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SHE COMPOSITION OF FLAXSEED MJCIM0S

xxfMxsircsxox
Maollages are suDstanees which swell up in
water and give colloidal solutions which are slimy.

Shey are

distinguished from the pectio substances by the fact that they
do not gelatinize.

They are widely distributed in nature and

they may occur in any organ of the plant.

However, in some

oases they are confined to certain cells such as mucilage can
als or sacs.

Some of the best-known examples of mucilage-

bearing tissue are those in the root and flower of the holly
hock (Althea Rosea), in certain bulbs and tubers, in the ber
ries of the mistletoe (Viscum Album), and in the seeds of the
flax (Linium Usitatissimum),
The vegetable mucilages have as a whole
been very little investigated.

This is due to the fact that

it is difficult to prepare them in a state of purity.

Early

investigators hydrolysed flaxseed mucilage and determined the
presence of the various sugars in the hydrolytic products,
In 1903 Hilger^* hydrolysed it and found in the hydrolytic

Zur Kentniaa der Pflansencehleiae.

Ber., 36$

pre&aets d-galaotoae, 1-xylose, and 1-arabinose. In 1913
2
levllle investigated the hydrolytic products and verified
the presence of the sugars reported by Hilger and in addition
d-glucose.

In addition to sugars Ueville found an acid resi

due to whieh were attached sugars.

He was undecided as to

whether thin acid residue was part of the original mucilage
molecule or was the result of some process going on during hy
drolysis,

He rather favored the view that the mucilage was a

polysaccharide giving only sugars on hydrolysis. This view
■.
3
was also held by Onslow who states that the difference be
tween flaxseed muoilage and plant gums is that the gums on
hydrolysis yield in addition to sugars other products of an
■
4
acid nature. Abderhalden states that flaxseed mucilage on
hydrolysis yields in addition to sugars an acid complex which
contains one pentose and one hexese.

IT"
Heville, A., Linseed Muoilage. J. Agr. Sol., 5:113-128
(1913).
3
Onslow, II. W . , Practical Plant Biochemistry, p. 62. Cam
bridge University Press (1920).
4
Abderhalden, E . , Bieehemieehes Handlexicon, p. 65. II Band.
Julius Springer, Berlin (1911).

PREPARATION AND PROPERTIES OF FLAXSEED IRJOIMCW

Flaxseed raaoilage Is prepared Ly soaking
the seed with four times their weight of water for 24 hours.
After a few hours the seed swell up and a thick slimy solution
of the muoilage results.

This is separated from the seed by

squeezing through eheese cloth and is precipitated by the addi
tion of an equal volume of 95 per cent ethanol.

On the addi

tion of the alcohol a spongy mass results that occludes water
and alcohol.

The precipitated mucilage is.pressed free of

water and aleehel and may be further dehydrated by soaking in
absolute ethanol, although this is not neoessary.

The final

product is a stringy, fibrous mass.
By continued extraction with water as much
as 6,4 per cent of the weight of the seed can be recovered as
the dry muoilage.

However, when large quantities of the muoil

age are being separated it is impractical to continue extrao5
tion and the yield is about 5 per cent.
The muoilage is inactive ohemioally.

It

does not reduce Fehling1s solution and gives no reaction with
phonyIhydrazine, showing that there is no free aldehyde group.
5
Morrow, G. A., Biochemical Laboratory Methods.
and Sons, New York (1927), p, 284.

John Wiley

Its water solution is neutral to litmus, although it has the

6
property of neutralizing small amounts @f taaea.

Seville

found, that .944-gran of the clriea mucilage neutralized. .0188gram of sodium hydroxide. The mucilage gives a strong napthor7
###rela#l test for hexose uronio aoid. The water solution
has a specific rotation of *10.6.

HYDROLYSIS OF THE MUCILAGE AHD SEPARATION OF THE PRODUCTS
One kilogram of the crude mucilage was dis
solved in 6 liters of 4 per cent sulphuric acid and heated in
a boiling water bath for 20 hours.

The solution was cooled and

filtered from a small amount of insoluble material and the acids
neutralised by the addition of an excess of calcium carbonate.
The solution was heated in a boiling water bath and the precip
itate of calcium sulphate filtered off.
was clear but brown in color.

The resulting solution

It was concentrated in vacuo in

a boiling water bath to a volume of 1,500 oc., 30 grams of
Korit (activated wood charcoal) added, and the solution heated
in a boiling water bath for 2 hours.

After the Horit was fil

tered off, the resulting solution was a light amber color.

The*
&

6
1
'
Neville, A., Linseed Mucilage.- J. Agr. Sol., 5:113-128
(1913).
7
Browne, C. A., Handbook of Sugar Analysis, p. 383, John Wiley
& Sons, New York (1912).
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salto were preeipitated. as a gummy mass by the addition of
three volumes of 96 per oent ethanol.

After standing over

night with fresh 95 per cent ethanol the salts were triturated
with a pestle until granular, filtered, washed with aloehel
and ether, and dried on a porous olay plate.

The yield was

540 grams.
She purpose of this investigation was to
establish the formula and structure of the acid nucleus.

The

above process separated the calcium salts of the acid nucleus
from the sugars*

The alcoholic sugar solution was net in

vestigated, since previous workers had determined its composi
tion.

PURIFICATIOH OF THE SALTS OF THE ACID EUCLEUS
The crude calcium salts prepared according
to the preceding paragraph were purified according to the
method of Hoidelberger and Goebel.**

Three hundred and forty

grams of the salts were dissolved in 900 co. of water, heated
in a boiling water bath, and 1,800 oo. of 95 per oent ethanol
added.
mass.

A portion of the salts precipitated out as a gummy
The mixture was allowed to stand over night and the

clear supernatant liquid poured off.

This liquid was concen

trated in vaouo in a boiling water bath to a volume of 200 oo.
8 "
---- ---Heidelberger, M . , and Goebel, W. F., J. Biol. Chem., 74:3,
613-618.

and the salts precipitated by the addition of 4 volumes of
95 per cent ethanol.
fraction A.
mixture.

The yield was 24 grama.

This was called

It was the part most soluble in a water— alcohol

The solid residue containing the remainder of the

salts after fraction A was separated was dissolved in 500 oe.
of hot water and heated in a boiling water bath and 900 oo. of
95 per cent ethanol added.

The precipitate was allowed to

ooagulate over night and the clear supernatant liquid poured
off.

This was concentrated in vaouo in a boiling water bath

to a volume of 200 oo. and the salts precipitated by the addi
tion of 4 volumes of 95 per cent ethanol.
grams.

This was called fraction B.

tion 0 was separated.

The yield was 65

In a similar manner frac

The yield of fraction 0 was 60 grams.

The salts remaining Insoluble after fraction C was separated
were dissolved in water and precipitated by the addition of 4
volumes of 96 per cent ethanol.

This last fraction, the part

least soluble in a water— alcohol mixture, was called fraction
D.

The yield was 75 grams.

—7—

ANALYSIS OF SHE SALTS OF THE AOID KTOLR®
A portion @f each fraction of salts was pre
pared for analysis as follows.

Twenty grans were ground in

an agate mortar and solved through an 80-mesh screen.
fraction was then thoroughly mixed.

Each

The percentage moisture

in each fraction was determined by drying samples of approxi
mately .25-gram to constant weight in an Abderhalden vacuum
drier over boiling toluene and the sample weights corrected
for this.
The following standard analyses were run
on the various fractions of the salts.
I. Ash (CaO)
In the case of calcium salts a ,5-gram
sample was weighed into a weighed pereelain crucible and ashed
at low temperatures until all volatile matter had been driven
off.

At the end of this time the crucible was heated in a

muffle for 10 minutes with a Meeker burner.

The crucible was

then allowed to eool and weighed, and the ash calculated as
calcium oxide.

The ash of the crude salts was generally brown

and gave a qualitative test for iron.

The purified salts gave

a white ash.
In the case of barium salts a sample was
ashed as above and the ash calculated as barium carbonate.
Another sample was also run by precipitating the barium as the
sulphate.

II. Vronio Aoid.
The uronio aoid was determined hy the method
of Lefdvro.

9

This method is based on the faot that on boil

ing with 12 per oent HOI the hexose uronio aoid molecule breaks
down, giving off OOg and furfural.
ash bulbs and weighed*

The OOg le absorbed in pot

The yield of COg is 100 per oent, so

this method gives oorreot results for hexose uronio aoid.
As is shown later, the hexose uronio aoid
present in the acid nucleus is galaoturonio aoid.

The per oent

of this was determined by oxidation with strong nitric aoid
according to Van der Hear.

10

Under these conditions galaoturonie

aoid yields mueic aoid which is insoluble.

The yield of muoio

aoid is about 70 per oent of the galaoturonio aoid present.
The accuracy of this method is questionable.

5
(a) Van der Hear, A, W , , Anleitung zum Kaohwels, zur Trennung
und Beatimmune der Kenoeaeoharide und Aldehydesauren,
Gebruder Borntraefer, Berlin, pp. 71-76 (1920).
(b) Befivre and Toliens, Ber., 40:4513 (1907).,
(o) Befdvre, Untersaehungen uber die Glueureneaure, Disserta
tion, Gottingen (1907).

10
Ibid 9 (a), p. 123.

11
Sehorger, J. Ind. Eng. Ghem., 8:498 (1916).
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III. Pentoses.

Methyl Pentoses.

Pentoses were determined according to
"Methods of Analysis" A.O.A.C.

(1925),

It was necessary to

eorreet the weight of the phlorogluoide precipitate for fur*
fural phlereglmoide resulting from the decomposition of the
galaoturonio acid.

This was done by using the factor deter

mined by Lefdvre.12

Methyl pentoses were determined by the
13
method of Ellett and Tollens and Haywood,
and calculated as
14
rhaanose hydrate from the table of Ellett.
The accuracy of
the pentosan and methyl pentosan method is fuostlonable.
IV. Reducing Sugar.
Total reducing sugar was determined by the
method of Gajerl.

15

CajorVs method is for free sugars mueh

as glucose, maltose, eto.

He states that the oxidation ef glu

cose by iodine in sodium carbonate eelatien is complete In 25
minutes.

It was found that the oxidation of the salts was net

complete until 3 hours, a© this modification was made in the
procedure.

1&
Van der Bear, A. W , , Anleitung zum Haohweis, zur Trennung
und Bestimmung der Moneeaeoharide und Aldehydesaurem,
Oebruder lerntraefer, Berlin, p. 75 (1920).
(a) Ellett and Tollone, Z, deut. Zuokerind., 42:19 (1906).
lb) Haywood, U. S. Bureau ef Chemistry, Bull, 105, p. 112,
(1907).
14
^ I b i d 12, p. 82.
Gajerl, J. Biol. Chem., 54:3, 617-627 (1922).

TABLE 1
RESULTS OP THE ANALYSIS OP CALCIUM SALTS OF THE ACID NUCLEUS
j?er cent
Fraction

: Ash
: (CaO)

:
j

:Reducing
:
; Galao- jMethyl- : Sugar
tose :Pentose :as OHO
i
11.01 :
38.4 :
:
5.7

t93.0

11.37 !

06.6 ;

35.3 !

5.67

+95.5

co2

- i r

A

:

13.33 :

B

$

13.07

0

i

lo.ei ;

11.06

\

39.5 !

41.3 :

4.83

+94.4

D

$

10.16 :

11.37 i

45.3 1
$

37.8 ;

4.70

*93.8

l

An inapeelion of the above table indicates
that there is little difference in the composition of the var
ious fractions.

Deviations in the analyses of the varies#

frac

tions particularly in the ash were probably due to the presence
of calcium sulphate as an impurity.

The data approximate the

theory for an aldobionio acid consisting of one hexose uronio
acid molecule and one sugar molecule, either a pentose or hex
ose, but the results are by no means conclusive.
It seemed beat at this time to determine by
qualitative tests which of the above substances were present
in the salts.

D E f E R M I E m O H OF THE COHSTITUEIITS OF THE ACID H U S M B S
Since the napthoreaoroinol test and the
yield of OOg by the Lef4vre method indicated the presence of
a hexoee urenio acid, it seemed well at this time to identify
this acid.
Goebel.16

This was done by the method of Heidelberger and
Twenty grams of fraction D salts were dissolved in

800 eo. of 6 per cent hydrebromio acid containing 10 oo. of
bromine.

This mixture was heated under a reflux condenser in

a boiling water bath for 10 hours.

After 4 hours' heating a

white crystalline precipitate began to settle out.

After 10

hours the solution containing the precipitate was filtered.
The yield of the insoluble white precipitate was 6.4 grams.
This was Identified as rauoio acid (M.P. 810) by recrystallisa
tion in the regular way.

This establishes the faot that the

hexoae uronlo aoid present in the acid nucleus is galaeturonic
aold.
Since the sugar present in the aoid nucleus
would be oxidised by the bromine to a pentonio or hexonlo aoid
and remain in the filtrate from the mucio aoid, this filtrate
was boiled to remove excess bromine, an excess of lead carbon
ate was added until the solution was neutral to oongo paper.
Silver sulphate was then added in small fuantltles to remove

16

"

........................

Heidelberger, M., and Goebel, U. F . , J. Biol. Ohem., 74:3,

18-

the remaining bromiae ions.

The solution was then filtered

from lead and silver bromides, hydrogen sulphide passed in to
remove the lead and silver ions, and the solution eeneentrsted
in vaouo to a volume of 15 oo.

To this solution containing the

monobnsio hexonio or peatomio aoid was added 1 gram of phenylhydrasine hydroehleride.

On standing over night a light-

brown crystalline needle-like solid separated out.

The crystals

were filtered and recrystallized from hot 95 per oent ethanol.
The product was a white crystalline solid whose melting point
was 193*0.

This was identified as rhamnonio phenyl hydrazide

H. P. 186° - 191*0.
In order to further prove the presence of
rhamnoae in the aoid nucleus 20 grams of D salts were dissolved
in 100 eo. of 6 per cent sulphuric aoid and hydrolysed in the
autoclave at a gage pressure of one atmosphere for 8 hours.

At

the end of this time the flask was removed and the solution
filtered.

Three volumes of alcohol were then added to separate

the salts from the sugars.

The salts precipitated out, the

sugars remaining in solution.

The solution was dark brown in

color.

Attempts were made to ferment the water solution with

yeast.

There was no fermentation on standing over night in the

incubator,

A small amount of glucose solution was then added

to see whether the yeast was active and fermentation resulted
in 10 minutes.

The solution was so dark in color that a rotation

could not be made.

The sugars were then oxidized with bromine

and barium benzoate according to the method of Hudson and

17
Isbell.

The eelmtlon containing the oxidized sugar was con

centrated in vacuo to a volume of 15 oo. and 1 gram of phenylhydrazine hydrochloride added.

Ho precipitation occurred until

a crystal of rhamnonlo phonyIhydrazide was added.

When this

was done a mass of needle-like crystals immediately separated
out.

These were filtered and recrystallized from hot alcohol.

They melted at 19S°G.

The yield of rhamnonlo phenyl hydras!de

from the sugars was ,.6-gram.

Some rhamnonlo phenylhydrazide

prepared from pure rhamnese by the method of Hudson and Isbell
melted at 191°C. and had a similar crystalline structure to the
one separated from the salts of the acid nucleus.
To further confirm the presence of rhamaose in
the sold nucleus approximately 50 grams of mixed oaloimn and
barium salts of the aldobionic aoid were hydrolysed for 6 hours
in six times their weight of 4 per cent sulphuric aoid in the
autoclave.

The acids were neutralized by an excess of calcium

carbonate and the salts separated from the sugars in the usual
way.

From the alcoholic sugar solution were isolated 7 grams

of orystallin# rhamnese hydrate M.P. 92° - 94°;
constant after 10 minutes.
method of Sands and Klaas.

D • 7.8°,

The rhanmose was isolated by the

18

It was found that for crystalliza

tion of the rhamnose hydrate to ooour it was necessary to have
17
'
—
^Hudson and Isbell, J. Am. Oheo. So©., 51:7, 2225-2229 (1929).
Sands and Klaas, J. Am. Che*. Soo., 51:11, 3441-3446 (1929).

a small quantity of water present in the aeetio aoifl. solution
•f the sugar.

ISOLATION Aim ANALYSIS .OF THE PURE BARIUM SALT OF THE
ALDOBIONIC ACID
Since the barium salt of the al&obionio acid
can be more easily prepared pure than can the calcium salt, it
seemed best to isolate the barium salt.

Accordingly 200 grams

#f the crude mucilage were hydrolysed for 20 hours in a boiling
water bath in 4 per cent sulphuric acid.

At the end of this

time the acids were neutralized by the addition of barium hydrox
ide and an excess barium carbonate and the salts precipitated
in the usual way.

The yield of barium salts was 40 grams.
TABLE 2

ANALYSIS OF THE BARIUM SALT OF THE ALDOBIONIC ACID

Constituent

•

Found

• Theory*

: ipercent):
(per cent)
Barium (as ...........................
14.7
: 16.85
C02 .................................

10.90

i

10.80

Methyl Pentose

34.9

%
:
;
i
i

44.6

asrhamnose hydrate.:
i
Galactose....................... .
i
Reducing sugar as OHO......... ....:
ca!

* —

3)..... .:

38.9
7.09
♦ft®

44.1
7.11

:

Theory is for barium salt of an aldobionio acid consist
ing of one molecule of 1-rhamnose and one molecule of
d-galaoturonio acid.

An examination of the results given in Table
S shows that they agree very well with the theoretical valu.es
with the exception of the barium, which is low.

The barium per

centage given in the table was determined, by precipitation as
BaSO^.

It is probable that the error is due to the fact that

a small amount of the aldobionlo acid has been neutralized by
calcium which does not give an insoluble sulphate precipitate.
This is substantiated by the fact that when a sample of the salt
was ashed and the ash assumed to be barium carbonate, the result
for barium was 17.2 per eent, which is close to the theoretical.
As has been stated before, the galactose and methyl pentose de
terminations are not quantitative.

OXIDATION OP THE ALDOBHEIO ACID TO A DIBASIC ACID
Thirty grams of fraction B oalolum salts
were dissolved in 220 oo. of .3 ft iodine in barium iodide.
this mixture was added 330 oo, of barium hydroxide .4 ft.
mixture was stirred and allowed to stand over night.

To
The

The solu

tion was then acidified with 6.2 oo. of concentrated sulphuric
aoid which was dissolved in 50 oo. of water.

Excess lead car

bonate was added to remove the hydriodio aoid present.

The

precipitate was filtered off and the solution concentrated in
vacua to remove excess iodine.

The last traces of iodine in

solution were removed by the addition of a small amount of
silver sulphate.

Hydrogen sulphide was passed into the solution

to remove the silver and lead ions.

The solution was

and the filtrate eonoentrated in vaeuo to remove the hydrogen
sulphide.
sulphates.

The solution at this point contained some soluble
The sulphates were removed quantitatively by the

careful addition of barium hydroxide.

The solution was eon-

eentrated in vacuo in a boiling water bath to a volume of 50 oo.
and the dibasic salt precipitated by the addition of 4 volumes
of 96 per cent ethanol.

The yield was 13 grams.

This salt did

not reduce Fehlings solution, showing the abseaee of a free
aldehyde group.

TABLE 3
ANALYSIS OF THE DIBASIC CALCIUM SALT OF THE ALD OBI OHIO ACID

Constituent

Theory
per cent

: Found
: p«r pent

Ash (GaO)...........

14.8

co2 ............ .

11.1

Galactose......... .

46.6
:

:

While the data in Table 3 approximate the
theory for the oaloium salt of an acid consisting of one galaoturonio acid and one rhamnonio acid, the results are by no
means coneInsive.

The deviations oan be explained by the fast

that calcium sulphate was present as an impurity.
seemed best to oxidize the barium salt,
follows.

Hence, it

This was done as

Fifteen grams of the barium salt were oxidized In

the same manner as were the calcium salts.

She yield of the

dibasio barium salt of the aldobionio acid was 6.5 grams.

The

analysis of the dibasio barium salt is given in the following
table.
TABLE 4
AIIALYSIS OF THE DIBASIC BARIUM SALT OF THE ALD0BI01TIC ACID

Constituent

: Found

! Theory*
: per cent ; per bent

Barium (as BaSO^...,

:
:

0°8............. .
Calaoteee...........
%
Methyl Pentose.......
* 1 D ...... ........ .

:
1
f
I

26.0
8.94
36.6
0

l

!

* •• The theory Is for the barium salt of a
dibasio aoid consisting of one rhamnenie
and one galaoturonio aoid.
An examination of the above table shews that
the experimental values agree eleeely with the theeretieul
values for the dibasio aoid resulting from the oxidation of
an aldobionio aoid consisting of one galaoturonio aoid and
one rhamneee.

SIRUOrUEE OF THE AI^DOBIOIIO ACID PRESENT IN FLAXSEED MD0IM8 E
It is evident from the paragraph entitled
apatermination of the Constituents of the Acid Nucleus" and
the analyses given in tables 2 and 4 that the aldobionie aoiA
contains 1-rhamnoso and d-galaeturonio acid.

The linkage be

tween these two molecules involves the aldehyde group of the
galaetaronto acid and one of the secondary alcohol groups of
the rhamnoee.

This is shown by the following facts:

1. The dibasic salts yield C02 on treatment with 12
per cent HC1.

This is oharaoterietie of hexoee uronio acids,

dibasic aoids euoh as muoio aoid and saccharic aoid yielding
no COg by this treatment.
2. The dibasic salts give the napthorosorolnol tost
which is oharaoteristio of hexose uronio aoids.
3. The dibasic salts give a very low per sent of
methyl furfural.

If the union involved the aldehyde group of

the rhamnose, on treatment with 12 per cent HC1 the rhamnoee
would be eonverted into methyl furfural and give a large amount
of mothyl furfural phlorogluoide.
On the basis of the above reasoning the
following formula is given for the aldobionie acid present in
flaxseed mucilage:

IS-

aoid

msmmim
1. It has been shown that the aoid eueieue
present in flaxseed mvioilage iu an aldobionio aoid consisting
®f one moleeule of 1-rhaenose and one molecule of d-galaoturonio
aoid, the sugar being linlced to the aoid by a glucosidio link
ing whleh inTolves the aldehyde group of the galaoturonic aoid.
2. The presence of 1-rhamnose in flaxseed mu
cilage is established.
3. It is thus seen that flaxseed mucilage is
similar in composition to plant gums in general since it gives

m

hydrolysis an aldobionio aoid and various sugars.
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