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Abstract
Previous study showed that deep eutectic solvent (DES)-extracted pectin exhibited undesirable structural and functional 
properties. It has to be noted that most of the researchers were seeking the parameters that could increase the extraction 
yield and neglected the importance of the pectin structures that could ultimately affect the functional properties. Hence, a 
comparison between the use of DES and less acidic medium (citric acid monohydrate, CAM) in extracting the pectin was 
conducted. This study demonstrated that the mediums used significantly influenced these aforementioned properties and the 
optimum extraction parameters. The maximum Averrhoa bilimbi pectin (ABP) yield (9.34%) was obtained at the optimal 
condition: CAM percentage = 3.71% (w/v), extraction temperature = 80 °C and extraction time = 3.0 h. The result showed 
that extraction using CAM required longer time (30 min more) than DES and the yield was lower (4.96% less). Apart from 
that, ABP-CAM was found lower in linearity with higher contribution of RG and branch size of the pectin compared to the 
ABP-DES which was found to be more linear pectin with a lower contribution of RG and less branch size. Besides that, it 
was also observed that using CAM as the extraction medium had improved the water holding capacity (6.22%), emulsify-
ing activity (145.59%) and ferric reducing antioxidant power (38.26%) compared to ABP-DES. Overall, it suggested that 
the extraction medium plays an important role in the extraction of the pectin, structure of the pectin and, hence affects the 
properties of the extracted pectin.
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Introduction

Acids are the most efficient pectin extracting agents as they 
help to extract the pectin that is strongly linked to the plant 
cell matrix and resulting in higher yields [1]. According to 
Hossein [2], acidic condition is not only capable of solu-
bilizing water-soluble pectin, it is also capable of dissolv-
ing pectin by hydrolysis because insoluble pectin must be 
hydrolyzed from the cell wall before it can be isolated. Our 
previous study [3] was suggested citric acid monohydrate—
choline chloride based deep eutectic solvents (DES) as an 
alternative medium for pectin extraction from Averrhoa bil-
imbi. A high pectin yield of 14.44% (w/w) was obtained 
at the %DES of 3.74%, a temperature of 80 °C, extraction 
time of 2.5 h and DES molar ratio of 1:1. However, there 

are some drawback of the pectin extracted using DES as 
an extraction medium such as the pectin exhibited lower 
emulsifying and antioxidant activity. It was hypothesized 
that due to high acidic condition that induced by the DES, 
extensive hydrolysis might occur and thus, increased the 
yield and yet significantly affect the structure integrity of 
the pectin. Therefore, the extraction of pectin using citric 
acid monohydrate, a conventional approach with lower acid-
ity condition, was suggested in this research because the 
use of this acid also showed high extraction yield and gave 
better quality pectin compared to other acids as reported by 
other studies [1].

Previously, Yang et al. [4] used citric acid to extract the 
pectin from potato pulp. The citric acid gave higher yield 
(14.34%) of the potato pulp pectin than nitric acid (9.83%), 
hydrochloric acid (9.72%), sulphuric acid (8.38%), and 
acetic acid (4.08%). Other than that, the potato pulp pectin 
showed higher emulsifying activity (46.06%) and emulsion 
stability (36.54%) compared to commercial apple pectin with 
the value of 45.34% and 19.15% for emulsifying activity 
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and emulsion stability, respectively. However, the extracted 
potato pulp pectin using citric acid had a lower degree of 
degrees of methylation with the value of 21.51%. A similar 
result was reported by Raji et al. [5], who extracted pectin 
from mango peel. The authors reported that the extraction 
using citric acid (14.30%) was the most effective medium for 
pectin extracted from melon peel than tartaric acid (13.30%), 
hydrochloric acid (9.50%), acetic acid (7.00%), lactic acid 
(4.70%), nitric acid (4.40%), phosphoric acid (3.40%) and 
sulfuric acid (1.40%). In term of pectin properties, the 
melon peel pectin was categorized as a low methoxyl pectin 
and exhibited 35.00% of emulsifying activity and 90.20% 
of emulsion stability. From these results, it was recom-
mended that using citric acid as the extraction medium could 
enhance the extraction efficiency and the properties of the 
extracted pectin might be different due to the structure of the 
pectin obtained could be different. Hence, the main objec-
tive of this study was to optimize the citric acid monohy-
drate (CAM) extraction condition (i.e. percentage of CAM, 
temperature and extraction time) of pectin from A. bilimbi 
fruit. The physico-chemical properties, functional properties 
as well as antioxidant activities of the pectin (ABP-CAM) 
produced from the optimal condition were also examined, 
followed by comparison the results obtained with the pectin 
produced under optimal condition using DES as the extrac-
tion medium (ABP-DES) in our previous study [3].

Materials and methods

Materials and chemicals

Averrhoa bilimbi fruit powder was prepared according to 
the same process as our previous study [3] and stored at 
4 °C prior to extraction. Citric acid monohydrate (CAM) was 
purchased from Fluka (Malaysia). All other chemicals and 
reagents used in this study were analytical grade.

Extraction of A. bilimbi pectin (ABP‑CAM)

The optimization of ABP-CAM extraction was carried out 
as stated by our previous study [3]. The response effects 
of selected variables (i.e. percentage of CAM  (X1: 2–4%), 
extraction temperature  (X2: 60–80 °C) and extraction time 
 (X3: 1–3 h)) were optimized using Box-Behnken design 
(BBD). Table 1 summarized the levels of the three inde-
pendent variables and the variables were coded according 
to the equation below:

(1)x =
(Xi − X

0
)

ΔX

where x was the coded value, Xi was the corresponding 
actual value, X0 was the actual value in the center of the 
domain, and ∆X was the increment of Xi corresponding to a 
variation of 1 unit of x . The codes of − 1, 0 and + 1 referred 
to the low, middle and high levels of variables, respectively.

The mathematical model for the composite design was 
as follows:

where Y  was the pectin yield, �
0
 was the model constant, �i , 

�ii and �ij were the model coefficients, and � was an error. 
Design Expert Software (version 6.0, USA) was used to 
analyze the data and calculate the predicted response. Sub-
sequently, five confirmation experiments were carried out 
to verify the validity of the optimized condition, followed 
by evaluate the statistical significant (p < 0.05) difference 
between the predicted and experimental values using t-test.

Characterization of ABP‑CAM

Physico‑chemical properties of ABP‑CAM

The pH of ABP-CAM (1%, w/v) was examined using a 
digital pH meter (Mettler Toledo, USA). Then, the total 
carbohydrate, protein and total phenolic contents (TPC) 
were determined using the phenol sulphuric acid method, 
Bradford method and TPC method, as described by Masuko 
et al. [6], Bradford [7] and María et al. [8], respectively. 
The solubility of ABP-CAM (0.5%, w/v) in water (cold or 
hot) and alkaline solution (cold or hot) was examined using 
a method as described by Fishman et al. [9] with the addi-
tion of solubility percentage calculation. The blank was pre-
pared without the ABP-CAM. The solubility was calculated 
according to Liew et al. [10] using the following equation:

where W1 was the initial weight (g) of the sample, W2 was 
the supernatant weight (g) and Wb was the blank weight (g) 
after drying.
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Table 1  Experimental domain of Box-Behnken design (BBD)

Xj Uncoded Coded Factor levels

− 1 0 + 1

Percentage of CAM (%) X1 x1 2 3 4
Temperature (°C) X2 x2 60 70 80
Time (h) X3 x3 1 2 3
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Structural properties of ABP‑CAM

The monomeric analysis of ABP-CAM based on neutral 
sugar was analyzed using a high-performance liquid chro-
matography (HPLC) system at the Analytical Biochemistry 
Research Centre (ABrC), Universiti Sains Malaysia, fitted 
with UV detector as mentioned by Lv et al. [11]. A func-
tional groups and the degree of esterification were deter-
mined using Fourier transform infrared (FTIR) spectrometer 
(Nicolet, USA) at the School of Technology Industry, Uni-
versiti Sains Malaysia. The degree of esterification is used as 
a pectin categorization criteria and determine the proportion 
of esterified galacturonic acid groups to total galacturonic 
acid groups in the pectin molecule, which might contrib-
ute to the functional properties of pectin such as gelation 
of pectin [12]. The degree of esterification (DE) value was 
calculated according to Singthong et al. [13] using the fol-
lowing equation:

where  A1 was the area between 1730 and 1760 cm−1 whereas 
 A2 was the area between 1600 and 1650 cm−1.

Functional properties of ABP‑CAM

The water and oil holding capacity as well as emulsifying 
capacity and stability were then determined according to 
the methods mentioned by Du et al. [14], followed by foam-
ing capacity and stability by Akhtar et al. [15]. ABP-CAM 
solution (1%, w/v) was prepared using deionized water or 
palm oil in these tests and blended with the aid of homog-
enizer TH-02 homogenizer (OMNI International, USA) at 
26,000 rpm for 3 min.

Antioxidant properties of ABP‑CAM

The DPPH free radical scavenging and ferric reducing power 
(FRAP) were used to determine the antioxidant activity of 
ABP-CAM as stated by Blois [16] and Benzie and Strain 
[17], respectively. ABP-CAM (10  mg/mL) prepared in 
deionized water was used as sample.

Statistical analysis

ABP-CAM extraction was performed in 3 replicates and 
each replicate was tested in the aforementioned analyzes. 
The one-way analysis of variance (ANOVA) was used to 
analyze 3 replicates value in the single factor experiment 
whereas the paired sample t-test was carried out in order to 
compare the results obtained with ABP-DES. The statistical 

(4)DE(%) =
A
1

A
1
+ A

2

× 100

analysis of the data was performed using the SPSS statisti-
cal 24.0 software (IBM, USA). The significant difference at 
a 95% confidence interval among the treatment means was 
analyzed using Duncan’s multiple range test.

Results and discussion

Optimization extraction of ABP‑CAMs

Figure 1 shows the effects of %CAM, temperature and time 
on the extraction yield. The extraction yield was significantly 
increased when the percentage of CAM was increased from 
1% (pH 2.33) to 4% (pH 1.96) and reached the maximum 
yield (7.31%) at 4% of CAM. Due to acidification effect of 
citric acids, these results can be attributed to acid hydrolysis 
of the bond linkages between pectin and cell wall constitu-
ents and subsequently, released the pectin into the extrac-
tion medium, thus increasing the extraction yield [1]. This 
result is consistent with the investigation made by Pereira 
et al. [18] who reported that the yield of pomegranate peels 
pectin increased when the pH of citric acid decreased from 
pH 4 (4.39%) to pH 2 (11.18%). However, no further yield 
increment was found for 5% of CAM. Besides that, the yield 
significantly increased from 5.39 to 12.34% (Fig. 1b) by 
increasing the temperature from 40 to 80 °C. As reported by 
Lu et al. [19], the temperature was responsible for swelling 
and loosening effects in the matrix during the extraction pro-
cess. These two effects enhanced medium extraction penetra-
tion as well as pectin solubility and thus, improved pectin 
extraction yield. A similar result was reported by Nguyen 
and Pirak [20] which the yield of white dragon fruit peel 
pectin increased with increasing the temperature of extrac-
tion from 45 °C (6.51%) to 75 °C (12.35%). Pereira et al. 
[18] also reported that the yield of pectin from pomegranate 
peels increased when the temperature increased from 74 °C 
(7.02%) to 86 °C (9.93%). Besides that, the result showed 
the pectin yield significantly increased with increasing the 
extraction time from 0.5 to 3.0 h and reached the maximum 
yield (7.03%) at 3.0 h (Fig. 1c). This phenomenon was due 
to the time is needed (3.0 h) to release the pectin into the 
extraction medium completely. The CAM solution pen-
etrates into the A. bilimbi matrices throughout the process, 
hydrolyzing the bonds between the cell wall and pectin, dis-
solving pectin and then diffusing it out from the cell wall. 
A similar result was reported by Guo et al. [21] that the 
yield of sugar beet pectin increased with increasing time 
of extraction from 2.0 h (12.90%) to 3.0 h (15.00%). Based 
on the results of the single-factor experiment, the ranges of 
response surface methodology (RSM) factors were selected 
as follows: DES percentage (2–4%), extraction temperature 
(60–80 °C) and extraction time (1.0–3.0 h).



2892 M. H. Shafie, C.-Y. Gan 

1 3

A modelling polynomial regression was performed with 
a total of 17 runs (Appendix 1) between the response vari-
ables and the corresponding coded value (x1, x2, and x3) of 
the three different process variables. The quadratic model 
was selected with the p value of 0.0161 and the p value for 
the lack of fit was 0.2023 (Table 2). The regression model 
 (R2 = 0.8972, adjusted  R2 = 0.7650) and coefficient of vari-
ation (CV) of 9.46% were observed. This model had a low 
CV, suggesting that the experiment was carried out with 

good precision and high reliability [22]. The main effect 
on pectin yield was a linear term of extraction time ( X

3
 ), 

followed by a linear term of extraction temperature ( X
2
 ), a 

quadratic term of extraction temperature ( X2

2
 ) and a quad-

ratic term of extraction time ( X2

3
) . On the other hand, the 

linear term and quadratic term for a percentage of CAM 
( X

1
 and X2

1
 ), as well as the other interaction terms were not 

significant (p > 0.05). The influence of the extraction tem-
perature and reaction time was thus suggested to play the 

Fig. 1  Effects of each factor on the extraction yield of pectin (%): a 
percentage of CAM (%); b extraction temperature (°C); c extraction 
time (h). Data reported are average values with error bars indicating 

the standard deviation of 3 replicates (n = 3). Values with different 
letters are significantly different (p < 0.05) according Duncan’s mul-
tiple range test

Table 2  ANOVA for quadratic 
model: estimate regression 
model of relationship between 
response variable (yield) and 
independent variable (X1, X2, 
X3, X4)

Data correspond to the mean of three experiments

Source Sum of squares Degree of 
freedom

Mean square F value Prob > F

Model 22.81148 9 2.534609 5.673583 0.0161
X2 3.83645 1 3.83645 8.587685 0.0220
X3 8.5698 1 8.5698 19.18303 0.0032
X2

2 3.292202 1 3.292202 7.369416 0.0300
X3

2 2.791592 1 2.791592 6.248827 0.0410
Residual 3.12717 7 0.446739
Lack of fit 2.02845 3 0.67615 2.461592 0.2023
Pure error 1.09872 4 0.27468
R-squared 0.8972
Adj R-squared 0.7650
CV 9.46
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dominant roles in pectin extraction, whereas the percent-
age of CAM within the experimental range was insignifi-
cant (p > 0.05). The non-significant terms were eliminated 
using a backward elimination process to better fit the quad-
ratic model for pectin yield. The final response equations 
for ABP-CAM yield are obtained in terms of coded factors 
after elimination of the non-significant terms and are shown 
as follow:

Figure  2 illustrates the three-dimensional (3-D) 
response surface for yield as a function of extraction 
temperature and time. It can be found that the extraction 
temperature and time showed a quadratic effect (exponen-
tial increase) on the ABP-CAM yield. The rising trend 
on yield with temperature was related to the solubility of 
pectin due to physical adsorption and chemical interac-
tions between the pectin and the cell wall material tend to 
decrease at high temperatures. Therefore, increasing pectin 
leaching out in the extraction medium. As mentioned by 
Zhang and Wang [23], high temperatures during extraction 
process can significantly reduce the viscosity of extraction 
solvents, increase the distribution of extraction solvents 
and improve the mass transportation of target compounds. 
It is therefore reasonable to predict that the higher temper-
ature would increase pectin release. Similar results were 
reported by Muthusamy et al. [24] and Lu et al. [19], the 
pectin yield from Helianthus annuus (sunflower) heads 
and Premna microphylla Turcz leaves were increased with 

(5)
Bioactive pectin yield = 6.38 + 0.69x

2
+ 1.04x

3
+ 0.85x2

2
+ 0.78x2

3

increasing the temperature from 30 to 45 °C and 90 to 
100 °C, respectively. In addition, the extraction time sig-
nificantly influenced the ABP-CAM yield and reached a 
maximum yield at 3.0 h. This phenomenon was due to 
the time needed for CAM to penetrate into the A. bilimbi, 
followed by dissolving the pectin before extracting the 
pectin from the A. bilimbi fruit [25]. This explanation 
was in agreement with Jafari et al. [26] and Yang et al. 
[4], who extracted carrot pomace pectin and potato pulp 
pectin, respectively. As reported by Pasandide et al. [27], 
the Citrus medica peel pectin yield significantly (p < 0.05) 
increased when the extraction time increased from 1.0 h 
(~ 6.00%) to 3.0 h (~ 17.00%).

Based on the verification of predictive models and desir-
ability value of 0.908, the optimal condition for obtain-
ing a maximum pectin yield of 9.74% corresponded to 
3.71% (w/v) of CAM, an extraction temperature of 80 °C, 
and extraction time of 3.0 h. Referring to an independent 
samples t-test analysis, it was indicated that there was no 
significant difference (p = 0.142) between the experimen-
tal value (9.34%) and the predicted value. As a compari-
son to our previous study [3], the maximum pectin yield 
(14.70%) using citric acid monohydrate—choline chlo-
ride based DES as the extraction medium were obtained 
at optimal condition of 3.74% (w/v) of DES, an extraction 
temperature of 80 °C, and extraction time of 2.5 h. These 
results validated that DES as the extraction medium gave 
a higher ABP yield with short periods of extraction time 
than CAM. However, the properties of ABP-CAM pro-
duced might be different as compared to the ABP-DES.

Fig. 2  Response surface of 
three-dimensional plots for 
extraction yield as a function of 
extraction temperature and time
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Physico‑chemical properties of ABP‑CAM

Table 3 summarized the pH, total carbohydrate content, 
protein content, and TPC of ABP-CAM extracted under 
optimum condition of extraction. Results showed that the 
pH value of ABP-CAM solution was pH 2.60, while the 
total carbohydrate content, protein content, and TPC were 
23.72% glucose equivalent, 0.34% BSA equivalent and 
0.67% gallic acid equivalent, respectively. As a compari-
son to our previous study, the ABP-DES expressed the total 
carbohydrate content, protein content and TPC of 25.72% 
glucose equivalent, 0.30% BSA equivalent and 1.39% gal-
lic acid equivalent, respectively. The higher value of ABP-
DES carbohydrate content could be due to the properties of 
DES that improved the ability of the extraction medium in 
dissolving the acid soluble and partially soluble carbohy-
drates. This result suggested that extracted ABP-CAM has 
less sugar branch and comparable protein content compared 
to the ABP-DES. Other than that, the ABP-DES exhibited 
higher TPC value due to the efficiency of DES for extrac-
tion phenolic compounds. As reported by Vieira et  al. 
[28], the different extraction solvent or media could affect 
the total phenolic compounds of the sample. The authors 
also reported that, the mixture of choline chloride and phe-
nylpropionic acid based DES presented higher extraction 
of phenolic compounds (34.3 mg/g) compared to water 
(8.8 mg/g) and ethanol (10.3 mg/g). This result indicated 

that the ABP-CAM could be have lower antioxidant property 
due to a relative lower TPC.

Moreover, the solubility of ABP-CAM was shown in 
Table 3. Based on our previous study, the ABP-CAM has 
similar behavior with ABP-DES. Nevertheless, ABP-CAM 
showed higher solubility in all solution tested compared to 
the ABP-DES. This result could be elucidated by contribu-
tion of different polar effect backbone and the linearity of 
pectin [29].

Structural analysis of ABP‑CAM

The sugar composition analysis was useful for understand-
ing the monomer units and primary structure of ABP-CAM. 
As shown in Table 3, the main compositions of ABP-CAM 
were galacturonic acids (1.000), xyloses (0.641), arabinoses 
(0.293), glucoses (0.277), galactoses (0.156) and rhamnoses 
(0.104). The other monosaccharides which could be found 
in ABP-CAM were glucuronic acids (0.096), mannoses 
(0.058), fucoses (0.013) and riboses (0.010). The higher 
molar ratio of galacturonic acids was suggested that ABP-
CAM composes mainly of d-galacturonic acids as the back-
bone with α-1,4 glycosidic bonds. It could also be seen that 
the predominant neutral sugars in ABP-CAM were xyloses, 
arabinoses, glucose, galactose and rhamnose, suggested that 
contribution of rhamnogalacturonan I (RG-I) branching. The 
linearity  (R1), the contribution of RG  (R2) and branching 
size  (R3) of the ABP-CAM was therefore calculated based 
on molar content of natural sugar content in ABP, as men-
tioned by Houben et al. [30]. As a comparison to our previ-
ous study, the ABP-DES was found to be more linear pectin 
 (R1 = 2.34) with a lower contribution of RG  (R2 = 0.07) and 
less branch size  (R3 = 2.97) than ABP-CAM (i.e.  R1 = 0.78, 
 R2 = 0.11 and  R3 = 4.30). Hence, it was indicated that the 
extraction medium could cause differences in the structure of 
the extracted pectin in terms of its linearity and branch size.

Apart from that, the infrared (IR) spectrum of ABP-
CAM extracted under optimal extraction conditions was 
demonstrated in Fig. 3. The result showed that the IR 
spectra of ABP-CAM was comparable with ABP-DES, as 
reported by our previous study [3]. The major group ori-
entation exists in ABP-CAM were hydroxyl group (O–H), 
C–H absorption (i.e. CH,  CH2, and  CH3 stretching/bend-
ing vibrations), ester carbonyl group (C = O), unesterified 
carboxylate ion  (COO−),  CH3 bend, C–O stretching (i.e. 
C–O–C and C–O–H), and pyranose ring in the region of 
3418  cm−1, 2930  cm−1, 1742  cm−1, 1626–1653  cm−1, 
1437  cm−1, 1300–1000  cm−1, and 1020–1103  cm−1, 
respectively. In terms of O–H stretching and C–H absorp-
tion, it could be observed that the wavenumbers were 
shifted to higher values for ABP-CAM compared to the 
ABP-DES (3400 and 2926 cm−1 for O–H stretching and 

Table 3  pH, chemical contents, solubility and monosaccharide com-
position of ABP-CAM

Data represented means ± standard deviation (n = 3)

pH 2.60 ± 0.01
Carbohydrate content (%) 23.72 ± 0.01
Protein content (%) 0.34 ± 0.00
TPC (%) 0.67 ± 0.00
Solubility (%)
 Cold water 43.33 ± 1.15
 Hot water 89.08 ± 1.01
 Cold NaOH 77.02 ± 0.63
 Hot NaOH 76.21 ± 0.30

Monosaccharides (molar ratio)
 Mannose 0.058 ± 0.001
 Ribose 0.010 ± 0.001
 Rhamnose 0.104 ± 0.004
 Glucuronic acid 0.096 ± 0.004
 Glucose 0.277 ± 0.012
 Xylose 0.641 ± 0.027
 Galactose 0.156 ± 0.051
 Galacturonic acid 1.000 ± 0.000
 Arabinose 0.293 ± 0.014
 Fucose 0.013 ± 0.001
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C–H absorption, respectively) [3]. This can be explained 
by the contributions of the bond length and electronega-
tivity of atoms [31]. The higher in electronegativity in the 
pectin had resulted in a decrease in bond length (higher 
wavenumber based on Hooke’s law) due to the forma-
tion of stronger inter-molecular interaction (i.e. hydro-
gen bonding) with neighboring atom. This phenomenon 
indicated that the oxygen ion (in alcohol group) and car-
bon ion (in C–H absorption) of ABP-CAM had higher 
electronegativity, thus, resulted wavenumber shifted to be 
higher due to short bond length. It was expected that these 
inter-molecular interactions could contribute to the prop-
erties of the pectin. However, it could also be observed 
that the wavenumbers for the ester carbonyl group, unest-
erified carboxylate ion and  CH3 bend of ABP-CAM were 
shifted to be lower than ABP-DES (1743 cm−1, 1629 to 
1651 cm−1 and 1450 cm−1, respectively) because the vari-
ations of bond length due to inter-molecular interaction as 
aforementioned. Furthermore, the degree of esterification 
(DE) of ABP-CAM was calculated based on the proportion 
of esterified galacturonic acid groups to total galacturonic 
acid groups in the pectin molecule. The DE value for ABP-
CAM was 58.0% and categorized to be a high esterified 
pectin as its DE is (> 50%) [12]. As a comparison to the 
ABP-DES that was produced in our previous study, the 

ABP-CAM has a comparable DE value with ABP-DES 
(54.0%).

Water and oil holding capacity, emulsifying 
and foaming properties

As seen in Table 4, the ABP-CAM exhibited 3.93 g water/g 
sample, 1.18 g oil/g sample, 65.50% and 125.56% for water 
holding capacity (WHC), oil holding capacity (OHC), emul-
sifying activity (EA) and foaming capacity (FC), respec-
tively. As a comparison to the ABP-DES [3], the ABP-DES 
exhibited slightly (p < 0.05) lower WHC (3.70 g water/g 

Fig. 3  IR spectrum of ABP-CAM

Table 4  Solubility, functional properties and antioxidant activities of 
ABP-CAM

Data represented means ± standard deviation (n = 3)

Functional properties
 WHC (g water/g sample) 3.93 ± 0.06
 OHC (g oil/g sample) 1.18 ± 0.05
 EA (%) 65.50 ± 1.30
 ES (%) 100.00 ± 0.00
 FC (%) 125.56 ± 1.92
 FS (%) 100.00 ± 0.00

Antioxidant activity
 DPPH (%) 28.88 ± 0.01
 FRAP  (mMFeSO4) 1.59 ± 0.05
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sample) and EA (26.67%) than ABP-CAM. The ABP-CAM 
gave higher WHC and EA due to more contribution of RG to 
pectin population and larger branch size could consist steric 
interest that contribute in absorption of water and stabilizing 
of the emulsion [32]. However, the ABP-DES had a signifi-
cantly (p < 0.05) higher value of OHC (2.40 g oil/ g sample) 
and foaming capacity (133.33%) due to higher in linearity, 
lower contribution of RG to pectin population and less aver-
age size of sample branching that allows more oil to bind 
with the backbone of the sample. This occurrence resulted 
the colloidal system with a gaseous phase stabilized in a 
continuous matrix to give a product an aerated structure. The 
emulsion stability (ES) of ABP-CAM was 100% (Table 4). 
This phenomenon could be explained by pectin molecules 
formed a gel-like film covering oil droplets and prevented 
the droplets from coalescing by imparting a charged surface 
to the coated/covered particles which would repel each other 
and maintain a stable, dispersed state at higher temperature 
[33]. The foaming stability (FS) value for ABP-CAM was 
also 100%. The similar result was reported by our previous 
study for both ES and FS value of ABP-DES.

As a comparison to other pectins extracted using citric 
acid as extraction medium, Kazemi et al. [34] reported that 
the pistachio green hull pectin (PGH) had higher WHC 
(4.11 g water/g sample) and OHC (2.02 g oil/g sample) 
than ABP-CAM. However, ABP-CAM gave higher EA and 
ES value than PGH with the EA and ES value of 58.30% 
and 92.5%, respectively. The ABP-CAM also possessed 
better FC and FS values compared to the FC (17.33%) and 
FS (4.61%) value obtained from eggplant peel pectin [35]. 
These results validated that ABP-CAM could be a poten-
tial candidate as emulsifier and stabilizer in high fat food 
products.

DPPH free radical scavenging activity and ferric ion 
reducing power

ABP-CAM showed 28.88% (Table 4) DPPH free radical 
scavenging activity and found to be a lower DPPH scaveng-
ing activity than ABP-DES (41.64%) at 10 mg/mL [3]. This 
different antioxidant activity could be explained by the con-
tribution of TPC in the sample. It could be seen that the TPC 
value of ABP-CAM (0.67% gallic acid equivalent) was lower 
than the TPC value of ABP-DES (1.39% gallic acid equiva-
lent). Apart from that, ABP-CAM showed ferric reducing 
antioxidant power (FRAP) of 1.59 mM (Table 4) and com-
paratively higher than ABP-DES (1.15 mM) at 10 mg/mL as 
found in our previous study [3]. As mentioned by Benzie and 
Strain [17], the reduction of  Fe3+ to  Fe2+ is higher at a lower 
pH and it could be seen that, the ABP-CAM had a lower pH 
value (Table 3) when comparing with ABP-DES (pH 2.81) 
[3]. This can be explained by the antioxidant can act as a 
reducing agent to reduce  [Fe3+-TPTZ] to  [Fe2+-TPTZ] at a 

lower pH, resulting in an intense blue color and the ferric 
ion reducing power was measured at 593 nm.

As a comparison, the ABP-CAM has comparable DPPH 
radical scavenging activity with Mormordica charan-
tia polysaccharide (31.90%) [36]. On the other hand, the 
Suaeda fruticosa leaves pectin (SFP) (60.00%) and Spina-
cia oleracea polysaccharide (69.00%) at 10 mg/mL exhib-
ited higher value of DPPH scavenging activity than ABP-
CAM as reported by Mzoughi et al. [37] and Mzoughi et al. 
[38], respectively. Moreover, Mzoughi et al. [37] reported 
that SFP has a similar value of ferric ion reducing power 
(1.50 mM) compared to the ABP-CAM. However, ABP-
CAM had relatively higher reducing power than Ganoderma 
lucidum polysaccharide (0.55 mM) and sweet potato pec-
tin (0.43 mM) as mentioned by Zeng et al. [39] and Ogutu 
and Mu [40], respectively. In short, this finding suggested 
that the ABP-CAM exhibited low DPPH radical scavenging 
activity. However, higher FRAP was observed in this sam-
ple. Therefore, it was suggested that these activities could 
be affected by TPC and pH of the pectin.

Conclusions

The extraction medium had significantly affected the effi-
ciency of extraction and the properties of the pectin. Results 
indicated that CAM had less efficiency as the extraction 
medium for extraction of ABP and the ABP-CAM produced 
was found to be less linear, higher contribution of RG and 
more branching size. However, using CAM as the extrac-
tion medium showed significant improvement in the solu-
bility, WHC and EA due to steric effect of the ABP-CAM 
chains. Furthermore, lower in pH value of ABP-CAM gave 
higher values ferric reducing antioxidant power. The results 
obtained indicated that the use of CAM and DES as the 
extraction medium significantly affects the extraction yield 
as well as the properties of ABP. These properties are mainly 
contributed by the structure of pectin. It is advisable that the 
purpose of extraction is not merely to increase the yield, the 
importance of the pectin structure and functional properties 
have to be taken into consideration. It is advisable that the 
purpose of extraction is not merely to increase the yield, the 
importance of the pectin structure and functional properties 
have to be taken into consideration. Hence, the researchers 
should not just explore the potential of extraction medium 
that could increase the yield, but also have to investigate 
the properties of the pectin that could be used in the food 
applications.
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Appendix 1

BBD with the observed responses and predicted values for 
the yield of ABP-CAM.

Run Variable levels Yield (%)

x1 (% 
CAM)

x2 (tem-
pera-
ture)

x3 (time) Observed 
(y1)

Predicted 
(y0)

1 0 + 1 − 1 8.65 7.67
2 + 1 0 − 1 6.42 6.13
3 0 0 0 7.29 6.38
4 + 1 + 1 + 1 10.23 9.74
5 0 0 0 5.99 6.38
6 − 1 0 + 1 8.56 8.20
7 0 − 1 − 1 6.19 6.29
8 0 0 0 6.59 6.38
9 + 1 − 1 0 6.42 6.13
10 − 1 − 1 0 6.78 6.54
11 0 0 0 6.35 6.38
12 − 1 + 1 0 8.06 7.93
13 + 1 + 1 0 6.33 7.93
14 0 0 0 7.05 6.38
15 + 1 0 + 1 7.37 8.20
16 0 − 1 + 1 8.34 8.36
17 − 1 0 − 1 4.96 6.13

*Mean of triplicate determination
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