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THE NATURL O THE CHEMICAL CONCTITUBNTS
0¥ GRAND PIR BARK (Ables prandis Lindl)

INTRODUCTION

The purpose of this investigation was to identify the

principal constituents of grand fir bark (Ables grandils

Lindl) with the hope that & more completo utilization can
be made of the grand [ir tree.
Grand fir is sometimes called white fir and 1s

occasionally mlstaken for the true white fir (Ables concolar

L

Lindl and Gord), It 1s generally found on the lower slopes
of the Cascades from Vancouver Island In Canada to northern
Callfornia. It 1s ususlly in mixed stands, wost commonly
with Douglas fir, which 1s not & true fir, The annual cut-
ting of grand flr would be difficult Lo determine becsause
the true flrs are not usually separated in lozging opera-
tions.

An examlination of the literature did not reveal any
previcus inveatizations of the chemicsl nsature of zrand fir
bark, The wood of grand fir was lnvestigated by kurth (9)
for extractive content and an analysls was riven for the
extractive-{ree wood, The bark of balisam f{ir, which is an-
other true fir, was investigated by Hay and Lewis (6).

They found a mucilage or gum-like material in their hot

3

water extract, which appears to be similar to a material in



grand fir, It is possible that this material may be of
comierclal valus, and it 1s also possible that 1t could be
found in most of the true firs,

Grand fir and several other true firs are quite often
cut along with Douglas fir to get them out of the way and
are sold as low grade lumber, In the pulp industry grand
fir is used but not particularly desired. In other words
it is partlelly utillized but not souzht after.

It 18 hoped that the informetion from this investiga-
tion will be used to instigate further study and eventually

a more complete utilizatlon of the grand fir tree.



CXPERIMENTAL PROCEDURE

I. SOURCE AUD PREPARATION OF SAVPLES.

A complete list of the trees sampled is given in
Table 1. The berk from tree No. 12 was collected May 25,
19850, at Weaver Creek, east of lyrtle Creek, from timber
felled less than one week. The bark samples from the other
nine trees were collected June 8, 1950, at Willow Cruek,
south of OQakridge, at 4000 feet elevation. The bark was
roonm~3dried and made into nine composite samples. The
samples were made up by grouping the bark together with re-
spect to ape group and section of the tree. For example
the bark, which was sampled from the bottom sections of
trees No., 25, No. 26, and NHo. 31 at a height of 2.0 to 3.5
feet, was grouped together as one sample and designated age
group III, bottom section.

The sanples were then ground in a Hietz Disintegra-~
tor to pass a No. 20 mesh screen. There was a small amount
of red cork-like material that would not passs through the
Rietz Disintegrator because of its lightness., It was, how-
ever, fine encugh to pass the No. 20 mesh scresn so it was
added to ths samples. The bark from the bottom sections of
the trees in 2ll age :roups contained more of this red corke
like materlial than the middle sections, and the middle sec~

tions more than the top secticons. The presence of this



cork-like material was not obvious when 2 visual examina=-
tion of the bark was madc.
The samples were atored in glass jars and labelled

as to age group and sectlon of the tree.



COLLLCTION DATA O GR

Bottom Ssction

11iddls Seetion

Top Section

Grouy 4ire | Tree Diameter Diameter Dlameter
Qutside Inside Jutside Inside Cutslde Inside
Zark Bark Dark
io. | Years| Yo Ine Iri. INa
(2.0 Lo 4,0 (42 to 45 {95 to 115
£t. heizht) ft. heisht) ft. helght)
I 170 | & 17.2 15.2 15,0 14,8 0.0 Ceb
165 12 2545 2L.8 1545 14,3 12.5 1l.7
(L.0 to 3.0 {43 to B3 {85 to 112
. ft. helght) {t. heizht) ft. height)
186 27 22.5 2045 17.5 15.8 11.2 0.0
IT 225 28 B4 U 268 13.0 18,0 14,0 13,0
£20 29 157 1745 16,8 16,0 Bed iR
218 a0 24U 224 21l.6 18,1 12.0 12,0
202 352 Slel 2Ce6 24.0 PN 17.2 16,0
(2.0 Lo 3,5 (44 to 6C (26 te 120
ft. height) ft. heipght) ft. height)
I1I 255 25 20,0 15,0 15,5 14,1 5.5 5.8
] 26 Qe 27 8 Lo.D 1740 16,0 15,0
=45 Sl 4le O e PR 270 1e.0 16e0




IXI. EXTRACTIVE CONTLNT O SAMPLES.

The samples were successively extracted with hexene,
benzene, dlethyl ether, hot water and aleohol. This order
of extraction was followed to show the distributlon and
armount of extractives present in the bark, Hoxane was used
first to remove the waxes, fats and olls; and benzene was
used next to obtaln any wax which was not removed by the
hexane, Diethyl ether followed these extractions to remove
any llavones or like ccloring matter. The hot water ex-
traction determined the awmount of tunnin and carbobliydrates
present, and lastly the alcohol indlcated the amount of
phlobaphenes., All of the extractions, with the exception
of the hot water extraction, were lone in a rYyrex Coxhlet,
The weighed samples were placed in cloth bags and solvent
extracted continuously for elght hours., The solution of
solvent plus extractlives was riltered into a tared class
dish and the solvent svaporated off in a steam bath. The
dish was then placed in an oven at 105° ¢. for eight hours,
cooled in a desiccator and welsghed. For the hot water ex-
tractions, T.A.P.F.I. method T 1lm~45 (15) was followed ex-
cept that the leaching time was lengthened to four hours
because 1t was ilmpossible to filter the solution after
three hours. The bark from the hot water extraction was
placed in a cloth ba; and {inal Soxhlet extraction was made

with slcohol.



The results of these extractions are given in Table
2. The percentages are based on the oven-dry weight of the
unextracted bark. The average moisture content of the air-
dry bark ssuples was 8 per cent.

It may be noted in Table 2 that the extractive per-
centages do not vary a great deal and are rather small for
all extractions except that of the hot water. The hot water
soluble content was higher in the top sectlions of all age
groups, and the mliddle sections were higher than the bottom
sections. The content also increased for all sections go-
ing from the old trees of age group III to the younyg trees
of aze group 1.

The hexane soluble material was a soft wax varying
in color from & yellowish-green for the top ssction, to a
light tan for the middle section, to a reddish tint for the
bottom section,

The benzene solubles were a soft black resinous
material and the ether soluble materlal was hard and dark
red in color. Thelr appesrance did not vary between sec-
tions or age groups., The alcohol soluble material was con-
sidered to be essentially phlobaphenes, An iﬁvestigation
of’ these materials wes decided ageinst due to their low

yields.



EXTRACTIVE CONT

TABLE 2

SHT OF GRARD FIR BARK

(A1l percentages are based on the oven-dry welght of unextracted bark)

Aze Hexane Benzene | Ltner Tot water | Alcohol | Total
Group |[Section|Solubles | Solubles | Solubles Solubles Solubles | Solubles
/ f of : ; o
7~ » A 7~ ; ~
Dottom| 1.89 .86 .40 14.24 1.10 18,49
I T1ddle| 2.25 T.10 . 40 10.07 1.10 85,00
Top .26 T.37 L 15 24,62 N 20,08
Tottom| 2.45 1,05 .66 12.15 3.55 20.74
II Tiddle| 2.8 . 0% 76 15.44 Ceo0 21,76
Top B AL .17 N 17.55 T1.80 Chedl
Botiom| Z.o0 1.1 1.02 10.97 .67 10,02 |
ITI Tiddle| 210 <97 .00 11.31 2.6 " 15.26
oD T.55 1.0 .30 13.46 5,06 19,07




ITI, COESTITULRTS OF IDIXANE LOLUDLLG

A couposite sample of bark wes made up with equal
parts of all nine samples., 7This was used for the subse-~
quent analyses. ifteen hundred grams of the composite
sample were exbracted with hexane (petroleum ether b.p. 60-
76° 5.) in & large Pyrex Soxtilet. 7The solvent was evapo-
rated off in a steam bath and the extract recovered. The
vield was 2.20 per cent, based on the oven-iry weight of
barlk, The extract was a light tan wax material with a melt-

"

To analyze the wax, a twenty gram sample was saponlflied
with 180 wl of 2 per cent alcoholle potassium hydroxide.
After saponlillication the alcohol wes removed LY repeatedly
edding water and bolling off the alconcl, The unsaponi-
fiables were reuoved {ron the wabter solution by suaxing out
with dietlyl ether in & separatory funnel. The ether solu-
tion wos washed with water and dried over anhiydrous sodium
sulfate. The ether was evaporated off in a steaa bath in

S

the hood and the unsaponifliables remained as & resicdue,

The water solution, which contained the acid salts, was
acidified by adding hydrochloriec acld until the solution
was definitely acld to 1lltrus., The free aclds, which were
formed, were extracted with ether as described above [or

the unsaponifiables. The ether was removed and the aclds
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recovered., The composition of the wax was found to be:

acids 92,5%; unsaponifisbles 7.57.

hAclds.

A ten gram sample of the zcids was dlssolved In hot
acetone and upon coollin; a preelpitate was obtained. Re~
peating this operatiocn several tlmes and finally purifying
the precipitate with activated carbon produced a white pow-
der. The material, which was so0luble in cold acetone, was
a black, sticky substance., It comnstituted 4 per cent of
the scids and was not investicated,

The white powder melted at 69-70° C. A Liebermann-
Storch test (&, p.358) for resin ascids was negative and a
test for unsaturation with cold permangsnate solution was
negative, These tests, combined with the fact that the
acids were Iisolated from a wax-type material implied they
were & mlxture of saturated, aliphalic or hydroxy, fatty
acids. The low meltling point of the acids indicated they
were aliphatic rather than Liydroxy acids. The neutral
equivalent was 4856, which was determined by dissolving the
white powder in & warm mixture of 50 per cent alcohol and
benzene and titrating aszainst a standard alcoholic LOH solu-
tlon. The neutral equivalent indicated the scids were

equivalent to a mixture of CSO and C,, aliphatic fatty aclds.

32

no attenpt was made to separate thls natural mixture of

aclds.
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Unsaponifiables.

One gram of the unsaponifisble material was dissolved
in hot acetone and a white precipitate resulted upon cooling
the solution. This precipitate was driled to a white powder.
The amount of material soluble in the cold acetone solution
was negliglible.

The white powder melted at 70-71° C. An acetate was
formed when it was refluxed with acetic anhydrlide In an-
hydrous pyridine. The acetate melted at 53-54° C. This
indicated it was a saturated fatty alcohol.

An oxidative fusion of the alcohol was carried out
by fusing with potassium hydroxide (7, p.1737). The fusion
mixture was dissolved in water and the solution extracted
with ether. The ether solution was sllowed to evaporaté in
the hood end the remaining resldue was negligible 1in amount.
This denoted the absence of hydrocarbons., The water solu-
tion was acidified and the resulting free acid removed Ey
ether extraction. The acld product was precipitated by
dissolving in hot acetone and cooling the solution. It
was dried in a vacuum oven at 60° ¢, to a white powder. It
melted at 73-74° C. and the neutral equivalent was 397.
Cerotlec zc¢id has a neutral equivalent of 396.6L, which in-

dicated the original alcohol to be a Cyp (Ceryl) alcohol.



12

IV. HOT WATER COLUBLLS.
Tannin.

The original objective of this part of the investl-
gation was to determine the amount of tannin in the bark,
but it was found that the method of tennin extraction pre-
sented a problem.

The first attempt at analysis was made using a 30
gram composite sample of unextracted bark. A percolation
type extractor, recommended by the American Leather Chem-
ists Assoclation (1, p.l4), was used, This did not prove
entirely successful because after one-halfl hour of opera-
tion a gelatinization of the sample occurred and the liquor
would not drain through the sample. Graham and Rose (8)
experienced the same difficulty with balsam fir bark. They
claimed that the gelatinization was due to a pectinous
material., Hay and Lewis (6), working with balsam fir bark,
found that the pectlinous gel could be removed by heating a
water solutlion of bark iIn a steam bath for three or four
days. The liquor, which was obtained before the gelatlini-
zation took place, was analyzed for tannin in accordance
with the standard methods of the Amerlcan Leather Chemists
Association (1, ps7). This analysis appears in Table 3,

Another percolation extraction was made on a 30 gram
composite sample of unextracted bark, using 95 per cent

othanol instesd of water., The extraction time was & hours,
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The liquor obtained from thls extraction was poured into an
evaporating dish and placed in the hood. It was allowed to
remain at room temperature for several days until the alco-
hol was almost completely evaporated off., The very thick
syrup remeining was added to cold water, heated to 60° C,
with constant stirring and cooled to room temperature. This
solution was analyzed for tannin by the standard method and
the results appear in Table 3. Zince thls extraction was
made with alcohol, the values given for this analysls cannot
be compared with the other analyses, except for the tannin
value.

A 30 gram composite sample of unextracted bark, which
had been ground to pass a Xo. 4 mesh screen, was used for
the final percolation extraction, Water was the solvent as
in the first extraction., The previously reported gelatini-
zation did not occur in this coarse ground bark, and the
liquor drained through the sample in & normal manner, The
liquor recelved from this extraction was a dark red color
and was analyzed for tannin, This analysis also appears in
Table 3. The optimum time for tannin extraction was found
to be 10 hours. This was determined by extractions of
coarse ground bark samples for various periods of tTime, frmm
4 nours to 14 hours. The liquors from these extractions
wore analyzed for tannin and the 10 hour perlod gave the

maxlmum amount.
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It should be noted in Table 3 that 89 per cent of

the tannin was rewoved in the first one-half hour,

TADLE 3
TARNIN ANALYSES

(Percentaces based on oven-dry weight
of unextracted bark,)

L, P "B
Sample
Gelatlinized Alcohol Passing
?ample Extractlion #4 Mesh
%+ houyr g hours Screen
(,;1/;0 ) ( ) 2
Total Solids 12.14 15.35 15,55
SOluble SOlids 11075 11922 14. 55
Insoluble Solids y1e 4,13 1.00
¥on Tannlin 5,39 4,66 7442
Tannin 6436 6.56 7.13

Carbohydrate laterisl,

A large sample of carbohydrate material was deslired,
so a thirty pound composite sample of unextracted bark was
made up. The sample was divided into three, ten pound
samples and placed 1n wooden kegs with approximately eight
gallons of water to each keg., The water and bark mixtures
were heated by steam colls to & 90-100° C. range which was

maintained for four hours. The liquor was drained off at



the end of this time. Ffresh water was added and the leach-
ing operation repeated two more tlmes. The liquor collected
from these extractions was concentrated to a thick syrup by
vacuum evaporation. The evaporator employed for this oper-
ation was a vertical, long tube, natural clrculating type,
which was constructed by the Preclision Sclentifle Company.
It had a three liter batch capaclty and could be set up for
a continuous operation. Vacuum was applied by means of a
water type aspirator and the bolling polnt of the evapora-
ting solution was never allowed to exceed 70° ¢. The thick
syrup was then added to [our volumes of 90 per cent ethanol
he carbohydrate material precipitated and the tannins and
coloring matter remained in solutlon., Arfter the precipl-
tate had setiled, the alcohol-water solution was decanted
and more alcohol was added to the preclplitate., This was re-
peated untll the alcohol was practicelly colorless. The
mixture was then filtered by suctlon on a Buchner funnel,.
The preclpltate was dlssolved in water, once more precipl-
tated with alcohol and filtered, The precipitate was not
allowed to remain on the fllter funnel for more than s few
minutes either time, because 1t turned black and hardened
upon standing. It was placed in a vacuum desiccator in a
genl-dry state. A vacuum was appllied by means of a labora-

tory type, water aspirator and maintained until the molsture
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content was reduced to 8 per cent. The yleld of this car-
bohydrate powder, based on the oven-dry weight of unextrac-
ted bark, was 2.38 psr cent.

The powder was a light tan color. It was only
§lightly soluble in cold water and almost completely soluble
In hot water. When added to 72 per cent sulfuric acid a
few black particles were formed which were insoluble. An
analysis of the carbohydrate material was made in the fol-
lowing manner:

A five gram sample of carbohydrate powder was dis-
solved 1in three hundred mls. of water heated to 60° C. When
the solution had cooled to room temperature, it was analyzed
for tannin by a method of the American Leather Chemists
Association (1, p.7). The tannin content was 17,7 per cent
based on the oven-dry welght of carbohydrate material. This
proved the materlal was not pure carbohydrate and indicated
the tamnin wes not entirely soluble in alcohol.

The detanninized solutlon from the tannin analysis
was refluxed with 2 per cent sulfuric scid for 14 hours and
filtered, The Insoluble materiel amounted to 8.2 per cent
of the carbohydrate material. It was a black amorphous sub-
stanée, inscluble 1in 72 per cent sulfuric acid, and appeared
to be a liznin or phlobaphene type material,

The hydrolyzed solution, from which the insolubles

were removed, was neutralized with sodium hydroxlde and
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utilized for a total reducing sugar determination by the
Somogyi method (14). The carbohydrate material was found
to contain 47.7 per cent reducling sugars after hydrolysis,.
The fourteen hour hydrolysis time was found to give the

maximum total reducing sugar value =8 shown in Table 4.

TABLL 4
TOTAL LLDUCING SUGAR DBTERMINATIONS

(Percentages arec based on the oven-dry
welght of carbohydrate material,)

Time Total Reduging Sugars
o
4 hours 44,8
% hours 46 .0
14 hours 477
1% hours 4743

A total of the tannin, insolubles and total reducling
suzars did not account for all of the materisl in the carbo-
hydrate powder. An explanation for this was found in the
following work:

Pilgman and Goepp, Jr. In their book on carbohydrate
chemistry (13, p.304) and (13, p.608) revealed the resis-

tance to acld hydrolysls of polyuronide material 1ln general
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and particularly polygalacturonide residues. A method de-
vised by Nather (11) was used to determine the uronic an-
hydride content of the carbohydrate material. In this
method earbon dioxide was evolved by heating the carbohy-
drate powder with 12 per cent hydrochloric acld. The car-
bon dloxide was bubbled through a dilute solution of barium
hydroxide and the unreacted base was tltrated against a
standard acid. From the data obtalned the uronic anhydride
content was calculated to be 15.6 per cent.

It was necessary, then, to determine whether or not
the uronic anhydride portion of the carbohydrate material
contributed to the total reducing suger valus, This was
accomplished by treatment of the carbohydrate materlal as
described in Figure 1. The total sugar residue was calcu-
lated from the 10 ml aliguot. In order to determine if the
uronic anbydride material was removed completely, the sum
of the tannin, insolubles, and sugar residue was subtracted
from the welisht of carbohydrate materiel. This indicated
16.6 per cent uronic asnhydride was removed whlch was a
reasonable check with the previous value of 15.6 per cent,
The final water sclution of the sugar residue was utilized
for the total reducing sugar determination by the Somogyil
method (14). The total reducing sugar, calculated on the
basis of the total carbohydrate materlal, was 42.4 per cent

which was only 5.3 per cent lower than the value obtalned
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PIGURE 1
PROCESS FOR DETERNINING TOTAL REDUCING SUGARS
\ITER RENOVAL 07 URONIC ANHYDRIDE
Carbohydrate Solution
(1.2 grams in 75 mls of water)

detanninized
as in tannin analysils

J T
filtrate tannin

mnade 2 per cent sulfuric
acld and hydrolyzed for
14 hours - flltered

—

| —

insolubles filtrete
added slight excess cof barium car-
bonate - mixed thoroughly and
filtered
-
barium}sulfate and filtrate

exceas barium carbonste
conicentrated to one-

half volume by vacuum
distillation and an
equal volume of 95%
ethanol added =

filtered
{
suzar residue filtrate barium saltg of uronic
{total volume 63 mls,) anhydride material
|
10 mls of filtrate pipetted 53 mls of filtrate
into evaporatlng dish - evap-
orated on steam bath - dried alcohol removed
at 105°C in oven - c¢ooled in by vacuum
desiccator and weighed distillation
J ]
water solution alcohol

of sugar resi-
due.
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without removing the uronic anhydride., It was obvious,
therefore, that the uronic anhydride did not appreclably
contribute to the total reducing sugar. The loss of sugars
cculd have been due to removal of the barium sulflate as
shown in Figure 1,

The composlition of the carbohydrate material is

given in Table 5.

TAGLL D
COMPOSITION O THI CARBOIYDRATE VATERIAL

(Percentaczes are based on the oven-dry
weight of carbohydrate meterial)

Tannin 17,7

Insolubles Ce2

Total Reduelng Suger 47,7 (after hydrolysis)
Uronic anhydride 15,6 (unhydrolygzed)
Undetermined 10.8

The carbohydrate material was further analyzed to
determine the identlty of the sugars present. The pentosan
content was determined by a method of the Assoclatlon of
Official Agricultural Chemists (10, p.412) and corrected

for the uronic anhydride present. Korris and Resch (12)



2l

found that the ratio of uronic anhydride present to furfursl
phloroglucide formed was 2.39. The calculations for the

corrected pentosan value are as follows:

sample weight = 1,355 grams (oven-dry welight)
1.356 x 156 = ,2115 grams of uronlc anhydride

2115 = ,0885 furfural phlorogluclde
2.39 formed from uronlic anhydride

Total weight furfural phloroglucide = ,3247
corrected weight = ,3247 — ,08E5L
" " =z ,2362

pentosans = (wt. of furfural phleroglucide
+ .0052) .8824

" =z (,2362 + ,0052) .58824
" = ,2130
% pentosans = ,2130 x 100

35

% pentosans = 15,72

The mannan content wss determined by hydrolyzing a
one grsm sample of the carbohydrate powder with 3 per cent
gulfuric acid for six hours, and neutralizing the solutlion
with barium carbonate bto approximately a pH of 6, The man-
nose formed was determlined by precipitation as mannose
phenylhydrazone by the method of ¥Wise, Ratliff and Browning

{(16)., The mannan content was 1,11 per cent,
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The galactan content wes determined by the action of
25 per cent nitric acid on the carbohydrate powder. The
purpose of this was to oxldize the galactan material to
muelec acid, which was precipitated from solution at 15° ¢,
This method was outlined in the Natlonal Bureau of Stan-
dards circular "Polarimetry, Caccharimetry and the Sugars"
(3, ps218). 'The determination Indicated the galactan con-
tent to be 4.96 per cent. The fact that the carbohydrate
powder contained uronic anhydride materlal compllcated thils
determination because the muclec acld could have been formed
from galacturonic anhydride. The absence of galacturonilc
anhydride was shown by a qualitative test on the barium
galts of the uronie aclds., Thls test Is as follows:

One gram of carbohydrate materlial was hydrolyzed
with 50 mls. of 5 per cent sulfurlc acid for six hours, and
the solution was filtered to remove the insolubles. Darium
carbonate was added to the filtrate and the solutlion was
heated until it tested neutral. The barium sulfate and ex-
cess barium carbonate were removed by filtration. One and
one~half volumes of alcohol were added and the barium salts
of the uronic acids were precipitated and recovered by fil-
tration., The salts were then dissolved in twenty-five mls.
of water, and five drops of bromine and one-half ml. of
hydrobromic acld were added to the solution., The solution

waz allowed to remain over night at room temperature and
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the last few hours at 15° C. Io muclc acid was formed,
which Indicated the absence of galacturonliec anhydride in
the carbohydrate material. A bromine solution of this type
oxidlizes galacturonic acid to mucic acid but not galactosse
to mucic acid.

The results of these analyses sppear in Table 6,

TABLE 6

THE APPROXIMATE COMPOSITION OF THE TOTAL
REDUCING SUGARS OF THE CARBOHYDRATE MATERIAL

{Percentaces are based on the oven-dry
welzht of carbohydrate material,)

7

Pentosans 15,72 (corrected for uronic
anhydride)

Mannans 1,11

Zalactans 4,96

Gluccsans 25,91 (by difference)

Total Reducing Sugzars  47.70 (after hydrolysis)

A purified carbohydrate material was prepared in the
following manner:

The carbohydrate material was obtained by the method
outlined at the first of this sectlion, except that the fimmsl
precipitate was dissolved in water instead of being placsed

in a desiccator for dryinge. The solution was made slightly
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acld with hydrochloric acid and heated on a steam cone for
one hour. A black precipitate was formed and, when an
equal volume of alcohol was added to the solution, more
black material precipitated. This material constltuted 34
per cent of the total carbohydrate material, The zolution
was filtered and the filtrate added to two volumes of alco-
hol. This produced an orange colored preclpitate which was
obtained by suetion filtration on & Buchner funnel. The
orange colored preclpitate was dissoclved in water and & few
drops of liquid bromine were added until the solution was
yellow in color., The solution was heated in a steam bath
for one-half hour snd then added to alcohol., A light
orange colored precipitate was formed and recovered by fil-
tration. The final precipitete was dried 1n a deslccator
without discoloration,

This purified carbohydrate powder was simllar in
appearance to the gum material described in the next sec-
tion and the powdered particles were observed to be semi=-
transparent, It was found to be almost completely free of
tannin. The uronic anhydride content (11) of the purified
carbohydrate was 18.4 per cent; whereas, the unpurified

material contalined 15.€ per cent,
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Gum Material,

The bark, whilch had been extracted with hot water as
described In the carbohydrate section, was left in the
wooden kegs; and an additlonal extraction was made with 0.5
per cent ammonium oxalate solution., The method used for
this extraction was the samo as that used for the hot water
extraction, except thiat there were two four-hour leaching
periods instead of three., The liquor obtained from these
extractlions was concentrated to a thick syrup by vacuum
evaporation as described in the carbohydrate section. The
thick syrup was added to threes volumes of 25 per cent
ethanol and acidified with enouzh hydrochloric acid to re-
act wlth the ammonium oxalate., The ammonium chloride and
oxalic acid formed were soluble in the alcohol-water solu-
tlon, The solutlon was stirred thoroughly and the precipi-
tate of crude gum was allowed to settle and then filtered,
The precipltate was dissolved in water, reprecipltated with
alcohol, filtered and washed with alcochol to compleite the
removal of the ammonium chlorlde and oxalic acid.

The erude material was gagein dissolved 1n water and
the solution made slightly acid. It was warmed on a steam
cone [or one hour and & black preclpltate resulted which
was removed by filtration. This material constituted 12
per cent of the crude sum. The filltrate was added to three

volumes of alcohol and a dark orange precipltate was forued.
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It was recovered by suction filtration and redissolved in
water. A few drops of liquid bronine were added until the
solution was yellow in color. The solution was heated in
a steam bath for one-half hour and added to aleohol. The
resulting precipitaste was recovered by flltration and dried
in a vacuunm desiccater to & lignht orange powder of neglig-
ible moisture content. The yleld of this purified gum was
1,37 per cent.

The purified gum was semlitransparent, It decomposed
upon heating above 90° ¢. ‘he speclfic rotetion of a8 .4
per cent water solution of the pum at 25° ¢, wes +175°
using a sodium lamp. & 5 per cent solution of ths gum in
cold water was qulte viscous after 24 hours., A4 thick paste
of the gum was effective as a glue for paper.

The procedure for analyzlng the gum material was the
same as that used for the carbohydrate materisl., 1ihe com-

pogition of the gum material is shown in Table 7.
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TABLE 7
COVPOSITION OF THE GUM MATERIAL

(Percentazes arc based on the oven-dry
welght of gum material)

Uronle Anhydricde 48%3 (unhydrolyzed)
Total Reducing Sugar 44,3 (after hydrolysis)
Insolubles 5.8

Undetermined 1.6

The insoluble waterial appeared to be the saue &8
that found in the carbohydrate material.

Further analysis of the purlifled gum gave & pentosan
content of 7.8 per cent which was corrected for uronic an-
hydride, and the mannan coantent was 14.0 per cent. Treat-
ment with 25 per cent nitric acid indicated the presence of

44,8 per cent galactans,
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V. ANALYSIS COF EXTRACTIVE-FREE BARK.

The extractive-free bark was prepared from a com-
posite sample of unextracted bark by successlive extractions
with alcohol-benzene mlxture, alcohol and hot water.,

These extractions were done in accordance with T.,A.P.P.I.
method T 12m-45 (15). The extractive contents appear in
Table &,

The extractive-free bark was used for the following
analyses and the values, glven in Table &, were obtalned by
exact duplication of the methods referred to: lignin, T.A.
P.,P,I, method T 13m~45 (15); methoxyl, T.A.P.P.I. method
T 2m-43 (15); acetyl, (4); pentosans, (10, p.412)., The
holocellulose determination was made by a modification of
the sodium chlorite method (17) for wood,

In this determination the extractive~fres bark
samples were prepared from bark, which passed a No., 40 mesh
screen and was retalned on a No. 60 mesh screen. Iix treat-
ments of sodlum chlorite and zlacial acetic scid were
necessary to lsolate the holocellulose, The first two
treatments were of one-half hour duration and the remaining
four were one hour in length. The isolated holocellulose
samples were analyzed for lignin and found to contain an
average of 4,05 per cent lignin based on the oven-dry

welght of extractive-free bark, This value was subtracted
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frowm the averagce amount of isolated holocellulese and the
difference reported as pure holocellulose in Table 8,

The ash content of the unextracted bark was deter-
mined by T.A.P.P.I. method T 15m-45 (15) and appears in
Table &,

The analyses in this section were conducted as part
of course Ch. 471, "Chemical Analysis of Wood and Related

Products",

TABLE &
ARNALYSES OF LXTRACTIVE-FREE BARK

(Percentages are based on oven-dry
weight of unextracted bark)

%
Pentosans 8.02
Methoxyl 3440
Acetyl « 71
Ash Content 1.80
Aleohol-Benzene Solubles 10,02
Alcohol Solubles 6.07
Hot Water Solubles 7.20
Lignin 31.01

Holocellulose {corrected for lignin) 45.66
08.96




DISCUSSION

The grand fir bark samples were collected from trees
of three age groups and were sampled from the bottom, mid-
dle and top sections of a total of ten trees. The total
extractive content varied from 18,26 per cent to 28.02 per
cent of the oven~dry welzht of bark, This wide variation
in extractive content was essentlally due to the dlstribu-~
tion of hot water soluble material., The top sections of
all age groups were higher in content of thils material than
the middle sections, and the middle sections higher than
the bottom sections, Also, the content increased for all
sections goling from the old trees of sge group III to the
young tress of age group I.

The hexane soluble material was the next major con-
stituent and did not vary a great deal in content betwsesn
samples, The older trees of age group III contained
8lightly more of this material at the bottomes of the trees,
whereas the young trees of age group I contained slightly
more at the tops of the trees. The trees of age group II
did not show an appreciable variation between sections.

The hexane soluble material was found to be a light
tan wax melting at 52-53° C, The yleld of this wax was
2.80 per cent based on the oven-dry weight of a couposite

sample of unextracted bark. It wes found to contain 92.5
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per cent aclds which were chlefly saturated fatty acids.
This mixture of fatty acids melted at 69-70° C. and gave a
neutral equivalent of 46&. The reuelning 7.5 per cent of
the wax was principally a saturated fatty alcohol whilch
melted at 70-71° C. The alcohol was oxidized to the corres-
ponding acide The acid gave & neutral equivalent of 397

and melted at 73-74° C, This waxz appeared to be sultable
for commercial usage.

The benzene soluble materisl was a soft black resin-
ous substance and was not investizasted because of 1lts low
content, The ether soluble material was found to be low
in content and contained 50 per cent tannin, so 1t was nob
investigated. The alcchol soluble material was a hard
black amorphous substance and varied in content from .62
per cent to 2,67 per cent of the oven-dry bark. It was not
Investigated.

The tannin content of a composite sample of the un-
extracted bark was 7.13 per cent of the oven-dry weight,
The optlmum time of extraction was 10 hours, and 1t was
determined that 80 per cent of the tannin was removed in
the first one~half hour of extraction. It was discovered
that the usual sample, ground to pass a No. 20 wmesh screen,
could not effectively be used in the standard percolation
type extractor., A gelatinization occurred within the sample

and prevented the proper drainage of the liquor. The
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gelatinizatlion did not take place when a sample was used,
whiech had been ground tc pass a lo. 4 mesh screen, and the

tannin liquor dreined through the sample in 2 norwmal mannen

s

The carbohydrate component of the nhot water soluble
material was obtalned by adding a hot water extract to 95
per cent ethanol and filtering off the crude precipltate,.
The yield of this material was 2,36 per cent based on the
oven-dry welzht of unextracted bark. Although referred to
as a carbohydrate material, it was found to contain 17.7
per cent tannin and 8.2 per cent eof an lnsoluble material,
The total reducing sugar content was 47.7 per cent after 14
hours of refluxing with 2 per cent sulfuric acid., It was
ascertained that the uronic anhydrilde, walch was present in
the amount of 185.6 per cent, was not hydrolyzed to any ex-
tent and did not contribute to the total reducing sugar
value. The remalning 10.2 per cent of the carbohydrate
material was undetermined. 7The compositlion ol the wmaterial
repressented as total reduclng sugars was as follows: pen-
tosans 15.72 per cent; mannans 1,11 per cent; galactans
4.96 per cent; and plucosans 25.%1 per cent,

Puriflication treatments of the carbohydrate material

with dilute scid end liquid bromine produced a material

which was free ol tannln and resembled in appearance the
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later described gum material, It had a uronic anhydride
content of 18,4 per cent as compared to 15.6 per cent for
he unpurified materisal,

A gum material was obtalned from the hot water ex-
tracted bark by an additional extraction with 0.5 per cent
armonium oxalate solution. This material was belleved to
be the cause of the gelatinization, which occurred during
tennin extraction. The gum was semitransparent and decom-
posed upon heating above 60° ¢, The specific rotation of
a 0.4 per cent water solution of the zum at 25° C. was
+175° as determined with & sodium lamp., A 5 per cent solu-
tion of the gum in cold water was quite viscous after 24
hours. A thick paste was effectlive ms a glue for paper,
The composition ol the gum was as rollows: uronic anhydride
48,3 per cent; total reducing sugar 44.2 per cent; insol-
ubles 5.8 per cent; undetermined 1.7 per cent, The cowpo-
sitlon of the material represented as total reducing sugars
was not accurately determined. It was found, however, that
7.76 per cent pentosans and 14.03 per cent mannans were
present. Another determination indicated the presence of
44,85 per cent galactans which implled that the uronlc anhy-

dride was at least 1n part galacturonic anhydride.
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SUMMARY

The grand fir bark was sampled by removing bark from
the top, middle and bottom sections of ten trees divided
into three age groups., .lese age groups were: 1065-170
~ years; 196-225 years; and 245-257 years. The nine seamples
were successively extracted with hexane, benzene, dlethyl
ether, hot water and alcohol to show the distribution and
amount of extractives, Iurther analysis showed the nhexane
soluble material to be princlpally saturated fatty acids
with a small amount of satursted fatty alcohols, The ben-~
zene, ether and alcohol soluble materials were ol low con-
tent and were not investigated. The tannin content was
7.15 per cent of the oven-dry welilght ol unextracted barie.
The carbohydrate materlal, obtained from the hot water ex~-
tract, conteined uronic anhydride, pentosans, glucosans,
mannans, galactans and tannin. A method was developed to
purify the carbohydrate material, which in effect removed
the tannin. A gum material was extracted with 0.5 per cent
ammonium oxalate solution from bark which had been previous-
ly extracted with hot water. This materlal was dlscovered
to be almost one-hall uronic anhydride with some pentosan

and rannan present,
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