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Many investigations have been made on the sugar composition of apple juice,
and the presence of fructose, glucose and sucrose has long been established.
Among these sugars, fructose has the largest content and glucose the least,D
but the ratio of these contents is different accordlng to kind, maturity and
days of storage. According to Mackinnis? no pentose either free or combined
is contained in apple juice.

We analysed these three sugars in several Japanese apple juice and then tri-
ed to detect the sugars by the method of paper partition chromatography. In
addition to the spbt_s corresponding to fructose, glucose and sucrose, another
spot corresponding to xylose was discovered to be present. This spot remain-
ed on the paper chromatogrem after the juice wes fermented by brewery yeast,
whereas the other spots entirely disappeared. The presence of xylose was con-
ﬁrmed by derwmg the unfermented sugar to its phenylosazene.

In investigating the paper chromatography of sugars using Partridge’s aniline
hydrogen phtalate reagent,> we found that the heating temperature and the
tlme to reveal the spots as well as the Rf values and the color of the spots
are useful to identify sugars.

Sucrose content in long stored apple juice was extremely decreased, and on
the paper chromatogram of over 6-months stored apple juice, sucrose could not
be detected by this reagent, but a spot correspcndmg to galacturonic acid ap-
peared, which is considered to be derived. from pectic substance.

It is interesting that pentose in apple juice is not arabinose con51dered to
be derived from galacturonic acid, but xylose.

Experimental

1) Determination of sugars in apple juice.

As the largest part of sugars in apple juice consists of fructose, glucose and
sucrose, these three sugars were " separately determined neglecting the other
sugars. The total sugar and reducing sugar were determined by Bertrand’s
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method. [he sucrose content was indicated as 0.95 X nonreducing sugar (di-
fference between the above two values). Then glucose was determined accord-
ing to the method described by Willstitter and Schudel.® Fructose corresponds
to the difference between the reducing sugar and glucose. An example of the
data are shown in Table L '

Table 1.

- . * Total eugar Sucrose ‘ Glucose wFructose

Veriety (g/100ml.) (v) (») (o)
Jonathan 11.16 2.97(1.17) 2.39(1) 5.13(2.15)
Ralls Janet 12.05 3.97(1.47) 2.70(1) 4.96(1.65)
< Starking : 13.72 4.41(156) 2.82(1) | 5.35(1.90)
Golden Delicious " 12.68 450(2.81) 1.60(1) 5.64(3.53)
Escollon 14.43 6.31(2.47) 2.56(1) 4.92(1.92)

*  Total sugar is calculatéd as invert ‘sugaf.
** The values in ( ) show the ratio of other sugars to glucose.

2 Detection of sugars by paper partztwn chromatogmphy

Two-dimensional chromatography was carried out by Partndges method¥.5
using phenol and butanol-acetic acid as the developing solvents. 30X 30cm.
sheets of Toyo filter paper No. 2 and No. 50 were employed After removal of
the solvent, the developed paper sheets’ were sprayed with the anilline hydro-
gen phtalate reagent and heated in an oven at 105~110°C for 5 minutes.  For
further detection of sucrose the sheets were heated at 120~130°C for 15~20
minutes. When anilline hydrogen phtalate was used as ‘the revealing reagent
not only the color of the spots, but also the time to reveal the spots is fairly
different according to the kind of sugars. For example the spots of aldOpehtos-
e appeared most rapidly (in 1.5 minutes), aldohexose next rapidly (m 2 mlnut-
es), but ketose such as fructose took more than 3 minutes.

" The yielded chromatogram of apple juice showed three spots corresponding
to fructose, glucose and xylose under heating at 105~110°C., but when heated
at 120~130°C. for 15~20 minutes, a.nother spot correspondmg t0 sucrose appear-
ed. The total results are shovvn in Table II.-

' Réviewing the results, the preSence of fructose, glucose and sucrose is hitherto
reported, but the presence of xylose is different from the result reported by
Mackinnis.?

To confirm the presence of xylose, the apple juice was fermented by brewery
yeast (No. 396) and the unfermented sugar was chromatographed. On the
chromatogram of fermented juice the spots coriesponding to fructose, glucose
and sucrose were not observed .but the spot correspondmg to xylose clearly
remained. The analytical data are as-follows:
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Table II
| ot - . -
Spot L o T Color Correspgndmg
' Phenol Butanol-acetic acid | - sugar
A 0.44~0.45" 0.11~015 - Yellowish brown|  Fructose
13 0.28~0.29 ©0.09~0.10 - | - Brown Glucose
C 0.36~0.37 0.15~0.17 ! . Pink Xylose
D 0.33~0.35 0.04~0.05 1. " Brown Sucrose
Before fermentation
Total sugar 12.82 g/1C0ml. -(as invert sugar)
Reducing sugar 8.88 /a (as fructose)
pH 3.6
* Chromatogram
Rf
Spot . o : S ’ Corresponding sugar
_Phenol ‘ Butanql-acetic acid ‘ :
A 0.30 |- 0.12 Glucose
B : 042 . ' S 017 Fructose
C o 037 . -0.21 Xylose

* Sucrose is not detected, because the paper was heated at 105°C

Af tér fefmentati‘on

Remained sugar (.15 g/100ml. (as xylose)
pH. 3.6

Chromatogram . <

Rf [

Spot ‘ Corresponding sugar

| Phenol 1 Butanol-acetic acid

o B 0.18 | Xylose

After Being kept in storage over 6 months, the suciose content in apple juice
was extremely decreased (less then 1g/100ml.), and the spot corresponding to
sucrose could not be detected by anilline hydrogen reagent, but another spot
‘corresponding to galacturonic acid (Rf 0.09 by phenol, 0:.08 by butanol-acetic
acid) appeared, which was also unfe1mentab1e by berery yeast

3) Identification of xylose

2L. of apple juice was fermented by brewery yeast (No. 396) for-5 days,
filtered, and' the largest parts of the ionic materials were removed by passage
‘through ion-exchange resin and then the filtrate was concentrated under reduced
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pressure to ca. 5¢0ml. The ccncentrate was treated with a slight excess of Pb
acetate, filtered, and after removal of the remaining Fb by H.S, it was further

Wi . . concentrated to a syrup. The sytup was then ex-
tracted with 5 volume of 90 per cent alcohol and
. the extract was again concentrated to a syrup.

. Though after repeating this treatment three times,
the syrup could not be crystallized.

The syrup showed a clear green color by Bial’s
orcine-FeCl; reagent and its paper chromatogram
showed exactly the same posltlon W1th the authen-
" tic xylose (Fig. 1):

" "We next tried to 1den'tifyz the sugar as phe-
nylosazone. ' '

1gram. of syrup, 2 grms. of phenylhydrazine
hydrechloride and 3gvms. of Na acetate were
dissolved in 20 ml. of water and heated in a boil-

. A B C ing water bath for one hour. After cooling, the
Fig. 1 Paper chromato- obtained yellow crystals were filtered and washed
gram of the unferment- ] L. .
ed sugar of apple juice. with water. After recrystallization twice from
A Unfermented sugar hot water, the melting point of plenylosazone was
e
B Xylose _ 159~160°C and the mixed melting point with

C Arabinose ) \ .
authentic phenylxylosazone, showed no depression.

Summary ,
The sugars in apple juice were detected by the method of paper partition

chromatography and s1m1utaneously these sugars were analyzed by the usual
method. ' -

I) The sugar content: of Japanese apple juice was as follows:
Totdl sugar (calculated as invert sugar) 11~14.5 g/100ml.,

, _‘ the ratio of glucose fructose : sucrose 1 1 7~35:1.2~2.8.
) bL ..
II) On the paper chtomatogram, 4 ‘spots co espondxng to glucose, fructose,

.sucrose and xylose were observed. Xylose Was not hlthelto detected in apple
Jjuice. - On. the paper chromatogram of long stored apple Julce, sucrose was not
detected by the anilline hydrogen phtalate reagent but another spot correspond
ing to galacturonlc acid appea1ed

.III) On the .paper chromatogram of the juice fetmented by yeast the spots
correSpondmg to glucose, ftuctose and sucrose dlsappealed but the spot cor-
‘respondmg to Xylose remained, The xylose was 1dent1ﬁed as 1ts phenylosazone
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