
Research Article
Comparative Studies of Combined Influence of Variables on the 
Esterification Degree of Pectin Extracted by Sulfuric Acid and 
Citric Acid

Jun Li , Ling Zhang, Jun-fang Li, and De-qiang Li 

College of Chemical Engineering, Xinjiang Agricultural University, Urumchi 830052, Xinjiang, China

Correspondence should be addressed to Jun Li; junli107@163.com and De-qiang Li; lsx20131120a@163.com

Received 28 March 2019; Revised 25 June 2019; Accepted 24 July 2019; Published 10 September 2019

Copyright © 2019 Jun Li et al. is is an open access article distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

e in�uence of extraction variables on degree of esteri�cation (DE) of pectin was studied due to the signi�cant e�ects of DE on the 
properties of the pectin-based functional biomaterials. e extracting agents (sulfuric acid and citric acid), pH value of extraction 
solution, extraction time, and temperature were selected to study the hydrolysis reaction of carboxylic acid ester by response surface 
methodology (RSM). e hydrolysis reaction occurred more violently in the weak organic acid solution than that in the strong 
inorganic acid solution. e DE was signi�cantly in�uenced by pH of extraction solution, extraction time, and temperature through 
the analysis of variance. In addition, the values of DE reduced with the increasing of extraction temperature, lapse of time, and 
decreasing of pH value. What is more, the e�ects of extraction conditions on the yield, monosaccharide composition, content of 
protein, and ferulic acid were also studied. It is evident that the lower pH value contributed to higher extraction yield. e content 
of Total CH and GalA of pectin extracted by sulfuric acid were higher than that of pectin extracted by citric acid, and the content 
of monosaccharide showed an opposite trend.

1. Introduction

Pectin is a complex of polysaccharide which exists in the cell 
wall of almost all higher plants [1]. Due to gelling, emulsifying, 
thickening, and stabilizing properties, pectin has been widely 
used in the food industry to improve food products in texture, 
taste, and appearance [2]. e commercial pectin is usually 
extracted from the by-product of citrus and apple. Sugar beet 
pulp (SBP) is the by-product from sugar industry and has been 
proved to be the potential raw materials for pectin extraction. 
Nowadays many advanced methods, including ultrasonic-as-
sisted extraction process [3], microwave-assisted extraction 
process [4], and electromagnetic-induced heating process, [5] 
have been developed to extract pectin from numerous raw 
materials [6, 7]. However, the traditional heating process is 
still the common technology in the current pectin industry 
[8]. By now, plenty of published data indicate that the extrac-
tion conditions signi�cantly in�uence the yield, degree of 
esteri�cation (DE), and content of the monosaccharides and 
protein. e chemical structure and the physico-chemical 
properties of pectin dominate its corresponding functional 

properties, including the gelling, emulsifying, thickening and 
stabilizing properties, and biological activity [2].

e DE is one of the most important indices of pectin, 
which directly determined the functional properties of the 
pectin. Generally, pectin can be divided into two groups based 
on the value of DE. e high-ester and low-ester pectins are 
denoted by the DE values higher or lower than 50% [2]. e 
low-ester pectin can form a gel in the presence of divalent metal 
ions within a wide range of pH values. e gel process could 
be described by the “egg-box” model (shown in Figure 1) which 
was �rst suggested for alginates [9]. e number of free car-
boxyl obviously a�ects ligancy and in�uences the steady of 
sexadentale chelate as a result [10]. In addition, the content of 
the free carboxyl group can easily change the hydrophilia of 
the pectin account for the hydrolyzing of H+. Consequently, 
the DE of pectin signi�cantly in�uence the gelling, emulsifying, 
thickening, and stabilizing properties [11, 12].

e essence of the DE is the percentages of ester carbonyl 
group. In the extraction process, the hydrolysis reaction of 
methyl ester occurred when the acids are employed as the 
catalyst. e types of acid, pH value of the extraction solution, 
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extraction time, and temperature are the main variables. us, 
the DE of pectin and extraction conditions are strongly cou-
pled [13–17]. Nonetheless, few studies focused on in�uence 
of acidity and the hydrophilicity of extracting agents on the 
DE of pectin. erefore, it is worth to study the relationships 
between the extraction conditions and DE of pectin.

e objective of this study was to clarify the in�uences of 
acid types on the DE of pectin. Sulphuric acid (SA) and citric 
acid (CA) were selected as the representative of strong inorganic 
acid and weak organic acid, respectively, to understand the 
in�uence of extraction agents. In addition, the response surface 
methodology (RSM) was employed to study the synergistic 
e�ect of extraction conditions (pH value, extraction time, and 
temperature) on DE. What is more, the e�ects of extraction 
conditions on the yield, monosaccharide composition, content 
of protein, and ferulic acid of pectin were studied.

2. Materials and Methods

2.1. Materials. e SBP was obtained from LÜ Yuan Sugar 
Industry Co., Ltd. (Hejing, Xinjiang Uygur Autonomous 
Region, China). e SBP was washed with tap water until the 
cleaning mixture became colorless. Finally, the washed SBP 
was dried in an oven at 105°C. e sulphuric acid and citric 
acid were purchased from Tianjin Fuguang Chemical Reagent 
Co., Ltd. (Tianjin, China). e m-hydroxydiphenyl, D-glucose, 
absolute ethanol, and sodium hydroxide were purchased from 
Sinopharm Chemial Reagent Co., Ltd. (Shanghai, China). All 
the chemicals were of analytical grade and used without any 
treatment.

2.2. Extraction of Pectin from Sugar Beet Pulp. e pectin 
extraction process was followed the conventional thermal 
extraction, and the parameter values were determined based on 
our previous study. Brie�y, the pH value of SA and CA solution 
were adjusted to 1, 2, and 3, respectively. en, the pretreated 
SBP was added into the prepared solution according to the 
solid to liquid ratio (1:15) at di�erent extraction temperature 
(80, 90, and 100°C) for preset extraction time (1, 1.5, and 
2 h). e extract solution was then �ltrated a°er adding two 
times volume of absolute ethanol, when the solution cooled 

to the room temperature. en the mixture was separated 
by centrifuging with 5000 rpm for 10 min. Finally, the pectin 
samples were washed with absolute ethanol and dried to 
constant weight at 40°C.

e characterization of pectin extracted at di�erent con-
ditions was in agreement with our published data [18]. Brie�y, 
the total carbohydrate (Total CH) was determined by phe-
nol-sulfuric acid photometric method, using D-glucose as 
standard [19]. e m-hydroxydiphenyl method was used for 
the determination of GalA content and D-galacturonic acid 
was employed as standard [20]. In addition, the aldononitrile 
acetate precolumn-derivatization gas chromatography method 
was employed to determine the monosaccharide composition 
[21]. e determination of content of the protein was followed 
to Lowry, Rosebrough, Farr, and Randall [22], using BSA as 
standard. e content of ferulic acid was determined using 
the colorimetric method at 320 nm, as referred to in the pre-
vious work [23, 24].

2.3. Determination of DE. e DE of pectin extracted from 
sugar beet pulp by CA and SA were determined according to 
the method by J. Singthong, S. Cui, W. S. Ningsanond, and H. D. 
Go� [25]. Brie�y, dried pectin samples (0.2 g) were placed in a 
weighing bottle for titration and soaked with ethanol. Distilled 
water (20 mL) was added to dissolve the samples with stirring 
for 2 h at 40°C. e obtained solution was titrated with 0.1 mol/L 
NaOH in the presence of phenolphthalein. e results were the 
initial titre (It). en, the NaOH solution (0.1 mol/L, 10 mL) 
was added into the neutralized samples. e saponi�cation 
process was carried out for 2 h at room temperature. en, HCl 
solution (0.1 mol/L, 10 mL) was added. e NaOH (0.1 mol/L) 
was employed to titrate the excess HCl (0.1 mol/L). e amount 
of esteri�ed carboxy groups of pectin was calculated from the 
volume of NaOH solution, which was the �nal titre (Ft). e 
DE of pectin samples were calculated with,

e DE of pectin extracted from SBP in the presence of SA 
and CA were marked DEs and DEc, respectively.

(1)�� (%) = Ft
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Figure 1: e “egg-box” model and the yellow circles represent the oxygen atoms involved in the coordination of the M2+.
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3. Results and Discussion

3.1. Response Measurements. In the present study, the three 
levels, three factors Box–Behnken experimental design 
was used to study the combined in�uences of independent 
variables on the DE of pectin extracted by SA and CA. e 
experimental parameters and the corresponding results are 
shown in Table 1.

As shown in Table 1, all the DE values are lower than 50%. 
ese results indicated that the low-ester pectin samples were 
obtained. e DEc values range from 26.98% to 43.78%, and 
the values of DEs are in the range of 28.13%–43.02%. It is clear 
that the values of DEs are generally higher than those of DEc. 
e fact may be caused by the hydrolysis reaction of carboxylic 
acid ester in the acidic solution [26]. It is well known that the 
acid could provide the proton to oxygen atom of carboxyl 
group and positive electricity of carbonyl carbon atoms 
improves as a result. en water play the role of the nucleop-
hile to attack the carbonyl carbon in the acid-catalyzed hydrol-
ysis reaction [27 , 28]. Due to the fact that the CA is ternary 
weak acid, it had the competence to provide more protons 
than SA under the same pH condition. us, the weak poly-
acids is contributed to improve the hydrolysis reaction of 
methyl ester than the strong acid with same pH value. In addi-
tion, the adsorption process of acid molecule on the raw mate-
rials was a vital step in the acid-catalyzed hydrolysis reaction 
[29, 30]. From this perspective, the chemical constitution of 
CA was propitious to enrich on the surface of SBP, which 
mainly consist by the polysaccharides. Additionally, the 
reverse hydrolysis reaction was more likely to occur in strong 
acid solutions than in weak acid solutions [31, 32].

3.2. Estimated Model. Box–Behnken experimental design was 
employed to estimate the correlation between the independent 
variables and the DE of pectin. e �tting models exhibited by

e predicted values of DEc and DEs were calculated by the 
regression model and compared with experimental values. e 

(2)

DEc = − 22.86750 + 7.72250�1 + 1.49312�2
+ 0.87750�3 − 0.07875�1�2 + 0.495�1�3
− 0.382�2�3 + 0.0825�21 − 5.5 × 10−3 × �22 + 6.3�23,

(3)

DEs = 191.3225 + 1.12�1 − 2.92975�2 − 9.07�3
− 0.044�1�2 + 0.84�1�3 − 0.082�2�3
+ 0.7075�21 + 0.015825�22 + 1.47�23.

Table 1: Variable levels and the response of DE of pectin based on 
pH value, extraction temperature, and time.

Std.

Variable levels DE (%)
X1  

pH value
X2  

Extraction 
temperature 

(°C)

X3  
Extraction 

time (h) DEc DEs

1 1 90 2 26.98 28.13
2 2 90 1.5 33.97 34.13
3 2 90 1.5 33.97 34.13
4 1 80 1.5 33.46 38.01
5 2 90 1.5 33.97 34.13
6 1 90 1 40.35 39.95
7 2 90 1.5 33.97 34.13
8 2 80 1 42.61 43.02
9 2 100 2 23.56 28.32
10 2 100 1 41.73 38.88
11 3 90 1 43.78 41.44
12 3 80 1.5 37.94 41.56
13 2 90 1.5 33.97 34.13
14 3 100 1.5 31.97 33.95
15 3 90 2 31.4 31.3
16 2 80 2 32.08 34.1
17 1 100 1.5 30.64 32.16

Figure 2: Comparison between predicted and observed DE.
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3.3. Analysis of Response Surface. e relationship between 
DE and experimental variables are shown with the 3D 
representations of the response surfaces in Figures 3 and 4. It 
is clear that the DE decreased with the increasing of extraction 
temperature and pH value, and the lapse of extraction time. e 
trend is in agreement with the previous work [4, 13, 14]. As can 
be seen in Figures 3 and 4, the variation trend of DEc conforms 
with DEs with the alteration of independent variables. To 
summarize, the increasing of extraction temperature, time, 
and concentration of acid contributes to the low-ester pectin 
[36]. Figure 3(c) shows that the DEs changed more obviously 
at high extraction temperature than that at low extraction 
temperatures. e phenomena appeared that relatively lower 
temperatures contributed to the hydrolysis of the carboxylic 
acid ester in SA solution. On the contray, the DEc increases 
sharply at low extraction temperature which is unfolded in 
Figure 4(c). By comparing the two plots, the variation in the 
CA extraction process occurred more acutely. e results 
indicated that organic polyatomic acid was propitious to 
hydrolysis reaction at the same pH condition. In addition, 
the in�uence of extraction temperature on the DE was lower 

results are shown in Figures 2(a) and 2(b). e total determi-
nation coe½cient (R2) of DEc and DEs are 0.996 and 0.992, 
respectively, indicating reasonable �t of the models to the 
experimental data [33].

e analysis of variance (ANOVA) was employed to sta-
tistical signi�cance of the two models, and the corresponding 
results are listed in Tables 2 and 3. Generally, higher F-value 
and lower P-value indicate higher signi�cance of the inde-
pendent variables and the models [26, 34, 35]. e P-values 
of the two models are all less than 0.0001, which shows the 
high signi�cance of the models [16, 26, 35]. No matter which 
acid was used, the extraction time, temperature, and pH value 
signi�cantly in�uenced the DE of extracted pectin by analys-
ing P-value and F-value of the liner terms. Moreover, the 
P-values of interaction in the CA extraction process were all 
higher than that of SA extraction process. e results indicated 
that the stronger interaction of the variables in the citric 
extraction process, especially for the interaction between the 
extraction temperature and pH value. It can be explained by 
the fact that the weak acid present better ionization property 
at higher temperature conditions.

Figure 3: Surface plots for DE of pectin extracted by sulphuric acid. (a) E�ect of extraction time and temperature on the DEs with pH of 2. 
(b) E�ect of extraction time and pH on the DEs with extraction temperature of 90°C. (c) E�ect of extraction temperature and pH on the DEs 
with extraction time of 1.5 h.
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Table 2: Results of analysis of variance (ANOVA) for DEc.

Source Sum of 
squares DF Mean 

square F-value P-value

X1 23.32 1 23.32 98.68 <0.0001
X2 41.36 1 41.36 174.98 <0.0001
X3 370.60 1 370.60 1567.94 <0.0001
X1X2 2.48 1 2.48 10.50 0.0143
X1X3 0.25 1 0.25 1.04 0.3425
X2X3 14.59 1 14.59 61.74 0.0001
X1

2 0.029 1 0.029 0.12 0.7379
X2

2 1.27 1 1.27 5.39 0.0533
X3

2 10.44 1 10.44 44.19 0.0003
Model 464.05 9 51.56 218.15 <0.0001
Residual 1.65 7 0.24 — —
Lack of �t 1.65 3 0.55 — —
Pure error 0.000 4 0.000 — —
Cor total 465.71 16 — — —

Table 3: Results of analysis of variance (ANOVA) for DEs.

Source Sum of 
squares DF Mean 

square F-value P-value

X1 12.50 1 12.50 36.56 0.0005
X2 68.33 1 68.33 199.87 <0.0001
X3 214.66 1 214.66 627.91 <0.0001
X1X2 0.77 1 0.77 2.27 0.1760
X1X3 0.71 1 0.71 2.06 0.1940
X2X3 0.67 1 0.67 1.97 0.2035
X1

2 2.11 1 2.11 6.17 0.0420
X2

2 10.54 1 10.54 30.84 0.0009
X3

2 0.57 1 0.57 1.66 0.2381
Model 311.86 9 34.65 101.36 <0.0001
Residual 2.39 7 0.34 — —
Lack of �t 2.39 3 0.80 — —
Pure Error 0.000 4 0.000 — —
Cor Total 314.25 16 — — —

Figure 4: Surface plots for DE of pectin extracted by citric acid. (a) E�ect of extraction time and temperature on the DEc with pH of 2. (b) 
E�ect of extraction time and pH on the DEc with extraction temperature of 90°C. (c) E�ect of extraction temperature and pH on the DEc 
with extraction time of 1.5 h.
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content of protein and ferulic acid are in the range of 1.56%–
3.09% and 0.73%–1.42%, respectively. �e pectin extracted by 
SA present higher content of Total CH and GalA than that of 
pectin extracted by CA. �e content of monosaccharide is just 
opposite.

Data Availability

�e data used to support the findings of this study are available 
from the corresponding author upon request.

Conflicts of Interest

�e authors declare that they have no conflicts of interest.

Acknowledgments

�is work was supported by the Natural Science Foundation of 
Xinjiang Uygur Autonomous Region of China (Grant number 
2016D01B026).

References

 [1]  F. R. B. Marenda, C. Colodel, M. H. G. Canteri et al., 
“Investigation of cell wall polysaccharides from flour made with 
waste peel from unripe banana (Musa sapientum) biomass,” 
Journal of the Science of Food and Agriculture, vol. 99, no. 9, 
pp. 4363–4372, 2019.

 [2]  E. M. de Coelho, L. C. Azevedo, A. C. Viana et al., “Physico-
chemical properties, rheology and degree of esterification of 
passion fruit (Passiflora edulis f. flavicarpa) peel flour,” Journal 
of the Science of Food and Agriculture, vol. 98, no. 1, pp. 166–173, 
2018.

 [3]  S.-Y. Xu, J.-P. Liu, X. Huang et al., “Ultrasonic-microwave 
assisted extraction, characterization and biological activity of 
pectin from jackfruit peel,” LWT-Food Science and Technology, 
vol. 90, pp. 577–582, 2018.

 [4]  D. P. Leão, B. G. Botelho, L. S. Oliveira, and A. S. Franca, 
“Potential of pequi (Caryocar brasilienseCamb.) peels as 
sources of highly esterified pectins obtained by microwave 
assisted extraction,” LWT-Food Science and Technology, vol. 87,  
pp. 575–580, 2018.

than that of time and pH in the SA extraction process, while 
it was opposite in the CA extraction process.

3.4. Yield and Chemical Composition. �e influence of 
variables on the yield of pectin was an important aspect in the 
pectin extraction process at one time. Abundant studies have 
focused on the investigation of effect of variables on the yield, 
and the hydrolysis of glycosidic bond has been considered 
to be the major reaction in the presence of acid [37]. �us, 
we showed incomplete yield values of pectin extracted in 
the two extreme conditions (pH = 1 and pH = 3) in Table 4. 
It is evident that the lower pH value contributed to higher 
extraction yields. Additionally, weak polyacid contributed to 
higher yields in higher pH values than the strong acid due to 
the fact that the weak polyacid could constantly provide more 
protons. �e content of protein was also determined, and the 
values was in the range of 1.56%–3.09%. �e content of ferulic 
acid ranges from 0.73% to 1.42%.

�e monosaccharide composition of pectin extracted by 
SA and CA are shown in Table 4. �e content of Total CH 
and GalA of pectin extracted by SA were higher than that of 
pectin extracted by CA. In addition, the content of mono-
saccharide shows an opposite trend. In general, the lower pH 
and longer extraction time contributed to the lower content 
of monosaccharide. �e results are in agreement with the 
previous works [18, 38, 39] and may be caused by the hydrol-
ysis reaction between side chain and main chain of pectin 
[40–44].

4. Conclusions

�e CA and SA solution were employed to extract pectin from 
SBP. �e influence of variables including pH value, extraction 
time, and temperature on the DE were studied by RSM. �e 
obtained pectin samples were all low-ester pectin. �e DE 
value of the pectin extracted by CA and SA ranged from 
26.98% to 43.78% and 28.13% to 43.02%, respectively. �e DE 
value decreased with the increasing of extraction temperature, 
expanding of extraction time, and decreasing of extraction 
pH. �e ANOVA indicated that the DE of pectin was signifi-
cantly influenced by the variables including pH, extraction 
time, and temperature. What is more, the stronger interaction 
of the variables existed in the CA extraction process. �e 

Table 4: Yield and chemical composition of pectins extracted by SA and CA from sugar beet pulp (%).

∗�e Std. and variables are corresponding to the Table 1.

Std.∗
Variable levels

Acid Yield Ferulic acid Protein
Responses

X1 X2 X3 Total CH GalA Rha Ara Glc Gal

1 1 90°C 2 h
SA 21.08 0.73 1.87 76.3 74.2 0.4 6.3 0.8 4.1
CA 18.25 0.86 1.69 79.6 66.5 0.4 4.8 0.4 1.9

17 1 100°C 1.5 h
SA 22.24 0.81 1.56 75.2 72.1 0.3 5.9 0.7 3.7
CA 17.52 0.74 1.96 77.3 67.1 0.3 4.2 0.3 1.7

12 3 80°C 1.5 h
SA 5.23 1.37 2.76 78.2 66.3 3.4 11.3 1.3 9.1
CA 6.79 1.26 3.09 80.1 62.6 3.1 9.6 0.8 6.8

15 3 90°C 2 h SA 6.12 1.12 3.01 78.6 69.1 3.1 11.1 1.5 8.8
CA 8.81 1.42 2.63 79.5 63.7 2.7 9.1 0.6 6.5



7Advances in Polymer Technology

[20]  H. Garna, T. H. Emaga, C. Robert, and M. Paquot, “New method 
for the purification of electrically charged polysaccharides,” 
Food Hydrocolloids, vol. 25, no. 5, pp. 1219–1226, 2011.

[21]  G. O. Guerrant and C. W. Moss, “Determination of 
monosaccharides as aldononitrile, O-methyloxime, alditol, and 
cyclitol acetate derivatives by gas chromatography,” Analytical 
Chemistry, vol. 56, no. 4, pp. 633–638, 1984.

[22]  O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall, 
“Protein measurement with the Folin phenol reagent,” Journal 
of Biological Chemistry, vol. 193, no. 1, pp. 265–275, 1951.

[23]  C. Ai, X. Guo, J. Lin, T. Zhang, and H. Meng, “Characterization of 
the properties of amphiphilic, alkaline soluble polysaccharides 
from sugar beet pulp,” Food Hydrocolloids, vol. 94, pp. 199–209, 
2019.

[24]  P. A. Williams, C. Sayers, C. Viebke, C. Senan, J. Mazoyer, and 
P. Boulenguer, “Elucidation of the emulsification properties of 
sugar beet pectin,” Journal of Agricultural and Food Chemistry, 
vol. 53, no. 9, pp. 3592–3597, 2005.

[25]  J. Singthong, S. Cui, W. S. Ningsanond, and H. D. Goff, 
“Structural characterization, degree of esterification and some 
gelling properties of Krueo Ma Noy (Cissampelos pareira) 
pectin,” Carbohydrate Polymers, vol. 58, no. 4, pp. 391–400, 
2004.

[26]  A. do Nascimento Oliveira, D. de Almeida Paula, E. Basílio de 
Oliveira, S. Henriques Saraiva, P. C. Stringheta, and A. Mota 
Ramos, “Optimization of pectin extraction from Ubá mango 
peel through surface response methodology,” International 
Journal of Biological Macromolecules, vol. 113, pp. 395–402, 
2018.

[27]  C. Wallis, M. Cerny, E. Lacroux, and Z. Mouloungui, “Recovery 
of slaughterhouse animal fatty wastewater sludge by conversion 
into fatty acid butyl esters by acid-catalyzed esterification,” 
Waste Management, vol. 60, pp. 184–190, 2017.

[28]  M. Charton, “Steric effects. I. Esterification and acid-catalyzed 
hydrolysis of esters,” Journal of the American Chemical Society, 
vol. 97, no. 6, pp. 1552–1556, 1975.

[29]  Z. Guo, L. Zhang, L. Zhang, G. Yang, and F. Xu, “Enhanced 
enzymatic hydrolysis by adding long-chain fatty alcohols using 
film as a structure model,” Bioresource Technology, vol. 249,  
pp. 82–88, 2018.

[30]  B. Medronho, M. G. Miguel, L. Stigsson, and B. Lindman, 
“Rationalizing cellulose (in)solubility: reviewing basic 
physicochemical aspects and role of hydrophobic interactions,” 
Cellulose, vol. 19, no. 3, pp. 581–587, 2012.

[31]  O. Kurita, T. Fujiwara, and E. Yamazaki, “Characterization of 
the pectin extracted from citrus peel in the presence of citric 
acid,” Carbohydrate Polymers, vol. 74, no. 3, pp. 725–730, 2008.

[32]  Q.-J. Peng, C.-X. Xiong, and L.-B. Cheng, “Study on kinetic of 
the hydrolysis and synthesis of β-hydroxy-ethyl sulfonyl sulfuric 
ester and β-hydroxy-ethyl sulfonyl,” Dyestuff Industry, no. 2, 
pp. 16–20, 1994.

[33]  I. G. Moorthy, J. P. Maran, S. M. Surya, S. Naganyashree, 
and C. S. Shivamathi, “Response surface optimization of 
ultrasound assisted extraction of pectin from pomegranate 
peel,” International Journal of Biological Macromolecules,  
vol. 72, pp. 1323–1328, 2015.

[34]  A. A. Sundarraj, R. �ottiam Vasudevan and G. Sriramulu, 
“Optimized extraction and characterization of pectin 
from jackfruit (Artocarpus integer) wastes using response 
surface methodology,” International Journal of Biological 
Macromolecules, vol. 106, pp. 698–703, 2018.

 [5]  Z. Y. Youcef, K. Ettoumi, M. Krea, and N. Moulai-Mostefa,  
“A new approach for pectin extraction: electromagnetic 
induction heating,” Arabian Journal of Chemistry, vol. 10,  
no. 4, pp. 480–487, 2017.

 [6]  L. R. Adetunji, A. Adekunle, V. Orsat, and V. Raghavan, 
“Advances in the pectin production process using novel 
extraction techniques: a review,” Food Hydrocolloids, vol. 62, 
pp. 239–250, 2017.

 [7]  M. Marić, A. Grassino, N. Z. Zhu, F. J. Barba, M. Brnčić, and  
S. Rimac Brnčić, “An overview of the traditional and innovative 
approaches for pectin extraction from plant food wastes and 
by-products: ultrasound-, microwaves-, and enzyme-assisted 
extraction,” Trends in Food Science and Technology, vol. 76,  
pp. 28–37, 2018.

 [8]  B. Maskey, D. Dhakal, and M. Pradhananga, N. K. Shrestha, 
“Extraction and process optimization of bael fruit pectin,” Food 
Science & Nutrition, vol. 6, no. 7, pp. 1927–1932, 2018.

 [9]  I. Braccini, “Molecular basis of Ca2+-induced gelation in 
alginates and pectins: the egg-box model revisited,” Biomacro-
molecules, vol. 2, no. 4, pp. 1089–1096, 2001.

[10]  A. H. Clark and S. B. Ross-Murphy, Structural and Mechanical 
Properties of Biopolymer Gels, Springer Berlin Heidelberg, 
Berlin, Germanypp. 57–192, 1987.

[11]  U. S. Schmidt, L. Schütz, and H. P. Schuchmann, “Interfacial 
and emulsifying properties of citrus pectin: interaction of pH, 
ionic strength and degree of esterification,” Food Hydrocolloids, 
vol. 62, pp. 288–298, 2017.

[12]  P. G. Dalev and L. S. Simeonova, “Emulsifying properties of 
protein–pectin complexes and their use in oil-containing 
foodstuffs,” Journal of the Science of Food and Agriculture,  
vol. 68, no. 2, pp. 203–206, 1995.

[13]  L. Liu, J. Cao, J. Huang, Y. Cai, and J. Yao, “Extraction of pectins 
with different degrees of esterification from mulberry branch 
bark,” Bioresource Technology, vol. 101, no. 9, pp. 3268–3273, 
2010.

[14]  R. P. Jolie, T. Duvetter, A. M. Van Loey, and M. E. Hendrickx, 
“Pectin methylesterase and its proteinaceous inhibitor: a 
review,” Carbohydrate Research, vol. 345, no. 18, pp. 2583–2595, 
2010.

[15]  S. Warnakulasuriya, P. K. S. Pillai, A. K. Stone, and  
M. T. Nickerson, “Effect of the degree of esterification and 
blockiness on the complex coacervation of pea protein isolate 
and commercial pectic polysaccharides,” Food Chemistry,  
vol. 264, pp. 180–188, 2018.

[16]  C. Colodel, L. C. Vriesmann, R. F. Teófilo, and C. L. de 
Oliveira Petkowicz, “Extraction of pectin from ponkan 
(Citrus reticulata Blanco cv. Ponkan) peel: optimization and 
structural characterization,” International Journal of Biological 
Macromolecules, vol. 117, pp. 385–391, 2018.

[17]  S. S. Hosseini, F. Khodaiyan, and M. S. Yarmand, “Aqueous 
extraction of pectin from sour orange peel and its preliminary 
physicochemical properties,” International Journal of Biological 
Macromolecules, vol. 82, pp. 920–926, 2015.

[18]  D.-Q. Li, G.-M. Du, W.-W. Jing, J.-F. Li, J.-Y. Yan, and  
Z.-Y. Liu, “Combined effects of independent variables on yield 
and protein content of pectin extracted from sugar beet pulp by 
citric acid,” Carbohydrate Polymers, vol. 129, pp. 108–114, 2015.

[19]  M. Dubois, K. A. Gilles, J. K. Hamilton, P. A. Rebers, and  
F. Smith, “Colorimetric method for determination of sugars 
and related substances,” Analytical Chemistry, vol. 28, no. 3, 
pp. 350–356, 1956.



Advances in Polymer Technology8

[35]  P. Kohli, N. Sharma, and R. Gupta, “Statistical optimization of 
production conditions of alkaline pectin lyase from Bacillus 
cereus using response surface methodology,” Biocatalysis and 
Biotransformation, vol. 35, no. 6, pp. 417–426, 2017.

[36]  M. Y. Sayah, R. Chabir, H. Benyahia et al., “Yield, esterification 
degree and molecular weight evaluation of pectins isolated 
from orange and grapefruit peels under different conditions,”  
PLoS One, vol. 11, no. 9, Article ID e0161751, 2016.

[37]  M. Masmoudi, S. Besbes, F. Abbes et al., “Pectin extraction from 
lemon by-product with acidified date juice: effect of extraction 
conditions on chemical composition of pectins,” Food and 
Bioprocess Technology, vol. 5, no. 2, pp. 687–695, 2012.

[38]  C. F. D. Oliveira, D. Giordani, R. Lutckemier, P. D. Gurak,  
F. Cladera-Olivera, and L. D. F. Marczak, “Extraction of pectin 
from passion fruit peel assisted by ultrasound,” LWT-Food 
Science and Technology, vol. 71, pp. 110–115, 2016.

[39]  S. Ma, S.-J. Yu, X.-L. Zheng, X.-X. Wang, Q.-D. Bao, and  
X.-M. Guo, “Extraction, characterization and spontaneous 
emulsifying properties of pectin from sugar beet pulp,” 
Carbohydrate Polymers, vol. 98, no. 1, pp. 750–753, 2013.

[40]  F. Guillon and J. F. �ibault, “Characterization and oxidative 
cross-linking of sugar beet pectins a�er mild acid hydrolysis and 
arabanases and galactanases degradation,” Food Hydrocolloids, 
vol. 1, no. 5-6, pp. 547–549, 1987.

[41]  H. Konno, Y. Yamasaki, and J. Ozawa, “Fractionation of 
polysaccharides and acidic oligosaccharides formed on partial 
acid hydrolysis of pectin,” Journal of the Agricultural and 
Biological Chemistry, vol. 44, no. 9, pp. 2195–2197, 1980.

[42]  A. N. Round, N. M. Rigby, A. J. Macdougall, and V. J. Morris, 
“A new view of pectin structure revealed by acid hydrolysis 
and atomic force microscopy,” Carbohydrate Research, vol. 345,  
no. 4, pp. 487–497, 2010.

[43]  H. Garna, N. Mabon, K. Nott, B. Wathelet, and M. Paquot, 
“Kinetic of the hydrolysis of pectin galacturonic acid chains 
and quantification by ionic chromatography,” Food Chemistry, 
vol. 96, no. 3, pp. 477–484, 2006.

[44]  S. M. Krall and R. F. Mcfeeters, “Pectin hydrolysis: effect of 
temperature, degree of methylation, ph, and calcium on 
hydrolysis rates,” Journal of Agricultural and Food Chemistry, 
vol. 46, no. 4, pp. 1311–1315, 1998.



Corrosion
International Journal of

Hindawi
www.hindawi.com Volume 2018

Advances in

Materials Science and Engineering
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry

Analytical Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Scienti�ca
Hindawi
www.hindawi.com Volume 2018

Polymer Science
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Advances in  
Condensed Matter Physics

Hindawi
www.hindawi.com Volume 2018

International Journal of

Biomaterials
Hindawi
www.hindawi.com

 Journal ofEngineering
Volume 2018

Applied Chemistry
Journal of

Hindawi
www.hindawi.com Volume 2018

Nanotechnology
Hindawi
www.hindawi.com Volume 2018

Journal of

Hindawi
www.hindawi.com Volume 2018

High Energy Physics
Advances in

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Tribology
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemistry
Advances in

Hindawi
www.hindawi.com Volume 2018

Advances in
Physical Chemistry

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research InternationalMaterials

Journal of

Hindawi
www.hindawi.com Volume 2018

N
a

no
m

a
te

ri
a

ls

Hindawi
www.hindawi.com Volume 2018

Journal ofNanomaterials

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijc/
https://www.hindawi.com/journals/amse/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/ijps/
https://www.hindawi.com/journals/acmp/
https://www.hindawi.com/journals/ijbm/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/ahep/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

