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Phytate Degradation by Lactic Acid Bacteria and Yeasts during
the Wholemeal Dough Fermentation: a  3!P NMR Study
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myo-Inositol hexaphosphate (IP6) is the main source of phosphorus in cereal grains, and therefore,
in bakery products. Different microorganisms such as yeasts and lactic acid bacteria have phytase
enzymes able to hydrolyze IP6 during the wholemeal breadmaking. In this paper, the phytase activity
of Lactobacillus plantarum, Lactobacillus brevis, Lactobacillus curvatus, and Saccharomyces cerevisiae
strains, isolated from southern Italian sourdoughs, is assayed using the 3P NMR technique. The
sourdough technology based on the use of lactic acid bacteria in the breadmaking is finally suggested.
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INTRODUCTION processes are used to obtain bakery products with an excellent
myo-Inositol hexaphosphate (IP6), largely known as the Sensory quality and a prolonged shelf life, but they require a
storage form of phosphorus in seeds, is particularly abundantlong fermentation time and a sophisticated techno_logy. On the
in many cereal grains, oilseeds, and legumes and is containec’ter hand, the baker's yeast technology obtains standard
in flours and brans of different cereals. IP6 is often reported as Products in short fermentation times. It is important to inves-
antinutrient (1—3) since it forms complexes with dietary tigate hqw thgse two d|ﬁgrent techpologles can |nfl'uence the
minerals hindering their absorption and hence reducing their Metabolic activity of the microorganisms, and in particular, the
bioavailability 4—7). On the other hand, it is also reported that Phytase activity. _ _
lower inositol phosphate derivatives can have health benefits _The phytase activity can be studied by measuring the amount
in the protection against colon canc&; @), arteriosclerosis, ~ ©Of IP6 during fermentation. Different analytical methods such
neural tissue, and coronary heart disead®s 11). as |Qn-exchange chromatograph&_Z( 23), complexometric
Phytase enzymes, widely present in organisms such as plantstitration (21), and*® NMR technique 24, 25) have been
microorganisms, and animal celts) make available minerals ~ developed to determine the amount of phytates in food.
(7, 13—15) and phosphorus present in phytates through a_In this paper, the phytase action of five different microorgan-
stepwise 1P6 hydrolysis. isms (i.e., yeasts and lactic acid bacteria isolated from Southern
The degradation of IP6 can be catalyzed either by endogenougtalian sourdoughs) was studied using a suitabiile NMR
enzymes, naturally present in cereals, or by microbial contami- technique. The phytase activities of lactic acid bacteria and
nant enzymes. The phytase activity, detected and studied inyeasts were analyzed and compared.
many microorganisms, depends largely on the biochemical
characteristics of the enzymes (16—20). MATERIALS AND METHODS

Many bakery products such as bread have a significant  greadmaking Procedure.Doughs were prepared by mixing whole-
content of IP6 21), which can be hydrolyzed by microorgan-  wheat flour (100 g), distilled water (approximately 60 mL), and starter
isms. Specifically, during the bread production, endogenous cultures (18 cfu/g yeasts or 10cfu/g lactic acid bacteria). Dough (A),
(from cereals) and microbial (yeasts or/and lactic acid bacteria used as control sample, was made without the starter culture addition.
naturally present in flour or added as starter) phytase enzymesFor the inoculum, strains from the DISTAAM collection of the
are both active. In fact, during cereal processes such as malting University of Molisg were used: all the strains were previously isolated
fermenting, and soaking, phytase enzymes catalyze the stepwisé©m Southern ltalian sourdoughs. _
hydrolysis of IP6 tanycinositol via penta- to monophosphates Five dl_fferent st_rams were ass_ayetiactobaculus plantarum(B),
and orthophosphate (2). Lactobacillus brewvig(C), Lactobacillus curvatugD), and Saccharo-

. . . myces cerevisiastrain 1 (E) and strain 2 (F). Cultures of lactic acid
Nowadays, the main baking technologies use both sourdoughy, . c1ia and yeasts were propagated routinely in MRS baghand

and baker’s yeasts. In the modern baking industry, sourdoughi, ypp (10 g/L yeast extract, 20 gL bacteriological peptone, 20 g/l

* Corresponding author. Telephone:39-0874-404870. Fax+39-0874 glucose), respectively, for 24 h at 2&. Cells used for dough
404652, E-mail: coppola@unimol.it. ’ ) ’ fermentation were incubated until the late exponential phase of growth

t Universita degli Studi del Molise. was reached (~16 h). The fermentation of each dough was performed
*stituto di Metodologie Chimiche. for 36 h at 28 °C.
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Phytate Extraction. To study the kinetics of the phytate hydrolysis and analyzed with the pattern analysis software package Gel Compar
in the control sample and in doughs inoculated with microorganisms, Version 4.1 (Applied Maths, Kortrijk, Belgium). Similarity calculation
the samples were withdrawn after 0, 2, 4, 6, 8, 12, 24, and 36 h of in the profiles of bands was based on the Pearson predocment
fermentation. At each sampling time, the pH of the dough was correlation coefficient. Dendrograms were obtained by means of the
measured. The pH measurements were performed using a spin electrodanweighted pair group method using the arithmetic average clustering
pH meter (Crison model 2001). Phytate extractions were performed algorithm (33).
following the method of Kemme24) with some modifications.
Specifically, 6 g ofdough sample was mixed with 30.0 mL of 0.75 M
HCI by agitation fo 2 h at 20°C. The slurry was centrifuged at 1890
for 15 min, ang 6.0 mL of the (;Itear SUﬁ)ernatra]mt was r;eateld for 15 min 31p NMR Methodology. Nuclear magnetic resonance is a
at 100°C, under agitation. After cooling, the sample solution was f : S

. : “> powerful technique able to give us a relevant contribution in
centrifuged (1800dor 15 min). Subsequently, 8.0 mL of ethylenedi- food analysis (3435). A quantitative and extremely accurate

aminetetracetic acid (EDTA: 30 mg/mL) aqueous solution was added ,; o
to 4.0 mL of the supernatant. The pH of the solution was adjusted to -~ NMR methodology for the determination of orthophosphate

6.0 using 2 M NaOH; then, the sample was freeze-dried and dispersed@nd inositol phosphates in diets was reported by Kemme et al.
in 5 mL of water and filtrated (0.46m). The pH was adjusted to 12.6  (24). The main advantages of the NMR technique in comparison
using NaOH. Finally, the samples were freeze-dried again. to other techniques such as HPLC are that NMR allows one to
NMR Analysis. Freeze-dried samples (100 mg) were dissolved in detect and quantify all the phosphate compounds in the same
D,O (600uL) adjusting the pH to 12.6 since at this pH the inositol experiment and that NMR does not need any standards. The
species are stabl@4). *H and*'P NMR spectra were recorded at 300  NMR sources of bias influencing the recoveries of the total
K'on a Bruker AVANCE AQSG00 spectrometer operating at 600.13 phosphorus content can be attributed to several factors involved

and 242.94 MHz, respectivelyH decoupled®P NMR spectra Z7) in th mple preparation an he low sensitivity of the NMR
were performed using a 5 misroadband probehead with a 20 kHz teéhﬁiz‘ae F()2e4;) eparation and to the low sensitivity of the

spectral width, 8000 data points, a relaxation delay of 7 s, a GARP . o
pulse sequence for proton decoupling, a number of scans of 512, and Here, further sources of error in the determination of phos-
a 90 pulse on'P of 10us. An exponential multiplication (2 Hz line ~ phorus content are discussed. The quantification of the inositol
broadening) and zero filling to 16000 points were applied before the phosphates and the ortophosphate can be obtained using the
Fourier transformation. ThéH decoupled®P inverse gated NMR integral values of thé'P resonances in thi-decoupled®’P
spectruri’”?® was obtained using a 45ulse on¥P and 30 s of  NMR spectrum. To obtain correct integral values, the complete
relaxation delay. Chemical shifts &P spectra are given in ppmwith  rgjaxation offlP resonances between consecutive scans has to
respect to an external standard of 854°8,. The relative IP6 content be assured. and the NOE enhancement must be excluded: un-
is reported, in percents, as the ratio between the sum of thé'P6 fortunately élp NMR experiments, performed using the inverée
integrals and the sum of allP integrals. The correct value of the Pi 1 ' - ! . .
gatedH-decoupling and a long relaxation delay that fulfills

integral was obtained by introducing a correction factor, as described - -
in the Results and Discussion. completely both these conditions, require extremely long, often

The IP6 content in grams of P per kilogram of the freeze-dried extract Prohibitive, experimental times. Therefore, we decided to use
was measured using 2-aminoethylphosphonic acid (9.4 mM) as anthe experimental conditions proposed by Kem2w,(namely,

RESULTS AND DISCUSSION

internal reference. a GARP!H-decoupling and a relatively short relaxation delay
Because of the strong signal overlapping, the spectra of the of 7 s: in this way, more sensitive and less time-demanding

extracts were not used to perform quantitative measurements. experiments can be performed, but a correction factor has to
The 'H-3'P gradient-selected HMQC spectrun27¢-29) was be introduced to obtain a correct value of the phosphorus

performed using a 5 mm Bruker multinucleargradient inverse content.

probehead. This experiment was performed in the eeimtiecho phase 31
selective mode with the following parameters: & 9@ hard pulse of The 31P T, measurements showed that &P resonances,

11us, 3 and 6 kHz spectral widths in proton and phosphorus dimensions except the orthophosphate resonance'_ hayevalues S_hort
respectively, 512 points in,Fand 512 increments inF Linear enoulg.h (1-2 s) to completely relax in our experimental
prediction up to 512 points was applied indimension before Fourier ~ conditions: on the contrary, the lofig value of orthophosphate
transformation. Unshifted squared cosine window functions were resonance (about 7 s at @2.6) does not allow this resonance

applied in both dimensions. to relax completely. The incomplete relaxation of orthophos-
T, relaxation time of'P nuclei was measured using ainversion— phate resonance between consecutive scalt® INMR spectra
recovery experiment (27) with a relaxation delay of 60 s. results in an underestimation of its concentration. Nevertheless,

RAPD-PCR Analysis. The presence of the starter during the the correct orthophosphate (Pi) concentration can be calculated
fermentation period was monitored by RAPD-PCR. RAPD-PCR was . introducing a correction factor resulting from the ratio
carried out both on strains used for inoculum and on strains isolated atbetween the Pi resonance intensity in the inverse gited

the end of dough’s fermentation. The identification of isolates was decouplec’P spectrum of the control sample (with relaxation
carried out on colonies chosen randomly. p P p

Lactic acid bacteria cells were grown in 5 mL of MRS broth at 28 delay long _enough for th_e com_ple_te orthophosphate relzflxat'on)
°C. Yeasts cells were grown in 5 mL of YPD medium (20 g/ @nd the Pi resonance intensity in the GARR-decoupling
bacteriological peptone; 20 g/L dextrose; 10 g/L yeast extract). Lactic €xperiment performed on the same sample under the typically
acid bacteria DNA was extracted according to the method of Querol et used conditions (7 s relaxation delay). The intensity of IP6
al. (30), whereas yeasts DNA was extracted following the same methodresonances has to be set at the same value in these two spectra
but using the lytic enzyme froiRhizoctonia solan{Sigma, St. Louis, ~ to compensate the NOE enhancement as well. In our experi-
MO) to digest the cell walll. ments, the correction factor was equal to 1.5, and the Pi

The amplification reactions were performed according to Andrighetto ~gncentration was calculated by multiplying the integral value

etal. @1) for lactic acid bacteria and to Succi et @2] for yeasts.  f e pj resonance by the calculated correction factor. The error
Lactic acid bacteria and yeast amplification products were separated made in the estimation of the integrals was0% (24)

by electrophoresis on 1.5 and 1.8% (w/v) agarose gel in 0.5 x TBE '

bﬁﬁerl rest))ectiver. (W) 29 ¢ Finally, the correct quantification of Pi and IP6 in the extracts

Random amplification of polymorphic DNA-polymerase chain Was obtain_ed by using the rel_ative concent_rations of Piand IP6
reaction (RAPD-PCR) profiles were obtained directly using the digital (See Materials and Methods) instead of their absolute concentra-
camera ImageMaster VDS (Amersham Pharmacia Biotech, Milan, Italy) tions. In fact, the results obtained using 2-aminoethylphosphonic
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Figure 1. H-decoupled 3P NMR spectra of the extracts of wholemeal

dough (control sample, A) at different sampling times, pH = 12.6 and T
= 300 K. ¥ = IP6 resonances and * = Pi resonance.

Table 1. 'H and 3P NMR Assignments of IP6 in D,O at pH 12.6 and
T = 300 Ka

proton/phosphorus position

in the IP6 moiety H (ppm) 3P (ppm)
1,3 450 5.05
2 431 453
46 459 470
5 450 5.95

a 31p chemical shifts are reported in ppm with respect to an external standard
of 85% H3PO4. 1H chemical shifts are reported in ppm with respect to a trace of

Reale et al.
100
A
: B
80 ‘ C
- D
F
60 - E
1P6, %
40
20 -
40

Time, h

Figure 2. IP6 content (in % P total) in extracts of doughs after different
fermentation times. The doughs were inoculated with Lb. plantarum (B),
Lb. brevis (C), Lb. curvatus (D), S. cerevisiae strain 1 (E), and S. cerevisiae
strain 2 (F). The IP6 content in the control sample (A) is also reported.

h of fermentation shows a clear increase of the Pi resonance
and a lowering of the IP6 resonances. The kinetic curve shows
that after 6 h about 40% of IP6 disappeared (Bagre 2).
The degradation of IP6 can be the result both of the activity of
endogenous phytase present in the flour and of the enzymatic
activity of contaminant microorganisms. No new resonance due
to intermediate compounds (i.e., IP5, IP4, IP3, IP2, and IP1)
was significantly present: therefore, no accumulation of lower
IPs was present in the control sample in agreement with the
results obtained in the case of some feed ingredizd}. A
possible explanation is that the phytases present in doughs are
able to breakdown the intermediate IPs. Finally, in the case of
the control sample, the enzymatic hydrolysis was not complete;
in fact, after 36 h, a significant amount of IP6 was still present.
It is possible that the released phosphate inhibited a further
enzymatic activity.

Samples Inoculated with Lactic Acid Bacteria. The tH-
decoupled’P NMR spectra of extracts of dough inoculated with
Lb. plantarumare shown irFigure 3. During the fermentation,

the IP6 resonances decreased, the Pi resonance increased, and
the presence of some new resonances was observed. On the
acid as an internal reference (24) in extracts of the same doughbasis of the nonsimultaneous appearing of these new peaks
at different fermentation times showed that the overall quantity during the fermentation, at least three different groups of peaks
of phosphorus was not constant. The variation of total phos- corresponding to three different lower inositol phosphates were
phorus content in these experiments was not systematical ordistinguished. The comparison between these spectra and the
monotonic; in fact, the total phosphorus content was in the rangeliterature data Z4) suggested that the IP5 and IP4 were not
of 1.4—4 g of P per kilogram of the freeze-dried extract. The presentin our samples. Therefore, no accumulation of IP5 and
variation of absolute phosphorus content probably due to anIP4 was present, and the unknown resonances can be tentatively
incomplete extraction of inositol phosphates from wholemeal assigned to IP3IP1 species. The incomplete hydrolysis of
doughs (24) can give misleading results, especially when IP3—IP1 inositol phosphates suggested that the phytase activity

DSS used as internal standard.

different extracts are compared.
Control Sample. 'H-decoupled'P NMR spectra of the ex-

of lactic acid bacteria exhibited a different substrate specificity
with respect to that observed in the control sample.

tracts of wholemeal dough (control sample) at different sampling  The kinetic curves relative to the doughs inoculated Wwih

times at pH= 12.6 in D,O are reported irFigure 1. 1H and
31p resonance assignments, reportetahle 1, were performed
using literature data2@d) and a 2D HMQC experiment (data
not shown). The 0.5 ppm downfield shift of all phosphorus
resonances with respect to the literature dag {s due to the
different external reference. THéP assignment of IP6 reso-

plantarum,Lb. brewis, and_b. curvatusare reported ifrigure

2. These three strains showed a phytase activity with a similar
kinetic pattern; therefore, the enzymatic action of these lactic
acid bacteria probably follows the same mechanism. The IP6
hydrolysis occurred in the first hours when a relevant decrement
of IP6 intensity was observed; after 12 h, IP6 content was almost

nances was also confirmed by the addition of sodium phytate constant, suggesting an interruption of the hydrolysis.
to the control sample: the intensity of IP6 resonances increased, Finally, the kinetic curves showed clearly that these bacteria

and no new lines were observed in the resulting spectrum.
The'H-decoupled'P spectrum at= 0 of the control sample

induced a higher IP6 reduction, and consequently, a major
phytase hydrolysis in comparison to that observed in the con-

(Figure 1) shows clearly the IP6 resonances together with the trol sample (Figure 2); in fact, after 12 h, the kinetic curves

Pi resonance. Th&P spectrum of the sample obtained after 6

showed that in doughs inoculated with lactic acid bacteria, about
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Figure 3. 'H-decoupled 3'P NMR spectra of extracts of dough inoculated
with Lb. plantarum (B) at different sampling times, pH = 126 and T =
300 K. ¥ = IP6 resonances and * = Pi resonance. Symbols °, A, and
# indicate the resonances of three different low inositol phosphates.
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Figure 4. H-decoupled3!P NMR spectra of extracts of dough inoculated
with S. cerevisiae strain 1 (E) at different sampling times, pH = 12.6 and
T =300 K. { = IP6 resonances and * = Pi resonance.

80—90% of IR; disappeared, whereas in the control sample after
the same time only 50% of IP6 was hydrolyzed.
Samples Inoculated with Yeasts!H-decoupled®’P NMR

J. Agric. Food Chem., Vol. 52, No. 20, 2004 6303

Table 2. Phytase Activities of Lactic Acid Bacteria and Yeasts after 36
h of Fermentation?

inoculated sample® IP6 breakdown (%)
B 21
C 21
D 16
E 29
F 7

2|ntrinsic phytase activity of the wholemeal dough contribution is excluded. ? B
= Lb. plantarum; C = Lb. brevis; D = Lb. curvatus, E = S. cerevisiae strain 1;
and F = S. cerevisiae strain 2.

observed; no significant accumulation of lower IPs intermediates
was observed.

The kinetic curves relative to the IP6 hydrolysis in doughs
inoculated with yeasts E and F are reportedrigure 2. It is
important to notice that in the case of yeasts, after 12 h only
50% of IP6 degradation occurred, whereas in the case of lactic
acid bacteria after the same time,~880% of IP6 disappeared,
suggesting that the degradation rate of IP6 in the case of yeasts
was slower than that observed in the case of lactic acid bacteria.
The high degradation rate in the case of lactic acid bacteria is
probably due to the suitable pH condition for the IP6 degradation
reached in the first hours of the fermentation (see the following
section).

Moreover, the IP6 amount was constant after 24 h. In the
case of yeast E, the total IP6 degradation was reached: in fact,
at the end of the fermentation, the IP6 intensity was almost equal
to zero. On the other hand, in the case of yeast F, IP6 did not
disappear completely, and about 25% of IP6 respect to the initial
amount was still present at the end of the fermentation.

Finally, the phytase activities of yeasts and acid bacteria as
obtained by the subtraction of the background IP6 breakdown
of each inoculated sample from IP6 breakdown of the control
samples after 36 h of the fermentation are reporteGiable 2.

In this way, the phytasic activity of yeasts and lactic acid bacteria
was evaluated without the contribution of the intrisic phytase

activity, which was the same in all the samples: the lactic acid

bacteria B, C, and D had a similar phytase activity, and yeast
F showed a very low phytase activity, whereas yeast E had the
highest IP6 breakdown.

pH Measurements. The phytate degradation rate depends
on the pH conditions1(, 19); suitable pH values for the IP6
degradation are in the 4%.5 range 1). The pH values of
doughs during the fermentation are reported-igure 5. As
expected, during the fermentation, doughs inoculated with lactic
acid bacteria (B, C, and D) showed lower values of pH in
comparison both to the control sample (A) or to the doughs
inoculated with yeasts (E and F). The lowering of the pH from
6 to 5 in the case of lactic acid bacteria could be responsible
for the high degradation rate reached in the first hours of the
fermentation. On the other hand, in the case of samples E and
F, the pH values were constant in the first hours of the
fermentation, and only at the end of the fermentation were pH
values around 5 reached: this is in agreement with the observed
slow degradation rates observed in the case of samples
inoculated with yeasts.

RAPD-PCR. To confirm the presence of the starter at the
end of the fermentation, the microbiological composition of the
inoculum and of the mature doughs (36 h) was compared. Each
starter strain and some strains randomly isolated from the

spectra of dough extracts inoculated with yeast E are shown ininoculated samples were screened by DNA analysis (RAPD-

Figure 4. During the fermentation, a clear decrease of the IP6

PCR). The genotypic identification showed high similarities

resonances together with an increase of the Pi resonance werdetween the strains used for inoculum and those isolated from
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Figure 5. pH values of doughs during the fermentation: control sample
(A), Lb. plantarum (B), Lb. brevis (C), Lb. curvatus (D), S. cerevisiae
strain 1 (E), and S. cerevisiae strain 2 (F). Each point represents the
mean of three measurements made in different parts of the sample. Vertical
bars indicate the standard deviation.
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Figure 6. RAPD profiles of starters used for inoculum and lactic acid
bacteria isolated at the end of the fermentation of doughs. Cluster 1:
Lb. plantarum starter strain (311) and Lb. plantarum isolated strains
(B1-B3); cluster 2: Lb. brevis starter strain (258) and Lb. brevis isolated
strains (C1-C7); and cluster 3. Lb. curvatus starter strain (325) and Lb.
curvatus isolated strains (D1-D7).

samples at the end of fermentatiéiigure 6 shows the RAPD-
PCR profiles both of the lactic acid bacteria used as starters

kA

—e—F

Reale et al.

In the case of the main bakery products such as bread made
with baker’s yeast, the time required for the fermentation time
is ~2 h: this means that if the activity of all yeasts used in
breadmaking was similar to that observed in the case of yeasts
E and F, the IP6 present in flours cannot be significantly
degraded during the breadmaking. On the other hand, bakery
products made with sourdoughs require a long fermentation
time, thus allowing a significant IP6 degradation. So, taking
into account the fermentation times used in breadmaking
tecnologies and the specific phytase activity of the starters used
for breadmaking, the sourdough technology based on the use
of lactic acid bacteria seems to be more suitable for producing
bread and other bakery products with an improved minerals
bioavailability and a higher content of lower IPs with health
benefit properties. Further studies involving the action of other
microorganisms are in progress.

ABBREVIATIONS USED

IP6, myo-inositol hexaphosphate; IP&yo-inositol penta-
phosphate; IP4nyo-inositol tetraphosphate; IPByo-inositol
triphosphate; IP2myo-inositol diphosphate; IPinyo-inositol
monophosphate; Pi, orthophosphate.

ACKNOWLEDGMENT

We thank Prof. Annalaura Segre (CNR, Inst. Chemical Meth-
odologies) for helpful comments and for the use of the NMR
facilities of the Institute of Chemical Methodologies (CNR,
Monterotondo Staz., Rome).

LITERATURE CITED

(1) Lopez, H. W.; Leenhardt, F.; Coudray, C.; Remesy, C. Minerals
and phytic acid interactions: is it a real problem for human
nutrition?Int. J. Food Sci. Tech2002,37, 727—739.

(2) Minihane, A. M.; Rimbach, G. Iron absorption and the iron
binding and antioxidant properties of phytic acidt. J. Food
Sci. Tech2002,37, 741—748.

(3) Nolan, K. B.; Duffin, P. A. Effects of phytate on mineral
bioavailability. In vitro studies on Mg, C&*, Fet, Ci#+, and
Zn?* (also Cd?™) solubilities in the presence of phytatk.Sci.
Food Agric.1987,40, 79-85.

(4) Harland, B. F.; Oberleas, D. Phytate in foodéorld Rewv. Nutr.
Diet 1987,52, 235—259.

(5) Maga, J. A. Phytate: its chemistry, occurrence, food interactions,
nutritional significance, and methods of analydisAgric. Food
Chem.1982,30, 1-9.

(6) Torre, M.; Rodriguez, A. R.; Saura-Calixto, F. Effects of dietary
fiber and phytic acid on mineral availabilitLrit. Rev. Food
Sci. Nutr.1991,30, 1-22.

(7) Lonnerdal, B. Phytic acid-trace element (Zn, Cu, Mn) interac-
tions. Int. J. Food Sci. Tech2002,37, 749—758.

(8) Shamsuddin, A. M. Inositol phosphate have novel anticancer
function.J. Nutr. 1995,125, 725—-732.

and of the bacteria isolated at the end of the fermentation. The (g) shamsuddin, A. M. Anticancer function of phytic acidFood

resulting dendrogram shows clearly the presence of three
clusters: cluster 1 groupsb. plantarumstarter strain (311) and
three strains (B1, B2, B3) randomly isolated at the end of
fermentation of dough B; cluster 2 groupb. breuis starter
strain (258) and seven strains (€C7) randomly isolated at

the end of fermentation of dough C; cluster 3 grougs

curyatusstarter strain (325) and seven strains (D1-D7) randomly
isolated at the end of fermentation of dough D. The profiles of
the bands in each cluster show no differences between the starter

Sci. Technol2002,37, 769—782.

(10) Fisher, S. K.; Novak, J. E.; Agranoff, B. W. Inositol and higher
inositol phosphates in neural tissues: homeostasis, metabolism,
and functional significancel. Neurochem2002,82, 736—754.

(11) Jariwalla, R. J.; Sabin, R.; Lawson, S.; Herman, Z. S. Lowering
of serum cholesterol and triglycerides and modulation of divalent
cations by dietary phytasd. Appl. Nutr.1990,42, 18-28.

(12) Lopez, Y.; Gordon, D. T.; Fields, L. Release of phosphorus from
phytate by natural lactic acid fermentatich.Food Sci.1983,

48, 952—954.

and the corresponding strains isolated at the end of fermentation. 13y waiz, 0. P.; Pallauf, J. Microbial phytase combined with amino

This result confirms the presence of the starters at the end of
the fermentation. The same results were obtained in the case of

the yeasts (data not shown).

acid supplementation reduces P and N excretion of growing and
finishing pigs without loss of performancént. J. Food Sci.
Technol.2002,37, 835—848.



Phytate Degradation by Lactic Acid Bacteria and Yeasts

(14) Konietzny, U.; Greiner, R. Molecular and catalytic properties
of phytate-degrading enzymes (phytasds}. J. Food Sci.
Technol.2002,37, 791—812.

(15) Sandberg, A. S.; Brune, M.; Carlsson, N. G.; Hallberg, L.;
Skoglund, E.; Rossander-Hulthén, L. Inositol phosphates with
different numbers of phosphate groups influence iron absorption
in humansAm. J. Clin. Nutr.1999,70, 2, 246-246.

(16) Kerovuo, J.; Tynkkynen, S. Expression Bfcillus subtilis
phytase inLactobacillus plantaruny55. Lett. Appl. Microbiol.
2000,30, 325—329.

(17) Quan, C. S,; Fan, S. D.; Zhang, L. H.; Wang, Y. J.; Ohta Y.
Purification and properties of a phytase frabandida krusei
WZ-001.J. Biosci. Bioeng2002,94, 5, 419-425.

(18) Simon, O.; Igbasan, F. In vitro properties of phytases from
various microbial originsint. J. Food Sci. TechnoR002, 37,
813—-822.

(19) Zamudio, M.; Gonzalez, A.; Medina, J. A.actobacillus
plantarum phytase activity is due to non-specific acid phos-
phataselLett. Appl. Microbiol.2001,32, 181—184.

(20) Sreeramulu, G.; Srinivasa, D. S.; Nand, K.; JosepH.dRto-
bacillus amyloorusas a phytase producer in submerged culture.
Lett. Appl. Microbiol.1996,23, 385—388.

(21) Garcia-Estepa, R. M.; Guerra-Hernandez, E.; Garcia-Villanova,
B. Phytic acid content in milled cereal products and breded
Res. Int.1999,32, 217—-221.

(22) Bos, K. D.; Verbeek, C.; Eeden, C. H. P. van Slump, P.; Wolters,
M. G. E. Improved determination of phytate by ion-exchange
chromatographyd. Agric. Food Chem1991,39, 1770—1773.

(23) Burbano, C.; Muzquiz, M.; Osagie, A.; Ayet, G.; Cuadrado, C.

Determination of phytate and lower inositol phosphates in spanish

legumes by HPLC methodologizood Chem1995,52, 321—

325.

Kemme, P. A.; Lommen, A.; De Jonge, L. H.; Van der Klis, J.

D.; Jongbloed, A. W.; Mroz, Z.; Beynen, A. C. Quantification

of Inositol phosphates using}P nuclear magnetic resonance

spectroscopy in animal nutritiod. Agric. Food Chem1999,

47, 5116-5121.

Frglich, W.; Drakenberg, T.; Asp, N. G. Enzymic degradation

of phytate (nycinositol hexaphosphate) in whole grain flour

suspension and dough. A comparison betwéé NMR

spectroscopy and a ferric ion methal.Cereal Sci.1986, 4,

325—334.

(24)

(25

J. Agric. Food Chem., Vol. 52, No. 20, 2004 6305

(26) de Man, J. C.; Rogosa, M.; Sharpe, E. A medium for the
cultivation of lactobacilli.J. Appl. Bacter1960,23, 130—135.

(27) Braun, S.; Kalinowski, H. O.; Berger, 3-D NMR Spectroscopy
with Field Gradients in 150 and More Basic NMR Experiments
2nd ed.; Wiley-VCH: New York, 1998; pp 384 and references
therein.

(28) Teleman, A.; Richard, P.; Toivari, M.; Penttild. M. Identification
and Quantitation of Phosphorus Metabolites in Yeast Neutral
pH Extracts by Nuclear Magnetic Resonance Spectroséogsi.
Biochem.1999,272, 71-79.

(29) Murray, M. P—P and P—H Correlation Experiments for the
Analysis of Mixtures of Phosphorus CompoundsPhmosphorus-

31 NMR Spectral Properties in Compound Characterization and
Structural Analysis, 1st ed.; Quin, L. D., Verkade, J. G., Eds.;
Wiley: New York, 1994.

(30) Querol, A.; Barrio, E.; Ramon, D. A comparative study of
different methods of yeast strains characterizat®yst. Appl.
Microbiol. 1992,15, 439—446.

(31) Andrighetto, C.; Zampese, L.; Lombardi, A. RAPD-PCR char-
acterization of lactobacilli isolated from artisanal meat plants
and traditional fermented sausages of Veneto region (ltadf).
Appl. Microbiol. 2001, 33, 26-30.

(32) Succi, M.; Reale, A.; Andrighetto, C.; Lombardi, A.; Sorrentino,
E.; Coppola R. Presence of yeasts in southern Italian sourdoughs
from Triticum aestvumflour. FEMS Microbiol. Lett2003 225,
143—148.

(33) Vauterin, L.; Vauterin, P. Computer-aided objective comparison
of electrophoresis patterns for grouping and identification of
microorganismsEur. Microbiol. 1992,1, 37-41.

(34) Mannina, L.; Segre A. L. High-Resolution Nuclear Magnetic
resonance: from chemical structure to food authenti@tasas
Aceites2002,53, 22-33 and references therein.

(35) Amato, M. E.; Ansanelli, G.; Fisichella, S.; Lamanna, R.;
Scarlata, G.; Sobolev, A. P.; Segre, A. L. Wheat flour enzymatic
amylolysis monitored by in sittH NMR spectroscopyd. Agric.
Food Chem2004,52, 823—831.

Received for review March 18, 2004. Revised manuscript received June
22, 2004. Accepted July 14, 2004.

JF049551P



