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ANALYTICAL METHODS

1. High- and low-temperature polarization.—Each sample was analyzed in dupli-
cate by the A.0.A.C. method outlined for honey (17). A silver-lined 2 dm tube was
used, with temperature control to +0.1°C. In addition to readings at 20° and 87°C.,
values were obtained at 25° and 70°. The higher temperature readings were taken on
different aliquots to avoid the effects of decomposition by heat. Levulose was calcu-
lated from these results, using: (a) the Wiley coefficient of 0.0357, the expansion
coefficient of 0.00047, and the temperatures 20° and 87°, and (b) the Jackson-
Mathews coefficient of 0.0344 and expansion coefficient of 0.00044. Dextrose was cal-

TasLe 1.—Honey samples

FLORAL SOURCE LOCALE

Yellow Sweet Clover Kansas
Mesquite Texas
Alfalfa Arizona
Star Thistle California
Tupelo Florida
Eucalyptus California
White Clover California
Orange California
Heartsease Towa
Horsemint Texas
Spanish-needle Kansas
Buckwheat New York
Fall Flower v New York
Alfalfa California
Cotton Texas

© 00~ O N -

1 By refractometer.

culated by the A.Q.A.C. procedure by difference between the levulose values and the
total reducing sugar values obtained below.

2. Lothrop-Holmes method.—Each sample was analyzed in duphcate, using ali-
quots from the solutions clarified for polarization. Total reducing sugars were de-
termined* by a modified Luft-Schoorl method and levulose was calculated by the
procedure of Lothrop and Holmes.

3. Jackson-Mathews modified Nyns method.—Each sample was analyzed in dupli-
cate by this procedure. After filtration the precipitated cuprous oxide was deter-
mined by the volumetric dichromate method of Jackson and Mathews (5). Direct
determination without filtration was not found applicable because of excessive loss
of iodine caused by CO; evolution upon acidification of the reaction mixture. Total
reducing sugars were determined by the Munson and Walker method.

4. Marshall-Norman method.—Each sample was analyzed in duplicate by this
method. )

5. Other procedures.—Preliminary studies using known solutions indicated that
the diphenylamine procedures previously mentioned were not sufficiently accurate
to permit application to the levulose-dextrose system.

* We are indebted to Mrs, P. D. Harper of the Analytical, Physical-Chemical and Physics Division
for these analyses.
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TABLE 2.— Determination of dexirose in honey

BY DIFFERENCE

JACKSON- JACKSON-
MATHEWS MATHEWS
(POLARIMETRIC) (0xIDATION)

MARBHALL~
NORMAN

33.21 40.87 36.81
32.91 40.95 36.67

34.66 42.96 37.10
85.95 43.21 37.49

36.03 41.66 36.99
85.97 41.02 36.43

35.82 40.05 35.46
35.27 39.97 . 35.75

- 28.11 31.66 . 29.37
28.27 31.53 . 29.30

32.51 38.51 . 33.08
32.12 38.09 . 33.63

35.32 39.74 . 37.35
35.80 39.14 . 37.04

33.23 38.98 - . 34.15
33.38 40.31 . 34.48

34.12 41.97 . 35.89
33.74 41.80 . 36.22

36.53 37.37 . 36.21
36.84 39.58 . 36.12

32.01 35.61 . 28.30
32.19 33.94 . 28.18

36.06 33.19 . 34.91
/35.78 32.55 . 34.81

37.15 39.73 36.32
37.47 38.47 36.16

33.65 41.34 37.35
33.84 40.15 37.99

38.86 39.70 - 37.90
39.40 39.27 37.58
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TABLE 3.—Determination of levulose in honey

DIRECTLY BY DIFFERENCE

JACESON=- JACKSON-
MATHEWS MATHEWS
(POLARIMETRIC) (0XIDATION)

39.73 36.30 39.76
40.06 35.55 39.74

LOTHROP-
HOLMES

39.62 : . 36.17 39.61
39.21 . 36.13 39.63

140.30 . 35.78 40.32
40.36 - ) 36.57 40.41

37.27 . 35.01 37.81
37.87 . 34.83 37.79

43.74 . 39.36 44 .46
43.56 . 39.48 44.59

39.44 . 35.98 39.83
39.87 . 35.93 40.08

40.66 . 35.77 40.15
40.13 . - 86.17 40.21

40.43 . 38.46 40.36
40.36 . 38.01 40.27

39.94 . 36.38 39.58
40.35 . 35.97 39.60

37.67 . 34.43 36.06
37.33 . 33.88 36.04

42.18 . 37.73 41.65
41.98 . 37.87 41.36

36.87 . 39.32 36.17
37.18 . 38.92 36.00

39.18 S 41. 34.63 39.07
38.83 . 35.29 39.33

40.28 . 36.81 87.63
40.08 . 87.00 37.64

39.06 . 36.65 39.79
38.47 . 37.25 40.06
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RESULTS

The results of the application of these analytical methods to the fifteen
honey samples are shown in Tables 2 and 3.

When applied to honey the Wiley method for levulose presupposes not
only that the change of rotation for levulose with temperature is constant
over the range involved, but also that no other component of honey
shows significant change of rotation with temperature. Browne and
Zerban (3) state that 1.5 g arabinose, 3.0 g galactose, 7.0 g maltose or
9.0 g lactose show about the same variation of rotation with temperature
as 1 g of levulose. Of these sugars, only maltose has been demonstrated
in honey (18); Hurd et al. (12) state that maltose or another reducing
disaccharide is a general component of honey.

The polarimetric data at the four temperatures have been used to
calculate the change of rotation (°S) per degree C per g levulose in each

TasLE 4.—Change in polarization per degree per gram levulose
~ in clarified honey solutions®

TEMPERATURE INTERVAL

20-25°C.
25-70
70-87
20-70
20-87
20-70°
20-70°
20-874
20-90°

& Degrees 8 for solutions of 26 g. honey per 100 ml. in 2 dm. tubes.
b Value for levulose by Jackson-Mathews (5).

© Values for levulose by Tsuszuki et al. (7).

d Value for levulose by Wiley (1).

of the clarified solutions from the 30 samples. To provide a value for
levulose independent of the saccharimetric data, levulose was calculated
for each sample from the Lothrop-Holmes results. Although the results
have no absolute significance, the relationships among them are of
interest. Table 4 shows the averages of all samples calculated in this
manner. It is significant that the change over the 20-25° range is only
about 40 per cent of that for the 25-70° interval. The lower value for
the 70-87° interval might be ascribed to heat destruction of levulose, but
the low value in the 20-25° range must be due to other substances in the
honey that do not show a uniform temperature-rotation relationship
over the entire range. It can be seen that if the intervals 25-70 or 25-87
are selected for analysis for levulose, considerably higher values will be
obtained, since the change over this temperature range is considerably
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greater than either the Wiley or Jackson-Mathews constants. The agree-
ment of the value for 20-70° in Table 4 with the Jackson-Mathews
constant is as expected, since the levulose as determined by the Lothrop-
Holmes method and used in this calculation is in general agreement with
levulose values calculated from the Jackson-Mathews constant.

Lothrop (6) has compared the average levulose values for ten honeys
as determined by the Lothrop-Holmes iodometric method and by low-
and high-temperature polarization. In the latter procedure he compared
use of the Wiley constant of 0.0357 with the Jackson-Mathews value of
0.0344. Close agreement was demonstrated between levulose values by
the iodometric method and those from the optical method using the
Jackson-Mathews constant. His results are shown in Table 5. Also shown
in this table are similar average values for the 15 honeys analyzed in this
study. The agreement between values obtained by these two methods

" TaBLE 5.—Average levulose content of honey as found
by different methods (per cent)

'POLARIMETRIC

NoO. oF L
HONEYS HOLMES
. ANALYZED IODOMETRIC

JACKSON-
MATHEWS

4) (B)
Lothrop-Holmes (6) 10 40.03 . 40.22

This Research 15 39.58 . 39.73

appears to be similar to that found by Lothrop. It will be shown, however,
that the difference is statistically significant.

The polarimetric data and the Lothrop-Holmes analyses were carried
out on the same solutions. Results by the other methods were obtained
intermittently over the following four months. It is doubted whether
any significant change took place in total reducing sugar values by enzy-
matic action on sucrose, or in the dextrose and levulose content of the
samples. Auerbach and Bodlander (19) state that the proportion of
levulose in honey apparently increases on storage. Later work by Boer
(20) failed to substantiate this for boneys havmg levulose to dextrose
ratios greater than 1.06.

The Jackson-Mathews copper reduction method, as prev1ously noted,
seems frequently to give higher dextrose and lower levulose values than
other methods (Tables 6 and 7). This method has been included as alter-
native to the polarimetric method for levulose in honey by the A.0.A.C.
since the fifth (1940) edition of Methods of Analysis. No data have been
found in the literature comparing results of levulose analysis by these
two methods.
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TABLE 6.—Analysis of variance for the determination of dextrose
in honey by five methods

JACEBON-
MATHEWS
(POLARIMETRIC)

33.1
35.3
36.0
35.6
28.2
32.3
35.6
33.3
33.9
36.7
32.1
35.9
37.3
33.7
39.1

518.1

JACKSON-
MATHEWS
(oxIDATION)

40.9
43.1
41.3
40.0
31.6
38.3
39.4
39.5
41.9
38.5
34.7
32.8
89.1
40.7
39.5
581.3

MARSHALL~
NORMAN

LOTBROP-
HOLMES

36.7
37.2
36.7
35.6
29.3
33.3
37.2
34.3
36.0
36.2
28.2
34.9
36.2
37.7
37.7
527.2

35.7 .
37.4
37.9
37.1
29.0
33.8
37.6
35.1
36.2
36.2
32.3
36.6
36.9
37.8
37.8
537.4

© WSO RN
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Calculations for the analysis of variance

75 ENTRIES METHODS TOTALS SAMPLE TOTALS

Sum of squares
Divisor
Quotient
Subtract

Sum of squares’

98,388.7
1

98,383.7
97,690.2

1,467,707.7
15

97,847.2

97,600.2

490,560.9
5

98,112.2

97,690.2

693.5

157.0

422.0

7,326,766.2
75
97,690.2

Analysis of variance

BASED ON
DEGREES OF
FREEDOM

Methods 4
Samples 14
Experimental error 56
Whole set of 75 meas- | -

urements 74

8UM OF

VARIANCH ASSOCIATED WITH
SQUARES

(6% LEVEL)

157.0
422.0
114.4

693.4

STATISTICAL ANALYSIS OF DATA

Dextrose.—An analysis of variance was made to determine the extent
of the contribution of the five dextrose methods to the total variance,
which is the sum of the variances due to both samples and methods. Since
the samples were from fourteen different floral sources, differences in
their dextrose contents were expected. The averages of duplicate values
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TaBLe 7.—Analysis of variance for the determination of
levulose in honey by five methods

JAGESON- JACKSON-
mmnmvr:s MARSHALL- MATHEWS LOTHROP-
HOLMES

NORMAN
(POLARIMETRIC) (OXIDATION)

39.9 40.9 35.9 39.7
39.9 42.1 36.1 39.6
40.3 40.3 36.2 40.4
37.6 38.6 34.9 37.8
43.6 46.2 39.4 44.5
39.7 41.3 36.0 39.9
40.4 41.5 856.9 40.2
40.9 41.0 38.2 40.3
39.1 42.3 36.2 39.6
37.5 39.0 34.1 36.0
42.1 43.2 37.8 41.5
37.0 36.2 39.1 36.1
39.0 40.9 34.9 39.2
40.2 41.9 36.9 37.6
38.8 41.0 26.9 39.9
596.0 616.4 548.5 592.3
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Calculations for the Analysis of Variance

75 ENTRIES METHODS TOTALS SAMPLE TOTALS

Sum of Squares 114,311.9 1,711,052.9 | 570,379.8 8,541,590.8
Divisor 1 15 5 75
Quotient 114,311.9 114,070.2 114,075.9 113,887.9 .
Subtract 113,887.9 113,887.9 113,887.9

Sum of squares 424.0 182.3 188.0

Analysis of Variance

BASED
ASED ON BUM OF

F
TANCE ASSOCIATED WITH DEGREES OF
VARIANCE ASSO BQUARRS (6% LevVEL)

Methods 182.3 2.54
Samples 188.0 1.88
Experimental error 53.7
Whole set of 76 meas-

urements 424.0

(Table 2) for the five methods and the fifteen samples were, therefore,
treated as a block experiment to provide a means of calculating the sam-
ples and methods variances. The average dextrose values, calculations for
the analysis of variance, and the analysis of variance are given in Table 6.
This table shows that the variance is about equally divided between the
methods and the samples. Both the F values of 19.24 for methods and
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14.77 for samples are highly significant when compared to their respective
critical 5 per cent F values of 2.54 and 1.88. This shows not only that
appreciable differences exist among the individual samples, as expected,
but also that the dextrose values found for any given honey sample are
dependent upon the method used.

To compare the relative precisions of the five methods, Youden’s
(21) treatment was used, in which the sum of the squares of the differences
between duplicate values for each sample for any one method is com-~
pared to that of another method chosen as reference. Although the
A.0.A.C. method may be considered the standard method, the Lothrop-
Holmes values were used as reference, since the following summations
were smaller, and hence always in the denominator in the equation:

F 2d.’ h 2> Zdy?
—-;d—b—z')WeI'Est>2b.

Comparison of each of these F values with the critical F value from
statistical tables (21) gives the relative precision of the dextrose methods
to be as shown in Table 8, where they are ranked in descending order of
precision.

Levulose.—As in the case of the dextrose values, Table 7 shows the
average percentage levulose values, the calculations for the analysis of
variance, and the analysis of variance. In this treatment, the methods
account for a greater proportion of the total variance than they do in the

TaBLE 8.—Relative precision of methods for the
determination of sugars in honey

DEXTROSE

METHOD dz

Lothrop-Holmes 0.4137
A.0.A.C. 1.1766
Marshall-Norman 1.5248
Jackson-Mathews Polarization 3.8282
Jackson-Mathews Oxidation 14.1072

METHOD d2 F vaLur!

Lothrop-Holmes 0.3548 —

A.0.A.C. 1.4066 3.962
Jackson-Mathews Oxidation 3.0819 8.692
Marshall-Norman 3.7789 10.652
Jackson-Mathews Polarization 4.7541 13.402

1 F =3d,2/ 2dy? where d,, is difference between duplicates for method under test and dj, is difference be-

tween duplicates for Lothrop-Holmes method. L. .
2 Greater than the critical 5% level F value of 2.48 (21) and hence significantly less precise.
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case of the dextrose values which were obtained by the same methods on
the same samples. The F values of 47.48 for methods and 13.99 for samples
are highly significant when compared with the respective critical 59,
level F values of 2.54 and 1.88. This indicates that the samples do not
have the same levulose content and that the levulose values found for a
given honey sample are dependent upon the method used.

The duplicate levulose values were used to determine the relative pre-
cision of the methods. Table 8 lists the methods in order of precision. As
was found for dextrose, the Lothrop-Holmes gave significantly more pre-
cise values than any of the four other methods, with the A.O. A C.
method ranking next.

A t-test comparison (21) was made between the dextrose and levulose
values obtained by the Lothrop-Holmes method and those obtained by
the A.O.A.C. method. In this test the differences, d, between the dextrose
values obtained by each method for each honey sample are squared, and
the standard deviation of the differences is found by the following equa-
tion:

(di*+dg?+di?+ - -+ +da?—nd?)

2 =

TR

where d,, d; ete. =differences between dextrose values obtained for each
honey sample, d =average difference, and n =the number of samples=15.
Then substitution of the numerical values gives: ss2=(1/15-1)(22.7801
—11.6160) =(1/14)(11.1641), or 84=0.8929. This value of the standard
deviation of the differences was then substituted in the following equation:

_avﬁ_o.ssxvfs‘
" s 0.8929

Since the value of ¢ of 3.81 is higher than the 59 critical ¢ value of 2.145
for 14 degrees of freedom, it can be concluded that the dextrose values
obtained by the Lothrop-Holmes method were significantly different
from those obtained by the A.0.A.C. method.

The same test was applied to the levulose values obtained by the
Lothrop-Holmes and by the A.0.A.C. methods. Here the calculated ¢
value of 4.53 was again significantly higher than the 5%, critical ¢ value
of 2.145, showing that the levulose values obtained by these two methods
were also significantly different. The fact that the Lothrop-Holmes
method gave higher levulose values for 14 of the 15 honey samples may
also be regarded as significant.

Since it has been stated (6) that the Lothrop-Holmes and the Jackson-
Mathews polarimetric method gave comparable results for dextrose and
levulose values in honey, the t-test, as described above, was applied to the
dextrose values obtained by these methods for the fifteen honey samples.

» or t=3.81.
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The calculated ¢ value of 3.04 was higher than the 5%, critical ¢ value of
2.514; therefore, the dextrose values obtained by two methods were
significantly different. Application of the i-test to the levulose values ob-
tained by these two methods yielded a value of 5.74 (critical 5%, t value
"~ =2.514), showing that the levulose values obtained by these two methods
were also significantly different. Thus, the apparently close agreement in
levulose results by the two methods shown in Table 7 may not signify
that the values obtained are the true levulose contents of the samples,
even though the principles of the methods differ.

DISCUSSION

The reason for the lower precision obtained with the polarimetric
method recommended by Jackson and Mathews must lie in the 70°C.
reading since the value for the 20°C. reading was used for both this
method and for the A.0.A.C. method.

A possible reason for the lower preéision found for the dextrose deter-
mination by the Marshall-Norman method when compared with the
Lothrop-Holmes procedure may be temperature variation during the
oxidation. The sole difference in the dextrose determination by these
two methods is that Lothrop and Holmes require 20°C. while Marshall
and Norman specify 15 to 18°C. Accordingly the temperatures em-
ployed in this study were 20+0.05°C. and 17 + 1°, respectively.

We cannot determine from these data which of the several methods

gives results closest to the actual composition of the sample. Since the
determinations are empirical, the superior precision of the Lothrop-
Holmes method over the A.O.A.C. method, considered with the smaller
equipment requirement and the simplicity of the procedure, indicate the
desirability of future comparative work on the determination of dextrose
and levulose by these two methods.

SUMMARY

In a comparative study of methods for the determination of sugars in
honey, fifteen samples have been analyzed for dextrose and levulose by
five methods. Statistical treatment of the results ranks the methods as
follows in order of decreasing precision: for dextrose, Lothrop-Holmes,
A.0.A.C.,, Marshall-Norman, Jackson-Mathews (polarimetric) and
Jackson-Mathews (oxidation); for levulose, Lothrop-Holmes, A.0.A.C.,
Jackson-Mathews (oxidation), Marshall-Norman, Jackson-Mathews
(polarimetric). Analysis of variance showed that variance due to methods
was as great as that due to differences in dextrose and levulose content of
the samples from fourteen different floral sources.

Levulose and dextrose values obtained by the Lothrop-Holmes method
are significantly different from those obtained by the A.0.A.C. and by the
Jackson-Mathews polarimetric methods.
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