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Exercutive Summary

The impetus of this project was to develop a baker's yeast that
produces an enzyme which degrades the anti-nutrient substanrce,
phytate, which is present ot high levels in the grains and their
products. This substance causes deficiency in zineg, calcium and
iron at the intestinal level, % their deficiency leads to malnu-
trition particularly among populations that consume the bread as
the main sowrce of energy. One of the praject’s arals was first
to establish whether the baker’s yeast is capable of taking up
the phytate or not. In this study, we have found that the entry
of the phytate inte the yeast cells is not a limiting factor in
its degradation. The limiting factor, which was the secaond goal
y is that the zells do not produce the correspondent enzyme(s)
to degrade it under the ordinary conditions of their growth., Af-
ter extensive work a strain of the currently used balker’s yeast,
Saccharonyces cersvisias, has been adopted and selectively isnol-
ated. In liquid media, this strain utilized the phytate very
well at levels that exwceed those present in the dough. Three.
problems remained to be tested: 1) fermentation of dough by the
strain % checking its effect on the phytate level, 2 strain
staibility under the conditions of doughmaking & 3) defining the
enzyme(s) that it produces. However, the strain is useful,
bercause it is suitable for future work such as its genetic
manipulation to produce high amounts of the enzyme that degrades
the phytate within acceptable time of dough fermentation. This
achievement is beneficial for all the world. In addition, our
laboratories in biczhemistry & nutrition became better equipped.
Finally the project has created new avenues % ideas of research ;7

which strengthened our aradunte and technical training proqrnms"\;)
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4) Research 0Objectives:

Mzst of the phaoasphorus in plant secds is present as phytate,
myoincsitol hewaphasphate (IFR). [Asada =f al., 263;
Erdman, 1973; DOberleas, 19711, The amount of phytic acid in
these products varies from 0.5 to 6% and aceounts for S0-30Y
of the total phosphorus which i net absorbed by the body
[Nolan =¢ al., 19271, In man, dietary phytate redusces Lhle
bicavailability of zinc % iron FALwal ef 8., 1980; Ferrandn,
12875 Hallberg ¢ al., 19839; Harland % Oberleas, 1'9837;
Morris, 2B6; Mavert =¢ al., L285; Solomons, 1986; Ander sgeon
=t al., 1'983; Southan <f a2, 1783 0'pell 2 Savage, 1'260;
Shah <t al., 19761, Fhytate forms insoluble compleves in the
intestines [Oberleas ot Al 1RRE; Faddy of 310, 1907 Maga,
12821, The effect of IF6 estere on in vifre oo In vivo
digestion of proteing has been investigatbed [Fhuckles ¢ ql.,
12827, The phytate/nubrient interaction % Ehe effaect of
phytic acid on nutritional status S humans have bheen
reviewsd [Chervan, L280; Foddy =6 g1, L2875 fGiraf, 1986171,

Furthermore, the phytate csters are formed during prio-essing

[de Baland =¢ 21!, 1775; Harland % Harv 1and, (980; Feinhaold,

()

12785 de Lange =# al., 1961; Mayini % Marlkalis, (93371, The

[3x]

pPhytate and its esters have been shewn Ee decrease x— amylase
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and lipase activities in vitro [Sharm

2 Yoon, 13845 Deshpande 2 Cheryan,

Betschark, 13987; Fouckles, 19881, and

calcification of ricletic rat

den Berag =6 al., 19731, In witro 2% g

phytate hydralysates showed that mysi

inhibit peptic and tryptic digestion

?

CEnuckles =6 al., 1385, 12ry; Singh

A number of mebhods ave Dean deesi sed

ot remove from cerbain

phytat e

Harland 2 Oberleas, 1387; Coasgrave, 1

12205 Lingaas 2 Sandbera, Loa0; Maai,
13855 Bos, 1999 frebodor (6, 337,

Termentation on bhe level of

Phybat e

?

been i1nhveshigata Clhebarpaul 2 Chauh

1285; Mayini Markalis, 1203; Har]an
Bartnik =4 27., 19837 "ringle 2 Moran

PZEL; Feinhold, 19772, 12975;

Hahajan 2 Chauhan, 19(37;

Sudarmacd ji % Marbaliis, 077 Fanbebra

Ehese reports, the figur s pertaining

in breadmaking vary from LOOY for whi

Maran, 1242), ko 727774 fer whoal e Whyes
extraction whealt bread [Mavini 20 Moy

for whole wheat bDread [de Lange =4 31

15984 ;

carbilage and rat

fruode

Febenzie-Marnell 2

Tanalionaehi by

et ) (R B T
o TS RS O

(.

o

A et oal., 1978; Thompsaon

Fnuckles 2

’

inhihit I»n vitro

aorta Lvan

n vivo studices with

nosi ol esterg

phosphate ]
of some proteins
ZoFErilkorian, 1903733,
Lo lower phytate levels

el

(G}

Lihang al., 1'977;

RO Larsson 2 Sandberg,

L9205 annm =6 21,

The wf fect mf

in cereal praoducks have
AN, U383 Mavert =4 al1.,

d 2 Fraolich, 1909;
v IV e Lange st al.,

2 Davies, 1987,

sfoal. 1981 ;

RO IR IR R A I In

o phybatbe deskbractbion

Ee bread [Fringle %

at hread 2 707 -
e, 183, ka0 - S0%

19611, to 137 for

-
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village flat breads made in [ran [FFeinhold, 19721 and tao O-
200 for 1007 — extracbicon wheat bread CHarland % Frolich,
13831 a’ter two hours fermentaticon.  The reports attributed
the reduztion of phybate in the bread be bhe acbivity of the
enzyme phytase (B2 3.13.9 % SLLLRLT6E, TUR, 19790 . Hiowevar
the reports on phytose activity in bthe yeast are in conflict.
Nayini % Markaliis, 1284, had partially purified an SNTyme
from yeast ewtract which hvdralyzes 56 and other Compounds
of organophosphate. In this report the phytase activity was
minor compared bo bhat Ackivilby bowareds pyrophosphate (1L/3710)
or p-nitrophenyl phosphate C1/400 The wptimal phl,
Eemperatiore, % subskrate concenbration for this CATVINE Werae
A6 % AS=T, % L0 My respectivel v, The Fm owas 0021 mM;  and
83X inhibitian by the substrabe was ab G owmM owf (PG, DLher
reports suppork bhat Bl yeash o ensyme 15 nonspeci fic acid
phosphatase LHarinil =4 W, 17 DRarbiarie! e f 21 ., 13980,
12841; Lingaas 2 Sandberg, 1930 oy pyrophosphatase [Heppel,
19553, Fuarthermore, mast of Lhe reperts on douahmalkic goand
Phybtate degradation by weast phytase acled soeveral impaovbant
faztor s, Of Yhese are a control caperiment in which onty the
wheab flour 15 incladed (i.e. ne veash s added te the
douwghd, the wffoct of inorganic phosphate on the brealidown of
phytate, and the effoect o phybake on Ehe yeast qQrowbh, The
Presemze =»f phybtase in the wheat wans veported (Meers, 1953;

Nagai Funabashi, 1267, 1796737, Magai 2 Nunahashi ¢ 1265


http:sever.al
http:Sandb:.rg

Abuereish % Aue RG] IS ] 1

concluded that the enzyme was nonspeci {ic- acid phosphatass.
T oour best of knowledge, the wheat and yveast enzymes have
naot been well documented. Fecently, howsver, phytic acid. has
been shown to have antioxidant activity whoen complexed with
fervric ion, The level of phytate that is needed to this
attivity is muzh less than bthat is present in foods (iLe. pM
vs. o mM o3 Empson o6 @l., 12311, Ancobther aspect of the praoblem
of phytate is that no reporis have beon published =-n bhe
level of phytabe Lhat would bind zinc, iren, and calecium in
the inktestine or ab least o viftro studies.

In order Lo improve the quality of bread and ather wheat
producls, several criteria have Booprevail., The flavaor, bhe
nutrilional gualiky, and the biwavailability of Ehe minerals:
cine, divan, and caleium. The flavor is related o Lhe time
of fermentation, and the minerals bhimavailabhility is related
b phytic acid conkent in the dough. This study has dealt
with the ways of improvement of Ehe biomavailability of the
minerals by Tinding ways of eliminabion of phybic acid from
Ehe dough through fTermentation process which sheould be wikhin
reasonable and relatively shart bime in crder b preserve the
flavenr of Ehe bread. Therveimee, Lhe atws of this shudy werae
Eo survey the phytase Atkivity in a number of yeast isolabes
from varicous food sources, o investigate Lhe offect of
phytate on yeast arewhh in Liguic media in prescences and

absence of inorganis phoaphate, Lo study the phybate Lranapo-—
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rt into the yeast Saccharomycss corevisias, to examine Lthe
effect of various carbon souwrces on the abtilication of
phytake by the veast 5. cercvisias and bto isolate a strain
that is capable of production of phytase in response to
phytate under specified condibinons suwzh as lack of phaosphate

source ancd synthetic media.

3). Methinods and Results

Methods

Materialss Raker's ysast was ohtained from local bakeries and
from and from the local supermarkebs.  Moncommercial
Saccharamyces ceravisias and abher yeoast isolabes were
isalated in Lhis laboratory.  Fhybic acid and anpicillin were
from Sigma Chemical Dol Saink loads, MO, USA. The media for
yeash colbares wvere purchasoad s Mollawing: Pobabo devbroge
agar, malbt agar, M. asbavdard mebhods bhreoth 20 Mo Erypticase -
glucese— yeast bDrath, which were nged for yoast cw]l]l counts %
for yeast isolabicon, wers frow IR pepbone and yeash
extract, which were used at carly otanes of this study far
yeash culburing i Liguid media, were fraom HD MEDIA LARS.
FVEL oimi bed. Mombaoy, India; yeast nibrogen hoase CYMRDY,

bazto-agar, yeast extract, bacte-pepbone, glucose, and

SUCrose, which werae used latar on the study, were from Difoo
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Labs., Detroit, Michigan, 1SA.  All ather chemical reagents

were analytical grade. Distilled water was used Ehrough out.

Procedures— CTultures of yeaskt cells—- the cells were arown

aerobically on agar plates or an varicous media as speci fied
in their corvesponding ewperiments Aaccording teo Schatn, 1373;

(¥

leininger, 1276; Schwueingruber % Schweingruber, 1372

I}

Barbaric <¢ al., 1980; Elorza o¢ al., 19780 Fhytic acid |
alucase, swirase, and ampicillin were sterilized by millipore
filtrakion fﬁarhoriug, Germany ) ., Dther media were sberiline
in an autoclave (Soienbifie Frecision, model A0O00-DSEY at
12172, and 1S psi for 20 win.

Identification of yeast isolates was aczording Lo Deal: 2
Bewchat, 1907,

Freparation of incrganic phosphate—-free media was Aaccording
o Fubin, 13273,

Yeast growth was determined by c=ll counts (i.e. serial
dilution, plating on agar plates and counting calonies or
based or by measwremenks of buarbidity alk 550 nm using Fye
Unicoam or Parliin -Elmer spectrophotometer (Fubin, 1973). At
absarbance of 1.5 was found b covveapond Ba 1O7 sells/ml,
Specifiz growth rate and doubling time were wstimated
acoording Eo [Poge 2 Harvi=son, 1907, Furity of yeast cultures

was examined by staining el microscopic examinatien.

Separation of cells from liquid media was Ehrough
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cenbrifugation in an Eppendarf, refrigerated microcentri fuge.
Dough formulation— 100 g of whaole wheat flour (72 % extract-—
pony WU were mixed wilth, 1.5 g salt, 5.0 g suzrose and 70
ml water. To 8.5 g =of the mixbure, 1.0 ml of yeast
suspension (1.0 g of yeast plus 5 ml water) was added. A
conbrol sample was balen Bo which 1 oml of wabter was added.
The dough was ircubated at 32720 for apeci fied period, dried,
and analysis for phytabe was carried out.

Fhytic acid determination— phytic acid was detormined aeceord-
ing ta the methad of WBheeler anc Fervel, 1971, and tao bthe
method of Latta % Esbin, 1980, ag weodi §ied Ly Vainbraub

Lapteva, 1328, Determination of inarganins phosphate—- freo
9

i

phosphate in the media was debermined colorimebric (i bsan
Ullah, 1283). Yeast extracts preparation— The mebhod of
Schaks, 1972, was used. (lass beads 10 mesh) were breate
with SN HTL solubion & rinssed wibh diskbilled waber. The
yeash cells woere cuspended in oa least o wvalume = wakar o
buffary 2, bhe alass beads were added b BEhe sapenaion ak
G.G03 1 tvsvD, raspechively, an vearbexing Lhe mivbure in a
small besh bBabe 2970 cnd for 5 min o oeere (T e 255ary.,
For lavdgs guanbiby of cells, the cella-glass beads misture
was agitabed by wagnetic stivrer for the poricd required bao
breal, Lhe colls as bhe Dreabags meoni bor ed by micrascopis

swaminabicn,  Encymic assay for phytase and pyrophosphatase

was per formed as described, WWF and bran extracts— The

[O
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mebhod of Peers, (953, was followed.  Six parts of flour or
bran were axtracbed with 25 pavts of water for € h at O - 4=
(pH ™62, faol lowed by cenbrifugation at 20,000 % g for 20 min
Lo ohtain clear supsrnatant which is assayed for phybtase
acbivity as described below.

Enzcymic assays— The strabegy of measuring the activity of the
enzymefs) that hydrolyze(s) inositolhexaphosphate (phytate,
[FEY or incrganis pyrophosphabe (PR is based on the
debermination =i inarganic phosphabe (P ) released from bhe
substrate used in the ASSAY,

Fhytase assay— The metlhod of Gib=on % L11ah, 12988, was sligh--

0

Ely modi fied and used ko Assay o veast enzyme. Each assay
conbained 37.5 punles of Ma o acetkake buffer, pH 4.6 2 0.5 Jrarl ez
of Ma-1Ir6 o Na Nyrophosphat e,

reaction was starbed by the addilieon ol Ehe yeast ewbract.

The final volume =f the rrachion mixhures was 1.0 ml. The
incubation was carried suk oAt AT Tor ane hogr, T wach
ASHAY, E oml of freshly preparaed misbuwre of T ovelumes o f
Azebone, Lowvalume o 5 Mz500 solabion 20 1 vel ame af 10 mM
ammneXni e sl dak e solubiaon were added, The absorbance of
Ehe yellow color wag feasured ab 3595 nmoor 410 . The pH
and Eemperature woere Lalen acoveling Bo Naying % Marlal:is,
1341, Blanlis, conbrals and sthandarads were al so prepoved n
bhe same manne- . A shandard cigrve (o Pooranaing fvean 205

Nl es Ba 200 ol es was eshbablichedd, The absarbance for 10

l
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Nl es was araund 0,025 at 385 nm. A unit of phytase activi-
Ly under bhe conditions of the assay (Mayini % Markalkis,
L2814y i35 defined as bhe amount of Ehe =nzyme in the extract
from 015 g of dry yeast cells that liberates one pale o f By
Per omin,

Faor WWF 2 bran phytase, Lhe mebhod of Feers, 1933, was used.
The assay miwture contained O.1 M Ma acetatbe huffer, o mM
MaS0., the ewtract 2 1.6 mM Na phytate in a btot-al valume of
Lo ml, pH 5015, The reaction was starbed by the addition of
Phytate and was continued for cane hoor at 5500, Analiouad
vas withdrawn and addad be oone half of ites volume of 107 TCA
solubion., The precipibtate was vemaved Ly centrifugation, and
the My was debermined as deseribed abrve . A anikt of phytasge
activity under these condibions 1o conditions as bhe amount
af enzyme in bhe axbrack fron one fagr vy makarial, thak
liberates cne pg phosphorus per ohe hour ., (This definitian
was balen for comparing the rasolbs ebtajnoed in this report
with bhaose of Mesrs, 1957, Transport of phytic acid in
yeast cells— Lthe cells werae suapenched inoa buf fer conbaining
UmM phybats and were incabaked At 287 in vabary shaling
wabker babh. AL spezi ficd bine intervals, aligquats wevae
remaved, cells were separated by rmenbyvifugation and CHIgenouUs
phytalte inorganie phosphate wer- debermined in Lhe mecd i,
Effect of pH on the phytic acid dearadatian by WWF enzyme(g)-

LOO g of WWF, 7327 extrac Eion, were mived wibh 70 ml o f o HIT

[ &~
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solubion that is veguived bo o deap the pH o from 6.21 Cthe
actual pH 2rf the mizxtuwred) Lo 5015 (the optimal pH of She

sonbrol sample was mixed wibth 70 wml o of

wheal phytased). A
waker (pH 602100 AL btime of intervals, 8.5 g samples from

each of the above were talken and used for phybate assav.

EESULTS AND DISCUSSION

The activity =i phytasae in e sultracts of balker’s yeast
cells ranged from 1206 nmoles ko 23,0 nmales 7, /min /0015 a
dry cells.  The pyrophosphatass activikby in the same extracts
was 0T nmoles My /min /0 O, 15y ry cells. The pyrophosphat -
ase ackivity wos fully inhibibed ab 2 mM Ca**; while the
pPhytase ackiviby was nob affecked.  The phytase achtiviby hers
confivms Lhe Findings thabk veporbacd by Mayini 2 Markal:is,
12845 and the inhibitian of pyrophesphatase by Za** confirms
Ehe resalbs of Heppel, 1955, Prrbhermors, Lhe resalbs of
inhibibion by Car in Ehisg vepor boindicabe Ehab the phytase
is distincet rom pyrophosphabase. The assay (or pyrophosphat -
ase was performed in oorder b ocaniirm Bhis podnk, and cheol
the method forr vhe assay of phytase and Lo insure thal yeast
cells are adequately braben.  The methed of AssAay o bhe
Pyrophosphatase s di ffarent from what is per formed in this
study, and Lhe a-toal Athiviby by thab mebhad 15 (7 pnsl es Ty

Bl

/min/0.15g dry ceila. Theas regul ks sugaest Lhat bhe phytage

| 5
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activity is due bo a nonspecific acid phosphatase cr it is
due to a mixture of phosphatases and pyrophosphatase.

The phylage activiby in the extracts of WWUF anc bran are
Praesentbod in tabhle |. The resulbs indicate that WWE and its
bran contain phytasge Aaztivity. The phytase activities in our
samples are higher than thoge abtained by FPoers, 1255 but
Ehe rabio of the #nTyme achivities in the flew and in the
bran ig essentially the same, 0,79 versys 0.65, respectively,
The rate mf disappearance af erogenous phytic acid CIFEY  from

the media in the Presence of yeast cells, §. cerceisias, and
the rate of tha simul banecus appear ancs o inoroganis

phasphate in Gthe media at Lol TG wi bhegk alusose,  any

ohber Carbon FOLEE, 0r exogasnaus phoesphate are shown in

Figuwre 1. The daka show that as [FF Pevel decreases [ level
Increases in ke EIn PRRI Wikthin 75 min., bakh levels yreach

Ehedir end points and vemain so fer 050 min oo f Lncubation,
Also in the figure, the rabe of disappearance of MG i3
shown, Figure 2 repraesenta the rateeg of degvadaticon =0 IFR
At various concenbrakionsg, and pProcdhucbion wf [, by yeagk
cellag, Twz zonkrl FrRperiments ware Used: mne contyal
containeg phybic acid and the yeast el lsg Ehe ok sy conbro]
eMperiment conkaing phybic acid. Fram wanh “uperiment;,
Alicuats were ramoved at time intervals and analysic for 16
and Fyoin bhe callofroe atpernatant were per farmed. Tho

resulbs o in bthe figure indicate that initial 111G upbale

|4
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reached 0.7 Eo 0.8 mM Con bobh contrals at ewogenous IFE of
3.0 bo o0 M. The Py level, however, reached maximum value
aof ™ 2089 wM oin the medium ab 1.0 mM IFG. Fe in bthe phytic
acid solubtion was less than 0,08 wM which agreed well with
Lhat dndicated by Ehe manufackoreyr YO, 1 % ). The apparent
farmed extracellular Py declined to less than O.4 mM at 16
of 8 mi. Im the meanwhile, Lhe uptaké of IPE is presented in
two curves 1n bEhisg fig&re. In curve A Lhe conbral was IFG6
without cells, and in curve 12, bhe contral was ~ells nlus
IF%, bubk o fncabakion. In babth curves IFRG consuuep b ioon
veached maximal ab 3wl Lhen dectlined to O mMoand > 0.2 mb in

curves A oand 1T, raespecbively, IFE consumpbion remained so in

curve O, but increased again in o cwrve A. The difference in
Ehe bwo patberns miaht be due Lo mebaboalie achbiviby and o
ci fferent phozsphabases., Im ourve 12 Ehe snsyme phvbase i3
inhibited at 5 wM and bthis confivms ke results obtained by
Mayini and Marbkalis, 1304, The increase in TFE consumpt ioon
at hiagher PG concentraticns coald be explained by the cells
Acbiviby af 280 and poscsibly by Lhe action of abher
phosphatase (s, [ AatEemph Lo find a suibabie yeast o skrain
that degrades IF6 at higher rabes, a number of igolabes were
idenkified and ewamined. Fable 2 represents the sowree and
tdenbifivcation of wach yeask isolabe and ibs ackticon on PG in
Ehe WUWE doogh. An intevesting Cif nok puzzling? finding is

Ehat the contral (flaur mix Ehat did nek have yeast) gave a

>
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PDetter activibty (O.Z12 g %) than those which have yeast

COL364 b 0967 g Zy sewe those marlied wibh . Threo yeast
Species, P, puilicrmodis, R. mucilaginosa and 5. rcercuvisias
reduced IFE level bao 00171 Lo 0L 137 a %. These findings
indicated that the flouwr contains either enzyme(s) or cerbain
microorganisms that affec-t Ehe IFE level which i at least
0.26 a “. To account for the contradictory resulbs, 1L was
thought that IF6 might neak he dizbributed evenly in the fleur
which was used in dough maling.  Alsa the Eime and bthe
Eemperatuwre of Lha drying process of Ehe cdovgh maliing were
not well defined. Therefora, ib wag thaought that the process

must be repeabaed onder- contralled condi bianes, Ihe samse

@Mperiment s wer e repeabed . but g quant ity wf flow (100 g

[~

was mixaed wikh waber 70 mlo. A oquantibty af bhe misbore (8.5
4 was talen Lo which added Lo ml of veast SUSHENST N (e
as 1.0 g yeast plus 5 ml wabter ), The dough was then
incubated at 270~ fopr o By drisd and then analyz«s for IFG.
Table 2 shows Lhe rooglbs of mwch svperiments. which [1rring
ok - The levels o PG in bhe donghs which had bailed
Yeast o suspension are g hiaher Lhan bhose wer s obhtained
from contyio) crperiments in bable oL e, O.G17 —~ 0,741 v. x5,
0D.218 g 7o, respecbivel v, T Apparently, isolate 1O (5.
CEXreVISIas) is more sencibive Eo heat than bhe shher isolates
Decause it {5 the S ly one which did affect the phytic acid

level in bhe cenbrel Frperiments afkber R incubation (O.E17
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Vi, O.733 g ¥, 3= In the eMpaerimental column, some doughs
show significant decrease in the level of IFE even they werae
nok incubated at ST, whiieh might be attribubed te Lenathy
Eime of drying. 4= Inconsistent reszults amang the repeataed
2RPeriments which dealt with bhe same yeast (1, e, COompAar e
values in table = with bthe values in the last columm in table
3 for isclates numbered G, 7 2 (1, Mbst of bhe previogs
reports which have been puablished on the cffect of yeast on
bhe levels of 116 in bhe WE chough Tailad ke e lurle cantrol
2rperiments (. e, wibhout yeask aeg in Navert g¢ al., 1285,

Table 9 inetides Ehe levels of (16 i WWF doughs during their

incubation o foov varinug periads (no veast wacg added),

Tr=y ey

In all SEPEYiment s, TT w af Ehe initial Ire was destroyed

820 verrps, DLROT g uo, Uunlikakively, these resyltg are

in concordane s WIED Bhase  foond by Lingaas 2 Sandberg, 1930,
in Lthat srvlngenous phytbase Conkribukbes ko Ehe reduckion oo f
phylbake in bhae doaahs bak Ehyeir Corrnlbs shawed 6.0 % reeduc b ion
Afber Lwsy henwrs er Feovrmental g, The effect of phoof bhe
douah was alge shucdiad, and is presented in figure o,
Dropping bhe PLE B phiy kb age “pEimal o pHo fer AIEIviky did net
Significnntly lower the 1ave) 2f I Taster Fhan that at pH
G2, Ehe crdinary pHowvale af ke degh, The difforene,e in
Ehe patterng of Fhre curveg might be due b vhe i flference in
bhe initial 1pe conbents in kb dounghs Al though b Sampleg

Were talen from e Same flownr mi sk yp e, Thisg diﬁcrepancv,
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however, is commen in Ehisg Eype af work and =annet be
=xplained at this stage. Apparentiy, initial incubaticon of
Ehe dough mixtiore without bhe yrast at least for 20 min
followed by the addition =f Lhe yeast may contvibute to
further degradation of bthe [P by Ehe yeast and the wheat
enzyme. Locally bhere are Lwo commercial habier’s &,
cErevisias.  The Asbtrico, dry pellebed yeast which is =seald in
the supermarlets and the compressed yeast which is used in
the baberies, Figures -5 represent bhe aztivities af the
bwo bypes of yaeast bowvards ke wbilication of IMG. 5light

di fference betbtween the e Eypes is abserved At sarly bimes
of incubakian, Gewever, bhe upbalie of IR by bobkh i
zssenbially khe same At boge howrs o f incubakion as indicated
by the release af Foy & omM, ak | mb IFE. Mzsb impertant is
Ehe dinhibition of &, release an LIFG] increases. Apparently
the Astrico Eype ia less sensitive ke [FE than Lhe COmMPY eSged
veash. The cuperiments worae “epeated on o repregentakive
pPrevious isolates, = Eypical results are shewn in figure &.
Mone of btheaa yoash o isolakes did show ke rate of TG uptalke,
which was obbained o Fhe caommercial g, CErE IS I ae.
However, S, coregisiae from Labaneh Coonconbe aked voaghro- £
dQave bettaer aclivity than Ghe abhere. These requlbts led be

Ehe thinlking thak the Cmmercial G. 0 srerevisiae might have

sbraincs) bhat esould Alapt be 116, There for e, CDINP Y e

—

cErevisiae which grew in 5 mM IFG in liquid media, was plated
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i-16,

onoagar containing IFG, pH 3.2, After 10O days at ZB=, clear
colonies appsared as shown in plat- 1. One of the colonies
had an crange bta yellowish color wikh Eryi-denbate (delboidd
mor phology, This colony was designated Y-S—-a.  Ancbher
salony which had bthe crescent shaps Czoncaway wilkh orange
color was designated V-Ses. Spherical colonies were shewn ba
be bacteria and had ne IFG uptabe activity.

Bz fore challenging the cellsg of colonies above wikh higher
16 Concentrationg, Lhe effocks af carbon source and whhanel
o bthe cell g awth and 100G npbale wore swamined.  Table 75
shows Ehe results of bhe study ol bhe offacte of = arben
Sodrse and ebhanca) on bhe grewth oof 3. cerevis i and bhe
wbkilization af 1r0 Py Lhe cells,

The resulbs iadicake |- |ow Cress, e, - oo mbt, inhibits the
TRTyme Ca) bhat slegradde (oo thy bub the IFA level dees nok
inhibit bthe yeast arowkh, This result canfivms the findings
Lhat sre presented i Ehe Flgures (-7, - Subcul boring af §.
S IsI s celln bhak o gere areown o lbow IFG levels in media
that conkain higher 16 Lavels vraeaulbad in b wlaptabion af
Fhe cells be the high lewvels of IFG Aaned ik dearadabion, i.e.
compare resulto ol culbores arauvn on 0¥ sucroses - 5 0M O TRG
b bhose grown on 927 sucrace - Toml IPE Cin Ehe Galbl e, I-As
[FE increases (kg upbalvs ad Bhe growth ef the cells decreage
Csee resulbs i wrperiments Uhat vcontained 5w SLUTroset  and

varbous concenbrakicneg i IF6 vanaing from S5 omM o bo d0 mt)
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4= Glucose was less effective bowards degradation of IF6 than
that of sucraoss., - Hlycerol and ethanal did net shimulatbe
cell grawth. 6~ Ethanal ihad o effeckt on the IFE uwtilization
aroan cell o growth,

The next ewperiments were perforned on cells fram calonies
Y=G-a & Y-S5, Figure 7 vepresents bhe rates of oell growth
A% measured ok 530 nmoand Ehe mecdia was peptone, yeast
extract, B % susreoge 4.5 Ml erdogenous Fody 0w 1PG, and
LOO g ampicillinsml. The wells in thisg euperinent were
previously culbursd in 1iquiﬂ el L eum containing 5 mM 1FRG.

The figure indicates Ehak IFG At Ghieg lewve] Inereasasd bhe
chxubling Eime of Lok bwpan of mells. Howwe ey, ampparantly
Y=0-a has 1eags o Ting Bime of growkh Ehan Y-S5,

Thersfore, for Lhis reason,  the nesh oewporiment o owere

per formed an ¥ -5 n, Figures 8-10 uae Ehe patbern of growth
of Y=G-a in wveast niktrogen hage - 2% AUCrane media conbaining
var ious I conzenbrabions plas el e Addibivas ag indicabed
in the figures. Migur e 9 shaws Ehak A IFE Tevel increasges
froom 1O mll b 200 WM Ehe agrowtn vate Harreasesg, Figure 3 20 10
Shhows Bhe 5o Eype ol wwperiment s With Ir6 levels at 30 9, A0
mM, and Ehe o ffeet o TGN Lo gogos Phosphabe at 50 g,
Twa signi ficant ahsoervabione may be concluded (e e Bz
figures: 40 oM 10 delayed cell qrewkh for A bang per i, and
tnoraganis phosphat ) 5ee g, Parbially relicved Lhe

inhibition., Alzm bhe 7y affectk indicates that Lhe ENTYNes

0
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induced are nobt acid phosphatases because these would be
inhibited by high F{ (Mildner =¢ al., 127%; Elorza, =t 2l.,
1978; Schwargruber % Sechworgruber, 1979, The specific
arcwth rate and the doubling time were estimated from the
pPlob wf Lo B at S50 nm Cuhere [ represents the cell mass)
versus time and bthe equakicon Td - OLERE/ apeci fic growth rate,
where Lhe specifis araowth rate ig the slope of Lhe straight
line in the graph. A Eypical araph is presented in figure
Lo The deubling bime of Ehe cxlls ia computed At 5050 .
When Lhe cells were arawn on Low 56 and Lhen wer e

subcul bured in media with higher levels, bthe colls bhec ame
adapted to Lhe high levelsn,  and Lhe thoubling bime became
shovber unbil ik vreaches Ele nermal doubling Cime, abaut bwe
hour s CZinker 2 Warner, 13763, Fer inskance, whaen celda,

which wers talon from ool b e aroen in medium at 30 M IF6,

and incculated inka media af YNE 8% surroge containing 1O,

S0, % 20 e, e Al g Simes ey o e ae oI, T,

i}

and 2.7 h, vespechively Cfigure ik Shawn ),

The arowth of - s1145 in Ticprid medin conbaining IPG g
vhIompanied by Ehe poelease e Fointe Ehe wubracellul ar flouid
2 Ehe disoeppearance of IFC from the media, The rates of thesge
paranmebers ware foond var iab] - Wilth vespeck Lo bl Lype of
media. Figures (002, 17 Pl Tnshyate thig phesnamenan. Figur.e

I shows Ehak v-5-, wbilices IR frean YMEC weddioane et ke than

Ehat  from FYEomeedion., FKigurs I3 ahowes Byt Fooveleane and

A
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IFEG uptalke are higher at 10O M 56 Ehan ak =0 mil IFG in PYE
media which confivm the similar previous findinags as YNR

media were used.  The puriky of yrhal o calbores in bhe above
experinents was confivmed hy staining and light micraoscapy.

T QD

Typical cultures of Y-S54 are precsented in plates 2 2% 2 in
which living % stained cells were used. The cells were
active in division as birds are ae Numer g, Mo bacterial
cells wers abservad in bhe St bures fram which bhe reoulbe D

this study were ohtained. Any cul b e which shewe

conbaminaticn was discarder. The nomber af calls in bhe

culbure always covvesponded o Bhe 1ight scabbering obhained
at O30 nm, .. LoD covrasponded b 1wt 07 cnlls/ml by,

I REFACHIN

This sktudy establizhed: 10 Under speci fied condibiong .
CEFNTCIS T3 ol d predoe s Iymes bhab degradse phybate.

< In the daugh, oas i in Turvent o omellvods eor e oadmaddng,
T YmEs of bhe veast lasve miner vl Ao wbilization of the

RE N

Phybate. 20 The whear phyase in Lhe dough in absenee o
yrast waald degrade 77 0% ol ke snclogenons phybate within oo
Eo 30 minutes it STV, buabk Ehis Lewel is et e whebher it

aflfects minerals Absorption in howan intestine, and this

reedwezbion o phybic oacid by enddegence phytag.e Aackbivity was

AN
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inconsistent. The varialion Tould be due the age of the
flour, bemperaburse of milling, maisture, temperature of
storaae and 50 on. 4) The uptale of phylkate by the aord
baler’'s yeast -wlls depends on iks concenbration. At L
phytats the cells take it upoand hydrolyze it by bhe
ENTymer 05y as concluded from Eransport experiments (ne -
arcwth under bthose experimental condibionsd. A the IF
srncenbrabicon increases LoD i ke hydralyzis of the
cenpouwnd i inhibited. 5y 6 ceErseisias shrain (Y-S5
selected from  yeast caells which were allaowed Lo arow f
in mediom conbaining 5wk nhyliat =, khen plating Lthe cul
TN opehri o dishes conbtaining agar, mediom and phytate at
SeE. BY Y-Rea skrain Grows in high levels of Nnhytate,
Ehis inhibilks cal] arcethoab L0 mM. This tnhibition
reflects an increage in cell odouabling Eime ACCOmP AN e
lag phase, This phenamenen indicabes that this i an

Adaptation process be byj- Pevel of phylbaka by synbhesi

FNTYmeCs) Ehakt o5/ a0 e cAapAable wf bt wding BEhe phytate

less seneibive B Elvmeme i h Wweere inhihibed ag lower 1o

Cenzyme Nk ion Fod Lowed by inhibik Lo e 70 ey ani
Traanic phoaphates in Ehe meding ayae preferred as eours
Phosphake (o srowbhe DY Thorganie- Phoesphate in Bhe me
Partially valivwna Lle inhibiticon by Phytate, which HuUQ
Fhat phybtate and phosplhiat e Lransport MAy shave = eruneen

mechanism and Ehat e ShZymes indaced may neb be acid

inary

M
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phosphatazes., M3 el fect feor ebhapel 2 Bhe growth o of the
cells, and sucrose served hetbor as carben source bhan
Qlusase,  10) Y-5-1 &, carsvisias skrain could be an ideatl
system for claning and/or amplification of phytate-specific

phytase.

A4
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Transport of phytins

acid in baker’'s yeast.

Yeast

zells, Saccharomyces cereyisiae, wers incubated in medium
which contained 1.0 M phytic acid, at =8-r. After 15

min
y Centrifuged te separate
were assayed for inorganiec
azid was described in methods,
rate of consumption of phytic acid
the difforence between initial phytic
and the residual phytic acid in medium
intervals,

intervals, aliquots were removed
cells, and the supernatants
phosphate, Feo, and phytir-
Curve © represents the
which is computed as
id concentration
at the specified
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Fig. 2. Sarcharomyrnes cerevisias phytase induction by phytic
acid (IF6). The yeast cells were washed twice and suspended
in IFE solution at the spencifiaed concentration, One batch of
cell suspension was analyz ed immediately for extracellular
IFE Ccontrol), and another batch was incubated at 2870 for 75
min Ctest), tLhen extracerlular IFE6 was determined amzording
to the method described in tewt. The cells were separated by
centrifugation, Data ohtained fram test experiment; and
the control was Phytic acid witheot yeast. ¥ data were
obtained from test experiment; the control was phytic acid
plus cells, but na incubatiaon.
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pHoeffech on IFS leoel in dooagh

1.20

o [0 = v e,

oL o, ool .,
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Fig. 3. Effect of pt an the breal:down of phytic acid by the
2hdogencus phytase in the whole wheat fleour. One hundred
grams of the flour (72 % evtraction) were miwed with 70 m1
water, The pH of this mixture was measured and {found 6.321.
Annther 100 @ were mixed with 70 ml H20 which contained HC1
to hring the PH of the mixture te 9.13. The mixtures were
incubated at 37— for the time intervals as indicated on the
araph, Samples, 0.85 Q each, were talen at each bime
interval fraom each mixture anc assayed for phytic acid as
described in methods,
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Fig. . Cotzenbeal g on-depencdenc e hydrolysias of TFRG by
Astrice 5. REXrCGISsie s Wek o cel g o AV were suspended in 3
ml oo d medium whio g comsisbedl af | M Glucose,  a mH MELTT,
.85 o Mazl/ 1o ml, 2 1PE A indicated, pir o5, -, The cell

SUSPeEnsian was incubal e AL 20T i s water balth cshalker at

SO0 vypm. Afkery =peci e B e intervals, Aliqumt s wera
Femoved and aralvzed o Fodn the cell=(roe el i L.
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Fig. 7. @Browth of 9. cerevisias straing Y-S-a and Y=5-c in
FYE-IFE& media. The cells from colonies Y=9—a ani Y-5-c which
were obtained from agar plates that were inoculated with §.
cerevisias cells that were adapted to 5 mM IFE. The medium
contained FYE, gu% stwivose, 40 M TFg andrloo g amp/ml.
Endogenous P, was 4.5 mM.  Total volumeXmedium in 250-ml-side
—armed flask was 30 ml.
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Fig. 9. Effect 2f 30 mM O IFE and 30 mM Py sl the arowth
Y--5-a cells that were adapted teo 20 mM IRS, Cells (2%10%/m1)
medium containing 8x7 SUZrose, 30
IFE and 260 g amp/ml in presencae or o absence of S50 M Fo.

were inoculated in YNH
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Fig. 10, Effect of 40 mM I1Pg and 50 mM Py =1 the growth of
Y-5-a cells that were adapted to 20 mM IFE. Cells (2%10%/m1)
were inoculated in YNER medi um containing 9% sutrose, 40 mM
IF6 and 250 ra amp/ml plus or minus S0 mM Py, Total volume in
250 ml-side~armed flask was 30 ml.
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Fig. 11. Doubling Eime (6,0 o f Y=-T-a which wasg Adapted to 5 wH
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1O cella/ml vy oAnd bhe bobal volome was 30 ml oin IS0 ml o side-ar fiezid
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Fig. 12 Effect of media Composi Fion on the TRG upbalke by Y-5-a
and the releage oo Fy . Lells were incecul ated ak 2 ow10%/ml in YNR
or FYE media containing @ % SUCrTens 20 M PG and D60 g amp/ml.
Tobal vaolume was 30 ml in 250-m1 Side-armad flagl: . Frofiles in
sAuares werse abtained (o YNE mediam and the chhers from YRFE

me=d i, Py released frem 20 mM TG in YNE ol

EE Py released frea S0 ml G in YR meclitim.,
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Fig. 13. The affect of IFE Toncaenbration on ikg uptalke and an
the releass of o, by Y-G-a incculakbed at o HLO%/mloin PYE medium
containing 9 % sucrase and ZEO pg amp st Tobal wvalume was 20 ml
N 250-ml sioe -armed flask. @ Froafiles jn SAUAres raepregent Ehe
Fo released fram 16 at 1o mM initial concentration, kE Other
profiles rapragont Fo released from 116 At ZO mM o initial
concentration,
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Table 1-

Fhytase activity in the extracts of whole wheat and

its bran, and comparison with Feers data.
Fhytase activityt, pg P. /h /mg dry weight
Flour BRran Flour/Bran ratinm
This Study 5.08 7.90 0.65
Peers, 1353 3.1 4.3 0.79

* For the assay of phytase é-:tivity, see teut.
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Table 2~ The offect 2f yeast isalates from varinus fond
Saurces aon the level of phytic acid in the whole wheat flaour
after incubation for o b followed by drying.

Source Yeast isolate Gram of phytic- arcid
per 100 g flouwr

Contral No yeast added O.213
Plum jam 1. Candida plachosat 0.375 + 0,037
Dlives 2. Candida stohellsiin 0,855 + 0,010
Apple jam 3. Candida versatilis» O.71% ¢ 0. 062
Fresh grape
Juice 4o Hsp. Dsmoaphila* 0.598 + 0,027
Yoghur ¢ 5. Kluyverompyeoes

narxianus

var lactisw» 0.367
Apricot juice E. Motschpikowia

pulcheryripar 0.3264
Mandarin juirce 7. Pichia

DUIlliermodiy 0.160 * 0,009
Grapes, dried B. Pichia

membranasfacisncen 0.397
Orangs juire o Rhodotoruyla

nutIilaginosa 0.197 £ 0,010
Dotigh 10, Saccharonyces

CErevIsias 0.121 & 0,003
Grape juice
fermented far
72 h 11. 5. cErevIsias O.121 + 0,003
Labaneh 12, §. TErevIisias 0,211
Orange juire 13. 5. Kluyoyopin 0,327
Mandarin Juice 1, Sterjgmatomyces

nctairim 0.817 + 0,002

——— .._-_._._._...._.__._..._.._-__.__._.__.._.__._...v..-..—“_...._-.-_.._._-_..._....__._._._.___.....__._._-.—
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Table 3- Effects of yeasts numbered €, 7, 9. 10 and 11 (in
Table 2) on the levels of phytic acid in homogenirsd whole

flour dough.

Yeast number and Grams of phytic acid / 100 a flour
name Control—-a Experimental

0 h 2 h 0 h E
&. M. pulcherrima 0.715 0.3207 0.161 0. 140
7« P. puillicrmadii 0.7035 0,275 0.810 0.528
3. R. murcilaginosa 0.741 0.278 0.204 0,162
10, 8. cercvisias 0.617 0.733 0.621 0. 196
11. §. corsvisians 0.735 0,288 0,723 0.35688

a=  Yeast suspension wasg boiled five minutes befare its
addition to flour mivture. Contrels and experimental doughs
were incubated at Zoer for the time periods as indicated
before drying and determination of phytic acid.

40
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Table 94—

water (pH measured at 6.321).
experiment.,

v

D

taken for

ANy

i-38

Levels of phytic acid in whole flour dough versus
time. One hundred grams of floaur were mixed with 70 ml of
Eight grams of the mixture were

each

Incubation

periad,

hour s

Grams of phytis
per 100 g flour

0. 830
0,205

0. 205

0. 205

0,205

i s e S e s e e o ot o e S

N = number of experiments performed at the same time.

\q1
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Table S- Eifect of carben soores on oubilizaticon of phytat e

by 5. cersvisias. The basic mediuam censished of S Q pepbone
2.0 q yeast extract per L (PYE).

Basi:c medium plus Greowbh o in Foaund in medium
carbon source mM A £ at 580 nm mM Fi mhl A

8 7 sucroage .0 11. 80,6 70004 O.2r00 1
C120 Mo
= CLZO ho) 2.0 10,8 0.6 2.7

C120 ho .0 10.6 0.1 3.7

= (120 h) 5.0 11,5 0.4 4.8

83 4 susroge &

S W oethanol 2.0 11.5 SR 0.0
3 7 sucroges= 5.0 10,9 135.0 0.3

8 %4 sucroger 5.0 1o.3 16. 2 1.9

1O ho) 10,0 18,3 18.5 3.9

= CLOZ h) 20.0 7.1 J.1 16.2

= (134 h) <0, 0 S 12.1 35.1
3 4 glucasaes 2.0 15.7 0.3 1.8

2 4 aglvoeral &

3 % ebthanml= 2.0 0 N NI

3 7 glucose 2

3 L ekhanol= 2.0 7.k 0.0 a0

A= Cul b mediom was 200 ml in Sl f1ask. [nzababicmn periadd

was L3 hy yeast incculum was  [rem culbure adapbted Lo 5 omM A,

b= Inocalom freg cuperiment-a in 30 ml omediom incababion
period was 9 |,

c= Incubation pericd wac 120 h. NZ = ne change.
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i-ho

iy

Flate 1- VY-5-a and Y-5-- colonies, Saccharomyces cersyisia
cells were first inoculated intao Phytate—cmntaining medium
mM IFE) at 8- and the culture was agitated in a water shalker
bath. The cells from thie Culture were then serially diluted
and plated on agar plate containing 5 i phytate. In the plate
two colonies with tri-dentate (deltoid) CY-5-a) and a crescent-—
like or concaved (Y=-5--) moryphaology are seen.

aom

14
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i-h1

Flate 2+ live Y-5a colls as viaualized by methvlene hlue.
These are tvpical cells which were grown on hi ah levels of
phytate Clo —90 mM) in YME med; a. The plate ahows that onl y
yeast cells are present wibh roumer e hude as means of cell
division.
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i-42

Flate 32— VY-S5-a cells as visualized by Gram stain. These are
typical cells which were arown on high levels of phytate (10 -
40 mM) in YNE media. The plate shous that only yeast cells are
present with numerous buds as means of rmell divisinon.
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6) Impact, Relevance and Technnlmogy Transfer:

The findings of thic work are useful in the development af
balker's yeast to be used in half-leavening dough in bread—
making industry. To have this type ~f bread Cor pasbries)
is of great importance in order to maintain the nubrition
quality in the bread, the (laver and bhe availabilibty of the
easential elements: sinc, iran, and caleium. These cannmt bae
achieved satisfactorily thraough Lhe use of bhe currently
applied commercial balksy’'s yeagl o hraough pralengation of
fermentation period.  We shoold nek forget thalt the main
source of food in Jordan as uell as in the other cdeveloping
countyies G bhe whole wheat fleor Cand rjsed . Devel oned

counbries alao wse Lhe produchs of bhis soiorce of oo,
Theraefore, the project g tnternationally useful. The rasul bz

AU 2NTou gitag 3t e bhe atryaion we have isalabed deen cdeqra-
de bhe phytate al Low and hiah concentrations, Ehat are found

in the arains. e results in this report ave ok veb final -
Leed, howewaer, Theve are studies that have Eo be carvied oot

Ly Applicabion mf bhe shrain to bhoe chotiglhy ak lTaborabory 5023l e
Pevel % Ehen ab large indosbrial secale by Ehe babsyies, and
svaminabtion wf iks @ffect o Lo decradation =f Ehe phybat s
within reasonable Cime of foermensation. 2 Studies o bhe
ztability i Lhe skrain in Lhae Ponseas ol Fermentabion of Lbhae
doagh, ioel doss Db remain proclucing the enryvme(s) mr pekr,

If the strain doss nobt vemain proachiering bhe enzyme G, and

Ehis 1o sxpecicd because Ehe b ey mrganophasphatbe subsbances
in the wheatb may he Dobbar phooaphiab e sowrce Bhan phylatbe,
genetic manipulation on this strain musk e Ehen carvied ouk,

Meverthelvas and at Lhic shace, the oroject has clari fied the

. z
rale of yenrst in degradabion of phytate in Lhe doagh, which
was o oup boodabe nething. The poooject nas Dyomght e mlocar b

the solubion af She prablen. Wbz naow Lnow Bhak bhe phvbatba
enbers bhe cells, and in reaponse Lo absence or owvery Liow
inorganic phasphate, the shrain produses the ensyine Ca) bhak
conle dearade the phykabe 5., snmymeeCE) indoe Bion, This

b bhe diffevence Ehak Ehe Py ject has made. Al bhouah we are
ok Dl ly cprippear, | we s g ek ko cruippec 2ogqualified
for carrvving Lhe researech, Wee hiave gained Bhe bmw-bao
Eechnicuees in eealing wilh yeast whivh is highly dmper bank
microovganism in {oend Lechnnl oy, Foscarch sbhillsa by bhe
Lechnicians, graduate sLodents and senio investigators have
ar=abtly improved Lhocucgh Bhis preo et Also She project has
enhanced Lhe vescarch and faproesed b qualiby throuah the
cOulpment we hoacd Doaht o fr b Nund s, nanely, Light
micrascops, anboc |l ave 2 shervilicer, ashing covetyy chmal e heam
specbrophobonebor v friages ke hiah speed microcenberi fugs,
cell disintenr atey fpelybront . deep freczer, sater habh
shaler and rncubaber ) coomera fer nstank phetoaraphy for
documentabt bong,  and abher nicseel Lanesas ttems that o e
essential for bhe pegearei, Ll e 5kl worl ing an Lhe

project, and we are confident Lhat we might have a

brealthrough in Ehis problem.
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73 Froject Activities Z Outnuts:

N mestings were attended. A number of publications cat
Least two) are in preparation. Feprinte will be stbmitted
when results are published.

8) Project Froductivity:

The proposed goals at thi stage of bthe project have heen

accompliched.  Jowever, Ehe lbimake aoal ol the project

which is bhe praducbion of bread that is of TR Tl B 5 Wt
qualities as indicabed in the original praopasal has mob beeen
Aaccomplished for a numbeyr o f FeASTING. LY Gireater funds and
Longer period of Eime for conducking this type of regears I
ares pesched, S0 The research hasg enter st a stage that
requires malecul ar biel Tay and aenebic mani pulabtions, e are
Now prabby sure that the ens ymetsy Lhat cdegrad.e- phvtate
is/are inducible in Lhe strvain we hawve {501 Loeid, Nt By e
is a problem and that i S oenrvae it bico weng ] R SUPNY e 5e e
Upoan Ehe absence o f e tndwztive conditiong whivh are the

Phytate concentyatiog and Lhe mediom o DU Rl B A AT R However,
the probabili by Ehabk bhe strain Wl ack s Ehe Phybate in
the dough is bher ey % bthis ig an *upeviment which has ot
Been condies ke yeb o Lime Limits on bhis phase of Lhe
projaect,

) Future Worl:

The project has already lead s ko oo pew phase of ragearch in
this problen.  We ara Turrently =rperimenting the new sbrain
in dough leavening and itg eflfect on Lhe pPhytate lavel in the
thaugh afbter fornentation. Alsa we are thinking of waysg of
genebic manipul abion of the strain, and that is how be gal:e
the shrain secrele Ehe enzvme conbinuously under e
condibions o dovgh-making. OF these wayes is the use =f and
Ehe dintroduckion o 4 Pramed ey inta fhe Qene of bhe enzyme of

Fhe shyain. Thers are tmany publications Soncerning this type
wl o research;  and many products are made Ehrouah thig Lype af

SGenelbic engineeri 1.
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