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Oxalate and Phytate Concentrations in Seeds of Soybean Cultivars

Abstract

This study analyzed soybean seeds from 116 cultivars for total, insoluble, and soluble oxalate (Ox), phytate
(InsP6), calcium (Ca), and magnesium (Mg) because of their potential beneficial or harmful effects on
human nutrition. These cultivars were divided into four groups (A-D) on the basis of the year and geographic
location where they were grown. Oxalate concentration ranged from about 82 to 285 mg/100 g of dry seed.
The InsP6 concentration ranged from 0.22 to 2.22 g/100 g of dry seed. There was no correlation between Ox
and InsP6 within or among the four groups of cultivars. There was a significant correlation between total Ox
and Ca, but not Mg, in group D cultivars (r ) 0.370S; p < 0.0005). No significant relationship was found in the
group A-C cultivars. Eleven group D cultivars had InsP6 less than 500 mg/100 g, but all had total Ox of 130
mg/100 g or greater. Five cultivars from groups A-C had relatively low InsP6 (group B; e1.01 g/100 g) and
low Ox (
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Oxalate and Phytate Concentrations in Seeds of Soybean
Cultivars [ Glycine max (L.) Merr.]

HARRY T. HORNER*'T TERESA CERVANTES-MARTINEZ," ROSANNE HEALY,T
ManNJu B. RepDY,* BETSY L. DEARDORFE! THEODORE B. BAILEY 8
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Department of Genetics, Development and Cell Biology and Bessey Microscopy Facility, lowa State
University, Ames, lowa 50011-1020, Department of Food Science and Human Nutrition, lowa State
University, Ames, lowa 50011-1120, Department of Statistics, lowa State University, Ames, lowa
50011-1210, Department of Food Science and Human Nutrition, Washington State University,
Spokane, Washington 99210-1495, and U.S. Department of AgrictlAgecultural Research Service

CICGR, and Department of Agronomy, lowa State University, Ames, lowa 50011-1010

This study analyzed soybean seeds from 116 cultivars for total, insoluble, and soluble oxalate (Ox),
phytate (InsPg), calcium (Ca), and magnesium (Mg) because of their potential beneficial or harmful
effects on human nutrition. These cultivars were divided into four groups (A—D) on the basis of the
year and geographic location where they were grown. Oxalate concentration ranged from about 82
to 285 mg/100 g of dry seed. The InsPg concentration ranged from 0.22 to 2.22 g/100 g of dry seed.
There was no correlation between Ox and InsPg within or among the four groups of cultivars. There
was a significant correlation between total Ox and Ca, but not Mg, in group D cultivars (r = 0.3705;
p < 0.0005). No significant relationship was found in the group A—C cultivars. Eleven group D cultivars
had InsP¢ less than 500 mg/100 g, but all had total Ox of 130 mg/100 g or greater. Five cultivars
from groups A—C had relatively low InsPg (group B; <1.01 g/100 g) and low Ox (<140 mg/100 g).
These cultivars could be useful for producing soy foods beneficial to populations at risk for kidney
stones and for improved mineral bioavailability. The Ox and InsPg concentrations of the cultivars
indicate that choosing specific parents could generate seeds in succeeding generations with desirable
Ox and InsPg concentrations.

KEYWORDS: Calcium oxalate; cultivar; nutrition; oxalate; phytate; seeds; soybean

INTRODUCTION tissues of about 75% of the flowering plants, which include the

vast majority of edible foods7( 8), including edible legumes
The presence of oxalate (Ox) in fungi, animals, humans, and ). jorty (8 g g

plants has been known for many yeeks-4). Numerous studies
have documented the deleterious effects of Ox when consumeg1
by animals and humans. The Ox can be produced in plants a
well as in humans from several precursors, including ascorbate . . - ;
(1, 5). Ox occurs as soluble salts of Nand K, oxalic acid, Ieyels of Ox can induce hyperoxaluria, potentially leading to
and/or as insoluble calcium oxalate [CaOx; crystalline state with kldn.e.y arjd bladder stones, and at the extreme, renal edema and
two hydration forms, weddellite (dihydrate) and whewellite c@lcification.
(monohydrate)] 1, 6). The CaOx crystals are visible in human ~ Recently, soy foods have been touted as having a variety of
and animal urine and in various tissues where supersaturationPositive health components. Soybeans have a high content of
conditions occur. The CaOx crystals are present in a variety of Unsaturated fats and folate, as well as high protein and dietary
fiber (10). Soybeans also contain compounds, such as isofla-
. ) . vones, that are known to prevent osteoporosis, cancer, and
* Corresponding author: e-mail hth@iastate.edu.

t Department of Genetics, Development and Cell Biology and Bessey Cardiovascular diseasg@-12). Soybeans may be eaten whole

Humans and animals accidentally or intentionally eat plants
igh in Ox (spinach, rhubarRieffenbacchiaand other members
of the AraceaeHalogeton andChenopodiurn Intake of high

Microscopy Facility, lowa State University. B as vegetables or as processed food products (e.g., tofu, soynuts,
UnTVDe?Spif‘;tmem of Food Science and Human Nutriion, lowa State gy heverage). Several recent publications describe Ox con-
s Department of Statistics, lowa State University. centrations and locations in soybean seeds and foods prepared

' Department of Food Science and Human Nutrition, Washington State from them (L3—17). In healthy non-stone-formers-8% of
University. . . S
5 USDA-ARSHGIGGRyandsRepartmentsofs Agronomy, lowa State food Ox is absorbedl). Normal urinary Ox excretion is 10

University. 39 mg/day, and up to half of the human urinary Ox is derived
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from food Ox rather than endogenous synthes®.(Together, 7.6, to remove the crystals over time. This progression is shown in
these data indicate that certain food produ@8—22) may Figure 1C—E.
contribute significant concentrations of Ox to the human diet,  Determination of Ox Concentrations.Duplicate Ox analyses were
especially if they are consumed every day. On the basis of Ox carried out for each of the 86 cvs in groups & (Tables 1and3). To
concentration and absorption, frequent consumption of soy analyze for total and insoluble Ox in each cultivar, about 3.5 g of seed
products may increase Ox excretion to more than 40 mg/day Was ground in a continually cleaned (air-blasted) coffee grinder
(18), which is defined as hyperoxaluria and may lead to kidney (C2fénill Grindmaster, Wayne, PA) for approximately 2 min, or until

. 2 . the seeds were reduced to a fine powder. This powder then was filtered
stone f(_)rmatlon. In addition, Ox may a'?o reduce m_lneral through a tea strainer, and any remaining seed fragments (usually seed
absorption £3), so excess consumption raises a potential for c,a1) "were reground with a clean pestle and mortar. The resulting
mineral deficiencies. powder, containing all parts of the seed, was placed into a small

Phytate (Insp) is a fully phosphorylated form of inositol  aluminum weighing dish and dried at 8C for 3 days.

(myoinositol hexakisphorate), a compound that also exists in The dried powder was transferred to a marked glass vial, sealed,
seeds, which has both beneficial and detrimental effects onand stored in a desiccator. For the enzyme/colorimetric assay (described

human nutrition and healtt28, 24). Similar to Ox, Insk can below), two 100-mg amounts from each cultivar were weighed out:
be synthesized by the human body. However, like Ox, the main sample A (100 mg) was used to analyze for total Ox, and sample B
source for InsPfor humans is from plant foods. InsRas long (100 mg) was used to analyze for insoluble Ox. Duplicate samples

were analyzed. Each 100 mg of dried powder was placed into tubes
and sterilized for 20 min by autoclaving.
Two milliliters of sterile, deionized (DI) water was added to sample

. B and the mixture was homogenized at low speed. Sample B then was
the contrary, Insprecently has been proposed to reduce kidney sonicated for 6 min, after which an additional 2 mL of sterile, DI water

stone formation by |nh|b|t|qg the formation O.f CaOx and calcium was added. The sonication process lysed the cells, freeing the soluble
phosphate crystal${). In vivo effect of InsRin reducing renal oy \which was dissolved in the water. Sample B then was spun down
calcification also was shown in rats that were fed 10.8 MM/L i a countertop centrifuge, the liquid was poured off, and the residue
in their liquid diet @2). The antioxidant role of InsPis of was resuspended and centrifuged several times with sterile, DI water.
current interest since it has strong chelating ability for minerals, After these washes, a standard water-operated vacuum filtration system
such as iron and zinc, that are involved in oxidative reactions was used to finally concentrate the wet powder that was then dried

causing damage and resulting in cancer and cardiovascularagain. Next, 2 mL of an EDTA buffer solution (pH 6:9.0) was added
diseases. to untreated sample A (with total Ox) and to sample B (minus soluble

. : . . Ox). Both samples were sonicated for 6 min, after which an additional
Although there is some information available on the InsP 2 mL of 10 mmol/L buffered EDTA, pH 7.6, was added. The samples

content 63’. 34) in soybean ,and SOy foods, there are no studies were incubated in a water bath at 86 for 24 h. This treatment
that deal with these two antinutrient factors together. Therefore, gissolved all of the CaOx crystals in the wetted powder as determined
the objectives of this study were to (1) determine total, insoluble, microscopically between crossed polarizeRiggre 1C—E). Each

and soluble Ox content in seeds of 86 cultivars (cvs) of soybean; sample then underwent centrifugation for 5 min at 4000 rpm. Then 4
(2) analyze InsPcontent in 31 of these cvs and in 30 low- mL of supernatant from each sample were removed, and_F0nounts
InsR; cvs and to determine its relationship with total Ox; and were taken for analysis.

(3) analyze total Ca and Mg concentrations in an additional 31  Samples A and B were analyzed on a spectrophotometer (Genesys
cvs and total Ca in 35 cvs to determine their relationships with 2, Spectronic Instruments, Rochester, NY) according to the modified
total Ox. The final objective was to identify specific cultivars protocol from the Sigma urinalysis diagnostics kit [procedure 591;
with low Ox and low InsB which might be useful for reagents A [3-methyl-2-benzothiazolinonehydrazone (MBTH) and

; e A ; ; 3-(dimethlyamino)benzoic acid (DMAB)] and B (oxalate oxidase),
reventing human nutritional deficiencies and diseases.
P 9 diluent (EDTA + buffer), and standard (0.5 mM/L oxalate) are now

all available from Trinity Biotech Plc, IDA Business Park, Bray, County

MATERIALS AND METHODS Wicklow, Ireland; 1-800-325-3424 U.S.; 1-800-603-8076 Ireland;

Cultivars for Ox and InsP s Analyses.Eighty-six soybeanGlycine Www.trlnltyusa_.com]. Fdor eachl run. a bljank (water), @ stagdard (known
max(L.) Merr.] cultivars (Tables 1and3) were obtained from R.G.P. Ox concentranon), and samp _es A and B were prepared.
at lowa State University and were analyzed for their seed content of ~ 1N€ reactions that occurred in samples A and B and standard cuvettes
total, insoluble, and soluble Ox. Thirty-one of them were analyzed for Were (1) solublized total or insoluble Ok O + oxalate oxidase~
InsP; content and 35 for Ca and Mg. To sample a wide range of 2C® +H:0;and (2) BO, + MBTH + DMAB-peroxidase— indamine
genotypes, different maturity groups (different photoperiod responses) 9y€ (purple color+ Hz0. Indamine dye concentration was measured
were included. Seventy-four low-InsRultivars were obtained from &t 590 nm.
Dr. Jim Wilcox, Purdue University, West Lafayette, IN, and 30 of these From the absorbance readings, the relative concentrations in mil-
(Table 2) were analyzed for InsPcontent. Seeds from all of these  ligrams of total and insoluble Ox in 100 g of dried soybean seed powder
cultivars were grown at the Bruner Farm near Ames, IA in 2000 (group were calculated. Soluble Ox for each sample was determined by
A) and 2001 (group D), at Savoy, IL in 2000 (group B), or near Raleigh, subtracting the obtained value for insoluble Ox from the obtained value
NC in 2000 (group C) for late maturity groups (SEable 1). We also for total Ox. The Sigma urinalysis kit information regarding reagents
compared seed composition from plants grown at the same location inand the modified equations to obtain these results are presented below,
the same year. Some of the cultivars used in this study are typical as well as modifications to specifically obtain the results with seed
commodity-grade soybeans, whereas others were developed for variougnaterial.

been considered an antinutrient due to its ability to complex
with several metal ions such as zin25), calcium @6), and
iron (27—30), thus reducing their bioavailability. However, to

human food uses (see food uses Tiable 1). Pedigrees for the The equation to determine milligrams of Ox in 100 g of dried
nonproprietary cultivars were included irables 1and2 to help in soybean seed is described as follows. The Ox standard contains 0.5
interpreting the data. mM OXx/L; (0.5)(90 mg/mM)= 45 mg/L; 50uL of Ox standard contains

Identification of CaOx Crystals. Cotyledons from several cultivars (45 mg of Ox/L)(5x 1075 uL/L) = 2.25 x 102 mg of Ox/50uL or
were removed from seeds, cleared with a 5% Clorox solution (Clorox 2.25u49/50 uL. To calculate the concentrations of total and insoluble
Co., Inc., Oakland, CA), and viewed between crossed polarizers with Ox in samples A and B, respectively from the spectrophotometer
a compound microscope to detect the presence of CaOx crysiguse readings: (sample A or B reading/standard reading?.25u«g of Ox
1A,B). Ground seed fragments used for Ox determination were treated in standard £g/50 uL)] x [80 (measured volume &g, of original
with 10-mmol/L buffered ethylenediaminetetracetic acid (EDTA), pH volume)] = micrograms in original 100 mg of powder. This latter

www.manaraa.com
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Table 1. Seed Group, Total, Insoluble, and Soluble Oxalate Concentrations and Their Percentages, and Total Phytate in Seeds of 86 Soybean
Cultivars and Their Food Uses and Pedigrees?

seed total Ox insol Ox sol Ox insol Ox  sol Ox total InsPg
cultivar group  (mg/100g) (mg/l00g)  (mg/100 g) (%) (%) (9/100 g) food uses pedigree
Proto A 823 29.4 52.8 35.8 64.2 1.23 high protein, tofu M70-504 x M69-42
Galena Genetics 003 A 91.6 745 171 815 18.5 1.01 tofu proprietary
Saturn B 92.4 37.8 54.5 41.0 59.0 1.66 tofu, vegetable Hobbit x Jogun from Korea
N6201 C 94.3 426 51.7 46.3 53.7 141 tofu Nakasennari x Young
LS201 B 98.5 719 26.6 73.6 26.4 2.16 tofu (HS235 x A79-240011) x A79-240002
Galena Genetics 004 A 1015 76.4 25.1 75.9 24.0 111 tofu proprietary
low linolenic A 101.8 75.0 26.8 73.7 26.5 b vegetable oil unknown
Gardensoy 22 B 104.5 85.1 19.3 82.8 17.2 1.30 vegetable Century-Ix2 x Disoy
Galena Genetics 001 A 1114 83.2 28.2 75.2 249 b tofu proprietary
Gardensoy 41 B 111.6 69.9 416 63.5 36.6 b vegetable Disoy x Miyagi Shirome B
Gardensoy 42 B 112.2 75.7 36.5 67.8 322 b vegetable Disoy x Miyagi Shirome A
Verde A 114.0 51.6 62.5 453 54.7 b vegetable Aoda x A50-7445(Richland x Jogun)
L97-0161 B 117.0 82.3 34.8 72.5 275 0.89 vegetable Osaya x Disoy
Galena Genetics 002 A 119.6 64.4 55.2 56.0 44.0 b tofu proprietary
1A1008 B 120.4 715 48.9 59.4 40.6 b various uses Northrup King S20-20 x Jack
low saturated A 121.2 96.1 25.1 79.4 20.6 b vegetable oil unknown
Gardensoy 31 B 123.6 83.0 40.7 68.5 315 b vegetable Disoy x Miyagi Shirome A
1A4001 B 124.7 105.1 19.6 84.8 15.2 b natto, sprouts (A3205 x SS202) x SS201
Iroquois B 126.6 106.3 20.3 84.5 155 0.77 commodity grade LN81-1029 x (DSR252 x LS301)
Norpro A 127.6 69.6 58.1 55.3 447 b high protein Ozzie x Proto
Cisne B 127.8 79.8 48.0 62.4 37.6 1.06 commodity grade Burlison x A3733 (Elf x A3127)
Vinton 81 A 129.4 73.0 56.4 56.4 436 b tofu (Harosoy x Higan) x Vinton (5)
1A2025 B 1313 63.9 67.4 49.3 50.7 b triple null lipoxygenase  Ix1 Ix2 Ix3 x 1A2020
199-3640 B 132.4 120.1 12.3 90.9 9.1 b natto, sprouts Jack x L91-1533¢
Gardensoy 12 B 133.8 59.0 74.8 44.2 55.8 b vegetable Prize x Kaohsiung-No. 1, P1 518.758
1A2011 B 134.2 98.9 353 74.0 26.0 b lipoxygenase-2 null (L2-3 x HP203) x HP203
Peking A 135.4 100.6 34.8 74.2 25.8 b hay type (P117.852 B) from China in 1906
L99-1106 B 135.4 61.7 73.8 45.7 54.3 b vegetable Disoy x Miyagi Shirome A
1A2042 B 135.9 76.0 59.9 56.1 439 b high protein AB89-246013 x A91-613029
N7103 C 137.2 112.3 249 83.4 16.6 b natto NTCPR90-143 x Pearl
Harosoy A 137.6 1123 25.4 82.1 17.9 b commodity grade Mandarin (Ottawa) x AK (Harrow)
Gardensoy 21 B 137.8 60.4 774 439 56.1 b vegetable Disoy x Verde
HP204 A 138.3 102.5 35.8 74.3 25.7 b high protein Vinton 81 x Hardin
1A3006 B 139.1 83.9 55.2 60.3 39.7 0.94 high protein AB87-194013 x (DSR252 x LS301)
199-1422 B 141.7 63.8 77.9 45.2 54.8 1.49 vegetable Saturn x L93-5557 (Century-/x2 x Disoy)
L96-5742 B 142.3 111.2 31.0 78.2 21.8 222 natto, sprouts Jack x IL1¢
1.96-5269 B 146.2 145.2 1.0 99.3 0.7 b natto, sprouts L87-612¢ x L86K-73¢
199-1202 B 147.6 65.0 825 44.1 55.9 1.72 vegetable Tousan 114 x Vinton 81
Gardensoy 24 B 147.9 76.8 711 53.8 46.2 b vegetable Disoy x Verde
199-1179 B 149.0 115.9 332 7.7 22.3 219 vegetable Vinton 81 x Tousan 114, (P 507.445)
Parker B 150.3 115.3 35.0 76.2 23.8 1.89 commodity grade A79-136012 x Dawson
N7102 C 150.7 103.8 46.8 69.1 31.0 1.30 natto Vance x Jizuka
199-1241 B 150.8 83.6 67.2 55.5 445 122 vegetable Vinton 81 x P| 86.134-1
199-1132 B 151.1 70.6 80.5 473 52.7 b vegetable Disoy x Miyagi Shirome B
N 7101 C 151.6 110.8 40.8 73.7 26.3 1.30 natto Vance x Jizuka
98-6080 B 152.1 91.9 60.1 60.5 39.5 1.50 vegetable Resnik x Verde
1A2024 B 152.2 119.9 32.3 79.5 20.5 1.66 commodity grade (NK523-03 x SS204) x SS201
199-1349 B 153.3 1174 35.9 76.6 234 b vegetable Williams-Ir x L93-5557+
Gardensoy 43 B 156.8 69.7 87.1 44.5 55.5 b vegetable 183-3432¢ x Verde
L99-3831 B 157.1 139.7 17.3 88.8 11.2 b natto, sprouts Chapman x Mercury
196-5237 B 157.5 140.6 16.1 88.7 113 b natto, sprouts L87-612¢ x L86K-73¢
199-3310 B 159.5 140.2 19.3 88.1 11.9 b natto, sprouts L86K-73¢ x Nattosan
191-1552 B 160.9 104.8 56.1 65.4 34.6 b natto, sprouts IL2 x L87-626
194-5886 B 161.0 85.7 75.4 53.6 46.4 b vegetable Resnik x Verde
1A2021 B 162.3 128.6 33.8 79.2 20.8 b commodity grade Elgin 87 x Marcus
Heilong 35 A 161.5 1437 17.7 90.2 9.8 b high protein Chinese cultivar
199-3380 B 162.6 148.9 13.7 91.6 8.4 b natto, sprouts L86-K73¢ x Jizuka
L98-7052 B 165.5 138.9 26.5 84.3 15.7 b natto, sprouts (Century 84 x R81) x 922X
1.99-3403 B 165.6 135.6 30.0 82.0 17.9 b natto, sprouts L86K-73¢ x Jizuka
195-1116 B 168.4 1325 35.9 79.8 20.2 b natto, sprouts L87-612¢ x L86K-73
199-3329 B 169.4 97.5 719 57.5 424 b natto, sprouts L87-612¢ x SH2 (from Japan)
Gardensoy 02 B 170.4 81.8 88.6 48.0 52.0 b vegetable Parker x |A3006
L96-6381 B 1711 148.9 22.2 87.4 12.6 b natto, sprouts Jack x 191-1533¢
L99-3612 B 171.8 1335 38.2 78.5 215 b natto, sprouts Jack x 191-1533¢
1.95-1409 B 178.3 152.4 25.8 87.0 13.0 1.50 natto, sprouts L87-612¢ x Jack
1.99-3036 B 178.5 107.7 70.8 60.8 39.2 b natto, sprouts IL2¢ x L.87-626¢
1.98-7220 B 180.3 121.7 58.6 67.3 32.7 b natto, sprouts IL1¢ x L86K-73¢
Gardensoy 23 B 181.8 95.9 85.9 52.9 471 b vegetable L86K-73¢ x Magna
L97-1300 B 183.4 155.4 27.9 84.6 154 b natto, sprouts IL1¢ x [Williams 82 x Pl 65.549 (wild)]
199-3907 B 184.9 136.5 484 74.0 26.0 b natto, sprouts L87-612¢ x Mercury
199-3921 B 185.3 137.3 48.0 747 253 b natto, sprouts L87-612¢ x L93-3539¢
196-5198 B 186.0 1714 14.6 92.1 79 1.49 natto, sprouts L87-612¢ x L86K-73¢
1.96-5408 B 187.5 167.9 19.5 89.6 10.4 b natto, sprouts L87-612¢ x Jack
199-3591 B 189.6 146.0 43.6 77.1 22.9 b natto, sprouts Jack x L91-1533¢
L97-0875 B 191.5 155.8 35.7 81.3 18.6 b natto, sprouts L87-612¢ x L86K-73¢
198-7362 B 192.2 1211 711 63.0 37.0 1.36 natto, sprouts IL1¢ % Spry
196-5201 B 194.9 157.3 375 81.0 189 1.47 natto, sprouts L87-612¢ x L86K-73¢
L96-5441 B 196.2 1411 55.1 723 217 b natto, sprouts L87-612¢ x TCPR90-143
89.0 55.1 45.0 127 vegetable Will-e2RsvIm x Magna
2.0 99.0 1.0 b natto, sprouts L87-612¢ x L86K-73¢
725 64.6 354 b natto, sprouts L87-612* x Mercury
62.5 69.7 30.3 1.65 natto, sprouts IL1* x [Williams 82 x PI 65.549 (wild)]
44.0 79.0 21.0 1.82 natto, sprouts L87-612¢ x Spry
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Table 1 (Continued)

seed total Ox insol Ox sol Ox insol Ox soluble Ox total InsPg
cultivar group (mg/100 g) (mg/100 g) (mg/100 g) (%) (%) (9/100g) food uses pedigree
199-3836 B 209.5 195.9 13.6 93.6 6.4 1.62 natto, sprouts  Jack x Mercury
1.98-7439 B 2136 159.7 53.8 74.8 25.2 1.38 natto, sprouts ~ L87-612¢ x SH2
Mercury B 2136 145.6 68.0 69.1 30.9 1.44 natto, sprouts 7208, YuTae from Korea x Hobbit
std error of mean 19.3 16.1 155 9.1 9.1 0.19
range 82.3-213.6 29.4-196.6 1.0-89.0 35.8-99.4 0.7-64.2  0.77-2.22

2Seeds are from the 2000 harvest in Ames, IA (group A); Savoy, IL (group B); or Raleigh, NC (group C). Cultivars are arranged in order of increasing total Ox
concentrations. o No data. ¢L91-1533 [from IL2 x L97-561 (Hobbit x Pl 82.264 from Korea)]; IL1 (Hobbit x T208, Yu Tae, T208 from Korea); L87-612 (Hobbit x PI 85.505
from Korea); L86K-73 (Corsoy x Williams sib) x L76-0132. (Beeson x Kosamame)]; L93-5557 (Century- /x2 x Disoy); L83-3432 (from crosses among 12 parental lines:
Williams, Essex, Harosoy- dtl, Clark-dt1EZe2, and eight southern (group VI-VIIl) commercial cultivars); IL2 [Hobbit x Pl 408.0168B from Korea); L87-626 (Hobbit x Pl
157.404 from Korea); L93-3539 (Williams- / r Rps1-c Rps2 Rsvi).

Table 2. Total Oxalate, phytate, and Calcium Concentrations and were carried out by atomic emission spectroscopy (Perkin-Elmer Optima
Pedigrees of 30 Soybean Cultivars? 2000, Boston, MA) at WSU on 65 cvs by use of acid extracts as done
for total Ox.
total Ox total InsPs total Ca Determination of InsPs Concentration. Thirty-one of the group
Purdue ID no. (mg/100g)  (mg/100g)  (mg/100g)  pedigree A—C cultivars and the 30 group D cvs were analyzed in duplicate for
CX1852B-2-3 131 106 286 Ab InsR; content to determine if the_re was any correlation betweensInsP
CX1849C-3-3 139 1.11 246 A and Ox content. Group AC cultivars were chosen to represent the
CX1849B-2-3 145 0.50 2.68 A complete range of Ox concentrations. The lnsBs measured by anion-
CX1849B-8-2 148 044 213 A exchange chromatography and phosphorus analysis by calorir@8ry (
CX18431-4-6 170 0.49 2.85 B? Briefly, soybean seeds were ground to a powder in a coffee grinder
CX1850C-3-2 173 0.53 2.81 A .
CX18431-5-1 178 022 211 B and e_xtrac?ed with 2.4% HCI f3 h atrc_)om temperature followed by'
CX1844B-1-2 185 0.42 3.08 B centrifugation. The supernatant was filtered and ran through an anion-
CX1844D-3-5 185 0.57 2.90 B exchange column. Phytic acid was elutedhwitM NaCl and subjected
CX1844D-3-1 203 0.30 2.77 B to Kjeldahl digestion with concentrated,$0, and HNQ. Inorganic
gﬁgg?ﬁ; ggg 828 ggg g‘ P concentration was measured by a calorimetric method with am-
cX18 445_é_2 210 1.98 278 B monium molybdate and sulfonic acid reagents. Phytic acid concentration
CX1846C-3-7 210 0.89 2.60 B was determined on the basis of its P content of 28.2%. Red wheat bran
CX1847C-8-5 210 0.98 2.75 B (3% =+ 0.3%) obtained from AOAC (Association of Official Analytical
gﬁgﬁg-i-é g%g 822 29471 g Chemists) was used as the control, and the measured values were within
CX1850A-5-3 225 072 311 A thesie:?rt‘?”cleA"a':’es' We viewed the O o
CX1844A-T-1 239 175 263 B atistical Analyses.We viewed the Ox measurements in group
CX1846F-2-6 239 0.64 3.03 B A—C cultivars as being subject to two principal sources of variation
CX1846F-2-1 252 0.58 3.07 B in our study, one that was considered larger than the other. The first,
CX1844B-1-4 257 047 2.69 B and smaller, source of variability was among measurements from
CX1843H-4-5 260 0.46 2.80 B duplicate determinations of Ox from the same cultivar grown in a single
Cx18458-8-4 261 108 319 B location, and the second arose from differences among Ox measure-
CX1844D-7-8 266 0.63 2.85 B ! ; o . -
CX1844B-3-2 269 0.40 3.32 B ments for the same cultivar grown in different locations (fields). For
CX1845B-3-6 269 0.50 3.53 B purposes of making statistical tests and calculations of standard errors
CX1843G-1-3 278 0.38 3.02 B of means (SEM) of cultivars, we used the variability among locations
CX1844D-7-4 283 0.60 3.31 B within a cultivar to estimate experimental error. For lgsfeasurements
CX1843G-1-1 285 053 321 B in all cultivars, we used variability among replicates within a cultivar
std error of mean 8.29 0.07 0.06 to estimate experimental error.
range 131-285 0.22-1.98 211-3.53 The relationship between total Ox and total Ca concentrations was
determined separately for group-& cultivars and low-Ins§cultivars
@ All seeds were from the 2001 harvest in Ames, IA. (group D). Cultivars are by a Pearson correlation. A 5% level of significance was used in all
arranged in order of increasing total Ox concentration. Correlation of total calcium analyses.

with total oxalate was 0.615 (p < 0.01). Correlation of total oxalate with total
phytate was —0.087 (p = n.s.). ?(Savoy x M153-1-4-6-29) x Savoy. ¢ (CX1834-
1-6) x [(M153-1-4-6-14 x Athow) x Athow]. RESULTS AND DISCUSSION
Whole, cleared, mature seed cotyledons displayed many CaOx
number was multiplied by 1000 to give the number of milligrams of mqnohydrate crystals when viewed between crossed polarizers
Ox per 100 g of cultivar. (Figure 1A). Isolated crystals from the cotyledons showed they
were twinned prismatic crystald-igure 1B). The modified
Sigma analysis kit allowed for the determination of both total
and insoluble Ox, and thus soluble Ox. This analysis used EDTA
20 mL of 2 N HCI. After overnight soaking, each sample was instead of HCI. In two different treatments, ground, aqueous
homogenized in the same tube for 1 min by use of a homogenizer wetted soybean powder was treated with EDTA to digest the

(PowerGen 125, Fisher Scientific, Pittsburgh, PA), and centrifuged for total Ox in the powder allowing for the analysis of total Ox. In

5 min at 392§, The supernatant was collected into a 100 mL graduated another agueous treatment, all S(?'Ub'e Ox was removed, leaving
cylinder. The pellet was extracted twice more with 20 nil2dN HCI. only the insoluble CaOx crystals in the powder seed fragments.
These supernatants were pouredinto the'same cylinder as the first EDTA treatment over 24 h digested the insoluble CaOx for
and the final volume was adjusted to 100 mL with 2.0 mmol of HCI. insoluble Ox determinationFgure 1C—E).

Some cultivars were analyzed at both laboratories to ascertain potential  Seeds from all 86 group-AC cvs contained varying amounts
differences in Ox measurements. Mineral analySebles 2 and 3) of insoluble and soluble OxTable 1). Soluble Ox was

Total Ox in the 30 group D cvsT@ble 2) was measured at
Washington State University (WSU) by a modified method. A sample
of 5 g ofeach cultivar was placed in a 50 mL polypropylene tube with
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Table 3. Seed Group, Total and Insoluble Oxalate, Total Phytate (InsPg), Total Divalent Minerals, and Ca/Insoluble Ox Ratios in Seeds of 35

Soybean Cultivars?

total Cainsol Ox
seed total Ox insol Ox insol Ox  total InsPs  total Ca total Ca total Mg total Mg Ca+Mg ratio
cultivar group (mg/100g)  (mg/100g) (mmol/100g) (g/100g) (g/100g) (mmol/100g) (g/100g) (mmol/100g) (mmol/100g) (mmol/mmol)
Proto A 82.3 29.4 0.33 1.23 2.32 5.79 1.79 7.35 13.14 34.7
Galena Genetics 003 A 91.6 745 0.85 1.01 1.65 411 1.53 6.27 10.38 9.7
Saturn B 92.4 37.8 0.43 1.66 1.31 3.27 1.58 6.47 9.74 15.2
Galena Genetics 004 A 1015 76.4 0.87 111 1.98 4.94 1.66 6.82 11.76 11.4
low linolenic A 1018 75.0 0.85 b 1.80 4.48 1.68 6.88 11.36 10.5
Gardensoy 22 B 1045 85.1 0.97 1.30 2.38 5.94 2.05 8.39 14.33 12.3
Galena Genetics 001 A 1114 83.2 0.95 b 1.64 4.09 1.62 6.64 10.73 8.7
Galena Genetics 002 A 1194 64.4 0.73 b 1.62 4.05 1.49 6.12 10.17 9.3
1A1008 B 1204 715 0.81 b 2.37 5.92 1.99 8.16 14.08 14.6
low saturated A 1212 96.1 1.09 b 1.45 3.63 1.39 5.70 9.33 6.6
1A4001 B 1247 105.1 1.20 b 2.14 5.34 2.06 8.43 13.77 8.9
Cisne B 1278 79.7 0.91 1.06 1.99 4.97 1.96 8.01 12.98 11.0
Vinton 81 A 1294 73.0 0.89 b 1.87 4.66 1.85 7.60 12.26 12.3
1A2025 B 1313 63.9 0.73 b 1.58 3.93 1.73 7.11 11.04 11.2
Gardensoy 12 B 1338 59.0 0.67 b 2.09 5.22 1.95 7.98 13.20 15.6
1A2011 B 1342 98.9 112 b 1.61 4.00 1.85 7.57 11.57 7.1
N7103 C 1372 112.3 1.28 b 2.03 5.07 1.78 7.30 12.37 7.9
Gardensoy 21 B 1378 60.4 0.69 b 1.64 4.09 1.62 6.63 10.72 11.9
1A3006 B 139.1 87.3 0.99 b 2.29 5.72 2.08 8.53 14.25 115
Gardensoy 24 B 1479 76.8 0.87 b 2.04 5.10 1.84 7.53 12.63 11.7
199-1349 B 1533 1174 1.33 b 2.06 513 1.79 7.35 12.48 7.7
L95-1116 B 1684 1325 151 b 1.83 4.58 1.88 7.69 12.27 6.1
Gardensoy 02 B 1704 81.8 0.92 b 1.43 3.58 1.58 6.46 10.04 9.8
95-1409 B 1783 152.4 1.73 1.50 1.93 4.82 1.58 6.48 11.30 5.6
Gardensoy 23 B 1818 95.9 1.09 b 2.34 5.85 2.15 8.81 14.66 10.7
199-3921 B 1853 137.3 1.56 b 1.64 4.08 1.69 6.94 11.02 5.2
L96-5198 B 186.0 1714 1.95 1.40 2.16 5.39 1.88 7.71 13.10 55
199-3591 B 189.6 146.0 1.66 b 1.89 4.72 1.81 741 12.13 5.7
198-7362 B 1922 1211 1.38 1.36 1.90 4.75 1.85 7.58 12.33 6.9
L96-5201 B 1949 157.3 1.79 1.47 2.33 5.82 1.87 7.66 13.48 6.5
L96-5441 B 196.2 1411 1.60 b 1.90 4.75 1.60 6.55 11.30 5.9
198-6070 B 1977 108.7 1.24 1.27 1.75 4.38 1.77 7.26 11.64 7.1
199-3073 B 198.6 196.6 2.23 b 2.54 6.34 1.66 6.81 13.15 5.7
99-3890 B 200.1 127.6 1.45 b 1.26 3.13 1.61 6.59 9.72 4.3
198-7191 B 2087 164.7 1.87 1.82 2.13 5.32 1.83 7.50 12.82 5.7
std error of mean 6.4 6.6 0.08 0.07 0.06 0.14 0.03 0.12 0.24 0.9
range 82.3-208.7 29.4-196.6 0.33-2.23 1.01-1.82 1.26-2.54 3.13-6.34 1.39-2.15 5.70-8.81 9.33-14.66 4.3-34.7

a Cultivars are from groups A—C (Table 1) and are arranged in order of increasing total Ox concentration. Correlation of insoluble oxalate with calcium was 0.289 (0.05
< p < 0.10). Correlation of insoluble oxalate with calcium + magnesium was 0.186 (p = n.s.). Correlation of insoluble oxalate with magnesium was 0.030 (p = n.s.).? No

data.

Figure 1. Cleared soybean seed tissues visualized microscopically
between crossed polarizers. (A) Portion of one cotyledon from a near
mature soybean seed. It is filled with many CaOx prismatic crystals. Bar
equals 200 um. (B) Two prismatic crystals isolated from cotyledon. One
crystal is totally bright while the other is half bright, identifying the twinned
nature of crystals. Bar equals 25 um. (C) Portion of untreated ground
seed powder. Crystals are present in tissue fragments. (D) Portion of
12-h EDTA-treated ground seed powder. Some crystals have been partially
dissolved. (E) Portion of 24-h EDTA-treated ground seed powder. All
crystals have been dissolved. Bars equal 150 um in C-E.

determined by subtractingrinsolublerOx from total Ox. Other
studies 17, 18) have measured total Ox by using HCI as the
Ox digesting reagent. These group-& cultivars contained total

Ox ranging from 82.3 to 213.6 mg/100 g of dry seed weight,

while the 30 group D cvs were somewhat higher,-13&85 mg/

100 g (Table 2). In the group A-C cultivars that were grown

in two different fields at the same location in the same year,
there was no statistical difference in the resulting concentrations,
so the data were combined.

Table 1 lists the 86 group A-C cvs from lowest to highest
total Ox content, identifies insoluble and soluble Ox concentra-
tions and their percentages, food uses, and pedigrees. Seven of
these latter cultivars contained greater than 90.0% insoluble Ox
(<10.0% soluble Ox); 17 were between 89.9% and 80.0%; 24
were between 79.9% and 70.0%; 14 were between 69.9% and
60.0%; 11 were between 59.9% and 50.0%; 12 were between
49.9% and 40.0%; and one was between 39.9% and 30.0%.

Although there were widely varying concentrations of Ox in
all of the cultivars tested, all of the cultivars have more total
Ox per 100 g of powdered soybean seed than the acceptable
level of less than a 10 mg serving per d&g)( Since 2-8% of
dietary oxalate is absorbed, a serving with this range of seed
Ox concentration could raise the urinary Ox excretion. If soy
products made with high-Ox-containing seeds are consumed
regularly by humans, the Ox intake could then be of concern
for the population at risk for kidney stones. Two published
human feeding studies carried out at WSL6,(18) indicated
that all of the soybean seed and commercial soy food products
fed to human subjects raised the level of Ox excretion. The
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Figure 2. Correlation between total oxalate (Ox), total phytate (InsPg), and total calcium (Ca): total Ox versus InsPg for groups A—C (A) and group D
(B) cultivars; total Ox and total Ca in groups A—C (C) and group D (D) cultivars; and InsP versus total Ca in groups A—C (E) and group D (F) cultivars.
No significant associations were found except with total Ox and Ca in group D cultivars (r = 0.6087; p < 0.0005).

unknown factors still needing to be tested are the degree ofinsoluble to soluble Ox. Traditional wisdom states that only

absorption of both soluble and insoluble Ox; whether the ratios soluble Ox is readily absorbed by the gut whereas insoluble

of insoluble to soluble Ox in seeds or food products are CaOx is not absorbed. However, a recent study in 3% (

significant; and whether certain individuals are less susceptible suggested that 2% of CaOx is absorbed intact.

than others to the potential of forming kidney stones and other Comparison of InsPs and Ox Concentrations. Tables 1

Ox-related diseases when soybeans or soy foods are consumednd?2 show the InsPand Ox concentrations in 31 group-A

on a daily basis. cvs, selected from the 86 cvs for the range of Ox content, and
Comparisons of Ratios of Insoluble and Soluble Ox to 30 low-InsR group D cvs, selected for the range of lgsP

Total Ox. The amount of soluble Ox is important in foods ( content. In the cultivars listed ifable 1, the InsR varied from

as itis the form most likely to be absorbed. Therefore, it seemed 0.77 to 2.22 g/100 g with an average of 1.45 g/100 g. These

reasonable to develop an Ox determination method that analyzedvalues are in the range reported by Anderson and Wel(3

the insoluble Ox, as well as the total Ox. Modification of the g/100 g) 38) and Raboy et al. (1.392.3 g/100 g with a mean

Sigma oxalate urinalysis procedure presented in this studyof 1.76 g/100 g) 84) for soybean. Similarly, in the low-IngP

allowed for the determination of both, as well as the soluble cultivars that are listed immable 2, the InsR concentration

Ox. ranged from 0.22 to 1.98 with an average of 0.69 g/100 g, which
The extreme ratios of high insoluble Ox and low soluble Ox, is similar to the range of 0.631.7 g/100 g (mean of 0.97 g/100

and conversely low insoluble Ox to high soluble Ox, are g) reported by Wilcox et al.33).

represented by 1:99-3073[196:6:mgrofiinsoluble Ox (99.0%), There was no relationship between lgsénd total Ox

2.0 mg of soluble Ox (1.0%)] and Proto [29.4 mg of insoluble concentration among the cultivars studi€(re 2A, B). This

Ox (35.8%), 52.8 mg of soluble Ox (64.2%)], respectively lack of correlation suggests that specific cultivars that contain

(Table 1), The remaining 84 cvs show intermediate ratios of high or low concentrations of IngRnd low concentrations of
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Ox will need to be tested individually, until some other method insoluble and soluble Ox. Cultivars L87-6221L.86k-73 had 7
is developed, for food use targeted for human consumption. progeny cvs that varied from 146.2 to 196.6 mg/100 g total
Association of Total Ox with Ca Concentrations.In the Ox. Two progeny cultivars from this cross combination had the
35 group A-C cvs, no significant relationship was found lowest soluble Ox of all of the cultivars analyzed, and one of
between total Ox and Cdrigure 2C). However, in the group  these, L99-3073, had the highest insoluble Ox concentration.
D cultivars, the relationship was significamt€ 0.3705;p < Our results suggest that an individual parent may have
0.005) Figure 2D). Overall, there was a mean molar ratio of influence by itself on total Ox or IngRconcentration. Choice
Cainsoluble Ox of 9.8, with a range of 4:334.65, so Ca is of both parents, based on Ox and IgsBncentration, may allow
in excess in all cultivars tested. Although the insoluble form of a plant breeder to choose which parents will result in segregating
Ox is likely to be mainly Ca salts, total Ca cannot be equated progenies with low Ox and low IngPThis approach, based on
with insoluble Ox. the present and past data, needs to be tested further by analyzing
An unanswered question is what is the chemical nature of the various parents in this study where Ox and ¢rsihcentra-
insoluble Ox and its relationship to Ca? It has been assumedtions seem to show an association and by using untested,
that insoluble Ox is equivalent to CaOx, especially the crystalline @dditional cultivars as parents in reciprocal crosses. Growing
form (Figure 1A,B). Indeed, inFigure 2D, total Ca correlates ~ conditions and geographical locations also need to be considered
significantly with total Ox in these group D cultivars. However, as they may influence Ox and Instdncentrations or agronomic
MgOXx is also insoluble in water, although its extractability with Performance.
water in the soluble Ox assay has never been tested. The Mg The primary purpose of this preliminary study was to
concentrationTable 3, no graph) was not significantly related ~ determine total Ox and IngPconcentrations in available
to either total or insoluble Ox. The Ca was marginally related cultivars selected for Ox and InsRontents. A secondary
(p = 0.12) to insoluble Ox. This supports the idea that insoluble Objective was to determine the association of minerals with the
Ox is CaOx only and that Mg is not bound to Ox in soybean. insoluble Ox content. To do this, we developed an Ox
The majority of Ca in soybean is not bound to Ox. Therefore determination technique that could measure not only total Ox
total Ca cannot be used as a surrogate for Ox in any single but also insoluble and soluble Ox. Previous techniques generally
cultivar. There was no association found with total Ca anddnsP measured only total Ox. Being able to calculate total, insoluble,
(Figure 2E,F) in any of the four seed groups. and soluble Ox versus just total Ox may eventually give insight
Cultivars Low in Ox and Low or High in InsP ¢. Table 1 as to how much insoluble Ox may be absorbed by the human
identifies 5 cvs (Galena Genetics 003, L97-0161, 1A3006, 9utVversus just total Ox. Adding environmental conditions (soil
Iroquois, and Cisne) categorized as low140 mg/100 g) in composition and pH, growing temperature, and latitude) with

Ox content that are relatively low in InsP<1.01 g/100 g). pedigree data may proyide better information of hOW to breed
The remaining cultivars show a variation in both concentrations @nd select optimal cultivars for Ox and Insfer reducing the
of both Ox and InsPthat are higher in total OxTable 1 also risk of kidney stones and preventing mineral deficiencies.

identifies 2 cvs (Saturn and LS201) as low in Ox and relatively N conclusion, there are no studies that we are aware of where
high in InsR. The remaining cultivars show a variation in both genes for both Ox and Ingthave been described for their
concentrations of Ox and InsPThere are no low-Ox cultivars  control of Ox or Insk concentrations. Our projection is that as
in the 30 group D cvs sampledrgble 2), although Insp plant genomes are completed and all of the genes are identified
concentrations were mostly lower than those of the group B @S to their functions, the genes controlling Ox and isP
cultivars. Since the comparison of Ox to Iasimong the 61 biosynthesis will be found. When this occurs, there will be the
cvs analyzed showed no apparent correlation, breeding for aOPPortunity to screen seed stocks and to design parental
cultivar low in Ox and low in |nsg)sh0u|d be poss|b|e' based combinations to produce seeds that are nutr|t|0na”y suited to

on the pedigree of the parents and their Ox and drisfits. the preve_ntion of human and animal kidney stones by having
Pedigrees to Consider When Progeny Are Selected for both relatively low Ox and Ingfin soybean seeds and soy food
products.

Certain Ox and/or InsPs Concentrations.Oltmans et al. 39)
used reciprocal crosses and reported a phenotypic ratio of 15:1
(normal:low InsR) in soybean. Low seed Ins®as controlled =~ ABBREVIATIONS
by recessive alleles designateldalandpha2at two indepen- CaOx, calcium oxalate: cvs, cultivars: Ox, oxalate: psP
dent loci that exhibited duplicate, dominant epistasis. The phytate.
inheritance of Ox in soybean has not been reported.

Table l.identifies parents that have a gengtic influence on A ~KNOWLEDGMENT
total Ox. Six cultivars (Proto, Saturn, Verde, Vinton 81, Parker,
and Mercury) were used as parents in 16 progeny cvs that wewe thank the Bessey Microscopy Facility for laboratory space;
analyzed. Three cultivars (Proto, Saturn, and Verde) with low the Program for Women In Science and Engineering high school
total Ox gave progeny cultivars with higher total Ox. Cultivar  and undergraduate interns Lyndsey Benson, Jacque Townsend,
Verde (114 mg/100 g) was a parent that resulted in 5 progeny and Tulin Polatli for their able help in grinding and preparing
cvs ranging from 137.8 to 161.0 mg/100 g. Cultivar Vinton 81 samples for analysis; Dr. R. L. Bernard, University of lllinois,
(129.4 mg/100 g) was a parent that resulted in 4 progeny cvs Dr. T. C. Helms, North Dakota State University, Dr. J. H. Orf,
ranging from 138.3 to 150.8 mg/100 g. Cultivar Mercury, which - University of Minnesota, Drs. W. Anderson, S. Oltmans, and
had the highest total Ox (213.6 mg/100 g), was a parent thatJ, Rabbe, Galena Genetics L.L.C., Dr. W. R. Fehr, ISU, and
resulted in 4 progeny cvs, all with high total Ox (157.1, 184.9, Dr. T. E. Carter, USDA ARS at North Carolina State University,
200.1, and 209.5 mg/100 g). for providing seed of cultivars for this study; the Dr. E. S.

Reciprocal cross=pollination=of cultivars Vinton 81 and Wourtele laboratory for the use of the spectrophotometer; Dr. S.
Tousan 114 gave progeny cultivars of 147.6 and 149.0 mg/100A. Kynast-Gales for mineral analyses; B.D. Neal for her help
g, which indicated no maternal or cytoplasmic effect on total in formatting the tables; and Drs. K. Peterson and J.W. Burton
Ox (seeTable 1). However, large differences were noticed for for helpful comments during the preparation of the manuscript.

www.manaraa.com



Oxalate and Phytate in Soybean Seeds

We especially thank Dr. R. L. Bernard for his critical reading
of the manuscript and his many suggestions to ensure the
accuracy of the data in the tables.

LITERATURE CITED

(1) Hodgkinson, AOxalic acid in biology and medicinécademic
Press: New York, 1977; 325 pp.

(2) Simkiss, K.; Wilbur, K.Biomineralization: cell biology and
deposition Academic Press: New York, 1989; 337 pp.

(3) Khan, S.Calcium oxalate in biological system&€RC Press:
Boca Raton, FL, 1995; 375 pp.

(4) Franceschi, V.; Loewus, F. Oxalate synthesis and function in
plants and fungi. I'Calcium oxalate in biological systeptshan,

S. R,, Ed.; CRC Press: Boca Raton, FL, 1995; pp-1130.

(5) Horner, H.; Kausch, A.; Wagner, B. Ascorbic acid: a precursor
of oxalate in crystal idioblasts ofucca torreyiin liquid root
culture. pnisiiiisusiniigi 2000 16, 861-868.

(6) Frey-Wyssling, A. Crystallography of the two hydration forms
of crystalline calcium oxalate in plantfiieemmgt- 1981 68,
130-141.

(7) Franceschi, V.; Horner, H., Jr. Calcium oxalate crystals in plants.
Bal.Ra:. 1980 46, 361—427.

(8) Libert, B.; Franceschi, V. Oxalate in crop planjgsisiitanta
Chem 1987 35, 926-938.

(9) Zindler-Frank, E. Calcium oxalate crystals in legumes. In
Advances in Legume Systemati€zart 3; Stirton, C. H., Ed.;
Royal Botanic Gardens: Kew, Richmond, England, 1987; pp
279-326.

(10) Health Claim for soy protein and coronary heart disease. Center
for Food Safety and Nutrition, Food and Drug Administration.
1999;.http://mww.cfsan.fda.govlrd/cf101-82.html (accessed Apr
12, 2005).

(11) Messina, M. Soy foods: Their role in disease prevention and
treatment. InSoybeans, chemistry, technology and utilization
Liu, K., Ed.; International Thomson Publishing: New York,
1997; pp 442-477.

(12) Messina, M. Legumes and soybeans: overview of their nutri-
tional profiles and health effect il 1°99 70,
439S-450S.

(13) Massey, L.; Palmer, R.; Horner, H. Oxalate content of soybean
seeds Glycine max Leguminosae) and other edible legumes.
I 2001, 49, 4262-4266.

(14) llarslan, H.; Palmer, R.; Imsande, J.; Horner, H. Quantitative
determination of calcium oxalate in developing seeds of soybean.
AllelaR0t 1997, 8, 1042-1046.

(15) llarslan, H.; Palmer, R.; Horner, H. Calcium oxalate crystal
idioblasts in developing seeds of soybefpaa2gt-2001 88,
243-257.

(16) Massey, L.; Grentz, L.; Horner, H.; Palmer, R. Soybean and
soyfood consumption increases oxalate excrefi@mpics Clin.
Nutr. 2002 17, 49-59.

(17) Honow, R.; Hesse, A. Comparison of extraction methods for
the determination of soluble and total oxalate in foods by HPLC-
enzyme-reactoipaaaaiaagen 2002 78, 511-521.

(18) Grentz, L.; Massey, L. Contribution of dietary oxalate to urinary
oxalate in health and diseaskop. Clin. Nutr.2002 17, 60—

70.

(19) Holmes, R.; Goodman, H.; Assimos, D. Contribution of dietary
oxalate to urinary oxalate excretiggigaguat.- 2000 59, 270—

276.

(20) Brinkley, L.; McGuire, J.; Gregory, J.; Pak, C. Bioavailability
of oxalate in foodslllgl. 1981 17, 534-538.

(21) Brinkley, L.; Gregory, J.; Pak, C. A further study of oxalate
bioavailability in foods Ll 1990 144, 94—96.

(22) Finch, A.; Kasidas, G.; Rose, G. Urine composition in normal
subjects after oral ingestion of oxalate-rich foq@in.Sgai. 1981,

60, 411-418.

J. Agric. Food Chem., Vol. 53, No. 20, 2005 7877

(23) Gillooly, M.; Bothwell, T.; Torrance, J.; MacPhail, A.; Derman,
A.; Bezwoda, W.; Mills, W.; Charlton, R.; Mayet, F. The effects
of organic acids, phytates and polyphenols on the absorption of
iron from vegetable SRty - 1983 49, 331-342.

Vacenik, I.; Shamsuddin, A. Cancer inhibition by inositol

hexakisphosphate (IP6) and inositol: From laboratory to clinic.

J. Nutr. 2003 133 3778S-3784S.

Reinhold, J.; Nasr, K.; Lahimgarzadeh, A.; Hedayati, H. Effects

of purified phytate and phytate-rich bread upon metabolism of

zinc, calcium, phosphorus, and nitrogen in mgapeat1973

1, 283-288.

Heaney, R.; Weaver, C. Oxalate: effect on calcium absorbability.

IS 1089 50, 830-832.

Reddy, M.; Hurrell, R.; Juillerat, M.; Cook, J. The influence of

different protein sources on phytate inhibition of nonheme-iron

absorption in human S 1996 63, 203-207.

Hurrell, R.; Juillerat, M.; Reddy, M.; Lynch, S.; Dassenko, S.;

Cook, J. Soy protein, phytate, and iron absorption in humans.

Bedamdehiiir 1992 56, 573-578.

Lynch, S.; Dassenko, S.; Cook, J.; Juillerat, M.; Hurrell, R.

Inhibitory effect of a soybean-protein-related moiety on iron

absorption in humangl. Clin. Nutr.1992 60, 567-572.

Mendoza, C.; Viteri, F.; Lonnerdal, B.; Young, K.; Raboy, V.;

Brown, K. Effect of genetically modified, low-phytate maize on

absorption of iron from tortilla Stk 1998 68, 1123—

1128.

Grases, F.; Ramis, M.; Costa-Bauza, A. Effects of phytate and

pyrophosphate on brushite and hydroxyapatite crystallization.

Comparison with the action of other polyphosphajbRlRas

200Q 28, 136-140.

(32) Grases, F.; Garcia-Ferragut, L.; Costa-Bauza, A. Development
of calcium oxalate crystals on urothelium: effect of free radicals.
Nenhan1998 78, 296-301.

(33) Wilcox, J.; Premachandra, G.; Young, K.; Raboy, V. Isolation
of high seed inorganic P, low-phytate soybean mutgQtgn
Sci. 2000 40, 1601-1605.

(34) Raboy, V.; Dickinson, D.; Below, F. Variation in seed total
phosphorus, phytic acid, zinc, calcium, magnesium, and protein
among lines ofGlycine maxand G. soja GaR.ogi 1984 24,
431-434.

(35) Harland, B.; Oberleas, D. Anion-exchange method for determi-
nation of phytate in foods: Collaborative stugistftmmin’
Alakaiiaun 1986 69, 667-670.

(36) The Chicago Dietetic AssociatioMlanual of Clinical Dietetics
American Dietetic Association: Chicago, IL, 2000.

(37) Hanes, D.; Weaver, C.; Heaney, R.; Wastney, M. Absorption of
calcium oxalate does not require dissociation in rats\utr.
1999 129 170-173.

(38) Anderson, R.; Wolf, W. Compositional changes in trypsin
inhibitors, phytate, saponins and isoflavones related to soybean
processing L bl 1995 125, 581S-588S.

(39) Oltmans, S.; Fehr, W.; Welke, G.; Cianzio, S. Inheritance of
low-phytate phosphorus in soybegnaagi. 2004 44, 433~
435.

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(CHY)

Received for review May 23, 2005. Revised manuscript received July
26, 2005. Accepted July 27, 2005. Partial support was provided through
a joint contribution of the USDA-ARS-CICGR Unit (R.G.P.), USDA-
SGA-CRIS Project 3625-21000-029-01S (H.T.H.), and the lowa Agri-
culture and Home Economics Experiment Station, Project 3769
(R.G.P.). Financial support also was provided by a WSU faculty seed
grant through Project 0370 of the WSU Agricultural Research Center
(L.K.M.). The mention of a trade name or proprietary product does
not constitute a guarantee or warranty of the product by the USDA,
ISU, or WSU and does not imply its approval to the exclusion of other
products that may be suitable.

JF051193I

www.manaraa.com



	9-7-2005
	Oxalate and Phytate Concentrations in Seeds of Soybean Cultivars
	Harry T. Horner
	Teresa Cervantes-Martinez
	Rosanne Healy
	Manju B. Reddy
	Betsy L. Deardorff
	See next page for additional authors

	Oxalate and Phytate Concentrations in Seeds of Soybean Cultivars
	Abstract
	Keywords
	Disciplines
	Comments
	Rights
	Authors


	Oxalate and Phytate Concentrations in Seeds of Soybean Cultivars [<italic>Glycine max </italic>(L.) Merr.]

