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The effects of soil metals on the composition of oil of Paeonia ostii seeds
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(Received 25 March 2015; accepted 13 May 2015)

Peony seed oil has been known to have a high value for health due to the high content of unsaturated fatty acid. However,
few studies have investigated which factors impact the oil quality and composition of seeds in the traditional mining
cultivation area. In the present study, the investigation was conducted in 30 cultural field sites. Significantly negative
relationships were found between Cu content in soils or leaves and linoleic and unsaturated fatty acids. Further tests
revealed that Cu evidently accumulated in leaves. This demonstrated Cu content in soils was the important factor that
influenced linoleic acid content and unsaturated fatty acid content. Such proposition must be considered when
cultivating groups of plant toward expanding oil production.

Keywords: Seed oil variability; unsaturated fatty acids; Heavy metal pollution; Copper accumulation

Introduction

Phoenix White (Paeonia ostii) is a hardy shrub in the
peony family, Paeoniaceae. And now it is widely culti-
vated in the region of Fenghuang mountain and Ya moun-
tain in Anhui Province, China. Conventional cultivating
methods had mainly focused on improving the bark of
their roots yield and paeonol content which is used as an
anti-spasmodic throughout Asia (Sevim et al. 2013).
Recently, it have been proved to be a reliable crop for
seed oil production because its seeds are rich in high unsa-
turated fatty acid content, especially γ-linolenic acid
content for edible and health oil (Kim et al. 2014). Five
main fatty acid (the minimum peak area of more than
0.1) were found in seed oil with the average content of
the fatty acids being: Palmitic acid (C16:0) 5.6; Stearic
acid (C18:0) 1.9; Oleic acid (C18:1) 24.6; Linoleic acid
(C18:2) 29.8; and α-linolenic acid (C18:3) 38.1. In 2011,
peony seed oil was approved as a new resource of food
by the Ministry of health of China. An increasing market
of peony seed oil has given farmer an opportunity to
expand the planting area. But Fenghuang mountain-Ya
mountain region also is a famous Cu mining accompanied
by associated elements, such as Zn, Fe and S (Xu et al.
2013). Earlier studies have suggested that P. ostii could
be grown as high-value crops in heavymetal polluted agri-
cultural soils without pollution on the root bark (Zhou et al.
2011). Furthermore, medicinal crops may offer aphytore-
mediation option for mildly metal polluted agricultural
soils (Zheljazkov et al. 2008; Dutta & Maharia 2012).
However, the effect of these metal contaminants on seed
oil of P. ostii is not well known.

In the present study, we conducted a survey of seed oil
and soil chemical factors, especially the soil metal con-
tents of Paeonia ostia in the traditional cultural mining
area. Our objectives were to discover relationships

between fatty acid composition of the seed oils and soil
factors to provide information on the influence of soil
metals on fatty acid composition of P. ostii.

Materials and methods

Study sites and sampling

This study was conducted in July 2013 at Fenghuang
Mountain-Ya Mountain Region (30°49′–30°52′N, 117°
59′–118°02′E). The region is located at the junction of
Tongling City and Nanling County in the southern part
of Anhui Province, China. The field has an elevation of
200–m and features yellow red soil. The average annual
temperature in the region is 16.2°C, with an average
annual precipitation of 1370 mm, average annual evapor-
ation capacity of 1517 mm, annual average relative
humidity of 77, and annual frost free period of 230 d.
The region receives sufficient light, with illumination
time of approximately 2000–2050h.

In this study, 30 cultural fields were investigated with a
uniform distribution of maximum effort (Figure 1(a)). Ten
points were collected and mixed as one sample for each
field (Figure 1(b)). The samples were collected from the
mature fruit, leaves, and soils of the crop. However, only
25 fruit samples (farmers harvested in advance; hence,
5 samples of typical fruit were not collected). All soil
samples, excluding small stones and plant roots, were
air-dried. The samples were then passed through a 0.25
mm nylon sieve and were used for laboratory analysis.
Plant samples were dried at 80°C to a constant weight.

Determination of soil physicochemical Properties

Soil pH was measured in a solution of 1.0 g of soil and
5 mL of deionized water by using a Sartorius PB10 pH
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Figure 1. Visualization of sampling sites in which survey work was conducted during 2013. Field sites were located in Fenghuang mountain-Ya mountain regions, which belongs to the border of Ton-
gling city and Nanling County. (a) Distribution of 30 cultural fields. (b) Map of one cultural field. (c) Plantlet of P. ostii. (d) Collected fruit of P. ostii before natural cracking. (e) Seed and natural cracking
of fruit.373 x 148 mm (150 x 150 DPI)
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meter (Sartorius, Germany). Soil electrical conductivity
(EC) was determined with the use of an EC meter
(DDS-307, Shanghai Precision Scientific Instruments
Co., Ltd., China). Meanwhile, the total concentrations
of Cu, Zn, Fe, Mg, and K in soils were measured by
using the HCl-HNO3-HF-HClO4 digestion method, fol-
lowed by the use of an atomic absorption spectrometer
(NOVAA350, Germany). Soil samples (0.3 g) were intro-
duced into a Teflon crucible (50 mL) containing 8 mL of
aqua regia. The solution was heated on a hot plate at
190°C for approximately 10 min. The temperature was
then increased to 240°C until the solution was nearly
dry. Subsequently, 3 mL of hydrogen fluoride (HF) was
added into the crucible and was heated at 240°C until
the solution turned into viscous liquid. Approximately
3 mL of HClO4 was also added into the crucible to main-
tain the viscous state of the solution. The metal concen-
trations in the solution were quantified by dissolving the
residues in 25 mL of 1 HNO3. The obtained value rep-
resented the total metal concentrations.

Meanwhile, the total concentrations of Cu, Zn, Fe,
Mg, and K in leaves were measured by employing the
HCl-HNO3-HClO4 digestion method. The digestive
process of plant samples (0.5 g) was similar to that of
the soils, only the HF digestion process was excluded.

GC-MS analysis of peony seed oil

In accordance with the slightly modified method pro-
posed by Phippen et al. (2004), 4.0 g peony seed oil
was placed in a round flask with 40 mL methanol and
1 M KOH methanol solution (0.5 mL). The solution
was refluxed for 10 min and then cooled. It was then
taken from the flask and transferred into a separatory
funnel, to which hexane (20 mL) and H2O (40 mL)
were added. The solution was vortexed and the layers
were allowed to separate. The hexane layer was
removed with a glass pipette and transferred into a gas
chromatographic vial until application.

GC-MS analysis was performed on an Agilent 6890N
Network GC system combined with an Agilent 5973
Network Mass Selective Detector. The GC-MS operating
parameters were: chromatographic column: HP – 5MS
30 m × 0.25 mm × 0.25 μm fused silica capillary
column; carrier gas: He; column temperature: 70°C held
for 1 min, heated up to 100°C at 5°C/min, held for 2
min, heated up to 175°C at 10°C/min, held for 40 min,
then heated up to 225°C at 15°C/min, held for 40 min,
spitless injection volume: 1.0 µL; injection temperature:
250°C. The specific components of peony seed oil are
shown in Figure 2.

Data analysis

All samples were performed in triplicate and data were
processed using SPSS 13.0 software (SPSS, USA).
Mean, standard deviation, and coefficient of variation
were calculated. The Pearson correlation was used to
analysis correlation between composition of fatty acid
and soil factors. Regression analysis was used to find
linear relations between fatty acid content and variable
soil physicochemical properties. The test was considered
significant when the p value was lower than .05.

Results and discussion

Variations of peony seed

Table 1 demonstrates the variations of seed weight, oil
content, and of the five major fatty acids in the seed.
The greatest variation was identified in the ratio of seed
and capsule weights, in which the coefficient of variation
was 16.61 (range of ratio from 0.68 to 1.31; mean = 0.99).
The coefficient of variation in the five major fatty acids,
saturated, and unsaturated fatty acids in the seed ranged
from 5.66 to 9.72. Which is similar variation and reported
for various species from environmental effect (Younis
et al. 2000; Boschin et al. 2008; Yang et al. 2011;

Figure 2. Gas chromatogram showing the fatty acid composition of P. ostii 343x161mm (72 x 72 DPI)
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Chouaibi et al. 2012; Mao et al. 2012; Sabir et al. 2012;
Solis et al. 2013; Alves et al., 2014; Nederal et al.
2014). The variation of C18:2 contents were high in
five kinds of fatty acid, varied from 41.68–57.92 g/kg
(25.97–36.82) with an average of 49.76 g/kg. The smal-
lest variation was observed in C18:1 (CV 5.66).

Variations in basic soil chemical characteristics

Table 2 showed the variations of Mg, Cu, Fe, K, and Zn
concentrations, as well as organic carbon contents, pH,
and electrical conductivity, obtained from 30 cultivated
fields. The pH value of the soils ranged from acidic to
mildly alkaline, with most soils having a pH value of
6.5–7.5. For the garden soils sampled in Tongling
mining area, the pH values determined by this study
were similar to those reported by Xu et al. (2013).
A wide range of Cu, Zn, and Fe concentrations was
observed across the study area. The findings indicated
that the average Zn contents were 2.7 times compared
with that of Chinese Standard for Agricultural Soils
(250 mg/kg, Chinese Environmental Quality Standard
for soil GB 15618–1995). The average concentrations
of Cu (84.68 mg/kg) were significantly higher than an
average global value (30 mg/kg) in uncontaminated
(Adriano 2001) and were slightly lower than the
Chinese Standard for Agricultural Soils (100 mg/kg),
but Cu content in soils had the highest coefficient of vari-
ation 83.06, which is markedly higher variation than other
metals in this study area. The soil copper content of 28
samples exceeded the Chinese Standard for Agricultural
Soils. Fe is one of the major constituents of the lithosphere
and pedosphere. The content of Fe in natural soils ranges
between 7 and 42 mg/g (Wei et al. 2010). However, plant

available Fe is low in most soils because the low solubility
product of iron minerals makes the inorganic form of iron
unavailable to plants and forms the most common wide-
spread nutritional disorder world over (Chatterjee et al.
2006). The average Fe content were 40.42 mg/g with
range 26.67–58.89 mg/g in this study, it was slight
higher than the natural background values.

Effect of variable soil metal on composition of seed oil

Regression analysis was conducted to estimate the
relationships of seed oil composition with essential soil
metals. The result of the analysis showed that in soils,
C18:2 and USFA had a significantly negative linear cor-
relation with Cu content (Figure 3). Meanwhile, other
factors exhibited a weak correlation with the composition
of seed oil (data are shown in the Appendix). The value of
R2 for the linear correlation between Cu content in soils
and C18:2 (R2 = 0.350) was larger than that for the corre-
lation of Cu content in soils with USFA (R2 = 0.229). This
finding may demonstrate Cu content in soils was the
important factor that influenced linoleic acid content
and unsaturated fatty acid content. C18:2 is much more
sensitive parameter affected by Cu content of soil com-
pared with other four fatty acids, and unsaturated fatty
acid was significantly affected than saturated fatty acid
by the Cu content in soil.

Accumulation of Fe, Zn, and Cu in leaves and its effect
on the composition of seed oil

In particular, the linear Pearson correlation between the
metal contents in soil and leaves was explored (Table
3). In plants, normal Fe concentrations vary between 30

Table 1. The variation of seed traits in various field condition.

Compositions Range Mean Standard deviation Coefficient of variation (%)

1000-Seed weight (g/1000) 168.5–252.5 204.73 24.2 11.82
Seed weight/seed capsule weigh 0.68–1.31 0.99 0.16 16.61
Gross fatty acid content (g/kg) 165.36–203.19 185.78 11.61 6.25
Fatty acid composition (g/kg) C16:0 8.31–11.21 9.41 0.79 8.43

C18:0 2.77–3.56 3.17 0.28 8.75
C18:1 37.22–45.98 41.12 2.33 5.66
C18:2 41.68–57.92 49.76 4.83 9.72
C18:3 54.87–72.15 63.75 5.57 8.73
SFA 11.13–14.43 12.58 1.00 7.97
USFA 139.69–168.50 154.63 9.43 6.1

Note: SFA, saturated fatty acid; USFA, unsaturated fatty acids.

Table 2. The variation of metal element, pH, and electrical conductivity in soils in various cultural regions.

Factors Range Mean Standard deviation Coefficient of variation (%)

Mg content in soil (mg/kg) 812.48–3079.03 1813.6 572.39 31.56
Cu content in soil (mg/kg) 18.98–298.82 84.68 70.34 83.06
Fe content in soil (mg/g) 26.67–58.89 40.42 9.68 23.95
K content in soil (mg/g) 16.57–24.05 19.56 3.65 18.65
Zn content in soil (mg/kg) 389.12–1171.58 685.08 202.64 29.58
Organic carbon content in soil (g/kg) 7.29–19.66 12.68 2.6 20.54
pH 4.94–8.18 6.9 1.01 14.59
Electrical conductivity (μs/cm) 17.1–137.2 70.9 34.09 48.09
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and 300 mg/kg dry weight (Adamski et al. 2011), and
concentrations above 500 mg/kg are generally considered
toxic (Pugh et al. 2002). In this study, the Fe concen-
tration in P. ostii leaves ranged from 70 to 150 mg/kg,
which falls within the moderate value of plant growth.
No linear correlation was determined between Fe
content in leaves and soil. Excess Fe concentration in
P. ostii is yet to be reported.

Zn is the second most abundant transition metal after
iron (Fe) and is involved in various biological processes
in organisms (Broadley et al. 2007). Zinc is normally
present at concentration of 10–200 mg/kg for leaves of
plants (Ghaderian et al. 2007). Balsberg Påhlsson
(1989) suggested that Zn concentrations of leaves above
200 mg/kg may impair plant performance, Zn accumu-
lates in the plant tissues is toxic concentrations (300
mg/kg) for most plants, lowering the content in essential
nutrients (Sagardoy et al. 2009). The Zn content of P. ostii
leaves in this study ranged from 42.91 to 104.50 mg/kg.
This was an appropriate value to most plants. The linear
correlation did not found between Zn content in leaves
and in soil. Although P. ostii was still needed to study
for the zinc tolerance, but this study was difficult to deter-
mine whether there was excess Zn in leaves.

Cu concentrations in plants are regulated within a
remarkably narrow range, normally from 5 to 25 mg/kg,
and concentrations >100 mg/kg are rare even in the

presence of high soil Cu concentrations (Reeves &
Baker 2000). In this study, the Cu content of P. ostii in
its leaf dry matter ranged from 3.78 to 6.49 mg/kg.
Shen et al. (2005) reported that Cu content in the leaves
of P. ostii is approximately 30 mg/kg from Cu-tailings
of 1212 mg/kg soil Cu, and such content increases with
cultivation time. A control experiment revealed that Cu
could accumulate in the roots, stems, shoots, and leaves
of P. ostii. In particular, Cu content in leaves could
reach 80 mg/kg (Zhou et al. 2011). These findings indi-
cated that Cu concentration in the leaves of P. ostii
depends on soil Cu concentration and accumulation
times. Such proposition conforms to the results of this
study.

Significant correlations were detected among C18:2
(p < .01), USFA (p < .01), and Cu content in leaves
(Figure 4). However, no correlations were established
among the Fe content of leaves, Zn content of leaves,
and all compositions of fatty acid (data are shown in
Appendix). With a correlation coefficient of 0.348 (R2

= 0.348), linoleic acid content showed a significant nega-
tive correlation with Cu content in leaves. Such measure
was slightly lower than the correlation coefficient of the
linoleic acid and Cu contents in soil (R2 = 0.350). Mean-
while, the correlation coefficient between the unsaturated
fatty acids and Cu content in leaves (R2 = 0.264) was
higher than that between the unsaturated fatty acids and

Table 3. The Pearson correlations between Fe, Zn, and Cu content in leaves and in soils.

Fe content in leaves (mg/g) Zn content in leaves (mg/kg) Cu content in leaves (mg/kg)

Fe content in soil (mg/g) r 0.203
p .301
n 30

Zn content in soil (mg/kg) r −0.296
p .126
n 30

Cu content in soil (mg/kg) r 0.778
p .00
n 30

Figure 3. The influence of Cu content in soils on composition of seed oils 170 x 80mm (150 x 150 DPI)
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Cu content in soil (R2 = 0.229). This particular obser-
vation clarifies that the Cu content of leaves induced a sig-
nificant inhibition of unsaturated fatty acid storage.

In their study, Sinha et al. (2010) considered that the
plant parts (i.e. fruit and seed), which can be considered
as storage organs and have low transpiration rates, do
not accumulate heavy metals. Similarly, in the present
study, Cu did not accumulate in the seeds of P. ostii
(data are not shown). One probable reason for such con-
dition is the fact that the embryo occupies a remarkably
small proportion of seed dry weight. This particular
matter must be further explored. The seeds of P. ostii
contain almost exclusively 16-carbon and 18-carbon
fatty acid, which is similar to the fatty acid composition
of the plant cell membrane (Millar et al. 2000). Seed oil
and membrane lipids simultaneously occur and involve
common precursors (Ohlrogge & Browse 1995). Plastid
is a major organelle involved in the synthesis of fatty
acids (Hills 2004) and is also the main site for Cu
accumulation in higher plants (Sinha et al. 2010). Pre-
vious studies noted that photosynthesis decreases in Cu-
treated plants (Fernandes & Henriques 1991) and That
Cu accumulation may affect fatty acid content. This
study, however, did not observe a significant correlation
between Cu accumulation and gross fatty acid content
(data are shown in the Appendix). By using various
species, recent studies investigated the changes in fatty
acid composition induced by Cu (Baryla et al. 2000;
Chaffai et al. 2007). In the study of Chaffai et al.
(2007), the unsaturation level of total fatty acids
decreased from 1.42 to 1.28 in maize roots under Cu
stress. Baryla et al. (2000) reported that both peroxides
of linoleic acid and linolenic acid had a significant posi-
tive correlation with the Cu concentration in the plantlets.
We also found that linoleic acid of seeds oil from P. ostii
was more sensitive to excess Cu.

Consequently, P. ostii seed oil composition can defi-
nitely be affected by Cu content in soil via the accumu-
lation of plantlet. Hence, Cu content must be considered
in cultivating P. ostii for producing seed oil, although

metal availability to plants may also be strongly influ-
enced by pH and other factors. Over the past two years,
P. ostii has been cultivated from 30° north latitude to
38° north latitude. The effects of environmental variables,
such as light, temperature, and rainfall, must not be dis-
counted in selecting an appropriate habitat for cultivating
P. ostii to improve the quality of peony seed oil further.
These still need further research.
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Appendix 1
The Pearson correlations between seed oil and soil characteristics.

Mg content
in soils
(mg/kg)

Mg content
in leaves
(mg/kg)

Cu content in
soils (mg/kg)

Cu content in
leaves (mg/

kg)

Fe content
in soils
(mg/g)

Fe content
in leaves
(mg/g)

K content
in soils
(mg/g)

Zn content
in soils
(mg/kg)

Zn content
in leaves
(mg/kg)

Organic
carbon

content in
soils (g/kg) pH

Electrical
conductivity
(μs/cm)

Seed weight
(g/1000)

r −0.060 0.220 −0.185 −0.207 0.265 −0.089 −0.061 −0.073 −0.156 −0.259 −0.227 −0.204
p 0.774 0.280 0.375 0.311 0.200 0.666 0.778 0.730 0.446 0.193 0.228 0.280
n 25 25 25 25 25 25 25 25 25 25 25 25

Seed weight/coat
weight

r −0.048 0.038 0.186 −0.085 −0.162 −0.348 −0.079 0.254 −0.301 0.231 0.113 0.038
p 0.821 0.854 0.374 0.678 0.439 0.081 0.715 0.220 0.135 0.246 0.552 0.844
n 25 25 25 25 25 25 25 25 25 25 25 25

Gross fatty acid
content (g/g)

r −0.100 0.121 −0.332 −0.350 −0.100 −0.072 −0.076 −0.009 0.129 0.202 −0.084 −0.063
p 0.643 0.555 0.113 0.079 0.643 0.731 0.732 0.968 0.530 0.322 0.667 0.747
n 25 25 25 25 25 25 25 25 25 25 25 25

C16:0 content
(g/kg)

r −0.301 0.034 −0.061 −0.184 −0.191 0.040 −0.244 0.062 −0.175 0.068 0.087 0.013
p 0.143 0.871 0.773 0.380 0.362 0.848 0.251 0.769 0.403 0.747 0.653 0.947
n 25 25 25 25 25 25 25 25 25 25 25 25

C18:0 content
(g/kg)

r −0.186 −0.135 −0.267 −0.429* −0.371 −0.228 −0.083 −0.131 −0.161 0.100 −0.032 −0.141
p 0.385 0.528 0.207 0.037 0.074 0.285 0.706 0.541 0.452 0.642 0.871 0.474
n 25 25 25 25 25 25 25 25 25 25 25 25

C18:1 content
(g/kg)

r −0.158 −0.027 −0.205 −0.328 −0.160 −0.244 0.107 −0.007 0.160 0.103 −0.069 −0.061
p 0.451 0.897 0.326 0.109 0.445 0.239 0.617 0.974 0.444 0.625 0.722 0.755
n 25 25 25 25 25 25 25 25 25 25 25 25

C18:2 content
(g/kg)

r −0.314 −0.004 −0.591** −0.590** −0.281 0.010 −0.135 −0.352 0.031 0.191 −0.255 −0.279
p 0.127 0.986 0.002 0.002 0.173 0.963 0.528 0.084 0.882 0.362 0.182 0.142
n 25 25 25 25 25 25 25 25 25 25 25 25

C18:3 content
(g/kg)

r −0.249 0.052 −0.209 −0.209 0.039 −0.186 −0.114 0.177 −0.158 0.090 −0.118 −0.148
p 0.230 0.807 0.317 0.315 0.853 0.373 0.595 0.397 0.452 0.670 0.543 0.444
n 25 25 25 25 25 25 25 25 25 25 25 25

Saturated fatty
acid content
(g/kg)

r −0.289 −0.006 −0.125 −0.280 −0.256 −0.044 −0.214 0.004 −0.182 0.081 0.055 −0.037
p 0.171 0.977 0.562 0.184 0.226 0.837 0.327 0.985 0.396 0.705 0.782 0.853
n 25 25 25 25 25 25 25 25 25 25 25 25

Unsaturated fatty
acid content
(g/kg)

r −0.344 0.021 −0.478* −0.514** −0.165 −0.155 −0.109 −0.087 −0.030 0.172 −0.216 −0.244
p 0.093 0.921 0.016 0.009 0.430 0.458 0.614 0.678 0.885 0.411 0.261 0.202
n 25 25 25 25 25 25 25 25 25 25 25 25
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