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ethanol. Moisture on drying in vacuo by procedure of Cleland and
Fetzer (9) =6.74%; [alg= 131.6° on hydrate basis; 138.7° anhydrous.

a!

FRACTION "A"

Determination of fructose.-The direct determination of fructose in
mixture with glucose has several advantages over its calculation by dif-
ference between total reducing sugars and glucose (10). We used the pro-
cedure of Marshall and Norman (10), with slight modification. In this
method, glucose is oxidized by hypoiodite, and residual fructose is deter-
mined by copper reduction. The amounts of sugar specified for their pro-
cedure (40-80 mg. in 20 ml) are higher than those occurring in the solu-
tions from the carbon columns. For this reason and because of our use of
a Shaffer--8omogyi reagent" different from that used by Marshall and
Norman, we calibrated the procedure for fructose rather than use the
Marshall-Norman equation.

Solutions containing fructose and glucose as shown in Table 1 were
subjected to the following procedure. Results are shown in the table.

TABLE l.-Shaifer-Somogyi titration8 of residual fructose after hypoiodite oxidation
of mixtures of glucose and fructose at 18°0.

8UGARSIN

SOLUTION OXIDIZED li'RUCTOSE IN 0.005NTmo-
SOLUTION ANALYZIID SULFATE REQUIRED

GLUC08II mucros.

mg mg mg ml
8.00 8.10 0.202 1.01

19.9 20.2 0.504 3.59
18.1 21.5 0.537 3.85
28.8 30.5 0.762 6.00
40.0 40.4 1.010 8.23
37.6 41.0 1.025 8.32
55.7 64.1 1.602 13.72
80.0 80.8 2.020 17.56

The sugars were dissolvedin 20.0ml of 1% ethanol in a 200ml volumetric flask.
After the addition of 40.0 ml of 0.05 N iodine solution and the slow addition (with
shaking) of 25.0 ml 0.10 N sodium hydroxide, the flask was immersed in the 18°
(±0.1°) bath. After 10 minutes, the reaction was stopped by the addition of 5.0 ml
N sulfuric acid, the flask was removed from the bath, and the excess iodine was
reduced with fresh 1% sodium sulfite, with 2 drops of starch indicator. The solution
was then neutralized to bromocresol green with N sodium hydroxide and made to
volume with water. Reducing value was determined in duplicate on 5 ml aliquots
with the Shaffer-Somogyireagent noted previously.

A straight line was fitted to the data in Table 1 using the values from 3.59 to
I The Shaffer-Somogyi reagent 50 (l1) with 5 g KI and 250 ml 0.10 N potasslum iodate /1 was used

because of greater stability.

(
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17.56 ml thiosulfate. The equation, calculated from the line, for the determination
of fructose by this procedure was

a = 0.1090b + 0.113 (I)

where a = mg fructose in 5 ml aliquot between 0.50 and 1.75 mg fructose;
b = ml 0.00500 N thiosulfate.

Average deviation of the experimental values from the line was 0.37%.

500 a = Mg fructose in 250 ml 1% ethanol column eluate (II)

Determination of glucose.-A recent study (2) of the determination of
glucose and fructose in honey demonstrated the value of the hypoiodite
oxidation method for glucose in comparison with indirect determination
by difference between total reducing sugars and fructose determined
polarimetrically or by oxidation. Significantly greater precision was
found for the Lothrop-Holmes (12) procedure for glucose than for other
methods studied. Marshall and Norman (10) have modified this method
slightly, principally by specifying oxidation at 16-18°C. rather than 20°.
They also used direct determination of fructose after hypoiodite destruc-
tion of glucose, rather than determination by difference, as recommended
by Lothrop and Holmes.
The factors previously cited set the glucose concentration in the carbon

column filtrate at about 250-450 mg in 250 ml, or 20-36 mg of glucose
in a 20 ml aliquot. This sugar concentration is considerably lower than
that used by Lothrop and Holmes (60-80 mg) or Marshall and Norman
(40-80 mg).
Preliminary glucose oxidations by the Lothrop-Holmes procedure were

carried out in the 20° (± 0.1°) bath. Table 2 shows the results. This
apparent increasing over-oxidation with decreasing glucose concentra-
tion was noted by Marshall and Norman (10).

•
TABLE 2.-0xidation of glucoseat 20°0. by hypoiodite

GLUCOSE 0.05 NTBI()O GLUCOBEa.
MG GLUCOSE

OXIDIZED FOUND
RECOVERY PER

BULFAT.IiI REQUIRED
ML THIOSULFATE

mg ml mg per cent

16.6 3.96 17.8 107.1 4.202
23.9 5.62 25.3 105.8 4.253
35.8 8.20 36.9 103.1 4.366
39.3 8.94 40.2 101.1 4.396

a Theoretical factor of 4.502 mg ghicoae/ml thiosulfate was used.

A series of oxidations was carried out in which volume, iodine and alkali
concentration, and extent of acidification were varied, but this error was
not reduced. Marshall and Norman reported that for 50 mg glucose, re-
covery of 101.3 per cent at 20.5° was reduced to 99.6 per cent by using an .)
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18° oxidation bath.' Table 3 shows the effect of oxidation in an 18°
(± 0.1°) bath upon recoveries.

TABLE 3.-0xidation of gluco8e at 18°0. by hypoiodite

GLUCOSE 0.05 N TBla- GLUCOga
MG GLUCOSE

RECOVERY PER
OXIDIZED SULFATE REQumED FOUND

M1! TffiOBULFA.TJlI

mg ml mg percent
12.20 2.75 12.38 101.47 4.436
24.40 5.44 24.49 100.37 4.485
20.56 4.58 20.62 100.29 4.489
41.12 9.06 40.79 99.19 4.539

Av.4.487

a M1X4.502.

The conversion factor in the last column of Table 3 shows the same
trend as for the oxidation in the 20° bath, though the spread is less. The
average factor found, 4.487, is 99.67 per cent of theoretical and compares
with the 4.484 value used by Marshall and Norman. The latter will be
used here.

When mixtures of glucose and fructose are subjected to hypoiodite
oxidation, some oxidation of fructose takes place. Lothrop and Holmes
corrected the calculated glucose value by subtracting 1.3 per cent of the
fructose content, an experimentally derived correction for the oxidation
of fructose in the presence of glucose by alkaline iodine solutions. Although
Marshall and Norman concluded that a constant correction of this type is
not satisfactory for all concentrations, they used a constant correction for
their range (40-80 mg. glucose and 40-80 mg fructose).

Various amounts of glucose and fructose were oxidized under the same conditions
as in Table 3 (20 ml sugar solution in a cork-stoppered 250 ml Erlenmeyer flask, 20
ml 0.05 N iodine, 25 ml 0.1 N NaOH added over 30 seconds, placed in water bath at
temp. 18±.1°; 5 ml2 N H2SO, added after 10.0 minutes and titrated with 0.05 N
thiosulfate). Ratios of fructose to glucose were 1 and 1.5, the normal limits found
in honey. Table 4 shows the results.

The factor from the last column in Table 4 was plotted against weight of fructose.
The line

c = 0.0219 - 0.0002F (III)

was found to fit adequately between the limits 10 and 70 mg fructose where

c = ml 0.05 N thiosulfate per ml fructose and
F = mg fructose in the 20 m!.

4 Analyses of the cooling curves of samples (initial temperature 26.5°) in the 20° and 18° baths for 10
minutes showed that the average temperature was 22.5° and 20.1°, respectively. Lothrop and Holmes
specified oxidation Hat 20°" (12) without stating whether thle referred to the bath temperature, air tempera-
ture, or temperature of the solution.
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TABLE 4.-0zidation of glucoseat 18'0. by hypoiodite
in the presence of fructose

MGGLUOO8E+
lolL0.05 NTmo

GLUCOSE FR1]CTOSII TITlIIR.0.05 N 4.484 COL.3-ilOL. 4 PER
JaG J'RUCT05B

mg mtI ml ml
14.6 15.3 3.54 3.26 0.28 0.018
25.4 23.3 6.08 5.66 0.42 0.018
31.7 31.8 7.53 7.07 0.46 0.015
41.1 39.2 9.61 9.16 0.45 0.012
14.0 22.8 3.53 3.12 0.41 0.018
24.3 37.4 6.01 5.42 0.59 0.016
31.5 47.6 7.68 7.02 0.66 0.014
39.6 60.9 9.54 8.83 0.71 0.012
40.9 44.0 9.61 9.12 0.49 0.011
39.8 59.6 9.61 8.88 0.73 0.012
20.3 31.1 5.07 4.53 0.54 0.017
21.4 20.9 5.16 4.77 0.39 0.019

From these data, the following equation for the iodometric determination of
glucose in the presence of fructose under these conditions was derived:

G = factor (ml 0.05 N thiosulfate - correction for fructose oxidation), or

(
. ml thiOSUlfate)G = 4.484 ml 0.05 N thiosulfate- F X f . (IV)

mg ructose
Since

ml 0.05 N thiosulfate 0 F
f = .0219 - 0.0002 ,mg ructose

G = 4.484 [ml 0.05 N thiosulfate - F (0.0219 - 0.0002F)], or
G = 4.484 (ml 0.05 N thiosulfate - 0.0219F + 0.0002F2), (V)

where
G = mg glucose in the 20 ml oxidized, between the limits
10-50 mg glucose and 10-65 mg fructose.
12.5 G = mg glucose in the 250 ml 1% ethanol eluate (VI)

For substitution in equation (V), F may be found from equation I by multiply-
ing a by 40.
Table 5 shows glucose recovery for the mixtures in Table 4, calculated

by this equation. From the data in the last column, a variance of 0.11
mg and a standard deviation of 0.33 mg may be calculated.
In applying this procedure to the analyses of column eluates, it was

found that the 1 per cent alcohol caused erratic results due to the iodoform
reaction. Since correction by blank was not successful, it was necessary
to remove the alcohol by evaporation before analysis. Therefore, 20 ml
aliquots of the "A" fraction (1 per cent alcohol) in the 250 ml Erlenmeyer
flasks used for the determination were evaporated to dryness on the steam
bath in a current of air. Twenty ml of water was added before analysis.
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Table 5.-Recovery of qlucose in mixture with fructose

by hypoiodite oxidation

GLUCOSE FRUCTOSE TITER, 0.05 N
GLUCOSE"

RECOVERY BRROR
rOUND

mg mg ml mg per cent mg

14.6 15.3 3.54 14.6 100.0 0.0
25.4 23.3 6.08 25.5 100.4 +0.1
31.7 31.8 7.53 31.6 99.7 -0.1
41.1 39.2 9.61 40.6 98.8 -0.5
14.0 22.8 3.53 14.0 100.0 0.0
24.3 37.4 6.01 24.5 100.8 +0.2
31.5 47.6 7.68 31.8 100.9 +0.3
39.6 60.9 9.54 40.1 101.3 +0.5
40.9 44.0 9.61 40.5 99.0 -0.4
39.8 59.6 9.61 40.4 101.5 +0.6
20.3 31.1 5.07 20.5 101.0 +0.2
21.4 20.9 5.16 21.5 100.5 +0.1
a By equation V.

FRACTION "B"

Determination of reducing disaccharides as maliose.-Erratic values for
maltose calibration in preliminary work indicated that a longer period of
heating in the Shaffer-8omogyi oxidation might be necessary. It was
found that thirty minutes in the boiling water bath was necessary to
reach a constant titer in this determination." Solutions (5 ml) of maltose
in 7 per cent ethanol containing the amounts of anhydrous maltose shown
in Table 6 were treated with the Shaffer-8omogyi reagent (as used for
fructose) for thirty minutes in the boiling water bath. The titers are shown
in Table 6.

TABLE 6.-Determination of maltose in 7% ethanol
with Shaffer-Somogyi reagent"

ANHYDROUS MALT08lll

PElR5ML

ml
0.57
1.61
3.56
6.15
7.67

15.81

0.005 N THIOSULFATE

REQumED

mg

0.183
0.456
0.913
1.460
1.826
3.652

• S8 50, 5 g KI and 250 ml 0.1 N iodate/I; 30 min. heating.

I; During the course of the work it was demonstrated statistically that blank determinations using
water, 1% or 7% alcohol, and 15 or 30 min. heating times all give the same titration value in the Shaffer-
Somogyi determination; hence special blanks need not be run.
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From these data the following relationship was obtained:

M = 0.2264e + 0.075 (VII)

where

M = mg anhydrous maltose in 5 ml
e = ml 0.005 N thiosulfate.

50 M = milligrams anhydrous maltose in 250 ml 7% ethanol eluate. (VIII)

Determination of 8ucrose.-The 7 per cent ethanol eluate from the car-
bon column contains sucrose in addition to a considerable proportion of
reducing disaccharide. To determine the sucrose, the change in total
reducing value after mild acid hydrolysis was used. The procedure devised
is outlined below. The hydrolysis is essentially that of the A.O.A.C. (1)
for sucrose.

To a 5.00 ml sample in 7% ethanol in a 10 ml volumetric flask is added 1.00 ml
dilute HCI (sp. gr. 1.1029) and 1 ml water. It is immersed in a water bath at 60·
± 1·C. for 12 minutes and cooled to room temperature. The solution is made just
alkaline to bromocresol green with 5 N NaOH and immediately brought to the acid
side with 2 N H2SO •. It is then made to volume, and the reducing value of 5.00
ml is determined by the Shaffer-Somogyi procedure; 15 minute heating is used.
Table 7 shows a calibration of the procedure with the weight of sucrose shown.

TABJ,E 7.-Bhaffer-Bomogyi titration of hydrolyzed sucrose solutions

SUCROSE IN 5 IlL

HYDROLYZED

ml
1.75
3.95
8.72

11.28

0.005 N THIOSULFATE

REQumED

mg

0.510
1.004
2.008
2.510

To determine sucrose in the carbon column eluate, 5 ml aliquots are subjected
to the procedure described above, and the sucrose equivalent is read from a curve
constructed from the data in Table 7. From this value is subtracted the sucrose
equivalent (from the curve) of the free reducing sugars in the solution. This may
be obtained from the maltose titer. To avoid an extra determination of free reducing
value with a 15 minute heating period, the maltose titer (30 min. heating) is multi-
plied by 0.92 (determined experimentally) and then used. The difference is then the
milligrams of sucrose in 5 ml of the column eluate.

50(B, - B,) = mg sucrose in 250 ml 7% ethanol eluate (IX)

where

B, = mg sucrose equivalent to sucrose titer
B. = mg sucrose equivalent to 0.92 X maltose titer (e in equation VII)

FRACTION "C"

Determination of higher sugars.-The 50 per cent ethanol eluate from
the carbon column should contain all carbohydrate material from trisac-

t\
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ing period, the maltose titer (30 min. he at i n j ) is mu lt i p l ied by on ('"'ei-ermined
experimentally) and then used. The difference is then the mg sucrose in S 1711 of the
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( I)()

where SI = mg sucrose ecu lval en t to sucrose titer and S2 =: mg sucrose equivalent
0092 X maltose titer (e in equation VI I).

lWhite, J. W"" Jr. ana Maher,J., This Journa t 37. 466 (1954) •
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charide to at least the heptasaccharide (13). To obtain an estimate of
this fraction, it was hydrolyzed by the procedure which von Fellenberg
(14) applied to honey dextrin-hydrolysis at 100°C. in 1 N sulfuric acid
for 45 minutes.
To 25 ml of the 50% ethanol eluate in a 50 ml volumetric flask were added 5 ml

of 6 N HOI and 5 ml of water. After heating by immersion in a boiling water bath
for 45 minutes, the flask was cooled, neutralized to bromocresol green with 5 N
sodium hydroxide, and made to volume; the reducing power was determined on 5
ml by the Shaffer-Somogyi reagent. Glucose equivalent may be obtained from pub-
lished values (ll).

Milligrams of higher sugars in 100ml 50% ethanol eluate
= 40 X mg glucose found. (X)

ANALYSIS OF KNOWN MIXTURES

Mixtures of glucose, fructose, sucrose, and maltose in the approximate
proportions found in honey were dissolved in 10 ml 1 per cent ethanol,
placed on the carbon columns, and analyzed by the procedures outlined
above. Table 8 shows the results. Average recovery of maltose and sucrose

TABLE 8.-Analysis oj known sugar mixtures

GLUCOSE FRUCTOBE MALTOSE SUCROSE

MIXTURE

NO. PRE8- PRES-- PRES- FOUND PRES-

ENT FOUND ENT FOUND "NT ENT FOUND

mg mg per my my per mg ma per my filii per
cent cent cent cent

1 301.0 302.6 100.54 325.0 320.5 98.62 68.6 68.6 100.0 62.8 50.8 96.5
2 299.6 304.5 101.63 330.7 327.5 99.03 63.9 63.5 99.4 52.8 52.4 99.3
3 320.0 317.0 99.06 364.5 360.0 98.77 95.1 92.6 97.4 55.2 53.3 96.6
4 319.1 320.4 100.41 386.0 384.5 99.61 82.8 81.8 98.8 62.5 59.6 95.4
5 306.0 310.1 101.35 416.1 414.0 99.49 75.3 73.6 97.7 50.4 47.5 94.3
6 324.0 323.2 99.77 385.6 382.0 99.77 75.4 73.4 97.2 52.0 49.7 95.6

Av. 100.46 99.21 98.4 96.3

was of the same order as that found by McDonald and Perry (5). As ex-
pected, average recovery of monosaccharides was better and within the
limits of the analytical methods, since adsorption is not so much of a
factor under these conditions.
To determine whether materials present in honey have any effect upon

the retention of the disaccharides on the carbon columns, weighed amounts
of various sugars were added to four 0.8 g samples of a clover honey.
These were adsorbed, eluted, and analyzed as already described. Table
9 shows the results.
In the table are shown three analytical values for each sugar as percent-

age of the honey; the value for the sample to which the sugar in question
was added is shown in milligrams only. The average of these three values
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for each sugar was used to calculate the original amount of each sugar in
the honey samples to which that sugar was added (Table 10). The dif-
ference between the values (sugar calculated in honey-l-sugar added)
- (sugar found) is shown in Table 10. Here again, recoveries of the disae-
charides are of the same order of magnitude as those in Table 8 for the
pure sugar mixtures. Recovery calculated on the total amount of each
sugar present is also shown in Table 10.

TABLE 10.-Analytical recovery of eueare in honey-sugar mieturee

GLUlJOBE fRUcr08E BUCROSE MALTOSE

Wt honey sample, g 0.7644 0.7867 0.7735 0.8085
Sugar in honey (Table 9), % 33.50 37.85 1.50 6.23
Wt sugar added, mg 105.3 100.2 60.5 75.0
Total sugar in sample, mg 361.4 398.0 72.1 125.3
Total sugar found, mg 361.1 396.0 68.2 123.3
Difference, mg 0.3 2.0 3.9 2.0
Recovery (% total sugar) 99.92 99.50 94.4 98.40

SUMMARY

A carbon column adsorption procedure was used for separation of the
sugars of honey into monosaccharides, disaccharides, and higher sugars.
Integrated with suitable analytical methods, the procedure permitted
determination of the sugars of honey with greater accuracy than previ-
ously attained. A more realistic picture of the carbohydrate composition
of honey was thus obtained.

Recoveries of glucose, fructose, maltose, and sucrose from mixtures
averaged 100.46, 99.21, 98.42, and 96.28 per cent, respectively; recoveries
of these sugars when added to honey were 99.92, 99.50, 98.40, and 94.40
per cent of the total individual sugar present.
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