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TH3 COMPOSITION AHD STEUCTUBE OIP THE MDCILAGB FBOM 

THE SEED OF THE FLflX PLANT, LINUM USITATASSBIUM

INTRODUCTION

Tho tera mucilage cornea from the Latin mucilego, meaning slime. 

The word Is commonly applied to those substances whose solutions 

are sticky and viscid. Botanically they are plant products which 

are secreted by the root hairs of many plants, and the outer lamella 
of certain plant seeds. It has been suggested 2,3 that they are 

produced by the partial oxidation of the cell wall constituents, 
either normally or by the action of bacteria. The enact physiological 

functions of the mucilages are not definitely known. It is thought 

that their presence on the epidermal surfaces of eplphytle plants, 

such as orchids, acts to reduce transpiration. The plant mucilages 

aid in the adsorption of water by the aerial parts of plants. They 

may also be functional in reducing diffusion of water through the 

walla of aquatic plants. The presence of the mucilages on the under 

portions of leaves prevents freezing. The mucilaginous coating of 

seed, such as flaxseed, acts to imbibe quantities of water sufficient 

for germination of the seed. Many water plants are known to possess 

mucilage coverings which prevent their desieeatiea.
The mucilages belong to a large class of carbohydrates known as 

the polyuronides. These substances contain either d-galaeturonic, 

d-glucuronie, or d-aannuronie acid in their molecule. They comprise



the poetic materials, hemicelluloses, gums, and mucilages. In the
past the relationship of these substances to each other has been

stressed, but there is.still considerable doubt as to their mode
' , . . 4,5of origin end interrelationship.

Beetle materials consist essentially of a polyuronide residue.

poetic acid, an eraben residue, and a galaeten residue in varying
6proportions. Recently Link has suggested the following straight

chain type of structure:

H-C= H*G=
h ‘d -0 " H

H-GKb-H oi H*OCH oj 6
h -o g -h- |;o — C h h o — g -h

^ 4 " —  I H ' 5 —  i H ~Sr— 1aCOCH3 i_ 0:dOCH3 J„ 0 6 OCH3
Methylstion studies. X-ray, and viscosity measurements verify such 

a structure, and It la generally accepted.

The gums are more closely allied to the mucilages than to either

the pectins or hsmieelluleses, in fact, it is often difficult to 

distinguish between the two. The gums are classified into the comp

letely water soluble type, such as gum Arabic, and those only par

tially soluble in water, such as gum tragaconth.7 

Ch«nieally the gums are similar to tti® mucil^gss in that they yield 

an acid resistant aMobionic acid on hydrolysi a. This aldobionic
g

acid, according to Hirst, most likely occurs as a repeating unit 

attatehed to which are side chains of various types. Hirst has 

investigated various polyuronides and lists the following structural 

characteristics of gums:

1. Arshinose occurs in tho furanose form and Is attached 
to the main molecule.



2. Xylose is only encountered in the pyranose fora,

3. Galactose occurs in the main chain of the polyuronide 
and will most likely occur in the pyranose form attached 
to the adjoining sugars by a 1:5 or 1:6 glyeosldic link
age.

4. The uronic acids present are d-glucuronic and d-gal-.
' ' aeturonie. - :

8 ' -
Hirst gives the following formula for gum Arabic:

Gal 1,3

H 1,3

6
1
Sal
6
1
Sly
4
1
A

1,3 Gal 1,3 Gal. ! ,■ l
Rl.SGal Rl,3Gal

6
1

W
4
1
.A

6
1
my.
4
1
A

Gal- d-galactopyrano^, Sly-= d-glucuronie acid, R =  1-rhamnoae,
A— 1-arabinoae.

Gum Arabic has several properties similar to flaxseed mucilage. It 

is non-reducing thus indicating that the linkage of various sugars to 

the nucleus acid is of the glycoside type. The galactose molecules 

do not seem to split off except when the nucleus acid is broken down. 

This occurs gradually on prolonged hydrolysis over a period of three 

hours. Butler and Creteher found that hydrolysis yielded the follow
ing constituents: 88.3 percent galacto-gluouronio acid, 29.5 per cent

galactose, 34.4 per cent arsblnose, and 14.2 per cent rhaanose.

Sands and Klass investigated the gum from the white cholla cactus 

Opuntla fulgida, and reported 11.5 per cent d-galacturoaio acid, 63.8 

per eent l-erabinoss, 5.5 percent 1-rhamnose, and 8.4 per cent d-galao- 

tose. By hydrolizing the acid residues mildly at 80° 0.the 1-arahinose 

was removed. The acids isolated showed a progressive hydrolytic effect



and the simultaneous removal of d-galactose. By hydrolysis of the
. : ' ' ' 11

gum with a four per cent solution of sulphuric acid glass obtained

a calcium salt of the following compositions 8.0 per cent 1-arablno#*, 

25.0 per . cent 1-rhaamose: , 9.6 per cent d-galactose, and 29.7 per 

cent uronic acid lactone. It will be noted that while the calcium 

salt contains rhamnose and galacturonic acid in equimolecular proport

ions the gum itself does not. Her 1 analysis of the gum indicates 

that these sugars are present in the molecular ratio of one rhmnose 

to 1.6 galacturonic acids. In this respect cholla gum closely resem

bles the mucilage of flaxseed. In the case of flaxseed seme indication 

has been obtained as to tho existence of a uronic acid content in excess
of that found in the aldobioaic acid nucleus. This point is discussed 

further in the experimental part of this paper.

Anderson and Bussell12 have Investigated lemon gum. On the basis 

of the analyses they concluded that the gun is composed of one molecule

of d-gal»ctaronie acid to which is attached an ether methoxyl group, two 
molecules of d-galactose, and. one molecule of 1-arabinooe. The following

formula has been suggested for the free acid of the gum:

jd •' o, a  |
O  . C - H O

0 . : 7 . , ;

r - £  ^ °  ».|_ 1- y
o — d — i

H "<i — rH - d o - H H O - r d - H  I C H f O - G — H  O
O - O - C - H  r" 7 14-c— 1 h - o - C - H  6
Ho<t- H l + -?-OH H - ? — *

C - O - H
H ' O - G - H

1--- C - H H h-6— L
H 6 H ' d - O - H

Lemon CHaa18a H



14Anderson and Sands, and Anderson and Otia 

that xesquite gum consists of d-glucuronic acid containing one math-

oxyl group and combined with three molecules of d-galactose and four 

wtoeulea of l-arabinoee. The 1-arablnose ie loosely attached as 

indicated by its ease of removal on hydrolysis with three per cent 

aul^hurle acid at 80oC. The failure of the free acid W  redone -

Zehling1s solution led the investigators to suggest the existence of 

adicarbonylunion involving one molecule of arabinose or a glycosldle 

unidh between.the terminal arabinose and some other hydroxyl group in 

the molecule. They suggested the following structure for this'gum:

H J[~\
O  H  O  I

8i
h-GtG G GGC o -hh o

w  I n  'H-H I Q H
H o c - c - c - 9 f| c - H

H 4 | O H" St " -
L^ W e g S " H_ti/o

H
h k d G tG

H

G-eSSc-H
a

HC-CCG G -h+
' " o S
tS h I

HGGG GGH
I M M  Ol— O^



•6»

Many of the mucilnges have been partially investigated, but no

sted for any of them. Bailey andcomplete structure has been 

Horrie* undertook the investigatie# of the mucilage from white mustard

seed, a muco-cellulose. Qxmm lilage was also investigated

by Bailey. The composition of these mucilages are given in Table I

together with their analysis of flaxseed mucilage. - Bailey attempted 

the oxidation of the barium aldotrlonate from cress seed mucilage with 

barium hypolodite solution. After oxidation the methyl furfural and 

furfural yields indicated that the rhamnose and the uronie acid were 

not affected. This indicated that in this case the free aldehyde 

group belongs to the remaining d-galactose. Bailey concluded, there

fore, that the galactose occupies the terminal position in the skeletal 

molecule of the mucilage.

Renfrew and Creteher16 reported that quince 

33 per cent of a cellulose residue, 33 per cent erebinose, and 27.8 per

eeat uranic acid. They found that the xylose was readily 

hydrolysis. Xylose was also identified in the aidoblonic acid obtained 

frem this muoilags. : .: - i

Andereoa, Gillette, and Seeley investigated the mucilage from 

Indian wheat, Plantago festigiata. They found an equivalent weight 

of 2590. The mucilage is a mixture of adds containing from 8-17 

pentosan units combined with one molecule of d-galocturonic acid. This 

acid is attached by its aldehyde group to a few molecules of 1-arabinoae

which in turn are attached to a longer chain of molecules of d-xylc

Anderson end .Fireman"1 investigated the mucilage from imported

Psyllium seed, Plantago psyllium. They were able to obtain the mucilage



TABLE I
ANALYSIS OF VARIOUS FRACTIONS 

OF CRESS ,KUSTARD,and LINSEED MUCILAGE

' SUBSTANCE ASH UBoeicACID TOTAL
FURFURAL

PBHTOSAI1 METHYL 
PENTOSAN

CROSS*BEYAH 
CELLULOSE

C % 0 %  ;

Mustard ae@d 
muollago : $ 18.0# 7.27# 3.18# 3.85# 43.1# 1.60^ 0.8#

Partial precipi
tation by alcobe! e%66 9.7 3.79 1.59 2.76 61.6 1.42 0.3

Baryta, insoluble
; residue 2.2(Ba) 11.8 6.66 3.98 1.24 62.8 1.06 0.3

Cross and Sevan 
cellulose 0.7 4 # S.96 2.00 0.38 0.9 0.1

Cress Seed 
nuellage

1.0 25.8 34.6 18.6 2.86 18.3 1.4# 0.1

Partial alcohol 
precipitation 2*6 li.fl 16.5 13.0 0.48 19.6 1.87 0.9

Baryta insoluble
. .■■■reti'dtas \ ■.

1.6 18.3 36.2 SS.l 1.95 37.9 1.80 0.1

Cross and Sevan 
cellulose

3.2 1.7 18.1 ' 19.5 1.88 0.30 0,1

Flasseed1
Mucilage

1.1 29.2 21.9 15.8 11.5 0.6 o.4 ; 0.1

Baryta, insoluble 
reiilue 3.1 ;... . 41.3 26,6 17.3 6.8 ■ '8.8 0.2 . 0.1



in yieldo of twenty per cent. The composition was found to lie within 

the following limits:

d-Galacturonic acid anhydride................... 3.1-13.@#
Xylan........................................... 76.0-91 #
Ash...... .............................. 0.8- 3.9#
Insoluble nXM material.......................... 1.4- 2.4#

Equivalent weight ....... ... . . .. ... ... . . .. 1360
The aldobionie acid obtained was d-galacturonic acid attached to

: ' IS : ' ' - ' ' ^
d-xylose. Fireman suggested tbs following formula:

: : /. 19 . • . ' - . ■ , . -
Anderson prepared the mucilage from the bark of the allppery

elm tree. It was shown to be a mixture of two or mom polyuronides 
with varying amounts of calcium oxalate aa am impurity. After hy

drolysis the following substances were identified: (a ) d-galac-

turemic acid, (b) 1-rhamnose, (e) d-galactose, (d) an insoluble 

residue, and (o) indications of a pentose, methylated heroso, and 

a methylated uronle Mid. Complete methylation of the aldobionie 

aeid from this mucilage by 8111, mrst, and Jones20 proved its struc 

ture to be the same as that of the aldobionie acid from flaxseed. 

They suggested the following structure for this mucilage: .



— tialoc 1,2 R 1,4 Galac 1,2 R.1,4 Galcc 1,2 R,-
3
1

Gal
3
1
Gal

3
1

Gal
2
1
Gal

3
1
Gal
3
1
Gal

Galae=d-*alaoturonic acid, Gal= d-galactose, R =l~rhamnoB6.
21 ' - 

Chao inveatigated tho mucilage of the Globe mallow, Sphaeralcea

■laxa, and reported that this polyuronide contained, mm. pectic material 

aai lOFetaia as impurities, d-galactumnie aeld combined with d-galactoae, 

1-arabinose, and a methyl pentose, possibly 1-rhemnose, in the ratios of 

6- 2.2 -3.1-1. The barium salt of the ureal® acid sugar complex la diffi 

cultly soluble. This Indicates the pectie nature of these salts, and 

casta some doubt on the resemblance of this mucilage to that of the flax

seed. ..

Biskeon, OSSereen, and Link, and Marshall and Korris analizcd 

the mucilages from seeds of Plangago lancoolata and Plantago arenaria.

The latter consists mainly of d-xylose, 1-arebinose, and d-gclactoce 

attached te an aldobionic acid composed of d-galacturonic acid and 

d-xyloso.
■ 24 ■Anderson, Seeley, and Walker investigated numerous endosperm 

mucilages and found that those non-polyuronide substances contained 
approximately 70 per cent d-mazmoso and 20 per cent d-galactose.

. ' - g5
Lucerne seed mucilage is a member of this class of manao-gelaetene.

Flaxseed mucilage has long been known to yield several sugars
26on hydrolysis. In 1903 Hllger hydrollzed It by heating with a one 

per sent solution of sulphuric acid and reported d-galactose, d-xylose, 
1-rhamnoee, and an acid residue among the produets of hydrolysis.



Seville (1013) repeated this vmrfc and verified the presence of the 

above sugars and in addition reported d-glucose. He was able to 

obtain t W  mucilage in yields as high as 6.3 par cent by extracting 

the seed with dilute sulphuric acid. He described the mucilage as a 

white powder giving on opalescent solution, neutral to litmus, and 

as neutralizing caustic alkali. 'By' titration - ho 'obtoine# an equivalent 

weight of 710. He reported a specific rotation of (0^=10.79° no 

zoaction with iodine, and no reduction of Zehling’s solution. He 

showed that the ash contained calcium, phosphorous, potassium, mag

nesium, and iron. On analysis he found 41.96 per cent carbon and
286.38 per cent hydrogen in the mucilage. Abderhalden states that 

the acid complex produced on hydrolysis contains erne pentose end one 

hoxoso sugar. "
29

In 1930 Anderson and Crowder renewed the investigation of flax
seed mucilage and showed that t W  aldobionic acid formed during hy

drolysis consisted of one .moleeulo of d-galacturoaie aeld joined 

through its aldehyde' 'group-:to a molecule of l-rhamnosc. They suggested 

the following foeeulei - ' ■ - ' - . .•

: _ . .. - y  , -* %

27

1,4 d-galactosidopyranosyl- 
1-rhamnopyranoaide



Anderson50(193S) was able to identify and isolate 1-galactose

from the mucilage and described methods for obtaining this sugar in

yields of from six to eight per cent. He has repeatedly identified

d-galaeturonle seld* 1-rhamnose, d-xylose, and 1-golactose among

the hydrolytic products. The 1-erablnose and d-glucose reported by

Hilger and Neville have not been confirmed. The following procedure
30for isolating 1-galactose is given by Anderson. One hundred grans 

of mucilage were hydrolized with 600ml. of a four per cent solution 

of sulphuric acid on a bath of boiling water for twelve hours. The 

solution was neutralized with barium hydroxide in the cold and the 

excess base removed with carbon dioxide gasw The filtrate from the 

barium sulfate was concentrated in vacuo to a syrup, and extracted 

several times by refluxing with 95 per cent alcohol. The extracted 

sugars wore again concentrated in vacuo to a syrup, dissolved in 

glacial acetie acid and seeded with 1-galactose. Twelve grams of 

crystalline eugar were obtained. Thia showed in the

filtrate from the first crop Anderson identified d-xylose crystals 

r=t!80. 1-Galactosc was also prepared without isolating the 

mucilage. The mucilaginous extract was pressed through cloth and 

mixed with euffleient sulphuric acid to make the solution four per 

cent sold. The mixture was heated for eleven hours in a bath of 

boiling water and treated as before. Six to eight grams of 1-gal- 

actose were obtained from two kilograms of seed. Attempts to iso

late the sugar by hot water extraction or direct acid hydrolysis of 

the seed gave very poor yields, letiaatione of the amount of 1-gal- 

actose in the seed gave results varying frera 0.30 to 0.32 per cent 

of the weight of the seed used.



Crowder* After hydrolysis of the barium aldobionate for sixteen

hours at 100*0. with a 2.5 per cent solution of sulphuric sold they

Isolated the barium salt of d-galaeturonic acid and subsequently the

free acid; m.p* 15?-lSe°C.,1*0= 54.O0. They also obtained the bruc-

m e  salt of this acid; m.p. 188-189*0. -7.6° They identified

l-rhamnoee as the hydrate.
29Anderson and Crowder suggested a 1:4 biose linkage m  the 

aldoblonie acid. Later, however, as 1:8, 1*5, and 1:5 lirdcages

were found to occur naturally in sugars, Tipson, Christman, and .
38 ' : . ' 'Levene prepared the above aldoblonie acid and by methylation 

showed that it contained a 1:2 glycosidic union. The correct

etrueture of the eldobieale acid is

H -O 6- —* - -t-i-o-G- H
-------t - H .  , Itfrd------L

CrHj 6 o --H
o

1:8 d-galactoaiodo$yranosyl-
X—rlio rm o  nv 'rnnn  «1 a «  x iminuupyxclXlO Bxu©

present l»v#eti#stion was undertaken to determine quanti- 

Ltetively the relative amounts of the varimie eenstituent sugars 

in flaxseM mucilage and to ascertain the rate and order of ep- 

pearanee of these sugars during hydrolysis of the mmcilage. With 

such infonaation it was hoped that a simpler, more reliable method 

for isolating 1-galactose could be developed.

O H “C"0*H
H H-C-O-H 

H  o



Moisture. The percentage moisture was determined by placing 

a known weight of material In a drying oven and heating It to constant 

weight at ISO 0.

Ash. The percentage ash was determined by igniting a weighed 

sample to constant weight at the highest temperature of a Meeker burner. 

Pronic Acid. The uronic acid was determined by the modified method

of La^evre and Tollens.33 This method is described in the "thesis of
\ • 34 ■ ■ - ' ' ■" ' - '■ " ' ■■■

Krznarich. In some cases it was desirable to determine the urraie

acid content of various hydrolysates, generally alcoholic sugar solutio 

To do this.the alcohol was distilled off in vacuo and the concentrated 

solution filtered into a 500 ml. volumetric flask. 77 ml. portions of 

this solution were mixed with 23 ml. of concentrated hydrochloric acid, 

(38 per sent}. This gave 100 ml. of e 12 per cent hydrochloric acid 

solution which could be analized for uronic acid according to the di

rections of Krznarich.

Music Acid. Mueic acid was determined by the method of van der
_  35 ' ■ ' " - • :. ■ ■: . .
Baar. The mueic acid is a measure of the d-galacturenie acid and 1-gal

aetoac present.
Barium. The percentage of barium was determined by precipitating 

the sulfate in the presence of excess sulphuric acid or by igniting to 

the carbonate.



Strontium. The percentage of strontium was determined by 

igniting to the carbonate.and subsequent conversion to the sulfate 

by careful addition of sulphuric eeid.

Sodium. The percentage of sodium was determined by igniting 

the material in platinum crucibles. The carbonate thus formed was

Pentoses and Methylpentoses. The method used is that of Tollens 
33

and Ellett. The method is based on the solubility of methylfurfural

per cent alcohol at 60?C. The modification of J 

this investigation. The weight of the furfural

the weight of the uronic acid

wore analized in which both the we

•third of

made to lie within the range of both the tables of Krober and of
- • ' ■ - •

Tollens. In such cases the damnose- and zylose were calculated by 

the following formulae:

Grams of rhamnose=1.65Ph - 1.84P1i8+ 0.01. where Ph la the 

weight of the methyl furfural phloroglucide.

Grams of xylose^ (a 0.0052) X  0.9205 for a weight of phloro

glucide (a) under 0.03 grams.

Grams of xylose» (a 0.0052) X 0.9122 for a weight of phloro

glucide (a) over 013000 grams. In some cases it was desirable to



detaraino the pentose and methyl pentose content of various 

hydrolysates. Samples were prepared for analysis as previously 

described for uronle acids.

Many authorities state that the determination of methyl pento

sans in the presence of other furfuraldehyde yielding products

appears inaccurate. Hexoses also Interfere by yielding W-hydroxy' 35
methyl furfural on distillation. Browning discusses the possible 

errors involved in the determination. Be points out that indis

criminate use of Krdber’s tables is without justification mince

in pure condition. The results of trial runs on samples of pure 

xylose, pure rheerose hydrate, and mixtures of these are given in 

fable II. The percentage error has been calculated to indicate the 

accuracy of these methods. The method was also applied to the anal

ysis of samples composed of a barium aldoblonate and rhamnoee hydrate 

in order to determine the amount of furfural yielded by a known amount 

of d-galocturonic acid when combined with 1-rhamnose es is the case in 

flaxseed mucilage. The results of these analyses also appear in Table II.

Preparation of the Mucilage and Linseed Acid. The preparation
: ' - pm '

of flaxseed mucilage is described by Keville?'Anderson and Crowder, 

end Jtorrow. The procedure described by Seville was used in the 

present investigation. The deeds were soaked in four times their 

weight of water for twenty-four hours with occasional agitation by



SABLE IX
msEmimsim op festoses and methil fehsoses

1 Determination Xylose Ehaano## Eydr&te Orenie Acid FmTural
present found srrsr

%
Present fouW error

%
Correstion Phloroglucide %

. , 1 ' 0*1167 0.1145 -1.21 — —

2 0.0953 Q*Q9m *1.82 : — —

3 ©.1086 0.1241 14.29 0.1017 0.0980 -3.51

4 0*0786 0.0778 +5.88 0.0707 0.0775 ♦8.64 — ;; -----:

' 8 ’ ... ' 0 * 0 W 0.0000 0.0## 0.1025 +3.22 ; — ******

6 0.0000 0.0000 0.0546 0.0532 -2.56 : —

Aldoblonie
Acid — Theory

0.1666 0.1421 -9.21 0.0667 0.0867 28.5



■ - 1? -  • '

' ing through seireral layers ef cloth• The muclloge was precipitated 

by pouring the extract into approximately four volumes ©f 85 per cent 

alcohol. If the free acid of the mucilage was desired thirty ml. of 

concentrated hydrochloric acid were added to each two liters of the 

extract. The acid solution was then poured into approximately five 

volumes of 85 per cent alcohol. In this case the fibrous precipitate 

was washed several times to remove the chloride ion. The following 

precautions were found to increase the yield, degree of purity, and 

the appearance of the product: - -

(11 The seed should be as free as possible from dust and seed 

particles. The mucilage extract should be pressed through 

fine mesh cloth before addition of alcohol.

(2) Higher yields are obtained when larger volumes of alcohol 

are used to precipitate the mucilage.

(5) If on pouring the mucilage extract into alcohol the solution 

is not stirred the greater part ®f the fibrous mass will 

rise to the top leaving the heavier impurities below. The 

floating mucilage can then be removed from the liquid and 

dried further in alcohol. Additional amounts of mucilage 

can afterwards be obtained from the solution. This second 

crop, however, contains more inorganic material and on analysis 

shows a higher ash.

(4) After precipitation, the mucilage should be filtered rapidly 

oa a Bttchnbr funnel and washed successively with 85 per cent 

and 95 per cent alcohol and then with ether. The liquids



should be removed rapidly from the product since they cause 
it to absorb moisture from the air and become dark.

(5) Since pressing the mucilaginous solution through cloth is vary 

tiring on the hands, a larger yield of the mucilage is usually 

obtained from the same amount of seed if it is extracted in 

small lots of 1200 grams instead of in one large lot. In the 

preparation of the mucilage yields as high as five per cent 

were obtained while in the preparation of the linseed acid 

yields of three or four per cent were usual.

Analysis of the Mucilage. Lot 1. This mucilage was prepared 

by Anderson in a manner quite similar to that just described. The 

seeds were originally obtained from the University of Arizona Ex

perimental .nEarns at Yuma, Arizona. They contained considerable 

.amounts of dust and seed partlelea whiah account* for their high 

percentage of ash.

Lot 2. This lot was prepared from the same seed used in pre

paring lot 1, but the mucilage extract was farced through fine 

cotton cloth to remove solid particles. The effectiveness of this 

procedure in removing foreign material as well aa the results of 

the analyses of these two lota are given in Table III.

Analysis of the Linseed Acid. Lots 1,2, and 3. These crops 

of the free acid were prepared from the same seed as the two lots 

of mucilage described above.

1°* A* This acid was prepared from mucilage that had been 

standing for several years.

l£t J5. The linseed acid in this case was prepared from flaxseed



obtained from the University of Arizona Experimental Farms at Mesa, 

Arizona. These seeds had been cleaned mechanically. The results 

obtained on analysis of these various.lots are given in Table IV.

Table III

Analysis V Lot 1 Lot 2

Ash .. 8.60 0.8?

Uronic acid (lactone) 23.24. 24.08

Equivalent weight1. 757 728

Xylan • 24.W m . m
• 2 Mol per cent uronic acid lactone 1.65 1.61

Mol per, cent rhamnose

Rhamnosan . 11.70 12.39

1 '' ' '
Calculated by the formula:

per sent COg$ lOOf*44: Equivalent weight
2 ’ * "
Calculated as fellows:

Mol per cent uronic acid lactnwa- # Uronic acid lactone
Mo. wt. lactone

Mol per cent rhaanoee = rhamnose
' : . • , ■ 146 ' ./ ,

This fraction indicates that in the mucilage d-gal- 

octuronic acid and l-rhomnose are not-present in the 

ratio corresponding to one molecule of each of these



Table IT

Analysis of The Linseed Acid

Analysis Lot 1 ■ Lot 2 Lot 3 Lot 4 tot6

Ash 0.75 0.91 0.81 1.53 2.16

Uronie Acid 
Leetone

26.44 27.52 27.12 24.20 24.64

Equivalent
weight

6565 639 649 787 714

Rhamnosan 11.75 11.02 11.37 ‘ 10.06 13.70

Xylan - 32.55 35.95 33.21 si.ro 36.41

Meutral
Equivalent — ... — - 653 -— -- -

M j N .... 11.9° '— . 10.8°
. ■ - ' - ..i
Insoluble "X" 1.85 1.7# -— ---

Uronie acid 
Rhamnose

1.91 2.05 1.98 m.ro 1.50

1All results have been calculated on the ash free basis

This was determined by saturating a solution of 2 per 
eeat ammonium hydroxide with a weighed quantity of the 
acid. The excess acid eas removed by centrifuging, dried 
and rewelghed. The difference in weight corresponded to 
the amount of sold dissolved. The saturated arMohium 
hydroxide solution was diluted to 50 ml. and the specific 
rotation determined.

The insoluble MXM was determined by hydrolizing a weighed 
quantity of the linseed acid with 4 per cent sulphuric 
acid at 1000°0. for nine hours. The insoluble material 
was removed by filtering, dried and weighed.
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Hydrolysis of The Mucilage And Linseed Acid

The mucilage naa known to contain 1-galactose, and d-xylose.

The atriKiture of the aldobionic acid had also been conclusively 

established. It remained to be shown, however, which of the latter 

two sugars, 1-galactoae or d-xylose, was first liberated on hydro1- 

yeis. Previous work by Andsrwn indicated that this sugar was 

l-gelaetoae$ therefore, in the initial phase of the present inves

tigation attempts were made to isolate a trionic salt consisting 

of d-galaoturonio acid, 1-rhamnose, and d-xylose. The first part 

of this paper discusses those attempts, ffhen it had been shown 

that d-xylose was the first product of hydrolysis attempts were 

made to isolate a trionic salt consisting of d-galncturonic acid, 

1-rhamnose, and 1-galactose. These attempts are discussed in the 

second part of this paper.

a f e lzaie ofthe Mucilage with 4 percent Sulphuric Acid for 

14 Hours sad Preparation of the Barium Salts. Three hundred grams 

of air dry mucilage were mixed with two liters of a four per cent 

solution of sulphuric sold and allowed to stand overnight. The 

solution was then heated at 80°C. for 14 hours after which it was 

neutralized with barium carbonate. The solution was filtered while 

hot and concentrated In vacuo on a bath of boiling water. The 

concentrated solution was made slightly alkaline with barium hy

droxide. The excess base was removed by passing carbon dioxide ~ 

through tho solution. A small amount of precipitate was removed.

The filtrate was concentrated to a small volume in vacuo. Two liters



of eleohol were added and the solution heated to boiling. After 

standing, the alcohol was decanted and the gum residue dissolved 

in 600 ml. of water. This was poured into three liters of alcohol. 

This precipitated a white and granular barium ealt. When washed 

and dried it weighed 175 grams. This was called barium salt A.

It was dissolved in 700 ml. of water and" fractionated in the fol
lowing manner. The hot solution was poured into an equal volume 

of 95 per cent alcohol. After shaking and boiling, this solution 

was concentrated and the salts were precipitated by addition of 

alcohol. This was called barium salt B. The gum salts from above 

were dissolved in 350 ml. of hot water and an equal volume of 95 
per cent eleohol added. After heating on a bath of boiling water 

and standing, the solution was poured off and concentrated. The 

barium salts were precipitated in alcohol. This is barium salt C.

The solid residue remaining after the extraction of fraction C wee 
dissolved in 350 ml. of water end 100 ml. of alcohol were added.

After standing the supernatant liquid was decanted, concentrated in 

vacuo, and precipitated with alcohol. This was called barium salt D. 

It weighed 87 grams. The insoluble portion from which barium salt 

D was dissolved,was mixed with 700 ml. of water and filtered from 

a small amount of insoluble material. On adding alcohol 57 grams 

of barium salt 3 were obtained.

The milky supernatant alcohol from the barium aalta D and E 

were combined and allowed to stand. Twenty grams of a barium salt 

Z were eventually•obtained. The analyses of these salts are given 

in Table V. They indicate that d-xylose is being split from the
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muoilago. The equivalent weights of these salts show that their

solubility In alcohol varies indirectly as their molecular weights.
• • '

Table V

Analyses of The Barium Salts

Constituent* B B E F

% water 14.21 18.68 13.50 14.55

# OOg 9.40 9.51 10.M 10.74

% Uronic Aeid 
Lactone

37.60 38.04 41.04 42.96

Equivalent
weight

4S8 463 ' 429 ' 410

% Xylan 17.22 17.87 17.00
$ Bhamnosan 33.05 36.00 56.00 87.20
% Barium f.de- 9.03 — * :

[a# 71.2® 68.8® 69.0° 66.0®

Barium salt Q was converted to the free acid

Pre pa rat lorn of the Free acid from the Combined Barium Salts 

B and D. Fifty-three grams , of the combined barium salteB and D 

were dissolved in water and just sufficient sulphuric acid added 

to precipitate the barium. Tim solution was concentrated and a 

small amount of alcohol added to precipitate the last traces of 

barium sulfate. After filtering the solution, alcohol was added 

to precipitate the free acid. Thia was again dissolved in water 

and fractionated as foUowei Alcohol was added and the fraction 

Hi weighing 20 grans was obtained. On addition of more alcohol#



eight grams of free acid %  were obtained. The gum acid pre

cipitated along with traces of barium sulfate was dissolved in 

water, decolorised with Horit, and filtered. On the addition of 

alcohol the solution yielded 3 grams of free acid Bg. of these 

free acids Hg is the least eolublo; is the most solakle; and 

%  is Intermediate in solubility.

Preparation of the Free Acids from the Combined Barium Salts 

JE and £. Fifty-one grams of the combined barium salts E and F were 

dissolved in water.BSrivan .was precipitated as the sulfate and the 

last traces of barium sulfate removed as before. The free acids 

were isolated in two fraction#. Freeties 0^ the least soluble. 

It weiged 25 grams. Fraction G2 was precipitated from the alcohol 

supernatant to fraction GV. it weighed 5.5 grams. The analyses 

of these acids are given in Table 71.

Discussion'of Tables 7 and VI. 1. The equivalent weights of 

these salts, indicate that hydrolysis has proceeded further then 

desired. A barium salt consisting of d-galacturonic acid, 1-rham- 

nose, and d-xyloee would have an equivalent weight of 539. 2. The

solubility Of both the barium salts and the free acids varies in

directly as their equivalent weights. 3. It will be noticed that

the lowering of the equivalent weight corresponds approximately to 

the loss of one half atom of barium. The per cent xylan, however, 

drops from an average value of 17.24 in the barium salts to 6.99 in 

the free acids. These figures indicate a loss of xylose in the pro

cedure followed. It may be that this xylose was present in the form



ANALYSIS OF TEE FREE ACIDS

Free Acid =1 „ % Gl
l

%
Description

soluble
Least
soluble

Least
soluble

Most
■ m m m

Moisture % 8.6* 4.49 7.84 7.92 9.48

Ash 1 % 0.87 2.38 0.24 1.18 . 1.61

eo8 % 11.17 11.53 10.98 10.68 12.19

Equivalent
Weight

394 388 402 412 362

fo 6.49 8.28 7.21 6.60 8.40

8 4•.81'. 39.82 35.27 38.26 # . # *
Heutral
Equivalent 451 496 406 410 478

Uronie Acld^ 1.07 . 1.02 —  ’

1 The analyses have been calculated to the ash free basis
2 The ratio of uronic acid to 1-rhanmose has been calculated 

as described on page 26 .



of a uronic aetd complex, tho barium salt of which is insoluble. 

When the barium is removed by the addition of sulphuric acid this 

uronic acid complex is no longer insoluble is alcohol and remains 

In solution. This possibility was not checked at this point but 

some of the later analyses indicate that thia may be true. 4. The 

free acids are difficultly soluble in water. This fact may account 

for the large discrepancy between the equivalent weights determined 

by the method of Lefevre and Tollens end by direct titration of the 

acids with sodium hydroxide solution.

Hydrolysis of the Linseed Acid for four hours with four per 

cent sulphuric acid at 80°0. Ten grams of dry linseed acid were 

mixed with 400 ml. of a four per cent eelution of sulphuric acid and 

triturated in a mortar. The solution was then heated at 80°C. 

for four hours. The solution was centrifuged to remove an insol

uble residue weighing 0.66 gram.

The clear solution was neutralized with barium carbonate and 

the barium sulfate centrifuged out. A small amount of barium car

bonate warn added and the solution concentrated in vacuo to 200 ml. 

After filtering, the solution was poured slowly into three volume 

of 95 per eamt aleohol. The precipitate was filtered and washed 

several times with 95 per cent alcohol. This was called barium 

salt L. It weighed 5.65 grams. The analysis of this salt is given

in Table VII.

In a similar manner 23 grama of linseed acid were dissolved 

in 600 ml. of water and heated to 80°C. To this solution were 

added 200 ml. of a solution containing 18 ml. of concentre ted



sulphuric acid also at 80°C. The solution was maintained at 

this temperature for four hours and ten minutes. The acid sol

ution was centrifuged and filtered. The filtrate was neutralized 

with barium carbonate, refiltered, end concentrated to 350 ml.

The barium salt was precipitated by addition to three volumes 

•f 65 per cent alcohol. One-half gram of sodium chloride was 

added to aid in coagulation. The precipitate was filtered from 

the alcohol and washed with 85 per cent alcohol until free of 

chloride. This was called barium salt li. Rhen dry it weighed 

13 grams. The analysis of this salt is given in Table YII.

•Cable m
Analyses of Barium Salts L and M .

Constituent Barium salt L Barium salt M Theory0

^Moisture : 9.49 10.90 — — '

*eog 8.29 8.28 8.15

^Oronio acid 
lactone

33.16 33.12 32.60

Equivalent
weight

532 531 539

42.9° 55.5° - — —

^Xylan 7.50 8.25 24.5

^Rhamnosan 30.25 31.60 27.2

toonlc acid
Rhamnoaan

0.91 0.90 1.00

The theory has been calculated for the barium salt of 
d-galacturonic acid, 1-rhaanose, and d-xylose with loss 
of Vtwo molecules of water.



Discussion of Table VII. The analyses of these salts in- 

dieated that although their molecular weights spproximated'the 

theory for a ;barium salt of d-galacturonic acid, 1-rhamnose, and 

d-xyloee these sugars were not present in that ratio. It is clear 

that large amounts of xylose had been split off during the hydrol

ysis. The analyses also indicated that the bivalent barium Ion 

was being precipitated with the linseed acid.in all stages of 

hydrolysis. Thus while the salt isolated has a uronic acid eon- 

teat corresponding to a molecular weight of 539 it was undoubtedly 

composed of seme combinatio* of the following: (a) Ba-(linseed

ecid)g , (b) Ba-(aldotrionate)2 , (c) Ba-(aldobionate)2 , (d) 

aldotrionate-Ba-aldobioaate, (3) aldobionate-Ba-linseed acid, (f) 
aldotrionate-Ba-linseed acid. In an effort to avoid the difficulty 

of obtaining mixed barium salts attempts were made to isolate the 

free acid consisting of d-galacturonic acid, 1-rhamnose, and d-xylose 

After several trials the following procedure was found to give the 

moat satisfactory results. . .

. Eydrolysls of the Mucilage with Four Per Cent Sulphuric Acid 

for Four Hours and Isolation of the Free Acid q,i. 200 grams of 

mucilage were dissolved in. 2400 ml. of a four per cent solution ..

of sulphuric acid. The solution was pressed through cheese cloth.

It waa then heated for four hours at 80°C. The cooled solution 

was allowed to stand overnight and added to 35 liters of 85 per cent 

alcohol. After standing three days the alcohol was siphoned from 

the precipitate. This was dissolved in 1500 ml. of water. An in

soluble material was removed by centrifuging and filtering. The



filtrate was added to 15 liters of 85 per cent alcohol. After 

•tending three days, the acid was removed, washed several times 

with 95 per cent alcohol, and once with ether. The dry acid (Qi) 

weighed 20 grems. The analysis of this free acid is given in 

Table VIII. Th® equivalent weight found corresponds veiy closely 

to that of the aldotrioaie acid mentioned above. The alcoholic 

solution containing the soluble sugars was concentrated to a syrup 

and glacial acetic acid added. On standing only d-xyloae crystals 

were obtained. This fact together with the analyses thus far des

cribed indicate strongly that d-zylose, and not 1-galactose, is the 

first product of hydrolysis.

Hydrolysis of the Linseed Acid with Four Per Cent Sulphuric 

Acid for Four Hours at 80°c. and Preparation of the Barium Salt 

El* To establish this point 50 grams of linseed acid were die- 

solved in 1200 ml. of water and made up to 4 per cent with sul

phuric acid. The solution was heated for four hours at 80°C.

The insoluble material was again removed by centrifuging and the 

solution filtered on a Bdehner. The filtrate was neutralized with 

baritan carbonate. The barium sulfate was filtered from the solution 

and the filtrate concentrated to 350 ml. The salts were precipitated 

by adding the solution to five volume.s of 85 per cent alcohol. The 

analysis of this salt (Barium Salt P.) i8 given in Table VIII. The 

supernatant alcohol fmm the above precipitate was concentrated in 

vacuo to remove alcohol end diluted to 500 ml. The sugar content 

of this solution (Hydrolyaatell) Is given in Table VIII.



Table VIII

Analyses of Barium Salts and Hydrolysates

Constituent Barium 
Salt P

Hydrolysate
I

Barium 
Salt P2

Hydrolysate
II

Linseed
Acid

Uronio acid 
lactone %

34.32 0.6471 45.68 0.254 27.52
. .■.

Equivalent
weight

514 ---- . 385 639

Rhamnosan% 89.®) 0.0372 22.12 0.882 11.02

Xylan % M l 8.76 Mil Mil 35.95

Weight
hydrolised

8.068• — •--- — - 80*008 •

Galactose 0.976 g. — — 0.9348 • — —

50.8° #0.0° 10.8°

Wonic acid
rhaanoee

1.0 — 1.7 ■ — — 1.98

Weight
obtained

85.0 g. 4.938 —  ;

Hydrolysis of the Barium Salt and Preparation of the

Barium Aldoblonate Pg. 8.06 grams of the barium salt were 

dissolved in a 4 per cent solution of sulphur!® acid and heat

ed for twenty-throe hours in a bath of boiling water. The sol

ution was neutralized with barium carbonate and the barium sul- 

fate removed by filtration. The barium sulfate was washed several 

times with hot water and the washings were added to the filtrate. 

The neutral filtrate was concentrated to 35 ml. in the presence 

of excess barium carbonate. The solution was filtered and con

centrated to 85 ml. It waa then added to twenty volumes of 95
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per cent alcohol. The barium salt of the aldoblonlc acid was 

removed from the alcohol, washed with 95 per cent alcohol and . 

dried on a porous plate. This barium salt (Pg) weighed 4.93 grams. 

Its analysis Is given in Table VIII. The alcoholic filtrate from 

the above precipitate was diluted with 100 ml. of water and con

centrated in vacuo to remove the alcohol. The solution wes fil

tered into a volumetric flask and. diluted to 500 ml. The sugar 

content of this solution (Hydrolysate II) is given in Table VIII. 

These results clearly indicate that xylose is the first product 

of hydrolysis. ■ . ; " _

Hydrolysis of the Linseed Acid with two Per Cent Hydrochloric 

Aold at 80°C. Since the barium salts of the uronic acid residues 

are undoubtedly of a mixed nature, attempts were made to Isolate 

the sodium salts of these acids. It was desired primarily to ob

tain the sodium salt of d-galacturonle acid, l-rhanmose, and 1-gal- 

aetos®. This salt should have an equivalent weight of 524. After 

a eerios of trial runs it was found that e salt with an equivalent 

weight approximating 524 could be obtained in the following manner. 

Ton grams of linseed acid wore dissolved overnight in 700 ml. of 

water. Constant agitation was necessary to effect complete solution 

of the acid. When homogenous, this solution was heated to 80°C in 

a water bath. A second solution consisting of 41 ml. of concentrated

hydrochloric sold (38£) diluted to 300 ml. with water, was also heat- 
0ed to 80 C. When both solutions had reached the desired temperature 

they were mixed rapidly. The hydrolysis was allowed to continue for 

55 minutes. The acid solution was cooled under running water, cent-



rifugod to remove on insoluble material, and filtered on a Buchner 

funnel. The filtrate was neutralized with the calculated amount 

of sodium hydroxide but was not allowed to become alkaline. The 

neutral solution was concentrated in vacuo in a bath of boiling 

water to approximately 100 ml. It was then added to five volumes 

of 95 per cent alcohol. The heavy white precipitate which formed 

was washed with hot 85 per cent alcohol until free of chloride.

This is Sodium Salt 1. It weighed 6 grams. The alcohol from the 

above precipitation was concentrated in vacuo, filtered and diluted 

to 500 ml. The analysis of this solution, Sodium Salt 1, and two 

other sodium salts obtained by the some procedure are given in Table

XX- ; . . ' ; ■

: Hydrolysis of Linsoed Acid with Two Per Cent

Hydrochloric Acid at Eighty Degrees

Fifty grams of linseed acid containing 3.72 per cent moisture 

ware dissolved in three and one half liters of water and pressed 

through cheese cloth to insure uniformity* Two hundred and five 

ml. of eoneentratad hydrochloric acid (38 per cent) were diluted 

to thirteen hundred ml.- When both were at 80°C. these solutions 

•ere mixed thoroughly. One liter portions were removed every half 

hour, cooled, and treated as follows: The acid solution was first

centrifuged and filtered to remove insoluble material of unknown 

composition. It was then neutralized with sodium hydroxide and 

made slightly acid by adding three or four drops of concentrated 

hydrochloric acid. This slightly acid solution was concentreted



TABLE IX- ’ :
AHALYBES OF THE SODIM SAU B  AND HZDB0LYSA2BS

Constituent Idasesd Aoid 
Lot 5

Sodium 
Salt I

%drolysat9
%

Sodium salt
' ; m

Sodium Salt
r  ' ■;

■ f l w w y ■
Sodium Salt1

Dronio Aoid 
' laoton* 84.68 33.66 0.0652 g 33.64, : 33.72 #.64

713 683 824 ##1 ' 624

^rlaa 30.7 9.66 1.846 g ; )ui.fr • 12.27 x m  ' ■ '

Rhamnoean 10.03 17.80 nil 27.9

Galaoto## 30.96 - - - 0.168 g --—  ; . ' '

i> j^ 11.8 0 68.0 O : '■ 61.3 ® 66.6 *

jsoaimi — 4.88 •---- 4.28 4.26 4.39

aoia, 1-r] »



ia veeuo on a bath of boiling water to approximately two hundred 

ml. The solution was filtered and added to sixteen volumes of 

85 per cent alcohol. The sample taken at two and one-half hours 

was only eight hundred ml. and originally contained but eight 

grams of linseed acid. The remaining four samples originally 

contained ten grams of the acid. This is shown in Table X. Sam? 

pie five, after centrifuging and filtering, appeared similar to 

samples one, two, three, and four, but on neutralization one-half

gram of a gummy residue settled out. This was filtered off and
- ' .. - . .. k-

the neutral filtrate concentrated to two hundred ml. and added 

to five liters of 85 per cent alcohol. The precipitates obtained 

wore washed with hot 85 per cent alcohol until free of chloride. 

The weights of these sodium salts and their analyses are given in 

Table X.
The supernatant alcoholic solutions from each of the above 

precipitates and their first washing were concentrated separately 

at reduced pressure to remove the alcohol. The concentrated sol

utions were filtered into volumetric flasks and diluted to five 

hundred ml. Aliquot portions of these solutions were analyzed 

as described above for-carbon dioxide, pentoses, rhemnoee, and 

galactose. The results are given in Table V.

Discussion of Tables X and XI. 1. Both tables clearly in

dicate that xylose is being hydrolized off rapidly. In the first 

one-half hour of heating the per cent xylose drops from 36.14 to 

18.44. 2. The uronie aeid content of the hydrolysates (Table XI)

rises, falls, and rises again. This indicates that a uremic acid



TABLE X
ANALYSIS 07 THE SODIUM SALTS OBTAINED BY HTDROUZIEQ LINSEED 

ACID WITH TWO PER CENT 031 AT 80° 6.
Analyeia ' Linseed

Ae|6
Sediua Sait 
§ Bbur

Sodium Salt 
Ij Hour .

Sodium Salt 
1^ Hours

Sodium Salt 
2 Hours

SWULim Salt 
Bjr Hours

Insoluble X 0.347 0.357 ©.IS# 0.262 0.312
Dry Salt 10.006 6.06g. 4.526. 4.00g. 8.#g. 2.886.
J6 water *.72 mm 6.18 7.06 16.00 6.16
* ooE S.16 8.46 8.60 t.46 w.n 10.98
Moleoular
Weight 714 620 m 465 438 401

Xylan* 56.41 12.44 ®*e 7.20 tram - nil
Bhasmosan* 13.70 m.m 28.52 27.60 30.06 %.80

[•<% 10.80 66.80 67.5° 73.00 79.6° 90.3°
Galactose^ 32.0



t m *  H

AMALYBIS OF THE HYDROLYSATE OBTAINED BY HYDROLIZIHO LINSEED

ACID m a  TWO PER CENT B31AT W°  C.

Analysis : & .lew l i  Hours \ 2 Hours * i Hour.

present
4.85 6.86 : 6.86 6.08 6.66

Volume (ml.) GOO : 500 600 500 500

Qrams of C02 0.1195 0.0353 0.0384 0.3830 0.2380

Grams of Oronie 
Acid Lactone

0.155 0.168 1.700 1.048

Grama of Rhanmose2 Nil Nil H a Nil ■■ : * 1

Grams Xylose 2.65 s.y* 3.28 8,78 3.22

accounted for
3.62 | 5.63 . 4.36 6.66 6.86'

Per cent sugars 
acoowated for

r4.5 65.6
'

74.8 61.5 83.0

I Tto lose in weight of the furfural phldrogluolde was of the order of 
0.0066 graas . If the correetion of Hayward (see methods of analysis)
Is applied the weight of rhsanose in #ese hydrolysates ecmld not exceed 
0.1 gram . 33
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ie removed by hydrolysis and is decomposed by continued heating.

The second rise might possibly bo attributed to the splitting off 

of a second uronle ecld. ^3. The fact that the l-rhamnoss content 

of these solutions (Tablo XI) is exceedingly Ion would indicate 

that the uronle acid in the hydrolysate is not derived by hydro

lysis of the aldobionic acid, d-gaiaeturonie acid, 1-rhamnose.

4. : This low rhamnose content also Indicates that the aldoblonle 
acid is not broken down after two andone-holf hours of hydrolysis 
and is eoapletely precipitated by the method employed. The sig

nificance of these facta may be illustrated in the following manner. 

If all the aldoblonle acid is removed from the two and one-half 

hour hydrolysate by precipitation in alcohol it is all contained 

in the sodium salt 6 (Table X). 2.58 grams of sodium salt 6 would

be equivalent to 2,58 X  .4-QA“2.3. =  2.43 giro ef t M  free acid. This 

was obtained originally from eight grams of linseed acid. This was 

a 30.4 per cent recovery and represents the maximum percentage of 
the aldoblonle acid present in linseed acid. It is of interest to 

empare this result with that obtained from the analysis of the 

linseed eeld. The percent rhamnose in the acid is approximately 

12 per cent (see Table III). If every rhamnose is contained in the 

aldobionic acid the per cent of aldoblonle acid in linseed acid la 

given by ' ' ' ' ' ' ! ‘ :  ̂v : : "

12 x ' liol» weight of aldoblonle aeld .
Mol. weight 1-rhamnose

This is equal to 27.82 per cent. This figure approximates that 

given above. This indicates strongly the presence of an additional 

uronle acid in the ameliage. 5. The music aeld determinations on



the hydrolysates (Table XI) indicate that l-galactoae is more 

slowly hydrolized than d-xyloee. 6. A study of the uronio acid 

and galactose contents of the hydrolysates of Table XI shows that 

there is not sufficient d-galacturoaie acid present to account for 

the mueic acid found. It is eseumed, therefore, that-part of this 

mucic acid is derived from 1-galactose which has been split from 

the linseed acid during the course of hydrolysis.

Determination of Reducing Sugars. Twelve grams of linseed 

acid (3.72 per cent moisture) were dissolved in 300 ml. of water 

and heated to 80°C. 133 ml. of concentrated hydrochloric acid

were diluted to 200 ml. and also heated to 80oC. These solutions 

were mixed thoroughly and two three ml. sample immediately with

drawn, placed in 25 ml. flasks, diluted with 15 ml. of water, and 

finally neutralized with sodium hydroxide. Hereafter, a three ml. 

sample was withdrawn every five minutes and treated similarly. They 

were then titrated by the method of .8haffer-Bartmen&^. The red

ucing augers were not calculated from the Munsen-Walker tables ee 

these would be of. little value in such a complex mixture. When 

the thiosulfate equivalents are plotted against the time of hydro

lysis, as in figure 1, the curve shows a steady rate of hydrolysis 

for the first forty-five minutes. At this time, however, there is 

a sudden increase in the amount of reducing sugars present. It is 

significant that over one-half of the total reducing sugars obtained 

during the hydrolysis appears within the first hour. The slight 

decrease in slope after one hour of hydrolysis indicates that flax

seed mucilage may contain a stable nucleus consisting of 1-galactose,



1-rhamnose, and d-galaetetreat® acid.

Oxidation of The Trionio Aolda with Sodium Hypoiodite

Several attempts to oxidize the barium salts of the trimic

acid with barium hypoiodite by the method of Heidelberger and
38 ' ■ ■ ■ " ■ ;’T- . ■

Goebel were unsuccesaful. In the Involved process of removing

foreign actions most of the trionic salts were lost. The barium 

salts were also foimd to be insoluble in alkaline solution. The 

mall amounts of the oxidized barium salts which were obtained gave 

low equivalent weights for dibasic acids. Attempts to oxidize the 

sodium salts were somewhat more successful. Sodium hypoiodite was 

used in place of barium hypoiodite. Ten grams of the aldotrionic 

acid Q.̂  (Table XII) were disaolved in 100 ml. of water and neutral

ised with g per cent sodium hydroxide. Seventeen ml. of a 0.5 M 

sodium iodide solution containing O.gSO grams of iodine per ml. 

were added. Enough concentrated sodium hydroxide was added to re

move the iodine color. Thia solution was allowed to stand for two 

weeks at room temperature. During the first day a flocculent pre

cipitate settled out. This was centrifuged from the solution. It 

had the appearance of the original mucilage. The filtrate from this 

insoluble material warn acidified with hydrochloric acid and poured 

into eight volumes of 95 per cent alcohol.
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The precipitate wa a washed with hot 85 per cent alcohol until free 

ef chloride ,once with 95 per cent alcohol, and once with ether.

The analysis of this a d d  (Dlbasie Acid ) ie given in table XII.

TABLE XII

ANALYSIS OF FBEE ACID Q, ,THE DIBA^O ACID Q,, , AND 
TBS OXIDIZED SODIIM SALT Q1

Constituent Free Acid ^ Dibasic Aeid q. Oxidized Na-Salt Qi
Theory Fcrand Theory Found w Theory Found

Oronic Acid 
- Lactone % 35.10 37.64 33.80 42.20 31.25 41.20

Equivalent
Weight m 467 - m y 423 564 4 m  '

Xylan %
: - . ,

Nil 6.00 m i trees nil 2.40
Rhamnosan % \ 29.1 32.6 28.10 25.8 25.90 24.50
Sodium % | _ _ _ ... 8^.7 9.68

68,90 84.6®

Neutral
Equivalent

.

501 450 652

Uronic Acid 1.00 0.9 1.00 1.37 1.00 1.40Rhamnose

Tl» dibaaicacid was dissolved in water, neutralized with 

eodlaa hydroxide , and the sodium salt precipitated with 95 

per cent alcohol. The final product weighed 3.46 grams. The 

analysis of this oxidized sodium salt is given in Table XII.



Discussion of Table H I . 1. Hie equivalent weights of the 

oxiatzea eeia and its sodium salt Indicate that e certain. amount 

of hydrolysis has taken place. 2. The ratios of the uronic acid
V ' ' .

lactone to rhamnoso indicate that some of the aldehyde group of 

the rhanmoee has been oxidized. Crowder^® was able to oxidize 

the barium salt of the aldoblonle acid with barium hypoiodite 

by allowing the.mixture to stand overnight. In contrast to this 

the aldotrionio aeld shows,but little oxidation after two weeks 

treatment with sodium hypoiodite. The results seem to indicate 

therefore that the 1-galaetose is attached to the 1-rbsmnose 

through the aldehyde grong of the latter. If during the process

of oxidation partial hydrolysis of tim 1 acid : .o occurred, the
■ •

aldehyde group of the 1-rhsmnoae, could be oxidized. The analyses 

indicate that this has happened. . :

Isolation of l-Golactoae

hydrolysis of the Linseed Acid and Isolation of the Strontlim
20

Salt Containing 1-Galactose. In the past attempts to isolate 

.1-galactose from the products of hydrolysis of flaxseed mucilage 

were not always successful. Often only d-xyloee was obtained.

The reason for this is now clear. d-Xyloee being the first sugar 

to appear in the hydrolysate generally crystallizes along with 

any 1-galactose present. The method suggested here involves an 

initial separation of the aldotrionio salts containing the 1-gal

aetose from d-xylose, hydrolysis of the linseed acid for hone 

hour with 2 per cent hydrochloric acid at 80°C. has been found



(Tables X and XI) to give the best aeporetloB, Precipitation of 

the aldotrionlc acid as the sodium salt was not satisfactory eiaee 

the sodium salts interferred with the crystallization of the 1-gal- 

aetoeo. Vihen barium carbonate was used to neutralize the hydro

chloric acid it was found that large amounts of barium chloride 

were precipitated along with the barium aldotrionate on addition
i ■ : -of the solution to alcohol. The time and effort involved in the 

removal of this BaClg from the barium aldotrionate made such a 

method impractical. The following methods was finally worked out 

as being most satisfactory. 28 grams of linseed acid were dissolved 

in two liters of water and heated to 80°C. in a water bath. CO 
grams of hydrochloric acid diluted to one liter were also heated 

to 80°C. and added to the above solution. The mixture was heated 

at this temperature forty-five minutes, cooled in running water, 

and centrifuged to remove 0.75 gram of an insoluble residue. After 

filtering, the acid was neutralized by alow addition of solid stron

tium hydroxide. It was found that a heavy precipitate separated 

when the solution became neutral. Enough hydrochloric acid was 

added to Just dissolve this precipitate. Tlie slightly acid solution 

was then concentrated in vacuo on a bath of boiling water to 500 ml. 

fills solution was poured into 12 volumes of 85 per cent alcohol.

After standing overnight the alcohol was siphoned from the precipitate 

The precipitate wee washed with hot 85 per cent alcohol until free 
of chloride, once with 95 per cent alcohol, once with ether, and 

finally dried in an oven at 100%. This strontium salt A, when dry, 

weighed 20.8 grams. The analysis of this salt is given in Table XIII.



Nineteen and one-half grams of strontium salt, A were diasolved in 

030 ml. of a 4 per cent solution of sulphuric aeid and heated in 

a bath of boiling water fer fear hours. The acid solution was 

neutralized with barium carbonate. The strontium sulfate and
■ ■■■ ' " V "  ' ■ .

bazlm sulfate were removed by filtering on a Buchner funnel. The

filtrate was eameemtrated in vacuo to 200 ml. The concentrated:

eo la tion  was added to 6 m im es o f 95 per cent a lcohol. A fte r  

standing, 7.6 grams of a barium aldoMonato were filtered from 

the alcohol. The filtrate was concentrated in vacuo to 200 ml., 

filtered to remove solid material, and concentrated to a syrup. 

Five ml. of glacial acetic aeid were added. After heating in a 

water bath, the flask was placed in on ice box. No crystalliza

tion occurred after standing two days. The syrup was inoculated 

with a few crystals of 1-galactose. In four hours the syrup had 

become solid with crystale. These were filtered with suction and 

washed with five ml. of glneial acetic acid, once with 95 per cent

alcohol, and opoe with ether. When dry they weighed 1.295 grams,
"  ■ '

and showed [[<*1 =-90°. On addition of one drop of dilute ammonia
: } ’ Zf

the rotation increased rapidly to £c<3”f -78.8°. This mutarotdtion 

indicates that the sugar crystalizes in its alpha form which has

Strontium Salt Containing 1-Galactose. Isolation of 1-galactose
, : -' . . - - -

W  direct hydrolysis of the mucilaginous extract from flaxseed

was accomplished in the following manner. 800 grams of dry flax

seed were, soaked for twenty-four hours in three liters of water.



The mucilage was removed from the seed hy pressing through several 

layers of eldthi, Aa additional mount of mucilage was extracted 

from the seed hy soaking them again for four hours in one liter of 

water. The final volume of the mucilaginous solution was 3.4 liters. 

This wae stirred well and divided into two equal'portions. Each 

portion was placed In a five liter round bottomed flask and heated 

to 80°C. In a water bath. 300 ml. of a solution containing 40 grams 

of hydrochloric sold were heated to 80°C. and added to the mucilage 

solutions* Within five minutes the viscous solution had become quite 

fluid. The first portion was heated one hour and the second for one 

and one-half hours. At the designated times each solution was cool

ed in running water and treated exactly as described in the proceed

ing paragraph. These salts were called strontium salts B and C re* 

apeetively. Their analyses are given in Table 3311.

10 grams of each of these strontium salts were mixed and placed 

in a three liter flask. 800 ml. of a 4 per cent solution of sulphuric 

acid. ■ were added. The solution was heated in a bath of boiling 

water far four hours. The sulphuric acid was then neutralised with 

barium carbonate. The solution .was heated in a bath of boiling

water after which the barium and strontium sulfates were removed
. . . . . .

by filtering. The precipitate was washed three times with 250 ml. 

of boiling water to remove any sugars present. These washings were 

added to the main filtrate which was then concentrated in vacuo in 

• bath, of boiling water to 180 ml. This concentrate waa filtered 

and added to 6 volumes of 95 per eernt alcohol. The barium salt of 

the aldobioale mold was filtered from the alcohol which waa then



concentrated to a syrup. This syrup was dissolved in five ml. 

of glaeial acetic acid. After standing in an ice box overnight 

the sugar eolation was inoculated with a few crystals of l-galaotose.

Crystallization began immediately. On standing for four days the
- ' . • ■ • , . . . ' '
crystals were removed as already described. They weighed 0.82 gram

and showed ^ -65.7°. The filtrate from this crop was allowed
^  . -

to stand longer. 0.35 gram of additionalIrgalactose were obtained

from the solution* A l e  corresponds to a yield of 0.29 per cent.

Extraction of Flaxseed with 2 Per Cent Hydrochloric Acid at 

80®c. and Continued Hydrolysis for One Hour. Whenever the mucilage 

extract from flaxseed was acidified with hydrochloric acid at ®0®e. 

it was noticed that the viscosity was greatly reduced. The advan

tage of this phenomenon has been put to uso in removing the mucilag

inous coating of the outer testa of flaxseed. Four hundred grams 

of flaxseed wore mixed with two liters of water. The mixture was '

agitated oeeemioBally over a period of g# hours at which time
' ' "  ̂ • - - 

it was heated to 80°c. in a water bath. Within two or three minutes

after the addition of 90 ml. of concentrated hydrochloric acid the

mixture become water thin. In this state it was poured into a cotton

bag. The solution ran through the cloth readily. Effective pressure

by hand at this temperature was difficult, but this was evidently

unnecessary. Without pressure, 1800 ml of the original 2 liters wore

recovered. The general appearance of the seed after this treatment

indicated that little if any mucilage was retained. The acid solution

from above was placed In a five liter flask and heated at 80°C. for

50 minutes. The total time of hydrolysis was one hour. After cool



ing and centrifuging, the solution was treated as described 

above. It has been found simpler, however, to remove the stron

tium chloride by centrifuging with hot 85 per cent alcohol. .When 

washed and dried the precipitate weighed £5.5 grams. The analysis 

of this salt (Strontium Salt D) is gives in Table XIII. Twenty 

grams of strontium salt D wore dissolved in 800 ml. of a four 

per eeat solution of sulphuric acid and treated as already de

scribed for the strontium salt B. 1.19 grams of 1-galactose were*

obtained. Tits showed l_ °iJ= ;- . ' . - - . ■■ j/ . : ' ' ' . * '

Bydrolysis of tho Linseed Acid with Two Per Cent 

E^droehleris held at 80°C. for Three Minutes

In as effort to determine the nature of the effect of hot 2 

per cent hydrochloric acid oh the viscosity of linseed sold sol

utions, 10 grams of linseed acid were dissolved,is 700 ml. of ester 

and heated to 80°C. in a water bath. 300. ml. of a solution contain

ing 45 ml; of concentrated hydrochloric acid were also heated to 

®0°C. and added to the first solution. The heating was continued 

for three minutes at this point the solution had lost its high 

viscosity. It was cooled in an ico hath to 306C within three min

utes. The hydrochloric acid was neutralized with sodium hydroxide 

and the solution was made slightly acid by adding two or three drops 

of concentrated hydrochloric acid. It was concentrated in vacuo to 

400 ml* Tho solution was very viscous resembling flaxseed mucilage 

in every respect. It was somewhat lumpy and was therefore diluted 

to @00 ml. This solution was added to 12 liters of 85 per cent



-48-

TABLE nil

Constituent
Salt A ^ I t 1™ st^ t T

St^atlma

Obtained
from

W  g. 
Flaxseed

^40 0  g^. 400 g.
FI400 8*

Weight of 
salt

20.5 g. 16.0 g. 15.5 g. 25.5 g

Per emit 
#eia t.f® 4.00 3.88 6.38

Equivalent
weight 481 571 543 615

zylan % 3.78 3.28 7.16

' — 24.20 26.25

Galactose % 
(nmole acid)

38.3 36.4 35.4

Strontium % --- g-TT 1S.W i».w 9.36

l«t' \

These salts gave an opalescent a 
which was but slighlv cleared ex

olntion 
- adding HC1

1-Galactose 
obtained from 
twenty grams

1.29 g. 1.17 g. 1.40 g.

Inltleld min.] 
rotetdUm

-136°

Final rotatic# -78.8* -65i.7° -78.6°

Per cent yield 0.18 0.29 0.35 1

^The high equivalent weight of strontium salt D Indicates that
Impurities may he present. Hydrochloric acid probably

and protein material from the iadditional carbohydrate 
do not interfere with the crystallization of 1-galactose.



alcohol.Tbepracipitoto was filtered from the alcohol, washed 

free of chloride, and dried, laelyeie showed an equivalent weight 
of 670; The alcohol filtrate was concentrated in vacuo to 100 ml. 

Analysis showed that it contained little if .any d-xyloso or d-gcl- 

acturonic acid. It la evident therefore that the mucilage -does 

not undergo any appreciable change in composition during this short 

contact with 2 per cent hydrochloric meld at 80°c.

269351



1. Flaxseed mucilage consists of salts of a complex organic

sold whose molecule is composed of d-galacturonie acid combined with 

l-rhamnose, 1-galactoeo and d-xylose in the ratios of re

spectively.

2. When the mucilage is subjected to partial hydrolysis by 

heating with sulphuric or hydrochloric acids, the d-xylose and some 

of the d-galaeturonie acid are first liberated, leaving an aldotrionle 

acid composed of d-galacturenls acid, l-rhamnose, and 1-galactose

in the ratio.of 1*1*1.

3. On further hydrolysis, the aldotrionle acid is split into 

1-galaetose and an aldoblenl# acid consisting of d-galacturonie acid 

and l-rhamnose in the ratio of 1*1.

4. The mucilage seems to consist of a complex branching molecule

in which the m i n  repeating unit is the aldotrionle acid described 

above. ; " " ■' - ' ■ ' ' '

i* Two procedures are described for preparing 1-galactom  

frtmi the mucilage. The first consists in preparing the free mucilage 

acid and bydrolislng it to tiie aldotrionle acid by heating with a 

two per cent solution of hydrochloric acid. The aldotrionle is Iso

lated as the strontium salt. This is then hydrolized to 1-galaetose 

and the aldobionie add. The second method consists in: heating the 

soaked flaxseed to 8©°C. and acidifying with hydrochloric acid. The 

solution is filtered from the seed and hydrolysis continued without 

isolating the mucilage.
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