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A COMPARISON OF THE EXTRACTIVES 
FROM FOUR SPECIES OF TRUE FIRS 

INTRODTTCT ION 

Much interest has recently been expressed In finding 

a method for distinguishing among the woods of the various 

species of the true firs. In the forests, these spocles 

may be easily identified by examining the bark and 

foliage, but on the basis of wood anatomy, the true firs 

cannot be distinguished (6, p. 14014). 

The true f irs, as a group, rank fourth in abundance 

in the Pacific Northwest, being exceeded by Douglas fir, 

Ponderosa pine, and Western hemlock. 

In 19S7 the volume of true fir sawtimber available in 

Washington and Oregon was estimated to be 73,f00 million 

board feet (11). The lo use for the same year totaled 

6214 million board feet; specifically, 380 million board 

feet for lumber, 220 mIllion board feet for pulp and paper1 

and 24 million board feet for plywood. Although the stand 

of true firs represents 10 percent of the total stand of 

aawtimber in these two state3, the log use represents 

only five percent of the total log usage. 

The four most imoortant spec1e of the true firs in 

the Pacific Northwest have been choson for study. These 

are: Pacific silver fir, (Abies amabilis Loud.); noble 

fir, (Abies procera Rehd.); white fir, (Abies concolor 
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r.ind1. and ;ord,); and grand fir, (Ablee rand1a Lin11.). 

A1thouh the wood anatomy f these pec1es Is nearly 

Idontleal, the strength properties are guito different. 

Noble fir has the roate3t strength of the true rira, and 

was formerly used in aircraft manufacturing. Jhito fir, 

on the other hand, has poor strength properties for 

building materials. All of the species «entioned, except 

white tir, can be marketed as Douglas fir plywood, since 

their strength properties are quite similar to those of 

Douglas fir. 

Therefore a definite need oxista to be able to dis 

tinguish between the seoiea of true firs. This 

inveatigtion was undertaken when a literature $earch 

revealed that very little information existed concerning 

the extractives from the wood of the true f ira. The 

Intent of the study ta to compare various fractions of the 

extractives of these four species In an attempt to find 

differences on which to base a distinguishing teat. 
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COLLECTION AND PREPARATION OF SAMPLES 

The wood samples used in this investigation were 

obtained and identified by various reliabl, sources. 

White fir, CAbles concolor Lindi, and C}ord.) was 

provided by Weyerhaeuser Timber Company, Longview, 

Washington. The disk provided was 7 inches In diameter 

and had 13 annual rings. The wood was sound throughout, 

although lt appeared to be quite low density wood, 

exhibiting wide growth rings. 

Noble fir, (Ables procera Rehd.), and Pacific silver 

fir, (Abbe amabilis Loud.), were both provided by the 

Wi].lamette Valley Lumber Company, and were obtained from 

their logging 8ite in the Valsets area, Oregon. The noble 

fir sample was about 2L. inches in diameter and contained 

392 annual rings. The wood was very close grained, but 

contained snongy pith and sapwood regions. The heartwood 

region was readily discernible and It contained good 8ound 

wood, thus it was this portion which was used for the 

investigation. 

The sample of ?scific silver fir was a 17 inch dia- 

meter disk, having lLjO annual rings. The wood was sound 

throughout, and the total wood was used. 

Grand fir, (Abbe grandis Lindi.), was obtained by 

Mr, Wade Howell, forester for the I. P, Miller Lumber 



Il. 

Company, Dawson, Oregon. This disk, from the butt region 

of the tree, was about 10 inches in diameter and had 6L. 

annual rings. The wood was sound throughout and the total 

wood was used in the investigation. 

All of the above rctentioned samples were prepared for 

analysis In the same manner. After removing the bark, 

about 200 grams of each wood was ground in a Wiley mill to 

pass a t0 mesh screen. This wood was air dried and stored 

In airtight jars for the determination of extractive 

content. 

To obtain enough extractives for further investigation, 

about 2 kilograms of sawdust from each wood was prepared by 

sawing the wood across the grain on a table saw. 

No attempt was made to make a thorough sampling of 

any one of the species Investigated and furthermore the 

samples of each species used were not comparable to each 

other. The results of this investigation will thus be 

limited by this consideration. For example, it is to be 

expected that the extractive content of the sample of noble 

fir will be higher than the other samples, because only the 

extractive-rich heartwood was used, 



EXPJRIMENTAL PROCEDURE 

EXTRACTIVE CONTENT OF WOOD SAMPLES 

Th. extractive content of rend fir, noble fir, and 

white fir woods bave been reported (1L, 16). Thu 

determination was done to substantiate the results given 

for these species and to compare with that of the Pacific 

silver fir which has not previously been reported in 

the literature, 

Previous determinations showed the extractive content 

to be relatively quite low. Therefore it was felt that 

the Tappi Standard procedure, by using only a two gram 

sample, would yield inferior results due to the small 

amount of extractives to be weighed. Therefore, larger 

sarnoles were used to increase the accuracy. 

The procedures used for the ether and water solu- 

bilitics were generally those of Tappi Standards Tm-L 

and Tim (27), respectively, except as modified to accommo- 

date the larger samples. Glass Soxhiet extractors having 

a 50 mm diameter extraction chamber and 100 mm high siphon 

arms were used for the extractions, 

Wood saiii1es of known moisture content, ground in a 

Wiley mill to pass a LiO mesh screen were used for the 

analysis. Samples of approximately 20 grams each were 



weighed into tared fiber extraction thimbles, L.3xl23 mm. 

The samples were extracted successively with 250 ml 

portions of ethyl ether and 9% ethyl alcohol. The time 

of extraction was 9 hours for each solvent, end cara was 

taken to completely dry out the solvent before proceeding 

with the aext extraction. 

The extract in each case, was evaporated down to 

about 20 ml, transferred to a Dreviously weighed flask, 

and dried to constnnt weight by 30 minute heating periods 

in an oven at 105°C. 

The analysis for water solubility of the wood by the 
Tappi Standard method Is an empirical method depending on 

the length of time the sample is in contact with the water. 

The samples, previously extracted with other and alcohol 

were emptied Into one liter, wide mouth Erlenmeyer flasks, 

and 750 ml of boiling distilled water were added. The 

flasks, stoppored and containing flrefluxtt tubes of 5 min 

glass tubing about 50 cm long, were then placed in a steam 

bath and heated for 3 hours. At the end of this tizne the 

contents were filtered into their respective extraction 

thimbles and washed with 200 ml of hot distilled wator. 

The percent hot water extractives was calculated in- 

directly, since the large volume of extract solutIon made 

direct weighing of the extract impractical. The extracted 
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samples were allowed to dry In the atmosphere, weihed and 

small portions of wood from each sample were taken for a 

determination of moisture content. The weight of total 

extractives was obtained by subtracting the oven dry weight 

of extracted wood from the oven dry weight of unoxtracted 

wood. Froni this, the weight of hot water extract was 

obtained by subtracting the weights of ether and alcohol 

extracts. 

The results, shown in Table 1, are the average values 

of duplicate samples of each species. Phis table shows 

the percentage of each extract on the basis of the oven dry 

weight of wood. All experimental variables In the analysis 

were maintained constant relative to each sample, thus the 

results are comparable. 

TABLE i 

EXTRACTIVE CONTENT OF WOOD SAMPLES 
Percent of oven-dry weight of unextracted wood 

Species 1thyl Ethyl lot Sum of 
Ether Alcohol Water Extractives 

Abies amabilis 0.22 l,tj.O 2,22 3.8t. 

Ables concolor O.2L. 1.83 1.28 3.3S 

Ablea grandis 0.19 l.13 1.20 2,82 

Ablea procera 0.21 2.25 2.28 tj,711. 

Although minor differences can be seen among the 



woods tested, no valid conclusion can be made, due to the 

varying ages of the trees. The values are, however, of 

the sane order of magnitude and demonstrate that the 

extractive content of these fir species is low. 



VOLATILE OILS 

Previous Investigation 

The volatile olla of the pines have been investigated 

thoroughly and their composition can be used to differ- 

entiate between species and sub-species of this genus. 

This seemed a good starting point to find differences 

among the species of Abies under investigation, 

A search of the literature ahowed that a study of the 

volatile oils from the woods of the 

gatlon had not been made. The oils 

leaves and twigs, and oleoresins ha 

each of the species. Lynn (18), in 

from noble fir, found that this oil 

percent terpenea. 

Schorger (2ti) compared the oil 

species under investi- 

from the bark, 

e been studied for 

studying the leaf oils 

consisted of 78 

from the bark with that 

from the leavet and twigs of white fir in composition and 

content, Differences in content were noted for five 

terenes common to both and the leaves and twigs contained 

1-csmohene In sooreciable concentration, whereas the bark 

contained no campherie. This would Indicate that there 

may well be differences in the composition of the volatile 

oils from the wood, compared to those from the bark and 

foliage. 
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Pacific silver fir and grand fir barks were steam 

distilled for their volatile olla by Trupp (29), with a 

yield of 0.50 percent and 0.37 percent respectively. 

About three fourths of this oil was found to consist of 
terpenes. The leavos and twigs of Pacific silver fir 

however, yielded only 0.06 percent volatile oils. 

The leaves and twigs of grand fir were analyzed for 

volatile olla (23), as were the gum oleoresins of Pacific 

silver fir and white fir (1, 8). 

All of these analyses showed the presence of l-alpha 

pifen., 1-beta pthene, 1-beta phellandrene and, with the 

eeeption of Pacific silver fir, camphene. In addition 

grand fir and white fir contained borneol and bornyl 

acetate and grand fir also contained 1-cadinen.. The 

oleoresins from Pacific silver fir and the bark of white 

fir both contained dipentene (racemic limonons). The 

remainder of' the volatile oils was found to consiBt of 

aldehydes and tr&cea of' ohenols and free acids. 

Recently Curkal (7) InvestIgated the oils obtained 

by commercial steam distillation of needles of white fir. 
A gas cliromatographic analysis showed the presence of 

seven constituents, although they were not identified. 
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Extraction of Oils 

Volatile oils can be obtained by either direct 8teaIn 

distillation of the wood, or by a steam distillation of an 

ether extract of the wood, A preliminary trial of these 

methods was undertaken with sawdust from a small sapling 

of noble fir about 3 inches in diameter, Although a 

slightly greater yield was obtained by direct distillation, 

the experimental difficulties for large batches proved to 

be ,reat. Therefore the alternate method of steam distil- 

lation of the ether extract was chosen. 

The extraction and further fractionation ol' the 

extract is shown diagrammatically in Figure 1. Samples 

of approximately 300 grams of sawdust each were placed in 

cloth bags and extracted with ethyl ether in a 2200 ml 

Borosilicate Soxhiet-type extractor. Five such batches of 

each species were extracted In the same solvent, only 

enough new solvent being added to a new batch to replace 

that lost by hold-up on the extracted sample Just removed. 

Each batch was soaked in the solvent overniítht for about 

lo hours and then extracted for about ].Ì. hours, 

The extract was distilled while still in the Soxhiet, 

removing the solvent until about 500 ml of solution 

remained. The extract was transferred to a conventional 

vacuum distillation apparatus and taken to dryness at 
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about 13 mm pressure. The tempernture was maintained at 

about 25...30° C, nreventing heat damage and volatilization. 

The resulting extract was a slightly mobile yellow colored 

oil, for all species extracted, except for white fir, which 

was brownish red. 

Fractionation of the extract was accomplished in the 

following manner. Four SO ml portions of petroleum ether, 
boiling range 3S°-60° C, were successively shaken with the 

ether extract, and filtered in a suction filter apparatus. 

This apparatus consisted of a two-port vacuum desiccator 

lid fitted with a small Hirsch funnel, 

The petroleum ether insoluble material was dried in a 

stream of air and further extracted with three O ml, 

portions of hot benzene, and filtered in the suction 

filter apparatus. 

The benzene insoluble material was found to be nearly 

completely soluble in alcohol and moist acetone, and 

should contain any flavonoid materials if present. 

Al]. of these extracte were dried under vacuwn and 

weighed by difference to obtain a ¿eneral indication of 

their percentage in the ether extract, and these values 

are shown in Fipure 1. 

Further fractionation of the petroleum ether soluble 

extract involved steam distillation to obtain the volatile 
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oils. The petroleum ether was evaporated by a stream of 

air in a one liter flask, and 200-250 in.]. of water added. 

This was then placed in a hydrodistillation apparatus 

composed of the one liter diti1litio fla8k which was 

heated by an olectric flask heater, a Clevenger trap, 
designed for olla lighter than water, and a five-bulb 

Ah.lin condenser. The Clevenger trap was constructed from 

a five ml graduated rnoistare test receiver, fitted with a 

stopcock to drain the oil sar4iple, a sidearm to drain the 

water back into the flask, and standard taper joints for 

the flask and condenser. The distillation was continued 

for one hour, the solution was cooled and salted out 

with sodium chloride and then redietilled for another 

houz, Salting out was done to prevent the possible loss 

of the terpene alcohols which are slightly soluble in 

water. The yield was extremely small, 0.2 to O. ml per 

saìple distilled. To minimize losses in draining the oil 

from the Clevenger trap, the oil and water remaining in 

the trap after distillation were extracted with petroleum 

ether. The petroleum ether layer, containing the volatile 

oils, was separated and dried in a vacuum desiccator to 

constant weight. The sariples were then subjected to 

analysis by gas chromatography. 

The residue left after hydrodistillatiori consista of 



the waxes and fats. This wax-like mater 

in color with the exception of that from 

was a dark brown color. This fact would 

indicate a difference in the composition 

wax, and the wax from the other species, 

treatment was similer for all extr-.cts, 

14 

La]. was light tan 

white fir which 

a'.?ear to 

of the white fir 
inasmuch as the 

FIGURE 1 

FRACTIONATION OF ;T1iER 1ÁTRACT 
Percentages based on weight of ethyl ether extract 
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Gas Partition Chromatographic Analysis 

A. Preliminary Studies. 

Gas partition chromatography has given the chemist a 

powerfu.l now tool for analysis of small amounts of volatile 

materials. This method seemed ideal for detection and 

identification of the terpene constituents of the small 

amounts of volatile olla obtained in this investigation. 

A Perkin-Elmer T4odel ]5Li B Vapor ?ractometer with a 

thermistor-type detector and a O-10 mv recorder was used 

in the present study. Four different column materials 

were tested with artificial mixtures of terpenes in an 

attempt to find a column which would give good resolution 

at e relatively low temperature. The terpenes are quite 

heat sensitive, thus to prevent alteration of the original 

componente, the low temperature 18 quite desirable. The 

liquid stationary phases tested were Silicone fluid, 

Carbowax 600, polyester of butanodiol succinate and 

dilsodecyl phthalate. 
Two one meter U-shaped columns, in Benes In the 

ln8trument, containing a stationary liquid ohase of 

Silicone fluid on a 8upoort of celite gave very poor 

resulta and this material was not tested further. 

A one meter column containing Carbowax 600 
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(Polyethylene glycol) as the stat1onaxy pELase on a solid 

support of celite, 3:1 by weight, gave a slight separation 

of the terpenes, and was tested further. 

W-ahaped columns were constructed of six mm outside 

diameter pyrex glass tubing, seven feet long each. These 

coltrane were then filled with the packing material by 

inserting a glass wool plug and applying a vacuum to one 

end, The material was packed to a uniform tightness by 

vibrating the tube extensively. Two such columns could be 

installed in the heating chamber of the gas chromatograph 

giving 114. feet total column length. The Carbowax 600 has 

been successfully used by Bernhard (Lt) for the separation 

of five terpene hydrocarbons In a 20 foot column. The 

results in this 1nvestiation were not as good as with the 

longer column of 3ernhard and definitely inferior to the 

polyester succinate column of equal length. A temperature 

of 1145°C and flow rate of as little as 1G cc He per minute 

did not give sufficiently good resolution. 

Craig polyester (butanediol auccinate), 3:1 by weight 

on a solid support of Chromasorb, provided the best sepa- 

ration of the terpeno mixture of the columna tested. As 

with the Carbowax column, this was packed In tuo W-shaped 

glass columna, each 7 feet long and installed in series in 

the chroniatograph. Using artificial mixtures of terpenes, 

it was found that the best resolution was obtained using a 
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colunin temperature of 110°C and a 11e 1ow rate of 8.5cc 

per minute (He flow measured at the presaure of the column 

exit, 1 etmosphere, and th teaiperature of the column). 

Lowering the temperature or pre8aure from these optimum 

conditions merely broadened the peaks and stretched them 

out relative to one another but gave no better resolution. 
Increasing either temperature or Dressure produced sharper 
peaks which were closer together, actually decreasing the 

resolution. Figure 2 graphically representa a chromato- 

gram of eight terpeno hydroc'bons and paracyrnene 

separated on thia column under the optimum conditions. 
The oxygenated terpenee required a great deal more time to 

elute from the column and are not shown. 

The length of time required for the oxygenated 

tarpanes, le. borneol, bornyl acetate, terpineol, prompted 

a search for a column which would give fair resolution for 
the lower boiling terpene hydrocarbon8 and et the same 

time resolve the oxygenated terpenee in a reasonable time. 

Perkin-E].mer column A, which contains dilsodecyl phthalate 
as a liquid phase on diotamnaceous earth, proved to satisfy 
this requirement. On this 2 meter column, these higher 

boiling oxygenated terpenea oluted in the reasonable time 

of L5-5O minutes when the column temperature was iLo°C 

and the He flow rate was 20cc He per minute, (meRsured at 
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50 45 40 35 30 25 20 SS ¡0 5 0 

RETENTION TIME, minutes 

FIGURE 2 - Gae Chromatographic Separation of Terpene Hydrocarbons. Craig polyester 

succinate column, lt1. feet long, at 110°C and flow rate of 8.5 cc per minute, 
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the preure of the column exit, i atmosphere, and the 

temperature of the column). 

The retention time, the time required to reach the 

peak maximum from the injection of the Bsmple, is charac- 

teristic of a given component under a given set of con- 

ditions. A component can be tentatively identified by 

comparing its retention time to that of reference maten- 
a18, under the same conditions. The retention tizne of s 

given component i8 dependent upon many factore. When 

using the same column and inetrurnent however, the column 

temperature arid carrier gas flow rate are the only varia- 
bies. The temperatiire can be controlled quite accurately, 

but the flow rate cannot, and thus the retention time for 

a comoonent may vary a few tenths of a second, A more 

accurato value for comparision is the ratio of the reten- 
tion time of the component to that of reference compound. 

The retention time however, is a relative value and 

applicable only when using the exact same instrument and 

column. The retention volume is a unit developed to make 

retention data transferrable to other in8trumenta. The 

retention volume, Vr is merely the product of retention 
time and carrier gas flow rate, when the flow rate is 

calculated from the pressure at the column exit and the 

temperature of the column (28). Relative retention volume 
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is a useful value, and is the ratio of the retention 

volume of a component to that of a reference component. 

The reference substance is usually chosen to have a 

retention volume near the middle of the range of retention 

V01U11108. 

The overall performance of a given column is indicated 

by the theoretical plate number, n. This value may be 

different for each compound so is taken as the average of n 

for each individual component separated on the column. 

The theoretical plate number is calculated from the 

equation, (28), 

(retention time'\ 
2 

n=l 
\. ooak width 

These values are rneesured on the chromatogrwn in 

consistent units so that the ratio le dimension-less. The 

retention time is the distance measured from the injection 

point to the peak maximum, and the peak width is the 

distance between the sides of the peek, measured at ita 

base. 

Table 2 ahow the retention volumes and relative 

retention volumes, relative to l-limonons, for nine 

terpene hydrocarbons on the Craig polyester column. This 

table also shows the calculated theoretical plate number 

for each peak, and the average value of 1370. The 
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TABLE 2 

RETENTION VOLUMES WITH CRAIG POLYESTER COLUMNS 

Substance Boi11ri r0 Vr relative to Theoretical 
pointD 1-lirnonene plates 

A1phapinene ]5 109 .L.6 1030 

campherie 160 138 .58 1210 

beta-pinene 16L1. 163 .69 1320 

delta3-carene 171 186 .79 ].t70 

aipha-terpinene 17L1. 216 .91 1520 

1-limoneno 176 237 1.00 1350 

beta 179 2I.7 1.01.. 

phellandrened 

ganima-terpinene 183 286 1.20 1680 

teroinolene 185 314 1.t4 

Averare 1370 

a. Polyester of' butanediol succinate 25/75 by weight on 

Cbrornosorb. Suppliod by Wilkins Instrument and 

Research, Walnut Creek, California. Column 11.. feet 
long, temperature 1100, He flow rate 8.5cc per minute. 

b. Degrees C at 760 mm Hg pressure. 

c, In cc He at 760 mm at 110°C. 

d. Unavailable during study. Adapted from results of 

Bernhard (14.). 
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theoretical plate number of ter'pinolene was riot calculated 

becau3e para-cyzuene was run In the mixture and elutos at 

the same time as terpiriolene. Beta phellandrene was 

unavailable, so the values given in the table for lt were 

calculated from the retention volume data of iernhard (tr). 

Table 3 lista the retention volumes and relative 

retention volumes for the same terpenes as in Table 2, 

less beta phellaridrene, and also for the three oxygenated 

terpenos ori the 'erkin-Elnier column A. 

In all cases the position of each peak was identified 

by running individual components. Impurltiei in the 

known terpenos caused little trouble, since the main 

constituent could be Identified from the lar,;est peak. 

These values were obtained as reference materials since 

they represent the terpenos most probable to be found in 

the oils under study. 

Further tests with the Craig polyester column showed 

that any one of the terpene hydrocarbons with a concentra-. 

tion of 0.1 percent ot the oil could be detected on the 

chromatorram. This ws done by diluting the known 

terpenos to various concentrations with Skellysolve B and 

noting the lowest concentration which would exhibit a oeak 

on the chroinatOgram. The Skellysolve eluted before any 

of the terpenes and caused no interferenco. 
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TABLE 3 

RETENTION VOLUMES WITH PßRKIN-EL14R COLUMN A 

Substance Boi11n V° V relative to 
point 1-limoneno 

aipha-pinene 15 3.30 .56 

camphene 160 150 .61j. 

beta-pinene 16!. 178 .76 

delta 3-carene 171 202 .87 

alpha-terpinene 17I. 216 .92 

1-lirnonene 176 234 1.00 

gaxnma-terpinene 183 266 1.11. 

terpinolene 185 301. 1.30 

borneol 212 77I. 3.30 

alpha-terpineol 219 856 3.65 

borny]. acetate 226 91i.8 L4.05 

a. Dilsodecyl phthalate on diatomaceous earth. Column 

2 m long, temperature 1500, He flow rate 20 cc per 
minute. 

b. Degrees C at 760 mm Hg preßsure. 

c. In cc He at 760 min pressure and 150°C. 
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B. Chroiiitograph Of 0118. 

The steam vol8tilo olla obtained were run through both 

the Craig polyester sucelnate column and the Perkin-Elmer 

coluxvm A. The sam1e size used was 0.01 ml Injected with 

a O.2 ml 87I1flge. To he able to run several trials on 

each column, the volume of the oil was doubled with 

Skellysolve ¡3. TJnfortunately the chromatovrrnns indicated 

that there were no terpenes in the steam volatile 

material. On occasion a small peak would appear but when 

rerun, the peek was not dup11cted. Phis anomality was 

attributed to contaminants in the column causing a peak 

upon eluting at random times, 

These neat1ve results left doubt of the experimental 

procedures in obtaining the steam volatiles. Therefore the 

procedure was tested by "doping" a 2O g sample of wood 
with e mixture of terpenos. Various amounts of six 

terpenes, repres nting from 0.2 to 0.01 percent oil, on 

the basis of the oven-dry weight of wood, were placed In 

each of two wood samples. These were ether extracted and 

fractionated as shown In Figure 1, using the same procedure 

as thet used with the large sairmles. The yield of steam 

volti1ea was only 22 percent of the terpenes added, 

however with a total of only l. g added to 2O g of wood, 
the lose 18 likely in the msny extractions encountered in 
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the procedure, and in the possibility of edsortion of the 

oil on the wood. When chrornatogrephed on both co1ìwns, 

even after dilutin to double volume as with the other 

oils, all components of the mixture were resolved, although 

the cotnponent at 0.01 percent in the wood was at near the 

limit of resolution. 
In another attempt to find some olla in the wood, a 

snal1 sapling of noble fir about 3 Inches in diameter was 

obtained from Marya Peak, Oregon. This sapling was 8awed 

on a table saw and used ininedlately and thus should show 

torpene constituents if present in the wood at appreciable 

concentration, 200 of this sawdust was steam distilled 
in a conventional steam distillation appartue. The 

distillate was extracted with petroleum ether and dryed in 

a vacuum desiccator to constant weight. The yield of steam 

volatiles was O.1 percent on the basis of oven dry weight 

of wood. This oil, when chromatographed, gave no 

indication of terpenoid compounds, as evidenced by the 

absence of peaks in the region of the chromatocram shown 

to contain terpenoid peaks. 

It was concluded that the method and procedures are 

valid and would show any of the terpenos having a 

concentration In the wood of at least 0.01 percent. 

Although it would be good to know the composition of the 
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terpenes in the oil, and this could probably be done by 

taking a larger sample of wood and increasing the 

sensitivity of the recorder, a knowledge of the extremely 

small percentage occurrence in wood limits the use of 

this test es a means of differentiating the species. 

Therefore the volatile oils were not pursued further, 

As to the actual composition of the steam volatiles, 

t was assumed that they contained some sesquiterpenes 

and aldehydes, and probably some fats and waxes carried 

over in the distilletion, 
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ALCOHOL EXTRACT 

The ethyl alcohol extract is largely phenolic In 

nature, consisting of coloring matters, phiobaphenes, 

termina, arid other polyphenolic substances. It was felt 

that this fraction might contain significantly different 

components among the true fir species to afford a 

distinguishing chemical test. 

Extraction and Fractionation of Extract 

The wood sawdust, previously extracted with ethyl 

ether, was extracted with 9 percent ethyl alcohol. As 

with the ether extraction, this alcohol extraction was 

done in five botches for each species, the sawdust being 

placed in a cloth bag and extracted in a 2200 ml Boro- 

silicate Soxhiet-type extractor. New solvent was added 

only to replace that lost by hold-up or evaporation. Each 

extraction was continued for 2L. hours, at wtiloh time the 

solvent showed no signa of continued extraction. The dark 

red extract from each soecies was distilled in the 

extractor until about 800 ml of 3olution remained. A five 

m,l portion of each extract was placed in a small crucible, 

the solvent evaporated and the residue dried to constant 

weight at lO°C. In this way the concentration of the 

extract from each species was shown to be 0.013 to 0.017 
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graina per r.L, 

The alcohol extract was fractionated as shown in 

Figure 3. A OO ml T,ortion of each oxtract was evaporated 

to ono half volt*e in s rotary vacuum evatorator, The 

terrrerature of the extract was ke3t at 2°C or louer nnd 

distillation ocourred at about 10 rn pressure in this 

apparatus. 

IQURE 3 

iflAOTIONATiON OF ALCOHOL XTRACT 

t.ther ixtract.d Wood 

Alcohol Re1aoed 
with .ater 

thsol'iblo 

Crude Phioba 
Stirred into 
ithyl ther 

Insoluble Solifole 

raction i Pr'ction 2 
Phlobahenes "Flavonoide" 

Alcohol ¿xtraction 

ixtractod Wood ea1due 

Solublo 
ì'ther xtraction 

Solublo 
I 

Inaolutle 

Fraction 3 rct1on l. 

"Plavoriolda" 'hlobatannins 
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Distilled water (325 ml) wa added to the dark red 

brown extract and the alcohol was removed by distillation In 

the rotary vacuum evaporator. Once again the temporature 

Was niaintslned at 2°C, and it was round that by keeping 

the pressure at lO mm the alcohol would distill off 

leaving the precipitated phiobaphenes and a water solution 

of tannins and coloring matters. The use of the vacuum 

evaporator in this procedure proved to be much easier and 

more efficient than evaporation In a stream of air, as 

had been previously employed. 

After centrifuging this mixture, the solution above 

the precipitated phlobaphenos remained extremely milky, 

indicating dispersed colloidal phiobaphenes. The solution 
was transferred to a OO ini polyethylene wash bottle and 

frozen in a dry ice-acetone bath for six to e1ht hours. 

t'lhen thawed and centrifuged, a large aniourit of racipitated 

phiobaphene resulted and the solution remaining was clear 

and yellow in color. The precipitated phiobaphenes were 

washed with two 25 ml portions of water and these washings 

were added to the filtrate. Paper chromatography in 

several solvents demonstrated that the original precipitate 

and that obtained by freezing-out were identical. These 

two )ortions of crude hlobaphenes were then combined by 

dissolving in a small volume of acetone, and then purified 
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by reprecipitating into SOo ml of dry ethyl ether. The 

resulting precipitate was washed with ether, dried, and 

crushed to a fine po'ider. This oowder was chocolate-brown 

in color or all species except grand fir which was light 

tan in color, 

A large percentage of the crude ohlobaphene remained 

soluble in the other into which the crude was precipitated, 

Therefore the ether solution was evaporated down to 

dryness, taken up in a minimum of acetone and reprecipi- 

tated Into ether, producing another small batch of 

phiobaphene precipitate. The ether solution still 

contained a lerge amount of material, so it was again 

taken to dryness to assure the rerriova]. of all acetone, in 

which the phiobaphenes are extrerely soluble. The resulting 
gummy material was then extracted by shaking and stirring 

with three 2S ml portions of ether. This ether soluble 

portion, fraction 2, was retained for paper chromatography. 

The water soluble portion, after removal of the 

phiobaphenes, was then exhaustively extracted with four 

0 ml batches of ethyl ether in a separatory funnel. The 

resulting ether extract was evaporated down to 0 ml and 

the solution was dried over an excess of annbydrous sodium 

sulfate. This ether extract, rraction 3, was light yellow 

in color for all species. 
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Ir present in tho wood, any flavonoid compounds would 

be found in fractions 2 and 3 of the alcohol extract. 

Therefore these two fractions were subjected to two color 

tests uaed to distinguish flavorioid comounds. The Wilson 

boric acid color test for flavonee (30), gave negative 

results for both fraction 2 and 3, of all species. A muoh 

used color test for flavonoids depends upon their 

reduction to the red..violot colored anthocyanin with zinc 

and hydrochloric acid. Frection 2 of all species when 

thus tested, gave a brown solution, negative for 

flavanones. Fraction 3 of the various species, however, 

exhibited distinctive fraction gave a light 

brown color for Pacific silver fir and grand fir, a very 

deep red brown color for white fir and a light cherry red 

color with noble fir. The test was negativo for 

flavanonee in all but noble tir, and this is doubtful, 

since the anthocyanin color is usually a different shade 

of red. The varying colors however, indicate a possible 

test to distinguish the various species. To be completely 

valid however, this test must be run on several samples 

of each species. The noble fir sarapia, it must be 

remembered, was composed of heartwood from an old tree, 

and this difference from the other samples may have caused 

the much different color test. 
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The water aoluble-ether Insoluble portion, fraction 

14 was shown to consist of tannins. Several ciRsaification 

tests were performed, indicating that the tannins are of 

the nonhydrolyzable, phiobatannin class. This materia]. la 

water, alcohol, and acetone soluble and ether insoluble. 

The water solution precipitated a one percent gelatin 

solution, and was precipitated by boiling dilute mineral 

acids, bromine water and formed a clear solution with lead 

acetate and acetic acid. Ferric chloride produced a 

brownish green color. All of the extracte reacted in the 

saine manner in all of these tests, Paper chromatography 

in several solvents showed this fraction to be homogeneous. 

If the wood being extracted with alcohol contains 

moisture, some carbohydrate material will be extrected 

along with the phenolic material and will be found in the 

water soluble-ether insoluble fraction. To test for 

sugars, fraction Lj. was chromatographed on paper for t.8 

hours, using a solvent of n-butyl acetate: pyridine: 

ethanol: water, (8:2:2:1) (12), allowing the solvent to 

run off the serrated end of the paper. No evidence of 

sugars was given when sprayed with two spray reagents; 

anlsidthe-hydrochlorlc acid and alpha-naphthol. 

A quantitative determination of the percentage of 

each of the four fractions of the total alcohol extract 
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was made for each species. One ml aliquot portions of 

fractions 2, 3, and L. were dried and weLzhed to determine 

their percentage in the total extract. The percentage or 

fraction i was determined indirectly by taking an aliquot 

from the solution containing the crude phiobaohene before 

orecipitation thto ether. The content of fraction i was 

then taken as the difference between this value and that 

of fraction 2. The results, shown in Table 11, re given 

in terms of percentage of the total alcohol extract. 

TABLE t. 

PERCNTAE OF FRACTIONS OF ALCOHOL EXTRACT 

Species Fraction Number 
1 2 3 tj. 

Abies amabilis 22.3 31.9 3,9 36.6 

Abies concolor 20.S 28.ti. S.6 37.7 

Abies grandis 14.7 13.3 6.7 57.1 

Abies procera 25,3 ii5.3 6.3 16.5 

Although definite differences are noted, it is not 

possible to draw any conclusions due to the variance in 

the wood samples taken, 
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Spectral Analysis 

With the hope that characteristic functional group 

differences might be noted, an infrared absorption curve 

was run for the total alcohol extract ot each species. A 

portion (about O ml) of each extract was placed in an 

evaporation dish and carefully evaporated to near dryness 

on a steam bath. The8e were then placed in a vacuum oven 

and dried at O°C and at a pressure of two inches of 

mercury. Infrared abaorption spectra were determined for 

Nujol mulle of each extract, with a Perkin-Elmer Model 21 

double beam infrared speotrophotomoter with sodium 

chloride optics. 

The spectra of these extracts were nearly identical, 

differing only in minor peaks and shoulders. These small 

differences however, would not indicate the presence of 

any different functional groups in the total alcohol 

extracts of the various species, and could definitely not 

be used to distinguish the various species. 

Although the extract5 are obviously quite hetero- 

geneous, the infrared spectra demonstrated their phenolic 

nature. A very large hydroxyl band appeared at 329S cm 

and phenyl group absorption produced bands at 1S9S, 

and 8 cm, 

Another portion of the alcohol extract from each 
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species was diluted with ethyl sicohol to a concentration 

suitable for producing an ultraviolet spectrum, about 

O.007 g solids per 100 ml of solution. The ultraviolet 

absorption spectra were determined by means of a Beckman 

Model DU photoelectric quartz spectrophotometer. The 

spectrum obtained for Pecific silver fir Is reproduced in 

Figure ¿. The spectra obtained for the extracts of the 

other species difl'ered only slightly in the absorbancj at 

the maxitium and minimum and in the shape of the inflection 

at 310-31S mp. The major peak appeared at 281-282 niji and 

the minimum at 2% n» for the extracts of all species. 

Hergert (ls) has shown the presence of small amounts 

of catechin and epicatechin in the wood of white fir. The 

ultraviolet spectra of these compounds show an absorption 

maximum at 280 m}1, very close to the absorption maximum at 

281.282 mp, found for the total alcohol extracts of the 

true firs under investigation. 

The inflection in the curve indicates a concealed 

peak In this region. A similar peak in the spectra of 

compounds related to lignin has been interpreted to be the 

result of unsaturation, either an ethylenic double bond or 

a carbonyl group, in conjugation with a benzene ring (19). 

Cotnpounds such as 3-bydroxy flavones or flavanonee, 

which contain ortho hydroxy carbonyl groupa, are capable 
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of forming a complex with aluminum, cau8ing a bathochroinic 

shift In their ultraviolet soectra of from 10 to 70 m).1. 

Flavans, sUch as catechin, however, contain no carbonyl 

group to form the complex and thus show no shift (26). 

Therefore, 1.2 ml of one percent alcoholic aluminum 

chloride was added to 10 ml of each alcohol extract, which 

had been previously diluted to 0.007S g solids per 100 ml 

solution. The ultraviolet spectra showed no ahift compared 

to that In neutral alcohol solution. 

Alkaline solutions of phenolic compounds have been 

shown to exhibit characteristic shifts in their ultra- 

violet spectra, compared to their spectra In neutral 

solution. These shifts depend on structural character- 

Istics of the molecule which effect its electronic 

structure. The diluted alcohol extracts of each species 

were made approximately 0.006 N In KOB and their spectra 

were determined. The resulting spectra were similar for 

each species and showed definite bathochromic shifts of 

all peaks. The spectrum of the extract from ac1fic 

silver fir in alkaline solution is reproduced in Figure Lj., 

along with the spectrum of the same extract in neutral 

9lCOhOl solution. All of the extracts In elkaline 

solution developed absorption peaks from the Inflection at 

310-3)5 mi In the neutral solution, which were shifted by 

about 1j5 mz to 360 mja. 
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In addition to the total extr9ct, frction8 1, 3, end 

14. from Pacific silver fir, representing the 2hlobaphenes, 

the flavonoid fraction, and the tannins, resoectively, were 

dissolved in alcohol and alcoholic K011 and their ultra.. 

violet spectra were determined. It has been previously 

shown that similar fractions from Douglas fir give nearly 

identical apectra, with the major absorption appearing at 

290 mp (10). r1hese fractions from Pacific silver fir 

produced similar spectra except that the major absorption 

occurrod at 281-282 mp, exactly the saris n the total 

extract (Figura 14). 

Although the spectra cannot bo used to distinguish the 

woods, an indication of the basic structure can be gained 

from then. The flavonolds, phiobatannins, and ph1obahenea 

are intiraatly related in basic structure. The phioba- 

tannins are thought to be condensation or hydrogen bonded 

products, having a catechin-like base. The phiobaphenee 

are further condensation products of phiobetannins. The 

ultraviolet spectra should thus indicate the basic 

structure present in all of these substances. Thus, 

whereas the absorption maxima in Douglas fir extracts of 

290 mp would 1nicate the flavorie or flavanone structure 

as its basic nucleus, the absorption maximum ror the true 

eire at 281-282 n» indicates the Í'lavari nucleus as the 
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basic structure. This is also corroborated by the absence 
of a shift in the spectra with aluminum chloride, and the 
definite shift in alkaline solution, 
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Paper Chrornatographic Analysis 

Phenolic compounds, typically found in alcohol. or 

acetone extracts, have been investigated a great deal with 

paper chromatography (9, 13, 20, 21). Many solvont have 

been employed and a great number of spray reagents have 

been found which easily detect the phonolic substances on 

a paper chromatogram. It was therefore decided to investi.. 

gate the alcohol extract and ita fractions for each 

species by paper chromatography to note any differences 

in content. Also with the many color reactions of this 

group of compounds, any gross differences noted on a paper 

chrornatograin might yield a color test to distinguish the 

species of true firs. 

Four microliters of a one percent solution per spot 

was generally used throughout this work and Whatman #1 

chromatography paper was used exclusively. All the 

chronatogra.m.e were run descendingly In a glass tank, 12 

Inches In diameter by 214. inches high, which was shielded 

from drafts and uneven temperature by enclosing the 

apparatus within a cardboard box, 

The total alooho extract was used to test the many 

developing solvents, to find the ones giving the best 

separation on the chromatogram. Generally speaking, the 

organic rich solvents were very poor for chromatoraohIng 
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this material. Such developing solvento as the organic 

layer of n-butanof; acetic acid: water, (14:1:5); water 

saturated secondary butanol; methyl ethyl ketorie: water: 

diothylamine, (921:77:2); methyl ethyl ketone: acetone: 

water: for!1ic acid, (80:14:12:2); the organic layer of 

benzene: methyl ethyl ketone: formic acid: water, 

(900:100:2:98); and the organic layer of benzene: ligroth: 

water: methanol, (O:5O:l:50), all çave very poor or no 

separation, and in most cases either carried the total spot 

along with the solvent front or did not move the spot from 

the origin. 

In the saine way, srong1y acidic solvents such as 50 

percent acetic acid; and acetic acid: concentrated hydro- 

chloric acid: water, (30:3:10), carried the whole spot to 

very high R values, and gave rio separation. 

It was found that this mixture could be separated into 

fractions on the chromatogram only with solvents such as 

water, two percent acetic acid, and carbon dioxide in water 

(pH l.2). Of these three developing solvente, water proved 

to give the best separation. The drawing of Figure S-A 

represents a chromatogram of the alcohol extract from each 

species, using water as the developing solvent. 

The use of water as a developing solvent has been 

discussed by Roberts (21). The separation of a mixture 

with this solvent is attributed totally to adsorption 
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effects of the corn-onents on bhe paper rather than 

partition effects with the developing solvent. From the 

results here then, lt would appear that the eparatlon of 

this total alcohol extract is due to differences of 

adeorotion of the varioua components ori the paper, and that 

partitioning effects with the solvent aro negligible. 

With reference to Figure s-A, all of the spots were 

vlsualied with typical phenolic spray reagents, 5uch as 

FeC13:K3Fe (CN)6 (2), bis diazotized benzidine (17), and 

dlazotied para nitroenilirie (2S). The latter two sprays 

er's capable of producing distinctive colors for different 
phenolics, but in this case the color of corresonding 

spots were the seme for all species. Amrioniacsl silver 

nitrato snd cinnamaldehyde - HC1 developed faint colora 

with the spot at the origin. The cinnamaldohyde - HC1 

spray has been shown to be specific for catechins (flavana) 

or hlobatannlns with a flavan nucleus (3, p. 12). None 

of theee soots fluoresced with ultraviolet lirht and only 

the snot at the origin was visible 5efore spraying. 

As illustrated, this chrornatogram shows a 117ht 

difference in the extract of noble fir corened to that for 

the other spec les. The difference in the soot, R= O.8, 

is one of amount however, and therefore bears less 

significance than if it were a conipletely dIfferent spot. 



Total Alcohol ExPract 

2 3 4 

ÖÛ 

R, 

0.00 

riNk.] 

.. 

030 

0.40 

0,50 

0.70 

090 

Froc Hon 3 

I 2 3 4 

.oÖoû 

.ûÖoo 

OO c 

Ii3 

B 

FIGURE Fper Chromatographic Separation With Water as 

the Developing Solvent. Spot ntmibers: 1) Pacific silver 
fir, 2) white fir, 3) grand fir, Li.) noble fir. 



Th various fractions (Figure 3) of the alcohol 

extract of each specie3 were 8180 run in several developing 

eolventß. As expected, water solvent gve the best 

resulte arid also gave information as to the origin of the 

spots in the total extracte. Fractioná i and Li., represent- 

ing phiobaphenes and phìobatannins respectively, were 

shown to account for the spot at the origin in the 

chromatograph of the total extract (?igure i-A). In 

addition to the common pkienolic indicators, the phioba- 

tannins were visualized by spraying with cinnamaldehyde- 

ROl reagent. 

Figure 5B Is a representative drawing of the 

chromatograzn of fraction 3 of each species, using water as 

the developing solvent. As with the total alcohol extract, 

water was the beat developing solvent, although carbon 

dioxide in water (pH=L..2) arid ]. percent acetic acid in 

water gave fairly good results. Figure 5-i3 shows that this 

fraction, now more concentrated in these components than in 

the total extract, exhibits two additional spots not shown 

In the chroinatogram of the total extracts. Each specic 

gave a spot at Rf0.)42 which was visualized by its 

fluorescence in ultraviolet light and by its yellow color 

when exposed to ammonia vapor. The extract from Pacific 

silver fir was shown to exhibit a spot at RO.89 which 
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was not shown by the other species. This spot gave an 

intense blue fluorescence with ultraviolet )Jght end 

developed a distinctive color with ciiaotized para- 

nitroaniline. This spray turned the spot a very light 

yellow color which, when oversprayed with 20 percent 

aqueous sodium carbonati solution, chanced to a golden 

color. The component causing this distinctive spot 

appeored on oil chromatograma in various solvents 

definitely showing ita occu.rence in this species alone. 

The remaining spots on this chromatogram were 

visualized with the phenolic reagents previously mentioned. 

In addition to these, other spray reagents were tried to 

gain information concerning the tyos of comrrnurids present 

on the chromatorain. A solution of bromoo}-ienol blue 

indicator spray showed no indicotiori of acids among the 

spots. A three percent alcoholic solution of para-toluene 

aulfonic acid (22) has been used to identify leuco- 

anthocyanins, catechine and flavan-3,'4. diols on caper 

chromatograms. This spray developed a slight pink color 

with the spot at R.0.S8, esecia1ly with the heavier spot 

from noble fir. This color indicates a com)ound having the 

flavon-3,t4. diol structure. 

Fraction 2 was a130 chromatographed in many solvent 

systems, sM in all of these solvents it was shown to be 
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similar to fraction 3, wIth two exceptions. The component 

In fraction 3 shown to be present in Pacific silver fir 

alone was not found In fraction 2, In additIon to the 

spots given by fraction 3, fraction 2 also exhibited a 

spot at the origin. This spot was attributed to the 

phiobaphenes, which were not completely retoved from this 

fraction. 

Despite the many R values obtained from the many 

solvents employed, none of the components could be 

Identified on the basis of literature R values, In 

attempting further separation of this mixture, about 

loo microliters (1.0 mg solida) of fraction 3 for each 

species was streaked on hatman #1 chromatocraph' paDer, 

and developed with water. The bands corresponding to the 

spots found on the original chromatograin were cut from 

the paper and eluted with acetone in a mioro-Soxhiet 

extractor. These individual fractions for each aoecies 

were then chrotnatographed In the normal manner with 

several solvents. No now spots appeared, and no new 

information was obtained concerning the other spots to 

allow their identification by this method. 

Thus paper chromatography has shown the presence of 

one distinctive compound in Pacific silver fir not found 

in the other species. Also a much greater abundance of 



another compound (RO.8 when developed i1th water) 

exits in noble fir than in the other species. 

Unfortunately neither of these Is distinctive enough to 

form the ba3is for a color teat of the wood, 
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DISCUSSION AND SUTlI4AY 

Various extract8 of the wood of four bpecies of true 

fir have been Investigated and compared to find differ- 

eflce8 in composition. This work is preliminary to the 

development of a chemical test to distinguish these 

species. 

The extractive content of these species was found to 

be very low, and the values were about the same for all 

species tested. The total ether, alcohol and water 

extractives amounted to about 3'S percent on the basis of 

the oven dry weight of wood. This fact indicates one of 

the difficulties In developing a distinguishing test for 

these woods, since a color test would no doubt depend upon 

a reaction with the extractives. 

Gas chroxnatography was used to analyze the volatile 

oils obtained by hydrodistillation of the petroleum ether 

soluble portion of an ether extract of the wood. 

A method was developed to detect and tentatively 

identify terpene constituents of the steam volatile 

materials, using the gas chromatograph. This method 

involved the use of two different columns, a lL foot glass 

column containing Craig polyester succinate as the liquid 

phase, and a two meter column containing a liquid phase 

of dilsodecyl phthalate. Optimum conditions for these 
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columna were found and the retention parameters were 

determined for known terpene compounds expected to be 

found in the woods. The method, including extraction and 

hydrodisti1ltion, was tested with wood samole "doped 

with varying amounts of six terpenes. The chromatograph 

detected all the torpenes with a concentration of as small 

as 0.01 percent of the weight of the wood. 

The steam volatiles were obtained from the wood with 

a yield of only 0.00211. to 0.00 percent of the weight of 

wood. The gas chromatograph, however, was unable to 

detect any terpeno constituents in this oil, as evidenced 

by the absence of peaks in the region of the chromatogram 

shown to contain the terpenee. 

The small yield of steam volatiles and the absence 

of detectable amounts of torpene constituents, limited the 

use of this method to distinguish the various species. 

Therefore, further investigation was not mnde on the 

voistila oil fractions. If further work wore to be done 

to definitely establish the terpene constituents, it would 

be necessary to use a much larger wood sample so that more 

olla could be obtained. It would also be advisable to use 

a more sensitive recorder with the chromatograph, 

allowing the detection of smaller amounts than possible 

with the instrument used here. 
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Alcohol extrncts of the woods were compared by infra- 

red and ultraviolet spectra, paper chromatoraohy, and 
certain color tests. 

Infrared spectra of the total extracts of the various 

species were very nearly Identical, Although the 1Iffer- 

ences were not sufficient to distinguish the soecies, the 

spectra did show the phenolic character of this extrRct, 

Ultraviolet spectra for the total extracts and for 

frections of phiobaphenes, flavonoids and phìobatannins 

were found to be very srilar. The species can not be 

distinguished front their spectra, but these seetra gave 

more information concorning the basic structure of the 

components of the extracts. Spectra run in neutral and 
alkaline alcoholic solutions and in alcoholic solutione 

containing aluminum chloride Indicated that the basic 

structural unit of this extract is the catechin (flavan) 

nucleus. 

A water and ether soluble fraction of each extract, 

believed to contain flavonoids, was tested by neans of 

two color reactions. The Wilson boric acid test gave 

negative results for flavonee In all extracts. Reduction 

of this 'raction, In alcoholic solution with zinc and 

hydrochloric acid, produced distinctive colors, even 

though the test was doubtful concerning the oresence of 



flavanones. The test produced a light brown solution 

with Pacific silver fir and grand fir, a dark red-brown 

solution and precipitate with white fir, and a light 

cherry-red color with noble fir. Although this fraction 

of the extract niight be used to distinpuish the species, 

a color test directly on the wood would not develop 

characteristic colore. The low concentration in the wood 

will not give visible evidence of this reaction, 

Separation of the alcohol extract on a paper 

chromatoram was shown to occur because of differences in 

adsorption on the paper rather than by partitioning 

effects with the solvent. The fact that organic rich 

solvents moved the entire extract to very high R values 

eliminated the possibility of the occurrence, In 

appreciable concentration, of the more common phenolic 

compounds usually found In plant extracts, 

Although minor differences were found in the 

chromatograms of the total extracts and their fractions, 

no definite Identification could be made of any of the 

componente of the extract. The chromato,rams indicated 

the presence of one component In Peciflo silver fir not 

found In the remaining species, but its concentration was 

so low that its use to distinguish this species Is 

extremely limited. 

With the use of selective spray reagents for the 



chromatograrns, lt was determined that 911 of the spots 

were ohenolic end none contained strongly acidic 

functional groups. Weak tests were obtained indicating 

the flavan structure for one of the spots. 

The many teats performed in this investigation 

showed a great similarity in the extractive content and 

composition for these species of true firs, even though 

the wood samples were not from comparable trees. This 

fact Indicates that the development of a distinguishing 

chemical test for these soecies will be indeed difficult. 



53 

b IBLIOGRAPHY 

1. Alyar, S. 3. x3nlsam of white fir. Journal or the 
American Fharmecoutical As8ociation 12:587-588. 1923. 

2. Barton, G. M., R. S. Evans, and J. A. F. ardner. 
Fper chromatoreohy of oheno].lc substances. Nsture 
17O:2L9-2O. 1952. 

3. Becker, Edward $amuel. The chemical n8ture of the 
extrqctivee from the bark of' Shasta red tir, Abies 
magnifica var Shastensis Lamm. Ph.D. tbe8ie. 
Corvallis, Oregon State CollARe, 1957. 79 numb. 
leaves. 

3ernhard, Richard A. Separation and identification 
of some terpenos by partition comRtoçrah1c 
analysis. Journal of the Association of Official 
Agricultural Cheznist8 1i0: 915-921. 197. 

s. Block, Richard J., Fiett L. Durrum, and Gunter Zweig. 
A manual of paper chromatography and paper electro 
phorealz. 2d ed. New York, Academic Presa, 1958. 
710 p. 

6. Brown, ri. P. and A. J. Panshin. Lommercial timbers 
of the United States. New York, McGraw Hill, 19LO. 
554. . 

7. Cvrkal, Ii. and J. Janak. Identification of eome 
terenes in easential oils of conifers by gas 
chromtogrnphy. Collection of Czechoslovak Chemical 
Communications 2Li:1967-197L.. 1959. 

8. Erdtnian, E. Con8titution of the resin z,henols an. 
their biogenetic connoctions. VIII. Conidendrin 
(sulfite liquor lactone) nd Its distribution among 
various conifers. Svensk Pappertidn1ng L7:15S-159. 
i 9L.4. 

9. Gge, Thomas 3., Carl D. Douglass, and Siion H. Wender, 
Identification of flavonold com'ounds by filter paper 
chromatography. Analytical Chemistry 23:1582-1585. 
1951. 



10. Graham, H. Il, and ß. . Kurth. Constituents of 
extractives from Douglas fir'. Industrial and 
Engineering Chemistry )4:Lj.09-lL.. l9L.9. 

11. Grantham, John B., 
Research. Pacific 
Experiment Station, 
c orrimun i cat ion. 

Chief of Forest Utilization 
Northwest Forest and Range 
Portland, Oregon. Private 

SL. 

12. Hamilton, J. K., J. . Jeffery, and T. V. 2artlow. 
Reflectance method for estimation oÏ' sugars in wood 
cellulose hydrolysatea. Paper prosnted at Northwest 
Regional meeting of American Chemical Society; 
Seattle, Washington. June 18-19, 19S9. 

13. Harborne, J. k3. The chromatography of flavonoid 
pigmonts. Journal of Ghromatography 2:8l-6O. 
1959. 

114.. Hergert, H. L. and E. F. Kurth. The chemical nature 
of the extractives from white fir bark. Tappi 
36: 137-lLi4. 1953. 

15. _______________ The isolation and properties or 
catecho]. from white fir bark. Journal of Organic 
Chemistry 18:521-529. 1953. 

16. Kurth, E. F. The chemical analysis of western woods. 
Part III. Tappi 33:507-508. 1950. 

17. Lindstedt, Goats. Constituents of pine heartwooda. 
xx Separation of phenolic heartwood constituents by 
paper rartition chromatoraphy. Acta (Jhemica 
Scendinavica Ls.:1i48-)4$5. 1950. 

18. Lynn, E. V. and Sukeo Nakya. The leaf oils of Wash- 
ington conifers. VI Abies nobilia. Journal of the 
American Pharmaceutical A8sociation 22:305-306. 
1933. 

19. Patterson, i i.. and Harold J. iibbert. Lignin and 
related compounds. LXXII. The ultraviolet 
absorption spectra of compounds related to linin. 
Journal of the American Chemical Society 65:1862- 
1869. 19L.3. 

20. Rejo, Ij. A method for the paper-chrornatographic 



separation and Identification of phenol derivatives, 
mould metabolites and related compounds of bio- 
chemical interest, using a "reference system". 
Journal of Chromatoc':raphy 1:338.-373. l98. 

21. Roberts, E. A. H. and D. J, Wood. Separation of tea 
polyphenols on paper chromato"rams. t3iochemical 
Journal f3:332-336. 19S3. 

22, Roux, D. G. Some recent advancea in the identifi- 
cation of the leucoanthocyanins and the chemistry 
of the condensed tannins. Nature 180:973-9Th. 
19S7. 

23. Schwartz, Charles, Jr. The leaf oils of Washinßton 
conifers. Abies qrandis. American Journal of 
Pharmacy 105:152-156. 1936. 

2. Shorger, A. W. Oils of the coniferse. II. The leaf 
and twig, and bark oils of white fir. Journal of 
Industrial and Fngineering Chemistry 6:809-810. 
191Ì4.. 

2. Swain, T. The identification of couinarina and 
related compounds by filter-paper chromatography. 
Biochemical Journal 3:200-207. 19S3. 

26. __________________. Spectral studies on phenolic 
compounds. Chemistry & Industry, p. ]480. 

27. Technical Association of the Pulp and Paper Industry. 
TestinjT methods, recommended practL.es, specifi- 
cations. New York, n.d N.p. (loose leaf). 

28. TermInology for gas coratograhy recommended by 
IUPAC committee. Pacts and Methods for Scientific 
Research (F' and M Scientific Corporation, New Castle, 
Delaware.) 1 (i):i-L.. 1960. 

29. Trupp, Malcom S. and Louis Fischer. The chemical 
examination of essential oils from Ables amabilis 
and grandis. Journal of the American Pharmaceutical 
Association 28:14.33-L40. 1939. 

30. Wilson, C. .1. The boric ad.' color test for flavone 
derIvstives. Journal of the American Chemical 
Society 61:2303-2306. 1939. 



31. Wise, Louis E. and edwin C. Jahn. (eds.). Wood 
Chemistry. 2d ed. vol. 1. Ne. York, Reinhold, 
l92. 688p. 


