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and chemical composition of 83 Spanish honeys, including 22 from citrus. The tests
included sugar composition, conductivity, moisture, color and diastatic activity. They
proposed, based on these "physical-chemical" characteristics, that Spanish citrus
honey could be considered "monofloral" if it contained at least 15% citrus pollen. Citrus

pollen ranged from 6 - 75% for 22 samples.

Serra Bonvehi (1988) examined pollens in 40 honeys from eastern Spain where

parthenogenic varieties of citrus predominate. All were classified as monofloral based
upon specified "physical and chemical characteristics". However 12 of these samples
had citrus pollen content only between 4 and 8%. He measured MA in these 12 by
the method described here and by gas chromatography. These MA values (mean 2.0,
s = 1.1, range 0.57 - 4.2 ppm) led him to consider these low-pollen honeys as
monofloral, and to conclude that a minimum of 0.50 ppm MA qualified a honey as
monofloral citrus, in spite of the data showing only 1 of the 12 values as less than 1
ppm. No data for other than these 12 samples were provided. These data allow a
comparison of the two analytical methods, as shown in Table 1. The GLC procedure
appears to be the method of choice.

Serra Bonvehi and Ventura Coll (1995) examined the effect of the required
maturation perion on the quality of Spanish citrus honey. Becuse of its early extraction
from the comb, required by the limited capacity of the type of hive used in Spain,
sucrose contents of fresh Spanish honey are too high (mean 13.4%, s=2.4) to permit
immediate marketing. Storage for about 3 months at ca. 20°C allows sufficient natural
inversion to reduce sucrose to <5%; during this period, MA declines from ca. 2.2 ppm
to 1.9 pm (4 samples). Fifteen honey samples from four Spanish areas were analyzed

for sensory qualities, MA, diastase, hydroxymethylfurfural (HMF), and nine sugars.
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Total pollen content in all samples was in Group | (less than 20,000 grains/10g.)
(Louveaux et al. 1970) and averaged 18% Citrus pollen. MA content (fresh) averaged
2.41 ppm, s = 0.47, range 1.78 - 3.60 ppm. They concluded that a sucrose content
<10% and MA of >1.5 ppm is characteristic of marketable Spanish citrus honey.

An HPLC procedure for simultaneous determination of MA and HMF in honey
was reported by Vifias et al. (1992). The methylene chloride extraction required for MA
analysis rather than the water extraction optimal for HMF reduced HMF values by an
average of 11%. For 7 samples of Spanish honey, MA values ranged from 0 to 0.73
ppm, unusually low.

Ferreres et al. (1993) have proposed the use of the flavonoid hesperetin as a
marker for citrus honey, having found it present in each of 20 citrus honey samples
and absent from all of the 14 other honey types examined. Hesperitin, one of 17
flavanones identified, made up from 1 to 5% of total flavonoid content. No individual
data were provided on methyl anthranilate or pollen content except that (citrus?) pollen
contents ranged from 95 - 75000 grains per 15 g honey, and since there were no
significant differences in the relative amounts of hesperetin in the samples, the source
of the flavanoid was considered to be nectar. Later Ferreres ef al. (1994) measured
MA and hesperetin in 17 Spanish citrus honeys, using the Serra Bonvehi gas
chromatographic procedure for the former. No pollen counts were done. The mean MA
content was 2.35 ppm, s = 0.54, range 1.44 -3.60 ppm; hesperitin mean 0.60 ppm, s =
0.16, range 0.28 - 0.84 ppm. The authors reported no consistent relationship between
the two parameters; this is confirmed by the correlation coefficient (r = 0.19). The

stability of the flavonoid was cited in proposing it as a complementary test. The

presence of hesperetin appears to be a specific attribute of citrus honey, but does not
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appear to be useful as a quality index since no significant correlaton was found with
MA content.

Further examination of a relationship between the MA content of citrus honey
and the citrus pollen content became possible when a number of 1983-crop "takeover"
honeys from the USDA crop loan program were examined by pollen analysis for the
USDA Office of the Inspector General. Among these were 103 with citrus pollen
content ranging from 0 to 95%. Sixty-three of these covering the range were selected

and preserved in frozen storage.

MATERIALS AND METHODS
Honey: 7983 crop: Of the 103 citrus and non-citrus samples from Michigan, Georgia,

and Florida for which pollen composition was known, 63 were selected with the

following citrus pollen content: 10 containing 0-2%; 10 containing 2-10%; and 43 with

over 10%.

1993 crop: 20 samples of high-grade Florida citrus honey and 4 of lower quality.
Pollen Analysis: Extraction procedure: Each honey sample was heated in a

microwave oven to 38°C (100°F),thoroughly stirred before removing 10 g. to a glass

beaker. After dilution with 100 ml. of warmed distilled water it was centrifuged and the

liquid fraction discarded. The residue was acetolyzed to remove organic detritus,

cytoplasm, and lipids (Lieux 1980). The processed residue was mixed with glycerin,

mounted on glass microscope slides and analyzed.

Counting: Pollen counts of from 200-300 grains per sample were conducted, as

recommended by Vergeron (1964). All counting was conducted using a mechanical

stage microscope at magnifications of 400x. Occasionally a higher magnification was
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used to resolve the identification of specific pollen taxa. Identification of pollen types
from these samples was based on comparisons with known pollen types in the Texas
A&M Palynology Modern Pollen Reference Collection and types illustrated in the
recent Pollen Atlas of the Southeastern United States (Jones ef al. 1995)

Determination of MA: The method described by White (1966) using steam distillation
to recover MA, diazotization and spectrophotometric measurement at 500 nm. was
used for all MA analyses.

A cooperative effort with Sioux Honey Association was undertaken for the

analysis of the USDA samples for MA. A preliminary study was carried out in 1986

using 19 of these samples, selected to be representative of the range of citrus pollen

content. The remaining samples were returned to the writer when pressure of other
responsibilities prevented further work at Sioux Honey Association. All samples were
kept frozen in polypropylene bottles until later analyzed.

In 1992, 61 of the 63 (including the 19 described above) were analyzed for MA
by the Agricultural Analytical Services of the Texas State Chemist's office, using the
same method. In 1993, 20 samples of new-crop Florida citrus honeys selected for high
quality and 4 of lower quality were analyzed for pollen and MA contents by the same

procedures under a sub-contract from Honeydata Corp.

RESULTS AND DISCUSSION
Results of the analyses in 1986 and 1992 of 18 of the 19 1983-crop honeys are
summarized in Table 2. As shown there, the same 18 honeys analyzed in a different

laboratory in 1992, after extended freezer storage (ca. 10°F) averaged 56% of their
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earlier MA content. By multiplying the individual 1992 results by the ratio of the means
of the two sets of analyses (1.51 + 0.84 = 1.80) these results may be adjusted to the
time of the 1986 analyses. The regression equation for the two sets of analyses (1986
and adjusted 1993) is (1993 values) = 0.012 + 0.996x(1986 values). r = 0.95, F (17DF)
=145, p = <0.0000.

The MA values for all 61 of the 1983 honeys (43 not analyzed in 1986 but

analyzed in 1993 after the extended storage, plus the 18 in Table 2 as analyzed in
1992) were multiplied by 1.80 to give the data in Table 3. The analytical results from
the 1993 citrus honeys as well as their pollen analyses are also summarized in the
Table.

A summary of the MA contents of all of the US honeys discussed here from 10
seasons from 1956 to 1993 is given in Table 4. Figure 1 provides the individual values
and the regression line which indicates that a honey with 220% citrus pollen
(considered "monofloral citrus" by IUBB standards) should have a minimum MA
content of 1.2 ppm. To indicate the distributions of MA and citrus pollen in such honey
from Florida, all samples with less than 20% citrus pollen were removed from those
described in Table 3, leaving 63. These are summarized in Table 5 and described in
Figures 2 and 3. The minimum of 0.68 ppm MA is comparable to a minimum of 0.50
ppm adopted for Spanish "monofloral" citrus honey (Serra Bonvehi 1988).
CONCLUSION

After examination of the methyl anthranilate content of 159 samples of Florida
honey from ten crop years, together with citrus pollen contents for 85, it is shown that
for "monofioral" Florida citrus honey (citrus pollen 220%) the mean MA content was

3.10 ppm (s = 0.91) and the mean citrus pollen content was 64% (s = 17).
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Legends for figures

Figure 1. Relation between methyl anthranilate content and amount of citrus pollen in

United States honey.
Figure 2. Distribution of citrus pollen content of "monofloral" Florida citrus honeys.

Figure 3. Distribution of methyl anthranilate content of "monofioral" Florida citrus

honey.
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Table 1. Comparison of chemical and chromatographic methods

for methyl anthranilate in honey?

Method Range

Chemical 1.817 ppm 0.53 - 3.76 ppm
GLC 2.013 0.57 - 4.22

0.971
1.108

Regression: GLC = -0.0519 + 1.14 chemical r = 1.00

a Data of Serra Bonvehi (1988)




Table 2. Methyl anthranilate analyses of 18 samples of 1983-crop honey.

Year of analysis MA content (ppm)

Mean s Range

1.09 0.20 - 3.30
0.63 0 -195




Table 3. Methyl anthranilate and pollen analyses of honeys.

Year No. of MA, ppm Citrus pollen, %

samples

Mean s Range Mean Range

19832 61 1.51 0-5.04
1993 24 0.86 0.58 - 4.80
Both 85 144 0-5.04

Regression equations

MA=0.26+0.40x(pollen) 60  <0.0000
MA=0.80+0.043x(pollen) 23 <0.000
MA=0.39+0.412x(pollen) 84  <0.0000

2 Adjusted values (see text).




Table 4. Methyl anthranilate content of Florida honeys.

Crop years No. samples MA (ppm)

Range

Reference

1956, 1957, 1963, 1964 14 1.42 - 4.37
1964, 1965, 1966, 1967 58 1.6-4.9
1983, 1993 87 0-5.04

White, 1966
Knapp, 1968

This paper




Table 5. Pollen and methyl anthranilate in 63 samples of 1983 and 1993-crop

“monofloral"® Florida citrus honey

Methyl anthranilate, ppm Citrus pollen, %

Mean s Range Mean s Range

3.10 0.91 0.68-5.04 17 21.9-96.5

3 Containing >20% citrus pollen.
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