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In the nondestruct ive  es t imat ion  of seed oil by pulsed 
nuclear magnet i c  resonance  (NMR), an a s s u m p t i o n  
generally is made  that  the hydrogen content  of the oil in 
the seed sample  under invest igat ion is the same as that  
of  the oil standard or that  of the oil in the standard seed 
sample.  The hydrogen content  is defined as the number 
of hydrogen a toms  per unit mass  of  oil. The val idity of  
this  as sumpt ion  has been invest igated by: (i) calculating 
the Hydrogen  contents  of  various oils on the basis  of 
their reported fat ty  acid composition,,  and tii) experi- 
menta l ly  determining the hydrogen contents  of  cot ton 
and mustard  oils obtained from different varieties of  
seeds. The F I D  method  was  used to monitor  the N M R  
signal intensit ies .  Both  calculated and experimental  
va lues  show that  the hydrogen contents  can be different 
not  only for different oils but also for the same oil 
extracted from different varieties of the seeds. This 
variat ion in hydrogen contents  is shown to introduce an 
error in the oil content  values  as es t imated by N M R  
methods .  The magni tude  of this  error increases with  oil 
content,  and also with  the difference in the hydrogen 
contents .  

Various pulsed nuclear magnet ic  resonance (NMR) 
methods have been reported for the nondestruct ive 
est imation of seed oil. The free induction decay (FID) 
and extrapolat ion methods (1-3) involve the use of a 
s tandard  oil and also necessitate the seed weight being 
known. Seed oil and seed moisture est imation also can be 
carried out  without  weighing the seed sample (4,5). 
Though  good correlat ion has been shown to exist  
between the NMR values and those obtained by Soxhlet  
extract ion (1,3,6), a close analysis of the data  indicates 
significant differences in certain samples. Seed asym- 
met ry  and moisture associated with the seeds have been 
shown to affect seed oil est imation by  NMR (2,3). 
Another  factor which can influence the NMR results is 
the hydrogen content  of the oil. I t  generally is assumed 
tha t  the oil in the seeds and the reference oil have the 
same hydrogen content  Inumber of hydrogen atoms per 
unit  mass of oil). However, it has been reported tha t  the 
hydrogen content  varies from one oil to another  because 
of differing fa t ty  acid composition (7). The present  s tudy 
has been under taken to invest igate the effect of this 
hydrogen content  variat ion on the oil content  values as 
es t imated by  pulsed NMR methods. 

MATERIALS AND METHODS 

Pulsed NMR spectrometer. A pulsed NMR spectrometer  
fabricated at Jozef Stefan Insti tute,  Ljubljana, Yugo- 
slaviawas operated at 32 MHz. The size of the radio frequency 
(r.f.) coil was 11 mm • 11 mm, but to reduce the effect of r.f. 
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field in_homogeneity, only the central region, about 6 mm in 
height, was filled with the sample. The 90 pulse width 
was 13.2 ~sec and the dead t ime of the receiver, 30 ~sec. 
The free induction decay (FID) signal intensities were 
measured 50 ~sec after  the application of 90 pulse; phase 
sensitive detection was employed. Each signal intensi ty 
measured was an average of 30 repetitions. A sample of 
mustardseeds  was used as a s tandard to monitor  the 
sensit ivi ty of the spectrometer.  The same sample tube 
was used for all the oil samples. 

Hydrogen content measurements. The FID signal 
intensities corresponding to different amounts  of the 
sample were measured. For  each sample, at least nine 
different weights were used, the ratio of the minimum to 
maximum amount  being about  0.6. The overall range for 
all the samples extended from about  300 to 600 mg. The 
signal intensi ty of the s tandard seed sample was also 
measured  periodically, and all the intensit ies were 
normalized to a fixed value of the s tandard  sample. 

The normalized signal intensities and the correspond- 
ing weights for each sample were f i t ted by  the method of 
least squares. The linear regression coefficient thus 
obtained is proportional  to the hydrogen content  of the 
sample. For  each set of oil samples, an aqueous solution 
of manganese chloride (0.18 mM) was also run and the 
regression coefficient calculated. Using this value, and 
taking 100 as the regression coefficient for water, all the 
other regression coefficients were normalized, i.e., the 
hydrogen content  of water  is taken as 100. 

The oil samples used in the present  studies were 
freshly obtained by Soxhlet  extract ion using petroleum 
ether (B.P.: 60-80 C) as the solvent. The ext rac ted  oil 
samples  were kep t  ove rn igh t  in an electr ic  oven 
maintained at 85 C to remove the last traces of ether. 

RESULTS AND DISCUSSION 

Hydrogen contents of fatty acids and their acylglycer- 
ides, calculated on basis of molecular formulae. The 
hydrogen content  of any compound can be calculated 
from its molecular weight and chemical formula. Table 1 
shows the range  of hydrogen  conten ts  of var ious 

TABLE 1 

Range of Hydrogen Contents a of Fatty Acids and Their Glycerides 
Calculated on Basis of Their Molecular Formulae 

Saturated Unsaturated 
6:0 to 24:0 16:1 to 22:2 

Monoacylglycerides 85.23 to 109.87 91.99 to 104.78 
Diacylglycerides 87.45 to 113.54 94.05 to 108.11 
Triacylglycerides 88.56 to 114.96 94.89 to 109.42 
Fatty acids 93.05 to 117.29 97.05 to 111.74 

aHydrogen content of water is taken as 100. 
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sa tura ted  and unsa tura ted  fa t ty  acids, as well as their 
mono-, di- and triacylglycerides. These values and all 
other hydrogen content  values given in this communi- 
cation have been normalized on the basis of 100 as the 
hydrogen content  of water. (The absolute value for 
water  is 0.1110 • N/g, N being the Avogadro 's  number.) 
For  both sa tura ted  and unsa tura ted  fa t ty  acids, the 
h y d r o g e n  c o n t e n t s  inc rease  wi th  the  n u m b e r  of 
hydrogen atoms. For the same fa t ty  acid, the values 
decrease in the order monoacylglyceride < diacylglyc- 
eride < triacylglyceride < fa t ty  acid. In view of the wide 
variat ion in these hydrogen contents,  it is reasonable to 
expect  a similar variat ion among the different oils; this 
is discussed below. 

Hydrogen contents of different oils, calculated on basis 
of reported fatty acid composition. Vegetable oils are 
known  to cons i s t  of f a t t y  acids in the  fo rm of 
triacylglycerides (8). The fa t ty  acid composition of a 
large number  of oils has been reported (9}. The hydrogen 
content  of any oil can be calculated on the basis of its 
f a t ty  acid composition by  use of the following relation 

Hydrogen content  of oil = 

{~[(M JMs) P~Dt]}/{X[(M JMs) Ps]} [1] 

where Ms = molecular weight of the fa t ty  acid, 
M, = molecular weight of the corresponding 

triacylglyceride, 
Ps = fat ty  acid content (g/100g of fa t ty  acids), and 
D, = hydrogen content  of the triacylglyceride. 

The hydrogen content  values thus calculated vary  
from 99.73 (linseed oil) to 107.67 (neem oil). Pieter et al. 
have reported the s tandard  deviations (an indication of 
both  the sampling and analytical errors) associated with 
each fa t ty  acid content  measurement  (10). The effect of 
these errors on the calculated value of the hydrogen 
content  of the oil turns out to be less than  0.4%. 

The variat ion in the hydrogen content  values among 
the different oils can, therefore, be ascribed to the 
differences in the fa t ty  acid composition. Generally, 
NMR analysis of different varieties of seeds belonging 
to a particular species is carried out using a reference oil 
ext rac ted  from one of the varieties belonging to the same 
species or a reference seed sample as a s tandard.  
However, the oils from different varieties of seeds 
belonging to the same species need not  necessarily 
exhibit the same hydrogen content.  

Hydrogen contents of oils from different varieties of 
seeds, calculated on basis of reported fatty acid composi- 
tion. The fa t ty  acid composition of oil ext rac ted  from 
different varieties of seeds belonging to the same species 
has been studied in detail for a wide range of species, and 
significant differences in certain f a t ty  acid contents  
have been observed (11-14). The hydrogen contents  of 
cotton, mustard  and rape calculated on the basis of their 
fa t ty  acid compositions are shown in Table 2. 

The range, which is a measure of the variat ion in 
hydrogen  content  f rom one va r ie ty  to another ,  is 
significantly larger than the s.d. expected on the basis of 
the errors  associa ted  wi th  the f a t t y  acid con ten t  
measurements;  it can be correlated with the amount  of 
specific f a t ty  acids present.  Thus, for mustard  2 and 
rapeseeds, a positive correlation exists between the 
hydrogen contents  and erucic acid (22:1) content,  as can 
be seen in Figure 1. As the erucic acid content  in 

TABLE 2 

Hydrogen Contents of Different Oils Calculated on Basis  of the 
Reported Fat ty  Acid Composition 

Hydrogen contents a Number of 
fatty acids Ref. 

Source of oil b mean s.d. range analyzed no. 

Cotton (43} 104.07 0.20 0.80 6 11 
Mustard 1 (20) 106.10 0.32 0.90 11 12 
Mustard 2 (3) 103.08 1.13 2.04 5 13 
Rape (7} 104.58 1.06 2.75 6 14 

aHydrogen content of water is taken as 100. 
bFigures in parentheses denote the number of varieties studied. 
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FIG. 1. Correlation between hydrogen content and erucic acid 
content for mustard and rapeseed oil. 

mustard  i varieties varies over a limited range (43.99 to 
57.71%), the corresponding hydrogen contents  also span 
over a smaller range (105.55 to 106.48). In cot tonseed oil, 
no clearcut correlation could be established with any 
specific fa t ty  acid. 

Hydrogen contents of mustard and cottonseed oil as 
determined by NMR. The values of the hydrogen 
contents  of oil ext rac ted  from different varieties of 
cot ton and mustardseeds have been es t imated from the 
linear regression coefficients obtained by  a least square 
fit of the amount  of sample and the corresponding signal 
intensity. The linearity of such plots is i l lustrated in 
Figure 2. The correlation coefficient for each sample was 
found to be bet ter  than 0.999, and the sample s.d. of the 
regress ion  coeff ic ient  was less t h a n  0.5% of the  
corresponding regression coefficient. 

Table 3 shows the NMR values of hydrogen contents  
of four varieties each of cot ton and mus ta rd  oil along 
with tha t  of glycerol. The theoretical value for the ratio 
of the hydrogen contents  of glycerol to water  is 0.7825. 
The excellent agreement  with the experimental  value of 
0.7828 justifies the validi ty of the present  method used 
to est imate the hydrogen contents.  

Statist ical  analysis of the data  obtained indicates tha t  
the hydrogen content  of cot tonseed oil is different from 
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FIG. 2. Linearity between the amount of sample and NMR signal 
intensity as estimated by FID method. 

TABLE 3 

Hydrogen Contents of Glycerol, Cotton and Mustard Oil from 
Different Varieties of Seeds as Determined by NMR 

Hydrogen contents a 

Sample 1 2 3 mean 

Glycerol 78.27 78.40 78.18 78.28 
Cottonseed oil 

SRT 1 99.45 99.68 100.47 99.87 
Lakshmi 99.70 99.71 100.32 99.91 
Khandwa 102.32 102.40 102.75 102.49 
Hybrid 4 99.95 99.84 100.65 100.15 

Mustard oil 
TM4 94.82 95.03 95.23 95.03 
Pusa 99.71 99.77 100.72 100.07 
TM17 106.28 106.75 106.26 106.43 
Varuna 106.41 106.37 106.70 106.49 

aHydrogen content  of water is taken as 100. 

that of mustard oil. Moreover, even within each oil, the 
hydrogen contents corresponding to different varieties 
are significantly different (P < 0.005). Robertson et al. 
also have shown that the NMR reading per g oil is 
different for different oils, and have pointed out the 
importance of linoleic acid content in the oil analysis of 
sunflower seeds (15). 

Comparison between calculated and NMR values. As 
the varieties of mustard and cottonseeds used for the 
experimental determination of the hydrogen contents 
are not the same as those in Table 2, one should not 

expect  to get identical values. In evaluat ing the 
calculated data, it must be borne in mind that  various 
authors have not analyzed the same number of fat ty 
acids. Moreover, it has been reported (16) that about 2 to 
8% of the oil is composed of lipid compounds including 
unsaponifiable hydrocarbons, terpenes, sterols, toco- 
pherols, glycolipids and phospholipids. Thus, the 
calculated values may not truly reflect the hydrogen 
content of the oil. The purpose of the calculated values is 
to get an idea of the likely variation in the hydrogen 
contents, which is found to be about 3%. On the other 
hand, the experimental values show a variation of 3% for 
cotton oil and 11% for mustard oil. 

The very low value of the hydrogen content for the 
TM4 mustard variety may be due to the loss of some 
volatile compounds during the drying procedure, as this 
sample was found to be more viscous than the others. 
However, any change in viscosity is not expected to 
affect the measured hydrogen content, as glycerol, a 
viscous material, has been found to yield the correct 
value. 

Effect of hydrogen content variation on seed oil 
estimation. Whatever may be the reasons for the 
difference between the calculated and NMR values, the 
hydrogen content of solvent extracted oil, as measured 
by NMR, ultimately will be a factor in determining the 
accuracy  of oil con ten t  measurement s .  Even  a 
conservative estimate of 3% for the variation between 
the hydrogen contents of two different oils can cause a 
1% error in the estimated oil content, as shown below. 

Let D~ and Do = 

Ss and So = 

k = 

Pt 

Pc 

hydrogen contents, i.e., number of 
hydrogen atoms per unit mass of the 
seed oil and the reference oil, 
NMR signal intensities per unit mass 
of the seed sample and the reference 
oil measured under identical instru- 
mental conditions, 
an instrumental parameter relating 
the signal intensity and the number of 
hydrogen atoms, a constant under 
identical instrumental conditions, 
" t rue" value of the oil content (%) in 
the seed sample, 
value of the oil content (%) estimated 
by the usual NMR method of compar- 
ing the signal intensities without 
taking into account the hydrogen 
contents. 

Po = 100(SJSo) [2] 

As the signal intensities are proportional to the number 
of hydrogen atoms. 

S, = KDsP,/100 [3] 
So = KDo [4] 

Substituting the values of Ss and So in equation 2. 

Po-= (Ds/Do)P, [5] 

Thus, on the basis of the above relation, the oil content 
estimated by the NMR method will be equal to the 
actual value only when DiDo = 1, i.e. when the hydrogen 
content of the seed oil is the same as that of the oil 
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s tandard.  The N M R  est imat ion of oil content  in a seed 
sample  whose " t rue"  oil content  is 40%, and whose oil 
hydrogen content  differs f rom tha t  of the reference oil by  
3%, i.e., D, = 97; Do = 100, would yield a value of only 
38.8%, an error of 1.2%. The ex ten t  of this error will 
increase wi th  increasing oil con ten t  and also wi th  
increasing difference between the hydrogen contents .  

Thus,  before the pulsed N M R  technique could be 
establ ished as an analytical  tool for the nondest ruct ive  
es t imat ion of oil content  in seeds, it would be necessary 
to inves t iga te  the hydrogen contents  of each oil f rom a 
large number  of different varieties of seed samples  to get  
an idea of the var ia t ion in the hydrogen contents  tha t  is 
likely to arise; this, in turn  will decide the uncertaint ies  
associated with the N M R  es t imated  values. 
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Treatment of normal varieties of sunflowerseed with 
chemical mutagens and development of their progenies 
haveresulted in hybrids bearing oil with oleic acid contents 
in excess of 80% and linoleic acid contents less than 10%. 
Fatty acid compositions are unaffected by climatic 
conditions. Analyses of the seed, oil and meal produced 
from the first commercial U.S. production show values 
not to differ significantly from normal high linoleic 
sunflower, except where anticipated on the basis of fatty 
acid composition. 

Sunflowerseed is one of the world 's  major  oilseed crops. 
A l t h o u g h  it  o r i g ina t ed  in the  U n i t e d  S t a t e s ,  i t s  
utilization has been predominant ly  European.  Intro-  
duction of high oil-bearing seed in the 1960s increased 
bo th  product ion and util ization in the U.S. In recent 
years,  sunflower has become an establ ished crop in 
Minnesota,  Nor th  and South Dakota ,  and Texas.  

N u m e r o u s  technica l  pub l i ca t ions  desc r ib ing  the  
composi t ion and character is t ics  of sunflowerseed and oil 
are available in the l i terature (1-6}. One of the more 
in te res t ing  charac te r i s t ics  is the effect  of cl imatic  
conditions during seed format ion on the f a t ty  acid 
composi t ion of the oil {7,8}. Linoleic acid percentages  
m a y  va ry  f rom the low 30s for seed grown in Texas  to 
the mid 70s for Nor thern  seed, with oleic acid values 
r a n g i n g  f r o m  as h igh  as 60 to  less  t h a n  20%, 
respectively.  

Soldatov and Kharachenko in Russia  t rea ted  normal  
(Peredovik) p lant ing  seed with the mutagen  dimethyl  

sulfate {9,10}. Selected breeding resul ted in progenies 
(Pervenets) with high oleic acid contents  s table  to 
c l imat ic  condi t ions .  Fick, in the  U.S.,  deve loped  
progenies f rom the Pervenet  variety,  demons t ra t ing  
their  envi ronmenta l  s tabi l i ty  and incorpora t ing  the 
dominant  genes into hybrids  suitable for commercial  
product ion 9, 11). 

In 1984, high oleic seed was grown commercial ly  in 
the Uni ted Sta tes  for the first  t ime in Nor th  Dakota ,  
Cal i fornia  and  Texas .  This  p a p e r  will r epo r t  the  
compos i t ion  and analy t ica l  charac te r i s t i cs  of seed 
samples  from the three growing areas; the crude oils and 
meals obtained f rom the commercial  processing, and 
refined oil produced in the laboratory.  

EXPERIMENTAL 
Seed samples  were drawn directly f rom t rucks  arr iving 
at  seed warehouses in Breckenridge, Nor th  Dakota;  
Fresno, California, and Plainview Texas,  using state-  
approved procedures. The samples  were split  mechan- 
ically to a suitable size and hand-cleaned to remove 
foreign material .  

Crude  oil and  mea l  s a m p l e s  were  d r a w n  f r o m  
produc t ion  s to rage  tanks ,  bu t  are not  necessar i ly  
representa t ive  of the entire crushing operat ion at  each 
location. 

California product ion  samples  were identified as 
" C S E "  {California Solvent  Extrac ted} and " C P P "  
{California Pre-Pressed). Texas  product ion included a 
l imi ted  q u a n t i t y  of N o r t h  D a k o t a  seed, and was  
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