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A B S T R A C T

Histamine intolerance is associated with impaired histamine metabolism due to diamine-oxidase (DAO) enzyme
deficiency at intestinal level. The recommended strategy to alleviate the symptomatology is a low-histamine diet
supplemented with DAO. Different sources of DAO enzyme have been characterized in the literature (animal,
vegetal and microbial), although only the porcine kidney protein extract has been approved as food supplement.
Despite optimistic clinical results of DAO supplementation, variability in enzymatic activity of this type of active
ingredient is reported, potentially linked to manufacturing processes. The aim of this work was to evaluate the
impact of the raw material and the technological process of obtaining the porcine kidney protein extract on DAO
activity, and its evolution during storage at room temperature (25 ◦C) and refrigeration (4 ◦C). Twenty batches of
DAO-containing extract were analyzed and found to have a consistent histamine-degrading activity. The powder
extract was prepared by mincing and homogenizing porcine kidneys, defatting with acetone, and drying at 40 ◦C
for 6 h. The inclusion of a biocidal step before acetone extraction was evaluated on DAO activity. The use of
sodium hypochlorite and irradiation (8kGy) did not have a negative impact on DAO activity. Moreover, the
inclusion of an initial freeze-drying step of the raw material yielded an extract with higher DAO activity. On the
other hand, the effect of applying higher temperatures (70 ◦C, 80 ◦C, and 90 ◦C) during the extract drying process
for 3 and 6 h was evaluated, reporting a significant decrease of the enzymatic activity, with losses of 10–20 % for
every 10 ◦C increase in temperature. Refrigeration was the only storage method capable of preserving enzymatic
activity for at least 24 months. The manufacturing and storage of porcine kidney extract are crucial steps in the
formulation of DAO supplements suitable for the treatment of histamine intolerance.

1. Introduction

The enzyme diamine oxidase (DAO, EC 1.4.3.22) catalyzes the
oxidative deamination of the primary amino group of histamine and
other diamines to yield the corresponding aldehyde, as well as stoi-
chiometric amounts of ammonia and hydrogen peroxide (Bouvrette
et al., 1997; Buffoni, 1966; Schwelberger& Bodner, 1997). This enzyme,
which can be found in microorganisms, plants, and animals, is a
homodimeric protein belonging to the category of copper-dependent

amino oxidases (Boehm et al., 2017; Schwelberger et al., 2013). In
humans, the major sites of DAO expression are placenta, kidney and
intestine, being the latter which plays a key role in the degradation of
dietary histamine (Comas-Basté et al., 2020b; Kovacova-Hanuskova
et al., 2015). In the last decade, multiple studies have identified a
population subgroup who suffer adverse effects after the ingestion of
normal or even low levels of histamine due to deficient DAO activity
(Zhao et al., 2022). Symptoms of this clinical condition, known as his-
tamine intolerance, commonly affect the gastrointestinal, dermal and/or
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respiratory systems (Bodmer et al., 1999; Komericki et al., 2011;
Schnedl& Enko, 2021). Some researchers have estimated that histamine
intolerance may affect 1–3 % of the population, although prevalence
data are still very limited. This percentage could potentially rise as un-
derstanding and diagnostic methods for histamine intolerance continue
to advance (Maintz & Novak, 2007).

The main strategy used to avoid or lessen the symptoms of histamine
intolerance is to follow a low-histamine diet (Lackner et al., 2019;
Maintz & Novak, 2007; Wagner et al., 2017). As indicated by the Eu-
ropean Food Safety Authority (EFSA), only foods with low histamine
levels (below the detection limit) can be considered safe for individuals
who suffer from this food intolerance (EFSA, 2011). However, as his-
tamine and other biogenic amines are widely distributed in different
food categories with highly variable concentrations (Gardini et al.,
2016; Sánchez-Pérez et al., 2018), such diets are extremely restrictive
and complex, and adherence is difficult (Cucca et al., 2022; Kovaco-
va-Hanuskova et al., 2015; Schnedl et al., 2019). Moreover, the current
food-related regulations do not consider the declaration of the absence
or specific content of histamine in food labelling, which could help
histamine intolerant individuals to make safer and informed choices
(Sánchez-Pérez et al., 2021).

Recently, similar to the treatment recommended for lactose intoler-
ance, it has been proposed that a low-histamine diet is accompanied by
oral supplementation with exogenous DAO to promote the intestinal
degradation of dietary histamine. The aim of this strategy is to allow
patients to follow a less restrictive diet and improve their quality of life
(Maintz & Novak, 2007). In 2017, the European Commission authorized
the marketing of DAO supplements as a novel food for the dietary
management of histamine intolerance, both as food supplement and as
food for special medical purposes (Commission Implementing Regula-
tion (EU) 2017/2470). The supplements are based on a protein extract
from porcine kidney encapsulated in an enteric coating for protection
during passage through the gastric environment before reaching the
intestines, where histamine catabolism by DAO takes place. The occur-
rence of DAO in porcine kidney has long been verified and an extraction
process was patented in the United States of America in 1942, involving
a three-steps extraction treatment with acetone (approximately 7 L of
acetone per kilogram of porcine kidney) and subsequent drying at 25 ◦C
under vacuum to provide a protein concentrate with approximately 7 %
DAO (William & Paul, 1942). Several DAO supplements are already
available on the market, all of them formulated with a unit dose of 4.2
mg of porcine kidney extract (i.e. 0.3 mg of DAO enzyme per capsule)
(Commission Implementing Regulation (EU) 2017/2470).

The few studies in the literature that have evaluated the effectiveness
of DAO supplements indicate a positive effect on histamine intolerance
symptoms, although the conclusions are limited by small study pop-
ulations or short interventions (Cucca et al., 2022; Izquierdo-Casas et al.,
2019; Komericki et al., 2011; Manzotti et al., 2016; Schnedl et al., 2019;
Yacoub et al., 2018). Despite the optimistic results regarding the clinical
efficacy of DAO supplements, considerable variability in the enzymatic
activity of the active ingredient (powder porcine kidney protein extract)
or the food supplement has been reported (Comas-Basté et al., 2019;
Izquierdo-Casas et al., 2019; Kettner et al., 2020). Comas-Basté et al.
(2019) analyzed the histamine-degrading activity of various supple-
ments marketed in different countries, all of them formulated with
porcine kidney extracts, finding values ranging between 0.04 and 0.20
mU/mg. In contrast, Kettner et al. (2020) reported the absence of
enzymatic activity in a DAO supplement marketed in Germany. Both
studies suggest that factors related either to the protein extraction from
porcine kidney or to enzymatic instability along the storage could
explain the variable DAO activity of the food supplements. For this
reason, the aim of the present work was to evaluate the impact of the
raw material and the technological process of obtaining the powder
porcine kidney protein extract on histamine-degrading activity.
Furthermore, the evolution of DAO activity during storage of the active
ingredient was studied.

2. Material and methods

2.1. Samples preparation

The samples of protein extract from porcine kidney evaluated in this
study were provided by a biomedical company located in Barcelona
(Spain) and specialized in the manufacturing of active ingredients for
nutraceutical products. Briefly, one experimental batch of powder pro-
tein kidney extract was obtained by mincing and homogenizing 1 kg of
porcine kidneys with a PS-22 commercial meat mincer (Sammic,
Azkoitia, Spain), followed by the addition of 8 L of acetone (PanReac
Química, Castellar del Vallès, Spain) to defat and dehydrate the ho-
mogenized pig kidneys. The mixture of the porcine kidney batter with
acetone was performed in a Nutsche Filter-Dryer (Büchi AG, Uster,
Switzerland) at room temperature. Next, drying was carried out in a
laboratory vacuum oven dryer (40 ◦C) for 6 h, with the paste evenly
spread on metal trays, until a water content of <8–10 % was obtained.
The effect of the time/temperature binomial on DAO activity was
analyzed within this drying process by also subjecting the same batch of
pig kidney extract to higher heat treatments (70 ◦C, 80 ◦C and 90 ◦C
applied for 3 and 6 h). Finally, the resulting 150 g of active ingredient
were sieved to ensure a granulometry of <1 mm.

The variability of the DAO activity of the protein extract from
different batches of the raw material (porcine kidney) was evaluated.
Thus, protein extracts from 20 batches of porcine kidney were analyzed,
all of them obtained from a Spanish slaughterhouse over the course of a
year.

In addition, DAO activity was studied after the application of
different chemical and physical processes aimed at maintaining the
biological safety of the final product. The biocidal treatments comprised
the addition of 0.1 % sodium hypochlorite (20mL of an aqueous solution
at 5 %) or 0.2 % thymol (2-isopropyl-5-methylphenol) (40 mL of an
alcoholic solution at 5 %) to the homogenized porcine kidney batter
(both products were obtained from PanReac Química, Castellar del
Vallès, Spain). The homogenized mixture was kept at room temperature
for at least 15 min, prior to the acetone washing step. In the case of
irradiation, it was performed at the premises of Aragogamma S.L. (Les
Franqueses del Vallés, Barcelona, Spain). Gamma irradiation was
applied by exposing the homogenized meat batter to a cobalt-60 irra-
diator at 15 ◦C and a dose rate of 10 KGy/h to achieve three different
doses (8, 15 and 25 kGy).

The impact of the inclusion of a freeze-drying step of the raw ma-
terial prior to the acetone extraction was also evaluated, its aim being to
reduce the aqueous content of the product and thus minimize possible
losses of DAO due to leaching. For this purpose, 10 different batches of
porcine kidney were assessed. For each batch, 1 kg of porcine kidneys
was grinded (as previously mentioned) and subsequently spread uni-
formly on metal trays (29.5 cm x 26.5 cm) in a single thin layer. The
resulting paste was frozen overnight at − 80 ◦C (NU-99728 J ultralow
temperature freezer, NuAire, Plymouth, Minnesota, United States) and
subjected to a freeze-drying process using a laboratory-scale freeze dryer
(Cryodos-50, Telstar, Terrassa, Spain). The lyophilization procedure was
performed with a chamber pressure of 0.22 mbar, increasing the tem-
perature from − 85 ◦C to 22 ◦C for 72 h. After lyophilization, the ob-
tained dried paste was grinded using a domestic mill to obtain a
homogenized powder.

Finally, the stability of the DAO activity of the porcine kidney extract
was determined over 24 months of storage at room temperature (25 ◦C)
or refrigeration (4 ◦C). The protein extract was maintained in sealed
tubes protected from light and humidity and the enzymatic activity was
measured at 2, 4, 6, 9, 12, 18 and 24 months.

All samples from different stages of the study were produced be-
tween 2021 - 2022 and sent to the Food and Nutrition Campus of the
University of Barcelona for the analysis of DAO activity.
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2.2. Determination of DAO activity in vitro

The experimental procedure used to determine DAO activity in vitro
was that described by Comas-Basté et al. (2019). Briefly, 10 mg of
powder porcine kidney protein extract was homogenized in 20 ml of
0.05 M phosphate buffer solution (pH 7.2) at 200 rpm and 37 ◦C for 30
min in a shaker incubator (NB-T205, N-BIOTEK, INC, Korea). Subse-
quently, a 45 μM histamine standard solution (Sigma-Aldrich, St. Louis,
MO, USA) was added, the moment at which the enzymatic reaction
begins (t = 0). The mixture was kept in constant incubation at 37 ◦C and
200 rpm and 500 μL aliquots of sample were removed at different re-
action times. At each sampling point, 15 μL of 2 N perchloric acid so-
lution was added to stop the enzymatic reaction. After a centrifugation
step (4 ◦C, 5 min, 17,608 g), the supernatant was filtered through a 0.22
μm GHP filter (Waters Corp., Milford, MA, USA) and stored at 4 ◦C until
analysis by ultra-high-performance liquid chromatography (UHPLC)
(Latorre-Moratalla et al., 2009). The chromatographic determination of
the remaining histamine was accomplished by online post-column
derivatization at room temperature with 0.01 % (p/v) o-phthalalde-
hyde (Sigma-Aldrich, St. Louis, MO, USA) and fluorescence detection
(λex:340 nm and λem:445 nm). The results are expressed in nmoles of
histamine degraded per minute per mg of porcine kidney extract
(mU/mg).

2.3. Statistical analysis

Statistical analysis of data was performed with the SPSS Statistics
27.0 statistical software package (IBM Corporation, Armonk, NY, USA).
For each different production condition, results are presented as mean
values ± the standard deviation (mean ± SD). Normality was assessed
using Q-Q plots and ShapiroWilk test. Differences in DAO activity values
among the different batches and treatment conditions were analyzed by
non-parametric Kruskal-Wallis Test. Values of p < 0.05 were considered
statistically significant.

3. Results and discussion

3.1. Influence of raw material and technological factors of the obtaining
process of the porcine kidney protein extract on its DAO activity

One of the primary challenges in the formulation of food supple-
ments from ingredients of biological origin is the variability that may
exist between different batches of the raw material (Liu et al., 2022).
Accordingly, DAO activity was measured in protein extracts from twenty
different batches of porcine kidney produced over a year. As shown in
Fig. 1, variations were found to be minimal, without significant differ-
ences among batches (p > 0.05), and an average value of 0.24 ± 0.02
mU/mg. The low variability in DAO activity found in porcine kidney
protein extracts could be explained by the highly standardized

techniques and conditions of animal rearing and slaughter within a
specific slaughterhouse. This is relevant from a production point of view,
as it ensures the product specifications remain constant between
batches. To our knowledge, this is the first time that the effect of the raw
material (in this case porcine kidney) on DAO activity in the resulting
product has been evaluated. It remains pending to assess whether the
raw material coming from different production slaughterhouse would
also maintain a low variability in the DAO enzymatic activity. Two
recent studies that analyzed protein extracts from porcine kidneys,
which clearly proceeded from different countries and production
slaughterhouses, reported DAO activity levels similar to those observed
in the present study (Comas-Basté et al., 2019; Kettner et al., 2020). In
these two cases, apart from the different origins of the raw material, the
use of the same extraction procedure leading to a very similar degree of
purification for the active ingredient could explain the low variability
between products.

The process generally used to obtain protein extracts from porcine
kidney includes drying in a vacuum oven, where the paste obtained after
washing with acetone is exposed to a temperature of 40 ◦C for 6 h to
remove any acetone residue and to reduce its water content (considered
as the control sample for this experiment). Fig. 2 shows the DAO activity
of powder porcine kidney protein extracts subjected to drying with
different combinations of time and temperature. It was observed that
applying more heat in the extraction process significantly reduced the
enzymatic activity (p < 0.05), with a loss of approximately 10 - 20 % for
each 10 ◦C increase in temperature. Exposing the extract to 70 ◦C
resulted in up to 30 % loss of DAO activity compared to the control
sample (40 ◦C, 6 h), which increased to >60 % at 90 ◦C (p < 0.05). On
the other hand, the time of drying had less influence on the enzymatic
activity. Thus, increasing heat exposure from 3 to 6 h resulted in only
approximately 5 % loss of DAO activity. These results obtained in an
unpurified porcine kidney extract coincide with those of Mondovi et al.
(1992), who reported the stability of the activity of a purified DAO
enzyme from porcine origin at temperatures below 60 ◦C, above which it
decreased considerably due to thermal denaturation. Furthermore, ac-
cording to information from a study by Matsuda and Suzuki (1981), the
activity of DAO purified from Vicia faba L. leaves remains intact when
subjected to temperatures below 60 ◦C for 10 min but decreases pro-
gressively at above 70 ◦C.

It may be necessary to apply sanitizing strategies to guarantee the
biological safety of raw materials and/or the finished product. To the
best of our knowledge, there is no information in the literature on the
effect of biocide methods on the DAO activity of porcine kidney extract.
The chemical and physical strategies tested in this study are widely used
in the food field due to their ability to control biological hazards,
including viral agents (Feliziani et al., 2016). As shown in Fig. 3, the
addition of a 0.1 % aqueous solution of sodium hypochlorite did not
influence DAO activity, resulting in no significant differences compared
to the untreated control sample (p > 0.05). Although the influence of

Fig. 1. In vitro diamine oxidase (DAO) activity (mU/mg) of protein extract prepared from 20 batches of porcine kidney. Results are presented as mean values ± the
standard deviation (mean ± SD) of three analytical replicates.
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this biocide treatment on DAO activity has not been studied previously,
its impact on the catalytic capacity of other enzymes has been investi-
gated. For example, Pequeño-Granado et al. (2015) reported that the
application of sodium hypochlorite on leaves and petioles of Jatropha
curcas did not affect the activity of polyphenol oxidase, even when used
in concentrations of >3 %.

Due to the well-known antimicrobial properties of thymol extracts
(Tapia-Rodriguez et al., 2023), the addition of 0.2 % thymol solution on
this raw material was also tested. The obtained results showed that the
application of this biocide solution caused a slight but statistically sig-
nificant reduction in the DAO activity of the porcine kidney protein
extract (p < 0.05). It is not clear the mechanism by which thymol could
be responsible for this small loss in DAO enzymatic activity. The alco-
holic solution that carries it could be another explanation, although the
very low concentrations to which it was exposed in this experiment (4 %
ethanol) could hardly exert a negative effect. Some authors have re-
ported that alcohol concentrations higher than 24% could begin to exert
a damage on the intestinal DAO activity (Neree et al., 2018). However,
the most studied hypothesis about the possible effect of alcohol on his-
tamine toxicity is based on the fact that alcohol and its metabolite
acetaldehyde can compete for the aldehyde dehydrogenase enzyme,
which is involved in the metabolism of both alcohol and histamine,
resulting in an accumulation of histamine and the enhancement of its

toxicity.
Regarding irradiation, exposing the homogenized porcine kidneys at

a dose of 8 kGy did not influence DAO activity of the obtained powder
extract (p > 0.05), while irradiation at higher doses (15 and 25 kGy)
provoked significant losses in this enzymatic activity (p < 0.05). The use
of ionizing radiation has been authorized by the European Parliament
since 1999 to reduce biological contamination of different foods for
human consumption (Lista de, 2006). European regulations limit the
irradiation dose to a maximum of 10 kGy, which has been shown to
protect food against insects, parasites and non-sporulating pathogenic
bacteria (Real Decreto 348/2001). The safety of applying radiation to
food, without negative effects on nutritional and organoleptic quality,
has been demonstrated, but there is still little information on how this
type of sanitizing treatment may affect the activity of enzymes in food
matrices. Hou et al. (2018) demonstrated that the application of irra-
diation at low doses (0.2 –1 kGy) in Volvariella volvacea, one of the most
prized edible mushrooms in Asian cuisine, did not have any effect on the
catalase and peroxide dismutase activity of this food. On the other hand,
Wang et al. (2019) reported a significant inhibition of different enzymes
involved in the lignification and enzymatic browning process in bamboo
shoots irradiated with doses of 1–5 KGy. According to these reports and
the results obtained in the present study, it seems that each enzyme
responds in a different way to ionizing radiation treatment and needs to

Fig. 2. Influence of different combinations of time and temperature during the drying process on the diamine oxidase (DAO) activity (mU/mg) of porcine kidney
protein extract in comparison with the control sample (40 ◦C, 6 h). Results are presented as mean values ± the standard deviation (mean ± SD) from three different
batches of powder porcine kidney protein extract obtained for each experimental condition. The asterisk indicates statistically significant differences compared to the
control sample (p < 0.05).

Fig. 3. Influence of biocidal treatments on the diamine oxidase (DAO) activity (mU/mg) of porcine kidney protein extract in comparison with the control sample
(untreated). Sodium hypochlorite and thymol were applied at room temperature for 15 min, whereas irradiation was performed at 15 ◦C with a dose rate of 10 KGy/
h. Results are presented as mean values ± the standard deviation (mean ± SD) from three different batches of powder porcine kidney protein extract obtained for
each experimental condition. The asterisk indicates statistically significant differences compared to the control sample (p < 0.05).
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be studied separately for each irradiation dose applied.
Finally, the effect of freeze-drying or lyophilization was also evalu-

ated, a nonthermal drying method that could be applied in order to
minimize loss of DAO activity through enzyme leaching during the
processing. This operation allows the dehydration of the sample at
relatively low temperatures and has a less negative effect on enzymes
than a conventional thermal process, which facilitates partial or total
inactivation depending on the intensity of the treatment (Liu et al.,
2022). In the present study, the inclusion of an initial freeze-drying step
of the raw material before protein extraction resulted in a significantly
higher DAO activity of the powder porcine kidney protein extract (p <

0.05), practically doubling it (0.41 ± 0.02 mU/mg) compared to the
control sample produced without this prior dehydration step (0.24 ±

0.02 mU/). To the best of our knowledge, there is no information in the
literature about the effect of drying methods on the activity of DAO in
animal-derived matrices. The freeze-drying process has also been stud-
ied for its influence on other enzymes in plant tissues, such as xanthine
oxidase, polyphenol oxidase, peroxidase, and lactate dehydrogenase
(Kawai & Suzuki, 2007; Loh & Lim, 2018; Srirangsan et al., 2010). For
example, and in agreement with results of the current study, Loh and
Lim (2018) demonstrated that freeze-drying was superior to conven-
tional thermal methods in maintaining or even increasing polyphenol
oxidase and peroxidase activities in avocado leaves.

3.2. Stability of the enzymatic activity of porcine kidney protein extract
during storage

The stability of the DAO activity of powder porcine kidney protein
extract stored under refrigeration (4 ◦C) and at room temperature (25
◦C) for 24 months was determined. This active ingredient, that would be
used in the formulation of DAO supplements, presented a low water
activity, ranging from 0.10 to 0.12. As shown in Fig. 4, under refriger-
ated storage DAO activity remained intact for at least 24 months. In
contrast, when the product was kept at room temperature, its ability to
degrade histamine in vitro decreased progressively over time. It should
be noted that the reduction of DAO activity during storage at room
temperature occurred quite constantly and at a relatively slow rate, with
a loss of 25 % (±0.01 %) after 12 months and 49 % (±0.02 %) after 24
months.

Available information on the stability of DAO activity in matrices of
porcine origin is scarce and outdated. Bouvrette et al. (1997) studied the
stability of DAO isolated from porcine kidney after several stages of
purification by dialysis. The enzymatic activity remained stable for five
months in a frozen solution (− 80 ◦C), whereas losses of 20–30 % were
observed after two months under refrigeration (4 ◦C). However, DAO

catalytic stability increased if glycerol or sucrose were added as cryo-
protective agents. More recently, Comas-Basté et al. (2020a) evaluated
the activity of lyophilized sprouts from lentils (Lens culinarisMedik.) and
chickpeas (Cicer arietinum L.), finding that the histamine-degrading ac-
tivity of these plant matrices remained completely stable in frozen
conditions (− 20 ◦C) for at least 12 months, but significant losses
occurred under refrigeration or at room temperature even in early
storage. According to the available data, DAO catalytic activity seems
more stable in protein extracts from porcine kidney compared to
matrices of plant origin. However, regardless of the source, strategies are
required to improve the maintenance of enzymatic activity during
storage, especially at room temperature. Thus, the addition of di-
saccharides or glycerol as cryoprotectants, both during the enzyme
extraction process and in formulations of DAO food supplements, should
be explored for its potential benefits. In a study by Leonida et al. (2019),
the activity of porcine DAO encapsulated in nanoparticles of a poly-
saccharide derived from chitin/chitosan was preserved when frozen
(− 20 ◦C) for five months. However, as freezing a food supplement is not
ideal for its distribution, marketing, or conservation in domestic set-
tings, more studies are needed to evaluate DAO stability under other
storage conditions.

4. Conclusions

The findings of this study show that the DAO activity in porcine
kidney protein extracts is scarcely influenced by variability of the raw
material, resulting in an active ingredient with a consistent ability to
degrade histamine. Among the different technological factors of the
obtaining process, temperature control during the drying stage is key to
guarantee maximum DAO activity of the product. Additionally, certain
biocidal strategies, such as the addition of a 0.1 % aqueous solution of
sodium hypochlorite and irradiation at a dose of 8 kGy, may be used to
guarantee the biological safety of the extract without a negative effect
on enzymatic activity. Moreover, the introduction of a freeze-drying or
lyophilization step as a controlled technique for the dehydration of the
raw material significantly increased the DAO activity of the porcine
kidney extract. Finally, it has been confirmed that refrigerated storage
preserves the histamine-degrading activity of the powder porcine kidney
protein extract intact for at least 24 months, whereas its conservation at
room temperature leads to a gradual decrease in the catalytic capacity of
the active ingredient.

In view of these results, it is important to consider the effect of the
evaluated technological processes on the enzymatic capacity of the
active ingredient and to investigate in more detail the mechanisms
responsible for the losses in DAO activity. These would include the

Fig. 4. Evolution of diamine oxidase (DAO) activity (mU/mg) of powder porcine kidney protein extract over 24 months of storage at room temperature (25 ◦C) and
in refrigeration (4 ◦C). Results are presented as mean values ± the standard deviation (mean ± SD) from three different batches of powder porcine kidney protein
extract obtained for each storage condition.
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selection of the more suitable technological strategies to preserve
histamine-degrading activity, as well as the design of new galenic for-
mulations that optimize the shelf-life stability of this enzymatic activity.
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