
ABSTRACT: Vernonia galamensis is a potential new industrial
oilseed crop from the Asteraceae family. The interest in this
species is due to the presence of a high vernolic acid content of
its seed oil, which is useful in the oleochemical industry for
paints and coatings. The development of a rapid, precise, ro-
bust, nondestructive, and economical method to evaluate qual-
ity components is of major interest to growers, processors, and
breeders. NIR reflectance spectroscopy (NIRS) is routinely used
for the prediction of quality traits in many crops. This study was
conducted to establish a rapid analytical method for determin-
ing the quality of intact seeds of V. galamensis. A total of 114
Vernonia accessions were scanned to determine seed weight,
FA composition, oil, and protein contents using NIRS. Conven-
tional chemical analysis for FA composition, total oil, and pro-
tein contents were performed by GC, Soxhlet extraction, and
the Dumas combustion method, respectively. Calibration equa-
tions were developed and tested through cross-validation. The
coefficient of determination in cross-validation for FA ranged
from 0.47 (linoleic acid) to 0.55 (vernolic acid), and for oil, pro-
tein, and seed weight from 0.71 (oil) to 0.86 (seed protein). It
was concluded that NIRS calibration equations developed for
seed weight and seed quality traits can be satisfactorily used as
early screening methods in V. galamensis breeding programs.
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Vernonia galamensis (Cass.) Less., an underexploited oil-pro-
ducing annual plant of the Asteraceae family, is distributed
widely in East African countries, in both semiarid zones and
areas with abundant rainfall (1). The seed of V. galamensis
contains 35–40% oil with 72–80% vernolic acid (18:1>❚O or
12,13-epoxy-cis-9-octadecenoic acid), more than 50% of it as
trivernolin, a natural epoxy FA. This long-chain unsaturated
FA is potentially useful in the oleochemical industry in the
formulation of additives, coatings, epoxy resins, lubricants
and lubricant additives, sealants, toughened elastomers, and
other industrial raw materials (2). The advantages of using in-
dustrial oil crops over fossil fuel-derived products include
biorenewability, biodegradability, and nontoxicity (3). Re-
search in new crops often starts with unevaluated small seed

samples of wild germplasm. Access to vast and diverse
germplasm either from a local collection or introduction is es-
sential in the search for desirable traits of interest and in over-
coming the barriers of domestication. In addition to the challenge
of domesticating new crops, breeders also face the difficulty of
meeting minimum oil and meal quality requirements for a
largely untried market (4). To reach these goals, effective
techniques to screen large numbers of germplasm for various
quality parameters are necessary. 

The conventional analytical techniques for evaluating
germplasm accessions for quality traits are frequently limited
by the time-consuming, tedious, destructive nature of the
technique and the small amount of seeds available. For exam-
ple, most official Soxhlet oil extraction methods require 5–10
g of seeds, about 100 mL of solvent (n-hexane), and take
8–10 h to complete. The solvents/reagents are considered to
be toxic and environmentally hazardous waste products (5).
Determination of 1000-seed weight by counting and weigh-
ing large sample numbers is also time consuming and costly. 

NIR spectroscopy (NIRS) appears to be an attractive alter-
native for early screening of quality traits (6). Currently,
NIRS is used for a wide range of analytical applications in
various agricultural, petrochemical, pharmaceutical, clinical,
biomedical, and environmental sectors and in process control
analysis (7–10). Studies on several species including Bras-
sica (11,12), sunflower (13), rice (14), and Camelina (15)
have demonstrated that NIRS may provide a simple, reliable,
and economical way to estimate seed weight, seed color,
moisture content, FA and amino acid compositions, oil, and
protein contents nondestructively and concurrently from only
one spectrum and from single seeds or small samples of in-
tact seed. The present study was aimed at evaluating the po-
tential of NIRS to estimate seed weight, FA composition, oil,
and protein contents in V. galamensis germplasm accessions.
A detailed account of Vernonia taxonomy, biology, ecologi-
cal distribution, and potential uses can be found elsewhere
(1,16). 

MATERIALS AND METHODS

Seed materials. In 2000, V. galamensis seed samples were
collected across the natural growing regions of Ethiopia and
evaluated in field experiments during the 2001/2002 main
crop season at Alemaya University of Agriculture, Ethiopia.
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The harvested seeds from 114 accessions were analyzed for
seed quality traits at the Institute of Agronomy and Plant
Breeding, University of Goettingen, Germany.

Seed weight (SW). From each sample 1000 seeds were
counted and weighed on a laboratory balance model M2P
(Sartorius, Goettingen, Germany).

FA. FA were determined by standard GC of the FAME fol-
lowing the procedure of Thies (17) and analyzed on a
PerkinElmer gas chromatograph model 8600 (PerkinElmer
Corp., Norwalk, CT) equipped with a fused-silica capillary
column FFAP, 25 m × 0.25 mm × 0.25 µm film thickness
(Macherey Nagel GmbH + Co. KG, Düren, Germany). The
oven, detector, and injector temperatures were 200, 250, and
250°C, respectively. The carrier gas was hydrogen, at a pres-
sure of 70 kPa. Samples (2 µL) were injected at a split ratio of
1:70. Individual FA including palmitic (16:0), stearic (18:0),
oleic (18:1), linoleic (18:2), and vernolic (18:1>❚O) acids were
expressed as percentage of the total FA, including minor FA.

Oil content. The seed oil content of milled seed samples
was determined for about 5–10 g by the Soxhlet oil extrac-
tion technique with n-hexane for about 10 h. 

Seed and meal protein contents. Nitrogen concentration
was determined for both seed and meal protein from about
200 mg flour in two replicates by the Dumas combustion
method using an automated CN analyzer (Heraeus CN-Rapid,
Hanau, Germany). Total nitrogen was converted to percent
protein using a factor of 6.25.

NIRS scanning and spectral analysis. About 3–5 g cleaned
and intact seed from each of the 114 accessions of Vernonia
was placed in a small ring cup (i.d. 4.7 cm) and scanned
with NIRSystems model 6500 monochromator instrument
(NIRSystems, Inc., Silver Spring, MD). Reflectance spectra
(log 1/R) were collected between 1100 and 2500 nm. The data
obtained from measurement of three replications were aver-
aged and used for calibration and validation. NIRS spectra
were matched with reference data and analyzed using modi-
fied partial least squares (MPLS) regression, math treatment
2, 5, 5, 1, and WinISI IIv. 1.04 (Infrasoft International, Port
Matilda, PA) software. Calibration performance was assessed
by SEC (SE of calibration), r2 (coefficient of determination),
and SECV (SE of cross-validation) following Shenk and
Westerhaus (18). 
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FIG. 1. Reference vs. NIR reflectance spectroscopy (NIRS)-predicted values of calibration plot for FA in intact seed samples of Vernonia galamen-
sis. N, number of samples; SEC, SE of calibration; r2, coefficient of determination.



RESULTS AND DISCUSSION

The 114 samples varied for oil, seed protein, and meal pro-
tein content from 22 to 45%, 21 to 30%, and 28 to 46%, re-
spectively (data not shown). Variations for the various FA and
seed weight were also observed. There were significant dif-
ferences among the 114 samples for all the traits, which sug-
gest the presence of sufficient variation among the samples to
develop NIRS equations.

Table 1 shows the calibration statistics for the various traits
considered. The calibration equations for seed weight, FA, oil,
and protein contents showed relatively low SEC and SECV. A
higher SEC value was recorded for vernolic acid, which may be
due to the broader range of variation for this trait than others. The
scatter plots of predicted vs. measured values for each trait are
presented in Figures 1 to 3. For instance, the reference values for
protein content were widely spread and showed a strong rela-
tionship (r2 = 0.93) with the NIRS values (Fig. 2C). The NIRS
value for oil content gives a reasonable ability to differentiate
among high, intermediate, and low oil content (Fig 2B). 

The FA 16:0, which is a minor constituent owing to its low
concentration, tended to have lower r2 values as a result of
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FIG. 2. Reference vs. NIRS-predicted values of calibration plot for vernolic acid, oil, and protein content in intact seed samples of V. galamensis.
For abbreviations see Figure 1.

FIG. 3. Reference vs. NIRS-predicted values of calibration plot for 1000-
seed weight in seed samples of V. galamensis. For abbreviations see Fig-
ure 1.



restricted variance or relatively lower range and SD. It also
exhibited a low SEC value. The addition of new samples with
lower and higher 16:0 concentration may improve the cali-
bration statistics for this trait. A lower r2 for palmitic acid
compared with stearic, oleic, linoleic, and linolenic acids was
also reported previously (19). Thus, the best performance in
calibration equations for individual FA corresponded to those
FA for which the variability in the calibration set was wider
(Table 1), indicating that successful calibration equations
using NIRS depend on the variability of constituents under
investigation. 

Prediction of FA seems less reliable than prediction of oil
and protein contents. The large similarity of the spectra for
linoleic and vernolic acids—because vernolic acid (18:1
epoxy) is synthesized from linoleic acid (18:2) and/or the un-
usual epoxy group of vernolic acid is attached to 18:1 mole-
cules—might have influenced the accuracy of the prediction
for other FA. Similar problems of detecting the epoxy group,
because linoleate gives a signal at approximately the same po-
sition as epoxy, were reported by Hopkins and Bernstein (20).
A second explanation could be that the chemical information
is obscured by changes in the spectra caused by differences
in seed size and shape. Seeds of Vernonia, also referred to as
cypsela, are elliptic in shape, 5–7 mm long and 1–2 mm broad
(at the middle). Pazdernik et al. (19) reported that calibration
equations based on ground soybean samples were more accu-
rate than those based on intact seed samples, which might be
explained by diversity of the surface area and size of the seeds
used. Thus, NIRS is useful mainly for preselecting accessions
for FA composition; confirmation by GC analysis is still re-
quired. NIRS as an early screening technique is extremely
useful for predicting oil content, as this is the most difficult
trait in terms of time and sample size requirements in conven-
tional chemical analysis. However, NIRS is known to be sensi-
tive to changes in genotypes, growing locations, and seasons,
which necessitate frequent recalibration. Future research
should aim to improve the accuracy of the prediction by
adding a broader range of samples to the calibration set for
each of the traits from different genotypes, regions, and years.
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TABLE 1
Calibration and Cross Validation Statisticsa in NIRS Equations for the Analysis of FA, Oil, 
and Protein Contents (%), and Seed Weight (g) in Intact Seed Samples of Vernonia galamensis

Calibration Cross-validation

Trait N Mean Range SD r2 SEC 1 − VR SECV

16:0 112 3.6 2.2–5.1 0.5 0.62 0.29 0.51 0.32
18:0 111 3.8 2.1–5.7 0.6 0.71 0.32 0.52 0.40
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MP 114 35.9 26.7–45.2 3.1 0.84 1.27 0.77 1.50
SW 114 2.8 0.6–5.1 0.73 0.85 0.29 0.78 0.35
aNIRS, NIR reflectance spectroscopy; N, number of samples; r2, coefficient of determination of cali-
bration; SEC, SE of calibration; SECV, SE of cross-validation; 1 − VR, coefficient of determination of
cross-validation; 16:0, palmitic acid; 18:0, stearic acid; 18:1, oleic acid; 18:2, linoleic acid; 18:1>❚O,
epoxy FA; SP, seed protein; MP, meal protein; SW, 1000-seed weight.

>❚O



Adapted for Visible Light Measurements, Euphytica 76:45–51
(1994).

13. Sato, T., Y. Takahata, T. Noda, T. Tanagisawa, T. Morishita, and
S. Sakai, Nondestructive Determination of Fatty Acid Composi-
tion of Husked Sunflower (Helianthus annua L.) Seeds by Near-
Infrared Spectroscopy, J. Am. Oil Chem. Soc. 72:1177–1183
(1995).

14. Wu, J.G., C. Shi, and X. Zhang, Estimating the Amino Acid
Composition in Milled Rice by Near-Infrared Reflectance Spec-
troscopy, Field Crops Res. 75:1–7 (2002).

15. Vollmann, J., A. Damboeck, S.J.H. Kuyt, and P. Ruckenbauer,
Determination of Camelina Seed Weight Using Near-Infrared
Reflectance Spectroscopy, Plant Varieties Seeds 10:95–101
(1997).

16. Baye, T., H. Kebede, and K. Belete, Agronomic Evaluation of
Vernonia galamensis Germplasm Collected from Eastern
Ethiopia, Ind. Crops Prod. 14:179–190 (2001).

17. Thies, W., Schnelle und einfache Analysen der Fettsaeurezusam-
mensetzung in einzelnen Raps-Kotyledonen. I. Gaschro-
matographische und papierchromatographische Methoden, Z.
Pflanzenzüchtg. 65:181–202 (1971). 

18. Shenk, J.S., and M.O. Westerhaus, Analysis of Agriculture and
Food Products by Near Infrared Spectroscopy, Infrasoft Inter-
national (ISI), Port Matilda, PA, 1993, pp. 63–66.

19. Pazdernik, D.L., A.S. Killam, and J.H. Orf, Analysis of Amino
Acid and Fatty Acid Composition in Soybean Seed, Using Near-
Infrared Reflectance Spectroscopy, Agron. J. 89:679–685 (1997).

20. Hopkins, C.Y., and H.J. Bernstein, Applications of Proton Mag-
netic Resonance Spectra in Fatty Acid Chemistry, Can. J. Chem.
37:775–782 (1959).

[Received June 23, 2003; accepted June 21, 2004]

NIRS PREDICTION OF SEED QUALITY TRAITS IN VERNONIA GALAMENSIS 645

JAOCS, Vol. 81, no. 7 (2004)


