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ABSTRACT

Milton Reynolds Smith. CHROMATOGRAPEIO |
INVESTIGATION OF THE TRACE LIPIDS IN HONEY. Ph. D.
Dissertation, Oommittee on Agricultural Blochemistry and
Nutrition. University of Arizona, 1963.

Honeys from seven different floral sources were
' assayed for antibacterial activity. The antibecterial
factor was present in all honeys tested, dialyzable,
retained by a Seitz filter, more effective against
M. flavus and S. ;gggg than B. cereus and B. subtilus,
not duplicated by high carbohydraie concentration or
acldity, not extractable with Skellysolve B or diethyl
ether, and not distillable from cotton honéy. During
investigation of the antibacterlial factor in hoﬂey a lipid
material was 1solated. Since 1little or no information on
the nature of the lipids in honey appears in the literature,‘
a study of the composition of the cotton honey 1ipid
extract was conducted.

Qualitative tests on the crude lipid extract of
cotton honey revealed the presence of g€lycerides, sterolg

and possible phospholiplds. Palmitic and olelc acid in

vl




relative concentrations of 27 and 60f respectively, along
with small u;)untl of laurle, nyriatdloic, stearic and
linoleic were identified in the crude extract by gas-liquid
and paper chromatography. 2Twelve compounds, ten
unsaturated, one acidic, and three reactive to antimony
trichloride were separated by thin-layer chromatography.
The lipids in the particulate matter of cotton honey were
similar to those of the crude lipld extract as indicated
by thin-layer chromatography.
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INTRODUCTION

Research on the composition of honey is quite
extensive as evidenced by the foviews of White (44) and
Pryce-Jones (35). These workers report the identification
of A considerable number of sugars, vitnnini. nihorals,
free acids and proteins in honey. However, no study has
been made of the lipid components of honey. With the
advent of new methods for lipld analysis, such as
vapor-phase and thin-layer chromatography, which allow
separation of minute amounts of lipids, a study of the
trace 1lipid components of honey was made possible.i

Varlous workers have reported thevpresenoe of free
short chain acids in honey. In 1908 Parnsteiner (15)
showed that formic acid was piesent. Later Helduschka (18)
reported the presence of the volatile acids butyric,
valeric, caprolc, capric and the non-volatile aclids lactic,
malic, tartaric, oxalic ahd succinic. Nelson and Nottern
in 1931 (30) isolated citric, malic and succinic acid and
identified them by crystallography and melting points of
derivatives. Using paper chromatography to identify the
acids in honey Vavruch (42) reported the presence of malic,

tartaric, and oitric acid in all samples and traces of



succinic and lactic in some. Stinson gt gl. (38) made an
extensive study of tho'acids in olover honey, isolated by
jion-exchange adsorption, and separated by siiicid aci&
partition chromatography and 1cn-oxchungo'chromatogranhy
ten aclds. These scids were 1dentified by paper
ohromatograpﬁy and infrared spectra of the sodium salts
and other derivatives. Aclds definitely identified were
butyric, acetic, formlc, lactic, succinic, pyroglutamic,
malic. citric and gluconic. Oxallic acld was tentatively
identified. These workers proposed that gluconic acid was
the prlncipal'acid in honey. D8rrscheidt and Friedrich (14)
separated the odorous substances of several honeya by o
gas-liquid chromatography. With carbowax as the stationaxy
phase 31 components were separated. Among these methyl
formate, methyl acetate, methyl propibnate,methyl butyrate,
methyl valerate and methyl caproate were identified by
retentlon times. |

All previously mentioned workers examined the free
or volatile acid content of honey. However none studied
the release of acids after saponificétion, except Helduschka
and Kaufmann (19) who reported in 1911 that more volatile
aclds and more formic acld were obtailned in every case by

steam distillation after saponification., However Helduschka

did not study the release of higher molecular weight fatty
acids.



Dold et gl. (13) in 1937 was the first to report
the presence of a thermolabile, dilalyzable, and photolsbile
antibacterial substance in honey, finhibine.f' Price (34)
confirmed these findings and reported that neither the aold
- nor sugar conteit of honey was responsible for‘the oblervod
inhibition. Plachy (33) also confirmed the work of Dold
and indicated that formic and malic acid were not
responsible for the antibacterial activity of honey. In
addition Dold et al. (13), Plachy (33), snd Stomfay-Stitz
(39) reported that the antibacterial factor of honey was
retained by a Seitz or asbestos filter.

Since the t;rst report by Dold many workers have
studied "inhibine” in honey although no information on its
actual nature has been published untll the recent report by
Schuler and Vogel (36). They reported that the
antibacterial faotdor. in honey was an ethereasl oll obtained
by distillation or by extraction of honey with diethyl
ether. The 01l contained unsaturated compounds as indicated
by decolorization of 1odine-potassium'1od1de. In some cases
a positive terpene reaction was obtained. On the other hand
White et al. (45) reported that "inhibine" is hydrogen
peroxide formed By action of the.enzyme giucose oxidase on

glucose according to'the equation:

glucose + O, Elucose oxidasg, .1ycono1actone + H 0,




- ‘ | 4
These authors étate that accumulation of hyd;ogon peroxide
in diluted honey accounts for all of the reported
properties of “inhibine."

Possibiy the‘antibactqriai property of honey is &ﬁe,
in part, to the presence of pollen. ‘Ohauvin et al. (7, 8, 9)
report that alcohol, diethyl ether or boiling water extracts
of several pollens show antiblotlc activify against some but
not all bacterlgvtesﬁed. Further evlidence for an
antibacterial substance in‘pollen was presented bj
Michalskl (28). This worker was able to extract and
chromatograph on paper a growth imhibiting and atinilating.
factor from Qorylus avellana pollen.

Pollen may be the soﬁrce of trace lipids in honey
since a variety of compounds have been isolated and |
identified from ether and alcohol extracts. Studying corn
pollen Anderson (1) isolated noncosane, phytoéterol
palmitate and a saturated Oz, alcohol. Kiesel and Rubin (22)
found heptocosane in sugar beet pollen in a yield of 2% of
the dry pollen. In the non-saponifiable fraction of hazel
pollen Sosa and Sosa-Bourdouil (37) found tricosane, one
‘sleohol CygHs,0 and two umsaturated sterols. Also palmitic
acid, one 0}2 acld and one branched chain Cp3 acid were
isolated. Using mass spectrometry Nilsson et al. (31)
were able to identify 1-octacosanol, 1-hexacosanol,

1-tetracosanol in Pinus montana; pentacosane and heptacosane




from Zes mays; and heptacossne, nonacosane and traces of
tricosane and pentacossne from Alnus glutinoss.

Recently Barbier st al. (3, 4) have identified
o4-methylenecholesterol in the pallenAot various plants.
According to the authors this 1s the first incldence of
this sterol in the plant kingdom.

Several higher fatty acids have been 1dent1fied
recently in pollen. Ching and Ching (10) 1isolated and
anslyzed by gas-liquid chromatography the pollen of some
coniferous species. The major components ln Pseudotsuga
were oleilc, palmitic and linoleic acids, whereas in pinus
they were linolenic, oleic, palmitic and stearic. The
methyl esters of the fatty acids of corn pollen were
prepared and fractionated by Barr et al. (5). These
workers identified palmitic, stearic, olelc,linoleic and
linolenic acld by the melting points of the p-bromophenacyl
esters of the saturated aclds and of the hydroxy and
bromine addition compounds of the unsaturated aclds.

The investigations reported above indicate that
1ittle is known of the trace lipids in honey. The purpose
of this investlgation was to eatabliah,detinitqiy that
fatty aclds are present in cotton honey, determine which
ones are present, test the antibacterial properties of the
lipid material, and separate and characterize somé of the

other components in this lipid.



METHODS

I. Studles on the antibacterlal factor in honey
4. Pad-plate antiblotic method

To test for the presence of the antibacterial
property of honey in varlous solutions the pad-platé
method of Grady and Willlams (17) with modifications was
used. In this method 1/4 inch paper disks were dipped in
the test solution and placed on agar plates previous;y
seeded with Sarcina lutea, Micrococcus flavus, Bacillus
cereus or Baclillus subtilus. Penassay seed agai'1 was used
as the assay medium and to maintain stock cultures. The
broth medium consisted of 3% BEL Trypticase Soy Broth.
Optimum growth was obtained at 27°C for S. lutea and

‘M. Flavus, and 37°0 for B. cereus and B. subtilus.

B. Contribution of colloidal material to inhibiting
effect of honey
To determine the 1nh1biting effect contributed by
the colloidal material of honey; different honeys were
treated as follows: cotton honey was diluted to 40% with
water and centifuged at 17,000 rpm for 30 min,.; 40% cotton

1Difco Laboratories, Detrolt, Michigan.




honey was filtered through a Selts filter, and umdiluted
Sweet Clover honey was filtered through a sintered glass
£ilter. Also 25 ml of 100§ cotton honey was dialyzed in
cellulose membrane igainnt“an equal volume of water. Each
of the resulting solutlons was colpired with a similar
dilution of untreated honey by the pad-plate method.

C. Determination of the relative buffer capacity of
- honey
It was of interest to determine the relative

buffer capécity of honey, since a solution strongly buffered
to an acld pH above the optimum pH of the organism would
inhibit its growth. The capacity of the buffer system in
honey uaaAdetornined in 8 ml1 of a 1:1 dilution of honey,
buffered control sugar solution and a non-buffered control
sugar solution by titration with 0.04 N NaOH. The results
were expressed as the ml of 0.04 N NaOH required to bring
‘the solution %0 pHT7, divided by the total change in pH.
The buffered control sugar solution, pH 3.6 was made ﬁp
from MoIlvaine's standard buffer solutioms (21) with
citric acid and disodium phosphate. This 1B turn was used
to make a sugar solution, squivalent fo.honey, containing
32% glucose, 39% fructose, 8% maltose, 2% raffinose,
24 sucrose, and 17% water as 3.6 pH buffer. When distilled

water replaced the buffer in this solutionm, 1t was referred



to as the control sugar solutlon.

D. OContribution of pH to thi antibacterial effect of
. honey . .

The contribution of pH to the antibacterial effect
of a givon'honey was deternincd.by comparison of growth
inhibition caused by the control sugar at pH 6.3 and 4.2,
buffered control sugar at pE 7.0 and 3.6 and honey at
PH 4.1 (pH of honey in natural state) and pH 7.3. The
pid-plaie method was used in this test. . '

E. Distillation of the antibacterisl ethereal oil
" from honey |
A Schuler and Vogel (36) reported distillation of

an ethereal oil from héniy which 1nh1b1ted the growth of
Escherichia coli. Based on this work attempts were made
to distill the antibacterial factor from cotton honey.
About 300 ml of cotton honey was placed in a round bottom
flagk, and distilled under a vacuum of about 16 mm. of Hg.
Two fractions were collected, one at 43° and another over
the range of 50-60°C; Ice water was circulated through the
condenser in this experiment. In & second distillation two
dry ice traps were used to collect the oil and three
fractions were collected. These distilled at 25°%, 50-60°
and 60-95°C at approximately 16 mm. of Hg. Each of these



fractions was tested for antibacterial activity by the
pad-plate method.

F. Ohromatography of the antibaoterial factor im honey

" Paper chromatography in combination with the
pad-plate method has been used for the separation and
détection of antibiotics such as penicillins and
stroptoiycins (6). Studies were carried out to detoriine
whether the antibacterial factor in honey could be separated
by the same method. OCotton honey was diluted to S0¥ with
water and spotted on Whatman No. 1 paper. These paﬁers
were developed for 16 hours in a 4:1:5 butanol-acetic
acld-water solvent system, air-dried, placed on an agar
plate seeded with S. lutea and stored in the refrigerator
for 30 min. The paper chromatograms were then renoied
from the agar and the plates were incubated at 30°C for
about 15 hours. They were then examined for zones of
1nh1bit16n, which would correspond to the position of the
inhibiting fractions on the chromatogram. To determine
the position of the sugars on the paper a control strip,
previously inoculated with 504 honey, was cut off prior to
placing the rest of the chronitogram on the agar, and
sprayed with aniline hydfogen phthalate reagent (32).
Also multiple development and excessive developiﬁg iinea,

up to 48 hours, were used to separate the iugars and
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antibacterisl factor.

G. Test for antibacterial factor in 1lipid extract of
" cotton honey
Ootton homey (500 m1) was diluted to 50% and
extracted three times with dic%hyl ether. The di;thyl
ether extract was evaporated to about 100 ml and tested by
means §£ the pad-plate method for the antibacterial factor.

II. Studies on the lipids in cotton honey
- A. Extraction procedure
Cotton honey was diluted to 50% (w/w) with

distilled water, riitered through cheese cloth and extracted
three times with re-distilled Skellysolve B (b.p. 60-70°0)
and dlethyl ether. Emulsions were broken with absolute
ethanol. The extract was washed at least three tlmes with
distilled water to remove any non-lipid material, dried
over sodium sulfate over night, and concentrated by rotary
evacuation at 30-40°C. The residue was weighed, taken up
in dry Skellysolve B and stored in the deep freeze until
needed. This fraction is referred to as the crude extract.

" The Molisch test (43) was performed on all crude
extracts to determine whether carbohydrate still remained
in the sample. In this test thymol was used in place of

naphthol. Normal washing of the extract was found to remove




11
all the carbohydrate.

In additioh the infrared absorption spectrum was
determined on the crude extract and other subsequent
fractions. For analysis a 2% solution of the sample
dissolved 1n"spectral qualit& thoroform was placed in
a sodlum chloride cell and the spectrum recorded on

a Perkin-Elmer Infracord (Model 137).

B, Qualitative methods

A spot test for glycerol or glycerides (16) made
on the crude .extract was positive. In this test aéroiein,
formed by heating the sample with poiassium_bisulfate, was
detected by a blue color that turns violet red with alkall
when treated with an aqueous solution of sodium nitro-
prusside containing a little piperlidine.

Also a spot test for phosphorous (16) on the
crude exiract was'positive. This test was perrdrmed by
ignition with lime tovform the tertiary calcium phosphate
which is converted to ammonium phosphomolybdate by the
action of a nitric acld solution of ammonium mdlybdate and
1s ldentified by the very sensitive, benzidine reastton.

The Liebermann-Burchard Test for sterols
performed on the crude‘extiact was ﬁositive. A chloroform
solﬁtion of the sample when treated with acetlc anhydride

and sulfuric acid gives a blue-green color if sterols




are present. -
The ninhydrin test for protein or alpha amino

acids was négative. This test was performed by adding

0.5 ml of 0.1% aqueoué solutién of triketohydrindene hydrate
to the test solution and heating. If the solution turned
blue upon cooling, the test was positive;

C. Quantltative methods

' The orude extract was analyzed for the amount of
non-esterified fatty acids (12) by titration with NaOH; and
the uEq/L of acid was determined by comparison with & curve
based on the titration of palmitic acid. |

The hydroxamate reaction (2) was used to

determine the ester groups in the orﬁd; extract, in which
carboxyllc acid esters were reacted with hydroxylamine in
alkaline solution to form the hydroxamic aclids. Subsequent
reaction of the hydroxamic acids with ferric chloride
produced a red to violet color, which was proportional to

the amount of ester present.

D. Gas-liquid chromatography

' To prepare a sample for analysis on gas=liquid
chromatograﬁhy the crude extract was subjected to
transesterification (23) to convert stérol esters,

phospholipides and tiigiycerides to their respective methyl
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esters. In this reaction the sample was refluxed in excess

methanol and approximately 9.4 N. sodium methoxlde to
convert rapidly to the methyl esters. This product was
further treated by elution from a column of silicic
acid-tiltqf aid (80:20) to obtaln methyl esters free of
unsaponifiables or other 1mpurities. The "purified”
methyl esters were then subjected to aﬁalyéil on an'
Aérography model A 90 C gas chromatograph. The columns
used were 2oﬂidiethyleheglycol succinate (D B G S) on
acid-washed fire brick (60/80 mesh). The length and
diameter of the columns varied from 5 to 10 feet and 1/4 to
1/8 inch respectively, however the calculation of the
equivalent chain length (E.C.L.) cancels out any
variations caused by chaigeé inﬂlangth, diameter and
pressure (29).

To determine the relative concentration of the
purified mefhyl esters we used a Research Specialties Co.
model 604 gas chromatograph with an ionizing detector and
a 10§ DEG S column on chromosorb w, acid-washed (60/80

meshj..

E. Paper chromatography
Since 1t was necessary to obtain the free fatty
acid for paper chromatography, the crude éxtract was

saponified with 0.5 N alcoholic potassium hydroxide by
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refluxing 2 hours and standing over night in the dark (20).
Diethyl ether was added in an amount equal to the total
volume and then distilled water until two layers formed.
The diethyl ether layer was decanted in a separatory funnel
and extracted three times with distilled water to remove
any fatty ecid salts. These washings were combined with the
original aqueous 1ayer,'acidified with hydrochloric acid, and
the free fatty aclds extracted three times with Skellysolve
B. This fraction was then washed once with 1% sodium
carbbnate, three times with distilled water and then dried
over sodlum sulfate over night in the refrigerator. Before
chromatographing, tﬁe sample was concentrated on a rofary
evaporator at 35-40°C.

For chromatography of the fatty acids Whatman
No. 1 paper was lmpregnated with 5% silicone,(Dow"corniﬁg
555) in diethyl ether (26). After application of the
unknown sample and appiOpiiate standards to a single strip
of paper, the chromatogram was developed for 15 to 18 hours
in 85% acetic acid in distilled water. The papsr was then
air-dried, and washed three times for three minutes in
distllled water. PMinally the paper was soaked 5 minutes in
14 lead acetate“an& again three times in distilled water. |
The chromatogram was again air-dried and exposed to hydrogen
sulfide gas which indicated the presence of fatty acids by

brown spots on a white background. To detect unsaturated
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fatty acids the chromatogram was washed in distilled water,
dried and exposed to lodine vapors. Under these condltions
unsaturated fatty acids produced yelléw spots on a white

background.

F. Thin-layer chromatography
) 1. General procedure ’

The 1lipid extracted from various samples wWere
separated and studied by means of thin-layer chromatography.
Glass plates (20 x 20 om) were prepared with thin 1ay§rs of
Silica Gel G according -to Mangold (25). A slurry of
Silica Gel G and distilled water (1:2 v/v)was mixed,
poured into the abplicator1 and aﬁpiied to the glass plates.
The chromatoplates were air-dried for 10-20 min, and then
activated by heating in an oven to 110° - 120°C for 1-2
hdurs. After cooling the plates were kept in a storage
cablnet. Samples of 100-500 ¥ were applied to the plates
with a 10 A micropipette as 1% solutions in Skellysolve B,
The solvent system most generaily used was Skéllysolve B-
diethyl ether-acetic acid, 90/10/1, v/v/v. To separate
the slow-moving compounds Skellysolve B-dietﬁyl ether,

3:7, v/v was used (11). In e2ll cases the developing
Jar was lined with—fiite:'papar to malintain uniform

'Research Specialties Co., Richmond, Oalif.

-
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saturation of solvent vapor An the Jar. ZPrior to
chromatography all samples wers dissolved in Skellysolve B

and stored in the refrigerator.

2. Spray reagentis

Various spray reagents were used on the
chromatoplates to locate compounds and determine reactive
groups (25). To locate compounds aqueous sulfuric acid,
1/1, v/v or concentrated sulfuric acid saturated with
potassium dichromate were used. Then the blates were
heated for 5-10 min, at 100°C to char any organlc éompounds.
Exposure of the chromatoplate to lodine vapors revealed any
unsaturated compounds by forming yellow spots on a white
background. Bromcresol green (0.1%) in n-butanol indicated
the presence of acidic spots, ﬁhen“%he chromatoplate was
free of background acid. 2', 7'-dichlorofluorescein,
0.2% in methanol spray reagent revealed under ultra violet
light, all non-polar lipids, saturated and unsaturated.
A saturated solution of antimony trichloride in chloroform

revealed terpenes, aliphatic lipids and steroids (41).

3. Preparation of samples
A 20g. semple of cotton honey was diluted to
50% and centrifuged for 30 min. at 17,000 RPM. The
suﬁernatént was poured off and 1lml. of distiiled water plus
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1ml. of Skellysolve B=dlethyl ethgr, 1:1 v/v was added fo
the residue and mixed. Any emulsion formed was broken with
absolute ethanol and the upper organic layer was then drawn
off with a pipette. After three extractions the extracts
were combined and concentrated by evaporation. This extract
was applied directiy to the thin-layer chronatOpiate.

To extract the lipid from cotton pollen a weighed
pollen sampie was allowed to stand over night in Skellysolve
B-diethyl ether, 1:1, v/v. The solvent was filtered off and
the pollen extracted two more times for about 5 min. The
solvent was removed in a rotary evaporator, the yleld '
determined, and enough Skellysolve B added to make a 1%
solution. This solution is referred to as the pollen iipid
extract. | ' —

The 1liplds of cotton pollen were saponified with
0.5 N alcohoiilc potassium hydroxide by refluxing 2 hours
and standing over night 1n the dark. The solution was
gcldified and extracted with dlethyl ether to obtain both
saponifiable and unsaponifiable material. The dlethyl
ether solution was dried over sodium sulraté, concentrated
and made up to 14 with Skellysblve B. This solution is
referred to as the saponified pollen lipids.

For thin-layer chromatography the crude extract
of cotton héney vwas made up in a 1% solution of

Skellysolve B and stored in the refrigerator.
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A 1ipid extract of the particulate matier of
cotton honey was obtained by the following method: cotton
honey was diluted to 60%, w/w, filtered through cheess
cloth and filtered through a Seitz filter under vacuum.
After about 700 ml of honey solution had passed through the
filter the particulate matter on the filter was washed
three times with distilled water and then three times ﬁith
. Skellysolve B and diethyl ether to extract the lipid. The
ether solution thus obtained was taken to dryness in u
a rotary evaporator to determine the yleld and made up to
14 in petroleum ether for chromatography. This solution is

referred to as the fllter extract.

4, Elution of unknown compounds

Compounds eluted from thin-layer chromato-
plates were located After development by spraylng part of
the plate with 50% sulfurlc acld or a saturated solution of
potassiunm dicromate in concentrated sulfuric and heating at
100°C for 5 min. Then the areas which contained the
compound to be eluted were stripped off and eluted with
diethyl ether. After elution the unknown compounds were
subjected to theAfollowing analysis: determination of
infrared spectra, Liebermann-Burchard Test for sterols,

spot test for phosbhorous (16), and spét test for esters of

carboxylic acids (16).
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G. Staining of pollen in honey

" Diluted samples of honey were checked for pollen
content by étainlng wlith aqueous fuchsin according to the
following method (46): a drop of diluted honey was placed
on a clean mioroséopéfslide and mixed with a drop of hot
melted glycerin jelly containing aqueous fuchsin. Before
the drop on the slide had time to Jel it was covered with
a cover slip and observed under 10X magnification. Pollen

grains present in the honey stalned purple.




RESULTS'AHD DISOUSSION

The inhibiting effect of the varlous honeys as
detorninéd by the pad-plate procedure is shown in Table 1.
411 honeys st the 100% level imhibited growth of M. flavus
and S. lutes, and sweet clover or cotton honey showed
inhibition down to 10¥ concentration. The control sugar
solution shbwed very élight inhibition of all four
bacteria. It is obvious from these results that M. ;lg!gg
and S. lutea are more sensitive to-the antibacterial
activity of honey than B. cereus and B. subtilus. If the
antibacterial factor ofihoney is hydrbgen peroxide,.as
according to White (45), this difference in sensitivity is
difficult to explaiﬁ, since hydrogen peroxide is a
& non-specific germicide and would inhibit th§ growth of
‘bacferia to the same degree. Possibly this discrepanecy
~ocould be explalned by the sporé-forming bacteria, such as
B. cereus and B. subtilus, being more resistant to hydrogen
peroxide. ' -

The results of the study‘on the contribution of
colloidal material to the 1nhibiting effect of honey are
shown in Table 2. When cotton honey, was diluted to 40%

with water and centrifuged to remove the particulate ma%ter
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Table 1., Inhibiting effect of honey

—bh

B. cereus B. subtlilus M. flavus S. lutea
Honey, % 100 4020 10 1 100 AW}TQ 101 100 40 20 10 1 100 40 10

Sweet Clover,

Alfalfa (Budge) S ®« = @ @ § = @« =@ = 4+ 4+ + + = <+ + + 8§ =
Tulip ‘ P
Xtra white |

orange (citrus) + = = = = 8 & @ =@ = + + @ @ @ ¢+ ¢ @ . -
Tupelo ' + = = = = 5 @ = @ = + % 4 = ® + @ =@ « =
Buckwheat + 5§ = - = + =& & o - $ = = = = ; - 'w = =
Sweet Clover,

Alfalfa (Powers) 4 S o o @ o & @ =@ @ + 4+ 8 & « + + + + =
Fall Plower $ = e = =+ e e = o= 4+ = - - - $ + o e =
Cotton ‘ + = @ o @ + @ @ @ @« + 4+ + 8 - + o+ + + =

Note: + definite inhibition
- no inhibition
S slight inhibition

i




Table 2. Comparative antibacterial effects of untreated honey
: and clarified or dialyged honey

Diameter of Inhibiting Ring

Replioatés Aversage

mm, mm. mm. mm. mm,
Cotton honey, 40% : 9.1 8.8 . 8.9 8.6 .. 8.8 .
Cotton honey, centrifuged, 40% o 8.4 8.1 . 8.0. . 8.1 . 8.2
Cotton honey, 40% 1 8.6 8.8 8.9 8.9
Cotton honey, filtered', 40% 0 0 o}
Sweet Clover honey, 1008 11.6 16,0  18.1 15.2
Sweet Clover honey, filtered<, 100% 10.6 12.6 13.2 12.1
Cotton honey, dialyzed 8.8 8.1 8.1 8.3
Dialysate of Cotton honey 8.0 7.6 T.9 7.8
Cotton honey, 100% 10.9 16.1 14.0 13.7

'seitz filter | !

2Sintered glass funnel, medium porosity
\

3some slight inhibitilon - |

‘22
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the inhibition of S. lutes was unchanged. However,
filtering a 40% solution of cotton honey thiough a Seltz
filter reduced the inhibition slmost to zero. Also, the
inhibition of S. lutea by sweet clover honey was lowered
by filtering through a sintered glass filter. On the other
hand, the inhibiting factor could be dialyzed through
a cellulose membrane. 2hese results confirm those of
Dold et al. (13), Prica (34), Plachy (33), end
Stomfay-Stitz and Kominos (39).

The capacify of the buffer system was determined

as previéusly described. The results were as follows:

capioity
pH ml./pE unit
control sugar 4,5 0.10
buffered control sugar 3.6 1.57
cdtfon honey 3.8 1.27
sweet clover honey 3.9 AT

The buffer capacitites of the two honeys tested
showed cénsiderable differences. However, the buffer
capaclty of the honey was less in both cases than the
buffered control sugar.

The effect of pH on bacterial inhibition was studied
with S. lutea as the test organism for the pad-plate test.

Buffered and non-buffered control sugar solution were




24

compared to sweet clover honey as shown in Table 3. The
oﬁly control sugar solution which caused inki bition vas
that buffered to pH 3.6, indicating the relation of acidity
and inhibition. The 1004 sweet clover honey had almost the
same inhibiting péwer as the control sugar buffered to
PH 3.6, but the buffered control had a much stronger
buffering system than sweet clover honey. Also, the 80%
sweet clover honey at pH 7.3 had almost the same 1nhib1%1ng
effect as 1t did at pH 4.1, indicating that the acidity of
honey was not responsible for the inhibition of bacterial
growth. This confirms the results of Dold et al. (13),
Prica (34) and Plachy (33), who found that to prodﬁce~
inhibition more acid had to be present in artificial honey
than was found in natural honey.

fhe results of the attempt to distill the
antibacterial factor from cotton honey were in general
negative. The fraction collected in the first distillation
at 43°C showed very slight inhibition. However, none of
the other fractors showed any antibacterial activity, but
the honey remaining in reaction flasks was still active in
each case. It would appear that the antibacterial facfor
in cotton hohey 1s not as volatile as the factor reportéd
by Schuler and Vogel (36).

Chromatographj of the antibacterlial factor of cotton
honey on paper and location by the pad-plate method did not
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- Tgble 3. Effect of pH on bacterial inhibition

Diameter of Inhibition
. Rings
pH Replicates Average
— cm, on. cm, - cm.
Control sugar 6.3 0 0 0 0
Control sugar 4,2 0] 0 0 0
Buffered control sugar 7.0 0 0 0 0
Buffered control sugar 3.6 1.56 1.45 1.68 1.56
Sweet Clover, 80% T3 1.02  1.29 1.01 1.11
Sweet Clover, 80% 4,1 1,00 0.98 0.89  0.96
4.7 1.42 1.32 1.48 1.41

Sweet Clover, 100%
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yleld very consistent results. One paper chromatogram
developed 15 hours in butanol-acetic acld-water showed
1nhibition of S. lutea at an R, of 0.25 and another at
0.14‘(.10-.18) and O0.14 (.09~-.20). Spraying with aniline
, hydrogen phthélate revealed high.concontfations of sugﬁrs
within these areas of 1nh1b1tion. Multiple development and
excessive developing times separated the sugars on one
chromatogram and produced arecas of inhibition at 16.0 to
22 cm, and 31.6=40.3 cm, from the origin. The area of
inhibition closest to the origin (16.0 to 22 cm) did not
contain any sugars, indicating that the antibacterial
factor could be separated from the sugars of honey; In
general, the arcas of inhlibition were quite diffuse and
difficult to see. However, 1f the antibacterial factor is
hydrogen peroxide, as previously mentloned, no migration
would be expected on paper chromatography.

Assay of the diethyl ether extract of cotton honey
by the pad-plate method for the antibacterial factor was
negative. The antibacterial factor i1s therefore not soluble
in diethyl ether. It was of interest, however, to
investigate this lipid extract since no reports appear in
the literature as to its composition.

Extraction of 1-2 kg. of cotton honey wlth
Skellysolve B and diethyl ether produced a yield of 0.015%
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of & yellow, 1ipid residue. This residue, referred to as ™’

the crude oxtract;‘was used in the spot tests and anslyzed
for Iatfy aclds.

The sﬁot tests for glycerides, phosphorus and
sterols on the crude extract of cotton honey were all
pélitive. However, the blank of the phosphorus spot tesf
also gave a slightly positive test. The ninhydrin reaction
for proteln or amino aclds and the Molisch test for
carboh&drate were negative. The tests indlcate the presence
of friglyceride. sterols and ioasibly phosphélipids.

In addition the quantitative method for non-esterified
fatty acld based on a palmitic acid standard ocurve showed
an average of 20.7 mEq/L of acid. Hydrolysis of the sample
may have caused these results to be.high. The results of
the hydroxamate test for ester groups showe& 1.0 nEq/mg. of
ester. '

The 1ﬁfrared absorption spectrum of the crude extract
as shown in Flgure 1, showed sharp absorption bands at
3.5, 5.9 end 6.9 microns which are typical of alkane and
ester groups (27). On the other hand, the bands indicating
carboxyl grouﬁs are absent. The presence of a sharp band |

at 2.8xn indicated a free OH gfoup, however this band
disappeared after transesterification and elution on
silicic acid. The purified methyl esters, eluted from

silicic acid, gﬁve the characteristic infrared spectrum of
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bottom: purified methyl esters

Figure 1. Infrared spectra of cotton honey extracts




fatty acids. ‘The slight shifting of some bands was caused ’
by mechanical error. -

Table & shows the results of gas-liquid chromatog-
raphy of the purified methyl esters from honey. By
comparison with known methyl esters methyl 1aurat§,
ayristoleate, palmltate, stearate, olegte and linoleate
are definitely shown to be present. In the purified
methyl esters the E.C.L. of 8.6 may be the unsaturated
analogue of carprylic acld, octenoic acid. Methyl
myristate and palmitoleate may be present, but not enough
observations were made to be certain. The purified methyl
esters may contain either methyl arachidate (saturated C-20)
or linolenate, since the E.C.L.'s are similar it is not
possible to determine whether one or both of the methyl
esters are present. One E.C.L., 17.2, was omitted from
Table 4 because it does not correlate with any of the
standard methyl esters. This methyl ester was observed
only once using the Aerogfaph gas chromatograph, however
the ionizing detector gas chromatograph showed a very small
amount of a similar fatty acid at an E.C. L. of 17.4.

A typlcal gas chromatogram of the honey_methyl esters 1s
shown in Figure 2.

The percentage concentrations of the purified methyl

esters Yére determined by means of a gas chromatograph with

an lonizing detector and an integrater. By multiplying the



Table 4. Gas éhronatography of fatty aclds isolated frem

cotton honey

~ Equivalent Ohain Length
Methyl Ester Standards Honey Methyl Esters

Oaprylate
Caprate
Laurate

Myristate
Myristoleate
Palmitate

Palmitoleate
Stearate
Oleate

Linoleate
Arachidate
Linolenate

?accinato
Behenate
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Column temperature: 170°C, Pressure: 3.7 1lb.

Figure 2. Chromatogram of purified methyl esters from cotton homey.
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value of the integrater times the molecular weight of each
methylester a factor is obtained which is directly
proportional to the relatlve petcentage composition. The
results of these calculations are shown in Table 5. Tﬁe
‘purified methyl ester fraction contains appfoximntelyLGO%
methyl oleate and 27% methyl palmitate. )

After saponification the fatty acids of the crude
extract were subjected to reverse phase paper
chromatography. The fatty sclds of cotton honey have the
same Res as that 6f palmitic and olelc acld as seen in

- Table 6. Even the colors of the spots on the paper
éorrespond, palmitic acld being slightly darker than
olelc acid. Use of lodine vapors confirms the presence
of oleic acld at Ry .37. Palmitic and oleic acid cannot
be separated by this method, however Table 7 shows that
the crude extract of cotton honey contains both palmitic
and olelc acid as evidenced by comparison of Ry values
 and treatment with various indicators. The fatty acid
indicated by iodine vapors with an Rf of'.SS may be linolelc
acld. Increased concentration did not Jield additional
fatty acids. |

The diluted cottoﬁ honey after extraction with
Skellysoive B and diethyl ether was made alkaline, refluxed
for 2 hours,‘cooled and extracted agaln with Skellysolve B

and diethyl ether. This was done to determine if all the
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_ Table 5. Relative concentration of honey fatty acids
.determined by intergrater technique with gas-liquid
chromatography

1

Methyl Ester Standards Honey Methyl Esters

E.0.L. Retemtion E.0.L. % soncen-

time, min. . tration
Methyl myristate 14,0 3.3 13.9 1.0
4.0 14.5 1.1
Palmitate 16.0 : 6.7 16.0 26,7
Palmitoleate 16.5 T.7 16.5 1.0

| 10,5 17.4

13.3 18.1 1.7
Oleate 18.5 14,9 18.5 60.3
Linoleate 19.2 18.5 19.2 1.8

Arachidate 20.0 24.0 20.0 6.5




Table 6. Paper chromatography of honey fatty aclds

Sample

Re
Indicator: HyS

Honey fatty acid
ﬁoney fatty acild
Stearic acid
Palmitic acid
Olelc acid

oh4 (.39-.49)

40 (.35-,45)
29 (.26-.32)
43 (.h1-.46)
.40 (.38-.42)
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Table 7. Paper chromatography of honey fatty aclds

using two indicators

Sample

R,

Honey fatty acids
Honey fatty aclds
Palmitic and oleic acid

Honey fatty aclds

Palmitic and oleic

;naicatorf'gaf° '

«37 ('32'°42),
3T (.31-.44)
<40 (.36-.44)

Indicator: 12a

37 (+43-.39) and

.55 (.52=.58)
37 (.33-.42)

®Ohromatogram cut in half for treatment with

two indicators.




1ipid was extracted initially. However, the extract
contailned decomposed carbohydrath which could not’be
removed by successive washings. Therefore, since these
analysis are primarily quulitativi rather than quantitative,
the alkaline extract wms not investigated further.

Thin-layer chromntography'éf the cotton honey
1ipid exiract,'obtained.by»centrifugation. revealed one
spot at Ry .36. This spot appeared in the same position
as a spot found in the crude extract and inm high
concentration in the filter extract. PFurther investigation
of this extract was discontinued because 6f ilnsufficlent
material.

The filter éxtract was obtained from cotton honey
in a yleld of epproximately 20 mg.%. The infrared spectrum
of this extract as shown in FigureHB, &1sp1ayed bands
indicating the presence of alkane and ester groups. Figure 4
shows a chromatoplate of crude extract and filter extract
after spraying with 504. sulfuric acid. Distinct
similarities can be seen betweeg the two éitracts although
concentrations of the separated compounds vary.

Table 8 shows the average Rr'values of the crude
extract and filter extract determined on thin-layer
chromatography. According to Malins and Manglold (24),
although the pattern of separation remains the same, the

Ry values increase with increasing concentration, therefore
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Flgure 3. Infrared spectra of cotton honey extracts.




100 ¥ per spot

Developing Solvent: 90:10:1
Skellysolve B: dlethyl ether: acetic acid

Figure 4. Chromatoplate of crude extract and filter extract.
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Table 8. Thin-layer chromategraphy of cotton honey
. extracts. Comparison of average Ry values and
reactions to various reagents. :

Rf Values
Orude Extract 114 tract
.02 I,008(17),? 1,¢ 14 | ) '
.06 £,01 (16), I, P .06 2.01‘(18;,b pd
. , 07 .00 (2 ,

o
=

009 :001 (17)' A.

.10 f.01 (18),
a2 201 (17) -

.19 %03 (12), I, F .19 Z.04 (9), I,° ¥
.22 2,03 (12), I, ¥ .24 1,07 (10), I, P
.28 ¥.03 (15), I, P .28 ¥,03 (16), I, P
42 2,04 (17), I, F 44 203 (17), 1, P
.49 .04 (13), I, F .53 .05 (5)

.62 .04 (17), I, F .61 .03 (13), F

T4 .04 (17), I, F .71 t.04 (17), I, P
.86 t.04 (17), I, ¥ .85 .03 (17), 1,

83tandard deviation.
bNumber of observations.
CPositive reaction with iodine vapor.

dShowed fluorescence under
ultra=-violet 14
spraying with 2', 7' -dichlorofluorescein. ght after

°Posi?1ve reaction with bromcresol green spray.
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each sanple’uaa applied to the chromatoplate as 10 A of a
14 solution or 100.8 . The similarities between the orude
extract and the fllter extract are again demonstrated by
this table. Ten spots in the filter extract correspond to
spots in the crude extract. Two spots in the crude extract
at Ry .02 and .12 do not appear in the filter extract,
while only one spot at Rr «07 in the filter extract falled
to appear in the crude extract. The compound in highest
concentration in the crude extracﬁ appears at Re JAd,
Similarity in the two extracts was observed also in the
reactions to the various spray reagents. Most of the spots
fluoresced under ultra-violet light after spraying with

2', 7' -dichlorofluorescein indicating non~-polar lipids,
saturated and unsaturated. Also most of the spots reacted
with lodine vapors indicating unsaturation. One spot at
Ry .09 in the crude extract reacted to the bromocresol spray
indicating the presence of a carboxyl group.

The 1ipld extracted from cotton pollen displayed
two spoté in high concentration at Re .61 and .96 as shown
in Table 9. Higher concentrations of this 1ipid produced
a sf:oak on the chromatoplate hindering the determination of
other Rr values. The infrared absorption spectrum of this
extraot showed bands indicating the presence of alkane and

ester groups.
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Table 9. Oomparison of cotton honey and cotton pollen

lipid extracts.

Average Rt values and reaction

to various reagents on thin-layer

chromgtography.
25 S, eRma
.02 *.002(10),b1,°rd |
.05 £.00 (10), I, ¥ .05 *.018(11),Pr,°pd
.08 .01 (10), 7, A® .08 t.01 (10), P
A1 201 (T), P 11 Y00 (3) :}; g:ggié :;?r
.18 .04 (6), I, * .19 t.03 (7), I, F, A® .19 %.01(3),I,F
.21 Y06 (&), I, P .23 %.03 (6), I, F
28 to02 (5), I, F .28%t01 (2)
A2 .04 (10), I, P '
.50 X.02 (2), F
.61 *.02 (10), I, F .61 .01 (6),I,F
.74 .05 (10), I, F
.86 *.04 (10), I, F .86 £.03 (10) F

.98 .00 (8), 1, F .96 t.01(6), I,F

8Standard deviation.

bNumber of observations.

CReacted with iodine vapor.

dpiuoresced under ultra-violet 11

with 2',

' -dichlorofluorescein.

ght after spraying

®Reacted with bromcresol green spray.
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The saponified pollen lipids, which contained both
naponitiéd and unsaponified material, showed five more
spots on the chromatoplate than the pollen lipid extract,
five of these were produced by the saponiflication. The
spot at Re .19 contains a oarboxyl group and is probébly
a fatty acld. Two spots, which appearéd in the pollen
lipid extract, did not appear in the saponified pollen
extract, indicating that these compounds were destroyed
during saponliication; Three of the eight compounds 1in
the saponified pollen 11§1ds coincide with and gave
reactions similar to compounds in the crude extract of -
honey, 1ndicgt1ng that the source of these lipids may be
cotton pollen.

Thin-layer chromatography of the crude extract,
upon expdsure to antimony trichloride, revealed three
spots at Re 0.5, 0.7 and .36, colored pink, pink and brown
respectively. Table 10 shows the Ry values and color
reactions of several pure compounds. None of the pure
compounds tested coincided with those in the crude extract
when compared on the basis of Rg, color complex with
antimony trichlorlide and rate of color formation.
Cholesterol at R, .06 formed an orange spot immediately )
upon exposure to antimony trichloride, where as the reactive
compounds in the crude extract appeared vefy slowly. The

reactive combound at Ry .05 in the crude extract was qﬁite
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Table 10. Average Revalues and color reactions of
. pure compounds run by thin-layer chromatography

Color complex

Pure Compounds Average Rf with Sb 013
Cholesteryl acetate <49 purple
Cholesterol .06 orange
Methyl oleate 5T
Methyl palmitate .52
Palmitic Acid (.19-.34)8
B Carotene .85 blue
Vitamin A acetate .35 dark blue

85treak instead of

spot.
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weak and faded in a shofi time. The spot at Ry .36 appeared
to Be the same as the one reported at Ry .28 in Table 8.
Since higher concentratlion of crude extract'were'used when
spraylng with antimony trichloride the Ry would be sllightly
higher. To elute from the chromatoplate the compound which
formed a étable, pink complex with antimony trichloride
the solvent system was changed to 3:7 Skellysolve B-diethyl
ether. Using this system the reactive compound, referred
to as eluent I, moved to an Re of about .60. The other
eluted compounds were separated using the solvent system
90:10:1, Skellysolve B-ether-diethyl ether-acetic acld.
Table 11 shows the results of tests on five eluted
compounds from the crude extract. None of these was
a sterol since each gave a negative Lliebermann-Burchard
Test. Ali the eluents showed infrared absorptlon spectra
indicating alkane and small amounts of carbonyl groups,
although eluent II gave a negative test for ester groups,
This cbmpound was'yellow in the untreated state and brown
in the presence of antimony trichloride. Eluent I had the
sweet smell simllar to natural honey and may be the
compound reported by Schuler and Vogel (14) which appeared
in their ethereal oil and gave a positi#e ferpene reaction
with antimony trichloride. The 1nfréred spectrum of
eluent I 1s shown in Figure 3. The spot tests for

phosphofus were not véry reliable since the blank also gave




Table 11, Results of tests on the eluted compounds

from the ocrude extract

Reaction

Esters of Liebermann- Test
Carboxylic _Burchard %o . for
Eluent = Aclds Test Rf SbOl3 Phosphorus

- 1 + - .07 pink -
II - - .28 brown +
III + - .61 none -
Iv + - «Th none -
A ) + - .86 none -




a slight positive test.

The most probable source of lipld 1n‘cotton_honey
is the péllen. However, it must not be in the granular
form since Todd and Varsell (40) foport no pollen grains
in 32.lllp168 of cotton nectir;‘and aisd no cotton pollen
grains were found in fhe cotton honey used in the above
experiments. In additlion the results of the thin-layer
chronatoéraphy'of the filter extract indicate that the
particulate matter contains much of the lipid material.
Other sources which must be considered are the nectar,
the bee and beeswax; although olelc acld which was found
in high concentration in the purified methyl ester is mot

generally found in beeswax.




SUMMARY AND CONCLUSIONS

1. The antibacterial fector was present in all
_honeys tested.

- 2, The antibacterial factor 1n honey was more
effective against M. flayus and S. lutea than ageinst
B. cereus snd B. subtilus.

Je The antibacterial factor was dialyzable and was
retained on a Seltz filter.

4, Nelither the acidity nor the high carbohydrate
concentration in honey were responsible for the
antlbacterial effect of honey.

5. The antibacterial factor was not separated
from cotton honey by extraction with dlethyl ether or
vacuum distillation. |

6. The crude lipid extract of cotton homey gave
positive apof tests for glycerides, sterols and phosphorus.
Quantitative methods showed 20.7 mEq/L. of free acid and
1.0 uEq/mg. of ester groups. The infrared absorption
spectrum showed the typical baﬁds of alkane and ester
groups. '

7. Gas-liquld and paper chromatography revealed
palmitic and oleic acid in relative concentrations of 27

and 60% respectively, along with small amounts of laurie,

47
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myristolelic, stearic, and linolelic acids.

8. Thin-layer chromatography of the crude extract
revealed twelve lipids: ten unsaturated, one aclidlc, and
three reactive to antimomy trichloride.

9. With thin-layer chromatography similarities were
noted between the lipids of the crude extract and the
particulate matter (filter extract) of cotton heney, -
indicating pollen as the probable source of the trace
lipids. |
i 10. PMive compounds in the crude extract were
isolated by elution from thin-layer chromatograms. Four
contained ester groups and two formed a color complei with

antimony trichloride.
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