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Abstract Tree peonies (Paeonia Sect Moutan DC) are an
emerging oil crop because of their high oil and a-linolenic
acid (ALA) content. This research was to investigate the
potential use of near infrared reflectance spectroscopy
(NIRS) for estimating the major fatty acids contents, such
as palmitic acid (C16:0), oleic acid (C18:1), linoleic acid
(C18:2) and linolenic acid (C18:3) in tree peonies. A total of
115 small seed samples and 447 single seeds were selected
to calibrate the predictive models. NIRS absorbance spectra
were collected using a Fourier transform near infrared (FT-
NIR) spectrometer for the small seed samples, and acousto-
optic tunable filter-near infrared (AOTF-NIR) for the single
seed samples. Statistical analysis was performed with partial
least squares (PLS). For the husked samples, C18:3, C18:1
and C18:2 showed the highest correlation coefficient of val-
idation (R,; = 0.9756, 0.9467 and 0.8485, respectively) and
the ratio of performance to deviation (RPD; = 3.58, 1.91 and
2.17, respectively); however, C16:0 did not reach expecta-
tions (R, = 0.7783, RPD = 1.32). For intact samples, C18:3
showed the best prediction (R, = 0.9096, RPD = 3.14), fol-
lowed by C18:2 (R, = 0.8479, RPD = 1.96). The results for
C18:1 were poor (R, = 0.7237, RPD = 1.70). For single
seeds, only the results for C18:3 (R = 0.9150, RPD = 1.73)

This study investigates the potential use of near infrared
reflectance spectroscopy (NIRS) as a rapid screening method
to estimate the major fatty acids contents, such as palmitic acid
(C16:0), oleic acid (C18:1), linoleic acid (C18:2) and linolenic
acid (C18:3) in tree peonies.
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were good in the husked seed samples. It was concluded
that NIRS can be used to rapidly assess the content of the
major fatty acids in small samples.
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Introduction

Tree peony (Paeonia sect Moutan DC) is a well-known orna-
mental plant native to China that has recently emerged as an
oilseed plant [1]. Tree peonies have shown enormous poten-
tial to be developed as a new oil crop because of their high
content of o0il (27-33 %) and a-linolenic acid (ALA > 40 %)
[2, 3]. Due to the extreme consumption of oil in China, the
potential use of tree peony oil has gained attention from
breeders, growers and traders. However, there are no specific
cultivars of the tree peony for oil use because the breeding
work was only aimed at ornamental [4, 5] and herbal [6] use
in the past. China has the richest resources for tree peonies
including all 8 of the wild species and more than 1500 widely
cultivated varieties [7]. However, presently there are only
two tree peony seedling plants that are cultivated for oil in
China: the P. ostii (distributed throughout eastern and south-
ern China) and the P. rockii (distributed throughout northern
and northwestern China). It is worth mentioning that there is
significant natural genetic variability within these species. In
addition, seeds from the species of P. giui also show signifi-
cant potential for propagation. To discover target genotypes
from the uncharacterized tree peony varieties, bulk seeds and
plants need to be analyzed to meet the urgent breeding and
commercial needs. Although conventional methods such as
gas chromatography (GC) offer a high level of precision,
they seem to be less suitable since they are time consuming,
costly, and a large amount of sample destruction. Therefore,

& springer AOCS &


http://crossmark.crossref.org/dialog/?doi=10.1007/s11746-016-2839-0&domain=pdf

944

J Am Oil Chem Soc (2016) 93:943-952

effective and rapid methods are required to screen seeds in
breeding programs.

Near infrared reflectance spectroscopy (NIRS) is a fast,
low cost, analytical technique that can be utilized without
using hazardous chemicals. It is widely used for the anal-
ysis of oil content and fatty acid composition of seeds in
many crops, such as rapeseed [8], sunflower [9], and maize
[10]. NIRS can also be accurately applied in single seed
selection using a special adapter, which has been used
to measure oleic and linoleic acid in rapeseeds [11] and
stearic acid in sunflower seeds [12]. Single seed analysis is
popular for plant breeders, who often focus on single seed
analyses across seed generations for plant selection.

It has been reported that sample conditions can influence
NIRS results. Rudolphi et al. [13] developed NIRS calibra-
tions for oil seed content and fatty acid composition from
seed hull fractions and empty seed samples in safflower.
Quampah et al. [14] demonstrated the prediction of total oil
content (RPD, = 11.495) and linoleic acid (RPD, = 5.026)
in cottonseed powder. Xi et al. [15] determined the oil con-
tent in Camellia oleifera seeds and the correlation coeffi-
cient reached 0.88 for intact seeds and 0.98 for seed pow-
der. These results suggest NIRS has great feasibility for
detecting oil content and fatty acid composition in bulk
samples (in the form of whole grain or powder) and can
also be applied, with modifications, for detection in single-
seed; however, the potential to use NIRS to analyze intact
seeds with a large shape, size or hard hull is unclear.

The tree peony seed has an irregular oval shape, a black
hard hull and a relatively large size, making it difficult to
analyze with NIRS. The ability to conduct analysis with a
small sample size is of paramount importance in the breed-
ing of oil tree peonies, and the potential of NIRS to predict
the necessary parameters has not been reported. Therefore,
we employed NIRS using an adapter that could hold approx-
imately 20 g of seeds (as small sample size for individual
plants) to determine if we could assess the target genotypes,
which are of interest to breeders and researchers. Due to the
limited availability of seeds in cross breeding programs, it is
also important to develop single seed analysis tool to screen
seeds at an early stage in the breeding process.

The objective of this study was to systematically study
the feasibility of using NIRS to predict the fatty acid com-
position in tree peony seeds using 20-g seed samples and
single seeds as well as both intact and husked seed samples.

Materials and Methods
Materials

The tree peony seed samples used in this study were har-
vested from tree peony plants cultivated on the forestry
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experiment station of Beijing Forestry University (located
in Beijing, China) in 2013 and 2014. The seed samples
were collected from plants with known oil use potential
including from P. ostii, P. rockii and P. giui, and 25 hybrid
plants. In addition, germplasm from the Chinese herba-
ceous peony were also collected to broaden the calibration
coverage. In total, 115 seed samples (approx. 20 g of seeds
per plant) were used for small seed sample analysis. Addi-
tionally, a total of 447 single seeds were selected and used
for single seed calculation. All samples were oven-dried for
8 h at 60 °C before experimental use.

NIR Scanning

The 20-g seed samples were analyzed by diffuse reflec-
tance using a Fourier transform near infrared spectrometer
(FT-NIR) (ANTARIS II, Thermo Nicolet Co., USA). The
seeds were placed in the auto-rotating cup (32 mm diam-
eter, 15 mm thickness) and each spectrum was the aver-
age of 64 successive scans at a spectral range from 4000 to
10000 cm™! with a 2-cm™! data interval. Each sample was
run in triplicate to minimize the particular effects of sample
size.

The acousto-optic tunable filter-near infrared (AOTF-
NIR) was used for the single seed scanning. To limit the
effects of seed size and shape, we chose the adapter with a
5 mm diameter hole that could only hold a single seed. The
absorbance spectrum (log1/R) was the average of 100 suc-
cessive scans in the spectral range from 1100 to 2300 nm at
a wavelength interval of 2 nm.

Fatty Acid Analysis

The tree peony seed oil from each 20-g seed sample was
extracted by Soxhlet extraction after NIRS scanning. The
oil from single seeds was extracted according to described
methods [8, 16]. Briefly, a single seed was crushed using a
stainless steel rod and placed in a centrifuge tube (1.5 ml).
Hexane (1 ml) was added and the tubes were shaken for
1 min and then incubated at room temperature for 5 h.
Afterwards, the supernatant was transferred to a fresh cen-
trifuge tube and shaken for 2 min. K-Methylate (0.5 ml in
methanol) was added, and the tube was incubated for 1 h at
room temperature. The tube was centrifuged for 5 min at
6000 rpm, and the supernatant was removed for analysis.

The extracted oils were analyzed by (GC; Agilent,
7890A, USA) under the following conditions: capillary col-
umn, BPX-70 (60 m x 0.25 mm x 0.25 pm); 250 °C injec-
tion port temperature and 280 °C detector port; column
temperature programmed from 80 to 230 °C at 5 °C/min,
holding for 15 min at 230 °C; H,, 40 ml/min; air, 300 ml/
min; injection sample amount, 1 wl; split ratio, 30:1. Each
sample was analyzed in triplicate.
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Data Analysis

Spectra corresponding to the samples were sorted on the
basis of the GC values for each component. From the
lowest to the highest, one out of every three samples was
selected into the validation set. As a result, the calibration
and validation sets were divided at a 2:1 ratio.

Statistical analysis on the spectral information was per-
formed using TQ Analyst V7.2 (Thermo Nicolet Co., USA)
software with a partial least squares (PLS) regression to
develop calibrations. To enhance the accuracy of the PLS
models, several pre-treatments were carried out, such as the
multiple scatter correction (MSC), the standard normal var-
iate (SNV), and the first and second derivatives. Calculated
calibration statistics included the root mean square error of
calibration (RMSEC) and correlation coefficient of calibra-
tion (R.). For predictions, the calibrations were tested on
the validation group analysis. The correlation coefficient
of validation (R,), the root mean square error of validation
(RMSEP), and the ratio of performance to deviation (RPD)
were the main methods to appraise the predicting effects.
According to previous studies [17, 18], a high R, value
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and a low RMSEP value always predict a good calibration
model. Furthermore, RPD values of 2.5 can be used for
screening purposes. We selected ten samples from the 20 g
seed samples and 20 single seed samples (originating from
F1 plants collected in 2015) to evaluate the reliability of the
NIR models.

Result and Discussion
Variability for Fatty Acid Composition

There were approximately 10 components of fatty acids
in the tree peony seed oil (Fig. 1). The dominant compo-
nents included palmitic acid (C16:0), stearic acid (C18:0),
oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid
(C18:3). NIRS cannot be used to predict components of
less than 4 %; therefore, we focused on the four dominant
components, C16:0, C18:1, C18:2 and C18:3.

All the samples exhibited large variation in fatty acid
composition ranging from 3.3891 to 49.8066 % in the cali-
bration set and from 4.1801 to 49.4510 % in the validation
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Fig. 1 The gas chromatography of extracted oil from tree peony
seeds of experimental samples. Upper left: the lowest content of
small seed sample; upper right: the lowest content of small seed sam-
ple: low left: the lowest content of single seed; low right: the high-
est content of single seed. Peaks: 21.6 min: myristic acid (C14:0);

24.9 min: palmetic acid (C16:0); 25.3 min: hexadecenoic acid
(C16:1); 26.1 min: heptadecanoic acid (C17:0); 26.7 min: heptade-
cenoic acid (C17:1); 27.9 min: stearic acid (C18:0); 28.3 min: oleic
acid (C18:1); 29.2 min: linoleic acid (C18:2); 30.1 min: linolenic acid
(C18:3); 30.6 min: eicosenoic acid (C20:1)
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set (Table 1). The widest range was observed for C18:3
(SD = 3.93 %), followed by C18:2 (SD = 3.25 %), C18:1
(SD =2.74 %) and C16:0 (SD = 0.49 %). Furthermore, we
observed minimal differences in the means and SD between
the calibration set and the validation set, with the exception
of C18:3, which had a relatively wide range between the
mean and SD. This indicated that both the calibration and
validation sets were appropriately selected and were able
to represent the total variation in fatty acid composition
between the samples; furthermore, this indicated that the
population was suitable for NIRS analysis.

Similarly, the GC analyses of the 447 single seeds
(Table 2) showed the widest variation for C18:3
(SD = 5.82 %), followed by C18:2 (SD = 5.15 %), C18:1
(SD = 4.10 %) and C16:0 (SD = 0.83 %). The variation in

SD values between the single seeds compared to the small
(20 g) seed samples, indicated that there was larger varia-
bility in fatty acid contents between single seeds compared
to between individual plants.

Reflectance Spectra of Tree Peony Seeds

The original spectra of the intact and husked samples
showed a similar trend and broad peaks at 8§286.6, 6882.8,
and 5176.3 cm™! (Fig. 2). In reports [19, 20], the peak at
8286.6 cm~! is assigned to the second overtone of C-H,
the peak at 6882.8 cm™! is associated with the first over-
tone of C—H, and the peak at 5176.3 cm™! is assigned to
the second overtone of C=O0. This indicates that it is neces-
sary to choose an optimal spectrum region in subsequent

Table 1 The relative content of various fatty acids in the small seed samples used in the calibration and validation sets

Component Calibration set Validation set
Number Min (%) Max (%) Mean (%) SD?* (%) Number Min (%) Max (%) Mean (%) SD (%)
C16:0 67 3.3891 6.0485 4.9784 0.4967 38 4.1801 5.9339 4.9707 0.4292
C18:1 67 18.4909 33.2549 23.7551 2.7431 38 19.5714 30.9664 23.6505 2.6580
C18:2 65 15.9605 32.4467 25.5020 3.2507 37 19.7030 30.8335 24.8712 2.9018
C18:3 67 32.3821 49.8066 42.8570 3.9313 38 34.3729 49.4510 44.1407 3.8638
 Standard deviation
There was a reduction in the number of C18:2 samples due to issues during collection of the spectrum data
Table 2 The relative content of various fatty acids in the single seed samples used in the calibration and validation sets
Component  Calibration set Validation set
Number Min (%) Max (%) Mean (%) SD?* (%) Number Min (%) Max (%) Mean (%) SD (%)
C16:0 298 3.2901 7.8814 5.3441 0.8310 149 3.7922 7.3111 5.5709 0.7300
C18:1 298 15.9440 43.5112 24.9391 4.1008 149 16.9398 42.5095 24.7432 4.3525
C18:2 298 8.6123 37.6442 24.4234 5.1514 149 9.6112 36.6431 24.6712 5.6431
C18:3 298 16.4432 59.6815 46.4323 5.8222 149 17.4409 58.4431 46.0402 6.2112
@ Standard deviation
Fig. 2 The original spectra of @
one sample
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Fig. 3 The regression parameters of oleic acid in small seed samples. a The husked samples; b the intact samples
Table 3 The.refeFence values Component R, RMSEC R, RMSEP RPD Optimum range (cm™') Mathematics
for all the calibration and
validation models C16:0 Intact 09837 00706 08591 0.177 242 7295.3-5506.7 MSC + FD
Husked 0.9234 0.18 0.7783 0.324 1.32  7045.3-5506.7 SNV
C18:1 Intact 0.9497 0.628 0.7237 1.56 1.70  7295.3-5860.3 MSC + FD
Husked 0.9650 0.701 0.9467 1.39 1.91  7171.9-5506.7 SNV + FD
C18:2 Intact 0.9926 0.387 0.8479 1.48 1.96  7447.8-5860.3 SNV + SD
Husked 0.9575 0.919 0.8485 1.34 2.17  6091.1-5527.3 MSC + FD
C18:3 Intact 0.9917 0.484 0.9096 1.23 3.14  7233.0-5417.0 MSC + FD
Husked 0.9908 0.538 0.9756 1.08 3.58 8018.5-8630.8 MSC

5954.1-5603.1

R. correlation coefficient of calibration. R, correlation coefficient of validation. RMSEC root mean square
error of calibration. RMSEP root mean square error of prediction. MSC multiple scatter correction. SNV
standard normal variate. FD first derivative. SD second derivative.RPD relative predictive determinant, SD/

RMSEP
Table 4 . The reference values Component R, RMSEC R, RMSEP RPD Optimum range (cm~') Mathematics
for the single seed models
C16:0 Intact  0.4365 0.749 0.5395 242 0.30  7295.3-5506.7 MSC + SD
Husked 0.5426 0.602 0.5928 1.32 0.55 7045.3-5506.7 MSC + SD
C18:1 Intact  0.6785 3.01 0.6675 1.70 2.56  7295.3-5860.3 MSC + FD
Husked 0.6855 2.97 0.6775 191 228 7171.9-5506.7 MSC + SD
C18:2 Intact  0.6430 3.82 0.6000 1.96 2.88  7447.8-5860.3 SNV + FD
Husked 0.8965 2.25 0.8992 2.17 2.60 6091.1-5527.3 MSC
C18:3 Intact  0.7334 3.65 0.7382 3.14 1.98 7233.0-5417.0 MSC + FD
Husked 0.9199 2.27 09150 3.58 1.73  8018.5-8630.8 MSC

5954.1-5603.1

R, correlation coefficient of calibration. R, correlation coefficient of validation. RMSEC root mean square
error of calibration. RMSEP root mean square error of prediction. MSC multiple scatter correction. SNV
standard normal variate. FD first derivative. SD second derivative.RPD relative predictive determinant, SD/

RMSEP

calculations. The diversity of the absorbing strengths
between the intact and husked samples also showed that the
hull impeded the production of absorption bands for inner
part of seed. Thus, it was necessary to calculate the samples
with different pre-treats via separate methods in following
research.

Calibration for Small Seed Samples

Each component required repeated calculations to deter-
mine the optimum calibration. For example, in the C18:3
model calculation (Fig. 3), PLS analysis was performed
on the transformed spectral data of the calibration group,
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Table 5 The fatty acid

C16:0 C18:1 C18:2 C18:3

components of tree peony seeds

measured by the GC method GC NIR GC NIR GC NIR GC NIR

and the NIRS method (unit: %)

Husked Intact Husked Intact Husked Intact Husked Intact

521 5.30 528 21.88 21.36 2346 2741 2998 2475 4290 42.09 42.24
457 472 441 24.68 2422 24.89 2373 26.14 23.13 4424 4487 44.47
5.07 5.11 5.01 2420 22.80 2499 29.14 30.01 28.84 38.70 39.71 38.81
593 594 498 2216 21.06 2525 2046 21.72 26.33  48.69 49.14 44.55
4.82 490 4.80  23.61 24.17 24.05 23.80 25.26 2447 4457 44.05 45.07
5.17 5.03 5.19 2121 2133 20.33  27.76 2791 28.36 44.39 4333 44.80
458 4.59 4.51 21.30 21.52 2046 26.15 24.27 26.29 48.13 47.16 48.04
437 472 439 2370 24.59 2334 3245 2578 32.06 45.68 45.19 4491
5.06 5.16 5.08  22.69 23.03 23.23  29.07 29.00 29.04 37.11 37.83 37.51
4.51 452 458  25.67 26.18 2477 2194 2274 2244 3437 3424 34.84

Table 6 The fatty acid C16:0 C18:1 C18:2 C18:3

components of tree peony single

seeds measured by the GC GC NIR GC NIR GC NIR GC NIR

method and the NIRS method

(unit: %) Husked Intact Husked Intact Husked Intact Husked Intact
412 522 5.17  30.33 2732 27.75 11.61 11.97 219 5139 527 45.55
6.72 4.68 6.11 25.38 25.19 26.85 23.75 238 21.35 41.8  40.74 52.16
543 5.23 5.58  21.89 27.83 2597 20.53 20.17 14.04 50.26 50.16 50.16
424 45 5.68 2646 2041 28.46 23.89 2548 25.16 4398 464 46.7
552 5.53 5.58 18.01 27.17 22.00 24.54 26.07 26.04 49.82 47.76 53.99
534 531 5.61 19.71 25.13 19.67 30.84 33.21 24.07 4197 43.02 43.69
549 5.7 5.31 21.98 23.65 21.99 3048 32.69 28.64 39.8 40.73 44.99
63 6.12 575 24.04 25.84 2528 25.75 2493 21.75 41.19 4257 44.53
637 5.7 6.11 27.05 278 25.87 2273 2524 25.34 43.64 4042 48.68
39 456 526  25.07 20.13 22.67 32.55 2635 2945 36.8 40.1 38.8
3.38  4.46 517 2405 263 26.07 26.99 28.06 27.34 4403 492 46.52
415 455 5.19  24.68 20.85 20.53 1646 20.14 20.27 53.09 46.04 46.24
39 523 528  21.64 2424 20.23  26.69 29.93 23.06 46.25 46.04 46.84
532 534 545  20.82 20.16 2097 13.1 13.46 23.18 57.44 55.67 53.62
511 5.14 5.12 2229 2413 22.54 1525 16.18 22.85 55.33 56.22 54.83
4.6 522 526 2723 264 26.81 20.82 26.26 21.94 4521 4375 50.57
5.68 5.31 563 2256 22 2375 232 236 26.11 45.55 45.71 45.61
5.80 492 5.41 17.84  24.79 22.19 2547 2529 26.01 4742 47.78 51.06
5.14 55 5.5 22.38 2549 2427 13.05 17.68 23.59 57.36 54.52 56.46
4.66 5.8 554  27.12 25.56 26.8 3292 36.13 28.1 33.17 32.07 38.27

and the optimal number of PLS factors was determined
by the validation group. We used R, and RMSEP to deter-
mine the optimal mathematical pretreatment. The increas-
ing value of R, and the minimizing value of RMSEP indi-
cated better results for the model. In the first step, the R,
of the husked samples reached 0.9349 in full wavelength
(from 4000 to 10000 cm™") after MSC to reduce the spec-
tral noise. We then selected the optimum wavelength situ-
ated at 8018.5-8630.8 and 5954.1-5603.1 cm™', and the
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R, rose to 0.9756. At the same time, the RMSEP declined
from 1.35 to 1.08. These values did not improve after FD,
SD or SNV pre-treatment. It confirmed that the best pre-
treatment was MSC, and the optimum wavelength was
8018.5-8630.8 and 5954.1-5603.1 cm~! with 10 factors
used. Similarly, we confirmed that for the intact sample
model the best pre-treatment was MSC combined with FD,
and the optimum wavelength was 7233.0-5417.0 cm™!
with 6 factors used.
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Fig. 4 The comparison of fatty acids predicted by NIRS and measured by GC in small samples

The fatty acid composition models for the 20-g seed
samples are shown in Table 3. For the husked samples,
the C18:3, C18:1 and C18:2 showed high R, (0.9756,
0.9467 and 0.8485, respectively) and RPD (3.58, 1.91 and
2.17, respectively) values, but C16:0 did not reach expec-
tations (R, = 0.7783, RPD = 1.32). For the intact sam-
ples, the calibrations were less accurate. C18:3 showed
the best correlation (R, = 0.9096, RPD = 3.14), fol-
lowed by C16:1 (R, = 0.8951, RPD = 2.42) and C18:2
(R, = 0.8479, RPD = 1.96). The results for C18:1 were
poor (R, = 0.7237, RPD = 1.70). All the validation ref-
erence illustrated the predictions for the husked samples

were more accurate compared to the intact samples with
the exception of C16:0. In the tree peony seeds, the rela-
tive content of C18:3 was the highest compared to other
fatty acid components while the lowest levels were
observed for C16:0. Due to its high relative content, the
C18:3 model showed the greatest accuracy and could
be used for value determination in nondestructive way.
Because of its low level, C16:0 was the least accurate
and coincided with the limited of detection for NIRS
[16]. Similar to published results, we confirmed that the
spectrum range between 6250-5555 cm™! coincided with
C18:2 and C18:1 [21].
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Fig. 5 The comparison of fatty acids predicted by NIRS and measured by GC in single samples

Calibration for Single Seeds

The single seed models are shown in Table 4. Overall,
the single seed models were less accurate compared to
the small sample models. The R, of C16:0 was 0.5395
for intact and 0.5928 for husked, and the RPD values
were less than 1, suggesting this was not a good model
of prediction. The best result for the single seed NIRS
was the C18:3 model, with a R, of 0.7382 for intact
samples and 0.9150 for husked samples. In addition, the
intact single seed model of C18:1 was better compared

& springer AOCS &

to the C18:2 model (R, = 0.6675 and 0.6000, respec-
tively), and was worse for the husked single seed model
(R, = 0.6775 and 0.8992, respectively). For the RPD
values, the best model was C18:2, with the RPD values
greater than 2.5 for both the intact (2.88) and husked
(2.60) samples. The next best model was C18:1 (RPD
of 2.56 for intact samples and 2.28 for husked samples).
Although the C18:3 had the best R, values than other
fatty acids, the RPD value was 1.98 for intact samples
and 1.73 for husked samples, indicating inconsistency in
the results.
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Evaluation of NIRS Models

We selected 10 small seed samples and 20 single seeds
harvested in 2015 to evaluate the reliability of the NIRS
models. Those seeds originating from F1 plants were not
used in the calibration or validation sets. After NIRS scan-
ning, the samples were checked by GC. The NIRS values
are shown in Tables 5 and 6. We observed that the fatty
acid components acquired by NIRS were similar to the GC
values. No significant difference (P > 0.05; ANOVA) was
observed in the composition of the four fatty acids between
the GC and NIRS results in the small seed samples; fur-
thermore, no significant difference (P > 0.05; ANOVA) was
also observed for the single seeds with the exception of
C16:0 (P = 0.033). The ANOVA results indicated that the
NIRS had a high level to predict the content of fatty acids
in tree peony seeds. The GC vs NIRS concentration plots
were performed using the R statistical software (R 3.2.1)
and are shown in Fig. 4 and Fig. 5. The correlation coef-
ficient between the NIRS and GC showed the highest con-
sistency for C16:0, C18:2 and C18:3 (Fig. 4). For C16:0,
one sample showed a high bias in intact prediction. For
C18:2, two samples exhibited high prediction error (one
intact and one husked sample). Specially, the reliability of
the NIRS prediction for C18:3 suggested this model could
be directly used to select for target traits during oil culti-
var breeding and seed testing. In general, the single seed
models were not predictive of fatty acid content. However,
the calibration of C18:3 could roughly predict the value in
husked single seed samples.

In this study, the models were constructed using seeds
harvested in 2013 and 2014, and we used seeds harvested
in 2015 to test the effects. This showed the stability of the
results across several seasons. The prediction results sug-
gest that the fatty acid composition can be tested using a
small amount of sample, such as a single seed. The results
in our study could speed up breeding progress and process-
ing through the commercialization chain.

Conclusion

This is the first study to examine NIRS testing in tree peony
seeds. We concluded that NIRS is a very useful, rapid
screening tool for oil plant selection by tree peony breeding
programs using small sample sizes. In this study, we accu-
rately describe the analysis of dominant fatty acid compo-
sition, including C16:0, C18:1, C18:2 and C18:3 in both
20-g seed samples and single seeds from tree peonies. We
show, in particular, the content of C18:3 can be precisely
predicted nondestructively, rapidly, and cost effectively,
which will contribute to oil tree peony breeding and com-
mercial use.
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