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Abstract: Background: Phytic acid is abundant in plant-based diets and acts as a micronutrient
inhibitor for humans and non-ruminant animals. Phytases are enzymes that break down phytic acid,
releasing micronutrients and enhancing their bioavailability, particularly iron and zinc. Deficiencies
in iron and zinc are significant public health problems, especially among populations with disease-
associated malnutrition or those in developing countries consuming phytic acid-rich diets. This
literature review aimed to summarize findings from human intervention studies on the interactions
between phytic acid, phytase and micronutrient bioavailability. Methods: An extensive PubMed
search (01/01/1990 to 08/02/2024) was conducted using MeSH terms (phytic acid, phytase, IP6,
“inositol hexaphosphate,” micronutrient, magnesium, calcium, iron, zinc). Eligible studies included
human intervention trials investigating the bioavailability of micronutrients following a) phytase
supplementation, b) consumption of phytic acid-rich foods, or ¢) consumption of dephytinised
foods. In vitro, animal, cross-sectional, and non-English studies were excluded. Results: 3055 articles
were identified. After title and full-text review, 40 articles were eligible. Another 2 were identified
after cross-checking reference lists from included papers, resulting in 42 included articles. Most
studies exploring the efficacy of exogenous phytase (9 of 11, 82%) or the efficacy of food
dephytinisation (11 of 14, 79%) demonstrated augmented iron and zinc bioavailability. In agreement
with this, most phytic acid-rich food feeding studies (13 of 17, 77%) showed compromised iron and
zinc bioavailability. Conclusions: Strong evidence supports decreased iron and zinc bioavailability
in phytic acid-rich diets and significant improvements with phytase interventions. Studies
exploring these effects for longer periods and within larger populations are needed.

Keywords: phytase; phytate; phytic acid; iron; zinc; micronutrient; dephytinisation; bioavailability

1. Introduction

Inositol hexaphosphate (IP6), commonly known as phytic acid, is a natural compound
predominantly present in cereals, legumes, oilseeds and nuts, with the richest foods from each
category being maize germ, kidney beans, soybeans oil and peanuts respectively [1]. Its main function
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is to serve as one of the main forms of phosphorus storage in plant tissues [2]. Despite its importance
in plant metabolism, phytic acid is considered an anti-nutrient for both humans and non-ruminant
animals [1].

Phytic acid is a potent chelating agent, capable of binding to essential micronutrients such as
zing, iron, calcium, manganese and magnesium [3]. This results in the formation of insoluble plant
salt complexes that significantly reduce the bioavailability of bound minerals, inhibiting their
absorption in the gastrointestinal tract [4] and thus leading to potential deficiencies, particularly in
populations whose diets are based on foods high in phytic acid [5].

Phytases, also known as myo-inositol hexakisphosphate phosphohydrolase, are enzymes
classified under E.C. 3.1.3.8 (the 3-phytase originating from microbe), as well as E.C. 3.1.2.26 (the 6-
phytase derived from plants). They catalyse the sequential release of phosphate from phytic acid
(IP6), resulting in lower inositol phosphate esters (IP5 to IP1) and free inorganic phosphate (PI) [5].
This process releases orthophosphate groups from the inositol ring of phytic acid, producing
intermediate myo-inositol phosphates and free inorganic phosphorus. By breaking down phytic acid,
phytase not only makes phosphorus available for bone growth, but also releases calcium,
magnesium, protein, and lipid, thus enhancing nutrient availability from plant-based diets [6].

Most diets in developing countries mainly consist of plant-based dishes, which have low
bioavailability of minerals, such as zinc, iron, calcium and manganese. This is caused by the high
deposits of phytic acid contained in these types of diets, which acts as an anti-nutrient and inhibits
the absorption of these micronutrients. For example, a cross-sectional study in China found that there
was a significant range in phytic acid consumption among residents in six different regions, with
intake varying from 648 to 1433 mg per day. Urban residents consumed less phytic acid compared to
rural residents, with an intake of 781 mg per day versus 1342 mg per day, respectively [7].

The daily intake of phytic acid varies depending on the country, food culture, food availability,
and purchasing habits. It differs significantly between more industrialized nations and low-income
regions like South and Southeast Asia, as well as Central Africa. Additionally, there is a distinction
between urban areas (large cities) and rural communities in China, where many low-income families
live [3]. Furthermore, deficiencies caused by this phenomenon are one of the most important health
concerns in many developing countries. For example, children in sub-Saharan Africa, who have high
needs in iron, are often iron deficient, either anaemic or not [8]. The local plant-based nutritional
habits, which are phytic acid dense and low on micronutrients, as well as energy poor foods. As a
result of the prominent food insecurity issue, children struggle to meet their energy goals [9]. Also,
malnutrition prevention is of high importance, especially in disease associated malnutrition. For
instance, patients with multiple sclerosis are often malnourished and have lost weight
unintentionally. Malnutrition has been demonstrated to weaken the immune system, reduce
strength, cause fatigue, and impair muscle function, which affects mental function, respiratory
muscle strength, and increases the risk of infections. Preventing malnutrition is crucial for patients
with multiple sclerosis because it can exacerbate existing symptoms like muscle dysfunction, fatigue,
and muscle spasms [10]. Another research team investigated the impact of micronutrient deficiencies
in people with the inflammatory bowel diseases (IBD). It seems like there is a notable link between
zinc deficiency and the time to subsequent disease relapse in patients with Crohn’s disease (CD),
however it must be further investigated [11]. Acknowledging the significant challenges posed by
phytate-induced micronutrient deficiencies to vulnerable populations, one promising approach is the
use of exogenous phytase, particularly that derived from Aspergillus niger [12].

Given these challenges, there is a pressing need to explore effective strategies to manage phytic
acid and enhance micronutrient absorption. This includes evaluating the role of exogenous phytase
and other dietary interventions in mitigating the adverse effects of phytic acid. Considering the
above-mentioned points, we aimed to review the literature around phytic acid and micronutrient
deficiencies, including studies of human trials.
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2. Materials and Methods

We performed a literature review searching in PubMed database (from 01/01/1990 up to
08/02/2024), including the terms (“Phytic acid” OR phytate OR phytase OR phytin OR IP6 OR
“inositol hexaphosphate” OR “inositol hexakisphosphate” or “inositol polyphosphate”) AND
(micronutrient OR magnesium OR calcium OR iron OR zinc). The selection process is shown in the
PRISMA flow diagram (Supplementary File 1).

A total of 3113 records were identified and after filtering for English language, 3055 articles were
yielded. Eligible studies included original articles describing interventions that investigated the
absorption of micronutrients following a) the supplementation of exogenous phytase, b) the
consumption of phytic acid, and c) the consumption of phytase-treated foods. Animal, in vitro, and
cross-sectional studies were excluded. We also excluded studies with double or multiple
interventions. 2993 studies were excluded, and 2 others were not available in full text. After a full-
text review of 60 articles, 40 studies fulfilled the eligibility criteria. In addition, 2 studies were
identified by hand-searching, resulting in a final inclusion of 42 studies. Three comprehensive
evidence tables were made to present the included studies (Supplementary File 2). Phytase units are
abbreviated in the current review as FTU, though other abbreviations including PTU, PU or U have
also been used in the literature with interchangeable meaning.

The first evidence table presents 11 eligible studies investigating the efficacy of exogenous
phytase on micronutrient absorption. Subsequently, the second evidence table presents 17 eligible
studies examining the effect of phytic acid presence on micronutrient absorption. Finally, the third
evidence table presents 14 studies investigating the consumption of phytase-treated foods on
micronutrient absorption. The data of these evidence tables are summarised in Tables 1-3 which are
presented within the Results section.

Table 1. Intervention studies exploring the impact of phytase on micronutrient absorption.

Study Phytase type Daily dose (FTU) Duration Micronutrient Population Bioavailability effect

[13] A.niger 380 3d Fe Ad, n=17 No effect
[14] A.niger 1176 1d Zn Ch,n=26 Increase
[15] A.niger 190 2d Fe Ad, n=41 Increase
[16] A.niger 20.5 1d /n Ch,n=35 Increase
[17] A.niger 190 1d /n Ad, n=60 Increase
[18] A.niger 400 1d Fe Ch, n=18 Increase
[19] A.niger 380 113d Fe, Zn Ch, n=189 Increase
[20] A.niger 190 2d Fe Ad, n=101 Increase
[21] A.niger 7500 16w Fe Ad, n=41 No effect
[22] Wheat 304 1d Fe Ad, n=74 Increase
[23] A.niger 428 2d Fe Ad, n=20 Increase

* A. niger: Aspergillus niger, FTU: phytase unit, d: days, w: weeks, Fe: Iron, Zn: Zinc, Ch: children, Ad: Adults.

Table 2. Intervention studies exploring the impact of phytic acid on micronutrient absorption.

Study Source of phytic acid Duration Micronutrient Population Bioavailability effect
[24] Polenta maize 2d /n Ad, n=5 Decrease

[25] High or low phytic acid diet 8w Fe Ad, n=28 Increase

[26] Wheat bread, phytic acid free  2d Mn Ad, n=20 Decrease

[27] Wheat rolls 4d Fe Ad, n=49 Decrease

[28] Wheat rolls 4d Fe Ad, n=13 No effect

[29] Phytic acid powder 1d Fe Ad, n=30 Decrease

[30]1 Dry food 1d Cu, Zn Ad, n=10 Decrease

[31] White wheat rolls 4d Ca, Zn Ad, n=40 Decrease

[32] High or low PA diet n/m /n Ad, n=22 Decrease

[33] Maize 1d Ca Ad, n=5 Decrease
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[34] Soybean 3d Ca Ad, n=16 Decrease
[35] Wholegrain rye bread 12w Fe Ad, n=55 Decrease
[36] Different 1-day menus 8d /n Ad, n=10 Decrease
[37]1 Milk based cereal and porridge 6 mo Fe, Zn Ch, n=267 No effect
[38] Maize 10w Zn Ch, n=60 No effect
[39] Beans 3w Fe Ad, n=25 Decrease
[40] Bean porridge 2d Fe Ad, n=20 Decrease

* n/m: not mentioned, d: days, mo: months, w: weeks, Fe: Iron, Zn: Zinc, Mn: Manganese, Ca: Calcium, Cu:
Copper, Ch: children, Ad: Adults.

Table 3. Intervention studies exploring the impact of food dephytinisation on micronutrient
absorption.

Study Phytase type = Duration Micronutrient Population  Bioavailability effect

[41] n/m 1d Fe Ad, n=18 Increase
[42] A. niger 1d Zn, Fe Ch, n=9 Increase
[43] A. niger 2d Fe Ch, n=12 No effect
[44] A. niger 1d Mn Ad, n=16 Increase
[45] A. niger 2d Fe Ad, n=78 Increase
[46] Wheat 1d Fe Ad, n=42 Increase
[47] A. niger 2d Fe Ad, n=15 Increase
[48] n/m 40d Zn, Fe Ch, n=10 Increase
[49] A. niger 2d Fe Ad, n=97 Increase
[50] n/m 2d /n Ad, n=39 Increase
[51] Finase 540 2d Fe Ch, n=10 Increase
[52] A. niger 9d /n Ad, n=17 No effect
[53] A. niger 3-7d /n Ch, n=23 Increase
[54] A. niger 42 d Fe Ad, n=22 Increase

* n/m: not mentioned, A. niger: Aspergillus niger, d: days, Fe: Iron, Zn: Zinc, Ch: children, Ad: Adults.

3. Results
3.1. Phytase Interventions

The studies reviewed took place in various locations, which featured different geographical and
socio-economic contexts. In Europe, studies were conducted in Switzerland, specifically Zurich and
other university settings [13,15,17,20], as well as in Denmark [21] and Sweden [23], providing insights
into phytase’s effects in developed countries high-income settings with access to well-controlled
research environments. In Africa, research was done in Gambia [14], Burkina Faso [16], and Benin
[18], which presented data from developing countries with a focus on improving micronutrient
absorption among young children through dietary interventions. Additionally, a study in South
Africa explored the impact of phytase on school-aged children’s micronutrient status, highlighting
regional differences in dietary challenges and intervention strategies [19]. The study conducted in
Venezuela provided data on phytase’s impact on iron absorption from a controlled experimental
setting, contributing insights from a Latin American context [22]. These diverse locations underscore
the broad applicability of phytase in enhancing micronutrient absorption across different populations
and dietary environments.

The majority (82%, 9 out of 11) of the reviewed studies consistently reported that phytase
supplementation enhanced micronutrient absorption, namely for zinc and iron [14-20,22,23].
Notably, studies of Bach Kristensen et al., 2005 and Herter-Aeberli et al., 2020 reported no effect of
phytase supplementation [13,21], while the remaining 9 studies strongly support the hypothesis of
micronutrient bioavailability enhancement during phytase supplementation [14-20,22,23]. For
instance, two studies observed significant increases in fractional zinc absorption with phytase
supplementation (P <0.001 and P <0.0001) respectively [14,16]. Similarly, another study reported that
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phytase nearly doubled iron absorption from FeSO4-fortified millet porridge (P < 0.001) [18], and
Brni¢ et al., 2014 found that consuming the active phytase enzyme together with a cereal meal
increased zinc absorption to the same extent as when the meal was completely dephytinized before
consumption [17]. Studies that combined phytase with ascorbic acid showed synergistic effects in
improving iron absorption. For example, the authors of one study demonstrated that adding phytase
and ascorbic acid to meals significantly increased iron absorption from both FeSO4 and NaFeEDTA
(P <0.001) [20], which is reflected in the fact that the combination of phytase and ascorbic acid led to
greater iron absorption [18]. Despite the overall positive impact of phytase, there were discrepancies
in iron absorption results. Herter-Aeberli et al., 2020 found no significant increase in iron absorption
from tef injera with added phytase compared to control meals (P > 0.05) [13], contrasting with the
significant improvements observed in other studies [15,18]. This inconsistency may arise from
differences in food matrices, phytase types, and intervention durations, highlighting the need for
context-specific adjustments in phytase application. Bach Kristensen et al., 2005 found that adding
phytase to fiber-rich wheat bread did not prevent a decline in iron status, which contrasts with
findings from other studies where phytase effectively improved iron absorption [21].

The duration of interventions across the reviewed studies varied significantly, offering a diverse
perspective on the effectiveness of phytase on micronutrient absorption. Short-term studies, focused
on single-day interventions to assess immediate effects on zinc and iron absorption, revealed
significant short-term increases in nutrient absorption [14,16,18]. In contrast, other studies extended
their observations over a few days, offering a slightly broader view of short-term effects [13,15,23].
Longer-duration studies spanned several weeks to months, providing insights into the sustained
impact of phytase on iron and zinc status, highlighting the potential for long-term nutritional benefits
and the necessity to monitor for any prolonged consumption issues [19,21]. Also, two studies used
crossover designs and controlled settings over several weeks to months, offering robust evidence by
incorporating repeated measures and washout periods [17,22]. Finally, a study employed a two-day
design for each segment to evaluate various combinations of enhancers, emphasizing the flexibility
and adaptability of phytase interventions [20].

The type of phytase used across studies was predominantly Aspergillus niger, indicating a
common preference for this microbial source due to its effectiveness in degrading phytic acid [13-
20]. Also, in the study of Sandberg et al., 1996 the authors utilized Aspergillus niger, consistent with
the previous studies but with a notably high enzyme activity dose. Bach Kristensen et al., 2005 used
a phytase produced from Aspergillus Oryzae NOVO-L, showing some variation in phytase source but
still within the Aspergillus genus [21]. Interestingly, Layrisse et al., 2000 diverged by using phytase
from wheat, suggesting potential differences in enzymatic activity or stability [22].

The dosage of phytase varied across the studies, reflecting different experimental designs and
objectives. Studies of Herter-Aeberli et al., 2020 and Troesch et al., 2011 both used a dose of 380 FTU
[13,19], whereas Zyba et al., 2019 used a higher dose of 588 x 2 FTUs [14] and the study of Brnic et al.,
2016 used a lower dose of 20.5 FTU [16]. Notably, 3 studies had consistent doses, each using 190 FTU
[15,17,20]. Cercamondi et al., 2013 used a similar approach with 200 mg/portion, approximately 400
FTU [18], while Bach Kristensen et al., 2005 administered a significantly higher dose of 2500 FTU/100
g [21]. In contrast, Layrisse et al., 2000 used a more moderate dose of 304U/100g [22], and Sandberg
et al.,, 1996 applied an exceptionally high activity dose of 4 x 107 FTU/L [23]. These variations
highlight the lack of a standardized dosing protocol and suggest that further research is needed to
determine optimal dosing for different populations and settings.

The test meals and supplements across the 11 studies demonstrated considerable diversity,
reflecting the different research goals and contexts. However, there were notable correlations among
studies that used similar or different approaches. Several studies utilized maize-based meals, either
as porridge or in combination with other ingredients [13,15,17,20]. These studies consistently
investigated the effect of phytase on iron or zinc absorption, demonstrating the relevance of maize as
a common dietary staple and the potential benefits of phytase in enhancing nutrient absorption from
maize-based foods. Others focused on millet-based porridges, exploring the impact of phytase on
zinc and iron absorption in young children [14,16,18]. These studies consistently found that the
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addition of phytase significantly improved micronutrient absorption, highlighting millet as another
key staple where phytase can be beneficial. One study provided a sweetened maize porridge with a
micronutrient powder containing iron and zinc [19], while another focused on wheat bread with or
without phytase [21]. The differences in these test meals underscore the versatility of phytase across
various food forms, although the outcomes varied, with Bach Kristensen et al., 2005 not showing a
significant improvement in iron status despite phytase addition [21]. Layrisse et al., 2000 used a basal
breakfast with ferrous sulfate or ferrochel [22], and Sandberg et al., 1996 tested white wheat rolls with
wheat bran, comparing phytase-active and phytase-deactivated conditions [23]. These studies, while
employing different food bases, consistently found that the addition of phytase significantly
enhanced iron absorption, reinforcing the effectiveness of phytase in improving iron bioavailability
across different meal types.

Finally, the methodological quality and study designs of the 11 studies varied, encompassing
randomized controlled trials (RCTs), crossover designs, and controlled experimental studies. Most
studies were RCTs [14,16,18,19,21,23], providing robust evidence through randomization and control
groups. Other studies employed crossover designs [13,15,17,20], allowing each participant to serve
as their own control, thereby reducing inter-individual variability and increasing the reliability of the
findings. Layrisse et al., 2000 utilized a controlled, but not randomised, experimental design to test
iron absorption under various conditions, adding valuable comparative data [22].

3.2. Dietary Phytic acid Interventions

The 17 included studies encompass a wide range of geographical and socio-economic contexts.
Research was conducted in developed countries such as Switzerland [26,30], Sweden [27,35] and the
USA [29,33], as well as in low-resource settings such as Guatemala [32,38] and Rwanda [39]. Further,
these studies also range in setting, from controlled laboratory environments [34,37] to real-world
settings, such as community feeding programs [38] and home-based interventions [32]. Such
geographical and socioeconomic diversity highlights the widespread applicability of the findings and
underscores the global importance of understanding the impact of phytic acid on micronutrient
absorption.

Out of the 17 studies, eight studies specifically examined the absorption of iron. More
specifically, four of these studies confirmed that phytic acid inhibits iron absorption [26,27,39,40]. For
example, high phytic acid content was consistently associated with reduced fractional iron absorption
[39,40]. However, other studies, such as Lind et al., 2003 and Hoppe et al., 2018, showed less
pronounced effects or mixed results [35,37]. Also, six other studies examined zinc absorption. Half of
these studies confirmed that phytic acid inhibits zinc absorption [26,31,32]. For example, diets rich in
phytic acid were associated with lower fractional zinc absorption [36]. However, a few studies found
no significant difference in zinc absorption with low phytic acid maize or beans when compared to
controls [38,39]. Furthermore, 3 other studies examined calcium absorption. Most of these studies
showed that high phytic acid content results in reduced calcium absorption [31,33]. For example,
calcium absorption was significantly greater from low phytic acid maize tortillas when compared to
control ones [33]. Out of the 17 studies, only one study examined the effect of phytic acid on
manganese absorption, stating that high phytic acid content inhibits its absorption [26]. Also, a single
study assessed the absorption of copper and found no significant impact of phytic acid on copper
absorption [30]. These contradictory findings imply that while phytic acid generally affects
micronutrient absorption, its effect may be influenced by the dietary context and food matrix.

The duration of the studies’ interventions differed considerably with intervention periods
ranging from one day [26,34] to six months [37]. The studies of Heany et al., 1991 and Bohn et al,,
2004 involved single-day interventions, focusing on the acute effects of phytic acid on micronutrient
absorption [26,34]. On the contrary, more longitudinal studies, such as those conducted by Lind et
al., 2003 and Hoppe et al., 2018, were conducted over several weeks to months, investigating the effect
of phytic acid over greater periods [35,37]. For example, Lind et al., 2003 conducted an intervention
period of 6 months, while Hoppe et al., 2018 ran interventions for 12 weeks. This diversity reflects
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different research objectives, from acute to chronic effects, offering a comprehensive insight into the
effects of phytic acid on various time scales.

Across all 17 studies, interventions were primarily concerned with controlling the phytic acid
content of the test meals. In most cases, this was achieved either by using low phytic acid, bean, maize
or cereal variants [37,38,40] or by adding phytic acid to the meals to test its effects [27,31,34]. A few
studies used dehydrated foods to evaluate changes in nutrient absorption [27,30]. These interventions
aimed to isolate the effect of phytic acid by comparing low and high phytic acid foods or by adding
measured levels of phytic acid to test meals, thus providing evidence of how phytic acid affects
micronutrient bioavailability.

There was a wide variety of test meals and diets used in the interventions. Examples include,
bread made from different types of flour [26], bread prepared with different phytic acid content [27],
and maize tortillas with different levels of phytic acid [33]. While some studies used complete meals
that included different types of foods, such as beans, maize, and cereals [39,40], other studies focused
on specific ingredients, such as iron-fortified infant formulas or cereals with reduced phytic acid
[35,37]. This diversity of test meals underlines the adaptability of the research designs to different
dietary contexts and provides a broad scope for assessing the effects of phytic acid in different food
matrices.

The methodological quality and study design of the 17 studies differed substantially. Almost
half of the studies (9 out of 17) used randomized controlled trials (RCTs) [27,31,32,34,35,37-39], which
are perceived to be robust for assessing causal effects. However, other studies used less stringent
designs, such as community-based interventions [38] or non-randomized trials [34]. Designs also
differed in terms of blinding and control measures, with some using double blinding [35,37], while
others did not specify blinding methods. Such variability in study design both reflects the different
technical and organizational challenges faced by the researchers in diverse settings and adds to a
well-rounded understanding of the impact of phytic acid on micronutrient absorption.

3.3. Dephytinisation Interventions

The 14 included studies cover a broad spectrum of geographical and socio-economic settings.
Study settings spanned multiple continents, including Europe (France, Switzerland) [43,45], Africa
(Malawi, Benin, Rwanda) [46,53,54], Asia (Korea, Singapore) [49,52], and North America (USA) [42].
These studies involved populations with varying socio-economic backgrounds, from research
universities and urban health centers to rural communities with limited access to advanced
healthcare. For instance, Manary et al., 2000 and Petry et al., 2014 focused on communities in Malawi
and Rwanda, where high levels of dietary phytic acid are prevalent due to staple food sources [53,54].
In contrast, studies like Davidsson et al., 1997 and Zhang et al., 2007 were conducted in more
developed settings, such as France and Sweden, with controlled dietary conditions and higher
resources for research infrastructure [43,47]. This diversity highlights the global relevance of studying
food dephytinisation’s impact on micronutrient absorption and the varying challenges faced by
different populations.

The studies collectively demonstrate that phytase effectively dephytinises foods, enhancing
micronutrient absorption, albeit the results are mixed. For iron absorption, half of the studies (7 out
of 14) consistently show that dephytinisation increases iron bioavailability [43,45-47,51,54]. Notably,
Petry et al., 2014 found that removing up to 95% of phytic acid significantly improved iron absorption
from biofortified beans [54], while Hurrell et al., 2003 observed increased iron absorption from cereal
porridges with reduced phytic acid content [45]. On the other hand, Davidsson et al., 1997, 1995
reported that, while dephytinisation generally improved iron bioavailability, the effect was not
always pronounced, and the presence of ascorbic acid further enhanced absorption in some cases
[43,44]. For zinc absorption, five studies investigated the impact of phytase treatment [49,50,52-54].
More than half of these studies found that phytase treatment improved zinc absorption [52-54], with
Manary et al., 2000 showing greater fractional absorption in children on a diet with low phytic acid
content [53]. However, Petry et al., 2010 and Couzy et al., 1998 reported mixed results indicating, that
while phytase treatment enhanced the absorption, the impact varied depending on the presence of
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polyphenols and the baseline phytic acid levels [49,50]. For manganese absorption, only one study
specifically addressed this, showing that dephytinisation significantly increased manganese
absorption, doubling the fractional absorption compared to non-dephytinised soy formula [44]. This
highlights the potential of phytase to enhance the bioavailability of multiple micronutrients, although
the effects can vary based on the specific nutrient and context of the diet.

The types, doses, and durations of phytase interventions varied significantly across the studies.
Most studies used Aspergillus niger phytase, but dosages ranged widely. The doses of phytase used
in the studies ranged from as low as 40 FTU/L [51] to as high as 5000 FTU/g [52,53]. For instance,
Manary et al., 2000 used 5000 FTU/g of phytase for a short duration of 3-7 days [53], while Davidsson
etal., 1995 did not specify the dose but utilized a 1-day intervention [44]. Kim et al., 2007 administered
5000 FTU/g of Aspergillus niger phytase over 9 days for high and low phytic acid diets [52]. Some
studies, like Hurrell et al.,, 2003, also did not specify doses, but ensured effective phytic acid
degradation [45]. The intervention durations overall, varied from 1 day [43,44,46,52] to 42 days [53],
reflecting different study designs and objectives. This variation underscores the need for
standardization in phytase treatment research to better compare outcomes.

The test meals or diets across the studies were diverse, and tailored to the specific dietary
patterns and research aims of each study. Davidsson et al., 1997 used iron-fortified cereals with native
and dephytinised phytic acid content [43], while Petry et al., 2014 employed beans with varying
phytic acid levels [54]. Manary et al., 2000 provided corn-plus-soy porridge, with and without
phytase, to assess zinc absorption [53]. Zhang et al., 2007 tested oat-based beverages supplemented
with different iron compounds and phytase [47]. Other studies included soy formulas [51], fonio
porridges [46], and roller-dried cereal porridges [45]. This variety reflects the adaptation of
interventions to local dietary habits and nutrient challenges, highlighting the importance of context-
specific solutions.

The methodological quality and study designs varied considerably across the 14 studies. Most
studies (8 out of 14) employed randomized controlled trials [43,46,47,49,51-54], which are robust
methods for assessing the effects of dietary interventions. For instance, Petry et al., 2014 and Kim et
al., 2007, and Davidsson et al., 1994 used RCT and crossover designs to evaluate the impact of phytase
on iron and zinc absorption [51,52,54]. Other studies used interventional designs with a focus on
community-based approaches [48,53]. Despite this, variations in study quality were evident, with
some studies lacking detailed information on phytase dosages [43—47,50]. Overall, while the diversity
in study designs enriches the understanding of the dephytinisation impact, it also emphasizes the
need for consistent reporting and methodological rigor to enhance the comparability and
generalizability of findings.

4. Discussion

The current literature review indicates that supplementation with exogenous phytase
significantly improves micronutrient absorption, namely for iron and zinc, with most of the reviewed
articles confirming this beneficial effect. In contrast, the presence of phytic acid in the diet was
associated with reduced absorption of micronutrients, with evidence suggesting that it mainly affects
iron and zinc. In addition, dephytinisation of foods improves the bioavailability of micronutrients,
with most studies showing increased absorption of iron and zinc after removing phytic acid. These
findings are especially important in phytic acid-rich diets, where reducing its content can enhance
micronutrient absorption and improve overall nutritional status.

Phytic acid consumption varies considerably around the world, influenced by the dietary habits
of each country. In the United Kingdom, phytic acid intake has increased over the decades, from 504-
844 mg/day in 1986 [55] to 1436 + 755 mg/day in 2005 [56]. The average estimated intake in Italy is
lower, at 219 mg/day [57]. In India, intake varies widely, with children aged 4-9 years consuming 720-
1160 mg/day, while adolescents (10-19 years) consume 1350-1780 mg/day [58]. In Sweden and
Finland, intakes for adults following a Western-style diet range from 180-370 mg/day [57], while
Swedish vegetarians consume significantly higher levels, reaching 1146 mg/day [28]. These data
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suggest that phytic acid intake varies widely, with the highest intakes being observed in populations
with diets rich in plant foods, such as vegetarians and populations in developing countries.

According to animal studies, microbial phytases appears to improve iron bioavailability by
enhancing iron markers, such as plasma transferrin and haemoglobin levels in rats [59] and pigs [60].
Phytase also significantly increases zinc bioavailability, improving plasma zinc concentration and
zinc digestibility in rats [61,62] and pigs [63]. There is also evidence that phytase improves copper
absorption, as shown by increased digestibility and urinary excretion of copper in pigs [64]. However,
the effect of phytase on manganese absorption is less clear, with a study showing no significant
changes in rats [65], while another study reports increased bone manganese concentrations,
particularly in pigs [66].

The use of phytase is not only applicable to developing countries but is also of particular
importance for the vegetarian and vegan diets that dominate the Western world, as well as for
disease-related malnutrition. The presence of phytic acid significantly limits the absorption of
minerals such as iron, which can contribute to problems such as iron deficiency anaemia. Today,
about 25% of the world’s population suffers from anaemia, with the largest proportion due to iron
deficiency, affecting about 1 billion people [67]. Especially for patients with malnutrition associated
with diseases, such as IBD or multiple sclerosis, intake of phytic acid can exacerbate already limited
micronutrient absorption [10,11]. Phytase interventions may be an effective strategy to prevent or
treat iron deficiency anaemia in these populations by improving iron absorption from plant-based
foods.

Our review provides valuable insights for addressing micronutrient deficiencies, especially in
developing countries where diets are often high in phytic acid and poor in bioavailable
micronutrients [68]. The potential of phytase use is emerging as a sustainable and cost-effective
strategy to improve the nutritional value of staple foods, which can help improve overall health
outcomes in vulnerable communities [69]. In addition, the results of this study can be used in public
health programs to inform communities about the effect of phytic acid on nutrient absorption and to
promote food preparation methods that reduce phytic acid, such as soaking, fermentation, and
sprouting [6]. At the same time, these findings may also be useful in patients with chronic diseases,
because adequate intake of micronutrients is critical for managing chronic diseases and supporting
patients’ quality of life. Iron deficiency, often seen in chronic kidney disease, heart failure, and IBD,
can worsen these conditions [70]. At the same time, zinc deficiency, which occurs in malabsorption
and liver and kidney disease, negatively affects the immune response and overall recovery [71].
Finally, our study highlights the importance of developing low-phytic acid foods to improve nutrient
bioavailability on a global scale.

This literature review offers significant advantages, extensively covering phytase
supplementation, the effect of phytic acid, and food dephytinisation on micronutrient absorption.
The focus exclusively on intervention studies enhances the validity of the conclusions. Furthermore,
the review follows a multifaceted approach, combining three different research directions:
investigating the effect of phytase on micronutrient absorption, analysing the effect of phytic acid as
an absorption inhibitor, and evaluating studies using phytase for food dephytinisation. This
comprehensive approach provides a complete understanding of the effects of each of these factors,
helping to identify gaps in the literature and confirming previously known data.

The present literature review, although extensive, has some weaknesses. First, it is not a
systematic review, as it does not formulate a clear research question to guide the study selection
process. This may limit the generalisability of the results. In addition, the review does not include an
assessment of the quality of the studies included, which may reduce the reliability of the overall
findings, as it does not consider any methodological weaknesses or limitations of the studies
included.

However, despite the widespread acceptance of the safety of phytase, a gap remains regarding
the defined optimal dose of phytase that should be used to dephytinise foods with high phytic acid
content, such as cereals and legumes. Also, the lack of long-term studies conducted to evaluate the
actual benefit of phytase on micronutrient levels in different populations, especially in vulnerable
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groups such as children and people facing nutritional deficiencies in developing countries, is a
shortcoming of this field of research.

Leading organisations, such as the World Health Organisation (WHO) and the European Food
Safety Authority (EFSA), have addressed the use of phytase in food, guiding safety and dosage. EFSA
has approved the safety of 3-phytase produced by Aspergillus niger for use in the food industry for
dephytinisation of cereal products, products of plant origin, and dairy substitutes. The evaluated
study showed that there are no safety concerns regarding the genetic modification of the production
organism and the enzyme does not contain any residues from the production organism [72].

EFSA also considered the dietary exposure to the phytase preparation and estimated that
exposure levels in children may reach 3.5 mg Total Organic Solids (TOS) per kilogram body weight
per day and in adults 1.2 mg TOS per kilogram body weight, under conservative assumptions WHO
[73]. Despite this conservative estimate, the Committee found that the safety margin is high
(approximately 250), as the No Observed Adverse Effect Level from 13-week toxicity studies in rats
was 833 mg TOS/kg body weight. Thus, phytase is considered safe in its intended uses, such as in
processed foods and food supplements [72].

5. Conclusions

This literature review discusses the increased focus towards the exogenous phytase as an
enhancer of the bioavailability of the essential micronutrients, especially iron and zinc, by reducing
the phytic acid present in the plant foods which is a common problem. Phytase supplementation has
demonstrated high efficacy for nutrient bioavailability, especially in populations of developing
countries who predominantly consume diets that are rich in phytic acid and among the
vegetarian/vegan populations of the western world. The present review supports the potential of
phytase as a safe option towards the prevention of deficiencies in micronutrients—or how to avoid
this—while outlining major weaknesses in the current body of data, such as absence of studies of
longer duration and whether there is an optimum dose of phytase. While the results are favourable,
it will be necessary to conduct additional studies to verify these outcomes, especially in at-risk
populations, such as children and nutritionally deficient individuals in developing countries. There
is great potential for phytase use as a low-cost measure for improving public health, but the
immediate cornerstone towards its wider use includes guaranteeing the safety of its use, determining
the right amounts, and evaluating long-term effects.

Author Contributions: V.S. contributed to the conception and methodology of the review, performed the
literature search, analysed and interpreted the results, prepared the first draft of the manuscript and edited it,
and was responsible for the overall supervision of this research work. T.C. and N.A. performed the literature
search, analysed and interpreted the results, prepared the first draft of the manuscript and edited it. D.L., S.A.H.
and O.A. contributed to the conception and methodology of the review, data interpretation, and provided critical
feedback including review and editing of the manuscript at all stages. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: SAH and VS are scientific consultants for Access Nutrients, a company which markets a
phytase-based supplement. Access Nutrients had no role in the design of the study; in the collection, analyses,
or interpretation of data; in the writing of the manuscript; or in the decision to publish the results. TC, NA, DL,
OA declare no conflicts of interest.

Reference

1. Gupta RK, Gangoliya SS, Singh NK: Reduction of phytic acid and enhancement of bioavailable
micronutrients in food grains. | Food Sci Technol 2015, 52(2):676-684.
2. Hadi Alkarawi H, Zotz G: Phytic acid in green leaves. Plant Biol (Stuttg) 2014, 16(4):697-701.


https://doi.org/10.20944/preprints202411.0927.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2024 d0i:10.20944/preprints202411.0927.v1

11

3. Brouns F: Phytic Acid and Whole Grains for Health Controversy. Nutrients 2021, 14(1).

4.  Wang R, Guo S: Phytic acid and its interactions: Contributions to protein functionality, food processing,
and safety. Compr Rev Food Sci Food Saf 2021, 20(2):2081-2105.

5. Rimbach G, Pallauf J, Moehring J, Kraemer K, Minihane AM: Effect of dietary phytate and microbial
phytase on mineral and trace element bioavailability-a literature review. Current Topics in Nutraceutical
Research 2008, 6(3).

6. Kumar V, Sinha AK, Makkar HP, Becker K: Dietary roles of phytate and phytase in human nutrition: A
review. Food chemistry 2010, 120(4):945-959.

7. MaG,LiY, JinY, Zhai F, Kok FJ, Yang X: Phytate intake and molar ratios of phytate to zinc, iron and
calcium in the diets of people in China. Eur | Clin Nutr 2007, 61(3):368-374.

8.  Dewey KG: Increasing iron intake of children through complementary foods. Food Nutr Bull 2007, 28(4
Suppl):5595-609.

9.  Gibson RS, Ferguson EL, Lehrfeld J: Complementary foods for infant feeding in developing countries: their
nutrient adequacy and improvement. Eur | Clin Nutr 1998, 52(10):764-770.

10. Burgos R, Bretdn I, Cereda E, Desport JC, Dziewas R, Genton L, Gomes F, Jésus P, Leischker A, Muscaritoli
M et al.: ESPEN guideline clinical nutrition in neurology. Clin Nutr 2018, 37(1):354-396.

11.  MacMaster MJ, Damianopoulou S, Thomson C, Talwar D, Stefanowicz F, Catchpole A, Gerasimidis K, Gaya
DR: A prospective analysis of micronutrient status in quiescent inflammatory bowel disease. Clin Nutr
2021, 40(1):327-331.

12. Maulana H, Widyastuti Y, Herlina N, Hasbuna A, Al-Islahi ASH, Triratna L, Mayasari N: Bioinformatics
study of phytase from Aspergillus niger for use as feed additive in livestock feed. | Genet Eng Biotechnol
2023, 21(1):142.

13. Herter-Aeberli I, Fischer MM, Egli IM, Zeder C, Zimmermann MB, Hurrell RF: Addition of Whole Wheat
Flour During Injera Fermentation Degrades Phytic Acid and Triples Iron Absorption from Fortified Tef in
Young Women. | Nutr 2020, 150(10):2666-2672.

14. Zyba SJ, Wegmiiller R, Woodhouse LR, Ceesay K, Prentice AM, Brown KH, Wessells KR: Effect of
exogenous phytase added to small-quantity lipid-based nutrient supplements (SQ-LNS) on the fractional
and total absorption of zinc from a millet-based porridge consumed with SQ-LNS in young Gambian
children: a randomized controlled trial. Am | Clin Nutr 2019, 110(6):1465-1475.

15. Monnard A, Moretti D, Zeder C, Steingdtter A, Zimmermann MB: The effect of lipids, a lipid-rich ready-
to-use therapeutic food, or a phytase on iron absorption from maize-based meals fortified with
micronutrient powders. Am | Clin Nutr 2017, 105(6):1521-1527.

16. Brni¢ M, Wegmidiller R, Melse-Boonstra A, Stomph T, Zeder C, Tay FM, Hurrell RF: Zinc Absorption by
Adults Is Similar from Intrinsically Labeled Zinc-Biofortified Rice and from Rice Fortified with Labeled
Zinc Sulfate. | Nutr 2016, 146(1):76-80.

17. Brni¢ M, Wegmidiller R, Zeder C, Senti G, Hurrell RF: Influence of phytase, EDTA, and polyphenols on zinc
absorption in adults from porridges fortified with zinc sulfate or zinc oxide. | Nutr 2014, 144(9):1467-1473.

18. Cercamondi CI, Egli IM, Mitchikpe E, Tossou F, Hessou J, Zeder C, Hounhouigan JD, Hurrell RF: Iron
bioavailability from a lipid-based complementary food fortificant mixed with millet porridge can be
optimized by adding phytase and ascorbic acid but not by using a mixture of ferrous sulfate and sodium
iron EDTA. ] Nutr 2013, 143(8):1233-1239.

19. Troesch B, van Stuijvenberg ME, Smuts CM, Kruger HS, Biebinger R, Hurrell RF, Baumgartner J,
Zimmermann MB: A micronutrient powder with low doses of highly absorbable iron and zinc reduces iron
and zinc deficiency and improves weight-for-age Z-scores in South African children. | Nutr 2011,
141(2):237-242.

20. Troesch B, Egli I, Zeder C, Hurrell RF, de Pee S, Zimmermann MB: Optimization of a phytase-containing
micronutrient powder with low amounts of highly bioavailable iron for in-home fortification of
complementary foods. Am | Clin Nutr 2009, 89(2):539-544.

21. Bach Kristensen M, Tetens I, Alstrup Jergensen AB, Dal Thomsen A, Milman N, Hels O, Sandstrém B,
Hansen M: A decrease in iron status in young healthy women after long-term daily consumption of the
recommended intake of fibre-rich wheat bread. Eur | Nutr 2005, 44(6):334-340.

22.  Layrisse M, Garcia-Casal MN, Solano L, Baréon MA, Arguello F, Llovera D, Ramirez ], Leets I, Tropper E:
Iron bioavailability in humans from breakfasts enriched with iron bis-glycine chelate, phytates and
polyphenols. ] Nutr 2000, 130(9):2195-2199.

23. Sandberg AS, Hulthén LR, Tiirk M: Dietary Aspergillus niger phytase increases iron absorption in humans.
J Nutr 1996, 126(2):476-480.

24. Adams CL, Hambidge M, Raboy V, Dorsch JA, Sian L, Westcott JL, Krebs NF: Zinc absorption from a low-
phytic acid maize. Am | Clin Nutr 2002, 76(3):556-559.

25. Armah SM, Boy E, Chen D, Candal P, Reddy MB: Regular Consumption of a High-Phytate Diet Reduces
the Inhibitory Effect of Phytate on Nonheme-Iron Absorption in Women with Suboptimal Iron Stores. |
Nutr 2015, 145(8):1735-1739.


https://doi.org/10.20944/preprints202411.0927.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2024 d0i:10.20944/preprints202411.0927.v1

12

26. Bohn T, Davidsson L, Walczyk T, Hurrell RF: Phytic acid added to white-wheat bread inhibits fractional
apparent magnesium absorption in humans. Am | Clin Nutr 2004, 79(3):418-423.

27. Brune M, Rossander-Hultén L, Hallberg L, Gleerup A, Sandberg AS: Iron absorption from bread in
humans: inhibiting effects of cereal fiber, phytate and inositol phosphates with different numbers of
phosphate groups. | Nutr 1992, 122(3):442-449.

28. Brune M, Rossander L, Hallberg L: Iron absorption: no intestinal adaptation to a high-phytate diet. Am |
Clin Nutr 1989, 49(3):542-545.

29. Delimont NM, Nickel S: Salivary cystatin SN is a factor predicting iron bioavailability after phytic acid rich
meals in female participants. Int | Food Sci Nutr 2021, 72(4):559-568.

30. Eglil, Davidsson L, Zeder C, Walczyk T, Hurrell R: Dephytinization of a complementary food based on
wheat and soy increases zinc, but not copper, apparent absorption in adults. ] Nutr 2004, 134(5):1077-1080.

31. Fredlund K, Isaksson M, Rossander-Hulthén L, Almgren A, Sandberg AS: Absorption of zinc and
retention of calcium: dose-dependent inhibition by phytate. | Trace Elem Med Biol 2006, 20(1):49-57.

32. Hambidge KM, Miller LV, Mazariegos M, Westcott ], Solomons NW, Raboy V, Kemp JF, Das A, Goco N,
Hartwell T et al.: Upregulation of Zinc Absorption Matches Increases in Physiologic Requirements for Zinc
in Women Consuming High- or Moderate-Phytate Diets during Late Pregnancy and Early Lactation. ] Nutr
2017, 147(6):1079-1085.

33. Hambidge KM, Krebs NF, Westcott JL, Sian L, Miller LV, Peterson KL, Raboy V: Absorption of calcium
from tortilla meals prepared from low-phytate maize. Am | Clin Nutr 2005, 82(1):84-87.

34. Heaney RP, Weaver CM, Fitzsimmons ML: Soybean phytate content: effect on calcium absorption. Am |
Clin Nutr 1991, 53(3):745-747.

35. Hoppe M, Ross AB, Svelander C, Sandberg AS, Hulthén L: Low-phytate wholegrain bread instead of high-
phytate wholegrain bread in a total diet context did not improve iron status of healthy Swedish females: a
12-week, randomized, parallel-design intervention study. Eur | Nutr 2019, 58(2):853-864.

36. Hunt]R, Beiseigel JM: Dietary calcium does not exacerbate phytate inhibition of zinc absorption by women
from conventional diets. Am | Clin Nutr 2009, 89(3):839-843.

37. Lind T, Lonnerdal B, Persson LA, Stenlund H, Tennefors C, Hernell O: Effects of weaning cereals with
different phytate contents on hemoglobin, iron stores, and serum zinc: a randomized intervention in infants
from 6 to 12 mo of age. Am | Clin Nutr 2003, 78(1):168-175.

38. Mazariegos M, Hambidge KM, Krebs NF, Westcott JE, Lei S, Grunwald GK, Campos R, Barahona B, Raboy
V, Solomons NW: Zinc absorption in Guatemalan schoolchildren fed normal or low-phytate maize. Am
J Clin Nutr 2006, 83(1):59-64.

39. Petry N, Rohner F, Gahutu JB, Campion B, Boy E, Tugirimana PL, Zimmerman MB, Zwahlen C, Wirth JP,
Moretti D: In Rwandese Women with Low Iron Status, Iron Absorption from Low-Phytic Acid Beans and
Biofortified Beans Is Comparable, but Low-Phytic Acid Beans Cause Adverse Gastrointestinal Symptoms.
J Nutr 2016, 146(5):970-975.

40. Petry N, Egli I, Campion B, Nielsen E, Hurrell R: Genetic reduction of phytate in common bean (Phaseolus
vulgaris L.) seeds increases iron absorption in young women. | Nutr 2013, 143(8):1219-1224.

41. Bokhari F, Derbyshire E, Li W, Brennan CS, Stojceska V: A study to establish whether food-based
approaches can improve serum iron levels in child-bearing aged women. | Hum Nutr Diet 2012, 25(1):95-
100.

42. Davidsson L, Ziegler EE, Kastenmayer P, van Dael P, Barclay D: Dephytinisation of soyabean protein
isolate with low native phytic acid content has limited impact on mineral and trace element absorption in
healthy infants. Br ] Nutr 2004, 91(2):287-294.

43. Davidsson L, Galan P, Cherouvrier F, Kastenmayer P, Juillerat MA, Hercberg S, Hurrell RF: Bioavailability
in infants of iron from infant cereals: effect of dephytinization. Am ] Clin Nutr 1997, 65(4):916-920.

44. Davidsson L, Almgren A, Juillerat MA, Hurrell RF: Manganese absorption in humans: the effect of phytic
acid and ascorbic acid in soy formula. Am | Clin Nutr 1995, 62(5):984-987.

45. Hurrell RF, Reddy MB, Juillerat MA, Cook JD: Degradation of phytic acid in cereal porridges improves
iron absorption by human subjects. Am | Clin Nutr 2003, 77(5):1213-1219.

46. Koréissi-Dembélé Y, Fanou-Fogny N, Moretti D, Schuth S, Dossa RA, Egli I, Zimmermann MB, Brouwer
ID: Dephytinisation with intrinsic wheat phytase and iron fortification significantly increase iron
absorption from fonio (Digitaria exilis) meals in West African women. PLoS One 2013, 8(10):e70613.

47. Zhang H, Onning G, Oste R, Gramatkovski E, Hulthén L: Improved iron bioavailability in an oat-based
beverage: the combined effect of citric acid addition, dephytinization and iron supplementation. Eur | Nutr
2007, 46(2):95-102.

48. Manary MJ, Krebs NF, Gibson RS, Broadhead RL, Hambidge KM: Community-based dietary phytate
reduction and its effect on iron status in Malawian children. Ann Trop Paediatr 2002, 22(2):133-136.

49. Petry N, Egli I, Zeder C, Walczyk T, Hurrell R: Polyphenols and phytic acid contribute to the low iron
bioavailability from common beans in young women. | Nutr 2010, 140(11):1977-1982.


https://doi.org/10.20944/preprints202411.0927.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2024 d0i:10.20944/preprints202411.0927.v1

13

50. Couzy F, Mansourian R, Labate A, Guinchard S, Montagne DH, Dirren H: Effect of dietary phytic acid on
zinc absorption in the healthy elderly, as assessed by serum concentration curve tests. Br | Nutr 1998,
80(2):177-182.

51. Davidsson L, Galan P, Kastenmayer P, Cherouvrier F, Juillerat MA, Hercberg S, Hurrell RF: Iron
bioavailability studied in infants: the influence of phytic acid and ascorbic acid in infant formulas based on
soy isolate. Pediatr Res 1994, 36(6):816-822.

52. Kim ], Paik HY, Joung H, Woodhouse LR, Li S, King JC: Effect of dietary phytate on zinc homeostasis in
young and elderly Korean women. | Am Coll Nutr 2007, 26(1):1-9.

53. Manary M]J, Hotz C, Krebs NF, Gibson RS, Westcott JE, Arnold T, Broadhead RL, Hambidge KM: Dietary
phytate reduction improves zinc absorption in Malawian children recovering from tuberculosis but not in
well children. | Nutr 2000, 130(12):2959-2964.

54. Petry N, Egli I, Gahutu JB, Tugirimana PL, Boy E, Hurrell R: Phytic acid concentration influences iron
bioavailability from biofortified beans in Rwandese women with low iron status. ] Nutr 2014, 144(11):1681-
1687.

55. Davies NT, Warrington S: The phytic acid mineral, trace element, protein and moisture content of UK Asian
immigrant foods. Hum Nutr Appl Nutr 1986, 40(1):49-59.

56. Heath AL, Roe MA, Oyston SL, Fairweather-Tait SJ: Meal-based intake assessment tool: relative validity
when determining dietary intake of Fe and Zn and selected absorption modifiers in UK men. Br | Nutr
2005, 93(3):403-416.

57. Carnovale E, Lombardi-Boccia G, Lugaro E: Phytate and zinc content of Italian diets. Hum Nutr Appl Nutr
1987, 41(3):180-186.

58. Khokhar S, Pushpanjali, Fenwick GR: Phytate content of Indian foods and intakes by vegetarian Indians
of Hisar Region, Haryana State. Journal of Agricultural and Food Chemistry 1994, 42(11):2440-2444.

59. Pallauf ], Pippig S, Most E, Rimbach G: Supplemental sodium phytate and microbial phytase influence iron
availability in growing rats. | Trace Elem Med Biol 1999, 13(3):134-140.

60. Stahl CH, Han YM, Roneker KR, House WA, Lei XG: Phytase improves iron bioavailability for
hemoglobin synthesis in young pigs. | Anim Sci 1999, 77(8):2135-2142.

61. Rimbach G, Walter A, Most E, Pallauf J: Effect of supplementary microbial phytase to a maize-soya diet on
the availability of calcium, phosphorus, magnesium and zinc: in vitro dialysability in comparison with
apparent absorption in growing rats. Journal of Animal Physiology and Animal Nutrition 1997, 77(1-5):198-206.

62. Rimbach G, Walter A, Most E, Pallauf J: Effect of microbial phytase on zinc bioavailability and cadmium
and lead accumulation in growing rats. Food and chemical toxicology 1998, 36(1):7-12.

63. Lei X, Ku P, Miller E, Yokoyama M: Supplementing corn-soybean meal diets with microbial phytase
linearly improves phytate phosphorus utilization by weanling pigs. Journal of animal Science 1993,
71(12):3359-3367.

64. Kies AK, Gerrits W], Schrama JW, Heetkamp M]J, van der Linden KL, Zandstra T, Verstegen MW: Mineral
absorption and excretion as affected by microbial phytase, and their effect on energy metabolism in
young piglets. The Journal of nutrition 2005, 135(5):1131-1138.

65. Rimbach G, Pallauf ], Brandt K, Most E: Effect of phytic acid and microbial phytase on Cd accumulation,
Zn status, and apparent absorption of Ca, P, Mg, Fe, Zn, Cu, and Mn in growing rats. Annals of Nutrition
and Metabolism 1995, 39(6):361-370.

66. Shelton ], LeMieux F, Southern L, Bidner T: Effect of microbial phytase addition with or without the trace
mineral premix in nursery, growing, and finishing pig diets. Journal of animal science 2005, 83(2):376-385.

67. Sharma J, Devanathan S, Sengupta A, Rajeshwari P: Assessing the prevalence of iron deficiency anemia
and risk factors among children and women: A case study of rural Uttar Pradesh. Clinical Epidemiology and
Global Health 2024, 26:101545.

68. Troesch B, Jing H, Laillou A, Fowler A: Absorption studies show that phytase from Aspergillus niger
significantly increases iron and zinc bioavailability from phytate-rich foods. Food and nutrition bulletin 2013,
34(2_suppl1):590-5101.

69. Fontaine O: Conclusions and recommendations of the WHO Consultation on prevention and control of
iron deficiency in infants and young children in malaria-endemic areas. Food & Nutrition Bulletin 2007, 28(4).

70. Hanif N, Anwer F: Chronic iron deficiency. 2020.

71. Prasad AS: Discovery of human zinc deficiency: its impact on human health and disease. Advances in
nutrition 2013, 4(2):176-190.

72. Lambré C, Barat Baviera JM, Bolognesi C, Cocconcelli PS, Crebelli R, Gott DM, Grob K, Lampi E, Mengelers
M, Mortensen A et al.: Safety evaluation of the food enzyme 3-phytase from the genetically modified
Aspergillus niger strain NPH. Efsa j 2024, 22(1):e8514.

73. Choudhuri S, DiNovi M, dos Santos L, Leblanc ], Meyland I, Mueller U: 3-PHYTASE FROM
ASPERGILLUS NIGER EXPRESSED IN ASPERGILLUS NIGER First draft prepared by. Safety evaluation
of certain food additives 2012:19.


https://doi.org/10.20944/preprints202411.0927.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2024 d0i:10.20944/preprints202411.0927.v1

14

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202411.0927.v1

