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Hunatshefte fur Chemie, Vol, XXIX, 1908, Wien p ¢ 2 S~ 3%
PURE CHITIW PREPARATION FROM BOLETUS ZDULIS, by Emil Scholl
(Presented at the 2 July 1908 meeting)

E, Winterstein, in a work on mushroom menbranes, asks whether pure chitin
may be produced from mushroom membranes, end on the basis of his research
reaches the conclusion that it is not possible for the present, "The mushrooms
certainly contain a chitin body; but it is always accompanied by carbohydrates,
which in part are easily removed by diluted acids or alkalis, while others may
only be diluted by concentrated sulfuric acid and may thereafter be hydrolyzed."

E, Gilson produced a body from agaricus campestris, which corresponds. with ;
chitin in its elementary construction, howevsr he gives no data as to his pre-
paration's reaction to concentrated alkalis, and does not deem it necessary to
complete an elementary analysis during production of this substance from Boletus,
He reaches the same results as E, Winterstein in the remainder of his work,

K. S. Iwanoff has occupied himself rmost recently with chitin production
from mushrooms, B: hydrolytic fission of wembranes, obtained from Bolatus
edulis, with hydrochloric acid he only produced 0% chloride of glucosamin
inatead of 75 to 90% and reached the conclusion: "The analyses of mushroom
cell membranes, in confirmation of the discoveries of E, Winterstein and E,
Gilson, proved the presence of chitin, by which it would appear that chitin
is connected with an unidentified substance rich in nitrogen.

Incidental to a study of animal chitin, which was conducted by O, V,

Furth and by me, I observed that animal chitin showed reactions to concentrated
alkalis quite different to those of the socalled mushroom cellulose, However

both produce identical cleavage products: glucosamin and chitosan,
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If one reads tho rather extenaive literature on animal chitin, one reslizes
that, despite the fact that very little is known about the constitution of this
body, one is dealing with a substance of characteristic attributes, Furthermore

ohitin from the most varied sources is always unsoluble in conceantrated alkali

solutions even after days ol heeving. The "mushroom cellulose preparates" pro=-

duced by E, Winterstein react quite differently, "For the most part, they

dissolved in cold, diluted, 5 to 10% lye", Chloride of glucosamine crystals,

etc,, were only obtained after dialysis by parchment tube after the hydrolytic
fission with hydrochloric acid,

If one uses finely powdered, air dried mushrooms after extraction with
slcohol, sther and water with 5 to 6% lye, despite which a small amount of
solution penetrates, but contains no body which may be identified with chitin,

At present it is hard to accept that the preparates obtained by Viintersteir
basically resemble in their composition the construction of mushroom membranes,
because Winterstein let acids and strong oxidation means, such es Schulze arnd
Hopmeister mixtures, work into tho mushrooms, Chitin stands out after this
because of indifference to alkalis and light attackability by acids, These
last qualities of chitin therefore point out the possible way of procuring
chitin from mushrooms, when the mushroom memtrane substance is completely
identical with the chitin,

If one cooks the fimdy ground fruit bodies (stalks and heads) of Boletus
edulis changing with water and 10% potash lye and eliminate the acld penetration
which could cause hydrolysis, one may reach pure chitin, as shown below, in a
very simple way,

iInteresting in connection with this 1s the fact that, Braconnot in 18il,

0 at a time when chitin was pot yet known (it was firat discovered by Odier in
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1823 in insect wings and in the armor of crustaceans) arrived at a more or

less white, soft, elastic, tasteless mass which he called Funzin, by pressing

of {resh mushrooms and treating the residue with water, alcohol and alkalis,

I am not in a position to judge uow closely this fungin, which was produced in
the same way as my chitin, actually resembled chitin, as the origiral work was
not accessible,

Anyway tha way opened by Bracennot was abandoned mainly on Payen's
authority, and from then on almost all mushroom analysts followed the method
below, The mushrooms were extracted with ether and alcohcl and then treated
with water, acids and alkalis, then followed an often week long cold penetration

of Schulz and Hofmeister mixtures, Once Payen had had analysis results with

w5

his method, which was well adapted to cellulose, the method was followed until
<:> today, in studying cellulose presence and related carbohydrates and the efforts
of all scientists tefore Gilson ard Winterstein followed this line, in trying
to discover the cellulose which was supposed but not found by normal reactions,
Even De Bary who discovered the characteristic of mushroom memhranes in that

they did not show the characteristic iodine reactiun of cellulose after treat-

ment with potash lye and following digesting with potassium chlorate and nitric
acid, Just as they had been unsoluble in copperoxydammonia, and thought that
it might at' most be assumed that this was a new form of cellulose, which he
called mushroonm cellulose,

C. Richter working at the local institute upheld De Bary's mushroom
cellulose theory in a work of great importence to my research, He let various
mushroons, among others Polyporus ribes and formentarius, soak in potash lye
and then obtained violet and blue colorings resulting from chlorinated zinc

(:; iodide penetration, He deduckd from this that mushroom membranes are composed
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of cellulose, Gilson's and Winterstein's works only appeared a few years later,
the assumption was included, In reality C, Richter mu:t also have hed chitin,
Anyway both Winterstein's mushroom cellulos. adn the chitin I obtained from
Buletus edulis produce blue or purple coloring when treated with chlorinated
2inc lodide, however it is also possible, that chitin from the above mushrooms

reacts to the said coloring, while animal chitin shows no basic reaction to
iodine,

I feel that I have proof, as will be detailed bolow, contrary to the
assertions of all those authors, that the Boletus edulis memtranes are com=-
posed of pure chitin, which has the characteristics of animal chitin, at most
very loosely united by a nitrogen-free carbohydrate and that this is probably
true of all chitin containing mushrooms, which I ghall attempt to prove in a
later work,

II, Experimental Section

I used dried stumps and beads of Boletus edulis as starting material,

The extremely olean mushrooms came from a dealer at Eisenstein in the Bohemian
Forest,

The air dried mushrooms were pulverized and cooked with 20 parts water
until the filtrate ran off nearly colorless, The mass which became shiny with
cooling filtered very slowly through the punp, The process.was accelerated
by use of a hardened filter, The simplest process consists of carefully
pipetting the liquid over the filter after a few hours of settling and blowing
the substance deposited on the filter into a dish, The liguid is again placed

on the cleaned filter and the process repeated until no liquid remains on the

filter, Pollution of the substance with paper particles is completely impossible
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when hardened filters are used, The cooking and filtering of 1000 g, of

mushrecoms in two siphon tubes 12,5 cm in 2iameter took a few wecks to complete,

The use of 20 parts water is unconiltionally recommended, Groat complications

arise during filtering if one employs less water,

After cooking with waler a yellow-gray denosit remains, in which one may
recognize the mushroom membranes under the microscooe.,

Thu wass pioduced in Whiu canner was covered with the ten fold (1:10) mass
of potash lye, and cooked for at least one hour, A dark brown color avpearsd
nearly immediately after heating with strong armonia evaporation, ‘'he reaction
mixture was now very easily riltrable, The sediment was pressed as well ss
possible ard was then cooked with water until the filtrate stopped being colored,
I obtaihed a wine yellow filtrate after 3 to 4 heatings, The process, of
repeated cooking with lye and water had to be repcated approximately four times,
After the last cooking with potash lye the filtrate run off wine yellow and
gave no more reaction when subjected to acid, Th~ gubstance was again washed
with water and produced a yellow-gray, plastic, water logsed mass, The pseudo-
paranchyma could still be clearly recognized under a microscops, The damp mass
appears yellow with chlorinated zinc lodide, brown with iodine potassium iodide
and with iodine and sulfuric acid, The preparate was quite as nonsoluble in
the strongest solution of copper oxyammcnia, as in concentrated potash lye
under extreme heat,

Far further purification a 1% potassium permanganate solution was added
to the substance creating a thin paste and was allowed to remain in manganese
peroxide until tho potassium permangsnate had completely penetrated. The brown

mass was then pipetted off and heated with a highly diluted (1:40) solution of

<:> hydrochloride, The manganese peroxide dissolved in a few minutes and only the

—




nearly white mushroom membranes remsined, They were repeatedly rinsed in
water to eiliminate tha hydrochloride solution, The last acid remainders were
extremely difficult to elliminate,

4s tho substance contained small resinous particles (acetic anhydride and
sulfuric acid caused the known purplé color), it was first heated with 96%

alcohocl and then another 3 times with 100% alcohol which was elliminated with

water free ether,
After ovaporavion Of tho ether, the preparcte i3 dried in the air scarce
ctamber over sulfuric acid and later in the water drying closet until constancy

of weight, By this method one may obtain 50g to 60g of sediment from 1000g of
air dried mushrooms, or 5 to 6%,

The dried substance consists of pale gray crumbs, which are unsoluble
even in p?olonged cooking of potash lye, Sulfuric acid dissolves with strong
btrown color, The solution after dissolving in water strongly reduccd Fehling's
solution,

If the remains are placed from the 100% alcohol into the water bath,
instead of processing through ether, the substance 1s obtalned in more or less
large, outwardly tenacious pieces, which could not be divided because of their
toughness, Strikingly, the circumstance is here, that the sections against the
glass plate are quite flat and red-brown colored, so that the appearance of the
substance at least in these spots, reminds one strikingly of animal chitin,

The basic analysis of the body descrited above gave the following results,

I, Determination of carbon and hydrogen,

1, 0,3622 g of substance gave 0,2037 g Hp0
0,6012 g CO2
0,0097 g ash = 2,68%




Therefore 0,3525 g of ash free substance produced H  6.41%
C  45.51%
2, 0,3651 g of substance gave 0,2050 g H,0
0,6007 g COp
06,0095 g ash = 2.60%
Therefore 0,3556 g of ash free substance produced H 6.40%
C 46,07
II, Nitrogen determination according to Xjeldahl,
1, 0.8634 g of substance, equaling 0,38406 g of ash free substance
used 35,9 e’ 1/10 norm, HS0;, i.e., 0,0526 g N = 5.98% N,
2, 0.7758 g of substance, or 0,7553 g cf ash frce substance, used
32,0 e’ 1/10 norm, HpSO;, 1.e,, 0,0448 g N = 5.93% ¥,
3, 0,8525 g of substance, or 0,8300 g of ash free substance, used
35,8 cm? 1/10 norm, HpSOy, i.e,, 0,0501 g N = 6,04% N,
III, Volumeo nitrogen determination according to Dumas,
1. 0.227 g of substance or 0,221 g of ash free substance, produced:
11,9 cm® under 742 mm air pressure and 16%temperature, i.e,, 0,01351 g N at
760 mm and 00 = 6,11% N,
2. 0,3255 g of substance, or 0,3169 g of ash free substance, pro=-
duced 17,0 o’ N under 742 mn air pressure and 16° tempersture, i.e,, 0,0193 g N
at 760 mm and 0° = 6,08% N,

The results appear in the following manner:




Test Carbon Hydrogen Nitrogen Ash
No,
In Percentaze

1 .51 6.41 2,68

2 46,07 6.40 2,60

1l 5.98

2 5.93

3 6.04

1 6,12

2 6,08

;

than shown in lstcr chitin analyses,

By comparing on the one hand the analysis results (in the next table) of
<:) E. Winterstein, K, S, Iwanoff and the numbsrs established by me and on the other
hand the analyasis numbers of animal chitin, The agreement beiween my resu%ts

ard those of animal chitin are very good, even though I have found lesé nitrogen
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TYPE OF AUTHOR IN % IN THE REMARKS
SUBSTANCE ANALYSIS AVZERAGE
l’l! - hr
colluren | E. Vinterstein | 43.49 | 6.37 | 3.61| 4.55
from
Boletus
edulis K. S. IWBnOff - - 3.07 0.80
Chitin arrived at by 46,29 6.41 6.03 2,6/ | The nitrogen
from my research count from
Boletus the average
edulis of 5 analyses
according to 46,21 6,28 8.22 -
. . K. S. Iwanoff
Animal
Chitin
according to 46 .37 6.48 6,42 - average of
i 0, v, Furth 5 analyses

So 88 to assure ayself of the purity of the obtained preparate, I attempted to
isolate certain shaped nitrogen free carbohydrates, respectively glycose such
as osazone by the method established by E, Winterstein, The test proved'the
perfeot purity of my substance,

I did the following:

10 g of substance were immersed in sulfuric acid and allowed to sit
overnight, This was dissolved in a lot of water and cooked for approximately
5 hours, 1 ventralized with barium carbonate after cooling, The filtrate was
pale yellow and strongly reduced Fehling's solution, After boiling down to
syrup consistency it was pipetted twice with 96% alcohol, The 2o0llected

f{1trates were placed in a glasss dish in the drier to be steamed, After

1::; steaming off of the alcohol both macroscopic and microscopic glycose crystals
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could be seen, Attempts at producing a crystalized osazone by acetic acid and
phenylhydrazin remained without results,
I feel that the following tests are another mathod of checking the accuracy

of the result, that the preparate produced from Boletus edulis is actually pure
chitin,

It is a known fact that one obteins as a side product the easily and
nicely crystalizing glucosamin by hydrolysis of chitin and hydrochloric acid,
Ledderhose produced it by cooking mashed lobster shells with concentrated
hydrochloric acid and steaming this off until crystals form on the surface,

He produced the hydrochloride of glucosamin in this manner with 70 to 75% yield,

E, Winterstein tried to follew the above method with his preparates from
Boletus edulis, He obtained a dark colored liquid in which black, humic masses
appeared, The filtrate, when steamed off produced no hydrochloride of glucos-
amin crystals, He was only able to obtain the crystalized secondary product,
after he separated the filtrete from the black, humic masses of the dialysis
by means of a parchment tube,

K., S, Iwanoff produced hydrochloride of glucosamin from Boletus edulis by
the same method with approximately 4C%: yield,

The hydrolysis of my substance developed totally differently from that
of E, Winterstein and K, S, Iwanoff,

After warming the substance covered with concentrated hydrcchloriec acid I
obtained a dark brown solution, which was filtered after solution in water, A
very limited dark brown deposit remained on the filter., The filtrate was con=-
centrated and after settling all night, without dialysis, produced a large

quantity of well formed, pale yellow crystals, which were easily soluble in

10
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water and formed colorless crystals from this solution, The crystals are

hard, have a bitler sweet taste and have reactions similar to those listed by
E, Winterstein and K, S, Iwanoff,

The substance prepared by me from Boletus edulis is so pure that the
above test may even be conducted microscopically.

A few bundredth's of a gram of the substance were covered with a few
drops of hydrochloric acid and warmed over a water bath, Piecipitation com=-
menced, After careful concontration it was allowed to cool off and a small
quantity cf the d eposit was placed on an object tray, 3y repeated enlarge-
ment one may ses the beautiful and characteristic crystals of hydrochloride
of glucosamin,

QUANTITATIVE CRYSTALIZATION TEST

1, 9.7, g of substance, or 9,48 g of ash free substance, produced 7.l g
alcohol dried crystals of hydrochloride of glucosamin = 74,9%,

The mother liquor crystalization was lost by accident,

2, 10,8 g of substance or 10.51 g of ash free substance, produced 6,18 g
of crystals after the first crystalization, after the second 2,04 g, totaling
8,22 g » 78,2%,

The mother liquor subjected to further steaming after the second erystal-
ization produced no more crystals, but still strongly reduced Fehling's
solution,

The body behavior is identical with melted potassium,

25 g of Boletus edulls chitin was placed in a flesk with 1UO0 ¢ of potassium
bydroxide and a little water and then heated in an oil bath for an hour at 180°.

The pasty mess was diluted with weter, nearly noutralized with sulfuric acid,

(::> the deposit was removed and washed off with water, I continued according to

11




Furth and Rugsso, The washed raw chitosan was diluted in weakened acetic acid

and filtered a limited deposit remained on the filter, The filtrate was pre-

cipitated, well washed out, suspended in the least water possible, wealkened

hydrochloric acid added to the solution, and was then precipitated with con-

[P &

centrated hydrochloric acid, The precipitation was drawn off, diluted in a
1little hot water, and under intense heat mixed to enough concentrated hydro-
chloric acid, to keep the solution clear, It was then allowed to cool slowly,

This chitosan hydrochloride was again diluted and precipitated and the
obtained pure chitosan was first washed with water uatil the disappearance of
the alkali reaction, and the water was then removed with aleohol,

Dark brown crumbs appear after drying at 40°, which show the Lassalgne-
nitrogen reaction, The hydrochloric solution does not reduce Fehling's solutign
and shows the property against nitric acid discovered by Furth and me.

If one mixes a watery hydrochloric chitosan solution, drop by drop, with a
5¢ godium nitrate solution, a strong gas discharge resulis without nitric acid
formation, and a body is obtained which is soluble in diluted acids, and in
diluted alkalis but not in alcohol, T

25 g of chitin from Boletus edulls produced 6,6 g of pure chitosan by the
above method, Furth and Russo obtained 45 g of chitosan hydrochloride from 140 g
of dried, cooled Boletus scales under prcpitious conditons, Taking the formula
established by Furth and Russo, that 2 molecules of hydrochloric acid corres-
pond to 1 molecule of chitosan, the 6,6 g chitosan obtained by me from 25 g of
chitin would correspond to 7.7 g of chitosan hydrochloride, i.e,, 30.8% while
Furth and Russo obtained approximately 32%.




III, SUMLARY

1., It has been possible to produce pure chitiq, from Boletus edulis (hoods
and stumps) by penetration of 10% potash ley under great heat, without acids or
strong means of oxidation, The yleld corresponds to 5 or 6% of the weight of
the air dried mushrooms,

2, The obtained chitin reacts exactly like animal chitin, In contra-
diction to substances prepared by Gilson, Winterstein and otkers it is quite
nonscluble in concentrated alkalis, while it is easily attacked by acids in
hydrolysis,

3, The hydrolysis with hydrochloric acid follows the pattern described
by Ledderhose in building glucosamin hydrochloride, therefore identical to
animal chitin hydrolysis, A dialysis with hydrochloric acid after the heating
as with mushroom cellulose is anot necessary, for one immediately obtains well
formed crystals of glucosamin hydrcchloride from the concentrated solution,

The yleld is of approximately 78i crystals, while for*instance K, S, Ivanoff
obtained only about 40%,

4, As a further proof of the purity of the chitin produced by me, I must
state that crystals of glucosamin hydrochloride from chitin from Boletus edulis
were produced microchemically from a few hundredths of a zram of sand,

5. The chitin alkali melting parallels and, quantitstively follows,
similarly as animal chitia,

6. The stand taken by Gilson, Winterstein, Iwanoff, etc, that chitin is
Joined by a nitrogen free carbohydrate does not abply to Boletus edulis,

The findings are very probably cleared up by the production method of

"mushroon celluloae": The weekly acid penetration under cold, the Schulze
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and Hofmeister mixtures, The carbohydrate formation must have taken place

as a secondary reaction from the chltin,
7. The Boletus edulis membranes are mainly composed of pure chitin
extremely loosely bound by nitrogen free carbohydrates, Seen from a chemical

point of view this also applies microscopically, The pseudoparanchyme was
still recognizable after the fourth cooking with potash lye,

8, It is suggested to drop the term "mushroom cellulose" in the sense
applied by De Bary, so as to avoid generalities, and to speak of Fungin, in
the sense given by Braconnot, in all ceses where it has not been definitely

established that the membranes are composed of chitin,

I am reserving the expansion of my method of research to various other

mushrooms in the future,

Finally may 1 again express my deepest gratitude to my most respected

teacher, Dr, Julius Wiesner, for his great advice and support,
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