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‘Beeswax is an important and valu- .

,able product of the honeybee. Its

price and markets. are relatively®

stable, compared to honey; there is

a demdnd in this country for about’

‘twice the amount produced here.
‘Much of the domestic beeswax is

used in  the manufacture of comb §
foundation. With increasingly severe

demands being placed onthe perform-
ance of .comb foundation, particularly
in .warm climates, some manufac-
turers ~ of ‘comb foundation ' had
strengthened their product by adding
other materials to beeswax for such
use. Some of these additive waxes
were more costly than beeswax, others

were less expensive. Some manu-
~facturers labeled the product and .

advertised that: such additives were

‘placed in the .wax. Others made no.

mention of it. Foundation of greafly

increased strength and higher meltihg:
- point did fill a need in modern bee- :

keepmg' practlce..
Since the greatest part of the combs
sremained in the beekeeper’s possession
and were not re-melted, a relatively
small amount of additive wax at the

beginning caused no great harm to’

the wax market. However; as. time

troduct on there of artlflclal comb~

materials;:
inately, the poss1b1hty of- thls

occurring here has been forestalled
by recent cooperatlve actlons -among
the producers of ‘comb. - foundatlon.,
They ha,ve agreed that: all comb foun:=.
dation | will . contain ' no’ 1nseparable~

materlals other- than pure beeswax.

The detectlon and determination of'
mineral waxes in beeswax ‘has been
‘a problem for many years. A general

approach has been to ascertain the

analytleal constants for pure beeswax

went on, the amount of other wax in ‘.

some cases increased from a small
percentage to a large amount and the

product was marketed .with no refer- :

ence to its composition.

.Finally, some foundation was mar-,

keted that appeared to have no bees-
wax at all and be composed of rela-
tively inexpensive mierocrystalline

- wax that could be purchased for a

‘few cents a pound. Combs drawn

from foundation céntaining a large:
percentage of mlcrocrystalhne wax

“when rendered resulted in a lesswax

that carried variable -and unknown .
amounts of impurities. Thus there:

was a possibility of accelerated trend

towards lower quality beeswax. This_}
could, in turn, lead users of beeswax

‘to question the quality of our. do-

‘mestic wax with possible Toss "of
"markets, Tt is recorded that early in
the century the German domestic bees—\ ‘
“Wwax market collapsed because of in-

1Eastern Utﬂ!zation Research and Develop-

ment Division, Agrlcultural ‘Research :Serv-.

’ice; United: States Department of Agricul-
ture._'__ S

int “of the waxes ur,

“water is heafed “unt
s h‘ey(solldlfy

Dr. :



these ;analyses, thus ‘simulating
a; when in fact none may be
nt. ‘Thus the analysm of ques-
'onable samples may be quite a com:
plex: matter, ‘though the. true nature
“of such ‘mixtures can be shown.

These analytlcal constants

for

‘ment and commercial - specifications
. and. also in the 'various pharma-
{,copoelas It can easily be seen in
“Table 1, which lists some of these

. values, that there is a wide range of

"values for beeswax. This means that
L 1t Jis most difficult to show the pres-
_ence of relatively small amounts of
nonbeeswax ‘materials m a beeswax

‘In the ﬁrsf plciure (uf 65 degrees C) the sumple ul 1he Ieft from o mixed wax, has '
le ‘that on the right, from pure beeswax, is still hqund " The picture ubove (al 55

ified
boih solldlﬁed

- Pharmacopoeias

‘:er that w111 respond properly

€ eswax are generally used in govern-

U: S. (XV) -18-24 Sogmesnas
“German 168221 - -
French 16.8-22.4  92-102

~ British 4 17-23 A e
U.S.S.R. 17-20.5 ‘o

Specifications ; oA

U. S. Federal '  16.5-21.0 86-96
New: Zealand 17-21 87-103

Toilet Goods Assn, 17-24 . -89-103
sample, by  determination of these
constants. :

The materials most hkely to be
mixed with beeswax in quantity are
petroleum waxes, particularly miero-
crystalline  wax. This material may
superficially - resemble beeswax but
is quite different, being a very inert
and nonreactive material. Its presence

ELLOW BEESWAX

shown in Table .1 to

_“hydrocarbon material,

sult.

‘cappings ‘wax,

Ratio No.

TM.P.
e
7277 62-65 :
65.9-82.1  62-66.5  3.0-4.5,
72-80 6266 . -
70-80 62-64 3.3-4.2
66-76 63-65  3.42-3.9
- 60.5-64.0  3.5-4.3
70-80 62-64 3.3-4.2
72-79 62-65 3.3-4.0

causes ‘the analytical values such as
drop, except
melting point, which will generally
be higher. The problem with the use of -

‘these values to show the presence of

mineral wax is the decision- as to -
where the line separating the pure
from the impure can properly be
drawn. :
Since petroleum waxes are largely
another ap-
proach to this problem is to determine
the amount of hydrocarbon ‘material
in a beeswax. This has been done for

‘many years by using cumbersome and

lengthy chemical procedures. A prob-
lem, similar to that described above,
immediately arises. This is the natur-
ally occurring hydrocarbon content of
beeswax. If :it varies among different
samples of wax, a degree of uncer-,
tainty as to the amount of petroleum:
wax. present is mtroduced into the
plcture :
Some hydrocarbon values have been
recorded in the literature for bees-
wax, The values of eight workers who
have reported them in the past 70
years range from 10.4% to 17.83%,
with most ranging from 12.6 to
14.5%. If a narrow natural range for
this value could be substantiated, a
reasonably sensitive method for miero-
crystalline wax in beeswax would re-

Of the eight mvestlgators noted
above, only two dealt with - United
States beeswax, and one of these gave
only one value. Thus it was necessary

- to establish the range of values for

hydrocarbon content of U. S. beeswax,
in. order to find if this procedure
could be used for the determination

of microcrystalline wax in beeswax

This we have done.

Wlth the invaluable cooperation of
the Bee Industries Association, wax
renderers and beekeepers, 78 samples.
of beeswax were collected for this
work. In addition to 34 samples of
25 old comb ‘waxes
were - obtained, all from foundatlon
known to be . all - beeswax. : These ’
samples, together with four special
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“Hohis method uses the prmcxple of
b vnrématography. A glass tube is part-
71y filled with activated alumma, a
i.sample of beeswax is' dissolved in
; 'petroleum ether ‘and ‘allowed ‘to run
- slowly through the vertical tube. All
_ of the constituents of beeswax except
the hydrocarbons are tightly held by
- the ‘powdered alumina 'in the tube.
The solvent is then removed from the
solution that passed through the tube
~and the amount of ‘residue weighed.
. This material is the natural hydro-
carbon. material from the beeswax.
As an additional test we determined
the freezing point of the hydrocarbon
. -thus isolated from the beeswax.

In order to be. sure that the wax

2Marilyn: K Reader and Mary L. Riethof

carried out these analyses.

i lcrysfallme wax.

femperafure

« imple me Y
. whicl we had developed for he pur- L
; M. P
‘Acid No.

“The sapomf‘ caﬂon cloud fest w:II indicate ihe pre
When pure . beeswax (left) ‘is tested the
bulb) above 65 degrees C; when mineral wax is present
(Al photos from USDA by M. C. Audsley)

Sapon. No
Ester No.
Ratio No,
Hydrocarbon :
Hydrocarbon M. P. 55.1°C.:
Sap. Cloud Test . 62.5
Number Samples . - 34

* Their samples 43, 44, 45, 49 omitted.

14.36%

samples were authentic beeswax, in-
sofar as the regular analytical con-
stants were concerned, we determined
these constants for all samples. In
Table 2 may be found ‘the average

values that were obtained for these,
together with corresponding values

for 56 of the 60 samples of western
wax published by Bisson, Vansell and
Dye.? The agreement is considered
satlsfactory Our shghtly lower values

5
i

548°C.  549°C
625 62.5
25 59

"ester number,
.. with the saponification numbér.

_a low-hydrocarbon wax could ha

- stalline wax added without exceeding

_ properties: the value is considerably .

beeswax

 drocarbon for samples of: U. S. yello

. ‘that if the melting point of

v R = 1n 100,000 that it is not 2 genul
seiice ,of a few per ‘cent of micro-
solution is clear (note thermometer
it is cloudy ‘(right) at or above this

TABLE 3 G

‘Calculated Numbers of Beeswax Samples:'
Having M. P. -of Hydrocarbon Fractlon” :
_-within Indicated Interval e

No. of Samples Interval .
2 of 3 '54,4-554° c -
19 of 20 - 53.8-560
369 of 370 53.3-56.5 -
16666 of 16667 : 52.8-'57.05

for saponification number are beheved‘ :
to-be due to an improved analytlca
method. This is also reflected in t}
which is- calculated

- The range we found for*hydrocar-
bon values is quite wide, from 12.28
" to 17.09%. Thus it might appear that

an appreciable amount. of microcr

“.the natural range of variation. ‘Ho
ever, this is not ‘the case : :

The value. in Table 2 for whlch the
range is least is the acid: number.
Next lowest is the'freezing pomt of
the hydrocarbon " isolated ' from the
‘beeswax. This has other lnterestmg

lower than that for the “hydrocarbo
similarly isolated. from mlcr,ocrysf,a\
line waxes, and it is raiséd appreci:
ably by relatively small additi
microcrystalline wax to the original =

It can be calculated that the'
ing point values of the isolated

beeswax will be dlstrllguted ‘as shown
in Table 3, assuming a normal dlst :
. bution. This means that for €
this value for a 'pure: Wax woul
expected to . fall between -53.3
56.5° ‘Centigrade in 369 of any
samples tested. From ‘the last line. :
the table we can draw’ the ‘statement

drocarbon isolated from a beeswax
is. above 57° C. the. odds are 999 /

sBissbn, C. S., Vansell, ‘G. H. and Dy_e, W.‘;

.B., Tech. Bull. 716, U.S.D.A. (1940). e



: lstms, pérhabs more so than beeswax

_Thus the;tmeltmg point of the hydro-
‘some. 20 - microcrystalline

; carbon
waxes that we exammed ranged from
671 to 820 ‘degrees. This makes it
~ impractical to try to measure exactly
“the composﬂ:lon of a mixture this way.
"We can, however, state that the pres-
- énce of about 8 _percent of such wax
in beeswax w111 raise the melting
“point of the hydrocarbon above 57°
‘and thus prove the admixture. With
many Waxes, a 1% mixture Wlll do
this.

Another way to approach this prob-
lem is to base the calculation on the
ramounts of hydrocarbon found in a
“wax sample. In this case we must
know the amout of such hydrocarbon

materlal found in the mlcrocrystallme .

Waxes themselves. In the 20 samples
;referred to above, the average was
L 84.14%, with the values ranging from
7529 to 91.27%. Since we know the
‘average value for beeswax (Table 1)
,Z1s 14. 59% we can set up a calculation
‘based on these two averages. This was
~done, and tested by analyzing 12 mix-
“tures of beeswax and microcrystalline
. wax, paired at random, varying from
0. 9% to 59% microcrystalline wax.
’;The calculated results were quite close

'Melﬁng v:'fvPo

Hydrocarbon M. P. (°C.)

120.63
-92.36

Sapon. No. -

' Ester No.. 71.73
‘Ratio No. 3.48
Sapon. Cloud ( C) 61.0
Hydrocarbon (%) - 12.55

55.1

to the known composition, even though
we were,using average valies for our
standards. The average difference for
the 12 samples was well under 1%
microcrystalline ‘Wax. -

During these investigations, 4 spe-
cial beeswax samples were. prepared

by the Bee Culture Investigations

Laboratory at Madison, under the di-
rection. of Dr. C., L. Farrar. They
were waxes produced by caged bees

of two stral_ns, as follows (none had
access to pollen). Table 4 shows the

analySIS of these waxes.

5 Rossman ' Starline
* .. Hybrid = Hybrid
Fed Sugar Slrup 1 3
Fed Clover Honey 2 4

Companson of these values with
the averages for regular beeswax

shows the differences in composition
‘caused by the availability of pollen

and propolls to the: bees All 4 samples
were white.

Durmg thls work several other
proposed methods for detectmg micro-

6292

' 63.18
©20.45 -

- .94.04
7359

e 63.00 ,
21.06
 93.89

- 73.86

72.83.

3.46 3.60 3.75
60.4 60.2 60.4
12.54 11.27 12.30
55.4 554 552"

crystalline wax in beeswax were tried.
Flash points of 10 beeswaxes were
found to range from 490° to 525° F.,
while the addition of 30%. of a petro-
leum wax of flash point 570° raised
that of a beeswax only by 10° F. The

-saponification cloud test, a relatively

simple ‘chemical test for paraffin.
waxes, is included in the Federal
Specification for beeswax. It was
found to be quite useful in indicating
the presence of microcrystalline wax
in beeswax down to the 2% level.

In this test the wax sample is boﬂed
with aleoholic caustic to. saponify it
and then cooled under controlled con-

~ditions. The temperature is noted. at:

which the first cloudiness or turbidity
appears in the solution. A maximum
value of 65° C. is specified in the test.
The technical details of this work
and the complete analytical data on-
the -individual samples are pubhshe?
in the Journal of the Association o
Official Agricultural Chemists.




