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reports on the application of this technique to honey analyses are at ®

hand. Dbrrscheidt & Friedrich (1962) examined an ether extract of the
vacuum distillate from 3 ooo kg of honey, but did not get satisfactory
results. Best results were obtained by the direct analyses of a sample of
vapour phase over honey, using a flame ionization detector; 1:5 cm? of
vapour permitted recording of 31 components, of which only 4 were
common to the 6 honeys examined. It was suggested that such chromato-
grams might serve as ‘fingerprints’ for identification of honey types.
None of the components was positively identified. Merz (1963) used GLC
of ether extracts from honey samples as an objective means for assessing
honey flavour. He found 5-hydroxymethylfurfuraldehyde (HMF) to be
principal peak in organoleptically satisfactory honeys; in honeys of poor
(bad, not deficient) flavour, other high-boiling components exceeded
HMF in quantity. No other components were identified. Qualitatively,
the chromatograms resemble those shown by Dérrscheidt & Friedrich
for the ether extract. The volatile carbonyl components of honey were
investigated by ten Hoopen (1963). These compounds were isolated as
dinitrophenylhydrazones and separated by column and thin-layer
chromatography and GLC, and identified by chromatographic behaviour,
melting point, and ultraviolet spectrum. Rape and clover honeys yielded
greater amounts of material than did thyme honey. Compounds identified
were formaldehyde, acetaldehyde, acetone, isobutyraldehyde, and
diacetyl.

Cremer & Riedmann (1964) have extended the work of Dérrscheidt &
Friedrich, using the same instrument but with a capillary column instead
of the packed column. They reported 50 components in the analysis of
10 honeys; 22 were identified, of which only 3 (formaldehyde, propional-
dehyde, and acetone) were common to all samples. Their results are
shown in Table 5.82/1. Aliphatic alcohols comprised over half of the
material examined.

In a later report these investigators (Cremer & Riedmann, 1965) using
a Golay column 100 mx 1 mm, have brought the total components
separated to 120, more than half being identified. However, only
phenylethyl alcohol, n-pentanol, benzyl alcohol and 3-methyl-1-butanol
were added to the list of the preceding paper. They noted that a honey
sample stored for a year showed an increase in n-pentanol, 2-methyl-
1-butanol, 3-methyl-1-butanol, and n-propanol, and suggest that these
compounds may originate by fermentation from the corresponding amino
acids: norleucine, #soleucine, leucine, and a-aminobutyric acid. They
reported that 16 of 22 honeys contained phenylethyl alcohol, and 14 of
these also had benzyl alcohol; the former they related to phenylalanine
as a precursor. The 6 honeys not containing the last two alcohols were
also low in the four alcohols noted above, and were not organoleptically
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' recognizable as honey. Oxidation of phenylethyl alcohol produces
phenylacetic acid. It is of interest that most synthetic honey flavours
contain large proportions of methyl, ethyl or propyl phenylacetate and
also phenylethyl salicylate or phenylacetate (among many other com-
ponents); according to Jacobs nearly all phenylacetic esters are char-
acterized by a honey taste and odour (Jacobs, 1955).

Table 5.82/1
Aroma constituents of honey!

Carbonyls Alcohols Esters

Formaldehyde? Isopropanol Methyl formate

Acetaldehyde? Ethanol Ethyl formate

Propionaldehyde 2-Butanol

Isobutyraldehyde? n-Propanol
Other

Butyraldehyde 3-Pentanol Diethyl ether
n-Pentanol®

Isovaleraldehyde Isobutanol

Methacrolein 3-Methyl-2-butanol
3-Methyl-1-butanol®

Acetone? n-Butanol
Methyl ethyl ketone B-Methallyl alcohol
2-Methyl-1-butanol

Phenylethyl alcohol®
Benzyl alcohol®

1 Cremer & Riedmann (1964)
% Also identified by ten Hoopen (1963)
8 Cremer & Riedmann (1965)

It is also of passing interest that a patent for preparing a synthetic
honey flavour specifies heating a solution of a monosaccharide with
phenylalanine and some derivatives (Morton & Sharples, 1959); thus
perhaps a chemical reaction in storage is involved.
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embarrassment of riches—or what may appear to be riches—in such
investigations as these. It is probable that only a few of the compounds
that are or will be identified in honey in this manner will actually con-
tribute toward the unravelling of the nature of honey aroma, though the
technique may be of value for comparison and ‘identification’ of floral
types of honey on a more or less empirical basis. Merz (1963), using the
nose as a detector in GLC, reported only 4 of 20 distinct odour fractions
as honey-like,

Methyl anthranilate (MA) is a minor constituent of citrus honey and
contributes to its distinctive aroma. Lothrop (193z) described a colour
test for this compound in honey which required 1 kg of honey. White
(1966) adapted a procedure requiring 10 g of honey and analysed 21
citrus honeys (average 2-87 ug/g, range 0-84—4-37) and 1z non-citrus
honeys (average 007, range 0-00~0-28). He proposed that content of MA
might be a useful quality measure for citrus honey if further studies were
confirmatory. Knapp (1967), after examining 59 Florida citrus honeys
(average 3-29, range 1'6-4-9) and 14 other samples, supported the pro-
posal, but noted that additional work with samples of known source was
needed.

Hadorn (1964) noted that orange and lavender honeys, both containing
MA, were occasionally deficient in diastase and invertase. He determined
that inhibition of enzyme activity by endogenous MA was not responsible
for the deficiency. '

5.83 Vitamins

As the importance of vitamins in nutrition became known in the 1920s
and 1930s, the occurrence of vitamins in honey was studied. Apart from
the report of Dutcher (1918), who found negligible amounts of ‘water-
soluble vitamine’ in honey, succeeding workers (Faber, 1920, Hawk,
Smith & Bergeim, 1921, Scheunert, Schieblich & Schwanebeck, 1923,
Taylor & Nelson, 1929, Hoyle, 1929, Kifer & Munsell, 1929, Trautmann &
Kirchhof, 1932) uniformly found no evidence of vitamins A, B;, B,, C, D,
and E in honey. Markuze (1935) reported that two samples of Polish
honey showed presence of vitamin B,, but no others. All of these inves-
tigators used biological assay methods.

By the early 1940s, microbiological and microchemical tests for the
vitamins had been improved so much that the very low levels of the
various vitamins in honey could be measured. Haydak ef al. (1942)* and
Kitzes, Schuette & Elvehjem (1943) assayed considerable numbers of
honeys for thiamine (B,), riboflavin (B,), ascorbic acid (C), pyridoxine
(Bg), niacin, and pantothenic acid, and a few for biotin and folic acid.

* Values in their Table 2, last column, should be multiplied by o-o1

The fantastic sensitivity of the newer methods of analysis provides an . :
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. Table 5.83/1 summarizes the results of these investigations. Both groups

of investigators remarked upon the wide variability, both among
different samples of similar honeys and among different honey types.
The lack of agreement between the two groups for pyridoxine and
niacin values was ascribed (Kitzes ef al., 1943, Haydak, 1955) to the use

Table 5.83/1
Vitamin content of honeys

Panto-
Samples Ribo- themic Niacin Thia- Pyri-  Ascorbic
Slavin  acid mine doxine acid

(micrograms/100 g honey)
29 Minnesota! 61 105 3603 55 299 2 400
38 U.S. and Foreign' 63 96 3203 6:0 320 2 200
21 U.S. 3—7 yr. old? 22 20 124 35 76 —
19 U.S. 1-2 yr. 0ld? 26 54 108 44 100 —
4 Indiat 12-54 —  442-978 8-22 — 2 000-3 400

1 Haydak, Palmer, Tanquary & Vivino (1942)

2 Kitzes, Schuette & Elvehjem (1943)

3 Corrected from original data in publication as later shown (Haydak et al., 1943)
4 Kalimi & Sohonie (1965)

of chemical methods by Haydak ef al. and of microbiological methods by
the Wisconsin group. Later Haydak ef al. (1943) found that commercial
filtration of honey reduced the vitamin content (except vitamin K) by
amounts from 8 to 459%,. This was ascribed to the more complete removal
of pollen (which is known to contain all the vitamins reported in honey)
(Kitzes et al., 1943). The Wisconsin group also found (Kitzes et al., 1943)
for a few samples of honey, 0-066 and 3-0 ug per 100 g of biotin and folic
acid respectively. Using a chick assay, Vivino et al. (1943) found a
vitamin K activity for honey, equivalent to about 25 ug of menadione
per 100 g honey.

These levels of the various vitamins are so low that they have no real
nutritional significance, particularly in view of the amount of honey
normally eaten.*

All of the nine early investigators cited at the beginning of this section
used bioassays in examining honey for the various vitamins. Seven of
them tested for ascorbic acid (vitamin C) and found none (Faber, 1920,
Hawk, Smith & Bergeim, 1921, Scheunert, Schieblich & Schwanebeck,

* It can be calculated that honey supplies about 39, of the thiamine and 6%,
of the niacin required for the metabolism of the contained sugars.
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1923, Hoyle, 1929, Trautmann & Kirchhof, 1932, Markuze, 1935). As ‘ % “of u
noted in Table 5.6/2, Haydak et al. (1942) reported an average value for : anal
67 honeys of 2:3 mg per 100 g honey. They used a chemical method, met.
and reviewed chemical determinations of ascorbic acid in honey prior resu
to their paper: Griebel (1938) reported 160280 mg/100 g for mint honey indo
and 7-22 for others. The mint honey was bioassayed, and protected with
guinea pigs at I g per day, which corresponds to about 100-200 mg 48

ascorbic acid/1o0 g (Rosenberg, 1942, page 337). Kask (1938) found an ] asco
average of 4-9 mg/100 g (range 0-20) for Estonian honey, noting that the ‘ conc
vitamin was relatively stable in honey. Werder & Antener (r938) found . C.T
a range of 1'I to 146 mg/100 g for 19 samples; Becker & Kardos (1939) this

found 31-89 mg/100 g for honey from Castanea sativa by chemical means, defic
but bioassay did not demonstrate any activity. Kardos stated later (1941) : Sc
that the indophenol-reducing substances of acacia, fruit-bloom, and of th
Stachys honeys were not ascorbic acid, but protein decomposition i beca
products. Nevertheless, Griebel & Hess (1939) isolated the strong reduc- likel;
ing substance from thyme and mint honeys as a derivative whose melting f cont:
point agreed with that from the ascorbic acid derivative. Their chemical A
analyses for buckwheat, mint, and thyme honeys gave 19, 103, and 391 } glucc
mg/100 g respectively. An analysis of mint and thyme nectars (Griebel & : tions
Hess, 1940) showed 288 and 222 mg/100 g, giving calculated values 394 i that |

and 888 for the corresponding honeys if no loss were sustained in ripening. } to ho
Hansson (1949) reviewed the status at that time. As noted in 5.73,
Gontarski (1948) described an ascorbic acid oxidizing enzyme in honey; i 5.84
the oxidation however is probably by hydrogen peroxide produced by i This
glucose oxidase. This enzyme system operates well in diluted honey and . in the
only very slowly in full-density honey. Since the amount in honey is 6 '} ‘.honej
quite variable (White & Subers, 1963), rate of destruction of natural or ! show
added ascorbic acid would vary widely. Liittge (1962c), using the Roe ; (0-06-
method, found 162 mg/1o0 g (dry wt) for a mint honey, present only as | 1960,
ascorbic acid. None of the other honeys tested contained any. The nectar | over
of Mentha aquatica was found to have 10 mg ascorbic acid per gram of availz
sugar. Kalimi & Sohonie (1965), using a microchemical method, found qualif
2-3'4 mg/100 g in four Indian honeys, with one-fifth lost after storage at | be ev
28-30°C (83-86°F) for one year. ( was «
Since ascorbic acid is important only because of its biochemical ] von 1
significance, and honey is a very complex mixture, it would seem ‘ Raun
reasonable to defer to biological assay values for the determination of , interg
this vitamin in honey. ] a qua
The bioassay value deduced from Griebel’s (1938) statement (1 g of qu
honey/day protecting guinea pigs from scurvy) agrees reasonably with permi
their chemical value for mint honey. Rahmanian et al. (1970) have found - studie

high ascorbic acid values (118-240 mg/100 g) for three samples of honey . the re
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"of unknown source from the mountainous Damavand area in Iran. The
analysis was done by several procedures, including a specific chemical
method (thin-layer chromatography of the dinitrophenyl-osazone); the
results were about 9o9%, as high as those found by the dichlorophenol-
indophenol titration. The sample containing 118 mg/100 g was assayed
with guinea pigs. Weight gains of animals fed daily 5 mg ascorbic acid or
4 g honey did not differ significantly. Rahmanian et al. reported an
ascorbic acid requirement of 3-6 mg/day for the animals they used, and
concluded that the honey actually contained 75-150 mg/100 g of vitamin
C. They suggested the possibility of encouraging the use of honey from
this region as a means of helping to relieve the marginal vitamin C
deficiency often found in Iran.

Schepartz (1966a), reporting that ascorbic acid is a powerful activator
of the glucose oxidase system by way of product removal, stated that
because ascorbic acid is oxidized by peroxide from this system, it is not
likely that ascorbic acid in the reduced form would be found in a honey
containing significant glucose oxidase activity.

When considering the possible interactions between ascorbic acid,
glucose oxidase and catalase in honey, it must be remembered that condi-
tions in full-density honey depart so greatly from optimal assay conditions
that little or no interaction is likely to occur. During ripening of the nectar
to honey, conditions are much more favourable to enzyme action.

5.84 Hydroxymethylfurfuraldehyde (HMF)

This compound, which may be formed by the decomposition of fructose
in the presence of acid, was originally thought not to be a constituent of
honey in the hive. Modern sensitive quantitative measurements have
shown, however, that even fresh honey contains small amounts of HMF
(0-06-0-2 mg/100g; White, Kushnir & Subers, 1964, Hadorn & Kovacs,
1960, Winkler, 1955). HMF in honey has received considerable attention
over the years: at least a hundred papers devoted to the subject are
available. In the early days its presence in honey, as revealed by such
qualitative tests as those of Fiehe (19o8b) and Feder (1911), was taken to
be evidence of the addition of invert sugar; but as soon as the Fiehe test
was described it was severely criticized (Bremer & Sponnagel, 1909,
von Raumer, 1908, Drawe, 1908, Hertkorn, 19og, Klassert, 1909, von
Raumer, 1909), because heated, though authentic, honey gave a result
interpreted as positive. Many modifications are recorded, but the use of
a qualitative test for the purpose carries a number of disadvantages. Use
of quantitative procedures would be preferable; numerical values for
permitted levels could then be used (Hadorn & Kovacs, 1960). Several
studies of quantitative methods have been made. For specific information
the reader is referred to the original papers. Optical methods based on
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ultraviolet absorption by HMF are desribed (Schou & Abildgaard, 1931‘}"
Lampitt & Bilham, 1936, Winkler, 1955, Franzke & Iwainsky, 1956,
Gautier, Renault & Julia-Alvarez, 1961¢c, Romann & Staub, 1961); paper
chromatography (Franzke & Iwainsky, 1956, Gautier, Renault & Julia-
Alvarez, 19610); a ‘quantitated’ Fiehe reaction (Schade, Marsh & Eckert,
1958, Gautier, Renault & Julia-Alvarez, 19614, Gonnet, 1963); and,
probably the best, the chemical procedure of Winkler (1955) which does
not require extraction.

When quantitative methods are used, it can be seen that the early
confusion about the validity of the Fiehe test was caused by the differing
amounts of HMF present from various causes (heating, storage, added
with invert sugar) and the sensitivity of the tests in various hands.
Hadorn & Ziircher (1962b) examined the effect of processing-heating on
HMF. Gonnet (1963) has pointed out that room-temperature storage led
to an increase in HMF, whereas cool storage retarded it. A review of the
effect of storage and heating of honey on HMF content is in the paper of
White, Kushnir & Subers (1964). The effect of storage and heating of
three honeys is shown in Figure 5.84/1, where it can be seen that the
logarithm of ‘time needed to reach a given HMF level’ is linearly related
to temperature over a range of (at least) 20—75°C (68-167°F). The con-
siderable differences in rate even among the few honeys examined
precludes a mathematical expression of the relationship.

Duisberg & Hadorn (1966) used the Winkler method to examine over
I 600 honeys for HMF; they reported most honeys to contain less than
10 ppm. On the other hand Hallermayer (1969), in discussing quality
evaluation of honey, noted a mean value of 33 ppm in I 500 samples of .~ %
commercial honey. ‘

5.85 Toxic substances
Since tremendous numbers of organic compounds are synthesized by
various plants, many with marked pharmacological activity, it is not
surprising that occasionally such materials are found in honey. Possibly
many more compounds are present in nectar, but are not detected in the
honey because the physiological response (taste, toxicity) is not suffici-
ently apparent, or in some cases because their action on the bees prevents
storage of the nectar. The compounds mentioned in this category are not
honey constituents in the sense that they are common to all or most
honeys; they have been reviewed by White (1973).

Instances of toxic reactions from ingestion of certain kinds of honey
have been reported since antiquity. By far the largest number concern
honey from the Ericaceae (Rhododendron, Azalea, Andromeda, Kalmia
spp.). Various articles (Kebler, 1896, Fithner, 1926, Howes, 1949, Palmer-
Jones, 1947a, Gruch, 1957, Carey et al., 1959) review poisoning by honey
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!'mm these sources. Recent instances of human poisoning by these honeys
are described by Ungan (1940), Jones (1947), Povchenko (1950) and
Scott et al. (1971). A toxic compound was isolated by Plugge from honey
(Carey et al., 1959) in 1883, and by others since that time. Pulewka (1949)
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Figuve 5.84/1 Effect of storage (processing)
temperature on the accumulation of HMF in
three honey samples.

(White, Kushnir & Subers, 1964)

and Popova éf al. (1960) described biological tests for the toxic material in
honey. White & Riethof (1959) described a chemical test for this toxic
principle in honey, acetylandromedol. Scott et al. (1971), investigating a
toxic British Columbia honey, isolated three toxic substances in the
sample, which was of unknown origin. No acetylandromedol wasdetected,
but three other related compounds were detected by thin-layer chromat-
ography: andromedol, anhydroandromedol, and desacetyl pieristoxin B.
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Hazslinsky (1956) described a toxic effect of a Hungarian honey which}"

he ascribed to belladonna (Atropa) alkaloids from the nightshade, but
Orosi-P4l (1956) claimed that the source was Egyptian henbane (Datura
metel) and that the poisoning was by scopolamine, not atropine. Lehrner
(1955) and Sviderskaya (1959) have described honey poisoning ascribed
to atropine; in the latter article the source was said to be Datura
stramonium and Hyoscyamus niger.

Wiley (1892, page 750) described an occurrence of poisoning by honey
from the yellow jessamine (Gelsemium sempervirens) in which three
persons died, of twenty affected. Analysis of the honey showed a large
amount of gelsemine present.

Juritz (1925) discussed so-called ‘Noors’ honey from several species of
Euphorbia in South Africa which produces a strong burning sensation in
the throat. Sanna (1931) reported that a Sardinian honey with a sour,
bitter taste was found to contain the glucoside arbutin, derived from
Arbutus unedo.

Bitter honeys are not uncommon; Joachim & Kandiah (1940) attributed
bitterness in a Ceylon honey to alkaloids from pollen of the Cears rubber
plant. Very little chemical work has been done with bitter honeys; like-
wise, little information is available on the materials responsible for the
strong, sometimes nauseating odours and flavours of certain honeys,
such as that from Melaleuca (Taylor, 1956), Agave (Pellett, 1947, page 97)
and privet (Ligustrum).

Palmer-Jones (19475) described an outbreak of poisoning in New
Zealand, ascribed to eating honey. A new compound, mellitoxin, was

isolated from the honey (Sutherland & Palmer-Jones, 19474). It was- .

shown to be related to tutin, a picrotoxin previously isolated fron

Coriaria species in New Zealand. In a search for the source of contamina-

tion in the field, it was noted that honey gathered during the blooming
period of the suspected plant, Coriaria arborea, was not toxic. The source
was then found to be honeydew on the leaves of the plant (Paterson,
1947). Subsequently Hodges & White (1966) isolated tutin and hyen-
anchin (mellitoxin) from a toxic honey, and Turner & Clinch (1968) tested
150 New Zealand honeys for toxin by both a biological assay and thin-
layer chromatography. Samples found toxic by the mouse test (Clinch,
1966) showed spots corresponding to hyenanchin alone, or hyenanchin
and tutin. Some indication of other similar substances was obtained.

5.86 Lipids
A qualitative investigation of the ether-extractable lipids in a cotton
honey was described by M. R. Smith (1963, Smith & McCaughey, 1966).
He found glycerides, sterols, and possibly phospholipids. Using thin-layer
and gas chromatography, he identified the acids as palmitic acid 27%,
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‘eic acid 60%,, with small amounts of lauric, myristoleic, stearic, and
linoleic acids. Twelve compounds were separated by thin-layer chromat-
ography; ten were unsaturated, one was acid, with three gave a positive
reaction to the antimony trichloride test for carotenoids.

Traces of beeswax may be microdispersed in extracted honey; they are
probably introduced from the uncapping procedure. This subject is not
considered here; such wax should have the general composition of
beeswax (Callow, 1963).

5.87 Miscellaneous materials with biological activity
It is probable that materials additional to those described are present,
and will be reported, in honey as isolative and analytical procedures
improve. For example, (+)-2-hydroxy-3-phenylpropionic acid was
isolated from a toxic honey sample (Hodges & White, 1966). Two mater-
ials not yet discussed are choline and acetyl choline. Neumann &
Habermann (1950-51) showed that honey contained a material that
caused contraction of isolated muscle preparations, and reported that the
activity was equivalent to a content in honey (and in stored syrup) of
0-2—2-5 ug acetyl choline per gram of honey. By pharmacological methods
Marquardt & Vogg (1952) showed that this cholinergic* factor of honey is
probably acetyl choline. About thirty times as much choline was also
probably present. Assay of 156 honeys showed acetyl choline levels of
0-06—-5 mg/100 g (Marquardt, Aring & Vogg, 1953). Goldschmidt et al.
(r952) also believed that choline was the cholinergic substance, and
; reported honey to contain 6 mg/10o g of choline. Later (Goldschmidt &
i ‘urkert, 19550) they presented further evidence that the factor was
cetyl and not propionyl or formyl choline. Schuler (1957) agreed.
Watanabe (19554) found no acetyl choline in a floral nectar (Japanese
camellia) or in six pollens. The pollen of Alnus sieboldiana did contain
acetyl choline, and all pollens contained choline. Confined bees were fed
(Watanabe, 19555) invert sugar both without and with (10 ug/ml) acetyl
choline. The corresponding stored ‘honeys’ were found to have a bio-
logical activity corresponding to about o-2 ug/ml of acetyl choline, stores
from the food containing acetyl choline showing slightly more. Watanabe
concluded that acetyl choline in honey is not derived from pollen or
nectar, but is formed by biosynthesis and secreted into the honey. A
review on the subject is in the literature (Marquardt & Spitznagel, 1956).
Smith ef al. (1969) assayed eight honey samples of different floral
sources from various regions for several previously alleged biological
activities. Yeast growth stimulation greater than that from 1 ug of biotin
was found; no real effect was seen on wrist-joint stiffness in guinea pigs.

* A material acting as a chemical transmitter of nerve impulses from para-
sympathetic nerve ends to the effector organ.
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.

Some samples increased the numbers of roots on plant cuttings, but n‘
oestrogenic activity for rats was found. Rats gained more weight on diets
in which honey replaced sucrose or cornstarch.

We have seen that at least 181 substances are known to be present in
honey. This total will increase with time, but our increasing knowledge
of its complexity must not diminish the pleasure of eating honey, the
only sweetener that need not be processed before we enjoy it.






