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ABSTRACT

Egyptian honey standard of 1990 needs modifications to meet the
demands of Egyptian honey producers and to agree with the growing
requirements of the international market. A total of 35 honey samples of
citrus, clover and cotton honeys were collected from 26 locations in
Alexandria and Behera provinces. Samples were analyzed according to the
official methods of analysis of the AOAC (1984) for the determination of
sucrose, reducing sugars, moisture content, water insofuble solids, ash, free
“acidity, lactone, total acidity, diastase activity and hydroxymethylfurfural
(HMF) concentration. The honey samples were compared with the standards
of Codex (1998), Gulf (1992) and Egypt (1990). Pollen content was studied
in all samples as well. The Egyptian honey standard was proven to be
stricter than other standards and is recommended to be modified as the
apparent sucrose content should be raised to 10 % except for the cotton
honey. the reducing sugar contents should be 65 %. the ash content should
be 0.6 g per 100 g honey, the HMF limit should be 80 mg / kg and the
diastase activity should be included as 3 on Gothe scale.

Keywords: Honey, HMF, diastase number, reducing sugars, pollen, honey
standards

INTRODUCTION

As one of the major products of honeybees, honey is processed by
workers after its collection as flower nectar. It contains a variety of
carbohydrates, amino acids, minerals, proteins (enzymes) and water
{Qui et al, 1999). Honey is therefore collected from different flower
sources leading to variations in its physical-chemical characteristics as a
final product (White, 1980).
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Honey standardization has therefore, become an important issue to
consider. Every country or a region of countries has suggested special honey
standards, depending on different factors existing in such countries. These
factors are attributed to environmental conditions, floral type, and individual
beckeeping practices, In the past, USA siandards judged honey brands by
two methods, the first method was the grading, which was based on four
factors: Soluble solids, flavor, absence of defects and clarity. White the
second method was the color measured by the aid of many instruments as
the refractometer, the Pfund grader and the US Department of Agriculture

color comparator (El-Ansary, 1998).

Recently, standardization of the honey depends on major tests that have
to be determined. They are, reducing sugar content, sucrose content,
fructose: glucose ratio, moisture content, water insoluble solids content, ash,
acidity, diastase activity and hydroxymethylfurfural (HMF) content. These
tests require tremendous efforts to conduct on all honey brands within or
between countries or regions.

The aim of this study is to evaluate physical-chemical characteristics of
Egyptian honey products with a special reference to Egyptian honey
standards.

MATERIALS AND METHODS

I-  Materials:
The present work was carried out on 35 honey samples collected from

Alexandria and Behera provinces. Samples were provided from either
beekeepers or markets representing three types of honey namely citrus,
clover, and cotton honey.

II- Methods:
Honey test methodologies were carried out according to those described

by Codex Alimentarius Commission CL 1998/12-S, Recommended
European Regional Standard for honey, Gulf Standard No. 122/1990 and
Egyptian Standard No. 355/1990.

A. Honey Samples Preparation:
Liquid strained honey was suggested to be the form of all honey samples.

A glass jar was used for packaging a 1000 g of honey sample till analysis.
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Before weighing portions for determination, granules-free strained honey
samples were used. Liquefying these samples was achieved by placing
closed container in water bath for 30 minutes at 60 — 65 °C while shaking.
Samples were mixed and cooled rapidly as soon as they were completely
liquefied. Honey samples prepared for hydroxymethylfurfural or diastase
determination were not heated.

For the removal of foreign materials like wax, sticks, bees and other
particles, samples were heated to 40 °C in water bath and strained through

cheesecloth.

B. Analytical Methods:
Honey samples were analyzed according to the standard methods of the

Association of Official Analytical Chemists (AOAC, 1984).

1- Water content and refractive index:
The refractive index of honey was measured by refractometer and

corrected to standard temperature at 20 °C (AOAC, 1984) then the
corresponding moisture content was deduced from AOAC tables by using
the values of refractive index at the designated temperature.

2-  Water insoluble solids:
A honey sample of 20 g was weighed and dissolved in suitable quantity

of distilled water at 80 °C and mixed well. Samplcs were filtered through
dried, sintered glass crucible with pore size between 15-40 micron and
washed well with hot water at 80 °C until it was free from chloride ion, that
was indicated by the addition of 5 drops of silver nitrale solution
(AgNO; 0.1 %) for each 0.5 milliliter of filtrate unti] no turbidity occurred.
The filtrate was dried at 35 °C for an hour, then cooled and weighed to the

nearest 0.1 mg.

3-  Ash content:
Five grams of honey samples was placed under an infrared lamp

(375 watt} with variable voltage mput, which slowly increased until the
sample became black and dry. The samples were then placed in an electric
muffle furnace at 600 °C. Samples were cooled and weighed. The results
were expressed as W/ W ratio (percent).
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4- Determination of sugars:
I. Analysis of individual sugars by HPLC:

Two HPLC instruments were used in this study, one in Al-Asher men
Ramadan city (M510, Waters, USA} and the other in the National Center of
Agricultural Research (Shimadzu, Japan). Both were fitted with refractive
index detectors (Atago, Rx 1000 & RID-10A, Japan). Instruments were also
equipped with an Aminex carbohydrate column. The column tempcrature
was set on 85 °C. Diluted honey samples of 1 ml at a concentration of 10
brixe were injected. The mobil phase was methanol: deionized water (70:30)
at 40 °C and a pressure of 500 psi with a flow rate of ml/min.

Glucose, fructose and sucrose percentages were automatically calculated
from their peak dimensions and retention time. The actual sugars
percentages were calculated using to the following equations:

Total Sugars%=100 -~ (Watcr content¥o + Ash® +Water insoluble solids %)

Actual sugar content % = (Total sugars %) (Area %) /100

1. Determination of total sugars by Nelson arseno-molybdated colorimetric
method:

Sugars were extracted from 5 g of honcy samples using distilled water,
according to Loomus and Shull (1937). Reducing sugars as well as the total
sugars were determined before and after hydrolysis with hydrochloric acid
as described by Malik and Singh (1980). The non-reducing sugars content
was expressed as g / 100 g fresh weight of honey.

5- Determination of hydroxymethylfurfural {HMF):

Honey samples of 5 g were added to 25 m! H,0 in a 50 ml volumetric
flask. then 0.5 ml of Carrez solution-1 (15 g KaFe (CN),3H,0 dissolved into
100 ml water) was added and mixed followed by 0.5 ml of Carrez solution-
1 (30 g Zn (OAC).3H0O dissolved into 100 ml water) and diluted to
volume with water. A drop of alcohol may be added to suppress foaming
and the mixture was filtered through paper. Five mls of the filtrate wert
pipetted into test tubes including control. Tive mls of Sodium bisulfite
solution (0.20 %) were mixed well o each sample. then absorpance was
deterrmed  using  UV.spectrophotometer (Ultrospec 3000, Pharmacia
Piatechy ar T84 and 075 p usinz A il zell FADAC 1984, The amount

1 AIMIF wvas caicu.area using e Lodouwing Sduailon.
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HMEF / 100 g honey = {(Ags — A336) x 14.97 x 5

6- Diastase activity:

One ml of 2 % starch solution was pipette into several 50 ml graduated
cylinder containing 10 m! of diluted iodine solution (0.007 N) and mixed.
The quantity of water necessary for dilution was determined to produce an
absorbency value of 0.76 + 0.02. Five grams of honey samples dissolved in
10 ml water plus 2.5 ml acetate buffer solution at pH 5.3 were added to
1.5 ml NaCl solution (0.5 N) in a 25 ml volumetric flask and brought to
volume by water. Five ml of starch solution and 10 m! of each sample were
placed in a flask and kept in a water bath for 15 minute at 40 = 0.2 °C. One
ml was added to 10 ml of Jodine solution after 5 minute. Absorbency values
were determined using Spectronic-20 (Bausch & Lomb) at 660 nm in 1 cm
cells. Aliquots of 1 ml were taken continuously at intervals until the
absorbency values reach less than 0.235. Diastase number (DN) was
. obtained by dividing 300 by the time taken to reach the absorbency value of
0.235 (AOAC, 1984).

7- Determination of free lactone and total acidity:

Ten grams of honey sample were added to 75 ml carbon dioxide free
water in 250 ml beaker. The pH values were recorded using a pH meter
(Led-model No. 5986, Coleparmer Instrument Co.). The frec acidity was
determincd by titrating the tested sample with 0.05 N NaOH until pH 8.50.
After the addition of 10 ml sodium hydroxide back titration with HC]
0.05 N to pH 8.3 was performed to determine lactones (AOAC, 1984). Total
acidity was calculated as melliequivellant (meq) / kg of honey.

Free acidity = (ml 0.05N NaOH — ml Blank) X 50 / g sample.
Lactone = (10.0 — ml 0.05N HCI) X 50/ g sample,
Total acidity = Free acidity + Lactone.

8- Pollen grains analysis:
Pollen slides were prepared using the acetolysis method described by
Eredtman (1954) and modified by El-Ansary (1981).

For inspection of the pollen grains in honey samples, 5 ml of from the
upper part of the honey jar were diluted in hot water, centrifuged and
suspended in sulfuric acid which was added slowly to nine-volumes of
acetic anhydride. The whole volume was heated while stirring and then
centrifuged (2200 / min). Pellets were washed with water several times.
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Drops of glycerin were adced and pellets were re-centrifuged and filtered on
paper over night at 20 °C. Some pollen grams became dark as a result of
acetolysis, these had to be bleached before microscopic examination.

Statistical analysis: A randomized block design was used and analysis of
variance was carried out using Superanova® {Abacus Concepts, Inc.,
Berkeley, California, U.S.A). Significant differences between means were
determined by Fisher's LSD Testat P = 0.05.

RESULTS AND DISCUSSION

Data of all honey samples were evaluated and compared with the
international honey standards ot the Codex (1998), Saudi (1990), Gulf
(1992) and the Egyptian standard (1990).

1- Moisture content:

According to its moisture conlent, honey sampies could be divided into
two proups. The first group includes all samples accepted by the four honey
standards (below 20 %). which have no risk for ycast fermentation within a
vear, Ten samples of citrus honey, twelve of clover honey and eleven of
cotton honey were recorded in this regard. The Jowest water contenl values
recorded was 13,40 %, while the highest was 19.40 Y.

The second group includes three samples w ith a moisture content of 20 to
73 9, which are not accepted by the Egyvptian standard (1990). These
samples were Al-Tarh citrus honey {22.00 %), Khorshid citrus honey
(21.40 °4) and Edeo cotton honey (20,60 %). In the mean time. the first
two samples were not accepted by the international standards.

Water content was reported to be about 23 % in honey samples collected
from Kerala. India. (Natarajan and Yesuvadin, 1978). 18 % in samples of
honey from Irag (Al Naji and Hujazy. 1982). 14 = 17 % in Connecticul.
USA (Hankin 1987), 17 - 20 % tn Spain (Sanz ¢/ ol 1995) and 16.1 % 1
Austria (kohlich ¢r af.. 1995}, in this respect, Al Naji and Hujazy (1982).
Sanz ¢f «f.. (1993), Russmann (1998) and Bogdanov 1999) indicated that
honey with relatively high moisture content (more than 18 %) may undergo
yeast fermentation leading to a rapid increase in the number of yeast and

bucteria in honey.
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2- Water insoluble sofids:

The water insoluble solids are mainly wax sediment, foreign matters and
fragments of insects. Most of honey samples were accepted by the four
standards. Samples did ngt exceed the upper limit, which was 0.5 %. Only
8 samples were not accepted having between 0.57 — 0.0 %, They were 3 of
citrus honey, one of clover honey and 4 of cotton honey. Water insoluble
solids were estimated t0 be less than 0.1 % in Australian Regulations

(1993).

3- Ash content
Except for the cotton honey sample of Ezbit El-Shikh (0.9 %), all honey

samples were accepted by the four honey standards, which indictes that ash
content did not exceed 0.6 Y%.

Ash content {vas estimated in Turky to be between 0.14 — 0.56 %
(Temiz, 1983), while in the USA was between 004 — 0.63 %
(Hankin, 1987). Meanwhile, Rybak and Achremowicz (1986) found that
very low ash content may be an indication of honey adultration.

4- Reducing sugars content:
Reducing sugars content Data (Tables 1, 2 and 3) showed that honey

samples could be divided into three groups. The first group includes all
samples accepted by the four honey standards. which is above 70 %. They
included 8 citrus honey samplies, 6 clover honey samples and 11 cotton
honey samples. The highest value was 78.58 % (Al-Sabahia cotton) while
the lowest was 71.77 % (Damanhour citrus).

The second group included samples that do not agree with the Egyptian
standard, but accepted by other international standards. Tn other words, the
second group of honey samples has values of reducing sugars between 70 %
and 65 %. These samples are citrus honey of Kom-Hamada, Al-Tarh and
Magdy. clover honey of Kafr Ei-Dawar and Al-Tabia. The previous honey
samples have reducing sugars values of 68.39. 65.37. 65.57, 69.99 and

67.60 %, respectively.

The third group included honey samples that have less than 65 % and
subsequently did not match all standards. These samples are citrus honey of
Abis. clover honey of Ezbit El-Shikh. Al-Abaadia, Miser Polan and cotton
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honey of Al-Temsah. Their reducing sugar content were 60.23, 61.36,
63.51, 60.09 and 62.60 %, respectively.

So. it is recommended to modify the percentage of the i'educing sugars in
the Egyptian honey stangdard to be 65 % instead of 70 % to agree with the
lower limit of the other international standards.

Reducing sugar content was also reported to be between 75.6 — 81.9 in
Bosnia (Mulalic ef al., 1985) and 54.26 -~ 71.72 % (Ivanov, 1997). This was
also concurrent with Bogdanov (1999) who suggested new quality criteria
which is a minimum content for the sum of fructose and glucose to be 60 g
per 100 g of all blossom honey.

Mean sugar content of floral honey was 77.0 % and in honeydew 70.0 %
(Bogdanov and -Baumann, 1988). Mateo and Bosch-Reig (1997) have also
reported that different floral sources could lead to different sugar content as

"in the sunflower, heather and eucalyptus honeys to be 92.9, 83.3 and

75.0 %, respectively.

5- Apparent sucrose content:
All international laboratories estimate the total disaccharides as apparent

sucrose percentage. The percentage of other disaccharides is mainly maltose
of about 7 % while sucrose is about 1.5 % for the citrus and clover honey.
So, the percentage of the sucrose has to be modified to become 10 % for
citrus and clover honey in the Egyptian honey standard instead of 5 %,
while the maximum level of 5 % maintains as it is for the cotton honey.

Regarding apparent sucrose content, data showed that honey samples
may be divided into two divisions. The first division included the honey
samples accepted by the international standards. This division may be
subdivided into two groups. The first group would include honey samples
which have an apparent maximum sucrose level of 10 % for the citrus and
clover honey and 5 % for the cotton honey which agrec with the Codex
(1998). Gulf (1992) and Saudi (1990). These samples were 10 citrus honey
samples. 9 clover honey and 8 cotton honey. The second group included
honey samples having an apparent sucrose level under 5 %, which is in
harmony with the Egyptian. and subsequently international honey standards.
These honey samples were 6 of citrus honey. 8 of cotton honey and 2 of

clover honey.
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The second division included honey samples that did not agree with all
international standards. These honey samples were 2 of citrus honey
samples (Abis 17.28 %, and Magdy 16.38 %), 3 of clover honey samples
(Al-Abaadia 15.14 %, Al-Tabia 12.57 % and Miser Polan 16.40 %) and 4 of
cotton honey (Baslacon 5.84 %, Ezbit El-Shikh, 5.05 %, Dabbor 9.51 % and

Al-Temsah 15.23 %).

In Europe. the sucrose limit in honeys reached 5 % in Bosnia and
Hersegovina (Mulalic ef al., 1985). Honey collected from bolanical sources
was estimated to have about 0.0 — 3.99 % sucrose (Ivanov, 1997).

6- Hydroxymethylfurfural level:

Regarding Hydroxymethylfurfural (HMF) level, data in Tables 1, 2 and 3
showed that samples can be divided into three groups. The first group
included samples which were accepted by the four honey standards. These
samples were citrus honey of Kom-Hamada, Damanhour and El-Nahal;
clover honey of Ezbit El-Shikh, Baslacon and Abis, Miser Polan and cotton
honey Abis, Baslacon and Maatuok with HMF values of 33.23, 19.46,
3593, 16.17, 39.37, 38.32, 24.70, 39.67, 33.53 and 30.24 mg / kg,

respectively. The second group included samples not in agreement with the
MNMaday and Fovuntisn ctandardg but QRF‘prEd ﬁ_"ﬁm _thﬂ G“_]f and Saudi

R A R 2 L L =l S R e L S L e &~ g

standards. In other words, the second group has values of HMF between 40
and 80 mg / kg. These samples were 8 of the cotton honey, 6 of the clover
honey and 7 of the citrus honey where the lowest value was 40.26 mg / kg n
El-Monofia clover honey and the highest was 76.96 mg / kg in Edfina citrus

honey.

The third group included honey samples with high levels of HMF being
more than 80 mg / kg of HMF and subsequently not in agreement with all
standards. These samples were Kafr El-Dawar citrus honey (88.62 mg / kg),
Al-Tarh citrus honey (85.18 mg / kg), Al-Tarh cotton honey (83.53 mg / kg)
and Al-Abaadia clover honey (81.29 mg / kg).

So. honey should be exposed 1o the minimum heat during storage and
transportation {(Wix. 1983). In French honey, it was found that 16 of 23
samples have exceeded the minimum HMF threshold which is 40 mg / kg
(Bricage. 1989).
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7- Diastase activity:

As for the diastase number (DN), honey samples could be divided into
two groups. The first group included accepted honey samples by the all
international honey standards (DN value not less than 3). These samples
were 11 of citrus honey samples, 10 of clover honey samples and 10 of
cotton honey samples with the highest value being 9.5 in Damanhour citrus
and the lowest is 3.4 in Magdy commercial brand.

The second group included honey samples that are not in agreement with
all international honey standards. These samples were Dabor cotton honey,
El-Temsah cotton honey and Miser Polan Clover honey. These samples
have DN of 1.8, 2.1 and 1.4, respectively.

It is worth noting that, the diastase number is not among the criteria of
‘the Egyptian standard. The use of diastase number as a basis for measuring
honey quality was discussed by White (1992), while the effect of heating on
the reduction of DN was reported by Skowronek et al. (1994). Huidobora
et al. (1995) have reported a DN (Gothe scale) value above 19 for

multifloral honeys

8- Acidity:
The international standards differs in the expression of honey acidity,
some expresses it as total acidity while others as pH.

a. Total Acidity: According to this criterion, honey samples could be
divided into two groups. The first group includes honey samples accepted
by international standards having acidity content less than 40 meq / kg.
These samples are 12 citrus honey. 8 clover honey and 9 cotton honey with
highest value of 39.67 meq / kg in Kom-Esho cotton honey, while the
lowest value was 19.85 meq / kg in Sidy-Ghazy cotton honey also.

The second group included honey samples that have relatively high total
acidity values exceeding the Saudi (1990) and Gulf (1992) limits ranging
from 40 to 50 meq / kg. So, they were not in agreement with the Saudi and
(yulf standards but accepled by the Codex (1998). These samples were of
ciover honey from Abis (44.00). El-Monofia (47.27) and Khorshid (40.83)
and cotton honey of Baslacon (46.65). Edco (41.67) and Al-Sabhia (45.35).
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b. pH: This is a logarithmic scale representing the concentrations of
hydrogen ion in solution. All analyzed honey samples are accepted by the
Gulf (1992) and Egyptian (1990) honey standards and have pH level less

than 4.

The amount of D-gluconic acid was determined enzymatically by Mato
et al. (1997) and was found to be around 7.37 g / kg while other acids were
identified by Nozal er al. (1998) using HPLC where they found that pyruvic,
citric, formic, succinic, lactic and propionic may contribute to honey acidity.

9- Pollen identification:
Pollen grains in honey samples mounted on microscopic slides were

compared with those collected from the flowers of the main sources (citrus,
clover and cotton) as a key for pollen identification according 1o Eredtman

(1954).

The data in Table 4 showed that pollen grains extracted from honey
samples and examined under the microscope could be divided into five

groups.

a. Citrus honey samples:

This group of honey samples had a majority of pollen grains that belong
to citrus pollen. These honey samples were from Al-Tarh (55 %). Baslacon
(60 %). Danamhour (65 %), Kom-Hamada (73 %). Edfina (80 %), Khat
Wistany (74 %). Al- Maamora (82 %). Khorshid (87 %) and Kafr El-Dawar
(92 %),

b. Clover honey samples:

This group of honey samples had a majority of pollen grains that belong
to clover pollen. These honey samples were from Kafr El-Dawar (57 %).
Abis (60 %). Baslacon (70 %). El-Nozha (71 %), Damanhor (77 %).
Khorshid (78 %), El-Monofia (82 %) and Azbit EI-Shik (87 %).

¢. Cotton honey samples:

This group of honey sampies had a majority of pollen grains that belong
1o cotton pollen. These honey samples were from Al-Sabhia (5 %). Edco
(15 %), Baslacon (20 %), Al Tarh (30 %). Azbit EI-Shik (32 %). Abbis
(33 %). Maatouk (35 %), Komosho (36 %). Sidy Ghazy (40 %). and Abou
Homous (42 %).
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Table (4): Pollen grains percentages (citrus, clover and cotton) determined

separately in honey samples collected from citrus,

foraging areas.

F

clover and cotton

Honey samples % Pollen grains
Citrus Clover Cotton

Kafr El Dawar 92 57 -
Khorshid 87 78 -
Al ma’mora El balad 82 = =
Edfina 80 - -
Khat Westany 74 - -
Kwom Hamada 73 - S
Damanhor  ° 65 77 -
Abis 62 60 33
Baslacone 60 70 20
Al Tarh 55 - 30
El Nahal 0 - -
Magdy 0 - -
Ezbit El Shikh - 87 32
El Monofia - 82 -
El Nozha - 71 -
Al Aba’dia - 0 -
Al Tabia - 0 -
Misr polan - 0 -
Abo Homous - - 42
Sidy Ghazy - - 40
Komosho - - 36
Ma’tuok - - 35
Edco - - i5
Al Sabhia - - 5
Dabour - - 0
El Temsah - - 0

{-) Not determined

{0} No pollen grains of the corresponding species.
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d. Mixed honey samples:

This group included honey sample that contained pollen from different
flower sources. This kind of honey was represented by only one sample, Al-
Sabhia. which had 10 % of cotton pollen, 42 % of clover pollen, 40 % of
citrus polien and 8 % of other types of pollen.

d. Honey without poilen grains:

This group included honey samples free of pollen grains. These samples
were of citrus honey of Abbis and Magdy, of clover honey of Al-Abaadia,
Al-Tabia and Miser Polan, and of cotton honey samples of Dabor and El-

Temsah.

Several authors have identified several types of pollen in wild, unifloral
and multifloral honeys. Gomez-Ferreras (1990) reported up 10 80 pollen
types. Pollen grains from 17 families were also reported by Sorkun ef al.
(1989) while Carvalho et al. (2001) found 28 pollen types dominated by

Eucalyptus spp.

In conclusion, it is recommended that the Egyptian honey standard of
1990 should be modified as in Table (5). The lower limit of reducing sugar
must be changed to 65 % instead of 70, The maximum limit of HMF content

Table (5): Suggested modifications for the Egyptian honey standards.

Criteria Present Egyptian  Suggested Egyptian
standard (1990) honey standard
Moisture content {%0) <20 <20
Water insoluble solids (%) <0.5 <0.5
Ash content {%) <0.4 <0.6
Reducing sugars (Yo} >70 <65
Apparent sucrose content (%) <5 <10 for clover and

citrus huney,
<3 for cotton horey

Hydroxymethytfurfural content <40 mg/kg <80
(HMF) mykg

Diastase number - >3
PH <4 <4
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must be increased to 80 mg / kg instead of 40 mg / kg as Guif and Saudj
tandards since the Arab countries import large amount of Egyptian honey.
The sucrose content has to be modified to apparent sucrose content with a
maximum of 10 %. The djastase activity (DN) should be included in the
Egyptian standard with a minimum limit of 3.0. Also, the maximum limit of
- ash content should be increased to 0.6 instead of 0.4 %,
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