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OBJEOTIVl!3 or THE amIOD

1. During th1a per:Lod tests were conducte4 to determ1ne the heat labUitq

of the inhibiting factor tD honer.

2. Anattempt was made to d1stUl ~ :tnhi.b:l.ting factor !rom raw hODq.

). ~tograplv' otthe 1nh:1bltiDg tactorwas attempted. on paper w.lth

~ lutes. as the test organism., " ;

4. Condit1onsw.-e'determ1Ded tor st~g'ieast,growtb ef'teCt 111 bone7
"',' .

and a, eallbration curve was establlshe.d.. ..:

During the period covered by this ~t ,tests were conducted. to

determine the heat labilitY' ot the 1nh1b1t1ngtactor in honey.. The asSaJ'

method was the Pad-P.la.te method of Kohler and ,B1"oquist, as prev1ol1S~·1'8-

ported 0 ltfuen honey was diluted with water ,to 8,3% or less by weight, the

variation :in inhibiting ei"iect among therepl1c~l.tes was smaU. However,

when undiluted honey was assayed, accura.te p1petting was next. to :impos-

sible because of the high viscosity. Thus, the, method employedwa.s to

dip the pads in the honey and then sllow them to drain uniformly befora

they "Jere placed. 011 the agar plate ..This is the method used by Kohler

and Broquiat in testing antibiotic substances with their Pad-Plate .thod~

'W'henl.mdiluted honq was so tested, considerable variatiQn occurred among



replicate pads. In some oases it was possible to reduce this large vari-

ance b.r c1:l'Vid:f.ngthe diameter ot the outer r1Dg ot 1rJh1bit1on by an inner

ring which was presumably caused. by the high concentration of sugars.

This was a valid treatment since the d1aDieter ot' the :l.rJner r:ing 18 pro-

portional to the amount ot honer on the pad, and this ca.J.culat1on result-

ed in a much smalJel" var1at1or1. D11'"t1oulty W&$ encountered most ot the

time, however, 111 dist1nguishiDg tb:I.s 1Dner ring, and the large var1at1oD

null.if:1.ed aDy' significant dUterencea which lIIal' have been present ••

In all or the studies in which hon83' was heated, timing was started

when the ·temperature ot the honey reaohed nOo. '!'he temperature was

ma1nteJned at 120 + 10 during the period stated.-
J. stud¥ was carried out- to determine whether the inhibiting factor

was heat-labile or mereJ;r lost by volatu1zat1on. Honey''' heated tor

l2i hours in sealed or in unsealed containers and then''.diluted. to 83% by

weightwith water and assqed tor inhibition"

Schuler and Vogel (1) reported the isolation ot volatile componerrts

from honey. which inhibited the growth or Escherichia ~. but the honey'

type was not reported. Based en this work attempts were made in this lab-

orator.v to d:J.still the inhib::J.t1on factor from cotton honey. The first

dist::U1a.tion lias carried out under a vacuum or h...6 DIn. Bg. One fraction

distilled at 4.3°C~'{lihUe a second d:tstilled over the range S0...60oC.In

this experiment ice water was circulated through the condenser system.

Two t:b:7 ice traps were ut5.U..zed in a second distUla.tion at which time

three traetions l'wre collected. These diat:Llled at ~ 116 mm, $0-600/7 mm,

aDd 60-9rf'/7 mm. respect:tve~lt over a per!od of six hours .•

Paper ohromatograpby has been used to separate antibiotics such as

penicilJ.in fractions and streptomycin fractions (2). Somepreliminary'



studies were carried out in the work reported here to detemine whether the

inhibit1ng factor in honey could be separated by the samemethod. Cotton

and sweet clover honey were diluted to 50% with water and spotted on Wbatman

No. 1 paper. These were developed tor 16 hours 1n a 4.1:5 butanol-aoet:io

ac1d.....•ter system, a1r-dr1ed, and placed OD an agar plate seeded with 1.
lute&. The tme of oontaot of the paper with the agar plate seemed ta1rlT

criticalJ a contact period ot 15 Jdnutes 7ielded the best results in this

prel:brd..Da.r7'WOrk. The agar plates were then incubated at )(PO tor 15' hours,

after which time the7 were exam1nedtor BOnes ot inhibition, wh1chwould

correspond to the position of the inb1b:l.t1ng hact:1oDs ODthe chromatogram.

While the work described above was in progress, attempts were beiDg

made to grow the yeast Sac~p!! cerviseae in a biotin-free media

with the addition of inCJ."easing :1nc:rementsot b1ot1n to derive a standard

growth C'llne II The procedure of Herta (3) was tollowed 1n which the or-

ganism maintained OD a complete mediumwas transferred nth several waeh-

1ngs to a biotin-free medi:eR,

RESULTS AOCOMPLISHED

While stu¢ng the heat ....labU:1ty of the bacter1a.l inhibitor in honey,

re1at;.ve~ small standard deviations were achieved in a few cases in which

a smaller r3.ng inside the ring of inhibition could be observed~ The values

in Table I ware obtained by divid1ng the diameter ot the outer ring by the

d1ameter ot the inner ring. By- th1a method s1gnUi~ lower values ot

1Dhibition resulted tor the heated lamplea tharJ £01" the unhea.ted controls.



" .. • ., b..,. • - ..... •••
Perl.oci~ted" hours

Repl1cates liaheated
iOoutrol 2 b 26

..•. " ' ,

1 18.tl 34.0 13.2 13.S 12.4
2 17.8 13.0 12.2 11.S n.S
3 11.4 U.S n.6 11.S n.2
11 16.S 12.6 U.S 13.2 u.o
S 18.1 13.1 12.6 'n.s 11.1

6 11.0 12.2 - 13,.6 n.8
2 11.5 .•.•66 12.9 + .63* 12.3'" .6.4* 12.S + 1.os* 1l.6+J,(J*Mean +- S.D.- - - - ' - -u ,

~aed as (cl1ameterof inhibition ringjl mm./d18irJ.eter of inner r1na) x 10

2mean~ standard deViation of the _an

*S1gn1ticaD~ lower tban control at S% level of probab:U1V

Whenundiluted cotton honeJ'was tested tor inhibition, no inner rlng

could be detected. !he data in Table II tor coi;ton honq heated. tor

various times showa considerably larger standard deviation than d:td' fall

fiower honer as mentioned above. Despite this 1arg~ variance cotton

honey hea,ted for 4 hO'l.lrS Shotied, significantly less inhibition than the

unheated control.
When cotWn hon,ElY 'WaS heated tor •. ~8 an4 tI:u!ln 41J.u.te4 to 6n

w-ltb water,. a ~g ot the inhibtt10n otteot U ob~4 wbiob MI

just bare~ s1gn1t1cant when comparedw1tb the ~ont%'Ol(t-a.14 at ,..05
f.or 16 e.e.), Even though mTlaller standard dev'.atioDS were obtained at
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this d1lution (Table rrr) than with the mdU.U'becl hone.r (fablee I and ti)~
the :lnhib1t1ou factor _a appare~ d:U.utedto the point wheremeobard.cal .,

error in measuremeDt exceededaD8' noticeable losa 1n aot1v1t7•

• i it;
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1
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4
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6
1
8
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8.1
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Theresults described. in Table III indicate that the inhibiting

factor in .tall f'lower and cotton honq 18 heat-lab11e (or lost through

volat:U1zation.) BOtfeVer', this loss of activity would appear to be

negligible in the first 30 minutes ot beating aince hone;yheated tor

26 hours at 71°0 stU1 retdDed. someof1ts:1nh1b1t1on e£tect.

In order to detemme whether the ~itiarl factor in honer waa
, " '

beat-labile ormere~108t bt volat1l1zatrU~~::~tton bon. and fall ~~: '.
'. 0 ;.: :.,.;.... . . .< ':"

hor.lq were heated for'l2i hours at 71 C .e1frh•. :'-n,opeD beakers or 1Jl'. $ea.t~..:.
',' " . .'. . . "",'

~ .f'1.u1rs.Atter rapid coollng, tbe ho~eta_eiS werediluted to 8:¥ .
",',::';':. '

w:1tbwatej',):Lnd _eated aDd heated sair1p1fJ8.0~ .••• honq were tested in: :".

rei>Uca~ ot·9 to~.~:l.tioD ot thit t.:~~rpn1sma as note8~ The. .

:me&D values Q~ are l1ste41D fab1e:~~<!"'.::,·' '. :'.':
. " , :.:: .

Tab~IV. Inhibition of S. lutes. 'and!~'&VU8 by 83%ran
Flower Hem.,. and 831 Cottcma'onerJieated at 7100

in Sealec! or Opea CCm~r.S
CO:, '

:: !!"! ! b
f7

I. t

• r d

Sealed
, .. '

1 '.

OpeD
Cor.rt;rol Heated-.. -.r * •• tL

S. lutes.•.. -,.. 9•.B! ..20
8.8 .••29-

9.6 .• ,,54 :u.S + .69 9.1 .•• 3rJA-- . •.. .' -
h9.2 .•.• 31 10.6 "'.90 10.1 +,,8S.... ..,. . -... , 'J' J'WIlII ."' ••• *",l .._. I•. i ••

Sealed
••

J •

• L1 r .••

Control Heated.ram. mm. Control
_'it.......

s. lutea.- ..• 8.1 .•1114f'-
8.0 + .)r1'-

9.9 .•..62-10.0 .•..86-
9.6 .•.37- .

9.8 + .19-M•• .flavus
••• n '1II'\ffI

10.0 .•.•22-9.0 .•.•43-
,'1 l I p\ll - ..

asignifican~ lower than correspondiDgoon~l at % ~ ot·PrObabiliv

bsignificantl\r grea.ter than corresponding. control at % 1evei' ot P1"Obab1l:J.tr

" ..



ID general the honey samples beated in sealed :nasa showed a a-
crease in :1nhiblt:l.o1'.laa aompa.redto the unheated controls. 'J!'h1sappean

to be evidence of heat-lability of the 1nh1blt!on factor. Heating eruqplee

in opetl beakers resulted 11'1 on:q one case where activity was decreased.

Several attempts have been made to chromatograph the hODe7 :lnh1bit1on

factor. fhe reBOlte eo far, however, bave not been very consistent. In-

hibition was observed. on we plate :in a poalt1oD correspoDd:l:ng to a epot

with aD If' ot 0.25 on the paper. When the 8ame hone)" sample was chroma•.

to~ under identical conditions and treated with reagent to reveal

the position of the sugars, the Rt corresponded with that ot the inhibi-

tion factor. This work could be Gtended to other' solvent 8)'8tems in

order to separate the factor trom the ~are. Of course, it is poe sible

that the factor is intl:mate~ related to the sugars and d1t't1cult to

separate by ordinary methods.

1'wo tractions were collected during the t1rst vacuumdistillation

of cotton honey1 ad that which d:tati1led at 4,3°0 showeda verr a11gbt

:I.nh1bit:l.on, and the second fraction ($0..6000) showed no 1nhibitionl\l '!'he

three tl'Actions collected during the seccmd trial yielded the to1low1Dg

.results: 2SOC,.no inhibition; 50-60°0 and 60-95°0, Ye17 slight inhibition.

It would appear that the inhibiting factor in cotton honey- is not as

volatile as the factor reported by Schuler and Vogel.

1. The yeast growth factor 113the various raw and heat-treated. honeys

will be investigated.

2. A study of the rooting effect 1n the various honeys w.i.ll be carried out.
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