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Featured Application: This study was conducted with Moringa alfileria honey through the anti
-microbial, antioxidant activities, physicochemical, melissopalynological analysis,total
phenolic and flavonoid contents. For this purpose Moringa alfileria honey samples were
collected from four localities in Saudi Arabia were analyzed based on results of melissopaly-

nological analyses.

Abstract:

Objective: The aim of the study was to characterize varieties of Moringa alfileria honey (unfloral
and polyfloral) from Saudi Arabia based on antibacterial, antioxidant activities, physicochemical,
melissopalynological analysis, total phenolic and flavonoid contents.

Material and Methods: The fresh 376 honey samples (3 kg of each) were kindly provided by

Alnahal aljwal Company, 2021 flowering season. The honey samples collected in sterile universal

glass containers and kept at 2— 8°C until tested. Antibacterial, antioxidant activities and

physiochemical analysis were done. Determination of sediment content, total grains, moisture

content, water-soluble solids, acidity, electrical conductivity, total sugars content, inverted sugars,

glucose (g/100 g), fructose (g/100 g), total glucose + fructose, fructose/ glucose ratio, sucrose

(0/100 @), diastase enzyme activity and HMF were calculated. As well as total phenolic and

flavonoid contents Results: Antibacterial activity and physiochemical analysis of honey samples

w varied. All parameters studied were significantly different (P < 0.05) among all honey varieties.

The results of the physiochemical analysis were compared with Saudi National Standard, Codex

standard, as well as published data in the literature. Conclusion: It was obvious that the honey

quality was varied based on the botanical origins

Keywords: Antioxidant activity; Antibacterial activity; Melissopalynological and Physiochemical
analysis; Moringa alfileria honey

1. Introduction
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All honey types vary in their colors from nearly colorless to dark brown, the type of nectar gathered by the bees from
various floral sources is influenced directly and its flavor varies from delectably mild to distinctively bold the flavor.
Each honey is unique on the basis of a combination of the various chemical components that attributes to its quality
(1). In apiculture, the control and characterization of quality are of great importance and interest. Moringa alfileria honey
is one of the potential local materials that are rich in micronutrients and widely available but not fully utilized by the
community. it is well known to have potent antimicrobial properties (2)and antioxidant activity that can prevent oxi-
dative stress, DNA damage, and repair hematologic status. (3). Drugs misused to control bacterial infection led to the
rapid emergence of antibiotic resistance and encourage scientists to use a novel natural product such as honey (4)

Natural foods that are widely used today are known to be Moringa oleifera and honey which improve the nutritional
status of the community, they contain various nutrients and active ingredients that can overcome the problem of mal-
nutrition (5). The Moringa tree has been widely used in various parts of the world and is currently known as the
miracle tree (6).

Moringa oleifera has large polyphenols and flavonoids that have biological activities (7). Their effects are involved in
stimulating pancreatic Beta cells and subsequently increasing insulin secretion (8).

An indicator of the quality and origin of honey is its physicochemical properties. The characteristics of honey depend
on many factors such as the flowers nectar, regional, beekeeping practices, and environmental climatic variations.
Moisture content (9) , sucrose content and reducing sugars content (10), pH value, electrical conductivity, ash content,
free acidity (9), diastase activity (10) and hydroxymethyl furfural (HMF) content (11) are the major quality criteria of
honey (12).

There are no studies that have tried to compare variations of active ingredients in Moringa alfileria honey from 4 regions
in Saudi Arabia. This investigation was conducted to assess differences in antimicrobial, antioxidant activities, physi-
ochemical properties, and melissopalynological analyses of four Moringa alfileria honey from different geographic areas
in Saudi Arabia.

2. Materials and Methods
Materials

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

Honey samples

A total of 376 fresh Moringa alfileria honey samples (3 kg each) were collected (95 each) from four (Al Taef, Al Kaseem, Al
Madinah and Al Alla) localities in Saudi Arabia during 2021. Honey samples were kept at 2-8°C in sterile universal glass container
until tested.

Bacterial strains:

In this investigation six antibiotic-resistant bacterial strains (Gram-positive and Gram-negative) were used to determine the
antibacterial activities of honey against Staphylococcus aureus (ATCC 25923), Streptococcus pyogenes (ATCC 19615), Proteus
vulgaris (ATCC 13315), Pseudomonas aeruginosa (ATCC 27853) Klebsiella pneumoniae (ATCC 27736) and Escherichia coli
(ATCC 35218). These bacterial strain were kindly provided and maintained in the Department of Zoonotic Diseases, National
Research Centre, Egypt. VITEK 2 compact system (bioMérieux, Inc.) was performed for identification and susceptibility patterns
of all clinical isolates (13). Each bacterial strains were subculture on Muller Hinton broth (Sigma Aldrich company). The
suspension was standardized to provide 0.5 McFarland = 1 — 2xCFU/mL using calibrated VITEK 2 DENSICHEK (14)

Disc diffusion method:


https://doi.org/10.20944/preprints202211.0146.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2022 d0i:10.20944/preprints202211.0146.v1

30f19

The bacterial growth inhibitions were measured by using the disc diffusion method after mixing with honey. Disc diffusion method
was performed by using prepare discs approximately 6 mm in diameter Whatman filter paper no. 1. Then were sterilized in a hot
air oven according to the Clinical and Laboratory Standards Institute (CLSI) guideline(15) and spotted with 0.2 mg Moringa
alfileria honey samples then placed on a Mueller Hinton agar (MHA) plate. The plates were incubated at 37°C for 24 h and the
diameter of the inhibition zones of growth produced by each spot was measured in millimeters(16). The mean values of inhibition
were calculated from triple reading in each tested bacterial strains to evaluate the antibacterial activity of different honey
according to (17).

Minimum Inhibitory Concentration (MIC):

Moringa alfileria honey was serially diluted Mueller Hinton broth (100 pL containing the bacteria 0.5 McFarland) by transferring
100 UL to the next well to produce final concentrations of 0.32, 0.75, 1.5, 3, 6, 12, 25, and 50 mg/mLin microdilution plates (18).
The microdilution plates were incubated at 37°C overnight. The MIC was determined by selecting the lowest concentration of
Moringa alfileria honey that completely inhibited the growth of the organism and compared with the growth control (19). Wells
with no visible growth in MIC were subculture using 10 xL of the selected wells and placed on Muller Hinton agar plates. The
MBC was determined by taking 10 xL of the selected column and placing it on the Mueller Hinton agar plates as well. All plates
were incubated for 24 h at 37°C and the colony forming units (CFUs) were counted. MIC was determined by selecting the lowest
concentration of Tamarix gallica honey that completely inhibited the visible growth of a microorganism after overnight incubation
in the well (20).

Total Phenolic Content (TPC):

Total phenolic compounds from of Moringa alfileria honey were detected by a modified spectrophotometric Folin-
Ciocalteu method (21). The total flavonoid concentration of each honey sample was determined according to the
colorimetric assay developed by (22) . UV-Visible spectrophotometer (Perkin-Elmer Lambda 25, Waltham, MA, USA) used
tomeasure the absorbance at 765 nm after incubation using. Gallic acid (0—1000 mg/L) was used as a standard for the calibration
curve preparation. The mean value of triplicate assays of TPC was reported and expressed as milligrams of gallic acid equivalent
(GAE) per gram of honey (23).

Total Flavonoid Content (TFC):

For the determination of total flavonoid content (TFC) using a volume of 5 ml diluted honey with 0.1 g/ml concentration. This
solution was mixed with 5 ml of 2% aluminum chloride (AICI3). The mixture was then incubated for 10 min at 25°C. Using a
UV-Visible spectrophotometer at 415 nm was measured the absorbance of the formed complex. The standard chemical for the
calibration curve preparation was rutin with a concentration 0-100 mg/L. The mean value of triplicate assays of TFC was reported
and expressed as milligram of rutin equivalent (RE) per gram of honey (24)((25).

Antioxidant capacity (DPPH) Scavenging Activity:

The DPPH scavenging activity of the different honey samples was determinethe antioxidant activity. This test is based on the
change in the absorbance by reducing the purple DPPH radical using an oxidizing antioxidant. The scavenging effect of vitamin
C, caffeic acid and honey samples were corresponded to the quenching intensity of 1,1-diphenyl-2-picrylhydrazyl (DPPH) as
carried out. The degree of absorbance by reducing the purple DPPH radical by an oxidizing antioxidant was measured at 520 nm
(26).
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Melissopalynological and physicochemical analysis:

Melissopalynological and physicochemical analyses were determined (27). The pollen content was identified by the
sedimentation technique(28,29). Water content (30), water-soluble solids (31), pH, acidity, and electrical conductivity
(32). According to Official Methods sugars content, glucose, fructose, fructose/ glucose ratio, fructose plus glucose %,
and sucrose were performed by HPLC-DAD (33) were determined. hydroxymethylfurfural (HMF) (34)and diastase

enzyme activity (35) were analyzed.

Minerals

Minerals in Moringa alfileria honey were detected and identifed of twelve minerals; four elements (Ca: calcium; K:
potassium; Mg: magnesium; Na: sodium) and eight of heavy metals (Cd: cadmium; Cr: chromium; Cu: copper ; Fe:
iron; Mn: manganese; Ni: nickel ; Pb: lead; Zn: zinc). An atomic absorption spectrophotometer (Model 3300, MS-DOS,
detection limit is 3 s, 1g/L, PerkinElmer Inc., USA) was used according to the method described by(36).

Statistical Analysis:

The statistical analysis was subjected on triplicate results were applied SPSS Ver. 21 (IBM, New York, US) soft-
ware. One-way ANOVA applied to compare between and within the tested groups. All data and the P value less than
0.05 was taken as significant to the mean + standard error (SE).

3. Results

A total of 376 Moringa oleifera honey samples were collected from four regions in Saudi Arabia. The antibacterial activities of
Moringa oleifera honey were evaluated according to the zone of inhibition. The antibacterial potency of honey four regions was
determined against various pathogenic bacteria (Gram-negative and Gram-positive). all honey types tested showed growth
suppression of pathogenic bacterial strains (Table 1). Al Madeniah Moringa oleifera honey showed the highest zones of inhibition
against all tested pathogen. The inhibition was 43.22 + 0.18 mm (Staphylococcus aureus)  38..11+ 0.15 mm (Streptococcus
pyogenes ), 35.15 = 0.26 mm (Klebsiella pneumoniae), 35.10 £ 0.10 mm (Proteus vulgaris) and 39.01+ 0.25 mm (Pseudomonas
aeruginosa) respectively. While Moringa oleifera honey showed the zones of inhibition ranged from 23.10 £ 0.38 mm to 43.22
+ 0.18 mm against Staphylococcus aureus, while 26.43 £ 0.18 - 38..11 £+ 0.15 mm against Streptococcus pyogenes , 25.05 + 0.46 -
35.15 + 0.26 mm against Klebsiella pneumoniae, 13.39 £ 0.33 - 23.19 + 0.13 mm against Escherichia coli, 21.01+ 0.14 - 35.10 =
0.10 mm against Proteus vulgaris and 23.16 + 0.53- 39.01 + 0.25 mm against Pseudomonas aeruginosa respectively. The
antibiotic Tetracyclin, Oxacillin and Clindamycin showed varible inbition (Figure 1).

The MIC test was performed of the different examined Moringa alfileria honey against the pathogenic bacteria strains as shown
in Table 2. The results showed significant differences in MIC values against tested antibiotic-resistant strains. The strongest
antibacterial potential against all tested bacteria tested toward Moringa alfileria honey against Staphylococcus aureus,
Streptococcus pyogenes , Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa (MIC=0.4 g/ml). Escherichia
coli, showed the lowest antibacterial potential against all bacteria. The therapeutic antibiotics Tetracyclin, Oxacillin and
Clindamycin showed highest MIC activity against all tested bacteria (Table 2).

The highest level of total phenolic, flavonoid and DPPH of Moringa alfileria honey was observed in honey in Table 3 and Figure
2. The highest level of total phenolic of Moringa alfileria honey was observed in Al Madeniah honey 245.29 + 16.32 (mg
GAE/100g honey), with the lowest level observed in Al Taef honey 179.89 + 12.66 (mg GAE/100g honey). The highest level of
total flavonoid 183.1 + 19.33 mg RE/100g honey) was detected in Al Taef honey, where the lowest level was in Al allia 163.86+
15.57 mg RE/100g honey. Antioxidant activitiesin of the Moringa alfileria honey were evaluated with the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay. The highest DPPH value was detected in Al Madeniah Moringa alfileria honey with value of
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237.80 £15.51 mg AAE/100g honey and the lowest value was observed in Al allia honey (77.07 + 09.51 mg AAE/100g honey
(Table 3 and Figure 2).

Table 1. The inhibition zone of Moringa alfileria honey against various pathogenic microorganisms by well diffusion

method. Each test was run in triplicate.

Antibacterial o Gram-negative
activity Gram-positive
. Staphylococc Streptococcus Klebsiella Escherichia Froteus Poeudomonas
Honey origin vulgaris aeruginosa
us aureus pyogenes pheumoniae coli
Al Taef 33.23 28..86 25.05 13.39 25.10 29.01
+0.88 +0.18 +0.46 +0.33 +0.20 +1.15
Al Kaseeem 29.01 26.43 21.06 18.12 22.01 23.16
+0.85 +0.18 +0.42 +0.08 +0.11 +0.53
Al Madeniah 43.22 38..11 35.15 23.19 35.10 39.01
+0.18 +0.15 +0.26 +0.13 +0.10 +0.25
Al allia 23.10 = 29.33 24.02 19.16 21.01 25.05
0.38 +0.14 +0.54 +0.16 +0.14 +0.08
Tetracyclin 41.02 39.11 36.15 28.15 46.24 42.25
+0.24 +0.33 +0.18 +0.22 0.42 +0.36
Oxacillin 46. 21 36.12 50.61 36.19 35.42 37.33
+0.13 +0.16 +0.13 +0.13 +0.59 +0.36
Clindamycin 52. 05 35.01 41.66 31.16 42.24 40.67
+0.12 +0.28 +0.26 +0.31 +0.38 +0.39
T
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Figure 1. The inhibition zone of Moringa alfileria honey honey against various pathogenic microorganisms by well diffusion method.

Table 2. Minimal inhibitory concentration (MIC) of Moringa alfileria honey against the antibiotic resistant

bacterial strains.
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MIC Minimal inhibitory concentration (MIC) of bacterial strain (g/ml)*
Gram-positive Gram-negative
Staphylococc Streptococcus Klebsiella Escherichia coli Proteus Pseudomonas
Honey origin us aureus pyogenes pneumoniae ' aeruginosa
vulgaris
Al Taef 0.4 0.4 0.2 0.1 0.2 0.4
Al Kaseeem 0.4 0.4 0.4 0.2 0.4 0.1
Al Madeniah 0.4 0.4 0.4 0.4 0.1 0.4
Al allia 0.4 0.1 0.4 0.1 0.1 0.4
Drugs for positive control for growth inhibition
Tetracyclin 0.000004 0.0000016 0.0000064 0.0000016 0.000064 0.0000016
Oxacillin 0.00000016 0.00000032 0.000000128 0.00000016 0.0000016 0.00000016
Clindamycin 0.00000016 0.00000128 0.000000064 0.0000008 0.0000016 0.00000016

*MIC, concentration required for 99% bacteriostatic effect

Table 3: The content of total phenolic, flavonoids and the antioxidant capacity of the Moringa alfileria honey from the re four

rgions of Saudi Arbia.

. . Antioxidant capacity
Total phenolic* Total flavonoid**
Honey Samples (n) (DPPH)***
X SD X SD
X SD
Al Taef 94 179.89 + 12.66 183.1 +19.33 153.30 £12.18
Al Kaseeem 94 194.11 +18.30 173.6 £ 14.13 161.00 £ 18.82
Al Madeniah 94 245.29 £ 16.32 201.0+12.47 237.80 +15.51
Al allia 94 187.29 + 13.32 163.86+ 15.57 77.07 £ 09.51

** mg RE/100g honey  ***mg

All results are expressed as means of triplicate standard deviation (SD). *mg GAE/100g honey
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Figure 2: The content of total phenolic, flavonoids and the antioxidant capacity of the Moringa
alfileria honey from the re four rgions of Saudi Arbia.
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Figure 3: Images pollen grains from microscopic preparations of Moringa alfileria honey from the re four rgions of
Saudi Arbia.

Melissopalynological analysis of Moringa alfileria honey from four origins indicated that not only the expected pollen type based
on the specific source of nectar but also pollen from some other sources were present depending of the origin (Fig.3).

The results of the physicochemical properties as shown in Table 4 and Fig. 4 revealed that Moringa alfileria honey
samples were comparable in water content which ranged from 14.11+0.25 % (Al Kaseeem) to 16.35£0.12% (Al allia).
The pH ranged from 4.18+0.13 (Al allia) to 4.24+0.22 (Al Kaseeem). The acidity also varied from 10+0.11 (Al Taef) to
31.00+0.13 meq/1 (Al Madeniah). Electrical conductivity was 0.26+0.004 (Al Taef) to 0.69+0.002mS/cm (Al Madeniah).
The insoluble solids ranged from 0.055+0.004 (Al allia) to 0.079+0.007% (Al Madeniah).

The results of glucose, fructose, sucrose, diastase activity and levels in different Moringa alfileria honey samples were illustrated

in Table 4. Glucose was detected at the level 26.52+0.14% in Al Taef honey, where the Al Kaseeem honey (23.81+0.12%), Al
Madeniah honey (27.43+0.16%), and Al allia honey (32.97+0.18%) were observed.
The fructose level ranged between 34.54+0.23% (Al allia honey) and 39.331£0.48% (Al Kaseeem). Sucrose levels ranged from
1.00+0.30 % (Al Taef honey) to 3.60+0.22 % (Al Kaseeem honey). Diastase activity had a range of 10.25+0.14 D.U. (Al Kaseeem
honey) to 20.70+0.13 D.U. (Al Madeniah honey). The lowest HMF (mg/kg) was observed in Al Taef and Al Taef honey
(0.00+0.00) where the highest level was detected in Al Kaseeem honey (7.50+0.10).

Identification and determination of twelve minerals; four elements (Ca: calcium; K: potassium; Mg: magnesium; Na:
sodium) and eight heavy metals (Cd: cadmium; Cr: chromium; Cu: copper; Fe: iron; Mn: manganese; Ni: nickel; Pb:

lead; Zn: zinc) in Moringa alfileria honey samples were analyzed (Table 5, Figure 5 and 6).

Table 5 Figures 4 and 5 illustrated the 12 minerals identified in the examined Moringa alfileria honey samples. The
highest potassium (K) content (85.70 + 0.0002ppm) was found in Madenia Moringa alfileria, and the lowest (74.36
+0.0002 ppm) was found in Al Kaseeem. The most prevalent mineral was Mg, with significantly different (P < 0.05)
values ranging between 54.28 + 0.0001 ppm in (Madenia) and 35.17 + 0.0002 ppm in Al allia. The Calcium (Ca) was
ranged from 32.52 + 0.002 ppm (Madenia) to 82.36 +0.002 ppm (Al allia) where Sodium (Na) was 7.59 + 0.0001ppm
(Al allia) to 13.02 + 0.0001ppm (Madenia). The Iron (Fe) content was ranging from 7.218 + 0.0002 ppm in (Al allia) to
8.45 + 0.0002 ppm in (Madenia). Copper (Cu), values range between 4.505 +0.001ppm (Al allia) and 6.98 +0.001ppm

d0i:10.20944/preprints202211.0146.v1
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Table 4:Physicochemical parameters of Moringa alfileria honey from the re four rgions of Saudi Arbia.
Honey origin
Physicochemical parameters -
Al Taef Al Kaseeem Al Madeniah Al allia
Moisture 15.04£0.18 14.11£0.25 14.840.13 16.35£0.12
Fructose 35.850.22 39.33+0.48 35.31+0.43 34.54+0.23
Glucose 26.52+0.14 23.81+0.12 27.43+0.16 32.97+0.18
Fructose/ glucose ratio 1.14 1.11 1.11
Fructose + Glucose 62.3720.85 57.92+2.16 62.7420.12 67.5123.11
Sucrose 1.00+0.30 3.60£0.22 2.50+0.14 1.4.11£0.32
HMF 0.000.00 0.00£0.00 7.500.10 2.80.15
Acidity 1040.11 14.420.18 31.00+0.13 17+0.16
Diastase 16+0.18 10.25+0.14 10.70+0.13 11.80£0.27
conductivity 0.26£0.004 0.64+0.003 0.690.002 0.420.001
Water Insoluble Solids 0.075+0.007
Content 0.06620.006 0.0750.003 0.05520.004
PH 4.19£0.17 4.24£0.22 4.22+0.27 4.18+0.13

Table 5: Minerial levels of Moringa alfileria honey from the re four rgions of Saudi Arbia.

Mineral content Honey origin
Al allia Al Madeniah Al Kaseeem Al Taef

Potassium (K) 81.33 + 0.0002 85.70 + 0.0002 74.36 +0.0002 78.07+ 0.0002
Magnesium (Mg) 35.17 £ 0.0002 54.28 + 0.0001 39.84 + 0.0001 38.09 + 0.0001
Calcium (Ca) 32.52 + 0.002 82.36 £0.002 65.08 £ 0.002 64.97 £ 0.002
Sodium (Na) 12.51 + 0.0001 13.02 + 0.0001 8.20 + 0.0001 7.59 + 0.0001
Iron (Fe) 7.218 £ 0.0002 8.45 £ 0.0002 6.23 £ 0.0002 7.28 £ 0.0002
Copper (Cu) 4,505 +0.001 6.98 £0.001 5.03 £0.001 5.05 £ 0.001
Zinc (Zn) 3.881 + 0.0001 4.55 + 0.0001 4.35 + 0.0001 3.130.0001
Manganese (Mn) 1.345 + 0.003 4.99 + 0.0001 1.12 +0.003 2.90 £ 0.003
Nickel (Ni) 0.199 + 0.001 0.24 £ 0.001 0.21+0.001 0.20 £0.002
Chromium (Cr) 0.10 £0.001 0.18 £ 0.001 0.11 £ 0.001 0.11 £ 0.001
Cadmium (Cd) 0.099 + 0.001 0.13 +£0.001 0.12 +0.001 0.06 +0.001
Lead (Pb) 0.163 £ 0.010 0.131 £ 0.010 0.149 +0.011 0.118 £ 0.010

All results are expressed as means of triplicate standard deviation (SD).
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in (Madenia)., with a significant difference (P < 0.05). The Zinc (Zn) content was ranged between 3.13 0.0001ppm in
Al Taef and 4.55 + 0.0001ppm in Madenia, with a significant difference (P < 0.05). Contrary the, Manganese (Mn)
exhibited the content (1.12 + 0.003ppm) in Al Kaseeem, whereas Madenia had the highest (4.99 + 0.0001ppm), with a
significant difference (P < 0.05). The Nickel (Ni) showed lowest content in the Al allia tested honeys 0.199 + 0.001ppm
while in Madenia honey showed 0.24 + 0.001ppm. The data showed that Al allia honey had the lowest Chromium (Cr)
value 0.10 +0.001 ppm. The Cadmium (Cd) detected in honey samples was 0.06 +0.001 ppm where the highest level
was detected 0.13 +0.001 ppm.in Madenia listed in Table 5. The values for Lead (Pb) ranged between 0.131 + 0.010
ppm in Madenia and 0.163 + 0.010 ppm in Al allia, with a significant difference (P < 0.05) between the two values.

Figure 4: Meneral elements in Moringa alfileria honey samples
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Figure 5 : Heavy metals in Moringa alfileria honey samples
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4. Discussion

Bee workers collect honey from nectar from many plants and processed honey with variable composition depending on to the
differences in plant types, environmental conditions, climate and contribution of the bee keeper (37,38). One of the bee products,
honey is most appreciated widely used (39). The natural authentic honey used in the prophylaxis and therapeutic of many diseases
(40) The identification of novel antimicrobial compounds well documented natural authentic honey (2). Some bacterial strains
have antibiotics resistance incrage the micorobolist to improve research on natural honey as antimicrobial agents (4).

In the present study, the antimicrobial activities of Moringa alfileria honey was determined. The antibacterial potency of Moringa
alfileria honey from four regoins was investigated against various Gram-negative and Gram-positive pathogenic bacteria. The
using Moringa alfileria honey revealed a suppression in growth of different pathogens tested. All honey tested showed growth
suppression of pathogenic bacterial strains. Al Madeniah Moringa oleifera honey showed the highest zones of inhibition against
all tested pathogen. The results showed significant differences in MIC values against tested antibiotic-resistant strains. The
therapeutic antibiotics Tetracyclin, Oxacillin and Clindamycin showed highest MIC activity against all tested bacteria (Table 2).

Significant differences in MIC values of tested antibiotic-resistant strains. The strongest antibacterial potential against all tested
bacteria tested toward Moringa alfileria honey from 4 regions gainst Staphylococcus aureus, Streptococcus mutans, Escherichia
coli, Klebsiella pneumoniae and Pseudomonas aeruginosa (MIC=0.4 g/ml). Moringa oleifera honey showed the strongest
antibacterial potential against all bacteria (MIC=0.4 g/ml). On the contrary, the lowest antibacterial activity was shown ,
Escherichia coli (MIC=0.2 g/ml). The therapeutic antibiotics Penicillin, Oxacillin and Clindamycin showed highest MIC activity
against all tested bacteria. Similar results were observed (2,4,41,42).

In our investigation, the antibacterial activities of all honeys were comparable. This may be attributed to the narrow ranges of
their total phenolic and total flavonoid. Where there is a positive correlation between TPC and the antibacterial activity of
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honey (43), and inhibition in the virulence factors of the pathogen (44). While, Nayaka et al., 2020) found a weak correlation
between the antioxidant activity and antimicrobial activity of some polish commercial honey.

Many factors such as phenolic compounds, low pH, high osmolarity, and hydrogen peroxide-produced glucose oxidase enzyme
lead to the strong antibacterial activity (17,46—49)(50) presence of lysozyme, methylglyoxal, bee peptides and honey high sugar
contents (51). Our results clearly show significant variations among honey samples for allevaluated parameters.

The investigated Moringa alfileria honey in this investigation revealed different inhibition activities against the tested bacteria
based on its origin. Significant differences in MIC values of Moringa alfileria honey against tested antibiotic-resistant strains were
observed. Also, the therapeutic antibiotics showed highest MIC activity against all tested bacteria. Our results were in accordance
with the research of (51), which also confirmed that Gram-positive bacteria were more sensitive to the honey samples than Gram-
negative ones (52) The uses of honey for treatement of microbial infections has been attributed to a high sugar osmolarity as and
presence of other biologically active compounds (53-55) (56), directly related to the botanical origin (57) and phenolic compounds,
flavonoids, and phenolic acids (51) (58). Moreover, honey phenolics possess antimicrobial capacity against great numbers of
pathogenic strains (59) (60).

The total phenolic content was ranged from 187.29 + 13.32 to 245.29 + 16.32 mg GAE/100 g honey which is higher than the
results found in honey from India (61) (47-98 mg GAE/100 g honey), Poland (62) (71.7 to 202.6 ng/g honey), Argentina (23)
from (18.730- 107.213 mg GAE/100 g honey), Burkina Faso (63)from (32.59-114.75 mg GAE/100 g honey), Portugal (53)from
(30.87 to 87.27 mg GAE/100 g) and Romania (64)from (2-125 mg GAE/100 g honey).

The variability total phenolic contents was associated with the floral origin of the honey (65)and multi-floral honey was found to
have higher phenolic contents than monofloral honey (66). The phenolic compounds, especially flavonoids in honey, are worth
reporting antiviral, antimicrobial, antifungal, antioxidant and anti-inflammatory activities (67).

Contents total phenolic and flavonoid in honey were depend mainly on the geographical and botanical origins (68). Our results
on Moringa alfilerin honey showed dark honey contained the highest concentration (p < 0.05) of TFC. Total flavonoid (mg
RE/100g honey) ranged from 163.86 + 15.57 to 183.1 + 19.33. Similar results were observed by analysis of three types of
monofloral honey from Portugal which showed that dark honey was richer in phenolics content (69).

DPPH radical scavenging method used to detemine the antioxidant activity of the Moringa alfileria honey samples. The Moringa
alfileria honey antioxidant activity ranged from 77.07 £ 09.51 mg AAE/100g honey (Al allia) to 237.80 £15.51 mg AAE/100g
honey (Al Madeniah). These results are in accordance with the results reported by others (70). There is a positive relationship
between phenolic concentration, antioxidant capacity, and the color of honey (71). was demonstrated.

Our study revealed that monofloral honey produced from the Moringa alfileria plant nectar of different localities reached more than
70 % in particular of specific pollen. Water content is the most important physicochemical parameter of honey (72).

In our investigation, the honey samples had a moisture content between 14.11+0.25% (Al Kaseeem) and 16.35+0.12 % (Al allia).
(Table 4), they were concordant with the funding observed in the literature (73,74) with small differences between the recorded
values(42). The differences may be attributed to the geographical region, climate changes, the maturation temperature and the
humidity during the harvest period (75,76). High moisture of honey promotes the process of fermentation during storage, while
low water content elongated honey shelf life. Our study revealed that water content of investigated Moringa alfileria honey samples
was within the accepted range. The relative humidity and temperature affect the water content during honey production by bees
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(77). Honey moisture content provides information in its degree of maturation (78). It is depending on the degree of honey mat-
uration, botanical origin, processing technique and storage conditions (79-81) Fechner et al., 2016). According to the codex
alimentary honey humidity should not be higher than 20% (Council Directive 2001/110/EC Relating to Honey. | FAOLEX;
Devi & Jangir, 2018). Moisture content affects some characteristics of honey such as maturation, crystallization and viscosity
(84,85). Moisture content of honey causes fermentation which affecting honey quality(86).

Sugar content is one of parameters used to assess authenticity and the overall quality of honey (87). Analysis of honey sugar is a
good indicator of whether the honeybees were naturally fed with flower nectar or they were fed sugar solution (88), or when
honey glucose content is seen much higher than its fructose content (9).

The results of our study revealed that the measures the sum of glucose and fructose content (reducing sugars) in Moringa alfileria
was within the accepted range to prove the standardization and authenticity of honey as(89) and (90). The most dominant sugar
in honey is fructose (9) The ratio of fructose to glucose (F/G) indicated the natural feeding of honeybees (91). Content of sucrose
in all Moringa alfileria honey samples in our study did not exceed 5% which is the accepted level to prove the authenticity of honey
as observed by (92). Hydroxymethylfurfural content and diastase activity are important parameters used to prove the freshness of
honey (93) (94). The Codex Alimentarius of the World Health Organization and the European Union and the Gulf Technical
Regulation on honey (GSO 147:2008 - Standards Store - GCC Standardization Organization EOSC, 2005) recommended that the
maximum level for content in honey does not exceed 40 mg/kg but in countries with tropical temperatures, the HMF content
should not exceed of honey 80 mg/kg. (46,94,95).

Many factors affected Diastase activity as age of bees, nectar collection period, quantity of nectar & its sugar content and
physiological period of the colony (96). In this study, all examined Moringa alfileria honey samples were within the accepted range
for HMF content and diastase number. These finding indicates the authenticity and freshness of honey as well as these honeys
not exposde to heat and short storage time before testing in our experiment. All Moringa alfileria honey samples were found to be
within the accepted range of acidity. The honey acidity is due to the presence of organic acids, in particular gluconic acid, which
was found to affect honey flavor, texture, shelf life, and stability (97). Physical characteristics of all Moringa alfileria honey
samples tested were found to be in the normal range, comparing with other studies (37).

5. Conclusions

It was concluded that Moringa alfileria honey from all four regoins in Saudi Arabia has the capacity to suppress pathogenic bacterial
growth as well as significant free radical scavenging activities. Also, these findings suggest that Moringa alfileria honey may be
considered as an interesting source of antimicrobial and antioxidants for therapeutic or for food manufactures or nutraceutical
industries.
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