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Objectives: This article investigated the effect of plant origin, storage and altitude on the triglycerides,
cholesterol and some physicochemical properties of honey samples. Methods: Nineteen honey samples
(9 Ziziphus and 10 Acacia) were involved in this study representing two floral origins and seasons and
four altitudes. The plant origin of the honey samples was confirmed microscopically and their quality
parameters were analyzed according to the International Honey Commission harmonized methods of
honey analysis. The lipid parameters were analyzed using spectrophotometric- enzymatic methods.
The SPSS version 20 was used for the statistical analysis of the obtained data. Results: The plant origin
significantly affected the honey pH (P = 0.017), moisture (P = 0.009), fructose (P < 0.001) and the total
of fructose and glucose (P = 0.001). Honey storage for one year significantly affected the Ziziphus honey
pH (P = 0.005), moisture (P = 0.021), conductivity (P = 0.017), fructose (P = 0.036), glucose (P = 0.006) and
the total of glucose and fructose (P = 0.013) while all the quality parameters of the stored Acacia honey
were insignificantly different than those of the freshly harvested Acacia honey. The hydroxymethylfur-
fural (HMF) of the freshly harvested honey (Ziziphus of Acacia) was higher than that of the stored honey.
The altitude had significant effect on the pH, acidity, moisture, conductivity, fructose, glucose, the total of
fructose and glucose and the HMF of the Ziziphus honey while the altitude of the Acacia honey signifi-
cantly affected the percentages of moisture and fructose only. Conclusions: Acacia honey was tolerant
to one year storage at room temperature and to the high altitude climate conditions. Freshly harvested
honey samples were with high HMF concentration compared to the stored honey samples.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Many studies proved that the botanical origin of honey is the
major force that determines the chemical composition and the
quality parameters of honey (Mohammed, 2020; El Sohaimy
et al., 2015; Ratiu et al., 2020). Some studies concluded that the
botanical origin has insignificant effect on some of the physico-
chemical properties and chemical composition of honey
(Majewska et al., 2019). However, the honeybee’s plant is the
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major determinant of honey quality because it is the major nutri-
ent source for the honeybees (Adgaba et al., 2017).

The effect of storage on the physicochemical properties and
chemical composition of honey depends on the storage tempera-
ture. Temperatures below 20 �C do not have extensive effects while
above 35 �C has significant effects (Mouhoubi-Tafinine et al., 2018).
Storing honey at room temperature is known to affect its acidity
and to induce the microbial growth in it. The best way to store
honey samples without affecting their quality and health charac-
teristics is to store them at cooling temperatures (7–10 �C)
(Martínez et al., 2018). It is proved that the honey tolerates tem-
perature treatment and storage according to the honeybee species.
Apis florea honey is more tolerant to heat dependent production of
HMF compared to the Apis mellifera honey (Al-Ghamdi et al., 2019).

Because, high altitude areas are characterized by specific cli-
mate conditions such as low temperature, hypoxia, low barometric
pressure and high UV radiation, the honeybees and the honey are
affected by the bee farm altitude (Mohammed, 2020; Popov-
Raljić et al., 2015; Mohammed et al. 2017; Al-Mosa et al., 2019;
Mohammed et al., 2019). It is reported that the altitude do not sup-
port the production of the tutin containing toxic honey in New
Zealand due to their climate characteristics. The toxic honey that
contains the phytotoxin (tutin) is produced by the insect (Scoly-
popa australis) when feeding on tutu poisonus plant (Coriaria
arborea) (Robertson et al., 2010).

Because of the climate conditions at high altitude, it is expected
that the high altitude may be associated with some changes in the
physicochemical properties of its honey. Furthermore, the effect of
storage on the physicochemical properties of honey is mostly car-
ried out through simulated conditions and not through storage at
normal room conditions. It is expected that storage at normal room
conditions may insignificantly affect the physicochemical proper-
ties of honey because of the gradual change in the climate
conditions.

This article investigated the effect honey plant origin, bee farm
altitude and one year storage of honey at room temperature on the
concentration of triglycerides and cholesterol as well as their effect
on some of the quality parameters; moisture, acidity and pH, con-
ductivity, fructose, glucose, sucrose and HMF.
2. Material and methods

2.1. The honey samples

The honey samples were chosen form different floral origins,
different altitudes and different harvesting seasons so as to meet
the objective of the research. Nineteen honey samples were har-
vested from Asir region at the southwest part of Saudi Arabia in
2019 and 2020. The botanical origin of the samples was confirmed
using an optical microscope with built in camera. Nine samples
were Ziziphus honey samples harvested from three altitudes (sea
level, 350 and 900 m above sea level) and two years (2019 and
Table 1
Description of the honey samples.

Number Year of production Altitud

Ziziphus-1 3 2020 Sea lev
Ziziphus- 2 3 2019 350
Ziziphus-3 3 2020 900
Acacia-1 3 2020 900
Acacia-2 3 2019 900
Acacia �3 2 2020 2000
Acacia �4 2 2019 2000

The samples were harvested from Asir region at the southwestern part of Saudi Arabia.

2

2020) (Table 1). The Acacia honey samples were ten from two dif-
ferent altitudes (900 and 2000 m above sea level) and were har-
vested in two separate years (2019 and 2020) (Table 1). The
temperature of the room temperature was ranging from 22 �C in
January to 36 �C in June.
2.2. Honey analysis

The floral origin of the honey samples was confirmed micro-
scopically. 5 g of each honey sample were solubilized in 15 ml
water in a falcon tube and two drops of safranin stain. The falcon
tube and its contents were centrifuged at 6000 rpm for 20 min
and the pellet was loaded on a microscope slide and investigated
under the microscope (Louveaux et al., 1978). The percentage of
the dominant pollen was calculated and the honey was considered
as monofloral if its percentage was more than 50%. The samples of
this study were all monofloral (Acacia and Ziziphus) (Song et al.,
2012).

The triglycerides were measured by the usage of the
spectrophotometric- enzymatic method. The triglycerides were
catabolized by lipase enzymes to glycerol and fatty acids. The glyc-
erol is converted to glycerol-3-phosphate by the action of the glyc-
erol kinase. The glycerol-3-phosphate was oxidized to
dihydroxyacetone phosphate and hydrogen peroxide with the
activity of glycerol-3-phosphate oxidase. Finally, the hydrogen per-
oxide was reacted with 4-aminoantipyrene by the aid of the perox-
idase to produce quinoneimine, HCl, water and 4-chlorophenol.
The intensity of the red color produced by the quinoneimine is
determined spectrophotometrically at 500 nm (de Souza et al.,
2013).

The total cholesterol of the honey was determined using the
spectrophotometric- enzymatic assay of human diagnostics com-
pany (kit code: 10017). The kit reaction involves conversion of
cholesterol esters to cholesterol and fatty acids by the action of
the cholesterol esterase enzyme. The free cholesterol from the first
reaction and the already available free cholesterol in the samples
are converted to chlestene-3-one and hydrogen peroxide by the
cholesterol oxidase. Finally, the hydrogen peroxide is reacted with
4-amino-antipyrine and phenol to produce quinoneimine and
water by the activity of the peroxidase enzyme. The quinoneimine
has a red color which is measured spectrophotmetrically at the
wavelength of 500 nm (Auerbach et al., 1990). This method is
majorly used for the analysis of total blood cholesterol, but it is
used for food samples (Dinh et al., 2011).

The quality parameters values were determined following the
harmonized methods of the International honey commission (IHC
methods). The moisture was determined using the refractometeric
method and the pH and acidity were determined by titration to pH
8.3 (International Honey Commission, 2009).

The sugars were measured by the HPLC methods modified by
Aglient Company of chromatography machines. Two hundred mil-
ligrams of each honey sample were dissolved in small amount of
e (meters above sea level) Location coordinates

Latitude Longitude

el 18� 000 390 ’ N 41� 410 430 ’ E
18� 030 160 ’ N 42� 140 010 ’ E
17� 450 140 ’ N 43� 030 510 ’ E
17� 360 350 ’ N 42� 470 150 ’ E
17� 190 410 ’ N 43� 090 480 ’ E
19� 410 520 ’ N 42� 300 570 ’ E
19� 410 520 ’ N 42� 300 570 ’ E
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HPLC grade water and the volume was adjusted to 10 ml in a falcon
tube. The treated honey samples were homogenized using vortex
mixer and filtered through 0.22 mm filter. The used HPLC system
was the Agilent 1260 Infinity II, Agilent Technologies, California,
USA. The HPLC is equipped with pump, vial sampler, column for
carbohydrate analysis (ZORBAX) and a refractive index detector.
The mobile phase was composed of Acetonitrile: water (75:25, v/
v) and the applied flow rate was 1.0 ml/min. Standard sugar solu-
tions were run as reference so as to determine the honey sugars
concentrations. The concentration of the standard fructose and
glucose solutions was 2% (W/V) while the concentration of the
sucrose was 1% (W/V). The injection volume of the samples and
the standards was 10 ml. The samples and standards were analyzed
in duplicates and the mean was considered as the final result. The
peaks and the retention times of the samples were matched to
those of the standards and the concentration of the sugars in the
honey samples was determined accordingly by the software of
the HPLC system.

The Agilent HPLC method for HMF measurement was used.
HPLC system was (Agilent 1260 Infinity II, Agilent Technologies,
California, USA). The pump attached to the HPLC system was
(1260 Quat Pump VL, Agilent Technologies, California, USA) and
the detector was diode array r (1260 DAD WR, Agilent Technolo-
gies, California, USA). Moreover, the HPLC is equipped with a C18
column (3.0 �150 mm, 2.7 mm) and a vial sampler. The mobile
phase was composed of water:acetic acid:methanol (89:1:10)
and the flow rate was 0.3 ml/min. The standard HMF curve was
developed by serial dilution starting from the highest standard
(0.645 mg/ml). The injected volume of the standards and the sam-
ples was 5 ml and the analysis was done in duplicate. The concen-
tration of the HMF in the honey was determined by the system
software in mg/kg.

2.3. Statistical analysis

The obtained results were analyzed using the Statistical Pack-
age for Social Sciences (SPSS) version 20. The independent t-test,
and the Fisher’s least significance difference (LSD) of Analysis of
Variance (ANOVA) test were used. The independent t-test was
applied to investigate the effects of floral origin and storage while
the ANOVA test was applied for the investigation of the altitude
effect.
3. Results

3.1. Effect of the storage and altitude on the appearance of the pollens

The altitude and one year storage affected the honey pollen
physical appearance, integrity and the pattern safranin staining
(Figs. 1 and 2). The pollens of the Ziziphus honey from sea level
altitude were strongly stained by the safranin compared to the pol-
lens of the 900 m altitude. The storage of honey for one year
affected the integrity of the Ziziphus and Acacia honey, the parts
of some of the Acacia pollens were separated from each other
and similar to the effect of low altitude the pollens were deeply
stained by safranin (Figs. 1 and 2).

3.2. Effect of floral origin on the studied parameters

There were insignificant variation between the Ziziphus and
Acacia honeys with regard to their percentages of triglycerides
and cholesterol (Figs. 2 and 3). The results of the triglycerides in
the Ziziphus and Acacia honeys were (M = 0.43%, SD = 0.046,
F = 5.11, df = 8.51, SE = 0.02) and (M = 0.4%, SD = 0.009, F = 5.11,
df = 8.51, SE = 0.02), respectively. The t-test showed that there
3

was insignificant difference between the triglycerides percentages
of the Ziziphus and Acacia honeys (P = 0.127). Also, there was
insignificant variation between the mean percentages of choles-
terol in the Ziziphus honey (M = 0.12%, SD = 0.026, F = 4.41,
df = 8.67, SE = 0.01) and in the Acacia honey (M = 0.12%,
SD = 0.006, F = 4.41, df = 8.67, SE = 0.01) (P = 0.73) (see Fig. 4).

Concerning the effect of floral origin on the quality parameters
of honey, It significantly affected the pH, moisture percentage,
fructose and the total of fructose and glucose (Table 2).

3.3. Effect of storage on the studied parameters

The triglycerides and cholesterol percentages of the freshly har-
vested and the one year stored Ziziphus honeys were insignifi-
cantly different (P = 0.38 and 0.36, respectively). The results of
the triglycerides in the recent Ziziphus honey was (M = 0.43%,
SD = 0.06, F = 1.98, df = 6.51, SE = 0.03) while that of the stored Zizi-
phus honey was (M = 0.41%, SD = 0.017, F = 1.98, df = 6.51,
SE = 0.03). The mean cholesterol percentage in the recently har-
vested and the stored Ziziphus honeys were (M = 0.13%,
SD = 0.03, F = 2.03, df = 5.61, SE = 0.02) and (M = 0.11%,
SD = 0.005, F = 2.03, df = 5.61, SE = 0.02), respectively (Figs. 2
and 3). Regarding the recent and stored Acacia honeys, there were
insignificant variations between the triglycerides of recent Acacia
honey (M = 0.39%, SD = 0.008, F = 0.33, df = 7.76, SE = 0.01) and
stored Acacia honey (M = 0.4%, SD = 0.01, F = 0.33, df = 7.76,
SE = 0.01) (P = 0.74). Similarly, the cholesterol of the recent Acacia
honey (M = 0.12%, SD = 0.005, F = 1.52, df = 7.69, SE = 0.003) and
that of the stored Acacia honey (M = 0.11%, SD = 0.004, F = 1.52,
df = 7.69, SE = 0.003) were insignificantly different (P = 0.1) (Figs. 2
and 3).

The freshly harvested Ziziphus honey was characterized by sig-
nificantly decreased pH, moisture and conductivity compared to
the one year room temperature stored Ziziphus honey while it
was characterized by significantly increased fructose, glucose and
the total of them (Table 3). The HMF of the freshly harvested Zizi-
phus honey was more than that of the stored Ziziphus honey,
mostly due to the sample of the sea level altitude.

The freshly harvested Acacia honey and the one year stored
Acacia honey at room temperature were with insignificantly differ-
ent quality parameters. Similar to the Ziziphus honey, the freshly
harvested honey was with high concentration of HMF compared
to the stored Acacia honey. The Acacia honey tolerated the storage
conditions (Table 4).

3.4. Effect of altitude on the studied parameters

With regard to the Ziziphus honey, the honey from the 350 m
altitude was significantly with triglycerides percentage more than
those from the sea level and from the 900 m (Fig. 1). However, the
triglycerides percentages of the Ziziphus honey from the sea level,
350 and 900 m above sea level were (M = 0.4%, SD = 0.0, F = 4.05,
df = 4.0, SE = 0.00), (M = 0.47%, SD = 0.07, F = 4.05, df = 4.0,
SE = 0.003) and (M = 0.41%, SD = 0.02, F = 4.05, df = 4.0,
SE = 0.01), respectively. The cholesterol percentages of the Ziziphus
honeys from the sea level (M = 0.12%, SD = 0.01, F = 4.05, df = 4.0,
SE = 0.007), 350 m (M = 0.14%, SD = 0.05, F = 4.05, df = 4.0,
SE = 0.03) and 900 m (M = 0.11%, SD = 0.006, F = 4.05, df = 4.0,
SE = 0.003) were insignificantly different (P � 0.178) (Fig. 2). The
Acacia honeys from the different altitudes were characterized by
insignificant variations with regard to their triglycerides and
cholesterol percentages (Figs. 1 and 2). The percentages of triglyc-
erides in the Acacia honeys from the 900 m and 2000 m were
(M = 0.39%, SD = 0.007, F = 4.05, df = 4.00, SE = 0.003) and
(M = 0.41%, SD = 0.00, F = 4.05, df = 4.0, SE = 0.00), respectively.
The values of the cholesterol of the Acacia honeys from the two



Fig. 1. Effect of altitude on pollen shape. The pollens of the sea level Ziziphus honey are strongly pigmented with safranin stain compared to the pollen of the high altitude
Ziziphus and Acacia honeys.

Fig. 2. Effect of one year storage at room temperature on the pollen shape. Storage of Ziziphus and Acacia honeys caused the decomposition of the pollen grains.
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altitudes were (M = 0.11%, SD = 0.006, F = 0.72, df = 4.0, SE = 0.002),
and (M = 0.12%, SD = 0.00, F = 0.72, df = 4.0, SE = 0.00), respectively.

The pH of Ziziphus honey was significantly decreased in the
350 m altitude (P = 0.012) and significantly increased in the Zizi-
phus honey from 900 m altitude (p-value = 0.012) compared to
4

the ziziphus honey of the sea level (Table 5). The acidity of the Zizi-
phus honey from the 350 m above sea level was significantly
increased compared to the acidity of the sea level honey
(P = 0.02). The moisture of the Ziziphus honey from the 350 m alti-
tude was significantly lower than that of the Ziziphus honey from



Fig. 3. Effect of floral origin, storage and altitude on the triglyceride percentages of bee’s honey. The triglyceride percentage was not significantly affected by the floral
origin or the storage. The Ziziphus honey from the 350 meters altitude was significantly with increased triglyceride percentage compared to the Ziziphus honey samples from
the sea level and the 900 meters altitude. (a) Compared to (b) (p-value = 0.031); (a) compared to (c) (p-value = 0.014).

Fig. 4. Effect of floral origin, storage and altitude on the cholesterol percentages of bee’s honey. The floral origin, one year storage at room temperature and the altitude
had insignificant effects on the cholesterol percentage of honey.
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the sea level (P = 0.001) and from the 900 m altitude (P < 0.001).
The conductivity of the 900 m Ziziphus honey was significantly
more than the conductivity of the honey from the sea level and
5

that from the 350 m (P < 0.001). The fructose, glucose and the total
of fructose and glucose percentages of the 350 m altitude Ziziphus
honey were significantly more than those of the Ziziphus honey



Table 2
Effect of the floral origin on the values of the studied honey quality parameters.

pH Acidity
meq acid/Kg

Moisture % ConductivitymS/cm Fructose % Glucose% Fructose + glucose% Sucrose % HMF
mg/kg

Ziziphus Range 4.5–5.5 29–38 13–18 0.41–0.91 36–42 25.2–35.7 62.1–77.9 0.02–1.8 0.1–15
Mean 5.00 34.00 16.33 0.59 38.36 30.03 68.49 0.82 4.63
SD 0.36 3.54 1.95 0.18 2.33 4.31 6.74 0.65 6.57
F 1.43 5.98 2.01 4.72 0.83 0.82 1.03 3.40 8.88
df 14.08 11.77 14.15 11.88 16.59 14.86 15.34 12.28 12.15
SE 0.12 1.18 0.65 0.06 0.78 1.44 2.25 0.22 2.19

Acacia Range 3.8–5.7 25–50 12–17 0.15–1.39 42–51 29–36.9 72.4–86.1 0.01–0.9 0.0–10
Mean 4.34 40.6 13.95 0.46 46.47 33.18 79.55 0.36 1.78
SD 0.66 9.32 1.36 0.48 3.06 3.26 5.39 0.37 3.62
F 1.43 5.98 2.01 4.72 0.83 0.82 1.03 3.40 8.88
df 14.08 11.77 14.15 11.88 16.59 14.86 15.34 12.28 12.15
SE 0.21 2.95 0.43 0.15 0.97 1.03 1.70 0.12 1.14

P 0.017 0.06 0.009 0.48 <0.001 0.09 0.001 0.09 0.27

The floral origin significantly affected the pH, moisture, fructose and sum of fructose and glucose.

Table 3
Quality parameters in the freshly harvested and one year stored Ziziphus honey.

pH Acidity
meq acid/Kg

Moisture % ConductivitymS/cm Fructose % Glucose% Fructose + glucose% Sucrose % HMF
mg/kg

Freshly harvested Range 4.5–5.1 32–39 13–18 0.4–0.6 37–42 28–35.7 65–77 0.03–1.8 0.36–15.0
Mean 4.8 33.5 15.5 0.49 39.27 32.2 71.6 0.93 6.86
SD 0.24 3.94 1.87 0.08 2.36 3.57 6.09 0.88 7.15
F 5.33 3.15 4.57 0.48 60.28 49.03 110.17 0.21 124.54
df 6.98 5.34 6.21 3.03 5.83 5.32 5.02 2.96 5.00
SE 0.10 1.61 0.76 0.03 0.96 1.46 3.12 0.25 2.92

Stored Range 5.3–5.5 29–38 17.5–18.5 0.7–0.91 36–37 25.2–26.1 62.1–62.4 0.02–1.5 0.12–0.20
Mean 5.4 35.0 18.0 0.82 36.53 25.7 62.2 0.77 0.16
SD 0.10 3.0 0.5 0.11 0.5 0.46 0.17 0.60 0.04
F 5.33 3.15 4.57 0.48 60.28 49.03 110.17 0.21 124.54
df 6.98 5.34 6.21 3.03 5.83 5.32 5.02 2.96 5.00
SE 0.06 1.73 0.29 0.06 0.29 0.26 1.08 0.51 0.02

P 0.001 0.55 0.021 0.017 0.036 0.006 0.013 0.78 0.16

The pH, moisture, conductivity, fructose, glucose and the collective fructose and glucose were significantly different in the stored Ziziphus honey compared the recently
produced Ziziphus honey.

Table 4
Quality parameters in freshly harvested and one year stored Acacia honey.

pH Acidity
meq acid/Kg

Moisture % ConductivitymS/cm Fructose % Glucose% Fructose + glucose% Sucrose % HMF
mg/kg

Freshly harvested Range 3.8–5.7 25–50 13–15 0.15–1.39 42.8–49.9 29–36.2 72.4–86.1 0.01–0.83 0.00–10.0
Mean 4.48 40.0 13.86 0.63 45.60 32.10 77.46 0.35 3.4
SD 0.94 12.8 0.97 0.64 3.5 3.7 6.97 0.29 4.77
F 27.70 13.91 1.49 42.36 2.58 2.81 21.30 4.39 39.32
df 4.49 5.45 6.17 4.44 7.31 7.28 4.96 6.82 4.01
SE 0.42 5.73 0.44 0.29 1.58 1.65 3.12 0.13 2.14

Stored Range 3.8–4.4 25–50 12–17 0.17–0.53 45–51.4 30.1–36.9 78.4–84.9 0.01–0.9 0.00–0.30
Mean 4.2 41.2 14.04 0.29 47.30 34.30 81.60 0.37 0.15
SD 0.23 5.50 1.79 0.15 2.6 2.7 2.43 0.46 0.14
F 27.70 13.91 1.49 42.36 2.58 2.81 21.30 4.39 39.32
df 4.49 5.45 6.17 4.44 7.31 7.28 4.96 6.82 4.01
SE 0.10 2.48 0.80 0.07 1.15 1.19 1.08 0.21 0.06

P 0.55 0.85 0.85 0.31 0.4 0.31 0.26 0.94 0.20

There were no significant differences between freshly harvested and one year stored Acacia honey which reflected the tolerance of the Acacia honey to the storage conditions
of this study.
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from the sea level and from the 900 m (P < 0.001). The HMF con-
centration of the sea level altitude was significantly more than
its concentration in the Ziziphus honeys from the 350 and 900 m
altitudes (p-value < 0.001) (Table 5). There were insignificant vari-
ations in the percentage of sucrose in the Ziziphus honey samples
from the three altitudes (P � 0.62).

Regarding the effect of altitude on the studied Acacia honey, the
studied quality parameters were insignificantly different in the
Acacia honey from the 900 and 2000 m above sea level (Table 6)
except the percentages of moisture and fructose which were signif-
6

icantly increased in the Acacia honey from the 2000 m compared
to the Acacia honey from the 900 altitude (P = 0.01 and 0.02,
respectively) (Table 6).

4. Discussion

The floral origin of the honey had significant effect on the pH
and acidity, moisture, fructose and glucose. The one year storage
at room temperature affected the quality parameters of the Zizi-
phus honey without affecting the Acacia honey. The altitude had



Table 5
Effect of altitude on the quality parameters of Ziziphus honey.

pH Acidity
meq acid/Kg

Moisture % ConductivitymS/cm Fructose % Glucose % Fructose + glucose% Sucrose % HMF
mg/kg

Sea level Range 4.9–5.1 29–31 16–18 0.48–0.6 37–37.3 28–30 65–67.3 0.02–1.02 12–15
Meana 5.0 30 17.0 0.55 37.1 29.0 66.1 0.68 13.3
SD 0.1 1.0 1.0 0.06 0.15 1.0 1.2 0.6 1.5
F 41.15 13.35 16.94 85.00 120.1 53.49 79.78 0.57 107.4
df 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
SE 0.06 0.58 0.58 0.04 0.09 0.58 0.66 0.33 0.88

350 m Range 4.5–4.7 36–38 13–15 0.41–0.45 35–35.7 35–35.7 76.5–77.9 0.04–1.5 0.36–0.42
Meanb 4.6 37.0 14.0 0.43 41.4 35.4 77.1 0.85 0.39
SD 0.1 1.0 1.0 0.02 0.53 0.36 0.71 0.74 0.03
F 41.15 13.35 16.94 85.00 120.1 53.49 79.78 0.57 107.4
df 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
SE 0.06 0.58 0.58 0.01 0.31 0.21 0.41 0.43 0.02

900 m Range 5.3–5.5 32–38 17–18.5 0.7–0.91 36–37 25.2–26.1 62.1–62.4 0.03–1.8 0.12–0.20
Meanc 5.4 35.0 18.0 0.82 36.5 25.7 62.1 0.93 0.16
SD 0.1 3.0 0.5 0.1 0.5 0.46 0.17 0.88 0.04
F 41.15 13.35 16.94 85.00 120.1 53.49 79.78 0.57 107.4
df 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
SE 0.06 1.73 0.29 0.06 0.29 0.26 61.8 0.51 0.02

P ab = 0.01
ac = 0.01
bc<0.001

ab = 0.03
ac = 0.1
bc = 0.5

ab = 0.001
ac = 0.16
bc <0.001

ab = 0.05
ac< 0.001
bc< 0.001

ab = 0.36
ac<0.001
bc< 0.001

ab <0.001
ac = 0.001
bc <0.001

ab <0.001
ac = 0.01
bc < 0.001

ab = 0.75
ac = 0.62
bc = 0.86

ab <0.001
ac <0.001
bc <0.001

The altitude significantly affected all the studied parameters (P � 0.001) except the sucrose percentage.
a sea level altitude; b 350 m above sea level; c 2000 m above sea level.

Table 6
Effect of altitude on the quality parameters of Acacia honey.

pH Acidity
meq acid/Kg

Moisture % ConductivitymS/cm Fructose % Glucose% Fructose + glucose% Sucrose % HMF
mg/kg

900 m Range 4.9–5.1 25–50 12.8–15 0.15–1.39 42.8–49.9 29–36.9 72.4–86.1 0.01–0.9 0.0–10.0
Mean 4.4 40.1 13.5 0.47 45.6 33.5 79 0.34 2.22
SD 0.72 9.7 0.88 0.54 2.69 3.48 5.7 0.35 3.9
F 0.67 0.001 2.39 2.97 0.25 3.56 1.19 1.00 4.09
df 2.76 1.45 1.13 7.76 1.86 2.24 1.86 1.18 7.00
SE 0.25 3.44 0.31 0.19 0.95 1.23 2.02 0.12 1.4

2000 m Range 3.8–5.7 35–50 14.5–17.0 0.35–0.53 48.3–51.4 30.1–33.5 78.4–84.9 0.02–0.85 0
Mean 4.1 42.5 15.8 0.44 49.9 31.8 81.65 0.44 0
SD 0.42 10.6 1.8 0.13 2.19 2.4 4.6 0.59 0
F 0.67 0.001 2.39 2.97 0.25 3.56 1.19 1.00 4.09
df 2.76 1.45 1.13 7.76 1.86 2.24 1.86 1.18 7.00
SE 0.3 7.5 1.25 0.09 1.55 1.7 3.25 0.42 0

P 0.48 0.69 0.01 0.93 0.02 0.41 0.45 0.84 0.34

The altitude significantly affected the moisture and fructose percentages of Acacia honey which reflects its tolerance for the altitude climate conditions compared to the
Ziziphus honey.
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strong effect on the Ziziphus honey while it weakly affected the
Acacia honey.

With regard to the effect of the altitude on the pollens of honey,
it was reported that the altitude had affected the integrity and
appearance of Acacia pollen shape and integrity (Mohammed
et al., 2017). This study added that the staining pattern of the pol-
lens is also affected by the altitude and storage.

One previous study published 1977 proved that the honey con-
tains small amounts of triglycerides, monoglycerides, fatty acids,
fatty alcohols and cholesterol (Kapoulas et al., 1977). This study
proved the presence of trace amounts of triglycerides and choles-
terol in honey samples of different origins and altitudes. Moreover,
this study reported that the lipid parameters are not affected by
the floral origin and the storage. However, the triglycerides are sig-
nificantly affected by altitude of the Ziziphus honey.

It is well known that the floral origin is the major factor that
determines the chemical composition and quality parameters of
honey (Mohammed, 2020; El Sohaimy et al., 2015; Bogdanov
et al., 2008; Moussa et al., 2012; Elenany, 2019; Bozbeyoglu
et al., 2019; Hempattarasuwan et al., 2019; Majewska et al.,
2019). In this study and in accordance with the previous studies,
We have proved that the Ziziphus honey and Acacia honey are sig-
7

nificantly different with regard to their pH and acidity and the per-
centages of moisture, fructose and the total of fructose and glucose.

This study reported significant effects of storage on the physic-
ochemical properties of Ziziphus honey while the Acacia honey
was not affected by the one year storage. Storage of honey is
reported to increase the pH, acidity, conductivity and HMF and
decrease the proline, diastase and invertase numbers (Mouhoubi-
Tafinine et al., 2018; Qamer et al., 2013; Martínez et al., 2018;
Juan-Borrás et al., 2015; Chou et al., 2020; Czipa et al., 2019). The
storage conditions which have high impact on the honey are the
temperature, packaging, and humidity (Martínez et al., 2018;
mohammed, 2020; Singh and Singh, 2018)

Unlike the findings of this study, Czipa et al., (2019) showed
that the storage of Acacia honey had significant effects on the
physicochemical properties of Acacia honey. We have proved that
the storage of Acacia honey at room temperature for one year had
insignificant effects on its triglycerides, cholesterol and physico-
chemical properties. However, White et al., (1961) reported that
some of the quality parameters honey samples are not affected
by their storage at 26 ± 3� C.

This study reported that the sored honey at room temperature
(22 �C–36 �C) was with decreased HMF concentration compared
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to the freshly harvested honey. This finding is against the findings
of all of the previous studies, except the study of Fallico et al.,
(2008) who stated that the degradation rate of HMF in honey sam-
ples from different origins was higher than its formation rate at a
temperature range of (25–50 �C). The conclusion of Fallico et al.,
(2008) is that stored honeys are characterized by low concentra-
tion of HMF due to the difference in the rate of production and
degradation of HMF.

The altitude was reported to affect the physicochemical proper-
ties of honey either positively or negatively (Mohammed, 2020;
Mohammed et al. 2017; Bouhala et al., 2020; Neupane et al.,
2015; Popov-Raljić et al., 2015). In this report, the altitude affected
significantly all the studied quality parameters of the Ziziphus
honey except the sucrose while it affected significantly the mois-
ture and fructose percentages of Acacia honey.

5. Conclusions

The floral origin and the altitude had significant effects on the
quality parameters of the honey samples. The one year storage at
room temperature significantly affected the most of the quality
parameters of the Ziziphus honey while it did not affected the
quality of the Acacia honey. This study supported the idea that
the HMF is not associated with the honey storage conditions since
all the recently produced honey were with high concentration of
HMF compared to the stored honey samples.
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