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ENZYME PRODUCTION OF ACID IN HONEY

Jonathan W. White, Jr.

The acidity of honey is one of its more important properties. It
contributes to the flavor complex and the amounts present appear to

be a function of fioral type.

. In the older procedure for determining the acids of honey, alkali
is added to the sample until the pink color of an indicator is
maintained for ten seconds (l) It was necessary to specify it
this way because the indicator color faded rather rapidly,
indicating that the solution beceme more acid,, This phenomenon
had not received detailed attention and had been explained as
possibly dne to acids produced from sugars under’the very slightly
alkaline conditions (2).2 An English‘investigator, Cocker, in

1951 (3) noted:the fall in pH of neutralized honeys and when he
found it did not accur with a heated honey solutlon, ascribed 1t

to an acid producing enzyme.

At the time we tried to repeat his work but found the pH to drift
in both heated and unheated honey. This, of course, ruled out

enzymickaction as the immediate cause of the drop in pH. (L).

The first slide. -e--2--- shows that the

boiled sample reQuired slightly less alkali to neutralize than did
the unboiled. sample. This is probably due to a loss of volatile acids
in the boiling of the sample. ' Both samples were let stand seVeral

hours; the pH dropped at about the same rate. After 3 hours they had




di'opped to 5.2. 'They they were again titrated. The unboiled éample
required O.ZS'ml moré é.lkali than did the boiled one. Thus, the
experiment shows that the drop in pH of neutralized honey solutions
is not’ enzymic, and if, also shows 'bhat‘ there is a possibility of
aeid production due 1;0 ehzyﬁic é.cvtioxva,' but it ca.nndt be sl:fo‘wn éim;ply '

by pH fall of neutralize_d. honey solutions, aé Cocker a.ttempted to do.

~ Several ;'yéérs ‘lé.te:‘rv'; we beceme 1nt¢eres£ed -'m isolating #hd identifying

the acids of‘ ho’ney, | Durlng isblation of the "acids by "i‘on-exchange

| methods s 8 fraction was obtained that reacted on titration just as
does honey, with a drift in pH after neutralization. This effect 11"5
commonly ascribed to lactones, which are internal ester eompounds y

‘as shown in the next slide.

They exist iri‘ an equilibriumr between the ‘two forms. The relative

amounts dependdg, on the pH of thé sblution.

Lactones are _comon.'}.y titrated by,ad.dving‘ an exCéss of alkali, which
forces the reaction to the left. Then the ‘_exéiess ‘alkali isyneﬁtralized :

by added acid.

‘Nexb, this proced.ure was applied to honey. It was bfound thét by
add.ingf & known excess of alkali to a neutraliied honey solution and
backtitfating with acid, a reproducible » stable end-point vaé a’ctained.
It was further found that the brief perlod of strong a.lkalinity re-

Stqnificant amoonts o
quired in the procedure d.id. not pro uceAacid.s from the reducing sugars
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6f honey, though if the alkaline solution were allowed to stand, suger
decomposition did take place. Accordingly, the procedure for determining
acidity in honey‘was revised (4) and is ﬁow being used in our analytical
honey survey. ‘It has been found that all honey contains lactone naterial,
in an amount averaging about a third of the7acidity determined by the

older methods.

- In one part of the analytical survey of American honéy referred to, we
are studying the effect of storageion honey composition. This is being
dpne by deep-freeziﬁg a part ofveach sample when received and then
analyzihg the frozen sampleuside-bybside with another part which had
beén stored at room temperafure. When tﬁe acidity of a number of such

 semples was determined, it was noted that in many cases, the écidity

of the Samples kept at room temperature was greatér. The‘amounts of

the changes,weré‘not large; QQ"the differences were examined .

. statistically. The next slide shows:

~ that of i3‘samples, 8 showed differences éivingb“t"-tests exceeding

‘ criticai values’atithe i% pnébability level, with 3’more excéeding the
’5% level.-’Only fwo ﬁere not‘significant. The‘differences shown had
developed in 8 to 10 months. These data do not eliminate the
possibility that the increase in acidity is due to fermentation of

the sample, though none showed any visible signs of spoilage.

Next, a portionvpf éample 104 was diluted and divided into several -

portions. Half was boiled for 5 minutes, then each was further divided
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and incnbated for h hours at 35°C, with and without oxygen flowing

through. An antiseptic, phenyl mercuric acetate, was present at
5 ppm. The samples were run in triplicate, and titrated by the new

procedure.. Results are shown in the next slide.
SLIDE

The enzymic nature of the>reaétion ta easily evident, and the
participation of atmospheric oxygen is also apparent. There is

‘sﬁill a possibility that the difference between the boliled and un-
boiled samples might be due to microbiological action, so the experiﬁept
‘was repeated using 40 ppm of the antiseptic, with the‘same results, as

may be seen in the next slide.

As a further demonstration that the effect is not causedvbyrmicro-
biological action during the incubation period, a honey sample was
seleéted that did not show a significant change of acidity on storage.
It was incubated as previously desdribed, with 40 ppm of phenyl mercuric

acetate, and the results shown on the next slide were obtained.

No significant difference inyacidity of incubated boiled and unboiled

samples was obtained.

As is well known, enzyme activities of honeys vary widely. We are
determining diastase (émylase) activity of many of our samples, and

have found a‘rough correlation betWeen the diastase number of the sample
and the appérént acid-producing enzyme,éétivity. In a group of 12 samples

upon which we have both values, the relationéhip, in the next slide appear{




SLIDE

We do not know what compound is produced by the enzyme. It is tempting
to relate the enzyme to one reported in 1941 by auhe (5) in Munich to
ocecur in the,pharynyea1 glands of the honey bee. Although she did not

prove it, she had some‘indicatiQn that the enzyme produced gluconic acid

from gluéose. Such enzymes are well known to occur in molds; in fact
v vn Yhe {aoé tvwlus‘f’v v .
they are‘in commercial production for use,as agents for oxygen or glucose

A |
: removalthethe‘faed—énéustry. . These enzymes‘prodnce glucono-lactone

directly by dehydrdgenation of glucose. The lactone then eQuilibrates

to the acid as shown on an earlier slide.

We‘havé not done any further work to isolate the enzyme or to identify

its‘produgts, though we do hope to be able to fit it into our program.
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