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Seeds of 49 accessions of corn (Zea mays ssp. mays), 9 accessions of teosinte (Zea species that are
thought to be ancestors and probable progenitors to corn), and 3 accessions of Job’s tears (Coix
lacryma), obtained from a germplasm repository, were ground and extracted with hexane. Whole
kernel oil yields and levels of four phytonutrients (free phytosterols, fatty acyl phytosterol esters,
ferulate phytosterol esters, and γ-tocopherol) in the oils were measured. Among the seeds tested,
oil yields ranged from 2.19 to 4.83 wt %, the levels of ferulate phytosterol esters in the oil ranged
from 0.047 to 0.839 wt %, the levels of free phytosterols in the oil ranged from 0.54 to 1.28 wt %,
the levels of phytosterol fatty acyl esters in the oil ranged from 0.76 to 3.09 wt %, the levels of total
phytosterols in the oil ranged from 1.40 to 4.38 wt %, and the levels of γ-tocopherol in the oil ranged
from 0.023 to 0.127 wt %. In general, higher levels of all three phytosterol classes were observed in
seed oils from accessions of Zea mays ssp. mays than in seed oils from accessions of the other
taxonomic groups. The highest levels of γ-tocopherol were observed in teosinte accessions.
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INTRODUCTION

We have previously reported that corn fiber oil (oil
extracted from the fiber fraction from corn wet milling)
contains high levels of three phytosterol classes: free
phytosterols (1-2 wt %), fatty acyl phytosterol esters
(4-9 wt %), and ferulate phytosterol esters (4-6 wt %)
(1). More recently we have reported the variation in the
levels of these phytosterol classes in modern corn
hybrids (2). Others (3, 4) have reported that the most
abundant molecular species of ferulate phytosterol ester
(FPE) in corn was sitostanol-ferulate ester, which
comprised ∼70% of the total FPE. Kondo et al. (5, 6)
reported high levels of ferulate phytosterol ester (also
mostly in the form of sitostanol-ferulate ester) in Job’s
tears (Coix lacryma). Teosinte is a taxonomic grouping
including several Zea species and subspecies that are
thought to be ancestors and probable progenitors of corn
(7). Because of the growing importance and value of
phytosterols as natural cholesterol-lowering nutraceu-
ticals (8), the current study was undertaken to survey,
for the first time, the levels of FPE and other phytosterol
classes in seed oils from accessions of corn (Zea mays
ssp. mays), teosinte, and Job’s tears.

MATERIALS AND METHODS

Seeds of Zea mays ssp. mays, teosinte (including seven
annuals, Z. mays var. parviglumis, Z. mays var. huehuetenan-
gensis, and Zea diploperennis and four accessions of Z. mays
ssp. mexicana; and two perennial teosintes, Zea perennis and
Zea diploperennis), and Job’s tears (Coix lacryma ssp. jobi)
were obtained from the North Central Regional Plant Intro-
duction Station, U.S. National Plant Germplasm System,
USDA, ARS, Ames, IA, in 1998. Accessions were selected by

Mark Millard, Maize Curator, Iowa State University, to meet
the requirements of the study. Air-dried seeds were ground
to 20 mesh with a Wiley mill (Thomas Scientific, Philadelphia,
PA), extracted with hexane (duplicate samples, each consisted
of 4 g of ground seeds/40 mL of hexane), and quantitatively
analyzed via normal phase HPLC with evaporative light-
scattering detection, as previously described (1). The yield of
oil was measured gravimetrically. The HPLC retention times
of phytosterol fatty acyl esters (St:E), triacylglycerols (TAG),
γ-tococopherol (γ-toc), free phytosterols (St), and ferulate
phytosterol esters (FPE) were 1.8, 4.0, 20.1, 21.2, and 26.5 min,
respectively. Each sample was analyzed by duplicate injec-
tions, and the mean and standard deviation were reported.

RESULTS AND DISCUSSION

Comparing first the extractable oil values for seeds
of the 61 accessions, the levels ranged from 2.19 to 4.83
wt % (Table 1). The levels of oil in two of the three Job’s
tears (C. lacryma) accessions were the highest of all
samples, but oil levels among the third Job’s tears
accession, the 9 teosinte accessions, and the 49 Z. mays
ssp. mays accessions were all in the 2.1-3.6% range.

All accessions in Table 1 are listed in order of
increasing levels of total phytosterols in the oils, within
each of the three groups. In oils from the Z. mays ssp.
mays accessions, the range of total phytosterols was
from about 1.8 to 4.4 wt %, with a mean value of 2.77
wt %. The values of total phytosterols in the oils from
teosinte and Coix accessions showed little variation and
averaged ∼1.6% for both groups.

When the levels of FPE (a relatively rare phytosterol
class, thought to be unique to grains) (3, 4) in seed oils
of the 61 accessions were compared, large variations
were observed. One goal of the current study was to
determine whether Job’s tears (5, 6) is a better source
of FPE than corn. The results clearly indicate that both
contain significant levels of FPE, but almost all of the
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corn accessions contain much higher levels of FPE than
Job’s tears (or teosinte). The current results are con-
sistent with our previous report that the total kernel
extract of three modern corn hybrids exhibited a range
of FPE concentration of 0.351-0.411 wt %, using
identical extraction and analysis methods (9). The 49
Z. mays ssp. mays accessions included in this study
(Table 1) contained a wide range of FPE values, ranging
from a low of 0.087 wt % to a high of 0.839 wt %, with
a mean value of 0.27 wt %. Teosinte and Coix accessions
also showed variability in FPE levels, but on average
contained much lower levels of FPE (0.07 and 0.11 wt
%, respectively).

The levels of St:E in the kernel oils from accessions
of Z. mays ssp. mays ranged from 0.76 to 3.09 wt %,
with an average value of ∼1.5 wt %. Again, these values
were somewhat higher than those found in oils from the
teosinte and Coix accessions (average values of ∼0.9 wt
% for both groups, with low levels of variability).

The levels of free phytosterols (St) in the oils from all
three groups of accessions were lower than those of the
other two classes of sterol conjugates and were more
consistent (less variability) among accessions. The levels
of St in the oils of Z. mays ssp. mays accessions averaged
∼1%, whereas the levels in the oils of teosinte and Coix
accessions each averaged only ∼0.6%.

Because the HPLC-ELSD method that was employed
for phytosterol analyses also separated and quantified
γ-tocopherol, and because this is the only vitamin E
derivative that occurs in significant levels in corn (10),
its levels were also reported in Table 1. The levels of
γ-tocopherol ranged from 0.023 to 0.127 wt %, and the
only apparent trends were that the lowest levels oc-
curred in the Coix accessions and that teosinte samples
had the highest average levels (0.08%). We recently
reported that heat pretreatment of corn fiber caused a
10-fold increase in the levels of γ-tocopherol, and we
suggested some possible explanations for this phenom-
enon (10). Although in the current study γ-tocopherol
was measured in extracts of whole ground kernels
instead of ground corn fiber, we anticipate that heat
pretreatment of ground corn would probably also in-
crease the levels of extractable γ-tocopherol.

The primary purpose of this study was to examine
the natural variation in the phytosterol and γ-tocopherol
contents of kernel oil prepared from various accessions
of corn, teosinte, and Job’s tears. The results will help
to assess the potential of these accessions for use in
future breeding studies with selected germplasm lines
in an effort to produce new corn hybrids with acceptable
agronomic traits and high levels of phytosterols. If these
hybrids were then commercialized, grown, and wet
milled, it is anticipated that the resulting fiber fractions
could potentially yield a corn fiber oil that contains
higher phytosterol levels than can be obtained with
current corn hybrids.

The relatively high levels of total phytosterols in the
kernel oils from some accessions studied here would
suggest a potential for a commercial “whole kernel oil”
that could contain physiologically significant levels of
phytosterols in a practical daily serving of oil (1-3 g of
phytosterols per day is currently considered to be the
amount needed to significantly lower the level of serum

cholesterol) (11, 12). Such an oil, which could potentially
be produced at a modified dry grind corn-to-ethanol
plant, would have a significantly higher commercial
value than a commodity corn oil.
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