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ARTICLE INFO ABSTRACT

Keywords: Olive Mill Wastewater (OMWW) is considered to be one of the by-products of the extraction of olive oil that
Olive oil extraction causes serious problems to the environment. This study describes a qualitative and quantitative analysis of
OMWW

biochemical characterizations and assessment of polysaccharides antioxidant activities from cold extraction of

P,Olysacc%larldes - two endemic varieties from Khenchela region, eastern Algeria. As a result, the physicochemical characteristics of
Biochemical characterization . ‘s .
HPAEC-PAD these OMWWs (Chemlal and Ferkani) were found to be acidic (pH: 4.77-5.1) and saline (1.35-1.40 mg/1).

According to Chemlal and Ferkani, the dry matter (DM), total suspended solids (TSS) and mineral matter (MM)
are respectively (159.3 + 14.03 g/L, 4.13 + 0.04 g/L, 10 + 0.5 g/L and (117.4 + 12.03 g/L, 1.06 &+ 0.1 g/L, 9.7
+ 1 g/L). In addition, the COD and DBOS5 requirements are (9625.6 + 13.42 mg/l; 45 + 08 mg/1 for Chemlal)
and (10490.6 + 23.84 mg/l; 440 + 3 mg/1 for Ferkani) respectively. Due to their high content of organic matter
and mineral salts, the OMWW studied have very little potential for biodegradation. Three extracts were prepared
for each cultivar: insoluble alcohol fraction (AIR), soluble water fraction (SF) and insoluble water fraction (IF).
The biochemical characterisation was carried out by colorimetric assays using an appropriate spectrophotometer
for the determination of total sugars (OT), reducing sugars (OR), neutral sugars, protein, nitrogen and phenolic
compounds. The qualitative and quantitative analysis of the polysaccharides was carried out using high-
performance anion-exchange chromatography coupled with pulsed amperometric detection (HPAEC-PAD).
The results obtained showed heterogeneous composition of nine monosaccharides for each fraction at different
levels. The total dry matter (%DM) of the Chemlal fractions (AIRC, SFC, IFC) are respectively (14.44%, 16.93%,
15.68%) and those of the Ferkani fractions (AIRF, SFF, IFF) are respectively (10%, 15.05%, 10.52%). The
antioxidant activities of two soluble fractions (SFC and SFF) were evaluated using five assays: DPPH, ABTS,
CUPRAC, phenthroline and hydrogen peroxide, when the best antioxidant activity is provided by hydrogen

Antioxidants activities

peroxide.
1. Introduction settling, and generating olive oil waste (Caputo et al., 2003; Tostiet al.,
2013; Tostiet al., 2016). The composition of Olive Mill Waste (OMW) is
The olive oil industry is of great importance in Mediterranean highly variable and suggests that major or minor compounds may be
countries, both economically and historically. (Tostiet al., 2016). The present, depending on several factors which include: the growing re-
various olive oil extraction systems (either traditional or three-phase gion, the level of maturation of the olive, the age of the olive tree, the
centrifugation) require large quantities of water, which are used for method of extraction of the oil, the treatment of the tree and the weather
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conditions to which the olive tree was subjected during the maturation
process. In general, OMW consists of solid matter (Grignon) and liquid
matter (OMWW), with a slightly acidic pH. Olive Mill Wastewater
(OMWW) is composed of polyphenols, polysaccharides, fatty acids, and
water (Aggoun et al., 2016; Dermacheet al., 2013).

Polysaccharides have long been known and exploited because of
their abundance, renewable nature, non-toxicity, and biodegradability
(Chouana, 2017, p. 203; Salama, 2020). They are natural organic bio-
polymers widely present in animals, plants, and microorganisms.
OMWW'’s polysaccharides have great health benefits through their use
in agri-food field and they are considered as natural antioxidant.
Recently, polysaccharides have received considerable attention due to
their widespread use in industrial sectors such as food and pharma-
ceuticals (Mirzadeh et al., 2019; Song et al., 2019; Yu et al., 2017). The
interest in polysaccharides is not limited to their rheological properties.
Some of them are identified as molecules that can alter the biological
processes of specific species based on their biological activity. The in-
dustrial application of polysaccharides as biologically active compo-
nents is still rather small and marginal, despite the relatively recent
emergence of glycobiotechnologies and glycomics. Thus, if we exclude
the commercial success of some polysaccharides as therapeutic agents,
as dermo-cosmetic active ingredients, as nutraceutical compounds, or as
elicitors of plant defense reactions, only few of them have been subject
to real industrial development for uses other than those related to their
texturing properties. One of the reasons associated with this poor com-
mercial success in the field of biological assets is most probably the
complexity of polysaccharide structures whose inventory is still very
incomplete. Its regular evolution is often associated with commercial
successes due to the identification of new structure/function relation-
ships (Chouana, 2017, p. 203; Lukovaet al., 2017; Salama, 2020).
Furthermore, plant polysaccharides have become an important class of
bioactive natural products and are widely used in pharmaceuticals and
biomaterials. They have a variety of biological activities, such as
immunostimulatory, antioxidant, anti-inflammatory, antiviral, anti-
tumor, radioprotector, hepatoprotective and anti-fatigue effects (Cui
et al., 2018; Lukovaet al., 2017; Wang et al., 2019).

In this context and due to the increasing industrial demand, it is
essential to identify new sources of polysaccharides from original plants
such as those growing in extreme and unfavorable climatic conditions.
Indeed, this type of investigation has two major interests,

The first is that thisparticular plant species is used as a source to
discover and classify novel polysaccharide structures. The second is the
potential for these plants to be used in a variety of industrial applica-
tions, including the pharmaceutical and cosmetics sectors; (Chouana,
2017, p. 203).

We focused in this study on extractions, purification, and biochem-
ical characterization of polysaccharides from the OMWW of only 2 va-
rieties (North East of Algeria), with a specific qualitative and
quantitative analysis performed by Anion Exchange Chromatography,
coupled to a Pulsed Amperometric Detection (HPAEC-PAD), and the
evaluation of the antioxidant activities of the water-soluble poly-
saccharides of these OMWW.

2. Materials and methods
2.1. Nature of the sample

The OMWW samples were collected in January 2019 from a modern
oil mill under the name Al HadjaYamina in the Baghai Khenchela region,
located in northeast Algeria. This mill used a three-phase cold press
system (temperature 16 °C). The OMWW are taken from two varieties of
olive: Chemlal and Ferquani and were stored at —20 °C until use in the
evaluation process.
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2.2. Physico-chemical parameters of OMWW

The physico-chemical characterization was based on the study of the
following parameters: Acidity pH, Electrical Conductivity (EC), Salinity
(S), Dry Matter (DM), Suspended Matter (SM), Biological Oxygen De-
mand (BODs), Chemical Oxygen Demand (COD) and Biodegradability
Index (BI).

- The hydrogen potential (pH) was measured by a HANNA in-
struments France type HI 2211 pH-meter by dipping the measuring
electrode into a beaker holding 30 ml of OMWW.

The electrical conductivity (EC) was measured directly on the
fresh OMWW by a conductivity meter of type cond7310 InoLab
Germany; it is expressed in mS/cm (Rodier, 1984).

The salinity (S) was measured by a multi-parameter of type EcoScan
104732 EYTECH instruments Singapore.

The dry matter (DM) consists of all the organic and inorganic sub-
stances in solution or in suspension, contained in OMWW. The DM
was determined by evaporation of a 10 ml sample in a porcelain
crucible at 105 °C in etuve Memmert western Germany for 24 h. The
dry matter content is expressed in g/1 (Rodier, 1984).

Suspended matter (SM) was determined by centrifugation of 20 ml
of OMWW at 8000 rpm (centrifugeThermo Medifuge USA) for 20
min. The solid residue was placed in a weighed glass dish and dried
overnight at 105 °C etuve Memmert western Germany. The differ-
ence between the weight of the dried sample and that of the dish
determines the SM rate (Afnor T 90-105).

Biological oxygen demand (BODs) is determined using the respi-
rometric method in a chamber thermostated DBO OxiTop® IS 6, IS
12, WTW, France at 20 °C (AfnorT 90-103), in the dark for 5 days.
Chemical oxygen demand (COD) was carried out by the potassium
dichromate method (Apha, 1992). The principle of this method is
based on boiling oxidation (148 °C for 2 h HEATING BLOCK CR 4200
WTW France) of the reducing materials by excess of potassium di-
chromate in acid medium (H2SO4), and in the presence of silver
sulphate as a catalyst and mercury sulphate as chloride complexing
agent. The optical density of the sample is obtained from spectro-
photometry measurements carried out at of 440 nm (Spec-
trophotometre UV-visible 4255/50, Auxilab S.L.Espagne).
Biodegradability index (BI): the COD/BODsratiois used to deter-
mine the BI index, an indicator of the importance of polluting ma-
terials with little or no biodegradability (Rodier, 1996).

If:

BI > 6 hardly biodegradable substrate.

3 < BI < 6 partially (or less easily) biodegradable substrates.
BI < 3 Very easily biodegradable substrate.

2.3. Extraction of polysaccharides

According to the protocol written by Galanakis et al. (2010a) and
Nadour et al. (2015) the extraction of alcohol insoluble residue (AIR) is
started by a delipidation of the OMWW to eliminate the oily part, by a
centrifugation of 500 ml of OMWW at 20 °C with at 3000 rpm(cen-
trifugeThermo Medifuge USA) for 30 min. The residue is suspended in
the supernatant by vortex stirring, and then the delipidated OMWW are
concentrated in a rotavapor (BUCHI R-100Suisse) at 70 °C until the
initial volume is reduced by a factor of 3.5. A quantity of 100 ml of
delipidated OMWW is mixed with 5 ml of absolute ethanol and 1g of
citric acid in water bath Kalstein france at 80 °C with continuous stirring
for 25 min. After cooling to room temperature, the mixture is filtered
through a G3 fritted glass (15-40 pm). The precipitate is washed twice
with chloroform (3 times the initial volume) for 30 min under stirring
then filtered, and with the same volume of acetone then filtered and left
to dry at room temperature. The obtained powder is AIR.

2g of AIR are dispersed in 100 ml of distilled water, with stirring for
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18 h at 50 °C. The solutions are centrifuged at 20 °C with 3000 rpm
(centrifugeThermo Medifuge USA) for 20 min in order to separate su-
pernatants (soluble fraction) and pellets (insoluble fraction) which are
freeze-dried (freeze dryer YR05186 Kalstein France). The soluble frac-
tion is filtered through a G3 fritted glass before freeze-drying.

2.4. Biochemical characterization

Different assays were performed to make the biochemical charac-
terization of the polysaccharide extracts of our study. The assay of total
sugars is carried out by the method of phenol/sulfuric acid (Dubois et al.,
1956). Neutral oses are obtained according to Monsigny et al. (1988),
which use glucose as the standard.

The content of reducing sugars is measured by the method of Miller
(1956). The reducing function complexes under certain conditions with
the reagent DNS (Di-Nitro-3, 5 Salicylic acid), which results in an orange
coloration, the intensity of this coloration is proportional to the content
of reducing sugars.

The method used for the determination of total proteins is that of
Bradford (1976), which uses BSA (Bovine Serum Albumin).

The quantity of polyphenols is estimated according to Swain and
Hillis (1959). The determination is based on the use of the
Folin-ciocalteu reagent. The polyphenol content was expressed in
microgram of gallic acid equivalent per milliliter (pg GAE/mL). All
samples were analyzed in triplicate.

The Kjeldahl nitrogen is determined according to the protocol writ-
ten by Nancy J-Thiexet al. (2002). The nitrogen was determined using
the Kjeldahl technique, with slight modifications. In a matrass, combine
5 mL of raw OMWW with 7.5 g catalyst (CuSO4+ K2SO4) and a trace of
selenium. As an anti-foaming agent, it is combined 10mL of HySO4 with
10 mL of 30% oxygenated water (H203). As a shock absorber, it is placed
some glass balls. After that, it is heated to 100 °C for a few minutes to
prevent the foam from spilling, and then continue heating until the foam
evaporates and the contents are burned. Then, it is raised the mineral-
ization temperature to 400 °C until a clear and limpid green coloring
appears, and it is continued heating for 30 min before allowing it cool. In
an automated distillation device, soda (32%) and distilled water are
distilled. The distilled ammonia was trapped in an Erlenmeyer flask
containing 20 mL of boric acid 4 percent, and the pH of the boric acid
was immediately titrated with sulfuric acid (H2SO4) (N/50) up to the
original pH of the boric acid. The nitrogen level was determined using
the following formula:

%N, (2) = (V1 x 0.014 x 100 x N) / VO

N: normality of the sulfuric acid N/50.
VO0: sample volume in mL (5 mL).
V1: volume in mL of the sulfuric acid solution used for the titration.

3. Chromatographic analyses
3.1. Sugar hydrolysis(adapted from TAPPI T222-cm11)

0.175 g of biomass wasmixedwith about 1.5 mL of sulfuric acid
(H2SO4 - 72%; w/v) and then incubated in a rotary water bath for at
30 °C for 1 h. Thessamplesweretaken out and 42 mL of ultrapure water
were added. They were then autoclavedfor 1 h. The solid, composed of
insoluble lignin — also known as Klason lignin. The liquid phase, con-
taining monomeric sugars from cellulose, pectines and hemicelluloses,
was completed with ultrapure water to 100 mL andfrozeforfurther an-
alyses. Monomeric sugars were quantified by High-PerformanceAnion-
ExchangeChromatography coupled with Pulsed Amperometric Detec-
tion (HPAEC-PAD) (Simangunsong et al., 2018).

Bioactive Carbohydrates and Dietary Fibre 30 (2023) 100363
3.2. HPAEC-PAD analysis

Monosaccharide contents of soluble fractions were analyzed by
HPAEC-PAD (ICS-3000 Dionex) equipped with a Dionex CarboPac™PA-
20 (8 x 150 mm) analytical column(Thermo scientific, USA). Filtered
samples (20 pL) were eluted at 35 °C and at 0.4 mL/min with the
following composition:ultrapure water(UPW) 99.2%/250 mM NaOH
0.8%: 0 — 20 min; (UPW) 75%/250 mM NaOH 20%/NaOAc (1M)-
NaOH (20 mM) 5% 20 — 37min; UPW 40%/250 mM NaOH 20%/
NaOAc (1IM)-NaOH (20 mM) 40% 37 — 41min. Each elution was fol-
lowed by a wash and subsequent equilibration time. External sugar and
uronic acids standards were used for calibration (7 points per curve):
fucose, glucose, xylose, galactose, mannose, rhamnose, arabinose and
galacturonic acide, glucuronic acid (all provided by Sigma-Aldrich)
(Simangunsong et al., 2018).

3.3. Evaluation of antioxidant activities

The extracts used in the evaluation of antioxidant activities are sol-
uble fractions (SFC, SFF).

3.3.1. DPPH test

The anti-radical activity of DPPH was determined by the tests
described from Blois in 1958. In a volume of 1 ml, different concentra-
tions of the extracts to be tested are prepared (0-4 g/1). 40 pL (extract or
standard) with 160 pl DPPH solution with a concentration of 0.1 mM in
methanol. The mixture is incubatedat room temperaturefor 30 min in
the dark and the absorbance is measured at 517 nm.

The estimation of the antiradical activity is expressed by the value of
the percentage inhibition (%I) according to the equation:

I %=(AC — AS/AC) X 100

AC: control absorbance.

AS: sample absorbance.

The study of the variation of the anti-radical activity as a function of
the concentration of the extracts makes it possible to determine the
concentration that corresponds to 50% inhibition (IC50). The lower the
value of IC50, which also corresponds to a low absorbance, indicates
that the extract is powerful vis-a-vis free radicals.

3.3.2. ABTS test

ABTS also forms a relatively stable free radical, which discolors in its
free radical form. In this method, an antioxidant is added to a pre-
formed ABTS radical solution and after a fixed period, the remaining
ABTS" is quantified by spectrophotometry at 734 nm (Ak et al., 2008).
The spectrophotometric analysis of the ABTS * trapping activity was
determined according to the method of Re et al. (1999). 160 pl of the
solution (ABTS™) prepared from ABTS and potassium persulfate
(K2S20s), 40 pl of each extract at different concentrations is added then
incubated at room temperaturefor 10 min in the dark, and the mea-
surements are performed at 734 nm.

ABTS" activity was expressed as a percentage and calculated using
the following formula:

ABTS™ scavenging effect (%) = (AC — AS/ AC) X 100

AC: control absorbance.
AS: sample absorbance.

3.3.3. Cupric reduction (CUPRAC)

The cupric reduction of the extracts is evaluated by the method of
Apaket al. (2004). This method is based on the formation of a complex
between neocuproine and copper (I) in the presence of antioxidants and
consequently the reduction of Cu®* to Cu * Tel et al. (2012). 40 pl of
extract at different concentrations (12.5-800 pg/ml), 50 pl of Cu(II) (10
mM), 50 pl of neocuproine (7.5 mM) and 60 pl of ACNH4 buffer (1 M, pH
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= 7). Samples were incubated in the dark for 60 min at 25 °C, and
absorbance was measured at 450 nm. The results are expressed in
absorbance and A0.5 (pg/ml) corresponding to the concentration indi-
cating the absorbance of 0.50.

3.3.4. Phenanthroline assay

Phenanthroline activity was estimated by the method described by
Szydtowska-Czerniaket al. (2008). Ten pl of the extract was mixed with
50 pl of iron chloride anhydrous (0.2%), 30 pl of phenanthroline (0.5%),
and 110 pl of methanol. The mixture obtained was incubated in the oven
at 30 °C for 20 min and the absorbance was measured at 510 nm. The
BHA and BHT were used as standards. Results were calculated as A0.50
(pg/ml).

3.3.5. H»0; scavenging activity

To study the HyO, scavenging activity, we used the method
described by Ruchet al. (1989) and Bozinet al. (2008). 300 pl of extract
for each variety is mixed with 300 pL of a 40 mM hydrogen peroxide
solution prepared in 0.1 M phosphate buffer (pH 7.4) and incubated for
10min. The reaction of the samples with hydrogen peroxide is moni-
tored using a spectrophotometer at 230 nm. Ascorbic acid is used as a
positive control.

The results are expressed as percentage inhibition according to the
following formula:

% of HyO, trapping = [(AC - AT) / AC] x 100

AC: Absorbance of the control.
AT: Absorbance of the test.

3.4. The statistical analysis

To promote the work carried out, all obtained results are subjected to
an analysis of variance followed by an analysis of the averages based on
the LSD (5%) in order to highlight the homogeneous groups. The sta-
tistical analyzes of the physicochemical and biochemical characteristics
and those of the qualitative and quantitative characterizations as well as
the biological activities were carried out by using the SAS 9.1.3 soft-
ware. The results are expressed as the mean + standard deviation (SD).
The IC50 values (50% inhibitory concentration) are calculated by the
linear regression method from the curve [% inhibition = f (concentra-
tion)]. The difference between the control and the various tests is
determined by the Student test for single comparisons or ANOVA fol-
lowed by the Dunnett/Tukey test for multiple comparisons and the
determination of the significance rates. The values of p < 0.05 are
considered statistically significant. The principal component analysis of
soluble fraction is carried out using the EXCEL STAT (version 2014)
software.

4. Results and discussion

4.1. Study of the variety effect on the physicochemical parameters of
OMWW

Table 1 describes the means of the physicochemical parameters of
each variety (chemlal and farkani):pH, EC,S,DM,TSS,MM,DBOs,DCO
(see Table 2 describes the ANOVA test of the variety effect on the
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physicochemical parameters of OMWW.).

The means comparison by the small significant difference shows that
the OMWW of the Chemlal variety are characterized by the best levels of
DM and TSS, compared to the Ferkani variety OMWW, which are
characterized by the highest COD.

The ANOVA of the variety effect shows that there are no significant
differences between the OMWW from the studied varieties regarding the
following parameters: pH, EC, S, MM, BODS5, and BI. Conversely, there
are significant differences in DM and COD and a very highly significant
difference in TSS between the Chemlal and Ferkani varieties.

The obtained results have shown that the Olive Mill Waste Water
(OMWW) are acidic effluents and the Ferkani variety is more acidic than
the Chemlal variety 4.77+0.18 and 5.1+0.13 respectively, the pH values
are similar to those Zaier et al. (2017); Arabi et al. (2018) and Boughrara
et al. (2021). According to literature, the presence of this acidity is due
to their richness in organic acids phenolic acids, fatty acids (Zaier et al.,
2017; Yaakoubi et al., 2021). The Electrical conductivity (EC) of the two
varieties Chemlal and Ferkani is of the order of 2.83+0.06 mS/cm, and
3.15+0.2mS/cm. These values are low compared to those founded by
Arabi et al. (2018), Boughrara et al. (2021) and Yaakoubi et al. (2021)
which are 7.72 mS/cm, 13.73mS/cm, and 6.7 mS/cm, respectively. This
parameter reflects the high concentration of dissolved mineral salts and
especially the potassium, chloride, calcium, and magnesium ions present
in the effluents (Magdich et al., 2015; Munir et al., 2016; Yaakoubi et al.,
2021).Furthermore, the Salinity(S) levels range between 135+0.07mg/1
for Chemlal and 1.40+0.13mg/1 for Ferkani due to the concentration of
dissolved substances and their nature (Benyahia et al., 2003). These
values are low compared to the value reported by Boughrara et al.
(2021) 9.611 g/1 and Kadi et al. (2020) 1.5 g/l1. The salinitygaps are
relates to the amount of salt added for olives conservation purposes
(Ouabou et al., 2014). Dry matter (DM) and mineral matter (MM) are in
the order of 159.3+14.03 g/1, 10+0.5 g/1 (Chemlal), and 117.4+12.03
g/l, 9.7+1g/1 (Ferkani) respectively. These results show that these
OMWW are characterized by a low organic matter content compared to
those of previous studies (Abichou et al., 2014; Chatzistahist et al., 2017;
Yaakoubi et al., 2021). This is explained by the amount of cold water
added to the olive paste in the centrifugation system, for a dilution of the
vegetation water produced (Abichou et al., 2014). The total suspended
solids (TSS) found in the Chemlal and Ferkani OMWW are 4.13+0, 04
g/1,1.0640, 1 g/1, respectively, correlate with the standards (1 to 9g/1)
identified in several research studies (Abichou et al., 2014; Zaier et al.,
2017). The pollutant expressed in terms of chemical oxygen demand
(COD) and biological oxygen demand (BODs) (Achak et al., 2008)
ranges between 9625.6+13.42 mg Oy/1, to 450+8 mg O5/1 for Chemlal
and 10490.6+23.84 mg Oy/1, 440+3 mg O,/1 for Ferkani, respectively,
due to autoxidation and polymerization reactions, in, addition to the
decomposition of recalcitrant molecules into biodegradable molecules
or into mineral compounds such as HyO, CO,. These COD levels are
higher than those recorded by Boughrara et al. (2021), which equaled
9099 mg Oy/1. These results demonstrate the high demand for oxygen
for the complete oxidation of the organic matter contained in these ef-
fluents, reflecting their significant polluting powers (Zaier et al., 2017).
It is worth noting these parameters vary according to the storage con-
ditions of the olives, the extraction system, the degree of maturation, as
well as the variety of olives, and the geographic area (Kadi et al., 2020;
Mekersi et al., 2021; Yaakoubi et al., 2021; Gueboudji et al., 2022).

Table 1

Means of the physicochemical parameters according to the varieties.
Parameters varieties pH EC (ms/cm) S (mg/D) DM (g/D) TSS (g/D MM (g/1) DBOs (mg/1) COD (mg/1)
Chemlal 5.1+0.13 2.83 £+ 0.06 1.35 £ 0.07 159.3 + 14.03 a 4.13 £ 0.04a 10 £ 0.5 450 + 8 9625.6 + 13.42 b
Ferkani 4.77 £ 0.18 3.15+0.2 1.40 £ 0.13 117.4 £ 12.03 b 1.06 £0.1b 97+1 440 + 3 10490.6 + 23.84 a

a, b, ¢, d ... homogenous groups.

pH: Hydrogen potential, EC: Electrical Conductivity, S: Salinity, DM: Dry Matter, TSS: Total Suspended Solids MM: Mineral Matter, BODs: Biological Oxygen Demand,

COD: Chemical Oxygen Demand, BI: Biodegradability Index.
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Table 2

ANOVA of the variety effect on the physicochemical parameters of OMWW.
Source DF pH EC (ms/cm) S (mg/1) DM (g/1) TSS (g/1) MM (g/1) DBO5 COD BI
Variety 1 0.16335 ™ 0.15360 ™ 0.00375 ™ 2633.415* 14.16806%** 0.135 ™ 150.00™ 1122207.75%* 6.10041
Error 4 0.0256 0.02215 0.0109 170.7809 0.00586 0.625 8496.50 37426.868 19.6267

*#*: very highly significant at 1%o, **: highly significant at 1% *: significant at 5% ns: not significant.

4.2. Effect of variety X fraction on biochemical analysis

The two-factor ANOVA analysis shows significant differences be-
tween fractions in terms of yield, OT, ON, and nitrogen content. How-
ever, there are no significant differences between fractions in terms of
OR, PC, and protein content. Similarly the Variety X Fraction effect
outlines significant differences in protein, in yield and ON. Still, there
are no significant differences in OR, Nitrogen, and PC.

4.2.1. Study of the fraction effect on biochemical analysis

Comparison of the means by the slight significant difference shows
that the AIR fraction gives the best yield and PC, while the SF fraction
has the best OT contents, ON, protein, and PC. On the other hand, the
best nitrogen content is recorded in the IF fraction (see Table 3).

The results of Table 4 outlines that the SF is the extract with the
highest carbohydrate content. The protein level measured in the AIR
obtained from the OMWW of this study (2.98 + 0.25%) is lower than
those described by Huisman et al. (1996), Vierhuis et al. (2000), and
Nadour et al. (2015) from olive AIR (24.8%, 18%, 3.20%, respectively).
This difference is due to the denaturation of proteins during the olive oil
extraction process, which uses a three-phase process. It could also t be
related the differences between the olive varieties used (Tanilgana et al.,
2007). The PC content of the AIR, SF, and IF (between 3.28 and 4.78%)
is higher than that of Galanakis et al. (2010a) and Nadour et al. (2015)
(between 1.9 and 3.2%). Because of their water solubility which leads to
their co-extraction with polysaccharides.

4.2.2. Study of the variety effect on biochemical analysis

The comparison of the means by the small significant difference
according to the varieties shows that the variety Chemlal has the best
means in terms of yield, OT, Nitrogen, and PC. In contrast, the variety
Ferkani is characterized by the best levels of ON, OR, and protein.

The Table 5, results highlights that this data treatment approach is
unique in the field, as it compares the two varieties of olives concerning
biochemical parameters. Finally, it could be conclude that the Chemlal
variety in this study has the best polysaccharide yield compared to
Ferkani. Since Chemlal is the most dominant olive variety in Algeria and
the yield of this variety differs from one region to another. Still, the
Ferkani variety is a specific variety of the region of our study (Khen-
chela). There are not many studies conducted on this olive variety and it
is still unknown to many people, especially in the region and at the
national level.

4.3. Study of the interaction between fraction and variety effect on
biochemical analyses

Based on the results, six fractions were obtained after extraction of

Table 3

the polysaccharides of the two marginal varieties, three fractions for
Chemlal (AIRC, SFC, IFC) and three fractions for Ferkani (AIRF, SFF,
IFF).

Table 6 shows the mass yields and composition of total (OT), neutral
(ON), reducing (OR), nitrogen, protein, and phenolic compounds.
Relative yields are calculated in relation to the mass of dry material used
for extraction. Chemlal’s marginal AIR yield was (22.8 + 1.4%) higher
than the yield reported by Galanakis et al. (2010a), Nadour et al. (2015)
with 64%, and 21.51%, respectively. In contrast Ferkani’s AIR yield is
(16.55 4 1.47%). While the SF and IF fractions of (Chemlal and Ferkani)
were obtained with respective yields (17.82 + 2.41%, 5.25 + 1.12%)
and (13.7 + 1.56%, 6.03 + 1.02%), which are higher than Nadour et al.
(2015). Moreover, the yields in AIR C and SFC are higher than in AIRF
and SFF. But the yield of IFF is higher than the IFC. Akrout et al. (2010)
explained that yield varies depending on the type of species investi-
gated, regardless of location, geographic separation, and harvest season.

The SFC has the highest OT, at (72.1 + 17.9%). It is higher than that
found by Nadour et al. (2015) 60% and lower than that found by Boual
et al. (2014) 82.42%. It was noted that the results of RIAF, SFF, and IFF
with OT values between (21 + 2.77% and 26 + 5.38) are lower than that
of Chemlal (25 + 6.95% and 72.1 + 17.9%). ON levels of SFC and SFF
are (65.3 + 6.88%) and (58.4 + 15.47%) respectively. They are similar
to the one noted by Nadour et al. (2015) with (61.73 + 5.81%) and
Addoun et al. (2019) with (63.3 & 3.17%). The fractions of each variety
have the same levels of OR concerning Chemlal or Ferkani.

Chouana et al. (2017) report a protein content of 1.0 g/1, which
seems lower than the study’s extracts values which ranges between
(2.28 + 0.11 g/1 and 4.76 + 0.57 g/1). Additionally, these values are
lower than Zha et al. (2018) value, which equals 5.4 g/1.

Higher levels of nitrogen at IFC and IFF (3.73 £ 0.56 g/1 and 3.07 +
0.48 g/1) are reported. These results are higher than the one recorded in
Nadour et al. (2015) or (0.29 + 0.41 g/1). Contrary to what was found at
the SFC and SFF fractions have low nitrogen content (0.84 + 0.16 g/I;
0.5 £ 0.22 g/1). The values of polyphenols found between (2.24 + 0.71
pg GAE/mL and 5.01 + 2.01 ug GAE/mL) are higher than that distin-
guished by Nadour et al. (2015) (1.90 + 0.42 pg GAE/mL and 3.23 +
0.54 pg GAE/mL) and Lukova et al. (2020) or (0.34 + 0.03 pg GAE/mL).
These variances are explained by the temperature influencing of the
extraction media. According to Milani et al. (2007), the increase in
temperature reduces the protein content in the extract. Due to differ-
ences in the chemical components of polysaccharides vary according to
various conditions such as the climatic environment (high temperatures,
sun exposure, drought, salinity, etc.), geographical location and, origin,
harvest period (Saenz et al., 2004), the analytical methods used (Wang
& Zhu, 2019), and the polysaccharides primary metabolites. They are
used as precursors to other secondary metabolites and as an energy
source Zobiri and Hamaiti (2019) or to differences in experimental

Mean squares of the variance analysis of the effect of the variety X fraction on the measured parameters.

Source DF Yeild oT ON OR Protein Nitrogen Phenolic compound
Fraction 2 314.72%%= 1181.35%** 1751.95%** 4.94™ 0.68 ™ 11.80%** 3.93™

Variety 1 45.984** 1409.805*** 1393.92** 106.58* 2.97%* 1.67 ™ 0.99 ™

Variety *Fraction 19.49* 925.75%* 724.87* 0.26 ¢ 3.13%%* 0.092 ™ 6.30 **

Error 12 2.4429 71.188 87.579 8.5771 0.17081 0.28236 1.1489

: very highly significant at 1%o, **: highly significant at 1% *: significant at 5% ns: not significant.

OT: Total Oses, ON: Neutral Oses, OR: Reducing Oses, PC: Phenolic Compound, AIR: Alcool Insoluble Fraction, SF: Soluble Fraction, IF: Insoluble Fraction.
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Table 4
The means of the measured parameters according to the fractions.
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Parameters Fraction  Yeild (LSD =1.96) OT (LSD =10.61)  ON (LSD = 11.77)

OR (LSD = 3.68)  Protein (LSD = 0.519)  Nitrogen (LSD = 0.66)  PC (LSD = 1.34)

AIR 19.67 + 3.65a 25+4.94b 29.80 £7.54b 16.70 + 2.55 2.98 +0.25b 2.59+£0.79b 4.78 £1.37
SF 15.76 + 2.89 b 49.05 + 7.88 a 61.85 +11.35a 14.90 + 2.95 3.52+140a 0.67 £ 0.25 ¢ 3.50 £1.36
IF 5.64 +1.04 c 245+ 4.62b 35.55+9.3b 16 +£5.17 2.89+0.46 b 3.40 £ 0.59 a 3.28 £ 0.95

a, b, ¢ ... homogenous groups.

Table 5

The means of the parameters measured according to the varieties.
Parameters varieties Yeild (LSD = 1.60) OT (LSD = 8.66) ON (LSD = 9.61) OR (LSD = 3.008) Proteine (LSD = 0.42) Nitrogen (LSD = 0.54) PCLSD = 1.10)
Chemlal 15.29 +7.97 a 41.70 + 24.81 a 33.6 +24.75b 13.43 +1.24b 2.72+0.44b 2.52+1.42 4.09 +1.70
Ferkani 12.09 + 4.85b 24 +419b 51.2+11.73 a 18.30 £ 3.55a 3.54 £ 1.006 a 1.91 +£1.17 3.62 £1.17

a, b, ¢, d ... homogenous groups.

Table 6

The biochemical composition of the polysaccharide extracts of OMWW.
Parameters fractions Yields OT (%DM) ON (%DM) OR (%DM) Protein (g/1) Nitrogen (g/1) PC (ug GAE/mL)
AIRC 228+ 14a 25+ 6.95b 12+ 1.52¢ 145+ 0.79a 3.04+£0.35b 3.01 £0.99 a 5.01 £201a
SFC 17.82 +£2.41b 721 £179a 65.3 +6.88a 123+ 0.96 a 228+0.11c 0.84+0.16 c 477 £1.19a
IFC 5.25+1.12d 28+3b 23.5+6.46c 13.5+1.03b 2.86 £ 0.43 b 3.73£0.56 a 2,5+ 0.63b
AIRF 16.55 + 1.47 b 25+ 3.57 b 47.6 £9.22b 189+1.1a 293 +£0.18b 2.18+0.31b 4.56 £ 0.71 a
SFF 13.7 £1.56¢ 26 + 5.38 b 58.4 +£15.47 a 17.5+0.77 a 4.76 £ 0.57 a 0.5+0.22¢ 224 +0.71 b
IFF 6.03 +1,02d 21 £277c¢ 47.6 +10.48 b 185+ 6.86a 293+ 0.59b 3.07 £ 0.48 a 4.07 £0.18 a
ppds 2.78 15.01 16.65 5.21 0.73 0.94 1.9

a, b, ¢, d ... homogenous groups.

conditions in the laboratory (extraction time, extraction number, and
extraction temperature) (Kir et al., 2020; Beretema et al., 2021).

4.4. Qualitative and quantitative analysis of the monosaccharide
composition of the fractions of the margins by Anion Exchange
Chromatography coupled to pulsed amperometric detection (HPAEC-PAD)

The identification of the monosaccharide composition constituting
all polysaccharide fractions extracted from Chemlal and Ferkani OMWW
was studied by HPAEC-PAD (Table 7) (see Table 8).

Table 7 describes the heterogeneity of monosaccharides in all sam-
ples. Glucose (Glc) is the major monosaccharide and fucose (Fuc) ap-
pears as the minor monosaccharide. Other monosaccharides have been
identified, namely Rhamnose (Rha), Galactose (Gal), Arabinose (Ara),
Mannose(Man), Xylose(Xyl), Galacturonic Acid (AGal), and Glucuronic
Acid (AGlc).

The majority of monosaccharides identified in the OMWW have also
been identified by other studies (Vierhuis, Korver, Schols, & Voragen,
2003; Galanakis et al., 2010a), except for AGlc and Fuc. These authors

Table 7
Monosaccharide composition of polysaccharide Fraction extracts of margins
after analysis by HPAEC-PAD (%DM).

Sample Monosaccharide (% DM) AIRC SFC IFC AIRF SFF IFF

Fuc 0.04 0.03 0.04 0.05 0.10 0.02
Rha + Ara 1.47 1.681.911.15 2.01 0.97
Gal 1.23 2.181.00 1.33 2.91 0.49
Glc 7.61 9.127.66 4.43 3.86 7.01
Xyl 0.40 0.30 0.65 0.26 0.39 0.31
Man 0.30 0.31 0.41 0.36 0.62 0.29
AGlc 3.24 3.033.922.20 4.711.35
AGal 0.16 0.27 0.09 0.21 0.46 0.08
Total (% DM) 14.44 16.93 15.68 10 15.05 10.52

Alcohol Insoluble Residue Chemlal (AIRC), Alcohol insoluble residue Ferkani
(AIRF),Water Soluble Fraction Chemlal (SFC), Water Soluble Fraction Ferkani
(SFF), Water Insoluble Fraction Chemlal (IFC), Water Insoluble Fraction Ferkani
(IFF).

found that the AIR of OMWW was mainly composed of AGal, Ara, Glc, or
Gal. The predominance of Glc in AIR and other extracts obtained in this
study could be explained by the presence of glucans or xyloglucans,
similar to those detected in other olive pulp studies (Vierhuis et al.
(2000); 2001); and by the extraction procedure, cultivar specificity,
harvest season and ripening stage of the olive used as a raw material
(Huisman et al., 1996; Vierhuis et al. (2000); Cardoso et al., 2010). For
instance, the impact of the ripening stage of olives on the mono-
saccharide composition of polysaccharides in their cell walls has been
well documented. During maturation, the Ara and Xyl content decrease
while the Glc content increases due to the accumulation of cellulose
(Huisman et al., 1996; Vierhuis et al. (2000)). However, this result was
not observed in all cases. Indeed, Cardoso et al. (2010) reported that
black olives of the variety Taggiasca were rich in pectic sugars (AGal and
Ara) and poor in Glc and Xyl while the variety Conservolea had a higher
content of Glc and Xyl.

The results concerning the composition of the SF and IF fractions of
our varieties (Chemlal and Ferkani) are not consistent with the results of
Galanakis et al. (2010a) who found that the soluble fraction is composed
only of AGal and Ara. Nevertheless, these finding are similar to that of
Nadour et al. (2015) with a difference in the percentages of mono-
saccharides, which can be explained by the conditions and analytical
column used in HPAEC-PAD (CarboPac PA-20 instead of CarboPac
PA-1). This difference in the monosaccharide composition of SF and IF
for (Chemlal, Ferkani) could be related, to the difference in the extrac-
tion temperature used (50 °C instead of 10 °C), in addition to the factors
mentioned above. This monosaccharide composition of the AIR of
margins, SF, and IF may suggest the presence of partially soluble cel-
lodextrins, pectins, and hemicelluloses (Nadour et al., 2015).

4.5. Evaluation of the antioxidant activity of the soluble fractions (SF) of
the two varieties

4.5.1. Analysis of the variance of the evaluation of the antioxidant activity
of soluble fractions
Analysis of the variance of antioxidant activity shows that significant
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Table 8
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ANOVA of the antioxidant activity of soluble fractions (SF) of the OMWW of two varieties.

Source DF CUPRAC A 0,5 pg/ml Phenanthroline A 0,5 pg/ml DPPH IC 50 pg/ml ABTS IC 50 pg/ml PER HYD IC 50 pg/ml
Model 5 100001.4117+** 28784.5272%** 116678.797*** 19822.258%** 64789.36***
Error 12 88.8475 0.9065 26.5316 4.27063 1089.663

*#*: very highly significant at 1%o.

differences exist between the solid fractions of the OMWW of the two
Chemlal and Ferkani varieties and the used standards (p < 0.0001).

Regarding the evaluation of antioxidant activity by DPPH, ABTS,
CUPRAC, and phenanthroline, the results of IC 50(Table 9) show that
SFC and SFF have a low activity compared to the standards used. Xu
et al. (2019), suggest that the outcome of in vitro antioxidant activity
depends largely on the chosen trapping test because a different in vitro
test at different mechanisms and antioxidant activity has been attributed
to different mechanisms. The IC 50 levels of SFC and SFF explain by the
presence of many free hydroxyl groups in the polysaccharide structure
and most likely by the presence of residual PC. In addition, Wu et al.
(2014) reported that the presence of Ara in the polysaccharide structure
could reduce the production of hydroxyl radicals by chelation of Fe*2 (a
pro-oxidant). This hypothesis was reinforced by Chevalier et al. (2001)
who reported that ribose and Ara glycosylated proteins had significant
antioxidant properties. This role of Ara in antioxidant activities could be
related to its association with PC, such as ferulic acid, and p-coumaric.

The hydrogen peroxide antioxidant test shows that the SFF fraction
(285.46 + 7.4 pg/ml) belongs to the same BHT standard group (288.47
+ 15.87 pg/ml) indicating that they have the same effect, and the SFC
fraction (94.86 + 1.37 pg/ml) belongs to the same group of standard
BHA (144.38 + 22.78 pg/ml) which indicates that they have the same
effect. So BHA and BHT standards can be replaced by SFC and SFF
fractions. Several studies have postulated that the protein or peptide
fragment in the polysaccharide is responsible for part of the radical
sweep effect. Indeed, Residues of polysaccharides-polyphenols have
been shown to have significant antioxidant functions in many reports
(Wang et al., 2016b). The resulting SFC and SFF extracts contain an
important amount of protein (4.76 + 0.57 pg GAE/mL and 2.28 + 0.11
pg GAE/mL respectively) which explains the strong antioxidant activity.
In addition, the presence of mannose (Man) has a positive influence on
antioxidant activity (Zhang & Li, 2015). High content of Gal and uronic
acid has also been reported as beneficial for the antioxidant activity of
polysaccharides, to their ability to bind with hydroxyl radicals resulting
from hydrogen peroxide (Wang et al., 2017).

Several factors influence the antioxidant activity of polysaccharides,
including monosaccharide composition, molecular weight, and chain
conformation. Consequently, due to various structural characteristics,

Table 9
IC50 averages of antioxidant activities with standards.
DPPH ABTS CUPRAC hydrogen Phenanthroline
(IC50 (IC50 (A0.5pg/  peroxide (A 0.5 pg/ml)
ug/ml) pg/ml) ml) ++ (IC50
pg/ml)
SFC 478.14 199.52 350.33 + 94.86 + 63.56 + 0.96 b
+ 10.08 +5.05a 18.50 b 1.37d
a
SFF 244 + 89.9 + 373.67 + 285.46 + 249 £6.93 a
7.47 b 0.31b 13.8a 7.4c
BHA 6.14 + 1.29 + 8.97 + 144.38 + 4.29 4+ 0.01 cd
0.41c 0.30 ¢ 3.94c 22.78 d
BHT 12.99 1.81 + 8.97 + 288.47 + 481 £0.01c
+ 0.41c 0.10 ¢ 3.94c 15.87 ¢
Trolox 3.21 + 3.21 + 8.69 + 364.31 + 5.21 £0.27 ¢
0.06¢ 0.06 ¢ 0.14 ¢ 43.18b
ascorbic 3.04 £ 3.04 £ 8.31 + 282.11 + 3.08 +£0.02d
acid 0.05¢ 0.05 ¢ 0.15¢ 4.96 a
LSD 9.1634 3.6764 16.769 58.725 1.6938

a, b, ¢, d ... homogenous groups.

polysaccharides of various origins exhibit a different antioxidant activity
(Li, Sun, et al., 2017). Polysaccharide monosaccharide composition and
monosaccharide ratios may have an apparent effect on antioxidant ca-
pacity (Jiang et al., 2015; Liu et al., 2015). Moreover, the extraction
method may affect antioxidant activity (Chen et al., 2018b). Hot
water-soluble extraction is the most effective method for preserving the
antioxidant activity of polysaccharides (Liu et al., 2015).

The CUPRAC, Phenanthroline, and Hydrogen Peroxide antioxidant
tests are used for the first time in the evaluation of the antioxidant ac-
tivity of OMWW water-soluble polysaccharides. From this study it can
be said that our fractions (SFC and SFF) in the hydrogen peroxide have
the best antioxidant activity.

4.6. Analysis of main components

The two axes (1 and 2) of the analysis in the main components
describe 47.94 and 7.57% respectively, or almost 90.09% of the infor-
mation (see Fig. 1).

The group formed by the variables PC and Glc activities is positively
correlated with ACP axis 1 and 2. It opposes the group made up of the
following compounds: OR, AGlc, Fuc, Man, Loten and Rha + Ara which
are negatively correlated with it (Fig. 2) (see Fig. 3).

From the results of the distribution of the variables, it is found that
the yield is due to the high content of Phenolic compounds (PC), Ot, On,
Gal, Agal and Gle.

The projection of the individuals on the plane (1 and 2) indicates that
the group composed of the soluble fraction of the Chemlal variety and
the AIR fraction were positively correlated with axes 1 and 2of the ACP.
Conversely, the soluble fraction of the Ferkani variety is negatively
correlated with axis 1 and axis 2 of the ACP (Fig. 2).

The superposition of the two parameters and individuals projections
indicates that the soluble fraction of the Chemlal variety is characterized
by the best yield that is very rich in PC, OT, and Glc. Unlike the soluble
fraction of the Ferkani variety which is characterized by a high AGlc,
Fuc, Man, Loten and Rha + Ara contents. The IF fraction of chemlal is
characterized by a high nitrogen content.

Based on the obtained results of evaluation of antioxidant activity,
the soluble fraction of chemlal is characterized by the highest activity
with phenanthroline method and this is due to the high PC and OT
contents; and the soluble fraction of Fercani variety is characterized by
the high antioxidant activity with ABTS method due to the presence of
AGlc, Fuc, Man, Loten and Rha + Ara.

The polysaccharides antioxidant capacity is closely related to their
structure and composition, including molecular weight, mono-
saccharide composition, uronic acid content, molecular conformation,
types of glycosidic bonds, etc. (Li et al., 2015). Although the antioxidant
mechanism of polysaccharides is still uncertain, it is believed that
hydrogen atoms on aldose rings as well as the C-H bonds of uronic acids
in polysaccharides can stabilize free radicals. The radical scanning ac-
tivity of polysaccharides is positively correlated to the hydrogen dona-
tion capacity of the hydroxyl groups (Xiao et al., 2019). Low molecular
weight polysaccharides are can expose an abundant amount of terminal
saccharide residues to participate in reduction reactions compared to
other polysaccharides of the same concentration (Li, Wang, et al., 2017;
Qiu et al., 2019).

Polyphenols bind quickly and spontaneously to the polysaccharides
of the cell walls of foods rich in dietary fiber when the break of fruits and
vegetables releases them during consumption (grinding, chewing) or
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processing (boiling, autoclaving or freeze-drying) (Liu et al., 2017).
Dietary fiber components (polysaccharides) have the ability to bind
phenolic compounds (Liu et al., 2017; Saura-Calixto, 2011) and, in some
cases, these complexes have a significant antioxidant capacity
(Pérez-Jiménez et Saura-Calixto, 2015; Wu et al., 2011).

Polysaccharides low in Mw and uronic acid are generally considered
to have a higher antioxidant activity (Mateos-Aparicio et al., 2010), the
antioxidant capacity of polysaccharides could be either the existence of
hydroxides in the polysaccharide molecule or high galacturonic acid
content (Hamed et al., 2020). The combination the two components
properties would provide a unique material able of recovering free
radicals and countering the effect of dietary pro-oxidants (Bermtide-
z-Oria et al., 2019).

5. Conclusion

This study investigates the polysaccharides extracted from Olive Mill
Wastewater (OMWW) of two endemic varieties from the Khenchela re-
gion (Chemlal and Ferkani), OMWW includes considerable quantities of
simple sugars. Furthermore their preventive effects on oxidative
degeneration and pathological processes due to oxidizing stress. In
addition to their use in the agrifood industry, cosmetics, and pharma-
cies, plants polysaccharides represent a highly rich source of natural
antioxidants. Therefore, we suggest recovering food waste as it includes
a huge quantity of antioxidant-wealthy components.
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