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REMOVAL OF PHYTATE

AN N A

{ross-Relerence to Related Applications
00011 This application claims the benefit of European Apphication Serial No, 14172185.2 filed 12 June

2014, the disclosure of which is incorporated herein by reference,

Kield of the tuvention

00027 The present invention relates {o the reduction of phytate in cereals and/or pulses.

Backeround of the Invention
100037 Essentially all food and feed substances ongmating from plants contain phytate and phytic acid
{is inositol hexakisphosphate) 48 a storage phosphorous source. About 75-78% of the phosphorous

cereals 13 bound as phviic acid.

(00047 Phyiate is not digestible by Inimans or nonraminant animals, 30 it is not a source of either wostiol

or phosphaie if eaten directly.

00051 Furthermore, phytic acid chelates minerals such as calcium, zine, magnesnim, and wron, thereby
decreasing the hio-avaiiability of nuintionally important nunerals and 5 as such consitdered as an anit-
nutritional factor,

(00061 The bic-availability of phytate phosphorous can be increased by supplementation of the diet with
the enzyme phythase. Phythases are enzymes which catalyze the conversion of phyiate to inositol and
morganic phosphorous. Phythases can be obtamed from e.g. Bacillus, Pseudomonas, Saccharomyces ang

Aspergiilus.

00071 Sioply cooking the tood will reduce the phyviic acid to some degree. More effective methods are

soakimg n an acid medium, lactic acid fermentation, and sprouting.

00081 The use of sprouted grains will reduce the quanitly of phytic acids i teed, with no significant
reduction of nutritional value. Germination resulis m a marked fall m phytate-phosphorous. However

during the germination, sproutng occurs and the kernels are broken.

100097 It would be desirable fo have a sumple, mild but effective process for the removal of phytate

wihile maintauing the kernels intact,

10310} The current mvention provides such a process.

SUBSTITUTE SHEET (RULE 26)
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Summimary of the Invention

(G111 The current mvention relates to a process for treating kernels of cergals and/or pulses, comprisimg
the tollowing steps:
a)  Steeping of the kemels while gernunation of the kemnels 18 avowded and the kernels are un-milled
arid the kemels are, without water womersions, soaked in a volume of water that is from 0.8 to
10 tiraes the weight of the kernels, the steeping is perforied at a temperature of from 54 to 70°C
during a period of from 8 to 72 hours and dunng the steeping pH 18 from 3.5 t0 6.5,
by Opticnaily draming excess of water,

¢} Drving the sieeped kemels at a temperature of from 50 to 126°C.

G017} Furthermore i velates to the use of endogenous phylase m a steeping process o reduce the
phytate m kernels of cereals and/or pulses and the use of siceped kernels m food, feed, pet-food, and/or

cosmetics.

Detatied Deseription

130131 The current mvention relates 1o a process for treating kernels of cercals and/or pulses, comprising
the {following steps:
a) Steepng of the kemels while germmation of the kernels is avoided and the kernels are un-milled
and the kernels are, without water uynmersions, soaked m a volume of water that s from 0.8 to
10 tumnes the weight of the kermels, the steeping 1s performed at a temperature of from 30 to 70°C
during a period of from 8 to 72 hours and during the steepmyg pH 18 from 3.5 {6 8.5,
b} Optionally draining excess of water,

¢y Dryving the steeped kernels at a temperature of from 30 to 120°C.

{00 14] Steeping corresponds to the first step 1n the well-known malting process. As 1t 1s known, the

malting process consists primianly of three stages: steeping, germination and Kilning. In general, the
steeping refers to the immersion of the gram kemels i waler o mgcrease the moisture content of the
kernels. The germmation refers o a period of conirolled growth and modification of the kernels, and this
moditication of the kemels encompass cell wall degradation in the starchy endosperm, creation of soluble
profemns and free aning nitrogen, and synthesis of desirable enzymes. Kilning refers to the conirolled
drving of the germinaied kernels. As it can be seen, i 18 well-known to have enzyines freed up during the
germination step, but this result also m sprouting of the kernels. it has surprisingly been found that a
steeping process without a subsequent germmation, 18 suilicient for reducmg the phytate content of the
kemels of cereals and/or pulses. The steeping process of the current mvention allows reduecing the confent

e
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of phytaie of the kemels while the kernels remain miact. In fact, the content of phviate 5 reduced for
more than 5O weight %, more than 60 weight %, more than 70 weight%, even more than 80 weight %, up
o 93 weight %. While 1n a “classical” sfeeping process of barley, the barley kemels are tmmersed in
water and may involve several mmersions to limit the bacterial spoilage, the current process 18 qualified
such that there are no waler immersions of the steepmg and the volumie of sieeping water 18 hmited in

order (o avoid leaching of valuable micronutrients and the kemels are soaked i a volome of water that 1s

trom O.8 {0 10 {umes the weight of the kernels. The process of the current mvention applies a muimum

amnount of water, thus aliowmng a maxmmum water absorption by the kernel and there 13 almost no

draming needed.

{00151 The process of the current nvention mvolves ong sieeping step wheremn the kemels are soaked in

a volume of water that 18 from 0.8 to 10 times the weight of the kemels.
The steeping step or where applicable the step of drainage 15 immediately foliowed by a drving step.
10016] Furthermore, the process of the current invention uses un-~mitled kernels of cereals and/or pulses.

{00171 The process of the present wvention i1s characterized in that the cereals and/or pulses are selected
from the group consisting of rice, wheat, oat, soy, corn, chick pea, barley, lentils, and mixtures of two or
more thereof. Preterably wheat, corn, oat or rice i1s used, more preferably rice 1s used 1n the process of the

present mvention.

(3018} The steeping 13 performed at a temperature of from 50 to 70°C during a peniod of from § 1o 72
nours. The temperature of the current process allows suppressing the gernmumation and/or sprouting of the
kernels. Furthermore, the temperature of the current process allows shortening the reaction time. During
the time of the current process the enzyme activily 18 increased and the enzyme produced m the kemel
{1.€. the endogenous phythase) allows reduction of phytate of at least 54% of the total amount of phytate
present m the original kernels of cereals and/or pulses. Surprisingly it was found that the endogenous
phviase present i the intact kernel 15 able to significantly reduce the phytate in the kemels. The content
of phytate i1s reduced tor more than 50 weight %, more than 60 weight %, more than 74 weight, even

more than 80 weight Y%, up to 95 weight %.

G319] The process of the present mvention s further characierized m that during the sieeping, pH 15

from 3.5 to 6.5, which corresponds {0 the optimum pH for the phythase.

{00201 The steeping of the current mvention s characierized m that the kernels are soaked in a volume
of water that 1s from (.8 to 10 times the weight of the kemels. The amount of water 1s such that it is
sufficient (o wet or soak the kernels. The low amounts of water allow that the swollen kemels can be

dried without having to drain an excess of water. {n a process where there 18 no dramnage of an excess of
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water, all micronutrients are mamtained 1 the swollen kernels. While 1 a so-called “classical” steeping
process the water s refreshed several tumes, to avoid bactenal spoilage, the process of the cumrent
invention uses low amounts of water, such as from 0.8 to {0 times the weight of the kemel and
consequenily, the subsequent drving siep 1s reqguiring significantly less energy and the micronutrients are

maintained with the kernels.

{J021] Furthermore, the process of the current imvention 18 characterized in that the steeping step 18
periormed m an open system and the kernels are soaked n a volume of water that 1s from 4 to 10 times
the weight of the kernels, optionally followed by replenishing with water {0 compensate for the
evaporated water. The total amount of water including the ophional replemishment 1s not more than 10

times the weight of the kernels. In the open system the kernels are aerated and this aeration allows for a

2

imuied evaporation of the water. Replenishing of water 1s sometimes needed to compensate for this los
ot water due to acrabion. For the open system, preferably the temperature is from 30 to 53°C, atapH ot 4
to & for a pertod of time of 24 hours o 48 hours. The process of the current mvenfion m an open sysiem
stifl allows for obtamning kernels with reduced phytate of at least 40% of the tofal amount of phytate

present w1 the original kemels of cereals and/or pulses and the kemels are still intact.

(0221 Alternatively, the process of the present mvention 1s characterized in that the steeping step 1s
periormaed m a closed system and the kernels are soaked 10 a volume of water that 1s from 0.8 to 4 times
the weight of the kemels, preferably from 1 to 3 times the weight of the kemels. The closest system
provides m addition the advantage that there 1s no loss of water through evaporation at the surface. The
tack of evaporation further allows a reduction of the amount of water that 1s needed 1 the process. A
more simplified drying (less energy requirements} can pe forgseen. The kemels are sofiencd winle the
structural mtegrily s maintained, which makes it more easy and eflicient for the subseguent process steps
such as the drying step. Preterably in the closest system, the temperature 1s from S0°C 10 70°C, atapH of

3.5 to 6.5 and dunng a penod of time of & to 72 hours.

100231 The process of the current mvention allows the reduction of at least 50% it the mntial amount of
phytate {phviaie + phyiic acid), preferably at least 60%, more preferably at least 80%. While the process
of the current mvention does not invoelve a germination step, it provides as such a process where the nisk

of chathing and rootlet formation 18 mnimal.

130241 The drving of the steeped kernels of cereals and/or pulses can be performed in any suitable
drying equipment at a temperature of from 50 to [20°C. Eventually the drving can be done w the kilning
facihity of the malting process and may wmvolve hot air. During the drying of the siceped kernels the

temperature 18 usually raised from 50-65°C to 80-120%C, eventually with reduced pressure; or from S{-
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&5°C to 80-85°C and the moisture content of the steeped kemnels 1s reduced from 40-45 % 10 4-5 % 1 4

time of about 24 hours.

00251 The drying step may have an effect on the final product colour, and further {lavor development of
the steeped kemels. The drying step may form {lavor and body-building melanowdins from the amino

acids and malt sugars mn the malt.

100261 The process of the current mvention provides mtact kemels, swollen and soliened and with 3
cleaner taste than the starting matenal, ¢.g. less of the so called “cergal {asie”.
(00271 The thus obtained dried steeped kemels of cereals and/or pulses can be directly applied 1 any

food material, feed, pet-food, and/or cosmetics.

{00281 The advantages of the sieeped kemnels is the reduced amount of phytate, consequently the
increased amount of minerals, and due to the swollen state, the bothng or cooking time of these steeped

kemnels 18 significantly reduced.

130291 The process of the current invention may further have a siep wherein the steeped kemels are

reduced in size and provide flour with 3 reduced content of phytate.

(003071 The kernels of the current mvention are softened and during the application in cooking processes,
the cooking time can be reduced.

{00311 Furthermore it has been shown that the steeping process of the current mvention has an ctiect on
the gelatimzation profile/onset.

(00321 The current mvention relates o the use of a steeping process tor the reduction of phytate

kemels of cereals and/or pulses, wheremn endogenous phythase of kernels 18 reducing the phytate.

{30331 The current wvention further relates to the use of the steeped kernels and/or Hour of steeped

kernels obtainable by the process of the current mvention in food, feed, pet-food, and/or cosmetics.

(303341 The mvention will hereunder be illustrated m following examples.

¥xampies
Methodology

Measurement of Phviie aqid:

Measured with Megazvme’s kit K-PHYT

(A
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Example 1 - Open system ~ Temperature — no pH adustinent

£ 5 8 8 8 8 8 8§ % (. $ 8 8 8 8 8 8 8 R R R 8 8 8 8 3 9 8% 3 8 8 8 8 8 8 8

(303571 In a first set of experiments, the effect of temperature (30, 40, S0°C) on phytic acid reduction was
studied. For each experiment, at a certain temperature and soaking time: lkg of rice was soaked m 101
water. Except for the experiments done at 38°C: 4ke rice in 251 water of which kg 1s removed afier the
different soaking times: 6, 12, 24 and 48 hours. The 6 hours sample was not analyzed. A water change
was done every 6 hours, except after 18 and after 42 hours. Dryving of the rice samples was done for 24-
36 hours at 80°C. Aeration was accomplished by a tube with pressurized air going (o the botiom of the

steep vessel.

10036] pH 3.5 or 4.5 adjustment with 20% w/w citric acid or , pH 5.0 adjustment with 20% w/w lactic

acid solution i water.

_ ' ?hytici Phytic |
' P, b add |
Code Steep ;acad gfre ducﬁ:éeni
i I S . m‘; i.fiizﬁmm.{i}»wm I
-1 {Start materiali 1.28 |
2 | 30°C,12H | 126 | 13 |
3 | 30°C,24H | 113 | 115 |
4 | 30°C, 484 | 100 | 223 |
5 | 40°C,12H | 117§ 85 |
6 | 40°C,24M | L11 | 134 ;
7 | 40°C,48H | 113 | 114 |
8 | 50°C,12H | 076 | 403
9 | 50°C,24H | 0.65 | 494

50°C, 484 | 067 1 473
A ————— i

\ .
\ .
t . .
N :
Y 0 0 S 7, o, g, e,

. Y

Example 2 — Open System — pH adjustiment

(00371 The set-up is the same as i Example 1, except for the pH adjustment. The pH 3.5 adjustment

was done with 20% w/w citric acid or, for pH 5.0 adjustment with 20% w/w lactic acid solution in water.
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Phyt:c acad b i%}

T T T T T T T T T e e B B B B B B e e e B e R A R R R R R R R R R TR ARR R RA R R AR R R R R R R R R R R R R R R R R RATRR R R R R R R R R R R RS
B . .

- | Untreated rice
{ Lactic 2nd water
| Lactic 2nd water |

none
nane

[ ] [ 3 >
citric acig
[+ 2 ) [ 4
citric acid
fact Ts
actic acid

tact '

actic acid
none
None

......................................

RERA R RRRRRN

The best results of phytate reduction are obtained at S0°C, pH 3.5, 48H: ~ 90% reduction.

Exampie 3 — open sysiem

{(H038] No refreshment of wash water, and use of mintmal amount of water so that no exiensive drainage

after steeping was required

{0039] Less or normal aeration : a tube with pressunized air ,going to the bottom of the sicep vessel

pH 3.5 or 4.5 adjustment, with 20% w/w citric acid or , pH 5.0 adpustment with 20% w/w laciic acid
sofution mn water.

100401 24, 48, 60 hr mcubation time

16041} Drving at 80°C for 24 hr
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Washing
before and
after soak

kg rice/l
water

50
90 |
50 |

0.75/{2+40.5)
0.75/(2+0.5) |

normat |
‘normal |

Explanation of results

(00421 A reduction is aeration had only a small mapact on the resulis. Washing the kernels belore and
after the steep, had no influence on the phytate reduction, as measured. Less aeration gave the onset of
lactic acid fermentation. Best results were obtamned for the pH 4 il 5, with a reduction in phytate of

about 85-80%.

Example 4— Closed System

{0043] The cereals are twice rinsed n a 15mli Falcon tube. Water 1s added to get a dry substance of 20%
(w/w} brown rice. The pH adjusted o § with 20% ciiric acid and the closed tubes are placed n a

Thermomixer contort for 48 hours at 60 or 653°C.

....................................................................................
.

\
...... % .
:

rice 60°0
maize 60°C
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2
o

maize 65°C | 0.208 | 714
Wheat 65°C | 0.407 | 593

(0044] Healing rice, wheat or maize to 60°C gives a significant reduction of the amount of phytate. An
mcrease of the steeping temperature to 85°C has a posifive etiect on the reduction of phytate in maize.
Yor rice and wheat, an mcrease to 65°C results i a decrease of the phytate degradation.

{00451 The soaking trials are now done with less water, bufiered {(B) or non-bufiered (W), 56% or 38%
of brown rice {(w/w) 1in water adjusted 10 pH 5 with 5% ciine acid or 0.1 M NaAc/HAc buffer pH 5.
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{()046} Incubatmg the wheat at :>6% w/w n Water ha% not thg best 1mpact on the reductaon of the phytzc
acid : the phytic acid content after 48 soaking at 60°C was reduced with 53%. Usimg the brown rice at
8% {w/w) 1 sieep water, gives a reduction of 66% after 48h mcubation.

Using a butfer sysiem to steep the brown rice at 36% (w/w) and 60°C, for 48 h gives 63% reduction of

nhytate.
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{0047] Incubating the brown rice at 36% w/w m water has not the best impact on the reduction of the
phytic acid: the phyiic acid content after 48 soaking at 60°C was reduced with 33%. Using the brown rice
at 38% {w/w} in steep waler, gives a reduction of 66% atter 48h incubatlion.

{0048 Using a butier system fo steep the the brown nice at 56% (w/w) and 60°C, for 48 h gives 63%
reduction of phytaie.

Example § — open system

10049] Same set-up as m example 2. 250g gramns added to 1 1 water (= 20%d.s grams). Water was
added during the steepmg in order {0 have no drying out of the brown rice
(0G53] The pH adjustment of the samples was done as i example 2. The sicep temperature and pH are

adjusted o obtamn the optimum working conditions for the respective phytases,
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s of steeped brown rice flours

xample 7 : Gelatinization profile

o P! Al A .

130511 The Rapid Visocity Analyzer 4 (RVA-4) from Perten was used.

100521 The Perten method Standard-1 was performed in triplicate at 2.1g {dry basis} solids m 27.9¢
demi-water as deseribed in Han, J.~A. & Lim 5.-T. {2009), Effect of pre-soakimg on texiural, thermal, and
digestive properties of cooked brown rice. Cereal Chemuistry 86{1) 16G3-1035,

130531 Samples 26, 36, 37 and 3% of exanmple 3 were milled and used in the RV A analysis.

All samples were put at a pH of 6.

10
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The obtamned results are described w the following table :
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[3054] The samples 36, that was steegped at a pl of 4 shows a large decrease in final viscosity. The
steeping at pH § gives an mprovement of the fmal viscosity, By using 3 steeping pH of 4.5, only 17 % of

the final wviscostty has been lost, wiule 91% of the phyiate has been degraded.
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CLAIMS

. A process for treating kemels of cereals and/or pulses, comprising the following steps:

a} Steeping of the kemels while germunation of the kemnels 15 avoided and the kernels are un-mulled
and the kernels are, without water immersions, soaked in a volume of water that 1s from 0.8 t0
0 times the weight of the kemels, the steeping is performed atf a tenwerature of from 50 to 70°C
during a period of from 8 to 72 hours and during the steeping pH 1s from 3.5 to 6.5,

b} Optionally draining excess of water,

¢}  Drymg the steeped kemels at a temperature of from 30 to 120°(.

2. 'The process according to clamn 1 charactenzed m that steeping of siep a} 1s at a temperature of from

SGto60°C and apH o1 3.5 10 6.5,

3. The process according to clamm 1 or 2 characterized in that the cereals and/or pulses are selected from
the group consisting of rice, wheat, oat, soy, comn, chick pea, barley, lentus, and mixfures of two or

more thereot.

4. The process according io anyone of the preceding clamms chavacterized in that the steeped kernels of

step ¢ are reduced m size for producing flour.

5. The process according to anvone of the preceding claims characterized in that the steeping step 1s

performed 1 a closed system and the kernels are seaked v a volume of water that 1s from (.8 10 4

ttmes the weight of the kernels.

6. The process according to anyone of claims | to 4 charactenzed m that the steeping step 15 periormed
in an open systemn with aeration and the kernels are soaked in a volume of water that 1s from 4 0 10
fimes the weight of the kemels, optionally followed by replenishung with water to compensate for the

evaporated water.

“4‘}
<

Use a steepmg process for the reduction of phvtate m kemels of cereals and/or pulses, wherein

endogenous phythase of kemels s reducing the phytaie,

8. Use of the steeped kemels and/or the Hour oblamable by the process of clamms 1 {o 6, m {ood, fesd,

pei-tood, cosmetics.
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