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Phytic acid consists of 65—80% of the total phosphorus (P) in cereal grains. Its salts are concentrated
in the germ and aleurone layers, which are typically removed during milling. We hypothesize that
concentrations of different types of P and minerals in milled products will be greatly altered in low
phytic acid (/pa) barleys. Seeds of cv. Harrington (control) and four Ipa isolines—Ipal-1, Ipa2-1, Ipa3-
1, and M955—were abraded by a laboratory method into five surface layer and four remaining kernel
fractions. Results show that phytic acid in the four Ipa lines ranged from 75% to 5% of the control.
The decrease in phytic acid P concentration was matched almost equally by an increase in inorganic
P, so that the rest of P (the sum of all P-containing compounds other than phytic acid P and inorganic
P) and total P levels remained relatively unchanged among the five genotypes. These trends were
also observed for the processed fractions. The major mineral elements in barley seeds were P, K,
Mg, S, and Ca, while minor ones were Fe, Zn, Mn, Cu, and Ba. All types of P and other minerals
measured were generally concentrated in the outer layers of the grain. Although there were substantial
differences in mineral contents of bran fractions among genotypes, the level of phytic acid P had
little effect on mineral contents in whole or abraded kernels. One major exception was Fe, which had
the highest level in all tissues of M955 genotype. The above findings were all confirmed by analyzing
another set of barley samples grown in a different environment. Thus, in general, breeding Ipa barleys
does not lead to reduced mineral contents in whole grains or elevated mineral levels in milled products.
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INTRODUCTION develop crops that are lower in seed phytic acid content as
compared with conventional cultivars. The low phytic adjh)

Cereal grains form a significant portion of the food supply fgrains have been shown to have improved bioavailability of P

for humans and other animals, as they are a major source o . . -
carbohydrates, proteins, and lipids. A less widely recognized and o.ther mlne(alﬁ( 7) in humans and animals and reduced P
class of nutrients is minerals, which have major nutritional pollution to environments (8).
significance for human and animals. Deficiencies in elements, ~Phytic acid is the main storage form of P in grains (cereal,
such as Ca, Fe, Mn, Zn, can lead to a variety of medical legume, and oilseed), accounting for about 1% or more of the
problems from anemia to osteoporosis. It is estimated that aboutdry weight and 50-80% of the total P. It is deposited in mature
a third of the human population, some two billion people, have Seeds as phytate salts of mineral cations, such as K, Mg, Ca,
dangerously low micronutrient intake. Worldwide, about 40% Fe, Zn, and Mn, in spherical inclusions called globoids that are
of women are anemic due to iron deficiency).( located within protein storage vacuole®).(In cereal grains,

One important factor affecting mineral bioavailability of ~Phytates are concentrated in the germ and aleurone lay/@)s (
grains for food and feed is the presence of phytic acid (myo- Most cereal grains are consumed or utilized following milling.
inositol-1,2,3,4,5,6-hexasphosphate). Phytic acid interacts with For example, most rice is consumed as white rice, and most
various dietary components, particularly certain minerals, to Wheat is utilized in bakery and pasta manufacture following
reduce their availability to humans and nonruminant animals milling to remove bran (surface layers). Although milling helps
(2—4) and contributes to increased phosphorus (P) dischargeremove most phytic acid, the process also removes minerals
into environments (5). One strategy to solve the problem is to and other nutrients concentrated in the bran fraction, thus

reducing the nutritional value of the remaining kernel. A few

* Corresponding author. E-mail: keshunL@uidaho.edu. Tel.: 208-397- studies reported higher concentrations of certain minerals in

4162. Fax: 208-397-4165. milled rice (11—12) or milled wheat flour (13) made frdpa
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crops as compared with conventional ones, concluded thatBran samples were not milled since the particle size was fine enough
alterations of mineral distributions withinlpa kernel occurred,  to pass the 1.0 mm sieve. All particulate samples (10 per genotype)
and Suggested that developmen“m Crops m|ght improve were evaluated for mOiSture, phyth acid P, inOrganiC P, total P, and
the nutritional quality of not only whole grains and bran fractions 19 Minerals (Ar, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni,
but also the remaining milled products. This conclusion may P> PP: S. V. and Zn). The “rest of P” was calculated by subtracting the
be very significant since developirina cr.o s might result in sum of phytic acid P and inorganic P from total P. It represents the
y g . ping P 9 . u sum of all P-containing compounds in a sample other than phytic acid
elevated minerals in the central endosperm that ultimately Servesp (anq other inositol phosphates) and inorganic P, including, for
as a major food source worldwide. o example, P found in DNA and RNA, and proteins, lipids, and starches.
Barley, one of the earliest cultivated cereal grains in the world, In addition, the original whole grain (HLK) samples were analyzed
is now gaining renewed interest for food, feed, and industrial for protein and ash content. For the second set of samples produced in
uses due to its hypocholesterolemic properties and otherCanada, all fractions were measured for moisture and minerals, but
characteristicsi(4). Like other grains, for value-added utilization ~only the original whole grain (HLK) samples were tested for phytic
of this crop, its high phytic acid content presents a problem. acid P, protein, and ash contents. _
Recent advances have led to the development oflf@uparley Chemical Analysis and Data Treatments. Moisture and ash
genotypes, namelipal-1 (formerly M422),pa2-1 (formerly contents were determined according to AOAC methaotB).( The

. moisture content was used to convert concentrations of other compo-
M1070),Ipa3-1 (formerly M635), and M55, that produce grains nents into a dry matter basis. The total nitrogen/protein content in seed

with ph_ytIC acid P reductions in the rar_19e of 50_95%;(5)' samples was measured by a combustion mett6y] (1sing a protein

In this study, we used one conventional barley variety and analyzer (Model FT528, Leco Corp. St. Joseph, Ml). The protein content
its four Ipa isolines with varying degrees of phytic acid reduction was calculated with a conversion factor of 5.75. Total P, phytic acid
to test the hypothesis that greatly reducing the ability of grains P, and inorganic P were measured by the methods described in Dorsch
to synthesize and accumulate phytic acid may alter both the et al. (15). Briefly, total P was determined after wet-ashing aliquots of
amount and distribution of P and minerals in grain tissues. Such samples (150 mg) and colorimetric assay of P in the digest}. (
a study will discern the impact of thipa mutation on the Inorganic P was determined colorimetrically after extraction of tissue

concentration of various P and minerals in whole grains as well fﬁé“g:?ﬁe(%i t%)oi(;] gfzoc/"hg’:’]/‘gt;?'? 1""7';d cm?r r;m t?ggzi?gclgrcglr;gufts of
as in different seed tissues or milled fractions. samples (0.5 g) were extracted in 0.4 M HCl and 0.7 M3@, Phytic
acid P was obtained as a ferric precipitate, wet-ashed, and assayed for

MATERIALS AND METHODS P as in the total P analysis. All P-containing fractions are expressed as
Barley Seed Materials. Two sets of barley samples with different  their P (atomic weight 31) content to facilitate comparisons. When
growing locations and years were selected for this study. The first set écessary, phytic acid P was converted to units of phytic acid (MW
of barley samples was grown at the University of Idaho Tetonia ©60) by multiplying the conversion factor of 3.5484 F60/(31x 6)].
Research and Extension Center, Tetonia, ID, in 2003 (defined as Mineral elements were determined by the Analytical Sciences
Environment 1). It consisted of the cultivar Harrington (a control) and Laboratory, University of Idaho, Moscow, ID, using a Perkin-Elmer
four near-isogenic lines (isolines) produced by backcrossing into OPtima 3200 ICP-OES (inductively coupled plasma-optical emission
Harrington fourlpa alleles, representing at least three different loci, SPectrometer) to quantify constituents in an aqueous solution following
described in Dorsch et all®)—Ipal-1, lpa2-1, lpa3-1, and M955. These _nltrlc a_tud digestion of the samples. Standard quallty_ control measures,
genotypes have been shown to have whole-grain phytic acid P reductionincluding blanks, check_ standards, reference materials, and duplicates
ranging from 50% to 95%, as compared with Harringténis). This were used for all chemical analyses. _ _
set of samples was analyzed in the main study. The second set of barley Data were treated with the JMP software, version 5 (JMP, a Business
samples was grown in Saskatoon, Saskatchewan, Canada, in 200g!nit of SAS, Cary, NC), expres;ed as the mean with standard deviation
(defined as Environment 2), and was kindly provided by Dr. Brian (SD) and compared by analysis of variance, followed by the Tukey's
Rossnagel, University of Saskatchewan. It consisted of one conventional1SD (honestly significant difference) test.
cuI_tivar—VaIier—and thredpa genotypes+pa1—l_, Ipa3—_1, and M955. ?ESULTS AND DISCUSSION
This second set of samples was used to provide an independent test o ] ] . )
the findings obtained for the first set of samples. For each genotype ~The material milled off (or abraded) during dehulling and
within each set, duplicate samples were collected, processed, andthree cycles of abrading, expressed as the percentage weight
analyzed for chemical composition. removed from the original kernel, is represented by five fractions
Barley Seed ProcessingThe seed samples were passed through a (Table 1). During pearling, differences in the amount of
screen to remove broken kernels and any foreign material. The cleanedractions removed were found, as well as differences among
barley grainsdwherﬁ et t%mper?ddbetforle geh‘:”ing a”f‘ peaf”ing- Baé'ey Cfhe barley isolines. Presumably these were due to differences
grains were denulled and pearied at a laboralory Scale as Iollows. Seeqn hargness or resistance to pearling among tissue layers and
samples were first dehulled by a Lab Huller (Model LH 5095, Codema, among varieties. In order to produce similar portions of material

Inc., Minneapolis, MN). The hull fraction, about 11% of total kernel to b d duri h i t lin ti
weight, was further separated into two fractions by passing through a 0 be removed during each pearling stage, pearling ume was

sieve with a U.S. mesh size of #18 (1.0 mm opening). The material on @djusted accordingly for each genotype as well as each pearling
the top of the screen (making up about 8% of the total kernel weight) cycle. The removed five outer layer fractions, CSH, FNH, BN-
was a light fraction mainly consisting of hulls, designated as CSH 1, BN-2, and BN-3 consisted of about 8%, 3%, 8%, 8%, and
(coarse hulls). The material that passed the screen (making up abouB%, respectively, of total grain weight. The total accumulated
3%) was a heavy fines fraction, designated as FNH (fine hulls). surface material removed from barley seeds was about 35%.
The dehulled kernel was then subjected to three successive cyclesThe residual kernels (one dehulled and three pearled kernels)
of abrasive milling by an electric seed scarifer (Forsberg, Thief River represented about 89%, 81%, 73%, and 65%, respectively, of
Falls, MN) with a%/3 HP motor. Each abrading cycle removed about the original whole kernel weight (Table 1).
8% of outer layers. Samples of bran were removed at each abrading On the basis of germination tests conducted in our laboratory

stage (BN-1, BN-2, and BN-3). The corresponding abraded kernels
(AK-1, AK-2, and AK-3), together with two hull fractions (CSH and (data not shown), for hulled barleys, up to about 7.5% surface

FNH), the corresponding dehulled kernel (DHK), and the original whole r€moval did not cause germ damage or removal. Beyond this
or hulled kernel (HLK) were collected and milled into particulates by l€vel, damage to or removal of germs started to occur and
a cyclone sample mill (UDY Corp, Forth Collins, CO) with mill  peaked at about 12.5%. Above this level, germs were either
enclosures, a vacuum system, and a sieve with 1.0 mm round openingsdamaged or removed. At about 20% removal, all germs are
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Table 1. Description of Different Fractions after Dehulling and Abrading Barley Seeds by the Lab Method Described in Materials and Methods

cumulative % of
type of surface original

fraction name symbol fraction removal (%)2 kernel? major tissues®
coarse hulls CSH outer layer 8 8 hulls
fine hulls FNH outer layer 11 11 germ, pericarp, and testa
first layer bran BN-1 outer layer 19 19 pericarp, testa, germ, and aleurone
second layer bran BN-2 outer layer 27 27 aleurone and subaleurone
third layer bran BN-3 outer layer 35 35 subaleurone and endosperm
hulled (whole) kernel HLK kernel 0 100 all seed tissues
dehulled kernel DHK kernel 11 89 endosperm, aleurone, testa, pericarp, germ
first abraded kernel AK-1 kernel 19 81 endosperm, subaleurone, aleurone
second abraded kernel AK-2 kernel 27 73 endosperm, subaleurone
third abraded kernel AK-3 kernel 35 65 endosperm

a Approximate values of the average of several runs at each cycle, weight basis. ? Major tissues that a fraction was mainly made of were based on reasoning.
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Figure 2. Relative percentages of phytic acid P, inorganic P, and rest of
P in various fractions of Harrington and its four Ipa barley isolines. “Rest
of P” refers to the sum of all P-containing compounds other than phytic
acid P and inorganic P. Under each genotype, 10 bars represent 10
fraction samples. Refer to the text for further explanation of each bar.
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Surface removal (%) Y iR minerals in 10 different fractions of barley seeds are presented
in Figures 3—6. In these figures, the left graphs represent five
samples of outer layers for each genotype. The right graphs
represent hulled (0% removal level), dehulled, and three abraded
kernels, with increasing amounts of endosperm tissue in these
samples. Thus the left and right graphs represent distribution
patterns of constituents measured from the outer layers toward
the inner section of the barley seed.

. . . . . The results indicate that the processed fractions varied greatly
removed. On the basis of this observation and close microscopic. : - ; ; »
L . . . : in chemical composition. This has direct effect on nutritional
examination of each fraction during dehulling and pearling

rocess. we could reasonably determine what tvoes of ma.orvatlues as well as utilization of each fraction of barley grains. It
P » We Cou y ine w yp 10Tig noteworthy that, for each observed constituent, the changing
tissues constituted each fraction (Table 1).

pattern among genotypes was consistent, an indication that the

Among the 19 minerals measured, nine of them, including |ab scale dehulling and abrading method used in this study is
Ar, Cd, Co, Cr, Mo, Na, Ni, Pb, and V, had contents near or useful and reliable in separating different layers of cereal grains
less than their detection limits based on the ICP method, andfor compositional study. However, for barley seeds, the removed
therefore that data for these nine minerals are not presentedfractions do not necessarily reflect the same grain components
The data for the element P by the ICP method was found to because of differences in the kernel shape. In fact, some
have no significant differencep(< 0.05) from that of total P components of the external layers such as bran, aleurone, etc.,
by the wet chemistry method. Therefore, only the total P data remained in the creases of the kernels even after several fractions
were used. have been removed.

Figure 1. Four types of P in various fractions of cv. Harrington and its 4
Ipa barley isolines. (a, b) Phytic acid P. (c, d) Total P. (e, f) Inorganic P.
(9, h) Rest of P, which refers to the sum of all P-containing compounds
other than phytic acid P and inorganic P. Error bars for this and other
figures are equal to or smaller than legend markers.
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Figure 6. Iron content in various fractions of Harrington and its four /pa
barley isolines grown in Idaho, 2003 (a, b), and of Valier and three Ipa
barley isolines grown in Canada, 2005 (c, d).

Phytic Acid and Proximate Composition of Seed Samples.
Phytic acid reduction between the control dpdisolines was g ash contents. Similar to phytic acid, the protein and ash
again demonstrated from sample_s of different Iocatlons_ and cropgntents in the U.S. samples were higher than the Canadian
years Table 2). For sgeds grown in Id_aho, the order of increase samples. The moisture contents among samples were similar,
in the percent reduction of phytic acid was as folloviga2-1 ranging from 7.11 to 7.84%
< Ipal-1 < Ipa3-1 < M955, representing about 26%, 51%, o )
66%, and 94% reduction, respectively. However, the percent Contents and Distributions of Various Types of P.One
reduction was slightly different between seed samples grown Of the objectives in this study was to determinp# genotypes
at the two different growing environments in this study and from have any impact on the levels and distribution of inorganic P,
previous reportsy, 15). For the same genotype, samples grown total P, and rest of P (the sum of all P-containing compounds
in Canada demonstrated a larger decrease in phytic acidother than phytic acid P and inorganic P) in barley seeds.
concentration than the U.S. samples. The effects of genotype,Therefore, for every attribute, we looked at three aspects: (1)
growing locations, and crop year were also observed with protein the content in the original seeds, (2) the distribution pattern
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Table 2. Moisture, Protein, Ash, and Phytic Acid (PA) Contents in Conventional and Low Phytic Acid Barley Seeds?

moisture protein ash phytic acid PA reduction
genotype (%) (%) (%) (%) from control (%)
samples grown in Aberdeen, ID, 2003
Harrington 7.32+0.56 13.67+0.25 2.28+0.04 0.938 £ 0.006 0.00
Ipa2-1 7.84+043 15.60 £ 0.16 2.71+0.19 0.696 +0.018 25.83
Ipal-1 7.39+0.39 12.77£0.31 2.24+0.07 0.455 +0.069 51.45
Ipa3-1 7.65+042 13.67 £0.27 2.38+0.01 0.323 +£0.007 65.59
M955 7.33+0.17 15.83+0.19 2.75+0.07 0.052 +0.003 94.48
means 7.51 14.31 247
samples grown in Guelph, Canada, 2005

Valier 711+£0.32 12.36 £0.15 2.16 £0.02 0.582 +0.018 0.00
Ipal-1 7.35+0.16 12.46 +0.10 2.04+0.03 0.323 £ 0.006 44.41
Ipas3-1 741+0.29 12,02 £0.09 217+0.04 0.296 = 0.007 49.17
M955 7.16£0.17 12,55 +0.25 2.10+0.05 0.034 +0.006 94.10
means 7.26 12.35 2.12

@Mean percentage + standard deviation of duplicate measurements.

within a seed, and (3) the impact pfa mutation on the content The changing patterns of three forms of P (phytic acid,
as well as the distribution pattern of these three types of P. inorganic P, and rest of P) among seed fractions and genotypes
With regard to phytic acid P, there was a reduction in the were further described by their relative percentages with respect
four Ipa isolines as compared to the control cultivar (Figure to total P in each seed fraction shownFigure 2. Under each
1). The reduction in phytic acid in the four isolines was seen genotype, there are 10 bars. The first five bars represent the
for all fractions. Regardless of total seed phytic acid content, five surface fractions while the remaining five bars represent
the three bran fractions had the highest phytic acid P content.whole kernel, dehulled kernel, and three abraded kernel frac-
As the degree of pearling increased, there was a progressiveiions. Again, we can clearly see that the rest of P in each
decrease in phytic acid P of the remaining kernels. This fraction, like total P, remained relatively unchanged among five
distribution pattern of phytic acid P is expected since it is known genotypes. Also, a decrease in phytic acid P was matched almost
to be localized in the aleurone layer of cereal grait@)(We equally with an increase in inorganic P.
also noticed that the pattern of phytic acid distribution withina  In respect to whole grains, previous researchers iltrops
barley seed was similar among genotypes even though the phyticalso noticed a decrease in phytic acid P with an increase in
acid P in the original seed varied. inorganic P and a conserved value of total P, not only in barley
In regard to individual genotypes, the distribution of total P (15, 18) but also in wheat (19), rice (11), and maize (20). With
content showed a similar pattern to phytic acid P: higher in regard to effects ofpa mutation on distribution of different
bran fractions and progressively lower toward inner seed tissues types of P, Ockenden et alL§) measured levels of phytic acid
Among Harrington and the foupa isolines, only bran fractions P and total P in embryo and rest of grains (hand separated) of
showed differences in the total P content. With decreasing phytic the fourlpa barley genotypes, the same four isolines used in
acid P, there was a decrease in total P in bran fractions.the present study but grown in different environments. They
However, the decrease in total P was not as large as that forfound that proportional reductions in phytic acid P of both
phytic acid P. Furthermore, for the whole kernel, dehulled embryo and aleurone layer contributed to whole-grain phytic
kernel, and three pearled kernel fractions, the difference in total acid P reduction inpa3-1 and M955, with little effect on
P was minimal. In other words, the total P was relatively embryo or aleurone layer total P. With respect to total P, these
unaffected bylpa genotypes. mutations show no grain tissue specificity. In contrast, whole
Distribution of the inorganic P within a barley seed exhibited 9rain phytic acid P reduction ifpal-1 and Ipa2-1 was
a pattern similar to that of phytic acid P: higher in bran tissues exclusively or mainly aleurone layer specific. lpal-1, the
and lower in inner sections. As expected, among the five distribution of total P shifted in part from rest of grain to embryo,
genotypes there were differences in inorganic P. The decreasé/ith a net reduction in total P. Data in the present study appears
in phytic acid P was almost matched with increasing inorganic to confirm the findings of Ockenden et all§), since whole-
P across all fractions of the seed. This explains why the total P grain total P was lowest ilpal-1 and the relative difference in
remained relatively constant among genotypes with different both phytic acid P and total P in BN-1 as compared with BN-3
levels of phytic acid P. Thépa2-1 genotype showed a slight ~Was greatest ifpal-1 (Figure 1).
deviation. Its increase in inorganic P did not surdpad-1 even Contents and Distributions of Major and Minor Minerals.
though the latter had higher phytic acid P. This is due to the In the whole barley kernel as well as their fractions, major
fact that in barleylpa2-1, the reduction in phytic acid P is  minerals, which have concentrations in the m@ qnge, were
accompanied by increases in inorganic P and other nonphyticP, K, Mg, S, and Ca; while minor minerals, which have
acid inositol phosphates such as inositol tetra and pentaphosphateoncentrations in theg gni! range, were Fe, Zn, Mn, Cu,
(15). and Ba Figure 3—6). For example, in the hulled kernel of the
Like total P, the rest of P remained relatively constant across control cultivar, Harrington, the values for Ca, Mg, S, P, and K
the five genotypes, although M955 had a slightly higher value in decreasing order, were in the range of-8%68 mg/g level,
in all the kernel fractions. With regard to distribution within ~ While the values for Ba, Cu, Mn, Fe, and Zn, also in decreasing
seed tissues, outer layers contained the highest concentratio®rder, were in the range of-130 ug/g level (Figure 3).
of rest of P, but just like total P, the difference between the  Mineral distributions in the foulpa isolines (data not shown)
outer layers and the inner section was not as large as that forwere similar to that in the control varietiFigure 3). In general,
phytic acid P. similar to the distribution of the different forms of P, minerals
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were concentrated in outer layers of barley seeds. As the degreeendosperm tissue. More specifically, for each of the 10 minerals
of pearling increased, the content for each of these minerals(including P), the distribution itpaisolines was similar to that
decreased. However, different minerals had different distribution of Harrington shown irFigure 4. Minor deviations were noticed
patterns across tissues regardless of phytate P content. Fofor Mg in Ipal-1, K, and Cu inlpa 1-1, Ipa-3-1, and M955,
example, P, Mg, Zn, and Fe were richer in the BN-1 fraction, and P in Ipal-1, but all were limited to the bran fractions.
corresponding to the aleurone layer; Mn was concentrated in  preyious researchers have attempted to determine the effects
the FNH fraction, corresponding to germ, pericarp, and testa of |pa mutation on mineral contents and distribution of various
tissues; K, Ca, Cu, and Ba were concentrated in CSH, FNH, ¢rops; including barley@), rice 3), corn @4), and wheat

and BN-1 fractic_)ns, correspond_ing to hulls, germ, pericarp_, testa, (24), using energy dispersive X-ray (EDX) analysis to measure
and aleurone tissues, respectively; and S was lowest in CSHg|ative element contents ofpa dry grain tissues. EDX

gnd remained rel_ati\_/ely flat for othef fraction_s, ind_icating that equipment, when coupled with a scanning electron microscope,
it was equally distributed among tissues, including the en- gjo\s analysis of tissues and cellular regions that require no
dosperm tissue, except for the hull. specimen preparation beyond cutting the dry grain open, but
Liu et al. 21) determined 11 elements (P, K, Mg, Ca, Na, the method does not provide absolute values of elements
Fe, Zn, Mn, Cu, Al, and Mo) for one single conventional barley measured. Instead, the method can only provide peak-to-
variety in whole kernel, in caryopsis components separated by packground ratios for relative comparison within a study. Results
hand, in products of tangential abrasion of barley, in roller- from these studies based on the EDX method suggested that
milled ﬂOUrS, and in air-classified flours and in isolated starch. with all the Cerea"pa grain genotypes studied there was no
They found that the outer grain tissues (pericarp and aleurone)eyidence thatpa genotypes in cereals result in an increase or

contained higher concentrations of minerals than the central gecrease in certain elements and no evidence that shift of mineral
section, but individual elements showed varying gradients of nytrients to the starch endosperm occurs.

decrease in concentration from the pericarp to the central
endosperm. They also found different patterns of distribution
within seed fractions for individual mineral elements. For
example, Ca was more uniformly distributed throughout the
kernel than Mg. Furthermore, the whole barley, barley tissues,
and fractions contained decreasing concentrations of P, K, Mg,
Ca, Na, Fe, Zn, Mn, Cu, Al, and Mo. The values of Na, Ca,
Mg, K, and P were in the range of 0.25.6 mg/g; the values
of Cu, Mn, Zn, and Fe were in the range of 15—3§/g; and
the values of Al and Mo were in the range of +4.9 ug/g.
Our data with cv. Harrington and its foilpa isolines generally
confirmed the early finding of Liu et al2(). The concentration ) . . .
of mineral elements as well as their general patterns of studies all used only one pair of comparisons (feline vs

distribution also resembled those in whe®,(22), and rice one control variety). In one case, the increase of K in milled
(23) Iparice was observed in one year crop but not in another year

(11). In another case, the whole grain of tha rice happened
to be higher in mineral concentrations than the control 42¢. (

In contrast to the findings by a majority of the studies, Bryant
et al. (11) found an increase (250%) in total P, K, and Mg
concentrations itpal-1milled rice products as compared with
those from the control. Most recently, Ren et 4R2) reported
significantly higher concentrations of Ca, K, Mg, Fe, and Zn
in milled Ipa rice than the control variety across three growing
locations. Guittieri et al.13) measured and compared mineral
concentrations in milled fractions oflpa wheat with that of a
control wheat cultivar using a Brabender Quadrumat senior mill.
They also found that milled flour from thipa genotype had
elevated concentrations of P and Mg. However, these three

One of the key objectives in this study was to determine if
th_e lpa genotypes altered m_me_ral contents in WhOIFT 9rain O giiil in another case, the concentration of whole grains was not
milled fractions. Another objective was to evaluate if ipa

o e . measured and compared (13).
barley genotypes altered the distribution of various elements . .
inside the grains. On the basis of the dataFigures 1 and In the present study, we used a unique lab abrading method

4—6, we found that although there were substantial differences that could remove surface layers of cereal grains, layer by layer,
in mineral contents of bran fractions among genotypes, the gnd measured and cc_)mpared the absolute contents of elements
differences in kernel fractions were very minimal. One major N Several bran fractions as well as corresponding abrading
exception was Fe. It had the highest level in all tissue fractions kernels abraded from folpa barley isolines with varying levels
of the M955 isoline, as compared with fractions of all other ©Of phytic acid reduction and one normal cultivar, Harrington.
genotypes (Figure 6). This was true for seeds grown at two This methodology allows us to compare not only the concentra-
different environments. This observation could provide another tion of a particular mineral element fraction by fraction among
positive impact on nutritional improvement of cereal crops 9enotypes but also the distribution pattern for an element within
beyond reduction of phytic acid, since a higher Fe content in @ seed and among the genotypes. Results from the present study
food and feed is desirable. If the observation in this research is Provided direct yet stronger and more consistent evidence to
to be confirmed by additional studiefpa crops could be an ~ conclude that thépa mutation had some effect on mineral
effective measure to combat anemia, a chronic disease thatoncentrations in certain surface fractions of barley seeds but
affects an estimated 40% of all women worldwide due to iron little effect on mineral distribution within a barley kernel. This
deficiency (1). Yet we must be cautious about this assertion, is an important finding, since it shows that breeding low phytic
since an increase in Fe was observed only in the M955 genotypeacid crops (or at least fdpa barleys) do not lead to reduction
and not in the other threlpa genotypes. In addition, minor  in minerals, which, unlike phytate P, are valuable micronutrients
differences in S, Ba, Cu, and Zn contents of kernel fractions for humans and animals.
were also noticed among genotypes. On the basis of the observation of this study and a few
Regardless of some differences in mineral concentrations previous ones (1&3—25), there is no major shift of minerals
among genotypes when comparing fraction by fraction, as just nutrients among tissues, such as from tissues in the bran area
discussed, the distribution patterns for all the minerals remainedto the endosperm in the center area or visa versa. Thus, the
relatively unchanged (Figures 5—6); that is, they were con- results of this study lead to a rejection of the hypothesis that
centrated in bran fractions and decreased toward the centereducing the ability of grains to synthesize and accumulate



Phosphorus and Minerals in Normal and Low Phytic Acid Barleys J. Agric. Food Chem., Vol. 55, No. 11, 2007 4459

phytic acid might alter both the amount and distribution of P Saskatchewan, Saskatoon, Canada, for providing the second set
and minerals in grain tissues. of barley seed samples.

Confirmation of Findings by Data from the Second Set
of Samples.The above discussion is based on results made with
the first set of barley samples grown at Tetonia, ID, in 2003. In
order to confirm findings on mineral contents and distributions (1) welch, R. M.; Graham, R. D. A new paradigm for world
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