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Abstract-Acetone-soluble extractives of “blue” and “green” strain Pinus rnuricata D. Don were found to consist 
of free and “combined” fatty acids, resin acids, and phenols. The composition of the extractives from the two 
strains was similar though “green” strain P. nturicata contained more A 8(9’.15 isopimaric acid than “blue” strain. 
This difference may be used to identify these muricata strains if the age of the wood precludes a monoterpene 
examination. 

INTRODUCTION 

Pinus muricata D. Don is native to California, 
where it belongs with P. ~&ata D. Don and P. 
attenuata Lemm. to a well-defined subgroup of 
pines. P. muricata has been divided into four var- 

ieties [l] on the basis of tree size, foliage, bark, and 
cone characteristics. One of these varieties, the 
“blue” strain, is being considered as a useful timber 
and pulp source in New Zealand because of its 
high growth rate. 

Conflicting results on the monoterpene compo- 
sition of P. muricata wood were obtained in early 
work [2,3] and these led to further detailed studies 
[4] of samples from many areas along the Califor- 
nian coast. As a result P. muricata was subdivided 
into three distinct “races” based on chemical con- 
stituents: (i) a northern race with turpentine con- 
sisting almost entirely of (* )-x-pinene; (ii) a cen- 
tral race containing mainly A3-carene; (iii) a south- 
ern race containing mainly (-) sabinene and ter- 
pinolene. 

The present work describes the analysis of non- 
volatile extractives of groups (i) and (ii) termed 
“blue” and “green” strain respectively. 

RESULTS AND DISCUSSION 

The methanol extractives content of P. muricata 
breast-height samples was similar to that of other 
Pimrs species of the same age (45 years) [S]. The 
“blue” strain heartwood and sapwood contained 
10.2% and 2.2”;, extractives respectively, while the 

corresponding contents 
were 8.7 and 2.5’;/,. 

Extr-actives composition 

of “green” strain samples 

The relative proportions of free acids, phenols, 
“combined” fatty acids, and unsaponifiables in 
both strains were similar (Table 1) and resemble 
those of other Pinus species [S]. No notable differ- 
ences between the two strains were evident. 

Table 1. Composition of Pinus rnuricara extractives 

Acetone extractives (%) 
Blue strain Green strain 

Heart Sap Heart Sap 

Free acids 67.2 41.5 66.2 33.4 
Phenols 12.8 - 12.2 
Combined fatty acids 10.5 44.6 10.9 51.9 
Unsaponifiables 9.2 13.5 10.7 14.7 
Free fatty acids* 3.9 0.6 2.9 0.6 

* Expressed as per cent of free acids. 

Free acids were most abundant in heartwood 
and consisted mainly of resin acids. The small 
amounts of fatty acids probably resulted from hy- 
drolysis of fatty acid esters, especially during the 
process of heartwood formation. Palmitic, oleic, 
and linoleic acids were the most abundant free 
fatty acids. 

The two strains differed in their resin acid com- 
positions (Table 2). There was a much higher pro- 
portion of A 8(9)*15 isopimaric acid in heartwood 
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Table 2. C’omposition of resin acid fraction from GLC’ 
___. -_-- __--. 

Maximum and minimum \aIuc< (‘I,,) 

FI-cc acids (average “,,I (5 Wmplc\) 
Blue \tram Green strain Blue htrain (irccn rtraln 

Heart Sap Heart sap Hc:vt Sn p HWI-1 S3 ,? 
______ _ 

2.6 Tract in TI-XX 111 Tract 11, I.0 JO 
.3 trees 2 trees - ’ trcch 

OA 7.3 __ 0.2 0.5 Trace in Trace in O-5 A-.? 

2 trca : trees 
5.3 h- I 7.9 7.5 4.4 69 4.6 x.-l (1.0 9.7 (1.1 9.x 
I.0 0.5 0.5 0.4 0.5 I.9 02 I.0 (I.2 I .o 0.0 0.5 

2x.9 49.3 77.1 

jo.; 

34, I 204 -39.4 45% 53.8 19.9 “I.0 .X1.? 3x.2 

7% 9.x 20.5 6-t 9.1 7.9 I2.S IX.5 22.6 I74 I-l.3 
26.4 I 3.x X8.X 14.6 2-k0 20-5 

6.5 IX.0 
IWO 1S.h ‘.;..I .W2 ii-9 1x.-i 

IO.7 9. I 5.X 7.1 7.4 I O-6 2,s k.1 1-O <I)-7 

16.5 IO.3 12% 8.X 12.7 21.1 8.1 12-j s I 17.3 9 2 11-7 

and sapwood samples of “green” strain P. IIIIII.~CLI~LI 
than in corresponding “blue” strain samples. Thus 

the free acids of “green” strain heartwood con- 
tained 20 lo;, of this constituent while “blue” strain 
heartwood contained only 7%“,,. Similar diffcr- 
cnces were observed for sapwood samples from the 
two strains. This difference was apparent in all 
samples examined and thus may be LISC~U~ in idcn- 
tifying these P. UW~CU~O strains if the age of the 
sample prccludcs a monotcrpenc analysis. 

Heartwood of both strains contained more 
abietic acid than sapwood, and sapwood con- 

tained more levopimaric and palustric acids than 
did heartwood. The ratio of levopimaric to palus- 
tric acid was determined by forming the maleic an- 
hydride Diels Alder adduct with the levopimaric 
methyl ester. Subsequent GLC analysis gave the 
ratio of 1evopimaric:palustric acid as (7:3) for both 
strains. 

“Combined” fatty acids, rclativc to the other 

extractives, were more abundant in sapwood, es- 
pecially in the “green” strain. than in heartwood 
(Table I). Olcic and linolcic acids comprised ap- 

Tablc 3. <‘omposition of “comh~ned acids” from (;Lc’ 

.Acid* 

IO:0 
IH: I 
IX:2 
IX:3 
20: 0 

“Combined” acid5 (I’,,) 
Blue strain tirecn stram 

Heart Sap Heart Sap 

5.4 5.7 6.8 5.x 
3x. I 50. I 40 I 50.3 
42.6 33.4 4W 3 I.0 

3.0 3.9 3.6 3.3 

5.3 5.2 3.9 3.0 

* The number before the colon indicates the number of car- 

bon atnms in the chain. and the number after the colon the 
number of double bonds. 

proximatclq X0”,, of the fatty acids present as cstcrs 
(Table 3). Both P. /~~r’ic~rfrr sIrains had \cr! simiku 
fatty acid compositions though heal-t\bood and 
sapwood compositions were different. The oleic: 
linoleic ratio was considerably lower in heart- 
wood, as has been observed in other conifers [S]. 

Hcartwood phcnolic cn~npo~~~~ds comprihcd 
12.X and I ?7”,, rLIspcc1ivcij of “hluc” and “green” 

acctonc cxtractivcs (Table I 1. The four pl~~~ols 

which characterize the Diplox) Ion suhgro~~p 171. 
pinobanksin. pinoccml~rin. pino5!l\in. and its 
methyl ether. WI-C all prcscnt in both strains. 
Small amounts of an unidentified Havonoid M’CI’C 
also dctcctcd in both strains. 

Both strains contained mm Llnsaponilial~l~s in 
sapwood than in heartwood. though the composi- 
tion of thcsc fractions was not cxamincd. 
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in a 152 cm glass column at 190 and 165’ for free and “com- 2. Mirov. N. T. (I 947) J. For. 4.5, 659. 
bined” acids respectively. Phenols were analysed as their silyl 3. Williams. A. L. and Bannister. M. H. (1962) J. Phm. Sci. 
ethers on 3”,, SE-30 in a 152 cm glass column at 190’. 51) 970. 
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