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Acid Detergent Fiber Analysis in Oilseed Brassicas by
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The potential of near infrared spectroscopy (NIRS) for determining the acid detergent fiber (ADF) in
the seed of oilseed Brassica (fam. Brassicaceae) was assessed. One hundred and fifty accessions
belonging to the species Indian mustard (Brassica juncea L. Czern.& Coss.), Ethiopian mustard (B.
carinata A. Braun) and rapeseed (B. napus L.) were scanned by NIRS as intact and ground seed,
and their ADF values were regressed against different spectra transformations by modified partial
least squares regression. The coefficients of determination in the external validation (r?) for intact
and ground seed were 0.83 and 0.85, respectively. The standard deviation to standard error of
prediction ratio and range to standard error of prediction ratio were 2.40 and 10.75 for intact seed
and 2.62 and 11.76 for ground seed. No significant differences in the prediction were found for both
sample presentations. Effects of the C—H and O—H groups of lipids and water, respectively, as well
as protein and chlorophyll, were most important in modeling these equations.
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INTRODUCTION the sample to be analyzed, which could be a handicap in the

Over the past three decad@sassicaoilseed production has case of valuable and scarce materials.

increased to become one of the most important world sources Near-infrared spectroscopy (NIRS) is a technique that uses
of vegetable oil. Improvements in the quality of oil and meal the radiation absorbed by a set of samples in the region from
have resulted in the recognition of the oil as an edible product 780 t0 2500 nm (near-infrared region) to develop calibration
of high nutritional value and the meal as an important source Curves that are related to sample properties. After calibration,
of protein for animal nutrition. the regression equation permits accurate analysis of many other
One of several approaches undertaken Brgssica plant samples by _prediction of data on 'Fhe b_asis of the spectra. The
breeders in the last years has been to improve the quality of theMOSt attractive features of analysis using NIRS are its speed,
meal by reducing fiber content in seed, as fiber has been minimal sample _prepar_atmn, and its being a non destructn/_e
demonstrated to be negatively correlated with the oil and protein Method, making it possible to effect a large number of analysis
content in the seed.¢-3), and with meal digestibility (4). Acid 1N @ short time. In the last 30 years, NIRS has been widely
detergent fiber (ADF) is composed of lignocellulose and silica used as a fast and accurate method for qualitative and quantita-

fractions in plant fiber (but not hemicellulose). It has been tive analysis of biological and nonbiological materials in the
reported that its correlation with digestibility for ruminant agriculture, food, textile, petrochemical, and pharmaceutical
animals is high and could be considered a good indicator of fields. International Standards Committees have formally ac-
plant quality (5). cept_ed me_thods us!ng NIRS for the analysis of many compounds
The standard methods of analysis traditionally used for (9) including ADF in forage10). Many authors have reported
determining any of the plant fiber constituensg), usually successfl_JI results in pred|ct_|ng ADF by NIRS in different
involve a high cost and labor input, and the assistance of commercial and noncommercial forage speclds{14), includ-
specialized technicians is needed to perform the analysis.i"d rapeseed (15).
Additionally, the analytical procedure is very time consuming, In the last years, our research group has been using NIRS
and a period of 20 h for oil extraction plus 1 h for a complete for determining several seed quality parameters of interest in
digestion of the plant material is usually necessary. In addition, different plant specied 6—19). These studies have been carried
hazardous chemicals are used in the process, which implies som@ut on single species and intact seed samples, due to the need
health risk. Likewise, these methods involve the destruction of to preserve seed material used in the NIR analysis. The current
work has the following objectives: (i) to develop a multispecies
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allotetraploid species oBrassicalndian mustard (Brassica
junceaL. Czern.& Coss., genone AABB), Ethiopian mustard

(B. carinataA. Braun, genome= BBCC), and rapeseed(
napusL., genome= AACC) and (ii) to discuss the accuracy of
the technique in the prediction of the ADF content when it is
performed on two different sample presentations, intact seed
and seed meal.

MATERIALS AND METHODS

One hundred and fifty seed samples of Indian mustard, Ethiopian
mustard, and rapeseed from different geographical origins, part of a
Brassica germplasm collection belonging to the Department of
Agronomy and Plant Breeding of the Institute of Sustainable Agriculture
(CSIC, Cérdoba, Spain), were selected for conducting this work. The
entire process consisted of the following five steps: registration of the
intact seed sample spectra in an NIR monocromator; grinding of the

Font et al.

Table 1. ADF Composition of the Entire Set of Samples (% DW)
(n = 150)

n2 range mean SDb
B. juncea 68 6.98-16.31 11.28 2.33
B. carinata 41 5.33-14.70 9.84 2.10
B. napus 41 8.46-13.35 11.74 1.02

@ Number of samples. ° Standard deviation.

with large residualstvalues>2.5); the “H” outlier identifies a sample
that is spectrally different from other samples in the population and
has a standardizeld value > 3.0 (Mahalanobis distance). Equations
were validated with 5 cross-validation groups, and outliers were
eliminated in two outlier passes (22).

The external validation was conducted with equations developed in
the calibration process. These equations were tested on an external group

samples; registration of the spectra of the ground seed samples in theof _s_amples (n=_ 48) not inclu_ded in thg calibration set._The prediction _
same conditions as the intact samples; chemical analysis of the sampleability of the different equations obtained was determined on the basis

set to obtain the reference values for ADF, and finally, development
of the calibration equations and validation of each of them.
Chemical Analysis.About 3.50 g of seeds of each of the accessions
were ground in a mill (Janke & Kunkel, mod. A10, IKA-Labortechnik)
for about 20 s to pass a 0.5 mm screen and then oven dried& 75
for 20 h. Dried meal (1 g) was defatted with petroleum ether for 20 h,
and residual solvent in the meal was eliminated in an air oven &€70

of the optimum combination of the following statistics: high coefficient
of determinationi?), bias (systematic difference between the two sets)
and slope close to 0 and 1, respectively, and high ratios standard
deviation (SD) to standard error of performance (SEP) (RPD) and range
to SEP (RER) 23). The standard error of laboratory (SEL) for the
ADF analysis was determined and compared with the SEP for both
the whole set and individual species. For its determination, all samples

for 1 h. ADF content was determined according to procedures describedin the training set were analyzed in duplicate at different times and by

by Goering and Van Soest)in a Dosi-Fiber apparatus (SELECTA).

different analysts, to get an estimate of the true total error of the

Samples were analyzed in duplicate, and both determinations wereéference method.

averaged.

NIRS. Intact seeds of each of the accessions used to conduct thisRESULTS

work were placed in the NIRS sample holder (3 cm diameter) until it
was®/, full (seed weight of 3.50 g, approximately). Seed samples were
scanned in an NIR spectrometer (NIR Systems model 6500, Foss-NIR
Systems, Inc., Silver Spring, MD) in reflectance mode, equipped with
a transport module, acquiring their spectra at 2 nm intervals over a
wavelength range from 400 to 2500 nm (VH#S NIR regions). The
whole set of spectran(= 150) were split into two subsets, one for
calibration and other for validation. Two-thirds of the spectma=(
102) formed the calibration subset and were used for performing the
different calibration equations. The rest of the spectra formed the
validation subset and were used for testing the predictive ability of

each of the calibration equations obtained. To ensure that the calibration

Acid Detergent Fiber Measured by the Reference Method.
The ADF composition of each of the speciesBrassicaused
in this work is shown inTable 1. The total range exhibited by
the seed samples varied from 5.33% DW. (carinata) to
16.31% DW B. juncea). Ranges presented By junceaand
B. carinatawere similar to each other and approximately double
those shown byB. napus.

By using thet-test, ADF mean content exhibited 1.
carinatawas significantly lower (p< 0.001) than mean contents
exhibited byB. junceaand B. napus which presented ADF

and validation subsets comprised similar spectral (representation byconFe_nts with n_o significant differences between thBmuncea
species) and chemical variability (ranges, means and standard devia€Xhibited the highest SD (2.33% DW), white napuspresented

tions), spectra were ordered by species and by their ADF content for
each species and then split as described abbablés 2—5).

Using the GLOBAL v. 1.50 program (WINISI Il, Infrasoft Inter-
national, LLC, Port Matilda, PA), different calibration equations for
ADF were developed on the calibration set< 102). Calibration
equations were computed using the raw optical data‘(lpgvhereR
is reflectance), or first or second derivatives of the l4gdata, with
several combinations of segment (smoothing) and derivative (gap) sizes
Wavelengths from 400 to 2500 nm every 8 nm were used to perform
the different calibration equations. Modified partial least squares

a value (1.02% DW) half that shown by the other two species.
The frequency distribution of the ADF content for each species
in the whole setr{ = 150) is displayed irFigure 1.

Intact Seed NIR Calibration Model for Acid Detergent
Fiber. As shown inTable 2, the lowest standard error of
calibration (SEC) and higher coefficient of determination in the
calibration R?) were obtained transforming the raw optical data
into the second derivative (2, 5, 5, 2; (derivative order, gap,
first smooth, second smooth)) prior to calibration. A calibration

(MPLS) was the method employed to correlate spectral information €guation of nine terms using five cross-validation groups was
and the ADF content in the samples. This regression method constructsdeveloped for that mathematical treatment. A SD to standard

a number of factors as linear combinations of the original spectral data,
performing a regression on the factor scores to derive a prediction
equation (20). The final objective is to reduce the huge number of

error of cross-validation (SECV) ratio (SD/SECV) of 2.34 and
a coefficient of determination in the cross-validation{IVR)
of 0.81 were obtained. The use of raw optical data or first

spectral data points (absorbance at each wavelength, i.e., 1050) and tejerivative of the spectra gave worse results than those obtained
eliminate the correlation of the absorbance values presented byfor the second derivative. No outliers were detected in the cross-

neighboring wavelengths. Standard normal variate and detrend trans
formations (SNV-DT) (21) were used to correct baseline offset due to

scattering effects (differences in particle size among samples). Cross-

validation was performed on the calibration set to determine the
optimum number of terms to be used in the calibration equation and to
identify chemical (T) or spectral (H) outliers. “T” outliers are samples

with a relationship between reference value and spectrum that is
different from the relationship of other samples in the population, and

validation for the 0, O, 1, 1 equation, while first and second
derivative calibration equations exhibited three T outliers (two
of them being common to both mathematical treatments), which
were eliminated from the calibration set. The resultiigRPD,

and RER (Table 3) in the external validation for the second
derivative were the highest of the three equations. A bias of
0.00 and a slope of 0.88 of the linear regression line plotting
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Figure 1. Frequency distribution of the acid detergent fiber content for
each of the species forming the sample set. x-axis: ADF content (%
DW). y-axis: number of samples.

Table 2. Calibration and Cross-Validation Statistics for ADF in the
Intact Seed Model (% DW) (n = 102) for the Different Mathematical
Treatments Used
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Figure 2. Validation scatter plot for ADF (% DW) in the intact seed model
(n = 48).

Table 4. Calibration and Cross-Validation Statistics for ADF in the
Ground Seed Model (% DW) (n = 102) for the Different Mathematical
Treatments Used

calibration cross-validation
mta range®  mean® SDY SEC® R#¥ SD/SECVe 1-VR" n

=

0011 533-1631 11.00 218 064 091 2.94 088 9
1441 0.78 0.87 2.62 08 4
2,552 0.77 0.87 2.59 08 3

calibration cross-validation
mt2 range®  mean® SDY SEC® R¥ SD/SECVY 1-VR" nt

0,011 533-16.31 1100 218 093 081 1.81 0.69 10
1441 0.80 0.86 2.09 076 8
2,55,2 0.60 0.92 2.34 081 9

a Mathematical treatment (derivative, gap, first smooth, second smooth). ° Range
of the reference data. ¢ Mean value of the reference data. ¢ Standard deviation of
the reference data. © Standard error of calibration. f Coefficient of determination in
the calibration. 9 Ratio of the standard deviation of the reference data to standard
error of cross-validation. " Coefficient of determination in the cross-validation.
Number of terms in the calibration model.

Table 3. External Validation Statistics for ADF in the Intact Seed
Model (% DW) (n = 48) for the Different Mathematical Treatments
Used

2 Mathematical treatment (derivative, gap, first smooth, second smooth). ® Range
of the reference data. ¢ Mean value of the reference data. 9 Standard deviation of
the reference data. © Standard error of calibration. f Coefficient of determination in
the calibration. 9 Ratio of the standard deviation of the reference data to standard
error of cross-validation. " Coefficient of determination in the cross-validation.
Number of terms in the calibration model.

Table 5. External Validation Statistics for ADF in the Ground Seed
Model (% DW) (n = 48) for the Different Mathematical Treatments
Used

external validation
mt2 range® mean® SDY SEP® ¥ biasY slope RPD" RER

0011 6.65-1547 11.02 1.97 077 085 -014 091 255 1145
1441 0.84 081 -0.02 092 234 10.50
2,552 075 085 -002 098 262 11.76

external validation
mta range®  mean® SDY SEP®¢ ¥  bias? slope RPD" RER

0011 6.65-1547 11.02 1.97 106 071 -0.01 086 18 832
1441 101 074 001 08 195 873
2,552 082 083 000 088 240 10.75

a Mathematical treatment (derivative, gap, first smooth, second smooth).  Range
of the reference data. ¢ Mean value of the reference data. ¢ Standard deviation of
the reference data. ¢ Standard error of the prediction. f Coefficient of determination
in the external validation. 9 Difference of means (laboratory minus predicted by
NIRS). " Ratio of the standard deviation to SEP. ' Ratio of the range to SEP.

laboratory ADF versus predicted ADF were obtained by this

mathematical treatment (Figure 2).
Ground Seed NIR Calibration Model for Acid Detergent

Fiber. The calibration equation developed with the original

2 Mathematical treatment (derivative, gap, first smooth, second smooth). ® Range
of the reference data. ¢ Mean value of the reference data. 9 Standard deviation of
the reference data. & Standard error of the prediction. f Coefficient of determination
in the external validation. 9 Difference of means (laboratory minus predicted by
NIRS). " Ratio of the standard deviation to SEP. 'Ratio of the range to SEP.

for the second derivative transformation equation in the cross-
validation. When performances of the different equations
obtained were tested on the independent validation set of
samples, the second derivative (2,5,5,2) transformation resulted
in the highest RPD and RER and in a bias and slope close to
0.00 and 1.00, respectivelydble 5) (Figure 3). First derivative
transformation yielded the worst combination of the different
statistics, presenting the lowadt RPD, and RER. Differences
were found in the number of terms used to construct the different
equations. While the mathematical model using the raw spectra

spectra (0, 0, 1, 1; (derivative order, gap, first smooth, second (0,0,1,1) modeled a nine term-equation, first and second

smooth)) resulted in the highest SD/SECV ang ¥R values

derivative transformations used only four and three terms,

of the three equations performed on the ground seed samplesespectively. Small differences were found in the biases of the
(Table 4). Three and two T outliers were identified by cross- first and second derivative equations, while 0,0,1,1 transforma-
validation in the calibration set for the 0, 0, 1, 1 and 1, 4, 4, 1 tion showed a larger bias than those displayed by the mentioned
calibration equations, respectively. No outliers were detected equations.
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1724 o L e
2.200 set. In the second derivative, peaks pointing downward indicate
2348 positive influence of absorbers on the development of the
-3.47 2308 equations, while peaks pointing upward indicate negative
correlations. Factor 1 of the intact seed model showed the lowest
2.76 2308 . . . i . .
C correlation to ADF, presenting a loading with major positive
160 2348 correlations at 1724, 1756, 2308, and 2348 nm, associated with
D the absorbance of €H groups of lipids Figure 4 A) (24).
g 1724 This factor was also influenced b indicated by th
E 043 1756 Yy water, as indicate yt e
'§ WMM\/\IM band at 1908 nm, amide groups in the protein region at 2052
072 5}, 672 nm (25), and a conspicuous peak at 512 nm related to seed
color. Factor 2 was the most highly correlated to ADF and had
-1.89 a loading with the greatest absorbances at 2308 and 2348 nm
416 731 1446 1961 2476 (Figure 4 B). Other minor contributions to the development of
wavelength (nm) this factor were wavelengths related to protein (2052 nm)HC
Figure 4. MPLS loading spectra for ADF in the Brassica intact seed model stretch groups of lipids, and seed color (512 nm). The third
for the second derivative (2,5,5,2) transformation. Panels A, B, and C MPLS loading Figure 4 C) had similar absorption bands to
represent loadings for factors 1, 2, and 3, respectively. those displayed by the second loading as well as one additional

band (672 nm) which has been described as related to

The entire set of samples € 150) was analyzed in duplicate, chlorophyll (26).
obtaining a SEL of 0.23%. The SEP/SEL ratios corresponding Modified Partial Least Squares Loadings of the Ground
to the intact and ground seed models for the second derivativeSeed Model.Factor 1 of this model was highly influenced by
transformation were 3.56 and 3.26, respectively. water, presenting a prominent absorption band at 1908 nm

Linear regression of ADF contents vs NIR predicted values (Figure 5 A). Peaks related to amide groups of protein (2052
in the intact and ground seed models gave SEP’s not signifi- nm) and C-H stretch groups of lipids (2300 nm) also
cantly different (p< 0.001) (-test) between them for the 2,5,5,2  participated in the development of this factor. The second MPLS
calibration equations. loading was the most highly correlated to ADF, as previously

Modified Partial Least Squares Loadings of the Intact occurred in the intact seed model, and its loading plot had
Seed Model.PanelsA, B, andC of Figure 4 represent MPLS prominent absorption peaks in the spectral region associated to
loading spectra for factors 1, 2, and 3, respectively. These plotsC—H stretch groups of lipid (Figure 5 B). The third loading of
show the regression coefficients of each wavelength to ADF the ground seed model was much more complex, with positive
for each factor. Wavelengths represented here as more highlyor negative influences in the entire range of the spectrum
participating in the development of each factor are those of more (Figure 5 C). Thus, in addition to peaks described previously,
variation and that are better correlated to ADF in the calibration some wavelengths in the region of the second overtones-éf C
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stretch (1164—1388 nm) (27) participated in modeling this the bands presented by the different loadings described previ-
factor. As previously occurred in the intact seed model, a ously very closely resembled those reported by Kays e28). (
chlorophyll-related band at 672 nm was used to construct the for cereal products, in which effects due te-8 groups of lipids

third factor of the ground seed model. and O—H groups of water were most important in the model.
These differences found in band selection between intact and
DISCUSSION ground seed presentations at the time of calibration are caused

) o ) ) by small differences in radiation path lengths reaching the
On the basis of the” statistic (28), the six equations showed gample, as has been stated by Panford eBa). (

iahgoooll_é)rﬁcmont at the ItlmeTzf plredlcténgEtBe AI?th;:ontfe nt (:fh We conclude that NIRS can evaluate ADF conteriiassica
highvezl SFL(E;' asr?d SS‘E}E eviére gbfavi\;eesd with ’tﬁg 5 Sesrez (?[:Zns_eoilseeds with sufficient accuracy for use as a screening tool in
formation of the ground seed moddiable 5). Although the plant breeding programs. The inclusion of different oilseed

. . Brassica species in the calibration model increments the
highest RPD’s obtained (2.40 and 2.62) were under the cutoff : C Py T
point of 3, recommended by Williams and Soberigg) for robustness of the equation, because inter-specific variability is

ing th tion f . the RERs displ jncreased. Equations obtained over intact and ground seed
Esn;g € equta lon _cl)_r Elcreeglngspurposes, elo i 'hSF’ AYenaterial gave similar accuracy in the prediction on an external
y O.(L;r e((qju;\ I(t)l’?s (Tables thn ) We(;.e ()tyer f W It(': IS .thvalidation set of samples, and therefore, ADF analysis can be
considered by tn€ same authors as Indicative ot equations Wilh oty meq on intact seed without loss of accuracy. The
an acceptable accuracy on the basis of the set range. The ratio evelopment of a global equation for ADF in oilseBrhssica
of SEP/SEL obtained for the second derivative equations of the : . e ;
ground and intact seed models (SEP/SEL3.26 and 3.56, species would require the addition of new cultivars collected

respectively) were indicative of high accuracy in the prediction across multiple years and environments, which could increase
the spectral and chemical variability presented by the accessions
of the ADF content performed on an external set of samples. used in this work.
Michalski et al. ((5), in a study ofB. napusperformed in
transmittance mode on intact seed samples, reported satisfactory
results for ADF prediction (SEG 1.62% DW,R2 = 0.85) in ABBREVIATIONS USED

arange from 15.7 to 25.1% DW, and for neutral detergent fiber ADE. acid deter T pp :
. ) , gent fiber; MPLS, modified partial least
— 2 —
(SEC=1.73% DW,R" = 0.78) in samples ranging from 22.1 squares; NIRS, near infra-red spectroscopy; RER, ratio of the

to 31.4 DW. On the basjs OT the ratio of the range to_SEQ, range to standard error of prediction; RPD, ratio of the standard
results presented by us in this work for the second derivative ye.iation to standard error of prediction; SEC, standard error
of the ngtzct ﬁeed moﬁel airBe 3 times more afcurate thandthoseof calibration; SECV, standard error of cross validation; SEL,

reported by these authors fBrnapusKays et al. g9) reporte standard error of laboratory; SEP, standard error of prediction;

NIR predictions of total dietary fiber (TDF) on a proad variety SNV-DT, standard normal variate-detrending; TDF, total dietary
of ground cereal products. These authors obtained RPD’s Offiber; VIS, visible: R2, coefficient of determination in the

7'.07 and 8'.63 for produ_cts with high fat content and_p_roducts calibration; r2, coefficient of determination in the external
with bo_th h_|gh fat and high sugar content, and cc_)eﬁl_men_ts of validation; 1— VR, coefficient of determination in the cross
determination of 0.98 and 0.99, respectively, which implies a validation

high precision in the TDF prediction for these products. Other

authors 80) have reported NIR predictions of chemical and

physical properties of peas and chickpeas performed on intactACKNOWLEDGMENT

and ground seed, obtaining higher accuracy in the prediction ) .
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