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acliground: Cereal grains and legume seeds usually contain high amounts of phytic 

acid. Phytic acid binds strongly to minerals and trace ~ICIII~SI~S, such as iron, zinc, 

COppl-, calcium and can thereby reduce their bioavailahility. Minerals and trace 

elements are of special importance in infant: nutrition for the rapidly growrig child. 

Therefore weaning foods based on cereals and legumes should preferably be low in 

phytic acid. Phytic acid can be degraded by- the enzyme phylase, which naturally occurs 

in grains and seeds. 

b,jectivcs: The aim of this study was to develop a food processing method to produce 

ccrcal and legume based weani~~g fbods ivith low phytic acid contd using phytasc 

naturally occurrin g in CCKX~~S and legumes. 111 order to identify potential sources of 

phytase, cereal grains and legume seeds were scmmed for phytase activity. The 

influence of tradiCona1 food processing methods. such as soaking and gcrrnination of 

grains and seeds on phytase activity and ph!?ic acid content was itlvestigated. The 

impact of phytic acid d egradalion on zinc and copper absorption from a weaning food 

was evaluated in adults. 

es@: Grains and seeds of cereals, pseudocereals, legumes and oilseeds were screened 

for phytase activity under standardized conditions. The conditions for phytic acid 

degradation were optimized for the grains xith the highest phytase activity. The 

influence of traditional food pmccssing methods. sr~ch as soaking and germination of 

grains and seeds on phytase activity and phytic acid ctrntcnt was investigated. Weaning 

food mixtures based on cereals and legmnes were combined with a phytase source 

selected from the screening study. and incubated as a slurry for phytic acid degradation. 

Conditions were optimized in laboratory experiments. ‘l‘he application of the method to 

commercial w-caning food production ~7~s e\-aluated in a pilot plant (Ncstl6 Product 

Technology Centre. Orbs. Sn-itxrlandj, For comparison. a x\mning food was produced 

without the pliytic acid degradatiorl step and the coinposition of ltic m-caning foods was 

evaluated. ‘The influence 0Fph-j tic acid on zinc and copper absorption from the weaning 



II 

foods was investigated in adults. Zinc and copper in the weaning foods were labeled 

extrinsically with stable isotopes (70%n and ““01). Apparent zinc and copper absorption 

was measured, based on the quantification of non-absorbed isotopes excreted in feces 

during a period equivalent to six days dietary intake. The isotopic analysis 0.f copper 

and zinc was performed by thermal ionization nmss spcctrometry. 

esults: The phytase acti\-ity of grains and seeds varied over a wide range (0.1 to 7.0 

phytase units per c, crane clr~. niatter) and the most potent sources of phytase were rye, 

wheat and bucl~wheat, The optimal conditions for the phytasc activity of rye, wheat and 

buckwheat were between 50 and 60°C and at p-l values between 5.0 and 5.5. Soaking 

and gcmination showed a negative iniluence on phytase activity in most cereals and 

pseudocereals. Soaking and germination of legumes and oilseeds increased the 

relatively low initial phytasc activity 2 to 3 lbld. The phytic acid content of all grains 

and seeds tested (mean 1.1 g/l 00 g dr\~ matter) was reduced after soaking and 

germination to an aTuagc: of‘ circa 80’% of the initial content. Weaning food mixtures 

based on cereals and legumes were combined with 10% rye, wheat. or buckwheat as the 

phytase source and incubated for complete @r-tic acid degradation. ‘Time required for 

complete degradation was in the range ol‘ X0 to 2SO minutes depending on ingredients 

and conditions. The results f?om the laborator!- csperiments were confirmed in the pi lot 

plant and production of a phytic acid free mm&g food based on wheat and soybeans 

was successftjlly completed. A patent for the developed processing method has been 

submitted. For comparison. a weaning food -\-\-it11 the same composition was produced 

without phytic acid degradation. The overall composition of the two weaning foods was 

comparable, except for the phytic acid content: the dcphytinizcd weaning food 

contained no phytic acid (< 3 nlg/lOO g) w-bile the other prod~~ct contained about 

0.4 g/l00 g. The mean apparent fractional zinc absorption was significantly higher 

(p = 0.005) from the weaning li,od containing no phytic acid (34.6 f S.O%), than from 

the weaning food with the natiT-e phytic acid content (22.8 Z!I 8.8%). No significant 

differencc (p = 0.167) \vas fout~d for the mean apparent fractional copper absorption 

between the weaning food \\-i~h no ph>-tic acid ( 19.7 :t 5.1 “/a) and the weal?in,o food with 

the native phytic acid content (3.7 :.t S. 1%). 



onclusions: Results from this systematic study on pliytase activity of cereals, 

pscudocereals, legumes and oi lseeds under standardized conditions provides new data 

enabling comparisons of ahsolutc values. The results showed that rye, wheat arid 

bucltw-heat have highest values whereas lcgurnes generally have low phytase activity 

(circa 10 fold lower). Soaking ax1 germination of grains and seeds did not lead to big11 

phytasc activity, uor did these food processing techniques degrade phytic acid 

substantially uder the experimental conditions. Cereals w-ith hi@ phytase activity can 

be used as a phytase source to degrade phytic acid in weaning foods based on cereals 

and legumes. Results fPom small scale laboratory cspcriments of phytic acid 

degradation can be used to predict phytic acid degradation during commercial weaning 

fkod production. Phytic acid can be degraded complctcly during commercial production 

by including a relatively short incubation step (80 to 140 minutes for wheat/soybean 

mixture) to the usual production steps. The beneficial effect of dcphytinization of a 

weaning food on the absorption of zinc was demonstrated in an absorption study with 

adults while no effect was observed for copper absorption in the same study. Further 

studies would he desirable to adapt the new processing method to the household 

preparation ofphytic acid i~ke weaning foods. especially in developing countries. 



Hintergrund: Zcrealien und Legurninosen enthal ten Pbytidiure, welche Mineralstoffe 

wie mm Beispiel Bisen. Zink, Kupfer o&r FIalziuin bidet und dabci deren 

Bioverfiigbarkeit vermindern kann. Mineralstoffe sind besolders wichtig in der 

Er11~11mng von Weinkindern unci cleshalb sollten die Mineralstoffe der Beikost eine 

hohe Biovcrfiigharkeit auft\ieisen. Brikost ad der Basis van Zcrealien und 

Leguminosen sollte dnhe~* iniiglichst wenig Ph);tinshre enlhalten. Phytins2ure kann 

durch das Enzym Pbytase. welches natiirlichm~\-eise in Zerealien uiid Lcguminosen 

vorhanden ist ahgcbaut wcrclen md verliert clabei seine Fd~igkeit Mincralstoffe zu 

binden. 



V 

entwickelten Methodc auC die industrielle 1Beil<ostherstcllung wurde in einer Pilotanlage 

(Nest16 Product T- I cc mology Ccntre in Orbe) get&et. Als Vergleich wurde ein zweites 

Produkt hergestcilt; basierend aut denselben Zutaten, jedoch ohne den Inkubntions- 

schritt ftir den I”l?ytins~ureabba-. Die ~~~sammensetzun:: beider Produktc wurde 

evaluiert, Der Einfluss der Plq?ins%ure auf die Absorption VOII 2511~ und Kupfer ms den 

Beiltostprodukten wurde an Erwschsenen untersucht. Das in den Produkten mttirlichcr- 

weise vorhandcne Zink und Kupfer wurde estrinsisch rnit stabile11 Isotopes markicrt 

(70Zn and h5C~Q. I?ie Zink- und Kupferabsorption w&e iiber die Quantifizierung der 

nichtabsorbierten Tsotope in1 Stuhl bestinmr. entsprechend einer quantitativen Stuhl- 

snm1711~mg wlihrend scchs ‘Tagetl. Die Anal~3e dcr Isotoperl-\~erliBIlrlisse von Zink und 

Kupfer crfolgte mittcls The~tllione~~-Masse~~s~~l~t~~~~~~~tron?ctrie. 

Resultate: L)ic Pll?;taseakti~-it~iit-cn variicrtc’n iiber einen weiten Bereich (0.1 to 7.0 

l’bytaseeinheiten pro Chmm T'rockennmse). wnbei die hiichsten Werte fiir Roggen, 

Weizen und Buchweizen genIessell ~r~rden. Die optimalen Bedirgungen ftir die 

Phytaseaktivit~iten von Rogen, Weizen und Buchweizen lagen zwischen 50 and 60°C 

und pl-I Werten von 5.0 his 5.5. Dns Einrx-cichen nnd Keimcn der Samen beeinflusste 

die Phytaseaktivit8t der meisten Zerealien und Pseudozerealien negativ, w&rend die 

relativ tiefcn Phytasc~~ktivit~ten der Legurninosen md olsatnen durc’h das Einweichen 

und T&men LKII dns 2- his i-fachc anstiegen. Die Phyti~~s~uregehalte aller untemuchten 

Proben (Mittelwect I. 1 g/l 00 2 Trockenmasse) \mrden durch das Einweichen und 

Keimen auf durchschni ttlich circa SO% dcr :\usgangswcrte gesenltt. Als Bcikost 

geeignetc Mischungen ;ILIS Zercalien und Lepuminose~l warden tnit 1 O”/o Roggen, 

Weizen oder Buchweizen als Phytascquelie kombiniert. Die Phytitrs~iure der 

Mischungen konnte durch Tnku bation, je uach Hedingungen ~1x1 Zusamncnsetzung, in 

SO bis 2X0 Minutes vollstiindig abgebaut wcrden. Die Resultate der ILaborversuche 

konntcn in der filotanlage best:itigt we&n und phytins&refreie Bciltost basierend auf 

Weizen und Sojabohnen \vurdc heqestellt. 1%~ Patent ftir die neuentwickeltc 

ITerstellun~sn~ethode wurde angcmeldet. Lum Vergleich wurde ein zweites Beikost- 

produkt hcrgestcllt. basierend auf denselben %utaten. jedoch ohne den Inkuhations- 

schritt mm Ph~~i~ls~iureabbau. Heidc Produkte wiescn eine verglcichbare Zusamne~z- 

setzung auf, mit Ausnahn~e dcs Pl1S;tit~s~ure~cllal tcs. Wihrencl in] eimn Produkt keine 



Phytinstiure nachwcisbar war (C 3 mg/lOO g), enthielt das andere den urspriinglichen 

Gehalt von circa 0.4 g/l 00 g. Die durchschnittliche Zinkabsorption vom Prodult ohne 

Phytins%ulre (34.6 21 8.0?/11) war signifikant liiiher (p = 0.005) als vain Produkt niit 

Phytins5ure CA-. - “3 8 -+ 8.8%). Fiir die Kupl’erabsorption wxlrde kein signifikanter 

Unterschicd (p = 0.167) zwischm dem Produlit ohnc Phytins5ure (‘I 9.7 I 5. I(%) und 

demjenigen mit Phytins%ure (23.7 IF- 8. I ‘%I) geiilnden. 

Schlussfolgerungcn: Die systematische Restinxnung der Phytaseal~tivit~tel~ verschie- 

dener Zcrcalicn, Pseuclozerealien, L,eguminosen und ~lsanzen untcr standardisierten 

Redingungen erlaubte den Vergleich der absoluten Wertc. Die Mcssungen zeigten, dass 

Roggen, Weizen und Buchweizen circa 10 ma1 hiihere r”l?ytasealitivit~iteii aufweisen als 

LegunGnosen und sie fiihrten zur Kenntnis der PhytasealtivitMen van bis dahin nicht 

untersuchten Lebensmitteln. Das Einweichen und Keimen der Sanxx erzeilte keine 

hohen Phy-taseaktivit~~ten und die Phytins5ure n-urde nicht erheblich reduziert. Zerealien 

nii t liohen Phytaseal\;ti\;it~~te~~ kliunen 211s Pli~~rnsec~uelle zu Beil<ostimischungei? zugesetzt 

wcrden um die Ph~?ins2ure abzubauen. Die Resultate des PhytinsBureabbaus in 

Laborversuchen kiinnen auf die industrielle Beikostl~erstelluIlg iibertragen werden. 

Ikch die Einfiihrung eines relativ kurzen lnkul~ntionssclvittes (80 bis 140 Minuten fGr 

WeizelLiSqjabol?nen-Mischung) in den herkiin~mlichen Prozess der eikostherstellung 

kann die Phytinstiure xx~llst&ldig abgcbaut werden. Der positive Effelt des 

Phytins8ureabbaus ml‘ die Zinkabsorption konnte an Erwachscnen gezeigt werden, 

w&rend in derselben Studie kein Einfluss der Phytins$iure auf die Kupfer-absorption 

beobachtet werden konnte, Weiterftihrende Studien \vtiren ~viinschenswert, urn die ncu- 

entwicklete Methode auf die Hcrstellung phqtins~iurei.~eier Rcikost in1 Flaushalt, speziell 

in Entwicltlungsl~ndern, zu iihertragen. 


