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T e c h n i c a l  

 Carotenoids and Tocols 
Evelyn J. W e b e r  
ARS/USDA, University of Illinois, 1102 S. Goodwin Ave., Urbana, IL 61801 

A h i g h  p e r f o r m a n c e  l iqu id  c h r o m a t o g r a p h i c  
(HPLC) p r o c e d u r e  h a s  b e e n  d e v e l o p e d  that  per-  
m i t s  d e t e r m i n a t i o n o f  c a r o t e n o i d s  a n d  t o c o l s  in the  
s a m e  s a m p l e  p r e p a r a t i o n  o f  c o r n  grain .  For 15 in- 
breds ,  the  to ta l  c a r o t e n o i d s  r a n g e d  f r o m  16 to 77 
~g /g  dry  w t  a n d  the  to ta l  t o c o l s  f r o m  30 to 128 ~Lg/g 
d r y  wt .  For four  inbreds ,  to ta l  c a r o t e n o i d s  were  
c o n c e n t r a t e d  in  the  h o r n y  e n d o s p e r m  (83 -+ 2%) 
a n d  tota l  t o c o l s  in the  g e r m  (77 -+ 6%). Af ter  s ix  
m o n t h s  s t o r a g e  at r o o m  t e m p e r a t u r e ,  the  m e a n  l o s s  
o f  to ta l  c a r o t e n o i d s  for four  i n b r e d s  w a s  42 _+ 4%, 
w h i l e  the  t o c o l s  h a d  a m e a n  l o s s  o f  5%. 

of Corn Grain Determined by HPLC 
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Fig. 1. HPLC analysis of the carotenoids of corn inbred B73. 
Normal phase system on Ultrasphere-Si. Chromatographic 
conditions are described in text. Peak number: 1, carotenes; 
2, ~-cryptoxanthin; 3, lutein; 4, zeaxanthin. 

Both h u m a n s  and  an ima l s  are unab le  to b iosynthes ize  
carotenoids and  mus t  ass imi la te  t h e m  th rough  the i r  
diets.  Yellow corn is the only an i m a l  foodstuff  avai lable  
in large quan t i t i e s  t ha t  contains  an apprec iable  amoun t  
of carotenoids wi thout  a h igh  fiber level (1,2). I f  the  
or iginal  level of carotenoids in corn is low or losses 
occur dur ing  storage,  the feed may  be deficient in pro- 
v i t a m i n  A and p igments .  

Two genera l  classes of carotenoids,  caro tenes  and 
xanthophyl ls ,  are p r imar i ly  responsible  for the  yellow 
color of corn grain.  The carotenes  are  precursors  of vi- 
t a m i n  A, and  xanthophyl l s  i m pa r t  a desi rable  yellow 
color to egg yolks and the skin of poultry. The var ious  
forms of the  carotenoids have different  v i t amin ,  ant i -  
oxidant  and p igmen t ing  activi t ies.  For example ,  the  
yel low-orange zeaxan th in  is app rox ima te ly  twice as 
efficient as the  l ight-yellow lu te in  as a p igmen t ing  
agen t  for egg yolks (1). To de te rmine  the  carotenoid 
feeding value of corn grain,  the var ious  forms mus t  be 
separa ted  f rom each other, identified, and measu red  
quant i ta t ive ly .  

Consumers  associate  the yellow skin  color of broi lers  
wi th  hea l thy  chickens and the  yellow color of egg yolks 
wi th  "country  fresh" eggs. In  addit ion,  the  demand  has  
increased for deep o range-p igmented  egg yolks for com- 
mercia l  use in egg noodles, yellow cake mixes  and  m a n y  
o ther  products.  P r e m i u m  prices are paid  for eggs wi th  
these  dark-colored yolks. Corn and corn g lu ten  mea l  
supply  most  of the  xanthophyl l s  in poul t ry  feed, but  
other p igmen t ing  sources mus t  be added, pa r t i cu la r ly  
for the  dark-yolk  rat ions.  Dehydra ted  alfalfa  mea l  is a 
good source of xanthophyl l s  but  it is so h igh  in fiber 
and low in energy  tha t  only levels of 2.5-5.0% can be 
used in poul t ry  feeds. Marigold pe ta l  mea l  is a concen- 
t r a t ed  source of p igments ,  bu t  it is expensive  and has  
no nu t r i t iona l  value o ther  t h a n  the  xanthophyl ls .  Poul- 
t ry  special is ts  have es t imated  t ha t  a feed fo rmula ted  
for product ion of da rk  yolks by supp l emen ta t i on  wi th  
corn gluten,  alfalfa  or mar igo ld  mea l s  will cost consum- 
ers a t  leas t  th ree  to four cents more per  dozen eggs t h a n  
a r egu la r  pou l t ry  feed (3). Corn wi th  known h igh  levels 
ofcarotenoids  would have increased value  as a foodstuff. 

Li t t le  work has  been done on carotenoids  in corn 
gra in  since 1963 (4,5). Corn inbreds  widely used by 
breeders  a t  t h a t  t ime  were analyzed,  but  cur ren t  in- 
breds  have not been  examined.  The ana ly t i ca l  methods  

1presented at the AOCS meeting in Honolulu, HI in May 1986. 

used in the  1960s (6,7) included long ex t rac t ion  t imes  
(3-48 hr) and  slow column chromatography.  We have 
developed a procedure wi th  a shor te r  ex t rac t ion  t ime  
and quan t i t a t i on  by h igh  per formance  l iquid 
ch romatography  (HPLC). This  procedure  is fas te r  and  
safer  for the  oxygen- and l ight -sens i t ive  carotenoids.  

The tocols (tocopherols + tocotrienols) are forms of 
v i t a m i n  E. We have repor ted  previous ly  on HPLC of the 
tocols of corn gra in  (8). In the p resen t  study, we have 
devised an ex t rac t ion  procedure by which a l iquots  of 
the  same  sample  can be used for both  carotenoid and 
tocol analyses .  This  procedure has  been  used to deter-  
mine  the  d is t r ibut ion  of carotenoids and tocols among  
var ious  corn kernel  f ract ions  (horny endosperm,  floury 
endosperm and germ).  The s tabi l i ty  of carotenoids  and  
tocols in corn g ra in  dur ing  s torage was also investi-  
gated.  

MATERIALS AND METHODS 

Corn samples. The corn inbreds were grown on the  Ag- 
ronomy-Plan t  Pa thology South Fa rm at  the  Univers i ty  
of Il l inois,  Urbana ,  IL. Matu re  kerne ls  were ha rves ted  
60-64 days af ter  hand  poll inat ion.  All of the  corn sam-  
ples were protected f rom light.  H a l f  of the  g ra in  f rom 
each ear  was stored in a freezer  a t  - 20 C, and  the  o ther  
ha l f  was stored a t  room t e m p e r a t u r e  in a cloth bag  in 
a closed plas t ic  container.  

To sepa ra t e  the  corn kerne ls  into horny endosperm,  
floury endosperm and ge rm plus t ip cap fract ions,  the  
kernels  were placed in boil ing wa te r  for 2 min  to inac- 
t iva te  l ipolytic enzymes  and to faci l i ta te  removal  of the  
per icarp.  Then  the  t ip cap was snapped  off below the  
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TABLE 1 

Caroteno ids  of  Yellow Corn Inbreds  

Carotenoids 

Kernel ~-Crypto- 
dry wt Carotenes xanthin Lutein Zeaxanthin Total 

Inbred (mg) (%) (~g/g) 

A619 230 50.5 8.3 24.7 16.4 69.3 
A632 234 10.7 9.4 8.0 71.9 15.8 
B37 253 25.5 7.0 52.7 14.7 59.0 
B73 222 11.6 14.7 60.3 13.4 28.5 
B84 312 10.6 6.6 64.6 18.2 27.4 
C103D 247 6.5 7.0 54.5 31.9 32.3 
H51 214 18.4 12.5 51.9 17.2 48.2 
Mo17 370 9.0 7.0 44.4 39.5 34.4 
NY16 158 17.5 8.3 60.1 14.1 31.2 
Oh43 236 28.8 7.8 55.2 8.1 49.2 
Oh45 288 32.8 5.0 54.9 7.3 76.9 
R802A 219 50.0 10.5 34.7 4.8 73.6 
R806 305 28.1 12.0 43.4 16.5 49.9 
T220 184 39.4 8.0 38.7 13.9 51.2 
W64A 177 12.2 13.2 46.0 28.6 36.1 

black layer, and the pericarp was removed under  a 1 
3/4 x magnifier;  the germ was dissected from the endo- 
sperm, and the floury endosperm was carefully scraped 
from the horny endosperm with a scalpel. All dissection 
work was done under  a safe l ight  (8) because of the 
labil i ty of the carotenoids and tocols to na tura l  and 
fluorescent l ighting. 

Carotenoid and tocol standards, co-Carotene, ~- 
carotene and lycopene were purchased from Sigma 
Chemical  Co., St. Louis, Missouri. The other  
carotenoids were not available commercial ly and were 
isolated from corn by th in  layer chromatography (TLC). 
The carotenoids were separated on silica gel G:MgO 
(1:2, w/w) 0.3 mm thick. The solvent system was 
acetone:hexane (10:90, v/v). The carotenoids were ex- 
t racted from the TLC adsorbents  with 5% ethanol  in 
acetone. Lutein, zeaxanth in  and ~-cryptoxanthin were 
isolated. Their  UV-visible absorption spectra maxima  
determined on a Beckman scanning spectrophotometer  
(Model UV5230) were identical  to published data  (9). 

a-Tocopherol and ~/-tocopherol were purchased from 
Eas tman-Kodak  Chemical  Co. (Rochester, New York). 
The tocotrienols were prepared from na tura l  sources 
and purified by TLC (10). a-Tocotrienol was isolated 
from the seed of corn inbred B73 and ~/-tocotrienol from 
barley germ oil. 

Extraction of the carotenoids and tocols. All sample 
preparat ions  were done under  a safe l ight and kept in 
a ni t rogen atmosphere wherever  possible, because the 
carotenoids and tocols are very sensitive to oxygen, 
light, heat  and pH, and especially to combinat ions of 
these factors, e.g., l ight  and oxygen (11,12). Butyla ted  
hydroxytoluene (BHT) was added to the samples as an 
antioxidant.  The water  used for extract ion was 
deionized, freshly boiled and cooled on ice. 

Two to three corn kernels at  a t ime were crushed in 
a hand  mill s imilar  to tha t  used by Paulis and Wall 
(13). Approximately  2 g (8-10 kernels) of the coarsely 

ground corn was placed in a Spex ball mill (Spex Indus- 
tries, Inc., Scotch Plains, New Jersey) container  tha t  
had been cooled in ice. The sample was ground for 10 
min. An accurately  weighed sample (ca. 300 mg) was 
placed in a test tube (18 mm O.D. x 150 mm). Triplicate 
samples were extracted. E thanol  (5 ml) and BHT (0.5 
mg) were added to each tube. The test tube was covered 
with a glass marble  and hea ted  for 5 min in a tube oven 
at 90 C (TOTCO, Glendale, California) to bring the 
ethanol  to the boiling point. Then 0.08 ml of 80% KOH 
was quickly added and, after  s t i rr ing with a vortex 
mixer, the sample was saponified for 10 min at 90 C. 
To prevent loss of solvent, the top of the tube was cooled 
with a s t ream of cool air. The sample was agi ta ted once 
dur ing saponification. After saponification, the tube 
was placed in an ice ba th  and 2.5 ml of ice-cold water  
and 2.7 ml of hexane: toluene (10:8, v/v) were added. 
The contents were mixed with a vortex mixer for 20 sec 
and then centr ifuged at 2100 rpm for 4 min. The upper 
layer was t ransferred to a separatory funnel  containing 
15 ml cold water. Extract ion of the sample with 2.7 ml 
hexane-toluene was repeated three times. The com- 
bined upper layers were washed five t imes with 10 ml 
cold water  to remove residual  KOH. The combined 
hexane layers were taken  to dryness on a rotary 
evaporator, and the sample was diluted to a known vol- 
ume with 1.2% 2-propanol in hexane for HPLC. All 
samples were kept under  ni t rogen at - 2 0  C unti l  
analysis.  

HPLC. The carotenoid and tocol analyses  were per- 
formed with a Beckman Model 322M HPLC (Beckman 
Ins t ruments ,  Inc., Berkeley, California) connected to a 
Shimadzu Chromatopac C-R1A recording data  proces- 
sor (Shimadzu Scientific Ins t ruments ,  Inc., Columbia, 
Maryland).  The 25 cm x 4.6 mm i.d. stainless steel 
column was prepacked with 5 ~m Ultrasphere-Si  
(Beckman) and protected with an Adsorbosphere silica 
cartr idge guard  column (Alltech Associates, Inc., Deer- 
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field, Illinois). All samples were injected via a fully 
loaded 20-~1 loop. The solvents, hexane and 2-propanol, 
were HPLC grade (J.T. Baker  Chem. Co., Phil l ipsburg,  
New Jersey). 

Absorption of the carotenoids was measured  at 445 
nm by a Model 155-409 Hitachi  UV-visible, variable 
wavelength spectrophotometer.  Detector sensi t ivi ty 
was set at  0.05 absorbance uni t  full scale. A step gra- 
dient program was used to shorten the t ime of analysis  
of the carotenoids. The init ial  values were 3.1% 2-pro- 
panol in hexane for the mobile phase and 0.86 ml/min 
for the flow rate. After  ~-cryptoxanthin was eluted from 
the column (at 10 min) (Fig. 1), the flow rate  was in- 
creased to 1.5 ml/min and the percentage of 2-propanol 
t o  4%. These changes decreased the retent ion t imes of 
lutein and zeaxanthin.  After the xanthophyl ls  were 
eluted (at 24 min), the flow rate was increased to 2 
ml/min for 10 min to clear the column; then the initial 
values of flow rate and mobile phase were reinstated.  

The tocol analysis  was carried out on an aliquot from 
the same corn sample extract  tha t  was used for 
carotenoid analysis.  The same Ultrasphere-Si  HPLC 
column was used, but  the rat io of 2-propanol to hexane 
was reduced to 1.2% 2-propanol in hexane and the  tocols 
were determined by fluorescence detection (8). 

RESULTS AND DISCUSSION 

Analytical method. Saponification of the corn samples 
was necessary to obtain complete extract ion of the 
carotenoids and tocols. This alkal ine hydrolysis elimi- 
nated  con tamina t ing  lipids and released the 
carotenoids and tocols tha t  were present  as esters. To 

avoid de t r imenta l  effects on the carotenoids and tocols, 
saponification t ime was shortened and the KOH concen- 
t ra t ion  was lowered compared to previously published 
procedures (9,12). 

Both normal-phase  and reversed-phase systems have 
been used for provi tamin A analysis  of fruits and vege- 
tables, but  quant i ta t ive  HPLC methods dealing with 
the carotenoids of feedstuffs have not been reported pre- 
viously (14). A normal-phase  HPLC column was chosen 
because s tandard  xanthophylls ,  the major carotenoids 
in corn, are well separated on a silica adsorption column 
(15). HPLC on a normal  phase silica column did not 
separate  the carotenes of corn. The carotenes were 
eluted as an early, single peak (Peak 1, Fig. 1). With a 
scanning  detector, the concentrat ions of the individual  
carotenes could be calculated from their  absorbance 
values (6). 

Suitable HPLC internal  s tandards  have not been 
identified. Therefore, cal ibrat ion curves of ~-carotene 
and ~/-tocopherol were used as external  standards.  The 
lower limits of adequate  detection under  the HPLC set- 
t ings described were 1 ng for carotenoids and 0.5 ng for 
tocots; thus,  one corn kernel  could be analyzed for gene- 
tic studies. 

Recovery studies were carr ied out by spiking corn 
samples with known amounts  of ~-carotene or ~-to- 
copherol before extraction. The recovery mean  for ~- 
carotene was 93.5% with a s tandard  error (SE) of 6.2 
in tr iplicate analyses.  The recovery of ~/-tocopherol was 
98.2 -+ 0.2%. 

Carotenoid analysis of corn inbreds. The carotenoid 
analyses  of the corn inbreds in Table 1 were carried out 
wi th in  a month  after  harvest  on samples tha t  had been 

TABLE 2 

Dis tr ibut ion  o f  C a r o t e n o i d s  in H a n d - D i s s e c t e d  Corn Kerne l  Frac t ions  

Carotenoids 

Dry ~-Crypto- 
Kernel weight Carotenes xanthin Lutein Zeaxanthin Total carotenoids 

Inbred fraction (%) (%) (~g/g) (%) 

B37 Whole 100.0 28.2 10.7 50.8 10.3 59.0 100.0 
B84 kernel 100.0 15.3 7.5 64.0 13.2 27.4 100.0 
Oh45 100.0 37.9 8.5 48.2 5.4 76.9 100.0 
Canadian 100.0 23.1 14.2 53.7 9.0 19.8 100.0 

flint 
B37 Horny 69.5 25.0 6.8 45.3 10.2 47.7 87.3 
B84 endosperm 66.3 10.1 4.0 53.6 11.9 19.1 79.4 
Oh45 69.3 31.3 5.4 37.6 3.8 54.0 78.1 
Canadian 65.7 21.2 12.0 43.5 9.1 15.2 85.8 

flint 
B37 Floury 14.9 3.2 2.2 4.6 1.0 6.0 11.0 
B84 endosperm 18.6 2.6 1.9 9.9 2.5 4.1 16.9 
Oh45 17.4 7.4 3.3 8.5 0.9 13.9 20.1 
Canadian 19.8 3.6 3.1 5.3 0.9 2.3 12.9 

flint 
B37 Germ + 15.6 0.4 0.2 0.8 0.3 0.9 1.7 
B84 tip cap 15.0 0.6 0.3 2.0 0.7 0.9 3.6 
Oh45 13.3 0.5 0.1 1.0 0.2 1.2 1.8 
Canadian 14.5 0.2 0.1 0.8 0.2 0.2 1.3 

flint 
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'FABLE 3 

Di s t r ibut ion  o f  Toco l s  in  H a n d - D i s s e c t e d  Corn Kernel  Fract ions  

Dry 
Kernel weight 

Inbred fraction (%) 

Tocols 

a-Tocopherol a-Tocotrienol ~Slbcopherol ~/-Tocotrienol Total tocols 

(%) (~g/g) (%) 

B37 Whole 100.0 39.3 15.0 35.9 9.8 44.8 100.0 
B84 kernel 100.0 19.9 12.5 56.3 11.3 36.9 100.0 
Oh45 100.0 6.5 3.4 57.3 32.8 62,3 100.0 
Canadian 100.0 8.2 7.1 59.9 24.8 38,7 100.0 

flint 

B37 Horny 69.5 0.1 9.3 .a 5.7 6.3 15.1 
B84 endosperm 66.3 5.7 0,2 0.5 1.9 6.4 
Oh45 69.3 2.8 0.2 22.8 14.5 25,8 
Canadian 65.7 4.8 0.5 14.4 8.3 19.7 

flint 

B37 Floury 14.9 0.2 0.9 0.1 L6 1.2 2.8 
B84 endosperm 18.6 0.3 1.0 1.6 0.9 2.9 
Oh45 17.4 0.5 1.7 0.6 8.6 6.4 11.4 
Canadian 19.8 1.6 0.4 6.8 3.7 8.8 

flint 

B37 Germ + 15.6 48.7 32.5 0.8 34.4 82.0 
B84 tipcap 15.0 25.0 65.7 27.7 90.7 
Oh45 13.3 9.6 50.5 2.7 35.2 62.8 
Canadian 14.5 8.2 0.7 59.0 3.6 30.0 71.5 

flint 

aNot detected. 

s t o r e d  a t  - 2 0  C i m m e d i a t e l y  a f t e r  h a r v e s t .  For  15 yel-  
low corn  i n b r e d s ,  t h e  t o t a l  c a r o t e n o i d s  r a n g e d  f rom 15.8 
~g /g  for A632  to 76.9 txg/g for Oh45  (Table  1). 

E a c h  i n b r e d  h a d  i t s  own c h a r a c t e r i s t i c  p a t t e r n  of  
c a r o t e n o i d s .  L u t e i n  w a s  t h e  p r e d o m i n a n t  c a r o t e n o i d  in  
11 o f  t h e  15 i n b r e d s  (Tab le  1), b u t  t h e  p r o p o r t i o n s  of  
l u t e i n  v a r i e d  g r e a t l y  ( f rom 8.0% in  A 6 3 2  to 64.6% in  
B84).  I n b r e d s  cou ld  be  s e l e c t e d  for  h i g h  p e r c e n t a g e s  of  
c a r o t e n e s  (A619, 50.5%, a n d  R802A,  50.0%) or  of  
z e a x a n t h i n  (A632,  71.9%). The  d i f f e r ences  by  w e i g h t  
v a r i e d  a m o n g  t h e  i n b r e d s  by  a p p r o x i m a t e l y  32-fold for 
l u t e i n  (A632,  1.3 }xg/g to  OH45,  42.2 ~g/g)  a n d  by  ap-  
p r o x i m a t e l y  4-fold  for z e a x a n t h i n  (R802A-3 .5  ~g /g  to  
Mo17-13.6 ~g/g) .  T h e  o n l y  s t r o n g  p o s i t i v e  c o r r e l a t i o n  

coef f ic ien ts  (P<0 .001)  o b s e r v e d  were  for c a r o t e n e s  a n d  
l u t e i n  v e r s u s  t o t a l  c a r o t e n o i d s .  

O u r  H P L C  p r o c e d u r e  h a s  a l so  b e e n  u s e d  to  d e t e r m i n e  
t h e  c o n c e n t r a t i o n  of  c a r o t e n e s  a n d  x a n t h o p h y l l s  in  
h i g h - o i l  corn  v a r i e t i e s  t h a t  were  b e i n g  e v a l u a t e d  for 
p o u l t r y  feed  (16). T h e  l eve l s  of  t h e  p l a s m a  c a r o t e n o i d s  
a n d  t h e  s h a n k  p i g m e n t a t i o n  scores  of  t h e  ch icks  corre-  
s p o n d e d  to t h e  l eve l s  of  t h e  c a r o t e n o i d s  in  t h e  corn 
v a r i e t i e s  t h a t  t h e  chicks  were  fed. 

Distribution of  carotenoids and  tocols in the corn ker- 
nel. B l e s s i n  a n d  coworke r s  have  e x a m i n e d  t h e  d i s t r i b u -  
t i o n  o f c a r o t e n o i d s  (17) a n d  tocols(18)  in  t h e  corn  k e r n e l ,  
b u t  no t  o f  b o t h  c a r o t e n o i d s  a n d  toco ls  in  t h e  s a m e  i n b r e d  
corn  s a m p l e  a s  was  done  in  t h i s  s tudy.  

TABLE 4 

Recovery  o f  C a r o t e n o i d s  in  Four Corn Inbreds  After  S torage  at R o o m  Temperature  for S ix  M o n t h s  

Recovery of initial value 
of individual carotenoids 

Initial wt Recovery 
of total of total 

carotenoids carotenoids Carotenes ~-Cryptoxanthin Lutein Zeaxanthin 
Inbred ~xg/g) (%) (%) 

B84 27.4 66.7 64.6 76.1 64.7 68.7 
H51 48.2 53.7 56.5 63.5 51.0 52.0 
Oh45 76.9 62.7 74.2 82.0 54.0 53.8 
R802A 73.6 49.8 48~2 61.1 49.7 58.6 

Mean 58.2 60.9 70.7 54.8 58.3 
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The weight percentages of the hand-dissected kernel 
parts exhibited little variation among four corn inbreds 
(Table 2). The horny endosperm accounted for the 
largest proportion of the kernel (66-69%), while the 
floury endosperm accounted for 15-20% of the kernel 
weight and the germ plus tip cap 13-16%. 

The carotenoids were localized mainly in the horny 
endosperm with 78-87% of the total carotenoids in this 
kernel fraction (Table 2). Floury endosperm contained 
11-20% and the germ only a negligible percentage (1- 
4%). These results are similar to those of Blessin et al. 
(17), who analyzed the carotenoid content of hand-dis- 
sected fractions of two corn hybrids. 

The distribution of individual carotenoids in the ker- 
nel is also shown in Table 2. Lutein was the predomin- 
ant carotenoid in all of the kernel fractions, as it was 
in the whole kernels of the four inbreds. If the ratios 
of the carotenoids are calculated, only in floury endo- 
sperm was there a marked trend in all four corn inbreds 
away from the original carotenoid composition of the 
whole kernel. The proportion of ~-cryptoxanthin was 
increased and the proportion of lutein was decreased 
in floury endosperm compared to the carotenoids of the 
whole kernel. In germ ÷ tip cap, the only consistent 
change was an increase in the proportion of zeaxanthin. 
These results differed from those of Blessin et al. (17). 
These workers separated the carotenoids into only two 
fractions, the carotenes and the xanthophylls, and 
found that  the ratio of carotenes to xanthophylls was 
higher in germ than in the whole kernel. In the data 
presented here, three of the four inbreds exhibited a 
decreased proportion of carotenes in the germ as com- 
pared to whole kernel. 

The percentages of the tocols varied more widely 
among the kernel parts than did the carotenoids. The 
major portion of the tocols was concentrated in the germ 
(63-91%) (Table 3), while the horny endosperm con- 

tained 6-26% of the tocols and floury endosperm 3-11%. 
The wide variation among the inbreds in the percen- 
tages of the tocols in the kernel fractions was due to 
the unique distribution of the tocopherols and the toco- 
trienols in the corn kernel. The tocopherols were concen- 
trated almost exclusively in the germ and the toco- 
trienols in the endosperm. The small amounts of these 
tocols that  appeared in the other kernel fractions might 
have been due to cross contamination of the kernel frac- 
tions. Completely clean separation, even by hand-dis- 
section, is very difficult. 

Grams et al. (18) found that  the endosperm fraction 
contained all of the measurable tocotrienols that  occur- 
red in the whole grain of the four hybrids that  they 
examined. They did not separate the endosperm into 
floury and horny fractions. The data presented here 
show that  the level of tocotrienols in horny endosperm 
was usually at least twice that  in the floury endosperm. 
The compartmentation of tocopherols in germ and toco- 
trienols in endosperm is interesting because it has been 
proposed that  the tocopherols are formed by biohydro- 
genation of the tocotrienols (19). 

Stability of carotenoids and tocols during storage. 
Four inbreds (B84, H51, Oh45, R802A) were sampled 
for the storage studies. The recovery of total carotenoids 
after six mo of storage at room temperature ranged 
from 49.8-66.7% of the harvest values (Table 4). B84, 
which had the lowest initial weight of total carotenoids, 
showed the lowest loss (33.3%) of total carotenoids. Dua 
et al. (20) observed that  a commercial hybrid with one- 
half  the carotenoid content of two experimental  strains 
showed a lower percentage loss than the two high- 
carotenoid strains after storage for one year. Similar 
results are presented in this study. 

The same trend was observed among the individual 
carotenoids. Recovery was greatest for ~-cryptoxanthin 
which was present in low concentrations initially (Table 
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Fig. 2. L o s s  o f  c a r o t e n o i d s  from w h o l e  g r a i n  of  c o r n  i n b r e d  H51 d u r i n g  s t o r a g e  
at r o o m  t e m p e r a t u r e .  E a c h  s y m b o l  r e p r e s e n t s  the  m e a n  of  three  rep l i ca te s .  T h e  
s t a n d a r d  e r r o r  of  the  m e a n s  w a s  < -+- 1 ~g/g.  
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TABLE 5 

Recovery of Tocols in Four Corn Inbreds After Storage at 
Room Temperature for Six Months 

Initial wt of Recovery of 
total tocols total tocols 

Inbred (~g/g) (%) 

B84 36.9 97.1 
H51 80.5 96.2 
Oh45 62.3 96.4 
R802A 91.5 90.4 

Mean 95.0 

1). The genera l  p a t t e r n  for the  o ther  caro tenoids  was 
t h a t  the  i nd iv idua l  caro tenoid  wi th  the  h ighes t  i n i t i a l  
concen t ra t ion  suffered the g rea t e s t  loss as shown for 
lu t e in  in H51 (Fig. 2). Quackenbush  (21) sugges ted  t h a t  
the  caro tene  f rac t ion  was the  l eas t  s tab le  du r ing  stor- 
age, bu t  he ana lyzed  only one hybr id .  

The corn samples  s tored a t  room t e m p e r a t u r e  were 
also ana lyzed  for tocols. Over the  six-mo per iod,  the  
average  loss of tocols for the  four inbreds  was 5% (Table 
5). The tocols showed much g r e a t e r  s t a b i l i t y  t h a n  did 
the  carotenoids .  The severe loss of ca ro tenoids  over a 
shor t  per iod  of s torage  a t  room t e m p e r a t u r e  is  a ser ious  
problem,  espec ia l ly  i f  one considers  the  long t ime  
per iods  t h a t  corn may r e m a i n  in government  s torage.  

Recent  i nves t iga t ions  have shown t h a t  m a n y  live- 
stock ra t ions  are  low in v i t a m i n  A (2) and  in v i t a m i n  
E. Combs and  Combs (22) ana lyzed  the  a-  and  ~-to- 
copherol  con ten t s  of 42 corn va r i e t i e s  t h a t  were ob- 
t a i ned  from a major  corn-breed ing  company. When  the 
v i t a m i n  E ac t iv i ty  of these  corn va r i e t i e s  was calcu- 
la ted ,  the  average fell below the v i t a m i n  E content  of 
corn t h a t  is l i s ted  in feed fo rmula t ion  tab les .  The use 
of the  average  v i t a m i n  E va lue  l i s ted  in  cu r ren t  feed 
t ab les  may a t  t imes  s ign i f ican t ly  overes t ima te  the  v i ta -  
min  E con t r ibu t ion  of corn to l ivestock feed. 

The levels of caro tenoids  and tocols in corn can be 
inc reased  e i t he r  by se lec t ion  and b reed ing  for h ighe r  
levels or by l e a r n i n g  how to decrease  the  loss of 
caro tenoids  du r ing  s torage.  Our  HPLC procedure  is fas- 
t e r  and  less  deg rada t i ve  for ca ro tenoid  and  tocol deter-  
m i n a t i o n s  t h a n  previous  a n a l y t i c a l  me thods  and wil l  
be useful  for sc reen ing  corn va r i e t i e s  and  o the r  
feedstuffs.  
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