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Variabilities of Total and Phytate Phosphorus 
Contents as well as Phytase Activity in Wheat 
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Abst ract 

[n this invesligat ion 17 wheat varicties from four locat ions (Hayn, Uicndorf, Nassen 
and Forchheim) of the crop years 1995 and 1996 were included . The aim o f this lVork 
was to analyse thc totil l ilnd phytalc phosphorus conlcnts of these varictics as lVell as 
Iheir phylasc Hctivit ies, IVhkh arc important fac lms [oT lheava iIHhilityo r phosphorus. 
For all 136IVhcai samples the lulal phosphorusconlcnt was 3.74 g/kg DM, a phylalc 
phosphorus content of 2.76 g1kg DM and the ra tio phytate/total phosphorus of 74 % 
wert' de termined. The phytase act ivity WllS rela tively high with a mean value of 802 UI 
kg. [n thissludy pos.<;ib[c influences of var iety, location and crop year on the phOSp!lorUS 
conlt'nlsand phYlaseaclivil icslVcrctcstcd. il 1V3S possible to dct ectst3tisticallysign ifi . 
ca nt differences caused by varielY and crop yt:ar ror all tested pilram~ters. The location 
influcncc<lhltal,PllndphYlaseaclivi tystat islieallysignificanl. 

I ntrod uction 

Wheat is an important cereal for human nutrition and animal feeding. Phusphorus, cal­
cium, lrace clements and protein are importan t components of wheat. However, phylate 
complexes, in which ca. 6Q.70 % or the total phosphorus is bound ( PERNOLLET, 1978), 
may reduce their avai lab il ity fo r humans and monogas tric animals. They hardly contain 
any endogencous phytase and cannOI hydro lizc phyla te phosphorus in the intc~tinal 
tr3ctto reach the sufficient phosphorus supply and thus thcir optima llcvcl of perform­
ance. The bound phosphorus is the reason why inorganic phosphorus must be added. It 
is important to know the contents of total and phyta te phosphorus and the native phytase 
acl ivily in di fferent varie ties of wheat to optimize the addition of inorganic phosphorus 
or microbial phytase, especially since there have not been any sys tematic invest igations 
so far. The analyses carried ou l by Jongbloed and Kemme (1990), Lantzsch (1990), 
Ecckhoul and De I'aepe (1994) concerning total and phylate phosphorus and hy Derk 
:lnd Schulz (1993), Rodchuiscord etal. 1994 and Ec<:khout and Dc Paepe (1994), refe r· 
ring phyrase activity include only small numbers of samples from abroad without de· 
scribing the tested varieties, locat ions and cl imatic condit ions. Most et al. ( 1993) as· 
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sumed e.g. lhal lhc reason for varying values could bc found in difiercnl merhods of
sclecüon and analyses. However, there have nor bocn nadc many sysem^ric cxpcri
menß conccming variabiliics otlotal, phyrale phosphorus conlenls and phyrase rcliv-
ly caused by variell yearo! cnvionncnl.

The ain ofthis $udy was to tind out possiblc climaric, genctic aid localioi influcnccs
on tolal and phyrare phosphorus conrenls and phytase äclivity in wheataswell as eti!cß
which coüld cxplain lhe variability ofthesc valu0s. For tlt reason rppropdarc invc(i
gilions jnro ilie phosphoruscontenß (oral, phyrale-P aid phylasc activjry)ofvarietally
purc sanplcmaLdiai fron four locationsand two cropyeaßsere c.ried oul.

2 Materiaß and Methods

l16sampies fion lTvarietiesin two cropyeaß 1995 and 1996gioen on tour locarions
in CentratGÜmany (Saxony andSaxony-Anhalr) have been chosen ro dcrernine thei
lotat, phytalephosphoruscontenßänd phyl6eaclivity aswell aspossiblc inflücnccs by
varietn localion and crop teär. The selecrion was taken according b rhe different pa,
nmeteß (scctab.l)likeditrcrenl geogaphic,climalic condirionsand locations.

The phosphoius contcnr in sil on four localions was anal)sod and the differences jn
phosphoruscon len lwereba lancedwf rhP- fe i l i l i za t ion toreach thesameteve lo tso i l

The coitcnt oflolal phospholDs was analysed according lo rhe merhods ofvDLUFA
(1976/1993). Irwas measured spectrophoroncrically äLawavclengrh of420 no (Spcc
troplotomctcr Phenacias Lre-Ulrospcc III") ate! ninerätizjng the samptin8 by
brcaking down and @nveftingilwith MolybdafvandaL.The phytärc phosphorus con-
lcntwas detcrmined according b üeAOAC,method (1990) by the exchangc otanions.
The phyhtc phosphoüs wäs exrmcled oul of doublcd, dlied sanplings wirh dilutcd
2.57, hydrcchlolic acid, mixed with EDTSäOH solution and pur into an anion-ex-
changc colunD. Phytate was eluared wilh 0.7 nol NaCl aid brokcn dovn by a nixlurc
of @ncenkalcd NOj/ H,Sqto delemine ihe roralp calodnericaly. The phytase
aclvxy was measured following lhe mcthod dcscrjbed by VDLUFA (1997). Thc cn-
zlmc phytase was mixed with Na,phylätc and devetoped inorganic phytatc from thar
substnrun. The addition ofacidic Molybdarvanadar reaSenl nopped rhe incubalion
and acoloured complex developedwith thc pbosphate.

The evaluations ofrhe resulrsasanalysesofthe valian@were madewith thc helpoirhe
prcgrantoe ST{ISTICA rcR WrNDowsln(Version 5.0, Stat. Sofl. NC. 1995). For rhe
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EUIiple analysisoflhe variance theTükey'HSD_Testhas been usd, while snplc om_

fisons ofmcan valDcs wero nadc by lhe fTest Signiri.ant etrects orinremclions are

shown in lhe lables by the p-value (level of significäncer*=p<0.05;**=P<0.01i

"'p<0.001i ns = nolsignificant). Sigrificantdifiere.cesofthe mean values are indi

€red by diiferenl leleß wilhin the lables. The $andärd devialion (1) is also givcn in

lhe tables. Al resulß wcresubi*tcd to ai analysis ofPdncipal componenß, n orderlo

$udy rhem graphicallyand to $udy theonelälionsbetween änalysed crilelia

3 ResulbaDdDhcussion

ne mean lotal phosphorusconlcnr was 3.74 1 0.31 e&g DM, lhe phylalePhosPhorus

contenr 2.?6 l 0.39 8/kg DM and thc ratio phylate/tolalP 74 1 8 %. ne nnge of

average vslues was as foilows: for totalP 2.86 '4.56 g/kg DM, tor Pbylate'P 1.93 _

3.73 gAg DM and the rado phylatc/tolalP 57 _ 91 7,. These lesuts are lifrlc lowet than

üe lalues reported by Lolas eral.(1976) lbtaLP:4.10849 DM; phytale-P:2.96 g/kg

DMl,Jonsbloed and Kenmc (19s) [totaLP:4.10 gAgDM; phyrare'Pr 2.90 gkg DMj,

Gztaya and özkaya (1998) ltoralP: 3,92 gkg DM; phylate'P: 2,96 sftg DM]. ftc

valus ofthisstudy arein agreenenlwith those asceilained by LAMSG(1990), who

deremincd lotd-P dlh 3.80 gftg DM: phytate-P ülh 2.7 g^g DM and lhe nlio phvtate/

rotalP:73 7, and by Pielceetal. (1977) with 3.80 g^g DM toLaLP and 2.609&g DM

phyhre,P andthevaluosfound by Barierouillo!el al. (1996) wilh 3.64gkgDM tolal

P and 2.18 g/kg DM phytale phosphorus. In conhast to this othol auLho6 descrjbcd

loserconrenß, e.g. EEccou and Dtr P^EpE (1994) llotalP:3.30 g/kg DM: phytate'P:

2.20 s&g DMI orSrMoNs(1981) FotaLP:3.35 s/ksDM; phytate'P:2.55 s/ks DMl.

ftere weresignificantvaietal differencs tortolaLPonly iorhn,Torcntoand Zentos

in ampari$n with Tamhr which had a lowcr phosphotus contenl. ftc same stalislical

andysß (table 3) revealed lhatphytale phosphoruswasahoinfluenedby vadely,which

deänslhatißvüiöbüty dcpends on lhe genotyPe. The inlDenceofvadetyo. the lotal

phosphorus conlent wd aßo repned by Carrd et al. (1991. ne mean valu€ of the

phytde aclivity of lhe selected sampl€s was 802 1 189 U/kg It can be compared wlh

the valuessivenby Berk and Schulz(1993) [815 ! 210 U/kg], by Rodehußcord el al
(199a)1700U,&glandbyPointilladetal.(1994)1878U/kgl Thepresertinvestigalion

showed tbal the effecl ofvafrety on thephytdeacliviywashighly significant(lable 3),

iß varialion nngcd frcn54 to 1360 UAe. fris result is in agrccmenlwilh Gn€ et al

(1997).

fte variability oftotal phosphorus and phytase aclivity can dso be caüsed by location

(table4). Only the phylate phosphorus did nol vary signincandy on the four ditrerent

lo@dons. This etrecl could be diectly attibuted to the environmental condilions of

each location. BadeFcuillot et al. (r996) also proved a hishly significän1 influence ot

the locätion on phyl6e aclivity.
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86ü$ m influerce d rk crop )ea! on rorat pho\phorus. phyrsre phosphorus. oi ils
po1 on  In  ro ra l  pho\phor ts  änJ  on  ph l täse  ac f iv r tv  coutd  be  ra rßr icd t )  derem leJ .
Therewasä renarkable difference hetueen rhe meanvaluesöceilained tbr 1995 and
1996 (see räble5).The leason was prcbably that the two crop yearswercvery dilfclcnt
con€rnrngtheänountofprecipitation and rhe limcofdry and wetpedods. NAH^renaN
and Ba$rRr (1976) tesled lhe influence ofthe üop yearon lotal andphylate-p and fouid
significant differences as wetl.

Th€ relalion betwcen total phosphorus and phytare phosphorus ofalt samptes (n = 1j6)
rn both crop years was a positive, signjficant corelation (tig.1). ne funclion ofcore
lalion meäns that lhe phylate phosphorus iicreases by 0.56 g/k8 DM when lhe rohl
phosphorusconrent dsesby 1 gftBDM. The con€lationcoetficicntof r= 0.48 can be
ompared s  rh  rhe  coe l i i i en ,  u l  I  =  0 .50  ruvnd b)  GsAno er  a t .  r l99 i '  ln=5<r  d ld
BapprEF-cu  Lbr  e r  a t .  ( ie96)  [n=561.

This study showed that there are significant efrecls ofgenolype and crcp year on both
tolal and phytatephosphorusconlenß. There arereladvely high phylaseacüviliesin rhe
differenl varicties ofwhear which can vary considerablr Besides an infuence oflhe
varjely one could al$ ascerain influences of loqtion and crcp year. Howev€r one
slould catry oul fudher studies to prove the etrecrs caused by envionbental condi
tions. The invesüsations should iiclude orhercereah as we[

5 Achovledg€ment

nis work was suppoded financially by the ,Mnisteiun 
frr Bildung und Wissen$halt,

oftbe Geman Fedenl SlalcSachsen,Anhatt. fte aurhoß wanr lo thank rhe employees
oflhe experimenlal stalions Nossen and Clesjen for providing the sanples and giving
advice, padiculaily M. Delling.

6 Zus.mDenfssüng

Varlabili6t von &samt uDd Phybrphosphorgehatt sovie phJbeaktiviGr itr

Für diese Unteßuchung wurden 17 miueldeutscbe Weizensofren von vie. Standonen
in den E.ntejahren 1995 und 1996hinsichtlich ihrescesamL, phytahphosphorgehaltes
und ihre! Phytaseafttivität ausgewähtr. Es sollre analysiefr werden, ob aufretende
Vadabilläte. der cesam! und Phytarphqhoryehdte bry. der phyhse*fvilät $(en_,
$andon- oder wifl erungsb€dingt sind.
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'Für die Emlejahß 1995 und 1996wurden drei bN. vi€rWeizensofren emii.elt' die

hinsichtlichihrerGesmlbzw. Phylätphosphorgehaltevon den übdgen$den $äIker

abeichen. Dies Diffetenzen konnten als stalistßch signifikante UnleMhiedc gesicherl

.De! Srandod beeinflußl den GesamlphosPhorgehdt hoch siStifikant ünd balte eine

ebenso $a!ke Wikung auf den prozentualen tuteil des PhytalP ah G€samlP Det

Phytalphosphorgehax wurde durch den Standod nicht siSnifiknlvedndeil.
' Auf die native Phybe*dvidt hafre dcr Standofr €benfalß einen $atßt'$h signitikanten

Einfluss.
.Dic nimatischen BedngunSon, die in der b€iden in die Unt€suchung einbezogenen

Ernlejahren sehr unteßchiedlich waren, hatlen $alisthch signifikanle Einflüsso auf

G6anG, Phytatphosphorgehalt, den prozetrluden tuleil von PhyblP am GesanrP

und auf die Phybeatüvilä1.
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