation Temperature (°C) B 20 30 45 60 70
Incubation time (min) C 13 40 80 120 147

@ Springer



Physicochemical and antioxidant properties of pear juice prepared through pectinase... 745

Determination of product responses

Yield

Juice yield was determined following the procedure
described by Akesowan and Choonhahirun [14] given in

Eq. (1);
Weight of clear juice(g)

P tjui jeld = x 100
ercent juice yie Weigh tofpulp(g) (1)

Clarity

The juice clarity was determined by percentage transmittance
(%T) at wavelength of 660 nm [15]. Briefly, 10 mL of juice
was centrifuged at 360 x g for 10 min to remove pulp and
coarse cloud particles. Percent transmittance was determined
at 660 nm by spectrophotometer (Systronics, India). The per-
cent transmittance was considered a measure of juice clarity.

Turbidity

Turbidity was determined using portable Turbidimeter (2100
AN — HACH Company). The results were reported as Neph-
elometric Turbidity Units (NTU).

Total soluble solids

TSS was estimated using refractometer (Atago, Tokyo,
Japan) following the procedure given by AOAC [16].

Titratable acidity

Titratable acidity (as citric acid) was determined by the pro-
cedure as described by Barrett et al. [17], and was expressed
as percentage citric acid.

Ascorbic acid

Ascorbic acid was determined by titrating sample with 2,
6-dichlorophenolindophenol sodium salt solution as reported
in AOAC [18]. Approximately, 5 g sample was weighed and
volume was made up to 100 mL with 3% metaphosphoric
acid and filtered. An aliquot of 10 mL was taken in a titration
flask and titrated against 2, 6-dichlorophenol indophenol till
light pink colour appeared. Ascorbic acid was then calcu-
lated using an Eq. (2);

Ascorbic acid g
100g

Titre value X dye factor X volume made up x 100

mL of filtrate taken X weight of sample taken for estimation

(@)

Dye factor was calculated by titrating 5 mL standard
ascorbic acid plus 5 mL (3%) metaphosphoric acid against
2, 6-dichlorophenol indophenol till pink colour appeared and
volume used (titre value) was noted.

0.5

Dye factor = ————
ve f Titre value

Pectin

Pectin was determined following the procedures as described
by Onwuka [19]. Briefly, 25 g homogenized sample was
boiled in 300 mL 0.03 N HCl for 30 min in 1 L beaker and
residue was washed with hot water and filtrate was collected.
To the residue, 100 mL 0.05 N HCI was added and boiled
for 20 min and residue was washed with hot water and fil-
trate was collected. Again to the residue, 100 mL 0.3 N HCI
was added and boiled for 10 min and filtrate was collected.
Filtrates were pooled, cooled and volume was made up to
500 mL. 100 mL aliquot was pipetted into 1 L beaker. Then,
250 mL water was added and acid was neutralized with 1 N
NaOH using phenolphthalein indicator. Excess of 10 mL 1 N
NaOH with constant stirring was added and allowed to stand
overnight. After this, 50 mL 1 N acetic acid was added and
after 5 min, 25 mL of 1 N calcium chloride was added while
stirring. After allowing it to stand for 1-2 min, the solution
was filtered through oven dried Whatman filter paper no.
4 grade. The precipitate was washed with boiling distilled
water until free from chloride. The filtrate was tested with
1% silver nitrate for chloride. The filter paper containing
precipitate was dried at 100 °C, cooled in a dessicator and
weighed. The results were expressed in percent calcium pec-
tate on oven dry basis. Pectin was then calculated using an

Eq. (3),

Pectin content(%)

_ Weight of calcium pectate X 500 x 100
T omL of filtrate taken X weight of sample taken for estimation

3

Instrumental color

Color values i.e. lightness (L*), redness (a*) and yel-
lowness (b*) were estimated by Hunter Lab Colorimeter
(SN3001476, Accuracy Micro-sensors, New York).
Physicochemical analysis of enzyme extracted pear juice
The pear juice was obtained using the optimized pro-

cess conditions and was then evaluated for the following
parameters:
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Proximate composition and water activity

Standard AOAC [16] procedures were followed for esti-
mation of moisture, protein, fat, ash and fiber contents.
Carbohydrate was estimated by subtracting the sum of the
percentages of moisture, protein, fat, fiber and ash contents
from 100. Energy value was determined by multiplying the
percentages of protein, fat and carbohydrate by 4, 9 and 4,
respectively. Water activity (a,,) was estimated using water
activity meter (Pre-Aqua Lab, Water Activity Analyzer,
Decagon Devices Inc., Pullman, Wash., USA).

Total, reducing and non-reducing sugars

Total and reducing sugars were estimated by Lane and
Eynon method, as described by Ranganna [20]. Non-reduc-
ing sugars were determined by subtracting reducing sugars
from total sugars.

TSS/acid ratio and pH

TSS/acid ratio was determined by dividing the °Brix (TSS)
by the acid content of juice. pH values were measured using
pH-meter (Inolab. WTW Series, Germany) according to
AOAC [16] procedures.

Mineral contents

Mineral contents (calcium, magnesium, iron, phospho-
rus, potassium and sodium) of pear juice were determined
according to AOAC [18] procedures.

Anthocyanin

Anthocyanins were determined following the procedures of
Ozgen et al. [21] with some modifications. Anthocyanins
were extracted by soaking fruit mass (1 g) in 10 mL aqueous
methanol (95%) to concentrated HCI in the ratio (97:3 v/v)
overnight at 2 to 4 °C in dark. The resulting solution was
decanted and centrifuged at 3963 g for 20 min, and antho-
cyanin absorbance (1 cm light path) was determined from
supernatant solution at 530 nm using an ultraviolet/visible
spectrophotometer (model 6405; Jenway Spectrophotom-
eters, Dunmow, Essex, UK). Anthocyanins were calculated
using an Eq. (4),

mg > _ Total optical density/100

Anthocyanin content( 100g 98.20

“
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Antioxidant activity (DPPH and FRAP) and total
phenolic content

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging assays elucidated by Chan et al. [22] were followed.
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) was used as a standard to calculate standard curve.
The ferric reducing antioxidant power (FRAP) assay was
carried out following the procedures of Pulido et al. [23].
Total phenolic contents (mg GAE/100 g) were estimated by
the Folin-Ciocalteu method [24].

Besides the above parameters, pectin, TSS, titratable
acidity, ascorbic acid and juice yield were determined for
the enzyme extracted pear juice produced using optimum
processing conditions, the procedures of which are already
explained in previous sections.

Statistical analysis

For each experimental condition, all of the readings were
taken three times and the mean values were reported. Data
was analyzed using the general linear model (GLM) proce-
dure of SPSS Statistics (V. 16, Inc., Chicago, IL). The dif-
ference between the means was determined using Duncan’s
multiple range test (p <0.05).

Results and discussion
Fit of models

Analysis of variance (ANOVA) for different responses
indicating the statistical validity is given in Table 2. The
results indicate that the models developed for all the prod-
uct responses (juice yield, clarity, TSS, turbidity, titratable
acidity, ascorbic acid, L*, a*, b* and pectin) were signifi-
cantly (p <0.05) influenced by independent variables viz.
enzyme concentration (A), incubation temperature (B)
and incubation time (C). For all the dependent variables,
significant (p <0.001) models with high coefficient of
determination (R=0.9213-0.999), were developed. The
coefficient of determination computed were highly desir-
able (R?=0.92-0.99) for all the selected parameters which
ensures the reasonable fit of empirical models with actual
data. The predicted and adjusted R? values for all the prod-
uct responses were found to be in sound agreement with
each other. The coefficient of variation (CV), which depicts
the accuracy and reproducibility of models ranged from
0.09 to 8.33%. A highly desirable adequate precision range
(13.83—421.136) was observed in all the models, suggesting
the adequacy of model discrimination in all the parameters.
Models for all the parameters showed non-significant lack
of fit thereby depicting that the second order polynomial
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Table2 ANOVA for the fit

Responses ~ Regression

of data to Response Surface

Models R? Adjusted R?  Predicted R? Adequate precision C.V  p-value Lack of fit
Y 0.9999  0.9998 0.9997 421.136 0.09 <0.05 NS
C 0.9751  0.9527 0.8376 25.1306 5.15 <0.05 NS
TSS 0.9450  0.8954 0.8093 16.4942 0.52 <0.05 NS
TA 0.9213  0.8504 0.7693 13.8300 1.83 <0.05 NS
T 0.9622  0.9283 0.8632 18.2342 8.33 <0.05 NS
AA 0.9559 0.9161 0.8790 18.8143 0.15 <0.05 NS
L* 0.9592 0.9224 0.897 19.2513 0.13 <0.05 NS
a* 0.9799  0.9619 0.8725 26.8365 1.78 <0.05 NS
b* 0.9571 09185 0.726 21.4642 0.23 <0.05 NS
PC 0.9982  0.9965 0.9884 86.3059 2.02 <0.05 NS

Y yield, C clarity, TSS total soluble solids, TA titratable acidity, T turbidity, AA ascorbic acid, L* luminos-
ity, a* redness, b* yellowness, PC pectin content, C.V. coefficient of variation, NS not-significant

models correlated well with the measured data. It is impera-
tive to mention here that for each of the dependent variable;
only those independent variables have been included in the
models, which had significant effect as was depicted from
ANOVA results.

Effect of process parameters on product responses
Yield (Y)

Juice yield is an important parameter from economic point of
view and ranged between 67.62 +6.33% and 90.57 +9.01%
(Table 3). The regression model for juice yield is shown in
Eq. (5);
Y = 85.36 + 6.85A + 0.38B + 0.88C

— 0.09AB — 0.49AC - 0.13BC 5)

— 2.25A% — 0.49B% + 0.27C?

where A is the enzyme concentration, B is the incubation
temperature and C is the incubation time.

The fitted model indicates significant (p < 0.05) linear
effect of all the three independent variables on juice yield.
The positive coefficients of linear terms of enzyme con-
centration (A), incubation temperature (B) and incubation
time (C) implied that with the increase in A, B and C, juice
yield increased (Fig. 1a). With increase in the concentra-
tion of enzyme, the rate of pectin and protein hydrolysis
increases [13]. The higher molecular weight polysaccharides
are hydrolyzed into lower molecular weight components
which in turn reduces the viscosity of juice [25]. Similar
results were reported by Diwan and Shukla [26] in guava
juice. Significant (p <0.05) increase in juice yield with an
increase in incubation temperature (B) and incubation time
(C) might be due to the increased enzyme activity at opti-
mum temperature and time. High temperature enhances the

molecular motion which results in faster reaction rate. The
interactive effect of all the independent variables was sig-
nificant (p < 0.05) and showed negative effect on juice yield
due to loss of enzyme activity beyond optimum tempera-
ture. With increased incubation time beyond optimum level,
juice yield decreased as represented by negative coefficient
of quadratic term of A (Eq. 5). This may be attributed to the
loss of substrate for pectinase as the reaction progresses.
The findings of Zhang et al. [27] for juice yield are in sound
agreement with our results. The significant (p < 0.05) nega-
tive quadratic effect of enzyme concentration and incubation
temperature on juice yield states that an optimum level of
enzyme concentration and incubation temperature increased
juice yield beyond which it gets decreased due to the less
availability of substrate concentration for enzyme molecules.
From the regression Eq. (5), it is evident that the linear effect
of enzyme concentration (A) was dominant amongst all the
three independent variables.

Clarity (C)

Juice clarity is one of the most important parameters of juice
since it affects its market value and overall acceptability
[25]. It ranged between 38.80 +5.03% and 91.10+9.03%
as shown in Table 3. The regression Eq. (6) obtained for
juice clarity is given below;

C = 6485 + 18.14 A ©6)

where A is the enzyme concentration.

From the regression Eq. (6), juice clarity significantly
(p <0.05) increased with increase in enzyme concentration
(A) (Fig. 1b). It may be due to the degradation of pectin
and protein molecules resulting in an enhancement of juice
clarity thereby reducing the repulsion between these cloud
forming particles, causing them to clump together and hence
forming larger aggregates. These settle down faster resulting
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Fig. 1 Effect of process param-
eters on product responses
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in production of clarified juice [21]. Similar results have also
been obtained by Abdullah et al. [25] in carambola juice.

Total soluble solids (TSS)

TSS of fruit juices reflects the amount of soluble constitu-
ents like sugars, carbohydrates and proteins. TSS of enzy-
matically extracted juice ranged between 13.00 +4.00°B and
13.80+4.05°B (Table 3). The regression Eq. (7) obtained
for TSS is given below;

TSS = 13.33 + 0.15A + 0.17C + 0.05C? @)

where A is the enzyme concentration and C is the incuba-
tion time.

Enzyme concentration (A) and incubation time (C)
showed a significant (p <0.05) positive effect on TSS
(Eq. 7). TSS increased with increase in enzymatic concen-
tration (A) due to hydrolysis of fruit pulp [28] (Fig. 1c). Our
results are in close agreement with the previous results of
Joshi et al. [29].
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Fig. 1 (continued)

Titratable acidity (TA)

TA of enzymatically extracted juice ranged between

:
£
z
:
b~
B: Incubation
A: Enzyme
temperature (o C) b concentration (%)

Turbidity (NTU)

A: Enzyme

C: Incubation time
ot %08 concentnl"ion (%)

e. Effect of enzyme concentration and incubation temperature
on turbidit,

e. Effect of enzyme concentration and incubation time on

turbidity

n

Turbidity

C: Incubation time B: Incubation
(min) temperature (¢ C)

=
Ia
£E
i
C: Incubation time A: Enzyme
(min) concentration (%)

D}

f. Effect of enzyme concentration and incubation time on
ascorbic acid

e eare e

Q2 .

% 2>
% 2

2

A2
030608,

s

SHEHIHXKY
XLAIARY

= %

3 S22

W R

= PIRS0IRIRRS

£ :E' = 4

C: Incubation time B: Incubation
(min) temperature (* C) C: Incubation time A: Enzyme
(min) concentration (%)

f. Effect of incubati e and i ion time on g. Effect of enzyme concentration and incubation time on L*

ascorbic acid

2,
s 27
RISl
CRLALALALL ":o,,"v
- o ',

o
Z22
Wi
LRI ALIAL >
:".',', 2o

a*

C: Incubation time A: Enzyme
(min) concentration (%)

ST

222>

S

e e o o & W

SRORREALAL AL
SR AA T

B: Incubation A: Enzyme
temperature (° C) concentration (%)

h. Effect of enzyme concentration and incubation time on a*

20708
i. Effect of enzyme concentration and incubation

temperature on b*

TA = 035+ 0.02A + 0.008C ®)

0.33+£0.03% and 0.39 +£0.02% (Table 3). The regression  tion time.

Eq. (8) obtained for TA is given below;

@ Springer

where A is the enzyme concentration and C is the incuba-
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Fig. 1 (continued)

C: Incubation time

A: Enzyme
concentration (%)

e C: Incubation time : B: i:;::':l(\:nc)
(min) ot emp
i. Effect of enzyme concentration and incubation time on b* i. Effect of incubation temperature and incubation time on
b*

Pectin (%)

B: Incubation
temperature (° C)

Pectin (%)

A: Enzyme C: Incubation time (%ix) ' A: Enzyme
concentration (%) concentration (%)

j. Effect of enzyme concentration and incubation temperature j. Effect of enzyme concentration and incubation time on

on pectin pectin content
Desirability

G
PR
-
g
g
=3
g
H

9 E

) z "

8 L

3 P

[ %

A: Enzyme concentration (%)
C: Incubation time B: Incubation
(min) temperature (° C)
j- Effect of incubation temperature and incubation time on k. Desirability graph
pectin

Enzyme concentration (A) and incubation time (C)
had positive significant (p <0.05) linear effects on TA as
is observed in Eq. (8) (Fig. 1d). Enzymes act upon pec-
tin, where carboxylic and galactouronic acid monomers
are released thereby leading to the development of higher

acidity in enzymatically extracted juice [12]. Thus, an
increase in TA with increase in enzymatic concentration was
found. Similar results were also observed by Akesowanand
and Choonhahirun [14] for enzyme-extracted guava juice.
Further, for prolonged incubation, released organic acids
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are accumulated thus supporting our results of significant
(p<0.05) linear effect of incubation time (C) on TA.

Turbidity (T)

Turbidity refers to the haziness in juice which contributes
to its cloudy appearance and must be as low as possible
for high quality juices [13]. It ranged between 2.89 +0.03
NTU and 9.03 +3.66 NTU (Table 3). The regression Eq. (9)
obtained for juice turbidity is given below;

T = 7.16 — 1.99A — 0.403B — 0.38C

9
— 0.42A% — 0.52B% — 0.52C ©)

where A is the enzyme concentration, B is the incubation
temperature and C is incubation time.

From regression Eq. (9), it was observed that all the
independent variables i.e. enzyme concentration (A), incu-
bation temperature (B) and incubation time (C) significantly
(p<0.05) affected turbidity. The negative coefficients of the
linear terms of enzyme concentration (A), incubation time
(B) and incubation temperature (C) implied an inverse rela-
tion of these variables with turbidity (Fig. 1e). Enzymatic
degradation of pectin resulted in the reduction of turbidity
in juices [30] in contrast to the clarity, which increases with
increase in enzyme concentration (Eq. 3). Hamid et al. [31]
have also reported the similar results for enzymatically clari-
fied pomegranate juice by protease and pectinase treatments,
wherein they have reported increase in clarity and decrease
in turbidity with increase in enzyme concentration. With
increase in incubation temperature, the activity of pectin
splitting enzyme increases making juice more clear [32].
Higher enzyme concentration with longer incubation time
causes breakdown of cloud forming particles followed by
their settling due to the reduction in electrostatic repulsion
between protein-pectin particles thereby reducing turbidity.
The quadratic effects of A, B and C had a negative effect on
turbidity since the excessive enzyme concentration with pro-
longed time and high temperature reduces juice turbidity by
exposure of positive nucleus sites to the surrounding nega-
tive charges where large protein-pectin clusters are formed
[8]. Similar results have also been obtained by Saxena et al.
[33] for watermelon juice.

Ascorbic acid (AA)

Vitamin C is a highly bio-available antioxidant present in
fruit juices. Its strong free radical scavenging activity makes
it a functional component in fruit juices [34]. Ascorbic
acid of enzymatically extracted pear juice ranged between
4.12+1.06 mg/100 g and 4.21 +1.02 mg/100 g (Table 3).
The regression Eq. (10) obtained for ascorbic acid is given
as;
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AA = 4.18 — 0.0047A — 0.01C - 0.0087BC

10
—0.01A% — 0.0074B? (10)

where A is the enzyme concentration, B is the incubation
temperature and C is the incubation time.

Enzyme concentration (A) had a significant (p <0.05)
negative linear and quadratic effects on ascorbic acid
(Fig. If). This is due to the oxidation of ascorbic acid during
clarification process [30]. A significant (p <0.05) negative
interactive effect of incubation temperature (B) and incuba-
tion time (C) is due to partial loss of nutrients during heat
treatment. Significant (p < 0.05) negative quadratic effects of
incubation temperature (B) is ascribed to thermal degrada-
tion of ascorbic acid.

Instrumental color

Color is an influential quality attribute in visual appearance
of juices and is directly related to the acceptability of food
products. Higher lightness values (L*) are desirable for clari-
fied juice from consumer point of view. L* value ranged
between 58.93+7.01 and 59.99 +7.02, whereas a* value
ranged between — 1.68 +0.02 and — 2.324+0.01 and b* value
ranged between 57.30+5.02 and 59.22 4+ 6.02 (Table 3). The
regression Eqgs. (11), (12) and (13) obtained for L*, a*, b*
value are given below;

L= 5936 + 0.29A + 0.14C (11)
as= —2.04 + 0.20A + 0.05C (12)

b* = 58.33 + 0.40A + 0.19B + 0.22C — 0.20AB — 0.20BC

13)
where A is the enzyme concentration, B is the incubation
temperature and C is the incubation time.

From the regression Egs. (11), (12) and (13), increase in
enzyme concentration (A) increased L* due to enzymatic
breakdown of structural tissues and complex polysaccha-
rides thus decreasing viscosity and enhancing lightness of
juice (Fig. 1g, h, 1). L* value also increased with the increase
in incubation time (C) which could be due to hydrolysis of
fruit pulp [19]. Similar findings have also been observed
for jamun juice [28]. Furthermore, with the increase in
enzyme concentration (A) and incubation time (C), a* value
decreased whereas, all the three independent variables had a
significant (p <0.05) positive linear effect on b* value. The
more the positive value, more is the original color of pear
juice. Additionally, the interactive effect of enzyme con-
centration and incubation temperature (AB) and incubation
temperature and incubation time (BC) showed a negative
significant (p <0.05) effect on b* value.
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Pectin content (PC)

Pectin is a high molecular weight, negatively charged, and
acidic polysaccharide that is mainly found in the middle
lamella of higher plants [35]. It ranged between 0.18 +0.01%
and 0.71 £0.03% (Table 3). The regression Eq. (14) obtained
for pectin content is given below;

PC = 0.44 - 0.15A - 0.02B - 0.07C

14
— 0.008BC - 0.015B% — 0.011C? (14

where A is the enzyme concentration, B is the incubation
temperature and C is the incubation time.

From the regression Eq. (14), it was observed that all
the three independent variables had negative significant
(p<0.05) linear effect on pectin. With an increase in enzyme
concentration (A), pectin content decreased (Fig. 1j). Enzy-
matic treatment resulted in drastic reduction in pectin con-
tent and consequently, reduces viscosity [36]. In combina-
tion with time and temperature, pectinase degrades pectin,
exposing positively-charged proteins. The electrostatic
repulsion between cloud particles is thereby reduced so that
they aggregate together [37]. Degradation and solubliza-
tion of insoluble materials from fruit cell wall by enzymatic
action resulted in reduction of pectin content [38]. Simi-
lar findings have also been reported by Ucan et al. [39] for
lemon juice. From the above Eq. (14), a negative interactive
effect of incubation temperature (B) and incubation time (C)
and their quadratic effect was observed on pectin content. It
was observed that with increasing temperature (B) and time
(C) for incubation, hydrolysis of complex polysaccharides
increases, forming simpler substances and reducing pectin
content.

Optimization and model validation

The optimum condition was obtained by employing the
desirability function method. The desirability value obtained
was 0.81 (Fig. 1k). The optimum conditions obtained for
the production of pear juice were enzyme concentration
(1.90%), incubation temperature (30 °C) and incubation time
(120 min). Predicted response values and the actual values

Table 4 Predicted response verses actual response

obtained were almost similar with a variation of less than
4% (Table 4).

Physicochemical characteristics of enzymatically
extracted pear juice

Proximate composition

The results of physicochemical properties of control and
enzymatically extracted juice are presented in Table 5.
The moisture content of enzymatically extracted pear juice
(84.70+£0.20%) was significantly (p <0.05) higher than con-
trol (83.01+0.01%) due to breakage of glycosidic bond of
pectin by two different mechanisms viz. hydrolysis, with
the introduction of water across the oxygen bridge and
the transelimination lysis [40, 41]. The crude protein con-
tent of enzymatically extracted pear juice (0.33+0.01%)
was significantly (p < 0.05) lower than that in the control
(0.41 £0.02%). The reduction in protein content is due to
the breakdown of pectin—protein interactions by pectinase
enzyme [42]. Non-significant (p >0.05) change was how-
ever, observed in crude fat and ash contents in enzymatically
extracted pear juice and control. A significantly (p <0.05)
lower crude fiber was observed in enzymatically extracted
pear juice (2.18 +0.05%) than control (2.31 +0.05%) which
is due to the solubilization and degradation of insoluble
materials like cellulosic and hemicellulosic components
[38]. The carbohydrate content of enzymatically extracted
pear juice (12.01 +0.03%) was significantly (p <0.05) lower
than control (13.69 +0.02%). The polysaccharides and col-
loidal materials present as solid materials in juices form gels
and thus accumulate on filter surface during filtration process
thereby reducing their respective contents [43]. Significantly
(p<0.05) lower energy value was observed in enzymatically
extracted juice (51.90+0.30 kcal/100 g) compared to con-
trol (58.70+0.30 kcal/100 g) which is due to the reduction
in carbohydrate and protein contents in the clarified juice.
A significant (p <0.05) increase in water activity (a,,) was
observed after enzymatic treatment (0.98 +0.01) compared
to control (0.94 +0.02) which is due to the increased amount
of unbound water by hydrolysis of cellular components after
enzyme extraction [41].

Values Responses
Yield Clarity TSS Acidity Turbidity Ascorbic acid Color Pectin
(%) (%T) (°B) (%) (NTU) (mg/100 g) L* a* b* (%)
Predicted 89.61 80.95 13.72 0.37 4.37 4.17 59.82 -1.79 59.22 0.24
Actual 88.45 78.67 13.32 0.36 4.21 4.11 58.72 -1.75 58.43 0.235
Variation (%) 1.2 2.8 2.9 2.7 3.6 14 1.8 22 1.3 2.08
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Table 5 Effect of enzymatic
treatment on physicochemical
properties of clarified pear juice

Parameters Control Enzymatically
extracted pear
juice

Proximate composition

Moisture content (%) 83.01+0.01% 84.70+0.20°
Crude protein (%) 0.41+0.02° 0.33+0.01°
Crude fat (%) 0.26+0.01* 0.26+0.04*
Ash (%) 0.33+0.04% 0.33+0.03*
Crude fibre (%) 2.31+0.05* 2.18+0.05°
Carbohydrate (%) 13.69+0.02° 12.01+0.03°
Energy (KCal/100 g) 58.70+0.30° 51.9+£0.30°
Water activity (a,,) 0.94+0.02° 0.98+0.01°
Pectin, total sugars, reducing sugars, non-reducing sugars
Pectin (%) 0.62+0.02° 0.24+0.02°
Total sugars (%) 10.3+0.10% 11.43+0.01°
Reducing sugars (%) 8.61+£0.06* 9.02+0.05°
Non-reducing sugars (%) 2.48+0.04* 2.41+0.03*
TSS, Titratable acidity, TSS/acid ratio, pH
TSS (°Brix) 13.30+0.3* 13.92+0.04°
Titratable acidity (%) 0.35+0.01* 0.39+0.02°
TSS/acid ratio 38.00+0.02° 37.08+0.05°
pH 4.08 +0.03 3.84+0.03°

Anthocyanin, Ascorbic acid

Anthocyanin (mg/100 g) 2.23+0.04% 2.33+0.04°
Ascorbic acid (mg/100 g) 4.69+0.01% 4.17+0.02°
Mineral profile (mg/100 g)
Calcium (Ca) 5.55+0.01° 5.68+0.03°
Magnesium (Mg) 1.99+0.03* 2.03+0.01*
Iron (Fe) 0.90+0.02% 0.93+0.04*
Phosphorous (P) 5.04+0.04% 5.07+0.02*
Potassium (K) 133.3+0.20% 139.8+0.10°
Sodium (Na) 0.87+0.01* 0.93+0.02°
Antioxidant activity and Total phenolic content
DPPH (%) 20.30+0.10* 19.30+£0.30°
FRAP (mg catechin/100 g) 18.91+0.04° 18.70£0.10°
TPC (mg GAE/100 g) 68.55+0.03* 67.34+0.02°
Juice yield
Juice yield (%) 69.80+0.20* 89.61+0.03°

Values are shown as mean+S.D

Values with different superscripts within row differ significantly (p <0.05)

DPPH 2,2-diphenyl-1-picrylhydrazyl, FRAP ferric reducing antioxidant power, TPC total phenolic content,

GAE gallic acid equivalent

Pectin, total, reducing and non-reducing sugars

The results of pectin, total sugars, reducing sugars and
non-reducing sugars of control and enzymatically extracted
pear juice are presented in Table 5. There was a significant
(p<0.05) decrease in pectin content after enzymatic extrac-
tion which is due to the degradation of pectin by pectinase
enzyme [37].

@ Springer

Pectin, a major component of pear juice, is thought to
play an important role in destabilization of juices. Thus,
its removal is essential [44]. Besides, pectin becomes solu-
ble in water and some of the pectin molecules are released
into the juice, making it more viscous and thus difficult
to squeeze from the fruit during processing [45]. Pecti-
nases breakdown pectin molecules into simpler monomer
units, galactouronic acid residues, thus, the decrease in
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pectin content was expected. Enzymatic treatments signifi-
cantly (p <0.05) increased the amount of total sugars in
juice (11.43 +0.01%) compared to control (10.3 +0.10%)
which might be due to the conversion of insoluble pec-
tin into soluble sugars by pectinase [46]. A significant
(p <0.05) increase in reducing sugar was observed after
enzymatic treatment (9.02 +0.05%) compared to control
(8.61 £0.06%) due to the action of pectinase (polygalac-
turonases and pectin lyases) on polygalacturonic chains as
well as hydrolysis of non-reducing sugars. Similar results
were reported by Fang et al. [47] in passion fruit. Non-
significant (p > 0.05) change was, however, observed in
non-reducing sugar content.

Total soluble solids (TSS), titratable acidity, TSS/acid ratio
and pH

The results of TSS, titratable acidity, TSS/acid ratio and pH
of control and enzymatically extracted pear juice are pre-
sented in Table 5. A significantly (p <0.05) higher TSS was
observed in enzymatically extracted juice(13.92+0.04°B)
relative to control (13.30+0.3°B) which is due to the break-
down of intercellular tissues and release of soluble compo-
nents [28]. The higher TSS values of enzymatically extracted
pear juice may be associated to an increase in reducing sug-
ars due to the action of pectinases on polygalacturonic chains
as well as hydrolysis of non-reducing sugars by weak acids
at higher temperatures [48]. Similar results were observed
by Brasil et al. [49] in guava pulp.

A significant (p <0.05) increase in titratable acidity
was observed after enzyme extraction (0.39 +0.02%) than
control (0.35+0.01%) due to the hydrolysis of proteina-
cious pectin matrix with the release of carboxylic and
galactouronic acid monomers [12]. Acidity of enzymati-
cally extracted pear juice was higher which may be due to
the action of pectinase enzyme on cell wall constituents
consisting of protopectin and pectin, thereby increasing the
acidity of product [50, 51]. The release of galacturonic acid
units may have been responsible for the increase of acidity
in clarified juice [47].

The results further revealed a significantly (p <0.05)
lower TSS/acid ratio of enzymatically extracted juice
(37.08 +£0.05) than control (38.00 +0.02). Higher titrat-
able acidity than TSS of enzymatically extracted juice
may have resulted in the decrease in TSS/acid ratio [29].
Similar findings have also been reported in grape juice by
Aponso et al. [52]. pH of enzymatically extracted pear juice
(3.84 +£0.03) was significantly (p <0.05) lower compared
to control (4.08 +0.02) which is due to de-esterification of
highly methylated pectin molecules [50]. Thus, it indicates
that the enzymatically extracted pear juice is acidic than
control, owing to the higher titratable acidity of enzymati-
cally extracted pear juice.

Mineral contents

The results of mineral contents are presented in Table 5.
A significant (p <0.05) increase in calcium, potassium
and sodium contents was observed after enzymatic extrac-
tion, however, magnesium, iron and phosphorous contents
showed a non-significant (p>0.05) increase. Enzymatic
treatment results in the movement of minerals from cells
into the solution. Carcel et al. [53] have also reported the
similar results.

Anthocyanin and ascorbic acid

The results of anthocyanin and ascorbic acid of con-
trol and enzymatically extracted juice are presented in
Table 5. Anthocyanins are mainly located in the skin
of the fruit and during pressing, it is important to trans-
fer it into the juice [54]. A significantly (p <0.05) higher
anthocyanin content was observed in enzymatically
extracted juice (2.33 +0.04 mg/100 g) compared to con-
trol (2.23 +0.04 mg/100 g) possibly due to the release of
pigments from plant cells [29]. Similar findings were also
reported in plum and raspberry juice by Rommel et al. [55].
Pectinase treatment increases the release of anthocyanins
due to the modified level of individual pigment [5], thus
increase in anthocyanin content was observed. The pecto-
Iytic enzymes resulted in a stationary higher level of total
anthocyanins over time [56]. The higher retention of antho-
cyanins in enzymatically extracted pear juice may also be
due to the fact that its pH value (3.84 +0.03) was favour-
able for anthocyanin stability [57]. Further, the higher antho-
cyanin content of enzymatically extracted pear juice rela-
tive to control indicates the breakdown of plant cell walls
with subsequent recovery of anthocyanins. Our results are
similar to those reported by Siddiq et al. [58] who reported
significantly higher anthocyanin contents of enzymati-
cally extracted blueberry juice relative to the control (juice
extracted without the use of pectinase).

A significantly (p <0.05) lower ascorbic acid was found
in enzymatically extracted juice (4.17 +£0.02 mg/100 g)
compared to control (4.69+0.01 mg/100 g). This is due to
the thermal degradation and oxidation of ascorbic acid dur-
ing enzymatic extraction [46]. During clarification, ascor-
bic acid decreases which is ascribed to oxygen exposure of
clarifying aids and processing conditions [43].

Antioxidant activity (DPPH and FRAP) and total phenolic
content

Table 5 shows that the antioxidant activity (DPPH and
FRAP) was significantly (p <0.05) lower in enzymatically
extracted pear juice (19.30+0.30% and 18.70+0.10 mg
Catechin/100 g), than control (20.30 +£0.10% and
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18.91 +0.04 mg Catechin/100 g), respectively. This is
ascribed to the oxidation of various bioactive antioxidant
components [57]. These results are comparable to the previ-
ously reported values for agai juice [58] and acai pulp [59].
During heat treatment, various plant materials get oxidized,
thus reducing antioxidant activity [60]. The polyphenolic
and antioxidant activities are dependent on matrix compo-
nent interactions and are influenced by processing, tempera-
ture and chemical composition [57], further supporting our
results. Phenolic compounds (quinones) react with sulfhy-
dryl and amine groups of proteins forming irreversible and
insoluble complexes that are separated from juice by decan-
tation, thus explaining the lower content of phenolic com-
pounds in clarified juice [61]. The total phenolic compounds
mainly comprise chlorogenic acid and its esters, which are
important components of the aroma, taste and color of juices
[62]. The oxidation of these compounds due to the action of
endogenous enzyme system during clarification step consti-
tutes the most frequent cause of changes in the levels [63].
It is therefore, for this reason that the total phenolic con-
tents of enzymatically extracted pear juice (67.34 +0.02 mg
GAE/100 g) are significantly (p <0.05) lower than control
(68.55+0.03 mg GAE/100 g) as shown in Table 5. Sidiq
et al. [58] have also reported the similar findings for blue-
berry juice. Phenolic compounds bind to plant cell materials
like pectin during their diffusion from the plant cell walls,
which affect the extract ability of the phenolic acids [64].

The results also indicate that both the antioxidant activity
(DPPH radical scavenging activity and FRAP assay) and
total phenolic content of enzymatically extracted juice was
lower than that of control (Table 5). This suggests a pos-
sible correlation between antioxidant activity (DPPH and
FRAP) and the total phenolic content. Kim et al. [65] have
also reported a correlation between the DPPH radical scav-
enging activity and phenolic compounds for colored barley
germplasm. Similarly, Shao et al. [66] have also reported a
correlation between antioxidant activity and total phenolic
content for non-pigmented, red and black rice. However, no
such relationship was found between the antioxidant activ-
ity and anthocyanin content, which may be attributed to the
differences in chemical structure and concentration [67], for
which the molecular mechanisms need to be clarified with
further studies.

JuiceYield

The results of juice yield of control and enzymatically
extracted juice are presented in Table 5. A significant
(p <0.05) increase in juice yield (89.61 +£0.03%) was
obtained compared to control (69.80+0.20%) possibly due
to the breakage of cellular tissues by pectinase enzyme. The
increase in the juice yield is ascribed to the hydrolysis of
pectin thus releasing the sap inside the cells of pulp [68].
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Conclusion

The response surface methodology (RSM) was proven to be
successful for the optimization of the process for enzymatic
extraction of pear juice using pectinase. The study revealed
the significant effect of all the three independent variables
viz. enzyme concentration, incubation temperature and incu-
bation time on physicochemical attributes of juice such as
juice yield, clarity, TSS, acidity, turbidity, ascorbic acid, L*,
a*, b* and pectin of pear juice. Within the experimental
range, enzyme concentration was the most important factor
affecting physicochemical properties of juice. The optimum
processing conditions for pectinase-assisted extraction of
quality pear juice were 1.90% enzyme concentration, 30 °C
incubation temperature and 120 min incubation time. Over-
all, the nutritional profile and yield of pectinase assisted
extraction of pear juice were positively affected compared
to control. Pear juice could offer a healthy dietary choice
for the consumers and may add value to pear fruit. These
promising results confirm the potential of using pectinases
for the production of high quality juice, both in terms of
yield and nutritional value.
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