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SUMMARY

Quantitative examinations have been made of the changes that occur in honey
while stored at room temperature. Though honey is a relatively stable commodity,
it has been found to change in composition and biochemical activity even when
stored at 26 = 3° C. During two years of such storage about 9% of the monosac-
charides are converted per year into more complex disaccharides and higher sugars.
The ratio of fructose to glucose increases markedly as the free glucose content
declines more rapidly than the free fructose content. All samples examined showed
such changes. Significant increases were noted in acidity during storage, but some
samples showed no change. Evidence for the enzymic nature of the change is
given. Diastase values of unheated honey decline in storage at room temperature
(23-28° C), with diastase showing a half-life of 17 months under these conditions
of storage. Cool or cold storage and expeditious handling are recommended for

preservation of diastase in honey for export to Europe.

Honey is considered to be a relatively
stable foodstuff, with only minor changes in
flavor and color taking place during several
years storage. It is well-known that prop-
.erly ripened honey is not susceptible to
spoilage by microorganisms, with the excep-
tion of osmophyllic yeasts, and then only
above moisture contents of 17% (9). Gran-
ulation of honey does increase the possibility
of such spoilage since it results in an increase
in the moisture content of the liquid por-
tion. A comprehensive study of the effect
of storage at elevated temperature and of
heat processing on the color of honey has
been described by Milum (12).

Both physical and chemical actions are
involved in transformation of nectar irto
honey, with the activity of enzymes being
most prominent. Since these enzymes re-
main in the honey, their action may con-
tinue at a declining rate. The long-noted (3)
decrease in the sucrose content of honey
after extraction has been ascribed to a
continuing action of the invertase added by
the bee. Sucrose content does not reach
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zero after several years of storage, however,
even though a honey may still contain an
active invertase.

It was recently shown (22) that honey
contains a transglucosylase which produces

- several oligosaccharides, including maltose

and isomaltose, from sucrose. Austin pointed
out (2) that because of this enzymic ac-
tivity the “maltose” (actually reducing di-
saccharide) content of a honey will depend
to some degree on methods of apiary man-
agement, storage temperature, and density
of honey. He did not predict the effect of
storage in general on the maltose content
of honey.

De Boer (5) examined a number of yearly
honey samples stored for up to 22 years;
nearly all were white clover and all were
stored in the unheated state. He pointed out
that the same changes in composition that
take place on heating of honey also occur
in storage. He concluded that polarization

- is unchanged and the change in sucrose con-

tent negligible, implying no changes in the
sugars. The amounts of glucose and fruc-
tose and their ratio remained unchanged;
no relative increase was noted in fructose
content, contrary to previous reports (1).



Diastase was found to decrease with age,
3 Gothe “steps” in 10 years. The acidity
was unchanged, but the Fiehe test for hy-
droxymethylfurfural (HMF) became posi-
tive and after 10 years HMF could be de-
termined gravimetrically.

Armbruster, quoted by deBoer (5), re-
ported that aging of as little as 272 months
sometimes causes a noticeable decrease of
diastatic activity, while other types of honey
show no loss after 2-5 months. After 214
years a considerable decrease was found in
one type of honey.

The recent introduction of a more com-
prehensive method of carbohydrate analysis
of honey (20, 23) has made it possible to
learn more about the carbohvdrate make-up
of honey. Whereas older procedures re-
ported only glucose, fructose, sucrose and
dextrin, the newer procedure allows deter-
mination of reducing disaccharides, which
in itself provides more accurate values for
glucose and fructose. Better values for
higher sugars (“dextrin”) also result be-
cause reducing sugar contamination of dex-
trins, common to older precipitation pro-
cedures, is eliminated.

During an extensive analytical survey of
the composition of American honey by the
newer methods, we have re-examined the
effects of storage on the composition of
honey. We have studied the effect of room-
temperature storage of up to 3 years on
unheated and mildly heated honey, deter-
mining changes in glucose, fructose, reduc-
ing disaccharides, sucrose, higher sugars,
diastase, free acidity, lactone and total acid-
ity. Significant changes were found for
nearly all of these constituents, contrary to
previous beliefs.

MATERIALS AND METHODS

Honey samples used in this work were some of
those collected from producers for the analytical
survey noted above; they will be described in de-
tail when the results of the survey are published.
In general, unheated samples were received, and
divided into 3 portions. One was stored at about
—20° C within one day of receipt, a second heated
in a closed jar in a water bath at 55° C for 30
min and cooled (essential pasteurization without
enzyme inactivation), and the remainder left un-
heated. The latter two portions were stored in
the dark at room temperature (23-28° C). Sam-

ples from frozen storage were allowed to reach
room temperature overnight before analysis.

Analyses of corresponding samples of a set
were carried out on the same day; sets were
selected at random.

CARBOHYDRATE ANALYSIS

Where necessary, samples were liquefied by the
new AOAC procedure (20). Carbohydrates were
determined by the selective adsorption method (20).
Moisture was determined by refractive index using
the Chataway table (11). Results for each set
were calculated to the moisture content of the
sample kept in cold storage.

Acips

Free acidity, lactone, and total acidity were de-
termined by a recently developed method (24).
All samples were unheated; aliquots stored at
room temperature and —20° C were analyzed; the
cold-storage samples in duplicate and others in
triplicate. -

DiasTASE

The method of Schade, Marsh and Eckert (14)
slightly modified as adopted by the AOAC (20)
was used. Samples which were granulated were .
made as homogeneous as possible by stirring be-
fore sampling; no heat was used. Samples upon
which carbohydrates and diastase were determined
were all liquid and did not require heating before
carbohydrate analysis.

RESULTS AND DISCUSSION
CARBOHYDRATES

Table 1 shows the values obtained for
each type of storage for 5 honey samples,
each set calculated to the moisture content
shown for the cold-storage sample. The
moisture values in parentheses are those
actually found for the samples. The column
under “age” gives the number of months
of storage for the samples after receipt at
the laboratory.

The data in Table 1 were analyzed statis-
tically by the analysis of variance. Each set
of 15 values for each sugar was examined
and the variability due to sample and storage
was calculated and tested statistically. The
variance and F values are shown in Table 3.
The differences due to storage are shown in
all cases to be significant at the 1% prob-
ability level, except for the unanalyzed por-
tion, where the change is significant at the
5% probability level.
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TABLE 1
ErrFect oF STORAGE ON HONEY SUGARs'®
Higher Unan-
No.2 H:0 Fructose Glucose Maltose Sucrose Sugars alyzed 4 Age
91F 18.6 35.85 33.87 4.92 0.58 1.28 4.90 20
91H (17.5)® 35.07 29.82 8.94 0.93 1.46 5.18 20
91R (16.6) 34.85 29.44 9.22 0.89 1.45 5.55 20
258F 20.8 35.95 32.31 5.43 0.28 1.71 3.62 22
258H (19.0) 33.95 27.88 9.59 0.85 1.67 5.26 22
258R (19.3) 33.84 27.81 10.18 0.92 2.03 442 22
94F 17.4 38.22 31.29 754 0.73 1.23 3.59 22
94H (16.2) 36.39 28.54 11.02 0.87 1.36 442 22
94R (16.6) 36.23 28.55 10.51 0.90 1.46 4.95 22
96F 17.7 36.46 29.85 7.64 0.78 1.77 5.79 23
96H (16.0) 34.19 25.39 13.13 0.85 1.91 6.93 23
9%R (14.2) 34.49 25.24 13.05 0.99 2.05 6.48 23
98F 18.5 37.98 31.02 6.83 0.44 1.84 3.39 23
98H (17.0) 36.10 28.02 10.95 1.00 1.82 3.61 23
98R (16.8) 35.73 26.71 11.47 1.16 1.93 4.50 23
AvF 18.8 36.89 31.67 6.47 0.56 1.57. 4.26
AvH 35.14 27.93 10.73 0.90 1.64 5.08
AvR 35.03 27.55 10.89 0.97 1.78 5.18
Change in
Heated Honey -1.75 -3.74 +4.26 +.34 +.07 —-82
Change in
Raw Honey —1.86 —4.12 +4.42 +.41 +.21 -92
¢, Change in
Raw Honey 5.0% 13.0% 68% 73% 13.4% 22.2%

1 Each set of values calculated to the moisture content of corresponding cold-storage sample.

2The letter following sample number identifies treatment as follows: F = unheated, cold
storage; H = heated, room-temperature storage; R = unheated, room-temperature storage.

3 Moisture values in parentheses are actual values found for the samples.

+ 100— (sugars plus water).

The mean square resulting from storage
conditions was further subdivided and that
of frozen samples was compared with that
of the two room-temperature storage con-
ditions. The two room-temperature storage
sets (heated and unheated) were also com-
pared with each other. A sample calculation
is shown in Table 2, and Table 3 gives
a summary of the mean squares and the F
values obtained therefrom, for each sugar.

It can be seen from the table that the
differences between the frozen samples and
those stored at room temperature are sig-
nificant for all sugars at the 1% probability
level. It is also apparent that the differences
between the average values in Table 1 for
the unheated and heated samples, both stored

at room temperature are, in all cases not sig-
nificant, except for the higher sugar values,
which are significant at the 5% probability
level.

It may be concluded that when raw honey
is stored for two years at temperatures
ranging between 23-28° C, the following
changes take place in the carbohydrate com-
position :

1. A decrease of free glucose (averaging
13%) and a decrease of free fructose (aver-
aging 5.5%); an average of 18.5% of the
free monosaccharide content of the honey
is thus lost. A

2. A marked increase of “maltose” or re-
ducing disaccharide sugars, averaging 69%
of the amount initially present.
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TABLE 2

GLUCOSE
ANALYSIS OF VARIANCE

Source of Variability S.S. D.F. M.S. F

Total 72.00 14

Storage 51.79 2 25.89 100*
FvsRT&H 5143 1 51.43 198*
RTvsH 0.36 1 0.36 1.39

Samples 28.14 4 7.03 2721

Error 2.07 8 0.26

* Exceeds .01 probability level.

3. A relatively large increase in sucrose
content.

4. A small (13%) increase in the higher
sugar content of the honey, and

5. An increase averaging 22%, in the
amount of unanalyzed material (100 —
sugars + water).

The heat treatment given these samples—
55° C (130° F) for 30 min—had no effect
on these changes, with the possible effect of
reducing the extent of increase of the higher
sugar values. The changes in the stored
samples are in the direction of increased
complexity of sugars. This might be ex-
pected from a consideration of the conditions
within the sample. A high sugar concen-
tration and a considerable acidity over a
period of time would promote combination
of monosacharides (reversion, [13]). The
presence of an active transglucosylase en-
zyme (22) in the honey may also result in

VI.

accumulation of oligosaccharide material;
the heat treatment used was not sufficient to
inactivate enzymes. Possible explanations
for the changes observed are as follows:

(a) Fructose. This sugar is subject to
degradation to hydroxymethylfurfural by
long standing in acid solution. Conversion
to non-reducing fructose anhydrides is also
possible.  Fructose-containing oligosaccha-
rides may result from enzyme transfer of
glucose to a fructose acceptor.

(b) Glucose. Twice as much glucose dis-
appeared as fructose. This may reflect the
specificity of the enzyme transferring glu-
cose from oligosaccharides (honey invertase,
a glucoinvertase).

(c¢) “Maltose.” This actually represents
reducing disaccharide material, including
maltose, isomaltose, maltulose, turanose and
nigerose (21). All of these sugars are hy-
drolyzed by honey a-glucosidase (18). The
increase in this category of sugars accounts
for most of the decrease in monosaccharides.

(d) Sucrose. Post-harvest ripening has
long been known to take place in unheated
honey (3). Sucrose is at or reaches a low
value within a few months of removal of
honey from the hive, but never disappears
completely, despite (or probably because of)
the presence of an active invertase. The
data here show a later stage of sucrose
change, where the amount present increases
from a low value to approach 1%. Mold

TABLE 3
SIGNIFICANCES oF CHANGES 1IN HoNEy CoMPOSITION DUE T0 STORAGE
Source of Levulose Dextrose Maltose
Variability D.F. M.S. F M.S. F M.S. F
Samples 4 3.18 3182 7.03 27.0% 5.71 220°%
Storage 2 5.46 5467 259 99.6* 31.3 120
FvsR&H 1 10.90 1092 514 198* 62.6 2413
RvsH 1 03 .0 .36 14 .06 2
Error 8 .10 26 .26
Source of Sucrose Higher Sugars Unanalyzed
Variability D.F. M.S. F M.S. F M.S. F
Samples 4 0.018 0.86 0.217 36.22 3.03 1782
Storage 2 240 1142 061 10.2* 1.33 78*
FvsR&H 1 466 2222 .073 1222 2.63 15.52
RvsH 1 013 .62 .049 82* .02 1
Error 8 .021 .006 17

* Exceeds 59, probability level.
2 Exceeds 19, probability level.



enzymes have been shown to synthesize
sucrose by transfructosylation during their
action on sucrose (7).

(e) Higher sugars. The increase in this
fraction is further evidence of reversion and
transglucosylation.

(f) Unanalyzed. From the point of view
of the carbohydrates, this category can con-
tain difructose anhydrides, non-reducing di-
saccharides (except sucrose), and kojibi-
ose, a very weakly-reducing disaccharide
(2-O-a-p-glucosyl-p-glucose) recently dis-
covered in honey by Watanabe and Aso
(16). This sugar will not be determined
in the analytical procedure used, since it has
but about 6% of the reducing power of
glucose against copper reagents. The in-
crease in unanalyzed material may repre-
sent an increase in the amount of kojibiose
(and possibly trehalose) in honey. Both of
these compounds have been isolated from
hydrol, where it is believed that they arose
by reversion from glucose (15).

It is of interest to examine an analysis of
a 36-year-old sample of honey and compare
it with a corresponding contemporary sam-
ple.

Table 4 shows such a comparison. The
1923 sample ? is an alsike clover-white clover
honey produced at Delphos, Ohio; it had
never been opened and was stored in a dark
cupboard and was liquid except for a few
coarse crystals at the bottom. Also shown
in the table is a similar sample from the
1957 crop. It is alsike and white clover,

® Donated by C. A. Reese, Department of Ento-
mology, Ohio State University.

TABLE 4
Errect oF AGe ox A CLover HoNEy
Difference
1957 Crop 1923 Crop % of 1957
Moisture 18.2 (18.2)*
Fructose 38.25 35.05 -3.20 —8.3
Glucose 33.58 2312 -10.29 —30.6
Maltose 5.50 1641 +1091 +198
Sucrose 1.68 1.04 —.64 -38.2
Higher Sugars 0.82 2.06 +1.24 +151
Undetermined 2.0 4.1 +2.1  +105

* Moisture content of the 1923 sample was 17.6% ;
data are calculated to the 18.29% shown by the 1957
sample to facilitate comparison.

produced at Columbia City, Indiana, by
T. A. Ott. Data were calculated to the same
moisture content to facilitate comparison.
The differences shown in the table are all
similar to those in Table 1 in trend, except
that the 1957 sucrose value is higher, though
the value for the aged sample (equilibrium?)
is close to the average of the 2-year-old
samples. In general the changes in mono-
saccharide and “maltose” shown occurring
after 26 years of storage are similar, but
larger than those found for the two-year-old
samples in Table 1.

Analyses of honey samples after extended
storage have been previously reported by
de Boer (5) and Auerbach and Bodlander
(1). The analytical methods de Boer used
would not detect the differences in carbo-
hydrate composition shown here. He did
not confirm the earlier conclusion of Auer-
bach and Bodlander that the ratio of fructose
to glucose increased after storage of honey.
Auerbach and Bodlander reported the analy-
sis of 13 fourteen-year-old honey samples.
Their fructose-glucose ratio ranged from
1.19 to 1.81, averaging 1.40; 10 fresh honey
samples ranged from 1.06 to 1.19, averaging
1.11. These values have only relative mean-
ing, since the analytical methods used gave
no differentiation between monosaccharide
and disaccharide.

The results in Tables 1 and 4 substantiate
the views of Auerbach and Bodlander that
the amount of free glucose decreases on stor-
age and that the ratio of fructose to glucose
increases. They ascribed this to possible
enzymic condensation of glucose, which we
also believe contributes. )

The changes described in the sugar dis-
tribution of honey have some practical impli-
cations. With the tendency toward increasing
complexity, there may be a corresponding
loss of nutritive value; some of the disac-
charides and higher sugars may not be di-
gestible.

The considerable decrease in glucose con-
tent is probably responsible for the gradual
liquefaction that is often noted in granulated
honey samples as they stand in storage,
which was mentioned by de Boer. If the
glucose content of a granulated honey is
near the lower limit of granulation, the



TABLE 5

EFFECT OF STORAGE

oNx Acmity ofF HoNEY

Free Acid Lactone Total Acidity
Sample F1 R2 F R F R

meq kg meq/kg meq/kg meq/kg meq/kg meq/kg

91 24.04 27.07 9.87 12.39 33.92 39.46
258 20.56 24.06 6.45 7.73 27.00 31.80
92 19.85 21.66 4.90 5.32 24.35 26.98
94 15.04 15.78 2.55 2.62 17.59 18.40
96 22.28 23.90 6.17 9.21 28.45 33.11
107 23.73 24.88 2.20 2.18 25.93 27.04
97 20.82 20.13 7.00 8.08 27.82 28.21
108 22.88 24.29 1.90 4.21 24.78 28.46
109 25.24 26.45 5.83 7.68 31.05 34.13
98 2562 26.63 8.33 10.39 33.85 37.02

*F = Stored at —20° C; samples 91-96 and 258, 21 months, others 24 months.

2 R = Stored at room temperature same tim

changes in a year or so will reduce the glu-
cose well below the saturation point so that
the crystals will slowly dissolve.

Acips

Table 5 shows the free acidity, lactone
content and total acidity of ten samples
stored under the conditions described above.
None of the samples showed visible evidence
of fermentation. In Table 6 is given the
analysis of variance for the free acidity, lac-
tone and total acidity values. The average
changes in each of these categories are seen
to be highly significant. It has been pro-
posed (4, 19, 24) that an enzyme producing
“acidity occurs in honey. If this is the case,
honey samples showing high diastase num-
ber might be expected to show a correspond-
ingly high rate of acid production. Table 7
shows these values for 10 honey samples.
Also. shown in the table is an analysis of
variance for regression. The F value ob-
tained, 11.5, shows a highly significant re-

es as above.

gression between the two sets of values.
This is not meant to imply that the amylase
enzyme system is responsible for acid pro-
duction, but rather that the factors affecting
amylase activity also influence the activity
of the acid-producing enzyme.

DIASTASE

The amylase content of honey has long
been used by Europeans as a measure of
the heat treatment to which a honey has
been exposed. The voluminous literature
will not be reviewed here (10). Recently
(6, 8) it has been.proposed that diastase
content alone is not a suitable criterion for
the detection of overheated honey.

There appears to be relatively little infor-
mation in the literature on the effect of
storage of honey on its diastase content.
De Boer (5), using the Gothe procedure,
reported that diastase decreased gradually
with age of honey, about 3 Gothe “steps”
in 10 years. Schade, Marsh and Eckert (14),

TABLE 6
ANALYSIS OF VARIANCE

Source of Free Acidity Lactone Total Acidity

Variability  D.F. S.S. MS. F S S.S. M.S. F S S.S. M.S. F S
Total.................. 19 207.6 175.0 582.6
Materials............. 9 190.6 21.17 31.0* 159.2 17.69 31.1* 5239 58.2 359*
Storage............... 1 109 1093 16.0* 10.7 10.68 18.8* 44.1 441 27.2*
Error........... 9 6.14 0.68 0.83 5.11° 0.57 0.75 146 1.6 1.27

* Exceeds .01 probability level.



TABLE 7

REeGrRessioN oF Acip PropuctioN By HONEY ON
DiasTase NUMBER

Change in Tgtal

Sample Diastase No Acidity per Year
91 38.0 3.16
258 353 2.74
92 33.3 1.50
94 19.1 0.46
96 27.8 2.66
107 185 0.59
97 8.0 0.18
108 20.0 1.84
109 10.7 1.59
98 21.7 1.58
Analysis of Variance for Regression
Source S.S. D.F. M.S. F
Total 927.28 9
Linear Regression 546.99 1 547 1157
Deviations 38029 8 47.5

! Significant at .01 probability level.

using their improved procedure, reported
diastase values for honey samples before
and after storage for 13 to 15 months
at 20° C. They reported that the diastase
activity had “decreased slightly but not
significantly in most cases.” We have sub-

jected their data (the 7 samples in their
Table 3) to the analysis of variance, and
the changes were found significant at the
1% probability level (F =11.7). Their data
showed an average decrease for 7 samples
of 10.1% in diastase number for the approxi-
mately 14 months storage at 20° C, or 0.72%
per month.

We have determined diastase number for
aliquots of 20 samples of honey after storage
times of 4 to 21 months at —20° C and also
at laboratory room temperature. Samples
were from the 1956 and 1957 crops and
were frozen on receipt at the aboratory at
varying times (%5 to 14 months) after their
extraction. Full data on samples will be
included in a later publication.

The data given in Table 8 show the effect
on diastase number of room temperature,
dark storage for varying times, based on the
reasonable assumption that no change takes
place on samples stored at —20° C. This
table shows an average loss of diastase value
for honey stored unheated at temperatures
ranging from about 23° to 28° C of 2.95%
per month, which is equivalent to a half-life
of 17 months.

TABLE 8
EFFECT OF STORAGE ON D1asTase CONTENT oF HoNEY

Diastase Values;

No. S'}oi::eg © Frozen Room Temp Loss I:Z:s L&s;‘;z;r
234 21 mo. 61.2 30.9 30.3 49.5 2.36 -
430 20 32.6 18.6 14.0 429 2.16
361 20 © 146 8.11 6.5 44.5 223
326 19 17.6 7.23 104 59.1 311
238 17 10.6 7.59 3.01 28.3 1.66
403 13 6.74 3.97 2.77 41.1 3.16
91 13 38.0 21.8 16.2 426 3.28
258 13 353 20.8 14.5 41.1 3.16
92 13 33.3 19.0 143 429 3.30
94 13 . 19.1 129 6.2 325 2.50
96 13 278 . 184 9.4 33.8 2.60
97 13 8.00 442 3.58 4.7 3.44
98 13 21.7 15.8 5.9 27.2 2.09
261 13 10.3 8.40 1.90 184 141
142 13 224 13.2 9.2 41.1 3.16
104 9 10.8 8.15 2.65 245 272
121 8 22.6 15.9 6.7 296 3.70
179 8 16.7 114 5.3 31.7 3.96
333 8 15.2 9.38 5.8 38.1 4.76
214 4 15.2 128 24 158 = 3.95
Av 13.2 22.0 134 389 2.95

7]



This may be compared to the 0.72% per
month shown by the data of Schade et al
(14) for a temperature probably 5-6°C
lower. This at once shows the importance
of low-temperature storage for honey in
which diastase content must be maintained.
Our data show a considerable variation in
the rate of loss of diastase among the honey
samples. Kiermeier and Koberlein (8) re-
ported that the heat-sensitivity of honey
diastase is related to the pH of the sample;
Schade et al (14) are in agreement. We
made an effort to relate several composi-
tional factors to the rate of loss of diastase
in storage but, as shown in Table 9, no rela-
tionship was obtained for ash, total acidity,
hydrogen ion concentration, original diastase
value, and moisture content. An analysis of
variance for regression on the values for
diastase loss vs original diastase number,

TABLE 9

CoRRELATION OF DiAsTASE Loss RATE
witH OtHeErR FAcTors

Factor F Value 1
Time of Storage ........ccoooovceivveneeeeeieicciee 12.4¢
Original Diastase NO ..o, 272
Moisture Content ..........ccooooieneiiiiin. 0.1
Total Acidity ... 05
Hydrogen Ion Conc ..........cocooeevincvininiennns 0.07
ASh o 1.9
Total AZE .o, 76%

1 Calculated by analysis of variance for regression.
2 Significant at .10 level.

3 Exceeds .05 probability level.

¢ Exceeds .01 probability level.

for example, gave an F value of 2.66, sig-
nificant at the 10% probability level. How-
ever, rate of loss was found to be correlated
with storage time, with the rate for samples
stored short times being significantly greater
than the over-all rate for samples with longer
storage periods. Analysis of variance of
these data yields an F value for linear re-
gression of 12.4, significant at the 1% prob-
ability level. A less significant relation was
found between total age and rate of diastase
loss. This does not provide information on
the composition factors controlling rate of
loss.

It mev be seen from these data and also
those of Schade and co-workers that storage
temperature is a most important factor af-
fecting retention of diastase in honey. Many
studies relating diastase loss with degree of
heating have been reported (6, 8, 10) in-
vestigating the thesis that diastatic activity
is an indication of heating of honey. De Boer
in his study of aging of honey did note that
in general the changes occurring as honey
ages are the same as those brought about by
heating ; he had particular reference to in-
crease in hydroxymethylfurfural content. We
have now, for the first time, evidence that
over a storage period of 12-18 months, with-
out heating, a honey may lose enough dia-

"stase to fall below the minimum values

required for European acceptance as table
honey.

With export practices, including storage
by the producer, packer, shipper, time in
transit through the Panama Canal to Europe,
plus a possible 6 months in free-port storage
before sampling and testing by the importer,
a total elapsed time of 12-18 months from
extraction to the European consumer may
occur (17). Any storage temperature ex-
ceeding the average 26° C (79° F) in this
study will appreciably increase diastase de-
struction beyond that found here. A few
weeks or months of warehouse storage at
85 or 90° F or ‘higher is commonly en-
countered in southwestern honey handling.

Although further studies of the effect of
these relatively low temperatures on stability
of honey are planned, the following practices
for honey intended for export to Europe may
be suggested:

1. Expeditious handling to shorten time
from extractor to European customer.

2. Prompt removal from storage areas
where honey is exposed to heat.

3. If long-term storage is necessary, it
should be in cool or cold storage.

4. Sampling by importers for testing
should be at arrival instead of after pro-
longed warehouse storage.

Complete analytical data on all of the
honey samples used in this work will be in-
cluded in a forthcoming publication on the
composition of American honey. ’
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