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Abstract 

 
Diamine oxidase (DAO) supplements have gained increasing attention in recent years due 
to their potential to support DAO deficiency, histamine intolerance and related symptoms. 
However, choosing a reliable and trustworthy DAO supplement can be a challenging task 
for patients and Healthcare practitioners. One of the main concerns is the lack of 
regulatory oversight on dietary supplements, which may result in misleading or incomplete 
labelling, incorrect dosages, and inadequate quality control. Such situations may lead to 
patients consuming supplements with insufficient amounts of active enzyme or with 
questionable purity, potentially resulting in undesired health outcomes. Thus, we tested the 
DAO activity of a variety of already in-the-market supplements and compared them with 
one another and against the specified activity, if any, by the manufacturer. Our results show 
a great discrepancy in most of the products and significant differences in DAO activity 
between different manufacturers. 
 

1. Introduction 

 
Diamine oxidase (DAO) is an enzyme that plays a crucial role in histamine 
metabolism, catalysing the oxidative deamination of histamine, putrescine, and 
other biogenic amines. DAO is primarily expressed in the small intestine and 
kidneys, and it contributes to the regulation of histamine levels in the human 
body(1).  
 
Dietary supplement usage has experienced a significant increase over the last few 
decades(2–4). Evidence suggests that commercially available dietary supplements 
may not always contain the listed ingredients on the declared label. In addition, 
inconsistent quality control during manufacturing and preservation can lead to 
problems with the integrity and stability of the composition of supplements(5).  
Finally, some reports indicate that contamination levels can vary significantly not 
only between different production batches but also within a single package, 
indicating a lack of homogeneity in the substance content of these products. 
Consequently, some tablets or capsules may be uncontaminated, while others may 
test positive for contaminants(6,7).  
 
Unfortunately, the current legislation does not make it mandatory for dietary 

supplements to be monitored for their composition with the same degree of 

severity as pharmaceutical products, hence raising concerns about their actual 
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efficacy and safety. As patients increasingly rely on dietary supplements, it is crucial 

to assess their quality and credibility, especially taking into account that the 

aforementioned issues are exacerbated by the fact that most dietary supplements 

are readily available on alternative markets, such as online platforms. As a result, 

national supervisory bodies that exist to safeguard consumers may be circumvented 

by internet sales.  

 
 
Recently, there has been an increasing interest and growing evidence in the use of 
DAO as a dietary supplement to support histamine metabolism, particularly among 
individuals with DAO deficiency and related disorders(8–11). In Europe, the 
commercialization of DAO-containing products is ruled by EU Regulation 
2017/2470 which authorizes DAO to extract from pig kidneys as a novel food and 
accepts its use for the manufacturing of either Food Supplements (FS) or Food for 
Special Medical Purposes (FSMP). Within this regulation, the units applied to 
measure DAO activity are Histamine Degrading Units (HD)(12). However, it is 
noteworthy that manufacturers and researchers are increasingly adopting the 
International System of Units (SI) for measuring the activity of DAO supplements, 
which are usually expressed in U or mU per mg of extract (A unit of DAO activity 
is equivalent to the quantity of enzyme that can break down one micromole of 
substrate in one minute). This transition to the SI system permits facile comparison 
and harmonization of data in the scientific community as enzymatic reaction 
conditions are better defined than with HDU. 
 
Despite the potential benefits of DAO supplementation, the quality and reliability 
of commercially available products remain a concern. Inaccurate labelling in 
product composition can compromise the effectiveness of DAO supplements and 
even pose potential health risks due to the consumption of rich histamine foods by 
patients under non-effective DAO supplementation. Therefore, it is critical to 
ensure that DAO supplements are produced and labelled accurately and that their 
efficacy and safety are supported by scientific evidence.  
 
As a product of biological origin, it is a major challenge to ensure homogeneity in 
the manufacturing of DAO products. Previous studies have explored the variability 
of active ingredients within supplements containing ingredients from natural 
sources. Such variability can arise from the origin of the natural source (13) and the 
ontogenetic phase of the natural source at the time of retrieval (14). Furthermore, 
manufacturers may confront other intrinsic challenges, such as random effects, 
which difficult consistent products. Variations can inevitably occur during the 
manufacturing process, which underscores the necessity of implementing an 
appropriate quality control system and manufacturing process(15). 
 
In this context, this study aimed to determine the diamine oxidase activity of DAO 
supplements by an enzymatic assay coupled to LC-MS/MS, using a reliable and 
already validated methodology, to provide further insights into the quality and 
consistency of commercially available DAO products. 
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2. Materials and methods 

 

a. Quantification of DAO activity 

 

The determination of diamine oxidase (DAO) activity was performed by an 
enzymatic assay coupled to liquid chromatography-tandem mass 
spectrometry (LC-MS/MS), a methodology based on the one developed by 
Comas-Basté et al (16). To determine DAO activity in each sample, the 
absolute value of the slope of histamine consumption (30-120 min) 
measured in nmol was utilized to represent the activity in mU (nmol/min). 
Additionally, the weight of the porcine/vegetable extract was considered to 
determine DAO activity in mU/mg for each sample. The analysis was 
performed by Eurecat technological centre. 

 
b. Chemicals 

 

Reference standards Histamine and Histamine-α,α,β,β-d4 were purchased 
from Merck and Toronto Research Chemicals, respectively. Diamine 
Oxidase from porcine kidney with lot number 011M7015 / SLCG5608 was 
also obtained from Merck. The enzyme was stored at -20°C until use. Prior 
to use, stock solutions were thawed and diluted in ultrapure water to 
prepare working standard solutions at the appropriate concentration. 
 
Water, methanol and Acetonitrile LC-MS grade were obtained from Merck. 
Formic acid Ammonium formate and Perchloric acid were also purchased 
from Merck. Sodium dihydrogen phosphate and di-Sodium hydrogen 
phosphate were used to prepare the buffer for the enzymatic assay. 

 

c. Dietary supplements 
 

Ten dietary supplements labelled to contain Diamine oxidase, have been 
used for this study. Seven of them listed porcine kidney extract as the 
source of Diamine oxidase and three of them are vegan versions, from 
which one is based on pea sprout extract, one contains peas and lentils 
extracts and the last one doesn’t specify the source of their DAO enzyme 
and does not provide any ingredient list, it just indicates “no major food 
allergens”.  
Detailed information can be found in Table 1. 
 

 

d. Instrumentation 
 
Analyses were carried out by UHPLC-MS/MS using an Agilent 1290 
Infinity II UHPLC system coupled to a QqQ/MS 6470 Series, both from 
Agilent Technologies (Santa Clara, CA, USA). The chromatographic 
separation was carried out on an ACQUITY UPLC BEH HILIC (1.7 μm, 
2.1 mm × 100 mm) column from Waters (Milford, MA, USA). Finally a 
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Mikro 200 Benchtop centrifuge from Hettich (Tuttlingen, Germany); a 
water bath orbital shaker (Unitronic, J.P. Selecta); and an Ultra-Turrax 
Homogenizer (Miccra D-1, Germany) were used. 

 

e. Dietary supplement extraction  
 
The supplements were ground with a mortar and pestle, followed by 

homogenization in 0.05 M phosphate buffer solution (pH 7.2) with an 
ultra-turrax and placed in a water bath orbital shaker for 1h (37 °C, 40 
U/min). 
 
 
 
 

f. Sample preparation 

 

To start the enzymatic reaction, histamine was added to each dietary 
supplement extract to reach a final concentration of 45 μM.  Six aliquots 
were collected at different sampling times (0, 0.5, 1, 1.5, 2, and 3 h). Positive 
control samples were performed with purified DAO from Sigma (5/10 
mg). 

 
The enzymatic reactions were stopped by adding 15 μL of 2N HClO4 to 
the reaction mixture. An internal standard 50 μg/mL Histamine-d4 was 
also added.  
 
The mixture was centrifuged at 15000 rpm for 5 minutes at 4ºC. The 

supernatant was diluted in a solution of 0.1 % formic acid in acetonitrile 

and transferred to a clean vial for LC-MS/MS analysis. 
 
 

g. Quantification of histamine 
 
A gradient-based chromatographic separation was conducted using two 
phases: 100% water with 100 mM ammonium formate (pH=3) and 100% 
acetonitrile. The column temperature was maintained at 45 ºC and the 
injection volume was 2 μL. 
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Supplement 
name 

Manufacturer Active ingredient Format 
Intake recommended by 

manufacturer 

Amount of 
active 

ingredient 

Number of 
tablets per dose 

Advertised Dao 
activity (HDU per 

dose) 

DAOfood Plus DR Healthcare Porcine kidney extract Capsules 1 tablet: 3x day; before meals 4.2 1 20,000 

DAOfood  DR Healthcare Porcine kidney extract Mini tablets 1 tablet: 3x day; before meals 4.2 1 20,000 

DAOfood Veg DR Healthcare 
Pea sprouts  

dehydrated powder 
Mini tablets 

1 tablet: 3x day; before meals 
4.2 1 Not indicated 

Daosin Sciotec Porcine kidney extract Tablets 1 tablet: 3x day; before meals 4.2 1 Not indicated 

Naturdao Global Mopi Vegetable protein (pea and lentil) Tablets 1 tablet: before meals 32.1 1 1,000,000 

Histamine Manager Sciotec 
Diamine oxidase from porcine kidney 

protein concentrate 
Capsules with 

pellets 

2 capsules before the consumption 
of  

histamine-rich foods 
8.4* 2 20,000 

Histazyme Amy Myers 
Diamine oxidase from porcine kidney 

protein concentrate 
Capsules with 

pellets 

2 capsules before the consumption 
of  

histamine-rich foods 
8.4* 2 20,000 

Histamine Blocker Bravado Labs Vegan (not specified) Capsules 1 capsule before consumption of 
hist-rich foods 

4 1 10,0000 

Histamine Digest Bioiberica Porcine kidney extract Capsules 
1 tablet: before meals 

4.2 1 20,000 

Histamine Block 
Plus 

Seeking Health Porcine kidney extract Capsules Take 2 capsules as needed, with or 
without food 

1.05 2 5000 

 

Table 1.DAO supplements available in the market and their specifications. *The values for the amount of protein extract rich in DAO for the products Histamine manager and Histazyme have been estimated as the label of those 
products (600mcg=0,6mg) refers to the content of DAO enzyme, not to the content of protein extract, like the rest of products. For ease of comparison, 0.6 mg is the estimated content of DAO in 8.4 mg (2 capsules) of protein extract as 
stated in EU Regulation 2017/2470(17).   
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3. Results and discussion 

 
Ten over-the-counter dietary supplements, comprising seven from porcine kidneys and 

three from vegetable sources were analysed for their DAO activity, as presented in (Table 

1).  

The DAO activity of the analysed dietary supplements ranged from 0 to 0.42 mU/mg of 

extract. Among the tested supplements, DAOfood Plus, DAOfood, DAOfood Veg. 

exhibited the highest DAO activity expressed as mU/mg of extract. Upon comparison of 

porcine-derived DAO supplements, no statistically significant difference was observed 

between DAOfood and DAOfood Plus. However, the enzymatic activity of both 

supplements was found to be significantly higher when compared to the remaining 

supplements. Histamine manager, Daosin and Hystazyme also displayed some activity, but 

it was significantly lower (Figure 1). In contrast, the supplements Histamine digest, and 

Histamine block plus showed no detectable activity (Figure 1).  
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Figure 1. One-way ANOVA of the DAO activity detected expressed as mU/mg of extract for the DAO supplements from animal source 
(pvalue<0,05). *The values for the amount of protein extract rich in DAO for the products Histamine manager and Histazyme have been 
estimated as the label of those products (300mcg=0,3mg) refers to the content of DAO enzyme, not to the content of protein extract, like the 
rest of products. For ease of comparison, 0.3 mg is the estimated content of DAO in 4.2 mg (1 capsules) of protein extract as stated in EU 
Regulation 2017/2470(17).    
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Figure 2 One-way ANOVA of the DAO activity detected expressed as mU/mg of extract for the DAO supplements from vegetal source 
(pvalue<0,01). 

 

When comparing plant-based DAO supplements among them, only one of the three 

analysed showed diamine oxidase activity (Figure 2). 

Within the products included in this study, eight declared the DAO activity in HDU per 

serving on the packaging, while two did not. Table 2 demonstrates the % of the stated 

activity, which ranged from 0% to 244.445% of the stated label amount. The table reveals 

that only two supplements contained at least 100% of the stated label claim for DAO 

activity, while eight had no declared activity or the activity detected did not reach the stated 

amount.  

In addition to the findings depicted in Figure 1, an assessment of DAO activity per serving, 

which reflects more real-life conditions, reveals that DAOfood Plus and DAOfood exhibit 

activity levels that surpass the minimum required amounts, while Histazyme and Histamine 

manager and Daosin, exhibit lower activity levels when the amount per serving is taken 

into consideration. 

Supplement 
DAO activity label 

specifications 
(HDU/serving) 

Detected DAO 
activity 

(HDU/serving)* 

Detected DAO 
activity 

(mU/serving) 

Relative activity 
% 

DAOfood Plus 20,000 48,889 1.008 244.45 

DAOfood 20,000 40,742 0.84 203.71 

DAOfood Veg Not indicated 30,556 0.63 N/A 

Daosin Not indicated 14,260 0.07 N/A 

Naturdao 1,000,000 0 0 0 

Histamine Manager 20,000 8148 0.168 40.74 

Histazyme 20,000 4074 0.084 20.37 

Histamine Blocker 10,000 0 0 0 

Histamine Digest 20,000 0 0 0 

Histamine Block 

Plus 5000 0 0 0 

Table 2. DAO activity declared versus activity found in supplement products (n = 10). Data reported as average of two analyses. * 1 mU is 

equivalent to 48 000HDU of the DAO radioextraction method of analysis as determined by O.Comas-Basté16 . 
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Most DAO dietary supplements sold contained less DAO activity than the stated label 

amount. Several reasons could account for that phenom. One reason may be fluctuations 

in the DAO source, as all the supplements studied obtain their DAO activity from natural 

sources, which are subject to the heterogeneity of biology and natural products. Animals 

and plants from different sources, such as different breeds or raising locations, may have 

different DAO activity levels based on raising regimens(18–20). Moreover, the lack of 

standardization of extract production could result in high variability across different 

batches, degrade a part of the enzyme when produced, or deliver an enzyme with poor 

stability over time.  

This study demonstrates the significant variability between the stated DAO activity and the 

one determined analytically. These findings suggest that there is still room for improvement 

in DAO supplements manufacturing. Individuals who are taking DAO supplementation 

should prioritize trustworthy brands with robust standardization protocols to ensure the 

efficacy of the supplement for the proper management of histamine metabolism. 

Moreover, it is essential to seek consultation with trained physicians to ensure proper 

guidance on the appropriate usage and dosage of DAO supplements. For healthcare 

practitioners, several recommendations for selecting proper supplements can be followed 

as consulting the analytical methods used for manufacturers (e.g., HPLC tends to be the 

gold standard), having acquired GMP certification and conducting clinical trials, among 

others (21). 

 

 
4. Conclusions 

 
As a result of this study, a wide range of products labelled as containing Diamine 
Oxidase were evaluated, but most failed to meet the desired quality standard for the 
correspondence between their actual DAO activity and the value reported on the 
labelling.  
 
In light of the findings from this study, it is crucial that consumers exercise caution 
when purchasing dietary supplements containing Diamine Oxidase. Despite the 
different wide range of DAO supplements, a significant proportion of them 
exhibited lower enzymatic activity than their advertised levels. Moreover, some 
even lack basic information about their ingredients. This makes it difficult for 
consumers to know what they are putting into their bodies and can lead to 
unpredictable efficacy outcomes. Therefore, it is important to acquire DAO 
supplements from trusted companies that put effort into following strict quality 
control measures, even though it is not yet mandatory for dietary supplements. By 
doing so, consumers and Healthcare practitioners can ensure that they are getting a 
reliable and safe product that is consistent with the labelling information. 
 

Acknowledgements 
 
We thank Dr. Antoni del Pino and Iris Samarra for their support in sample analysis. 
  

Conflicts of interest 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 12, 2023. ; https://doi.org/10.1101/2023.04.13.536689doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.13.536689


 
M.A-F., J.B., M.T., J.C. and J.d.C are permanent workers of DR Healthcare – AB 

Biotek HNH. 

 

Bibliography 
 

1. Vakal S, Jalkanen S, Dahlström KM, Salminen TA. Human copper-containing amine 

oxidases in drug design and development. Vol. 25, Molecules. MDPI AG; 2020.  

2. Bailey RL, Gahche JJ, Lentino C v., Dwyer JT, Engel JS, Thomas PR, et al. Dietary 

supplement use in the United States, 2003-2006. Journal of Nutrition. 2011 Feb 

1;141(2):261–6.  

3. Briefel RR, Johnson CL. Secular trends in dietary intake in the United States. Vol. 

24, Annual Review of Nutrition. 2004. p. 401–31.  

4. Radimer K, Bindewald B, Hughes J, Ervin B, Swanson C, Picciano MF. Dietary 
supplement use by US adults: Data from the National Health and Nutrition 

Examination Survey, 1999-2000. Vol. 160, American Journal of Epidemiology. 2004. 

p. 339–49.  

5. Navarro V, Avula B, Khan I, Verma M, Seeff L, Serrano J, et al. The Contents of 

Herbal and Dietary Supplements Implicated in Liver Injury in the United States Are 

Frequently Mislabeled. Hepatol Commun. 2019 Jun 1;3(6):792–4.  

6. Mathews NM. Prohibited Contaminants in Dietary Supplements. Sports Health. 

2018 Jan 1;10(1):19–30.  

7. Walpurgis K, Thomas A, Geyer H, Mareck U, Thevis M. Dietary supplement and 
food contaminations and their implications for doping controls. Vol. 9, Foods. 

MDPI Multidisciplinary Digital Publishing Institute; 2020.  

8. Schnedl WJ, Schenk M, Lackner S, Enko D, Mangge H, Forster F. Diamine oxidase 
supplementation improves symptoms in patients with histamine intolerance. Food 

Sci Biotechnol. 2019 Dec 1;28(6):1779–84.  

9. Neree AT, Soret R, Marcocci L, Pietrangeli P, Pilon N, Mateescu MA. Vegetal 
diamine oxidase alleviates histamine-induced contraction of colonic muscles. Sci 

Rep. 2020 Dec 1;10(1).  

10. Yacoub MR, Ramirez GA, Berti A, Mercurio G, Breda D, Saporiti N, et al. Diamine 
Oxidase Supplementation in Chronic Spontaneous Urticaria: A Randomized, 

Double-Blind Placebo-Controlled Study. Int Arch Allergy Immunol. 2018 Jul 
1;176(3–4):268–71.  

11. Izquierdo-Casas J, Comas-Basté O, Latorre-Moratalla ML, Lorente-Gascón M, 

Duelo A, Soler-Singla L, et al. Diamine oxidase (DAO) supplement reduces 
headache in episodic migraine patients with DAO deficiency: A randomized double-

blind trial. Clinical Nutrition. 2019;38(1):152–8.  

12. DIRECTIVE 2002/46/EC OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 10 June 2002 on the approximation of the laws of the Member 

States relating to food supplements (Text with EEA relevance).  

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 12, 2023. ; https://doi.org/10.1101/2023.04.13.536689doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.13.536689


13. Božin B, Kladar N, Grujić N, Anačkov G, Samojlik I, Gavarić N, et al. Impact of 

origin and biological source on chemical composition, anticholinesterase and 
antioxidant properties of some St. John’s wort species (Hypericum spp., 

hypericaceae) from the central Balkans. Molecules. 2013 Oct;18(10):11733–50.  

14. Kladar N, Srđenović B, Grujić N, Bokić B, Rat M, Anačkov G, et al. Ecologically 
and ontogenetically induced variations in phenolic compounds and biological 

activities of Hypericum maculatum subsp. maculatum, Hypericaceae. Revista 
Brasileira de Botanica. 2015 Dec 1;38(4):703–15.  

15. Oberleitner T, Zahel T, Kunzelmann M, Thoma J, Herwig C. Incorporating random 

effects in biopharmaceutical control strategies. AAPS Open [Internet]. 2023 Feb 
1;9(1):4. Available from: 

https://aapsopen.springeropen.com/articles/10.1186/s41120-022-00070-5 

16. Comas-Basté O, Latorre-Moratalla ML, Sánchez-Pérez S, Veciana-Nogués MT, 
Vidal-Carou MC. In vitro determination of diamine oxidase activity in food matrices 

by an enzymatic assay coupled to UHPLC-FL. Anal Bioanal Chem. 2019 Nov 
1;411(28):7595–602.  

17. COMMISSION IMPLEMENTING REGULATION (EU) 20172470 of 20 

December 2017 establishing the Union list of novel foods in accordance with 
Regulation (EU) 20152283 of the European Parliament and of the Council on novel 

foods.  

18. Journal O, Gutierrez E. PEDIATRICS AND NEONATAL NURSING Are we all 
Talking about the Same Thing? Heterogeneity and Nomenclature in Description of 

Natural Health Products Article History Mini Review. Pediatr Neonatal Nurs Open 

J [Internet]. 2014;1(1):16–8. Available from: http://dx.doi.org/10.17140/PNNOJ-1-
104 

19. Campbell N, Clark JP, Stecher VJ, Thomas JW, Callanan AC, Donnelly BF, et al. 

Adulteration of purported herbal and natural sexual performance enhancement 
dietary supplements with synthetic phosphodiesterase type 5 inhibitors. Journal of 

Sexual Medicine. 2013;10(7):1842–9.  

20. Hoffman FA. Comments on public health concerns: Facts, fiction, and gaps in 

knowledge. In: Thrombosis Research. Elsevier Ltd; 2005. p. 177–8.  

21. Chaet Brykman M, Goldman VS, Sarma N, Oketch-Rabah HA, Biswas D, 
Giancaspro GI. What Should Clinicians Know About Dietary Supplement Quality? 

Vol. 24, AMA Journal of Ethics. 2022.  

  

 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 12, 2023. ; https://doi.org/10.1101/2023.04.13.536689doi: bioRxiv preprint 

https://doi.org/10.1101/2023.04.13.536689

