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a b s t r a c t

Honey is a complex foodstuff found in nature which is used without any processing. Honey has been in
use in medicine as well as raw food since ancient times. Essentially, it is a blend of sugars especially fruc-
tose and glucose. The objectives of the study were to determine major sugar composition as well as pes-
ticides contamination in honey samples. Further, Hydroxy-methyl-furfuraldehyde (HMF) level was also
determined to ascertain the freshness of honey samples. A total of 14 samples were collected from local
market and tested for fructose, glucose, sucrose, HMF and organochlorine pesticides using HPLC and GC–
MS techniques respectively. The total sugars in the 14 honey samples were found ranging between 50.26
and 74.74 g/100 g of honey. The chromatographic results showed the presence of the sugars like fructose
and glucose in all honey samples. The honey sample SH–11 was found to contain the highest amount of
fructose (40.63%). On the other hand, the lowest amount of fructose with 29.08% was observed in SH–7.
The HPLC analysis also revealed the presence of sucrose in two samples but under the permissible limit.
The average ratio of fructose to glucose in these honey samples was 1.3. None of the sample has ratio
below 1.0 indicating lesser chances for honey to crystallize on storage. Out of 14 honey samples, 13 sam-
ples were found negative for the presence of any of the 63 pesticides tested. Only sample No. 13, was
found to contain 15.95 ppb hexachlorobenzene per kilogram of honey. The HMF was not detected in four
samples but in remaining samples it was well below the maximum permissible limit. No pesticide and
sugar adulteration was observed in any of the honey samples. The honeys collected from Saudi
Arabian markets were found to confirm the standards set by the regional and international standardiza-
tion organization, the GSO and Codex Alimentarius Commission respectively.
� 2020 The Author(s). 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

Honey is a natural sweet substance produced by honey bees
from the flower nectar, which the bees collect and transform by
combining with specific substances of their own, deposit, dehy-
drate, store and leave in the honey comb to ripen and mature
(Codex Alimentarius Commission, 2001). It is a complex natural
foodstuff and undoubtedly the lone sweetener that is used without
any processing. Honey has been in use in medicine as well as raw
food since ancient times. Essentially, it is a blend of sugars espe-
cially fructose and glucose. Additionally, very small amounts of
several compounds such as enzymatic and non-enzymatic antiox-
idants, glucose oxidase, catalase, ascorbic acid, flavonoids, phenolic
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acids, carotenoid derivatives, organic acids, amino acids, proteins
and volatile compounds are also present in honey (Aljadi and
Kamaruddin, 2004; Gheldof et al., 2002; Lachman et al., 2010).
The concentration of these compounds is determined by numerous
elements like natural conditions during the assortment of the
crude material, sorts of blooms, assortment of honey bees, climatic
conditions, etc. (da Silva et al., 2016; Escuredo et al., 2014). The
cardioprotective, anti-carcinogenic, antimicrobial, immune stimu-
lant and anti-inflammatory properties of honey have been credited
to the presence of different types antioxidants (Küçük et al., 2007;
Liu et al., 2013; McKibben and Engeseth, 2002).

Food adulterations are deceitful activities within the food
industry, which is defined as intentional addition or substitution
cheaper food materials to get maximum economic benefit. (Spink
and Moyer, 2011). Malpractices in food sector have serious effects
on society that reflects on economic, social as well as health
aspects of the people. Honey has been placed at sixth position
among the most adulterated food (Izquierdo et al., 2019). Increased
demand for honey in European Union has led to its import from
other regions of the world. A large number of these imported
honey have been found either adulterated or deceitfully labeled.
The regional and international standardization organization such
as GSO and Codex Alimentarius Commission have laid down the
quality standards for honey are listed in Table 1.

The above-mentioned facts have lead the researchers and law
enforcing agencies to develop newer and sophisticated methods
to identify the adulterations in honey and other food materials
(Guler et al., 2007). Different methods have been created to inves-
tigate diverse, unique and contaminated biochemical substance in
honey (Ohmenhaeuser et al., 2013). As the chemical compositions
of honey and different syrups are very similar to each other, it is
highly difficult to distinguish between them. To prevail over this

issue, techniques like nuclear magnetic resonance, high perfor-
mance liquid chromatography, etc. have been applied to identify
adulterant in honey samples (Ohmenhaeuser et al., 2013; Ribeiro
et al., 2014; Wang et al., 2015). But major drawbacks with these
approaches are high costs and time consuming as well as expert
personnel are required to handle such sophisticated instruments,
which make them difficult to apply for routine applications.

The aim of this study was to establish testing and affirm the use
of Gas chromatography (GC) coupled with mass spectrometry
(MS) as an effective method that can be used to detect toxins or
pesticides in honey. The resulting knowledge of these toxins may
be used to promote awareness among beekeepers so that
best practices can be applied in this important sector of
agriculture.

2. Materials and methods

2.1. Sample collection

The samples of honey were obtained from different cities of
Saudi Arabia. In total 14 samples were collected as arranged in
Table 2. All honey samples were collected in 2018.

2.2. Sugar analysis in honey samples

Determination of sugar in honey by HPLC was carried out
according to the method described earlier (Aljohar et al., 2018).
Briefly, standard solutions of fructose (2 g%), glucose (2 g%), and
sucrose (0.5 g%) were prepared in distilled water. The working
sugar mixture solution was prepared by transferring 1 ml of each
of standard solution of the three sugars to 10 ml volumetric flask
and then the final volume was completed with distilled water.
Sample preparation was carried out from the corresponding honey
sample by dissolving 2.5 g of sample in 25 ml de-ionized water in a
beaker. The resultant solution was filtered through 0.045 lm nylon
filter in a 50 ml volumetric flask. The suitable volume of solution
then transferred in HPLC vial. HPLC analysis was performed using
liquid chromatography coupled with Refractive index detector
(LC-RID) and data handling system was Software OpenLab (LC-
RID). Separation was carried out using ZORBEX carbohydrate col-
umn 150 � 4.6 mm column. Chromatographic analysis was per-
formed with 20:80 volume/volume mixture of distilled water and
acetonitrile as mobile phase. The 10 ll sample was injected with
a flow rate of 1.5 ml/min. The temperature of column was main-
tained at 27 �C during the whole run.

Table 2
Major sugar components and HMF in tested honey samples as determined by HPLC.

Sample Number Sample Code Sugar content (%) Fructose/glucose (Ratio) HMF (mg/kg)

Total Fructose Glucose Sucrose

1. SH–1 59.25 33.49 25.77 � 1.3 ND
2. SH–2 62.62 35.84 26.78 � 1.3 0.478
3. SH–3 63.46 31.72 28.79 2.95 1.1 12.47
4. SH–4 56.44 33.02 23.43 � 1.4 1.00
5. SH–5 60.06 32.85 27.20 � 1.2 0.641
6. SH–6 63.84 36.67 27.17 � 1.3 0.541
7. SH–7 50.26 29.08 21.18 � 1.4 2.47
8. SH–8 52.99 32.97 20.02 � 1.6 10.7
9. SH–9 63.81 36.34 27.47 � 1.3 ND
10. SH–10 62.22 34.91 27.31 � 1.3 ND
11. SH–11 74.74 40.63 34.10 � 1.2 2.94
12. SH–12 66.96 33.48 30.63 2.85 1.1 28.97
13. SH–13 68.47 39.48 28.99 � 1.4 1.3
14. SH–14 61.21 36.38 24.83 � 1.5 ND

Average 61.88 34.77 26.70 0.41 1.3 4.39

Table 1
Physical and chemical specifications of honey compositions according to the GSO
standards.

Honey composition Specification

Hydroxylmethylfurfural (HMF) Not more than 60 mg/kg
Total reducing sugar Not less than 60%
Fructose 27–44.3%
Glucose 22–40.7%
Sucrose Not more than 5%
Fructose/Glucose ratio Not less than 1%
Heavy metals and other additives (arsenic,

lead, mercury, pesticide, etc.)
Absent or not to exceed
maximum levels allowed

pH 3.24–6.1
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Sugar identification in honey samples was done by comparing
the resulting chromatograms with those obtained from standard
sugarmixture. Peak identificationwas performed through retention
time matching. Quantitative determination of each sugar was
accomplished by relating the peak area obtained for a particular
sugar in the examined samples to that of standard sugar solutions.

2.3. Pesticides analysis in honey samples

The preparation of honey samples for GC–MS analysis was done
according to the method described earlier (Rissato et al., 2004). In
short, 10 g honey samples were weighed separately in an Erlen-
meyer flask mixed with 5 ml water and homogenized by shaking,
to reduce its viscosity and facilitate its handling. The samples were
then mixed with 50 ml of acetonitrile and agitated for 20 min. The
organic phase was separated by centrifugation at 2500g, for
10 min, the supernatant was collected and the residue was re-
extracted with 40 ml of fresh solvent. The two portions collected
were combined and the solvent was evaporated in a rotary evapo-
rator, under reduced pressure at 65 �C and air dried. Finally, the
residue was dissolved in 5 ml of ethyl acetate and filtered through
0.045 lm nylon filter.

Pesticides analysis in honeywas carried using Gas Chromatogra-
phy coupledwithMass spectrometry. Analysiswas done on the Agi-
lent 5977B GC/MSD (Santa Clara, United States). The HP-5 ms
column was used which has very low bleed characteristics that are
ideal for GC/MS. The column HP-5 ms has excellent inertness for
active compounds both acidic and basic and improved signal-to-
noise ratio for better sensitivity and mass spectral integrity. Carrier
gas used was helium and the flow rate of 24.2 ml/min was main-
tained during the run. Conditions: initial temperature 50 �C
increased at 25 �C/min to 150 �C, held for 1 min, increased at 3 �C/
min to 200 �C, held for 1 min and 8 �C/min to 290 �C being held for
10 min at 280 �C.

2.4. Detection of Hydroxy-methyl-furfuraldehyde (HMF)

The HMF detection and its level in honey samples were carried
out using HPLC technique. To prepare the samples for the detection

of HMF, 2.5 g of honey was dissolved in 25 ml de-ionized water in a
50 ml beaker. The resultant solution was filtered through 0.45 lm
filter, transferred to 50 ml volumetric flask and additional water
was added up to the mark. The analytical standard and sample
preparations were separately injected in equal volumes (5 ll),
the chromatograms were recorded for the retention times of major
peak and the peak response was measured as peak areas. HPLC
analysis was performed using liquid chromatography coupled with
a diode-array detector (DAD). Separation was carried out using Shi-
madzu SHIMPACK VP-ODS 4.6 � 150 mm, 5 lm RP column. Chro-
matographic analysis was performed with methanol and distilled
water mixture (10:90 v/v) as mobile phase. The volume of 5 ll
was injected with a flow rate of 1.2 ml/min. Run time was
10 min. During the run, temperature of column was maintained
at 30 �C.

3. Results and discussion

3.1. Analysis of sugars in honey samples

The determination of different sugar contents is employed to
distinguish pure honey from adulterated ones. One of the major
characteristics of honey is that fructose is present in higher amount
than glucose. Approximately, about 40% is fructose and 30% glu-
cose in honey, but this can be changed depending upon the storage
time and temperature among other factors. The sucrose is also pre-
sent in low amount ideally not more than 5% except honey from
few specific plants (Aljohar et al., 2018). The total sugars in the
14 honey samples were analyzed and have been found in the range
of 50.26–74.74 g/100 g of honey i.e., 50.26–74.74% (Table 2). The
chromatographic results showed the presence of the sugars like
fructose and glucose in all honey samples. Total sugar content
was highest in sample SH–11 (74.74%) whereas sample SH–7
was found to contain lowest amount of total sugar (50.26%)
amongst all the samples. The amount of fructose in each sample
was found to be higher than the amount of glucose, which is a
characteristic of natural honey. The honey sample SH–11 was
found to contain the highest amount of fructose (40.63%). On the

Fig. 1. Representative HPLC chromatogram of fructose, glucose and sucrose.
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other hand, the lowest amount of fructose with 29.08% was
observed in SH–7. Amongst all the honey samples, the least
amount of glucose was found to contain in SH–8. The HPLC analy-
sis of tested honey samples also revealed the presence of sucrose in
two samples (SH–3 and SH–12). These values are all bellow the 5%
mass ratio limit for sucrose that is allowed in unadulterated honey.
Based on the data presented, the 14 honey samples do not appear
to be adulterated with cheaper sweeteners. A representative HPLC
chromatogram of sugars is depicted in Fig. 1.

Ratio of fructose and glucose was also typical for honey. The
more glucose a honey has, the faster it tends to crystallize. In
honey, the ratio of fructose to glucose ideally should range from

0.9 to 1.35. A fructose to glucose ratio below 1.0 leads to faster
honey crystallization whereas crystallization become slower when
this ratio is more than 1.0 (Aljohar et al., 2018; Draiaia et al., 2015;
El Sohaimy et al., 2015). In the present study, the average ratio of
fructose to glucose was 1.3. Moreover, none of the sample has ratio
below 1.0 which indicates the lesser chances for honey crystalliza-
tion. The malpractice of mixing honey with maple, corn, sugar cane
syrups should be detected as per the recommendations of the ref-
erence organization (Codex Alimentarius Commission, 2001). In
our study, we found only 2 samples to contain sucrose that too less
than 5% limit set by GCC Standardization Organization (GSO, 2014).
Usually pure honey has low amount of sucrose because of the

Fig. 2. GC–MS chromatogram showing hexacholorobenzene in sample SH–13.
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presence of enzyme invertase in honey which breakdown the
sucrose. Therefore, sucrose adulteration in honey can be suspected
by the presence of higher sucrose content i.e., higher than 8 per-
cent (El Sohaimy et al., 2015; Rybak-Chmielewska, 2007;
Siddiqui et al., 2017). In our study, the average amount of total
sugar was 61.88 g in 100 g of honey which is higher than the
GSO standards. Four samples namely SH–1, SH–4, SH–7, SH–8
were found to contain less than 60% total sugar limit according
to the GSO standards. However, majority of samples were at par
according to the GSO standards with respect to the total sugar con-
tent and were consistent with previous researches from the Ara-
bian Gulf region (Al-Farsi et al., 2018; Aljohar et al., 2018; El
Sohaimy et al., 2015). On the other hand, avocado and acacia honey
from Spain and Czech Republic has been reported to contain more

than 80% sugar content (Juan-Borrás et al., 2014; Rodríguez et al.,
2019).

3.2. Pesticides analysis in honey samples

Honey bees are very sensitive creatures that work in harmony
with their surrounding environment and therefore they get
exposed to all types of harmful pollutions. The exposure of bees
to different types of pollutants and toxins in the environment
results in the form of contamination of their honey with pollutants
and toxins. The presence of contaminants in honey poses a risk to
public health. On the other hand, beekeeping is a source of revenue
to many; standards are set to ensure the quality of the product spe-
cially to combat adulteration. Out of 14 honey samples, 13 samples

Fig. 3. Representative HPLC chromatograms of (A) sample containing HMF and (B) sample without HMF.
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were found negative for the presence of any of the 63 pesticides
tested. Only sample No. 13 (SH–13), which was employed as con-
trol showed the peak at 9.858 min indicating the presence of hex-
achlorobenzene or HCB (Fig. 2). Its amount in the sample was
estimated to be 15.95 ppb (0.01595 mg/kg of honey). The
organochlorine pesticides are among the most dangerous environ-
mental contaminants which are widely used in agricultural prac-
tices. These pesticides are known to cause mutations in DNA
besides other damages to different cell organelles (Panseri et al.,
2014). The presence of pesticides in honey has been widely
reported via the pesticide utilization in agriculture (Bargańska
et al., 2013; Panseri et al., 2014; Ravoet et al., 2015). The presence
of pesticides in materials such as nectar, pollen, plant exudates or
bee products like honey, royal jelly, etc. decreases quality. The pes-
ticides may get entry into the honey through contamination of air,
water, plants and soil and finally into the beehive by the bees.
Moreover, using insecticides, fungicides, and acaricides control
bee diseases in bee keeping practices also pollute honey directly
(Amendola et al., 2011). In recent past there has been a sharp
decline in honeybee populations around the world. It has been
widely believed that the major reason for this decline in honeybee
population is their exposure to pesticides (Goulson et al., 2015).
Earlier studies have reported the occurrence of organochlorine pes-
ticides in honey from Spain and Portugal (Blasco et al., 2004). A
study from Italy has reported 94% of 72 honey samples were con-
taminated with at least one of the pesticides. Analysis of results
revealed that pesticide contaminated honey was originated from
apple orchards where pesticide use is common. Those honey sam-
ples that were collected from mountains dedicated for organic
farming were found to be free from pesticides contamination
(Panseri et al., 2014). Another study has reported the presence of
pesticides in 29% of 45 honey samples collected from different api-
aries in Northern Poland (Bargańska et al., 2013). In our study, of
total 14 honey samples, we have found only one sample contami-
nated with organochlorine pesticide (HCB). In Saudi Arabia most of
the land is both desert or arid where very little agriculture is prac-
ticed, hence environmental contamination of pesticides is least
expected, and this has been reflected in our results on honey.

3.3. Detection of HMF

Permissible limit of HMF in honey samples is different in differ-
ent countries. It is usually higher in hot tropical countries. The
maximum permissible limit of HMF is 60 mg/kg in Saudi Arabia
as per the country’s standards. The chromatographic results for
the four honey samples i.e., sample SH–1, SH–9, SH–10 and SH–
14 failed to detect any amount of HMF (Table 2; Fig. 3–B). In
remaining samples of honey, the HMF levels were found to be well
below the maximum permissible limit indicating the freshness of
the honey samples as well as suggest that these honey samples
were not heated (Table 2). The presence of HMF can be seen at time
7.8 min in chromatogram (Fig. 3A). 5-Hydroxymethylfurfural is a
furanic compound which forms as an intermediate in the Maillard
Reaction (Ames, 1992). Additionally, HMF is also produced in a
process called caramelization which is direct drying out of sugars
under acidic conditions (Kroh, 1994). Concentration of HMF also
increases with the increase in length of storage time (Capuano
and Fogliano, 2011; Fallico et al., 2004). Fresh and unheated honey
either contains very small amount of HMF or does not contain it at
all. It implies that low HMF values guarantee that the honey is
practically unaltered (Bogdanov et al., 2004; Escriche et al.,
2008). In international trade the maximum HMF level allowed is
40 mg/kg. However, in the case of honey of declared origin from
countries or regions with tropical ambient temperatures the HMF
content shall not be more than 80 mg/kg (Codex Alimentarius
Commission, 2019). A study from Pakistan confirmed that the stor-

age of honey increases its HMF level as they found higher HMF
level in branded honey samples compared with fresh honeys
(Sajid et al., 2020). In an earlier study on Saudi honey, 3 out of total
13 samples were found to contain very high amount of HMF. The
researchers concluded that these samples were either stored for
longer duration or over-heated. However, HMF level in remaining
10 samples was under the permissible limits (Alqarni et al.,
2016). The presence of very low amount of HMF in our honey sam-
ples suggests that the honeys were fresh, not heated and free from
adulteration of other syrup.

4. Conclusion

Honey is widely used in the Middle Eastern countries owing to
its beneficial properties as well as religious importance since it has
been described as curing agent in the holy book of Islam. The hon-
eys collected from Saudi Arabian markets were found to confirm
the standards set by the GSO and Codex Alimentarius Commission.
The HPLC analysis revealed the presence of sucrose in two samples
only that too under permissible limit. All samples have fructose to
glucose ratio above 1.0 which is suggestive of lesser chances for
honey to crystallize on storage. Only one sample was found to con-
tain traces of single pesticide (HCB) though tested for the presence
of 63 different pesticides. The presence of very low amount of HMF
in our honey samples suggests that the honey samples were fresh,
not heated and free from adulteration of other syrup.
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