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Studies on Flax Retting. 

By 

T. Tadokoro, Nogakushi. 

Introduction. 

The cultivation of £lax in Japan is chiefly confined to Hokkaido and itii' 

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

Seima Kabushiki Kaislla at Sapporo. 

The quality of the product depends largely upon the proper management 

of the retting process, though othel' mechanical treatments bear an important 

l'elation 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 but as yet no study has ever been made 

here. The conditions and the methods at retting lmder which the foreign in

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

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

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

fiber bundles and their cementing materia.ls. 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 

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 also studied the micro-organisms con

cerned in the retting process but the results aw 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 hi~. 

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 otl1er, a small frame system. 

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

the pool retting or courtrai method, adopted in Europe) 

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

in a 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 lbs.) of flax stems. 

In 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 ;0. R. Dodge-Flax culture fl)1' seed and fiber' in 
lfurope and America-(U. S. Dep't. of Agr. Fiber Investigation Office, Report No. 10, (1899) 
p.20. 



STUDIES mr FL .. U BETTING. 33 

-"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. WIlen the drying has attained the propel' 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 natmal conditions. 

In our study, the J,'etting 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 P.M. 7 P. lVI. 

August 
Upper :Middle Lower Upper .Middle Lower Upper :Middle Lower 

Weather 
part. part. part. part. part. part. part. part. part. 

12th. 19°0. 18"0. 18°0. 20°0. 19"0. 19°0. 20°0. 19°0. 19°0. fair 

13th. 18cO. 19°0. 19°0. 24°0. 24°0. 23°0, 24°0. 24°0. 23°0. 
" 

14th. 20°0. 20°0. 19'0. 22°0. 21°0. 21°0. 22°0. 21°0. 21°0. 
" 

15th. 20°0. 19°0. 19°0. 23°0. 26°0. 22°0. 23°0. 22cO. 22°0. 
" 

16th. 23°0. 22°0. 22°0. 24°0. 22°0. 22°0. 23°0. 23°0. 23°0. 
" 

17th. 21°0. 21°0. 21°0. 23°0. 22°0 22°0. 25°0. 22°0. 22°0. 
" 

18th. 21°0. 21°0. 21°0. 22°0. 22°0. 

From the table, we see that the temperature in the upper pal·t of the 

eDt'ate 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. }\'L, showing that the most powerful and 

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

Fl'om this fact, we notice that the proper time for drawing out the retted 

: stem from the mate 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 numerous1) but their results agree closely with each other and prove· 

that the bast fiber cells are bound not only with calcium pectate but also 

1) Tine Tammes. DerFIachs Stengel. 

F ran z R itt e r und H 0 h n e 1.-Mikroskopie der technische verwendeten Faser 

Stoffe. 

A. Her Z 0 g .-Beitrage zur Kentnisse der Flachsfas81'-Osterreiche Chemiker Zeitung. 

(1898), No. 10. p. 31. 

R. Sa ito .-Anatomische Studien uber wichtige Faserpjlanzen Japans mit besonder Be-ruck. 

sichtigung der Bastzellen.-Jour. of College of Science, Imp. Univ. 'fokyo, Vol. XV. (1901) 

p.3. 

W. OmeIianski.-Uberd·ieTrennung del' "H" und "CH," von dm' Cellulose.-Centr

bl. f. Bakt. II. Aht. Bd. 11. p. 369. 

'iV. 0 m e Ii a n S k L-Histologischen !lnd Ghemischen verandeTungen del' Leinstengel unter 

Einwirkungen del' Mikroben del' Pectin- tmd Cellulose-guhmngen.-Centr. bI. f. Bakt. II Abt .. 

Bd. 12. p. 33. 

J. Be h r ens :-Untersuchungen Uber der Gewinnung del' Hal1tfaser durch natiIrlische Rust

methoden.-Centr. bI. Bakt. II Abt Bd. 12. p.16!. 

J. Be h r ens.- Ooer die Tauruste von /: lachs und Ilar>f.-Centr. b1. f. Bakt. II Abt. Bd. 
10. p. 524. 

C. van It e r son .-Die Zersetzung del' Cellulose dW'ch aerobe Jl1ikrool·ganismen.--Centr. 

b1. f. Birt. II Abt. Bd. IX. p. 689. 

M. W. Beijerink und A. van Deiden.-Ubel· d. Bakterien, d. bei d. i}-facemtion d .. 

Leinstengel-Jahr. der. Fortschrift Agr. chern. (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. Stormer 1) made further investigations on this 

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

phlorogluci!1 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. vVhen 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 100 C.c. of 

the mixed solution; then in the' double' strong solution of celloidin from 2-3 , " , 
days and before the paraffin 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. 

I. 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 

1)-K. S tor mer .-UbeT die Wasserroste des Flaches.-Centr. bI. f. Agr. chem. (1905) p. 841. 
Centro hI. f. Bakt. IT Abt. Bd. f. (1904) p. 351. 
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mature flax stem. 'I'he stems used for the observatiDn of anatomical structure· 

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

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 cuticle varies according 

to the height and diameter of the stem. 'rhe cuticle' has strong lesisting: 

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 10rmer. 

3. The phloem-parenchyma consists 01 1-5 cell layers and the cells bet

ween the fiber bundles have more or less irregular 1orm. 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 llas 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 pit's. 

4. The xylem portion consists of the vessels, trachidRjwood-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 filleu. The- cells increase in size from 

outer to inner layer. 

2. Anatomical Changes during Retting. 

Betting 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 0£ 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 

tIle 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 parencllyma 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 pOTtion 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 xiem 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 cutide comes then in order. 

3. i,ficrochem:cal Observations. 

A. Reagents and Coloring Matters. 

1. Zinc chloride iodin solution. 20 pnrts of ZInC clJloride, 6.5 parts 
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of potassium iodide and 1.3 parts of iodin are dissohred 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 III water and stains the cellulose 

red. 

3. Safraniu 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. 

o. Millon's reagent. The equal qmLlltities 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 fl'e8h by 

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

ing to stand for a day. It dissolves the ce:lulose 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. TIle sections are put into this solution and 

wal:med over a flame until bubbles appear. 

10. Sudan III. Sudan III. 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 Glligard's metho:l 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 



STUDIES ON FLAX BETTING. 39 

-acid and 50 c. c. of 50% alcohol. The solution stains fatty substances red. 

It also reacts on wax and cutin. 

:B. Results of the Ob3ervation. 

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

-and zinc 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 zinc chloride iodin solution, the bluish violet coloration was 

observed on the same tissues as above. 

From ,the· 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 pl"Ogress 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 ohserved 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 rea. 

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 l1ud epidermis were stained light. 

brown to violet. 

The yellowish red color with safran in was observed on the cell layers. 

mentioned above. 

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. 

H. Protein. With Millon's reagent, only the fiber lumen was stained 

brick red, the otl1er 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 is a characteristic test for lignin. On the cross section. the 

reaction was observed oniy in the xylem portion and showed no change even 

at the eud of the retting. 

5. 'Tannin. vVhen 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 

present being dissolved during the retting. 

7. .Fat, wax and cutin. For the examination of these ingredients, we 

used three reagents, i. e., sudan III, osmic acid and alcanua tincture. ThO'· 

cuticle, cortical parenchyma, and fiber lumen gave the characteristic reactions· 

with sudan III. On the other layer we. could not observe any reaction. The·· 

same results were obtained with two other reagents. From what we obseryed, 

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 besidf\S protein. 

Of these substances, we observed further that some of the cutin which is 
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separat~d mechanically with the destruction of other cell layers, as well as

the fatty substances,_ are lost in the last period of the retting. 

'Ve 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 of 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 in 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

l·eUing. 

7. The quaptity 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 dennite idea as to tIle amount and nature of sub-

stances lost or changed during retting, we have made the following chemical. 

experimen.ts. 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 cl~ange during retting. 
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1. The Loss of Weight. 

The loss o£ weight in the stem during retting depends upon the retting 

methods and the retting grade which is again governed by the temperature 

cand change of watel·. 

In Europe I} the loss o£ weight is calculated as about 30% o£ the original 

weight in dew retting, about 25% in water retting and 40-50JO' in mud 

retting. 

In United States,2} it is estimated at about 18-18.5% in common 

water retting, while in double retting about 14.5-15.5% in the first watering 

and about 8.8-9.0°-6 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. 

i 
Total loss. Real loss. Difference. 

Expt. 
in % of in % of in % of in % of 

air dry stem. dry matter. dry matter. dry matter. 

i I ................................ 18.56 19.15 14.95 4.2 

II ............................... 17.51 18.79 14.89 3.9 

On the first experiment, we used air dry stem, produced in Hokkaido in 

the year o£ 1908 and 1909 and retted in canal water at 16°-2P C. for 9 days, 

<;hanging the water twice, and on the second experiment £01' 8 days. For the 

<;omparison, 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 u. Verarbeitung, pp. 87-119. 
2}-Charles Richards Dodge. A report on fun 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 differonce 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. 
in % of Ratio. in % of ilatio. 

dry matter. dry matter. 

End of the first period ... 14.00 73 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 

'J'he change of water increases the loss of weight in the stem during ret

ting, as the following results of our experiments show. 

Expt. 

I .............................. .. 

II ............................. . 

Table 4. 

'Vater changed. 

18.56 JC; 

17.51 % 

Water unchanged. 

14.7 % 

13.6 % 

Difference. 

3.86 % 

3.91 % 

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

the increase of the loss of abo~t 1% is secured. 

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

but slight eftect 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. 14.7% 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 pmver of water. 
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In order to get an idea 'of how large a part each of these factors plays in caus

;ing 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. 'ro one series of flasks are added a tew drops 

·0£ 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. 

i Experiment. Loss due to the extrac- Loss due to the extrac-
Loss due to the tive power of water in 

combined actions. tive power of water % of that of com-(16-21° C.) alone. bined actions. 

after 7 days ............... 10.2 % 5.7 % 56. % 
after 12 days ............... 17.2 % 10.2 % 59. % 

.. 

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

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

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

as the 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 Qf 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 is smaller than that in Europe, this is probably owing to the in

.complete change of water. 

From the above experiments, we may conclude as follows. 

l. 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 4% less than that in the common water retting. 

3. The loss of weight due to the extractive power of water is about 

55-60% 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 bnt few. In 1854 Hodg13s 1) determined the chief constituents of 

flax fiber and found 82.!'i % of cellulose, and 7.6% of sugar, gums and pection 

compounds. Omelianski 2) reported in 1904, results of his investigations 

~oncerning 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 

Tesidue 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 alcohol, to . 

precipitate the pectin compounds. In the extract obtained from the control 

-stem some precipitate of pectin compounds was formed but Done 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 alCd 

weighed. From the control stem 0.6959 grams of cellulose was obtained, 

while in the retted stem O.69i9 grams of cellulose was found. 

l)-Hodges. Chemical gazette. (Des. 1854). 
2)-Omelianski. Centro bl. f. Bakt. II Abt. Bd. 12. p. 33. 
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In our experiments we analysed both the control stem (not retted) andl 

the retted stem and obtained the following results: 

Table O. 

Control stem. Betted stem. 

in %of dry Difference. 
in % of air in%ofdry in% of air in % of dry matter of 
dry matter. matter. dry matter. matter. control 

stem . . 
Moisture .................. 12.89 - 13.89 - - -
Ash ........................ 2.31 2.65 0.65 0.75 0.64 2.01 

Pectin . .................. 2.64 3.03 2.85 3.31 2.82 0.21 

Ether extracts .......... 1.11 1.24 1.22 1.42 1.21 0.03 

Pentosan-free fiber .... 52.18 59.88 52.79 fl1.31 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 Konig's method 1J. 

i 

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 tIle organic constituents, 

pentosan-free fiber and nitrogen-free extract suffer most in rettiug. 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, aJd 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. p.). Gummy substance was determined by 

treating the sample first with 2% ammoniacal water and then the residue was· 

extracted with 5% sodium hydroxide solution and precipitated with hydro

chloric acid and alcohol. Pentosan, glucose find tannin were analysed by th<7 

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

1)--Koin g.-·-Zs. Unters. NahrungsmitteL,. Berlin, 1. (1898) pp. 3-16. 
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Table 

:Before End of End of End of In % of dry matter. retting. first period. middle last period. period. 

Retted stem. 22.70 24.43 24.43 24.77 

Cellulose ................... 
On the basis of control 22.70 22.42 21.53 21.06 stem. 

Loss by retting. - 0.28 1.17 1.64 

Retted stem. 22.69 - -- 21.18 

Pentosan. 
On the basis of control 22.(;9 18.02 ..... .. . ~ .... , .. siem . - -

Loss by retting. - I - - 4.67 

Retted stem. 17.85 - - 14.94 

Gummy substance ..... 
On the basis of control 17.85 - - 12.71 stem. 

Loss by retting. - - - 5.14 

Retted stem. 0.72 - - 0.42 

Pectin compounds ...... 
On the basis of control 0.72 0.36 stem. - -

Loss by retting. - - - 0.36 

Rettell stem. 0.95 - - 0.0014 

Glucose .................... 
On the basis of control 0.95 - 0.0012 stem. -

Loss by retting. - - - 0.948 

Retted stem. 1.79 0.60 0.37 non 

Tannill' .................... 
On the basis of control 1.79 0.55. 0.33 stem . non 

.. 

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 identic::tl or at least very much 

resemble each other in nature and that the pectin compounds, at least in 

pad, 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: 

1. Pentosan suffers most ill retting process. 

2. A small quantity of cellulose is also lost, after the middle period 

of retting. 

3. Pectin is not completely lost. This is apparently iu contradiction to 

the results of Omelianski, but our experiencb 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 Konig's method, but 

unfortunately it was found impossible to oxdize lignin with hydrugen 

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 tlhanges above mentioned take place in the bark 

portion or woody portion of the stem, the following experiments were per

iormed. 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 S. 

Bark portion. Woody portion. 
Stem taken. 

gm. % gm. 0/ 
/0 

Control stem., ........... 16.3276 3.6663 35.5 6.6613 64.5 

Retted stem. ............ 13.2562 3.7647 28.1 9.4915 71.6 
.. 

In the retted stem the proportion of the bark portion is far less than in 
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-the control stem, showing that the loss of matter has taken place in the bark 

portion during retting. 

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

. the following results. 

Bark portion. 

Penwsan. Pentosan-free fiber. 

in % of dry in % of dry matter in.% of dry in % of dry matter 
matter. of control stem. matter. of control stem. 

Control stem ................ 8.52 8.52 56.40 56.40 

Retted stem. . .............. 5.e7 4.12 51.00 37.08 

Difference ................... - 4.40 - 19.32 

Woody portion. 

Pentosan. Pentosan-free fiber. 

in % of dry in % of dry matter in % of dry in % of dry matte 
matter. of control stem. matter. of control stem. 

Control stem ................ 29.40 29.40 41.79 44.79 

Retted stem ................ 31.06 29.3U 48.18 43.53 

Difference ................... - -0.01 - -0.74 

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

,about 50% and pentosan-free fiber about 30,96 in the retting process, while 

in the woody portion hardly any loss has taken place. 

3. On the Chemical Nature of Gummy 

Sub3tance in Flax Stem. 

it has been shown in the previous experiments that the chief constituents 

. of the flax stem changed or lost during the retting is the pelltosan 01' gummy 
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substance III the bark portion. It seemed to us therefore to be or 

much scientific interest to investigate the chemical nature of this gummy 

substance. The finely powdered sample prepared from dry stem was extract

ed with 2% 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 alcohol. 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 were determined by

the method of Ellet and Tollens 1) with the following results. 

Pelltosan in dry matter. 

Methylpentosan (as Rhamnosan) in dry matter. 

90.1% 

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 \\ith pure 

l)-Berlip, Ber. D. chern. Ges., 38 (1905) pp. 492-490. 
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"calcium carbonate and filtered again. The filtrate was concentrated, with the 

-addition of a little calcium carbonate, to about 20 c. c. in a partial vacuum. 

'The solution was extracted, at first with 85% alcohol and then twice with 

95% 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 reachon could be observed. 

2. A small amonnt 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 11. The presen~e 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 

· S c h mid t - H a ens c h half shadow polariscope. The results follow: 

a) 0.45 gram of dry matter dissolved in 60 c. '3. of 5% caustic potash 

solution. 

D - 1.4 X 0.346 x 60 ___ 6460 
a - 0.45 x 1 - ). 

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

solution. 

D - 0.9 x 0.346 x 40 __ G(j 40 
a ~ 0.1875 x 1 - . 

Detection of Xylose. 

'fhe syrup gave the following reactions: 

1). It reduced Fehling's solution yery strongly. 

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

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

phloroglucin and hydrochloric acid. 

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

5). It gave no ketose reaction with resorcin and hydrochloric acid. 

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. 

From the above reactions it is highly probable that the syrup contained, 

xylose. 

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 c. c' and polarized in 200 mm. tube, in the half shadow polariscope. 

Strong birotation ,';'as obserYed. 

After 24 hours, the rotation -was found to be 4.75° 011 the scale toward the· 

right. The specific rotatory power is 

D- 4.75 x 0.346 x 25 18.20 
a - 1.10 x 2 
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TIle sugar gave a phenylosazone, melting at 154 -155°0. and easily 

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

fonnd to be 143 -144cO. The sugar under question is therefore xylose. 

Detection of Arabinose. 

TIle motIler liquor filtered off from tIle 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 75% alcohol, while xylose-hydrazone is easily soluble in the 

same medium. 

3 grams of the syrup were dissolved in 9 grams of 75% 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 

iprecipitates 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° O. 

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

rotation of 0.3 on the scale was observed. 

The s~cific rotatory power is 

D 
0.:3 x 0.846 x 25 a = --~-:-:---:---

U.I01 xl 

The observed specific mtatory power coincides with that of arabinose

benzylphenylhydrazone. The small quantity of the hydrazone at hand did 

not allow tIle isolation of arabinose. 

From the results obtained we may conclude as follows: 

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

pentosan, with a small amount of methyl pentosan. 

2. ]'rom the productE. of hydrolysis of the gummy substance, hoth xylose 

and arabinose were identified. 

3. The pentosl1n of the gummy substance is, therefore, made up of both 
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:xylan, and araban, the former apparently predominating III amount over the 

latter. 

4. Summary. 

The results of chemica:l investigations will here be summarized. 

1. The loss or the stem in water retting as practiced commonly in Hokkai

do is about 18-19,% but when the retting water is not changed, the loss will be 

14-15,%. The loss in the stem proper is about 4% less than the amount above 

stated. About 50-60% 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 rettin~ 

process but those which are most affected ltre pentosan (gummy substance~ 

and fiber in the bark portion, 

B. The gummy substance in the bark portion of the stem is made ,lip 

largely of xylan and araban, ·with a small quantity of methyl pentosan. 

IV. General Conclusion. 

The principal results of our investigation hitherto described are he1'e 

summarized. 

1. Cutin is the essential constituent of cuticle, and tannin is found III 

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 cell-waH of cambium, epidermis and parenchyma are 

made up principally of pectin compounds with a small quantity of cellulose. 

The middle lamella o~ fibers is composed Iwtinly of pectin compounds. 

Lignin forms the chief constituent of the cell-wall of xylem, while pectin comM 

pound forms that of the pith. 

2. 'Vater 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 pentosl1n-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. 


