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ABSTRACT \

Analysis for residue levels of the bee repellent, prenol, in honey revealed

that phenol (carbolic acid) is widely used in Alberta The results indicated that

40 out of 67 samples of honey examined from Alberta contained phenol levels

varying‘- from 1 ppm to 111 ppm, with an average of 7.4 ppm Phenol

* residues were identified in honey samples obtained from other -provinces in
- 3

Canada. the United States and” Mexico. Practical investigation conducted at hives
located .near Edmonton, Alberta by application of >henol on a phenol board (acid
board) showed that ‘all honey collected contzined residues. of phenol, whiéh are
impossible to removej without advgrsely affectiné the honey flavor. Beqkeepers'

can limit phenol residues in honay vy . inimizing hive exposure to -the phenol

. board and collecting a highs oroiortion of C.apped honey. Phenol was also

found in-“beeswax samples i“3ney exentec  prior to exposurz to the phenol -
ok

~

board :contained phenol This Tincding  -ubs'»-ated by analysis of wax samples,

implied the transmission of phenol re::gs by the reuse of empty combs, a

method commonly practised by beekeepers in the seasonal collection of honey.
Discontinuation of the use of phenol as ‘a bee repellent was observed to result
in a reduction of phenol residues ’t’o trace levelr (0.5 ppm). The detection of
the medicinal taste of phenot in Honey by an untrained panel appseared to be at
Ievéls{of about 20 ppm, at least tqn umes higher than the detection level of
phe”ndl in water. THe method  recommended for phenol ahalysis in honey is the
high pressure liquid chromatographic (HPLC) method. For beeswax, the Gibbs. or

aminoantipyrine method, adapted to the de;ermination of phenol in beeswax, is

¥

highly suitable. : N

S
—
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" 1. INTRODUCTION |

Honeybees (Apis maujiacal“ hav; fascinated mankind from the beginning
- of times. Early historical reports reveal pictures‘qu‘\e myths asgociated with honey
and beliefs in the curative properties of honey wf\wich still »persist in many parts
of the world today. Honey is a unique food and is valued by many as one of
Nature's most magnificent achievements because of the flavor, aroma and
extraordinary properties associated with it Exceilent reviews ofk the early history
are presented by More (1976) and Crane (1975) Di‘o\nyssus‘_v(the Greek Bacchus)
is depicted as a gbd of the honey-drink, mead and ndt wme

The world production of honey is estima_ted a& 884,300 metric tonnes
for 1981 ‘(Anon‘, 1982) and the figure represents5 an increase over the
.prgceding five years. The. préduction of honey in .both ’Albe,rta and Canada
reached record levels in 1981. The 1981 figure quoted for honey produciion
(Boy_ce, 1982) in Alberta is 10,478 metric tonnes and represents about one
third the total production of Canada It is of interest to\:r;'ate that the province
of Alberta is the largest .honey producer in Canada'/The exr;>ort markets for
Canadian honey include chiefly, the United States, the Europeanl Economic-
Community (EEC), - Japan, Sweden and the Caribbean. The most significant
developments affecting the export production of honey in Canada for 1981 and
1982 are the record Chinese crop and the -second successive poor crop in the
United States. Canadian honeys also have to compete in price and quality with
honey from China, Argentina and Mexico, the major hor:ey ‘producers and
exporters. ‘ '

Thé use of phenol or carbolic acid as a bee }epellent begén in -_the
18930's (Anon, 1868). A concentrated solﬁtion of phenol is applied to the
adsorbent cloth on the underside of.a special hive cover called a phenol boarc’i
The phenol board is placed on the top of the hive and ‘th.e heat from the sun
vaporizes the phenol, which then has a repelling effect on the béés, therefore
enabling the beekt_aeper to collect honey and/or beeswax with a minimum of
interference. However, the use of phenol is of great concern because of

possible contamination. Significantly high residues of phenol impart a disagreeable

)



medicinal taste to the honey. Efforts ‘weére made to find a substitute for phenol
because of possible tainting of the flavor of 'hbney and also, because of
implications regarding the toxicity of phenol. Many chemicalg 'wer"e evaluated as
potehtial bee repsllents (Woodrow et a/, 1965), but few .were found to be
suitable.- Benzaldehyde, propionic anhydride, and butyric anhydride were found to
be effective. In addition, a mechanical device, a bee blower was invented.
However, at present, ‘phenol s still used on a "Iékgeﬁscale as a bee repellent

One of the important objectives of the broject was to monitor levels of
'phenc?l residues from honey produced in Alberta Honéy samples from outside
Alberta were also studied and the results presented. Practical _‘in{/estigation of
factors affuecting phenot residue levels of héney was _cbnduptéd by application
of phenol on a phenol board and aﬁalysing the collectgl'l samples‘”of honey and
~Wax. -

Methods of analysis of phenol were adapted for determinétion of phenol
in both Honey‘ and wax. The HPLC mel'thod‘on a normél phase column reported
by Sporns (1981) for the analysis of 'bhenol’ residues ’in hon'e'y was used and in
addition several techniques Were formulated. The techniques described include an’
HPLC method on a reverse phasé &olumh, 'colorimetrié tests ‘incorporating the
'us’e' of the Gibbs reagent and the amfno_ar\ﬁhyrine ‘reégent, and a fluorometric
technique. \ | o
' An .attempt at'sensory.évaluaﬁpn using .an untrai.ned panel was carried out
to determine a flavor thréshold. of phenol-in honey. A

Phensl is not recommended by the- United‘ States Department of
Agriculture (USDA) and by Canadian authorities‘ ‘for use as a bee réepellent
because of possible contamination of honey due to careless use' of phgnol.
Recent communicatior‘\' indicates that regulgtions may be formulated in the héar
future restricting the 'use:' of phenol as a bee repelient Thus,‘ it may be
.essen‘tial to hav.e ﬁrocedu}es to quantitate phenol residues in honey, iﬁ addition
to the _existing standard tests which are specified by European Economic

Community'coun_tries. The tests prepared by the Codex Alimentarius Commissior:

—- of the Joint FAO/WHO Food -Standards Programs (the Food and Agriculture

—
~



Organization and World Health Organization of the United Nations) include
m\ani(oring of color, ash, sugar composition, moisture levels, freedom from
par\‘ticulate matter,‘ levels of enzymes such as diastase, and hydroxymethylfurfural
content A fast and reliable method suitable for routine analysis in _quality
_‘control laboratories is described for dect..ection of phenol residues in honey'by
the reverse phase HPLC method. The colorimetric methods are recommended for
the analysis of v(/;x, which is also essential to Qquantitate since wax absorbs a

.greater amount of phenol than honey does.



2. REVIEW OF LITERATURE

2.1 Methods of Collecting Honey
Four methods of removing bees from honey supers will. be discussed.
They involve use of bee repellents, the shake-and-brush method, use of

bee—~escape boards and bee blowers.

2.1.1 Bee Repellents: General Overview

Bee repellents are used to facilifate the removal of bees from honsy
supers, thus enabling the beekeeper to harvest honey with a minimum of
disruption. Bee repellents are widely used in most large scale commercial
operations in Alberta and elseWhere. The efficacy of bee .repellents in
controlling the behavior of the bees and the resulting reduction in labor cost
because unskilled labor can be used and honey rapidly collected, are ktwo
‘important factors responsible for the widespread use ih,many countriss.

In addition to bee repellents for honey ‘collection,.bee repellents 'have
been . investigated for thevprevention of‘ bee loesee. from insecticides applied to
. flowering plants. The deveiopment of suitable repellents to protect individuals
hypersensitive to sfings would also be highly desirable.

The chemicals commonly used as bee repellents for collection of honey
are phenol, benzélpehyde, propionic anhydride ahd butyric anhydride commoniy

sold under the brand name Bee-Go.

2.1.1.1 Phenol

Phenol is used in many countries including Canada, the United States,
Mexico, Australia, New Zealand and South Africa

A concentrated solution of pheriol up to 80%) is made by dissolving
- phenol crystals in water and sprinﬁdin'g the solution evenly on the undersurface
'o_f a phenol board which is lined with adsorbent cloth. The phenol board or
acid board consists of a frame with the same dimensions as the hive cover
and a rim 3-5 cm d_eep. Oh the ubper surface .of the phenol board is a black \

sheet of metal in direct contact with the cloth. The phenol board with .the

4



solution .added, is then placed on top of the hive with the black surface
uppefmost (Plate 1). The heat from the sun is absorbed by the black cover of
the phenol board and vaporizes the phenol, which then has a repelling effect
and forces the bees down to the lower supers. The uppermost honey super is
removed and the phenol board is placed on the next lower honey super of the ~
hive. By successive removal of the uppermost super and placing of the phenol
board on the next lower super the honey supers can be removed in rapid
succession.

Usually, beekeépers apply smoke to start the bees moving and also to
"mask” the scent of crushed bees. The gland of the .sting chamber produces
isopentyl acetate, an alarm pheromone, which is released from ‘the crushed bees
and incites aggressive behavior among bees. Thus, the bee smoker is an
indispensable tool and is shown in Platé 2. Some important tools used in
beekeeping are illustrated in Plate 3. - : <

* The varying degrees of success in the use of phenol with the phenol
board, concern about handliné of the chemical since it can cause serious burns,
its ineffectiveness on cool days ‘as a repellent, and fears of tainting. or

contamination of the honey resulted in the sedrch for other chemical repellents.

]

\

2.1.1.2 Acid Anhydrides

Propionic anhydride was developed by Woodrow and Moeller of the
United States Department o_f_ Agriculture to replace pheﬁol as a bee repelient
{Anon,1961). Propionic anhydride hydrolyses with moisture from the air to
slowly form propionic acid (Figure 1). Propionic anhydride is applied to an
adsorbent ‘pad and placed in a special fume chamber fitted over the top of an
empty super on top of tﬁe hive. Fumes of the anhydride  are pumped with a
smoker bellows and are distributed evenly through holes in a dispersion board
located in the fume chamber (Walsh, 1965; Anon, 1861, Anon, 1968
Propionic anhydride works on warm and cool days and reports indicate that the
bees remain ”geﬁtle". However, the .chemical has not been effective as a
repellent under all conditions. For example, beekeepers indicated the anhydride -to

be effective on North Island, New Zealand, but completely ineffective on the



 Plate 1
Phenol boards placed on hives_with upper

black surface exposed
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Plate 2
Bee Smoker (Top)
Smoking of bees in the processof co1]écting individual

frames from hohey supers (Bottom)
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Plate 3
Equipment consisting of .a bee brush, uncapping fork,
and hive tool (Top)
~Scraping of sufface capping of wax from a capped

frame (Bottom)
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(CH, - CH, - CO), O + H,O ———s= 2CH, - CH, - COOH

‘Propionic anhydride P(opiuniC acid

(CH,* CH, - CH, - CO), O + H,0 ——— 2CH,* CH,- CH, - COOH

Butyric anhydride : Butyri; acid

P
e
Figure 1. Equations showing hydrolysis of the écid anhydrides to the

corresponding acids. RN
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South Island {Walsh, 1965).

Butyric anhydride ‘works in a similar manner to that of propionic
anhydride and is hydrolysed to butyric acid (Figure 1)

Reivch et al. (1969) attributed the repellent effect to the vapors of the
acids formed on hydrolysis of the. acid anhydrides. Measurements of the vapor
pressures of the acids lie between 0.25 to about 15 milimeters of mercury at
-20°C. Reich et a/. (1969) observed that the ‘vapors of organic acids and bases
which have a pK of 1 to 8 were irritating to bees. They postulaied that the
contact of the irritating vapors with moist membranes of the bees, for example
the -eyes, provided the irritating factor. However, moist membranes in insects
are almost always internal and the eyes of bees are not covered with moist
membranes. The- respiratory ‘system of insects terminates in “steliate” cells from
which fine tubules lead to individual cells. It is probable that the vapors
penetrate into the tubules which contain fluid. Another. possibility is that the acid
vapors come in contact with chemosensory cells in hairs on the surface of the
body. The surface of these dendrites and the pore at the end of the sensillum
(hair) are covered with a viscuous fluid which is as .close to a "moist

membrane” as can be found outside of the insect (Gooding, 1883)

2.1.1.3 Benzaldehyde

Benzaldehyde, also known as artificial oil of almonds, was introduced by
Townsend (1963). A solution of benzaldehyde applied to the undersurface of the
phenol board was reported to repel the bees efficiently. Field trials with
benzéldehyde revealed that air temperaturles above 27°C resulted in "stupefaction”
of the bees and thu\s failure to drive the bees from the honey supers.

Benzaldehyde is generally recommended as a good répellent since it is
effective between 15-27°C under cloudy or sunny conditions. Measures
recommended in the use of benzaldehyde inciude *the addition of insulating
material over the phenol board and smoking of the colony before placing the
board on the hive. Townsend (1963) and Walsh (1965) both claim resi'dues of
benzoic acid are formed in honsy by oxidation of benzaldehyde. They believe

the presence of residues of benzoic acid is not as serious as residues. of
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other bee repellents, such as phenol, since benzoic acid is permitted for use as’
a food preservative. The structure of ‘benzaldehyde, -which is similar to phenol is

illustrated in Figure 2.

2.1.1.4 Other Aspects of Bee Repsllents )

Natural and synthetic compounds were scrée'ne‘d‘ as attractants and
\\{epellents of the honey bee, Apis mellifera by observation of the responses of
Qges to the vapors of a variety of compounds (Woodrow et al., 1"965), it was
faund that the repellents elicited more constant responses. than the attractants.
The most  potent repellents, were the amines, acids or acid'anh'ydrides and
carbonyl compounds. The weak to moderate repellents included phenols, alcohéls,.
esters and ethers. Woodrow- et a/. (1965) rated propionic anhydride, propionic
and acetic aéids as highly repelient, nonpersiétent and causing no contamination.
Phenol was rated as weak to moderately repesllent '

In (contrast to the observations made by Reich et al. (1969), Townsend
(1963a) reported that the perception of repellents was through odor.
Experiments performed by removal of the bees' antennae showed a lack of
response to the compound. Townsend claims the repellents affect the bees
through chemoreceptors on .the flagellum of the antenna, and not by irritation
df the respiratory system.

Fieid experiments conducted on. a number of repellents -indicate . varying
degrees of success under different weather conditions. “Also, the response by
bees * to repellents ~ changes under different situations as demonstrated by
variations in ‘the amount of smoke re‘quir.ed to control a colony’ of bees at
intervals. Thus, further investigation is naeded to find the ideal repellent since a-

third factor, the human element must be accounted for, -to adjust conditions and

estimate when the bees are. repelled..

2.1.2 The Shake-and-Brush Method
The method is used by beekeepers with a small number of hives and
requires a minimum of apparatus, either a goose—-wing or -bee brush. A few

puffs of smoke are directed over the frames of the honey super anc each



OH
Phenol
HO
Benzaldehyde
OOH

Benzoic Acid

Figure 2. Structures of phenol, benzaldehyde and benzoic acid.
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frame containing honey is removed and ‘the bees brushed (Piate 4). The

shake—and—brush method is time consuming.

2.1.3 Use of the Bee-Escépe Boards
Bee-escapes are. small metallic devices which are fitted in a wooden or
'vywood board. There are various types of bee—escapes, however, they all
ntain light springs, which are arranged to open in one direction (Figure 3) so
bees can leave the honey sup““‘er and move down to the lowser super or
iels chamhcnl—s be ow, but : cannot re-—enter the super. Plate 5 shows two

capc on an escape board.

0 - —ascapr boards are placed for 24 or 48 hours under the honey

su. - to be collecic Usually,. no more than two supers of honey are
rzmove:' once. Carc must be taken to ensure that the honey super is

bee-tight . avoid obbing of the honey. This method is very effective, but
may fail if the springs of the escape become stuck, for example with a drone,
or if propolis is glued over the springs by the bees. At ieast two trips are
rquired to remove the honey, the first, to place the es'cape‘ board and the
second to remove it after the bees leave the honey super. Also, usually about
a day of honey production is lost waiting for bees to clear the supers

containing honey.

2.1.4 Use of Bee Blowers

Thié method involves initial smoking of the hive and placing the super on
a stand. A jetlof air is directed at the frames in the super and the bees are
blow'ri; out This method is recommended by the USDA because it is efficienf
under all conditions of temperature, fast and guarantees no contamination of the
honey collected One model of bee blower . is shown in Plate 6. An
improvement in the design of bee blowers to minimise the noise level will

undoubtedly aid in increasing its use.



Plate 4
Honey guper containing individual frames (Top)
Shake and brush method of collecting honey
demonstrated by remonng individual frames and brushing

bees (Bottom)
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‘Plate 5 .
Bee escapes inserfed\in an escape-board {(one of outer
bee escapes removed and placed in middle

of escape board)
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Plate 6

Bee blower
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2.2 Sources and Uses of Phenol

Phenol was first isolated frém\cgal tar by the process of fractic;nal
distillation. Synthetic processes developed fof the production of phenol include
fusion of sodium benzene sulfonate with/ sodium hydroxide, and heating of
mqnochldfobenzene with. aqueous sodium hydroxide under high pressure.

A review of the literature reveals the extensive uses of phenol (Liao and
Oehme, 1980a. Some of the uses are in the manufacture of explosives,
fertilizers, wood preservatives, textiles, perfumes, rubber, pla;gﬁété.\k"drugs,
pharmaceutical preparations. Other - uses are in the petroleum, leather,! péper,
soap, toy, tanning, dye, and agricultural industries (Deic;'hmann and Keplinger,
1963). Phenol is also employed as a disinfectant in germicidal paints and as a.
slimicide. | |

Phenol was first used by Lister in 1867 for aseptic surgery :\ind
generally as an antiseptic. Early uses of phenol which were extensive and
popular for a number of years resulted in cases of chronic or subacute phenol
poisoning. The medical uses of “pheno] are now limited, but there are many
common products which contain phenol. Phenol is used as an ingredient in
. preparations for cold sores, chapped lips (Blistex, 0.4%), in sorethroat’ gargles
(Chloraseptic, 1.4° (Cepastat, 14%), toothache preparations (Anbesol, 0.45%), and
ear wa'x drops. Many other uses include treatment of skin lesions, althlete’s foot

and fungal diseases, also application as a topical anesthetic for pruritic lesions

(1% lotion or ointment).

2.3 Toxicity of Phenol

Phenol, either as a solution or as a vapor, has been reported to readily
penetrate intact skin. Animal studies have indicated that the extent of
percutaneous abéorption of phenol depends on the area of skin exposed, rather
than the concen;ration of the applied solution (Deichmann and Keplinger, 1863)
Evidence suggests that in man . phenol may be considerably less toxic by

ingestion than by absorption through the skin (Gosselin et al. 1876). In

concentrations of 10 to 40%, phenol is reported to'be a destructive agent to:
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the skin (keratolytic agent) and nerves (neurolytic agent).

Studies "have shown phenol to be a cancer promoter. That is, an
application of phenol after v_exposure to a csnotoxic carcinogen results in an
increase in tumor response. Promoters, ait gh believed to be involved in
human cancer, are highlyrdose dependent and require the presence of the agent
for a long time (Weisburger and Wiliams, 1979) Wattenberg et a/. (18976)
reports that phenol is not a cocarcinogen and, as shown for many phenolic
promotors, these compounds can actually have an inhibitory effect, if applied
before or duriné .application of a genotoxic carcinogen.

A current review of over—the—counter (OTC)- drugs by the United States
Food and Drug Administration (FDA) reports that phenol is safe for application
to oral mucous membranes in concentrations up to 15% in aqueous -solution. A
1.5% concentration of phenol in 20% ethyl alchol is used as a dental rinse,
Qﬁ\ereas a 1.5% concentration of phenol in 70% ethyl alcohol is used fqr direct
application* to gums. The specified concentration of phenol is the maximum
generally recognized as safe (GRAS) concentration with a limit of 7 days u§e
-for -any course of therapy, unless treatment is supervised by a dentist or
physician (Federal Register, ‘19820). The same Panel also evaluatad. reports of
the carcinogenic and cocarcinogenic potential of phenol and phenolic substances.
A summary (Federal Register, 1982c| indicates that the cocarcinogenic effect of
phenolic compounds is reversible and low concentrations by themselves are not
carcinogenic.

Results from studies of metabolism and excretion of phenol from
ahimals, including man, have. shown that phenol is rapidly absorbed, metabolized
and excreted from the body. The conjugation of phenol to the glucuronide,
sulfate and hydroxylated derivatives are shown in Figures 4, 5 and 6. In man,
90% of a non-toxic oral dose (0.01 mg/kg) of [“C]—labelled phenol was
excreted in 24 hours, principally as the sulfate and as the glucuronide, with
small amounts of sulfate and glucuronide conjugates of a metabolite,
hydroquinone (Capel et a/.,1972). It has been reported that larger doses of

administered phenol can result in free phenol in the urine.
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Figure 4. Conjugation reaction of pheno] with uridine-5'-diphospho
-D-g]ucuronit acid (UDPGA) to form uridine-5'-diphosphate (UDP) and the

phenol glucuronide according to Neal (1980).

.
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Figure 5. Conjugation reaction of phenol with 3'—phosphoadenosine
Siphosphbsulfate (PAPS) to form 3'-phosphoadenqsine-5'-phosphate (PAP)

and the sulfate ester according to Neal (1980)
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OH
® Phenol
cytochrome —-P —~450 —
‘ monooxygenase
OH
-OH
OH . OH
Catechol Quinol -
Catechol Catechol
monoglucuronide monosulfate
Quinol ' Quinol
monosulfate monoglucuronide

Figure 6. Hydroxylation of phenol and biotransformation to the glucur-

onide and sulfate derivatives according to Reeves (1981). -
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It should be emphasized that in general the metabolism of a compound is
not fixed and phenol may be excreted in different forms by the same
individual. Biotransformations vary with factors such as sex, age, genetic
constitution and amount of compound ingested. An important principle in
detoxification is a conjugation reaction in w.hich a,“ more water—soluble derivative
is synthesized and excreted in the urine. Renal Qxcretion is in fact the principal
route df elimination of phenol. .

in the biotransformations illustrated in Figures 4 and 5 the cofactors are
uridine—5'~diphosphate-D—glucuronic acid (UDPGA) and 3’-—phospho— édenosine-—S’—
phosphosuifate (PAPS). The enzymes, uridine~5'-diphosphate—glucuronyl transferase
(UDP—glucuronyl transferase), | sulfotransferase, and
cytochrome—P-450-monooxygenase are located mainl-y in the liver, kidney and
intestine. During the biotransformation of phenol to the phenol glucuronide by
ihe UDP-glucuronyl transferase enzyme there is inversion of configuration. The
glucuronide derivative with. phenol has aﬁ configuration.

ot has been' stated that glucuronidation of phenol is more important than
sulfate conjugation in- animals because of greater\availability of UDPGA over

PAPS (Neal, 1980).
2.4 Analytical Methods for Quantitation of Phenol

2.4.1 Extraction —Procedures A

in the following discussion bhenol and other‘phenolic compounds are
referred to as phenols. o '

isolation ‘of phenols from material has been achisved by techniques of
solvent exfraction and/or steam distillation. Steam distillation has been employed
for the isolation of butylated hydroxyanisole (BHA) and butylated hydroxytoluene
(BHﬁ, phenolic antioxidants added to dehydrated potato samples (Filipic and Ogg.
1960; Sloman et a/, 1962). It is also used for extraction procedures for
phenols in waste water. Sporns (1980), who first described an HPLC

methodology for determining phenol residues in honey, utilized the.process of
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steam distillation in \the presence of an internal standard.

Steam distillation is applied to liquids which are completely immiscible or
liquids which are miscible to a slight extent

<In steam distillation the boiling point at which fhe mixture distills is
attained when' the sum of the vapor pressures of the components present is
equal to that of the atmosphere. Steam distillation at atmospheric pressure
results in separation of the immiscib!é higher boiling component at a temperature
below. 100°C, the boiling point of water. The use of steam distillation is of
considefable value since water has a low molecular weight and a comparatively
moderate vapor pressure, therefore allowing isolation of large amounts (wéight)
of substances of high motecular weight and low vapor pressures.

A méthod of increasing the volatility of phenol by the addition of solutes
has been reported (Norwitz and Keliher, 1982). The authors found that’ the
addition of 15 g of sodium chioride to a 25 mL sample followed by steam
distillation resulted in optimum recovery of the phenol in the first few milliliters
of distillate. \Recoveries up to 25 mg of phenol per 25 mL were recorded The
addition of sodium chloride to obtain a quantitative distillation of phenol has
been attribufed, not to an increase in boiling point caused by the solute, but to '
a mechanism in which the amount of water available as a solvent for the
phenol is depleted by the'hydration of sodium and chloride ions.

R o\

2.4.2 Determinat‘ion Procedures

Quantitation of phenol and phenolic compounds has been accomplished by
paper chromatography, spectpophotémetry, thin layer chromatography, gas'—li:quid
chromatography, voltamrﬁetry, combined gas chromatbgraphy-mass spectra, and
by high performance liquid chromatography. Emphasis ‘in this . discussion is limited
to the procedures used in the determination of phehol residues in honay,
namely, the fluorometric technique, spectrophotometry utilising  colorimetric

methods, and the HPLC method.
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2.4.2.1 Fluoromatry

DiCesare and Ettre (1982) analysed phenol and aniline which are
frequéntly found together in samples or in waste water. Both phenol and aniline
were reported as closely eluting peaks on a column 100 mm X 46 mm ID,
consisting of a C,, bonded-phase. The mobile phase was acetonitrile—water (30:
70) at 2 mbi/min. The excitation was set at 274 nm and emission at 325 nm.
Separation of both phenol and aniline was achieved by adjusting the pH of the
mobile phase prior to “fluorescent detection. At’loyv pH phenol is strongly
ﬂﬁorescent, whereas aniline is converted to a non-fluores_cent anilinium cation. -At
high pH aniliné is strongly fluorescent, whereas phenol (is non-fluorescent as the
phenoxide ion. Hence, by adjustment of the pH to enhance or suppress
responses of fluorescing molecules, qualitation and quantitation can be optimized.

Fluorescence is an important an_alytical tool because of its sensitivity and
specificity. Fluorometric methods can d~etect concentrations of substances as low
as one part in ten billion,'a sensitivity 1000 times greater than that of most
spectrophotometrlc methods. The main reason for the increased sensitivity is due
to direct measurement of the emitted radlatlon, whnch can be increased or
decreased by adjusting the }ntensity\ of the exciting radiant  energy. In
fluorometric methods an increase in signal over a zero background is measured.
The diffqrence _befween the incident and the transmitted beams is measured
indirectly in . spectrophotometric methods. This results in a correspondingly large
loss in sensitivity due to the small increase in the intensity of a very large
signal which is measured in spectr))photometry )

The specificity of fluorescence is attributed to two bfactors. In
fluorometry two wavelengths are used, excitation and emission. Qne factor
contributing to the specificity is that two compounds which absorb radiation at
one wavelength will probably not emit at the same wavslength. The second
factor is that there are fewer fluorescent compounds than absorbing ones. All
fluorescent compounds must absorb radiation, but not all compounds that absorb

radiation fluoresce.
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Fluorometry is used to determine compounds which possess hative
fluorescence, compounds which can be converted to fluorescent compounds
{(fluorophors) and those that quench the fluorescence of other compounds.
Fluorescence is especially useful in trace analysis.

The disadvantage of fluorescence is that it is subject to interferences,
such as the presence of impurities in low concentrations, temperature, pH, ionic

strength, and presence of oxygen.

2.422 Spectrophotometry: Gibbs Method o

Gibbs (1927) reported the identification of phenols by the blue
in‘dopheno_l color which resulted from the addition of
2,6—dichloroquinonechloroimide (2,6D). .

Numerous workers have made detailed studies of the factors'haffecting
the' reaction of phenols with 2,6D. An investigation (Ettinger and Ruchhoft, 1948)
revealed that the use of the Gibbs reaction fo{IIowed by extraction of the
. resulting indophenol dye in n-butyl alcohol can result in an increase in
sensitivity.iThe wavelengths for the maximum extinction of fhe reaction between
phenol and 2,6D were listed as 670 nm .in n—butyl aicohol and 610 - 630 nm
in aqueous solution. \

Colorimetric estimation of BHA in potato grénUIes and in lard and
shortening has been widely employed (Filipic and Ogg, 1960; Mahon and
Chapman 1951a; 1951b;). 'In toxicologicai studies, the Gibbs reagent has been
used for determination of phenol |n the urine (Piotrowski,1971; Ohtsuji and
keda; -1972; Capel et al/; 1972). Estimation of phésphatase activity in raw milk
is conducted using 2,6D (Babel et a/; 1978) |

Colorifnetric reactions, in general, are excellent for phenols. However, they
are not completely specific. The reaction between phenol and the Gibbs reagent
(2,6D) is shown in Figure 7. The reaction can occur in phenolic compounds with
~an ortho or para unsubstituted position (Dacre,1971). There are some exceptional
cases in which highly ‘substituted phenolic compounds with thé para position
v unSt\Jbstituted do not give a positive “test Many compounds eg amines

(Castle, 1950) and other amino derivatives (Fearon,1944) have been reported as
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OH

‘ CO, /HCO -
O:t pH 9 -8
N + HCI
Figgre 7. Equation showing coupling .reaction of phenol with

2,6-dichloroquinonechloroimide to form an indophenol.
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\

giving purple, violet or other characteristic colors.

2.4.2.3 Spectrophotometry. Aminoantipyrine Method

\ The reaction of phenols with 4-aminoantipyrine (4-AAP) was first
described by "Emerson (1943) and has been exteﬁsively applied in the
determination of phenols in water. |

In the Standard Methods for the Examination of Water and Waste Water,
published by -the American Public Health Association, the 4-AAP test is the
procedure used‘ for the detérmination ;)f phenols. The colorimetric method
involving the use of 4-AAP is employed in a Technicon CSM-6 AutoAnalyzer,
which is used in water quality analysis (Marten and Zaleiko, 1969\

The reaction of phenol with the 4-AAP reaggnt’ in the presence of an
oxidizing -agert is shown in Figure 8: A concentrated ammonium hydroxide
buffer at pH 102 was used. The d>y¢.a prdduced can be extracted from aqueous
solution with chloroform and the absorbance measured at 460 nm, or kept in
aqueous solution and the absorbance ‘monitored at "510 nm. The chloroform
extraction method is reported to be capable of detecting 0.001 mg o- 2nols
per litre of water, vs;heréas the minimum detectable quantity by th« sirect
photometric method is 0.1 mg phenols per litre of water. . ‘\

The 4;AAP test has been applied to quantitate the phenols present in a
nurﬁber of pharmaceutical preparations (Johnson and Savidge, - 1958).

In- general, substances having a free phe“ﬁolic hydroxyl group and a free
para posifion or a para position ‘substit»uted with halogen, hydroxyl or alkoxyl,
sulphonic acid o? carboxylic acid '.group give.a‘bositive reaction. The presence
of a nitro or carboxylic acid group in the ortho pésition to the free hydroxyl

group retards the the reaction (Johnson and Savidge, 1958; Emerson, 1943).

2424 HPLC Determination _

An extensivelsurvey of the ‘literature .has shownr the HPLC_- m‘ethod to be
the mos'; popular for the determinatig& of phenolic compounds.'Determinatidn of
phenols and chlorophenols in dilute aqueous solutions has been perfofﬁ;éd on

both normal and reverse phase columns (Brueggemann et al, 1982; Armentrout



Y + OH

Figure 8. Equation showing coupling reaction of phenof with 4-émino—

antipyrine in the presence. of alkaline oxidizing conditions.
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et al, 1978; Ivanov and MaQee, 1973; Chao -énd Suatoni, 1982; Sporns, 1981).

Chao and Suatoni (1982) evaluated several HPLC reverée-phase coldmns
~and éeparated a total of ‘_thir;cy-eight phenolic compounds inciuding phénol.‘
Obsgrvation of the retention times "shows‘ a substantial difference between
phenol and other phenolic substances. - '

In the majority of HPLC analyses detection of phenolic compounds
incorporated  ultraviolet  detection. El,actroc‘hemical detection of phenolic
compounds has also been utilized (Armentrout et a/:, v1979).. The ;eparati'on of
phenolic compounds by HPLC has been described in sLeveraI reports using

ion—exchange chromatography. .

N

2.4.2.5 Evaluation of Methods

Fia

The HPLC method for detpcting phenols is sirﬁ\ple, rapid and accurate.
There is no proSlem with the extraction of phenols ffor;\ aqueous media and it
is advantageous in that determination can be done dire'"ct,l;X: '\./‘vithout .derivatization
steps. .‘ |

Gas liquid chromatography (GLC) has been used éxtensively for analysis of
phenolic c‘ompounds,' but most procedures require solvent extraction and'
'subsequen_t ‘sample boncentration prigr to - analysis. Combined .gas chromatography
mass -spectrometry (GC/MS) or selective derivatization and GC with electron
capture detection have been reported . (Lamparsi(i ~ and  Nestrick, 1978).
 Disadvantages of _GC' methods are samplé preparation time, cost of MS
eqdipment, incomplete recoveries for most phenols., and the lack of detector
selectivity 4(A~rmentrout et al, 19789 . |

Identification of isolated phenols from plants was done using reverse
phase thin layer, ‘chromatography on a Whatman KC,, F re‘ve‘rsed phase iay‘er
(Sherma and Sleckmaﬁ, 1981). However, accurate quantitation is not as easily

carried out as in other methods.
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2.5 Sensory Evaluation *’"

Sensory evaluation is directly concerned with human evaluation and
measurement of physical stimuli. Factors such as testing environment, sample
preparation and method of presentation are controlled in order to minimize
external influence on judgment Another important consideration is the selection
and training of panelists.

éensory evaluation panels can be grouped into three types: (a) highly
trained experts, (b) laboratory panels, and (e large consumer panéls,

The .trained experts evaluate quality and can be of particular value in the.’
assessment"“ of product changes for which there is no adequate instrumentation.
Evaluations by experts and trained laboratory panels are useful in improving
quality control and flavor formulations. .Consumer panels .are useful in predicting
acceptability of marketable products.

There are fund;amentally three types- of. sensory tests. They are
preference/acceptance, discriminatory and descriptive tests. Prefefence and
acceptance tests are subjective to the panelists’ response. 'Discriminatory tests
(triangle, paired comparison, duo-—trio) are used to determine whether differences
exist between products. Descriptive tests are used to determine the nature and
intensity of differences and include threshold tests. These tests are classified
and documented (Larmond, 1977} Déscription will be limited to the triangle test
and the Signal Detection Test (O'Mahony, 1979). In the triangle test the panelist
is presented with three coded samples and is informed that two are the same
and- one is different He is requested to identify the .dd sample. Thg triangle
.test is often used as a preliminary test in the selection of panelists. Analysis
of the results of the triangle test is based .on the probability that if there is
"no detectable difference the odd sampie is selected by chance one third of the
time. :Tables for determining significance in the triangle tests have been prepared
{Roessler ef 'a/., 1978). The Signal Detection Test is a "short—cut method of
measuring multiple differences. It has been used for testing off-flavors in milk

(O'Mahony, 1879) and the di_ffefenca are measured either by ranking or rating.
SN
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in the Signal Detection Test panelists are presented with a number of
samples "and are asked to compare each sample with a ocontrol provided. The
judges are then required to indicate whether there is a difference and whether
they are sure of their judgment From the data the probability, an R-index is
calculated. The R-index is the Gp?obability of obtaining a correct identification.
The dété is calculated by a method developed by Brown (1974). The literature
(ASTM, 1978) gives several threshold values of phenol in different products
(Table 1) 1t vcan be seen that the threshold values for both beer and synthetic
deodorized ‘butter are lower. This is expected since highly trained panelists were
chosen for the assessment of flavor. For the flavor threshoid of phenol in
synthetic butter (Urbach et a/., 1972) the samples were presented~ in a series
of increasing concentration beginning with a control (no phenol). The differlence
-in co‘nc‘.entration between sample§ was usually by a factor of  10, although in
some cases it was lower. At values of 20 ppm panelists reported a strong
carbolic taste. It is of interest to note that a laboratory panel found the flavor

threshold for phenol in synthetic deodorized butter at least 100 tires ‘greater

than the -value determined by the professional graders.
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Literature Values' of Threshold Determinations of Phenol

THr_eshoId
Product Modality Threshold Value
{ Type (ppm)
water. taste detection 25
water odor detection 5.9
synthetic deodorized butter taste detection 0.01
beer ~ taste recognition 0.0271
beer taste detection 0.0125

IASTM Committee E—18. 1978. Compilation of Odor and Taste Threshold Values

Data



3. EXPERIMENTAL
|

3.1 HPLC Equipment and Conditions for HPLC Separations

The HPLC system consisted of a Beckman Model 110A pump (Beckman
Inc., Fullerton, CA) controlled by a Model 420 Microprocessor Controller (Altex
Scientific, Inc., Berkeley, CA). A Whatman Solvecon column, 250 mm x 4.6 mm
ID packed wuth 37~ 53/um silica gel was placed before the injector. The HPLC
separation on a normal phase column was similar to the method described by
Sporns (1981} and was performed using a Partisii PXS 5/25 column, (Whatman
Inc.. Clifton, NJ) protected by a Whatman HC Pellosil guard column. A Partisil
0DS-3 RAC column, 100 mm x 84 mm ID (Whatman) fitted with a Whatman
Co: Peli ODS Guard column, was employed for reverse phase separation,
according to a modification of the procedure described by Chao and Suatoni
(1982). The solvent system for normal phaﬁe sepération consisted of water
from a Milipore Milli-Q system (Millipore Corp., Bedford, "“A} which was
degassed prior to use and maintained at a flow rate of 1 mL/min. The eluent
for the reverse phase separation was acetomtrule (HPLC grade). water (1:1, v/v)
maintained at a flow rate of 2 mL/mm Analyses were carried out on both
columns at ambient temperature. Samples were injected using a 20 al Alltech‘
injector (Alltech Associates, Inc., Deerfield; 1L) and the absorbance was
monitored by a Spectro Monitor Il Model 1204A detector (Laboratory Data.
Control, Riviera Beach, FL) set at 195 nm. Absorbé- was also monitored at
different waveiengths, but mainfy at 195 nm. Chromatographic: data was recorded
using a Hewlett-Packard integrator (Hewlett-Packard, Route 41, Avondale, PA) 6r

a model 355 Cole Parmer recorder (Cole Parmer, Irvine, CA)l.

3.2 Preparation of Standard Solutions
All water was purified using a Milipore Milli-Q system. Solutions were
prepared in all glass apparatus fitted with glass stoppers and were prepared

daily, except where noted.

40
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Concentrated pheno/ solution. 1 g of phenol crystal was weighed to 1
mg and diluted to 1 L with water. The solution was protected from light and
kept for a-period not exceeding 1 month.

Dilute phenol solutiom 5 mL of concentrated phenol vsolution were
diluted to 500 mbL with water.

Concentrated 2,6-dimethyl/phenol solutiom. 04 g of 2,6-dimethylphenol,
recrystallized from hexane, was weighed to 1 mg and diluted to 1 L with
water. The solution was protected from light, refrigerated and kept for a period
not exceeding 4 days. .

Dilute 2,6-dimethy! phenol solutiorn 5_ mL of concentrated
2,6-dimethylphenol were diAluted to 200 mL with wafer.
| Mixed standard solutiom. 5 mb of dilute phenol solution and 10 mL of

dilute 2 ,6-dimethylphenol solution were combined and diluted to 50 mbL with

- water.

Concentrated 4-ch/orophenol! solutiom. 1 g of 4-chlorophenol crystals was
weighed to 1 mg and diluted to 1 L with water. The solution was protected
from light anc <ept for a period not exceeding 1 mont.

Dilute 4-chl/orophenol/ so/utiom. 10 mL of concentrated 4-chlorophenol
solution were made up to 250 mlL with water.

Mixed standard solutiom. 4 mL of dilute 4-chlorophenol solution and 5

mL of dilute phenol solution were combined and diluted to 50 mL with“\ water.

> |

\
o \
3.3 Sample Preparation ‘

A 10 g sample of honey or wax was weighed and transferred\imto an
800 mL Kjeidahl flask with the aid of 30 mL of water. For the MNPLC
procedUre‘ (used only for the analysis of honey), 25 mL of water and 5 mL f
aqueous internal standard solution were added. The mixture was steam distille
using a Blchi 320 Nitrogen Distillation Unit (Blichi 320, Foss Electric Canada
Ltd, Cornwall, Ontario) and the first 10 mlL fraction of the steam distillate was
collected  Precautions were taken to prevent cross—co’nt'amination. between

samples. The Kjeldahl apparatus was cleaned by steam distiling from another



Kjeldahl flask untii 100 mL of steam distillate were collected. Steam distillation
of wax samples resulted in "waxy’ deposits which frecuently required repeated
steam distillations‘@tWeen samples to clean the Kjeldah‘l‘ unit.
S ~

3.3.t HPLC Analysis ofv};loney .

A 20 b sample"of the steam distillate was injected immediately into the
liquid chromatograph and phenol and the internal standard were detected at 195
nm. Injections of thei samples were alternated with injections of the mixed

standard, and measurements of the peak heights were recorded . from the

chromatograms.

3.3.1.1 Identification and Quantitation from HPLC Chromatograms
Quantitation of phenol required a factor (correction factor) to account for

the difference in volatility between phenol and the internal standard. ;The-
methodology of standard. -addition of khown concentrations of phenol ‘solution to
honey (free of detectable phenol) wasbr employed. The procedures described in
Sections 3.3 and 3.3.1 were followed. Using regression analysis, the correction
factor was computed by plotting a graph of phenol found against phenol adaéa. ,
The following equation summarizes the quantitation of phenol content (ppm) by
peak height (pk. ht) comparison with the mixed ,siandard (std) and the sample
(sam.). | '
Phenol (ppm) = [pk. ht phenol (sam)l / [pk. ht internal standard (sam.)]

x Ipk. ht internal standard (std)] / [pk. ht phenol (std)]

x lg phenol, (std)] / [ug internal standard (std)} .

- x lpg internal standard (sam)] / [wt honey (gl]

x correction factor.
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3.3.2 The Gibbs Method of Analysis of Honey and Beeswax

3.3.2.1 Reagents

Gib‘ reegent (0.5%, wlv). A concentrated solution was prepared by
dissolving 0.5 g of 2,6-dichloroquinonechloroimide (CQC) and diluting to 100 mL
with '95% ethanol. The solution was protected from light, refrigerated and kept
for a ‘period.not more than 1 Week.

Gibbs reagent (0.04%, wi/v). 4 mL of the above reagent were removed
and - diluted to 50 mL with 95% ethanol. The solution was protected from light
and. prepared fresh each day. |

Buffer. A pH 98 buffer was prepared by dissolving 60 g sodium

. carbonate monohydrate and 40 g sodium bicarbonate in 1 L of water.

3.32.2 Procedure
To the 10 mL of steam distillate obtained as in Section 3.3, 1 mL of
TN

\ buffer was added, followed by 1 mL of 0.04% Gibbs reagent (Gibbs, 1927).
A\

\‘Afiter each addition, the mixture was thoroughly shaken to ensure complete
1

//r"nixing. The flask was allowed to stand for 5 min 4and then placed for 30 min-

in a water bath maintained  at 40°C. The absorbance of the solution was
measured at once using' a Model DU 8 slpectrophotometer {Beckman Instruments
Inc, Fullerton, CA) set at 610 nm. All absorbance measurements were made
agaihst a reference blank containing 10 mL water, 1 mL buffer and 1 miL

s

Gibbs reagent.

3.3.2.3 Determination of Phenol Levﬁf in Honey and Beeswax by the Gibbs
Method | .

The procedure was followed as inréection 3.3.2.2 and the absorbance of
the sample was measured. The phenol content was quantitated by extrapolating
. from a phenol standard calibration and muitiplying by a correction factor
determined from regression analysis. The correction factor was established by.
standard addition of known concentrations of phenol. to both honey and

beeswax (free of phenol).
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3.3.3 The Aminoantipyrine Method of Analysié of Honey and Beeswax

3.3.3.1 Reagents '
‘Aminoantipyrine solutiom. 2.0 g of 4—aminoantipyrine were weighed and
diluted to 100 mbL with water. The solution was prepared fresh each day.
Potassium ferricyanida 8.0 ‘g of potassium ferricyanide ,were weighed
and diluted to 100 mL with water. The solution was prepared fresh each day.
Ammonium chloride solution. 50 g ammonium chloride were dissolved
and diluted to 1 L The pH of the solution was adjusted to 10.2 with

concentrated ammonium hydroxide.

3.3.3.2 Procedure

To the 10 mL of steam distillate obtained a§ in Section 3.3 were added
1 mL of the ammonium chloride solution, followed by 1 mbL aminoantipyrine and
1 mL of potassium ferricyanide. After each addition, the flask was shaken to
ensure complete. mixing. The absorbance was read at 510 nm on a
spectrophotometer and the reading from a bla"nl;_ prepared using 10 mL of

water in place of the steam distillate was subtracted.

3.3.3.3 Determination - of Phenol Levels inh Honey and Beeswax by the
Aminoantipyrine ‘Method

A calibration curve for phenol was plotted and a correction factor
det\ermined similarly as in Section 3.35.2. ‘Assay of phenol was analogous to the

Gibbs method.
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3.3.4 Fluorometric Method of Analysis of Honey and Beeswax

3.3.4.;| Procedure

The 10 mL of steam distillate obtained as .in Section 3.3, was measured
directly using a Perkin-Elmer 650-10LC  fluorescence spectrophotometer,
(Perkin—Elmer, Norwalk, Connecticut, US.A} attached vto a Perkin—Elmer Model
150 Xenon Power Supply. The excitation wavelehgth and emission wavelangth
were monitored at 270 nm and 300 nm réspectively, with both excitation and
emission slit widths set at 5 nm. The fluorescent intensity was measurad on a
Varian A-25 recorder. The recorder deflection due to phenol in the sample was

~measured and the deflection from a water blank was subtracted.
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3.4 Field Trip

3.4.1 Application of Phenol

The field trials, using phenol, _were conducted at several locations near
Edmonton, Alberta, Canada, with the co-operation of a local beekeeper.

Phenol cr;lstals (FW.Jones and Son Ltd, Beekeepers' Supplies, Matériel
Apicole, Bedford, Quebec) were dissolved in water to obtain a 90% (w/v)
phenol solution. This concentrated phenol solution (10 mL) was applied to the
adsorbent cloth on the underside of the_. phenol board Phenol boards were
supplied by the beekeeper and had been unused for at least one year. After
application of the. concentrated phenol solution, the phenol board was
immediately placed on top of the hive. The time from application of the phenol
solution t.o placing the phenol board on the hive was about four minutes. .The

su. “‘ce temperature was recorded using a temperature probe fastened ‘to the

upper surface of the phenol board. Sufficient time was allowed for the

repulsion of the bees fhrom the top super before the phenol board was
removed. The upper super was ‘then removed for sampling and the phenol
boerd placed oh toe of the next super. The time of exposure of the honey
supef to the phenol board was recorded. The. process involving the consecutive
removal of the uppermost super and placing of the phenol board .on the - next
jower honey super was repeated unt:l all the honey supers were collected and
only two supers remained (brood supers). Plate 7 illustrates the hive before

collection and Plate 8 the hive after application of phenol.

3.4.2 Collection of Samples

Frames were chosen from the removed supers and sampled as soon as
possible by first marking an area with the circular tdp of a gless coilectiqn jar
(5.4 cm in diameter). A number of impressions were made on the frame so
that a sufficient quantity of wax and honey samples; was collected for analysis.
The location of the frame in the super and the average distance from the top

_of the frame to the middle of the impressions was recorded Samples were



Plate 7
Phenol boards placed on top of hives prior to

collection of honey from honey'supers






Plate 8
Clustering and displacement of bees near end of honey

collection after application of phenol
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removed from capped and -uncapped honey cells  (Plate 8). Samples were also
collected after scraping the surface wax from capped eells..All. honey and wax
samples collected from the impressions were placed in collection jars with _the
aid of stainless steel spoons and sealed for later analysis in the laboratory.
Samples of honey and wax were colilected prior -to ‘expos. 2 to the
phenol board. Also, “’several samples of wax and honey were obtained from

different beekeepers.

3.4.3 Sample Analysis

in the Iaboreiory the san_wples‘ collected were 'f/‘:\:;eighe"d and divided into
two fractions. One fraction was stored at ambient temperature in the sealed
collection jar for later analysis (one month or more) and honey from the other
fraction was‘separated from' wax using a cotton cheesecleth. Honey, separated
from the wax, was immediately analysed and the . remainder Was left at ambient
temperature in an unsealed jar‘:‘,?}mposed to  air. for analysns at a later date.

..41

Duplicate analyses of each sample were carrued o‘&if 1whenever possible,
depending on the sample size. -
Analy’tlcal method< for pﬁenol resrdues in wax and honey are described

in Section 2.4. '
3.5 Sensory Evaluetion

3.5.1 Procedure

Threshold deterrﬁinations ef phenol in honey and in  water were
performed using the Signal Detectlo" Test (OMahony 1879).

Preliminary investigations were conducted using the triangle’te'st-(Larmond,
1877) to measure differences .in samples of honey which varied in the amount
of phenol ‘adde’d‘ ln‘__,the triang!e test, (Appendix 1), panelists were required to

ehoose the odd sample -and indicite the degree of difference between the

duplicates and the odd sample.



Plate 9 ' QL
Uncapped honey cells observed in circular imhfessions (Top)

Capped honey celis observed in circular impressions (Bottom)
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Testing was done periodically over a year from Monday to Friday with

sessions held from 10 AM-12 NOON in the morning or from 1.30 P.M.—2.‘30
PM. in a taste panel room equipped with individual booths.

The panel comprised 10-20 members of the stail‘é;\'and students of the
Department of Food Science at the University. of Alberta, and was untrained.
The members, both men and women, were rando}nly selected and participated
throughout the period of sensory evaluation. The compbsition of the panel

varied slightly during the course of the tests as some .members were

P LI

unavailable from time to time. ‘ -

In the Signal Detection Test (Appendix 2) a reference, labelled R, either
distilled water or honey (no datectable phenol), was included. The reference was
not identified to the panelists. Samples, either honey or water to which phenol
was added, were presented to the panelists in an ascending order of
concentration. It should be noted in each case, at least one of the sampleé
coded with a three digit number included an internal reference (no phenol).

The threshold determination of phehol«. in water was cd'r;dﬁcted under
white incandescent lighting in the tasié panel room. Red illumination was
provided for the threshold determination of phenol in honey to mask. any visual
difference between the samplés. \ |

.The appropriate concentraticins of phenol for spikinggwere achieved by
dissolving phenol‘.crystals,' purified by sublimation, in distilled water. A Hamilton
microlilter syringe (Hamilton. Co., Reno Nevada) was employed for the addition  of

ph,ehol to the honey or water.

The honey used throughout the sensory 'evaluation was supplied from a

beekeeper in Alberta, who collected honey without the use of a phenol board.

Analysis by HPLC confirmed that the honey was free of detectable phenol The

honev stored 1 4°C ‘was liquefied by irﬁmersing in-a glass jar on a water bafh

set at 4.:C. After an incubation period of 3».-,h7;ié>-_~:<"28 min the warm liquefied
Tl HIE

hc. removed and spiked using the pf{;&;ﬂél salution prepared as in above.

The glass.  jar was immediately _sealed. A magﬁ'etic _stir bar placed in the jar
before seaﬁng ensured that the process of 'mixihg on a magnetic plate for 15

CaNiar o]
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min was uniform. ‘

Preparation of spiked honey samples commenced two days prior to the
taste panel sessions. Confirmation of the phenol level was ascertained by. HPLG
analysis one day prior to tie serv.'g of fhe samples.

Each honey sample. averaging 10 mL was placed in a glass test tube
(125 mm X 16 mm) which /.a* provided with a glass rod (170 mm X 6 mm)
for testing. The samples were served in a test tube rack. Instructions were
given to the panelists to consume a minimum of one unsalted soda cracker and
rinse the mouth with distiled water in" between sambles. Sa}nples could be
swallowed or expectorated into a 'sink in each tasting booth

The determination of the taste threshold -of phehol in  water was
conducted in one se.ssion using the . Signal' Detection- Test The phenol solutions
were prepared as outlined previously, 12 h before the panel session~and were
sorved in glasses. Panelists were instructed to taste a small volume of the"
solution slowly and hold in the mouth for a few seconds before expectorating.
Distiled water was provided for rinsing the mouth in between samples. Distilled
water was used as the reference, for preparaiion of all solutions, and for
rinsing of the mouth instead of Milli-Q water after a rumber of volunteers
assessed the taste to be more acceptable. The distilled water was analysed by
HPLC and found to be free of detectable phenol.

All apparatus (test tubes, rods, glasses) was thoroughly washed in hot
~soapy water and rinsed several times (last time with distilled water) before each

tasting session to prevent any carry—over effects.

&



4. RESULTS AND DISCUSSION
4.1 Methods of Analysis of Phenol in Honey and Beeswax

4.1.1 High Performance Liquid Chromatography (HPLC)

The use of reverse phase HPLC conditions, similar to the procedure of
Chao and Suatoni (1981) gave excellent separation of phenol from other
substituted phenolic compounds and permitted repeated analyses of phenol with
high resolution and unimpaired column efficiency.

Figures 9 and 10 illustrate two typical cHromatograms obtained on the
HPLC reverse phase cqlumn. it can be seen that the peaks are well separated.
The two peaks ‘were identified 'by comparing the retention times with that of
the mixed standard injected under the same conditions. The first peak had the
same reten’ion. time as phenol and the second corresponded toA the appropriate
internal standard. | |

For normal phase HPLC conditions, the change frélm a Spectral Physics
Spherisorb 5 u silica column (Sporns, 1981) to 'a Whatman Partisii PXS 5/25
~ analytical column’ resulted in phenol being almost unreitained.v Additional problems
observed were peak broadening of the standards, split peaks, and with time
tHere "was a gradual deterioration of the column, which could not be
regenerated according to the solvent sequence sUggested by the manufacturer.

The variation froh normal phase €onditions to reverse phase conditions
required the use of a solvent of the following compbsition 50:50, acetonitrile:
water. The use of acetonitrile contrfbutes té the expense of the analysis.

The internal standard meihod on which quantitation_‘ of phenol is based
provides an accurate daterminatioh, since any loss of phenol is reflected iﬁ a
corresponding loss in the internal standa}r‘d.\ Both  internal standafds,
2,6—dir_ﬁethylphenol ‘and especially, ,4fchldrophenol were highly suitable since the
retention times were similar to pheﬁol, but yet alk.awe'd an excellent separation.
Both inte(nal standards are crystalline solids, although 2,6—dimethylphenol is not

as stable in solution as 4-chlorophenol. Spectrophotometric scans of the internal

56
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2,8 — dimethylphenol

Phenol

Figure 9. HPLC chromatogram of the steam distillate of a honey con-
taining 5.7 ppm_.phenol uéing 2,6-dimethylphenol as the internal stan-

dard and monitored at 195 nm on the reverse phase column.’
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Phenol .
4-Chlorophenol

Inj'ect’ - - . -
T

)

-

Figure 10. HPLC chromatogram of the steam.distﬁllate of a honey con-
taining 7.6 ppm phenol using 4-chlorophenol as the internal standard

and monitored at 195 nm on the reverse phase column.



58

standards were examined to ensure that no deteriora}ion had occurred.

The chosen method for analysis of phenol is the HPLC method using
reverse nYase conditions and 4-chlorophenol as the internal standard. |

In the HPLC method variations- with ‘E'espect to changes in the amounts or
volumes used in the steam distillation would alter the correction factor.
However, slight variations wouid have a negligible effect Appropriaté dilution is
necessary for samples of honey and wax which contain very high levels of .
phenol. |

L;wfortunately, the determination of pr)enol in wax could not be adapted
to analysis by the I-LPLC procedure. The mlaj'or.' problem arising was the steam
distillation of -components f-rom the wax, which interfered with the detection of

phenol. Also, some of the compounds had very long retenton umes for the

solvent conditions causing increased problems after repeated injections.

4.1.1.1 Quantitation of Phenol by HPLC Method

The quantita'tion of phenol involved the use of the equation for the
internal standard method based on peak height measurements as described by
Sporns (1981) and summarized in Section 3.3.1.1. Calc:i;;lation of phenol using the
internal standard, 2,6—dimethy|idhenol or 4—chlqggphqnol, required the muitiplication
of the equation by a factor which accounted for the difference in volatility of
phenol and the internal standard. The o'rder. of the volatility of the compounds
is as shown, 2,6-dimethylphenol > phenol > 4-chlorophenol. The factors were o
determiﬁed ‘by adding phenol to honey' (free of phenol) at levels ranging from
05 to 30 ppm in the presence of the internal standard, and quantitating the
phenol recovered. . The rasults were linear over the range tested -and are
presented in:TabIes \2- and 3. The linear regr_ession‘ equations relating phenol

calculated (y) vs phenol actually added (x) are given ini Table 4.



_ TABLE 2
Recovery of Phenol from Spiked Honey by HPLC using the Internal Stahdard,
- 2,6-dimethylphenol.

Phenol Added Phenol Calculated

{ppm) , {ppm)
0503 ~ 021
1.06 - . 036
5.03 1.42
5.08 Ny © 182
8.05 2.33
10.06 o : 3.16 .
1015 ' ’ 3.28
13.08 | , 3.70

- 15.09 B ' 459
15:23 | | 476
20.12 o . 582
2520 - 712

, 2537 7.42
27.16 9.08




TABLE 3

Recovery of Phenol from Spiked Honey by HPLC using the Internal Standard,

4~chiorophenol.

61

Phenol Added

"Phenol Calcutated

ppm)- (ppm)
1.00 210
5.02 8.63
8.03‘ 13.70
10.04 16.46
15.06 2482
15.06 25.00
20.08 34.35
25.00 35.30
30.00 49.90 9
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TABLE 4
Linear Regression Eqdations ‘Showing Relatibnship between Phenol Calculated  (y)

and Phenol Actually Added (x) for the HPLC Methqd.

. v' Standard Internal Correction!
Equation . Regression Standard Factors
Coefficient
y = 0.30258 x 0.998 ' D 3.305
y = 160890 x 0.998 4-C ‘ 0.6215
TR i
- La\lculated ’{ inviatse of slope. {1/m)
S
D -,2L6~d" henol

. J / :
4-C = 4’—’ch|_orop}henol
4
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4.1.2 Colorimetric Determinations

4.12.1 Colorimetric Determination with the Gibbs Reagent

" Several workers (Ettinger and Ruchhoft, 1948; Mahon and Chapman,
1951b) have reported that the reaction between phenbl and the Gibbs reagent
is highly dependent on factors such as pH and temperature. The effect of pH
studied over the range of 9.2 to 9.8 using a series of borate and sodium
bicarbonate/carbonate  buffers demonstrated that maximum  color formation
occurred at pH 9.8 using the bicarbonate/carbonate buffer. A spectrephotometric
scan (Figu’r'é 11) showed maximum absorption at a wavelength of 610 nm. A
study of the effect of the concentration of the Gibbs reagent was done Qsing
0;01 to 3% CQC in 95%> ethanol. A 0.04% Gibbs_rea.é"ent was determined to be
suitable for development of the blue indophenél color atii 610 nm. Higher
corg;&bntration resulted in a significant absorbance in the blank. Thé* color: stabilfty
.hcinitore,d after incubation of sarﬁples iin a water bath at 40°C for 30 hin
under the conditions stated above, showed the color to be stable at least for
1 h The 0.04% Gibbs reagent prepared from a dilution of the stock solution,
- which ;.." was refrigerated, - gave a consistent reading for each set of
det‘ern:inations when read against butanol.
4.1.2.2 Colorimetric Determination with the Aminoantipyrine Reagent '

A bspectrop_hotometric scan of a honey sample Vindica‘ted_ tl"rdt the
wavelength of 510 nm was suitable for absorbance readings“'(Figure 12). There
is a high end absorption in the region of 450—475Qnr;1.' The end absorption,
however, does not interfere in the determination and appears to be contributed
by the -absorbanc;e of the reagents in the blank -.and in the sample. It is
important to reéd the absorbance\gf the samples’immediately- sinceé the color

stability was observed to decrease within, 15 min.

[
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4,1.3' Fluorometric Method , R

The separation‘ of phenol from aniline {DiCesare “and Ettre, 1982) was -

performed ‘by ‘the fluorescent method.

Initial scanning of. a solution of bhenol‘w_as conducted to .determine
suitabie excitation and emission wavelengths. The greatest fluorescent intensity

was . observed at 300 nm at an..»~éifze'ltation wavelength set at 270" nm. The

v

@xcitation and emission slit widths were both set at 5 nm.

l1‘ \

Ndtably, a fluorometric " “investigation of phenol in honey dissolved in

water revealed a signifldantly high interference . from the honey thereby,

discounting the possﬂ_ibjllt’y of -a- direct détermination. of phenol in honey. Hence,

isolation of phenol :'-"by steam distillation of "the honey was determined to be a

preliminary step for the subsequent analys:s of honey >

Emrssnon and excitation scans of the steam dlstlllates (Flgures 13 and 14) _

\

from samples of a clear and dark honey (free of detectable phenol) revealed da .

negllglble background absorbance at an exitation wavelength of 270 “nm° and an

'-"‘emlssmn wavelength of 300 nm. Thus, the selected amission and excitation

~wavelengths were confirmed to be appropriate for analy5|s of phenol |n honey

i

- samples. A scan of the water used as a “blank showed the - water to mbe free

>

of’ mterfernng substances o . A

. * . :
L i Sy i . ) g o
- ) . ’ § A,

e

4.1.4 Quantitation of :.Phe'nol‘ by the Gibbs Method, the Amlnoantu&?ynne

Method and the Fluorometnc Determination.

Method and the Fluorometnc Determmation ‘ T .’.' %

’Callbratlon curves (Figures 15- 17) for each method were obtalned using

"'.standard phenol solutlons Regressmn _analysis ' of the data from the calnbratson

~curves ylelded the relatlons between . phenol actually added lgg and phenol.

2 w‘m
calculated {y) for the anbs the ammoantnpyrlne and fluorgmetruc methods (Table

B).. From the table, “the oorrectlon factocs, for each ‘fﬁethod are computed by’

I

“obtaining the mverse of the slope from each equatuon These cor}'ectlon factors

N

relate absorbances or recorder deflectlon measured to . the concentratlon of

phenol. It should be noted that * the calubrat:on curve (Figure = 17) “for the

ko
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TABLE. 5 ..
Linear Regression Equations Showing Relationship between Phenol Actuaily Added

{(x) and Phenol Calculated (y) for Gibbs, Amiﬁoantipyrine and Fluoromestric

Methods. - K oot
Standard ' “Correction
Method ) Equatiorj Regression Factors!
Coefficient | ‘
_ Gibbs y = Q019766 x 1.000
Aminoantipyrine - y-= 0010551 «x 1.00(5
Fluordmetric y = 0257570 x .- 0.998
1Calculated as inverse of - slope (1/m) ‘
T w “j‘ .
o V— ﬂ ? ol 2 v
4 % bE ; . ’ y N
| e g

L .o v k) . d
P ; : . v o e . y
I 3 L ew - . :
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fluorometrlc determmatuon is plotted on two ranges of sensitivity, range .1 and

range .3, respectlvely

The recovery studies were necessary in order to calculate the volatility

~of phenol in honey and in wax. The studies involved the addition of ‘known

c_oncenfrations of phenol to honey and beeswax for each method ar)céif{"ﬁére
presented in Tables .6-11. The data obtained from the spiking of honey .were
pooled together for the three. methods, .similarly for beeswax (Tables 12,13)
The factors of 0.4267 and 0.6993 were derived for honey and wax analysis,

respectively (corr. coeff. given in Table 14). The volatility of phenol in honey

' analysis was approximately 55% grevater than phenol volatility in wax analysis.

The parameters listed in Table 15 were obtained after analysing the da'ta
from the calibration curves and recovery studies. For each of the methods, the.
linear relationship between the a-ctuél amount of phenol and the amount detected
was greater for phenol in beeswax than it was for phenol in honey

The calculation for quantitation of phenol in honey an‘gY “wax samples is

’51m|lar for the three methods. Two examples of calculations are shown for a

honey sample determined by the .Gibbs method, and a wax sample: determined -

- by the fluorometric methed. -

Phenol in honey {ppm) = A x 50582 x 0.4267°
Phenol in wax (ppm) = recorder deflectionicm) x3.8824! x‘0.6‘€393Z

« A= abs‘orbancg measured at 610 nm.:

e . : '
N 1. = correction factor reiating absorbance to ppm
&y » ‘phenol (Table 5) and obtained from the calibration curve.

2 = volatility factor obtained froﬁ,}“fecovery studies (Table 14).
’ [
41.5 Investigation of Interferances in the Det&ction of Phenol
Investigation .of possible interfering compounds arising from steam
distillation - of honey and perhaps, cc-eluting with phenol was examined ‘for the

HPLC: procedure on ‘both nofmal and reverse phase columns by measuring the

_absorbance at several wavelengths. The results of analysis performed on both

-normal and reverse phase columns for honey samples were comparable. The
: s
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: - )
Recovery of Phenol from Spiked Honey by the. Gibbs Method.

Pheruwol ' Absorbance Phenol
Added At Calculated
{ppm) 610 nm {ppm) .
1.0 0.049 . 25
40 .0.183 9.1
6.0 0.280 14.2
8.0 0.383 193
90 0.425 22.0
10.0 0.447 230 -
15.0 0.664 34.0
20.0 0.936 4o~
.30.0 1.310 67.0
Ik
. @
2\
I
%)
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TABLE 7
Recovery of Phenol from Spiked Beeswax by the Gibbs Method.

Phenol Absorbance . Phenol
Added o , At Calculated
opmi oo , 610 nm- {ppm)

' & -

5.0 ~ M\‘%‘Q- 0.139 ‘ 7.1
100 B o278 | 14.2
150 . - 10456 235
200 - ‘0599 o
25.0 , 0.729

300 - 0.836 -

1
e
oy

53

O )



TABLE 8
Recovery of Phenol from Spiked Honey by the Aminoantipyrine Method.

Phenol ' Absorbance | Phenol
' Added - ' At Calculated
(bpm) _ 510 nm o (ppm)
50 0.132 125
10.0 0.247 240
150 - 0.350 330
" 250 0.627 60,0 I
35.0 10,920 880 |
)50 1.119 107.0. \
-
3 “
. ;

oy

[ ——



TABLE 9
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Recovery of Phenol from Spiked Beeswax by the Am Method.
Phenol Absorbance Phenol
Added At Calculated
(bpm) 510 nm R {(ppm)

5.0 10.0
“10.0 - 200
15.0 282
250 430
350 ¥ 600




Recovery of Phenol from~Spiked Honay by the Fiuorometric Method.

TABLE 10

78

: )
Phenol - .~ Recorder Phenol
Added Deflection Calculated
{ppm) " (em) {ppm)
Y o : E‘T"” ‘ .
1.0° e 08. 30 |
Tl ; ~ N
5.0 T 28 10.3
80 ' BN 19.0
10.1 61 | 224
- | '
15.1 92 |’ 34.0
-— ’ &
IFor range 0.1 ‘.' o
,’ [ = // ’//; '




Recovery of Phénol -from Spiked Beeswax by th;eJFIuorcSmetric Method.

TABLE 11

9

79

4

Phénol Reccrder . " . Phenol
Added " Deflection! A | /}Calculatgd\
(ppm) {cm) " ppm)
— A
1.0 07 30 \ |
5.0 22 . 80
8.0 35 13.0
10.0 42 ‘ - 150
15.0 5.9 201
30.0 10.0 . 37.0
T N
'For Range 0.1 -

o



TABLE 12

Pooled Data Obtained from Colorimetric and Fluorometric*’Methods for the

Determination of Volatility of Pheno! in Honey.

[\

.

ﬁhenol Added . ' Phe'nbl Calculated
(ppm) | (ppm)
1.0 182
4.0 B ' 8.40
6.0 o | 13.31
80 . 1852
90 . ' 20.64
100 | 21.75
15.0 3273
20.0 46.49
300 _ o 65.42
1.0 C 268
5.0 10.72°
8.0. 18.37
10.1 \ I 23.06
15.1 ~ 35.10
50 12,51
100 . \ 2341
1‘5_0 . 33.17
25.0 59.43
350 ' 87.20

450 106.10




TABLE 13
Pooled Data Obtained from Colorimefric and Fluorometric Methods for the

Determination of Volatility of Phenol in Beeswax.

Phenol Added . © Phenol Calc;ulated
(ppm) . . {ppm)
5.0 663
10.0 : ‘ 13.66
18.0 ) 2267
200 B " 2990
25.0 ,1 | 36.48
30.0 ’ - 4189
1.0 ‘ 214
8.0 ; 8.04
8.0 ' B 1301
10.0 . : _ | 16.80
15.0 \ 22,44
, 300 ‘ 3824
5.0 ’ 7.30
10.0 o 1649
15.0 | ‘ 2483
25.0 ' 3952

35.0 56.20




TABLE 14
Factors Obtained from ‘Recovery Data from Colorimetric :and Fluorometric

Methods for the Determination of Volatility in .loney and Beeswax.

~
Standard
Sample ° Factor Regression
Coefficient
honey , 04267, 0.999

beeswax 0.6693 : 0_.997
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.L :

" variations obtained were gonsistent within limits of experimental error.

4 .
mpounds from honey and wax were evaluated for

Possible interfering

the colorimetric and fluorometric assays by spiking a honey ar+ wax at various
leveis and - analysing the resulting data using linear regression cnalysis Table 15).
o

The systematic error represents interfer'einces. In all cases. interferences are in'a

ositive direction and are less than 05 pN pm, except for the wn~'. determination
P /. P : ,
. : \ .

i
&

using the. aminoantipyrine, method. Possible interferences- in color reactions

due to the presence of steam volatile phenolic compounds have be .r suggested'

. ¥
by Dacre (1971) and in Standard Methods for the Examination o ‘A/nter “and

Wastewater (1971). For fluorometric detection, interferences could De due to

other steam volatile fiuorescent ¢ompounds. It should be noted that (\nly ore

honey and wax were ‘spiked with phenol at various levels and' used for the:

systematic error determination. One might expect, with the variety of honeys

' produced, that some samples couid contain more interfering compounds than
" \ ~

others

415 Comparison of Analytical Methods

A comparison of the precision of the - analytical hwethods iS gwven in
Table 16. These results and data from several ‘honey and wax samp‘les- indicate
" the precision of the methods to be comparable. The fluorometric method is
less precise than the HPLC and colorimetric methods.

The recommended method for phenol analysis in honey is by H2LC since
it is-rapid, simp-lé and reliable. An important advantage of HPLC as compared to
the other analytical methods is that quantitation is coupled with actual separafion
of the compcund analysed In. an analysis ‘peaks are identified using the rétention
times, which are consistently checked with that of the mixed standard.

The colorimetric- -tests using the Gibbs reégent and ° the aminqantipyrine‘
reagent are not specific for phenol, but :wiH react with ait phenolic compounds,
whdich may be present in the steam distillate of the honey. It would seem highty
likely from a comparisoh of the results obtained, which show good. a;greement,

that other steam volatile phenolic campounds are not present in significant levels

& '
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r
- TABLE 16
; Prgcision >f Analytical Methods
~umber Of Averége Value Standard
Metho; ' ‘ Replicates Of Phenol deviation
(ppm)
HPLC (4~-chicrcphenol 5 7.8 | 0.10
. inte.rnal standard)
aminoantipyrine (hone‘y-f 5 11.74 0.17
aminoantipyrine: (wax) | . 3 217 e 12
Gibbs (Honey), 5 3.66 0.09
Gibbs (wax) 5 302 0.19
fluorescence (honey) 7. 870 0.27°
fluorescence (wax) . . 4 ; 6.15 0.9 ﬂ
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or if they are, they do not react with the Gibbs reagent -or aminoantipyrine

reagent . o ‘

For laboratories without HPLC equipment. either colorimetric test,
aminoahtipyiné or Gibbs may be used with the advantage that 'bo,th honey and
beeswax can be analysed The aminoantipyrine method is yuicker than the Gibbs
test since the absorbance develops at room temperature and phenol levels can
be monitored at a higher concentration. tiowever, the aminoantipyrine method
-seems affected by .interferences from‘ beeswax to a greater extent The linear
region. of the Giﬁbs reaction is limited by the concentration of the Zibbs
reagent, but a higher concentration of reagent would result in a significant
absonbar}ce in the blank at the wavelength measured- (610 nm) aﬁd increase th
error, especially for sémples containing smaller amounts of phcnol. One
advantagve of the Gibbs mathod 1s that the absorbance can be measured over a
period of 1 h because of the'color stability.

The fluorometric method directl-y qluantitatebs phenol from = the steam
distillate. Héwever, it is less precise than the other" tests and\ is limited by the
range at which the concentration of phenol can Ee monitored. The fluorometric
_method is more subject to interferences from fluorescent compounds, apart
from" pheﬁol in the steam distillate and in addition, may be quenched by other

photochemical processes.

4.2 Analysis of Honey

The phenol residue. levels of Albertan honeys are illustrated in the
- histogram (Figure 18). Levels of phenol quantitated for each honey are presented
in Table 17. The numbers represent raw honey sémples sent by‘ individual
beekeepers to the Alberta Honey Producers’ Co-op. The Co-op accepts raw
honey mainly from Alberta beekeepers, and also, from beekeepers from other
parts of Western Canada for _fufther processi_né and distribution.

Trace levels of phenol found in honey samples were tvpically 0.5 ppm
or less. Contribution of phenol from the bee smokers could result in detectable

traces of phenol (Lustre and Issenberg, 1969; Baltes ¢t a/., 1981). Phenol Iévels
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TABLE 17

Residues of Phenol Found in Albertan Honeys

453-5-80

~ Sample Method Of Phenol
\ Analysis! {ppm)
556-5-80 ~ Hnc - 269 50
246-6-44 8.5
4161-16-80 , nd
243-64-80 ’ 4.8
602-12-80 nd
'50£-35-80 1.7
51% - 12-80 4.7
33-3-80 6.9
657-6-80 = _nd
580-16-80 8.1
513-18-80 42
601-8-80 ﬂ 49
500-2-80 Hnd - 269 nd
491-26-80 nd.
632- 39-80 tr.
517-6-80 nd
502-10-80 tr.
445-1-80 2.0
452-10-80 nd
540-32-80 10.0
530-5-80 5.9
516-26-80 nd
501-12-80 1.4
539-12-80 tr.

tr.



433-10-80
343-27-80
543-12-81
101-5-81
432-4-80
348-11-80
451-27-80
455-2-80
465-12-80
447-12-80
505-8-80
358-16-80
342-3-80
13-51-80
383-5-80
331-64-80
431-39-80

379-15-80

610-23-80
360-10-80
359-30-80
384-20~80
497-10-80,

357-4-80"

248-4-80 -~

304-64-80"
NN
497-10-80

278—20{35\

528-8-80

492-12-80

Hnd - 269

Hrd

Hrd
Hrc

Hnd

-~ 195

- 195
- 185
- 269

=3

n.d.
nd
n.d.
n.d.
n.d.
nq
nd.

nd.
4.2

2.8
9.0
6.5
1.6
1.6
1.8

7.8

2.1

‘nd.

nd.
6.4

12,

n.d.

"~ 6.3

1.0

3.8
nd.

59
79

23

89



498-2-80

-

509-10-80

o

292-65-829

443-24-80

528-8-B0
420-21-80

332-23-80

Hnd

.k#d.

“-Hnc

~Hnd

Hrd

Hnd
Hnd
Hrd

Hnd

Hnd

Hrd

Hnd
Hrd

Hnd
Hrd
Hnd
Hnd
Hnd

o »

m oG P |

195
195

269

195
195

269,

185
195

268
195
195

269
185

269
185
269
249
269

22
2.1
24
2.3

5.0
4

37
34
39
3.6
4.3
38
35
a1
37

37

3.4
33
33

3.7

1.3

1.0

1.1
1.2
1.1
75

79

11.3
10.1
4.5
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¢ = ‘4—chlorophenol, internal standard

269,249, 195

wavelengths monitored

d = 2,6-dimethylphenol, internal standard

r = reverse phase (octadecasilane coated silica) (HPLC)

195 4.0
Hrd - 195 40
A 3.8
G . 37
F 36
396-10-80 Hnd - 269 nd.
Hrd - 195 tr.
A , tr.
’ . G tr.
322-27—80 A nd.
| _ , G nd.
606-66-80 G 1.2
600-24-80 A 10.8
F 97
434-60-80 G tr.
Individual .
rapeseed '81 Hnd - 269 65
individual -
“dandelion ‘81 12.8
tndividual
_ swest clover '81 9.2
° Individual -
sweet clover '81 n.d.
Commercial Hnc - -195 26
Individual Hnd - 269 240
1'9’ DEIIMS'IS Code



CA

H = HPLC methqd

n= normal phase column{HPLC)

Aminoantipyrine method
o

1

Gibbs method

(9]
-l

F = Fluorescent method
nd = no phenol detected

tr. = trace

92
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of 1‘ ‘ppm or higher probably resulted from the use of phenol as a bee
repellent Thus, using 1 ppm as a cut off "0 out of 67 samples of honey
from the Alberta Honey Producers’ Co-op or about' 60% of the honey samples
had been collected using a phenol board. The levels aof phenol residue found in
the 40 samples varied from 1 ppm to 11.1 ppm with an average of 7.4 ppm.
Although thei samples of honey from the Alberta Honey Producers' Co-op were
held for at least six months at ambient temperature before they were supplied,
analysis discldsed that significant amounts of phenol were retained in the honeys
(later stored at -22.5°C) Also, on éxamination of a honey sample from an
individual beekeeper who had his honey rejected because of the off-taste, the
level of phenol detected was 24 ppm and corresponded to the highest level
quantitated for all honey samples. Analysis of this honey stored at ambient
temperature over a périod of three years revealed no dstectable reduction in
phenol concentration. These findings warrant the conclusion that phenol residue
levels in honey are not significantl‘y‘ reduced with time. Phenol is, of course,
steam volatile but removal of phenol would also resuilt iﬁ loss of flavor
volatiles, thus rendering the honey flavorless.

Table 17 .and Table 18 list-results of phenol levels in honey samples
analysed by different methods and af diffefent wavelengths to establish the -
possibility of interfering compounds in the quantitation of phenol. In all cvases, it
was found that the variation in the phenol residues of each hone‘y analysea was
minimal.. Table 18 lists residue levels of phenol in honeys from other provinces
in Canada and some foreign honeys including some from the United States.
‘Honeys 4marked “individual" were labelled és being supplie‘d by only one
beekeeper.’ Honeys with floral sources given on the.labels may or may not have
been obtained from individual beekeepers. Honey  marked _‘commercia!”
"epresented brand name honeys that . are probably mixtures from many
beekeepers . and not necessarily beskeepers from the area in  which the
commercial honey was produced. From the limited dafcé, it seems that the \use
of phenol as a bes-repellent is relatively common in North America, but there

is no evidence of the use of phenol in the samples of honey examined from

R



Residues of Phenol Found in Other Honeys

Sample

Ontario, commercial
B.C.. individual )

B.C., orchard blossom

B.C., alfalfa ‘ g~
B.C., fireweed

B.C. wildflower

Quebec, individual

Quebec, individual -

Florida
orange blossom
Florida

tropical wildflower

Washington

State commercial
California clover
California wildflower
California sage
California clover

California saffiower

\

TABLE 18

94

Method Of
. Analysis!

Hrd-195
Hrd-195
Hnd-269
Hnd-269
Hrd-269
Hrd-195
Hrd- 1395
A

Hrd4- 1395

Hrd-195

Hrc-263

Hrc—-269

Hre-275

Hrc-195°
A

Hrd-195
Hrd-195
Hrd-195
Hrd-269

' Hrd-269
Hrd-269

Phenol

(Pppm)

[~ g

17
tr.
6.0
2.5
n.d.
43
5.9
2.3
2.7

n.d.

1-1.2
12.6
12.6
13.3
126
1.7

tr.

tr.

tr.
n.d.
n.d.
2.6



lowa commercial
Yugoslavia forest
Yugoslavia sage
Yugoslavia meadow
| Austrian commerical
Japanese commercial
Japanese commercial
Mexican commercial
Mexican conmnercial
Mexican commercial
China acacia

Holland acacia

A
Hrd-195
Hnd-269
Hnd-269
Hnd-2683
Hnd-269

A

A

A

95

2.1
3.8
n.d.
nd.
n.d.
nd.
trl.‘
n.d.
44
n.d.
3.0
tr.

tr.

1See Table 17 for analysis code.

@]
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other countries.

- 4.3 Field Trip

Residual levels of phenol in honey jcollected from four hives are
presented in Tables 19-22. In the tables, "Time of direct exposure’ is the time
‘each "super was exposed to the phenol bc\Jard. Lower supers were exposed to
the phenol board for the time given in the table plus the time of exposure for
upper supers _(at the exfra distance 24 cm/g;jper). Surface area of the frames
coliected is inen by the number of impressions and the amount of matesial
per unit surface area is given by the weight of material per impression.‘

Samples containing both honey and wax were stored for at least *fbur
days before analysis. o
) The data indicate that the phenol residues in honey are affected ” by
several factors., The highest level (72 ppm, Table 19) was recordéd for a honey
removed from uncapped cells, with a small amount of material per unit surface
area {19 g material/impression). This honey was also exposed for a long period
of time (14 min plus upper exposure) at a short distance '.f'rom the phenol
board (6 cm) and at a very high temperature (approkimately 48°é’_surface temp).
Generally,, an incr.ease in phenol resiaue was associated with a higher surface
temperatdre on the phenol board, greater exposure of the hive to the phehol
board and closer proximity to the underside of 'thg phenol board. In addition,-
samples collected from Qnéapped cells contained a hig\ﬁer\proportion of phenol
than material collected from capped cells. h

In the case. of capped cells it appeared that a rapid trans!‘fe;“of phenol
~occurred from the surface wax caphings to the honey underneath. Capped
honey, samplec after the surface wax cappings were discarded (Tables 20-22)
was found to have phenol residue levels s.i\milar to samples with cappings which
were not diécardgd. Since it was only a matter of minutes, after exposure to
the phenol board, before -samples were collec.ted, it seems that the penetration
of phenol into the cells and the establishment of equilibriurﬁ between waxv and

honey are rapid

~
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ISeparation of wax from a sample was performed by filtration and
collection of the residue on cheesecloth. The residue, mainly wax was
impossible to obtain totally free of honey. Analysis of the residue revealed a
significantly greater concentration of phenol. and the level was always higher
than the separated honey. For example, a sample containing 6.2 ppm phenol in
the honey had a level of 174 ppm phenol in the sep‘arated wax. Thus, the
evidence presented supports the conclusion that honey from capped comb areas
contains less pﬁenol, at ieast in part, because the capping. wax absc_:rbs a “Iarge
proportion of the phenol. The material collected from capped“ cells contained a
higher proportion of wax than material from areas of: uncapped cells. Certainly,
the wax has a greater affinity for phenol. However, a greater surface area
exposed by partially filled uncapped cells will account for higher phenol residues
in uncapped comb. '

The movement of phenol between wax and honey was also evident in
samples unexposed to a phenol anrd (Tables 20 and 22, z;aro time of direct
exposure). Honey collected already contained phenol. This phenol was almost
certainly due to phenol migration from wax to honey later placéd in the cells
by the bees, since it is .8 common practice for beekeepers to reuse frames
after collection of only the honey. |

| The results of several honey. san;wples left in unsealed jars (Table 23)
showed, that, within expérimental error, ‘there was no noticeablé change in the
phenol level of the honey, thus discounting the claims by Eckert (1962) that

aeration of samples resulted in decreasing phenol levels. Phenol - could be

removed by steam distillation, but a flavorless honey would be obtained.

The examinatbn of honey samples collected from frames after six days
of storage ‘Q a beekéepers honey house showed no substantial change in thé

pheftiol ccker\tratlon compared to similar samples \collected |mmed|ately (Table

4(;) it appears\t at the phenol levels in honey cc(IBcted directly from the hives

are unaltered by the transfer and storage in the honey house. The heney house
is warmed and collected honey .supers are stored before extraction of the

honey to prevent crystallization of the 'honey in the combs.
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" TABLE 23

Effect of Aeration of Honey Samplés. :

T e e e e e e e e e e ——— —_— — —

/

Original : Final Time Of

Level Of ' Level Of . Exposure
Sample k Phenol . ' Phenol _ Of Sample
in Honey In Honey ' To Air
{Ppm) ‘ . {ppm) {days)
1 10.2 s 10
2 1.7 1.6 IRE
3 35 33 o
4 28 26 11
5 5.5 5.8 ' RS
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éamples were sealed for seven months before honey "and wax were
separated and the honey anei.ysed. As can be seen in Table 24, there is no
change, within experimental error, in— the phenol residues of the seearated
- honey, indicatin’g that no further change in the distribution of phenol had
occurred after these samples were lnltlally analysed.

Analysis of waxes was done on the sample amount available (Table 25)
From the table it can be observed that a 2 g or 5 g weight sample gave the
same result as from a 10 g sample. ‘ )

In Table 20 one of the .’problems associated with the use of phenoi s
illustrated. When there is .insufficient sunlight or air temperatures are low, tne
phenol is not volatilized enough to repel bees efficiently. The beekesper in one
case had "heated rhe surface of the phenol t?oard with a propane torch. This
practice does not .appear to 'eause a marked {ncrease in phenol residues in the
honey provnded the heating time is not excessrve The temperature recorded on
the undersnde of the phenol board was approx;mately 50°C on heating W|th the
propane torch‘ Under normal “conditions the . temperature on the underside of the
phenol board‘ was ;‘ound to be about 10°C lower than_the -surface temperature
. recorded. - |

In the field trials, phenol boards were often left on the hive langer than
required to repel the bees. To minimize phenol contamination of honey, it would
be prudent }for beekeepers to ‘freq.uently observe the bees, so that phenol
boards are in place, only as- long as required. This would be especially
- important on warm sunny 'days. The beekeeper could also collect n;ainly capped
honey to' further minimize contamination. | |
‘ Further evidence for the movement of phenol was obtained by analysis
of samples - of wax from a beekeeper who collected honey by use of the
phenol board (Table 26).. Samples of wax and/honeyv from a beekeeper who
’had discontinued the use of phenol were exanxined for phenol residues (Table
27). Thei honey was found to be almost free of phenol after one. year. Wax
still céntained small amounts of phenol, which could account for trace levels of

phenol in- the honey. Purchased foundation wax also ' contained small amounts of
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-
TABLE 24

Phenol Levels in Honey Samplég Before and After Storage

.Origjﬁal L Pti_nol

Level Of o Level

Sample | Phenol In ,/I‘ After
Honey - ’ 7 months

ppm) (ppm)

1 - | 5’.2"“ . B2

2 | §3 56

3 1.7 | 1.9




TABLE 25

Analysis of Wax
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e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Method Of

Analysis

Weight Phenol
(g} (ppm)

2 2.6

5 2.6

10 28
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TABLE 26

Analysis of Several Wax Samples

Sample! Phenol! " Method Of
(ppm) , Analysis
1 22.8 Gibbs?
2 421 Gibbs
3 220 Gibbs

iSamples obtained from a beekeeper who used a phenol board

Duplicate samples analysed
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TABLE 7

Analysis of Honey and Wax Sample. Obtained from a Beekeeper.

Sample Phenol

(ppm)
Honey 1981! ‘ 3.3
Honey 1982 trace
Wax comb 1981 | ' | 1.2
New comb 1982 o 09
Foundation wax - ) : 1.7

et e e i i et . S i St e et . e B S S . S . S A A o T S S e A it oo T e e T T S o Tt e ot T Yt e . i e e e, e

11881 samples coliected using a phenol board.

11982 samples collected ithout a phenol board.
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phenol. Since foundation wax is recycled beeswax, it seems possible that low
levels of phenol residues could appear in the honey of beekeepers who do not

use phenol boards.

4.4 Sensory Evaluation \

Experiments using the triangle test \;i."ith untrained‘plapelists are given in
Table 28. Panelists were unable to distinguish between honey samples (P<0.05)
and an increase in the phenol concentration of the honey did not appear to
have the effect of increasing the number of correct responses. In these
sessions of testing, several problems became apparent. Comments recorded by
panelists indicated that reasons for differentiation included texture differences in
samples (although they were handled in an identical manner except for phenol .
addition) and strong aftertaste. The strong aftertaste of phenol could certainly
-have made differentiatioln of samples difficCuit.

Subsequently, it was decided to wuse a different approach (Signal
Detection Test) which incorpora;ted the eating of a cracker and rinsing of the
mouth with water in between samples to minimize aftertaste effects. In the
Signal Detection Test, the panelists were asked to tasté a control (no phenol)
between each sample provided. The stimulus (phenol) presentation conformed to
a series of approximately two—fold increases in concentration.

Table 29 summarizes the results obtained using the Signal Detection Test
for the tasting of honey samples with the above precautions. It can be seen
that there is a steady increase in discriminating ability as the phenol
concentration increases. However, there was a large percentage of panelists
indicatingc a difference between identical samples (R index = 46.4%).

Table 30 shows the data for the Signal Detection Test for phenol in
water using the untrained panel. Panelists were able "o discriminate samples
from the reference (no phenof} at much lower phenol levels in water as
compared to phenol leveis in honey. it is interesting to note that the degree o#
discrimination is so dramatically affected by the sweetness of -honey. The

literature quotes several threshold taste levels of phenol detection varying form
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TABLE 28

Taste Results of Phenol in Honey* Using the Triangle‘ Test

No. Of Panelists _ Probability!
Levels of Correctiy That Samples
phenol! identifying Were
in honey ’O Odd Sample : Correctly
compared ~ Over Total ‘ Chosen At
| QTriaIs ] random
0 vs. 52 5/10 0213
0 vs 148 9/30 0714
C vs 187 6/18 0.588
0 vs. 286 6/20 0.703

!Roessler et al, 1978.
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TABLE 29

Results of Signal Detection Test for Phenol in Honey.

Phenol R index .
' ~ (ppm) ) (%) ;
0.0? 46.4
6.9 58.3
13.0 65.0
27.0 ' - 70.6

t1O'Mahony, 19789 \

. ldentical to reference sample.
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TABLE 30

Results of Signal Detection Test for Phenol in Water.

e e e e e e e e e e e e e e —————— e e

Phenol R index
(Ppm) ' ) (%)
2.2 . 878 "
53 ‘ '89.8
113 | | 88.0
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0.0125 ppm in beer, 0.01 ppm in‘ butter to a report of 250 ppm in water.
These tests were mainly carried out using trained panelists (Section 2.5).

For quantitation of phenol in honey instrumental methods of analysis are,
of course, superior. However, to establish a definite threshold level of phenol
in'honey‘ would require considerable time and effort to train par'\elists, Also,
conclusive results can be eétablished 6nly if problemsq with tekture, lingering
aftert ~te, and sweetness interference can be reduced. Furthermore, with the
diversity of honey flavors there are. probably a variety of threshold levels.

. Th2 entire question of threshold levels of phenol in honey may be only

©r acac.. ‘c interest if future government regulations eliminate the use of

phennl as a bee repelient



5. CONCLUSIONS AND RECOMMENDATIONS

. Samplels of honey and beeswax were examined for residual levels of
phenol. . The honey samples were chiefly from Alberta and were supplied by the
Alberta Honey F’roduce.rs" Co-op- which accepts raw honey, mainly, from
beekeepers from Alberta and also from - beekeepers from other parts of
Western Canada for .processing and distributing. Analysis of the samples revealed
that phenol is widely. used in Alberta and other Canadian provinkces. Phenol
residues were aiso found in honey samples obtained from the United States and
" Mexico.

The major factors affecting the residual phenol levels weré, practically
investigated by application of phenol on a phenol board. The 90% (w/v) phenol
solution was highly effective as a repellent under sunny conditions or when the
surface temperature of the phenol boardv was above 28°C. It was observed that
the high efficiency of phenol as a repeller;t resulted in rabid coliection of
honey. However, the use of phenol always resulted in residues of phenol in ~
honey. Thus. an essential * precaution in the use of phenol requires careful
ob;servation by the beekeeper to minimize exposure of honey, since
contamination canl easily’ occur. Uncapped honey samples contaiLed higher -levels
of phenol than capped honey samples. Examination of beeswax showed that it
was also necessary to monitor phenol r‘esidues since wax has a greater affinity
for phenol fhan honey. This is especially important since empty frames are
reused for seasonal collecticn of honey. Also, fourjdation wax is recycled
beeswax and analysis of honzy unexposed to a phénol board contained low
residual levels of phenol indicating phenol transfer to wax Aand subsquent
migration to honey, later procuced by bees in the reused frames.  Further
studies are required to determine the partition coefficient of phenol in honey
and wax. -

The procedures formulated for the detection of phenol in honey and
wax proved to be very efficient and reliablg. The HPLC method of analysis on

#
the reverse phase column is highly recommended because of .the accurate

. 3
quantitation which " also involved separation and identification of phenol. For the

114
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HPLC method the internal standard, 4-chlorophenol proved to be highly suitable.
Monitoring of the absorbance at 185 nm resuited in greater sensitivity than at
269 nm. Quantitation of beeswax by the colorimetric tests proved to be quife
satisfactory. Extraction of the phenol by steam distillation was a prerequisite
step for the isolation of phenol from honey or beeswax for the HPLC method,
colorimetric and fluorometric techniques.

The untrained panelists showed. greater discriminating ability in detecting
phenol in water than in .honey. Further - studies in sensory evéﬁation are
necessary .to establish a taste threshold in a particular honey,’ since the
detection of phenol is complicated by factors such as swesetness, texture and‘
lingering aftertaste. /

Other possibilities fhat could be examined are the monitoring of residual
levels of other bee repellents such as. propionic anhydride, butyric anhydride and
benzaldehyde. It wouldlbe interesting to monitor for residues of benzoic acid
since the oxidation of benzaldehyde to benzoic acid, as claimed by two authors
seems to be a remote possibility. Further investigation of pheromones could
provide a potential bee repellent Since honey is prided for its natural flavor,

research in developing a noiseless bee blower might provide a quick solution in

the collection of honey without contamination of honey by chemicals.
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APPENDIX 1
QUESTIONNAIRE FOR TRIANGLE TEST

Name: Date:

Test?) S A 1

Two /of these _‘thr‘ée samples are identical, the third is different
1. Taste the samples in the order indicated and identify the odd sample.

Code Check Odd Sample

2. Indicate the degree of difference betw'ee_n the duplicate samples and the odd
sample. ‘ 3 -

Slight

Moderate

Much

Exfreme

3. Describe the type of difference between the duplicate and the odd sample.
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APPENDIX 2
THRESHOLD STUDY 3

Experiment:

Name: Date:

Compa'r.e each test sample with the reference sample marked “R"
Determine if the test samples are different or not different from the reference
- sample and the degree of certainty of your decision (sure, not sure),' You must

make a decision in this study. Taste the test samples in the order presented.

,‘ Different | - Not Different

SAMPLE Sure Not Sure Sure Not Sure

Comments
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