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Parent and Harvest Year Effects on Near-Infrared Reflectance
Spectroscopic Analysis of Olive (Olea europaea L.) Fruit Traits
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The influence of parent and harvest year on the determination of oil, moisture, oleic acid, and linoleic
acid contents in intact olive fruit was studied by near-infrared spectroscopy (NIRS). Spectral data
from 400 to 1700 nm were recorded on 437 fruit samples collected in 1996 and 1997 from seedling
plants derived from three different female parents. Partial least squares models were developed using
samples for each year and for each female parent separately and were validated against the other
groups. Calibration models were accurate enough to predict all constituents in new samples from a
different female parent but were not transferable across years. However, a calibration equation of
sufficient accuracy was obtained from the combined data set (r values of 0.94, 0.93, 0.84, and 0.88
and RMSECV values of 1.33, 1.88, 4.73, and 2.91 for oil, moisture, oleic acid, and linoleic acid
contents, respectively). These results demonstrate the utility of NIRS as a selection tool in olive
breeding programs.
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INTRODUCTION spectroscopy (NIRS) offers many advantages such as the rapid
In 1992, an olive breeding program was initiated in Cérdoba and simul'ganeous nondestructive an.alysis of many traits vyith

(Spain) aimed at obtaining new olive cultivars with some of low analytical cost per sample and without _the use _of chemical

the following traits: early bearing, high yield and oil content, reagents. The usefulness of NIRS as a tool in breeding programs

resistance to peacock ey@rlocaea oleagingCast), suitability has .been mentioned from the beginnings of the .devglopment
for mechanical harvesting, and high olive oil qualiy.(Many of this technology (5), so that NIRS has been and is being used

samples must be analyzed in breeding programs, so there is 4o assist_ plant breeders in the selection of superior genotypes
need for fast and cheap analytical procedures to determine then Preeding programs (6). .
agronomical traits of interest. The Soxhlet is the official method ~_Previous results demonstrated that NIR spectra from intact
to determine the oil content of olive fruit, and the fatty acid Olive fruits can be used to accurately predict oil and oleic acid
composition of olive oil is usually determined by gas chroma- content, two of the most important traits in olive breeding
tography of the corresponding methy! esté¥s These methods programs'(). However, the study was undertaken using a closed
require too much time and are impractical for processing large Population of samples collected in the same year and there was
numbers of samples so that new procedures have been developelitie information available regarding the robustness of calibra-
to simplify these determinations. Nuclear magnetic resonance tion models developed in the previous work for the prediction
(NMR) has widely substituted the Soxhlet procedure. NMR ©f independent sample populations. Calibration sets must be
analysis requires less sample manipulation and time and allows'epresentative of the biological ya_rlabmty of future samples in
the use of whole olives, although samples still have to be dried Order to obtain accurate predictions for these samples. To
until constant mass before analys®).(Some new procedures deyelop robust multivariate .callbratlon mod.e!s, thergfore,
to prepare fatty acid methyl esters directly from fresh tissues calibration data must be obtained over a sufficient period of
have also been developed, permitting the analysis of fatty acidstime to span an appropriate range of instrumental and environ-
without previous lipid extractiond). These methods, however, mental conditions covering the concentration of the traits of
are still costly and time-consuming and require the use of interest as well as other biological facto ).

chemical reagents and considerable sample manipulation, Several studies have shown the influence of genetic and

especially for large sample sets. As an alternative, near-infraredénvironmental factors on the characteristics of olive oil,
especially in relation to fatty acid composition. Although the
* To whom correspondence should be addressed. T853.1.8059500. influence of cultivar seems to be predominant, other factors such
Faﬁéﬁ%ils-gOST%SeS%aﬁémilli: o%gdZL%gﬁnﬁlguco.eS- as year of harvest, location, and climatic conditions could also
A : have a great influence on the variation of some fatty adifs-(
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of Cérdoba. 13). In addition, the evaluation of olive progenies previously
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reported in other olive breeding programs is rather complex 29 4908
because some characteristics such as oil content seem to stabilize
only after 2—3 years (14). s 1997
The objective of this work is to confirm the usefulness of € .
NIRS analysis of intact olive fruit as a selection tool in olive >
breeding programs. For this purpose, we must demonstrate that T 0.5
calibrations developed to estimate the constituents of interest
are transferable across different sample populations. In this work, 0 ) | ; |
the performance of NIRS calibrations to estimate moisture, oil 900 1100 1300 1500
content, oleic acid, and linoleic acid in frozen intact olive fruits Wavelength (nm)
is evaluated in fruit samples from seedling plants derived from
different female parents and collected in different years. 0.003 - 1996
0.002 -
MATERIALS AND METHODS ~
x 0.001
Samples and Reference Methods$seedlings from crosses between 5 0
Arbequina, Frantoio, and Picual olive cultivars were used in this study. 2 ol
Parents of the breeding program were chosen on the basis of their high © -0.001
yield and oil content, different geographical origin, and differences in -0.002
precocity of first bearing and fatty acid compositidi). (Seedlings were 0.003

transplanted into the field in 1994 at distances of 3.50 m between rows
and 1.50 m between trees in the row. Standard cultural practices were
followed in the orchard located in Cordoba {351’ 42" N, 04° 48' Figure 1. Average raw and second derivative spectra of olive fruit samples
00" W) to ensure tree growth. Fruit traits were evaluated in 1996 and py yeqr,
1997 once seedlings began to flower and produce fruit.

Three samples, each of 50 olives, were prepared to obtain referenceTaple 1. Descriptive Statistics for Oil, Moisture, Oleic Acid, and
oil and moisture content data. Fresh samples were dried in a forced-airLinoleic Acid Contents by Year and by Female Parent within the
oven at 105°C for 42 h, and the oil content of dried samples was Second Year
recorded by NMRJ). Fatty acid methyl esters (FAMEs) were prepared

Wavelength (hm)

following the procedure of Garcés and Manchpgnd separated using constituent group N mean SD  min  max
a flame ionization detector gas chromatograph equipped with a BPX- ja 1996 9% 183 37 77 289
70 column (50 m, 0.25 mm i.d., 0.22 mm film thickness). Ten samples 1997 224 14.2 31 59 229
per seedling (each for a single fruit) were analyzed, and two fatty acids, female Arbequina 116 13.7 2.9 6.1 218
oleic and linoleic, expressed as a percentage of total fatty acids, were female Frantoio 31 1563 33 9.7 225
monitored in this study. Fatty acids were determined in 147 and 287 female Picual 77 146 33 59 229
seedlings in 1996 and 1997, respectively. Oil and moisture contents Moisture? 1996 % 620 47 455 791
were measured only in 96 and 224 seedlings in 1996 and 1997, 1997 ) 224 68.7 38 570 787
respectively, because of the higher amount of fruit necessary for these female Arbequina 116 692 36 589 787
’ female Frantoio 31 68.1 36 608 745

analyses. female Picual 77 681 41 570 771
Near-Infrared Spectroscopy and Chemometrics.Spectra were oleic acid® 1996 147 713 6.7 509 827
obtained using a DA-7000 diode array VIS/NIR analysis system (Perten 1997 287 657 91 436 847
Instruments, Huddinge, Sweden). Intact frozen olive fruit samples were female Arbequina 147 645 95 435 846
scanned in reflectance mode over the range 400—1700 nm with a female Frantoio 4 62 69 500 797
spectral resolution of 5 nm. Data collection was done using Perten = female Picual % G2 90 465 847
ST ; . . linoleic acid® 1996 147 8.0 45 16 223

DA7000 software (Simplicity), and data analysis was carried out using 1997 287 116 6.4 16 292
The Unscrambler (CAMO A/S, Trondheim, Norway). female Arbequina 147 121 6.7 16 292
Principal component analysis (PCA) was used to investigate sample female Frantoio 45 10.5 5.7 35 232
spectra, and calibration models were developed and evaluated using female Picual 9% 114 62 17 250

partial least squares (PLS) regression. Data analysis was carried out
using the wavelength range from 900 to 1500 nm after pretreatments
by calculation of Savitzky—Golay second derivatives (5 data points

gap size). None of the other mathematical pretreatments (multiplicative RESULTS AND DISCUSSION

scatter correction, first derivative) or wavelength ranges tested improved D ioti tatistics f i ist lei id. and linolei
the prediction accuracy of the PLS models. Calibration models were escriptive Staustics Tor oil, moisture, oleic acid, and finoleic

developed for each year and for each female parent separately within@Cid contents by year and female parent are shovirabrie 1.

the second year data and validated against the other groups (the otheProgenies showed a wide range of variation for all the characters
year and the other female parents, respectively). Full cross-validation €valuated in both years and irrespective of the female parent
(i.e., leave-one-out) was used for determining the performance of the considered with values ranging from 5.9 to 28.9% for oil
models within each group. External validation with the other groups content, from 45.5 to 79.1% for moisture, from 43.6 to 84.7%
was used to assess the performance of calibrations across differenof total fatty acids for oleic acid, and from 1.6 to 29.2% of
populations of olive fruit samples (different years or female parents). tota] fatty acids for linoleic acid. The range of variation was as
Correlation between actual and predicted constituent values (r), bias, large or even slightly larger than that reported in olive cultivar

standard error of cross validation (RMSECV), and standard error of f . : :
prediction (RMSEP) on a separate sample set were used to test theconecnons (1217) and similar to reports of wild populations

g . . 18).
performance of calibrations (15). The range error ratio (RER), defined ( . A
as the ratio between the data set range for any given constituent and Spectra. Original (log(1/R)) and second derivative? (bg-

the standard error of cross validation or prediction for the same (1/R)) average spectra of olives by year a_nql female parent are
constituent, was also determined to indicate the relative utility of each Shown in Figure 1. The shape of the original spectra was
model (16). relatively flat, with the dominant feature being the peak around

206 wiw. 2 % of total fatty acids.
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Figure 3. Biplot of scores on principal components 1 and 2 of samples

-0.006 analyzed for moisture and oil content by year.
Figure 2. Biplot of scores on principal components 1 and 2 of samples
analyzed for fatty acids in 1997. 041 _
—— Loading PC1
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Table 2. Cross-Validation (CV) and External Validation Results for — Difference spectrum

Arbequina Female Calibration Models Developed Using Samples 02
Collected in 1997

0.1
constituent validation group r RMSECV ~ RMSEP bias 0.0
oift cv 096 087 0.01 9
female Frantoio 0.97 0.84 -0.13 -0.1
female Picual 0.96 0.94 -0.15
moisture? cv 0.91 1.48 -0.01 -0.24
female Frantoio 0.92 1.45 -0.03
female Picual 0.96 1.21 0.17 -0.3
oleic acid® cv ‘ 0.83 5.28 0.09 Figure 4. First loading of the PCA model developed using samples
female Frantoio 0.7 4.99 -L17 analyzed for moisture and oil content and the difference spectrum between
female Picual 0.85 4.79 -0.39 L ;
linoleic acid® v 0.85 353 ~006 the average second derivative of samples collected in 1996 and 1997.
female Frantoio  0.86 297 0.18
female Picual 0.88 2.95 -0.02 external validation with the other groups (female parents).

Similar results were obtained when samples from Frantoio or
Picual females were used to develop calibration models.
These results contrast with some previously reported for other
1490 nm arising from water absorption due to the high water fruit species in which calibrations derived for specific cultivars
content of the samples. A weaker broad absorbance centered/alidated poorly against others. The use of individual calibration
around 1220 nm arises from second overtones eHCand models for each cultivar has been suggested for soluble solids
—CH=CH- stretching vibrations1) probably from oil. Given content in apple, although acceptable accuracy was achieved
that these spectra relate to frozen olives, the exact position ofby pooling all cultivar data (20). Similar results have also been
maxima from the major constituents present is difficult to reported for the determination of soluble solids content in peach
determine. After transformation, the second derivative spectra (21) or melon @2). In red wine grapes, single variety calibrations
demonstrate these absorptions more clearly with defined minimashowed a significantly improved SECV over that produced by
at 1025, 1215, and 1465 nm. No differences between fruits from a calibration including several varietie23). In rapeseed
the various female parents can be observed in the original or inbreeding programs, the application of the calibration equations
the second derivative spectra. The logl)Values for each year  for oleic and erucic acid to the evaluation of two populations
seemed to be affected by physical sample effects rather thannot represented in the calibration sets revealed a close relation-
chemical constituents, although the second derivative plotsship between NIRS and reference values. However, NIRS
reveal different intensities and wavelength shifts in some predictions were characterized by a high bias, which led to an
absorption bands between mean spectra from 1996 and 1997underestimation of oleic acid and overestimation of erucic acid
Effect of the Female Parent. The spectral data of 287  content (24).
samples analyzed for fatty acids in 1997 were subjected to PCA Effect of the Harvest Year. To test calibration accuracy
analysis. The two first principal components account for 55 and across harvest years, calibration models were developed sepa-
25%, respectively, of the variance in this spectral data set. Therately with samples collected in 1996 and 1997 including all
biplot of the PC1 and PC2 confirms that no special grouping three parents. The combined models for both years involved a
can be observed which relates to the different female parentstotal of 320 samples for oil and moisture content and 434
and data are spread uniformly along the first two PCs in all samples for oleic and linoleic acid contents.
cases (Figure 2). The score plot of the PCA model developed on spectra from
Calibration models were developed for moisture, oil, and oleic samples analyzed for oil and moisture contents in the combined
and linoleic acids using olive samples from seedling plants set (n= 320) is shown inFigure 3. A strong suggestion of
coming from the Arbequina parent collected in 1997. The sample clustering on the basis of harvest year can be seen in
models were first evaluated by cross-validation and then this figure with most of the separation being effected by the
independently validated using samples collected in the samefirst PC, which accounts for 76% of total variation in the spectral
year from Frantoio and Picual parents. The correlation coef- data set. This first PC clearly shows the same pattern as the
ficients, bias, and predictive errors obtained for the different corresponding difference between the average second derivative
validation sets are shown ifable 2. No clear differences were ~ spectrum in samples collected in 1996 and 19Bigyre 4).
observed between the results obtained by cross-validation orWe infer that the sample separation seen in the PC scores plot

a0h wiw. ® % of total fatty acids.
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8000 + fatty acids. Not only the chemical composition of fruits but also
—— 1996 i ;
other characteristics such as cell size, number of cells, and
4000 1o amount of intercellular spaces can differ between seasons and
2000 \ change the physical properties of the fruits, influencing the
A /X\ A\ calibration models developed with samples collected in different
0 1 Y v \/\1 years (20,27). Sample temperature can also influence the
o0p VJOO 400 Y 1200f 1300 1400 1§00 absorbance of the different components, and these spectral
2000 \'V V modifications affect the prediction of the constituents in terms
4000 + of higher bias. To prevent big biases, the temperature of samples
should be kept constant or a calibration equation with temper-
6000 ature compensation should be developed 228,
Figure 5. Regression coefficients of PLS models developed for oil content Calibration models developed using samples harvested in
prediction using samples collected in 1996 and 1997. 1996 or 1997 produced different result¥aple 3). Each

arises from differences in the mean spectra and therefore meancahbratmn group predicted its own validation set (cross-

o validation) successfully, but the errors (RMSEP and bias)
composition in each of the two years.

PLS models developed using samples harvested in 1996 Orincreaged when ”‘?y were applied to anpther group (external
1997 showed different characteristics. The regression coef-Val'datfon)' Only cgllbratlons developeq using samples anglyzed
ficients of PLS models developed for oil content prediction using ff Moisture and oil content collected in 1996 produced similar
samples collected in both years are showrFigure 5. The _results for cross-valldathn an_d external vallc_iatlon. The decrease
differences observed between these models can be attributed? Performance of a calibration when applied to another year
to the different characteristics of the fruits collected in both Nas been previously reported for other fruit species. It has been
years. The average proportion of oleic acid was higher in 1996 recommended to mc!ude as mugh \(arlablllty in term; of orchard
than in 1997, and the opposite trend was observed for the and season as possible for prediction of soluble solids contents
proportion of linoleic acid Table 1). Panford and de Mar2}) in apple (2030). In pineapple, calibration equations to predict
found that different wavelengths (close or similar but not exactly soluble solids contents were not transferable between summer
the same) were selected for the determination of oil content in and winter fruit populations, although a calibration derived from
different seed types. These variations were attributed to severalthe combined population was sufficiently robust to allow grading
factors including the different fatty acid composition of the of fruits into two grades of sweetnes22). Global calibrations
seeds. Recently, Sat®f) has proposed a new estimation were successful in predicting the soluble solids contents of
method for fatty acid composition based on the shift of peaches from individual validation data se24). In mandarin,
absorption bands according to the unsaturation and length ofit was sufficient to add data of ca. 15 fruit to a calibration to
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Figure 6. Predicted versus actual oil, moisture, oleic acid, and linoleic acid contents for calibration models using samples from both years (1996 + 1997).
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Table 3. Cross-Validation (CV) and External Validation Results for LITERATURE CITED

Callbration Models by Year (1) Rallo, L. Selection and breeding of olive in Spaiivae 1995,

calibration  validation 59, 46-53.
constituent group group r RMSECY RMSEP  bias (2) Frias, L.; Garcia-Ortiz, A.; Hermoso, M.; Jimenez, A.; Llavero
ol 1996 oV 0.87 184 001 Del Pozo, M P.; Morales, J.; Ruanq, T Ugeda,Mallstas
1996 1997 0.93 157 0.64 de laboratorio de almazara. Informacioneschicas, 6/91Junta
1997 cv 0.96 0.84 0.01 de Andalucia: Sevilla, Spain, 1991.
1997 1996 0.82 241 -0.91 (3) Del Rio, C.; Romero, A. M. Whole, unmilled olives can be used
moisture? 1996 cv 0.83 2.60 0.02 to determine their oil content by nuclear magnetic resonance.
1996 1997 0.92 232 062 Hortechnology1999,9, 675—680.
1997 cv 0.93 1.36 —0.01 (4) Garcés, R.; Mancha, M. One step lipid extraction and fatty acid
1997 1996 0.62 3.81 -0.82 . . .
oleic acid® 1996 cv 0.77 436 001 methyl esters preparation from fresh plant tisséesl. Biochem
1996 1997 0.73 9.62 7.31 1993,211, 139-143.
1997 cv 0.84 4,94 0.01 (5) Marten, G. C.; Shenk, J. S.; Barton, F. Eear Infrared
1997 1996 0.71 6.40 2.75 Reflectance Spectroscopy (NIR&halysis of Forage Quality
linoleic acid® 1996 CV 08 242 0.01 Agriculture Handbook N643; U.S. Department of Agriculture,
1996 1997 0.76 519 —2.96 Agricultural Research Service: Washington, DC, 1989.
1997 cv 087 320 002 (6) Batten, G. D. An appreciation of the contribution of NIR to
1997 1996 0.77 4.83 -2.97 e

agriculture.J. Near Infrared Spectrosd.998,6, 105—114.
(7) Lebn, L.; Rallo L.; Garrido, A. Andlisis de aceituna intacta
mediante espectroscopia en el infrarrojo cercano (NIRS): una

) ] ) ) herramienta de utilidad en programas de mejora de dBvasas
update it for use across growing season to predict soluble solids Aceites2003,54, 41-47.

a0h wiw. ® % of total fatty acids.

contents, improving the results in terms of SEP and 2a$. ( (8) McGlone, V. A.; Kawano, S. Firmess, dry-matter and soluble-
In the current study, a combined calibration model (developed solids assessment of postharvest kiwifruit by NIR spectroscopy.
using 1996 and 1997 samples) predicted all constituentsrwith Postharvest Biol. Technol998,13, 131—141.

values ranging from 0.84 to 0.94 and SECV from 1.30 to 4.73  (9) Thomas, E. V.; Ge, N. Development of robust multivariate
(Figure 6). Considering the compositional range of these calibration modelsTechnometric2000,42, 168—177.
constituents, these results produce RER values of 17.6, 18.3, (10) Pannelli, G.; Servili, M.; Selvaggini, R.; Baldioli, M.; Montedoro,
8.5, and 8.5 for oil, moisture, and oleic and linoleic acid G. F. Effect of agronomic and seasonal .fac.tors on OIME.&.
contents, respectively. Values ofigher than 0.7 indicate a europaeal.) production and on the qualitative characteristics

) 7 of the oil. Acta Hortic. 1994,356, 239—243.
good fit of the predictive model, and an RER value of at least (11) Tous, J.; Romero, A. Cultivar and location effects on olive oil

1.0 has been suggested as acceptable for use in certaiq applica- quality in Catalonia, Spaincta Hortic. 1994, 356, 323—326.
tions (15,16). Therefore, the models for prediction of oil and (12 Uceda, M.; Hermoso, M.; Garcia-Ortiz, A ; Jiménez, A.; Beltra
mmstqre conFent may _be considered as high utility while those G. Intraspecific variation of oil contents and the characteristics
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seedlings on the basis of oil and oleic acid contents, as has been M. J. Composition and organoleptic characteristics of oil from
suggested in other tree breeding prograBi)(This is useful Arbequina olive Qlea europaed.) trees under deficit irrigation.
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A moderate accuracy was obtained for oleic acid rankings: of

; 0 . A in Near Infrared Spectroscopy. Mear Infrared Spectroscopy,
the 88 samples representing the 20% of samples with highest The Future Waes:Proceedings of the 7th International Confer-
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