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LEARNING ABOUT HONEY THROUGH FRUCTOSE

by Eva CRANE
[nternational Bee Research Association,
Hill House, Gerrards Cross, Bucks. SL9 ONR, UK

One of the two main sugars in honey—glucose—has been used commerciallAy for m‘zmy
years, especially as a component of drinks, sweets, etc., that are sold as gasﬂy (l1ge5[§d
and quick energy sources. The other sugar—fructosefha's been produ‘ced in comm}:,rcxal i
quantities only in the past decade or so, by the apphcapon of large-scale 1onl;e>l<lc ange
techniques to the hydrolysis of various carbohydrates. leapd hasA been‘one' of the most
active countries in the new fructose industry, spare capacity bf:mg used in ﬂTe sugar
(sucrose) refining plants of the Finnish Sugar Co. Ltd. and Xyrofin Ltq.'The-gllTu')ste;rgd
fructose produced by inversion, dissolved in water, are chromatographlcfllly.sepd)m‘; 7y
means of specially made columns filled with calcium polystyrene sulphonflte ion-exc ‘m%e
resins. The Finnish Sugar Co. has been able to develop a method. for crystallizing truc‘tme
directly from a solution in water, and this process has substantially reduced production
o i istics have been familiar
The properties of glucose that contribute to charact;nstlcs of honelyA fn{e een “
for many years, but fructose has not been available in large quantities for Fesm‘lg unti
recently. In 1981, during a visit to Finland, [ was able to' learn about the resgarch work
done there by Dr. L. Hyvonen and her colleagues. This enables usto b‘egxin t‘o get a
proper understanding of the characteristics of honey that are due to its frl%uto‘si Lont’em.
They include some of the most valued and most acclaimed properties ot honey.

Granulation of honey ‘ ‘
Fructose is the most water-soluble of all the sugars. At25°C a satur‘:ited §01uF|on contains
81% fructose; for glucose the figure is 51% and for sucrose 67%". This h}gh solublllyy
makes fructose difficult to crystallize. and although the gltll(iose—to-water ratlo‘ n hpney}lls
currently used as an indicator of its granulating.tendency 7, we should beér‘ln mmd the
significance of a high fructose content in preventing granulation. All hopeys -contam more
fructose than glucose, with a few exceptions—which granglate very rapidly 1{1de A
as rape (Brassica napus) and dandelion (Taraxacum officinale). Non—granuldtmi On\L

contain much more fructose than glucose, for instance tupelo (Ny.ssa ogeche) 67 7o m:‘rg.
sourwood (Oxydendron arboreum) 62% more. and acacia (Robina pseudoacacia) 457

ed—such

more. ‘ . N
In addition to the high solubility of fructose in water, a solution containing more than

60% fructose can contain much more glucose in solution than a more dilute fructose

' 13
solution can® .

Hygroscopicity of honey _
. e f
Fructose is quite hygroscopic. At room temperature there is a rapid rise in its rate 35
absorption of water from the air when the relative humidity reaches abgut 60%. FO'OWr
containing fructose must therefore be packed to exclude air, or they will absorb wa
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from it. Neither glucose nor sucrose is hygroscopic in the same way, and 1t 1s likely that
honey owes its hygroscopicity entirely to its fructose content. Experiments with the use of
fructose in baking show that its hygroscopic nature preserves the moisture of foods such
as cakes and breads. This same valued property of honey may thus also be ascribed to the
fructose in it.

Effects of heat on honey ‘

When an acid solution of sucrose, glucose or fructose in water is heated, HMF
(hydroxymethylfurfal) may be formed. Fructose is, however, much more sensitive than
glucose to the reaction that produces HMF’. One might expect, therefore, that high HMF
values would be found more often in processed (heated) honeys that have a high fructose
content than in others.

Fructose also has a stronger reaction than glucose with amino acids at high
temperatures’. During the baking of breads and cakes, therefore, fructose browns more
intensely than glucose or sucrose, in lower concentrations of amino acids and at an earlier
stage of the baking™ . Tests showed that a properly baked fructose cake was always
darker than a similar sucrose cake. Also, at the same baking temperatures, a fructose
cake needed to be removed from the oven earlier, or it would burn. Readers experienced
in baking with honey will recognize these characteristics. The use of fructose as a
sweetening agent in bakery products results in a crust browning such as has been
associated with honey'' for many years.

The high chemical reactivity of fructose is probably the reason for the instability of
colour, and for colour faults, in some fruit and berry products. Similar problems have
been encountered with honey.

Sweetness

The sweetness to man of a solution of any sugar depends on its concentration, other
components of the mixture tasted (for instance other sugars, and any acids), and the
temperature.

In Finnish tests* the sweetness of 5%, 10% and 20% sucrose solutions at room
temperature were taken as standard (100); the relative sweetness of sucrose at different
temperatures then varied between 90 and 110, that of glucose between 58 and 87 (it was
relatively sweeter at high concentrations, but varied little with temperature), and that of
fructose between 87 and 114. Low concentrations of fructose (5%) at low temperatures
(5°, 22°C) showed the greatest enhancement of sweetness compared with sucrose.

Hyvonen’s thesis ‘Varying relative sweetness’ (1980), from which much of the
information on fructose is quoted, gives three sets of estimates for the sweetness of
fructose at different temperatures, relative to a 5% solution of sucrose (taken as 100).
They can be combined as follows, the number in brackets showing whether 1, 2 or 3
figures were used:

5° 18° 22° 25° 3 40° 50° 60°
143 129 125 125 100 103 88 80
3) (1 (D (1) (O R (1) 2

On balance, therefore, one would expect honey also to be relatively sweeter at low

& concentrations, and when taken cold or at room temperature, than when taken in hot
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food or drinks. The presence of apid' further’ ::nl:;nc[:ds trk:zrsg‘:\;fiitrel?fs:c;)fo :r:t:ct;;stezgto/lot\(v)

g%rg/bpilr;lstutjzz;lafr:)(inrlzd?: et(lileltsél\t/elztgr?e;:n;rf)egrli:(:se-.fruct};)se mixtures; effects with other

mi')l(“thuerseeS f(:lit:ul%zlr; tigea(}:;in‘:“;;l;e::{e sweetness of honledy,bandltlzf: elxtr;zv Z‘;vtzi[?:ssoif
5 h e relatively s

?tiliﬁ-f;r‘iCtt?;S l;l?irxllekyss.’ ?:t?t;lzery :tt%i%ee:t ;‘;ﬁthgz';y \ilo(:lllld seem }1scful, dnoxx tlslt the

contributions to sweetness of its component sugars ar¢ more fully understood.

B e s i d fructose have come on to the market in the past
i ructose hav a S
Products that contain both glucose an ave ¢ _ ot arket i e P
ant to the beekeeping industry in two ways. st.
decade or so, and are relevan sty 1 : '
i Cé ates such as starch from corn (maize)
atic i 3t latively cheap carbohydrates such as s ror
enzymatic inversion of re S Sueh s S e by the
¢ imilar sugar spectrum to honey, in which ¢ se 1 y
may show a rather similar sugar T s s
i as s illegal adulterants of honey, these comp
honeybee enzyme invertase. As illega ' S comgi e
very Ziifﬁcult tyo detect in honey' '*. But as commercial syrups for feeding to bees, they
-an serve a useful purpose. , N R )
) The products are described as ‘high fructose substances, dlthougholhls is a iﬂlsrg?l?}c;
is of ¢ ars. sample of ‘hig
1 i 5 t more than half the total sugars. One sat ‘
since the fructose content is often no BT O e wih
g se 1S se” ¢ I 39-9% glucose and an estimated 252 se,
fructose isomerose’ contained 2 : e ‘ sl
29.6% water'”, Packs and bulk supplies of these syrups. which the bees do T:ti:dl\]/mny
: SUCTOSE are on sa
i { storing | -ombs (as they do sucrose syrup). are ¢
invert before storing in the com y ) o
i ¢ trade names that may be as emotive as
countries. Some are marketed under . . ' ® 15 tve us thote ter
for cosmetics and some health foods: Apifonda, Stimulapi, Apireve. Nektarin, and s¢

Conclusions ‘
Honey scientists may well now be able to use the 'rf:search _wor?f donfci))r:mftrrkil;ions:e;(;
enrich our knowledge of honey. And the beekeeping industry in (.il‘ er.err‘l o ShOL;]d et
to be aware of the development work orll frt(ljct?se f(()jrfan(;;ll]lecztrorseedsgr;.mho:/o‘um pr——
andi r some of the applications already found for . o :

Cbc;nvcx"lodrit]eif:i/estigating. Pubriications 2 and 8 listed below cover martlly Su:liizs\:;)cl::l;‘d;rii
dietetic advantages and disadvantages of fructose in relation to f)t ‘erl s dgso_(.:a“ed .
not discussed here. Finally, the distinction between the sugar fructbose dnderstOOd . i
fructose’ syrups—both now commercially produced—should be un )

concerned.
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