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EXTRACTIVES FROM THE BARK OF SITKA SPRUCE, 
PICEA SITCHENSIS (BONGARD) CARRIERE 

:mT_RODUCTION 

Sitka spruce, Picea Sitchensis (Bongard) Carriere, is 

the largest ot all eighteen species or Picea in the northern 

hemispher-e. The average height ot 1a twenty year old tree is 

about thirty teet, and it has a diameter ot two to tour 

inches; the tree reaches its maximum height ot 200 to 400 

teet with a diameter ot forty to seventy inches at the age ot 

200 to 400 y.ears. It grows in dense stands ot titty to sev

enty teet. The trunk is generally swollen at the base with 

high clear stem. The bark is considered thin as compared to 

the size ot the tree, being about one-quarter to one-halt ot 

an inch thick. 'fbe bark is deep reddish brown or dark pur

ple in color and is broken into large thin scales. "The trees 

have stiff, prickly, sharply pointed needles which stand out 

at right angles to the twigs and grow all around them; they 

also have cones which are trom. two to tour inches long and 

which hang conspicuously trom the ends ot high branchlets. 

Sitka spruce grows naturally in a very narrow strip 

along the Pacific Coast from Alaska southward to Northern 

California at elevations from sea level to ),000 feet. It 

is rarely found more than forty or titty miles inland. Pure 

stands are the exception, as it is us-ually associated with 

Western redcedar, Western hemlock, Douglas tir, grand tir, 

etc. Sitka spruce is one o~ the fastest growing conifers 1n 
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the Pacific Northwest. Its wood was very highly prized tor 

aircraft construction before metal planes. It is a favorite 

pulpwood tor tine grade paper, lumber boxes, orates, turni

t~· ·... o, doors, blinds, sash and planing mill products. 

The total stand or Sitka spruce in estern Oregon was 

estimated j.n 1949 by the Westcoast Lumbermen's Association 

(8} to be approximately twenty-seven million board feet. 

The production is mai~ly in Clatsop, Coos, Lane, Lincoln and 

Tillamook counties. The average annual production wa.s esti

mated to be around eighty-six million board feet from 1925 

to 1949. 

The primary objective or this investigation was to 

study the chemical nature or the extractives ot Sitka spruce 

bark. An analysis of the bark extractives will give light 

to any possible pharmaceutical utilization with the hope 

that such an endeavor would spur future research, develop

ment and use of a neglected raw material . 

An examination of the literature sholed that the only 

available information about this bark was contained in two 

reports on the tannin content by Clark and Andrews (3) and 

Frey and Clarke (4). 



EXPERIMENTAL PROC'EDURE 

I. SOURCE AND PREPARATION OF SAMPLES 

The samples used in this work were collected on Octo

ber 24, 1951, from nine trees felled from one to three 

months previously, between 'Toledo and Silotz, Oregon. Among 

the nine trees, five or them were 100 years of age or less, 

three of them were over 100 and under 300 years of age, and 

one of them was over 300 years ot age. Trees from each age 

group were d).vided into three secti~ns, namely , top, middle 

and bottom totaling nine groups. These nine grou.ps ot bark 

samples were room-dried, and then ground separately 1n a 

Rietz Disintegrator to pass a No. 20 mesh screen. A compo

site sample was then prepared t~om the ground bark with an 

equal distribution from each group , dried at room tempera

tu're and stored in a large glass jar. A complete summar7 

ot the collection C!ata ls given in T-able 1. 



TABLE 1 

COLLECTION DATA ON SITKA SPRUCE BARK SAMPLES 

Bottom seot1on Middle section Top section 
d1a. in. dia. in. dia. in •. 

Age Tree Age 
group no. yr. 

outside inside outside inside outside inside 
bark bark bark bark bark bark 

I 

II 

III 

1 
2 
J 
4 
5 

6 
8 
9 

7 

87 
96 
66 

100 
93 

228 
184 
170 

3.50 

(2 to J tt. height) 

51.5 50.0 
47.0 46.0 
)1.0 
33.0 

)0.0
32.0 

27.0 26.5 

(5 to 7 tt. height) 

91.5 90.0 
66.0 65.0 
49.0 48.0 

(J rt. height) 

115.0 114.0 

(45 to 5J tt. height) 

)5.0
)0.7
19.0 

)4.0
)0.0 
18.5 

16.4 16.0 
20.4 20 ..0 

(60 to 86 tt. height) 

54.4 5J.5 
40.7 40.0 
)6.5 36.0 

(78 rt. height) 

66 ..8 66.0 

(87 to 10) tt. height) 

13.2 
/ 

13 •. 0 
24 •.4 24.0 
12.2 12.0 
1).2 1).0
1).2 1;3.0 

{100 to 140 tt~ height) 

)8.5 )8.0
)0 •.5 30.0 
28.5 28.0 

(155 rt. height) 

)2 ..5 32•. 0 



II. DISTRIBUTI01l OF EXTRACTIVES I N SAMPLES 

~he sample was successively extracted with hexane, 

diethyl ether, 95 per cent alcohol and hot water. The sam

p!~ was initially extracted with hexane to remove oils, tats, 

waxes and resins. Diethyl ether was used next to remove anJ 

flavones or like coloring matter. These treatments were 

followed by extraction with 95 per cent alcohol which re

moves the alcohol-soluble tannins and phlobaphenes, while 

the hot water extraction determined the amount or water

soluble tannin and carbohydrates. 

All or the extractions with the exception or the hot 

water extraction were done in Pyrex glass Soxhlets. The 

weighed samples were placed in cotton cloth bags and solvent 

extracted continuously for eight to ten hours or until such 

time as the solvent appeared colorless, and in each case 

contained a negligible amount or soluble solids as deter

mined by evaporating a small amount or the solution and 

weighing the residue. The solution or solvent plus ex

tractives was filtered into a tared evaporating dish, and 

the solvent was evaporated ott in a steam bath. The dish 

was then placed in a vacuum oven at JOO C, tor approximately 

two hours to obtain a constant weight. The amount or dry 

residue was obtained by cooling the dish in a desiccator and 

weighing. 

For the bot water extraction, T.A.P.P.I. method T 
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1m..45 (7) was followed except that the leaching time was ex

tended to twenty-four hours. :Fresh water was added from 

time to time to keep a constant volume of two liters. At the 

e.::::.·1 ot the twenty-four hour leaching period, the liquor was 

removed by filtration and the bark leached with an additional 

two liter portion of fr-esh water for t wenty-tour hours.. It 

was touna that ' this way, a ore efficient extraction as 

achd. ..ved. During filtration, the recommended sintered glass 

crucible became clogged to an extent where it was almost 

impossible to :filter. This difficulty was eliminated by 

filtering the bark liquor through No. l Whatman filter paper 

on a Buchner funnel with suction and retainin,s the filtrate. 

After the leaching operation was completed, aliquots of 100 

ml. ot the filtrate in duplicate were placed in tared evap

orating dishes and evaporated to dryness on a steam bath. 

They were then placed in a vacuum oven at 30° c. tor approx

imately two hours to obtain constant weighings. 'The residue 

was cooled in a desiccator and weighed. Knowing the total 

volume or the f-iltrate and the weight of the residue, calcu

lation of the percentage of bot water solubles was completed. 

The results of these extractions are shown 1n Table 2. 

The percentages are based on the oven-dried weight of the 

unextraoted bark. The average moisture content of the air

dried bark was 7.13 per cent. It may be noted in Table 2 

that both hexane and diethyl ether extractives were rather 
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low in percentages. 

The hexane extract was a soft, sticky, light tan 

colored wax. The removal ot the ether from the ether solu

bles resulted in a sticky, brownish semi-solid residue. The 

alcohol extract was a dark reddish-brown solid, while the 

hot water extract also appeared as a brownish solid material. 

TABLE 2 

EXTRACTIVES FROM SITKA SPRUCE BARK 
(Based on Oven-Dry Weight 

of Unextracted Bark) 

Solvent Percentage 

Hexane 1.51 

Diethyl Ether 1.72 

95% Alcohol 19.06 

Hot Water 12.60 

Total Extractives 34.89 
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III. CONSTITUENTS OF HEXANE SOLUBLES 

Two thousand grams of co$posite sample were placed 

into tour cotton. cloth bags and extracted with hexane 

{petroleum ether b.p. 60-70° C.) in a large Pyrex glass 

Soxhlet one by one using the same portion of hexane tor 

eight hours. The extract plus the solvent was filtered 

through No. 2 Whatman filter paper and the solvent was re

moved on a steam bath. 'fhe residue, after drying in the 

vacuum oven at 30° C. tor two hours, comprised 1.)1 per cent 

of the oven-dry weight of the unextraoted bark. 

Volatile oil. The volatile oil was removed from the 

hexane extract by steam distillation. The distillate was 

shaken with five portions of diethyl ether in a separatory 

funnel. The ether solution was separated and dried over 

anhydrous sodium sulfate overnight, filtered and evaporated 

to dryness under redueed pressure in a vacuum oven at 300 c. 
and weighed. The residue of the volatile oil yielded l.lj 

per cent of the hexane soluble material. 

Free acids. The non-volatile hexane soluble material 

which remained in the distilling flask following the removal 

of the vola.tile oil was removed by diethyl ether. This ether 

solution was shaken with five portions ot a five per cent 

potassium carbonate solution in a separatory funnel. The 

neutral material remained in the ether layer while the tree 

acids were found in the aqueous solution as potassium salts. 
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The aqueous solution, after separating from the ether layer, 

was acidified with dilute hydrochloric acid and shaken with 

several portions of dietbyl ether in a separatory tunnel to 

remove tree organic acids. The ether solution was dried 

over anhydrous sodium sulfate overnight, filtered into a 

tared evaporating dish and dried in a vacuum oven at J0° c. 
The weight of the free acids was determined and calculated 

to be 42.11 per cent of the hexane solubles. 

The tree acids were dissolved in warm acetone and 

upon cooling in the refrigerator at 40 c. tor twenty-tour 

hours, a precipitate was obtained. This precipitate was 

filtered and washed with acetone several times resulting in 

a white powder which comprised 1.85 per cent of the hexane 

solubles. After evaporating the acetone from the filtrate, 

a light brown residue remained. The res.idue was treated 

with methanol and sulfuric acid according to the Wolff

Scholze method (9) tor the isolation of resin acids. In 

this procedure a quantitative separation of resin and fatty 

acids can be carried out through a preferential esterifica

tion treatment. Fatty acids can be readily converted to 

methyl esters using absolute methanol containing a small 

amount of concentrated sulfuric acid. Resin acids are not 

esterified under these conditions. The resin acids obtained 

comprised 19.24 per cent of the hexane extract. The acetone 

soluble fatty acids comprised 21.02 per cent and was calcu

lated by difference. 
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Be1.1tral fraction. Following iaol$tlon ot the tree 

acids , the ether was .removed tro.m. the neutral fraction ot 

the hexane solubles by eTapo~ation and the residue waa ·dried 

under reduce4 pressure in a vacuum. oven at )0° C. The 

.neutrals were obtained in a yield of S6.76 per cent of the 

hexane solubles. This material was saponified with 100 ml. 

ot two per cent alcoholic potassium hydro:xlde tor thirty 

.minutes, The saponification mixture waa e,vaporated to 

35 ml. on a steam bath; diluted with 125 ml. ot distilled 

water. and again eTaporated to 35 ml. Atter tour additional 

dilutions anc1 evaporations, the saponified solution was con

sidered to be alcohol-tree . The aqueous solution was trans

ferred to a separatory tunnel and shaken with five portions 

ot ether. The potassiwn salts of the acids remained in the 

water layer while the unaaponitiables dissolved 1J1 the 

ether. 

Combined acids. The potassium salts of the coJ:D.b1ned 

aaids were acidified with dilute hydrochloric acid• and the 

liberated acids were extracted with ether. The ether solu

tion was dried over anhydrous sodium sulfate overnight, 

filtered into a tared evaporating dish, evaporated and 

finally dried in a vao1.1um. oven at 30° c. The reddish-brown 

acids obtained were 38.46 per cent or the hexane extract. 

Unsaponitiablea. The ether extract containing the 

unsaponifiables waa dried over anhydrous sodium sulfate 

overnight, filtered and the solTent .rellloved under reduced 
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pressure. A white precipitate was obtained by dissolving 

the dried material in warm acetone and placing the solution 

in the refrigerator at 4° c. for 96 hours. The precipitate 

was removed by filtration, air dried and weighed. The yield 

was 1.47 per cent of the hexane solubles and gave a positive 

Liebermann-Burchard test (5) -wbich is characteristic ot 

sterols. The ao.etone was evaporat-ed from the filtrate, the 

residue ot acetone-soluble fatty alcohols dried and calcu

lated to be 16.83 per cent of the hexane solubles. 

The data are tabulated in Table J and the procedures 

are shown in F.igure I •. 
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'l'ABLE J 

COMPONENTS OF THE HEXANE SOLUBLES 

COMPONENT 

Volatile 011 

Free Acids 

Acetone Insoluble Fatty Acids 1.85 

Resin Acids 19.24 

Acetone Soluble Fatty A.cids (by difference) 21.02 

Neutrals 

Combined Acids 

Fatty Alcohols 

Sterol 

)8.18 

16.8) 

1.47 

Undetermined 

l.lJ 

42.11 

. . 

,56.48 

0 .. 28 

100.00 
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FIGURE I 

HEXANE SOLUBLES 

STEAM DISTILLATION 

NON- VOLA TILES VOLAT ILE OIL 

15% K2C03 

NEUTRALSSALTS OF FREE ACIDS 

. ALC . KOH 
ETHER 

DIL. HCL 
ETHER 

SALTS OF COMBINED UNSAPONIFIABLES 
ACIDS 

FREE ACIDS 
OIL. HCL 
ETHER 

ACETONE 

ACETONE COMBINED ACIDS 

FATTY ALCOHOL STEROL 

ACETONE INSOLUBLE ACETONE SOLUBLE 
FATTY ACIDS RESIN a FATTY ACIDS 

METHANOL 
CONC. H2S04 

RESIN ACIDS FATTY ACIDS 

OUTLINE OF PROCEDURE FOR HEXANE SOLUBLES 
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IY. CONSTITUENTS OF ETHER SOLUBLES 

The bark used in this portion of the work was pre

viously extracted with hexane. It was further extracted 

with ether in the Pyrex glass Soxhlet extractor for twelve 

hours at which time the tresb extract appeared colorless, 

and a negligible amount of the soluble solids re1nained as 

determined by evaporating a small amount of the solvent and 

weighing the residue. The yield of ether soluble extract 

following removal of the solvent on a steam bath and drying 

the residue to a constant weight in a vacuum oven at )0° c. 
was 1.72 per cent of tbe oven dry weight ot the unextracted 

bark. 

~ acids. A sample weighing 6.Jl grams or the 

dried other extract was redissolved in ether and shaken with 

six portions of five per cent potas.sium. carbonate solution. 

'fbe free aoids were found in the aqueous layer as potassium. 

salts while the neutral portion remained in the ether layer. 

The aqueous layer was boiled gently to remove any ether 

present. Upon cooling, acidification was carried out by 

pouring dilute hydro-chloric acid slowly into the mixture 

with constant stirring. The acid solution was then shaken 

with ether in a separatory funnel to remove free organio 

acids. The ether solution was dried over anhydrous sodium 

sulfate overnight, filtered into a tared dish, evaporated 

and the residue dried in a vacuum oven at 30° c. The ether 
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extract was found to contain 39.23 per cent of the amor

phous, amber-colored free ac ids . 

Phlobapbene material. TA'hen the potassium. salts ot 

the free acids of the ether solubles were acid ified after 

separati-on from the neutral fraction, there settled out a 

brown amorphous material which was insoluble in acid solu

tion. This material was filtered off, washed with water, 

dissolved in acetone, and then repreoipitated in water. 

This precipitate, when dried, was a dark brown material 

which amounted to 43.27 p.er cent of the ether solubles . It 

was soluble in ethanol, acetone and potassium. carbonate 

solution, and insoluble in water and ether. 

Neutral fraction. The neutral traction whioh re

mained following the isolation of the free acids was found 

to be 17.50 per cent o:f' the ether solubles. The soft resin

ous material was saponified with 100 ml. of twa per cent 

alcoholic potassium hydroxide by refluxing for four hours. 

The saponification mixture was made alcohol- free by five 

successive evaporations and dilutions with distilled water . 

The aqueous solution was finally transferred to a separatory 

funnel and shaken with successive portions of ether until 

the ether layer appeared colorless. The ether extracted the 

unsaponifiable material while -the potassium salts of the 

combined acids remained in the aqueous layer. 

Combined acids. The potassium salts of the combined 

acids were acidified with dilute hydrochloric acid and the 
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liberated acids were extracted with ether. The reddish-

brown acids obtained following the removal ot the solvent 

comprised 11.21 per cent ot the ether solubles. 

Unsaponitiables. The separation ot the combined 

acids from the neutral traction ot the ether solubles lett 

an ether soluble traction ot unsaponitiable material. The 

ether solution was dried over anhydrous sodium sulfate over

night, filtered, evaporated, and the residue was dried under 

reduced pressure. The reddish-brown amorphous material was 

found to be 6.29 per cent ot the ether solubles. 

The data are tabulated in Table 4 and the procedures 

are shown in Figure II. 

TABLE 4 

COMPONENTS OF THE ETHER SOLUBLES 

COMPONENT PER CENT 

Neutral Fraction 17.50 

Combined Acids 11.21 

Fatty Alcohols 6.29 

Free Acids 39.23 

Phlobaphene 43.27 

100.00 
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FIGURE II 

ETHER SOLUBLES 

ALCOHOLS 8 ESTERS SALTS OF FREE ACIDS 
8 HOH SOLUBLES 

2% KOH rnL. HCL 
REFLUX ETHER 
ETHER 

ACETONE 
EVAP.OIL. HCL 

ETHERUNSAPONIFIABLES 
FATTY ALCOHOLS 

PHLOBAPt-ENE 

ETt-ER 
COMBINED ACIDS SOLlB..E 

FREE ACDS 

OUTLINE OF PROCEDURE FOR ETHER SOLUBLES 
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V. CONSTITUENTS OF ALCOHOL SOLUBLES 

A sample ot one thousand grams of bark previously 

extracted with diethyl ether was extracted continuously with 

95 per cent alcohol in a Pyrex glass Soxhlet type extractor 

tor twelve hours. Aliquot ot 100 ml. in duplicate was taken 

from the two liter alcohol extract and evaporated to dryness 

on a steam bath. The residue was then dried in a vacuum 

oven at 300 c. until a constant weight was obtained. The 

yield ot alcohol solubles was calculated to be 19.06 per 

cent ot the oven-dry weight ot unextracted bark. The remain

ing alcohol solution was reduced to a volume ot approximate

ly 200 ml. by reduced pressure. This thick, syrupy alco

holic solution of tannin and phlobaphene was poured into one 

liter ot distilled water . Under these conditions, the 

phlobaphene was insoluble and could be filtered ott, washed 

free ot tannin, and dried in a vacuum oven at reduced 

pressure. The phlobaphene comprised 66.10 per cent of the 

alcohol soluble extract. The amount ot tannin in the solu

tion as determined to be 33.90 per cent by taking an ali

quot in duplicate and analyzing it for tannin content in 

accordance ith the method ot analysis ot the Association ot 

Official Agricultural Chemists (2, p.221). The alcohol 

soluble tannin, then, is 6.46 per cent of the unextracted 

bark on the oven-dry basis. 
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VI. COllS TITOENTS OF HOT WATER SOLUBLES 

Sitka spruce bark which bad been previously extracted 

witb alcohol was next extracted with hot water .. Five hun

dred grams or extracted bark were placed in a five liter 

round-bottom flask together with two liters or distilled 

water and heated tor twenty-tour hours on a boiling water 

bath. Fresh distilled water was added from time to time to 

keep a constant volume or two liters. The liquor was then 

removed by filtration, and the bark was leached with an 

additional two liter portion or distilled water tor another 

twenty-tour hours. 

Carbohydrate material. The filtrate from the five 

hundred gram bark was evaporated at room temperature to a 

thick syrup by means ot a forced air draft from an ordinary 

tan. The water soluble material was separated into two 

tractions by pouring this thick syrup into five times its 

volume or 95 per cent alcohol. Under these conditions, the 

tannin was soluble in the alcohol while the carbohydrate 

fraction precipitated . The carbohydrate was then filtered 

through a Buchner funnel by suction, redissolved in hot 

water and precipitated again from a fresh portion or 95 per 

cent alcohol. Repeating this operation five times, a brown

colored product was obtained. The precipitate was not 

allowed to remain on the filter tunnel tor more than a few 

minutes in any filtration, because it. turned black, hardened 
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and became rubbery upon standing. It was dried by placing 

in a desiccator. The yield of this carbohydrate product was 

).65 per cent based on the oven-dry weight ot unextracted 

bark. 

The carbohydrate material was slightly soluble in 

cold water and almost completely soluble in hot water. When 

a small amount of powder as added to concentrated sulfuric 

acid, a few black particles were formed which were insoluble. 

Four samples of carbohydrate powder weighing about 60 

milligrams each were dissolved in 50 ml. of water, and 1.5 

.ml. of concentrated sulfuric acid was added to each sample. 

The mixtures were refluxed on a steam bath for four, eight, 

twelve and sixteen hours respectively and filtered. The in

soluble portion amounted to 43.95 per cent of the carbohy

drate material. It was a black substance and appeared to be 

a lignin or phlobaphene type material. 

The hydrolyzed solution, from which the insolubles 

were removed, was neutralized with sodium hydroxide and made 

up to 100 .ml. volume with distilled water then used for the 

determination of total reducing sugars by the Somogyi 

method (6, p.lJ). The amount ot reducing sugars found in 

the solution was calculated as the percentage of glucose 

present in the sample. 

A 5 ml. aliquot of the test solution was pipetted in

to a 25 x 200 mm. Pyrex test tube and mixed thoroughly with 

5 ml. of the copper reagents. The tubes were stoppered with 
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glass stoppe:s and placed in a test tube rack. The rack ot 

tubes was placed in a boiling water bath which had been 

filled to about 5 em. above ~e level ot the liquid in the 

tubes. SUlples were allowed to remain in the boiling water 

tor thirty, torty-f'ive and sixty minutes. The contents ot 

the tubes were cooled by running water, and 2 .ml. of the 

potassium. iodide solution was added without mixing the con

teJJ.t:s followed immediate~y by addition ot 1.5 .ml. ot 2 N 

sulfuric acid .rapicily with simultaneous agitation. Suffi

cient ti.m.e and agitation were allowed :tor all the cup·rous 

oxide to be dissolved before t1t.rat1on took place. 'rhe 

excess iodine was titrated with th.e standal'd sodium. thiosul

fate solution using starch 1ndi·eator near the end point. 

Samples were run in duplicate and three blanks were run in 

ex,a'otly the same manner using 5 ml. of distilled water as 

test sam.plea. The difference in volwne of standard thiosul

fate solution oonsu.med by the blank end the teat ·samples was 

converted into number ot milligram& of reducing sugar per 

5 .ml. of teat solution by- reading the atanderd curve in 

Figure III. The Jdlligrau o-r sugar tou.o.d was then con

verted into percentage of reducing sugars 1n the carbo

hydrate material. 

The data of t~ reducing sugar determination are 

listed in Appendix I; and the results are summarized in 

Table 5. 

The carbohydrate material was tound to contain 47.10 
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par cent of reducing sugars attar hydrolysis. From the 

values shown in Table 5, it is noted that the sixteen hoo.r 

hydrolysis and the 45 minute heating period gave the maximum 

total reducing sugars . 

A iva gram sample of the carbohydr te material was 

dissolved in 500 ml. of distilled ater. It was analyzed 

for tannin by the .methods ot analysis of the Association of 

Official Agricultural Chemista(2, p.221). The tannin was 

found to be 8 . 95 per cent based on the oven-dry ~eight of 

the carbohydrate material. 

The composition of the crude carbohydrate material is 

given in Table 6. 

TABLE 5 

TOTAL. REDUCING SUGAR DETERMINATION 

(Percentages based on the oven-dry weight
of carbohydrate material) 

Test tube heating period 

Hours 
hydrolysis 

.mg.
sample wt. JO min . 45 min. 60 .min. 

(Figure based on percentage} 

0 161.5 12.76 15.74 16.60 

4 62.0 28.39 JO.OO 25.81 

8 60 .) 42.45 42.12 39.80 

12 61.0 43 . 61 46.56 37.38 

16 60 .J 44.11 47.10 39.80 
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TABLE 6 

COMPOS ITION OF THE CRUDE CARBOHYDRATE ATERIAL 

(Percentages based on the oven-dry weight 
or carbohydrate material) 

COMPONENT PER CENT 

Tannin f3.95 

Insolubles 43.95 

Total sugars (after hydrolysis} 47.10 

Total 100.00 
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Tannin~ An analysis of the bark for its tannin con

tent was made by the hide powder method of the .American 

Leather Chemists• Association (1). Une:x:tracted bark samples 

ot approximately thirty-five grams in duplicate were placed 

in the recommended percolation-type extractor, and one liter 

of distilled water was added to the reflux flask. A final 

volume of 800 mi . of the extra.ction was collected as analy

sis solution. Upon cooling the analysis solution, total 

solids were determined by pipetting 50 ml. of the thoroughly 

mixed solution into tared glass .dishes, evaporated to dry

ness on a steam. cone, and finally dried to constant weight 

in an oven at 105° c. The soluble solids were determined by 

pipetting 50 ml. of the analysis solution in duplicate into 

tubes and centrifuged for )0 minutes . The separated clear 

solution was evaporated to dryness on a steam cone, dried to 

a constant weight in an oven at 105° C., and weighed . The 

insoluble solids were calculated by difference. To prepare 

a solution that would give a tannin concentration of approx

imately tour grams per liter, 150 ml . of one sample was 

diluted to 200 ml. with distilled water while 200 ml. of the 

other sample was taken and diluted to 250 ml . In each case, 

200 ml. of the diluted analysis solution was shaken immedi

ately ith forty-five grams of wet hide powder,which had 

been previously treated. with chrome alum solution and ad

justed to as nearly as possible 73 per cent of water content, 

in a 250 mi. wide mouth bottle for ten minutes. After 
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shaking, the contents were poured onto a linen cloth in a 

glass funnel; after the bulk of the solution was drained 

ott, it was squeezed lightly. Fifty .ml. of this detannized 

solution in duplicate were pipetted into tubes and centri

fuged for thirty minutes. The separated clear solution was 

evaporated to dryness on a steam cone, dried in an oven at 

1050 c., and weighed. The tannin content was calculated by 

difference between the percentage of soluble solids and the 

percentage of non-tannin. It represented the amount or 

material absorbed by the hide powder under these conditions. 

Determinations were run in duplicate, and the data and cal

culations are shown in Appendix II. The distributions ot 

tannins, non-tannins and insolubles are tabulated in Table 7. 

TABLE 7 

TANNIN ANALYSIS 

(Percentages based on oven-dry weight 
or unextracted bark} 

Percentage
Sample 1 

Percentage
Sample 2 

Total Solids 28.06 28.11 

Soluble Solids 23.90 23.82 

Insoluble Solids 4.16 4.29 

Non-Tannin 8.84 8.26 

Tannin 15.06 15.56 
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DISCUSSION 

The total extractive content of Sitka spruce bark 

obtained from the tour extractives was 34~59 per cent based 

on the oven df1 weight or unextracted bark. The extractives 

obtained from hexane and diethyl ether were 1!5i and 1.72 

per cent respectively and were cons1dere4 rather low. The 

hexane soluble extractive was a soft light t n wax which was 

rather sticky. Analysis indicated that it contained small 

amounts or volatile oils, resin acids, ratty acids, tatty 

alcohols, esters and sterols. The ether soluble material 

was a brownish, sticky, semi-solid substance. This extrac

tive consisted mostly ot phlobaphene-type material and tree 

acids and a small amount of esters and tatty alcohols. The 

alcohol extract was a dark reddish-brown solid material and 

was obtained in a yield ot 19.06 per cent of the oven dry 

weight or unextraoted bark. The phlobaphene material co~ 

prised 66.10 per cent and the alcohol soluble tannin com

prised 33.90 per cent or the alcohol extract. The yield of 

the carbohydrates from hot water so~ublea, based on the oven 

dry weight or unextracted bark, was ).65 per cent. This 

.material contained 8.95 per cent tannin, 43.95 per cent in

solubles and 47.10 per cent or total reducing sugars after 

hydrolysis. An analysis or the unextracted bark revealed 

that total taAnin content was 15.31 per cent or the oven dry 

weight or the samples. This is within the range ot tannin 
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content in Sitka spr~ce bark as determined by Clark and 

Andrews (3), but lower than that determined by Fre1 and 

Clarke (4). It is noted that the variation 1n tannin con

tent 1n Sitka spruce bark is related to the height and age 

ot the tree and the length or time that the tree bas been 

felled betore collecting the .s&.llples. 
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SUMMARY ND CONCLUSION 

The Sitka spruce samples were collected from nine 

trees divided into three age gro~ps . These age groups wer e: 

100 years or l ess; 100 to 300 years; and over 300 ye~.rs . 

The trees were divided into top , middle and bottom sections . 

A composite sample was then prepared from the ground bark 

with an equal distribution from each group. The composite 

s mple was successively extracted with hexane , diethyl 

ether , 95 per cent alcohol and hot water to show the distri

bution and amount of extractives . Further analysis showed 

that the hexane solubles contained volatile oils , resins , 

fatty acids, fatty alcohols , esters and sterols. The di

ethyl ether solubles consisted mostly of phlobaphene-like 

materials and free acids, some esters and fatty alcohols. 

The alcohol solubles contained about two-thirds of phloba

phene-like material and one-third of alcohol soluble tannins. 

The hot ater solubles contained small amounts of carbohy

drates , and about half of it were reducing sugars after 

hydrolysis . An an lysis of unextracted bark showed that the 

total tannin content was about fifteen per cent based on the 

oven dry weight of the samples . 

A s~ary of the analysis is shown in Table 8 . Ex

perimental results indicated th t Sitka spruce bark con

tained about 35 per cent extractives . The presence of 

tannin to the extent of fifteen per cent m y find use in 
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commercial extraction; it is known \'illere tannin is the sole 

product, a content as lo as seven per cent has warranted 

commercial use. The yield ot wax equivalent to about three 

per oent of the bark may have special applicati.on but would 

need further investigation. 

http:applicati.on
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TABLE 8 

SUMMARY OF .ANAL YSIS 
(Bas ed on Oven-Dry Weight of Unextracted Bark) 

% components components inSolvent Co.mponent % " 
extractive in extractive unextracted bark 

Hexane 1.51 

Volatile Oil 1.13 0.017 

Free Acids 
Acetone insol. ratty acids 
Resin acids 
Acetone sol. fatty acids 

42.11 
1 . 85 

19.24 
21.02 

0.6)6 
0.028 
0.291 
0.317 

Neutrals 
Combined acids 
Fatty alcohols 
Sterols 

56.48 
38.18 
16.83 
1.47 

0.853 
0.577 
0.254 
0.022 

Undetermined 0.28 0.004 

Ether 1.72 

Neutral Fraction 
Combined acids 
Fatty alcohols 

17-50 
11.21 
6.29 

0.)01 
0.193 
0.108 

Free Acids 39.2) 0.675 

Phlobaphene 43.27 0.744 

Alcohol 19.60 

Alcohol Soluble Tannin 33-90 

Phlobaphene 66.10 

~ _wa;;;;..;t;;..;;e.;;..r 12.60 

Carbohydrate Materials 
Tannin 
Insolubles 
Total Sugars (after hydrolysis) 

0.33 
1.60 
1.72 

Total Tannin 15.32 
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APPENDIX I 

DATA OF REDUCING SUGAR ANALYSIS 

X y ~ glucose inHours mg. ml. mg ./5 ml • carbohydrate materialhydrolysis sample wt. Ba282°3 glucose Y( 20 )( 100 )/X 

(30 minutes heating period) 

0 161.5 7.00 1.03 12.76 

4 62.0 6.00 0.88 28 .)9 

g 60.3 s.so 1.28 42 .45 

12 61~0 9.10 1.)3 4J.61 

16 60.) 9.10 1.3J 44.11 

(45 minutes heating period) 

0 161.5 ~L70 1.27 15.74 

4 62.0 6.40 0.9J 30.00 

8 60.3 8.70 1.27 42.12 

12 61.0 9.70 1.42 46.56 

16 60.) 9.70 1.42 47.10 

(60 minutes heating period) 

0 161.5 9.20 1.34 16.60 

4 62.0 5.50 0.80 25.81 

8 60.3 8.25 1.20 39.80 

12 61.0 7·75 1.14 37.38 

16 60.3 8.25 1.20 39.80 



APPENDIX II 

TANNIN ANALYSIS 
(Sample 1) 

X y ~ dry base 
~wet base 

Total Solids 

wt. in 
grams 

0.5700 

!X}{l6~bl00}
:3'5. 6 4 

26.0568 

~1006bX)5.0 4 ( S .S. ) - ( N . T. ) 
(Y) 

100~- 7.128J 

28.06 

Soluble Solids 

Insoluble Solids 

Non-Tannin 

0.4854 

0 .0847 

2.8716 

22.1894 

).8719 

8.2045 

1).9849 

2).89 

4.17 

8 ..8) 

Sample weight: 35.0004 grams 

oisture content ot sample: 7.128~ 

Water in hide powder: 71.32~ 

Non-tannin residue: 0.1160 gram 

Non-tannin in origlDal sample:· (0.1160)(~~§)(200 

r 

(4~6(71.32~)) : 2·:8716 grams 

(continued next page) 



APPENDIX II 
(continued} 

. TANNIN ANALYSIS 
(Sample 2) 

X T ~- dry base 
~ wet base 

wt . in (Y)(X}~l6}b_l00) ~1006bf) (S.S. )-(N.-T.}grams 3 .oo 8 5.0 lO()J - ? ...128% 

Total Solids 0.5711 26.1068 28 •.11 

Soluble Solids 0.4840 22.1252 2).82 

.Insoluble Solids 0.0871 ).9815 4 ..29 

Non-Ta.nnin 2.6852 7~6718 " 8 •.26 

Tannin 14.-4534 15~56 

sample weight: 35'.ooo8 grams 

Moisture oontent ot sample! 7.128~ 

Water in hide powder: 72.94~ 

Non-tannin residue: 0.1153 gram 

Non-tannin in original sample: (O.ll5J}(~gg)(§gg)(200- (4~1{_72.94}<)) • · 2..-6852 Gm . 

\.V 
VI 

http:O.ll5J}(~gg)(�gg)(200-(4~1{_72.94



