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Determination of the Yield and Composition of Essential Oils from Douglas Fir Branches and Needles

Abstract:

Fresh Douglas Fir branches/needles were steam distilled in order to determine the essential oil yield for a venture capitalist that is considering isolating and marketing terpenes from this material.  An overall essential oil yield of 1gallon/ton on oven dried branches was obtained.  A terpene analysis by gas chromatography indicated that -pinene made up approximately 39% of the oil.  The rest of the oil consisted of a large number of terpenes in yields of less than 7%.

Introduction

Lignin Industries has been approached by Harold Myrcene, a venture capitalist, who is investigating the possibility of isolating and marketing terpenes found in essential oils from Douglas Fir branches.  Mr. Myrcene requested that our laboratory complete an analysis of the total yield and composition of essential oils from these branches.

In a study by Cabauatan at the University of Washington (1), Douglas Fir needles were steam distilled and the terpenes analyzed.  -Pinene was the major constituent at 38% of the oil followed by -pinene at 10%.   Additional terpenes such as (3-carene, myrcene, -terpineol, and limonene were all found at levels less than 2%.  In a study on oil from Douglas Fir wood (2), different results were obtained as -pinene was found to make up almost 60% of the oil.  -Pinene was the second largest constituent but only at 4.2%.  The reported yields of oil from the steam distillation of Douglas Fir wood range from 0.6 to 1.05 gallons/ton of dry wood (3,4)

This report summarizes the results of our study to determine the steam distillation yield and composition of oils from Douglas Fir branches and needles supplied by Mr. Myrcene.  

Experimental

Douglas Fir branches from a variety of different locations were obtained from Mr. Harold Myrcene.  These branches contained a variable amount of contaminants such as Western Red Cedar branches, plastic, etc., which were removed.  The branches were cut into 1 inch sections (with needles intact) for steam distillation in a unit in which the branches/needles were held in a unit above the boiling water (not immersed).  The essential oils were collected after 3 hours of steam distillation.

The moisture content of the branches/needles was determined by both oven and freeze drier methods for comparison.  Samples were either dried overnight in a 105( oven or in a freeze drier.

The composition of terpenes in the essential oil was determined through gas chromatography under the following conditions:  

Column:  Capillary DB-5

Detector:  FID

Temperature profile: 60(C for 8 minutes and then raise temperature 5(C until 160(C and hold for 3 minutes

Injector Temperature: 275 (C

Detector Temperature: 250 (C

Quantification of -pinene, -pinene, (3-carene, myrcene, and -terpineol was accomplished through the use of calibration curves generated from external standards.  The other terpenes were quantified using the calibration curve of the above mentioned terpenes with the closest retention time.

Results and Discussion

 The two different moisture content determination methods gave significantly different results (Table I).  It is apparent that the loss of volatiles using the oven method gives an artificially high number for moisture so the freeze dryer number was used for calculations.

Table I.  Comparison of Moisture Content Techniques

Method
Moisture Contentg (%)

Oven (105()
51.1

Freeze Dryer
39.8

The yield of oil obtained from the Douglas Fir branches and needles on this single distillation was 1.0 gallon/ton of oven dried material.  This yield may be slightly low, as it appeared that perhaps a very small portion of the oil adhered to the walls of the collection unit and could not be washed out.  From the GC analysis of the oil (Table II), it was obvious that -pinene at close to 39% yield was the major component of the oil.  The oil contains a large number of other terpenes with only  -pinene (6%) and -terpineol (7%) present at amounts over 2%.

Table II.  Composition of Essential Oil from Steam Distillation of 

Douglas Fir Branches/Needles

Monoterpene
Percentage of Oil

(%)
Yield 

Gallons/ton Branches OD

-Pinene
6.1
0.06

 -Pinene
39.2
0.392

-Terpineol
7.0
0.07

(3-Carene
1.0
0.01

Myrcene
2.5
0.025

Limonene
1.2
0.012

Other Terpenes
43
0.43

Conclusions

A small amount of essential oils (1 gallon/tonOD) can be obtained from the steam distillation of Douglas Fir branches and needles.  This oil mainly consists of the monoterpene -pinene in a yield of 39% (0.39 gallons/ton).  There are a large number of additional monoterpenes in the oil in low yield (<7%).
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