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ABSTRACT 
The protein quant i ty  and quality,  caloric v;due, 

and overaU nutr ient  conten t  of oilseeds ~re qui~e 
good. However, oilseeds are high m phyl ic  acid and 
contain fibcr and perhaps o ther  binding agents whick 
reduce mineral bioavailab:,tity from the seeds, Phy- 
tic acid, the  hexaphospha te  of myoinositol ,  funct ions 
as the chief storage form of phosphate  and inositol 
in mature  seeds. Oil a do '  basas, whole oilseed~ 
conta in  about  1.5% while some oilseed protein con- 
centrates can contain over 7.0% of the compound.  
Phyttc acid is a s trong chelat ing agent tha t  c;m bind 
rubriC- and divalent recta! ions to form lhe  :a):nplex 
phyta te .  Published results from numerous  animal 
feedk-ag trials suggest poor  bioavadabJlJty of minerals 
siJch as zinc, calcium, magnesium, pl-.osphortts and 
possibly iron fibre diets conta ining hig, h phytate  
faods. Recent studies involving =he feeding of soy 
products  to rats suggest that  zinc is the minera! of 
most concern as its bioavailability lrfml some soy 
products  -s quite low. Prediction Of mme,al  bib- 
availability from phyta te -con taming  foods is compli- 
cated by the complex in tc lac t ions  between the 
minerals and phytic  ac:d contained in the foods, in- 
leSlinal and the meal pkyzase activities, previous food 
processing condi t ions (espec!ally pHI, digest-bdi~y of  
:.he foods as well as the physiologicM status ol  the 
consumer  of the foods. Very little is known about  the 
chemistry of such interact ions.  Thereli_ue, most of 
the cmpkasis in control l ing or reducir, g minexal bind- 
ing L'-t oilse.-'d products  t,as beeuL placed upon  develop- 
ment  of methodology for phytate  iemoval. 

INTRODUCTION 
Tiue assessment of an individual 's  or populat ion 's  

mineral  szatus requires more than simple :J~en]k.~l ~:~ 
SF.C~trophotometric aealysis o |  dietary componenls .  (!hero- 
ical presence of a mineral  provides little assurance of its 
availability for absorpt ion an.l utilization. Minelals [ro:n 
cereals, oilseeds and o ther  plant foods, in contrast  to 
mk'aerals from animal sources, .He in general poorly utilized 
by man (1). Reduced in:eMinM uptake  of minerals from 
plant  foods exceeds t ka t  wh:ch might bc a t t r ibuted  to the 
lower digestibility o:" these foods. Certain plant food 
c,:)raponent~ are known to chelate ."nit.oraLs and reduced 
tkeir absorpt ion.  Al though numeroua studies have bccn 
performed to identify these endogcnou~ tactors, there is 
little agreement as to lhe rel:dive .mpor tance  of t?te in- 
".livdual mln0raT bindeis.  Phytic acid f2-4), various types of  
dietary fiber 1.5,011 and the basic amino acids (7) al" bb.d 
rnetal ionb. 

' lhis :cv.ew is pi-J.n'tarily devoted to the  chemistry, 
biologica, occurrence, nut r i t ional  impkcat ions  and methods 
of removal of p t y d c  acid from oilseed products.  ] h i s  paper 
IfighlLghts and expands upon some exccllen- re'dew articles 
published on the subject (8-13). these  papers Zaould be 
consulted for more extensive iite*ature coverage. 

CHEMISTRY OF PHYTIC ACID 
The chen:ical s t ructure  of phylic acid, tee llexai~h~s- 

phate of nryoinositol,  has keen cont inual ly  questioned. At 
issue has been the isomeric conformat ion  of ttx~ phosphate  
groups within the compound  and whell:ci  three strongly 

bound water molecules are incorporatefl inlo lhe sl.[ttct-are. 
Figarcs 1A and IB show the moql acceptable structtzreS 
which were suggested by Anderson (141 and Neuberg (15). 
Potent iometr ic  t i t rat ion of czystalline sodium phytate 
shows the presence ol six strong2y dissociated protons (pk'~ 
< 3,5) ;tnd six weakly dissociated protons {pk's 4.6.-! 0) 
(16). These resuits support  the Anderson structure for 
phytic acid. Brown et al. (17),  however, reported that 6 
more hydrogcns (to total  18t were t i t ratable in aqueous ~ld  
nonaqueous  media. These h,sl six hydrogens were too 
weakly ar to be c~Kgin.dly t iha tab le  in water. This work 
upholds the Neuberg slrucl.urc as the ;orrect  one. Akhough 
additional support to:  eacla structure has beer. published, 
most evidence points  to the Andersor  model (8,18-20) as 
the predominant  form in plant materials. However, the 
p'~ssihle existence of two phytic  acids should no! be ,~ver- 
looked (17,20), 

As notecl by Oberleas (10), the proper  chert.teal designa- 
l ion for phytic  acid is myoinosi to l  1, 2, 3, 4, 5, 6-hexa k-s 
(d~wdrog.~n phos'phateJ (21). There is some question 
whether  live of ".he phosphates  lie it. an a• or in an 
equatorial  plane. Figure 2A shows a s tructure determined 
by x-ray crystal analysis (J, 8~, while 2B depicts a structure 
obtained with 3 : p  nuclear magnetic rebonance (It)). In 
eithe~ case, thc structures suggest t remendous  chelating 
poter.tia!.. For  current discussion of the molecular structure 
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FIG. 2. Proposed cenforrnations of phytic acid. 5 t ~ t u r e  2A 
suggested by Blank et ai, (18) and structure 2B suggested by 
Johnson and Tate (19). 

of  phyt ic  aci] see Costello et al. (20). 
Weingartner and Erdman (22) recently suggested a 

partically dissociated Ander son -based  s t ructure  for phyt ic  
acid tha t  might  occur at a neutrat  pH (Fig. 3A). It is ap- 
parent  tha t  various e~tions could strongly chelate between 
two phospha te  groups or weakly within a phosphate .  Figure 
3B is a conjectural  depict ion of a mixed s~tlt chelate of  
phyt ie  acid (phyta te) .  The relative binding strengths of  
various metal  ions to phyt ic  acid vary greatly mid will be 
discussed in a la ter  section of  this review. 

BIOLOGICAL FUNCTION 
Phytates  are considered the chief  storage form of  phos- 

phate  and inosi tol  in almost all seeds (8,23). The riperdng 
I~rocess is ~haracterized by active t ranspor t  of phosphorus  
to seeds from leaves and roots. Most of  the t ranspor ted  
phosphorus  is eventually found in phyt ic  acid (23). In 
cereal gxai_ns 6 0 - 8 0 %  of the totaZ phosphorus  is accumu- 
lated in phyt ic  acid. Format ion  o f  phytic  acid during 
matura t ion  of seeds  and tubers is t hough t  to prevent  
accumulat ion of  excessively high levels of  inorganic phos- 
phate  (8). 

It has been generaJly assumed tha t  phytic acid is utilized 
as a source of  phosphorus  at germinat ion (23). Chen and 
Pan (24) have reported a 227% increase in phytase  activity 
5 days a f t e r  germinat ion of  soybeans,  while in this same 
period one va r i e ty ' o f  pea had a 3700% increase in phytase 
activity. Fhy_tic acid m a y  also act as a phosphagen (23) 
during germination.  Evidence has been presented to show 
the occurrence o f  t r ansphosphory la t ion  to ADP (25)  an6 
the presence of  an enzyme to catalyze t ransphosphoryla-  
t ion to GDP in the mung bean (26). 

As phyt ic  acid accumulates in various storage sites itt 
seeds and tubers,  o ther  minerals apparent ly  chelate to i t  
forming the complex salt phyta te .  However, no  evidenee 
can be presented to support  a hypothesis  ~hat phyfic  acid. 
acts as a carrier or storage site for trace minerals during 
plant r ipening (8). 
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FIG. 3. Stiuctules of phytic acid (A) and A phytic acid chelate 
(B) at ncutlal pH. Structures (A) and (B) were drawn by Wein- 
gardner and Erdman (22) and are conjectural. 

OCCURRENCE 
Phytic acid concen t ra t ion  in whole grain cereals such as 

corn, wheat  and rice is ca. 1.0% (d,b.)  (Table 1), while 
defat ted and dehulled oilseed meals such as soy, peanut ,  
and sesame meals contain 1.5% or  more of  the  compound  
(Table II). In most  seed types the  phytic acid is associated 
with specific componen ts  within the  seed and can be 
preferentially ext rac ted  wi th  those components .  For 
example, the endosperm of  wheat and dee kemels  are 
almost devoid o f  phy ta te  as it is concen t ra ted  in the  germ 
and aleurone layers of cells o f  the  kernel  and in the  bran or 
hull. Corn differs f rom most  cereals as almost  90% of  
phytic acid is concent ra ted  in the germ por t ion of  the 
kecnel (27). 

In oilseeds, which contain  little or no  endosperm,  the  
phytates  are dis tr ibuted th roughou t  the kernel located 
within subcellular inclusions called aleurone grains or 
protein bodies (t 2). Phytate  in peanuts,  cottonseed~ hemp- 
seed, and sunftower seeds is concent ra ted  in subst ructures  
- crystaloids or  globoids - within the protein body  mem- 
brane (28). Lui and Altscbul ( 2 9 ) i s o l a t e d  globoids from 
cot tonseed  aleu;one grains and found them to be low Ln 
protein,  fat and ca rbohydra te  con ten t  bu t  high in phyt ic  
acid (60%) and metals ( I0%).  In contrast  to  o the r  oilseeds, 
soybean phyt ic  acid, a l though concent ra ted  within prote in  
bodies, appears to  have no  specific site o f  localization (30). 
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TABLE I 

Phytie Acid Concentration in MorphologieM 
Componenls of Cereals a 

Phylie a e i c t b  Distribulion r 
Sample % % 

Corn, Hybrid 0.89 ~- 
Germ 6.38 88.0 
Endos!~erm 0.04 3.2 
Hull 0.07 0.4 

Wheat, Soft ~. 13 - -  
G e r m  3.90 12.9 
Endosperm < 0.0t 2.2 
Aleurone 4.11 g7. l 
Hull None detected No~e rteteeled 

Rtce, Brown 0,89 -- 
Germ 3.48 7.6 
Endosperm 0.01 1.2 
Pericarp 3.37 80.0 

aCalculated from data of O'Del[ et al. (27), assutning 28.2% 
phosphorus in phytic acid, 

bBa~ed on air dry weight. 
CPerce~tage of the element in the component part. 

Isolation of  subcellulai fractions of  oilseeds can result in 
quite variable concentrat ions of phytic acid. Dieckert et aL 
(31) isolated two protein-rich fractions from peanuts and 
found one to contain 0.5% phyfic acid while the other,  an 
ateurone grain-containing, protein-rich fraction, had 5.7% 
phytie acid. Some rapeseed concentrates have been re- 
ported to contain over 7.0% of the chelator (32). Current 
literature suggests that wheat and oilseed phytate occurs 
primarily as potassium-magnesium salts (33,34). 

NUTRIT IONAL IMPLICATIONS 

Animal experiments have suggested tha~ phytic acid in 
plum foods binds dietary essential minerals making them 
unavailable for absorption,  in vitro studies have shown that 
many phytic acid mineral corr~plexes are insoluble at 
intestinal pH ~nd are though to he biologically unavailable 
for absorption (10,35-37). The tormaticn of  these com- 
plexes is pH-dependent.  When two or more cations are 
present, one may find a synergistic increase in precipitation 
of  phyta te  salts. This phenomenon  has been demonstrated 
in vitro with zinc and calcium, and zinc and copper (1,10). 
Mineral interactions in situ are not clear and arc compli- 
cated by protein-mineral-phytate interactions, for example. 

Poor mineral utilizatzon from high phytate foods cannot 
bc directly attr ibuted to phytate  binding since fiber and 
other  consti tuents of these foods may play major roles. 
Some researchers have added pure phyta~e to food systems 
and have found reduced mineral uFtake. This type of  
investigation reveals little insight into the chemical binding 
o f  rtaturally occurring phyt i :  acid, especially when exces- 
sive levels of  sodium phytate  are added to food systelns (4), 
However, many other  studies strongly suggest a correlation 
of phytic acid and mineral malabsorpdon.  One cannot 
directly equate the phytate  concentrat ion with mineral 
bioavailability in ph_ytateeontaining food, since other 
factors such as the food processing history are very im- 
13ortant (38,39). But, removal of phytate  seems ~o improve 
mineral bioavaliability. Recently, for example, Ellis and 
Morris (40) reported that incubation of  high phytate ,  high 
fiber wheat bran to hydrolyze phytate  resulted in higher 
utilization of wheat bran iron and zinc. 

Selected research reports dealing with the possible action 
of  phyt ic  acid in reduction c f the bioavailability of calcium, 
magnesium, zinc, iron and phosphorus from oilseed pro- 
ducts are presented below. Except  for a few recent studies 
with rapeseed, most published research dealing with the 

TABLE I] 

Phytic Acid Concentration in Various Oilseed P~oducts a 

Phytir acid b 
Sample % 

Soybean meal, full-fat or defa'Vced and (lehulled 1.4-1.6 
Soybean protein i$olate, concentrate 1.6-2.2 
Pe~mut meal, def~tied and dehulled 1.7 
Sesame meal, dehulled 3.6 
Sesame meal, defatted and dehulled 5.2 
Rapeseed protein concentrate S,3-7.5 
Cottonseed flour, glandeO 2,9 
Cottonseed Flour, glzndless r 
Cottonseed globoids 60.0 

aSee  refs. 35, 31, 76, 32, 29, 34, 77 plus information from the 
author's lab. 

bData in most cases is caleula'ced on the dry basis and assumes 
28.2% phosphorus in phy l : i e  aeLd. 

bioavailabil.ity of  these minerals from oilseeds has been 
carried ou~ with soybean products, Results from soy studies 

�9 cannot be directly applied to other  oilseeds due to dif- 
ferences in localization of  phytie acid within oilseed kernels 
(30). 

CALCIUM 

In a series of  papers in the 1920s, Mellanby reported 
anticalcifying and rachitogenie properties of  certain cereals 
fed t o  dogs. Metlanby (41) found  that the rickets-pioducing 
effects of oats could be reduced by boiling the oats with a 
mineral acid or by subjecting them to a mMting process, By 
1949, Mellanby (42) demonstrated that  phytate  addition to 
dog diets reduced calcium absorption and subsequently 
indi ted rickets. A few years later Walker (43) warned that  
low dietary calcium and/or vitamin D (or sunlight) were 
important  in the etiology of rickets and that the incrilnina- 
lion o f  phytic acid was far from conclusive. Thus began the 
debate over phytic acid's causative actions m mineral 
nlainutdtion.  

Walker and associates (44} reported that retention of  
dietary calcium and magnesium improved in human sub- 
jects after short periods on high phytate  diets. They felt 
that gradual adaptation takes place as the body increases its 
absorption efficieney~ Reinhold et al. (45) failed to confirm 
human adaptation, as men fcd both  naturally occurring and 
purified phytate for 60 days maintained negative calcium 
balance for the entire period. 

The calcium content  of oilseeds is not high, which may 
explain why few studies have been reported in She literature 
concerned with the bioavailability of  calcium from oilseeds, 
Rats, for example, fed diets containing 40% soy flour witl 
d-cave only 10% of  theh- calcium requirement from the soy. 

Experiments have been recently conducted at the 
University of  Ill/nots (46) to ~est the effects of  the presence 
of caucus types of soy products in rat diets upon the 
bioavailabity of calcium added in incrctnental levels to diets 
as calcium carbonate, A slope-ratio assay procedure (47) 
was used to compare the regression of femur calcium upon 
total  calcium added to soy o~ casein diets, Male albino rats 
were fed ad libitum 18% protein diets from fulbfa; soy 
flour, freeze-dried soy beverage, a comtnerciai soy concen- 
trate or casein for about 4 weeks. The results clearly 
indicated that the bioavailability of calcium added as 
calcium carbonate to any of the thNe soy products was the 
same as when added t~3 casein diets. These results suggest 
that calcium fortification nf oilseed ",0roducts will result in 
good utilization of  calcium. However, as pointed out in 
previous publications (1,3,10,48), calcium addition may 
aggravate zinc, magnesium or copper  utilization from 
oilseed products wtfich are high in phytie acid. 
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MAGNESIUM 

Roberts ~lld YtLdkPl (491 reported that magnesiL:ut 
$cficiency symptoms could be aggrevatea by addition of 
sodium phytata to casein-based diets. Forbes (50~ found 
that magneshm absorption, but not balance, was reduced 
in young rats fed isolated soy protein diets in comparison 
to egg v, hite prolein diets. Recent s from Fort:-es' 
laboJaloiy (46) evaluated the bioavailability of  -nagne~ium 
from three s'.andarc so:, products as c ) c p a r e d  to MgCO 3 
added to casein diets. Standard additions of  magnesium to 
rat diets resulted in linear increases in serum and labia 
magnesium Regress:or. nf these criteria cn dietary, magnes- 
ium :r,)m soy flour and soy heverage showed :all bioavail- 
ability of  the mineral ,~hile m.:gnesium frr:rn a carnmer::ial 
soy concentrate was ca..g0';~ as availabic as ihal IYom the 
inorganic source. These results and others reported by Lo et 
.32. (51 )demons t ra t e  that the bJoavaEability of magr.es~um 
from or added to soy .cr0ducts is vu[y good. 

IRON 

In .;orne. sl ,lilies, foodstuffs ccntai~int; phytate  have been 
shown to be particularly inhibitory to ir:)n absorption 
(52-55), wldle in other  studies high love \  nf phyt i :  acid 
were rcpor'~cd to he without an effect (56,57). iron bio- 
avadab:lity from soybean prolcins has been :'ep,')r{ed to 
range from 2.8.5-80% ( o f  i J l o r g a r i c  i l l : . n )  i l l  rat s ~ u t l i e s  

(57-59). Tire most recegt work of  Stekake at.d. Hopkins (59) 
compared hemoglobin repletion in rats fed one of  three soy 
protein isolates with ra:s fed ferrous sulfate. They found a 
wean relat ive kon bioavailabi'i~y of  51% fo r  soy :sola:es 
and fiarrher reported that  inorganic iron added to diets 
tear,Joining isolated soybean rrr,tein bad bioavailabilities 
s.lHilar to tli:~t ..'ff the iron present in the soybean. Tkese 
results, coupled with the relatively high iron content  of  
many soybean products ,~uggest  that  the ir~m ~upplJed by 
titese pluducb~ can he o f  signific;mt vahie for tY.e humac 
diet (59). 

ZINC 

Perhaps the greatest impact ol  phytic acid or, human 
nutrition is its reduction of  zinc bioavilabilJty. Nu:nemus 
stu'Jies have tmpliaated pttytic acid as a causitive facto, m 
poor zinc absorption from plant foods (2-4). In the 19(R)s, 
workers in the laboratories of O'Dell (3) and Forhes 
(3,50:60) established a general inverse relationship of 
phytic acid content  of animal diets and zinc bioavailabilizy 
from those diets. Maddaiah el al. (36) studied zinc deft- 
cict:cy m l.he chk:k and reported that at ~hysiological pit  
zin~ fo~lued ltle rnosl stable (insoluble) complex with 
phytic acid. The deu:easing order of stability o;  phytate-  
mineral cotnplexes wa, reported as zinc, copper,  nickel, 
cobalt, magnesium anc calcium. Vohr.~ et al. (37)inveati  
s the stability of izhytic acid-metal complexes at pH -;.4 
by titration me;hods arm reported tqe decreasing order of  
stability as copper, zinc, nickel, cobalt, iron, and calcium. 
Although calcium has the lowest binding affinity, addi:ion 
of  ~hks cation +o diets containing phytic acid was shown to 
[educe zinc and magnesium absorption (3,48). 

Most recently,  Forbes and Parker (61 )and  Erdman et at. 
(461 3tilized a slope ratio assay melhod 1o test the b:o- 
availability o5 zinc using growth as well ;is h)g m" lemur zinc 
of  young rats as a criterion of  response to it.creased die taw 
zinc concentrations.  It was found that:  (a) zinc was poorly 
utilized from soy products a~ compared to other  studied 
mhaerals, (1:.) zinc bioavailability from soy products  seems 
to vary from product  to product,  i.e., zinc was better 
utilized from a full far soy :'lour than from a soy concen- 
trate, ar.d (c) usually, the presettce of soy products  in the 
rat's diet had little effect upon the bioavailability o f  added 
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inorganic zinc carbonate. Mcmcilovic and Shah (62) co . -  
chided frorr, work with _-'aFeseed prote:.n concentrates 
(some of these concentrates contain in excess of 7.5% 
Fhytic acid [321 that thc poor availability of  zinc from diets 
cont.ainiug tile r;~pese.ed protein eoneentrate~ was the 
:uajor iale-Iirluling laclor lot ~ o w t h  and development  of  
young tats. I-urthermore, they (63) fed a milk-based it.font 
formula and a soy-based formula to young rats ard found 
zinc utilization to be poorer  with the latzer fnrm~fla. 

The role of  fiber 2n decreasing zinc u:illzatkm should not 
be overlooked (9). A current m vitro study by Reinhoht's 
group (6) suggests that some dietaIT fiber components  may 
be more effective in mineral binding than phytic acid. 
However, Weingartner, et al. (64) have found the zinc and 
c;~leium bJoavailabil:'ties were not  affected by the addi tmn 
of soybean hulls (that contain over 50% tiber) to dehulled 
soy flour-b:~sed diets for rlts. 

Rackis and his colleagues (38,39) point out that zinc 
utBizatiul: l iom ce:'tain soy isolates has been shown to be 
paat'cularly tow as compared t(~ zinc utilization from 
soybean meals. They suggest that the difference in zina 
bioavailabilJty is most likely due ':o the varying food 
processing condit ions used in manufacturiaag the soy 
proteir, prodact ; .  They feel that  the type of  phytate-pro- 
lein-mineral complexes formed during processing, rather 
than tt 'e specific phytate  r arc responsible for 
different  absorption capacity. "Endogenous zina carP_ors'" 
(65) (see recent review ot regulation of  zir.c absorption. 
Cousins [66]) must compete with phyrate-miner.d and phy- 
tote-protein-mineral complexes withi.'~ the lumen of tile in- 
testine to "solubflJze" zinc for absorption. Research is 
needed to identify the process steps thai affect formation 
of phylale complexes (11,38,39). 

PHOSPHORUS 

In mature cereM grains, 60-g0% of  the total phosphorus 
is tied up in phytic acid (23). goybe~ns contain Mrnost 
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:~,r at difDten- ptl +al,,e+. Source: Fo:rtainr etal. (74). 

tw:+ce as much phosphorus  as cereaN, hut 50--60% is phyt ic  
acid phosphorus  (67). Bioavailabil{|y of  tile phosphorus  RJt 
artimals ~eems to depend upon  the level of  ph.',tase act,vity 
in the intestinal  lracts of  the specific species (13,67). 
lnsJff ic ient  bi(+awlilabili|.y studies with humans  have been 
pubE+hed to predict pky-ate phosphorus  availability. 
However, one might suspect that  it is rather poor sJtce 
monogastr ic  animals ha~'c little or no phytase activity (g) 
In ~llis count.ry adults generally cunsunie excessive levels of 
phosphorus.  Therefore,  one can a.~sume that pkosphoms  
bioavailab~lity Js ol little consequeucc tbl this gvmp. On 
the other  hand,  phosphorus  t'ioavailabi2ity for IJ.S. chilclren 
consuming soy-based infant tormulas is ol  considerable 
importance.  Pr<~pe: htme development  ol hlf.mts requires 
adequate levels of  available phosplaorus. 

OTHER MINERALS 

Trace .-r~s .,ach as copFeL manganese, tr.olybdc- 
num. and cobalt ,  may also be affecrec by oilseed phytates.  
In addit icn,  -mbalances of minerals may occur due ro 
preferential  binding of  certain minerals (~ 3). For  example. 
Klevay (6g) suggests that  the strong bin.dins of t ins  to 
die:any 3h,vtic acid at intest inal  pHs to l onn  insohtble 
complexes wouhl favor dietary copper  absorpt ion and thus 
char.ge the zinc-copper ratio. Acco:dhjg to Klevay, tiffs 
change would be beneficial from the s tandpoin:  of  serum 
cholesterol and coronary heart  disease; however, it would 
be hal llllul fro ;n I he s landpoin  t of  zin< metabolism. 

METHODS OF REMOVAL OF PHYTATE AND 
REDUCING PHYTATE-MINERAL BINDING 

Research papers dLsc.ixsed in =he previous sections 
Suggesl lhat  -~hyl.ic acid is at least partially responsible fol 
reduced bioavailabilJty of  t a r t am minerals flora high 
phytate  foods. Smce monogas tnc  ammals such as man have 

little or no intest inal  pkytasr activity, it would be advan- 
tageous to develop methods  to e i ther  remove phytic acid 
from cereals and oilseeds or to reduce its mineral-bindmg 
capacity. F!gn:e 4 den-on~:rate~ the ilnp~acticality of using 
h ~ i l l  tO gqea','e minerals lton= phyta te ,  de Boland e ta l .  (35) 
clearly show that  30 mmutes  autoclaving reduces payfate  
conten t  of cereal and oilsee'a products  1;y less thai: 10%. 

Tempering or soaking oilseeds is unlikely :o reduce 
phyta te  appreciably due to ra ther  low endogenous phytase 
contents  of oilseeds. However, yeast wiiI cleave phosphates  
from phyzie acid during te rmenla l ion  o:" legumes, Ranhotra  
el al. (69) demons t ra ' ed  that  all or the phytate  m wheat  
bread and more than  thrce-four' .hs of  tha t  in soy-forlifiec 
wlne'H flours (-oy, [ 0%, ~heaz, 90%1 was hydrclyzed dur ing 
the p m c e ~  oi  breadmaking,  apparently due to phytases in. 
the wheat and/or  yeast, 

Several groups oz workers have aztempted to separate 
phyta te  from soybeans ut:lizmg the differential  solubilities 
of  phytate and soybean prcte--i (70-73). From Figure 5 it is 
apparent  that  the so,ubility of phosphorus  compounds  does 
not  correspond to tha t  of mlrogenous  const i tuents  of  an )  
of  three oilseeds, except  in the general pH region of  1.5 to 
3.5. Fontaine and coworkers (74) suggest that up to about  
pH 3.5 most of the phosphorus  apparent ly  is combined 
with protems, f loweret ,  as the proteins approach and pass 
through tllc:~ isoelectric points,  the protem-phyt ic  acid 
complexes dissociate. Above pl l  7, defat ted soybean m e ~  
differs from peanut  and cot tonseed meals as "_here is lJtCe 
decrease m sc-ubility of phosphorus  eompour.ds. This may 
be due to reassociation of phosphorus  compounds  v,,lt?~ 
protein,  as suggested by Rackis e t a l .  (38). The percentage 
of total  pho_~phorus in the three meals found to he in 
inorganic form was generally less titan 10"7o. SonLe illCl-ease 
of inorganic phosphoru,_ is e~ideJit in. the area uf pH 5, ]'his 
increase is undoubted ly  due to the enzymatic  activity of 
native phytascs, sil:ce the time e'.apsing between the prepa- 
~ataon of extract  and analys:s was ca. 4 hr (74). 

Figure 5 predicts that  one could separate phytate  from 
soybean products  by solubilizirg the che:ator  at pH 5.0 to 
5.5, flfllowed by eentr i fagal icn or ul:rati l tration. Fore et 
al. (72) ~lntl ( )kubo el al. (70) describe procedures for 
phytate  removal i~: this pH range. In. addi t ion,  these same 
groups were able m remove Fhytic acid at pl[ 3.0 to z .0  h.v 
addhtg ,:alcJum chloride :o dissociate the pbytate-protein 
complexes. Smce calcium ions mediate phy:ate-protek,1 
bmdmg alcove the isoelectric poh]t (75), Okubo e t a l .  (70~ 
were able to facilitate dissoeia:ion of phytate-protcha 
complexes at p l t  8.5 by chelat ing free cations with F-DTA 
addition.  Ultraf i l t ,a t ton was then u~ed to remove phyta te .  
I tar lman (73) has described a phy la te  removal proccss at 
pt l  11.6. 

Martinez (1 ?) has reviewed the cLuzent knowled/~e ol  
food Froc:essing effects upon phyta te  dcsttuctios or re- 
moval from plant roods, She p o s t s  out  that  the manner  in 
which oilseeds are hac l iona ted  anti Frocessed dkect ly  
effects the dissolution of mcm3ranes  smroundmg aleurone 
protein bodies and membranes surrounding inclusions 
~ontaining phytic acid. gorma: ion of insoluble phyta te  
complexes with p ro tem or o ther  food ecmponen-s  duNng 
todd processing then depends upon the extract ion pH, and 
the  presence of m:.nerals or o ther  chelators. The cxtracta.  
bility of phy-ate phosphorus  from it-dividual oilseeds varies 
due to tee morpholoNca]  differences between seed types. 
Therefore,  one cann.:~l apply s'i-nilar pJ'ocess techniques tc  
all types of oilseeds. 

Obviou~b,  more basis tesea.rch is needecl t o -dcn t i fy  the 
i m p o ~ a n t  mineral binders and :o s tudy the mineral chela- 
t ion during proceas!ng of ~'arious oilseeds. Then, economi- 
cally feasible technology must be dcvelop,-.:l to elimin;He 
the chelators or r.he chc 'at ion.  In addkion ,  we ,nus  aster- 
lain the ef%cts (if mineral aeldition (fort if icat ion) upon  the 
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bioavailability of  both lbe fortified and the native minerals. 
Such questions must be addressed before true assessment of  
the overali nutritional potential of oilseeds can be made, 
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ADDITION 

Fur lhe reader 's  benefi l ,  the  fol lowing reforenees, not  referred to 
in the  text ,  have been publ ished after the  original paper was sob- 
re | t ied.  
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