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To exploit the great fortune of date fruits, the current study aimed to valorize an Algerian common variety by
extracting pectins. Response surface methodology (RSM) was applied as process optimization tool to achieve the
highest yield using ultrasound-assisted extraction (UAE) as compared to conventional acid extraction (CAE). The
experimental yield value (6.7%) was well matched with the predicted one (6.6%) at the optimum conditions
(60 °C, 90 min, pH 1.5), confirming the validity of the model. The evaluation of the monomeric composition
showed higher content of galacturonic acid and lower of neutral sugars in UAE pectin, as compared to CAE
pectin. Conventional treatments decreased the molecular weight (Mw) of the extracted pectins (539 kDa) in a
higher extent than ultrasound treatment (800 kDa). Fourier-Transform Infrared Spectroscopy (FT-IR) spectral
analysis showed that both samples were low-methoxyl pectins. CAE gave rise to pectins with slightly upper
technological samples in terms of water and oil holding capacity (5.2 and 3.8 g/g, respectively), and emulsifying
activity (38.5 m2/g). Moreover, date pectins obtained by UAE presented enhanced antioxidant activity (24.3 and
61.0 mg/g DW for DPPH and FRAP assays, respectively), and in vitro antidiabetic properties, showing higher
glucose adsorption capacity (4 mmol g~! at 200 min), as well as a-amylase inhibition (73.7%) and potential
capacity to decrease glucose diffusion (1.4 mmol mM g~ at 150 min), which could improve the ability to retard
starch digestion (0.1 mmol mM g-1 at 150 min), providing potential health-promoting properties.

Saudi Arabia (1.5 Mt) and Iran (1.3 Mt) [2].
Despite the differences found in dates according to ripening stages,

1. Introduction

Date palm fruit (Phoenix dactylifera L.) has been consumed since
millennia as a staple food in Berber/Amazigh and Arabic cultures and,
nowadays, it is receiving an increasing interest in the international
market ascribed to its low-cost and high nutritious value. This fruit is
considered an ideal energy source to overcome the current unpredict-
ability of food availability and the anticipated food demand for the
future [1]. Owning to that, in 2020, the annual worldwide production of
date fruits increased reaching the 9.1 Mt., placing Algeria in the 4th
place of date producing countries with 1.1 Mt., after Egypt (1.6 Mt),
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generally, the fruit flesh is rich in simple carbohydrates (~70%), mainly
sucrose, glucose and fructose, which provide not only a nice taste but
also a good source of rapid energy as they can be readily absorbed.
Additionally, their dense and tacky texture facilitate the binding and
mixing with complementary ingredients as cereals. This behavior con-
verts this fruit into an ideal substrate for being used directly for dietary
intake and included into different value-added products such as sweets,
confectionary, syrups, cola, juices, dairy desserts and candies [1,3].
Dates also contain pectin that begin to accumulate during the growing of
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the date fruit and reach the maximum content at the beginning of its
maturation stage. In addition, dates have appreciable quantities of
polyphenols and are rich in some minerals and vitamins [4,5].

Pectin is a polysaccharide naturally present in the cell walls of all
higher plants, whose structure commonly is formed by three domains:
(i) homogalacturonan (HG) consisting of 1,4-linked-a-D-galacturonic
acid (GalA); (ii) rhamnogalacturonan-I (RG-I) consisting of the repeating
disaccharide [—4)-a-D-GalA-(1 — 2)-a-L-Rha-(—] that bears different
side chains composed by arabinose and galactose, and (iii)
rhamnogalacturonan-II (RG-II) having a backbone of HG with complex
side chains attached to the GalA residues of up 17 monosaccharides
[6,7]. This complex polysaccharide is widely used as stabilizer, emul-
sifier, and gelling agent in the food industry and as a versatile delivery
agent to encapsulate drugs in the pharmaceutical industries. In fact,
during the last years, interest of public and health professionals has been
drawn towards the potential of pectin in the treatment and prevention of
diabetes, one of the most common and chronic diseases worldwide,
given that artificial antidiabetic compounds can involve important un-
desirable effects [8-10].

Because the sales of pectin surpassed the U$D 2.4 billion in 2020,
there is a necessity to find new sources for its extraction [7]. Due to the
emerging interest towards pectin, alternative sources like date by-
products or fruits (without extended consumption) are interesting to
be explored in order to provide new structural and functional charac-
teristics. Pectin is usually obtained at the industry using mineral acids
(1.5 < pH < 3.0), elevated temperatures (60-100 °C) during long times
(0.5 to 6 h). This entails negative consequences, such as the production
of the large effluent volumes, high environmental pollution, time-
consuming process, low extraction yield, and insufficient quality and
functionality [11-13]. Therefore, environmentally friendly and inno-
vative technologies such as enzymes, microwave and ultrasound-
assisted extraction methods (UAE) are being studied to enhance the
pectin yield with better rheological and biological properties [11].
Remarkably, the extraction method strongly influences the structural
characteristics, and consequently the functional properties of pectins. In
this sense, UAE has been proved to be an efficient, fast, and reliable way
to preserve the food components bioavailability, improving their func-
tional properties and increase the recovery yields [14]. It is a technology
that allows favoring the extraction of compounds from organic mate-
rials. A high shear force is generated due to the implosion of cavitation
bubbles formed by the propagation of acoustic waves. The collapse of
the bubbles gives rise to the rupture of the biological membranes facil-
itating the release of extractable compounds and improving the pene-
tration of the solvent in cellular materials, thus enhancing the mass
transfer, reducing the processing time, and increasing the yield [15].

To the best of our knowledge, limited information is available on the
obtainment of pectin from dates (Phoenix dactylifera L.). The aim of the
present work was the optimization of pectin extraction from “Degla-
Beida” date variety using ultrasonic assisted extraction through the
response surface methodology, and the comparison with a conventional
method. Moreover, the evaluation of pectin structure, physicochemical,
techno-functional, antioxidant and antidiabetic properties has been
carried out to elucidate the potential benefits of these extracted pectins.

2. Material and methods
2.1. Raw material and chemicals

The common date palm fruit (Phoenix dactylifera L.) used in this
study was from “Degla-Beida”, an Algerian local dry variety not highly
used for direct consumption (a common variety of low marketable value,
little appreciated by consumers because of its poor sensory quality,
usually transferred for cattle feeding), collected from the Sahara region
(34°51'N 5°44'E/34.850°N 5.733°E/34.850; 5.733, Biskra, Algeria).
The fruits were cleaned, pitted, dried, ground, sieved (<250 pm) and
stored in an airtight container as described previously [16]. All
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chemicals and solvents were of analytical grade. Standard mono-
saccharides (arabinose, xylose, galactose, rhamnose, glucose and GalA,
B-phenylglucoside, hexamethyldisilazane, trifluoroacetic acid, citric
acid monohydrate, sodium citrate tribasic dihydrate and Pullulan
Standard (0.34-805 kDa), a glucan polymer based on «(1,6) linked
maltotriose units, a-amylase, glucose and starch were obtained from
Sigma (St. Louis, MO, USA).

2.2. Pectin extraction

The obtainment and isolation of pectins from date cell walls was
approached in two ways using ultrasound-assisted extraction (UAE) and
conventional acid extraction (CAE) technologies, the latter for
comparative purposes.

2.2.1. Conventional acid method without and with assistance of ultrasound
Briefly, 10 g of date powder was suspended in 100 mL of distilled
water, which was acidified by using nitric acid (53%) to obtain the
established pH. Date pectins were extracted without (CAE) and with the
assistance of ultrasound (UAE). The CAE conditions were 95 °C, pH of
1.5 for 90 min following the method described by Nesrine etal. [17],ina
heating plate with constant shaking (1000 rpm), whereas the ones
employed in UAE were the optimal conditions obtained by the response
surface methodology (RSM). In this case, an ultrasonic bath with in-
ternal dimensions of 24.0 cm x 14.0 cm x 10.0 cm, a capacity of 3 L and
a frequency of 45 kHz and 350 W power (Sonica Sweep System EP 2200,
Soltec, Milan, Italy) was used for the assistance of the extraction method.
Once the extraction time elapsed the mixture was centrifuged, and the
supernatant was separated from insoluble residue. The mixture was
precipitated with an equal volume of ethanol (96%). After centrifuga-
tion, the insoluble pectin was washed twice with ethanol (70%) to
remove impurity. The recovered pectin was lyophilized and stored at
—20 °C. The pectin yield was calculated using the following formula:

Weight of dried pectins (g)

Pectin yield (%) =
ectin yield (%) Weight of dried date powder (g)

x 100 (€D)]

2.2.2. Optimization of ultrasound-assisted extraction

Fifteen assays with three center points were designed using Design
Expert software package JMP (10.0.0 version, SAS Institute, USA). Three
factors, three levels (—1,0,1), Box-Behnken design was employed to
optimize the process variables and to examine their effect on the
response. The upper and lower limits were used in the optimization
approach by RSM, to determine the optimum values of each process
variable, namely: Xj-Temperature (40-60 °C), X»-Sonication time
(30-90 min) and X3-pH (1.5-3.5). The assays were performed in a
randomized order to avoid systematic errors.

The data collected were subjected to regression analysis to determine
the existing relationship between independent and dependent variables.
Each response was represented by a mathematical equation that corre-
lates the response surfaces. The response was then expressed as second-
order polynomial equation:

k k k
Y=p,+ Z/}:Xi + Zﬁiixz + Z/}i/Xin +E 2
i—1 i—1 ii
where Y is the measured response variable, which is in our case the
pectins yield, By is a constant, B; is the linear coefficient (main effect), B;;
is the quadratic coefficient, B is the two factor interaction coefficients,
and X;, X; are the independent variables.

2.3. Physicochemical properties of pectins

1 g of crude pectins was dried to constant weight at 110 °C for 3 h.
Loss of weight upon drying was calculated as the moisture content [18].
Minerals content was determined in the Interdepartmental Research
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Service (SIAI-UAM) (Madrid, Spain), by inductively coupled plasma
mass spectrometry (ICP-MS) in an Elan 6000 Perkin-Elmer Sciex in-
strument (Concord, Canada).

2.4. Structural characterization of pectins

2.4.1. Determination of monomeric composition

The monomeric composition of date pectins was determined as
described by Munoz-Almagro et al. [19]. The samples were hydrolyzed
with trifluoroacetic acid (TFA) 2 M at 110 °C during 4 h. Then, 500 pL of
hydrolysate were placed in a flask and evaporated under vacuum at
43 °C. 400 pL of phenyl-B-D-glucoside (0.5 mg.mL 1) (internal standard,
L.S.) were added, and the flask was evaporated again. For the oximes
formation, 250 pL of hydroxylamine chloride in pyridine (2.5%) were
added and the mixture was vortexed and heated at 70 °C during 30 min
with stirring. Samples were persilylated with 250 pL of hexamethyldi-
sylazane (HMDS) and 25 pL of TFA at 50 °C for 30 min, shacked, and
centrifuged at 10000 g for 2 min. Regarding the monosaccharide
composition, the initial temperature, 150 °C, was held for 17 min, and
then was rose to 165 °C at 1 °C/min, then increased at a rate of 10 °C/
min to 200 °C and up to 380 °C at 50 °C/min. The released monomers
were analysed by gas chromatography with flame-ionization detection
(GC-FID) (Agilent Technologies 7890A gas chromatograph, Agilent
Technologies, Wilmington, DE, USA) and the data acquisition was done
using a HPChem Station software (Hewlett-Packard, Palo Alto, CA,
USA).

2.4.2. Estimation of molecular weight distribution

The estimation of date pectins molecular weight (Mw) by high per-
formance size exclusion chromatography (HPSEC-ELSD) was deter-
mined following the method described by Munoz-Almagro et al. [20]. A
TSK-Gel guard column (6.0 mm x 400 mm) connected in series with two
TSKGel columns G5000 PWXL (7.8 mm x 300 mm, 10 pm) and G2500
PWXL (7.8 mm x 300 mm, 6 pm) (Tosoh Bioscience, Stuttgart, Ger-
many) were used in the samples separation (0.1% w/v, 50 pL). The
pectin elution was carried out using 0.01 MNH4Ac as mobile phase at
0.5 mL/min for 50 min.

2.4.3. Determination of the degree of methylesterification (DM)

For the FT-IR (Fourier-Transform Infrared Spectroscopy) measure-
ments, date pectins were mixed with KBr powder (1:100), ground and
then pressed into 1 mm pellets before the analysis. FT-IR spectra were
collected at absorbance mode in the frequency range of 400-4000 cm *
(Bruker Optics, Ettlingen, 76,275 Germany). The DM of pectin was
determined as the average of the ratio of the peak area at 1748 cm™!
(COO-R) over the sum of the peak areas of 1744 em~! (COO-R) and
1638 cm™! (COO").

2.5. Techno-functional properties

2.5.1. Water/oil-holding capacity

Fifteen milliliters of water were added to 250 mg of each sample in a
50 mL centrifuge tube. The samples were stirred and left at room tem-
perature for 1 h. After centrifugation at 3000 g for 20 min, the super-
natant was discarded, the residue was weighed and the water-holding
capacity (WHC) was expressed as g water retained per g of dry sample.
The oil-holding capacity (OHC) was determined under the same condi-
tions as WHC using commercial vegetal oil, and was expressed as g oil
retained per g of dry sample [21].

2.5.2. Emulsifying activity

Emulsifying activity was calculated by turbidity according to the
method described by Pacheco et al. [22]. A volume of 100 mL of pectin
solution in water (20%, w/v), were mixed with 5 g of corn oil using an
Ultraturrax at 24000 rpm for 1 min to obtain an emulsion. The emulsion
was diluted 30, 500 and 900-folds with sodium dodecyl sulphate (SDS)
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(1 g.L™Y. Turbidity of emulsions was measured in a UV spectropho-
tometer plate reader, at 500 nm, using the SDS solution as the blank
sample.

2.6. In vitro antioxidant activity

In this work, two assays, namely, the (2,2'-diphenyl-1-picrylhy-
drazyl) DPPH radical scavenging activity and the ferric reducing anti-
oxidant power (FRAP) assay, were employed to evaluate the in vitro
antioxidant activity of ultrasound-assisted and conventional acid
extraction pectins (UAE and CAE). Details of the operation conditions
and methods were reported by Chen et al. [23].

2.7. Invitro anti-diabetic activity

To evaluate the in vitro antidiabetic activity of date pectins obtained
by UAE and CAE, glucose-adsorption capacity, residual a-amylase ac-
tivity, glucose dialysis retardation capacity and starch digestibility were
determined according to the methods described by Benitez et al. [24].

2.7.1. Glucose-adsorption capacity

Approximately, 1 g of date pectins was mixed with 100 mL of glucose
solution of increasing concentration (10, 50, 100 and 200 mmol-L ™).
Each of these mixtures was mixed well, stirred, and incubated at 37 °C
for 6 h, respectively. After incubation, the mixture was centrifuged 3500
g for 15 min and finally the glucose content was determined in the su-
pernatant by using glucose assay kit (Megazyme KGLUC, Wicklow,
Ireland).

2.7.2. Invitro a-amylase inhibition

The a-amylase assay was performed by mixing date pectins with
a-amylase (Sigma-Aldrich, MO, USA) (4 mgAmL’l) and potato starch
solution (40 mg-mL’l). After 60 min of incubation at 37 °C, the reaction
was stopped by adding 80 mL of NaOH (0.1 mol-L ™). To determine the
glucose production, the content was quantified in the supernatant, ob-
tained after centrifugation at 3500 g for 15 min, using the assay kit
KGLUC (Megazyme, Wicklow, Ireland) in a 96-well plate. The absor-
bance was measured at 580 nm and the percentage inhibitory activity
was calculated by using the following equation:

Absorbance of the control 100
Absorbance of the test well

Inhibition (%) = <1 3

2.7.3. Invitro glucose dialysis retardation capacity

The glucose dialysis retardation index (GDRI) was determined to
evaluate the capacity to retard in vitro the glucose diffusion. The mixture
of 25 mL of glucose solution (50 mmol-L™1) and 0.5 g of samples was
dialyzed in dialysis bags against 80 mL of distilled water at 37 °C.
Further, glucose concentration in the dialysate was determined at time
intervals, ie., 15, 30, 60, 120, and 150 min, using a KGLUC kit (Mega-
zyme, Wicklow, Ireland). A control test without date pectins was also
performed. The GDRI was calculated according to the formula below:

GDRI = 100— { (Glucose content in the dialysate with fiber addition) %10 0}

Glucose content in the dialysate of control test

4

2.7.4. Invitro starch digestibility

The effect of date pectins on starch digestibility as a function of time
was determined using a pectin-enzyme-starch mixture system. The
mixture of 0.2 g of date pectins and 4 mg of a-amylase (Sigma Aldrich,
MO, USA) with 10 mL of potato starch solution (4% p/v) was dialyzed
against 200 mL of distilled water at 37 °C. Glucose concentration in the
dialysate was determined at 15, 30, 60, 120, and 150 min after incu-
bation, using a KGLUC kit (Megazyme, Wicklow, Ireland). A control
experiment without date pectins was carried out. GDRI starch was
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calculated as explained in Section 2.7.3.

2.8. Statistical analysis

Extractions and analysis were carried out at least in triplicate and
means were compared by Tukey's test (p < 0.05), using XLSTAT Release
10 (Addinsoft, Paris, France). All statements of significance were based
on probability of p < 0.05.

3. Results and discussion
3.1. Optimization of ultrasound-assisted extraction

Table 1 lists the extraction parameters used for each run according to
the experimental design with their experimental and predicted respec-
tive pectin's yield (Y) from date fruit. The independent and dependent
variables were then fitted to the following second-order model equation.

Y =2.09+0.40X; + 0.14X, — 0.60X; + 0.11X, X, — 0.37X,X; — 0.28X,X;
—0.25X; +0.22X;
(5)

In this equation, Y represents the yield of pectins calculated by the
regression model, and Xj, Xo, X3 are the coded variables.

The analysis of variance (ANOVA) was performed to determine the
significance of the linear, quadratic and interaction effects of the inde-
pendent variables on the dependent variable (Table 2). The significance
of each term in the model can be determined according to their p-values,
the term with p < 0.05 will have a notable effect on date pectin yield.
Therefore, the linear terms (X; and X5) and interaction term (X;X5)
significantly affected the yield. All quadratic terms of sonication time
(X3) and pH (X3) were significant, excepting the term corresponding to
the temperature (X%). Remarkably, temperature was the most significant
variable affecting pectin yield, followed by sonication time and pH. The
high F-value (27.4) and low p-value (<0.0001) implies that the model
was highly significant. Taking into account the lack of fit test of the
model the developed model was good. Moreover, it is important to
highlight that the coefficient of determination (R?) which indicates the
proportion of the variation in the response attributed to the model rather
than to random error, also suggested that for good fit model. The
ANOVA of the regression model demonstrated that R? is 0.9884, which
means 99% variability in the response could be explained by this model.
The high values of R%, adjusted R?, and predicted R? confirmed the ac-
curacy of the model in showing the relationship between the yield and
the variables [25].

For better understanding, the effect of processing parameters (Xi-

Table 1
Box-Behnken design with experimental and predicted values for pectin yield
from date fruit obtained by ultrasound-assisted extraction.

Assays Temperature (°C) Time (min) pH Pectin yield (%)
Experimental Predicted

1 50 60 2.5 4.0 4.1
2 60 90 2.5 4.7 4.7
3 40 60 1.5 4.4 4.3
4 60 60 3.5 3.8 3.9
5 50 30 1.5 5.0 5.1
6 50 60 2.5 4.1 4.1
7 50 90 1.5 5.9 6.0
8 50 60 2.5 4.1 4.1
9 50 30 3.5 4.5 4.5
10 40 60 3.5 3.8 3.8
11 40 30 2.5 3.7 3.6
12 40 90 2.5 3.6 3.7
13 50 90 3.5 4.3 4.2
14 60 30 2.5 4.3 4.2
15 60 60 1.5 5.9 5.8
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Table 2
Analysis of variance (ANOVA) for the fitted quadratic polynomial model.
Source Sum of DOF  Standard F- p-Value
squares error value
Model 7.1 9 0.1 46.1 <0.0001
Temperature 0.4 0.1 8.5 0.0004
Time 0.1 0.1 3.0 0.0292
pH —-0.6 0.1 -12.8 <0.0001
Temperature x 0.1 0.1 1.6 0.1612
Time
Temperature x pH —-0.4 0.1 -5.5 0.0026
Time x pH -0.3 0.1 —4.2 0.0081
Temperature® -0.2 0.1 -35 0.0181
Time? 0.2 0.1 3.5 0.0169
pH? 0.6 0.1 9.5 0.0002
Residual 0.1 5
Lack of Fit 0.1 3 10.6 0.0875
Pure Error 0.0 2
Total error 0.1 5
R® 0.9881
Ry 0.9666
RMSE 0.1
Cor total 7.2 14

temperature, Xy-sonication time, and X3-pH) on the pectin yield was
evaluated and illustrated by three-dimensional (3D) plots. The 3D plots
were generated by maintaining one factor at its constant level (in turn its
central level), whereas the other two factors were varied in their range.
The results are depicted in Fig. 1. According to Hernoux-Villiere et al.
[26], the maximum mechanical effect of US is obtained at temperatures
near 60 °C, since this value is considered as the maximum temperature
for cavitation bubbles to coalesce with vapor bubbles, suggesting values
above this temperature might interfere with US effect on pectin
extraction. The pH of the solution was another variable that clearly
affected the pectin recovery. As can be seen from Fig. 1(B) and (C), the
highest yield was found at pH 1.5. Acidic solvent has the ability to hy-
drolyze polysaccharides and converts them into insoluble to soluble
form susceptible of depolymerisation, reducing their molecular weight
and modifying their structure [27]. Based on the RSM, the highest yield
of date pectins using the UAE can be optimally obtained by applying the
following conditions: temperature of 60 °C, sonication time of 90 min
and pH 1.5.

Additional experiments (triplicates) were carried at these optimal
conditions in order to compare the predicted results with experimental
values. Under these conditions, the experimental yield of pectin (6.7 +
0.4%) was close to the predicted value (6.6 + 0.6%). Thus, for pre-
dicting the maximum extraction yield of pectin using UAE,
Box-Behnken design was considered an accurate tool.

For comparative purposes, a conventional treatment was carried out
following the conditions (90 min, pH 1.5, 95 °C) previously reported by
Nesrine et al. [17]. As indicated in Table 3, no significant differences
were found in the date pectin recovery (~7) between both methods.
After CAE the obtained yield was very similar to that found by Nesrine
et al. [17]. In the case of US, it is noteworthy that, although the tem-
perature was much lower (60 °C) than in the conventional extraction
(90 °C) the yield was very similar, indicating the effectiveness of US
application [28].

3.2. Overall characterization of date pectins extracted

Once extraction conditions of date pectins were selected to have the
highest yields, the obtained samples were characterized. In a first
approach, the compositional characteristics of samples were studied,
results are included in Table 3. The moisture content of both pectins was
around 14%. Similarly, no significant differences were found in the
mineral profiles, being sodium followed by potassium, calcium and
magnesium the most abundant elements in both samples. In general,
these results might indicate the potential use of the extracted pectins
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Fig. 1. Response surface analysis for pectin yield from date fruit using ultrasound-assisted extraction (UAE) with respect to temperature and sonication time (A);

temperature and pH (B); sonication time and pH (C).

Table 3

Yield, overall characterization, sugar composition, molecular parameters,
techno-functional properties and antioxidant activity of date pectins obtained by
conventional acid extraction (CAE) and ultrasound-assisted extraction (UAE).

Parameter CAE UAE

Yield (%) 6.7 + 0.4 7.6 + 0.6

Moisture content (%) 13.5 + 0.5 15.1 £ 0.72

Mineral content (mg/100 g
DW)

Na 1430.2 + 1108.8 + 12.2°
Mg 10.1° 102.1 + 0.0* 4.4 + 0.5% 3.7 + 0.3°
Al 102.8 +£3.1*  38.3 + 0.0°
Si 41+01°
P 4.1+ 0.4°

31.2 + 2.4°

S 24.8 + 5.5" 41.2 + 8.7°
cl 25.8 + 1.72 1.6 +1.2°

K 919.7 + 839.4 + 6.7°
Ca 12.2° 282.9 + 14.1°

229.5 +
12.4°

Mn 1.3 +0.0° 1.7 £0.17
Fe 13.9 + 0.8° 16.2 + 1.2°
Zn 3.8 +£0.0° 3.9 £ 0.6
Sr 1.6 +0.1° 2.5 £ 0.2°

GalA (%) 41.9 + 3.4° 54.6 + 2.3
Rha (%) 6.5 + 0.1° 4.9 +0.2°
Ara (%) 13.7 +£ 0.2° 10.3 + 0.4°
Gal (%) 14.7 + 0.5° 9.9 +£0.1°
Xyl (%) 0.2 + 0.0 0.1 +0.01°

Man (%) 2.8 +0.1° 7.0 £0.1%
Gle (%) 20.2 + 0.6% 13.3+0.3°
GalA/Rha 6.5+ 0.2° 11.2 + 0.3°
(Ara + Gal)/Rha 4.4 + 0.0 41 +0.1°

Mw (kDa) 539.0/21.0 800.0

Mn (kDa) 341.0/2.7 328.0

Mw/Mn 1.6/7.9 2.3

DM (%) 4.0 25.0

Water holding capacity (§/ 5.2 + 0.4% 4.6 +0.4°
2) 3.8 +0.2° 3.3+0.1°
0Oil holding capacity (g/ 38.5 + 0.6% 26.0 + 0.5°
8
Emulsifying activity (m?/

g)
DPPH (IC50, mg/g DW) 24.3 +0.2% 19.1 +0.1°
FRAP (mg TE/g DW) 61.0 + 0.5" 89.1 + 0.7°

Data are mean values + standard deviation values with letters (a-b) were
Significantly different (Tukey, p < 0.05). UAE: ultrasound-assisted extraction;
CAE: conventional acid extraction.
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from date fruits as a source of health supplements [29,30].

3.3. Structural characterization of date pectins

It is well known the method of extraction can show strong influence
on the structure of pectin and consequently, on their technological
properties and biological activities [31]. In the present work, pectins
extracted from date fruits with and without the assistance of ultrasound
in acidic media, were structurally evaluated and compared. Initially,
neutral sugars, GalA content, degree of methyl esterification number
(DM) and average estimated molecular weight (Mw) for the pectins
obtained, are included in Table 3. Regarding the monomeric composi-
tion, in all cases, GalA was the most predominant carbohydrate, being
significantly upper in the date pectin extracted by US (54.6% vs 41.9%).
Remarkably, Nesrine et al. [17] reported a content of GalA of 51% after a
conventional extraction of pectin under the same conditions (95 °C, 90
min, pH 1.5) from P. dactylifera (Arecaceae). These dissimilarities could
be attributed to the different variety of date fruits and method of anal-
ysis (colorimetric vs GC), among other factors.

Comparing the data of Table 3, the ratio GalA/Rha shows the number
of GalA residues per Rha residue and gives an indication of the RG-I
presence in relation to HG content. The structure of pectin obtained
by UAE presented more predominance of HG than that obtained by CAE
(11.2 vs 6.5%), indicating that the stronger conditions of the conven-
tional treatment could have provoked a major depolymerisation starting
from the linkages between the GalA units. In addition, the date pectin
obtained conventionally exhibited high amounts of galactose and
arabinose surpassing rhamnose content, which could show the substi-
tution of the RG I branching along the HG with numerous galactans,
arabinogalactans and arabinans side chains [32,33]. Although, regard-
less extraction method, the relatively high glucose content derived from
cellulose and hemicellulose could suggest that these non-pectin poly-
saccharides would not have been completely removed during extraction,
it is important to highlight that the assistance by ultrasound can improve
the purity of pectin, reducing the presence of glucose (13.3 vs 20.2%)
[34,35].

The molecular weight also plays an important role in the thickening,
gelling and stabilizing of pectins [36]. The modifications monitored by
HPSEC-ELSD regarding the estimation of Mw, Mn and polydispersity
index of the different fragments are also included in Table 3 and shown
in Fig. 2. Unlike UAE sample, it is noteworthy that date pectins extracted
conventionally with nitric acid exhibited a bimodal Mw distribution.
The first fragment consisted of Mw around 539 kDa, which could
correspond to pectin, whereas the second one, with 21 kDa, could be
related to modified pectins. In the case of pectin from US treatment, only
one peak was detected with an estimated value of Mw of around 800
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Fig. 2. Chromatographic HPSEC-ELSD profiles of date fruit pectins obtained by ultrasound-assisted extraction (UAE) and conventional acid extraction (CAE).

kDa. These results could indicate that the use of nitric acid as extracting
agent without the assistance of US had a depth effect on the reduction of
Mw as result of a depolymerisation, in agreement with the above-
mentioned results on the content of GalA. However, taking into ac-
count the first fragment found in CAE pectin, the Mn was similar in both

samples. In other words, the fragment found in UAE consisted of a wider
distribution of the Mw in comparison with the first one exhibited in
pectin extracted conventionally (2.3 vs 1.6). Remarkably, the second
fragment of pectin extracted at the highest temperature (90 °C) showed
the greatest polydispersity (7.9), indicating the hydrolysis was occurred
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Fig. 3. FT-IR spectrum of date fruit pectins obtained by ultrasound-assisted extraction (A) and conventional acid extraction (B).
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in different degree [37]. In general, these results can underline that
conventional treatment had a stronger effect on homogalacturonan
structure of pectins than the ultrasonic treatment.

The FT-IR spectra shows the functional groups provides structural
information about the extracted date fruit pectins (Fig. 3). No major
structural differences among FT-IR spectra of both date pectins were
observed, except in the absorption bands 1533, 1410 and 701 cm ™! in
those obtained by the UAE method, and 1257, 1143, 1076 and 564 cm!
absorption bands in pectins obtained by the CAE method. The charac-
teristic functional groups in the wavelengths which extends from 500 to
4000 cm ™! revealed that a broad and strong peak near to 3400 cm™!
caused by O—H stretching vibration (hydroxyl groups) due to intra- and
intermolecular hydrogen bonds of the galacturonic acid polymer was
observed in UAE and CAE pectins. A low intensity peak at around 2930
cm ! corresponds to C—H vibration including CH, CH,, and CHj
stretching and bending vibrations occurred. The peak around 1748 cm ™
was related to the absorptions of esterified carboxyl (-COOR), whereas
the peak at 1633 cm™! was assigned to asymmetric and symmetric
stretching of the carboxylate group, respectively [38]. The O-CHj
stretching bands were not useful for qualitative pectin analysis. How-
ever, the ester carbonyl and carboxylate stretching bands could be used
for classification [39]. The esterified CH3 group presented bands in the
region 1350-1450 cm !, with symmetric stretching of CHs at around
1380 cm ! and asymmetric stretching of CHs at around 1440 cm™.,
Stretching vibrations of C—0O, C—C, and ring structures, as well as
deformation of CHy groups (characteristic of polysaccharides), produced
bands in the region 1250-850 cm'. Bands characteristic of poly-
saccharides are located close to each other, which can cause identifi-
cation problems due to band overlapping [40]. The major functional
groups in pectins usually showed characteristic peaks in the region be-
tween 1000 and 2000 cm™! [41] with intense peaks due to the high
homogalacturonan content in pectin. A less intense peak at around 1149
em™! was characteristic of C-O-C vibrations of glycosidic linkages.
Bands at 1045 and 1076 cm™! were associated with sugars such as
arabinose, xylose, and galactose, while a band at around 910 cm!
indicated the degree of methyl esterification [42].

In the samples analysed, these qualitative changes were also quan-
tified and expressed as DM (Table 3). All samples analysed were low-
methoxyl pectins with values of DM ranging from four to 25% for
pectin extracted conventionally and using ultrasonic bath, respectively.
These results corroborated that the former could have suffered a higher
degradation by removing the methyl ester groups due to the use of nitric
acid as extracting agent.

3.4. Techno-functional properties of date pectins

The techno-functional potential of date pectins was evaluated based
on three characteristics. The WHC/OHC are the abilities of a material to
retain water/oil after centrifugation, respectively [43]. As illustrated in
Table 3, the two types of pectin presented good techno-functional
properties. No significant differences were observed between the WHC
of both pectins, although the value of this property in CAE sample was
higher than in UAE pectin. Conversely, the OHC of conventional pectin
was significantly upper to the extracted using ultrasound, although the
difference was very low. The same tendency was observed in the
emulsifying capacity, with higher value in CAE sample. This could be
mainly attributed to the different structure of CAE pectin [44].

The proteinaceous component of pectins acts as an anchor at the oil/
water interface, while the attached polysaccharide chains provide the
thick protective layer that confers steric stabilization during extended
storage [45-48]. Leroux et al. [47] postulated that pectins are able to
reduce the interfacial tension between oil and water and can be useful in
the preparation of emulsions. These results revealed that the new pectic
materials isolated from Degla-Beida date fruits may have important
applications as emulsifiers in different sectors of the food industry, and
that the pectin obtained by conventional extraction has slightly better
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techno-functional properties than that obtained by US.
3.5. In vitro antioxidant activity

It is known that date fruits exhibit a high antioxidant capacity due to
its composition [49-52]. Numerous studies have demonstrated that
pectins can show excellent free radical scavenging ability and antioxi-
dant activity [53-55]. In the current work, the effect of UAE and CAE on
the antioxidant activity of date fruit pectins was investigated by the
measurement of DPPH radical scavenging activity and ferric reducing
antioxidant power (FRAP). The DPPH radical is usually used as one of
the effective means for evaluating the free radical scavenging activity of
antioxidants. The different extractions showed significant differences (p
< 0.05) in both methods. The ICs( value of DPPH radical scavenging rate
was higher in the case of CAE pectins than in UAE samples, providing a
lower ability of scavenging DPPH radical in the former. However, the
reducing power was lower in CAE than in UAE pectin. According to
these data, extraction by the assistance of ultrasound gave rise to pectin
with better antioxidant activity than the conventional treatment. These
results seem also to be related to the different structures, as above
indicated, and probably to the content of GalA, since the extracted
pectins by UAE presented higher amount of GalA than the other pectin
samples. It has been postulated that the favorable structure of pectin
towards reducing power was attributed to the presence of abundant -OH
and/or -COOH groups [56].

3.6. In vitro anti-diabetic activity

Diabetes mellitus is a metabolic disease likely caused by defective
insulin secretion and more likely by oxidative injury and dysfunction of
B cells [56]. This metabolic disorder constitutes a major challenge with
regards to the life quality and imposes a consistent economic burden on
the global health care systems [57]. Faced with this challenge, the sci-
entists throughout the world turn to phytodrugs to avoid the adverse
effects associated with conventional hypoglycemic drugs. For instance,
natural products have gained the attention of many researchers as
alternative and complementary to chemically synthesized drugs [58].
Date fruits have demonstrated antidiabetic effects. The mechanism is not
yet perfectly known but it could be ascribed to an increase in insulin
output and a decrease in glucose absorption in the intestine [59]. In this
context, date pectin could play an important role in this property since
pectins from different sources have demonstrated to have antidiabetic
effect [61].

3.6.1. Glucose adsorption capacity

Glucose adsorption is a capacity of dietary fiber that could lead to
decreased postprandial blood glucose levels. This in vitro measurement is
a useful index to predict the effect of dietary fibres on glucose levels in
the gastrointestinal tract in vivo [60]. Results showed that date pectins
were effective in adsorbing glucose at any glucose concentrations,
increasing their adsorption along with the glucose concentration in the
medium (10 to 200 mmol~L_1) (Fig. 4A). These results suggest the ability
of date pectins to attenuate available glucose in the intestinal tract.
Regarding the extraction method, pectins obtained by UAE had the
highest capacity to adsorb glucose (4.0 + 0.2 mmol-g 1), as compared to
pectins obtained by conventional acid extraction (2.6 + 0.2 mmol-g~ 1)
at 200 mmol-L~! of glucose, probably due to the higher Mw and related
viscosity of UAE samples. Glucose adsorption capacity is dependent on
some physicochemical properties such as viscosity, microstructure,
particle size, and soluble dietary fiber content [60]. Dietary fibres with
higher surface area and more porous microstructure may have stronger
capacity to adsorb glucose [61,62]. Michel et al. [63] observed that two
different date extracts reduced the serum glucose levels in induced
diabetic rats. Similarly, Ahmed et al. [64] revealed important hypo-
glycemic effects of Aseel dates in the treatment of diabetes. However, no
previous data on pectin from date have been reported so far.
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Fig. 4. Effect of date fruit pectins on glucose adsorption capacity (mmol g’l) (A), a-amylase inhibition (B), glucose diffusion kinetics (0-150 min) (C), glucose
diffusion retardation index (GDRI) (D), starch hydrolysis kinetics (0-150 min) (E), and GDRI for glucose release from starch (F). The results are reported as mean +
SD (n = 3). Results with different letters significantly (p < 0.05) differ according to ANOVA and Tukey's multiple range test.

3.6.2. In vitro a-amylase inhibition

One of the therapeutic approaches in diabetes treatment is the
reduction of the hyperglycemic conditions by inhibiting carbohydrate-
digesting enzymes [65]. According to various in vivo studies, inhibi-
tion of a-amylase is assumed to be one of the most effective approaches
for diabetes care. Natural a-amylase inhibitors are being investigated as
new candidates to control hyperglycemia in diabetic patients, for they
do not cause severe side effects [66]. The in vitro a-amylase study, shown
as % inhibition in Fig. 4B, revealed that date pectins were able to inhibit
a-amylase, pectins obtained by UAE possessing significantly higher (p <
0.05) inhibitory effect than pectins obtained by CAE. El Abed et al. [67]
displayed that an aqueous ethanolic extract from dates has a powerful
inhibition of the enzymes related to Type 2 diabetes, since they found
that date extracts exhibit a strong inhibitory activity against digestive
enzymes, confirming its ability to regulate glucose absorption in the
intestinal tracts of rats. Considering pectin, this polysaccharide obtained
from citrus has been demonstrated to decrease starch digestion rate due
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to numerous factors, not only related to the rheological properties but
also to the interaction of pectin with the involved enzyme that modify its
conformation probably acting as a barrier between the enzyme and the
starch [62]

3.6.3. In vitro glucose dialysis retardation capacity

The retardation of glucose transportation across small intestinal
mucosa is another major way to lower the rise of postprandial blood
glucose [68]. Dietary fibres reduced diffusion of sugars from the intes-
tinal lumen to the brush border of the small intestine [69]. It could be
well simulated by in vitro dialysis membrane [60]. As shown in Fig. 3C,
the diffusion of glucose was time-dependent, date pectins could signif-
icantly decrease the amount of glucose dialyzed (p < 0.05) regarding
control, whereas no differences were found due to extraction. GDRI is an
indicator to predict the delayed effect of fibres on glucose diffusion in
the intestinal tract [68]. Maximal GDRI values were reached after 15
min for pectins obtained by ultrasound-assisted and conventional acid
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extractions (35.87 and 22.53%, respectively) (Fig. 4D). Date pectins
GDRI values showed that they might slow the diffusion of glucose and
thus reduce the level of serum postprandial glucose.

3.6.4. Invitro starch digestibility

The effect of date pectins on the starch digestibility was evaluated
and presented in Fig. 4E and F. This assay allowed evaluating the effect
of pectin samples on both the glucose release from starch and its sub-
sequent diffusion. CAE and UAE date pectins exhibited high capacity to
reduce the starch digestibility, producing during the first 60 min a 100%
inhibition of glucose production and its diffusion. After 90 min, pectins
obtained by ultrasound-assisted extraction presented higher capacity to
delay the starch digestibility than that pectins obtained by conventional
acid extraction. The decrease of starch digestion rate could be due to the
enzyme binding to pectin, hindering the access the enzyme to the starch;
or the increased viscosity of the starch suspensions in the presence of
pectin that reduces its accessibility to starch, as above indicated.
[61,70].

Therefore, UAE seems to be an alternative process to the traditional
chemical methods to produce pectin polysaccharides with enhanced
hypoglycemic properties [71]. Few in-depth studies exist documenting
the relationship between UAE conditions and the structure or functional
properties of pectins. More concretely these are the first studies on the
systematic extraction of pectin from dates by UAE and on the in vitro
evaluation of its antidiabetic properties. Although a deeper under-
standing of this relationship issue is still required [72], Munoz-Almagro
etal. [73] revised the role of pectin as an antidiabetic agent, and showed
the intricate mechanisms that can be involved. In the present paper, it
seems clear that the higher content of GalA, HG and Mw, together with a
lower amount of glucose, could have exerted a positive control on the in
vitro antidiabetic properties.

4. Conclusions

This innovative investigation tries to highlight the valorization of an
Algerian common date (Phoenix dactylifera L.) variety (Degla-Beida) as a
potential source to produce pectins by a simple, fast, energy efficient,
scalable and eco-friendly technique. A high correlated quadratic poly-
nomial mathematical model was developed and its significance was
investigated. Under the optimal conditions, experimental yield was very
close to the predicted value. Systematic characterization of obtained
pectin from date fruits, newly explored in the present work, revealed
their excellent physicochemical, techno-functional and biological
properties. The different extraction conditions here used demonstrate
different applications of pectin considering the diverse structural char-
acteristic of the obtained molecules. Thus, pectins obtained by con-
ventional extraction could be applied as food ingredient offering new
structures to the increasing market of pectin. However, pectins from
date extracted by the assistance of ultrasound present interesting anti-
oxidant and antidiabetic properties. Although the intricate involved
mechanisms deserve further investigation, antidiabetic tests highlighted
the ultrasound obtained pectin as a potential better antidiabetic agent
than that extracted without ultrasound.

Valorization approach developed in the present research provides a
platform for waste recovery. In addition, it can provide benefits for
farmers and food industry by enabling them to process the underutilized
date fruits and develop a high-quality value-added product to enhance
resource efficiency, which is among sustainable development goals in a
context of circular economy.
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