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Featured Application: The current investigation was conducted to characterize the Sidr honey
through melissopalynological analysis, its physicochemical, and biochemical properties, antimi-
crobial, antioxidant activities as well as total phenolic and total flavonoid contents. For this pur-
pose, Sidr honey samples collected from the Saudi market imported from 12 different countries
were analyzed.

Abstract: The current investigation was conducted to assess the melissopalynological, physicochemi-
cal, and biochemical properties, antimicrobial and antioxidant activities as well as total phenolic and
total flavonoid contents of 794 Sidr honey samples collected from the Saudi market that had been im-
ported from 12 different countries. Testing Sidr honey from different countries showed different levels
of growth suppression observed against five drug resistant bacterial strains. The pathogenic strains
were Staphylococcus aureus, Streptococcus mutans, Klebsiella pneumoniae, Escherichia coli and Pseudomonas
aeruginosa. The antimicrobial activity showed growth suppression levels which varied according to
the origin of the honey. The comparative study of Sidr honeys revealed a strong correlation between
total polyphenol and flavonoid contents and significant radical scavenging activities in particular
Egyptian and Saudi Arabian honeys. The melissopalynological and physicochemical properties
of different Sidr honeys complied with the recommendations of the WHO Codex Alimentarius, the
European Union standards for honey quality, and the Gulf Technical Regulation on honey (GSO
147:2008-Standards Store-GCC Standardization Organization). It was concluded that Sidr honey
from different geographical areas has the capacity to suppress the growth of pathogenic bacteria and
perform significant radical scavenging activities.

Keywords: melissopalynological and physiochemical analysis; antibacterial activity; antioxidant
activity; Sidr honey

1. Introduction

Apis mellifera worker bees produce honey from collected from plants [1,2]. Honey
can be either monofloral or multifloral depending on the pollen plant source [3]. Honey
composition is influenced by many factors such as plant species, climate, environmental
conditions, harvesting time, beekeeper’s handling, processing and storage conditions [4].
Honey quality depends on the chemical composition of the source plants, and on the
climatic conditions and soil mineral composition [4]. The main components in honey
are fructose and glucose (monosaccharides) (65%), and water (18—20%), and the minor
components include free amino acids, aroma compounds, vitamins, organic acids, minerals,
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and phenolic acids and flavonoids [5]. The beehive products (honey, propolis, royal
jelly, bee venom, and beeswax) contain several [6,7] important medicinal compounds.
Major honey bioactive compounds include phenolics, methylglyoxal, royal jelly proteins
(MR]JPs), and oligosaccharides that have anti-inflammatory, antimicrobial and antioxidant
activities [7]. The presence of novel antimicrobial compounds in natural authentic honey is
well documented [7-9]. Adulteration of honey either by adding cheap sugar syrup or by
feeding the bees on sugar solutions is a major worldwide problem that leads to the loss of
many biological properties of honey including its effective antimicrobial activity [10].

Therefore, the potential use of specific types of fresh authentic honey as candidate
antibacterial agents is based on their physicochemical characteristics. Although monofloral
honey is appreciated and it is also more expensive [11], Devi & Jangir (2018) [12] report that
volatile compounds in honey come from its diverse floral origin and could be the source of
its biological activity and medical importance.

Sidr (Ziziphus spp.) honey is produced from Ziziphus trees [13]. In Saudi Arabia, this is
the most valuable honey, and customers believe that this type of honey is superior to other
honey imported from other countries around the world or produced locally [13].

Several Sidr honeys are produced in different parts of the world. However, the avail-
able information on their physical and chemical properties is limited [14]. This honey is of-
ten subjected to adulteration due to limited availability and its high price [15]. Honey color
and composition are dependent greatly on the geographical and botanical origins [10-16].
In addition, geographical and botanical origins are the two main criteria for general honey
authenticity according to different national standards on honey authenticity and the Codex
Alimentarius Standard [17]. Therefore, the current investigation was conducted to assess
the melissopalynological, physicochemical, and biochemical properties, antimicrobial and
antioxidant activities as well as total phenolic and total flavonoid contents of Sidr sider
honey samples collected from the Saudi market that had been imported from 12 zones in
different countries.

2. Materials and Methods
2.1. Materials

All used reagents and chemicals were of analytical grade and were purchased from
Sigma (St. Louis, MO, USA).

2.2. Honey Samples

A total of 794 fresh Sidr honey samples (1 kg each) were collected from the Saudi
Arabia markets during 2021. They were imported from 12 geographical areas in different
countries. Each honey sample was collected in a sterile universal glass container and kept
at 2—8 °C until tested. Melissopalynological analysis was used to corroborate the samples’
level of authenticity as Sidr honey, which means that the honey must have at least 55% of
pollen from a specific floral source [18]. The collected honey samples are shown in Table 1.

2.3. Melissopalynological and Physicochemical Analysis

Melissopalynological and physicochemical analyses were performed [19]. The pollen
content was identified by the sedimentation technique as described by [18,20]. Other
parameters determined were color, water content [21], insoluble solids [22], pH, acidity, op-
tical rotation, and electrical conductivity [23]. The assessments for sugar content, inverted
sugars, glucose, fructose, fructose/glucose ratio, fructose + glucose %, glucose/moisture
ratio, and sucrose were performed by HPLC-DAD according to standard methods [24].
Additionally, diastase enzyme activity [16], and hydroxymethylfurfural (HMF) were ana-
lyzed [25].
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Table 1. Geographical origin of Sidr honey samples.

Honey Samples Number of Samples
Emirates 72
China 64
Iraq 53
Pakistan 67
Bashawer 75
Panjab 60
Saudi Arabia 65
Kashmir 90
Libya 44
Egypt 66
India 75
Yemen 63

2.4. Detection of Total Phenolic Content (TPC)

TPC was detected using Folin-Ciocalteu reagent [26] following [27,28]. The honey
solution (0.5 mL) was mixed with 2.5 mL Folin—Ciocalteu reagent (2N) and incubated for
5 min. Subsequently, 2 mL sodium carbonate solution (75 gr/L) was added and incubated
for 2 h at 25 °C. The absorbance of the solution was measured at 765 nm after incubation
using a UV-Visible spectrophotometer (Perkin-Elmer Lambda 25, Waltham, MA, USA). For
the calibration curve preparation, gallic acid (0-1000 mg/L) was used as a standard. The
mean values of triplicate assays of TPC are reported, expressed as milligrams of gallic acid
equivalent (GAE) per gram of honey [29].

2.5. Determination of Total Flavonoid Content (TFC)

TFC was determined using a 5 mL sample of diluted honey at 0.1 g/mL concentration.
This solution was mixed with 5 mL of 2% aluminum chloride (AICl3) for the determination
of TFC. The mixture was then incubated for 10 min at 25 °C. The absorbance of the formed
complex was measured at 415 nm using a UV-Visible spectrophotometer. Rutin was
the standard chemical used for the calibration curve preparation, with a concentration
0-100 mg/L. The mean values of triplicate assays of TFC are reported, expressed as
milligrams of rutin equivalent (RE) per gram of honey [28,29].

2.6. Antioxidant Assay to Determine the DPPH Scavenging Activity

An antioxidant assay was used to determine the DPPH scavenging activity of the
different honey samples. This test is based on the change in the absorbance that results
from reducing the purple DPPH radical using an oxidizing antioxidant. The scavenging
effect of vitamin C and caffeic acid as well as the honey samples corresponded to the
quenching intensity of 1,1-diphenyl-2-picrylhydrazyl (DPPH) as carried out by [30]. The
absorbance resulting from reducing the purple DPPH radical by an oxidizing antioxidant
was measured at 520 nm.

To determine the percent inhibition, the antioxidant ability of vitamin C samples
was measured as a decrease in absorbance of DPPH solution (purple DPPH reduction)
due to the addition of the sample solution. The absorbance value of the DPPH solution
measurement results before and after the addition of the sample solution was calculated
as percent inhibition. Using the percent inhibition obtained, a linear regression equation
with the sample concentration (1g/mL) on the x axis and the inhibition value on the y axis
was calculated. The antioxidant activity of the test material was assessed by calculating
the inhibitory concentration 50% (IC50) using the following formula: 50 = ax + b. The
IC50 value indicates the concentration of the test sample (p1g/mL) which results in a 50%
DPPH reduction (able to inhibit or reduce the oxidation process by 50%). The results of the
calculation are entered into the obtained regulatory equation [31].
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2.7. Bacterial Strains

The five antibiotic-resistant bacterial strains (Gram-positive and Gram-negative) in-
cluded Staphylococcus aureus (ATCC 25923), Streptococcus mutans (1815T), Escherichia coli
(ATCC 35218), Klebsiella pneumoniae (ATCC 27736), Escherichia coli (ATCC 35218) and Pseu-
domonas aeruginosa (ATCC 27853). These microorganisms were provided and maintained
by the Department of Zoonotic Diseases, National Research Centre, Egypt. Each bacterial
strain suspension was prepared by inoculating fresh stock culture into the broth tube
containing 10 mL Muller Hinton Broth (Sigma Aldrich company). The inoculated tubes
were incubated aerobically at 37 °C for 24 hr. The bacterial suspension was adjusted by
comparison with 0.5 Mc Farland turbidity standards (5 x 107 cells/mL). It was then further
diluted to obtain a final of 5 x 10° cells/mL. Physiological saline PBS pH 7.2 was used for all
dilution steps under aseptic conditions. These bacterial strains were enriched on selective
broth for bacterial propagation [32]. A separate tube containing 40 uL of 21.30% honey
concentration was mixed with 0.20 pL/10 mL from the enriched broth of each propagated
S. aureus, S. mutans, K. pneumoniae, E. coli, and P. aeruginosa [9,33,34]. These tubes were
incubated at 37 °C for 24 h. The growths of the control bacterial strains and the inhibition
of the bacterial growth due to mixing with honey were measured using the disc diffusion
method. The mean values of inhibition were calculated from triplicate readings in each
test. Evaluations of the antibacterial activity of different honey dilutions were performed
according to Hegazi et al., 2017; 2020 and 2021) [9,33,34]. The results of antibacterial activity
against different examined bacteria were recorded.

2.8. Minimum Inhibitory Concentration (MIC)

The MIC of different samples of Sidr honey were determined by a two-fold serial dilu-
tion method [6]. Serial dilution of 100 mg/mL for the rest of the samples were performed
separately to achieve 50, 25, 12.50, 6.25, 3.12, 1.56, 0.78 mg/mL, and 390, 195, 97 pg/mL
concentrations were used for the MIC determination. Briefly, 100 puL of varying sample
concentrations were added separately to the test tubes containing 9 mL of the standardized
suspension of the tested bacteria (108 CFU/mL). The test tubes were incubated at 37 °C for
24 h. Control tests with the test organisms were performed using distilled water instead of
honey. The lowest concentration of these samples with no visible growth was taken as the
MIC [6].

2.9. Statistical Analysis

The tests were conducted in triplicate and the statistical analysis then performed using
SPSS Ver. 21 (IBM, New York, NY, USA) software. A one-way ANOVA was applied for
comparisons between and within the tested groups. The mean =+ standard error (SE) is
presented for all data and p values less than 0.05 were considered significant.

3. Results

A total of 794 Sidr honey types that had been imported from different countries were
collected from the Saudi market. Melissopalynological analysis of Sidr honey from different
geographical origins proved that not only the expected pollen type based on the specific
source of nectar but different pollen from some other sources were also present depending
on the geographical origin (Table 2 and Figure 1). The Sidr honey included pollen from
the following species: Ziziphus jujuba, Conocarpus erectus, and Eleusine coracana (Emirates);
Ziziphus jujuba, and Brassica napus (China); Ziziphus jujuba, and Cichorium intybus (Iraq);
Ziziphus spina-christi, Amaranthus blitum, Capsella bursa-pastoris, and Oryza meyeriana (Pak-
istan); Ziziphus spina-christi, Rhanterium epapposum, Sesamum indicum, and Oryza meyeriana
(Bashawer); Ziziphus spina-christi, Amaranthus blitum, and Oryza meyeriana (Panjab); Zizi-
phus jujuba, Acacia asak, and Blepharis Ciliaris (Saudi Arabia); Ziziphus spina-christi, Capsella
bursa-pastoris, Amaranthus blitum, and Chrysanthemum leucanthemum (Kashmir); Ziziphus
jujuba, and Cynara auranitica (Libya); Ziziphus lotus, Oryza meyeriana, Zea mays, and Brassica
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tournefortii Gouan (Egypt); Ziziphus jujuba, Oryza meyeriana, and Acacia asak, (India); and
Ziziphus jujuba, and Acacia asak (Yemen).

Table 2. Melissopalynological analysis of Sidr honey from different origins.

Honey Origin

Botanical Family

Botanical Species

Pollen Count

Emirates

China

Iraq

Pakistan

Bashawer

Panjab

Saudi Arabia

Kashmir

Libya

Egypt

India

Yemen

Rhamnaceae
Combretaceae
Poaceae
Rhamnaceae
Brassicaceae
Rhamnaceae
Asteraceae
Rhamnaceae
Amaranthaceae
Brassicaceae
Poaceae
Rhamnaceae
Asteraceae
Pedaliaceae
Poaceae
Rhamnaceae
Amaranthaceae
Poaceae
Rhamnaceae
Mimosaceae
Acanthaceae

Rhamnaceae
Brassicaceae
Amaranthaceae
Asteraceae

Rhamnaceae
Asteraceae

Rhamnaceae
Poaceae
Tamaricaceae
Brassicaceae

Rhamnaceae
Poaceae
Mimosaceae
Rhamnaceae
Mimosaceae

Ziziphus jujuba
Conocarpus erectus
Eleusine coracana
Ziziphus jujuba
Brassica napus
Ziziphus jujuba
Cichorium intybus
Ziziphus spina-christi
Amaranthus blitum
Capsella bursa-pastoris
Oryza meyeriana
Ziziphus spina-christi
Rhanterium epapposum
Sesamum indicum
Oryza meyeriana
Ziziphus spina-christi
Amaranthus blitum
Oryza meyeriana
Ziziphus jujuba
Acacia asak
Blepharis Ciliaris
Ziziphus spina-christi
Capsella bursa-pastoris
Amaranthus blitum
Chrysanthemum
leucanthemum
Ziziphus jujuba
Cynara auranitica
Ziziphus lotus
Oryza meyeriana
Zea mays
Brassica tournefortii
Gouan
Ziziphus jujuba
Oryza meyeriana
Acacia asak
Ziziphus jujuba
Acacia asak

++++
++
++
++++
++
++++
++
++++
++
++
+
++++
++
+++
+
++++
++
+
++++
+
++

++++
+++
++

++++
++

++++
++
++

++++
++
++

++++
++

++++: more than 70%; +++: 70%; ++: 60%; +: 50%.

The physicochemical properties as shown in Table 3 reveal that the Sidr honey samples
were comparable in water content, which ranged from 14.2 & 0.41(Libya) to 17.06 & 0.47%
(Iraq). The optical rotation ranged from —1.13° (Egypt) to —2.42° (China). The colors
observed ranged from extra white (China, Kashmir and India) to deep amber (Yemen). The
pH varied from 3.6 £ 0.1 (Egypt) to 7.4 £ 0.1 (Yemen). The acidity also varied from 7.7 + 0.5
(Egypt) to 11.3 &= 1.4 meq/1 (Libya). Electrical conductivity ranged from 0.55 & 0.02 (China,
and Libya) to 1.40 &= 0.39 mS/cm (Pakistan). The insoluble solids ranged from 0.05 £ 0.02
and 0.05 % 0.03% (Saudi Arabia, and Libya, respectively) to 1.36 £ 0.02 (Pakistan).
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Emiratcs China Trap Bashawer
Pakistan Benjab Saudi Arabia Kashmir
Libya Egypt India Yemen

Figure 1. Pollen grain images from microscope preparations of Sidr honey from different geographical
origins.

Table 3. Physicochemical parameters of Sidr honey samples from different origins.

Ge(ggl:al')hical Samples Water Content Ig 1:;:?); Color ;n:.o;ub(;e pH Acidi/iiy Cfif;:g;::ty
rigin (n) (g/100 g) ©) olids (%) (meq/1) (mS/cm)
Emirates 72 16.26 * + 0.64 -1.38 Light Amber 0.06 + 0.01 65*+0.1 84*+09 1.18 ** £0.11
China 64 15.37 £ 0.57 —2.42 % Extra white 0.9 £0.02 62*+0.6 70£03 0.55 +£0.02
Iraq 53 17.06 ** £ 0.47 —1.86 Amber 0.08 £ 0.02 56+ 0.1 9.0** £0.8 0.93 £ 0.01
Pakistan 67 14.84 £+ 0.38 —1.92* White 1.36 * +0.02 6.8*+0.1 10.8** + 1.2 1.40 ** £+ 0.39
Bashawer 75 14.29 £ 1.06 —-1.79 White 1.02 £0.01 6.1*+0.0 89*+09 0.96 * £ 0.04
Panjab 60 15.7 £ 0.34 —1.42 Amber 1.09 + 0.09 62*+0.0 88*+15 1.14*+0.09
Saudi Arabia 65 14.6 +0.21 —1.36 g‘rlfg:r 0.05 + 0.02 54+02 10.6 ** £ 0.0 0.84 + 0.04
Kashmir 90 15.53 £ 0.38 —1.89 Extra White 1.35*+0.24 39+11 8.8*+09 0.79 £0.16
Libya 44 14.2 + 041 —1.98* Amber 0.05 + 0.03 58+ 0.1 11.3** £ 14 0.55 + 0.04
Egypt 66 14.96 £ 0.22 -1.13 Amber 1.35* £ 0.02 3.6+0.1 77 £05 0.65 £ 0.17
India 75 15.78 £ 0.52 -1.69 Extra White 1.05 +0.02 72**+0.1 86+14 0.99 * £ 0.07
Yemen 63 16.1 ** £ 0.53 —2.09 ** Deep Amber 1.04 £ 0.01 74* 401 12.2** £ 0.3 0.99*+0.13

** Highly significant; * Significant.

The glucose, fructose, sucrose, diastase activity and HMF levels in different Sidr honey
samples are shown in Table 4. Glucose was detected at the lowest level (24.77 % 0.65%)
in India Sidr honey, whereas the highest level (28.89 4 0.11%) was observed in Iraq Sidr
honey. The level of fructose ranged between 32.79 + 0.64 (India) and 36.01 £ 1.05 (Iraq).
The sucrose level ranged from 1.24 & 0.37% (Pakistan) to 3.79 & 0.27% (Egypt). Diastase
activity had a range of 9.75 + 1.78 D.U. (Yemen) to 17.4 & 2.16 D.U. (Egypt). The lowest
HMF (mg/kg) was observed in Libya Sidr honey (11.07 & 4.38), whereas the highest level
was detected in Yemen Sidr honey (25.11 + 6.63).
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Table 4. Glucose, fructose, sucrose, diastase activity and HMF levels in different Sidr honey samples.

Diastase

Glucose Fructose Fructose/Glucose Fructose + Glucose/Moisture  Sucrose (g/100

Geographical Origin Samples (n) (/100 g) (&/100g) Ratio Glucose % Ratio ® A(]c;n;r;t)y HMF mg/kg
Emirates 72 25.06 £1.15 33.26 + 048 133* 58.33* £1.28 154 3.01 +0.92 13.73 £ 0.95 12.64 +1.87
China 64 26.64 +0.70 35.02** £+ 0.62 131 61.66 " +1.16 173* 2.33+0.83 17.36 ** £ 1.16 17.55* +4.47

Iraq 53 28.89*+0.11 36.01 ** £+ 1.05 125 64.9** +0.95 1.69 3.540.23 127 +£1.53 13.8 +1.91

Pakistan 67 257 +£0.83 34.43* +0.48 126 60.14** £ 1.10 173* 1244037 11.53 £1.28 1273 £1.38

Bashawer 75 27.67 £0.78 33.94*+1.13 122 61.61** £ 1.61 1.93** 1.63 +0.48 13.06 + 1.35 12.52 +£1.49

. Panjab 60 25.61 £ 096 33.48 £ 0.46 1.31 59.1*+1.18 1.631 3.78*+0.84 16.23* £+ 2.58 14.95 £ 0.90
Sidr honey Saudi Arabia 65 27.53* +£0.27 34.94* +0.31 127 62.47 ** £ 0.52 1.88** 4.52** £ 0.46 15.19 £ 1.31 17.6 ** £ 2.80
Kashmir 90 25.77* £ 0.89 33.38 £1.21 1.29 59.16 * +1.93 1.66 2.83 +0.89 11.27 + 1.86 18.94 ** £ 6.06

Libya 44 25.61 £ 1.14 35.99 ** 4 0.66 14% 61.61** £+ 1.64 1.8** 0.175 £ 0.06 17.15* £1.21 11.07 + 4.38

Egypt 66 26.02* +0.98 33.69 £ 0.91 129 59.71* + 1.61 1.73* 3.79*+0.27 17.4* £2.16 16.6 +0.12

India 75 24.77 £ 0.65 32.79 £0.64 132 57.56 * = 0.91 156 3.36*+0.24 10.97 + 245 19.8** £ 0.58
Yemen 63 27.99* +0.48 34.73*+ 0.52 124 62.72** +0.83 1.73* 2.16 + 0.65 9.75 +1.78 25.11* + 6.63

** Highly significant; * Significant.

The TPC (mg GAE/100 g honey), TFC (mg RE/100 g honey) and DPPH (mg AAE/100 g
honey) content is shown in Table 5. The highest levels for the three parameters were found
in Egypt Sidr honey 159.3 4 15.32, 83.1 + 18.33 and 177.8 £ 10.51, respectively, whereas
the lowest level for total phenolics was detected in Yemen Sidr honey. On the other hand,
the lowest levels of TFC and DPPH were detected in China Sidr Honey (35.1 + 7.10 and
75.1 £ 7.57, respectively).

Table 5. TPC, TFC and DPPH of the Sidr honeys.
. . Total Phenolic Total Flavonoid (mg DPP}.I .
Origin Samples (n) (me GAE/100 ¢ Honey) RE/100 ¢ Honey) (mg Ascorbic Acid
& 8 y 8 y Equation/100 g Honey)
Emirates 72 138.0 £9.16 * 58.0 £9.57 * 98.1 £10.90
China 64 121.0 £ 10.24 351+£7.10 75.1 £7.57
Iraq 53 139.0 £ 16.45* 47.0 £ 14.10 167.0 £13.87 **
Pakistan 67 136.0 £9.15 49.0 =7.48 79.0 £8.25
Bashawer 75 134.1 £+ 10.58 413 +£9.78 98.3 £10.57
. Panjab 60 125.5 £ 13.95 353 £7.52 135.3 £13.00 *
Sidr honey
Saudi Arabia 65 144.9 + 10.66 * 81.5 £ 13.47 ** 131.3 £15.18*
Kashmir 90 136.1 £ 11.38 45.0 £13.22 125.0 + 14.132
Libya 44 138.2 £13.30 * 43.6 £11.13 111.0 £ 11.82
Egypt 66 159.3 £15.32* 83.1 £ 18.33 ** 177.8 £10.51 **
India 75 122.0+£7.24 68.0 £11.59* 109.0 £ 12.94
Yemen 63 118.9 +9.48 38.13 £9.71 95.0 £10.41

** Highly significant; * Significant.

The antibacterial activity of the Sidr honey from twelve geographical origins was
evaluated according to the zone of inhibition. The antibacterial potency of honey was
investigated against various Gram-negative and Gram-positive pathogenic bacteria. All
geographical honey types showed high antibacterial activity against most of the tested
bacterial strains. Staphylococcus aureus showed the highest zones of inhibition 25.00 £ 0.58,
23.00 £ 0.58 mm in Egypt and Saudi Arabia honey respectively, followed by Emirates
(21.33 £ 0.88 mm) and Punjab (21.00 &£ 0.11 mm) honeys, while Egyptian (29.33 4- 0.64 mm),
Saudi (23.00 £ 0.22 mm), and Iraq (22.00 £ 0.58 mm) honeys revealed the highest zones of
inhibition against Streptococcus mutans. The highest zones of inhibition against Klebsiella
pneumoniae were observed in the Saudi (25.00 &= 0.61 mm), Egyptian (24.00 £ 0.34 mm),
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Emirates (22.00 £ 0.68 mm), and Libya (21.00 £ 0.31 mm) honey samples. Addition-
ally, Egyptian (29.16 + 0.60 mm), Saudi (27.00 £ 0.61 mm) and Libya (20.33 & 0.88 mm)
honey were highly effective against Escherichia coli. Significantly higher zones of inhibition
against Pseudomonas aeruginosa were shown for Saudi (40.67 £ 0.67 mm) and Egyptian
(29.00 & 0.58 mm) honeys (Table 6).

Table 6. The inhibition zone of Sidr honey against various pathogenic microorganisms by well
diffusion method.

An:b.:;xc?enal Gram-Positive Gram-Negative
ctivity
Honey Staphylococcus Streptococcus  Klebsiella Escherichia ~ Pseudomonas
Origin aureus mutans pneumoniae coli aeruginosa
Emirates 21.33 £0.88 18.33 £0.88  22.00 +0.68 15.33 +£0.33 16.00 &+ 1.15
China 16.00 £ 0.58 16.33 £ 0.88 11.00 £ 0.56 8.00 & 0.58 9.67 +0.33
Iraq 19.00 £ 0.58 22.00 £ 0.58 11.00 £ 0.48 17.00 £ 0.48 15.00 + 0.10

Pakistan 18.00 £ 0.58 16.00 £ 0.48 11.00 £ 0.44 14.00 £ 0.66 15.00 £+ 0.51
Bashawer 8.00 £ 0.58 12.00 £ 0.32 11.00 +£ 0.55 17.00 £+ 0.38 14.00 £ 0.58

Panjab 21.00 £ 0.11 17.00 £ 0.58 10.33 £ 0.47 8.00 £ 0.64 9.67 £ 0.43
Saudi Arabia 23.00 £0.58* 23.00 £0.22* 25.00£0.61* 27.33+045* 40.67 +0.67*
Kashmir 11.00 + 0.58 17.00 + 0.66 15.00 = 0.30 19.33 £ 1.85 14.00 £ 0.68
Libya 15.33 £0.33 18.33 £ 0.33 21.00 £0.31 20.33 £ 0.88 10.00 + 0.58
Egypt 25.00 £0.58* 2933 +0.64* 2400£0.34* 29.16:0.60* 29.00+£ 0.58*
India 11.00 + 0.58 10.33 + 0.88 17.00 = 0.58 15.00 £ 0.10 11.33 £ 0.88

Yemen 8.33 £0.33 9.67 £0.33 8.00 £ 0.44 11.00 + 0.58 9.00 £+ 0.58

* Significant.

The MIC of the Sidr honey from different geographical origins against the pathogenic
bacteria Staphylococcus aureus, Streptococcus mutans, Klebsiella pneumoniae, Escherichia coli,
and Pseudomonas aeruginosa is shown in Table 7. The results of the antibacterial activity
assay showed significant differences in MIC values when antibiotic-resistant strains were
tested. Analyzing MICs, the strongest antibacterial potential against all tested bacteria was
observed for Saudi Arabian and Egyptian (MIC = 0.4 g/mL) honeys. Iraq, Panjab, Kashmir,
Libya, and India honeys showed the strongest antibacterial potential against Staphylococcus
aureus, Streptococcus mutans, and Klebsiella pneumoniae (MIC = 0.4 g/mL). In contrast, the
weakest overall antibacterial activity was shown in honey samples from Emirates, China,
Pakistan, and Bashawer. Yemen honey showed the lowest antibacterial potential against
Escherichia coli (MIC = 0.05 g/mL).

Table 7. Minimal inhibitory concentration (MIC) of Sidr honey against antibiotic resistant
bacterial strains.

MIC of Bacterial Strains (g/mL)

Gram-Positive Gram-Negative

MIC
Staphylococcus Streptococcus Klebsiella Escherichia Pseudomonas
Ho'n?y aureus mutans pneumoniae coli aeruginosa
Origin
Emirates 0.1 0.2 0.2 0.2 0.2
China 0.1 0.2 0.2 0.2 0.2
Iraq 04* 04* 04* 0.1 0.2
Pakistan 0.2 0.2 0.2 0.1 0.1

Bashawer 0.2 0.2 0.2 0.1 0.1
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Table 7. Cont.

MIC of Bacterial Strains (g/mL)

MIC Gram-Positive Gram-Negative
Staphylococcus Streptococcus  Klebsiella Escherichia ~ Pseudomonas
go.m.ay aureus mutans pneumoniae coli aeruginosa
rigin
Panjab 0.4* 04* 0.4~ 0.2 04~
Saudi Arabia 0.4* 0.4* 0.4~ 0.4~ 0.4+
Kashmir 04* 04* 04* 0.1 0.2
Libya 0.4* 04* 0.4~ 0.1 0.1
Egypt 0.4* 0.4* 0.4~ 0.4~ 0.4+
India 0.4* 04* 04* 0.1 0.1
Yemen 0.2 0.2 0.2 0.05 0.1

Drugs for positive control for growth inhibition
Vancomycin 0.000001 0.000001 0.00000004 0.000001 0.000000016
Meropenem  0.000000064 0.00000004 0.000000064  0.000000064  0.000000006

* Significant.

4. Discussion

This research revealed that monofloral honey obtained from the Ziziphus spp. nectar
of different geographical origins contained more than 70% of a specific pollen. The most
important physicochemical parameter of honey is the water content. Low water content
increases honey shelf life while high levels promote its fermentation during storage. The
water content of the investigated honey samples was within the accepted range which,
in general, should not exceed 20% [12,35]. During honey production by bees, the water
content is affected by the relative humidity and temperature. Water content results for
honey samples of different geographical origins have been documented previously for their
water content [34,36], being 18.32 4 0.67 g/100 g for Egyptian, 16.28 £ 0.22 g/100 g for
Yemeni, 15.64 4 0.30 g/100 g for Saudi and 14.73 £ 0.3 g/100 g for Kashmiri honey.

The sugar content of honey is widely used to assess the authenticity and the overall
quality of honey [37]. Honey adulteration by mixing the honey with other cheaper sugar
syrups is a frequent problem in the worldwide market [38]. For this reason, the sugar
analysis of honey is an indicator of whether the honeybees were fed naturally with flower
nectar or were fed with sugar solution. The use of artificial feeding is evident when the
glucose content of honey is much higher than its fructose content [39].

The results of this investigation revealed that the sum of glucose and fructose (content
of reducing sugars in honey) was within the accepted range and is consistent with the
standardization and authenticity of honey as observed by Aljohar et al., (2018) [40]. It has
been demonstrated that the most dominant sugar in honey is fructose [39] and Szczesna
et al., (2021), in their study of the winter feeding of honeybees, observed the fructose to
glucose ratio (F/G) was higher than 1.00 indicating the natural feeding of honeybees [41]. In
all the honey samples in this study, sucrose content did not exceed 5%, which is the accepted
level for honey to be considered authentic as observed by Kazeminia et al., (2021) [42]. A
higher content of sucrose may indicate the artificial feeding of bees with some types of
sugar syrup or adulteration of the honey [38]. Two important parameters used to prove
the freshness of honey are hydroxymethylfurfural content and diastase activity [43,44].
There are many factors affecting diastase activity, including the physiological period of
the colony, age of the bees, the quantity of nectar and its sugar content as well as the
nectar collection period [45]. The WHO Codex Alimentarius, the European Union and the
Gulf Technical Regulation on honey (GSO 147:2008-Standards Store-GCC Standardization
Organization) [46] recommend that the maximum level for HMF content in honey does not
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exceed 40 mg/kg but in countries with tropical temperatures, the HMF content of honey
should not exceed 80 mg/kg [34,43,44]. In the present study, all the samples were within
the allowed range for HMF content and diastase number These parameters indicate the
freshness of the samples which was maintained by preventing their exposure to heat and
shortening the storage time before the experiment. In addition, the acidity of all the honey
samples was found to be within the accepted range. The acidity in honey is due to the
presence of organic acids, in particular, gluconic acid, which has been found to affect honey
flavor, texture, shelf life, and stability [47].

The TPC ranged from 118.9 to 159.3 mg GAE/100 g honey, which is higher than the
results found in previous studies in honey from India [48] (47-98 mg GAE/100 g honey),
Poland [49] (71.7 to 202.6 pug/g honey), Argentina [29] (18.730-107.213 mg GAE/100 g
honey), Burkina Faso [50] (32.59-114.75 mg GAE/100 g honey) Portugal [51] (30.87 to
87.27 mg GAE/100 g), or from Romania [52] (2-125 mg GAE/100 g honey).

Variable levels of TPC were reported in different honey types as observed by [53]
who observed that the TPC of forest honey (806.10 mg GAE/kg honey) was significantly
higher (p < 0.05) in comparison with acacia and polyfloral samples (68.48 and 87.46 mg
GAE/kg honey, respectively). In addition, Roby et al., (2020) [36] determined the phenolic
compounds of Egyptian honeys, with TPC amounting to 338.5 and 536.4 mg GAE kg~!
in clover and citrus honeys, respectively. This variability was associated with the botanic
origin of the honey, and multi-floral honey was found to have higher phenolic contents
than monofloral honey [54]. The antioxidant, antiviral, antimicrobial, antifungal, and
anti-inflammatory activities of honey are noteworthy due to phenolic compounds, espe-
cially flavonoids [55], with the quality of polyphenols being more important than their
quantity [56].

The TPC and TFC of honey depend mainly on its botanical and geographical ori-
gins [57,58]. Considering the TFC results, it can be concluded that dark honey contains the
highest concentration (p < 0.05). Flavonoids in Egyptian and Saudi Arabia Sidr honey (83.1
and 81.5 mg RE/100 g honey, respectively) are present in high amounts compared with
other tested origins. Similar results were observed by analysis of three types of monofloral
honey from Portugal which showed that dark honey was richer in phenolics content [59].

A DPPH radical scavenging method was used to determine the antioxidant activity
of the honey samples. The Sidr honey from Egypt (177.8), Panjab (135.3), and Saudi
Arabia (131.3) showed the highest level of DPPH radical scavenging activities (p < 0.05),
compared with antioxidant activities of other tested honey. These results are in accordance
with the results reported by van den Berg et al., (2008) about Buckwheat honey [60],
Bueno-Costa et al., (2016) in Brazilian honeys [61] and Boussaid et al., (2018) in Tunisian
honeys [62]. Alves et al., (2014) [63] demonstrated a positive relationship between phenolic
concentration, antioxidant capacity, and the color of honey.

In our study, the antibacterial activity of all honeys may be attributed to the narrow
ranges of their TFC, TPC, and sugar contents. There is a positive correlation between TPC
and the antibacterial activity of honey [64], which is attributed to the inhibition of virulence
factors in the pathogen [65].

The antibacterial activity of honey also results from the low pH and high osmolarity along
with the hydrogen peroxide activity produced by the glucose oxidase enzyme [8,9,34,66,67].
The antibacterial activity of honey may also be attributed to the presence of lysozyme,
methylglyoxal, and bee peptides as well as its high sugar content [9,34,68,69]. The presented
results were in accordance with the research of Mandal & Mandal (2011) [70], Szweda
(2017) [71], Libonatti et al., (2014) [72], Irish (2011) et.al., [73], Morroni et al., (2018) [74], and
Al Masaudi (2021) [69], which also confirmed that Gram-positive bacteria were more sensi-
tive to the honey samples than Gram-negative ones [75,76]. Vancomycin and meropenem
were used as reference antibiotics, with MIC values much lower than those obtained for
honey, ranging from 0.1-64 pg/mL [77].

The use of honey to treat microbial infections has been investigated previously [34,51,67,76].
The honey antimicrobial properties are due to a high sugar osmolarity or the presence
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of other biologically active compounds [33,77-80]. The osmotic stress of honey is due to
the high content of various sugars in combination with its low moisture content, which
prevents the spoilage of honey by microorganisms. Hydrogen peroxide (H,O;) is one of
the antibacterial compounds of honey [81], whose presence and origin were confirmed by
White et al., (1963) [82]. In the hydrogen peroxide formation, a glucose oxidase enzyme
is added by the worker bee during the collection of the nectar, allowing the conversion of
glucose to gluconic acid, whereby hydrogen peroxide is produced as a side product [82].
The antimicrobial activity of honey is directly related to its botanical origin [63] and is
associated with the different content of phenolic compounds, flavonoids, and phenolic
acids [68,83].

5. Conclusions

The physicochemical characteristics of honey determine its biological activity and
at the same time they serve as tools for authentication. This research examines the au-
thenticity of monofloral Sidr honey (Ziziphus spp.) from 12 different countries based on
melissopalynological, physicochemical and bioactive compounds analyses. Additionally,
the antimicrobial activity of each honey was determined, providing relevant information
about its efficacy and clarifying its mechanisms of biological activity. Geographical differ-
ences were evident in the pollen profile of the samples. The physicochemical parameters
were assessed according to the criteria from the different honey quality standards, and
the biological activity revealed the Saudi and Egyptian Sidr honeys have the highest an-
tibacterial activity as well as total phenolics and flavonoids contents. Our results identify
Sidr honey as a promising natural product that can be potentially used as an alternative to
synthetic antibiotics; however, further studies are also needed to identify and standardize
protocols for the use of Sidr honey either in the protection against microbial infections or
their treatments.
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