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Previously, we (1) have reported on the analysis of fresh and dried
Diospyros Kaki (flesh and white powder). Paper chromatography (PPC) of
sugars, sugar alcohols and organic acids was also carried out.

The major constituents in the white powder of dried Diospyros Kaki are
glucose and fructose, and the content ratio was about 90:10. Mannitol
was not detected. The major sugars in the flesh of dried Diospyros Kak:i were
also glucose and fructose, and the content ratio was about 60:40. The fructose
content in the flesh increased during the drying period, while the glucose content
decreased.

On the paper chromatogram of the sugars in the fresh fruit, four spots
corresponding to glucose, fructose, sucrose and an unidentified oligosaccharide
were detected. Malic acid was detected as the sole organic acid.

In the dried fruit, sucrose and the above oligosaccharide could not be detected.

During the course of analysis of the sugar contents of Kaki fruit, it was
found that the so-called total sugar determination (2), after heating with 2.5 per
cent HCI on the boiling water bath for 2.5 hours, gave a lower value than the
total invert sugar or reducing sugar as shown in Table 1.

Table 1. Composition of the fresh Diospyros Kaki juice in
Miyagi Prefecture in 1953.

Total sugar | Total invert Reducmg Glucose Fructose Sucrose
sugar sugar

(g/100 ml) (g/100 ml) (g/lOO ml) (g/100 ml) (g/100 mil) (g/100 ml)

12.82 15.71 i 14.58 9.77 4.42 1.04

* The original Japanese report was published in Nippon Noégei Kagaku Kaishi, 30,

191-195 (1956).
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The object of this study was to find the cause of this discrepancy.

Paper chromatography of sugars and the determination of each sugar in
the fresh Diospyros Kaki juice were carried out after heating with 2.5 per cent
HCI on the boiling water bath for 2.5 hours.

From the results of the above experiment, it was found that most part of
the fructose was converted into hydroxymethylfurfural (HMF) and a small
amount of HMF was further converted into levulinic acid during the hydrolysis
under the above condition.

ICHZOH CH;
Cco H o
| — — |
(CHOH); HOH,C CHO CH, + HCOOH
No” |
CH,0H CH,
l
COOH
Fructose Hydroxymethyl- Levulinic acid Formic acid
furfural

Hydroxymethylfurfural showed less reducing power than fructose in
Bertrand-Henmi method and behaved as an aldose in Willstitter-Schudel method.
Therefore, when substances containing fructose are used as samples for the
quantitative determination of sugars, it may be possibly observed that the total
sugar value is less than the total invert sugar and the reducing sugar value
and glucose value by Willstatter-Schudel method is estimated too large while
fructose value is too small in estimation.

Shichiji et al. (3), (4) have reported that 40~50 per cent of fructose
was decomposed during the process of total sugar determination. Therefore,
when substances containing fructose are used as samples for the determination
of sugars, the total sugar value is often less than the total invert sugar and
reducing sugar value. But they have not investigated on the decomposed
product.

Nomura (5) has reported that fructose was more easily decomposed into
HMF than glucose, but the determination of HMF was not performed.

In Europe and America, Mathews ef al. (6) have determined the decom-
position ratio of fructose by specific rotation and observed that fructose solution
was very stable at pH 3.3. Pictet et @l. (7) have reported that fructose was
converted into hetero levulosan and its dimer.

We now report on the estimation of decomposition ratio of fructose
solution by Bertrand-Henmi method and Willstatter-Schudel method under the
condition of hydrolysis applied for total sugar determination. The decompo-
sition ratio of glucose, xylose and arabinose solution after lacid hydrolysis was
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also determined as well as the decomposition ratio of fructose solution with
H2804 instead of HCI.

Experimental

I. Analyses of mixture of glucose and fructose solution.

The mixture of glucose and fructose solution was made and the total sugar
was determined by Bertrand-Henmi: method after heating with 2.5 per cent
HCI on the boiling water bath for 2.5 hours, reducing sugar was determined by
Bertrand-Henmi method. The separative determination of glucose and fructose
was carried out by the combination of Bertrand-Henmi and Willstatter-Schudel
methods. The results are shown in Table 2.

Table 2. Analyses of mixture of glucose and fructose solution before
and after heating with 2.5 per cent HCl on the boiling water
bath for 2.5 hours.

Before (g/100 mi) After (g/100 ml)
(Reducing sugar) (Total sugar)
5.70 4.97
aldose ketose aldose } ketose
(g/100 ml) (g/100 ml) (g/100 ml) (g/100 ml)
3.72 1.95 4.51 [ 0.43

As shown in Table 2, the total sugar value was less than the reducing
sugar value and fructose content decreased while glucose content increased.
Because, fructose was decomposed to HMF under the condition of total sugar
determination. HMF behaved as an aldose in Willstdtter-Schudel method.

II. Heating of glucose solution.

About seven per cent of glucose solution was prepared and heated under
the same condition as above. And the total and reducing sugar, before and after
heating, were determined by Bertrand-Henmi method. Before heating 7.08 g/100
ml, after heating 7.07 g/100 ml. There was no change between before and after
heating. ‘

III. Heating of fructose solution.

Fructose solution was prepared and the same analyses were determined by
Bertrand-Henmi method. The separative determination of aldose and ketose
was carried out by the combination of Bertrand-Henmi and Willstatter-Schudel
methods. The results are shown in Table 3.
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Table 3. Analyses of fructose solution before and after heating
with 2.5 per cent HCl on the boiling water bath for 2.5 hours.

Before (g/100 ml) After (g/100 ml)
2.23 1.40
aldose ; ketose aldose { ketose
(g/100 ml) ; (g/100 mi) (g/100 mD) (g/100 m!l)
0.07 J 2.16 - 1.04 f 0.36

As shown in Table 3, the total sugar value was about 63 per cent of the
reducing sugar, and fructose content decreased while glucose content increased.

Paper chromatography of fructose solution after heating with 2.5 per cent
HCI on the boiling water bath for 2.5 hours was carried out.

The fructose solution after acid
hydrolysis was spotted on the Toyo
filter paper No. 2. After irrigating the
HMF O 0.79 chromatogram with pyridine-butanol-
water (4:6:3), the sugars were located
by spraying with aniline hydrogen
phthalate and resorcinol reagents. The
results are shown in Fig. 1.

The spot of Ry 0.79 was identified
as HMF synthesized from sucrose (9).
And levulinic acid was detected by
PPC in fructose solution after heating
Fig. 1. Paper chromatogram of fructose with 2.5 per cent HCl on the boiling

solution after heating on the -boiling water bath for 2.5 hours.
water bath with 2.5 per cent HCI for ’

Fractose O 0.36

2.5 hours. The above results indicate that
solvent ; pyridinei t,’“g?"%“ water fructose was decomposed and the most
spray reagent; aniline hydrogen part was converted into HMF under the

phthalate, resorcin condition of total sugar determination.

HMF showed considerable reducing power and behaved as an aldose in

Willstatter-Schudel method. Therefore, the aldose value increased as shown
in Table 3.

The determination value of HMF synthesized from sucrose was 89.41 per
cent by Bertrand-Henmi method calculated as fructose and 38.84 per cent as
aldose by Willstitter-Schudel method.

The determination of HMF was carried out by the dilution method of PPC.
The colored limiting quantity of HMF by micrometer syringe (8) was about
0.7 v. The results are shown in Table 4.

Total sugar was determined by Bertrand-Henmi method after heating with
2.5 per cent HCI on the boiling water bath for 2.5 hours.
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Table 4. Determination of HMF and fructose in fructose solution
after heating with 2.5 per cent HCI on the boiling water bath

for 2.5 hours.

Total sugar 1.40 g/100 m!

Willstdtter-Schudel method

Dilution method

|
(g/100 mi) l (g/100 ml)
Aldose 1.04 HMF | 0.78
Fructose 0.36 ’

Analyses of glucose and fructose solution before and after heating with
0.1 per cent HCI on the boiling water bath for 30 minutes were carried out.

The results are shown in Table 5.

Table 5. Analyses of glucose and fructose solution before and after
heating with 0.1 per cent HCIl on the boiling water bath for

30 minutes.
Glucose solution

Before (g/100 ml)

After (g/100 ml)

as glucose as invert sugar
5.00 5.24
aldose ketose aldose i ketose
l {
(g glacose) | (as fiuctose) (g/00mD)  (g/l00mD)
4.97 0.03 5.01 ] 0.02

Fructose solution

Before (g/100 ml)
as fructose

After (g/100 ml)
as invert sugar

4.49 4.68
aldose ( ketose ) aldose ( kftose )
as fructose as fructose
(/100 m?) (g/100 m1) (g/100 ml) (g/100 ml)
0.34 4.13 0.45 4.04

Fructose did not undergo any change under the condition of hydrolysis applied
for total invert sugar determination, namely heating with 0.1 per cent HCI on the

boiling water bath for 30 minutes.

On the paper chromatogram, HMF was not detected in the fructose
solution after heating with 0.1 per cent HCl on the boiling water bath for 30

minutes.

1V. Isolation and identification of HMF from heated fructose solution.

Since fructose was changed into HMF under the condition of total sugar
determination, isolation and identification were attempted.
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50 ml of 2.5 per cent HCl was added to 4 g of fructose and heated on the
boiling water bath for 2.5 hours followed by neutralization with calcium carbonate
and filtration. The filtrate was extracted with ether, and after removal of
the ether, about 0.5g of HMF (b.p. 145~150°C/15 mm Hg) was obtained and
identified with HMF synthesized from sucrose (9). Levulinic acid was detected
by PPC, but isolation and identification was not performed.

V. Comparison of the decomposition power of HClI and H,SO, to
fructose solution.

Since fructose was decomposed into HMF by heating with 2.5 per cent HCI
for 2.5 hours, the decomposition ratio of fructose by HCl and H,SO, was
examined. The results are shown in Table 6.

Table 6. The decomposition of fructose by HCI and H,SO, (heating
time 2.5 hours) )

Bertrif&'}i%nmi | Willstdtter-Schudel method
Reducing sugar 1d
iginal aldose fructose
origina (as Irbetose) (g/100 m) (g/100 m1)
solution ‘
4.59 0.41 4.18 (100.00)
HCl HyS0, HC1 H,S0, HC1 H,S0,
(g/100 m)(g/100 mD)|(g/100 ml)(g/100 ml)|  (g/100 ml) (g/100 ml)
1.0% 4.02 4.42 1.44 0.72 2.58 (61.72) 3.70 (88.52)
1.5% 3.69 4.37 1.93 0.98 1.76 (42.11) 3.39 (81.10)
2.09% 3.25  4.30 2.18 1.17 1.07 (25.60) | 3.13 (74.88)
2.5% 2.86 4.24 2.19 1.34 0.67 (16.03) 2.90 (69.38)

The numbers in parentheses represent the decomposition ratio of fructose
solution when the original solution is 100.00.

As shown in Table 6, about 83.9 per cent of fructose was decomposed after
2.5 per cent HCI hydrolysis for 2.5 hours, and about 30.6 per cent of fructose
was decomposed after 2.5 per cent H,SO, hydrolysis for 2.5 hours. H,50, was
also capable to decompose fructose, but its power was less than half of that
of HCl. And about 38 per cent of fructose was decomposed when the fructose
solution was heated with one per cent HCI for 2.5 hours,

The decomposition ratio of fructose solution after heating with 0.1, 0.2, 0.5
per cent HCI for 25 hours were estimated. The results are shown in Table 7.

As shown in Table 7, about 15 per cent of fructose was decomposed after
heating with 0.5 per cent HCl on the boiling water bath for 2.5 hours.
Therefore, when the HCI concentration is over 0.5 per cent, we can not expect
the accurate results.
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The decomposition of fructose by heating with 0.1, 0.2 and
0.5 per cent HCI on the boiling water bath for 2.5 hours.

Bertrand-Henmi method

Willstéatter-Schudel method

Reducing sugar aldose fructose
(as fructose) (g/100 ml) (g/100 m?) (g/100 ml)
original solution 4.49 0.21 4.28 (100.00)
0.19 HCI 4.50 0.26 4.24 ( 99.07)
0.29 HCI 4.48 0.45 4.03 ( 94.16)
0.59% HC1 4.39 0.75 3.64 ( 85.05)

The decomposition ratio of fructose solution after heating with 2.5 per cent
HCI for 30 minutes, one hour, 1.5 hours, two hours and 2.5 hours was determined,

The results are shown in Table 8.

Table 8. The decomposition of fructose solution after heating with
2.5 per cent HCl on the boiling water bath for 0.5, 1.0, 1.5, 2.0
and 2.5 hours. '

Bertrand-Henmi method

Willstdtter-Schudel method

Reducing sugar aldose fructose
(as fructose) (g/100 ml) (g/100 ml) (g/100 ml)
original solution 4.59 0.41 4.18(100.00)
30 min 4.35 0.92 3.43 (82.06)
1.0 hr 4.09 1.59 2.50 (59.81)
1.5 hr 3.71 1.83 1.88 (44.98)
2.0 hr 3.26 2.08 1.18 (28.23)
2.5 hr 2.86 2.19 0.67 (1_6.03)
Table 9. Analyses of fructose solution before and after heating with

2.5 per cent HCI on the boiling water bath for 2.5 hours.

Before (g/100 ml) After (g/100 ml)
2.23 1.40
aldose ketose aldose ketose
(g/100 ml) (g/100 ml) (g/100 ml) (g/100 mi)
0.07 2.16 1.04 0.36
4.30 2.78
aldose ketose aldose ketose
(g/100 ml) (g/100 ml) (g/100 ml) (g/100 mi)
0.16 4.14 2.04 0.74
8.94 5.68
aldose ketose aldose ketose
(g/100 ml) (g/100 ml) (g/100 ml) (g/100 ml)
0.33 8.61 4.14 1.54
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As shown in Table 8, about 18 per cent of fructose was decomposed after
heating with 2.5 per cent HCI for 0.5 hours. _

The analyses of about two, four and nine per cent of fructose solution before
and after heating with 2.5 per cent HCI on the boiling water bath for 2.5 hours
were carried out. The results are shown in Table 9.

As shown in Table 9, the decomposition of fructose was about 82~83 per
cent. There was no remarkable difference due to the sugar concentration.

VI. Heating of pentose solution.

Since xylose and arabinose were more easily decomposed than glucose, the
analyses of xylose and arabinose solution before and after heating with 2.5 per
cent HCI on the boiling water bath for 2.5 hours were carried out.

About five per cent of xylose and arabinose solution were made, and
determined by Bertrand-Henmi method. The separative determination of aldose
and ketose were performed by Willstatter-Schudel method. The results are
shown in Table 10.

Table 10. Analyses of xylose and arabinose solution before and
after heating with 2.5 per cent HCl on the boiling water
bath for 2.5 hours.

Before (g/100 m/) After (g/100 ml)
4.86 4.89
Xylose
) aldose ketose aldose ketose
solution (g/100 ml) (g/100 ml) (g/100 m?) (g/100 ml)
4.98 ‘ 4.78 0.11
i
4.67 4.66
ArablPose aldose ketose aldose ketose
solution (g/100 ml) (g/100 m?) (g/100 ml) (g/100 ml)
4.98 4.87

As shown in Table 10, xylose and arabinose did not undergo any change in
the condition of hydrolysis applied for total sugar determination.

Discussion

About 83 per cent of fructose was decomposed and the most part was
converted into HMF under the condition of hydrolysis applied for determining
total sugar, namely heating with 2.5 per cent HCI on the boiling water bath
for 2.5 hours.

The results of Table 4 indicate that 55.60 per cent of fructose was converted
into HMF, after heating with 2.5 per cent HCl for 25 hours. Determination
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of HMF was performed by the dilution method with PPC. This method is as
follows. On the paper chromatogram, the disappearance point of the standard
HMF was estimated and the same point of HMF produced from fructose
solution after heating with 2.5 per cent HCI on the boiling water bath for 2.5
hours was determined. The HMF content in the original solution is calculated
from the above both values. This method is capable of error more easily than
the spectrophotometric method. But the value of HMF by the dilution method
was almost agreed with the value calculated from molecular weight..

When the fructose solution was heated with 2.5 per cent HCI on the boiling
water bath for 2.5 hours, HMF value by the above dilution method was about
56 per cent of the total sugar. However, when the same solution was determined
by Willstiatter-Schudel method, the obtained value was about 47 per cent
calculated as aldose, which is about 10 per cent less by the dilution method.
The aldose value of standard HMF synthesized from sucrose was determined
by Willstdtter-Schudel method. The obtained value was about 39 per cent.

When the fructose solution was heated with 0.5, 1.0, 1.5, 2.0 and 2.5 per cent
HCI on the boiling water bath for 2.5 hours, the change of values of aldose and
ketose were examined. The ratio of increased aldose and decreased ketose was
at the maximum between 1.0 per cent and 1.5 per cent.

In the case of H,S0O,, when the acid concentration was over one per cent,
the ratio of increase of aldose and decrease of ketose was gradually lenient.

For the examination of the difference according to the sugar concentration,
the analyses of about two, four and nine per cent of fructose solution before
and after heating with 2.5 per cent HCI on the boiling water bath for 2.5 hours
were carried out. The decomposition of fructose was about 82~83 per cent.
There are no remarkable difference due to the sugar concentration.

Summary

Fructose did not undergo any change in the condition of hydrolysis applied
for total invert sugar determination, namely heating with 0.1 per cent HCI on
the boiling water bath for 30 minutes. But, about 83 per cent of fructose was
decomposed and the most part was converted into HMF under the condition
of hydrolysis applied for total sugar determination, namely heating with 2.5
per cent HCl on the boiling water bath for 2.5 hours. HMF showed less
reducing power than fructose in Bertrand-Henmi method and behaved as an
aldose in Willstiatter-Schudel method. Therefore, when substances containing
fructose are used as samples for the quantitative determination of sugars, it
may be possibly observed that the total sugar value is less than the total invert
sugar and reducing sugar value, and the fructose value is to little in estimation.
On the contrary, glucose, xylose and arabinose were not affected by the same
condition of hydrolysis. And H,SO, was also capable to decompose fructose,
but its power was less than half of that of HCI



380

The authors express their sincere thanks to Dr. H. Sugisawa for the
The authors also thank to the Kamaishi
iron foundry, Fuji iron manufacture Co. Ltd. for their generous supply of

preparation of hydroxymethylfurfural.

pyridine.

D
2)
3
4)
5)
6)

7
8)

9

Tohoku Journal of Agricultural Research 13 (4) 1962

Acknowledgement

References

Aso, K., T. Watanabe, M, Okubo and T. Yamazaki (1956). Nippon
Nogei Kagaku Kaishi 30, 187. (in Japanese)

Tokyo University (1952). Jikken Nogei Kagaku 116. Asakura
Shoten, To6kyd, Japan.

Shichiji, S. and T. Misono (1954). Nippon Nogei Kagaku Kaishi
28, 217. (in Japanese)

Shichiji, S. Y. Soncda, M. Dazai and Kato (1954) Kogyo Gijitsuin
Hakkdé Kenkytisho Hokoku No. 10, 24. (in Japanese)

Nomura, D. (1954). Nippon Nogei Kagaku Kaishi 28, 923. (in
Japanese)

Mathews J. A. and R.F. Jackson (1933). Ber. Standards J. Res.
11, 619,

Pictet, A. and J.J. Chavan (1926). Helv. Chim. Acta 9, 809.

Aso, K., K. Shibasaki and F. Yamauchi (1954). Hakkd Kogaku
Zasshi 32, 50. (in Japanese)

Aso, K. and H. Sugisawa (1954). Tohoku J. Agr. Res, 5, 143.



