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INTRODUCTION AND GENERAL COMMENTS ON THE METHODS

Many of the present official honey analysis methods and thus also the regulatory norms based on
them, are outdated and need revision (1). A Commission was formed in 1990 to carry out this task.
Stefan Bogdanov, Switzerland, is ex-chairman the IHC and responsible for compiling the methods,
Werner der Ohe, Germany is present chairman, and Peter Martin, UK is secretary.

The present selection of methods has been made to include all those which at the present state of
knowledge are sufficient for the determination of honey quality. It includes some old methods,
which are still widely used in routine analysis, as well as some more modern ones. All the methods
compiled in this publication have been published previously and with one exception (specific
rotation) have been subjected to collaborative study. Most of them have also been through the
standardisation procedure of the German Institute for Norms (DIN).

The methods were originally published in 1997 in “Apidologie” (2). As the methods are currently
improved, changes to these methods have been made since then, which, however, should improve
the methods. Thus, it is the aim of this Internet publication to make the latest version of the IHC
methods available to as many people and countries as possible. Everybody concerned is invited to
give feed-backs, so that the methods can be improved in the future.

The methods can freely by reached also by other Homepages by making a link to the Homepage
of the IHC. No changes can be made without the approval of the IHC.

Additions and remarks to the methods, made after the Apidologie publication:

Determination of humidity by digital refractometry (Method 1) decided at the Dijon meeting in
October 1999

Determination of invertase (Method 10): decided at the Dijon meeting 1999.

Determination of HMF by HPLC (Method 5.1): change of the sample preparation, decided at the
Athens meeting in 2001

Attn. Diastase determination after Phadebas

The original correlation between the Phadebas and the Schade starch methods is still valid,
contrary to some reports. The producer is working to ensure the batch to batch reproducibility, see
reports on http://www.phadebas.com/applications/food/distase_in_honey
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Collaborative trials and Precision of the methods

The precision data for the methods have been compiled from 3 sources:

a) the original DIN methods, which use the ISO 5725 standard for collaborative studies (3,4)
b) from an U.K. collaborative study (5) according to the ISO norm

c) from the collaborative tests carried out by the International Honey Commission. These have
been interpreted by the more modern robust method of statistics(6-8).

The ISO method has the drawback that outlier laboratories are eliminated from the computation of
the precision parameters and also has other drawbacks (6). The robust method, introduced
recently, does not have the drawbacks of the ISO methods and takes into account the results of all
laboratories taking part in the trial. It is gaining increasing acceptance. In the new edition of the
guide for conducting collaborative studies (reference 4, currently in revision) the ISO protocols and
the robust method are going to be combined.

In the precision results three parameters are given: the average or the range of the determined
parameter and the two precision parameters, repeatability r and reproducibility R, as these are the
crucial parameters for evaluation of the precision of a method.

Repeatability r
The difference between the results of two determinations, obtained in rapid succession

by the same method on identical test material under the same  conditions ( same operator, same
apparatus, same laboratory) shall not exceed the values given in the precision tables

Reproducibility R

The difference between the results of two independent determinations, obtained by
the same method on identical test material under different conditions (different operator, different
apparatus, different laboratory) shall not exceed the values given in the precision tables.

Both measurements are valid with a probability of 95 %. This means that on average in carrying
out 20 determinations, 1 outlier may be expected.

The interlaboratory variation, determined as the coefficient of variation of R or RSDr % is the
quality parameter most often used to compare the precision of analytical methods (8). RSDr % is
calculated as: 100 R/x 2.8

Generally RSD % decreases exponentially with increasing concentration of the measured variable.
In the methods for analysis of major foodstuff components, which lie between 0.01 g/100 g and 10
g/100 g, the coefficient of variation will mostly lie between 0.1 and 10 % (9). The greater the RSDg
% value, the poorer the reproducibility of the method. In order to compare the performance of the
methods we have summarised the extreme RSDr % values for each method from the
collaborative studies (table 1).
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Method, parameter RSDgr % MIN-MAX

1. Moisture, refractometry 1.0-2.5
2. Electrical conductivity 34-44
3. Ash content 43-13.2
4. Free acidity by titration to pH 8.3 (2) 10.3-22.0
5. Free acidity (2) with equivalence point titration 8.7-46.8
6. Hydroxymethylfurfural with HPLC 6.1-10.9
7. Hydroxymethylfurfural after White 3.7-22.0
8. Hydroxymethylfurfural after Winkler 7.9-15.2
9. Diastase activity after Schade 20.5-26.1
10. Diastase activity with Phadebas 11.0-17.9
11. Apparent reducing sugars no trials

apparent sucrose

12. Sugars by HPLC

fructose 1.5-1.9

glucose 1.6-3.2

sucrose 11.4
13. Sugars by GC

fructose 3.9-8.6

glucose 26-75

sucrose 7.2

14. Sugars by HPLC with pulsed amperometric detection

fructose 6.0-7.4

glucose 7.3-7.8

sucrose 6.8-12.5
15. Insoluble matter 26.5-84.4
16. Invertase activity 2.7-9.6
17. Proline 2.3-34
18. Specific rotation no trials

TABLE 1: Harmonised honey analysis methods: comparison of precision

The reproducibility variation coefficient of each method was calculated from collaborative trials of
the International Honey Commission (methods 1, 4,5, 6,7,8,9,10,13,14,16) DIN (2,3,12,17) and the
Association of Public Analysts (11,15).

Methods and Composition Criteria

The selection of methods for use in routine honey control has been made to include all those which
at the present state of knowledge are sufficient for the determination of honey quality. It includes
some old methods which are still widely used in routine analysis, as well as some more modern
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ones. Analyses for the detection of added syrups, such as the stable carbon isotope ratio, are not
included. Most of the methods can be used to determine the quality criteria for honey specified in
the European or in the Codex Alimentarius standard. We have proposed amendments to the EU
legislation and to the Codex Alimentarius standard (2) for some of these compositional criteria,
such as reducing sugars, apparent sucrose, ash content and acidity. Some other criteria, such as
individual sugar analysis, electrical conductivity and invertase, which are based on modern
methods, have been used increasingly, especially in the more industrialised countries. Thus a
more precise characterisation of the honey is achieved. For these criteria we have proposed
standards, based on data from long term routine honey control. We have included also a few
methods (invertase, proline, specific rotation), which are used in some countries and which could
prove to be useful in future honey quality evaluation.

Moisture

Honey moisture is the quality criterion that determines the capability of honey to remain stable and
to resist spoilage by yeast fermentation: the higher the moisture, the higher the probability that
honey will ferment upon storage. The determination of moisture by refractometry (10) does not
yield the true water content and yields lower values than the Carl Fischer method (see 1.1)
However, it is a very simple and reproducible method, successfully used up to the present time and
thus there is no need for alternative methods. The RSDg values varied from 0.8 to 2% over the
whole determination range. The harmonised method is based on a measurement with an Abbe
refractometer. During the past decade digital refractometers have replaced the Abbe in routine
measurements of syrups and jams. Recent work has been done to examine the possible use of
digital refractometers. The first trials with these instruments are promising, but more routine use
will show, if they can successfully serve as an alternative to the Abbe refractometer.

Lower moisture limits (e.g. 19%), ensuring a better shelf-life of honey which would be met by a
large majority of the commercial honeys, have been proposed by some countries for the revision of
the Codex Alimentarius.

Electrical conductivity

This measurement depends on the ash and acid contents of honey: the higher their content , the
higher the resulting conductivity (11). It is a very easy and quick method, needing only inexpensive
instrumentation. The RSDg values varied from 3 to 4% over the whole determination range and
have been found lower than the corresponding values of the ash determination method.

The conductivity is a good criterion of the botanical origin of honey and thus is very often used in
routine honey control. A lower limit has been proposed for blossom than for honeydew honeys (1).
Exceptions have to be made for some blossom honeys, e.g., Tilia, Erica, Calluna, Arbutus,
Gossipium, Lavender, Eucalyptus, in which the conductivity shows considerable natural variation

().

Ash content

This method will probably be replaced by the faster and easier conductivity measurement (see
above). The ash content is a quality criterion for honey origin, the blossom honeys having a lower
ash content than the honeydew ones. The RSDg values of one ring trial varied from 4 to 11% over
the whole determination range.

PH and acidity

Two methods have been proposed. Titration of the acidity has the major drawback that the
endpoint of the titration is not well defined because of lactone hydrolysis, which leads to a constant
drift in the endpoint. Theoretically the equivalence point titration is the correct method for
determination of honey acidity, as the equivalence point of the titration is fixed for each honey.
While the endpoint titration method has been officially used in most countries (14), in France the
equivalence point titration with automatic titrators is used (12). For both methods the RSDg values
were very high: 11 to 22 % for the endpoint titration and 8.7-46.8 % for the equivalence point
titration. Thus the reproducibility of these methods is very poor and unsatisfactory in both cases.
This very high interlaboratory variation throws some doubt on the usefulness of this measurement
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to determine the quality of honey. The International Honey Commission has proposed 50
milliequivalents as the maximum permitted acidity in honey. However one should bear in mind the
poor precision of the method when interpreting acidity results close to the limit.

Hydroxymethylfurfural (HMF)

Three methods can be used for the determination of HMF (10, 13,14). These methods were tested
collaboratively by the International Honey Commission with 3 honey samples to cover the main
range of determination (1). The results are summarised in the table below ( all values in mg/kg).

Bisulfite White HPLC Winkler
sample X r R X r R X r R
1 3.8 0.9 23 5.2 0.4 1.6 7.5 1.1 3.2
2 22.3 1.2 3.9 22.8 1.2 49 225 1.7 7.6
3 42.1 2.2 4.4 42.3 2.1 7.3 429 |25 9.5

There were only small differences between the methods and only at very low levels, of no interest
for assessing honey quality. In the higher range all three methods yielded comparable results. The
repeatability r and the reproducibility R of the White and the HPLC method were better than those
of the Winkler method. With the exception of the measurements at the lowest concentration range
with RSDg values above 10 %, the interlaboratory precision of all methods is acceptable.

Note: Because p-toluidine may be carcinogenic, the Winkler method should not be used if one of
the other methods are available.

The Codex Alimentarius limit is 80 mg/kg, while the EU limit is 40 mg/kg. The discrepancy is
unresolved at the present time.

Diastase

Two different methods are used to determine honey diastase. The traditional Schade method uses
starch as a substrate and determines the diastase activity expressed in Schade units. The
Phadebas method on the other hand uses an artificial substrate. There is a very good correlation
between the diastase activity expressed in Schade units and the absorbance measured with the
Phadebas test (see Phadebas method) so that by means of a factor one can calculate the diastase
activity in Schade units. The RSDg values for both methods are above 10 %, but this can be
explained by the lower precision of enzymatic methods which measure much lower quantities than
chemical methods. The precision of the Phadebas method, as expressed by the RSDg value, was
almost twice as good as the Schade method. A possible explanation might be that the Phadebas
method uses a defined substrate, whereas the commercially available starch varies considerably in
its quality.

In the last drafts of the Codex Alimentarius a limit of “at least “ 8 diastase units is proposed.

Invertase

The invertase measurement has been widely used in some countries such as Germany, Italy and
Switzerland as a freshness indicator, as this enzyme is particularly sensitive to heat and storage
damage. The RSDg values for this method are considerably better than that of the diastase
determination methods. The International Honey Commission has proposed minimum invertase
activity values for especially carefully treated or fresh honeys.

Up to know the results were expressed in Hadorn units (invertase numbers). However Recent
experiments showed, that it would be better to express those in international units.
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Sugars

Non-specific methods

The reducing sugars (mainly fructose and glucose), as well as the apparent sucrose content are
measured by the old Fehling method (10). While the precision of the reducing sugar measurement
is acceptable, that of the apparent sucrose measurement is not satisfactory. This method qualifies
as “apparent sucrose” all non-reducing sugars and is calculated as the difference between the total
and the reducing sugars.

Specific methods

All three methods (15-18) presented here measure specifically fructose, glucose and sucrose by
chromatographic methods. No honey sugars are known to co-elute with these three sugars in any
of the three methods. HPLC and GC analysis of 4 honeys (15) and ion chromatography and gas
chromatography (16) also yielded the same results. We have proposed honey quality criteria to
consist of: 1. the sum of glucose and fructose and 2. of the sucrose content. Other sugars, e.g.
isomaltose, erlose, melezitose, which might be important for specific analyses, can also be
determined by these methods, using the necessary standards.

The RSDg values of all three methods are below 10%, with the exception of measurements of low
levels of sucrose. The HPLC method showed the least interlaboratory variation.

Insoluble matter

The measurement of insoluble matter (10) is an important means to detect honey impurities higher
than the permitted maximum. However, interlaboratory coefficient of variation, lying between 26
and 85 % is very high. This should be borne in mind when interpreting results.

Proline

The proline content is used as a criterion of honey ripeness and, in some cases, sugar
adulteration. The method has a satisfactory interlaboratory variation. The proline content of honey
varies greatly from honey to honey. In Germany a honey with less than 180 mg/kg is considered as
either non-ripe or adulterated.

Specific rotation

The specific rotation is used in Italy to distinguish between blossom and honeydew honeys (19).
The method is very useful for this purpose but limits are yet to be agreed.

Format

Generally, the subheadings of the methods used follow the ISO Format (1), but some subheadings
are omitted as unnecessary in a particular case.

Sampling

The sample to be analysed should be representative of the honey lot. All honey samples should be
prepared in the following way before analysis. For straining, use a stainless steel sieve, mesh
diameter 0.5 mm.

Liquid or crystallised honey free from extraneous matter.

Homogenize the laboratory sample by stirring thoroughly (at least three minutes). Be
careful that as little air as possible is stirred into the honey, especially if the sample is to be
used for determination of hydroxymethylfurfural. If the honey is crystallised in a hard and compact
mass, it can be previously softened by heating it in stove or thermostatic bath at no more than
40°C.
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Liquid or crystallized honey containing extraneous matter.

Remove any coarse material, subsequently stir the honey at room temperature and pass
through a 0.5 mm sieve. Gently press crystallised honey with a spatula through a 0.5 mm sieve.

Comb honey.

Uncap the comb. Drain the comb through a 0.5 mm sieve without heating in order to
separate honey from the comb.

Compositional Criteria and Standards

Presently the Codex and Alimentarius are revising their standards. The Draft of the Codex
Alimantrius Honey standard is presently at step 6 of the Codex procedure. The draft will be
discussed at the seventh session of the Codex Alimentarius commission in London, 9-11 February
2000. The EU is awaiting the Codex decision on the honey standard, before it can propose a
standard of its own. The proposition of the IHC are summarised in a recent publication (8).

After:

Bogdanov S., Martin P., Lillmann C. , Borneck, R., Ch. Flamini, Ch., Morlot, M., Heretier J.,
Vorwohl, G. Russmann, H., Persano-Oddo, L., Sabatini, A.G., Marcazzan, G.L., Marioleas, P.,
Tsigouri, K. Kerkvliet, J., Ortiz, A., Ivanov, T. (1997) Harmonised methods of the European honey
commission, Apidologie (extra issue), 1-59.
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DESCRIPTION OF METHODS

1 Determination of moisture, refractometric method

1. SCOPE

The standard describes a procedure to measure the water content of honey.
2. DEFINITION

The water content is that value determined from the refractive index of the honey by reference to a
standard table.

3. PRINCIPLE

The method is based on the principle that refractive index increases with solids content. The table
was constructed from a plot of the logarithm of the refractive index minus unity plotted against the
water content as determined by vacuum drying, a technique which requires much greater
manipulative skill (1 - 7).

4. EQUIPMENT.
Flasks, 50 ml.
Water bath.

Abbé or a digital refractometer, that can be thermostated at 20° C, regularly calibrated with distilled
water or with another certified reference material. The refractive index for water (np) at 20°C is

1.3330.
5. PROCEDURE
Sample preparation.

Carry out according to the section Sampling of INTRODUCTION AND GENERAL COMMENTS
ON THE METHODS.

Dissolution

Homogenise the prepared sample again and put in a flask. Close the flask and place in a water
bath at 50°C (+0.2) until all the sugar crystals are dissolved. Cool the solution to room temperature
and stir again.

Note:
Ensure that the flask is air tight.
Determination

Ensure that the prism of the refractometer is clean and dry. Directly after homogenisation, cover
the surface of the prism evenly with the sample. After 2 minutes (Abbe refractometer) read the
refractive index. Measure each honey twice and take the average value. Read the corresponding
moisture content from the table. Carefully clean the prism after use.

Note:
The method refers only to the use of the Abbé refractometer, not to digital instruments.
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