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Abstract
Background: Honey is a product of the hive elaborated by the bees of the species Apis mellifera. As well as Pistacia len-
tiscus, is a species widely used in traditional medicine that is part of a large family of Anacardiaceae. Aims: To determine

the biological properties including the antioxidant activity of the mixture of the extract of P. lentiscus berries associated
with honey at different concentrations (0.5%, 2%, 4%, 8% and 12%). Methods: Physicochemical parameters and phenolic

compound amounts. The antioxidant activities (reducing power, FRAP, CUPRAC, TAC, DPPH, ABTS, and ferrozine) were

also tested. Results: According to the physico-chemical parameters, the honey and the mixture analyzed are in conform-

ity with the international standards. The results of the antioxidant assay gave a significant content of total phenolic com-

pounds for the H/DP mixtures, the sample of honey alone analyzed exerts a weak antioxidant activity compared to the

two mixtures made. Conclusion: The honey and Pistacia compound constitute an important source of antioxidants

which intensifies very significantly the antioxidant activity of the blend.
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Introduction
In Algeria, alternative medicine is still widely demanded by
patients who are not satisfied with the treatments received
and prefer natural and herbal remedies that seem to be
more likely to be effective by their natural, non-harmful
and inexpensive therapeutic effects (Hemlat et al., 2019).

Among the products of the hive, honey is elaborated by
the bees of the Apis mellifera species from sweet substances
(nectar and/or honeydew) that they take from various
plants. Honey is not only a sweet food but a medicinal
product as it is endowed with several biological activities
such as: antimicrobial, antioxidant, anti-inflammatory and
anticancer making it a first rank elixir (Oryan et al., 2016).

The uses of medicinal plants are attributed to their rich-
ness in secondary metabolites that constitute unique
resources for pharmaceuticals, food additives and fine
chemistry (Belhachat et al., 2018). Pistacia lentiscus
L. belonging to the family Anacardiaceae is one of the
most responded spontaneous plants in Algeria. This dioe-
cious species can reach 3 m in height and grows in many
Mediterranean countries (Pachi et al., 2020).

The traditional use of different parts of the plant for
therapeutic purposes makes the mastic tree a medicinal

plant. The inhabitants of rural areas use the infusion of its
leaves to treat gastric ulcers, respiratory disorders and dia-
betes for its hypoglycemic effect. They also use decoctions
of the aerial parts of mastic to treat toothache and throat
infections (Sehaki et al., 2022).

The fruits are commonly eaten raw or roasted. In add-
ition, the fruit oil represents a source of vegetable oils trad-
itionally consumed in Tunisian and Algerian diets (Yosr
et al., 2018; Milia et al., 2021). In North Africa, it is used
to treat sore throats, locally to treat burns and wounds.
The hydroalcoholic extracts of the berries were a rich

1 Laboratoire de Biomathématique, Biochimie, Biophysique et

Scientométrie, Faculté des Sciences de la Nature et de la Vie, Université

de Bejaia, Bejaia, Algeria
2 Laboratoire de Biochimie appliquée, Faculté des Sciences de la Nature et

de la Vie, Université de Bejaia, Bejaia, Algeria
3 Centre de recherche en technologie agro-alimentaires, Route de targua-

ouzemour, Bejaia, Algeria

Corresponding author:
Rabha Ayad, Laboratoire de Biomathématique, Biochimie, Biophysique et

Scientométrie, Faculté des Sciences de la Nature et de la Vie, Université

de Bejaia, 06000 Bejaia, Algeria.

Email: rabha.ayad@univ-bejaia.dz

Original Article

Nutrition and Health

2025, Vol. 31(1) 321–330
© The Author(s) 2023

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/02601060231183734

journals.sagepub.com/home/nah

https://orcid.org/0000-0002-5834-5242
mailto:rabha.ayad@univ-bejaia.dz
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/nah
http://crossmark.crossref.org/dialog/?doi=10.1177%2F02601060231183734&domain=pdf&date_stamp=2023-07-05


source of phenolic compounds, including phenolic acids,
flavanols, flavonols and anthocyanins (Elez Garofuli’c
et al., 2020). In addition, changes in sterol and lipid com-
position with fruit ripening have been reported (Aissat
et al., 2022).

The evaluation of the potential biological activities of P.
lentiscus has been the subject of several scientific studies,
which have demonstrated its therapeutic efficacy, thanks
to its active compounds, including neuro-protective, anti-
bacterial and antimicrobial, analgesic, antioxidant and anti-
proliferative activities in colon cancer in addition to its
effectiveness against stomach ulcer. On the other hand, in
vivo and in vitro studies have been carried out on P. lentis-
cus that reveal its anti-inflammatory and healing power
(Brahmi et al., 2020; Mezni et al., 2020).

Our study consists in discovering the biological prop-
erties of P. lentiscus berries mixed with honey: determin-
ation of antioxidants and evaluation of the antioxidant
activity of this mixture. The physicochemical character-
ization is also carried out in view of the formulation of
a food with a more functional character and a more bene-
ficial effect.

Materials and methods

Preparation of mixtures and methanolic extracts
The honey is the basic sample to which the berries of
Pistacia are mixed with it. Samples were prepared by
mixing a quantity of honey (H) with different concentra-
tions of black berries of P. lentiscus (H/BB) and its
powder of oilcake (H/DP) (0.5%, 2%, 4%, 8% and 12%)
in order to obtain a quantity of 100 g.

After 15 days of preparation of the different mixtures,
extractions were performed for each mixture. The prin-
ciple of this extraction is based on the dissolution of
the honey and the prepared mixtures (10 g) in the
solvent (methanol/distilled water) (v/v). After shaking
for 24 hours the solutions are centrifuged at 4500 rpm
for 10 min and followed by filtration through a 0.45-μm
filter, the methanolic solutions are kept cool in light-tight
vials until use.

Physico-chemical analysis of honey and honey blend
The following physico-chemical parameters: humidity,
Brix, pH and electrical conductivity, were analyzed accord-
ing to the method reported by Bogdanov (1997) and Ayad
et al. (2021).

Determination of antioxidants
Total phenolic compounds and flavonoids. Both tests were
analyzed using the methods reported in our paper Ayad
et al. (2021).

Flavonols
Flavonol contents in our extracts are determined according
to the method reported by Adedapo et al. (2008). Flavonol
contents are determined by referring to a calibration curve,
obtained with quercetin (0.05 mg/ml) and are expressed in
mg quercetin equivalents per 100 g of extract (mg QE/
100 g) (y= 15.16 x+ 0.009; R²= 0.999).

Proanthocyanidins. The content of condensed tannins was
determined according to the protocol described by Saad
et al. (2012). The amount of condensed tannins was deter-
mined by the following formula:

C(mg / g) = (AB ∗ PM ∗ DF ∗ 1000)
(L ∗ ε) (1)

AB: Absorbance of the extract.
PM: Molecular weight of ammonium iron sulfate
(284.14 g/mol).
DF: Dilution factor.
L: Length of the cell (1 cm).
ɛ: Molar absorbance factor of ferric reagent (35,700
mol−1 cm−1).

Determination of monomeric anthocyanins. The method used
in this test is to Çam et al. (2009). The content of monomeric
anthocyanins was expressed as mg cyanidin-3-glucoside
equivalent per 100 g of extracts using the molar extinction
coefficient (ϵ) of cyanidin-3-glucoside (Jackobek et al.,
2007), according to the following formula:

Monomeric anthocyanins(mg / L)

= (A ∗MM ∗ DF ∗ 103)
ε ∗ L (2)

Where:

A: (A510nm − A700nm) pH 1.0 - (A510nm − A700nm) pH 4.5;
MM (molar mass): 449.2 g/mol of cyanidin-3-glucoside;
DF: dilution factor;
3 (molar extinction coefficient): 26,900 L mole−1 cm−1;
L (length of the cell): 1 cm.

Determination of carotenoids and L-ascorbic acid. Carotenoids
were extracted according to the method of Sass-Kiss et al.
(2005). Results are expressed as mg β-carotene equivalent
per 100 g of extract (mg βCE/100 g) (y= 119.73 x; R2=
0.999).

The vitamin C content was determined according to the
method described by Klein and Perry (1982). Ascorbic acid
(AA) concentrations are expressed as grams of AA per
100 g of extract (g AA/100 g) (y= -5.132 x+ 0.701; R2=
0.994).
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Study of the antioxidant activity
The studied tests (reducing power; FRAP; CUPRAC; TAC;
DPPH and ABTS) were analyzed using the methods that are
already mentioned in our paper Ayad et al. (2021).

Metal chelation test (ferrozine). The chelating ability of the
extracts was measured by the method of Le et al. (2007).
The percentage inhibition is calculated according to the fol-
lowing formula:

Antiradical activity(%) = (Abs(t) − Abs(e))

Abs(t)

[ ]
× 100 (3)

Abs(t): Absorbance of the control.
Abs(e): Absorbance of the sample.

Statistical analysis
The results obtained are presented as the mean± standard
deviation of three replicates (n= 3). Normality and homo-
geneity of the data were checked for all variables by the
Kolmogorov–Smirnov and Levene tests, respectively.

STATISTICA 7.1 software (Statsoft Co., Tulsa, OK,
USA) was used to perform a one-factor analysis of variance
classification (ANOVA) for the purpose of determining sig-
nificant differences between samples at p < 0.05, and the
LSD Fisher post hoc test was used for comparison of
means. The Kruskal–Wallis ANOVA was applied to vari-
ables with inhomogeneous variances. Principal component
analysis (PCA) and hierarchical ascending classification
(HAC) were performed with STATISTICA software in
order to reveal in a space of smaller dimensions while min-
imizing the loss of information, the similarities and differ-
ences between the different samples. In the hierarchical
ascending classification, the Euclidean distance and
Ward’s method were used to evaluate the similarities
between the samples.

Results and discussion

Physicochemical analysis of honey and mixtures
The results of the physicochemical analyses of the studied
honey and the mixtures (H/BB and H/DP of P. lentiscus)
at different concentrations (0.5%, 2%, 4%, 8% and 12%)
are presented in the Table 1 below.

The value of the pH of the studied honey is 4.26, this
value is increased when we add the berries of P. lentiscus
before and after the delipidatiion, so the acidity of the
honey is decreased but still remains in agreement with the
international norms (3.5 < pH< 5.5), confirming the acid
character of the honey (Table 1).

The electrical conductivity of honeys and mixtures (H/
BB) and (H/DP) analyzed varies from 0.70± 0.00 mS/cm
(H alone) to 0.98± 0.00 mS/cm (H/DP at 12%). The brix
is calculated to estimate the carbohydrate content of the
honey. The value indicated on the refractometer is

84.66% for the honey alone. A remarkable increase of the
brix contents from the lowest to the highest concentration
of the samples (H/BB) and (H/DP). This increase is
explained by a richness of the DP and BB in sugar.

The water content of honey samples and mixtures (H/
BB) and (H/DP) is between 9.93% (H/DP at 12%) and
13.21% (H alone) corresponding to refractive indices
between 1.5121 and 1.5038. These results are lower than
the maximum limit (20%) set by the European Union
Council (2002). A remarkable decrease of the water
content from the lowest to the highest concentration of
the samples (H/BB) and (H/DP) indicating a good storage
as well as ripeness degree.

The color results of the analyzed honeys ranged from
0.81 (H alone) to 2.85 (H/DP at 12%). A remarkable
increase in color contents from the lowest to the highest
concentration of the samples (H/BB) and (H/DP). This
increase can be interpreted as a reliable indication of the
presence of pigments with antioxidant activity such as car-
otenoids and flavonoids.

The protein results show that honey alone contains
10.14 mg EBSA/100 g, while the honey/Pistacia mixtures
(BB and DP) at different concentrations (0.5%, 2%, 4%,
8% and 12%) present protein contents that vary from
33.77 to 143.96 mg E BSA/100 g for the H/BB mixture,
and from 21.01 to 244.44 mg E BSA/100 g for the H/DP
mixture.

The results of the sugar assay reveal that honey alone has
a content of 76.81± 0.08 g GE/100 g, while honey/Pistacia
mixtures (BB and DP) at different concentrations have high
contents that vary from 85.61 to 115.48 g GE/100 g for H/
BB mixtures, and from 77.89 to 105.88 g GE/100 g for H/
DP mixtures.

According to the physico-chemical parameters (humid-
ity, pH, electrical conductivity, color), the honey and the
mixture analyzed are in conformity with the international
standards.

Determination of antioxidants
The results of the determination of total phenolic com-
pounds show that honey alone contains the lowest content
with 72.70 mg GAE/100 g, while the honey/Pistacia mix-
tures (BB and DP) at different concentrations present high
CPT contents that vary from 89.12 to 639.43 mg GAE
/100 g for the H/BB mixture, and from 131.66 to
1087.81 mg GAE/100 g for the H/DP mixture (Figure 1
(a)). And all significantly different between them, the
honey/DP mixtures contain more phenolic compounds
than the honey/BB mixtures.

The CPT contents in our mixtures are higher compared
to the values found by Tomczyk et al. (2020) for the
mixture (rapeseed honey and black wall fruit (M. bombycis
Kenmochi)) 59.7± 5.5 mg/100 g. This difference in total
phenolic compounds concentrations can be explained by
the addition of Pistacia seed powders which are known to
be rich in these compounds.
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According to Figure 1(b), the flavonoid contents of the
different samples vary from 14.45± 0.18 to 804.85±
1.82 mg CE/100 g. Pure honey has the lowest flavonoid
content, followed by the H/BB (0.5%), H/DP (0.5%)
samples. The H/DP mixtures at 8% and 12% contain
more flavonoids than the other mixtures and honey
alone.

The results of the flavonol determination reveal that
honey alone has the lowest content with 0.89 mg QE/
100 g, while the honey/Pistacia mixtures (BB and DP) at
different concentrations (0.5%, 2%, 4%, 8% and 12%)
present higher flavonol contents that vary from 1.22 to
18.21 mg QE/100 g for the H/BB mixtures, and from 2.31
to 32.63 mg QE/100 g for the H/DP mixtures
(Figure 1(c)). The H/DP blends at 8% and 12% contain
more flavonols than the other blends and honey alone.

According to the histogram of Figure 1(d), the honey
enriched in DP of P. lentiscus presents a significantly
higher content of proanthocyanidins compared to the raw
honey while this content increases with the increase of
the powder concentration which means that the DP is the
origin of this increase with values from 22.16 to
78.87 mg/g for H/DP and 5.90 mg/g for the honey alone.
It is to be noted that all the H/BB samples present signifi-
cant high contents compared to the honey alone with
values from 7.21 to 37.41 mg/g but less low than the H/
DP mixtures. This decrease can be explained by the pres-
ence of oil in BB.

From Figure 1(e), an increase in the amount of anthocya-
nins in the mixtures was observed while increasing the con-
centration of BB and DP from P. lentiscus. P. lentiscus
berries remain a good source of anthocyanins, with values
from 0.81 to 13.26 mg CE/L for honey/BB mixtures and
from 0.96 to 14.09 mg CE/L for H/DP. While the lowest
content is that of honey alone (0.03 mg CE/L). This differ-
ence in concentrations is confirmed by the addition of
Pistacia seed powders which are known to be rich in
these compounds.

The results shown in Figure 1(f) indicate that there is a
significant difference between the analyzed samples
(honey and the mixtures). A remarkable increase in caroten-
oid contents from the lowest to the highest concentration
with ES values from 2.58 to 16.43 mg β-C/100 g for the
H/BB samples and from 1.62 to 12.79 mg β-C/100 g for
the H/DP mixtures. For the raw honey sample presents a
content of 2.69 mg β-C/100 g.

While, for the H/DP mixtures, the carotenoid content is
decreased, this is explained by the oil extraction, which
studies showing the richness of P. lentiscus oil in carote-
noids. According to Brahmi et al. (2020), the most abundant
antioxidants in P. lentiscus oil are carotenoids 1480.0±
5.1 mg/kg.

According to Figure 1(g), the result of the determination of
vitamin C shows that there is a significant increase of the con-
tents for the mixtures H/BBwith a value of 1.52 to 2.08 g AA/
100 g, followed by the mixtures (1.24–1.75 g AA/100 g).

Figure 1. Antioxidant contents of the analyzed samples.

Different letter(s) indicate the values are significantly different (*p< 0.05). Vertical bars represent standard deviations.

GAE: Gallic Acid Equivalent; CE: Catechin Equivalent; QE: Quercetin Equivalent; β-C E: β-Carotene Equivalent; AA: Ascorbic Acid.
BB: Black Berries; DP: Dilipidated Powder.
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While the lowest content is the honey alone (1.16 g AA/
100 g).

Evaluation of antioxidant activity
The results of the antioxidant activity evaluation are pre-
sented in Table 2.

The results obtained indicate that all samples have high
antioxidant capacity. Moreover, the variation recorded
between H, H/BB and H/DP is significant (p < 0.05). The
highest capacity is observed for the H/DP mixtures,
which presents a better efficiency for the studied tests fol-
lowed by the H/BB mixtures. These results can be
explained by the absence of reducing molecules in our
extracts due to the presence of oil, which hinders the
assays. However, the methanolic extract of honey alone
reveals a significant capacity for all tests but low compared
to the H/DP mixtures and the H/BB.

Moreover, the H/DP extract constitutes the good source
of anthocyanins with a high content than the H/BB and
honey alone, that is why present a high antioxidant capacity
for all tests. Peňa-Sanhueza et al. (2017) and Mohammedi,
(2020) demonstrated a very remarkable content of antho-
cyanins, which are known for their high antioxidant cap-
acity. The richness of the fruit in anthocyanins partly
explains the high antiradical capacity of the fruit at this
stage. The remarkable antioxidant properties of anthocya-
nins are the reason for their vital role in the prevention of
neuronal, cardiovascular, diabetes and cancer diseases
(Peña-Sanhueza et al., 2017).

According to several studies, there is a correlation
between antioxidant properties and the content of bio-
active compounds such as polyphenols, tannins, antho-
cyanins and flavonoids (Skrovankova et al., 2015;
Nobre et al., 2018).

Antioxidant correlations and antioxidant activities
The correlation matrix between antioxidants and antioxi-
dant activities was presented in Table 3. It revealed very
highly significant relationships between antioxidants and
antioxidant potential.

The polyphenol contents indicated very highly signifi-
cant correlations (p < 0.001) with the different antioxidant
activities (r= 0.98 with flavonoids and CUPRAC test; r=
0.93 with DPPH test; r= 0.91 with ABTS test; r= 0.97
with FRAP test and reducing power; r= 0.86 with ferrozine
test).

Furthermore, the proportions of polyphenols and fla-
vonoids in the analytical samples are in agreement with
the results of Ouchemoukh (2012) and Canadovic et al.
(2014) (r= 0.83; r= 0.82, respectively). As well as corre-
lations noticed at p < 0.001 between flavonoids and
DPPH test (r= 0.87) and ABTS test (r= 0.85). This is
in agreement with the results of Ouchemoukh (2012) (r
= 0.83).

The results showed a good correlation between caroten-
oid and vitamin C contents and antioxidant power, with the
correlation coefficients shown in Table 3.

Several studies reported that phenolic compounds and
flavonoids were directly responsible on the antioxidant
activity of honey. According to Silici et al. (2010), the cor-
relation coefficients obtained indicate that polyphenols con-
tribute to the antioxidant activity of honey.

Multivariate analysis. The exploratory PCA analysis was
carried out to study and compare the effect of the addition
of black berries and cakes of the powder of the plant P. len-
tiscus on a sample of honey using different concentrations
(0.5%, 2%, 4%, 8% and 12%) to determine the relationships
between the variables studied with the help of a two-
dimensional graphic representation. The principal compo-
nents PC1 and PC2 which explain 90.78% of the total vari-
ation can be used for the appropriate explanation of the
results obtained. Figure 2 shows that PC1 has the highest
discriminating power with a value of 81.04% followed by
PC2 which explains 9.74% of the data.

Figure 2(a) shows that the samples studied were divided
into five groups. The first group containing the honey/DP
mixture at 12% and the second group containing the
honey/DP mixture at 8% followed by the third group con-
taining the honey/BB mixture at 12% which is to the
right of PC1 and therefore distinguished by their high
content of bioactive compounds and the best antioxidant
activity compared to the other studied mixtures and the
honey alone. The fourth group, with the greatest number
of samples of the honey mixtures, contained the mixtures
closest to the average values of the different characteristics.
The fifth group, on the opposite side of the graph (to the left
of PC1) containing honey alone, presented the lowest levels
of bioactive compounds and low antioxidant capacity. The
results obtained also showed that the concentration has a
significant effect on the levels of bioactive compounds
and antioxidant capacity.

Figure 2(b) confirms the correlations obtained using the
correlation matrix (Table 3) and shows strong correlations
between the parameters studied. The correlation matrix
and the PCA showed that the color of the honey is strongly
correlated to its antioxidant content and has these antioxi-
dant activities.

The hierarchical ascending classification (Figure 2(c))
revealed 5 clusters and these results confirm those obtained
by the PCA. Cluster 1 was formed by honey/DP at 12%
which represents the highest content of bioactive com-
pounds and antioxidant capacity and the darkest color fol-
lowed by cluster 2 and 3 which was presented by H/DP
at 8% and H/BB at 12%, respectively. Cluster 4 with the
largest number of samples (H/DP at 0.5%, 2% and 4%)
and (H/BB at 0.5%, 2%, 4% and 8%) was characterized
by average contents of bioactive compounds and antioxi-
dant capacity followed by cluster 5 which was formed
mainly by honey alone and showed lower contents and
less dark color compared to other clusters.
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The results of the PCA and the hierarchical ascending
classification show that the content of bioactive compounds
and the antioxidant capacity of the mixtures of honey and
honey alone depend on the species of the plant, on the
nature of the powder and on the concentration used and
notably on the color of these mixtures.

Conclusion
This work has allowed us, in the first place, to incorporate
the berries of P. lentiscus at different concentrations in
honey in order to formulate a food with a more functional
character. On the other hand, to learn the analytical techni-
ques passing from the extraction of polyphenols to the dif-
ferent methods of basic dosage in the study of the bioactive
compounds contained in the honey and their mixture with
the BB and the DP of P. lentiscus. This study allowed us
to quantify the phenolic compounds using the appropriate
universal techniques and the evaluation of the antioxidant
capacity.

The results obtained show that honey is still a food
source rich in active molecules that is used as an elixir
since antiquity, moreover our honey meets the international
standards of quality point of view; but our study whose

objective is to add the powder of the berries of P. lentiscus
to honey to evaluate the antioxidant activity of the mixture.
Indeed, this compound allowed us to obtain a product very
rich in total phenolic compounds with a more important
fraction in comparison to flavonoids; the H/DP mixtures
(12%) are richer than the H/BB mixtures, whose contents
are 1087.81 mg GAE/100 g for phenolic compounds,
804.85 mg CE/100 g for flavonoids Likewise, the antioxi-
dant activity determined by the reducing power test,
FRAP, CUPRAC, TAC, DPPH, ABTS and ferrozine,
appeared very significant, due to the abundant presence of
total polyphenols.

In this study, we were able to demonstrate that honey
and berries of P. lentiscus contains molecules that are con-
sidered as antioxidant agents could be used as ingredients in
food industries and/or for therapeutic and pharmaceutical
applications, knowing that antioxidants contribute in a
very effective way to the prevention of diseases related to
oxidative stress such as cancer, and cardiovascular diseases.
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Figure 2. Biplot principal component analysis (PCA) of antioxidant compounds (phenolics, flavonoids, flavonols, proanthocyanidins,
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