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PROJECT OF METHOD DEVELOPING OF QUALITY CONTROL
OF SPRUCE ESSENTIAL OIL BY GASLIQUID CHROMATOGRAPHY

Conditions of the chromatography analyses of essential oils providing the yield of all components
with the contents over 0.01% were selected. Essential oils of 10 samples of Norway spruce growing in
the same edaphic-climatic conditions of the park UE “Brovki” were obtained by hydrodistillation.
Qualitative and quantitative analyses of the received essential oils were performed. More than 50 com-
ponents composing the essential oil were identified. The obtained statistic data allowed to calculate
standard deviation of repeatability, standard deviation of intermediate precision with a variable factor
“time + operator”, expanded uncertainty of measurement results for the confidence level P = 0,95.

Introduction. Forest plays an important habi-
tat-forming role. It influences on gas balance and
composition of the atmosphere, water and thermal
regime of the Earth's surface. It creates and stores
topsoil, regulates the number and variety of wild-
life. It not only gives a person a building material
and gasoline, but also serves as a source of produc-
tion of paper, turpentine, rosin, glycerol, deter-
gents, resins, fodder yeast, conifer vitamin flour,
tannins, essential oils, etc.

The total forest area of the Republic of Belarus
is about 8 million hectares. Coniferous forests are
most widely in Belarus. They occupy about 65% of
the forested area. Common conifers are Scots pine
(Lat. Pinus sylvestris) and spruce (Lat. Picea abies
L. H. Karst).

Pine forests are distributed throughout the terri-
tory of the republic, but especially in the south of
Belarus. Spruce forests are more common in the
north of Belarus and occupy about 11% of the for-
ested area [1].

A falsification of essential oils is recently a
major problem both in Belarus and abroad due to
the wide use of essential oils.

The falsification of natural essential oils means
the premeditated changes of composition of essen-
tial oil for self-interested aims by mixing various
additives and/or partial withdrawal of the most va-
luable components of essential oils while conser-
ving some visible commercial product quality.

Synthetic additives, highly volatile (so-called tur-
pentine fractions of some essential oils), cheaper es-
sential oils, purified kerosene, vegetable fats and even
mineral oils can be used as falsification products [2].

In the Republic of Belarus, the control over the
essential oil products is carried out according to
GOST (All-Union State Standard) 14618.10-78
“Essential oils, scented substances and intermediate
products of their synthesis. Methods for determina-
tion of density and refractive index”. Significant
lack of quality control over the essential oils in Bel-
arus is that the integrated features mostly carry it

out. Refractive index that does not give reliable in-
formation about the composition of the essential oil.

Measurement procedure (MP) is the set of re-
quirements for the methods, tools, processes for
the preparation and processing of the measurement
results of the observations that can provide the
specified accuracies of measurement result under
these conditions. It is known that the accuracy and
reliability of the results depends not only on excel-
lence measuring instruments but to a large extent
on the correct procedures for their implementation.

Accuracy of the result can be evaluated by dif-
ferent characteristics:

— Correctness;

— Precision;

— Accuracy.

Precision is the scatter of results obtained
under certain conditions. There are the following
types of precision:

— Repeatability (closeness of the results in one
laboratory under the same conditions);

— Intermediate precision (closeness of the
results obtained in the same laboratory, but under
different conditions).

Evaluation of the accuracy of results of the
measurement precision (intermediate precision cor-
rectness) is carried out in accordance with STB
ISO 5725 (Part 1-6) [3].

The need of considering the term “precision”
arises from the fact that measurements performed
on hypothetically identical materials under suppos-
edly identical conditions, do not give, as a rule,
identical results. It is explained not by random in-
evitable errors typical for each measuring proce-
dure, and the factors that influence the measure-
ment results cannot be completely controlled.

The precision depends only on the random er-
rors and does not relate to the use of real or speci-
fied value of measurement quantity. Measure of
precision is usually expressed in terms of inaccura-
cies and it is calculated as the standard deviation of
the measurements. The quantitative measures of
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precision values depend significantly on the regu-
lated conditions. The extreme cases of such condi-
tions are the conditions of repeatability and repro-
ducibility conditions [3].

Thus, the main purpose of this research was the
developing of techniques to determine the main
components of the terpenoid composition of the
essential oil of spruce.

Main part. Some essential oils obtained from
the needles by hydrodistillation of 40 years spruce
trees growing in the same soil and climatic condi-
tions of UE “Brovki” arboretum were selected as
an object of research.

Needle samples were selected from 10 trees in
order to obtain statistical control of samples uni-
formity in the autumn and winter months of 2012,
when the yield of essential oil reaches its maxi-
mum and its composition becomes stable [4].

The analysis of the composition of essential oil
European spruce was performed by gas-liquid
chromatography with Crystal 5000.1 chromato-
graph using a quartz capillary column of 60 m long
with pure dimethylsiloxane [5]. The experiment
was carried out under the following chroma-
tographic conditions: isothermal analysis at 70°C
for 20 min with following programmed orthonor-
mal temperature rise rate of 2°C/min to 150°C and
the hold at final temperature for 40 minutes.
Evaporator temperature is 250°C. Conductivity of
the sample volume is 0.2 ml.

Each sample was chromatographed three times
in order to obtain the statistic data on the quantita-
tive content of the main components of the spruce
essential oil.

It was found that the main compounds of spruce
essential oil are tricycles, a-Pinene, Camphene,
B-Pinene, Limonene, Camphor, Borneol, a-Terpi-
neol, Borneolacetate.

Two main components of the monoterpene part
of the spruce essential oil were chosen to develop

the techniques: a-Pinene and Camphene. Identifi-
cation of these components was performed using
reference compounds [5, 6].

Essential oils derived from spruce wood greens
were almost colorless, with characteristic balsamic
odor of pine needles.

Individual composition of terpenes and their
oxygenated in essential oils of spruce trees was not
diverse and remained stable. The number of identi-
fied compounds in analyzed samples of essential
oil components was 54 components with the total
contribution of 92 wt %.

To develop a methodology the averages of
a-Pinene and Camphene content were calculated.
They range from 7.02 to 12.27 wt % and from
14.70 to 25.03 wt % respectively.

Accuracy specifications of the project method-
ology for a-Pinene and Camphene are presented in
Table 1.

Measurement range, the relative values of the
limits of repeatability and intermediate precision
are given in Table 2.

The control of repeatability of parallel meas-
urements is carried out by comparison of discrepan-
cies between parallel measurements of mass con-
centration of a-Pinene and Camphene in the ana-
lyzed sample 1r,%, which is calculated by the for-
mula (1), with a limit of repeatability r,% (results
for two individual observations), given in Table 2.

rR=%-IOO%Sr, (1)

av

where X; and X, are the results of the parallel
measurements of the mass concentration of the
component in the sample produced under repeat-
ability when measuring by this method, wt % X —
the arithmetic mean of the results of two parallel
measurements of the highest component concentra-
tion in the analyzed sample, wt %.

Table 1
M easur ement range, relative values of repeatability, intermediate precision, the expanded uncertainty
Mean root Mean root square deviation Expanded uncertainty
. Measure- . . . .
Investigated square deviation of the intermediate precision of measurement result
ment range, . . .
compound Wi % of frequency with variable factor for confidence probability level
G,, abs. % «time + operator», Gro), abs. % P=0,95, £U, abs. %
a-Pinene 6.8-12.4 0.003 0.005 0.020
Camphene 14.5-25.3 0.002 0.003 0.016
Table 2
M easur ement range, relative values of repeatability and intermediate precision
Investicated Measurement range Limit of intermediate precision
N (for two results of individual observations), | (for two results of individual observations), 7o),
compound o o
g, %0 %
o-Pinene 0.008 0.014
Camphene 0.005 0.011
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Several measurements of the same sample are
performed in the process of the control of the in-
termediate precision. The measurements are car-
ried out with maximum variation of conditions of
measurement (two analysts are involved into the
work, the measurements are made at different
times). The intermediate precision of measurement
work samples is taken during the controlled period.
It is considered satisfactory if the following condi-
tion is kept:

‘71 - 72‘ <710y (2)

where X| and X, are the results of measurements,
wt %; 7(ro) is the limit of intermediate precision
with variable factor «time + operator»,% (accord-
ing to Table 2).

The measures should be repeated if these
conditions are changed. As a result of repeat viola-
tion the causes leading to unsatisfactory results of
control must be found out and eliminated.

Conclusion. The spruce essential oil was pro-
duced on the base of 10 samples of spruce growing
in natural conditions.

Qualitative and quantitative composition of
produced essential oils was investigated. It was
found that the qualitative composition of oil re-
mains constant. The quantitative contribution of
individual components varies slightly. It would be
connected with the condition of the trees.

Mean root square deviation of frequency for a-
pinene is 6, = 0.003 abs. % and for camphene is
G, = 0.002 abs. %. Mean Root Square Deviation of

the Intermediate Precision with Variable Factor
«time + operator» for a-Pinene is Gro) = 0.005 abs. %
and for camphene is 610, = 0.003 abs. %. Expanded
uncertainty of measurement results for the confidence
level P is 0.95, for a-Pinene is = U = 0.020 abs. %
and for camphene is £ U = 0.016 abs. %.

References:

1. Tunsl pactutenbHOCTU. JlecHass pacTUTENb-
HocTh // [Tonmuaws Angpeit Mocudosud. brior yuu-
tenst reorpadpun YO «MUHCKUH TOCYIapCTBEHHBIN
IITK AIA» [DnexkTpoHHBIA pecypc]. — MHHCK,
2011. — Pexum pocryma: http://polin.ptk-dpi.
minsk.edu.by. — /lata moctyma: 16.02.2013.

2. Hesuc, II. Apomarepanusi or A no S /
I1. Jesuc. — M.: DANUP-TIIPECC, 2004. — 672 c.

3. 3asan, H. M. Onenka HeonpeneIeHHOCTH U3-
MepeHuid: yue0.-meron. mocobue / H. M. 3asm,
O. B. Cracesuu. — Munck: BI'TY, 2012. - 91 c.

4. Jlebenena, B. I1. Ce3oHHas nuHamMuKa Jpe-
BecHBIX pacrenuii / B. I1. Jlebenesa / Xumus pac-
TUTENBHOTO ChIpbs. —2011. —Ne 1. — C. 75-79.

5. Determination of the Volatile Compounds
from Hop and Hop Products using ITEX/GC-MS
Technique / L.-C. Salanta [et al.] // Journal of
Agroalimentary Processes and Technologies. —
2012.—Vol. 18, No. 2. —P. 110-115.

6. Txauenko, K. I'. D¢pupHOMacTuIHEIE pacTe-
HUSI ¥ (QUPHBIE Maclia: JOCTHKEHUS M TIePCIIEKTH-
BbI, COBPEMEHHBIC TCHICHLUHN U3yUYeHHS U MpUMe-
menus / K. I'. Tkauenko // BectHuk Y iMypTCKOTO
yauBepcutera — 2011. — Bem. 1. — C. 88-100.

Received 27.02.2013



