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Abstract

The emergence of antimicrobial resistance in microorganisms and the adverse effects associated with antibiotic use have necessitated the exploration of new, natural
substances for antimicrobial treatments. Fumaric acid, or allomaleic acid, is a natural bioactive compound primarily derived from plant-based products. Fumaric
acid has potential analgesic, anti-inflammatory, antioxidant, anti-psoriatic, chemopreventive, immunomodulatory, and neuroprotective properties. So far, studies
on the antimicrobial activity of fumaric acid have used a plant ingredient. The antimicrobial activity was attributed to fumaric acid because it was detected in large
amounts in herbal products. In this preliminary study, the antibacterial and antifungal properties of pure fumaric acid (99+%) were determined by the microdilution
method. As a result of the antimicrobial study, the Minimum Inhibitory Concentration (MIC) values of fumaric acid against Candida tropicalis, Candida krusei,
Candida albicans, Candida glabrata, and Candida parapsilosis were 9.375, 37.5, 4.687, 4.687, and 1.172 mg/mL, respectively. Moreover, bacterial cells were found to
be approximately one hundred times more sensitive to fumaric acid than Candida cells. The MIC values of fumaric acid against Klebsiella pneumoniae, Escherichia
coli, Pseudomonas aeruginosa, and Enterobacter aerogenes were determined as 150 pg /mL, and against Staphylococcus aureus was 75 pg /mL. These results showed
that pure fumaric acid has a potent inhibitory effect against pathogenic or opportunistic microorganisms. Its unique properties and potential as an antimicrobial
agent make it a compelling study area. Therefore, the usability of fumaric acid in the pharmacotherapeutic field is promising for future advanced in vivo studies.
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Introduction

In recent years, the increasing tendency of microorganisms to
develop antimicrobial resistance and the adverse effects due
to misuse of antibiotics have made it necessary to search for
new, natural substances to inhibit opportunistic and pathogenic
microorganisms. Organic acids are one such alternative with
proven benefits and have been approved as safe substances by
the Federal Drug Administration (GRAS—Generally Recognized
as Safe) [1]. Fumaric acid, or allomaleic acid, is a natural,
bioactive compound obtained primarily from plant-based
products. Fumaric acid is an unsaturated organic acid found
ubiquitously in flora and fauna and an essential intermediate
of the tricarboxylic acid (TCA) cycle [2]. Fumaric acid, a four-
carbon dicarboxylic acid, is widely found in nature and was
found for the first time in the fungus Boletus pseudoignarius and

isolated from the plant Fumaria officinalisin in 1832 [3]. Many
microorganisms produce fumaric acid, as it is an intermediate in
the citric acid cycle [4]. Fumaric acid is a valuable compound
called “fumarates” used in the food industry and pharmaceutical
products [2,4].

Fumaric acid esters have been used in various skin diseases
such as psoriasis, sarcoidosis, malignant melanoma, necrobiosis
lipoidica, and granuloma annulare since the 1950s. In the
1990s, fumaric acid esters were launched in Europe as a
registered pharmaceutical product for the treatment of psoriasis
[5]. Therapeutic use of fumaric acid esters in children with
moderate to severe psoriasis has shown promising results [6].
Fumaric acid is an important and promising pharmacological
compound as it has a high potential to be converted into active
pharmaceuticals. Fumaric acid and fumaric acid esters are
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good antioxidants with their free radical scavenging properties
and are also pharmacologically beneficial compounds due to
their anti-inflammatory, analgesic, immunomodulatory, and
chemopreventive properties [7-11]. Fumaric acid induces brain
protection and plays a vital role in expressing neuroprotective
factors [7,8]. In tissue engineering, fumarate and fumarate-
based oligomers are used to synthesize biomedical and hydrogel
implants [12,13]. So far, studies on the usability of fumaric acid
in pharmacy and medicine have shed light on future studies,
and various studies have been conducted on the use of fumaric
acid in infectious diseases. However, these studies were mostly
conducted with medicinal plants containing fumaric acid [14-
17]. The purpose of the present study was to investigate the
antibacterial activity of pure fumaric acid (99+%) against
bacterial species frequently isolated from infectious disease units.
Furthermore, the antifungal activity of pure fumaric acid against
Candida species common in fungal infections was investigated,
and the broth dilution method was performed for this research.

Material and Methods
Fumaric Acid

Fumaric acid, namely allomaleic acid (Cas No: 110-17-8), was
obtained from BLDpharm (Shanghai, China). The purity level of
purchased fumaric acid is 99+%, and the molecular formulation
of fumaric acid is C4aHs04 (COOH-CH=CHCOOH) (Molecular
Weight:116.07). The structural formula of fumaric acid is shown
in Figure 1.

OH

=

OH

Figure 1. The structural formulation of fumaric acid
Tested Microorganisms and Culture Media

Ten different microorganisms were used in the tests to
determine the antimicrobial properties of fumaric acid. These
strains are Klebsiella pneumoniae (ATCC 13883), Escherichia
coli (C2987), Pseudomonas aeruginosa (ATCC 10145),
Enterobacter aerogenes (ATCC 51697), Staphylococcus
aureus (ATCC 12600), Candida tropicalis (ATCC 13803),
Candida krusei (ATCC 14243), Candida albicans (ATCC
14053), Candida glabrata (ATCC 2001), and Candida
parapsilosis (ATCC 22019). E. coli was purchased from New
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England Biolabs (NEB, MA, USA), and other strains were
obtained from the American Type Culture Collection (VA,
USA). Muller Hinton agar (Merk, Darmstadt, Germany) and
Muller Hinton broth (Himedia, Nashik, India) were used for
the bacterial strains tested. Sabouraud broth (Biolife, Milan,
Italy) and sabouraud 4% glucose agar (Chemsolute, Renningen,
Germany) were used for Candida species.

Antibacterial and Antifungal Assays

The antibacterial and antifungal effectiveness of fumaric acid
was tested by applying the previously used protocol with minor
changes, and Minimum Inhibitor Concentrations (MIC) against
each microorganism were determined separately [18-20]. The
broth microdilution method was used for antimicrobial activity
tests. Firstly, 60 mg of fumaric acid was dissolved in 50 pL
dimethylsulfoxide, which was added to the first well of the
microplate. Afterward, while 150 pL of broth medium was
added to the first well, 100 puL of liquid medium was added to the
subsequent wells, and then a two-fold dilution was carried out.
At the end of the two-fold dilution, fumaric acid concentration
from the first well to the 10th well was distributed between
300 mg/mL and 0.586 mg/mL. This protocol was applied for
each row of microplates. The density of each microorganism
was adjusted to 0.5 McFarland in distilled water, and each
strain was inoculated into the specified row of microplates. For
control groups, pure muller hinton broth and sabouraud broth
without extracts were placed in the eleventh well (negative
control), and microorganisms used with muller hinton broth
and sabouraud broth were placed in the twelfth well (positive
control). Then, microplates were incubated at 35°C overnight.
The next day, each well in the microplates was treated with 15
pL of resazurin (0.15% w/v) (Sigma, Darmstadt, Germany) and
incubated at 35°C for 4 hours to determine MIC values.

Although the above protocol for the antibacterial activity test
was followed precisely, lower concentrations of fumaric acid
were tested for bacterial species due to the results obtained.
Therefore, for bacterial species, 60 pg of fumaric acid was
dissolved in 5 pL of dimethylsulfoxide and added to the first
wells of the microplate. After two-fold dilution, fumaric acid
concentration ranged from the first well to the 10th well as 300
pg/mL and 0.586 pg/mL for the bacterial species.

Results
Antifungal Activity Test Results

The color change on microplates kept in the incubator overnight
and then treated with resazurin was observed to determine the
MIC values of fumaric acid against Candida species. The color
change was observed starting from wells A7, B5, C8, D8, and
E10, respectively. Therefore, the MIC values of fumaric acid
against C. tropicalis (row A), C. krusei (row B), C. albicans
(row C), C. glabrata (row D), and C. parapsilosis (row E)
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were determined as 9.375, 37.5, 4.687, 4.687 and 1.172 mg/
mL, respectively (Figure 2). The negative control in the 11th
row showed no contamination during the experiment. The
positive control in the 12th row showed the viability of the
microorganism strains used in the same row of the microplate.

7V SP N9 s A

Figure 2. Antifungal test results of fumaric acid against C. tropicalis (A),
C. krusei (B), C. albicans (C), C. glabrata (D), and C. parapsilosis (E). The
fumaric acid concentrations in the 1st and 10th wells range between 300 mg/mL
and 0.586 mg/mL. The 11th and 12th wells are negative and positive controls,
respectively

Antibacterial Activity Test Results

According to the antibacterial test results, no growth was
observed in any wells except the control wells (Figure 3). These
results showed the dominant inhibitory effect of fumaric acid on
bacterial cells at the concentration tested in the antifungal activity
test (between 300 mg/mL and 0.586 mg/mL). Therefore, the
antibacterial results repeated at lower concentrations of fumaric
acid are given in Figure 4. According to the new antibacterial
activity test results, MIC values of fumaric acid against K.
pneumoniae (row A), E. coli (row B), P. aeruginosa (row C),
E. aerogenes (row D), S. aureus (row E) were determined by
observing the color changes in the wells of the microplate. As
seen in Figure 4, K. pneumoniae, E. coli, P. aeruginosa, and E.
aerogenes inoculated in rows A, B, C, and D started growing
from the third well. Therefore, the MIC value for these four
bacterial species was determined as 150 pg/mL. The MIC value
for S. aureus in the last row, which started to grow from the
fourth well, was found to be 75 pg/mL. The MIC values found
against all tested microorganisms are shown comparatively in
Figure 5.

E. coli (B), P. aeruginosa (C), E. aerogenes (D), S. aureus (E). The fumaric
acid concentrations in the 1st and 10th wells range between 300 mg/mL and
0.586 mg/mL. The 11th and 12th wells are negative and positive controls,
respectively
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Figure 4. Antibacterial test results of fumaric acid against K. pneumoniae (A),
E. coli (B), P. aeruginosa (C), E. aerogenes (D), S. aureus (E). The fumaric acid
concentrations in the 1st and 10th wells range between 300 pg/mL and 0.586
pg/mL. The 11th and 12th wells are negative and positive controls, respectively
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Figure 5. The MIC values against all tested bacteria and Candida strains
Discussion

In many studies, compounds obtained from herbal products
show profound antimicrobial properties and take their place
in the literature as compounds that can be used in the fields of
pharmacy and medicine [21-23]. Fumaric acid exhibits stability
and disperses in aqueous environments due to its hydrophilic
structure. It is a generally safe (GRAS) food-grade acidifier and
low molecular weight organic acid [24,5]. It is found in many
plants and microbial sources and is used in the food industry,
medicine, and pharmacy due to its antimicrobial properties
[26,27]. In this study, the antimicrobial activity of fumaric acid
was examined using resazurin sodium salt. Resazurin sodium
salt is added to the medium as a redox indicator. Living microbial
cells reduce resazurin (purple) to resorufin (pink), which can be
further reduced to hydroresorufin. Thus, the metabolic activity
of microorganisms can be directly measured [28]. Since fumaric
acid added to the medium also changes the pH of the medium, the
well in which resazurin is added turns from purple to pink-salmon
color. However, when the wells in which microorganisms grow
and those in which they do not grow are compared, the difference
in tone guides us in determining the MIC value. In conclusion,
it was found that the MIC value of fumaric acid against Candida
cells was determined to be between 1.172 and 37.5 mg/mL. It
was observed that bacterial cells tested with fumaric acid were
approximately a hundred times more sensitive than fungal cells.
The MIC values of fumaric acid against bacterial cells were
determined to be between 75 and 150 pg/mL. It is thought
that this difference between MIC values is due to the different
bacterial and fungal cell membranes.
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In studies conducted with some plant species that predominantly
contain fumaric acid, the antimicrobial activity of plant extracts
was attributed to fumaric acid. The disk diffusion method was
used in the study conducted with the extract of Aloe vera L.
As a result, the antibacterial activity of plant extracts against S.
aureus, Streptococcus, E. coli, and Salmonella was attributed to
the fumaric acid contained in it. MIC and MBC values for the
tested bacteria were determined as 50 to 780 and 100 to 1560 pg/
mL, respectively [29]. In another study, fumaric acid was isolated
from petals of Camellia japonica L., and the disk diffusion
method was used to determine its antibacterial properties against
Salmonella typhimurium, E. coli, Lactobacillus monocytogenes,
and S. aureus. Plant aqueous extracts have been shown to have
the potential to inhibit foodborne pathogens. Although this
antimicrobial component is associated with the fumaric acid it
contains, it has been stated that other yet unidentified compounds
in plant extract may also play a role in this inhibition [30]. The
antimicrobial activity of some organic acids and fumaric acid was
determined using a SYBR Green-based real-time PCR assay. In
cells treated with fumaric acid, the potential of the ion-selective
electrodes changed, causing an increase in cell cytoplasmic
and outer membrane permeability [31]. Research also exists on
using fumaric acid as a food preservative due to its antibacterial
properties. This potential application of fumaric acid as a food
preservative brings hope for a natural and effective solution for
food safety. In addition to being used as a food preservative in
Europe and America, fumaric acid is also used as an acid regulator
and flavor enhancer [32]. Fumaric acid was used to inhibit the E.
coli population in cider, and it was observed that fumaric acid
significantly reduced the E. coli population [26].

The inhibitory effects of organic acids on microorganisms, a
topic of significant importance in the field of microbiology and
food science, are explained by the theory of passive diffusion
of undissociated molecules and their intracellular decomposition
[33]. This theory suggests that more decomposed organic acids
are less antimicrobial, and less decomposed organic acids
are more antimicrobial [33]. However, the differences in the
action mechanisms of various organic acids and the behavior
of microorganisms may cause variability in the antimicrobial
mechanism of action as additional factors [34]. The antimicrobial
activity of fumaric acid, a weak acid, is attributed to unknown
factors, such as intracellular metabolic activities of weak acids,
which could involve the disruption of cellular processes or
the alteration of pH levels within the microorganism, stress
mechanisms, or interactions with other cellular functions [35].
Fumaric acid has been identified as an inhibitor of the glutamate
decarboxylase (GAD) enzyme of E. coli [36]. In a study, fumaric
acid showed high bactericidal properties against three strains
of Listeria monocytogenes. This situation does not fit well with
the intracellular dissociation theory of weak acids, but it shows
antibacterial effects that only occur in highly acidic conditions.
As a result, it was determined that the antimicrobial activity of
fumaric acid was associated with a decreased intracellular GAD
system or other systems [35]. These findings underscore the
complexity and importance of understanding the antimicrobial
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effects of organic acids.

The limitation of this study is that fumaric acid's antimicrobial
activity was studied in vitro, and its in vivo activity needed to
be examined. Most studies in the literature to support the use of
fumaric acid in medicine and pharmacy are in vitro studies, but
in vivo studies are very limited. Moreover, another limitation is
that although it was proven that fumaric acid had a satisfactory
inhibitory effect against the microorganisms tested in this study,
the inhibitory effect of fumaric acid against microorganisms
that cause pathogenic or opportunistic infections other than
these microorganisms was not tested. Additionally, the exact
mechanism of action needs to be clarified to provide more data
and enable fumaric acid to be used clinically in treating diseases.
Therefore, further studies are required in more detail. In addition
to in vivo and in silico studies, detailed at the molecular level
may be needed.

Conclusion

Fumaric acid is an organic acid found naturally in flora and
fauna. Since fumaric acid has various pharmaceutical properties,
it is widely used in the pharmaceutical, medicine, and food
industries. Fumaric acid is known to be a good antioxidant,
analgesic, anti-inflammatory, immunomodulatory, anti-psoriatic,
chemo-preventive, and neuroprotective, and there are also
various studies on its antimicrobial activity. At the same time,
the inhibitory ability of the plant aqueous extract on bacterial
cells has been attributed to fumaric acid, which was found in
studies conducted with plants. In this study, fumaric acid had
a strong inhibitory effect against the bacterial and fungal cells
tested and proved to have selective toxicity against bacterial
cells. Therefore, this preliminary study obtained information
about the usability of fumaric acid as a pharmacotherapeutic
agent in infectious diseases. Future advanced studies and in vivo
and in silico techniques should support the findings regarding the
usability of fumaric acid in many areas.

Conflict of Interests
The authors declare that there is no conflict of interest in the study.

Financial Disclosure
The authors declare that they have received no financial support for the study.

Ethical Approval
Ethics committee approval is not required since the study was not an experimental
animal study and did not use human-sourced materials.

References

1.  Food and Drug Administration. New Animal Drugs and New Animal
Drug Combination Products administered in or on Medicated Feed or
Drinking Water of FoodProducing Animals: Recommendations for Drug
Sponsors for Voluntarily Aligning Product Use Conditions. Center for
Veterinary Medicine; ¢2013.

2. llica RA, Kloetzer L, Galaction Al, Cascaval D. Fumaric acid: production
and separation. Biotechnol Lett. 2019;41:47-57.

3. Kaur G, Shivanandappa TB, Kumar M, Kushwah AS. Fumaric acid protect
the cadmium-induced hepatotoxicity in rats: owing to its antioxidant,
anti-inflammatory action and aid in recast the liver function. Naunyn
Schmiedebergs Arch Pharmacol. 2020;393:1911-20.

386



Med Science 2024:13(2):383-7

4.

10.

1.

14.

15.

16.

17.

19.

Roa Engel CA, Straathof AJ, Zijlmans TW, et al. Fumaric acid production
by fermentation. Appl Microbiol Biotechnol. 2008;78:379-89.

Wollina U. Fumaric acid esters in dermatology. Indian Dermatol Online
J.2011;2:111-9.

Hamm H, Wilsmann-Theis D, Tsianakas A, et al. Efficacy and safety of
fumaric acid esters in young patients aged 10-17 years with moderate-
to-severe plaque psoriasis: a randomized, double-blinded, placebo-
controlled trial. Br J Dermatol. 2021;185:62-73.

Kronenberg J, Pars K, Brieskorn M, et al. Fumaric acids directly influence
gene expression of neuroprotective factors in rodent microglia. Int J Mol
Sci. 2019;20:325.

Ahuja M, Ammal Kaidery N, Yang L, et al. Distinct Nrf2 signaling
mechanisms of fumaric acid esters and their role in neuroprotection against
1-Methyl-4-Phenyl-1,2,3,6-Tetrahydropyridine-Induced ~ Experimental
Parkinson's-Like Disease. J Neurosci. 2016;36:6332-51.

Shakya A, Singh GK, Chatterjee SS, Kumar V. Role of fumaric acid in
anti-inflammatory and analgesic activities of a Fumaria indica extracts. J
Intercult Ethnopharmacol. 2014;3:173-8.

Noura OA, Shehatou GSG, Rahim MA, et al. Antioxidant and anti-
inflammatory effects of dimethyl fumarate in hypercholesterolemic
rabbits. Egypt J Basic Appl Sci. 2017;4:153-9.

McGuire VA, Ruiz-Zorrilla Diez T, Emmerich CH, et al. Dimethyl
fumarate blocks pro-inflammatory cytokine production via inhibition
of TLR induced M1 and K63 ubiquitin chain formation. Sci Rep.
2016;6:31159.

Shin H, Quinten Ruhé P, Mikos AG, Jansen JA. In vivo bone and soft
tissue response to injectable, biodegradable oligo(poly(ethylene glycol)
fumarate) hydrogels. Biomaterials. 2003;24:3201-11.

Wang S, Lu L, Gruetzmacher JA, et al. Synthesis and characterizations
of biodegradable and crosslinkable poly(epsilon-caprolactone fumarate),
poly(ethylene glycol fumarate), and their amphiphilic copolymer.
Biomaterials. 2006;27:832-41.

Polat Sari S, Ding HO, Biiyiikkilic Altinbagak B, et al. Investigation
of bioactive components, antioxidant and antimicrobial activities of
traditional turkish beverage hardaliye. Bezmialem Science 2022;10:569-
77.

Kayiran SD, Ozkan EE, Kara EM, et al. Determination of the chemical
composition, antioxidant potential of Sambucus ebulus L.(dwarf elder)
fruit extracts and investigation of antimicrobial activity on Trichophyton
rubrum (Castell.) Sabour and some microorganisms. Istanbul Journal of
Pharmacy, 2022;52:148-155.

Caliskan R, Sari SP, Altinbagsak BB, et al. Bioactive components and
antioxidant and antimicrobial activities of rhus coriaria, a sumac species
found in Turkey. Bezmialem Science. 2022;10:796.

Chatterjee SS, Kumar V. Quantitative systems pharmacology: lessons
from fumaric acid and herbal remedies. Drug Des. 2017;6:2

Unver T, Erenler AS, Bingul M, Boga M. Comparative Analysis of
Antioxidant, Anticholinesterase, and Antibacterial Activity of Microbial
Chondroitin Sulfate and Commercial Chondroitin Sulfate. Chem
Biodivers. 2023;20:¢202300924.

Unver T, Erenler AS. Comparative evaluation of in-vitro methods for

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

387

DOI: 10.5455/medscience.2024.04.031

antimicrobial activity determination. In Oz S, Tag¢1 Y, eds, Health And
Science Chapter Ankara: lksad Publications. 2020;6:121-49.

Clinical and Laboratory Standards Institute (CLSI). Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically.
11th ed. Clinical and Laboratory Standards Institute; Wayne, PA, USA:
2018. MO7Ed11.

Unver T. Isorhamnetin as a promising natural bioactive flavonoid: in
vitro assessment of its antifungal property. Int J Agric Environ Food Sci.
2024a;8:54-61.

Unver T. The inhibitory effects of taxifolin, namely dihydroquercetin as a
pharmaceutical agent on the growth of bacterial and fungal species. Ann
Med Res. 2024b;31:222-7.

Unver T, Gurhan I. Chemical composition and antimicrobial activity of
an apolar extract from Lactuca serriola L. Leaves. Biochem Syst Ecol.
2024;114:104832.

Gaweda S, Stochel G, Szacitowski K. Bioinspired nanodevice based on
the folic acid/titanium dioxide system. Chem Asian J. 2007;2:580-90.

Kondo N, Murata M, Isshiki K, Efficiency of sodium hypochlorite,
fumaric acid and mild heat in killing native microflora and Escherichia
coli O157:H7, Salmonella Typhimurium DT104, and Staphylococcus
aureus attached to freshcut lettuce. J. Food Prot. 2006;69:2,323-9.

Comes JE, Beelman RB. Addition of fumaric acid and sodium benzoate
as an alternative method to achieve a 5-log reduction of Escherichia coli
O157:H7 populations in apple cider. J Food Prot. 2002;65:476-83.

Skrivanova E, Marounek M, Benda V, Brezina P, Susceptibility of
Escherichia coli, Salmonella sp. and Clostridium perfringens to organic
acids and monolaurin. Veterinarni Medicina, 2006:81-8.

Elshikh M, Ahmed S, Funston S, et al. Resazurin-based 96-well plate
microdilution method for the determination of minimum inhibitory
concentration of biosurfactants. Biotechnol Lett. 2016;38:1015-19.

He CL, Fu BD, Shen HQ, et al. Fumaric acid, an antibacterial component
of Aloe vera L. Afr ] Biotechnol. 2011;10:2973-77.

Kim KY, Davidson PM, Chung HJ. Antibacterial activity in extracts of
Camellia japonica L. petals and its application to a model food system. J
Food Prot. 2001;64:1255-60.

Molatova Z, Skrivanova E, Macias B, et al. Susceptibility of campylobacter
jejuni to organic acids and monoacylglycerols. Folia Microbiol (Praha).
2010;55:215-20.

Saltmarsh M. Food Additive Regulations in Europe In: Saltmarsh's
Essential Guide to Food Additives. 5th edition. Society of Chemistry,
London, 2020;40-51.

Foster JW. Escherichia coli acid resistance: tales of an amateur acidophile.
Nat Rev Microbiol. 2004;2:898-907.

Ricke SC. Perspectives on the use of organic acids and short chain fatty
acids as antimicrobials. Poult Sci. 2003;82:632-9.

Barnes RH, Karatzas KAG. Investigation into the antimicrobial activity
of fumarate against Listeria monocytogenes and its mode of action under
acidic conditions. Int J Food Microbiol. 2020;324:108614.

Fonda ML. Glutamate decarboxylase. Substrate specificity and inhibition
by carboxylic acids. Biochemistry. 1972;11:1304-09.



