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Near-infrared reflectance spectroscopy (NIRS) was used as a rapid and nondestructive method to
determine the oil content and fatty acid composition in intact seeds of perilla [Perilla frutescens var.
japonica (Hassk.) Hara] germplasms in Korea. A total of 397 samples (about 2 g of intact seeds)
were scanned in the reflectance mode of a scanning monochromator, and the reference values for
the oil content and fatty acid composition were measured by gravimetric method and gas-liquid
chromatography, respectively. Calibration equations for oil and individual fatty acids were developed
using modified partial least-squares regression with internal cross validation (n ) 297). The equations
for oil and oleic and linolenic acid had lower standard errors of cross-validation (SECV), higher R2

(coefficient of determination in calibration), and higher ratio of unexplained variance divided by variance
(1-VR) values than those for palmitic, stearic, and linoleic acid. Prediction of an external validation
set (n ) 100) showed significant correlation between reference values and NIRS estimated values
based on the standard error of prediction (SEP), r2 (coefficient of determination in prediction), and
the ratio of standard deviation (SD) of reference data to SEP. The models for oil content and major
fatty acids, oleic and linolenic acid, had relatively higher values of SD/SEP(C) and r2 (more than 3.0
and 0.9, respectively), thereby characterizing those equations as having good quantitative information,
whereas those of palmitic, stearic, and linoleic acid had lower values (below 2.0 and 0.7, respectively),
unsuitable for screening purposes. The results indicated that NIRS could be used to rapidly determine
oil content and fatty acid composition (oleic and linolenic acid) in perilla seeds in the breeding programs
for development of high-quality perilla oil.
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INTRODUCTION

Perilla [Perilla frutescensvar. japonica(Hassk.) Hara] is one
of the most important oilseed crops and is widely used as a
source of edible vegetable oil and as a traditional health food
in Asian countries such as Korea, China, and Japan. The
traditional commercial products of perilla are seed oil as a spice
or medicine and the leaf as a vegetable. Perilla oil, contributing
approximately 40% of seed weight, is composed primarily of
fatty acids such as palmitic (16:0), stearic (18:0), oleic (18:1),
linoleic (18:2), and linolenic acid (18:3) (1,2). Linolenic acid
(R-linolenic acid; ALA), ann-3 unsaturated fatty acid, is the
most abundant, making up 60% of perilla oil, with oleic and
linoleic acid the next most abundant. ALA is a precursor of
long-chainn-3 polyunsaturated fatty acids (PUFA), such as
eicosapentaenoic acid (EPA, 20:5) and docosahexaenoic acid

(DHA, 22:6), and has beneficial effects in the control of chronic
disease (3). Dietary intake of perilla oil containing a large
amount of ALA provides various health benefits such as the
lowering of the plasma lipid level and the increase in EPA and
DHA in the hepatic membranes of rats (4, 5).

Modification of the fatty acid composition in the oil, as well
as an increase in the total oil content in the seeds, has been an
important objective in the breeding for seed quality in perilla.
These modifications require determination and analyses of the
fatty acid composition of a large number of breeding lines. Oil
content was measured using the gravimetric method following
solvent extraction from pulverized seeds. Fatty acid composition
was typically determined by gas-liquid chromatography and
flame ionization detection (GLC-FID) with a capillary column.
However, these methods require stepwise sample preparation
such as saponification and esterification: fatty acids must be
converted to fatty acid methyl esters (FAMEs) for GLC analysis.
Although these analytical methods usually offer a high level of
accuracy and precision, they are time-consuming, expensive,
labor-intensive, and destructive and, therefore, not advantageous
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for the selection of superior lines of perilla. Thus, a rapid and
nondestructive method for the evaluation of quality traits of seed
oil is in high demand for the perilla breeding program.

Recently, the development of equipment featuring improved
electronic and optical components, the improvement of comput-
ers capable of effectively processing information contained in
spectra, and the development of powerful chemometric applica-
tions have facilitated the expansion of spectroscopic techniques
in an increasing number of biological fields, allowing efficient
management of spectra and chemical data obtained from the
samples. The application of rapid analytical techniques such as
near-infrared spectroscopy (NIRS) has many advantages com-
pared to standard, traditional techniques such as the chromato-
graphic method. NIRS analysis is performed with considerable
reduction in analytical time and cost, and without using
hazardous chemicals. In addition, samples can be analyzed in
their natural form without destruction, and simultaneous analyses
of numerous traits may be performed (6).

NIRS is known to play a fundamental role in the simplifica-
tion of the analysis of chemical and physical properties without
sample preparation: NIRS was used to analyze quality char-
acteristics in food and agricultural commodities (7, 8). NIRS
has also been used for the determination of diverse compounds
and classifications of numerous foods and industrial crops, such
as sesame (9,10), soybean (11), peanut (12), sunflower (13),
rice (14,15), maize (16, 17), and sweet potato (18). However,
application of the nondestructive NIRS to determine fatty acid
composition in perilla seeds has not been previously reported,
except for a report of the application of NIRS for perilla oil
from ground seed samples (12).

The objectives of this study were to investigate NIRS
application for predicting oil content and fatty acid composition
and to develop a massive screening technique in intact seed
samples for use with the perilla breeding program.

MATERIALS AND METHODS

Perilla Seed Samples.A total of 397 seed samples of perilla
germplasm were obtained from National GeneBank, Rural Development
Administration (Suwon, Korea), and were used to develop the NIRS
prediction model for the determination of oil content and individual
fatty acid composition. Samples were stored in desiccators prior to NIRS
and GLC analysis.

Reference Analysis of Oil Content and Fatty Acid Composition.
Approximately 2 g ofeach sample was homogenized using an Ultra-
Turax T8 homogenizer (IKA-Werke GmbH & Co. KG, Staufen,
Germany), extracted in 30 mL ofn-hexane for 1 day by shaking at
100 rpm using a VS-8480 SRN horizontal shaker (Vison Co., Bucheon,
Korea), and filtered with filter paper. The residues were extracted twice
more, and the final volume of each extract solution was adjusted to
100 mL. The 50 mL ofn-hexane extract was concentrated, dried for 6
h at 100°C, weighed, and calculated for oil content, with data being
doubled values. The total oil content was expressed as percentage of
the dry seed weight.

For fatty acid analysis, a 1 mL aliquot of n-hexane extract was
transferred into a reaction vial and concentrated under nitrogen flow
at 70 °C. For the saponification of the oil, 0.5 mL of 0.5 N NaOH
solution was added, allowed to react at 100°C for 10 min, and then
cooled. After 0.5 mL of 14% boron trifluoride (BF3) solution was added,
it was allowed to react at 100°C for 10 min for the esterification of
the fatty acids. After cooling, 1.5 mL ofn-hexane and 1.0 mL of
distilled water were mixed and partitioned inn-hexane, and the upper
layer (containing fatty acid methyl esters inn-hexane extract) was
transferred into a 2 mL autosampler vial for GC fatty acid analysis.
The GLC system 6890N GC (Agilent Technologies Co., Palo Alto,
CA), equipped with a flame ionization detector (FID) and a 30 m×
0.25 mm i.d., film) 0.25 µm, HP-Innowax capillary column (J&W
Scientific, Agilent Technologies Co., Palo Alto, CA), was used. The

oven temperature was raised from 160°C (holding for 1 min) to 230
°C at a constant rate of 5°C/min and held for 10 min. The injector and
detector port temperatures were maintained at 230 and 250°C,
respectively. The carrier gas was nitrogen at a flow rate of 1.0 mL/
min, and the split ratio at the injector port was 20:1. The running time
was about 20 min per sample. Individual fatty acids were expressed as
a percentage of total fatty acids.

Spectra Collection and Pretreatment. The NIR spectroscopic
analysis was performed using a NIRSystem model 6500 near-infrared
scanning monochromator (Foss NIRSystems Inc., Silver Spring, MD)
in the reflectance mode. Intact seed samples (about 2 g) were placed
in a standard ring cup and scanned. Reflectance energy readings were
referenced to corresponding readings from an internal ceramic disk.
Each spectrum was recorded from each sample, and the average of 32
successive scans was recorded. As a control, 16 scans over the standard
ceramic disk were made before and after the samples. All spectral data
were recorded as the logarithm of the reciprocal of reflectance (log
1/R) in the wavelength range from 400 to 2500 nm at 2 nm intervals
to give a total of 1050 data points per sample. Absorption of radiation
in the region of 400-2500 nm, the visible plus near-infrared region,
was used to develop calibration equations related to sample properties.
The scanning procedure could be completed in 1.5 min per sample,
once the NIRS instrument was warmed up, and the stability of NIRS
through photometric repeatability (noise test) and wavelength accuracy
test was confirmed.

The NIRS manipulation for scanning, mathematical processing, and
statistical analysis was performed with the WinISI II software (Windows
version 1.60, Foss and Infrasoft International LLC, State College, PA).
In WinISI software, the Score program was used to select samples for
spectrum outliers and samples to represent the entire sample set (n )
397) before calibration and validation. The distance between a sample
and its neighbor was measured as theH distance and was used as a
criterion for selecting those samples representing the calibration and
validation sets. The Score algorithm ranks spectra according to
Mahalanobis distance (H distance) from the average spectrum, gives
spectral boundaries to eliminate outliers withH > 3.0, and eliminates
samples with similar spectra withH < 0.6 from their nearest
neighboring samples for the development of an accurate and robust
prediction equation (19). The final number of samples for calibration
and validation was variable and based on the cutoff point ofH distance,
depending on the spectral and chemical variability of samples in the
population used for NIRS estimation.

The samples (n) 397) were randomly split into two sets using the
WinISI program. The calibration set (297 samples) was used to calibrate
and cross-validate the derived equation, and the other 100 samples were
used as an external validation set to test the fit of the developed
equations.

Data Processing.The equations for NIRS prediction were developed
using the Global program in WinISI software with modified partial
least-squares (MPLS) regression using wavelengths of the entire visible
(400-1100 nm) and near-infrared (1100-2500 nm) regions at every
8 nm. Besides MPLS, regression methods such as PLS (partial least-
squares), principal component regression, and multiple linear regression
were tested to develop calibration for fatty acid composition in perilla
seeds. Various mathematical treatments using the raw optical spectrum
(log 1/R), or first or second derivatives of the 1/R data, were applied
for calibration equation development. For example, in 2,5,5,1, the first
number indicates the order of the derivative (two is the second derivative
of log 1/R), the second number is the gap in data points over which
the derivative was calculated, and the third and fourth numbers represent
the number of data points used in first and second smoothings,
respectively (20). The application of the second-derivative algorithm
to the raw spectra (log 1/R) resulted in an increase in the complexity
of spectra and a clear separation between peaks, which overlapped in
the raw spectra.

In addition to no scatter correction (log 1/R), scatter corrections using
standard normal variate and detrending (SNVD) were evaluated for
the calibration. The SNVD was designed to remove additive baseline
and multiplicative signal effects resulting in a spectrum with zero mean
and a variance equal to one. Application of SNVD transformation to
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raw spectral data reduces the differences in spectra related to physical
characteristics such as particle size and path length of samples (21,
22).

Calculated calibration statistics included the standard error of
calibration (SEC), the coefficient of determination in calibration (R2),
and the standard error of cross-validation (SECV). The performance
of the different equations obtained in the calibration were determined
from cross-validation as an internal validation method. Internal cross-
validation was used to avoid overfitting of the equations by selecting
the minimum number of PLS terms in each model (23). The best-
predicted equations for each chemical component were selected on the
basis of minimizing SECV and increasingR2 (24). Two passes to
eliminate outliers were set by two outlier detection methods,t andH
statistics (Mahalanobis distance) in WinISI software. Thet statistics
identified outliers having residuals from reference analysis of>2.5 times
the SEC. Outliers indicated that their reference values were in doubt
and that the samples were in different populations due to atypical
spectra. The ratio (SD/SECV) of the standard deviation of reference
data (SD) to SECV, designated RSC, was calculated as a criterion for
evaluating the performance of calibrations (25).

After calibration, the developed regression equations allowed for
accurate analysis of many other samples by prediction of data based
on the spectra. In addition to the internal cross-validation, the external

validations of calibration models were tested for the prediction capacity
on the basis of the standard error of prediction (SEP) and the coefficient
of determination in prediction (r2). The ratio of SD for the validation
samples to the corrected SEP (designated RSP) was also used as a
criterion to evaluate the accuracy of the equations. This RSP value as
cutoff point was 3.0 in this study, which is the value recommended for
screening purposes (25). The validation sample set allowed the NIRS
equation to be validated for prediction accuracy, using random samples
not included in the calibration sample set (24). The equations selected
for fatty acid composition in intact seeds of perilla were monitored
with the Monitor program in WinISI software, using the validation set
(n ) 100).

RESULTS AND DISCUSSION

Spectroscopic Analysis.The raw NIR reflectance and
second-derivative spectra of the intact seed samples of perilla
are shown inFigure 1. The second derivative was calculated
from the log(1/R) spectra at gaps of five data points (10 nm)
and a smoothing over segments of five data points (2,5,5,1)
with scatter correction (SNVD).

The main absorption bands are observed at 1720 nm related
to C-O (oil) and C-H stretching first overtone (-CH2), 2344

Figure 1. Raw spectrum (log 1/R; A) and second derivative (2,5,5,1 + SNVD; B) of NIRS average spectrum of intact perilla seeds.
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nm related to C-O (oil), 1206 nm related to-CH2, 1492 nm
related to-CdO and water, 1926 nm related to water, and 2136
nm attributed to oil. The information for the functional groups
in the spectrum was determined using WinISI software.
Compared with references, absorption bands at 1460 and 1930
nm are associated with water, the band at 1720 nm is associated
with oil and fatty acids (26), and the band at 1708 nm is
associated with linoleic acid (9), which were absorption bands
appearing at similar wavelengths to our spectrum. The overall
spectrum shows strong absorption bands related with oil and
water and is similar to those of other oil crops such as soybean
and sesame, especially in the near-infrared region (10, 12). The
second-derivative spectra had a trough corresponding to each
peak in the original spectra, removing the overlapping peaks
and baseline effects (27). The average spectrum of the second
derivative showed absorption bands at 1212 nm related to C-H
stretching second overtone (-CH2), 1764 nm related to C-H
stretching first overtone, 1164 nm related to-CdO, 1402 and
1706 nm related to hydrocarbons (-CH), and 1706 and 1764
nm also related to water in the NIR region. Most of the
absorption bands at the second-derivative spectrum moved to
the left somewhat as compared to the raw spectrum, but had a
trough corresponding to each peak in the original spectra,
showing absorbance peaks similar to those of the raw spectrum.

The NIRS method is based on the ability of several natural
products to readily absorb NIR radiation at a specific region or
wavelength, but it is so difficult to elucidate what wavelength
or region at near-infrared spectrum was closely related with
contents of natural compounds analyzed. Chemical information
associated with each wavelength and region could be partially
obtained from the reported references in edible fat and oil
samples (9,28) and WinISI software, although the chemical
interpretation for a specific wavelength would possibly be varied
according to what experimental materials and chemical com-
ponents were treated for NIR analysis. However, the NIR
method has successfully been applied for estimating contents
of chemical components in food and oil crops, even without
chemical information related to the near-infrared spectrum.

Reference Analysis of Oil Content and Fatty Acid Com-
position. The descriptive statistics including mean, standard
deviation (SD), and range for individual fatty acid composition
of perilla seed samples used in the calibration and validation
sets are shown inTable 1. Mean values of oil content and
individual fatty acid composition were 42.1% oil, 6.5% palmitic
acid, 2.1% stearic acid, 14.8% oleic acid, 14.4% linoleic acid,
and 62.2% linolenic acid in the calibration set, values similar
to those in the validation set. Each reference value of fatty acid
composition in the validation sample set was similar to those

in the calibration sample set. Also, the observed mean values
are similar to previously reported results (1, 2).

Calibration Model. From the development of NIRS models
for the oil content and individual fatty acid composition, the
statistics of calibrations and cross-validations are shown inTable
2. The MPLS regression model in the whole NIR spectra range
(400-2500 nm) using the second-derivative transformation with
scatter correction (SNVD) of raw reflectance spectra yielded
the equations for oil and oleic and linolenic acid, showing higher
R2 (>0.8) and lower SEC in the calibrations and higher 1-VR
and lower SECV values in the cross-validations than the
different regression methods tested in this study. Using this
whole vis-NIR range (400-2500 nm), higherR2 and lower
SEC values were obtained, better than the visible range (400-
1100 nm) and the near-infrared range (1100-2500 nm).
Optimum wavelengths for NIR analysis have generally relied
on empirical calibrations to predict qualitative constituents for
agricultural products because of the broad array of chemical
compounds present in the samples, which lead to extensively
overlapping and perturbed NIR absorption bands. The equations
for each fatty acid composition using mathematical treatment
2,5,5,1 were selected with higher RSC (SD/SECV) values as
the selection criteria of models, rather than the different
mathematical treatments. The reliable equations for oil content
and major fatty acids (oleic and linolenic acid) had high values
of R2 (0.917, 0.949, and 0.957, respectively) and RSC (2.97,
3.42, and 3.84, respectively), indicating a close relationship
between reference values and NIRS estimated values. These
equations for oleic and linoleic acid as major fatty acids had
good accuracy, similar to those of other oilseed crops (6,9, 11,
17,29), with higherR2 (>0.9) and lower SEC values. However,
the models for palmitic, stearic, and linoleic acid did not have
good statistics regarding the accuracy of the calibration models.
These results may be due to the lower range and standard
deviation for their content in the samples used in the calibration.
The equation for linoleic acid, at a similar rate as oleic acid,
also had relatively highR2 (0.800) and low SECV, but the very
low 1-VR value observed in the cross-validation indicated that
it was not a strong model. In this study, 1-VR as a statistic for
calibration was an important factor in addition toR2. Even
models having higherR2 values could not show good correlation
between reference values and NIRS estimated values if they
did not have the high 1-VR value, closer to 1.0, as an explained
variation. The best calibration models for oil content and oleic
and linolenic acid were developed with the mathematical
approach over the visible and near-infrared segment (400-2500
nm).

External Validation. The robustness of the calibration
models developed by NIRS analysis was tested through external
validation with 100 samples, which were not included in the
calibration process. The statistics of external validation for oil
and fatty acids in intact perilla seeds are shown inTable 3 and
includer2, SEP(C) (the corrected standard error of prediction),
and RSP [SD/SEP(C)] values, which were factors used to
evaluate the reliability of the calibration model. On the basis
of lower SEP(C) and higherr2 and RSP values, an accurate
prediction can be monitored with the reliability of the established
calibration models. Ther2 and RSP values for palmitic, stearic,
and linoleic acid were low, indicating poor correlation between
reference values and NIRS estimated values, similar to the
calibration models developed in this study. The predictions for
oil content, oleic acid, and linolenic acid were confirmed by
higherr2 (0.932, 0.917, and 0.907, respectively) and RSP values
(3.82, 3.48, and 3.28, respectively), indicating a good correlation

Table 1. Descriptive Statistics for Fatty Acid Composition and Oil
Content in Intact Perilla Samples Used in both Calibration and
Validation

calibration (n ) 297) validation (n ) 100)

constituent meana range SDb mean range SD

oil content 42.1 29.7−50.2 3.79 41.7 26.0−49.4 4.59
palmitic acid 6.48 5.7−7.5 0.26 6.50 5.9−7.4 0.29
stearic acid 2.11 1.4−3.4 0.31 2.13 1.4−2.7 0.29
oleic acid 14.8 8.4−21.0 2.16 14.9 10.8−19.8 2.12
linoleic acid 14.4 10.7−18.8 1.33 14.8 11.0−18.6 1.54
linolenic acid 62.2 56.1−69.8 2.48 61.7 56.0−66.5 2.30

a Expressed as percent of dry seed weight for oil content and as percent of
individual fatty acid for total fatty acid composition. b SD, standard deviation of
mean.
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between reference values and NIRS predicted values in the
application of the calibration equations. In contrast, those for
palmitic, stearic, and linoleic acid had low values ofr2 and RSP
(below 0.7 and 2.0, respectively), unsuitable for screening
purposes.

Palmitic and stearic acid in seed oil had minor composition
in many oilseed crops (6, 9, 11, 17, 29), and calibrations for
them did not show sufficient accuracy, with lowerr2 (below
0.8) and higher SEP(C) values, similar to the result obtained in
this study. The calibration equation for stearic acid in sesame
was reliable, with relatively higherr2 value (0.869), using
specific near-infrared region, although the equation for palmitic
acid was not (9). Whereas validation for linoleic acid did not
show the robustness of equation developed in this study, those
in other crops were reliable with relatively highr2 values such
as 0.959 in sesame (9), 0.950 in soybean (11), 0.97 in Indian
mustard (6), and 0.84 in single seed of maize (17). Our result
for validation of the linolenic acid model showed better
reliability with higher r2 (0.907) in perilla than those (below
0.9) in other crops (6, 11, 17). Future studies require develop-
ment of a new model for linoleic acid using more diverse
germplasms differing from present samples, which should
explain why our models did not predict the composition of
linoleic acid with accuracy and reliability, in spite of the fact
that samples used for this model had relatively high variation
and linoleic acid was a major component contained at similar
amount (about 14.0% in oil) to oleic acid in perilla.

Figure 2 represents laboratory reference values compared to
NIRS predicted values in the validation set for oil content and
oleic and linolenic acid, also showing the relationship between
NIRS and reference. These results demonstrated the accurate
prediction abilities of the calibration models for oil and oleic
and linolenic acids using a nondestructive NIRS method in
perilla seeds, and further application in the routine analysis of

Figure 2. Scatter plots of NIRS versus reference values for oleic acid
(A), linolenic acid (B), and oil content (C) in the validation set of intact
perilla seeds.

Table 2. Equation Development Statistics Using MPLS and Scatter Correction for the NIRS Prediction of Fatty Acid Composition and Oil Content in
Intact Perilla Seeds

calibration cross-validation

constituent N a mean SD termsb SECc R 2 d 1-VRe SECVf RSCg

oil content 287 42.1 3.66 9 1.052 0.917 0.887 1.232 2.97
palmitic acid 288 6.49 0.24 9 0.148 0.616 0.502 0.168 1.42
stearic acid 290 2.10 0.30 6 0.155 0.725 0.686 0.165 1.78
oleic acid 289 14.8 2.11 14 0.476 0.949 0.914 0.617 3.42
linoleic acid 288 14.4 1.27 13 0.575 0.800 0.679 0.723 1.76
linolenic acid 290 62.2 2.45 14 0.507 0.957 0.932 0.638 3.84

a Samples used to develop the model. b Number of PLS loading factors in the regression model MPLS (modified partial least-squares). c SEC, standard error of calibration.
d R 2, coefficient of determination of calibration. e 1-VR, one minus the ratio of unexplained variance divided by variance. f SECV, standard error of cross-validation. g RSC,
SD/SECV, the ratio of SD (standard deviation of reference data) to SECV in the calibration set.

Table 3. Monitoring Statistics for Fatty Acid Composition and Oil
Content in Intact Perilla Seeds

constituent Na mean SDb biasc r 2 d SEP(C)e slopef RSPg

oil content 95 41.8 4.31 0.416 0.932 1.128 1.019 3.82
palmitic acid 92 6.48 0.25 −0.001 0.451 0.186 0.899 1.34
stearic acid 98 2.14 0.29 0.005 0.686 0.163 0.923 1.78
oleic acid 94 15.0 2.08 −0.103 0.917 0.597 1.011 3.48
linoleic acid 92 14.6 1.42 0.188 0.677 0.808 1.044 1.76
linolenic acid 94 61.8 2.23 −0.159 0.907 0.680 0.972 3.28

a Samples used to monitor the model. b SD, standard deviation of mean. c Bias,
average difference between reference and NIRS values. d r 2, coefficient of
determination of cross-validation. e SEP(C), the corrected standard error of
prediction. f Slope, the steepness of a straight line curve. g RSP, SD/SEP(C), the
ratio of SD of reference data to SEP(C) in the external validation set.
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calibration equations showed a high reliability for application
in plant breeding. However, the reliability of the calibration
models for the determination of palmitic, stearic, and linoleic
acid was considerably lower and could not be considered
adequate for use in routine analysis for massive screening of
breeding lines in perilla.

It is concluded that the determination of oil content and fatty
acid composition (oleic and linolenic acid) can be predicted with
reliable accuracy using NIRS analysis of whole perilla seeds.
Also, the future availability of perilla samples covering a wide
range of reference values is required to obtain an accurate
prediction of palmitic, stearic, and linoleic acid.

This nondestructive NIRS method could simplify the analysis
of qualitative factors of interest because extraction steps with
organic solvents were not required and whole samples were
easily analyzed in a few minutes without grinding. Although
the information from the NIR spectra tends to be somewhat
complicated and difficult to interpret, each chemometric tech-
nique establishes a mathematical relationship between variations
in the NIR spectra and parameters measured for each sample.
This relationship can therefore be used to predict the parameter
value in unknown samples. Consequently, it is a very reliable
method for predicting samples similar to those used in the
calibration. NIRS also has the main advantage that it may be
performed simultaneously to the estimation of other quality
components such as protein, water, and functional compounds,
in addition to oil and individual fatty acids. These analytical
characteristics were critical factors for the quality evaluation
of nutritional food, the selection of superior breeding lines, and
the identification of new germplasm. For the analysis of
numerous samples, the NIRS method is capable of replacing
the chromatographic analytical methods such as GLC. However,
samples very different from the calibration samples are often
not predicted reliably. This is likely to be due to different
conditions such as species, cultivation area, drying and storage
methods, and influences of genetic and environmental variation.

This is the first reported study of a NIRS calibration model
developed for the estimation of fatty acid composition of perilla
seed oil. The development of these NIR equations for individual
fatty acids represents only a first step: although NIRS is a
practical method, the equations should be updated, expanded,
and improved with future samples from different environments
and germplasms and covering a wider range of oil and fatty
acid values of the samples used for the calibration models.
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