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Abstract
The investigation aimed at optimizing the process conditions for the enzymatic extraction of apricot juice from Halman vari-
ety with pectinase enzyme. The study was conducted at different enzyme concentrations (0.2–1%), temperature (25–50 °C) 
and time duration (5–375 min). The effects of the enzymatic treatments on selected responses (juice yield, juice clarity, juice 
turbidity, total soluble solids (TSS), titratable acidity, ascorbic acid content, color index and pectin content) were determined 
employing a single factor experiment and response surface methodology (RSM) based on central composite rotatable statisti-
cal design (CCRD). The treatment effectively hydrolyzed polysaccharides, resulting in increased juice yield, total dissolved 
solids and juice lightness. The maximum juice recovery (73.06%), total soluble solids (12.9°Brix), clarity (94.76%) and 
lightness (L*) value (42.85) while minimum turbidity (3.95 NTU) and pectin content (0.59%), were obtained when enzyme 
treatment was set up with 0.9% w/w enzyme concentration at 44 °C and 300 min. The derived optimum conditions were 
used for the production of apricot juice of desirable quality in terms of physicochemical and antioxidant properties. Moreo-
ver, enzymatic process offers a number of advantages over mechanical-thermal comminution and thus, finds tremendous 
applications in modern fruit processing industries involving treatment of fruit masses. The process not only facilitates easy 
pressing and increase in juice recovery but also ensures the highest possible quality of end products.
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Introduction

Apricot (Prunus armeniaca) is a temperate fruit that belongs 
to plant family Rosaceae. It is cultivated world-wide and 
consumed either fresh or after processing. It is a rich source 
of carbohydrates, minerals and vitamins. Carbohydrate con-
centration in fresh apricots ranges from 11–13% and pro-
vides 50 Kcals of energy per 100 g on fresh weight basis 
[1]. It is also rich in bioactive phytochemicals i.e. poly-
phenols and carotenoids that have certain roles in the bio-
logical system and effective in preventing oxidative stresses 
[2]. These compounds also confer colors to plant tissues 
and thus largely contribute to the visual quality of fruits. 

Apricot also carries a reasonable amount of dietary fiber 
in the range of 1.5–2.4 g/100 g on fresh weight basis [3]. 
Apricots contain varied amounts of essential minerals such 
as potassium, phosphorus, calcium, magnesium, iron and 
selenium [3], while sodium, manganese, zinc and copper 
are present in trace amounts [1]. Similarly, the vitamins 
found in apricot are pro- vitamin A, vitamins C, K, E, thia-
mine (B1), riboflavin (B2), niacin (B3), pyridoxine (B6), 
folic acid (B9) and pantothenic acid [4]. Apricot contains 
organic acids i.e. malic acid (500–900 mg/100 g) and citric 
acid (30–50 mg/100 g) as the major acids [5]. The average 
range of protein and fat content in apricot fruit is 1.4–2.0% 
and 0.4–0.6%, respectively [1].

Owing to its bioactive components of pharmacological 
importance, it has been found effective against chronic gas-
tritis, oxidative intestinal damage, hepatic steatosis, athero-
sclerosis, coronary heart disease and tumor formation [6]. 
India ranks 35th in the world apricot production with Ladakh 
(Leh and Kargil districts) being the major apricot produc-
ing region, followed by Himachal Pradesh [7]. Since large 
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varieties of apricot are grown around the world but Halman 
variety is usually preferred because of its large fruit size and 
pulp yield besides having better organoleptic properties [8].

Apricot is a highly perishable fruit with moisture con-
tent ranging from 80–86% and a shelf life of only 2–5 days 
under ambient conditions [9]. The high perishability of 
apricot reduces its physical and organoleptic attributes and 
thus limits its end use. Thus, it is imperative to reduce post-
harvest losses of the crop and facilitate its value addition 
[10]. The utilizable lifespan of the crop can be prolonged by 
converting it into value added product. Extraction of fresh 
fruit juice from apricot pulp (Halman var.) thus seems to be 
a beneficial approach that could be an innovative value addi-
tion to the crop. However, the higher concentration of struc-
tural components like pectin, pectin–protein complexes in its 
pulp hampers the juice extraction process. As such, there is 
a need for extraction of juice with high degree of clarifica-
tion that will result in elevated juice quality. Juice extraction 
can be done by various mechanical means [11] however, 
these methods of fruit juice extraction are less efficient and 
such techniques involve excessive amounts of energy and 
result in lower juice yields [12]. Enzymatic treatment, prior 
to mechanical extraction, not only facilitates pressing and 
juice recovery, but also ensures the highest possible quality 
of the end product [11]. The use of pectinolytic enzymes 
like pectinases aid in the liquefaction of fruit pulp and juice 
extraction [13]. These enzymes hydrolyze pectic substances 
and aid in the flocculation of suspended particles and clarifi-
cation of juices. This results in the production of fruit juices 
with higher total soluble solids (TSS), total sugars, acidity 
and color. Moreover, enzyme assisted juice extraction pro-
cess is critical for maximizing the juice yield and retaining 
the organoleptic characteristics of the prepared fruit juices. 
The time required for pectinolytic liquefaction of fruit pulps 
depends on the type of fruits, type of enzyme, enzyme con-
centration and incubation temperature [14]. The determina-
tion of the optimum levels of enzyme extraction process 
parameters (enzyme concentration, incubation temperature 
and incubation time) is an important aspect in this regard. 
Moreover, no such study has been carried out wherein the 
pectinases have been used for the enzymatic extraction of 
apricot juices.

Keeping all these things into consideration, investi-
gation was undertaken to optimize the conditions for the 

pectinolytic liquefaction of apricot pulp for juice extraction 
using response surface methodology (RSM). This meth-
odology is an affective statistical technique for optimizing 
complex processes as it reduces the number of experimen-
tal trials needed to evaluate multiple parameters and their 
interactions. It is less laborious and time-consuming than 
other approaches and can be successfully used for optimiz-
ing operational parameters [15].

Materials and methods

Procurement of fruit pulp

The fresh apricot pulp (Halman Var.) was procured from 
Kargil region of Ladakh, India.

Apricot juice extraction and clarification process

Fresh sample of apricot pulp was treated with different con-
centrations of pectinase for extraction and clarification of 
juice at varied incubation temperature and time as per the 
experimental combinations (Table 1). The process flowsheet 
for the extraction of apricot juice from pulp is given in 
Fig. 1. Apricot juice, to which pectinase enzyme was not 
added, was taken as control.

Experimental design and process optimization

Central composite rotatable design (CCRD) was used to inves-
tigate the effects of three independent variables: enzyme con-
centration (A), incubation temperature (B) and incubation time 
(C) on various dependent variables (juice yield, juice clar-
ity, turbidity, total soluble solids, titratable acidity, ascorbic 
acid, instrumental color and pectin content). The experimental 
ranges of the independent variables along with their respective 
coded levels are presented in Table 1. To fit the experimen-
tal data for each response of the dependent variables, second 
order polynomial models were developed using Statistical 
Software Design Expert 12 (Stat Ease Inc., Minneapolis, MN, 
USA). For analysis of the data, multiple regression models 
were used and the statistical significance of each response was 
tested using analysis of variance (ANOVA). Response surface 

Table 1  Experimental 
combinations

Process variable Code Variables level codes

 − 1.68  − 1 0  + 1  + 1.68

Enzyme concentration (%) A 0.2 0.4 0.6 0.9 1
Incubation Temperature (°C) B 25 30 37.5 45 50
Incubation time (min) C 5 80 190 300 375
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of desirability function was applied for the optimization of 
apricot juice clarification process and the optimum condition 
criteria were used to maximize juice yield, clarity, TSS, acid-
ity, ascorbic acid and color and to minimize the turbidity and 
pectin content.

Determination of product responses

Juice yield (JY)

The juice yield was calculated using Eq. (1) as reported by 
Akesowanand and Choonhahirun [16],

Juice clarity (JC)

The clarity of the juice was determined by transmittance (%T) 
at 660 nm [17].

(1)Percent juice yield =
Weight of clear juice (g)

Weight of pulp (g)
× 100

Juice turbidity (JT)

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

Total soluble solids (TSS)

Total soluble solids (TSS) were determined using an Abbe 
Refractometer (RSRT-1) following the procedures as 
described by AOAC [18].

Titratable acidity (TA), ascorbic acid (AA) and pectin content 
(PC)

Titratable acidity was determined by the procedure as 
described by Barret et al. [19], and was expressed as percent-
age citric acid. Ascorbic acid was determined by titration 
with a 2, 6-dichlorophenolindophenol sodium salt solution as 
described by AOAC [20]. Total pectin was evaluated accord-
ing to the method described by Kulkarni and Vijayanand [21].

Instrumental color (L*, a*and b*)

The Hunter Colorimeter (SN3001476, Accuracy Micro-sen-
sors, New York) was used for measurements of color values- 
lightness (L*), redness (a*) and blueness (b*) of juice follow-
ing the procedures followed by Rai et al. [17].

Proximate analysis of pectinase enzyme extracted 
apricot juice

The apricot juice produced using optimization process con-
ditions was evaluated for the following parameters:

Proximate composition

Moisture, crude protein, crude fat, crude fiber and ash content 
of control and enzymatically extracted apricot juice (EEAJ) 
were performed following the standard procedures of AOAC 
[22].

Carbohydrate content was calculated using an Eq. (2),

Energy value was determined by multiplying the percent-
ages of protein, fat and carbohydrate by 4, 9 and 4, respectively.

(2)

Carbohydrate (%) = 100 − (%protein + %fat + %moisture

+ %crude fiber + %ash)

Fig. 1  Process flowchart for extraction of apricot juice from Halman 
variety
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Total, reducing and non‑reducing sugars

Total and reducing sugars in the samples were determined 
using Lane and Eynon method [23]. Non-reducing sugars were 
determined by subtracting reducing sugars from total sugars.

pH, TSS, titratable acidity, TSS/acid ratio and ascorbic acid 
content

pH values were measured using pH-meter (Inolab WTW 
Series, Germany) according to the protocols of AOAC [23]. 
TSS was determined by Abbe Refractometer (RSRT-1). TSS/
acid ratio was determined as the ratio of oBrix (TSS) and the 
acid content of juice. Titratable acidity (as citric acid) and 
ascorbic acid content were determined following the proce-
dures of AOAC [23].

Total carotenoids

Total carotenoids were determined by following the proce-
dures of Kimura, Rodriguez and Amaya [24].

Water activity

Water activity  (aw) was estimated using water activity meter 
(Pre-Aqua Lab, Water Activity Analyzer, Decagon Devices 
Inc., Pullman, Wash., USA).

Mineral content

Mineral content of apricot juice was determined according to 
AOAC procedures [25].

Antioxidant activity

DPPH assay

DPPH assay of apricot juice was determined spectrophoto-
metrically according to the protocols of Amin et al. [26] 
which involved the use of free radical, 1.1-diphenyl-2-pic-
rylhydrazy (DPPH). Briefly, 80 μL of the sample extract 
was mixed with 200 μL of 0.05%DPPH· in a total volume of 
4-mL methanol and allowed to react in the dark for 30 min. 
Then, the absorbance was read at 515 nm using a spectro-
photometer (Hitachi U-2900) and the results were expressed 
as percent inhibition.

Ferric reducing antioxidant power assay

The ferric-reducing antioxidant power (FRAP) was esti-
mated following the method outlined by Yang, Guo, and 
Yuan [27]. 1 mL of antioxidant solution (0.5 mL of fruit 

extract mixed in 0.5 mL of water) was mixed with phosphate 
buffer (2.5 mL, 0.2 M, pH 6.6) and  K3Fe(CN)6 (2.5 mL, 
30 mM). The mixture was incubated at 50 °C for 20 min, 
after which trichloroacetic acid (2.5 mL, 0.6 M) was added 
to terminate the reaction followed by centrifugation step 
(10 min, 5000 rpm). From the upper layer, 2.50 mL of solu-
tion was then removed and mixed with  FeCl3 (0.5 mL) and 
left to incubate for another 10 min. Formation of ferrous 
ions  (Fe2+) was measured spectrophotometrically at 700 nm, 
with higher absorbance values indicative of greater reducing 
capacity of ferric  (Fe3+) to ferrous  (Fe2+) ions. All the sam-
ples were run in triplicate. Moreover, blanks (control) were 
also run in parallel with their absorbance values subtracted 
from those of the samples.

Total phenolic content

Total phenolic contents (TPC) of the samples were estimated 
according to the method of Amin et al. [26].

Besides the above parameters, pectin and juice yield were 
determined, the procedures of which are already explained 
in previous section.

Statistical analysis

For each experimental condition, all of the readings were 
taken three times and the mean values were reported. Gen-
eral linear model (GLM) procedure of SPSS Statistics (V. 
16, Inc., Chicago, IL) was used to analyze the data. 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) given in Table 2 indicates 
that the models developed for all the product responses 
(juice yield, clarity, turbidity, TSS, titratable acidity, 
ascorbic acid, instrumental color and pectin) were sig-
nificantly (p < 0.05) affected by independent variables 
viz. enzyme concentration (A), incubation temperature 
(B) and incubation time (C). The coefficient of deter-
mination computed for all the selected parameters were 
highly desirable  (R2 ranged between 0.7797 and 0.9760), 
which indicates the reasonable fit of empirical models with 
actual data. The predicted and adjusted  R2 values for all 
the product responses were in sound agreement with each 
other. In addition, the lower coefficient of variation (% 
CV) obtained for all the models confirms accuracy, reli-
ability and reproducibility of results. Models for all the 
parameters (juice yield, clarity, turbidity, TSS, titratable 
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acidity, ascorbic acid, instrumental color and pectin) 
showed non-significant lack of fit which indicates that 
the second order polynomial models correlated well with 
the measured data. Adequate precision computed for the 
models of all parameters were much higher than 4, which 
indicates highly desirable validation of models.

Effect of process parameters on product responses

Effect of enzyme extraction on juice yield (JY)

From economic point of view, juice yield is an important 
aspect in extraction process. The juice yield (JY) ranged 
between 52 and 74.55% as shown in Table 3.The regression 
equation obtained for JY is given below as Eq. (3),

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

From the regression Eq. (3), it was evident that all of 
the independent variables significantly (p < 0.05) affected 
JY (Fig. 2a). The positive coefficients of linear terms of 
enzyme concentration (A), incubation temperature (B) and 
incubation time (C) implied the increase in JY with increase 
in enzyme concentration (A), incubation temperature (B) 
and incubation time (C). The increase in JY with increase 
in enzyme concentration is due to the enzyme hydrolysis 
of protopectin and formation of water soluble pectin [28]. 
Similar results were also obtained by Diwan and Shukla 
[29] in guava juice. The significant (p < 0.05) positive effect 
of incubation temperature (B) and incubation time (C) on 
JY could be due to an increased enzyme activity at opti-
mum temperature and time. High temperature enhances the 

(3)
JY = 66.19 + 0.77A + 2.95B + 4.42C + 1.08AB

+ 1.90AC−1.04BC−3.57A2 + 1.07C
2

molecular motion, which results in faster reaction rate [30]. 
The interactive effect of all the independent variables was 
significant (p < 0.05) and a significant (p < 0.05) positive 
interactive effect was shown by enzyme concentration and 
incubation temperature (Eq. 3). This might be due to the 
action of enzyme on pectic substances of pulp, resulting 
in hydrolysis of these substances thus, releasing dissolved 
material within an optimum temperature range.

The positive interactive effect of enzyme concentration 
(A) and incubation time (C) can be ascribed to the prolonged 
exposure of enzymes to substrate, resulting in an increased 
juice recovery. Incubation temperature (B) and incuba-
tion time (C) also increased enzyme activity possibly by 
increasing the kinetic energy within molecules. However, 
at extreme temperature and time, the enzyme denatures, 
resulting in decreased JY. The findings of Zhang et al. [31] 
corroborate well with results of the present study wherein 
a curvilinear increase in juice recovery with increase in 
α-amylase dosage and hydrolysis time has been reported.

From the regression Eq. (3), it was further evident that the 
linear effect of incubation period (C) was dominant amongst 
all the three independent variables viz. enzyme concentra-
tion (A), incubation temperature (B) and incubation time 
(C).

Effect of enzyme extraction on juice clarity (JC)

The enzyme assisted juice extraction process resulted in the 
production of juice with better clarity, concentrated flavor 
and color, thereby increasing its overall acceptability. Enzy-
matic extraction of juice reduces viscosity and cluster forma-
tion, which enhances the separation during centrifugation 
or filtration processes [32]. The juice clarity (JC) of EEAJ 

Table 2  ANOVA for the fit of 
data to response surface models

JY Juice Yield, JC Clarity, JT Juice Turbidity, TSS Total Soluble Solids, TA Titratable Acidity, AA Ascor-
bic Acid, L* Lightness, a* redness, b* yellowness, PC Pectin Content, C.V. coefficient of variation, NS 
not-significant

Responses Regression

R2 Adjusted  R2 Predicted  R2 Adequate precision C.V p-value Lack of fit

JY 0.9760 0.9544 0.8448 26.4439 1.92  < 0.05 NS
JC 0.7797 0.5814 0.4267 7.2815 9.15  < 0.05 NS
JT 0.8965 0.8033 0.6199 7.8982 16.66  < 0.05 NS
TSS 0.8794 0.7708 0.6319 11.2086 2.11  < 0.05 NS
TA 0.9030 0.8156 0.6549 10.2970 2.75  < 0.05 NS
AA 0.7834 0.5884 0.3778 7.0203 2.12  < 0.05 NS
L* 0.9353 0.8771 0.8045 11.4272 2.63  < 0.05 NS
a* 0.9295 0.8661 0.8262 13.4315 24.28  < 0.05 NS
b* 0.9191 0.8462 0.7264 14.3345 5.49  < 0.05 NS
PC 0.8819 0.8597 0.7993 20.2787 3.13  < 0.05 NS
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ranged between 55 and 95% T as shown in Table 3. The 
regression Eq. (4) obtained for juice clarity is given below,

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

From the regression Eq. (4), it is observed that increase in 
enzyme concentration (A) and incubation time (C) enhanced 
JC (Fig. 2b). The increase in enzyme concentration causes 
degradation of pectin and protein molecules thereby increas-
ing the rate of clarification by exposing part of the positively 
charged protein beneath. This reduces electrostatic repulsion 
between cloud particles thus causing them to aggregate into 
larger particles and eventually settle out thereby, enhancing 
JC [33]. The incubation time (C) greatly affected the JC. Sin 
et al. [33] also observed the significant influence of incuba-
tion time (B) and enzyme concentration (A) on juice clarity 
while studying the liquefaction of sapodilla and mango pulp.

Effect of enzyme application on juice turbidity (JT)

Turbidity is one of the major problems in fruit juices due 
to the presence of pectins and the fibrous molecular struc-
tures associated with it that lead to haziness in fruit juices 

(4)JC = 67.89 + 5.87A2 + 4.66C2

[34]. For high quality juices, turbidity values must be as 
low as possible. Turbidity may decrease due to the action of 
pectinase on pectin layers encapsulating the protein core of 
proteinaceous pectin particles in suspension. The turbidity 
values of EEAJ ranged between 2 and 9 NTU as shown in 
Table (3). The regression Eq. (5) obtained for JT is given 
below,

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

From the regression Eq. (5), it was observed that the neg-
ative coefficients of interactive terms of incubation tempera-
ture (B), and incubation time (C) implied an inverse relation 
with turbidity (Fig. 2c). The negative quadratic effects of 
enzyme concentration  (A2) and incubation time  (C2) on tur-
bidity explains that the excessive enzyme concentration with 
prolonged time reduces the turbidity of juice by exposure of 
positive nucleus sites to surrounding negative charges where 
large protein-pectin clusters are formed [35]. Further, long 
exposition of pectin to high enzyme concentrations are likely 
to break down pectic substances, exposing positive nucleus 
sites to surrounding negative charges, settling out the so 
formed large protein-pectin particles [35] thus decreasing 

(5)JT = 7.52 − 0.92BC − 1.56A2 − 1.44C2

Fig. 2  Effect of enzyme assisted juice extraction process parameters on physicochemical properties of apricot juice
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turbidity. Similar results were also obtained by Marcelo et al. 
[36] and Saxena et al. [37] for caja-mango pulp and water-
melon juice, respectively.

Effect of enzyme treatment on total soluble solids (TSS)

TSS in fruit juice reflects the amount of soluble constit-
uents like sugars, carbohydrates and proteins [37]. TSS 
of EEAJ ranged between 11.39 and 13.4 B as shown in 
Table 3. The regression equation obtained for TSS is given 
below as Eq. (6),

where, A is enzyme concentration, B is incubation tempera-
ture and C is incubation time.

From the regression Eq. (6), it was observed that the 
enzyme concentration (A), incubation temperature (B) 
and incubation time (C) showed a significant (p < 0.05) 
positive effect on TSS (Fig. 2d). A significant (p < 0.05) 
positive linear effect exhibited by enzyme concentration 
(A), incubation temperature (B) and incubation time (C) 

(6)TSS = 12.02 + 0.2A + 0.25B + 0.28C + 0.36C2

and significant (p < 0.05) positive quadratic effect of incu-
bation time  (C2) might be due to the action of enzyme 
on pectic substances of juice pulp, causing hydrolysis of 
these substances and release of dissolved material [37]. 
The results of this study were in close agreement with the 
observations of Shah [38] wherein the enzyme-assisted 
process for extraction and clarification of juice from litchis 
has significantly led to higher TSS.

Effect of enzyme treatment on total titratable acidity (TTA)

TTA (as citric acid) of EEAJ ranged between 0.59 to 
0.73% (Table 3). The regression Eq. (7) obtained for TTA 
is given below,

where, A is enzyme concentration and B is incubation 
temperature.

From the regression Eq.  (7), it was concluded that 
there was a positive significant linear effect of enzyme 

(7)
TTA = 0.64 + 0.02A + 0.04C − 0.02AC + 0.01A2 + 0.01B2

Fig. 2  (continued)
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concentration (A) and incubation time (C) on TTA 
(Fig. 2e). Pectinases act on protenacious pectin matrix, 
resulting in the release of carboxylic and galactouronic 
acid monomers, leading to the development of higher 
acidity in juice [39]. Similar results were also observed 
by Akesowan and Choonhahirun [16] for enzymatically 
extracted guava juice.

Effect of enzyme application on ascorbic acid (AA)

Ascorbic acid (vitamin C) has a high bioavailability and is 
consequently one of the most important water-soluble anti-
oxidants capable of scavenging reactive oxygen species 
such as hydroxyl and peroxyl radicals and singlet oxygen 
[40]. AA of EEAJ ranged between 6.04 to 6.8 mg/100 g 

Fig. 2  (continued)

Fig. 2  (continued)
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(Table 3). The regression equation obtained for AA is 
given as Eq. (8),

where, B is the incubation temperature. From regression 
Eq. (8), a significant negative linear effect of incubation tem-
perature (B) on ascorbic acid could be observed (Fig. 2f). 
Ascorbic acid undergoes oxidative degradation during ther-
mal treatment [41], thereby leading to a decrease in ascorbic 
acid with increase in incubation temperature.

Effect of enzyme application on color (L*, a* and b*)

Color is an important quality attribute in food as it influences 
the consumer’s choice and preferences [42]. From consum-
er’s point of view, high values of lightness (L*) is desir-
able for clarified juice. L* values of EEAJ ranged between 
34.85 and 44.72, and redness (a*) and blueness (b*) ranged 
between -0.21 and- 2.98 and 24.05 and 42.09, respectively 
as shown in table (3). The regression Eqs. (9), (10) and (11) 
obtained for L*, a* and b* values are given below,

where, A is enzyme concentration, B is incubation tempera-
ture and C is incubation time.

From regression Eq. (9), it can be concluded that the 
increase in enzyme concentration (A) and incubation time 
(C) increased L* value (Fig. 2g). Enzymes breakdown the 
structural tissues, releasing those components which possess 
color thereby resulting in increase in lightness (L*) [32]. 
Similar results were also reported by Ghosh et al. [28] for 
jamun juice. Furthermore, with the increase in enzyme con-
centrations (A), incubation temperature (B) and incubation 
time (C), a* decreased (Fig. 2h). Additionally, all the three 
independent variables (enzyme concentration, incubation 
temperature and incubation time) had a positive linear effect 
on b* value (Fig. 2i). The more the positive value, more is 
the original color of apricot juice. The inverse results for a* 
and b* values were obtained by Ghosh et al. [28] for jamun 
juice.

Effect of enzyme treatment on pectin content (PC)

Pectolytic enzymes hydrolyze pectic substances that are 
present in the fruit, so the resulting juice has a much lower 
amount of pectin [43]. The enzymes not only help in sof-
tening the tissue but also lead to the release of cell contents 

(8)AA = 6.26 − 0.19B

(9)
L∗ = 37.02 + 1.03A + 0.34B + 1.03C + 0.97AB + 2.93A2 + 2.3C2

(10)
a∗ = − 0.25 − 0.45A − 0.29B − 0.56C − 0.31A2 − 0.25B2 − 0.23C2

(11)
b∗ = 32.10 + 1.75A + 1.17B + 3.0C + 1.78AB + 2.29C2

as well. Pectin content of EEAJ ranged between 0.59 and 
0.80% as shown in Table 3. The regression Eq. (12) obtained 
for PC is given below

From regression Eq. (12), it was evident that the enzyme 
concentration (A) and incubation temperature (B) showed a 
negative significant linear effect on pectin content (Fig. 2j). 
Enzymatic treatment resulted in a decrease in pectin content 
and consequently, the decrease in the viscosity [44]. Pecti-
nases degrade the pectin chain at an optimal incubation time 
and temperature, thus exposing positively charged proteins. 
The electrostatic interaction between pectin and the protein 
components results in the aggregation of these particles and 
hence settle down thereby reducing the pectin content in 
the obtained juice [45]. The enzymatic treatment led to the 
degradation and solublization of insoluble materials (pectin, 
hemicelluloses and some cellulosic materials) from fruit cell 
wall, resulting in increased juice yield [46]. With increase 
in enzyme concentration (A) and incubation temperature 
(B), hydrolysis of complex polysaccharides increased due 
to the formation of simpler substances, thus reducing pectin 
content.

Optimization and model validation

For the optimum formulation, the final condition would 
be considered optimum if the juice yield, TSS, titratable 
acidity, clarity, ascorbic acid and L* value were as high as 
possible while turbidity, and pectin content were as low as 
possible. According to the optimized-dependent parameters, 
concentration of enzyme will be 0.9% (w/v), the incubation 
temperature (B) should be 44 °C with 300 min as the incu-
bation time. The predicted response values and the actual 
obtained response values were within 4% of the predicted 
values (Fig. 3) (Table 4). At the optimized condition, prod-
uct responses were juice yield: 73.06%; clarity: 94.76% T; 
turbidity: 3.95 NTU; TSS:12.9°B; titratable acidity: 0.71%; 
ascorbic acid: 6.08 mg/100 g; L* value: 42.85; a* value: 
-2.95; b* value: 38.32; and pectin content: 0.59%.

Physicochemical properties of enzymatically 
extracted apricot juice (EEAJ)

Proximate composition

The proximate composition of control and enzymatically 
extracted apricot juice (EEAJ) are presented in Table 5. 
A significant (p < 0.05) decrease in carbohydrate, protein, 
energy value, pH and phenolic content was observed in 
EEAJ while as there was no significant (p < 0.05) change 
in fat and ash contents. The percentage moisture content 

(12)PC = 0.66 − 0.04A − 0.05B
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of EEAJ (85.07 ± 0.20%) was significantly (p < 0.05) 
higher than control (83.01 ± 0.01%) due to the breakage 
of glycosidic bond in pectin by two different mechanisms 
viz. hydrolysis, with the introduction of water across 
the oxygen bridge and the transelimination lysis [43]. 
The crude protein content of control was 1.06 ± 0.02%, 
which decreased significantly (p < 0.05) in enzymati-
cally extracted juice (0.98 ± 0.01%). The reduction in 
protein content is attributed to the breakdown of pec-
tin–protein interactions by pectinase enzyme [47]. A sig-
nificant (p < 0.05) decrease in crude fiber (1.08 ± 0.05%) 
was observed after enzymatic extraction which is due 

to solubilization and degradation of insoluble materials 
like cellulosic and hemicellulosic components [41]. The 
carbohydrate content of control was 13.69 ± 0.02% and 
it reduced significantly (p < 0.05) to 12.61 ± 0.03% after 
an enzymatic clarification process. The polysaccharides 
and colloidal materials present as solid materials in juices 
form gels thus, accumulate on the filter surface during 
filtration thereby, reducing their respective contents [48]. 
The energy values of control and the EEAJ were found to 
be 63.14 ± 0.02 Kcals/100 g and 58.50 ± 0.03 Kcals/100 g, 
respectively. A significant (p < 0.05) decrease in energy 
value of juice after enzymatic treatment may be due to the 

Fig. 3  Desirability function 
response surface for the devel-
opment of enzyme extracted 
apricot juice

Table 4  Predicted response verses actual response

Values Responses

Yield (%) Clarity (%T) Turbidity 
(NTU)

TSS (ºB) Acidity (%) Ascorbic acid 
(mg/100 g)

Color Pectin (%)

L* a* b*

Predicted 73.06 94.76 3.95 12.90 0.71 6.08 42.85 −2.95 38.32 0.59
Actual 71.45 93.67 3.81 12.50 0.69 5.89 41.92 −2.86 37.93 0.57
Variation (%) 2.20 1.16 3.54 3.10 2.81 3.12 2.17 3.02 1.01 3.38
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lower values of carbohydrate and protein contents in the 
clarified juice.

Water activity  (aw) of control (0.96 ± 0.02) was signifi-
cantly (p < 0.05) lesser than that of EEAJ (0.98 ± 0.01). 
This increase in water activity in EEAJ is attributed to 
pectin degradation that led to the reduction in water hold-
ing capacity of pectin and release of unbound free water 
in the system after enzyme extraction [41].

Juice yield and pectin content

The percentage juice yield of control and EEAJ sam-
ples was 66.38 ± 0.02% and 71.45 ± 0.03%, respectively 
(Table 5). The significant (p < 0.05) increase in juice yield 
after enzyme treatment may be due to hydrolysis of the 

protopectin by pectinase and formation of water soluble 
pectin thereby releasing more juice from the structural net-
work [43].

There was a significant (p < 0.05) decrease in pectin 
content in EEAJ (0.57 ± 0.025%) in comparison to control 
(0.75 ± 0.02%). This is due to pectinase aided hydrolysis of 
polygalacturonic acid chain via break down of α-1,4 glyco-
sidic bond and hydrolysis of methoxy group of pectin chain 
[49].

Few parameters like juice yield, pectin, TSS, titratable 
acidity and ascorbic acid have been explained two times just 
to indicate that these parameters were kept as dependent var-
iables in optimization process and were also characterized 
for final product i.e. pectinase enzyme assisted apricot juice.

Reducing, non‑reducing and total sugar

The amount of natural sugars like glucose and fructose in 
EEAJ (11.13 ± 0.01%) were significantly (p < 0.05) higher 
than the control (10.59 ± 0.01%) (Table  5). A signifi-
cantly (p < 0.05) higher amount of reducing sugar in EEAJ 
(9.09 ± 0.05%) than control is attributed to the action of pec-
tinase (polygalacturonases and pectin lyases) enzymes on the 
polygalacturonic chains as well as hydrolysis and inversion 
of the non-reducing sugars. Similar results were reported by 
Fang et al. [50] in passion fruit, where the concentration of 
reducing sugars (fructose and glucose) increased over time 
while that of non reducing sugars like sucrose decreased.

TSS, titratable acidity and pH

TSS of control and EEAJ were 11.73 ± 0.3% and 
12.20 ± 0.02%, respectively (Table  5). A significant 
(p < 0.05) increase in TSS after enzymatic extraction is 
related to greater degree of tissue breakdown, releasing more 
compounds such as sugars and soluble components and the 
conversion of insoluble pectin by pectinolytic enzymes to 
produce soluble sugars [41].

The titratable acidity of control and EEAJ was 
0.72 ± 0.01% and 0.74 ± 0.02%, respectively. A significant 
(p < 0.05) increase in titratable acidity is due to the hydroly-
sis of proteinacious pectin matrix with the release of carbox-
ylic and galactouronic acid monomers [51].

pH value of control was 3.78 ± 0.03 and it decreased 
significantly (p < 0.05) after the enzymatic extraction 
(3.67 ± 0.02%), which is due to de-esertification of highly 
methylated pectin molecules [51]. Similar results have also 
been reported in case of date syrup by Abbes et al. [52].

Carotenoid and ascorbic acid

A significant (p < 0.05) increase in carotenoid content was 
observed in enzymatically treated juice (Table 5), which is 

Table 5  Effect of enzymatic treatment on physicochemical properties 
of clarified apricot juice

Values are shown as mean ± S.D
Values with different superscripts within row differ significantly 
(p < 0.05)

Parameters Control Enzymatically 
extracted juice

Moisture content (%) 83.01 ± 0.01a 85.07 ± 0.2b

Carbohydrate (%) 13.69 ± 0.02a 12.01 ± 0.03b

Crude protein (%) 1.06 ± 0.02a 0.98 ± 0.01b

Crude fat (%) 0.46 ± 0.01a 0.46 ± 0.04a

Ash (%) 0.57 ± 0.04a 0.56 ± 0.02a

Crude fibre (%) 1.31 ± 0.04a 1.08 ± 0.05b

Energy (KCal/100 g) 63.14 ± 0.02a 58.50 ± 0.03b

Pectin (%) 0.75 ± 0.02a 0.57 ± 0.02b

Total sugar (%) 10.59 ± 0.01a 11.13 ± 0.01b

Reducing sugars (%) 8.31 ± 0.04a 9.09 ± 0.05b

Non-reducing sugars (%) 2.28 ± 0.04a 2.04 ± 0.03b

TSS (°Brix) 11.73 ± 0.3a 12.20 ± 0.02b

Titratable acidity (%) 0.72 ± 0.01a 0.74 ± 0.02b

pH 3.78 ± 0.03a 3.67 ± 0.02b

Water Activity  (aw) 0.96 ± 0.02a 0.98 ± 0.01b

Carotenoids (mg/100 g) 13.23 ± 0.04a 13.47 ± 0.04b

Ascorbic acid (mg/100 g) 6.32 ± 0.01a 5.89 ± 0.02b

TSS/acid ratio 16.29 ± 0.02a 16.48 ± 0.05b

DPPH (% inhibition) 60.13 ± 0.01a 63.9 ± 0.03b

FRAP (mg catechin/100 g) 18.91 ± 0.04a 21.76 ± 0.10b

TPC (mg GAE/100 g) 66.55 ± 0.03a 68.34 ± 0.02b

Juice yield (%) 66.38 ± 0.02a 71.45 ± 0.03b

Mineral profile (mg/100 g)
 Calcium 14.55 ± 0.01a 14.58 ± 0.03a

 Magnesium 8.99 ± 0.03a 8.96. ± 0.01a

 Iron 0.90 ± 0.02a 0.96 ± 0.02a

 Phosphorous 17.04 ± 0.04a 17.07 ± 0.02a

 Potassium 296.03 ± 0.2a 296.08 ± 0.1a

 Sodium 1.87 ± 0.01a 1.96 ± 0.02b
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due to the release of pigments by pectinase thereby, releas-
ing carotenoids from the cell wall [53]. Similar findings 
were also reported in apple pomace by Joshi et al. [54]. The 
concentration of ascorbic acid in control and EEAJ was 
found to be 6.32 ± 0.01 mg/100 g and 5.89 ± 0.02 mg/100 g, 
respectively. The amount of ascorbic acid was significantly 
(p < 0.05) lower in EEAJ possibly due to the less thermal 
stability of ascorbic acid structure that makes it more prone 
to oxidative reactions [55].

°Brix/acid ratio

EEAJ had a significantly (p < 0.05) higher °Brix/acid ratio 
(16.48 ± 0.02) than control (16.29 ± 0.05), which might be 
due to more increase in TSS than titratable acidity of EEAJ 
[54]. Similar findings were also reported in grape juice by 
Aponso et al. [56].

Mineral content

Amongst the minerals, a significantly (p < 0.05) higher 
amount of sodium was found in EEAJ (Table 5), possibly 
due to an increase in the movement of sodium from the cells 
[57].

Antioxidant activity

The antioxidant activity (DPPH and FRAP) increased sig-
nificantly (p < 0.05) after the enzyme treatment, which may 
be ascribed to the enhanced extraction of the antioxidants 
(phenols and carotenoids) from the cellular cytoplasm. Pec-
tinase facilitated the degradation of the middle lamella of 
cell wall and primary wall, thereby releasing polyphenolic 
compounds and carotenoids located in cells. Since these bio-
active components possess antioxidant activity, therefore, 
their increase in EEAJ may have improved the antioxidant 
potential [58]. Similar findings were reported by Zuniga-
Hansen and Laroze [59] in raspberry.

Conclusion

From the systematic study of the variation in the operat-
ing variables and measurement of the dependent properties, 
response functions were established employing an appropri-
ate statistical analysis. Using response surface methodology 
and contour plots, the optimum set of the operating variables 
are obtained graphically in order to obtain the desired levels 
of the properties of the apricot juice. The methodology of 
the experimental design was shown to be very useful for the 
evaluation of enzyme (pectinase) hydrolysis for apricot juice 
clarification. The different conditions (enzyme concentra-
tion, incubation temperature and time) for enzyme treatment 

revealed that all these variables markedly affected the dif-
ferent physical parameters (juice recovery, clarity, turbidity, 
TSS, acidity, ascorbic acid, color and pectin). The optimum 
processing conditions for pectinase assisted extraction of 
quality juice were 0.90% enzyme concentration, 44 °C incu-
bation temperature and 300 min incubation time. Moreover, 
pectinase assisted juice extraction process had a positive 
impact on the nutritional profile and yield of apricot juice 
compared to control. Production of pectinase assisted high 
quality apricot juice, both in terms of yield and nutritional 
value, is believed to increase its consumption very promptly 
in future which endeavors to promote and improve its pro-
duction to make it competitive for both domestic demand 
and export markets.
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