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ABSTRACT 

The  quan t i t a t i ve  d i s t r i bu t i on  o f  23 acyl  l ipid 
classes and  unsapon i f i ab l e  m a t t e r  in kerne ls  o f  
amy loma ize ,  LG-11 h y b r i d  maize  and  waxy  maize  is 
descr ibed.  LG=I 1 and  waxy maize  were n o r m a l  (oil  
c o n t e n t )  variet ies,  c o n t a i n i n g  4.9% and  5.1% lipid,  
respect ively ,  whi le  a m y l o m a i z e  (9 .3% l ipid)  was a 
h igh  oil var ie ty .  The  d i s t r i bu t i on  of  ke rne l  l ipids was 
76-83% in germ, 1-2% in per icarp ,  1% in t ip cap, 
1-1 1% in s ta rch ,  and  13-15% in a l eu rone  plus  the  
n o n s t a r c h  f r ac t ion  of  the  s t a r chy  e n d o s p e r m .  G e r m  
c o n t a i n e d  39-47% lipid,  wh ich  was m o s t l y  trigly- 
cer ide (TG) ,  wi th  some  s te ry l  es ters  (SE)  and  diglyc- 
er ides  (DG),  and  small  a m o u n t s  o f  g lycol ip ids  (GL)  
and  p h o s p h o l i p i d s  (PL). A l e u r o n e  l ipids  appea red  to 
be TG wi th  some  free f a t t y  acids ( F F A )  and  SE. The  
o t h e r  n o n s t a r c h  l ipids in  s t a r chy  e n d o s p e r m  were 
F F A  wi th  very  small  a m o u n t s  o f  SE, DG, GL and  PL. 
The  s ta rches  h a d  a l i t t le  surface  l ipid ( F F A )  and  t rue  
( in t e rna l )  s t a rch  l ipid ( F F A ,  lyso-PL)  in quan t i t i e s  
rough ly  re la ted  to amylose  c o n t e n t  ( a m y l o m a i z e  
-- ca. 73% amylose ,  1.0% l ip id ;  LG-11 = 23% amylose ,  
0.7% l ipid;  waxy  maize  = < 5% amylose ,  0.2% lipid).  
Per icarp l ipids (0 .8-2 .5%) were m a i n l y  unsapon i f i ab l e  
ma t t e r ,  the  acyl l ipids be ing  TG, SE, DG and  FFA.  
Tip cap l ipids (2 .5-2 .9%) had  m o r e  TG,  GL and  PL 

t h a n  per ica rp  l ipids,  bu t  were o the rwi se  s imilar .  
Per icarp  l ipids  and  e n d o s p e r m  n o n s t a r c h  l ip ids  
appea red  to  have  suf fe red  ex tens ive  d e g r a d a t i o n  
at  some  t ime  dur ing  ke rne l  d e v e l o p m e n t  or  a f t e r  
harves t ing ,  whi le  l ipids in  s ta rch ,  germ and  t ip  cap  
were  ev iden t ly  u n a f f e c t e d .  F F A  a n d  lyso-PL are regard-  
ed as n o r m a l  c o m p o n e n t s  o f  maize  s t a rch  ( r a t h e r  t h a n  
d e g r a d a t i o n  p r o d u c t s )  and  m a y  o c c u r  as a m y l o s e  
inc lus ion  complexes .  

INTRODUCTION 

A logical  s t a r t ing  p o i n t  for  a sy s t ema t i c  s t u d y  o f  cereal  
l ip ids  wou ld  be  the  q u a n t i t a t i v e  d i s t r i b u t i o n  o f  all l ip id  
classes in  t he  p r inc ipa l  pa r t s  o f  t he  caryopsis .  We are  aware  
o f  n o  such  da ta  in  t he  l i t e r a t u r e  for  a n y  cereal ,  a l t h o u g h  
the re  is i n f o r m a t i o n  o n  t he  d i s t r i b u t i o n  o f  t o t a l  l ip ids  in  
all cereals,  and  on  sterols ,  t o c o p h e r o l s ,  c a r o t e n o i d s  and  
some  glycer ides  in maize ,  w h e a t  and  rice (1).  

In view of  t he  i m p o r t a n c e  o f  maize  l ipids,  a n d  t h e  fac t  
t h a t  t he  maize  ke rne l  is large and  t h e r e f o r e  c o m p a r a t i v e l y  
easy to  dissect ,  we dec ided  to s t u d y  t he  d i s t r i b u t i o n  o f  
l ipids  in  maize .  We used c o m m e r c i a l  samples  o f  a m y l o -  
maize ,  LG-11 h y b r i d  ma ize  and  waxy  maize ,  and  de ter -  
m i n e d  t he  d i s t r i b u t i o n s  o f  23 acyl  l ipid classes in  t h e  
per icarp ,  t ip  cap,  germ,  e n d o s p e r m  and  s tarch .  O u r  resul ts ,  
r e p o r t e d  in th is  paper ,  c o m p l e m e n t  p rev ious  ana lyses  o f  t he  

TABLE I 

Total Lipid Content,  as Fatty Acid Methyl Esters, of Dissected Maize Kernels 

Total lipid (% of dry wt.) Percentage fatty acid composition b Percentage of 
kernel dry wt. Hydrolysis a Solvent b 16:0 18:0 18:1 18:2 18:3 Others 

Amylomaize 
Pericarp 7.8 
Endosperm, total 74.7 
Endosperm, NSL + aleurone c 
Endosperm, NSL - aleurone c 
Endosperm SL c 
Starch 
Germ 15.0 
Tip cap 2.5 

LG-I 1 
Pericarp 4.2 
Endosperm, total 86.0 
Endosperm, NSL + aleurone c 
Endosperm, NSL - aleurone c 
Endosperm, SL c 
Starch 
Germ 8.4 
Tip cap 1.4 

Waxy maize 
Pericarp 6.6 
Endosperm, total 81.0 
Endosperm, NSL + aleurone c 
Endosperm, NSL - aleurone c 
Endosperm, SL c 
Starch 
Germ 10.8 
Tip cap 1.6 

0.19 0.24 21.8 5.8 23.9 39.5 6.6 2.5 
2.42 25.1 3.6 25.1 43.7 2.6 

1 .77  1 8 . 3  1 .9  2 7 . 5  4 9 . 6  2 .7  
0.69 22.4 3.6 21.3 49.4 3.3 
0.65 38.5 4.3 20.0 36.0 1.2 

0.86 0.82 36.2 4.7 20.2 37.8 1.2 
37.23 33.74 12.0 2.0 29.3 55.0 1.7 

1.75 1 . 7 6  1 6 . 9  4.0 32.9 40.1 6.1 

0.24 0.29 24.7 5.2 21.1 45.8 3.1 
1.02 24.7 1.9 15.6 53.5 4.3 

0.57 16.6 2.1 19.0 57.8 4.5 
0.29 24.0 1.7 11.6 58.6 4.1 
0.45 31.4 1.1 11.1 53.8 2.7 

0.56 0.51 36.8 1.8 10.1 47.9 3.5 
40.60 38.71 11.0 1.4 24.1 62.8 0.7 

2.03 1.62 22.1 2.6 20.0 49.2 6.0 

0.22 0.20 19.4 4.5 21.4 40.3 3.0 11.4 
0.80 27.5 2.0 15.4 49.9 5.3 

0.73 24.6 1.8 14.0 53.4 6.2 
0.45 33.3 2.2 10.0 50.6 4.0 
0.12 29.5 4.1 23.0 40.2 3.3 

0.14 0.14 35.5 4.4 23.2 35.5 1.5 
35.66 35.57 10.6 1.5 20.3 66.3 1.3 

1 . 9 6  1.71 1 7 . 4  2 .8  2 7 . 9  4 9 . 4  2 . 6  

aBy acid hydrolysis, extraction and methanolysis. 
bBy direct solvent extraction and methanolysis - except total endosperm fatty acids 
CNSL = nonstarch lipids, SL = starch lipids. 
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total  lipids (2-6), total  fa t ty  acids (3,5,7-10), carotenoids 
(11) and tocopherols  (12) in dissected fractions of maize 
kernels. 

EXPERIMENTAL PROCEDURES 

Materials 

LG-11 hybrid maize was provided by Dr. R. Drapron, 
Station de Biochimie et Physico-Chemie des C6r6ales, 
I.N.R.A. au C.E.R.D.I.A., Massy, France. A commercial 
sample of waxy maize was obtained from Dr. D. Pedrina, 
Fabbriche Riunite Amido Glucosio Destrina, S.P.A., Milan, 
Italy, and amylomaize from Dr. G.W. Deardorff,  American 
Maize Products Co., Urbana, IL. Reference lipids were 
prepared from wheat flour (13) or were purchased from 
Sigma London Chemical Co., Ltd., (Poole, England). 

Maize kernels were steeped for 3 hr in 0.1% sodium 
metabisulfi te solution at 50 C before dissection. Endo- 
sperm, pericarp and tip cap fractions were air-dried and 
milled to pass a 100 mesh sieve. Endosperm minus aleurone 
was prepared by cutt ing off the pericarp, germ, and the 
aleurone layer together with some adjacent starchy endo- 
sperm from dry kernels. Germ tissue was finely sliced 
before analyses, with precautions to recover lipid from the 
scalpel blade. 

Starch was prepared from milled endosperm which had 
been soaked in 0.1% sodium metabisulfi te at 50 C for 16 
hr. Crude starch was separated by centrifuging at 108,000 x 
g for 1 hr, and LG-11 starch, essentially free from protein,  
was obtained by repeated washing and centrifuging. Amylo- 
maize and waxy maize starches required additional steeping 
at 25 C for 24 hr in Pronase dissolved in 0.2 M phosphate 
buffer at pH 7.4. The starches were washed in distilled 
water, air-dried, and ground to pass a 120 mesh sieve. 

Methods 

Moisture was determined by drying to constant  weight 
in a vacuum oven at 70 C (minimum 24 hr). All results are 
expressed on a dry weight basis. 

Total acyl lipid was determined as fat ty acid methyl  
esters (FAME) by gas liquid chromatography (GLC) after 
acid hydrolysis  and methanolysis  of an aliquot of hydroly-  
zate lipid, using heptadecanoic acid as internal standard 
(14). The opt imum hydrolysis  times were 45 min for 
endosperm and starch, 360 rain for germ, and 90 min for 
bran and tip cap. 

Acyl  lipids in aliquots of solvent extracts and on thin 
layer chromatography (TLC) plates were quantified as 
FAME, and, in the case of  phospholipids,  by phorphorus 
distr ibution (14). 

Unsaponifiable lipids were determined by saponifying 
100/21 aliquots of lipid extracts with 2 ml of  1N KOMe in 
MeOH, in tubes sealed under  nitrogen and heated at 100 C 
for 3 hr. After  cooling, water (2 ml), diethyl  ether (2 ml) 
and light petroleum (0.6 ml) were added, and the tubes 
were then well shaken and centrifuged. The upper  phase 
was evaporated dry under nitrogen and redissolved in 1.0 
ml chloroform. Aliquots (200 or 300/21) were then evapo- 
rated in tarred aluminum foil dishes (ca. 20 mg) and 
weighed on a Cahn electrobalance. 

Optimum condit ions for the solvent extract ion of lipids 
were different for each tissue. Endosperm nonstarch lipids 
were obtained by extracting five times with I0 vol water- 
saturated n-butanol  (WSB) at room temperature,  with a 
total  extract ion time of  30 rain (14). Lipids in purified 
starch, or the residual starch lipids after extraction of 
nonstarch lipids, were extracted five times with 10 vol WSB 
at 90-95 C, with a to ta l  extract ion t ime of  6 hr. Bran and 
tip cap lipids were similarly extracted with hot WSB for 3 
hr. Germ was sliced with a scalpel under  solvent, and 

extracted ten times with 5 vol chloroform/methanol  (1: 1), 
and the residue was finally extracted with WSB at 90 C for 
3 hr. Solvent extracts were concentrated by rotary vacuum 
evaporation, and the lipids purified by Bligh and Dyer 
part i t ioning (15). Lipids were analyzed by silicic acid 
column chromatography,  TLC, and GLC using methods 
described in previous papers (13,14,16). The data in Tables 
I-III are accurate to bet ter  than +- 3%, and in most cases to 
better  than + 1%. 

R ES U LTS 

Total Lipids 

The weights of the dissected kernel fractions (Table I) 
show that LG-I 1 and waxy maize were quite typical, but  
amylomaize had more pericarp and germ (and less endo- 
sperm) than is usual (1,6). 

The hydrolyzate  lipid and extractable lipid contents (as 
FAME) of the periearp and tip cap samples (Table I) were 
much lower than published lipid contents,  but when 
converted into total  lipids, including unsaponifiable matter,  
the results (Table II) fell within the normal ranges (1,6). 
Blessin (2) reported 9.5% lipid in the tip cap of five yellow 
corn hybrids,  but the tip cap was known to be con- 
taminated with germ. 

More lipid was found in the germ of all three types of 
maize (Tables I, II) than is usually reported (1,6). This is 
at t r ibuted to the greater efficiency of  the anlaytical pro- 
cedures used in the present s tudy rather than to abnormally 
high lipid contents.  

Endosperm lipids are located in three distinct regions - 
the aleurone layer, the nonstarch fraction of the starchy 
endosperm, and inside the starch granules. Hydrolyzate 
lipid values (Table I) are a measure of the total endosperm 
lipids. Starch lipid values can only be determined from 
washed starch, or by first removing the aleurone and other 
nonstarch lipids from finely milled endosperm samples and 
then extracting the starch lipids with hot WSB, as is done 
with wheat flour (14). 

Since it was not possible to remove the aleu/one layer 
without the risk of causing unacceptable damage to lipids 
(e.g., by alkali dehulling), aleurone lipid in amylomaize was 
determined by difference from complete endosperm and 
from endosperm minus aleurone and some adjacent starchy 
endosperm (Table I). This approach was less successful with 
LG-11 and waxy maize, which contained ca. 280 mg 
aleurone lipid (as FAME) per 100 g endosperm, compared 
with ca. 1000 mg in amylomaize. Scanning electron 
micrographs showed that  the aleurone ceils in LG-11 and 
waxy maize were isodiametric, while those in amylomaize 
were radially elongated and approximately twice as large. 
Thus, it would be reasonable to at tr ibute the greater 
aleurone lipid content  of amylomaize to its larger propor- 
tion of  Neurone cells, without  necessarily invoking a much 
higher percentage of  lipid within Neurone cells. 

Amylomaize also had more lipid than LG-11 or waxy 
maize in the nonstarch and starch lipid fractions of its 
starchy endosperm. Starch lipid content  decreased with 
amylose content  (ca. 70, 23 and < 5% amylose, respec- 
tively), but  was obviously not  directly related. This agrees 
with earlier results of Acker and Schmitz, although their  
results were generally higher (17). 

The total  endosperm lipid contents (Table II) were 
significantly higher than previously reported (2-6). This was 
probably due to the improved analytical techniques used in 
the present study,  and to the  inclusion of  starch lipids 
which were not  quantified in previous studies. 

The mean dry weights of  the kernels were: amylomaize 
= 249 rag, LG-11 maize = 250 rag, and waxy maize = 284 
rag, and the total  lipid contents,  calculated from Table III, 
were respectively 9.33, 4.87 and 5.17%. Amylomaize was 
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thus a high oil variety on account of  its greater germ weight 
and higher lipid content in pericarp and endosperm, while 
LG-11 and waxy maize had normal lipid contents.  

Germ Lipids 
Apart from differences in quantities of unsaponifiable 

matter ,  the germ lipids were very similar in all three types 
of  maize (Table II). The principal lipids were triglycerides 
(70-85% of  total) ,  1,2-diglycerides and steryl esters. The 
unsaponifiables, which included a large propor t ion  of  free 
sterols, were not  analyzed in detail. 

The high proport ions  of  phosphat idyl  choline and 
phosphatidyl  inositol seem to be characteristic of  germ 
lipids in maize (Table II) and other  cereals (18-21), but  the 
amount of phosphatidic acid in amylomaize germ seems 
unusually high. 

Endosperm Lipids 
Information on the aleurone lipids is imprecise because 

they could only be determined by difference, and the 
endosperm-minus-aleurone material did not represent the 
whole of the starchy endosperm. Best results were obtained 
for amylomaize, but the same principal features can be seen 
in LG-11 and waxy maize (Table II). 

Aleurone contained most of  the endosperm triglyceride, 
a substantial part  o f  the steryl ester, diglyceride, free fat ty 
acid (amylomaize only), monoglyceride (amylomaize 
and waxy maize), phosphat idyl  choline and phosphat idyl  
inositol. There appeared to be litt le or no glycolipids in the 
aleurone. 

The aleurone lipids resembled ger m lipids, as might be 
expected, because they have similar functions during 
germination (1). In wheat the aleurone lipids are almost the 
same as the germ lipids (22) and both have more phos- 
pholipids than the corresponding tissues in maize. 

The nonstarch lipids (excluding aleurone) were mostly 
free fat ty acids with only small amounts of  other  nonpolar  
lipids, glycolipids and phospholipids. This is very unusual, 
and immediately suggests extensive lipolysis of the diacyl 
glycerides and triglycerides usually found in the nonstarch 
lipids of  wheat and other  cereal endosperm flours (1). 
Steeping the kernels for dissection did not  cause lipolysis, 
because the same results were obtained from dry dissected 
kernels. Thus, lipolysis must have occurred during develop- 
ment and drying out  of  the kernels, or high levels of free 
fat ty acids are a normal feature of the nonstarch lipids in 
maize endosperm. 

Lysophospholipids are the major lipids in wheat and 
other cereal starches (1,17). They resist extract ion with 
cold WSB, but can be recovered by prolonged extract ion 
with hot  WSB(14). The corresponding lipids in maize starch 
are free fatty acids and lysophospholipids (Table II). 
However, a small propor t ion  of  the free fat ty  acids could be 
extracted from washed maize starches with cold WSB, 
which indicates that  these fatty acids are either nonstarch 
lipids adsorbed onto the surfaces of the starch granules, or 
they are leaky starch lipids from the peripheral regions of 
the granules (in which case perhaps there ought to be some 
leaky lysophospholipids too). The concept  of  adsorbed, 
nonstarch free fat ty acids is supported by the higher ratio 
of  free fatty acids: lysophospholipids in the pure (washed) 
starches which had not  been exposed to cold WSB, and 
by the fact that free fat ty acids with almost no lysophos- 
pholipids were found in pure waxy maize starch but  not  in 
the corresponding starch fraction of  the endosperm (Table 
II). 

Pericarp and Tip Cap Lipids 
Pericarp lipids contained large amounts of unsaponifi- 

able matter  (Table II), which was mostly sterols and all- 
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phatic alcohols. The acyl lipids were fairly constant in 
composition, consisting of triglycerides, steryl esters, free 
fatty acids and diglycerides. The small amounts of acyl 
lipids in the senesced pericarp appear to be residues of 
lipids from early stages of kernel development. 

The tip cap lipids contained substantial proportions of 
nonpolar lipids and unsaponifiable matter (approximately 
equal amounts of sterols and aliphatic alcohols), together 
with glycolipids and phospholipids. The tip cap lipids thus 
resemble pericarp lipids in some respects, while having some 
of the features of viable tissue such as germ and aleurone. 

Whole Kernel Lipids 
The contribution of lipids in each part of the kernel to 

the whole kernel lipids is shown in Table III. The whole 
kernel lipids consisted of 76-85% nonpolar lipids, 2-3% 
glycolipids, and 4-9% phospholipids, and their compositions 
fall within the ranges reported by Weber (23). 

Apart from free fatty acids and monoglycerides which 
are in endosperm, the various lipid classes are mostly in the 
germ, and the whole kernel lipids are therefore similar to 
the germ lipids. In this respect maize is entirely different 
from wheat (22) and probably also most other cereals 
except sorghum and millet. 

Fatty Acids in Lipids 
The fatty acid compositions of most lipids were deter- 

mined in the course of the work, but are not  included in 
this paper (details can be had on application to the 
authors). For most purposes the data in Table I provide 
sufficient information, and they show that all three types 
of maize had fatty acid compositions within the normal 
ranges (1,6). Germ lipids (and whole kernel lipids) con- 
tained significantly more linoleate than other parts of the 
kernel. 

DISCUSSION 

To the best of our knowledge, the quantitative distribu- 
tion of all the major acyl lipids throughout a cereal grain 
has not been described before. The results presented in this 
paper are consistent with previous analyses of total lipids 
and fatty acids ( 2 - 1 0 )  and with what is known about the 
composition of lipids in the basic structural parts of cereal 
grains ( I ). 

Our data for lipid classes in the whole kernels of LG-I 1 
(Table III) agree well with Weber's analyses of hybrid 51 at 
maturity (23,24). However, Weber's data did not reveal 
the low levels of lipid in endosperm nonstarch fraction and 
in pericarp, nor the fact that they contained so little polar 
lipids. 

We believe that the lipids in these tissues are remnants of 
greater quantities of lipids which functioned during kernel 

development and were then largely degraded during peri- 
carp senescence and the drying out  of the endosperm. In a 
subsequent study of lipids in developing maize kernels, we 
obtained data which support this view, and we will publish 
the results in due course. 

In contrast to the above remarks, we consider that free 
fatty acids and lysophospholipids in maize starches are 
normal monoacyl lipid components  of these starches 
which may occur as amylose inclusion complexes within 
the granules, as appears to be the case in other cereals. 
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