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REMOVAL OF PHYTHATE

[0001] This application claims the benefit of European Application Serial No. 14172185.2 filed 12 June
2014.

Field of the Invention

[0002] The present invention relates to the reduction of phytate in cereals and/or pulses.

Background of the Invention
[0003] Essentially all food and feed substances originating from plants contain phytate and phytic acid (is

inositol hexakisphosphate) as a storage phosphorous source. About 75-78% of the phosphorous in cereals

is bound as phytic acid.

[0004] Phytate is not digestible by humans or nonruminant animals, so it is not a source of either inositol

or phosphate if eaten directly.

[0005] Furthermore, phytic acid chelates minerals such as calcium, zine, magnesium, and iron, thereby
decreasing the bio-availability of nutritionally important minerals and is as such considered as an anti-

nutritional factor.

[0006] 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 phytate to inositol and
inorganic phosphorous. Phythases can be obtained from e.g. Bacillus, Pseudomonas, Saccharomyces and

Aspergillus.

[0007] Simply cooking the food will reduce the phytic acid to some degree. More effective methods are

soaking in an acid medium, lactic acid fermentation, and sprouting.

[0008] The use of sprouted grains will reduce the quantity of phytic acids in feed, with no significant
reduction of mutritional value. Germination results in a marked fall in phytate-phosphorous. However

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

[0009] It would be desirable to have a simple, mild but effective process for the removal of phytate while

maintaining the kernels intact.

[0010] The current invention provides such a process.

Date Regue/Date Received 2021-10-12
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Summary of the Invention

[0011] The current invention relates to & process for treating kernels of cereals and/or pulses, comprising
the following steps:
ay Steeping of the kemels while gernination of the kernels is avoided and the kernels are un-milled
and the kernels are, without water iromersions, soaked in a volume of water that is from 0.8 (o
13 tiroes the weight of the kernels, the steeping is performed at a tomperature of from 50 10 70°C
during a period of from 8 10 72 hours and during the steeping pH is from 3.5 t0 8.5,
b
¢} Drying the steeped kemnels at a temperature of from 50 to 120°C.

N

Optionally draming excess of water,

[0012] Furthermore it relates to the use of endogenous phylase in a steeping process to reduce the
phytate in kernels of cereals and/or pulses and the use of steeped kernels in food, feed, pet-food, and/or

cosmetics.

Detatied Descrintion

[0013] The current invention relates to a process for treating kernels of cereals and/or pulses, compuising
the following steps:
a) Steeping of the kemels while germimation of the kerngls is avoided and the kernels are un-milled
and the kernels are, without water immersions, soaked in a volume of water that is from 0.8 to
16 times the weight of the kernels, the steeping is performed at a temperature of from 50 to 70°C
during a period of from 8 to 72 hours and during the siceping pH is from 3.5 10 6.5,
b}  Optionally draining excess of water,

¢} Drying the steeped kemels at a temperature of from 50 to 120°C.

{0014] Steeping corresponds to the first step in the well-known malting process. As it is known, the
malting proccss consists primarily of three stages: steeping, germination and kilning. In general, the
steeping refers to the immersion of the grain kemels in waler &0 increase the moisture content of the
kernels. The germination refers 1o a period of controlled growth and medification of the kernels, and this
meodification of the kemels encompass cell wall degradation in the starchy endosperm, creation of soluble
profeins and free amino nitrogen, and synthesis of desirable enzymes. Kilning refers to the controlled
drying of the germinated kemnels. As it can be seen, if is well-known to have enzvimes freed up during the
germination step, but this result also in sprouting of the kernels. It has surprisingly been found that a
steeping process without a subsequent germination, is sufficient for reducing the phytate content of the
kemels of cercals and/or pulses. The steeping process of the corrent invention allows reducing the content

S



CA 02951907 2016-12-09

WO 2015/191966 PCT/US2015/035502

of phytate of the kemels while the kermnels remain intact. In fact, the content of phyviate s reduced for
more than 50 weight %, more than 60 weight %, more than 70 weight%, even more than 80 weight %, up
to 95 weight %. While in a “classical” steeping process of barley, the barley kemnels are imumersed in
water and may involve several immersions to limit the bacterial spoilage, the current process is qualified
such that there are no water immersions of the steeping and the vohume of steeping water is limited in
order to avoid leaching of valuable micronutrients and the kemels are soaked in a volume of water that is
from 0.8 io 10 times the weight of the kernels. The process of the current invention applies a minimum
amount of water, thus allowing s maximum water absorption by the kernel and there is almost no

draining needed.

{0015] The process of the cirrent invention mvolves one steeping step wherein the kemels are soaked o

a volume of water that is from 0.8 o 10 times the weight of the kemels,
The steeping step or where applicable the step of drainage is immediately foliowed by a drying step.
00161 Furthermore, the process of the current invention uses un-mitled kemnels of cereals and/or pulses.

00177 The process of the present invention is 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 mixtares of two or
more thereof. Preferably wheat, carn, oat or rice is used, more preferably rice is used in the process of the

present invention.

{0018] The steeping is performed at a temperature of from 50 o 70°C during a period of from 8 10 72
hours, The temperatare of the current process allows suppressing the germination and/or sprouting of the
kemels. Furthermore, the temperature of the corrent process allows shortening the reaction time, During
the time of the current process the enzyme activily is increased and the enzyme produced in the kernel
{i.e. the endogenous phythase) allows reduction of phytate of at least 54% of the total amount of phytate
present in the original kernels of cereals and/or pulses. Surprisingly it was found that the endogenous
phytase present tn the intact kernel is able to significantly reduce the phytate in the kemels. The content
of phytate is reduced for more than 50 weight %, more than 60 weight %, more than 70 weight%, even
more than 80 weight %, up to 95 weight %.

[0019] The process of the present mvention is further characterized in that during the siceping, pH is
from 3.5 to 6.5, which corresponds to the optimum pH for the phythase.

{0620] The steeping of the current Invention is characterized in that the kemels are soaked in a volume
of water that is from 0.8 to 10 times the weight of the kernels, The amount of water is such that it is

sufficient to 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. In a process where there is no drainage of an excess of

3
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water, all micronutrients are maintained in the swollen kemels. While in a sc-called “classical” steeping
process the water is refreshed several times, to avoid bacterial spoilage, the process of the current
invention uses low amounts of water, such as from 0.8 to {0 times the weight of the kemel and
consequenily, the subsequent drying step is requiring significanily less energy and the micronutrients are

maintained with the kernels.

{00217 Furthermore, the process of the current invention is characterized in that the steeping step is
performed n an open system and the kernels are soaked in a vohume of water that {s from 4 to 10 times
the weight of the kernels, optionally followed by replenishing with water t© compensate for the
evaporated water. The total amount of water including the optional replenishment is not more than 10
times the weight of the kernels. In the open system the kernels are aerated and this aeration allows for &
Iimited evaporation of the water. Replenishing of water is sometimes needed to compensate for this loss
of water due to acration. For the open sysiem, preferably the temperature is from 50 to 55°C, atapH of 4
to 6 for a period of time of 24 hours to 48 hours. The process of the current invention int an open sysiem
still allows for obtaining kemels with reduced phytate of at least 40% of the total amount of phytate

present in the original kemnels of cereals and/or pulses and the kernels are still intact.

[0022] Alternatively, the process of the present mvention is characterized in that the steeping step is
performed in a closed system and the kernels are soaked in a volume of water that is 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 in addition the advantage that there is no loss of water through evaporation at the surface. The
tack of evaporation further allows a reduction of the amount of water that is needed v the process. A
more simplified drving (less energy reguirements} can be foreseen. The kernels are softened while the
structural integrity is maintained, which makes it more easy and efficient for the subseguent process steps
such as the drving step. Preferably in the closest svstem, the temperature is from 50°C 10 70°C, ata pH of

3.5 to 6.5 and during a1 period of time of 8 to 72 hours.

{0023] The process of the current invention allows the reduction of at least S0% if the tmmtial amount of
phytate (phytate + phytic acid), preferably at least 60%, more preferably at least 80%. While the process
of the current inventton does not involve a germination step, i provides 8s such a process where the risk

of chutiing and rootlet formation is minimal.

[0024] The dryving of the stocped kemels of cercals and/or pulses can he performed i any suitable
drying equipment at a teraperature of from 50 o 120°C. Eventually the dryving can be done i the kilning
facility of the malting process and may mvolve hot air. During the drving of the steeped kernels the

temperature is usually raised from 58-65°C to 80-120°C, eventually with reduced pressure, or from 50-
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65°C to 80-85°C and the moisture content of the steeped kernels 1s reduced from 40-45 % 10 4-5 % in 2
timie of about 24 hours.

[0025] The drying step may have an effect on the final product colour, and firther flavor development of
the steeped kemels. The drving step may form fHavor and body-building melanoidins from the amine
acids and malt sugars in the malt.

[0026] The process of the current invention provides intact kemnels, swollen and softened and with a
cleaner taste than the starting material, e.g. less of the so called “cereal taste”™

{0027] The thus obtained dried steeped kemels of cereals and/or pulses can be directly applied in any
food material, feed, pet-food, and/or cosmetics.

10028] The advantages of the sieeped kernels is the reduced amount of phytate, consequently the
moreased amount of minerals, and due to the swollen state, the boiling or cooking time of these steeped
kemels is significantly redaced.

(00297 The procesy of the current invention may further have a step wherein the stceped kemels are
reduced in size and provide flowr with 3 reduced content of phytate.

[6030] The kernels of the current invention are softened and during the application in cooking processes,
the cooking tine can be reduced.

{6031} Furthermore it has been shown that the steeping process of the curvent invention has an effect on
the gelatinization profile/onset,

{0032] The current invention relates to the use of a steeping process for the reduction of phyiate in

kemels of cercals and/or pulses, wherein endogenous phyvthase of kernels 1s reducing the phytate.

[0033] The current invention further relates to the use of the steeped kernels and/or flour of steeped

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

[0034] The mvention will hereunder be iftustrated in following examples.

Examples
Methedology

Measurement of Phytic acid:

Measured with Megazyme’s kit K-PHYT
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Temperature — no pH adiusinent

[0035] In a first set of experiments, the effect of temperaiure (30, 40, 50°C) on phytic acid reduction was
studied. For each experiment, at a certain temperature and soaking time: 1kg of rice was soaked in 10}
water. Except for the experiments done at 50°C: 4kg rice in 251 water of which Tkg is removed after the
different soaking times: 6, 12, 24 and 48 bours. The 6 hours saraple was not analyzed. A water change
was done every 6 hours, except after 18 and after 42 hours. Drying of the rice samples was done for 24-
36 howurs at 30°C. Aeration was accomplished by a tube with pressurized air going to the bottom of the
steep vessel.

[0036] pH 3.5 or 4.5 adjustment with 20% w/w citric acid or , pH 5.0 adjustnent with 20% w/w lactic

acid solution in water,

phytic| Ve
., | acd
Code Steep acid 1re duction |
{%db) %)
1 Start materiall 128
2 30°C, 124 1.26 13
3 30°C, 244 1.13 1.5
4 30°C, 48H 1.00 22.3
3 40°C, 12H 1.17 85
& 40°C, 24H | L11 3.4
7 A40°C, 48H 113 11.4
8 50°C, 12H | 078 40.3
g 50°C, 24+ | 0.65 49.4
10 50°C, 484 | 067 | 473

Example 2 — Open Systern — pH adjustinent

[0037] The set-up is the same as in Example 1, except for the pH adjustment. The pH 3.5 adjustment

was done with 20% w/w citric acid or, for pH 3.0 adjustment with 20% w/w factic acid solution in water.
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Phytic acid db (%}
Steep ,
St H
Code | fem eep pH adjustment P % db 9%
: B {5} steap
{°C} 1 decrease

i3 v - - Untreated rice 1.154
32 53 24 1§ lactic 2nd water 50 .55 52.3
13 50 © 48 ilacticandwateri 0.315 72.7
14 50 1 24 none 0588 1  49.0
s 50 | 48 none 8.5 | 0.522 54.8
18 50 24 citric acid a5 0.336 70.9
17} 50 | 4% citric acid ) 0.118 £9.8
i8 50 24 factic acid 5.0 0.482 88.2

18 | 50 | 48 facticadid | " 1 0286 | 752
20 ] 30 | 24 none 2794 0935 190
21 30 | 48 none Tl 0826 284
22 30§ 24 citric soid 35 | 0.848 26.5
33 30 | 48 | citricadd T ip745 1 354
28 3 | 28 lactic acid 50 | 0.814 335

The best results of phytate reduction are obtained at S6°C, pH 3.5, 48H: ~ 90% reduction.

Example 3 — open system

[0038] No refreshment of wash water, and use of minimal amount of water 3o that no extensive drainage
after steeping was required

[0039] Less or normal acration © a tube with pressurized air ,going to the bottom of the steep vessel

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 in water,

[0040] 24, 48, 60 hr incubation time

(60411 Drying at 80°C for 24 e

~3
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. iYLy
Tim ) . Washing ?h?ﬂc a;d
Code| P itgy] o (Aerdtio] keree/l | reand | dst) | 299 | Reduc
{-} () n water after soak {g/100g tion
db} s
26 iRice at start ‘ 88.4 | 1123 «
27 135] 50 | 24| less 0.75/3 not | 98.0 0.315 | 720
28 135 50 | 48 fess 0.75/3 not 969 4.279 75.1
28 135) 50 | 60 fess 0.75/3 not 98.1 0.250 77.7
30 145] 50 | 24} less 0.75/3 not 97.4 0.405 63.9
31 145] 50 | 48 lass Q.75/3 not 97.1 0.175 84.4
32 1451 50 | 680 | less 0.75/3 not 98.0 0,147 86.9
33 {3.5] 50 | 48 |normal] 0.75/{2+0.5) done i 98¢ 0.292 77.0
34 {45) 50 | 48 | normall 0.75/{2+0.5) | done 98.9 0.172 86.4
35 | 454 50 | 48 |normal} 0.75/{2+0.5) not 98.6 0.185 854 |
36 | 401 50 | 48 | normal 0.75/3 done 98.2 0.101 90.3 |
37 1501 508 i 48 Inormal 0.75/3 done 97.8 0.103 90.0
38 {45}F S50 { 48 {normal 0.75/3 done 95.8 0.097 0.6
32 155F 50 | 48 |normal 0.75/3 ___done 96.0 0.221 78.6

Explanation of results

{00421 A reduction is aeration had only a small impact on the resulis, Washing the kernels before 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 obtained for the pH 4 till 5, with a reduction in phytate of

about 85-90%.

Example 4— Closed System

[0043] The cereals are twice rinsed in a 15ml Falcon tube. Water is added to get a dry substance of 20%
{wiw) brown rice. The pH adjusted to § with 20% citric acid and the closed tubes are placed in a

Thermomixer confort tor 48 hours at 60 or 65°C.

Phytic acid
db Decreas
Sample {g/18 e (%)
g}
Rice 4R8 0.840
Maize 0.726
Wheat ' 0,999
rige 60°C 0.280 66.7
maize 60°C 0.269 62.9
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Wheat 80°C 0.37 62.6

riee $3°C 0522 379
maize 65°C 0.208 714
Wheat 65°C 0.407 50.3

{0044] Heating rice, wheat or maize to 60°C gives a significant reduction of the amount of phytate. An
increase of the steeping temperature to 65°C has a positive effect on the reduction of phytate in maize.
For rice and wheat, an increase to 65°C resulis in a decrease of the phytate degradation.

Example 5 - Cloged system

[0045] The soaking trials are now done with less water, buffered (B) or non-buffered (W), 56% or 38%
of brown rice {(w/w) in water adjusted to pH § with 5% citric acid or 0.1M NaAc/HAc buffer pH S.

Code Grain Time T | Yrice | Wateror phytic acid on phytic acid
- {E) Ly | (g/188g Bueffer | d4b{g/180g) reduction (%)
49 Wheat 0 , 0.934
VB0 L Malze L G907 e

Brown

51 Rice i G ! 0.840
Brown i

..... 52 0 Rice | 24 0 60 | 86 L W . 0345 589
. Brown

53 | Rice 24 60 56 B 0.330 60.8
Brown |

54 Rice 48 &0 56 B 0.309 63.2
Brown

55 Rice 24 66 38 W 0.481 428
Brown

56 Rige 48 60 38 W 0.287 65.8

57 Wheat 24 60 56 W 0.380 593

58 Wheat 48 &0 56 W G412 56.0

59 Wheat 24 60 SN PR - 0.338 63.8

6 Maize 24 685 1 56 W 4.679 251

61 Maize 48 65 1 56 W 0.584 356

62 Maize 2 65 | 38 W (.467 48.5

63 Maize 48 65 38 W 0.3%91 , 56.9

[0046] incubating the wheat at 56% w/w in water has not the best impact on the reduction of the phytic
acid : the phytic acid content after 48 soaking at 60°C was reduced with 53%. Using the brown rice at
38% {wiw) m steep water, gives 3 reduction of 66% after 48h incubation.

Using a buffer system to steep the brown nice at 56% (w/w) and 60°C, for 48 h gives 63% reduction of

phytate.
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[G047] Incubating the brown rice at 56% w/w i water has not the best impact on the reduction of the
phytic acid: the phytic acid content after 48 soaking at 80°C was reduced with $3%. Using the brown rice
at 38% (w/w} in steep water, gives a reduction of 66% atter 48h incubation.

[0048] Using a buffer system fo stecp the the brown rice at 56% {(w/w) and 60°C, for 48 h gives 63%

reduction of phytate.

Example 6 —open system

[0049] Same set-up as in example 2. 250g grains added to 1 | water (= 20%d.s grains). Water was
added during the steeping in order to have no drying out of the brown rice
{0050] The pH adjustment of the samples was dooe as in example 2. The sieep termperature and pH are

adjusted to obtain the optimum working conditions for the respective phytases.

. , Phytic thﬁsf acid Phytic afe:id
Code Ceveal or ¥ pH acid db | redifmmm db reduction
pulse {*Cy (2/160z) '(%}9 24; h d.b %), ?8 h
incubation incubation
64 oI 55 5.5 {0.5891 56.6 63.7
63 wheat 35 5.5 0.99% 52.4 59.5
66 white beans 50 52 1.303 53.9 56.8
67 chick pea 50 5 1.025 433 47.5
68 oats 50 5 1.170 2587 459

Example 7 : Gelatinization profiles of steeped brown rice flours

[0051] The Rapid Visocity Apalyzer 4 (RVA-4) from Perten was used.

(00321 The Perten method Standard-1 was performed in triplicate at 2.1g {dry basis} solida n 27.9g
demi-water a5 described in Han, J-A. & Lim §.-T. {2009). Effect of pre-sosking on texwural, thermal, and
digestive properties of cooked brown rice. Cereal Chemistry 86(1) 100-103,

[0053] Samples 26, 36, 37 and 38 of example 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 obtained resulis are described in the following table :

Sample Peak viscosity Peak time Pmal viscosity

{cps) {minutes) (cps)
26 {start rice, 542 6.05 1227
milled} 363 6.03 1287
564 592 1278

536(+1 2} 6.01(0.08) 1264(+32)
36 (milled) 242 5.58 410
251 5.65 414
2186 572 372

2366183 S.65:0.07) 399(+233
37 {milled) 378 6.78 794
371 £.98 797
337 5.58 756

362(x22) 6.78(=3.20) TRE£22)
38 {milled) 501 618 1 1011
538 512 1067
553 8.25 1079

$31(+27) 6.18(=0.07) 1052(36)

[6054] The samples 36, that was steeped at a pH of 4 shows a large decrease in final viscosity. The
steeping at pH 5 gives an improvement of the final viscosity. By using a steeping pH of 4.5, only 17 % of

the final vwiscosity has been lost, while 91% of the phyvtate has been degraded
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CLAIMS

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

a) Steeping of the kernels while germination of the kernels is avoided and the kernels are un-milled
and the kernels are, without water immersions, soaked in a volume of water that is from 0.8 to 10 times
the weight of the kernels, the steeping is performed at a temperature of from 50 to 70°C during a period
of from 8 to 72 hours and during the steeping pH is from 3.5 to 6.5,

b) Optionally draining excess of water,

c) Drying the steeped kernels at a temperature of from 50 to 120°C

wherein the process involves only one steeping step.

2. The process according to claim 1 characterized in that steeping of step a) is at a temperature of from 50

to 60°C and a pH of 3.5 t0 6.5.

3. The process according to claim 1 or 2 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 thereof.

4. The process according to anyone of claims 1 to 3 characterized in that the steeped kernels of step c) are

reduced in size for producing flour.

5. The process according to anyone of claims 1 to 4 characterized in that the steeping step is performed in
a closed system and the kernels are soaked in a volume of water that is from 0.8 to 4 times the weight of

the kernels.

6. The process according to anyone of claims 1 to 4 characterized in that the steeping step is performed in
an open system with aeration and the kernels are soaked in a volume of water that is from 4 to 10 times
the weight of the kernels, optionally followed by replenishing with water to compensate for the

evaporated water.
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