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Early Federal Work on Honey"

Although our chemical research
program on honey has been underway
for thirteen years, the history of
chemical work on honey in this De-
partment goes back at least seventy-
five years. Probably the first su-
stained chemical work with honey in
Government laboratories was that of
Dr. Harvey W. Wiley, of Pure Food
fame. Dr. Wiley, as Chief of the
Bureau of Chemistry, directed a com-
prehensive program of analysis of
common foods, the results of which
were published as the celebrated
Bulletin 13, Foods and Food Adulter-
ants, beginning in 1887. The shocking
condition of U. S. foods thus re-
vealed played a major part in the
passage of the Food and Drug Act of
1906, In 1890 Part 6 of this bulletin
appeared, subtitled Sugar, Molasses,
Sirups, Confectionery, Honey ‘and
Beeswax. The analyses of 500 sam-
ples  of open-market honey, by ten
State Chemists, were given in detail
and it was found that at least 37%
of them were grossly adulterated. As
pointed out in an American Bee Jour-
nal article last year, the virtual im-
possibility of obtaining pure honey in
the latter part of the nineteenth
century greatly retarded its use. Thus
honey was one of the foods that was
used to bring about passage of Pure
Food laws in this country.

Many samples of honey of various
floral types from over the country
were collected for the St. Louis Ex-
hibition in 1903 by the National Bee-
keepers Association. These were later
donated to the Bureau of Entomology
and 85 of them, plus other samples,
were analyzed by Dr. C. A. Browne,
Chief of the Sugar Laboratory of the
Bureau of Chemistry. This work was
published as Bureau of Chemistry
Bulletin 110, “Chemical Analyses and
Composition of American Honeys,”
in 1908. It was a definitive work for
its time and has remained a primary
source of information about the com-
position of honey.
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Contributions " of
Lothrop and Walton

During the next 20 years there was
no sustained program on honey in

Federal laboratories; in. thei early

1920’s William Seaman of the Car-
bohydrate Division investigated the
color and colloid content of a large
number of honey samples, but none
of this work was published. E. K.
Nelson and H. H. Mottern of the Food
Laboratories studied the acids of
honey at this time, and Dr. Nelson
published a note on the flavor of
orange honey. In 1928 Dr. . R. E.
Lothrop began chemical and tech-
nological work on honey in the Car-
bohydrate Division and continued for
ten years, when he leéft honey re-
search to become associated with the
new Eastern Regional Research Lab-
oratory near Philadelphia. Dr. Lo-
throp published many papers on
the chemistry of honey, its analysis,
the relation of its chemical and phy-
sical properties to its composition, and
developed . commercial methods for
honey. filtration that are in use today.
He was succeeded by Mr. G. P, Wal-
ton who was concerned with honey
analysis, especially for dextrins, de-
veloped a process making possible the
use of honey in carbonated beverages
at ‘the beginning of the Second World
War and devised ways to -use honey
in candied and glace fruit. The pro-
ject was discontinued during the war.
In 1948, after being away from honey
research for several years, Mr. Wal-
ton initiated the present honey pro-
gram at this Laboratory. After Mr.
Walton’s = retirement in 1949 the
writer has been responsible for the
program, Lo

Basic Research Program at the
Eastern Laboratory

The honey research program has as
a general objective the increasing use
of honey. We try to do this by find-
ing new uses, improving old ones, im-
proving processing and by obtaining
as much fundamental information
about honey as possible to serve as a
foundation for future technological
work.

In this article I will describe our
work on the ahalysis and composiyion

of honey. During these thirteen years
we have found many new components
of honey, learned something of its
enzymes, and made considerable pro-
gress in development of accurate
methods for honey analyses.

The standard book of analytical
procedures ‘in the agricultural and
food field is Methods of Analyses of
the Association of Official Agri-
cultural Chemists. It is revised every
five years; the ninth edition has just
appeared. At the time our current
program began, the section on honey
analysis carried the same procedures
used by Wiley and Browne so many
years ago. '

In 1950 we began our cooperation
with the Kansas Agricultural Experi-
ment Station, who agreed to investi-
gate the potentialities of honey in
commercial baking. It became neces-
sary for us to analyze fifteen honey
samples of different floral types
which had been selected for this work.

Sugar ‘Analysis of Honey

Beginning with no-knowledge of
honey analysis, we studied five pro-
cedures recommended in the litera-
ture for the determination of dex-
trose and levulose in honey, in order
to adopt one as our standard pro-
cedure. The results were sufficiently
startling that we subjected them to
statistical evaluation, which con-
firmed that there was more varia-
tion among the different methods on
the same sample than among the
samples of different floral -origin
when analyzed by any one method.
Furthermore, and worse, we had no
basis on which to .decide which
method, if any (including the “offi-
cial” one) gave us the true results
(1). Such a state of affairs is a chal-
lenge to the chemist, so we set out to

~develop better methods of sugar an-

alyses for honey.

It had long been recognized that
the old optical (saccharimetric)
methods had limitations and that
newer chemical methods (such as one
developed by Lothrop) were prefer-
able. However, the latter were still
deficient due to the complex nature
of the sugars of honey. It was only
recently, when the new methods of
chromatography were applied to
sugars, that the way to accurate
sugar analyses of honey became open
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to us. Whistler and Durso of Purdue
had noted in 1950 that if a solution
of sugars of different degrees of com-
plexity be poured on top of a column
of finely-ground charccal and washed
with aleohol solutions of increasing
strength, the various filtrates so ob-
tained contained separated groups of
sugars in increasing degrees of com-

plexity. In other words, this could
provide a pretreatment for a honey
solution to separate the interfering
materials from the dextrose and
levulose and also perhaps permit the
analysis of sucrose and other sugars.

Using this selective adsorption on
Charcoal, we modified chemical sugar
methods to measure the sugars in

the filtrate, put it on a quantitative
basis (2) and began to learn some-
thing of the actual sugar composition
of honey. After analyzing about
twenty samples it was apparent that
honey had considerably less dextrose
and somewhat less levulose than pre-
viously thought, and contained a
whole new (to honey) group of
sugars, the reducing disaccharides.
These averaged about %7.5%, and
ranged as high as 14%, of the weight
of honey (3).

This analytical procedure has pro-
vided a new picture of the composi-
tion of honey. It has been accepted
first action by the Association of Of-
ficial Agricultural Chemists and is
included in the ninth (1960) edition
of the Book of Methods. It has been
used' for honey analyses in Canada,
South ‘Africa, and Chile.

Survey of American Honeys

One effect of the new analytical
method was to render obselete the
results of honey analyses by older
methods. This meant that the work
of Browne (Bulletin 110) was no
longer authoritative and pointed up
the need for an analytical survey of
the various honeys produced in this
country. Other factors also made this
desirable, such as the changes in
agriculture and beekeeping methods
over the intervening fifty years, not
to mention the need by the food in-
dustry for more accurate data on
honey. Hence in 1956, using increased
funds obtained by the efforts of the
honey industry, we initiated a project
to collect and analyze as completely
as we could samples of honey from
as many sources and localities as
practicable.

This we have done, using honeys
from the 1956 and 1957 crops. It was
a considerable undertaking, with 504
samples from 47 of the 50 states being
subjected to 17 physical and chemical
analyses. The nearly ten thousand
results were transferred to IBM
cards, analyzed, classified, and
printed by machine. A Department

(1) White, J. W. Jr., Ricciuti, C. and
Maher, J. “Determination of Dextrose
and Levulose in Honey. Comparison of
Methods.” J. Assoc. Offic. Agr. Chem-
ists 35, 859 (1952).

(2) White, J. W. Jr. and Maher, J. “Selec-
tive Adsorption Method for Determi-
nation of the Sugars of Honey.” J.
Assoc. Offic. Agr. Chemists 37, 466
(1954).

(3) White, J. W. Jr. and Maher, J. “Sugar
Analyses of Honey by a Selective
Adsorption Method.” J. Assoc. Offic.
Agr. Chemists 37, 478 (1954).



Bulletin has been prepared giving all
individual results, interpretations and
analytical procedures. This should ap-
pear in print within a year.

This work would not have been pos-
sible without the cooperation of many
beekeepers, extension apiarists, State
bee inspectors, Professors of Apicul-
ture and State and National organiza-
tions and their officers. The analyti-
cal work at this Laboratory was car-
ried out by Mary H. Subers,. Irene
Kushnir, Mary L. Riethof, Robert B.
Hager, Frederick W. Pairent, La-
verne Scroggins, Allison Smith, Ron-
ald Campbell, Dolores Boe, Oksana
Panasiuk, and the writer. A sum-
mary of the results of the survey ap-
pears in a series of articles beginning
in the November, 1960 Gleanings in
Bee Culture.

Rare Sugars in Honey

With the knowledge that reducing
disaccharides were present in honey

in appreciable amounts, we undertook .

to isolate and identify these materials.
With the help of such recent tech-
niques as gradient elution carbon
_chromatography -(4), preparative pa-
per  chromatography and infrared
spectra of potassium chloride discs
containing the sugars (5), we isolated
and identified the following reducing
disaccharide in honey (6):
Maltose:—This common diglucose
sugar had been reported in honey
some years ago by Elser and con-
firmed by van Voorst. It is the di-
saccharide sugar found in corn sirup.
Isomaltose :—This is an uncommon
sugar, related to maltose. Its best
source is from the hydrolysis of dex-
tran, a fermentation polysaccharide

used as a blood extender and indus-
trial gum. '

Nigerose:—This is a very rare
dextrose-containing sugar. It had pre-
viously been isolated from ‘“hydrol”
which is the “molasses” remaining
from dextrose manufacture from
corn. It is also part of a polysaccha-
ride “nigerose” produced by a mold.

Turanose:—This sugar, composed
of dextrose and levulose, may be pro-
duced by splitting of the trisaccha-

(4) Hoban, N. and White, J. W. Jr. “Gradi-
ent Elution of Disaccharides on a
Stearic Acid-Treated Charcoal Col-
umn.” Anal. Chem. 30, 1294 (1958).

(5) White, J. W. Jr., Eddy, C. R., Petty,
J. and Hoban, N. “Infrared Identifica-
tion of Disaccharides.” Anal. Chem.
30, 506 (1958).

(6) White, J. W. Jr. and Hoban, N. “Com-
position of Honey. FV. Identification
of the Disaccharides.” Arch Biochem.
Biophys. 80, 386 (1959).

ride melezitose which is found in
certain types of honeydew. Its identi-
fication in honey appears to be the
first isolation of this sugar from a
natural product; the same may be
said of nigerose and maltulose.

Maltulose: — This sugar contains
dextrose and levulose, and in strue-
ture resembles both maltose and tura-
nose. It can be made from maltose by
treatment with limewater.

Of these minor sugars, isomaltose
is present in largest amount. We
believe that they do not exist in nec-
tar but are produced by the condi-
tions that bring about the change of
nectar to honey, including the pres-
ence of honey invertase, the high
acidity, and the high solids content.
We have not yet studied the more
complex sugars which occur in honey.

The Acids of Honey-Measurement and
Identity

Another of our more basic studies
on the composition of honey has been
of the acids present. Many years ago
it was thought that formic acid was
the principal acid of honey, having
been added by the bee to preserve it.
As more became known of the acids,
the relative importance of formic acid
diminished; recent belief has been
that the principal acid of lemon juice,
citric aecid, is the predominating
honey acid.

Those who have worked with honey
in the laboratory or plant by neu-
tralizing its acidity with alkali have
encountered a puzzling phenomenon.
Honey solutions, normally acid, show
a definite tendency to revert to their
acid condition when they are brought
to neutrality. That this has long been
recognized is shown by part of the di-
rections for determining the acidity
of honey by the A.0.A.C.—the end
point is taken arbitrarily as the
amount of alkali needed to maintain a
pink indicator color for ten seconds.
The rapid fading of the color shows a
return of the solution to the acid
state. This had been attributed in the
past to production of acids from the
sugars by oxidation by air or to the
production of acid by an enzyme in
honey.

As part of our program to learn
more about the components of honey
we began a study to identify the
acids. During this work it was noted
that while most of the sugar-free acid
fractions were quite normal in their
behavior during neutralization, sev-
eral of them showed the same “fad-
ing end-point” that is characteristic
of honey. This led us to propose that

honey contained lactone. A lactone is
a neutral compound. that can slowly
react with water (hydrolyze) to form
an acid.

When we came to analyze the col-
lected honey samples for our survey
of American honeys, we developed
a new method (7) for the determina-
tion of honey acidity which also pro-
vided a measure of the lactone content
and a stable end-point. As we had
analyzed the samples by this method,
it became apparent that material of
lactone nature is a general constit-
uent of honey. It was present in all
honey samples, sometimes half as
much as the free acidity.

During this time, progress was also
being made in identifying the acids
in honey. It was found (8) that the
principal acid in honey is not citric
acid but rather gluconic acid. This
is an acid derived from dextrose
which can form a lactone. Thus un-
doubtedly all or most of the lactone
material in honey is gluconolactone,
in equilibrium with gluconic acid.
Gluconic acid had some years ago (9)
been found in a sample of “musty”
honey, where its presence was as-
cribed to the presence of a mold
known to produce gluconic acid. In
our identification work the number
of positively identified honey acids
was raised from three (citric, suec-
cinic, malic) to nine (butyric, acetic,
formic, lactic, pyroglutamic, and
gluconic acids). Several others were
not identified (8).

Honey Enzymes

Other components of honey which
are of great importance in its forma-
tion and are of great interest to us
are the enzymes. These have been
called “biochemical catalysts.” The
existence of all living things depends
on the action of their enzymes to
bring about under very mild condi-
tions of concentration, temperature,
and acidity, processes that either re-
quire very stringent conditions to
carry out in the test tube or cannot
be done at all. Enzymes in honev

(7) White, J. W. Jr., Petty, J. and Hager,

B. “The Composmon of Honey.

II Lactone Content.” J. Assoc. Offie.
Agr. Chemists 41, 194 (1958).

(8) Stinson, E. E., Subers, M. H., Petty,
J. and White, J. W. Jr. “The Com-
position of Honey. V. Separation and
Identification of the .Organic Acids.”
Arch. Biochem. Biophys. 89, 6 (1960).

(9) Angeletti, A. “The Presence of d-
Gluconic Acid In Musty Honey.” Giorn.
farm. chim, 81, 533 (1932).



may have been added to the nectar by
the bee, may exist in the nectar it-
self, or may come from other sources
such as pollen, yeasts, and so on. The
most important of these enzymes is
sucrose or invertase. This is added by
the bee and brings about the change
(“inversion”) of sucrose in the nectar
to simple sugars (dextrose and levu-
lose) in honey. This is one of the
most important changes during the
conversion. Even after honey is
ripened, extracted, and bottled, the
invertase will remain active and can
be demonstrated unless the honey
has been heated in processing suffi-
ciently to destroy it. Another im-
portant honey enzyme (for an en-
tirely different reason) is the so-
called diastase or amylase. This
enzyme is one that converts starch
to simpler sugars. Its relationship to
honey ripening is unknown. Since it
is easily measured and is of course
destroyed by heating, the presence
of a low level of diastase in honey
has been used for many years in vari-
ous European countries as evidence
that it has been subjected to exces-
sive heat, which in their opinion
greatly reduces its value.

We are presently engaged in a
study of the enzymes of honey, from
both the basic point of view to learn
more about them as enzymes and also
from the practical side to learn the
effect of storage and processing con-
ditions on them. Some years ago we
looked into the mechanism of the ac-
tion of honey invertase on sucrose,
finding (10) that it is quite different
from yeast invertase. Honey invertase
“attacks” the dextrose part of suc-
rose while yeast invertase has been
shown by others to attack the levulose
part. During its action( and no doubt
during the ripening of honey) sev-

eral more complex sugars are formed
by transfer of dextrose molecules to
sucrose or to other sugars present.
We isolated one such sugar, a new
trisaccharide, and proved its struec-
ture (11). We called it “erlose.” Since
then it has been found in honey and
honeydew and in other products. In
fact there appear to be (at least) two
kinds of honeydew, depending on the
particular inseet that produces it:
the more familiar melezitose type,
and the erlose type (12). The former
may crystallize in the honeycomb,
the latter apparently not, though it is
not known whether erlose survives
collection and ripening by bees as
does melezitose. :

‘While on the subject of enzymes, we
have used the excellent analytical
method for honey diastase described
by Schade, Marsh and Eckert at Cali-
fornia, who did collaborative work on
it with German authorities, and initi-
ated its adoption as an A.0.A.S.
method.

While at first glance the relation-
ship of some of the fundamental
chemical work as described in this

(10) White, J. W. Jr. and Maher, J.
“Transglucosidation by Honey In-
vertase.” Arch. Biochem. Biophys. 42,
360 (1953).

(11) White, J. W. Jr. and Maher, J. “a-
maltosyl-8-D-Fructofuranoside, a 'Tri-
saccharide Enzymically Synthesized
from Sucrose.” J. Am. Chem. Soc. 75,
1259 (1953).

(12) Wolf, J. P. III and Ewart, W. H. “Car-
bohydrate Composition of the Honey-
dew of Coccus hesperidum L.: Evi-
dence for the Existence of Two New
Oligosaccharides.” =~ Arch. Biochem.
Biophys. 58, 365 (1955). Gray, H. E.
and Fraenkel, G. “The Carbohydrate
Components of Honeydew.” Physiol.
Zool. 27, 56 (1954). Stephen, W. A.
“Some Sugars Secreted by the ‘Woolly
Alder Aphid.” J. Econ. Entomol. 52,
353 (1959).

article to the objective of increasing
honey utilization may seem obscure,
it has been amply demonstrated that
practical advances in technology and
industry must draw on such basie
information. This has always been
true. It means that any complete re-
search program, even of the most
practical nature, must if at all pos-
sible include a generous portion of
basic work as insurance for future
developments. We cannot indefinitely
rely on others to do our fundamental
work for us.

For example, we recently developed
a method to detect the admixture of
corn sirup with honey (13) based on
the knowledge that certain higher
sugars occur in corn sirup but not in
honey. We have also developed a
chemical test to detect toxic honey
from laurel and rhododendron (14)
based on fundamental work by Dr.
E. C. Horning and his associates (15).

During the past thirteen years sev-
eral chemists have been associated
with the honey research program. I
should like to acknowledge the com-
petence, careful attention to detail,
and willing cooperation of these in-
dividuals: Jeanne Maher Petty,
Nancy Hoban, Mary L. Riethof, Mary
H. Subers, Edwin E. Stinson, and
Irene Kushnir.

(13) White, J. W. Jr. “Report on the An-
alysis of Honey.” J. Assoc. Offic. Agr.
Chemists 42, 341 (1959).

(14) White, J. W. Jr. and Riethof, M. L.
“The Composition of Honey. III. De-
tection of Acetylandromedol in Toxic
Honeys.” Arch. Biochem. Biophys. 79,
165 (1959).

(15) Tallent, W. H., Riethof, M. L., and
Horning, E. C. “Studies on the Oec-
currence and Structure of Acetylan-
dromedol (Andromedotoxin).” Jour.
Amer. Chem. Soc. 79, 4548 (1957).




