SUBJECT: Progress Report--Evaluation of Honey for Selected Biological
' Propertiss, Contract No., 12«14=100-2596(73).
Period covered: May 12, 1958 to November 12, 1958.
OBJECTIVES OF THE PERIOD

1. During this first period work was started on the bactericidal effect
 of the various honeys.

A study was made of the baoterdcidal effect of the pollen suspendsd

in raw honey.

An estimation of the relative buffer capacities of the honeys was

cerried out. _ '_

The inﬂuance_of the pH of honey upon inhibition of bacterial growth

was studied. o

EXPERIMERTAL METHODS

The bacterial inhibiting effect in honey was studied by means of the
Pad-Plate method of Kohler and Broquist (1). ‘The procedure was modified
by use of a different assay mediwm for Bacillus subtilus and y_iw
flavus, Inaddition to these organisms Bacillus cereus mmm o
vere employed, Stock cultures wers meintainedjenassay seed sgarl, and
transferred avery two ﬁeeba, The broth medium congisted of 3% B.Bele
Trypticase Soy Broth. The cultures of B, cereus and B, gubtilus were ine
cubated st 37° C, while S, lutea and M, flavus were incubated at 27° G,
Difoo Brain Heart Infusion was used as the aseay medim for B. cereus and
B. subtilus, Pamsm seed agar was used as the aammédim forg.m :
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and M. mza Recently, it was found that Penassay sesd agar can be
used as the assay medium for all four bacteria,

All honeys were tested in the rew state at concentrations of 1, 10,
20, L0, and 100%, Tﬁe control sugar solution centained 32% glucose, 394
fructose, 8% maltose, 2§ raffinose, 2% sucross, and 17% water.

To determine the inhibiting effect contributed by the suspended pole

len, different honeys were treated as follows: cotton honey was diluted

to LO% with water and centrifuged at 17,000 rpm for 30 min.; 40% cotton

honey was filtered through a Seitz filter; and undiluted sweet clover
honey was filtered through a sintered glass fumnel, Also, 25 ml, of 100%
cotton honey was dialyzed in a cellulose membrane against an equal volume
of water, Each of the resuliing solutions was compered with a similar
dilution of untreated honey by the Pad=Plate method.

It was of interest to determine the relative buffer capacity of honsy,
since a solution strongly buffered to an acid pH above the cptimum pH of
the organism would inhibit its growth, The capacity of the buffer system
in honey was determined in 8 ml. of & 1:1 dilution of honey, buffersd con-
trol sugar solution and non-buffered control sugar solution by titration
with 0,0l N NaOH. The results are expressed as the ml. of 0.0 N NeOH re-
quired to bring the solution ta B 7, divided by the tobal change in pH.
The buffered control sugar solution, pH 3.6, was composed of 13.65 ml, of
0.1 ¥ citric acid, 6.kl ml. of 0.1 M NagHPO}, and the sugars in the per-

centagss stated sbove,

2Pentative Methods for the Determination of Antibiotics in Animal Feeds,
August, 1953, Department of Health, Education and Welfsre; Food and
Drug Administration, Division of Antibioties, Washington, D, C.
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The contribution of pil to #he inhibiting effect of a given honey was
determined by eomparieson of the inhibition caused by control sugar at
PH 6.3 and 4.2, buffered contrel sugar at pH 7.0 and 3.6, and honey at
B L.1, (pH of the homey in natural state) and pH 7.3.

RESULTS ACCOMPLISHED
Antibacterial Effect of Honey
The inhiblting effect of the various honeys as determined by the Pad-

Plate procedure is shown in Table I.

Table I, Inhibiting Effect of Honey

B, cereus B, subbil | 5. lutea
Honey, % 1B B T01 10010 20101 10'6 h‘G"E'GTo 1 00l B 2

Sweet Clover,
Alfalfa (Budge)

Tuldip

Xtra white
orangs

Tupelo
Buckwaeat

Sweet Clovar,
AiPalfa (Powers)

Fall Mower
Cotton

NOTE: < definite inhibition
« no ichibition
S slight inhibitiom
This chart indicates that all the honeys at the 100% level and some

at the 104 level caused inhibition of M. flavus and S, lutea. Sweet clover
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and cotton honey showed the greatest inhibiting effect. The conmtrol sugar
solution showed very slight inhibition of all four bacteriz. The results
show that some honeys do contain an inhibiting factor., All tests were rm
in triplieate. |
Inhibiting Effect of Pollen |

in order to study the contribution of suspended pollen to the inhibe
iting effect of the various honeys, a considerable portion of the pollem |
lm removed by centrifuging or filtering, Ths inhibiting effect of the
clarified honey was compared with that of the untrested honey by the Pade
Plate method., In one experiment cotton honey was dialysed for 2l hours
and the mbi‘bing effect of the dialysate was compared with that of the
dialysis bag contents and with the original honey prior to dialysis. The
results are shown in Teble II. S. lutes was used as the test organism,

Table II. Comparative Bactericidsl Effects
of Untreated Honey and Clarified or Dialyzed Honey

Diameter of Inhibiting Ring
Replicates Average

M, e /i Y mm,

Cotton honay, W 9.1 8.8 8.9 8.8
Cotton homey, centrifuged, 4OF 8.l

Cotton honey, LOF 8.6 8.9 8.8
Cotton homay, filteredl, LOF 0 0 03

Sweet Clover honey, 100% 11,6 15.2
Sweet Clover homay, filtered2, 1008  10.6

Cotton honey, dlalyzed 8.8 A 8.3
Dialysate of Cotton honay 8,0 7.8
Cotton honey, 100% 10.9 1

Igeits filter
23intered glass funnel, mediwm porosity
3some slight inhibition
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When cotton honey was diluted to LOF with water and centrifuged to
remove the suspended pollen, the inhibition of 3. lutea was decreased as
shown with four replicates. No pollen was found in the centrifuged solu=
tion when checked wnder a micros800pe.

Filtering a LO% solution of cotton honey through a Seitz filter re-
duced the inhibition almost to zero. Also, the inhibition of S. lutea by
sweet clover honey was lowered by filtering through a sintered glass fimnel.

The dialyzing experiment shoun in Table II indicates that the inhibe
iting factor is dialysable, This confirms the results reported by Prica
(2), Dold (3), and Plachy (4). Since the filtering experiments indicate
that the inhibiting factor is associated with the pollen, it may be cone
cluded that the inhibiting factor is very loosely linked to the pollen.
The Capacity of the Buffer System in Honey

The capacity of the buffer system was determined as previously dee
seribed, The results were as follows.

o i1 C)

Control. sugar h.5 0,10
Buffered control sugar 3.6 1,57
Cotton honey 3.8 1.27

Sweet Clover honey 309 oli7

The buffer capscities of the two honeys tested showed considerable
variation. Howewer, ascording to the results in Table III the buffered
sugar control had a capécity sufficlently great so that its pH was maine
tained even in contact with the wellsbuffered medium,




Effect of pH on Inhibition
With 8. lutea as the test organism for the Pad-Flate test, buffered

and noa~buffered control sugar solutions were compared to esweet clover
honey to determine the contribution of pH to the inhibiting effect.

Table ITI, Effect of pH on Bacterial Tnhibition

Diameter of Inhibition Rings

Average

) S,

‘ A‘MO m./ -

Control sugar 6.3 0 0

0
Control sugar bo? 0 0 0
(4]

Puffered control sugar T+0 0 0

Buffered control sugar 3.6 1.56 1.5 1.68 1,56
Sweet Clover, 80% T3 1.02 1,29 1.0L 1.11
Sweet Clover, 80% Lol 1,01 0,98 0,89 0.96

Sweet 010\3"93.”'10% ho? 101‘2 1032 1qh8 | lqltl

The only control sugar solution which eaused inhibition was the one
buffered to pfi 3.6. Therefore, in this case the acid pH caused definite
inhibition., The 1009 sweet clover honmey had glmost the same inhibiting
powsr as the control sugar buffered to il 3.6, bub the buffered control
had & strongsr buffering sysbtem than the homey. Also, the 80% sweet
clover honey ab pfl 7.3 hed almost the same inhibiting effect as it did
2% o Lo, indlcating that the acidity of honey was not responsible for
the Inhibition of bacterial growth.
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FUTURE EXPERIVMENTS
The antibacterial experiment will be repeated with heat treated honey
0 determine vhether the inhibiting effect is heat-labile,
Work will be started on the yeast growth effect.
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