Available online at www.sciencedirect.com

Bioresource Technology 99 (2008) 5561–5566

Optimization of extraction of high-ester pectin from passion fruit
peel (Passiﬂora edulis ﬂavicarpa) with citric acid by using
response surface methodology
Eloı´sa Rovaris Pinheiro a, Iolanda M.D.A. Silva a, Luciano V. Gonzaga a, Edna R. Amante a,
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Abstract
A central composite design was employed to optimize the extraction of pectin with citric acid. The independent variables were citric
acid concentration (0.086–2.91% w/v) and extraction time (17–102 min). The combined eﬀect of these variables on the degree of esteriﬁcation was investigated. Results have shown that the generated regression models adequately explained the data variation and significantly represented the actual relationship between the independent variables and the responses. Besides that, the citric acid
concentration was the most important factor to aﬀect the degree of esteriﬁcation, as it exerted a signiﬁcant inﬂuence on the dependent
variable. Lower citric acid concentration increased the pectin degree of esteriﬁcation. The surface response showed the relationships
between the independent variables, and thus responses were generated. Through this surface, the satisfactory condition of 0.086% w/
v citric acid for 60 min was established for extraction of high-ester yellow passion fruit pectin.
Ó 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
Pectin is a high-value functional food ingredient widely
used as gelling agent and stabilizer. It is also an abundant,
ubiquitous and multifunctional component of the cell walls
of all land plants (Willats et al., 2006).
The main raw materials used to produce commercial
pectin are apple pomace and citrus peels (May, 1990). Very
little is known about the pectic substances in passion fruit
in general. The two main edible species cultivated for commercial purposes are the purple passion fruit (P. edulis
Sims), typically consumed fresh due to its sweeter taste,
and the yellow passion fruit or ‘maracuja’ (P. edulis f. ﬂavi*
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carpa Degener), commonly used for production of juice;
either pure or sweetened due to its slightly acidic taste
(Yapo and Koﬃ, 2006). The peel represents about half of
the fruit mass. Because of signiﬁcant juice production,
the peels, as a major waste, have become a substantial burden to the environment. Hence it is necessary to ﬁnd a feasible way to turn the peels into useful products or to
adequately dispose of them, seeking a positive environmental impact (Liu et al., 2006).
According to May (1999), only a few source materials
have been used for commercial production of pectin as
food additive. One of the reasons for this is that most of
the pectic materials present in nature do not have any functional properties; in particular, the ability to form sugar
acid gel systems, and this property has been the main
requirement of commercial pectin until recently.

5562

E.R. Pinheiro et al. / Bioresource Technology 99 (2008) 5561–5566

Pectin extraction is a multiple-stage physicochemical
process in which the hydrolysis and extraction of pectin
macromolecules from plant tissue and their solubilisation
take place under the inﬂuence of diﬀerent factors, mainly
temperature, pH, and time (Pagán et al., 2001). Reports
are available on the extraction of pectins with mineral
acids, such as sulfuric acid (Yapo et al., 2007; Yapo
et al., 2007), hydrochloric acid (Iglesias and Lozano,
2004; Kratchanova et al., 2004; Mesbahi et al., 2005;
Fishman et al., 2006; Faravash and Ashtiani, in press),
nitric acid (Pagán et al., 2001; Yapo and Koﬃ, 2006),
and tartaric acid (Canteri-Schemin et al., 2005). However,
very little is known about the extraction of pectin with citric acid (Virk and Sogi, 2004; Canteri-Schemin et al., 2005;
Marcon et al., 2005), that could be better than the other
extractors from an economic as from an environmental
point of view.
Pectin is a polymer of a-galacturonic acid with a variable number of methyl ester groups (Liu et al., 2006). However, pectin also contains a-L- rhamnopyranosyl residues in
the backbone chain and branch chains of arabinan and
galactan, and their ﬁne structure vary considerably (Shingthong et al., 2004).
Some of the carboxylic groups of galacturonic acid molecules in the pectin chains are methyl esteriﬁed and the percentage of esteriﬁed groups is expressed as DE (degree of
esteriﬁcation). Depending on the degree of esteriﬁcation,
pectin is divided into two major groups: high-ester pectin,
with DE higher than 50%, and low-ester pectin, with DE
lower than 50% (Thakur et al., 1997). In high-ester pectin,
the junction zones are formed by the cross-linking of
homogalacturan through hydrogen bond and the hydrophobic interaction between methoxyl groups, both of
which are promoted by high-sugar concentration and low
pH. In low-ester pectin, junction zones are formed by calcium cross-linking between free carboxyl groups (Willats
et al., 2006).
The main objective was to develop an approach that
would bring a better understanding of the relationships
between the variables (citric acid concentration and time
of extraction) and the response (degree of esteriﬁcation);
and to obtain optimum conditions for pectin extraction
from passion fruit peel. Thus a response surface methodology (RSM) using central composite design was employed.
The advantage of this methodology is the simultaneous
investigation of the main factors from a small number of
experiments. The investigated region can lead to optimum
pectin extraction conditions.
2. Methods
Passion fruits (Passiﬂora edulis ﬂavicarpa) were
obtained from the CEASA fruit farm, Florianópolis,
Brazil, from March to May 2005. The fruits at the same
ripening stage and with similar peel colours were
selected. All the chemical reagents used were of analytical
grade.

2.1. Preparation and chemical analysis of passion fruit peel
ﬂour
The passion fruit was washed and the pulp was separated from the ﬂesh. The pulp was not studied at all. The
skin (ﬂavedo) was removed and the peels were dried in a
air-circulate oven (Model 171, FABBE, São Paulo, Brazil)
at 55 °C until their weight was constant. The dried peels
were then milled to a dry 60 mesh size powdered passion
fruit peel and the resulting product, referred to as ‘passion
fruit peel ﬂour’, was used as the raw material for all the
pectin extraction and characterization assays. The passion
fruit peel ﬂour was packaged in a polyethylene bag and
stored in a freezer (18 ± 2 °C) until required.
The passion fruit peel ﬂour was analysed for moisture,
lipid, crude protein (N  6.25), total ash contents (AOAC,
1998), and soluble and insoluble dietary ﬁbre content
(AACC, 1999), expressed as g/100 g (dry basis). All the
analyses were carried out in triplicate (n = 3). Total carbohydrate was calculated by diﬀerence.
2.2. Pectin extraction
The extraction procedure was according to the Canteri-Schemin et al. (2005) method, with slight modiﬁcation.
Pectin was extracted with diﬀerent citric acid concentrations and extraction times, under reﬂux in a condensation
system at 97 °C (solute/solvent 1:50). The hot acid extract
was ﬁltered through the ordinary screen with 1 mm mesh
size equipped with two-layer cheesecloth, and the ﬁltrate
was cooled down to 4 °C. The ﬁltrate (containing pectin)
was centrifuged for 30 min at 6000 rpm. The supernatant was precipitate with absolute ethanol (1:2 v/v) and
then left to rest for one hour in order to allow pectin ﬂotation (Kalapathy and Proctor, 2001). The ﬂoating pectin
was separated by ﬁltration (# 40 ﬁlter paper) and rinsed
with absolute ethanol. The pectin produced was dried in
an air-circulate oven at 45 °C for 12 h. The resulting
material was milled to a dry 60 mesh size powdered
pectin.
2.3. Determination of degree of esteriﬁcation
The degree of esteriﬁcation (DE) of pectin samples were
determined by the potentiometric titration method by
Bochek et al. (2001). Dried pectin (0.2 g) was placed in a
weighing bottle for titration and wetted with ethanol. Distilled water, at 40 °C (20 mL), was added by stirring. The
polymer was dissolved by stirring for 2 h. The resulting
solution was titrated with 0.1 N NaOH in the presence of
phenolphthalein and the result was recorded as the initial
titre (It). Then, a 0.1 N NaOH solution (10 mL) was added
to a neutralized polygalacturonic acid sample after determination of the free carboxy groups. The weighing bottle
was plugged with a stopper. The content was stirred at
room temperature for 2 h to saponify the esteriﬁed carboxy
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Table 1
Experimental and coded levels of two variables employed for pectin
extraction in the central composite experimental design
Variables

Citric acid concentration
(% w/v)
Extraction time (min)

0.086
17.58

1
0.500
30.00

0
1.500
60.00

+1
2.500
90.00

+aa
2.914
102.42

a = ±1.414 for k = 2 (two independent variables).

groups of the polymer. Then 0.1 N HCl (10 mL) was
added. Excess HCl was titrated with 0.1 N NaOH. The
number of the esteriﬁed carboxy groups was calculated
from the volume of 0.1 NaOH solution spent for titration
(the ﬁnal titre – Ft).
The DE was calculated by using

%DE ¼

3. Results and discussion
3.1. Chemical composition of passion fruit peel ﬂour

Level
aa

a
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Ft
 100
It þ Ft

ð1Þ

2.4. Experimental design and statistical analysis
Response surface methodology (RSM) was used to
determine the optimum condition for pectin extraction
from passion fruit peel ﬂour. The central composite design
(CCD) with two independent variables was employed
(Box and Wilson, 1951; Teóﬁlo and Ferreira, 2006). The
variables used were: citric acid concentration (Citr.) and
extraction time (Et.). The minimum, maximum and mean
values for citric acid concentration were set at 0.086%,
2.91% and 1.50% (w/v), respectively, and for the eﬀect
of extraction time they were set to 17, 102 and 60 min,
respectively. The levels were selected based on previous
studies (unpublished results). The complete design consisted of 13 experiments including four factorial experiments (levels  and +1), four axial experiments (levels ±
a), and ﬁve replicates in centre point (Table 1). Experiments in the centre of the design were performed in order
to make the estimation of pure error possible. All the
experiments were carried out at random in order to minimize the eﬀect of unexplained variability in the observed
responses due to systematic errors. The response function
(y) measured was degree of esteriﬁcation (DE) of the
extracted pectin.
The regression coeﬃcients for linear, quadratic and
interaction terms were determined by using multiple linear
regression (MLR). The signiﬁcance of each regression coefﬁcient was judged statistically by computing the t-value
from pure error obtained from the replicates in the central
point. The analysis of variance (ANOVA) was applied to
validate the model. The regression coeﬃcients were then
used to generate response surfaces. All calculations and
graphics were performed using electronic worksheets from
MicrosoftÒ Excel 2003 in accordance with Teóﬁlo and
Ferreira (2006).

The chemical composition of passion fruit peel ﬂour is
shown in Table 2. The gravimetric quantiﬁcation of insoluble dietary ﬁbre (IDF) and soluble dietary ﬁbre (SDF)
content obtained from the passion fruit peel ﬂour is presented in Table 3. In agreement with all previously published data for other fruit ﬂours (Pagán and Ibarz, 1999;
Virk and Sogi, 2004), low-lipid content and high-ash, soluble and insoluble dietary ﬁbre contents have been found in
passion fruit peel ﬂour. The total dietary ﬁbre content in
the passion fruit peel ﬂour was 57.36% w/w dry matter
(the sum of IDF and SDF). Thus, the passion fruit byproduct has proven to be a good source of ﬁbre and it
could be used as a raw material for pectin extraction. By
comparing the crude protein content of the passion fruit
peel ﬂour (Table 2) with their corresponding residual protein content in both IDF and SDF rich materials (Table
3), it clearly indicated that the removal of proteins by using
the bacterial protease normally applied in the AACC oﬃcial methods was not eﬃcient and the a larger amount of
the proteins remained in their fractions. This could be
due to the protein coprecipitation during the ethanol precipitation step in the AACC method and the inaccessibility
of protein by the protease due to the presence of the plant
ﬁbre. It has been shown in plant foods that high-ﬁbre content can lead to low-enzyme digestibility of protein (Mongeau et al., 1989; Baer et al., 1997; Cheung and Lee, 1998;
Wong et al., 2003).
3.2. Experimental design
Experimental values obtained for the degree of esteriﬁcation at the designed points are shown in Table 4, in
experimental order. Multiple regression coeﬃcients are
shown in Table 5. From the results in Table 5, only the
quadratic coeﬃcient of the extraction time variable was
not signiﬁcant by t-test at a signiﬁcance level of 0.05. The
Citr. variable has shown to be the most important variable
in this system. The results show that lower citric acid concentrations, within the levels studied, contribute to a larger
percentage for the degree of esteriﬁcation. The Citr.  Et.
interaction has shown to be the second most important
coeﬃcient of this model. Once again, this result suggests
a great inﬂuence of the citric acid concentration (within
the levels studied), because a higher degree of esteriﬁcation
is obtained with low-citric acid concentrations, even with
long extraction time. However, with high-citric acid concentrations, a shorter extraction time is necessary in order
to obtain a higher degree of esteriﬁcation.
Table 6 shows the results obtained from the Analysis of
Variance (ANOVA). The regression was signiﬁcant, but
the lack of ﬁt was not, and the pure error was low. Due
to the high precision of the experimental degree of esteriﬁcation, the pure error was small and accordingly, the
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Table 2
Chemical composition of passion fruit peel ﬂour (g/100 g dry sample,
except for moisture)
Components

Passion fruit peel ﬂoura

Moisture
Ash
Protein
Lipid
Soluble ﬁber
Insoluble ﬁber
Carbohydrate

9.93 ± 0.12
7.52 ± 0.02
4.05 ± 0.61
Less than 0.10
19.20 ± 0.02
38.05 ± 0.02
21.28 ± 0.44

a

Means ± SD (n = 3).

Table 3
Chemical composition of the ﬁbre material (g/100 g dry sample) obtained
by AACC method from passion fruit peel ﬂoura
Fibre fraction

Dietary ﬁbre
rich materials

Residual
proteinb

Ash

Dietary
ﬁbre (DF)c

Insoluble
dietary ﬁbre
(IDF)
Soluble
dietary ﬁbre
(SDF)

42.40 ± 0.02

1.35 ± 0.01

3.00 ± 0.01

38.05 ± 0.02

23.96 ± 0.04

1.49 ± 0.01

3.27 ± 0.01

19.20 ± 0.02

a
b
c

Data are mean values of three determinations ± SD.
Residual protein = N  6.25.
DF = DF rich materials  residual protein  ash.

Table 4
Variables, levels and responses of degree of esteriﬁcation based on citric
acid concentration and extraction time
Exp. order

12
9
11
4
13
1
8
7
10
6
2
5
3
a

Variable levelsa

Response

Citr. (% w/v)

Et. (min)

DE (%)

1.5 (0)
1.5 (0)
1.5 (0)
2.5 (+1)
1.5 (0)
0.5 (1)
1.5 (0)
1.5 (0)
1.5 (0)
2.914 (+a)
2.5 (+1)
0.086 (a)
0.5 (1)

60.0 (0)
60.0 (0)
60.0 (0)
90.0 (+1)
60.0 (0)
30.0 (1)
102.4 (+a)
17.6 (a)
60.0 (0)
60.0 (0)
30.0 (1)
60.0 (0)
90.0 (+1)

47.62
46.51
49.71
27.52
49.13
67.04
44.31
46.27
50.00
27.69
40.70
78.59
69.44

Table 6
ANOVA for regression model built for DE
Variation
*

Regression
Residues
Lack of ﬁt
Pure error
Total SS
*

SS

DF

MS

F

p

2611.60
26.32
17.52
8.80
2637.90

5
7
3
4
12

522.32
3.76
5.84
2.20

138.9

7.61E-07

2.6

0.18

Signiﬁcative at signiﬁcance level of 0.05.

standard error was calculated by the mean squares residual
(MS residual). The t-test was accomplished with 12 degrees
of freedom and a signiﬁcance level of 0.05.
A graphical representation of the models’ quality can be
seen in Fig. 1A and B. The predicted (^y ) versus measured
(y) values for the degree of pectin esteriﬁcation shows that
the quadratic model ﬁts very well the data, with a correlation coeﬃcient of 0.99 (Fig. 1A). The residuals (y  ^y ) plot
(Fig. 1B) shows that their values are low and does not
appear to show any regular trend. This is conﬁrmed by
the correlation coeﬃcients for linear and polynomial ﬁt
of residuals versus measured data that were of 0.099 and
0.025, respectively. Thus, it can be assumed that normality,
independence and randomness of the residuals were satisﬁed (see Teóﬁlo and Ferreira (2006) for further discussion
on the use of residuals).
The model built for the degree of esteriﬁcation is in Eq.
(2), and Fig. 2 shows the response surface elaborated from
this quadratic regression model. Both, the coeﬃcients in
the Eq. (2) and the response surface in the Fig. 2 were
obtained from coded levels as shown in Tables 1 and 4.
DE ð%Þ ¼ 48:589  17:56 Citr:  1:698 Et:
þ 2:7809 Citr:2  3:895 Citr:  Et:

ð2Þ

This surface shows that an increase in the degree of
esteriﬁcation of pectin is obtained when the variables Citr.
and Et. are used at the levels 1.414 (Citr. 0.086% w/v) and

Coded levels are with brackets.

Table 5
Coded regression coeﬃcients, standard error and p values for the model
built

Mean
bCitr.
bEt.
b2Citr:
b2Et:
bCitr.  bEt.
a

Coeﬀ.

Std. err.

t

p

48.59a
17.53a
1.69a
2.76a
1.16
3.90a

0.66
0.52
0.52
0.56
0.56
0.74

73.25
33.43
3.23
4.91
2.07
5.25

2.08E07
5.00E06
3.20E02
7.97E03
1.08E01
6.29E03

Signiﬁcant level for t-test: 0.05, degree of freedom: 4.

Fig. 1. (A) Plot of the predicted versus measured degree of esteriﬁcation.
(B) Plot of residual versus measured degree of esteriﬁcation of the pectin
samples.
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Fig. 2. Response Surface showing the eﬀect of extraction time (coded
values) and citric acid concentration (coded values) on degree of
esteriﬁcation.

0 (60 min), respectively. This satisfactory condition yielded
pectin with 78.59% of degree of esteriﬁcation.
Compared to the data found in literature, this degree of
esteriﬁcation of passion fruit peel pectin was close to those
of Corona et al. (1996) (71.6%), D’Addosio et al. (2005)
(69.7%) and Matsumoto and Otagaki (1990) (73.2%),
under diﬀerent extraction conditions, using hydrochloric
acid as extractor. Canteri-Schemin et al. (2005) also
obtained high-ester pectin (68.8%), extracted from apple
pomace, with citric acid as extractor.
These results demonstrate the successful extraction of
pectin with citric acid, providing potential beneﬁts to
industrial extraction of pectin, from an economic as well
as an environmental point of view.
4. Conclusions
The diﬀerent conditions (citric acid concentration,
extraction time) for high-ester pectin extraction revealed
that these variables markedly aﬀect the degree of esteriﬁcation of the yellow passion fruit pectin. These variables can
be related to the extraction conditions by second order
polynomials. By using the response surface, the satisfactory
condition of the operating variables is obtained graphically
in order to reach a high of the degree of esteriﬁcation of
yellow passion fruit pectin.
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