
TABLE VIII 

Triterpene Alcohols (%) 

EVEN1NG PRIMROSE OIL AND SEED 

c~-Amyrin+ Methylene 
Oil t3-Amyrin unknown c-Artenol c-artanol 

Evening Prim rose 12 64 16 5 
Cottonseed 6.5 (7 a) 22 (60 a) 27 (12 a) 40 (21 a) 
RRT (acetates) 0.88 0.92 0.98 1.00 1.14 

aData from Kornfeldt & Croon (14). 

TABLE IX 

Tocopherols (ug/g of Oil) 

Oil c~-Tocopherol 7-Tocopherol 6-Tocopherol 

Evening primrose 76.0 187.0 -- 
Cottonseed 102.0 216.9 2.2 
RRT a 0.78 0.64 0.49 

asti~nasterol, used as an internal standard, had RRT 1.00. 
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•  Oil and Water Analysis of Sunflower Seed 

by Near-Infrared Reflectance Spectroscopy 
J.A. ROBERTSON and F.E. BARTON, II, USDA, ARS, R.B. Russell Agricultural 
Research Center, Athens, GA 30613. 

ABSTRACT 

The applicability of NIR for oil and moisture analyses of sunflower 
seed was determined using a NIR spectrocomputer system. The 
method was compared with the wide-line NMR method for oil 
analysis and with the A.O.C.S. oven method for moisture analysis. 
Tbe NIR was calibrated with 120 samples for oil (96 for calibration, 
24 for prediction) and 63 samples for moisture (55 for calibration, 
8 for prediction). Twenty-two sunflower seed samples were 
analyzed for oil and moisture by NIR and by methods used by 
industry. The oil contents of the samples by NMR and NIR were 
not significantly different. The overall mean oil contents and mean 
of the standard deviations for the samples were: NMR, 44.2% ± 
0.35% and NIR, 44.34% ± 0.74%. A significant difference was 
found between the moisture values obtained by the oven-drying 
method and NIR. The average standard deviation for moisture by 
NIR was 0.57% compared with 0.07% for the oven-drying method. 
The variability of the oil content in one of the commercial seed 
samples was 1.52% oil as determined by NMR and 2.52% as deter- 
mined by NIR. The advantages and disadvantages of both methods 
are discussed. 

INTRODUCTION 

The s tandard  m e t h o d  for  the de te rmina t ion  of  oil c o n t e n t  

of  oilseeds since about  the 1880's has been the direct  
solvent  ex t rac t ion  me t h o d .  This is a t ime-consuming 
process  involving the use of  f lammable  solvents.  Moreover,  
the sample is des t royed ,  which is an inconvenience ,  part ic-  
ularly for  p lant  breeders  who  o f t en  have only a few seed 
available for  p lant ing and analysis. These serious drawbacks  
resul ted in the  deve lopment  of  wide-line nuclear  magnet ic  
resonance  (NMR) and near-infrared ref lectance (NIR) 
spec t roscopy  techniques .  

In 1960, Conway (1) first  used NMR to analyze whole  
seed for oil con ten t .  Since the process  is nondes t ruc t ive  and 
feasible even with single seeds, p lant  breeders  have used the 
t echn ique  extensively (2-4) .  NMR provides a rapid, 
accurate means  of  measuring the oil c o n t e n t  of  oilseeds 
(5-6)  and has been found  to  be more  reproducib le  and 
statistically more  reliable than  A.O.C.S. and o the r  extrac-  
t ion m e t h o d s  (5, 7-9) .  

R o b e r t s o n  and Morrison (6) r epor ted  tha t  NMR gave 
accurate es t imates  of  the oil c o n t e n t  o f  sunf lower  seed,  
bu t  they  found  tha t  the NMR response  varied depending  on 
the linoleic acid con ten t .  In addi t ion,  NMR analysis re- 
quired a p redry ing  step to  remove mois ture  in ter ference  
before  the oil c o n t e n t  was de te rmined .  

JAOCS, vol. 61, no. 3 (March 1984) 



544 

J.A. ROBERTSON AND F.E. BARTON, II 

The NIR technique, developed by Norris (10) has be- 
come firmly estabilished as a simple, rapid, effective analy- 
tical tool for the simultaneous prediction of oil, protein 
and moisture content  of grains and oilseeds (11-13).  

Robertson and Windham (9), in a comparative study of 
the A.O.C.S. extraction method with NMR and NIR for 
determining the oil content  of sunflower seed, reported 
that  the NMR method was more precise and reproducible 
than the other 2 methods. Although the NIR mean oil 
contents were not  significantly different from the A.O.C.S. 
and NMR values, the NIR results were quite variable. This 
variability was believed to be caused by an inadequate 
number of calibration samples and instrument problems. 
In addition, the precision of the A.O.C.S. method limited 
the precision of the NIR analyses because A.O.C.S. data 
were used to calibrate the NIR. 

As in the case of oil extraction methods,  the conven- 
tional oven-drying methods for moisture determinations are 
also time-consuming. The A.O.C.S. Official Method for 
moisture in sunflower seed specifies that 130 C for 3 hr be 
used (14). Moisture content  in sunflower seed also may be 
rapidly determined with electronic mositure meters (15), 
however, for highest accuracy the sample should be allowed 
to temper for 24 hr after combining or drying (16). 

Kaffka et al. (17) reported that  NIR measurements can 
be related to the oil, protein, water and fiber content  in 
sunflower seed. Their calibration results were not  tested 
against unknown samples and standard methods, and the 
reproducibil i ty and repeatabili ty values were not  very good. 

The objectives of this s tudy were to determine the 
applicability of an NIR spectrocomputer  system for oil 
and moisture analyses of sunflower seed and to compare 
NIR oil analysis with wide-line NMR values. 

MATERIALS AND METHODS 

Hybrid oil sunflower seed (Heliantbus annuus L) with dif- 
ferent oil contents were obtained from National Sunflower 
Performance Trial plantings from 36 different locations in 
the U.S. The oil and moisture content  of the samples used 
for calibration of the NIR were determined in triplicate by 
NMR (6) and A.O.C.S. Ai 2-75 (14) methods, respectively. 
In addition, 22 commercially mixed and 23 different 
hybrid sunflower-seed samples were obtained after grading 
from the North Dakota Grain Inspection Service (FGIS),  
Fargo, ND, and from At taboy  Co. Inc., Carrollton, IL, 
respectively. These samples were analyzed in duplicate for 
oil and moisture contents as previously described and used 
to validate NIR prediction equations. 

The variability of the oil content  within a single com- 
mercial sunflower-seed sample was determined. The seed 
sample was carefully cleaned by picking out  all trash held 
on a 8/64 round-hold sieve by hand. The cleaned seed was 
mixed by passing it through a Jones riffle 3 times and was 
riffled to 40 aliquots of ca. 15 g. Then, 20 aliquots (10 g) 
were analyzed by NIR and 20 aliquots (11 to 12 g) by 
wide-line NMR. 

NIR Sample Preparation and Analysis 
Seed samples were prepared for near infrared reflectance 
(NIR) analysis by grinding 10 g seed with 10 g Hyflo 
Super Cel for 2-1/2 min with a Varco Type 228 high-speed 
grinder. The ground mixture was quantitatively transferred 
into an air-tight jar, mixed well, and then an aliquot was 
packed into a Neotec sample cup. NIR analysis of the 
g r o u n d  sunflower seed was conducted with a Neotec 
Model 6100 Spectrocomputer  System equipped with a 
Digital Equipment Corporation (DEC) PDP 11/34 mini- 
computer  and associated peripherals. The Pennsylvania 
State University/USDA/Neotec spectrocomputer  software 
system developed by Shenk et al. (18) was used to operate 
the instrument. The spectral data recorded as log reciprocal 
reflectance (log I /R)  was obtained from triplicate samples 
and the 3 sets of  64 scans were averaged in the computer  
with a software program called FILE (18). The NIR was 
calibrated with a 120-sample set for oil (96 for calibration, 
24 for prediction) and a 63-sample set for moisture (55 for 
calibration, 8 for prediction). Five of the moisture samples 
were dried in a vacuum oven to 0.5% moisture, scanned a 
second time and the value of  0.5% moisture was used to 
force the moisture intercept to zero. 

Once a file with 700 data points from the spectral scan 
of each sample and the analytical values have been placed 
on the computer,  the calibration of the instrument can be 
made by generating a prediction equation. The usual way 
of accomplishing this is by making the appropriate mathe- 
matical conversion, i.e., first or second derivatives and 
performing a multiple stepwise linear regression analysis. 
The best regression equation, which gives the lowest 
standard error of prediction (SEP), is chosen as the predic- 
tion equation. This procedure requires that the operator 
know the "bes t"  mathematical data treatment.  Since this is 
not  a known factor, another means of maximizing the data 
t reatment  is needed. A program called "CAL",  developed 
at Pennsylvania State University, considers all possible data 
.treatments and does the linear regression analyses (19). 
This program was used to obtain the optimal equations for 
oil and moisture. 

Two other features of this program are unique when 
compared with the earlier software (18). First every ith 
sample may be set aside for an internal prediction set. 
These samples will not  be part of the calibration itself. 
The second feature is that using the currently computed 
equation, the predicted versus laboratory data will be 
plot ted in the  computer  and the slope printed as output .  
The closer to the slope is, the smaller the bias, and the more 
accurate the equation can be presumed to be. The precision 
will not  necessarily be the best, but  the least bias between 
predicted and laboratory analytical values will be found. 

Statistical Analysis 
Data were analyzed to identify the main effects by a 2-way 
analysis of variance and for differences between means by 
the Duncan multiple-range test, using the statistical analysis 
system described by Barr et al. (20). 

NMR Analysis 

The wide-line NMR instrument used for these studies was 
the Newport  Analyzer Mk III equipped with 150 mL coil 
assembly. The NMR was standardized by use of a sunflower 
seed sample of known oil content  distributed by the USDA, 
FGIS. Seed samples were dried in a forced draft oven for 
1 hr at 130 C and equilibrated to room temperature in a 
desiccator with Drierite calcium sulfate desiccant. Readings 
were taken on approximately 50 g of seed, except as 
indicated, and the oil contents calculated (6). 

RESULTS AND DISCUSSION 

Regression equation coefficients, F values, wavelengths and 
details of the mathematical t reatment  of the spectral data 
are shown in Table I. The values in parenthesis are the 
number of nm in the moving average smoothing, nm per 
derivative segment, and nm between segments, respectively. 
Each equation contains 1 division term, a mathematical 
data treatment in which the signal-to-noise ratio is im- 
proved. The calibration parameters are shown in Table II. 
The H and T statistics refer to the number of  samples 
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TABLE I 

Coefficients, Wavelengths, Mathematical, and Statistical Parameters in the Equations for Oil 
and Moisture Analyses of Sunflower Seed by NIR. 

Term Coefficient F value Wavelength 

Math treatment 
derivative 

(segments) 

Oil 
bo 53.41 
bl -4,585.72 19.61 1,284 1(8, 4, 4) 
b2 -2,897.09 28.62 2,340 2(4, 4, 4) 
b3 12.71 146.64 2,010/1,258 2(16, 8, 4/16, 4, 4) 

Moisture (5 term) 
b0 4.94 
bl -3,006.95 66.78 1,806 1(4, 4, 4) 
b2 0.45 260.57 1,382/2,004 2(36, 24, 4/16,  16, 2) 
b3 -749.44 179.29 1,964 2(16, 16, 4) 
b4 1,019.87 39.25 1,186 2(8, 8, 4) 
b5 541.89 33.98 1,398 2(16, 4, 2) 
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TABLE II 

Calibration of Sunflower for Percentage of Oil and Moisture 

Variable N No. terms SD a SEC b No.* Hc No.* T c R 2 

Oil 96 3 3.74 0.94 1 3 0.937 
Moisture 55 5 4.29 0.26 2 2 0.996 

aStandard deviation. 
bStandard error of calibration. 
CSee reference 18 for discussion of statistical parameters. 

TABLE III 

Prediction of Oil and Moisture with Sunflower-Seed Calibration Set 

Variable N SD SEP SEPca Bias No.* H No.* T R 2 Slope 

Oil 24 4.16 2.04 2.08 0.10 1 2 0.75 0.96 
Moisture 8 5.70 0.62 0.66 -0.06 1 1 0.994 0.92 
Moisture 8 5.70 0.46 0.49 --0.02 1 1 0.966 0.94 

aSEPc -- SEP corrected for bias. 

rejected by the compute r  in the set that  e i ther  have a 
spectrum different  f rom the set (H) or the predic ted  oil 
and mois ture  would  be different ,  as de termined  by t test,  
f rom the value obtained by NMR (18). These samples were 
lef t  in the calibration file. The  range of  percentage of  oil 
was 30 .52-53.88% and percentage of  mois ture  was 0 .50 -  
19.70%. These were broad ranges into which commercia l  
samples would  be expec ted  to fall. 

The  CAL p rog ram al lowed predic t ion within the calibra- 
t ion set so that  every fif th sample was used for the predic- 
t ion of  oil and every eighth sample for  mois ture .  The  results 
of  the predict ions are shown in Table III. The SEP was large 

(2.08) for  oil, but  was also larger than the SEP for o ther  
sets. The slope (0.96), however ,  was quite  good. The SEP 
was large because of  2 samples, 1 o f  which was a gray 
stripe. The  inclusion of  gray-stripe samples presented a 
problem of appearance and affected the statistics as well as 
the predic ted  values. While color,  per  se, should no t  in- 
f luence the absorpt ion of  N I R  energy, the amoun t  of  
specular or nonreradia ted ref lectance will be affected.  A 
ce ramic  stafidard i s .used  to correct  for this term, but  it 

cannot  correct  for  color  changes that  m a y  slightly affect  
the ref lectance propert ies.  The  gray stripe samples are 
l ighter  in color  and, when ground,  are easily distinguish- 
able f rom the usual oil hybrids.  The  bias for  the predic ted  
values was quite  low and well within the SEP. In general, 
these samples validate the equat ion .  

Fur ther  validation of  the equa t ion  with di f ferent  sets of  
samples was accomplished with 2 unknown  sample sets. 
The  first was a set of  23 dif ferent  hybr id  sunflower-seed 
samples. The range of  oil con ten t  was 36.44--42.91% by 
NMR and 37 .16-45 .39% by NIR.  The  sample set means 
and standard deviations are given in Table IV. The SEP 
for the set was 0.98 with a very small bias ( - 0 . 0 2 6 ) .  The  
results for 2 samples differed by more  than 2 percentage 
units. Both were high in mois ture .  When samples that  were 
air equi l ibrated were predicted,  they  differed by about  0.5 
percentage units. 

Oil and mois ture  contents  of  22 commerc ia l  sunflower-  
seed samples analyzed by the NIR  technique  and by 
me thods  rout inely  used in industry (oil by NMR and 
mois ture  by oven drying) are shown in Table  V. The  oil 
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TABLE IV 

Determination of Oil Content of Different Hybrid Sunflower Seed by NIR and NMR a 

NIR NMR 

Sample No. stars. 
Variable no. Mean SD b "H" or "T" Mean SD Bias SEPc (method) 

0il 23 40 . 57  1.86 1 40 .43  1.69 0.026 0.98 

aAnalyses conducted on 10-12 g samples. 
bStandard deviation. 
CStandard error of prediction. 

TABLE V 

Oil and Moisture Analyses of Commercial Sunflower Seed 

Oil, % DB Moisture, % 

Sample A.O.C.S. 
no. N.D.G.I.S. a NMR b NIR b oven b NIR 

1 44.0 45.15 ± 0.09 45.29 ± 0.39 5.80 ± 0.09 5.12 ± 0.74 
2 44.3 44.33 ± 0.55 44.41 ± 0.75 5.76 ± 0.08 5.04 ± 0.70 
3 44.8 45.02 ± 0.34 45.26 ± 0.37 5.71 ± 0.04 5.05 ± 0.45 
4 42.9 42.67 ± 0.52 43.74 ± 1.47 6.78 ± 0.05 6.39 ± 0.17 
5 42.4 42.99±0.11 42.67± 1.48 6.58+_0.08 5.89±0.69 
6 44.3 44.37 ± 0.60 44.77 ± 0.36 5.72 ± 0.10 5.55 + 0.14 
7 45.6 45.98 ± 0.04 44.46 ± 1.03 5.72 ± 0.04 5.32 + 0,26 
8 42.8 42.55 ± 0.03 44.05 ± 0.16 6.06 ± 0.05 5.29 ± 0.95 
9 44.6 44.73 ± 0.52 44.57 ± 0.32 5.83 ± 0.15 5.20 ± 0.45 

10 42.9 43.50 ± 0.54 42.68 ± 0.64 5.75 ± 0.04 5.46 ± 0.05 
11 41.6 41.66 ± 0.80 40.61 ± 1.29 8.99 ± 0.03 8.60 ± 0.95 
12 47.6 47.65 ± 0.47 46.43 ± 0.62 7.67 ± 0.06 6.99 + 0.46 
13 44.3 44.23 ± 0.56 43.00 ± 0.49 5.92 ± 0.01 5.78 ± 0.17 
14 42.2 42.04 ± 0.23 43.16 ± 0.93 11.19 ± 0.08 10.64 ± 0.46 
15 42.0 42.73 *_ 0.35 44.30 ± 0.08 8.67 ± 0.03 7.95 ± 0.12 
16 42.3 42.92 ± 0.19 44.48 ± 1.71 12.02 ± 0.02 11.02 ± 0.63 
17 49.3 48.69 ± 0.26 47.37 ± 0.04 7.31 ± 0.15 7.08 ± 1.15 
18 44.3 45.12 ± 0.57 45.60 ± 0.98 9.37 ± 0.03 8.86 + 1.20 
19 42.3 43.20 ± 0.14 44.38 ± 0.14 12.05 ± 0.04 11.13 ± 0.04 
20 44.1 44.51 ± 0.17 45.21 ± 1.34 8.69 ± 0.21 7.77 ± 0.25 
21 43.7 44.03 ± 0.30 43.75 ± 1.63 7.19 ± 0.12 6.38 ± 0.80 
22 43.8 44.36+_ 0.30 45.28± 0.13 9.32 ± 0.14 8.58± 1.62 

Mean 43.9 44.29 ± 0.35 c 44.34 ± 0.74 c 7.64 ± 0.07 c 7.05 ± 0.57 c 

NMR. aNorth Dakots Grain Inspection Service, oil contents by 
bAnalyses in duplicate. 
CMean standard deviation of 22 duplicate samples. 

con ten t s  of  the samples by NMR and NIR were  no t  signifi- 
cantly d i f fe rent  (P ~ 0.05) f rom the oil con ten t s  of the 
samples de te rmined  by the Nor th  Dakota  Grain Inspec t ion  
Service (NDGIS) when grading the samples,  nor  was there  
any significant di f ference in the analysis by NMR and NIR.  
However,  a significant d i f ference  (P < 0.05) was found  
be tween  the mois ture  value ob ta ined  by the AOCS oven- 
drying m e t h o d  and NIR (Table V). S tandard  deviat ion on 
duplicate  mois ture  analyses of  sunf lower  seed generally wil l  
be ̀ + 0.1% or less and wi thin  labora tory  precision should 
be 0.39% or less (14). The average s tandard  deviat ion of  
+ 0.57% ob ta ined  by NIR would  be unacceptable .  

The average NIR mois ture  value for  the  seed was 0.59% 
lower  than the  average oven value. Moisture  should  be the 
m o s t  accurate  m e a s u r e m e n t  for NIR since it is the s t ronges t  
signal and therefore  the highest  signal-to-noise ratio in the 
spectra.  The NIR was cal ibrated for  mois ture  c o n t e n t  with 
data ob ta ined  by ovendrying whole  sunf lower  seed. In the 
NIR analysis, the scanned sample was ground  with equal 
weight  of  Hyflo Super  Cel, and the assumpt ion  was made  
tha t  the mois ture  loss during grinding and filling sample cell 
was un i form f rom day to day. Studies  have shown tha t  
during grinding o f  sunf lower  seed,  approx imate ly  7.5% o f  
the  mois ture  is lost  f rom seed samples with an average 

mois ture  c o n t e n t  of  8.9% (i.e., 0.67%). This loss will 
p robably  vary, depending  on the variety of  seed and the 
t empera tu re  and relative humid i ty  of  the labora tory  during 
grinding (21). Williams and Sigurdson (22) r epor ted  tha t  
grains (wheat ,  oats  and barley) lose significant amounts  of  
mois ture  during the  grinding process  (sample prepara t ion)  
for  prote in  de te rmina t ion .  Al though the oven-drying 
m e t h o d  is no t  specific for  water  and the results are af- 
fec ted  by the  vaporizat ion of  substances  o ther  than water ,  
oven mois ture  values for  whole  sunf lower  seed have been 
found  to be very close to Karl Fischer  mois ture  values 
in the mois ture  range of  5 .4-12.7% (21). The Karl Fischer  
m e t h o d  is specific for  water.  Moisture canno t  be deter-  
mined  accurately on ground  sunf lower  seed by the oven 
me t h o d ,  and the t ime required for  the de te rmina t ion  of  
Karl Fischer  mois ture  on the cal ibrat ion sample s would 
have been prohibi t ive.  

In essence,  the dif ferences  for  the percen t  of  oil be tween-  
m e t h o d  (NIR vs NMR) error  is 0.89 with a small negative 
bias ( - . 3 8 ) .  The b e t w e e n - m e t h o d  and be tween- labora to ry  
(NIR vs NDGIS) error  was little larger (1.09 with -- .47 
bias), as would  be expec ted .  The mois ture  data reflects the  
cons tan t  ca. 0.5 percentage  uni t  drying ef fec t  for  grinding 
in the prepara t ion  of  samples for  NIR analysis. If the 0.5 
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TABLE VI 

Oil Variability in a Single Sunflower-Seed Sample a 

Parameter NIR NMR 

Range oil, 45.92 -- 48.44 (2.52) 46.13 - 47.65 (1.52) 
% dry basis 

Mean oil, 47.54 47.02 
% dry basis 

Oil standard deviation 0.67 0.32 

aResults of 20 duplicate analyses. 

is sub t r ac t ed  f rom the  0 .62 SEP and  bias, the  0 .12 per- 
centage  u n i t  r emain ing  is very close to the  0 .26 SEC for  
mo i s tu r e  (Tab le  II). T h e  overall  SEP of  0 .62  is v i r tual ly  
ident ical  to the  wi th in  set SEP of  0 .66 (Table  III). 

The  var iabi l i ty  of  the  oil c o n t e n t  in a single commerc ia l  
sunf lower  seed sample  is s h o w n  in Table  VI. With N M R  
analysis,  the  o i l - con ten t  range was 1.52% with  a m e a n  oil 
c o n t e n t  of  47 .02% + 0.32%, and  wi th  N I R  analysis the  
range was 2.52% with  a m e a n  oil c o n t e n t  of  47 .54% -+ 
0.67%. These  data  i l lus t ra te  the  great  var iabi l i ty  of  the  
oil c o n t e n t  in individual  lots  of  sunf lower  seed, even w h e n  
careful ly  mixed .  R o b e r t s o n  and  Morr i son  (6) r epo r t ed  t h a t  
by  increasing the  sample  size for  N MR  analysis f rom 
app rox ima te ly  14 g to 50 g, the  average s t anda rd  devia t ion  
(SD) of  oil analysis for  10 samples  was decreased f rom 
0.37% to 0.17%. 

The  0 .32% SD for  the  NMR, based on  the  20 a l iquots  
of  the  same sample,  is a p p r o x i m a t e l y  the  same as shown  
for  the  m e a n  SD of  the  22 d i f f e ren t  samples  s h o w n  in 
Table  V (0.35%).  This  resul t  can be i n t e r p r e t e d  as m u c h  as 
variat ioi i  in the  sampl ing  as in the  m e t h o d .  However ,  the  
SD for  NIR (0.67%) was less t han  the  set m e a n  SD for  the  
22 d i f fe ren t  samples  (0 .74%).  The  range for  N I R  was 1 
pe rcen tage  un i t  h igher  t h a n  t h a t  of  NMR. T he  NIR  was 
ca l ib ra ted  wi th  NMR  da ta  and  all the  var iabi l i ty  of  NMR 
da ta  is inc luded  in the  N I R  error  term.  T he  sal ient  po in t  
is t h a t  the  var iabi l i ty  f rom sampl ing  is 4 to  5 t imes  the  
error  in e i the r  m e t h o d ,  and  t h a t  p p r o x i m a t e l y  1/2  of the  
SEP c is f rom sampl ing  er ror  in the  ca l ib ra t ion  of  the  NIR  
wi th  NMR data.  The  N MR m e t h o d  is more  precise,  bu t  
requires  a dr ied sample.  The  NIR m e t h o d  is as fast, b u t  
can also give s imu l t aneous  data  for  mois tu re ,  fiber,  p ro t e in  
and  oil as well as o the r  possible  c o n s t i t u e n t s  of  in teres t .  
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