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Studies on Flax Retting. 

By 

T. Tadokoro, Nogakush. 

Introduction. 

The cultivation of flax in Japan is chiefly confined to Hokkaido and its 

fiber manufacture is performed solely by a joint-stock company, Teikoku 

Seima Kabushiki Kaisha at Sapporo. 

The quality of the product depends largely upon the proper management 

of the retting process, though other mechanical treatments bear an important 

relation to it. The retting method followed in Japan at present is a cold 

water process. An opportunity was given us by the said company to 

examine this management thoroughly and the necessary materials were placed 

at our disposal for the present study. 

Investigations concerning the nature of the changes involved in flax
 retting 

are numerous in Europe and America butas yet nostudy has ever been made 

here. The conditions and the methods of retting under which the foreign in- 

_ vestigations have been made, differ naturally from those in Japan. Besides, 

3 the investigations already made seem to us to be of a partial and incomplete 

nature. All of the reported microscopical investigations are confined to the 

- fiber bundles and their cementing materials. Such is the case also with 

| chemical studies. So far as we can find, no study has been made which 

covers the whole extent of the retting phenomena or the. changes in different 

E 
,, - 

e 

: 

: : 

4 

stages of retting. 
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In the present study we have tried to investigate the nature of the 

changes in different stages of retting and the chemical nature of the con- 

stituents of the flax stem. We have alsostudied the micro-organisms con- 

cerned in the retting process but the results are reserved for a future report. 

The microscopical studies were made under the direction of Prof. Dr. K. 

Shibata and the chemical studies under Prof. Dr. K. Oshima, to whom 

the author wishes here to express his hearty thanks for the valuable 

suggestions and kind courtesies extended to him. 

I. Materials for the Study. 

The material used in our studies was the flax, typical in size, qualities 

and ripening, and was produced in the vicinity of Sapporo, in the years 1908 

and 1909. 

The retting was done in a large crate, according to the usual method 

followed in Hokkaido. The methods practiced commonly here are of two 

kinds, the one is a large crate system and the other, a small frame system. 

The former resembles the Loppens and Deswarte system and the latter, 

the pool retting or courtrai method, adopted in Europe.1) 

Tn the large crate system a pit about 60 feet long and 9 feet wide is dug 

in # location, where the inlet and outflow of water can easily be managed and 

- in it is placed a large crate of wood work. Each crate will hold about 8,000 

kin (13,200 Ibs.) of flax stems. 

Tn the small frame system, frame works of wood, each having a lath floor 

and measuring about 12 feet long, 9 feet wide and 3.7 feet deep are floated 

in a pool which usually measures about 180 feet long, 60 feet wide and 5.5 

feet deep. Each frame will hold 1,600 kin (2,600 lbs.) of flax stems. 

When the fermentation is complete, the bundles are drawn out and are 

1) For the details of the methods see ‘Cc. R. Dodge—Flax culture for seed and fiber in 
Europe and America—(U. 8. Dep't. of Agr. Fiber Investigation Office, Report No. 10, (1899) 
p. 20. 
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placed close together, standing on the bank for at least 6 hours to allow the 

water to drain off. When they become firm enough to be transported, they 

-are spread out for drying. When the drying has attained the proper degree, 

they are again bound into large bundles and kept in a store house for future 

“technical manipulations. 

The duration of immersion depends largely upon the temperature of 

water and air, the qualities of stems and other natural conditions. 

In our study, the retting period ranged from the twelfth to the eighteenth, 

‘inclusive, of August 1909. During our observation the temperature of the 

water. in.the crate varied as follows: 

‘Table 1. * 

Date. 6. A.M. 2. Pom. TP 

August pe aoe ae pcan ae matite ne rae as Weathss 

12th. 190, 18C. 18°C. 220. 18°C, 19°C. 20°C. 19°C. IFC. fair 

13th. 18°C. IFC... 19°C. 24°C. 24°C. 23°C, 24°C. 24°C. 23°C. i 

14th. 20°C. 20°C. 19°C. 20. ako, SIO: 22°C. 21°C. 21°C. as 

15th. 20°C. 49°C. 19°C. 23°C. . 26°C. 22°C. 23°C. 22°C. 22°C. - 

16th. 23°C. 22°C. 22°C, 24°C. 22°C. 22°C. 23°C. 23°C. 23°C. ” 

“17th. 21°C. - 21°C. 21°C. 23°C. 2290 22°C. 25°C. 22°C. 22°C. < 

18th. 200. 21°C. 200: 22°C. 22°C. 

From the table, we see that the temperature in the upper part of the 

-crate is generally a little higher than that in the middle or lower portion and 

‘that it is lowest in the early morning, rises gradually up to the middle of the 

«day and keeps on until seven P. M., showing that the most powerful and 

active period for organisms concerned in retting must be in the afternoon. 

From this fact, we notice that the proper time for drawing out the retted 

-stem from the crate should be either in the morning or in the evening. Our 

-samples were selected from the retting tank every 24 hours in the morning 
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and treated in the usual manner. 
Water used in our experiment was supplied from the Sosei canal which 

passes through the city of Sapporo and contained a relatively large amount 
of organic matter, with a slightly acid reaction. During the retting the acidi- -° 
ty was somewhat increased, as naturally might be expected. 

II. Microscopical Studies. 

The samples, collected in different stages of the retting period as men- 
tioned in the previous chapter, were subjected to research as to their histo- 
chemical changes during the retting. The result on the retted stem has been 
compared to that of the original stem. 

Microchemical studies on flax stems, reported up to the present time, are - 
quite numerous!) but their results agree closely with each other and prove - 
that the bast fiber cells are bound not only with calcium pectate but also» 
teal i ee 

1) Tine Tammes. Der Flachs Stengel. 
Franz Ritter und Hihnel -—Mikroskopie der technische verwendeten Faser 
Stoffe. . 

A. Herzog .—Beitrage zur Kentnisse der Flachsfaser—Osterreiche Chemiker Zeitung, 
(1898), No. 10. p. 31. 
K. Saito.—Anatomische Studien iiber wichtige Faserpflanzen Japans mit besonder Beriick. - 
sichtigung der Bastzellen.—Jour. of College of Science, Imp. Uniy. Tokyo, Vol. XY. (1901) p. 3. 

W. Omelianski— Uber die Trennung der “H” und “CH,” von der Cellulose.—Centr- bl. f. Bakt. II. Abt. Bd. 11. p. 369, 
W. Omelianski .—Histologischen und Chemischen veranderungen der Leinstengel unter Einwirkungen der Mikroben der Pectin- und Cellulose-giihrungen.—Centr. bl. f. Bakt. II Abt, Bd. 12. p.33. 

J. Behrens :— Untersuchungen iiber der Gewinnung der Hanffaser durch natirlische Rést- 
methoden.—Centr. bl. Bakt. I Abt Ed. 12. p. 161. 
J. Behrens.—Uber die Tauriste von t lachs und Hanf—Centr. bl. f. Bakt. I Abt. Bd. 10. p. 524. 
C. van Iterson.—Die Zersetzung der Cellulose durch aerobe Mikroorganismen.—Centr. bl. f. Bkt. I Abt. Bd. IX. p. 689. 
M. W. Beijerink und A, van Delden.—Uber d. Bakterien, d. bei d. Maceration d. Leinstengel—Jahr. der. Fortschrift Agr. chem. (1905) p. 463. 
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-with woody substances and that the middle lamella of fibers are therefore not 

_ destroyed in the retting process, though the bast fibers are separated from 

‘the parenchyma which are destroyed by micro-organisms. 

In 1904 D. Stérmer1) made further investigations on this 

point and ascertained that the portions which gave a wood reaction with 

phloroglucin and hydrochloric acid or anilin sulphate are middle lamella of 

the bast fiber cells and xylem portion, and that the bast fibers themselves and 

_cell-walls of cortical parenchyma gave no color reaction. When the middle 

lamella were treated with ruthenium red, they stained, like parenchyma, in- 

tensely red, showing the presence of pectin substance ; but, on the retted stem, 

the middle lamella of fibers showed only the hadromal reaction, indicating 

the desctruction of pectin substance during the retting process. 

In our microscopical study we used the section of the stem 5-10 u in 

thickness, prepared either by the celloidin imbedding or the common paraffin 

imbedding. 

For the celloidin imbedding, we must first prepare water free objects. 

To attain this object, the sample was treated first in dilute alcohol, then in 

. strong alcohol and lastly in absolute alcohol. Then ithe objects were kept in 

a mixture of the same volume of alcohol and ether from 6-10 hours and then 

in the dilute celloidin solution, containing 2 grams of celloidin in 109 c.c. of 

the mixed solution; then in the double’ strong solution of celloidin from 2-3 

days and before the paraflin imbedding, the objects were kept in bergamot oil 

from 12-24 hours. After the treatment, the objects were imbedded in 

paraffin according to the usual method. 

1. Anatomical Structure of Flax Stem. 

Before we go into the results of our observations upon the changes of 

structure during retting, let us briefly describe the anatomical structure of the 

A)—K . Stérmer.—Uber die Wasserréste des Flaches.—Centr. bl. f. Agr. chem. (1905) p. 841. 

Centr. bl. f. Bakt. IT Abt. Bd. f. (1904) p. 351. 
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mature flax stem. The stems used for the observation of anatomical sttucture - 

were those grown on the field, rather thickly sown, according to the usual 

method of cultivation in Hokkaido. 

1. The epidermis is a layer with many stomata; its cells are alway 

elliptical. The outer wall is almost even and close to the cuticle and more~ 

resistible than the inner wall. The thickness of the cutiele varies according 

to the height and diameter of the stem. The cuticle has- strong 1esisting 

power against the action of organisms and other physical conditions. 

2. The outer cell of the cortical parenchyma resembles an epidermal 

cell in form but the other cells are so slender: that’ we can easily distinguish 

them from the former. 

3. The phloem-parenchyma consists of 1-5 cell layers and the cells bet- 

ween the fiber bundles have more or less irregular form. The fibers have a 

long, streched, spindle form, with almost sharp pointed ends. A cross section 

of the fiber in the middle part of the stem has an angular form with 3-7 

sides, but that of the upper or lower part of the stem has a round oval ’form.. 

The walls are quite thick and the lumen in the lower and the upper part of 
the stem are large and have many striations and pits. 

4. The xylem portion consists of the vessels, trachids, wood-parenchyma 
and medullary rays. The diameter of all elements become smaller from inner 
to outer layers. 

5. The pith consists of the thin-walled cell layers which enclose the 
large pith cavity in the center of the stem. In the upper part of the stem,. 
the cavity is very narrow or completely filled. The cells increase in size from 
outer to inner layer. 

2. Anatomical Changes during Retting. 

Retting was divided into three periods, i. e., the first, the middle and the~ 
last and each period covered nearly the same number of days. At the end. 
of the last period, not only the separation of the cambium layer and the isola-- 
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tion of the fiber but also the destruction of the cuticle took place. The 
following are the chief results of our microscopical observations upon the 
changes of the stem during retting. 

1. The cuticle strongly resists the action of micro-organisms and 

other physical conditions, since we observe that, at the end of the middle 
period and in the last period, it is gradually separated with the dissolution of 
the other cell-walls. 

2. The outer walls of the epidermal cells are less destructible than the 
inner. The inner walls begin to dissolve and allow their contents to exude, at 
the end of the first period ; in the middle of the last period they were destroy- 
ed completely with the other parenchyma walls. 

3. The cortical parenchyma walls are dissolved almost completely, in 
the middle of the last period, after the destruction of the cambium layer. 

4, The dissolution of the internal cells of the fiber-bundles takes place 

at the same time as that of the cortical parenchyma, but the isolation of the 

fiber itself is observed at the middle or the end of the last period. 

5. The separation of the cambium layer occurs at the end of the middle 

period. It begins to separate from the xylem portion and dissolves gradually’ 
so that the separation of fiber-bundles from the; woody portion was found to 
reach completion at the beginning of the last period. 

6. The changes of the xylem portion could not be observed even at the 
end of the last period. 

From the above obervations, we conclude that the separation of the cam- 
bium layer from the xylem portion takes place first and then follows the des- 
truction of the cortical parenchyma and some parts of the epidermis; the 
isolation of the fiber itself and of the cuticle comes then in order. 

3. Microchemical Observations. 

A. Reagents and Coloring Matters. 

1. Zine chloride iodin solution. 20 parts of zine chloride, 6.5 parts 
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of potassium iodide and 1.3 parts of iodin are dissolved in 10.5 parts of 

water. The solution stains the cellulose reddish or bluish violet, the woody 

portion yellowish or brown and the wall, consisting of pectin substance,. 

yellow. : 

2. Congo red. It is easily soluble in water and stains the cellulose 

red. 

3. Safranin solution. A saturated safranin solution in alcohol is mixed 

with the same volume of water. It stains the pectin compounds yellowish 

red. 

4, Ruthenium red. It stains the pectin compounds intensely red. 

5. Methylen blue. It stains the pectin compounds violet. 

6. Millon’s reagent. The equal quantities of mercury and nitric acid 

are mixed and diluted in the same volume of water. It stains protein brick- 

red in a short time. 

7. Ammonium copper oxide solution. The solution is prepared fresh by 

pouring the concentrated ammonia over the copper foil or powder and allow- 

ing to stand for a day. It dissolves the cellulose easily. 

8. Phloroglucin and hydrochloric acid. A few drops of phloroglucin 

and concentrated hydrochloric acid produces a red color on the cross section 
of the lignified cell-wall. 

9. Fehling’s solution. Three solutions are prepared separatly, each 
containing 35 grams of copper sulphate, 173 grams of Seignette salt 

(potassium sodium tartarate) and 120 grams of caustic soda in a liter of water 
respectively. Equal volumes of the solutions are mixed and diluted with 2 
parts of water just before using. The sections are put into this solution and 

warmed over a flame until bubbles appear. 

10. Sudan IT. Sudan IIL. is a good coloring matter for fat. It stains 
fat, wax and cutin red. 

11. Osmic acid. It stains fat and protein brown. 

12. Alcanna tincture. It is prepared after Guigard’s method in the 

following manner. 10 grams of alcanna were extracted with 30 c.c. of absolute 

alcohol. Evaporate the extract and treat the residue with 5 c.c. of acetic 
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‘acid and 50 e. e. of 50% aleohol. The solution stains fatty substances red. 

It also reacts on wax and cutin. 

B. Results of the Observation. 

1. Cellulose. On the cross section of the stem, we applied congo red 

and zine chloride iodin solution. The cells and cell layers which are stained 

with congo red are the cell-walls of the cortical parenchyma, phloem-paren- 

chyma, epidermis and fibers. The middle lamella of the fibers are faintly 

‘stained but the fiber themselves are stained more intensely than the other 

-cell-walls. 

With the zme chloride iodin solution, the bluish violet coloration was 

observed on the same tissues as above. 

From ithe results we may conclude that the cellulose is a constituent 

not only of the fibers, but also of the cell walls of the cortical parenchyma, 

phloem-parenchyma and epidermis, though its quantity is very small. 

We could not observe any change of cellulose at the end of the first 

period of the retting but in the middle or in the last period, the destructon of 

cell-walls of the cortical parenchyma, phloem-parenchyma and epidermis was 

noticed. On the other hand, the cellulose reaction on the fibers became more 

intensive, with the progress of the retting period. 

2. Pectin compounds. For the study of pectin compounds, two methods 

~were employed. The one was direct examination with ruthenium red, and 

the other was stainning with methylen blue and safranin, after the dissolu- 

tion of the cellulose with ammonium copper oxide solution. The character- 

istic red color with ruthenium red was observed on the middle lamella of the 

fiber on the cell-walls of the cortical parenchyma, cambium and epidermis and 

also on the middle thickening layer of fiber cells. Among them the middle 

lamella of fibers were stained intensely red, 

With methylen blue, the middle lamella of fibers were stained a deep 

violet, the inner thickening layer of fibers, the cell-walls of the cortical 
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parenchyma, phloem-parenchyma, cambium and epidermis were stained light 
brown to violet. 

The yellowish red color with safranin was observed on the cell layers. 
mentioned above. 3 

In the beginning of the last period of the retting, the middle lamella of 
fibers showed almost no reaction of pectin compounds, but the cell-walls of 
the cortical parenchyma, phoem-parenchyma, cambium and epidermis still 
showed a faint but distinct color and in the end of this period, the color was. 
shown only on the inner thickening layer of fibers. 

2. Protein. With Millon’s reagent, only the fiber lumen was stained: 
brick red, the other cortical parenchyma, cambium and epidermis as well as. 
the xylem portion being stained very faintly brown. 

4. Lignin. The red color produced on the use of phloroglucin and: 
hydrochloric acid isa characteristic test for lignin. On the cross section, the. 
reaction was observed only in the xylem portion and showed no change even. 
at the end of the retting. 

5. Tannin. When potassium bichromate was applied on the cross sec- 
tion, we observed the reddish brown color in the contents of the epidermal. 
cells and this color almost disappeared at the end of the middle period. 
This phenomenon must be due to the effusion of the tannin from the cells, 
accompanying the destruction of the inner walls, as the retting proceeds. 

6. Glucose. The quantity of cuprous oxide formed by Fehling’s solution on glucose was found to be very little, the greater part of the glucose 
esent being dissolved during the retting. 

7. Fat, wax and cutin. For the examination of these ingredients, we 
used three reagents, i. e., sudan III, osmie acid and aleanna tincture. The 
cuticle, cortical parenchyma, and fiber lumen gave the characteristic reactions 
with sudan ITI. On the other layer we could not observe any reaction. The 
same results were obtained with two other reagents. From what we observed,. 
we can assume that the cuticle contains cutin, the cortical parenchyma, some- 
minute fatty globules, the pith, many fatty or wax-like globules and the fiber 
lumen, fatty substances besides protein. 

Of these substances, we observed further that some of the cutin which is. 



STUDIES ON FLAX RETTING. 4h 

separated mechanically with the destruction of other cell layers, as well as- 
the fatty substances, are lost in the last period of the retting. 

We summarize the principal results of our observations as follows. 
1. The greater part of cellulose remains unchanged after retting but 

the small quantity which forms the cell-walls uf cortical parenchyma, cambium,. 
phloem-parenchyma and epidermis is lost in the end of the last period. 

2. Pectin compounds which constitute the middle lamella of the fibers. 
and the cell-walls of cortical parenchyma, cambium and epidermis are dis-- 
solved almost completely at the end of the retting. 

3. The quantity of protein is very small, so ‘its loss is almost 
insignificant. 

4. Tannin found in the contents of epidermal cells, diminishes gradually 
in the process of retting and ia the middle or in the last period it is dissolved. 
out completely. 

5. Lignin which forms the cell-walls of the xylem portion remains nearly 
unchanged. 

6. The small quantity of glucose present in the rest of the cell-sap is- 
largely dissolved out and only a trace is.found in the xylem portion, after the- 
retting. 

te 2 Dhe quantity of the fatty substance lost during retting is very small,. 
but a part of the cutin is separated at the end of the last period. 

III. Chemical Studies. 

In order to obtain a definite idea as to the amount and nature of sub-- 
stances lost or changed during retting, we have made the following chemical. 
experiments. Along with these studies it seemed to us to be of practical 
use as well as of much scientific interest to investigate the chemical nature of 
gummy substances in the flax stem, since it has been shown that they are- 
the principal matters which suffer change during retting. 
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1. The Loss of Weight. 

The loss of weight in the stem during retting depends upon the retting 
methods and the retting grade which is again governed by the temperature 
and change of water. 

In Europe D) the loss of weight is calculated as about 30 % ofthe original 
weight in dew retting, about 25 % in water retting and 40-50% in mud 
retting. 

In United States,2) it is estimated at about 18-18.59 in common 
water retting, while in double retting about 14.5-15.5 % in the first watering 
-and about 8.8-9.0% in the second watering. 

In Hokkaido, it is usually assumed to be about 19-20% of the original 
stem. 

Results of our experiments on this point are shown in the following table. 

Table 2. 

Total loss, Real loss. | Difference. 

oO in % of in % of dry matter. dry matter, dry matter. 
ERS REPRE ESTOS i, 

Sb Nc naa'shket Caius seabWancn tick ots : 14.95 

On the first experiment, we used air dry stem, produced in Hokkaido in the year of 1908 and 1909 and retted in canal water at 16°-21° C. for 9 days, changing the water twice, and on the second experiment for 8 days. For the -comparison, we determined what we call here “real loss” which is the loss of weight suffered by the stem proper, or the stem free from the roots, terminal -ends and remaining leaves, It is to be noticed that in common retting, the — 

1)—R. Kuhnert. Der Flachs, seine Kultur n. Verarbeitung, pp. 87-119. 2)—Charles Richards Dodge. A report on flax culture for seed and fiber in Europe and America, pp. 68-72. 
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roots, the terminal ends etc. are not removed from the stem. From the 

results we see that the real loss is always much smaller than the total loss,. 

the difference being about 4%. This must be due to the separation of 

remaining leaves, seeds, seed capsules and soil particles which are attached on. 

the roots and terminal ends. 

That a greater part of the loss takes place already at the end of first. 

period of the retting, is proved by the results of our experiments shown in the- 

following table. 

Table 3. 

Total loss. Real loss. 

Retting period. 1. of 
in % of : in % © F 

dry matter. Ratio. dry matter. Ratio. 

End of the first period... 14.00 re: 8.21 55 

End of the middle period. 15.70 82 11.53 77 

End of the last period... 19.15 100 14.95 100 

The change of water increases the loss of weight in the stem during ret- 

ting, as the following results of our experiments show. 

Table 4. 

Expt. Water changed. Water unchanged. Difference. 

L 18.56 % 147 % 3.86 % 

It 17.51 % 13.6 % 3.91 % 

From the table we see that by changing the water twice during retting 

the increase of the loss of about 4% is secured. : 

On the other hand, the extension of the period over the usual time has. 

but slight effect upon the loss of weight. In our experiments when the period 

was made twice as long as usual without changing the water, the loss of weight 

was found to be 16.8% of air dry stem, vis. 14.79% in the usual period. 
The loss of weight suffered by the stem during retting is caused by the 

combined action of micro-organisms and the extractive power of water.. 
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In order to get an idea of how large a part each of these factors plays in caus- 

‘ving the loss, we made the following experiment. 

A definite quantity of air dry stem is taken into flasks containing a 

-definite quantity of canal water. ‘To one series of flasks are added a few drops 

-of formalin, to prevent the propagation of micro-organisms, while to the other 

-series no formalin is added. Arrangments were made with filter paper or 

.cotton to prevent the aerobic retting. The results of the experiment follow. 

Table 5. 

Experiment. tine Qe to the Loss due to the extrac- ioe aan fos invine 

(16-21° ©.) combined actions. | ve Power of water | 9/°o8 that of com- 
bined actions. 

efter 7 Gays kl... 10.2 % Lag. 56. % 

after 12 days ...........0+. 172 % 10.2 % 59. % 

Generally, the extractive power of water is proportional to the qnantity 

and temperature of water, andthe duration of immersion. In experiments 

cited, the difference in results is caused solely by the difference of duration, 

asthe amount and temperature of water were kept as similar as possible in 

both series. It is to be noticed that the loss of the stem due to the extractive 

power of water alone is more than half of that due to the combined actions. 

The loss of the dry matter is a measurement of the retting grade and it 

is important for the fiber manufacture to increase the loss of the stem without 

injurious effects upon the qualities of fiber and tow production. 

If the production of finer tows and fibers are desired, the double retting 

is to be recommended, since they are more easily obtained from the well ret- 

ted stem than the incomplete one. The loss which is estimated practically 

in Hokkaido issmaller than that in Europe, this is probably owing to the in- 

complete change of water. 

From the above experiments, we may conclude as follows. 

1. In case the water is changed, the loss of weight in the total stem is 

about 18-19% but on the basis of the stem proper it amounts to about 15.%. 
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2. In case the water is not changed, the loss of weight in the total stem 
is about 13-15% or about 49 less than that in the common water retting. 

3. The loss of weight due to the extractive power of water is about 
55-6096 of total loss. 

4. The greater part of the loss takes place before the end of first period 
of retting. 

2. Composition of Flax Stem and their 

Changes in Retting. 

Investigations on the composition of flax and their changes involved in 
retting are but few. In 1854 Hodges1) determined the chief constituents of 
flax fiber and found 82.596 of cellulose, and 7.6% of sugar, gums and pection 
compounds. Omelianski2) reported in 1904, results of his investigations 
concerning the amounts of pectin compounds and cellulose in the retted as well 
as in the control flax stem. For the study of pectin compounds, he treated 5 
grams of the stem with alcohol for half an hour, washed with water and the 
residue was then extracted with 250 c. c. of 2% hydrochloric acid solution for 
half an hour. To the extracts was added an equal volume of strong aleohol, to 
precipitate the pectin compounds. In the extract obtained from the control 
stem some precipitate of pectin compounds was formed but none in that from 
retted stem. It is evident from his results that the pectin compounds suffer 
decomposition in retting process. On the other hand, the amount of cellulose 
Seems to remain unchanged. In his determination of cellulose he took 3 grams 
of sample and mixed with 500 c.c. of Schweitzer’s reagent. After standing for 
5 days it was filtered through glass wool filter and precipitated with dilute 
hydrochloric acid. The precipitate was washed with water, dried and 
weighed. From the control stem 0.6959 grams of cellulose was obtained, 
while in the retted stem 0.6979 grams of cellulose was found. 
nme ee 

1)—Hodges. Chemical gazette. (Des. 1854). 2)—0O melianski. Centr. bl. f. Bakt. II Abt. Bd..12, p- 33. 
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In our experiments we analysed both the control stem (not retted) and! 
the retted stem and obtained the following results: 

Table 6G. 

Control stem. Retted stem. 

in % of dry | Difference. 
in % of air | in % of dry | in % of air | in % ofdry| matter of 
ang matter.| matter. | dry matter.| matter. 

Moisture 12.89 ~ 13.89 _ — — 

Ash 2.31 2.65 0.65 0.75 0.64 2.01 

Pectin. itis clecesens 2.64 3.03 2.85 3.31 2.82 0.21 

Ether extracts. .....,... aid 1.24 1.22 1.42 1.21 0.03 

Pentosan-free fiber...) 52.18 59.88 ‘52.79 61.31 |. 52.15 7.73 
Nitrogen-free extract.| 28.9 32.02 28.60 33.21 28.25 3.77 

Pentosan-free fiber was determined by Kénig’s method 0). 
Analysis of other constituents was made by the methods usually followed 

for plants, From the results it is seen that about 2/3 of the mineral matter 
in the original stem is lost in the retting process. Of the organic constituents, 
pentosan-free fiber and nitrogen-free extract suffer most in retting. Both of 
these groups comprise many chemical individuals. Hence in order to obtain 
a better and clearer idea about the nature of the substances changed in | 
retting, we determined cellulose, pentosan, gummy substance, pectin con:- 
pounds, glucose, aud tannin in the retted stems, at different periods of 
retting. The results were calculated also on the basis of the control stem for 
the sake of better comparison. Cellulose and pectin compounds were deter-. 
mined by Omelianski’s method (1. c.). Gummy substanée was determined by 
treating the sample first with 29¢ ammoniacal water and then the residue was 
extracted with 5% sodium hydyoxide solution and precipitated with hydro- 
chloric acid and alcohol. Pentosan, glucose and tannin were analysed by the 

usual methods. The results of the analysis are shown in the following table: 

1)--K6in g.—Zs. Unters. Nahrungsmittel., Berlin, 1. (1898) pp. 3-16. 
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Table 7. 

In % of ary matter. sy is lacatpscaelk ate lactate period. 

Retted stem. 22.70 24.43 24.43 24.77 

Cellulose a ee ee 22.42 21.53 21.06 

Loss by retting. — 0.28 AZ 1.64 

Retted stem. 22.69 — -- 21.18 

Pentoman. fo). im or gor oy fh cophee 22.69 — = 18.02 

Loss by retting. _— — a 4.67 

Retted stem. 17.85 — — 14,94 

Gummy substance. .... aches pre hess 2 17.85 os 9 1271 

Loss by retting. — — — 5.14 

Retted stem. 0.72 — — 0.42 

Pectin compounds......} rn — —— 0.72 ange =e 0.36 

Loss by retting. 0 - 0.36 

Retted stem. 0.95 — — 0.0014 

On th en it 
CONCORB 5. chic sesso Ts allies 0.95 om ae 0.0012 

Loss by retting. — — ~ 0.948 

Retted stem. 1.79 0.60 0.37 non 

A ODTMRS So iicspncccoccosiele oe ype _ coe Kets — 9 

Loss by retting. —_ 1.24 1.46 1.79 
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From the nature of the methods followed, it should be remembered here 
that pentosan and gummy substance are identical or at least very much 
resemble each other in nature and that the pectin compounds, at least in 
part, must also be the compounds of pentosan. Hence in discussing the 
results, we take the pentosan only into account, neglecting the other entirely. 

From the results obtained we notice the following: 
pee Pentosan suffers most in retting process. 
bo A small quantity of cellulose is also lost, after the middle period 

of retting. 

a) Pectin is not completely lost. This is apparently in contradiction to 
the results of Omelianski, but our experience tends to show that 
Omelianski used too small a quantity of the sample, making his 
results rather doubtful. 

4. Glucose and tannin are completely lost in the retting. 
Pentosan-free fiber consists of cutin, cellulose and lignin. Attempt was 

made to determine the three components separately by K6nig’s method, but 
unfortunately it was found impossible to oxdize lignin with hydrogen 
peroxide, hence the attempt was given up. Concerning the nature of the 
changes in pentosan-free fiber we must therefore depend upon the results of 
microchemical observations. 

To know whether the changes above mentioned take place in the bark 
portion or woody portion of the stem, the following experiments were per- 
formed. The stem was carefully divided from the cambium layer into two 
parts, i. e., bark and woody portions and weighed. The results are as follows - 

Table =. 

Bark portion. Woody portion. 
Stem taken. | | 

| gm. Ato gk % 
Control stem............. 16,3276 | 3.6663 35.5 | 6.6613 64.5 
Retted stem. ............ 13.2562 | 3.7647 28,4 | 9.4915 71.6 

In the retted stem the proportion of the bark portion is far less than in 

yh. eae 



STUDIES ON FLAX RETTING. 49 

“the control stem, showing that the loss of matter has taken place in the bark 

portion during retting. 

Pentosan and pentosan-free fiber in both portions were determined with 

“the following results. 

Table 9. 

Bark portion. 

Pentosan. Pentosan-free fiber. 

in % of ny in %o ter) in %ofdry {in % of dry matter, 
matter of cies! stem, matter, of control stem, 

Centrol stem. ............... 8.52 8.52 56.40 56.40 

Hetted stem: 2...0.2... 5,67 4.12 51.00 37.08 

DiHT6renCe; ccs selec 7. — 4.40 — 19.32 

Woody portion. 

: Pentosan. Pentosan-free fiber. 

in % of dry n % Oo! matter} in %ofdry jin %ofdry matter, 
matter. ot ei! stem. matter. ~ of control stem. 

Control stem 29,40 29.40 44.79 44.79 

Retted stem: .c.iccn cs 31.06 29.39 48.18 43.53 

Differanes: 0.25 ssc, — 0.01 —_ -0.74 

From the table we observe that, in the bark portion, pentosan looses 

-about 509 and pentosan-free fiber about 30% in the retting process, while 

in the woody portion hardly any loss has taken place, 

3. On the Chemical Nature of Gummy 

Substance in Flax Stem. 

y 

{t has been shown in the previous experiments that the chief constituents 

-of the flax stem changed or lost during the retting is the pentosan or gummy 
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substance in the bark portion. It seemed to us therefore to be of 
much scientific interest to investigate the chemical nature of this gummy 
substance. The finely powdered sample prepared from dry stem was extract- 
ed with 29¢ ammoniacal solution over night. On the following morning, the 
mixture was filtered off through a “ Nutsch” filter with suction, washed with 
water and the residue was extracted with 5% caustic soda solution for 3 days. 
and filtered again. The filtrate was neutralized with dilute hydrochloric acid. 
and precipitated with aleohol. The precipitate was put on filter, washed. 
with alcohol and ether and dried at 110°C., powdered and preserved for’ 
hydrolysis. A part of the precipitate thus prepared was dissolved again in 
potash solution and reprecipitated with hydrochloric acid. The precipitate 
thus purified was dried over sulphuric acid in a partial vacuum and used for 
optical research. 

Pentosan and methylpentosan of the substance wer’ determined by 
the method of Ellet and Tollens 1) with the following results. 

Peutosan in dry matter. 90.19% 
Methylpentosan (as Rhamnosan) in dry matter. 11.3% 
It is thus seen that the substance at hand consists entirely of pentosan 

and methylpentosan. To determine the nature of the pentosan, the substance. 
was hydrolized and subjected to further investigation. 

Products of Hydrolysis. 

Method of Hydrolysis. 

25 grams of the substance and 250 c. c. of 5% sulphuric acid were put 
into an Erlenmeyer flask. The flask was provided with a reflux condenser and 
heated in a boiling water bath for 16 hours. At the end of the stated time, 
the odor of furfurol was appreciable. When cooled it was filtered through a- 
“Nutsch” filter with suction and the filtrate was neutralized with pure 

1)—Berlin, Ber. D. chem. Ges., 38 (1905) pp. 492-499, 
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-calcium carbonate and filtered again. The filtrate was concentrated, with the 
‘addition of a little calcium carbonate, to about 20 ¢. ¢. in a partial vacuum. 
“The solution was extracted, at first with 859¢ aleohol and then twice with 
959% alcohol. The clear solution thus obtained was concentrated to a syrup 

‘and preserved for further investigation. 

Qualitative Test. 

Qualitative reactions were tested at the outset of the investigation to get 

-a general idea of the chief constituents of the gummy preparation. 

1. Microchemical tests were applied to determine the presence of 

pectin, cellulose and lignin. The presence of pectin was ascertained by 

-Staining with congo red or with phloroglucin and hydrochloric acid but none 

-of the characteristic reaction could be observed. 

2. A small amount of the substance was heated in a test tube with 

hydrochloric acid and then a little quantity of phloroglucin and equal volume 

-of concentrated hydrochloric acid were added and heated. The filtrate gave 

‘the characteristic absorption spectrum of pentose. On distilling the substance 

‘with hydrochloric acid of 1.06 sp. gr., a distillate was obtained which gave the 

-characteristic furfurol reaction with anilin acetate. The distillate was also 

‘tested for the presence of methyl furfurol by the spectrum reaction of Oshima 

-and Tollens!). The presence of simple pentosan as well as methyl pen- 

tosan was thus confirmed. The presence of galactan was also examined by 

oxidizing with nitric acid, but the result was negative. 

Rotatory Power. 

The rotatory power of the gummy substance was determined with 

Schmidt-Haensch half shadow polariscope. The results follow: 

a) 0,45 gram of dry matter dissolved in 60 ¢. 2. of 5% caustic potash 

solution. 

_ 14x 0,346 x 60 _ 
? oO 

0.45 x 1 tes 
aD 

\1)—Berlin, Ber. D. chem. Ges. 34 (1901) pp. 1425-1426. 
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b) 0.1895 gram of dry matter dissolved in 40 ¢. c. of 19% caustic potash: 

solution. 

Detection of Xylose. 

The syrup gave the following reactions: 

1). It reduced Fehling’s solution very strongly. _ 

2). It rotated the plane of polarization toward the right. 

3). It gave the characteristic absorption-spectrum of pentose witlie 

phloroglucin and hydrochloric acid. : : 

4). It produced no mucic acid upon oxidation with nitric acid. 

It gave no ketose reaction with resorcin and hydrochloric acid. OU Nae 

6). 2 drops of the syrup were placed on an object glass and were seed-- 
— 

ed respectively with a crystal of xylose and of arabinose. After 48 

hours the drop seeded with xylose showed the formation of many 

new crystals, while the other remained unchanged. a 

From the above reactions it is highly probable that the syrup contained! . 

xylose. 4 

Isolation of Xylose. 

The syrup was left untouched about one week, when it was found 

thickly laden with fine crystals. A little amount of 85% alcohol was added. 

to the syrup, well mixed, filtered with suction and washed. with absolute- 

alcohol and ether. The sugar thus obtained was 2.5 grams in weight and 

slightly yellowish in color, but upon recrystallization from alcohol with the use 

of animal charcoal, it became perfectly white and left no ash on ignition. 

1.13 grams of the carefully dried sugar was dissolved in water and made 

up into 25 ec. ¢. and polarized in 200 mm. tube, in the half shadow polariscope. 

Strong birotation was observed. 

After 24 hours, the rotation was found to be 4.75° on the scale toward the: 

right. The specific rotatory power is 

a 4.75 x 0.346 x 25 
eo 1.13x2 

edt © By 
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The sugar gave a phenylosazone, melting at 154—155°C. and easily 

soluble in cold alcohol but not in water. The melting point of the sugar was 

found to be 143—144°C. ‘The sugar under question is therefore xylose. 

Detection of Arabinose. 

The mother liquor filtered off from the crystals of xylose was allowed to 

evaporate slowly by itself. It did not show any sign of forming new crystals 

after standing for a long time. The syrup gave a pentose reaction. Attempt 

was then made to separate and detect arabinose by means of benzylphenyl- 

hydrazin. The latter forms easily with arabinose a hydrazone, which is 

hardly soluble in 759¢ alcohol, while xylose-hydrazone is easily soluble in the 

same medium. 

3 grams of the syrup were dissolved in 9 grams of 759 alcohol, to which 

a solution of 2 grams of benzylphenylhydrazin in 4 grams of absolute alcohol 

was added and the mixture well shaken. After 3 hours, crystalline 

precipitates were formed. They were separated by filtration with suction, 

washed with a small amount of 75% alcohol and finally recrystallized from 

95% alcohol. The light yellowish white product was dried over sulphuric 

acid in vacuum. The melting point was found to be 169.—169.5° C. 

0.101 grams of the substance was dissolved in 25 c. c. of water and leyo- 

rotation of 0.3 on the scale was observed. 

The specific rotatory power is 

1.3 x 0.846 x 25 

T1539 Ga 

The observed specific rotatory power coincides with that of arabinose- 

benzylphenylhydrazone. The small quantity of the hydrazone at hand did 

not allow the isolation of arabinose. 

wi) 
av 

From the results obtained we may conclude as follows : 

1. The gummy substance in the flax stem consists largely of simple 

pentosan, with a small amount of methyl pentosan. 

2. From the products of hydrolysis of the gummy substance, both xylose 

and arabinose were identified. 

3. The pentosan of the gummy substance is, therefore, made up of both 
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xylan, and araban, the former apparently predominating in amount over the 
latter. 

4. Summary. 

The results of chemical investigations will here be summarized. 
1. The loss of the stem in water retting as practiced commonly in Hokkai- 

do is about 18—199¢ but when the retting water is not changed, the loss will be 
14—159%. The loss in the stem proper is about 4 % less than the amount above 
stated. About 50-609 of the total loss is induced by the extractive power 
of the retting water which is naturally influenced by the frequency of 
change. 

2. Nearly all of the constituents of the stem suffer change in the retting 
process but those which are most affected are pentosan (gummy substance) 
and fiber in the bark portion. 

3. The gummy substance in the bark portion of the stem is made up 
largely of xylan and araban, with a small quantity of methyl pentosan. 

IV. General Conclusion. 

The principal results of our investigation hitherto described are here 
summarized. 

1. Cutin is the essential constituent of cuticle, and tannin is found in 
the epidermal cell. Fiber consists of cellulose with a small quantity of 
pectin compounds, protein and fat-like substance as its integral part. On 
the other hand, the eell-wall of cambium, epidermis and parenchyma are 
made up principally of pectin compounds with a small quantity of cellulose. 
The middle lamella of fibers is composed mainly of pectin compounds. 
Lignin forms the chief constituent of the cell-wall of xylem, while pectin com- 
pound forms that of the pith. 

2. Water retting involves anatomical as well as chemical changes of 
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flax stem. On the first stage of retting, we observe the destruction of the cam- 

bium layer, and then of parenchyma, accompanied with the separation of fiber 

bundles. As the retting proceeds, the isolation of the fiber itself and the 

detachment of cuticles take place. Nearly all of the constituents of stems are 

subjected to chemical changes which are induced by the combined action of 

micro-organisms and of extractive power of water. The loss of weight in the 

‘stem may therefore be taken as a measurement of retting grade. 

3. The anatomical and chemical changes take place not on all parts of 

stem but only on the bark portion i. e., outer layers of cambium. The xylem 

and pith remain almost unchanged. 

4. The essential matters which are lost during retting are pentosan, or 

gummy substance, in the bark portion and fiber (cutin, lignin and cellulose). 

Of the three ingredients composing pentosan-free fiber, the lignin remains al- 

most unchanged, cellulose loses its small quantity, accompanying the destruc- 

tion of surrounding tissues of fiber bundles in the bark portion and cutin is 

detached mechanically in the later stage of retting, with the destruction of 

other tissues. 

5. Among other ingredients, tannin is lost completely. The larger part 

of the mineral matters and of glucose are also lost. The quantity of protein 

and fat are very small and their loss may be neglected in consideration. 

6. The gummy substance, or pentosan, in the bark portion of the stem 

is made up largely of xylan and araban, with a small quantity of methyl 

pentosan. 





Ueber die Enzymatischen Wirkungen 

der Frischen Nahrungs- und 

Genussmittel. 

T. Tadokoro, Noégakushi. 

In Japan, wie in jedem anderen Lande, kommen die mannigfaltigsten: — 

Arten frischer Nahrungs- und Genussmittel, sowohl pflanzlichen als auch: 

tierischen Ursprungs auf den Tisch. Es kommt ihnen ausser dem Nahrwert, 

den sie besitzen, durch ihre enzymatischen Wirkungen auf die Verdauung 

noch eine besondere Bedeutung zu. 

Das Studium dieser Wirkungen ist fiir die Kenntnis der Verdau- 

ungsvorginge nicht ohne Wert. Zahlreiche Untersuchungen uber die- 

enzymatischen Eigenschaften von pflanzlichen und animalischen Organen. 

und Geweben sind schon yor langem angestellt worden, aber ihr Verhalten. 

- gur Verdauung ist noch nicht berihrt worden. Wir unternahmen darum die 

genden Versuche zur Bestimmung der enzymatischen Wirkungen und ihrer 

Kraft. Ueber ihre spezielle Beschaffenheit und Beziehung auf die Verdauung 

wollen wir in naher Zukunft berichten. An dieser Stelle méchte ich nicht 

_yerfehlen, Herrn Prof. Dr. K. Oshima fur seine stete liebenswirdige- 

: Unterstitzung meinen herzlichsten Dank auszudricken. 
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Versuchsmethode. 

Der frisch bereitete Presssaft aus den Nahrungs- und Genussmitteln 
wurde auf folgenden verschiedenen Wegen auf jede enzymatische Wirkung 
gepruft. 

1) Nachweis der Proteasen und Amidasen. 
a) Peptase. Vir die Ausscheidung von ibrig gebliebenen Eiweiss- 

kérpern in der Probe, welche der Einwirkung des peptolytischen Ferments 
-ausgesetzt gewesen war, wurde die Kupferhydroxydmethode angewendet. 

10-25 ccm der verdiinnten Fiereiweisslésung, welche Menge fiir jeden 
einzelnen Versuch verwendet wurde, verdiinnte man auf 100 ccm, und fagte 
1-2 cem gesittigte Alaunelésung und ein Ubermass yon Kupferhydroxyd 

‘hinzu. Das Gemisch wurde zum Sieden erhitzt, filtriert und 12 Stunden 

stehen gelassen. Der Niederschlag wurde auf diinnem Filter gesammelt und 
gewaschen. Fur die Bestimmung des Hiweissstickstoffes wurde die Kjehl- 
-dalsche Methode angewendet. 

b) ‘Tryptase. Fir die Ausscheidung von tbrig gebliebenen Peptonen 
und Albumosen in der Losung, welche der Einwirkung des tryptischen : 
Fermentes ausgesetzt gewesen war, wurde die Fillungsmethode mit 
_Alumenischer Lésung angewendet. 

10-25 cem 2 % iger Wittepeptonlésung, welche fir jeden einzelnen 
Versuch verwendet wurde, verdiinnte man auf 100 cem und fagte 7 cem 
Alumenische Lésung hinzu. Das Gemisch wurde filtriert, gewaschen und der 
Niederschlag fir die Stickstoffbestimmung nach Kjehldalischer Methode 
verwendet, 

c) Desamidase. Um die desamidierende Wirkung des Presssaftes auf 
Glykokoll, Asparagin und Harnstoff zu ermitteln, wurde die Menge des in 
der Lésung gefundenen Ammons nach der allgemeinen Titrationsmethode 
bestimmt. 

Za 50 com 1 % iger Glykokoll-, Asparagin-, Harnstofflésung, welche 
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fiir jeden einzelnen Versuch verwendet wurde, fugte man eine gentigende: 
Menge von Magnesiumoxyd hinzu. Das alkaline Gemisch wurde im 

_ partiellen Vakuum unter 80° C. destilliert und der befreite Ammonstickstoft: 
in 1/10 Normalschwefelsdurelésung aufgenommen und mit 1/10 Normal-- 
natronlauge titriert. 

2) Nachweis der Amylase. 

. Die diastatische Wirkung vom Presssaft wurde mit der Jodreaktion 

_ geprift und die gebildete Zuckermenge der Lésung, welche der Einwirkung 

_ des diastatischen Fermentes ausgesetzt gewesen war, nach der Allihnischen- 

gravimetrischen Methode bestimmt. 

10-15 ccm 2 % iger léslicher Stirkelésung, welche fir jeden einzelnen. 

_ Versuch verwendet wurde, wurden mit Fehlingscher Lésung auf die tbliche 

Art behandelt. 

3) Nachweis der Lypase. 

Die fettspaltende Wirkung des Presssaftes wurde durch eine Titration 

mit 1/10 normaler Kalilauge und unter Zusatz einer genigenden Menge von 

_ Alkohol bestimmt. 

50 cem 3 % iger Ricinusoelemulsion in 10 % iger ,,Gummi arabicum “ 

Lésung, welche fiir jeden einzelnen Versuch verwendet wurde, wurden mit 

_ 1/10 normaler Kalilauge unter Zusatz yon Phenolphtalein titriert. 

4) Nachweis der Glykosidasen. 

Um die glykosidespaltende Wirkung des Presssaftes auf Amygdalin- und’ 

Salicinlésung darzustellen, verfuhren wir wie folgt. 25 ecm 1 % iger Amyg- 

_ dalinlésung, welche fiir jeden einzelnen Versuch verwendet wurde, wurden nun 

_ der Destillation unterworfen ; in dem so erhaltenen Destillat wurde Blausiiure 

durch Berlinerblau- und Guajaktinkturkupfersulfatreaktion und ausser dem 

. . durch den Geruch von Benzaldehyde iabbeowien. Ein anderer Ver- 

such bestand darin, dass 25 cem derselben Lésung zur Feststellung der 

_Zuckerbildung aus Amygdalin nach der iiblichen Allihnischen gravimetris- 
_ chen Methode behandelt wurde. 

25 cem 1 % iger Salicinlésung, welche fiir jeden einzelnen Versuch 

_ Verwendet wurde, wurden zum Sieden erhitzt, tropfenweise mit verdimnter 

_ Essigsiiure versetzt und filtriert. Das Filtrat wurde nach dem Erkalten aus- 
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geathert, der dtherische Auszug verdunstet, der Rickstand mit wenig Wasser 
aufgenommen und mit einem Tropfen Eisenchloridlésung versetzt; es trat 
-sofort eine Blaufiirbung ein; andere 20 cem derselben Losung wurden zur 
Feststellung der Zuckerbildung aus Salicin nach der iiblichen Allihnischen 
Methode, wie oben gesagt verwendet. 

5) Nachweis der Oxidasen. 

Die Oxidasewirkung des frischen Presssaftes wurde nach erfolgten 
Reaktionen erwiesen. 

Die Blaufirbung mit Guajaktinktur. 
Die rote, in schwarz ibergehende Farbung mit Phenol nach Bouquelot. 
Die violette Firbung mit a-Naphtol nach Bouquelot. 
Die rote Farbung mit Hydrochinon nach Bertrand. 
Die rote Firbung mit Hippursiiure. 

—- wo WB 

— 

3] -_— 

6) Nachweis der Katalase. 
Die wasserstoffsuperoxyd-spaltende Wirkung des frischen Presssaftes 

wurde nach volumetrischer Bestimmung des ausgeschiedenen Sauerstoffes 
nachgewiesen und die Menge des ubrigen Sauerstoffsuperoxyds mit Kaliper- 
manganat titriert. 

Ein 100 cem haltender Messkolben wurde mit dem Gemisch des 
Wasserstoffsuperoxyds und Presssaftes gefullt und das so befreite Sauerstoff- 
gas in einem Endiometer gesammelt. Nach dem keiue Wirkung mehr zu 
beobachten war, wurde die Mischung durch 5 cem konzentrierte Schwefel- 
‘saure zerstiert und dann die gebliebene Wasserstofisuperoxydmenge mit 1 /100 
-normaler Kalipermanganatlésung titriert. 

Mitteilung I. 

Ueber die enzy matischen Wirkungen einiger frischen 

Gemiisearten. 

Die . roben wurden aus Udoschésslingen (Aralia cordata), Yamswurzeln 
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{Dioscorea Batatas), Kohlblattern (Brassica japonica), Salat (Lactuca sativa), 

Gurken (Cucumis sativus), Zwiebeln (Allium cepa), Ingwer (Zingiber officinale), 

Rettigwurzeln (Rhaphanus sativus) gewonnen. 

Jede frische Probe, welche in einem Morser zerrieben wurde, wurde in 

einer Handpresse ausgedrickt. Der erhaltene Presssaft wurde auf einen 

Filter gebracht. Das Filtrat goss man wieder auf den Filter zuriack bis 

es keine Tribung mehr zeigte. 

Versuch 1. Peptase. 

Probe a. 50 cem gekochte Eiereiweisslisung, welehe mit demselben 

Volumen Wasser verdiinnt worden war, wurden mit 25 ccm frischen Press- 

saft gemischt und unter Zusatz von 5 cem Toluol im Brutschrank bei 35° C. 

digestiert. 

Probe b. 50 cem derselben Hiereiweisslisung wurden mit 25 ccm 

gekochtem Presssaft gemischt und digestiert wie oben. | 

Probe c. 50 cem Wasser wurden mit 25 cem frischem Presssaft 

gemischt und digestiert. 

Nach mehreren Stunden wurde die gebliebene Eiweissmenge von 25 ccm 

der gemischten Lésung durch Fallung mit Kupferhydroxyd bestimmt, und 

es wurden die folgenden Resultate erhalten. 

| Fiweissmenge. : 
mg. Unterschied. 

Dauer d. Diges- |Eiweiss-Stickstoff 
Nummer der Proben. tion. ; Menge 

mg. Stunden. 

.— 82 90.52 565.65 

ees Be 90.98 566.63 —_— 

aa oe : 111 6.93 

meee es 2 -  ga74 516.96 ; 

Me ‘ 82.85 518.81 srs 

Ma sui cae tangias ” 11.02 68.87 



62 YT. TADOKORO. 

Kohl Re Sates 5 81.€2 510.12 

" ho ; 81.50 509.97 eye 
fe ee - 1.83 11.46 
tales 80 54.58 341.12 
. Oe ; 54.22 338,87 = 
Ft , 3 2.57 16.06 

Jurben > oO 82 43.19 269.94 

Rees iN : 43,20 270.00 wine 
. Co oy : 1.84 11.47 

Gwiebil ha 54 13.45 84.06 
: Neen 11.74 73.38 — 
; Pate : 1.82 11.37 

Ang wer = Ale ia 56 17.18 107.37 

: io 16.13 100.81 — 
. bs clas iik : 2.01 12.56 

Nellie. 3 48 21.62 134,82 
a ape es 21.05 133.98 - 
- ieee tahdn 5 4.02 a gee 

Die Versuchsergebnisse zeigen, dass nach mehreren Stunden die von den 
obigen sieben Proben nur fiinf bei 35° C. digestiert wurden, dass jedoch keine 
merkliche Verschiedenheit zwischen Original- und Kontrollprobe gefunden 
wurde ; so ist es klar, dass der Presssaft der Udoschésslinge, der Yams- und 

Rettigwurzeln, der Kohl- und Salatblitter keine peptolytische Wirkung hat. 
Nur die zwei Proben von Zwiebeln und Ingwer zeigen eine schwache 
Wirkung. 

Versuch 2. Tryptase. 

Probe a. 50 cem 2 9% iger gekochter Wittepeptonlésung wurden mit 
25 ccm frischem Presssaft durchgemischt und unter Zusatz vou 5 cem 
Toluol im Brutschrank bei 35° C. digestiert. 

Probe b. 50 cem derselben FPeptonlésung wurden mit 25 ccm ge~ 
kochtem Presssaft gemischt und unter Zusatz von Toluol digestiert. 
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Probe c. 50 cem gekochtes Wasser wurden mit 25 ccm Original- 
presssaft gemischt und digestiert. 

Nach mehreren Stunden wurde die Peptonmenge von 25 ccm der 

gemischten Lésungen, welche durch die Tannin Methode gefilit worden 
waren, bestimmt und die folgenden Resultate erhalten. 

Eiweiss-stickstoft Berechnete 
Nummer der Proben. Stunden. enge. Peptonmenge. | Unterschied. 

mg. mg. 

Udo ieee. 82 15.62 89.98 
se i ‘ 20.22 51.76 nici 
. & aise Ghe e 9.19 23.53 

Kohl Be ae 82 ; 919 ee 23.53 

‘ bo. : Q7.57 70.57 ae 
” OTT 0.91 2.33 

Salat Bees tos acs 80 8.27 21.17 

: benqnces 11.03 28.24 dead 

” Co ws 0.91 ~ 2.33 

Garken “a0 SA) 82 11.03 28.24 

ee e 20,23 51.78 pss 
pr Be eer esata a 0.91 2.33 

Mwiebel 6.2 54 28.49 72.91 

: oe : 28.63 73.29 on 

” Cs ee. i 0.87 2.23 

Tngwer i iecscdcensthn 56 25.05 64.13 

. bose 30.20 77.31 Hp 
© 5 0.65 1.66 

Batie £0 48 8.09 20.72 

5 eee 8.00 20.48 aed 
AF Oe cia. tank Bs 0.52 1.33 

Die Versuchsergebnisse zeigen deutlich, dass bei der Digestion des 

Peptons durch den Presssaft aus Udoschésslingen, Kohl- und Salatblattern, 
F Gurken und Ingwerwurzeln, dasselbe mit Sicherheit in die niedrigen stick- 

stoffhaltigen Verbindungen zerlegt wird. Bei der Zwiebeln und der Rettig- 

wurzeln hingegen wurde keine Wirkung nachgewiesen. . 
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Versuch 3. Desamidasen. 

Probe a. Je 50 cem von 1 % iger Glykokoll-, Asparagin- und Harn- 
stoffdsung wurden mit 25 ccm frischem Presssaft durchgemischt und unter 
Zusatz von 5 cem Toluol im Brutschrank bei 35° C. digestiert. 

Probe b. Je 50 cem. derselben Lisung wurden mit 25 cem gekochtem 
Presssaft durchgemischt und wie oben erwiihnt behandelt. 

Probe c. 50 ccm Wasser wurden mit 25 cem frischem Presssaft 
gemischt und wie oben behandelt. 

Nach mehreren Stunden wurde der Ammonstickstoff in den geeigneten 
Proben bestimmt und folgende Zahlen gefunden. 

ale : g a pate ee 2 Tudehin’ 

der ¥ | : : r ae SEE va eS aE a> in im in Proben. | {| Glyk.- | Aspar.- | Harns.-| Glyk. Aspar. | Harns. | Glyk. | Aspar. | Harns. S| Loe. | Lite. | Los. : 
Udo 0.90 | 091 | 552 | 467 | 873 | 11.79 

» bi »| 091 | 091 | 091 | 468 |. 873 | 10.95 | 0.01 | 0.00 9.84 
ss i | O48 1.046 | 046 F a5. | 498 | 8 

Yams aj 82] 046 | 046 | 276 | 234 | 437 5.91 
o Whol O00 t Gas | OM 1 oe. Ther 0.98 | 9.00 | 0.00 4.92 
~ cf »| 046 | 046 | 046 | 984 | 487 | O98 

Kohl aj 82) 091 | 0.91 | 091 | 468 | 873 | 1.95 
icp «| O81 fi Bor | 091 - des | ats 195 | 9.00 | 0.00 |; 0.00 
ao eh) Oe bee) oa 4 + 48 0.98 

Salat a|80| 046 | 0.46 | 046 | 234 | 437 0.98 
o Bi =| 066 [ O08 | Bde | 454 | 287 0.98 | 9.00 | 0.00 0.60 ~ ef »| O46 | O46 | O46 | Q9¢ | 487 | 658 

Gurken a| 82| 046 | 046 | 089 | 234 | 437 88 
» di »| O46 | O46 | O46 | a34 | 497 0.98 | 9.00 | 0.00 0.90 »  ¢| »| 046 | 045 | 046 | 234 | 437 | 098 

iZwiebel aj 54| 0.46 | 043 | 046 | 234 | 437 | 098 
wi | 048.1 O48 | oes | Gen | 48? 0.98 | 900 | 0.00 0.00 » ¢| »| 046 | 046 | 046 | 234 | 437 | 098 

Ingwer a 56| 0.14 | 0.14 | 129 | 072 | 133 | 9.71 
“oh 0.14 | 014 | 0.14 | 072 | 138 0.29 | 9.00 | 0.00 2.43 
s G1 ot OM | Ole | 024 |. 098) 1aa-] ogo 

Rettig al4s8| 046 | 0.46 | 046 | 234 | 437 | 098 
» bt ,| O46 | O46 | O46 | os6 | ay 0.98 | 9.00 | 0.00 0.00 ns Gl | O66 | O86) Oe | Sea | ae 1 noe 
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Bei jeder Probe zeigte sich, dass der frische Presssaft aug den Udo- 

schésslingen, Yamswurzeln, Kohl- und Salatblattern, Zwiebeln, Ingwer und 

Rettigwurzeln keine Glykokoll- und Asparaginspaltungskraft hat, dass aber 

der Presssaft aus den Udoschdsslingen, Yamswurzeln, Gurken und Ingwer- 

wurzeln den Harnstoff angreift unter Bildung von Ammoniak. 

Versuch 4. Amylase. 

Der frische Presssaft von den oben beschriebenen sieben Gemisen, 

ausser der Zwiebel, hat stirkespaltende Wirkung, aber wenn man den 

Presssaft und die Starkelésung mischt und digestiert, dann zeigt sich. keine 

Jodjodkalireaktion von Starke mehr. Wie aus folgendem Versuch ersichtlich 

ist, hat sich diese Annahme uber Erwarten bestitigt. 

Probe a. 50 ccm 2 % iger léslicher Staérkelésung wurden mit 25 ccm 

frischem Presssaft durchgemischt und unter Zusatz von 5 cem Toluol mit 

Brutschrank bei 35° C. digestiert. 

Probe b. 50ccem derselben Stirkelcsung wurden mit 25 cem gekochtem 

Presssaft durchgemischt und mit Zusatz von Toluol wie oben erwahnt 

behandelt. 

Probe c. 50 cem {Wasser wurden mit 25 cem frischem Saft durch- 

gemischt und der Autodigeston uberlassen. 

Nach etwa 40-50 Stunden wurde von 10 cem jeder geeigneten Probe die 

gebildete Zuckermenge bestimmt. 

Digestionsdauer | Die reduzierte Menge der 
Nummer der Proben. |. . Kupfermenge. Glukose. Unterschied. 

in Stunden. Ing. mg. 

| Udo Ge ccsbieie seas 42 195.3 100.5 

25.5 
; De cae ee os 148.7 75.5 

” Ge ienweceneniare ‘s 147.0 74.9 

Yams Ute eta 40 180.0 91.8 

. ee es ‘ 88.0 45.8 pas 

= Co cers vas . 37.6 20.8 
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Mabe as Sh 42 2309 | 119. 
wl db. 4 pa 151.7 77.5 ee 
” eae BE eR Oy Re 5 142.3 | 72.3 

Salat ae: 42 99.0 50.4 
os Le oe : = 66.2 33.8 se 

” Cr: Setup cctaoeics a 65.4 33.3 
Gurken a 40 209.6 107.6 

ms | ES ee ON a ss 184.0 94.2 — 
Pa e 2 * 154.3 78.6 

Zwiebel. 4. 5.024073 5. 54 226.9 116.9 
ss Ds aicecercaeces . 232.0 119.6 a 
oie ee NOks Wek eee comauieS e 228.1 118.5 

Ingwer a : 56 218.0 112.1 
Pe b ah 74.8 38.3 _ 
a Bees aenkes se 106.0 54.0 

Rettig i vceeetieene 48 306.4 159.9 
” b . ‘ 225.9 116.1 sar 
pe es cuki ts cere Re 195.9 | 100.2 

Die Untersuchungsergebnisse zeigen, dass die sieben Proben, ausser der 
Zwiebel diastatische Wirkung haben und zwar ist diese am kraftigsten im 
frischen Presssaft der Ingwerwurzel, nachst dieser kommen die Yams- und 
Rettigwurzeln und Kohlblitter. Die schwiichste Wirkung haben die 
Udoschésslinge, Salatblatter und Gurken. 

Versuch 5. Lypase. 

Probe a. 50 cem einer 3 % igen Ricinusoelemulsion, welche mit einer 
10 % igen Lésung von ,,Gummi_ arabicum “ gemischt worden war, 
wurden mit 25 cem frischem Presssaft durchgemischt und mit Zusatz von 5 
ecm Toluol im Brutschrank bei 35° C. digestiert. 

Probe b. 50 ccm der in Probe a. beschriebenen Ricinusoelemulsion 
wurden mit 25 cem gekochtem Presssaft durchgemischt und wie oben erwahnt 
behandelt. 
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Probe ec. 50 cem Wasser wurden mit 25 cem frischem Presssaft 

~/-durchgemischt und wie oben erwahnt behandelt. 

Nach mehreren Stunden wurde die gespaltene Fettsinuremenge mit 

1/10 Normalkalilauge unter Zusatz von Phenolphtalein und einer genigenden 

Menge von Alkohol titriert. 

Digestions- N/10 Kalilauge zur Neutralisiernng verbraucht. 

Proben. dauer in i rot 

Stunden. | Probe a. | Probe b. | Unterschied| Probe c. 

Udo 82 5.1 4.8 0.3 2.1 

Yams + 15.6 15.3 0.3 7.5 

Kohl sy 29.7 7.2 22.5 6.9 

Salat 80 4.5 4.3 0.2 15 

Charkan io. eine 82 3.0 2.9 0.1 3 

Dwiebel oi aes 54 9.9 8.7 2.2 4.5 

Ingwer 2... sisi 56 4.5 4.4 0.1 0.5 

Rettig 58 1.8 14 0.2 0.9 

Die lypolytische Wirkung wurde nur in dem Presssaft der Kohlblatter 

-erkannt, bei den anderen zeigte sich kein merkliches Ergebnis. 
oo A ae ge haan at ten Rca ras inna 

Versuch 6. Glukosidasen. 

Probe a. Je 25 cem 2 % iger Amygdalin- und Salicinlésung wurden 

mit 15 cem frischem Presssaft durchgemischt und unter Zusatz von 3 cem 

“Toluol im Brutschrank bei 35° C. digestiert. 

Probe b. Je 25 cem 2 % iger Amygdalin- und Salicinlosung wurden 

 §=s mit: 15 com gekochtem Presssaft durchgemischt und wie oben erwahnt 

behandelt. ‘ 

Probe ec. 25 ecem Wasser wurden mit 15 cem frischem Presssaft durch- 

-gemischt und wie oben erwahnt behandelt. 
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Nach mehrstindiger Digestion war in stark der Geruch nach Benzaldehyd 
in den Amygdalinproben. Das Gemisch werde nun der Destillation uuterworfer- 
und das so erhaltene Destillat durch Berlinerblau- und Guajactinkturkupfer-— 
sulfatreaktion auf Blausiure wutersucht. 10 cem des Gemisches ergaben 
folgende Mengen : 

Digestions- | Reducierte | Z¥¢ker- Hinusture: Nummer der Proben. dauer in | Cu-Menge (al I Gsthore) Unterschied. oe 
Stunden. mg. me. reaktion, 

Udo We evaveavetedecs 82 110.6 56.0 0.5 = 
” Deena c » 109.8 55.5 — 
” LS Sea inry coe a 106.9 54.6 a 

Yams Be aie 82 30.1 16.0 9.4 ne 
eee a co 114 6.0 = 

se: Growers: rete in 3.7 i393 os 
Kohl Re ay ec cieleea 82 151.3 77.0 9.8 + 
9 Di Ares » 134.7 68.2 = 
AE Ge oie as ee in 130.1 66.2 aS 

Salat Me As ciseiserie 80 63.6 32.5 —0.3 
3 Me ee vas 42.8 219 = 
me Oo acieeonvesuess $3 64.1 32.8 — na 

Gurken _ Ee eee ee 82 66.1 33.8 0.5 sine 
s Dies . 65.8 33.3 ae 
. S.tamiin tal - 64.7 $30) ‘a 
BW 8 Seis 54 107.6 54.5 2.6 _ > 

Ss Wieck Cece eieu ‘ 99.6 50.4 oe 
A SS a 102.5 51.9 ie 

Ingwer rey pero 56 70.4 36.0 —3.9 — 
= De iste. S 57.2 29.4 sf 
bs Oe iia $y 78.4 89.9 a 

Rettig oles 48 298.0 155.4 16 re 
0 Woe 4 289.2 150.4 ss 
~ Soph cor upae Ts) i 290.0 153.8 oe 

Die Salicinprobe wurde mit Aither extrahiert ; der Atherauszug in einem 
Becherglas freiwilliger Verdunstung iiberlassen und der Rickstand mit Wasser 
aufgenommen. Die wisserige Lésung wurde anf die Blanfirbung unter: 
Zusatz von einem Tropfen Eisenchlorlésung gepruft. Es wurde somit die. 
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10 ecem des Gemisches 

wurden der Zuckerbestimmuug «nterworfen und die nachfolgenden Werte 

erhalten. 

Digestions | Reducierte ae Saligenin- 
Nummer der Proben. dauer in Cu Menge ge Unterschied, 

Stunden. mg. fale Poa reaktionen. 

Udo B. a ae, 82 136.4 69.8 5.8 + 

” RB wien 9 124.8 63.5 a 

” Ferrera oe m= 121.4 61.6 ma 

Yams a 82 EL 69 O01 el 

” Di chee y 9 11.0 6.6 pei 

” € geile * 11.9 7.0 = 

Kohl bE ee oe 82 140.0 71.3 41 + 

” | ae Res : 131.6 67.2 ~ 

” Coes » 130.2 66.2 ee 

Salat Bee ea ieseees oe 80 67.6 34.3 1.0 oo 

” Be cigeeence eros ” 47.9 24.4 oe 

” &. > =e ” 65.2 33.3 — 

Gurken Ge sacceevemer 82 60.7 31.1 0.4 - 

9 Beate a 59.1 30.3 _ 

” ec. % 59.5 30.7 — 

Swweel 6 aa. 54 111.3 56.5 13 - 

” ea " 108.5 55.2 — 

” Ob. Assvewicsed * 102.5 52.1 - 

Ingwer ESRC re 56 TTA 39.3 0.5 ~ 

, Be ay. setieeiass a 66.8 34.3 = 

” i ge Pa rae is 73.4, 39.3 en 

Rettig ees 48 280.2 145.5 —0.6 ae 

” Biine ae e 272.1 141-1 a 

” Os case wv 281.3 146.1 ed 

Die erwaihnten Versuche zeigen, dass 

und Kohlblitter amygdalinspaltende und die Udoschdsslinge und Kohl- 

blatter salicinspaltende Wirkung haben. 

die Presssafte der Yamswurzeln 
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Versuch 7. Oxydase. 

Der frische Presssaft aus dem Gemiise zeigt auf die Oxydase die 
folgenden Farbenreaktionen. 

Griin mit Purpur mit |Gelb bis griin-Rot mit Hydro-|__Rot bis Troben. ae : iolet mit : schwarz mit Guajaktinktur.| Hippursiiure. a-Naphtol. chinon. Phenol. 

Udo. eas + + | pia 

nae +nach 3 Stun- OME le ast 9 dion. 

ee 

Die Ergebnisse zeigen, dass auf jede einzelne Oxydase die Wirkungen 
der acht Gemiisearten mehr oder weniger verschieden und in der Ingwer- 
wurzel am starksten sind. 

= 

Versuch 8. Katalase. 

. Probe a. Je,50 com des frischen Pressgaftes der oben beschriebenen. 
Gemise wurden mit 5 % iger Wasserstoffsuperoxydlésung gemischt unte: 
Zusatz von Toluol auf 100 cem autgefallt und im Brutschrank bei uo. Ce 
digestiert. | 

Probe b. Je 50 ccm des gekochtes Presssaftes wurden wie oben 
erwalnt behandelt. 
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Probe c. Je 50 com des frischen Presssaftes wurden mit Wasser 

gemischt und wie oben erwahnt behandelt. 

Stundlich wurden die Volumen des befreiten Saterstoffes auf den 

Messréhren abgelesen. Nach mehreren Stunden, als die Befreiang des 

Sauerstoffes beendet war, wurde die Menge des zuruckbleibenden Wasserstoff- 

superoxyds mit N/10 Kalipermanganatlésung unter Zusatz von Schwefel- 

siinre titriert und die folgenden Werte gefunden. 

Das Volumen des befreiten Sauerstotfes, 

brea: nach 4 Stunden. | nach 14 Stunden. nach 4 Stunden. | nach 12 Stunden, 
cem. ecm, ecm, ecm. 

a, b. c. a. b. G a. b. c a, b, c: 
G0 uy: 15.0} 0.5 0.4 | 214) 05 05} 25,6] 05 0.5 | 27,8) 0.5 0.5 

Yams. oc; 1047040 O38 4 268) 07 Fak 30.8} 0.7 | 03 | 32.8, 0,7 | 038 

BORE 53.5300 10.2 | 0.40) 27 182 O4 (20 ba U4 24 202) O48 pode 

Salat .........| 145| 04 | 02 | 223] 04 | 02 | 225] 04 | 02] 231] 04 | 02 

Gurken ...... 1735) -042)-O038>) 4 02) OS | 259-02 | Os | 265) 02. | 038 

Zwiebel ...| 231| 05 | 02 | 493] 05 | 02 | 501] 05 | 02 | 642] 05 | 02 

Ingwer....... 4521-038 | 0.6 | 61.1) 03 | 06 | 725) 03 | O68 |] 79.2) 05 | 06 

Rettig ...... 15.01 02 |} 05 | 9351 021 05 | 3121 02 | 05 | 320) 02 | 05 

Aus obigen Resultaten ersieht man, dass jede Probe katalytische 

Wirkungen besitzt, dass aber ihre Krafte mehr oder weniger verschieden 

sind. 

Zusammenfassung. 

In dem frischen Presssaft von Udoschdésslingen, Yamswurzeln, Kohl- und 

Salatblattern, Zwiebeln, Ingwer- und Rettigwurzeln wurden die folgenden 

enzymatischen Wirkungen nachgewiesen. 

1. Keine merkliche peptolytische Wirkung wurde in den sechs Presssaft- 

proben von Udo, Yams, Kohl, Salat, Gurken und Rettig gefunden. Eine 

sehwache Wirkung wurde nur in den zwei Proben von Zwiebel und Ingwer 

nachgewiesen. 
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2. Die tryptische Wirkung wurde in jedem Safte, ausser Zwiebel- und 
Rettigsaft, mehr oder weniger stark nachgewiesen. In dem Saft von Kohl- 
blattern ist sie am kriftigsten. 

3. Die ammoniakbefreiende Wirkung kommt dem Glykokoll und 
Asparagin in keinem Safte zu. Harnstoffspaltende Wirkung liess sich in 
dem Safte der. Udoschisslinge, Yams- und Ingwerwurzeln erkennen, obgleich 

ihre Kraft nicht stark ist. 

4. Die diastatische Wirkung wurde in jedem Saft, ausser dem der 

Zwiebel, nachgewieser. Bei der Ingwerwurzel ist sie am kraftigsten, dann 
folgen Yams- und ee und Kohlblatter. In den andern Presssiiften 
ist sie sehwach. 

5. Die lypolytische Wirkung wurde nur in dem Presssaft der Kohlblit.. 
ter gefunden, bei den andern zeigte sich kein erkeunbares Ergebnis. 

6. Den Amygdalin- und Salicinspaltende Kraft besitzt nur der Saft 
der Yamswurzel und der Kohlblitter. 

7. Die oxydierende Wirkung, welche der Presssaft aller Proben aufweist 
ist mehr oder weniger yverschieden. Im Saft der Ingwerwurzel und der 
Zwiebel ist sie am kriftigsten. 

8. Die katalytische Wirkung wurde in jedem Saft nachgewiesen, doch 
ist ihre Kraft mehr oder weniger verschieden. Die Kraft des Saftes aus 
Ingwerwurzeln und Zwiebeln ist am starksten von allen Arten. 
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