Information on Vitamin C

Hisateru MITSUDA®

Received February, 1954

Once we found that when we determined vitamin C in some vegetable especially in some
coloured sample, we could accomplish the decolourization with a bit of fuller’s earth, keep-
ing vitamin C stable.

But the indophenol method has a very weak point that the indophenol aqueous solution
is very unstable, that is to say, if the solution is kept for more than five days (after it is
compounded), it makes the experimental results obscure, as it turns the last stage of titration
brown.

To improve such a weak point we experimented on solvents of 2: 6-dichlorphenolindo-
phenol.

%Standing on the data of our experiment, we advocate the following : dissolve 2:6-
dichlorphenolindophenol in nor- or iso-butylalcohol, and at the time of titration, use it after
diluting it with distilled water or 949% ethanol. And when indophenol water saturated with
butanol solution or indophenol-butanol-ethanol solution is kept in a dark and cold place, it
becomes much more stable and more durable than the normal aqueous solution of indophenol,
and moreover, this solution is not discolored by acids, and thus the only great defect of the
indophenol method can be perfectly remedied.

Now, we would like to discuss one of the most representative sources of vitamin C in
the Orient, the green tea.

Determing vitamin C in the various sorts of tea, we found that the vitamin C content in
Sencha (Green tea of the superior quality) and Bancha (Green tea of the inferior quality) is
greater than in Gyokuro (Green tea of the special and superior quality), Matcha (Powdered
tea of the superior quality) and black tea.

We sufficiently explained the cause of this difference basing on our experiments on the
relation between the vitamin C content and the sunlight, and on its stability to heat.

Lack of vitamin C in the human body causes some derangement of the circulatory
system, and the blood congests in the capillary vessels to break them and flows.

When one is short of fresh vegetable foods, like some seafaring men, he will
first turn pale, and then purple spots will appear on his skin due to the rupture of
the blood vessels, and he will feel a pain in his hip, and his gums will become
purple, and he will have difficulty in breathing and according to circumstances he
may die after all, though these are not likely to happen to grown-ups who are tak-
ing ordinary diet.

Scurvy arises from lack of vitamin C. Babies being artificially fed or too
particular about their choice for food are often taken ill with ‘infantile scurvy, and
especially sucklings and women in pregnancy or those nursing infants must take
vitamin C together with other vitamins.
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Let us look back over the years of researches in vitamin C. As H.R. Rosenberg,
Sc. D. said in his ““‘Chemistry and Physiology of the Vitamins”, scurvy, the typical
syndrome of a vitamin C deficiency, has been known for many centuries and occurred
epidemically during times of war, voyages, famines, etc. Fresh vegetables have
been known to provide a potent remedy for over three hundred years.

1903-1913 : Bolle, Bartenstein and later Holst and Frolich observed that guinea
pigs could acquire scurvy just as men could, and that the scurvy syndrome is a
condition caused by an avitaminosis. ‘

1918-1925 : Zilva attempted the concentration of the antiscorbutic substance
from lemon, obtained almost.pure ascorbic acid.

1927 : On the basis of the observation that vitamin C solutions immediately
after mild oxidation retained their antiscorbutic properties, Zilva® concluded that the
antiscorbutic compound and the “‘reducing factor” were closely related although not
necessarily identical. .

1928 : Szent-Gyorgyi? isolated from adrenal glands, from oranges and from
cabbage a strongly. reducing compound, ‘the “hexuronic acid”.

1932 : The identity of vitamin C with Szent-Gysrgyi’s hexuronic acid ‘and
with Zilva's “reducing factor” was discovered by various c groups of workers, namely
by Svirbely and Szent-Gysrgyi,” by Waugh and King,® and by Tillmans® who
deduced that vitamin C can be reversibly oxidized and reduced without loss of an-
tiscorbutic efficacy. ‘

1933 : The constitution of vitamin C was established by the combined work
of Haworth, Hirst and co-workers® and of Micheel and Kraft”. Reichstein® and
Haworth®? announced the first successful synthesis of ascorbic acid. k

Vitamin C is widely dirstributed over the animal and plant kingdoms. It is
present in all living plant cells and augmentsd amounts are found in all actively
growing parts of higher plants. ’

Hithertd, however, vitamin C in various‘ plants has not widely studied, and as
to its physiological action and the significance of its existence in plants, many ques-
tions remain unsolved. , ,

We shall first explain briefly our method of the titrimetry of vitamin C and then
introduqe to you the experimental results obtained by our improved method, and
illustrate several properties of vitamin C contained in tea which is most intimately
related to the vitamin.

Once we found that when we determined vitamin C in some vegetables especiaily
in some coloured samples, we could accomplish the decolourization keeping vitamin
C Stable, by first extracting the sample with acetic acid, then precipitaﬁng protein
in extractive matters, by metaphosphoric acid, and finally decolourizing the matters
with .a bit of fuller’s earth. o

And we recommended that to point out exactly the limit of the discolouration in
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the titrimetric determination of wvitamin C with 2:6-dichlorphenolindophenol, aqueous
solution: one should add a few drops of ether (butanol) in the test-tube, then the
indophenol which remained coloured, penetrates the layer of ether (butanol) immedia-

tely. . . :
Thus, one can know whether. titration is complete or not. But the indophenol

method has a very weak point that the indophenol aqueous solution is very unstable,
that is to say; if the solution is kept for more than five days (after it is compounded)
it makes the experimental results obscure, as it turns the last stage of titration brown.

To improve such a weak point, we experimented on solvents of 2:6-dichlor-
phenolindophenol.

Standing on the data of our experiments, we advocate the following methed :
saturate mnor- or iso-butylalcohol with 2:6-dichlorphenolindopheno! very  carefully,
and after keeping the saturated solution for a whole night, filter it and prepare the
storable mother liquor. . ; ;

Though indophenol of a certain quality is very hard to dissolve, try, for example,
to dissolve 250 mg of indophenol in butylalcohol to the utmost, and then filter it,
and fill it up into 100 ml messflasks, then you can prepare the storable mother
liquor (I. B.).

Unlike the mere indophenol aqueous solution, the indophenol butanol solution
. B, is stable for several months, and it becomes stabler when it is put into a
coloured bottle and stored in an ice-box.

At the time of titration, prepare indophenol water saturated butanol solution
(I. B. W.), or indophenol butanol ethanol (1 : 1) solution (I. B. E.) from the mother
liguor mentioned-above, by adding water or 94 9% ethanol to it, and then they can
be easily titrated and discoloured, and moreover, this solution (I. B. W or I. B. E))
is not discoloured by acids. ;

The indophenol aqueous solution formerly in general use was very unstable, and
this Was the most serious defect in the indophenol titrimetry, but the indophenol
butanol method stated above has at last brought the defect to a close.

The purity of ascorbic acid to be used in the standardization, neither chinoin
made ch 929, nor Kahlbaum made of excellent qualities, has ever come up to 1009%.
Therefore, the result of the standardization must be corrected by determining ‘the
real amount of ascorbic acid with iodometry which makes I, free from KIO; in the
presence of KI in sulphuric acid. ;

Thus determining the real amount of ascorbic acid which decolourizes 1 ml of the
above indophenol solution, we calculate the amount of ascorbic acid in sample taking
our standard upon the determined value.

We also advocate to use the straight line established between the reciprocal of
the titration value taken on the horizontal axis and the concentration of vitamin C
taken ‘'on the vertical axis: as the standard line for determination of vitamin C, with
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which we can obtain the concentration of vitamin C directly from the titration value.

We believe that this method is convenient for determination of vitamin C,
because indophenol-butanol solution is very durable™.

Numerous studies on the vitamin C in fruits and vegetables have been made,
but most of them have been concerned only with the use of these materials as food-
stuffs.

A plant produces and consumes vitamins for its own use. Vitamins in plant
bodies have physiological significance for. life-phenomena of the plant itself.

These significances may be elucidated. With such a purpose we entered on the
studies of vitamin C (1936).

Flowers and leaves are those parts of a plant where very important metabolism
is operated actively.

Determining vitamin C of flowers and leaves, we noticed that in a flower, petal
had more quantity of vitamin C than stamen and pistil or calyx, and that there was
interrelation between colours of flowers and quantity of vitamin C®.

We determined vitamin C of leaves which were not used as foodstuffs, and found
the experimental results as in Table 1.

Table 1. Vitamin C Content in Various Flowers and Leaves.

Vitamin C (mg %)
Sample - —
Total Reduced form | Oxidized form
Pumpkin 46.16 10.82 35.34
2 | Lily (white) 44.08 " o244 41.64
E Iris 85.40 68.25 - 17.15
é Sweet pea (white) 56.00 20.02 35.98
Pansy (yellow) 133.96 114.82 19.14
. young leaf  846.00 612.40 233,60
Persimon {mature leaf 390.40 271.11 119.29
young leaf 270.03 166.55 103.48
N Wistaria { [y .

‘g mature leaf 142.383 69.22 73.11
"% | Gladiolus © 810.54 271.11 39.43
= Amaranth 914.03 64.35 150.58
Rice-plant 107.09 28.23 78.86 -
Rape 108.44 82.53° 75.91
Orange juice 41.16 ; 32.00 9.16

Surveying the above results, we generally find more quantity of vitamin C in
a leaf than in a flower; a young leaf has much.more vitamin -C than a mature one.
We presume that vitamin C is closely connected with the operation: which promotes
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.the growth of plants. We pointed out the interrelation between chlorophyll, plant-
catalase and vitamin C. ‘ '

Then we investigated the relation between sunlight and vitamin C in various
fruits and found that the amount of vitamin C in them was nearly in proportion to
the quantity of sunlight which shone upon them when they were ripening!®.

Now, we would like to discuss one of the most 1epresentat1ve sources of vitamin
C in the Orient, the green tea.

Such oranges as lemons and tangerines are generally believed to be abundant in
vitamin C, but the amount of vitamin C in the green tea is several times as lalge
as that contained in a lemon or a tangerine.

The green tea is the most important source to supply us Japanese with vitamin C.

There are many kinds of the green tea and they vary in vitamin C content.

We show the results of our analysis of each kind of the green tea in Table 2.

Table 2. Vitamin C Contents in Green Tea.

Availability of

Vitamin C Conditions of infusion vitamin C (%)
Sorts of tea | contents | Sample Azr(x)(;unt Temperature | Time | First Second
. . [8) :
me. % g hggld liquid min. | infusion | infusion
Gyokuro 8.4 3 100 ‘ 60°C 5 49.2 30.6
rAdded hot water
Matcha 154.2 1 50( and stirred ) — 97.7 —
for 1 minute
Sencha 334.4 3 100 1006°C 1 53.1 31.1
Kawayanagi* 281.4 3 100 100°C 3 54.1 24.0

Black tea trace — — i — — — _

* Kawayanagi is a green tea of inferior quality.

As you see in Table 2, either Gyokuro (Green tea of the special and superior
quality) or Matcha (Powdered green tea of the superior qualifty) has much less
vitamin C content than Sencha (Green tea of the ordinary quality) and Bancha (Gl een
tea of the inferrior quality).

We will explain the reason in the following, and if you take tea in ovder to
supply yvourselves with vitamin C regardless of the taste and the flavour, you need
not use high-priced kinds.

There is little difference in the manufacturing method between Gyokuro and
Sencha, and the disparity in their vitamin C contents is due to the difference’in the
method of cultivating the leaves of tea as materials.

About twenty days before the harvest time early ‘in May, the plantation of tea is

(5)



‘ Hisateru MITSUDA

protected from the sun by Sudare (a sunshade made of bamboo) for about ten days,
and thén, straws are spread over Sudare for several days to shade it from thz sun
still more completely, and thus; leaves of tea, as the materials of Gyokuro and Matcha
which are strikingly green, flavourad and not severely bitter, are picked at the sun-
protectad plantation.

They call the method ““10 days under Sudare and 10 days under straws’’

When a plant is protacted against the sun while it is. cultivated, it tries its best
to grow up, by increasing its chlorophyll to use the sunlight to the best advantage
and by utilizing fertilizars imbibed through its roots, and accordingly the special
flavour and colour of these sorts of tea increass in the leaves.

The amount of vitamin € in a plant is naturally in propoertion to the quantity
of the sunlight which has shone on the plant, and it was already proved that the
amount in the leaves on the tres of tea decreased markedly when they had besn
wrapped in black paper for only a day to be protected against the sun.

The leaves in the sun~protect°d plantahon contain much less vitamin C than the
leaves of Sencha (Greon tea of the ordmary quahty) cultivated in an open air planta-
tion owing to the quantity of sunlight allowed to shine on them

As you see in Table 2, black tea has little amount of vitamin C, and this is not
due to the method of cultivating the leaves as materials, but it is originated in the
manufacturing method.

At the first step of manufacturing the gresn tea, leaves are steamed for-a short
time, but as to the black tea, leaves are not steamed at all but they are fermented.
This fermentation makes the colour and the flavour of the black tea.

This steaming process aims at killing the so-called oxidasz in plant and when it
is killed, tea colour and the flavour of the black tea become unchangeable.

Vitamin C in the natural world is easily destroyed by the oxidass, and it is due
to the destructive action of the oxidasz that leaves and fruits picked off from a plants
losz their vitamin C from moment to momesnt. This is one of the reasons why fresh
vegstables and fruits ars of great nutritive value.

Raw leavas of the black tea as much vitamin C as the leaves of Sencha, but as
they are not steamad, enzyme:in them confinues to act and makes them  the black
tea. But, to our ragret it is this oxidasz in the black tea that destroys vitamin C.

We trust that you have genarally understood the raasons of the differencs in
vitamin C contents betwesn the gre=n tea and the black t=a by our explanatxon stated
above. ; ~
Formerly we have frequently met with a theory stressed ‘in some books of the
nutritional chemistry and of the vitamins that vitamin C is very unstable to heat.

But this theory is gquite erroneous. As we have stated above, though vitamin
C is very unstable to oxidation, it is:by no means unstable to heat,’®® and it stands
:the heat of steaming process of the manufacturing method of green tea and it is not
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changed after the leaves of the tea were dried and almost all the amount of vitamin
C contamed in the raw leaves is kept in the green tea.
We Have d columin ‘of “percentage of availablé ¥itamin C?'in Table 2.
We show in this column. the percentage of .the dmount of vitamin C decocted
from various sorts of tea. .. ... .. .
For e‘(ample, when we boil 3 grams of Gyokuro in 100 ml of Water at 60° C for
5 minutes, we can get a decoction contalmng 49.29% of the whole vitamin C kept in
Gyokuro, i.e. the decoction has nearly one half of the whole amount of vitamin C
contained in Gyokuro. Repeating the same means stated-above, we get the second
decoction which! contains' 30.69% of thé whole vilamin € keptin: Gyokuro. -+ =
Thus, we decoct totally about 80 94 of vitamin C from-Gyokuro by boiling it twice:
" Now we see that the first infusion of tea is very high in nutritive value.’ R
Matcha (Powdered tea of the superior quality), like Gyol«’uro, containg less amount
of vitamin 'C. than Sencha as we stated above. T : T e
As. we do not strain out tea grounds of Sencha but' take all of this powdered
tea, itsravailability: of -vitamin ‘'C is much higher than’that of other ‘sorts-of tea.
Vitamin C in the raw leaves-of green 'tea is scarcely lost throughout the whole
manufacturing procéss, and it is hardly “destroyed by boiled water; and serves our
nourishment. T o R SRR o
Furtharmore, gresn tea contains a:considérably largz amount of - vitamin B; and
B. also, and as a sort of alkaline food, it can prevent acidosis too.  So we believe
that green tea should not be-called a luxurious- beverage but it is an indispensable
dried vegetable for the human being.’
" REFERENCES
L.(1) S. S. Zilva: Biochem. J., 21, 689 (1927). '
(2) A. Szent-Gyorgyi: Bzodzem J., 22, 1887 (1928). L EE .
(3) J. L. Svirbely & A Szent Gybreyi: Nature, 129, 576 (1932) zoclzem J. 26, 865
(1932).
(4) W. A. Waugh & C. G. King : Science, 75, 87-(1932);"" ] Diol. Chem., 97, 325 (1932)
(5) J. Tillmans -& -P. Hirsch : Biochem. Z.. 250, 312 (1832). :
(6) R. W. Herbert, E. G. V. Percival, R. J. W. Reynold:,, F. Smith &E L. lest ] Soc(
: Chem. Tnd.; 52, 221 487 (1933) E G COX & T. H. Goodwin : ] C’/zem Soc - 1936.‘
Lo 768, -
(7). F. Micheel & K. Kraft : Z physzol Clzem , 222, 235 (1933) - ‘)
(8) T. Reichstein : Naim’e, 132, 280 (1933) ; T. Relchstem, A GluSSnel & R. Oppenauer
" Helv. Chim. Acta; 16, 561, 1019 (1033) ’
(9) R.G. Ault, D. K. Baxrd H. C. Carrmgton, w. N. Haworth, R. W. Herbert, E. L. Hirst,
E. G. V. Percival,’ F. Smith' & ‘M. Stacey : J. Chem. Soc., 1933, 1419°; D. K. Baird,
W. N. Haworth, R. W. Herbert; E. 'L Hirst, F Smith & M. Stacey : Ibid., 1934, 62.
kk(lO) ~H. Mitsuda :  Bull. Ag1 Clzem Soc. of Japan, 14, 1228 (1938), H Mltsuda “Study

on the Chemical ‘Experiment” 2ind Part 9, 284
(11) H. Mitsuda: Memoirs of the. College-of Agvr, Kyoto Univ.;-No. 57.-1 (19503. -

) 7 : Bull. Agr. Chem. Soc. of ]aj)an 14, 1335 (1038)
(13 » : Ibidiy 14, 1485 (1938). - ‘
(14) Y 2 Ibid., 16, 493 (1840).

(7))



