SEASONAL DYNAMICS OF THE ESSENTIAL OIL OF Abies sibirica

G. N, Chernyaeva and T. V. Barakov#* UDC 668.523

The qualitative and quantitative compositions of the essential oils of the woody
verdure and bark of the Siberian fir have been studied. It has been shown that the
oils investigated differ both in their amount and in the ratio of their individual
components, The annual dynamics of the main substances are also different,

The traditional raw material for obtaining fir oil is considered to be the woody verdure
of the Siberian fir. However, an essential oil with a similar qualitative composition can
also be obtained from the bark of this plant. :

We have shown previously that the chemical composition of fir oil is affected by the con-
ditions of growth and the species variety of the stand of fir trees [1], and at the same time
the composition of the oil does not remain constant during the year.

Two maxima appear in the accumulation of the oil in the woody verdure: one in the initial
stage of the vegetation process (May), and the other, larger, at the end of the vegetation pe-
riod (Fig. 1). It must be mentioned that the maximum amount of oil in the woody verdure cor-
responds to the minimum amount of it in the bark.

The results of the quantitative investigation of the essential oils being compared (Tables
1 and 2) show that the oil from the verdure contains 1.6 times more oxygen-containing compounds
than the oil from the bark. At the same time, the latter is characterized by a higher amount
of sesquiterpene hydrocarbons (14.8 and 5.5%, respectively). The qualitative compositions of
the oils under investigation were the same, with the exception of the y-, and a-muurolenes, which
are absent from the oil from the verdure.

The predominating compounds of the oil of the woody verdure were bornyl acetate (38.2%), cam-
phene (18.6%), A®~carene (11.2%), a-pinene (8.17), and B-phellandrene (5.4%), and of the oil
of the bark a-pinene (23.7%), bornyl acetate (20.1%), B-pinene (12.3%), B-phellandrene (8.0%),
camphene (7.9%), caryophyllene (6.9%), AP~carene (6.0%), and B~humulene (5.9%).

The annual dynamics of these compounds in the oils from different parts of the tree are
different. In the woody verdure of the fir the amount of limonene, camphene, and A®~carene
rises during the growth of the needles at the expense of the fall in the amount of q- and
B-pinenes. These results agree well with those obtained by other authors [2].

Of the oxygen-containing compounds, only for bornyl acetate is there a slight accumula-
tion at the end of the vegetation period (42.7%Z). The amounts of the other components change
in wave—-like fashion in the course of the year.

The main representative of the sesquiterpene hydrocarbons of the essential oil of the
woddy verdure is carophyllene, the proportion of which ranges from 25 to 48% (of the total
sesquiterpenes) according to the time of year, the maximum amount of this compound being re-
corded in the period of the preparation for deep dormancy and in the period of deep dormancy.

The essential oil of the bark of the fir retains its amount of the main monocyclic ter-
penes and of A®-carene during the vegetation process. This takes place through a continuous
rise in the amount of a-pinene [3]. During this period, the camphene content remains practi-
cally constant. From January to the end of the vegetation period, the amount of B-pinene
falls, while the concentration of bornyl acetate rises (from 12.7 to 27.4%), which is prob-
ably connected with the hydration of the B-pinene [2].

*Deceased.

V. N. Sukachev Forest and Timber Institute, Siberian Branch, Academy of Sciences of the
USSR, Krasnoyarsk. Translated from Khimiya Prirodnykh Soedinenii, No. 6, pp. 718-721, Novem-
ber-December, 1983. Original article submitted November 23, 1982.

682 0009-3130/83/1906-0682$07.50 @ 1984 Plenum Publishing Corporation



Lo
Y

Fo
N

N
on
e e

Amount, %

A
I w v i X Xy
Month

Fig. 1. Annual variability in the

amounts of the essential oil of the
Siberian fir: 1) woody verdure; 2)

bark.

TABLE 1. Seasonal Dynamics of the Amounts of the Components
of the Essential 0il of the Woody Verdure of the SiberianFir (%)
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Santene 2,1122128116|— 1'1.1]105118]|1,0}11471,6(0,8
a-Pinene 13,0(11,819918,5|6,7{3,0/2,5|1,6}6,8)9,6i{10,9 12,9
Camphene 13,2 16,2 [17,1 {19.5 20,1 21.0 {21.6 (22,2 |20 3 {19.2 |17,1 |15,2
g-Pinene 4614413,4136]36 l 301201151 13[27}3,6|40
A3-Carene 10.4 | 9.8 19,7 16,6 11,6 12,2 113.0 1371 {12,0 {11,0 {10,4 10,1
Limonene 30{2813.3/33/47:62!68(60]55/|3,8/3.0/3.0
g-Phellandrene 50160'6,2162'51161'7,0[77!55}13.0;2,8]4,6
Terpinolene 2511.311.6 2.11 ,b711.0{1,070911.811,211,712.1
Sum of the !
monoterpenes 53,8 |54,5 154,0 155,4 53,5 (33,6 154.4 54,8 |54.2 151,9 51,1 152.7
Fenchone 0210.310210210,110,110,110,1{0,210,310,210.4
Isofenchone 0,3/04703]0340,1{0,110,110,2:0.1}0,4]03{0,4
Fenchol 0.2102{Tr. |0,2{ Te.10,2]0,1}0,1|Tr. 10.1}0,3]0.3
g-Terpineol 01t T 10,2102(0210110,110,1 | Tr. | Tr. | 0.3 Tr.
Camphor 06(0710410,2{0.11/027031010,41/0,2]0.2]0.6{0,6
y-Terpineol 04105/04106(0,2(03}102]02{04/05]0410.2
Isoborneol 02{04{03]0,4{0270,2(0210310,31051(0.5]0,2
Borneol 1,0/64,06]11,1]04/06[0,570,5/031,0(1,2]1.0
Bornyl acetate 36,2 [35,6 135.6 (37.0 140,3 139,8 139.7 |39,3 |41,1 |38,8 137.2 136.8
a-Terpenyl acetate 0,210,110,1/0,1}0,7702{01]|0,1]01}9,1/0,2]03
Sum of the oxygen-
containing
compounds 39.4 {38 6 139 1 {40.3 |41.7 41,8 |41.4 [41.3 |42,7 [41.9 41,2 40,2
Longifolene 03(10,310,5:0,2{0.2/0,4(03[04[0,4{04(0,4/10,4
Caryophyllene 30(3,1132{19¢11,7]14|1.3/1.011,0]3,0}13,2!3.2
e-Muurolene 0,4/0,5[0,3102104|0,4104]0,2](05102]0,5(0.3
g-Humulene L7617t 211001 110570,881,711,7
g-Bisabolene 1411.411,270,911.311,3|12}1,210,7(1,8]191]1,5
Sum of the sesqui- 68/6,9/69|4314,8{4,6|4.213,913,116,2[7,717,1
terpenes ’

Thus, the results obtained indicate that the oils investigated differ both in the amounts
of the individual components that they contain and also in their annual dynamics.

EXPERIMENTAL

Isolation of the Essential Oils, The woody verdure of the Siberian fir was collected
every month over a year from 25-30 trees growing in the Kansk-region (Poima timber industry
enterprise), Krasnoyarsk krai. Samples of the bark were taken from 20 trees of the same tim-
ber industry enterprise. The woody verdure and the bark were ground and mixed, and average
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TABLE 2. Seasonal Dynamics of the Amounts of the Components
of the Essential 0il of the Bark of the Siberian Fir (%)

Time of collecting the sample
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Santene 00,2102 — 0210,1,01702(0,2]0,1{04{0,2{03
a-Pinene 30,3 [30.5 /26,8 117,0°|18,3 19,1 (20,0 |21,4 |22,9 |24,9 [25,0 |27.7
Camphene 6.47,076{9.4/80/81/85|83[82[81]|73]7.4
g-Pinene 13,7 113,4 (12,5 113,8 :13.0 |1]),9 {10,7 |1G,0 | 9,4 {12,4 {13,6 13,4
A3-Carene 62168|637.1172160|56(47]49]|6116.0]5.2
Limonene 1,3118120144142136(3012612,1]22{1,9]1,8
p-Pheliandrene 90|84|80f97|8.1]|84i70|(64(60170|82]|95
Terpinolene 1,1{0610610,610,5!106}10,6;0,7{0,7(0,7{1.0}1,0
Sum of the
monoterpenes 68,2 168,7 [63.8 162.2 159,4 57,7 {55,6 |54,3 {54,3 161,8 |63,2 |66,3
Fenchone 014 Tr. |0, 11Q.1 | Tr Tro | 0,0 { Tr. | 0.1} Tr. | 0,1 | Tr.
Isofenchone Te. | Tr. 10,1 ] Tr. (0,210,1 |Tr. ; Tr. 1 0,110,210,1]0,1
Fenchol 01410,110,270,210,3;0,170,110,1]10,2}0,2/0,3}0,3
B-Terpineol 0,1102]0,1102/0,1}0,210,210,1]0,210,210,1]0.3
Camph'or 0,310,210,210,3103(0,2;0,3,0,2]0,3,0,2(104)0,2
~y-Terpineol 04/02103]0303103{0,3/0410,30,3[04]0,2
Isoborneol 0,2:!03/02|0,1/0210,2/0,1}0,170,110,3/0310,8
Borneot 66(1,0/10/06(0,8(0,8(0,6[07110/0,5]1,0{0,9
Boruyl acetate 12,7 {13.8 16,5 |18,3 |20.9 {23 5 (26,8 |27,4 |26,3 |20,1 {18.8 |15.8
y-Terpenylacetate 1.8y1.7{1,6)18/20/1,8({1,9]1,6/1.7}1,6]1,6]2,0
Sum of the oxygen-
compounds 16,2 | 7.5 20,5 (21,9 |25.1 (272 130.4 1306 50,3 [23.6 123.1 |20,
Longifolene Q6103 04105020303 [02103/0200.2/ 02
Caryophyliene 6,3161166 164166167 (7,07,6175|74]|7.1 0,4
e-Muurolene 0,5 Tr. 102100 Tro j Q1 (0,2 10,20 Tr. | 0,1} Tr. Tr.
g-Humulene Bals54160]6216.7]64165167(641]53|50135,0
yMuurolene 04101103103 10.4103) Te. |0,2]Tr, ( 0.2:10101102
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Sum of the i
sesquiterpenes U456 (138 1159 {159 (15,5 13,1 14,0 15,1 15,4 ;14,6 113.7 113.6

samples were prepared by the quartering method. The essential oil was extracted by steam dis-
tillation. In working with the bark, a specially constructed large-scale apparatus [4] was
used.

The essential oils were analyzed on a Chrom-3 chromatograph with a flame-ionization de-
tector. Conditions of separation: column 6800 x 6 mm; stationary phase Chromaton with 5% di-
nonyl phthalate and 0.2%7 of polyethyleneglycol-600; carrier gas helium at a rate of flow of
50 ml/min, thermal regime from 90 to 135°C at the rate of 3 deg/min.

SUMMARY

1. The chemical compositions of the essential oils isolated from the woody verdure and
bark of the Siberian fir have been studied.

2. It has been shown that the quantitative and qualitative compositions of the oils
change in the course of the year. ’
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