Tannins and Phytate Content in Proso Millets (Panicum miliaceum)
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ABSTRACT

Phytate and tannin contents of 24 proso millets (Panicum miliaceum)
were determined. Phytate content ranged from 0.17 to 0.47% and tannins
from 0.055 to 0.178% catechin equivalents. Dark-colored seeds had higher
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tannin contents than light-colored seeds. Dehulling of the seeds greatly
reduced the levels of phytate and tannin.

The term “millet™ is used for any of several small-seeded annual
grasses thatare of minor importance in the West but a staple in the
diets of African and Asian people. Millets, which can be cultivated
in a wide range of soils and climates, are of special importance in
semiarid regions because of their short growing seasons (Schery
1963). Five millets are common: Seraria italica, Pennisetum
glaucum or P. i1yphoideum, Eleusine coracana, Echinochloa
Jrumentacea, and Panicum miliaceum. Panicum miliaceum, also
known as proso millet, hershey, broom corn, or hog millet is the
only economically important species in the United States (Casey
and Lorenz 1977).

Proso millet is used without dehulling in livestock rations and
bird seed. Suggested food applications of dehulled proso millet in
the United States include puffed or cooked breakfast cereal or
replacement of wheat flour in certain baked products (Hinze 1972).

Very little research has been conducted with proso millets
compared with other cereal grains. There are no reports in the
literature about phytate content of these millets, which is of
nutritional interest because of possible mineral complexing.
Tannins (phenolic substances) bind protein and reduce its
digestibility.

The present study was conducted to determine the effect of
variety on phytate and tannin content in proso millets.

MATERIALS AND METHODS

Sample lIdentification
This study included 24 samples of proso millet, grown on
summer-fallowed land at the Colorado State University
- Experiment Farm in Springfield. The hybrids, selections, and
selections from a cross of Leonard by an Akron selection are
identified and described in Table 1. The color (L and AE values) of
ground samples of each of the millets was determined with a Hunter
Color Difference meter.

Proximate Analyses

Millets were analyzed for moisture, crude fat, ash, nitrogen, and
crude fiber by AACC approved methods 44-15A, 30-10, 08-01,
46-11, and 32-15, respectively (AACC 1969).

Phytate and Tannin Determination Procedures
Unfortunately, there are neither good standards nor very
standardized methods for either phytate or tannin. Phytate content
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was determined by the method of Wheeler and Ferrel (1971)
because it has been used frequently in recent years for the analysis
of phytates in grains. Values can, therefore, be compared with
others in the literature. The phytate is extracted with
trichloroacetic acid and precipitated as the ferric salt. The iron
content of the precipitate is determined colorimetrically and the
phytate phosphorus content calculated from this value, assuminga
constant 4:6 (iron-phosphorus) molecular ratio in the precipitate.
The standard curve for iron was prepared, using 3.2 N sulfuric acid
to prevent formation of Fe(OH)s. Four-gram samples of ground
material (nondehulled and dehulled grain) and I-g samples of
ground hulls were used for the determinations. Samples were
ground ina Udy Cyclone mill (0.4-mm screen). Separation of hulls
from nondehulled grains was done by hand.

Tannin content was determined colorimetrically, using the
vanillin-HCI method of Burns (1963, 1971), as modified by Maxson
and Rooney (1972). The amount of tannin measured was expressed
as catechin equivalent. Two-gram samples of the ground
nondehulled and dehulled grains and 0.8 g of ground hulls were
used for analyses.

All values represent the means of three analytical replications.

RESULTS AND DISCUSSION

Proximate Composition and Color

The proso millet samples used in this study ranged from creamy
white to very dark brown. The Hunter color values (Table I) reflect
these differences.

There is little information about the mineral composition of
millets and how it is affected by soil, growing conditions, water
supply, and varietal differences. Compared to wheat, corn, and
sorghum, the mineral content of millets is high (Lorenz et al 1976).
Reported ash values for varieties of E. coracana, P. typhoideum, S.
italica, and P. miliaceum range from 2.6 to 3.9% (Josephetal 1959,
Kurien 1967, Burton et al 1972). Several of the cultivars used in this
study had ash contents in excess of those reported previously by
others (Table II).

Frequent references to the need to preserve whole grain millet
and millet flours in airtight containers to minimize the development
of rancidity serves as a reminder of the high lipid content of millets.
Lipid contents ranging from 3.0 to 6.5% have been reported (Pruthi
and Bhatia 1970, Freeman and Bocan 1973, Burton et al 1972,
Lorenzetal 1976), which are higher than those of corn, wheat, rice,
or sorghum. All but one of the proso millet varieties used in this
study were higher in crude fat than values reported previously for



other millets (Table 11).

The reported range of protein in millets varies from 5.6 to 14.8%
(Deosthale et al 1971, Burton et al 1972, Casey and Lorenz 1977).
Protein contents of millets in this study fall within the reported
range. Crude fiber values of proso millets varied from 4.4 10 9.7%,
which is quite high compared to other cereal grains. Such high fiber
values can reduce digestibility of millets considerably (Joseph et al
1959, Deosthale et al 1971). Joseph et al (1959) reported that the
fiber in millets is so high that a sudden change from a rice dietto a
millet diet usually causes digestive problems in habitual rice eaters.

Phytate Contents

Phytates are widely distributed in plants, especially in seeds. The
primary role of phytate may be to store phosphorus, which is
gradually utilized during germination (Nahapetian and Bassiri
1976). Numerous studies have indicated that phytate reduces the
bioavailability of dietary Mg, Ca, Zn, and Fe in monogastric
animals (Bassiri and Nahapetian 1977).

Because millets have a relatively high calcium content, especially
varieties of E. coracana, they have been used in several calcium-
balance studies. These studies have shown that a high phytate
content in millets inhibits calcium absorption. Kurien (1967) stated
that only 439 of the calcium in E. coracana was retained by rats.
Some studies (Deosthale et al 1970, Goswami et al 1970) reported
relatively high iron contents in millets such that one half-ounce
serving would provide one third of the USRDA. No studies have
been conducted, however, on the bioavailability of iron in millets.
The high phytate content found in millets could also depress iron
absorption. The phytate content of proso millets is, therefore, a
nutritional concern.

Phytate values of proso millets used in this study are given in
Table I11. Values ranged from 0.17 to 0.47%. The values are higher
than phytate values of rice, which have been reported to be
0.10-0.14% (Barber 1972). The outermost layers (1.5-2.5% by

TABLE I
Sample Identification and Color of Proso Millets

Hunter Color
Values®

Sample Color L AE

Red proso millets
Turghai-Standard red |

Light brown 40.8 55.6

Turghai-Standard red 11 Light brown 40.0 56.1
Akron-Colorado selection Light brown 37.8 584
Big Red-Russian selection Light brown 42.0 549
Leonard X Akron cross (LA-2) Light brown 37.1 590
Leonard X Akron cross (LA-4) Light brown 386 576
Leonard X Akron cross (LA-6) Light brown 369 595
Leonard X Akron cross (LA-8) Light brown 394 56.6
Leonard X Akron cross (LA-9) Light brown 389 573
Leonard X Akron cross (LA-11) Light brown 384 576
Leonard X Akron cross (LA-12) Light brown 359 603

Leonard X Akron cross (LLA-13)
Leonard X Akron cross (LA-14)

Very dark brown 28.0 67.0
Very dark brown 27.0 68.0

Leonard X Akron cross (LA-15) Light brown 389 572
Leonard X Akron cross (LA-16) Light brown 37.2 589
Leonard X Akron cross (LA-17) Light brown 38.8 57.4
Leonard X Akron cross (LA-18) Light brown 383 577

White proso millets
Minco-White early type (Minnesota)
Abarr-Colorado release from
common white
CW-21; selection from
common white

Creamy white 56.7 40.3
Creamy white 53.8 430

Creamy white 577 398
CW-21-3; selection from CW-21 Creamy white 56.8 40.7
Leonard-Colorado release Creamy white 524 449
Leonard-Colorado release (tan seeded) Creamy white 499 46.7
Dawn-Nebraska release Creamy white 524 440

“Grain samples ground in Udy Cyclone Mill (0.4-mm screen) before color
measurements. Standard Hunter values: L=94.7;a=—-0.6;b=0.1; AE=
J(ALY) + (Aa)' + (Ab)’.

weight of the milled Kkernel of rice) had phytate contents 14-34
times those of the original rices. Corn and durum wheat have higher
phytate contents than the proso millets. O’Dell (1969) reported
0.90% phytate in corn. Tabekhia and Donnelly (1982) found
phytate to range from 0.98 to 1.43% in durum wheats.

Dehulling of proso millets resulted in a 27-53% reduction in
phytate content in the dehulled grain (Table 1V). Hulls contained
2-6 times as much phytate as the dehulled grains.

The ferric-ion precipitation method used here may have
underestimated somewhat the phytate content in the concentration
range reported for millets. Ellis and Morris (1983) reported that the
method is less sensitive at low concentrations of phytate.

Furthermore, recent work by Thompson and Erdman (1982)
with ferric phytate precipitated from soybean extracts indicated
that the iron-phosphorus molar ratio may be subject to variations.

Tannin Contents

Phenolic substances (tannins) have been reported at significant
levels in some cultivars of barley and sorghum (Maxson and
Rooney 1972). Normal cooking procedures do not overcome the
harmful effects of tannins in sorghum (Price et al 1980), which
include lower digestibility, reduced mineral bioavailability,
possible carcinogenic effects, lower palatability due to astringency,
and lower growth rates in animals (Hoseney et al 1981).

The effect of tannins on animal growth is thought to be due to
their ability to bind proteins, thereby making them insoluble and
indigestible. Tannins also bind to starch (Hoseney et al 1981).

TABLE 11
Proximate Composition of Proso Millets

Millet Moisture Ash® Crude Fat®  Nitrogen® Crude Fiber®
Sample (%) (%) (%) (%) (%)
Turghai 1 9.2 4.9 9.9 2.26 8.3
Turghai Il 9.1 4.5 6.9 2.43 8.3
Akron 9.0 4.0 6.5 2.49 9.7
Dawn 8.5 8.1 8.6 2.47 7.1
Leonard 9.7 3.5 9.8 2.16 7.5
Leonard 9.4 3.6 9.7 2.24 8.1
Big Red 9.1 3.6 9.5 2.25 8.0
Minco 9.0 3.8 10.1 221 4.4
Abarr 9.3 3.6 9.8 2.28 4.8
““As-is” basis.

TABLE 111

Phytate and Tannin Content of Whole Grain Proso Millets
Phytate Content?®

Tannin Content

Millet (%) Catechin Equivalent (%)
Minco 0.31 £0.01 0.059 + 0.003
Abarr 0.25+0.04 0.064 £ 0.001
Turghai 11 0.28 = 0.01 0.100 + 0.001
CWwW-21 0.29 + 0.02 0.058 £ 0.001
CW-21-3 0.34 £ 0.00 0.055 £ 0.002
Leonard 0.28 £0.03 0.076 £ 0.003
Dawn 0.47£0.02 0.071 £ 0.002
Turghai | 0451003 0.093 £ 0.001
Akron 0.40 £ 0.02 0.109 £ 0.008
Big Red 0.31+0.02 0.112 £ 0.008
Leonard 0.23+0.01 0.065 + 0.001
LA-2 0.28 +0.01 0.092 + 0.008
LA-4 0.32+0.03 0.097 = 0.006
LA-6 0.32+0.03 0.100 £ 0.004
LA-8 0.27 +£0.03 0.088 + 0.008
LA9 0.29 £ 0.01 0.105 + 0.008
LA-11 0.26 £ 0.02 0.097 + 0.001
LA-12 0.17£0.03 0.090 + 0.001
LA-13 0.30 £0.03 0.178 = 0.006
LA-14 0.26 £ 0.03 0.156 + 0.010
LA-LS 0.30 = 0.00 0.093 £ 0.002
LA-16 0.35+0.01 0.108 £0.010
LA-17 0.23 £ 0.01 0.081 £ 0.002
LA-18 0.26 + 0.00 0.082 + 0.001
“**As-is™ basis.
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TABLE IV
Phytate and Tannin Content of Proso Millet Hulls and Dehulled Grain Samples

Grain Phytate Content* Grain Tannin Content

Millet Samples (%) Millet Samples Catechin Equivalent, %*
Abarr Hulls 0.65 Turghai 11 Hulls 0.557
Dchulled grain 0.18 Dehulled grain 0.023
Dawn Hulls 1.60 Akron Hulls 0.601
Dechulled grain 0.27 Dehulled grain 0.027
Turghai 11 Hulls 1.13 Big Red Hulls 0.546
Dchulled grain 0.33 Dehulled grain 0.024
Big Red Hulls 0.54 Leonard Hulls 0.357
Dehulled grain 0.27 Dehulled grain 0.026
[.conard Hulls 0.51 LA-13 Hulls 1.301
Dehulled grain 0.18 Dehulled grain 0.034
LA-14 Hulls 1.243
Dehulled grain 0.034

" As-is” basis.

Tannins in cereals were generally believed to be limited to grain
sorghum (0.21-3.11% catechin equivalent) and barley (Maxson
and Rooney 1972). No tannins were detected in pearl millets
(Hoseney et al 1981). However, Ramachandra et al (1977), using
the vanillin-HCI procedure to analyze 19 Indian and 10 African
varieties of finger millet for tannins, found two Indian cultivars
with tannin contents of more than 19 (catechin equivalent) and
two African cultivars that contained more than 3% tannins.
Amounts of tannins in proso millets in this study ranged from 0.055
to 0.178% catechin equivalent. The dark cultivars (LA 13 and LA
14) had the highest tanning contents, whereas the light-colored
cultivars (all white proso millets) were comparatively low in
tannins. This observation is in agreement with previous reports that
state that dark seeds are generally higher in tannin content than
light seeds (Ma and Bliss 1978).

Dehulling finger millets greatly lowered the tannin level and
increased in vitro protein digestibility (Ramachandra et al 1977).
Decreased tannin levels were also found when proso millets were
dehulled (Table 1V). Dehulling reduced tannin levels by 65-80%.
The hulls contained 15-40 times as much tannin as the dehulled
grains,
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