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The Wide-Line NMR technique was used t o  determine the o i l content i n

s ing le  corn seeds. Using d i s t i n c t  rad io  frequency (RF) power, a sys-

tematic work was done i n  kernels w i t h  about 10% o f  moisture, and a lso  

i n  a r t i f i c i a l l y  d r i ed  seeds w i t h  approximately 5% o f  moisture. Fornon 

-d r ied seeds NMR spectra showed c l e a r l y  the presence o f  three resonan-

ces w i t h  d i f f e r e n t  RF satura t ion  fac tor .  For d r i ed  seeds. the o i l con-

cent ra t ion  determined by NMR was h igh l y  cor re la ted (r = 0,997) w i t h  

tha t  determined by a grav imet r ic  method. The highest discrepancy bet-

ween the two methods was found t o  be about 1.3%. When r e l a t i v e  measu-

rements are  requi red as i n  the case o f  s i ng le  kernel f o r  recurrent se- 

l e c t i o n  program, prec is ion  i n  the i nd i v i dua l  selected kernel w i l l  be 

about 2.5%. Applying t h i s  technique, a f i r s t  cyc le  o f  recur rent  se lec-

t i o n  using SI l i n e s  f o r  low and high o i l  content was performed i n  an 

open p o l l i n a t e d  var ie ty .  Gain from se lec t ion  was 12.0 and 14.1% i n t h e  

populations f o r  h igh and low o i l  contents, respect ively.  

Ut i l izamos a técnica da Ressonância Magnética Nuclear de onda con t í -  

nua, para determinar o conteúdo de óleo em sementes i nd i v i dua i s  demi-

lho. Usando d i s t i n t a s  potências de rád io  frequência (RF) f o i  f e i t o  um 

trabalho s istemát ico em grãos com cerca de 10% de umidade, etambém em 

sementes a r t i f i c i a l m e n t e  dessecadas, com aproximadamente 5% de umida- 

de. Para as não dessecadas, o espectro da RMN, apresenta claramente 

t rês  ressonâncias com d i fe rentes  fa tores  de saturação de RF. Para as 

dessecadas, a concentração de Óleo determinada por RMN, está altamen-



t e  co r re lac ionada  (r  = 0,997) com a determinada p e l o  método gravimé- 

t r i c o .  A maior  discrepânc ia  e n t r e  os d o i s  métodos, f o i  de cerca de 

1,3%. Quando fazemos medidas r e l a t i v a s ,  como no caso de programas de 

seleção recor ren te  com grãos de m i l h o  i n d i v i d u a i s ,  a p rec isão  em cada 

grão selecionado é da ordem de 2,5%. Apl icando e s t a  técn ica ,  f o i  f e i -  

t o  um p r i m e i r o  c i c l o  de seleção recor ren te  usando SI l inhas para a l t o  

e ba ixo  conteúdo de Óleo, numa var iedade de p o l i n i z a ç ã o  aber ta .  O ga- 

nho de seleção f o i  de 12,0 e 14,1% para as populações de a l t o  e ba ixo  

t e o r  de Óleo, respect ivamente. 

Proton magnetic resonance o r  Nuclear  Magnet i c  Resonance (NMR) o f  t h e  

hydrogens atoms has been used l a t e l y  as impor tant  to01 f o r  i n d i v i d u a l  

and non- des t ruc t i ve  a n a l y s i s  o f  o i l  con ten t  i n  many d i f f e r e n t  l i v i n g  

s e e d s 1 s 2 ' 3 y 4 y 5 * 6  f o r  breeding purpose. Accuracy, p r e c i s i o n  and s h o r t  

t ime  experiment a r e  t h e  most impor tant  requirements t o  be f u l f i l l e d i n  

any p l a n t  breeding program. Besides t h a t  t h e  same se lec ted  seeds have 

t o  be p l a n t e d  i n  t h e  breedi  ng nursey i n  o r d e r  t o  i nsure the  maximum 

progress i n  o i l  content  per  genera t ion7y8 .  

There a r e  b a s i c a l l y  t h r e e  d i f f e r e n t  ways o f  us ing t h e  NMR technique, 

1) t h e  Wide-Line NMR as was shown by Conway and E a r l e  (19631, Alexan- 

der  et a2. (1967), C o l l  i n s  e t  aZ. (1967) and Anderson (1971); 

2) t h e  Pulsed NMR 5, and 

3) H igh  Reso lu t ion  NMR 6. A11 o f  them are 'good  enough t o  guaranteege- 

n e t i c  ga ins  t o  p l a n t  breeders. 

I n  o u r  case, however we want t o  r e p o r t  Wide - L i n e  NMR experiments, 

where spec ia l  ca re  was taken i n  o r d e r  t o  i n s u r e  good accuracy (abso- 

l u t e  o i  1 c o n c e n t r a t i o n  de te rmina t ion ) ,  and p r e c i s i o n  (good reproduci  

b i l i t y ) ,  a l though  f a s t  measurements should n o t  be expected w i t h  t h i  

m e t h ~ d ~ ~ ~ .  Using t h e  procedure developed i n  o u r  l a b o r a t o r y  we p e r f o r  

med one c y c l e  o f  reccuren t  s e l e c t i o n  f o r  low and h i g h  o i l  con ten t  i 

a c o r n  v a r i e t y  us ing  NMR s i n g l e  ke rne l  a n a l y s i s .  



2. EXPERIMENTAL PROCEDURE 

NMR studies 

The Wide- L ine NMR equipment used i n  these experiments consists o f  a 

c m e r c i a l  Varian WL - 210 u n i t  w i t h  va r i ab le  frequency (3.0 - 35 MHz 

s t a b i l i z e d  w i t h i n  1/106 and an RF power output  o f  100 mw s t a b i l i z e d  

w i t h i n  1 /10" ,  which could be attenuated i n  step!j o f  20 db and con t i -  

nuous 1 y. 

The s ignal  i s  integrated i n  order t o  get  a number propor t iona l  t o  the 

number o f  resonating spins8 which i n  t u rn  w i l l  g ive  a number p ropo r t i -  

onal t o  the o i l  content. The i n teg ra t i on  process i s  ca r r i ed  on bya  Va- 

r i a n  620 L analogic d i g i t a l  computer runing a spec ia l l y  adapted s o f t -  

ware programg. The whole system i s  working i n  a s i m i l a r  way tothatused 

by ~nderson",  except f o r  the small amplitude o f  modulation f i e l d .  

The s t a b i l i t y  o f  the whole systems was tested by rnonitoring the NMRre- 

sonance o f  a standard 20% deuterated water sample!;. The t e s t  was done 

a t  d i f f e r e n t  leve ls  o f  a) RF power leve ls ,  b) NMR froquencies and c) 

amplitude o f  modulation f i e l d .  The reproduc ib i l i i t y  o f  the absorption 

der iva t ive ,  as we l l  as the in tegra t ion  process, was be t te r  than 1% f o r  

any set  o f  parameters mentioned above. 

Since the i n tens i t y  of the s ignal  depends on the r e l a t i v e  o r i e n t a t i o n  

o f  the corn seed respect t o  the RF coi  1 5, specia l  care was taken t o  l o -  

cate the sample a t  the pos i t i on  where the natrowest and strongest s ig-  

na1 were obtained. When the RF co i  1 was a t  the rnaximum f i e l d  homoge- 

n e i t y  i t  was found tha t  small changes ( less  than 10%) were detectedfor 

d i f f e r e n t  pos i t ions  of the corn seed when the gemi was along the c o i l  

ax is.  I n  any case i t  was f a i r l y  easy t o  locate  the sample a t  the o p t i -  

mum pos i t ion .  Again r e p r o d u c i b i l i t y  on the same sample was be t te r  than 

3%. 

The RF power leve i  was monitored by a microamperinieter which gives the 

RF cur rent  on the t ransmi t te r  co i  i. This cur rent  g ives a r e l a t i v e  mea- 

surement o f  the power inc id ing  on the sample. 



Since i n  t h i s  work we do not  need absolute measurements o f  t ha t  power, 

we sha l l  ind ica te  the r e l a t i v e  power i n  a r b i t r a r y  u n i t s  ( U A )  i n  the 

whole worik. Every t ime t h a t  the RF power was changed the whole equip- 

ment was turned up. No detuned e f fec t s  were observed by changing sam- 

ples. The RF frequency used was always around 30 MHm (7035 ~ a u s s ) .  

Corn seedç f o r  o i l  evaluat ion,  were d r i ed  i n  a conventional a i r  forced 

'oven a t  40°c, dur ing seven days. I n  t h i s  way the  m i s t u r e  leve1 was kept  

below 5% and the seeds were a11 a l i v e .  Seeds were mantained i n  sealed 

pyrex tubes t o  avoid possib le reh idra ta t ion .  

The gravin ietr ic  method9 t o  determine o i  1 content was done on a Goldf i- 

sher equipment using a ground sample o f  f i v e  seeds. This mix ture  was 

continuously washed out  w i t h  petroleum ether dur ing four  hours. T h e o i l  

and solverit were co l l ec ted  i n  a previous weighted tube. The solventwas 

evaporatecl and the mass o f  o i l  determined by weight d i f fe rence.  The re- 

p r o d u c i b i l i t y  o f  t h i s  nethod f o r  groups o f  t w e n t y  f i v e  seeds o f  the 

same sample was found t o  be about 2%. 

Using the described procedure i t  was s ta r ted  a se lec t ion  program t o  im- 

prove o i l  content o f  a dent t r o p i c a l  syn thet ic  designated Maya, ob ta i -  

ned from the I n s t i t u t o  Agronômico de Campinas. 

I n  the 1975 season was planted a t  the Experimental Area o f  the Univer- 

sidade Estadual de Campinas ear-to-row progenies selected from agrono- 

mical desirable p lan ts  o f  the 1974 nursery. The 50 progenies showing 

b e t t e r  phenotypic aspect were selected by f lower ing t ime and the supe- 

r i o r  p lan ts  w i t h i n  the row were marked and se l f po l l i na ted .F rm thebest  

p lan t  o f  each selected 50 row, i t  was taken the s e l f p o l l i n a t e d  ear f o r  

NMR analysis.  Two kernels were taken from the cent ra l  p a r t  o f  eachear 

f o r  o i l  evaluat ion.  I n  these 100 kernels,  measurements were performed 

using our non-destructive method t o  s t a r t  a se lec t ion  program. Fran the 

highest and lowest 10% o f  the d i s t r i b u t i o n  i t  was made two composites: 

one f o r  h igh and other f o r  low o i l  content. The two populations were 



planted separately and a t  the f lower ing time was performed f ree 

b ina t ions  w i t h i n  the groups. At the same time a balanced compos 

made out  o f  the 50 ears t o  be used as checker f o r  progress eva 

i n  f u r t h e r  generations. 

: recom- 

i t e  was 

l ua t i on  

3. RESULTS AND DISCUSSION 

Fig. 1 shows t yp i ca l  NMR spectra o f  a non-dried corn kernel w i t h  ap- 

proximately 10% moisture. I t  can be seen tha t  the spectra presented a 

strong dependence on the RF power leve l  . 

I n  Fig. 1-a i t  i s  possib le t o  d i s t i ngu i sh  three resonances w i t h  appro- 

x imately s i m i l a r  gyromagnetic r a t i o s l O ,  but w i t h  d i f f e r e n t  1 ine widths. 

At  resonance the RF power absorved by the sample can be w r i  t t e n  as8'10 

P(H) = w x 111 + y 2  (H - H )2  ~2 + y 2 ~ 2 ~  T I 
abs I O O 2 1 1 2  

where y i s  the gyromagnetic r a t i o ,  H1 the RF magnetic f i e l d ,  H. the re- 

sonance s t a t i c  magnetic f i e l d ,  x the s t a t i c  nuclear magnetic suscepti- o 
b i l i t y  and TI and T2 the spin - l a t t i c e  and spin-spin re laxat ion  times 

respect i ve ly8.  

The three d i f f e r e n t  resonances observed i n  f ig.1-a suggest the presen- 

ce o f  hydrogen nuc le i  bounded t o  d i f f e r e n t  surroundings, which w i l l  cau- 

se a) d i f f e r e n t  chemical s h i f t s 6 ,  b) d i f f e r e n t  spin-spin re laxat ion t i - 

me ( T ~ )  8, and c) d i f f e r e n t  s p i n - l a t t i c e  re laxa t i on  time (T~).' Featu- 

re  2 w i  1 1  g ive  d i f f e r e n t  resonant f i e l d ,  d i f f e r e n t  l inewid th  ( y ~ ~ 1 - l  

and 5 d i f f e r e n t  sa tura t ion  f a c t o r  y2 H2 T T i .e. the leve l  o f  RF po- 
1 1 2  

wer needed f o r  sa tura t ion  w i l l  be d i f f e r e n t  f o r  each o f  them. 

l n  order t o  t e s t  t h i s  qual i t a t i v e  behavior we increased the RF power. 

Fig. 1-b a c t u a l l y  shows tha t  a t  IRF = 200 UA the narrowest resonanceis 

already saturated. Fig. 1-c shows tha t  a t  IRF = 400 LIA the twonarrower 

resonances are now saturated and the broader i s  the one tha t  has the 

highest sa tura t ion  f a c t o r  Y* H* T 2' . Knowing we were deal ing wi t h  three 
1 1 2  

d i f f e r e n t  proton resonances, the next step was t o  t r y  t o  i d e n t i f y  thm.  
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Fig.  I - Power dependence of the NMR signal fo r  a non-dried corn seed 

w i t h  approxirnately 10% moisture. 

Fig. 2 shows the resonance o f  the same corn kernel a f t e r  been dr ied  f o r  

seven days a t  40°c. The seed weight reduct ion was about 5 t o  6% what 

means tha t  moisture l e f t  i n  the kernel was about 4 t o  5%. The spectra 

shows c l e a r l  y the absence o f  a broader resonance a t  any RF power leve1 . 
Hence we a t r i b u t e  t h i s  resonance t o  the  hydrogens nuc le i  o f  the water 



MAGNETIC FIELD ( G a  u s s )  

F i y .  2 - Power dependente o f  the  NMR s i y l r a l  f o r  a cornseed a f t e r  d r i e d  

d u r i n y  seven days a t  4 0 ' ~ .  

rnolecules. Since t h e  water  resonance i s  broader than the  resonance o f  

pure l i q u i d  watpr  we b e l i e v e  t h a t  the water  rnolecules i n t h e  seed rnight 

be s l i g h t l y  bounded t o  t h e i r  environrnent. 

A11 t h e  hgdrogen atorns i n  the  s o l i d  phase, l i k e  those o f  p r o t e i n s  and 

carbohydrates w i l l  g i v e  resonances too  broad t o  be de tec ted  s i n c e  they 

have low rnobi l i t y  and t h e  e f f e c t s  o f  sp in- sp in  i i i t e r a c t i o n s  ( s h o r t  T ~ )  

wi I 1  n o t  be rnot ionãl l y  narrowed8. Thus we concluded t h a t  the  two nar-  

row resonances observed i n  f i g .  2-a and 2-b should come frorn d i f f e r e n t  

groups o f  hydrogen n u c l e i  o f  the  co rn  o i l  rnolecules. A c t u a l l y  the  ex- 

pected s h i f t  corresponding t o  the  s p l i t t i n g  o f  30 mG, observed between 

the  two resonances o f  f i g .  2-a, correspond t o  t h e  chem 

( C H 2 ) n  and = C'! = O  rnearured by Conway and Johnson 

t i o n  NMR experirnents6. A lso  t h e í r  r e l a t i v e  i n t e n s i t y  a 

i i c a l  s h i f t  between 

i n  h i g h  reso lu -  

r e  q u i t e  s i m i l a r .  



Fur ther  evidence t h a t  the two narrower l i n e s  come froni o i l  cmponent i s  

g iven  by the  f a c t  t h a t  t h e  spec t ra  o f  the  germ a lone repro luce  t h i s  two 

resonance!; and t h e  one a t t r i  buted t o  t h e  water  molecules was o n l y  found 

i n t o  the  endosperm (see f i g .  3 ) .  T h i s  i s  apparen t l y  so because o i l  i s  

ma in ly  d i s t r i b u t e d  i n  the  c o r n  germ. 

GERM 
(b) 

(C E NDOSPERM 

MAGNETIC FIELD ( G a u s s )  
F i g .  3 - Proton RMR resonances f o r  d i f f e r e n t  p a r t s  o f  a corn seed. a) 

Resonance f o r  the  whole seed; b )  Resonance for  t h e  gerrn; c )  Resonance 

f o r  the endosperm. 



I n  order t o  see the ind iv idua l  con t r i bu t i on  t o  the t o t a l  resonance i n -  

tensi  t y  a t  d i f f e r e n t  RF power leve ls ,  we have in.tegrated twice the spec- 

t r a  o f  a natura l  (non-dried) and o f  a d r i ed  seed. Fig. 4 shows the ex- 

perimental sa tura t ion  curve corresponding t o  the superposi t ion of three 

resonances. Each ind iv idua l  resonance has a sa tura t ion  curve given by 

t h e i r  appropriated re laxat ion  times T and T 2 ,  according t o  expression 
1 

( 1 ) .  

At low RF power leve1 (xRF = 30 ?JA) the  t o t a l  i n t e n s i t y  i s  mainly g i -  

ven by the o i  1 components and a t  h igh RF power (%RF = 300 V A )  by the 

water component. This w i l l  i n  p r i n c i p l e  suggest t ha t  b o t h o i l  andmois- 

t u re  concentrat ion can be determined on non-dr'ied s i ng l  e corn kernel by 

j u s t  measuring the t o t a l  resonance i n t e n s i t y  a t  d i f f e r e n t  RF power l e -  

vels. 

I n  our p a r t i c u l a r  case the s ignal  t o  noise r a t i o  a t  low and high RF po- 

wer are not  good enough t o  g ive  the requi red prec i  s ion and accuracy f o r  

the measurements. Therefore we were forced t o  work a t  intermediate RF 

power (30 <IRF <60 U A )  , where the resonance i n  tt ie na tura l  seed wi 1 1 

have a mixture o f  the two components, o i l  and molsture. Hence an accu- 

rated o i l  determination can be given on ly  i f  the corn kernel i s  d r i ed  

a t  moisture leve ls  lower than 5% (see f i g .  4 curve b and c). 

A sistemat ic ind iv idua l  NMR analysis on 80 corn seeds has been done. 

The seeds were p a r t  o f  e igh t  groups o f  ten kerne'ls each. The seeds o f  

the same group had s i m i l a r  genet ic  background. The absolute concentra- 

t i o n  has been obtained by d i r e c t  comparison of ttie in tens i ty  o f  theNMR 

resonance o f  each seed w i t h  the one detected i n  a standard corn l i q u i d  

o i l  sample. The reproduc ib i l  i t y  i n  d i f f e r e n t  runs o f  the same seed ànd 

standard was always be t te r  than 3%. Therefore we can say tha t  our ac- 

curacy and prec is ion  i s  about 5% f o r  the absolute o i l  concentration 

which w i l l  g i ve  a maximum e r r o r  o f  about 1 mg í n  the o i l  determination 

o f  each s ing le  corn kernel .  

Fig, 5 shows a t y p i c a l  spectra o f  the corn l i q u i d  o i l  standards. Th is  

i s  compleFely s i m i l a r  t o  the spectra obtained on d r i ed  corn seed ( f i g .  

2-a). 







I n  order  t o  study the c o r r e l a t i o n  between the NMR method and the gra- 

v ime t r i c  procedure, e igh t  d i f f e ren t  corn germplasm groups wereanalysed 

by the grav imet r ic  method f o r  o i l  content. 

~ i g . 6  shows a  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.997 between thetwo methods. 

The grav imet r ic  method gave an e r r o r  o f  approximately 5% and the e r r o r  

bar f o r  the NMR analysis i s  a l so  about 5%. As the two methods are h i -  

O I L  CONCENTRATION (OIo NMR) 
Fig. 6 - Correlat ion between o i l  concentration measurements. The expe- 

rimental points  represented were obtained by s ingle  seed NMR measure- 

ments and gravimetr ic  measurements f o r  groups of  i 0  seeds. The hor i-  

zontal valuas are  the mean value obtained i n  NMR analysis  f o r  the same 

ten seeds. 



gh ly  cor re la ted and the regression c o e f f i c i e n t  o f  o i l  percentage by the 

grav imet r ic  method on the NMR procedure i s  c lose t o  1  . O  and the e r ro rs  

are ccmparable we be l ieve t h i s  method i s  . q u i t e  promissing f o r  p lan t  

breedi ng pu rpose. 

I n  the se lec t ion  program, the synthet ic  Maya was chosen by reveal ing 

the highest  o i l  content (5.1%), among 12 o f  our mcst y i e l d i n g  comner- 

c i a l  va r i e t i es .  Resul t s  on o i  1  content o f  the '100 kernelq are shown on 

f i g .  7. Data ranged from 1.9 t o  7.2% w i t h  an average o f  5,08%. Selec- 

t i o n  was performed on basis o f  progene mean + 1.76 o, g i v i ng  t runcat ion 

po in ts  o f  6,3%, f o r  the upper l i m i t  and 4.0% f o r  the lower group. This 

represented a  se lec t ion  i n t e n s i t y  of approximately 10% f o r  each set. 

The two groups are the basic germplasrn f o r  a  recurrent  se lec t ion  using 

SI l i n e s  f o r  h igh and low o i l  content. 

2 4 6 8 

O i L  PERCENTAGE 

Fig. 7 - Distribution of oil content of 100 kernels analysed by NMR 

technique. The dashed zone corresponds to the selected high mdiowcon- 

centration kernels. 



Recombinaition w i t h i n  the two groups gave a ga in  o f  12.0% f o r  the high 

o i l  populat ion whereas the progress from se lec t ion  i n  the  low o i l  popu- 

l a t i o n  was 14.1%. 

The genet ic progress obtained i n  t h i s  program gives the f i n a l  evidence 

f o r  the s u i t a b i l i t y  o f  the suggested NMR method f o r  breeding purpose. . 

Th is  research was supported i n  p a r t  by research grants frm PIG -CNPq- 

FAPESP - FINEP 
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