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SERUM ACETALDEHYDE AS A POTENTIAL BIOMARKER 
FOR THE DETECTION OF PATHOGENIC BIOFILM FORMATION BY Candida albicans

Masfufatun1, Sumayyah Luqman Bayasud2, Mei Shirli Yasinta2,
 Ni’matuzahro3,  Afaf Baktir2

ABSTRACT

Candida albicans is a fungus that causes opportunistic infections in humans. It secretes toxic metabolites 
and induces the formation of biofilms. Fully developed C. albicans biofilms consist of planktonic yeast cells, pseu-
dohyphae, and hyphae. The hyphae can invade tissues and bring toxic metabolites deep inside the organs and into 
the bloodstream. Biofilms cannot be identified by culture methods from feces or blood samples, necessitating the 
development of biomarkers to detect them. Here we show that the acetaldehyde level in serum can be used as a 
biomarker of gastrointestinal Candida biofilm formation. An in vitro C. albicans biofilm model is set up by culturing 
C. albicans in an Erlenmeyer flask, while an in vivo model is created in the rat gastrointestinal mucosa. A lack of 
nutrients induces biofilm formation in vitro, while in vivo biofilm formation is induced by treatment with antibiotics 
and corticosteroids. Identification of C. albicans biofilms  is carried out macroscopically and microscopically using 
scanning electron microscopy. Analysis of acetaldehyde levels is performed by gas chromatography. The in vitro 
acetaldehyde level in the supernatant of the C. albicans culture is 0.9 ± 0.3 % (v/v) after a period of 48 h incubation, 
at which time biofilms start to form. The serum mean acetaldehyde level  is 0.011 ± 0.003 % and 0.005 ± 0.001 % in 
the experimental and the control groups, respectively. The t-test results show that this difference is significant at p < 
0.05, indicating that serum acetaldehyde can be used as a biomarker of C. albicans biofilm formation in the intestine.
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INTRODUCTION

Candida is the most common of the commensal 
fungi in humans, primarily occurring in the mouth, 
gut, and vagina. They attach themselves to mucosal 
membranes, where they may give rise to opportunistic 
infections [1 - 3]. C. albicans is the dominant species 

in healthy subjects, but Candida parapsilosis and Candida 
tropicalis have also been found [2, 4]. The pathogenicity of 
C. albicans includes production of toxic metabolites and 
formation of biofilms, not only on biotic surfaces in the hu-
man body [5, 6] but also on abiotic surfaces such as those of 
central venous catheters, dentures, or tooth implants [7, 8].

C. albicans is a dimorphic organism that has two life 
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forms. The first one refers to a budding yeast that grows as 
blastospores, whereas the second one is a germ tube that 
grows as pseudohyphae.  The buds develop as elongated 
spheres, while the germ tubes or hyphae, periodically form 
long tubiform extensions fragments. The pseudohyphae 
are potentially harmful to the host because of their ability 
to penetrate the host cells. Indeed, biofilm-related chronic 
mucocutaneous candidiasis (CMC) has been associated 
with a significant risk of oral cancer [9-11]. C. albicans 
biofilm isolated from these patients produces high 
levels of carcinogenic acetaldehyde (ACH) in vitro, thus 
providing one possible explanation for carcinogenesis 
[12]. Therefore, it is important to combat biofilms at the 
earliest stage possible.

Biofilms consist of a mixture of yeast and host cells, 
pseudohyphae, hyphae, and extracellular polymeric 
substances (β-1,3 glucan, chitin, and proteins) secreted by 
the fungus [13]. This extracellular polymeric material serves 
to reduce the exposure to antimicrobial compounds, host 
immune factors, and antimicrobial peptides [14]. In addition, 
chronic biofilm infections may cause inflammation, which 
increases the risk of carcinogenesis [15].

Several studies have detected the presence of C. 
albicans using a culture method from feces or blood 
samples. In contrast, in vivo detection of growing biofilms 
requires endoscopy, which is not easy, especially in the 
mucosa membrane of the digestive tract, and is painful. 
Therefore, we need a biomarker to determine the 
presence of metabolites resulting C. albicans biofilms. 
Our hypothesis is that ACH is a potential biomarker 
to determine the formation of C. albicans biofilm. We 
therefore investigate the production of acetaldehyde 
by C. albicans both in vitro and in vivo.  We show that 
ACH levels are indeed significantly increased upon 
Candida biofilm formation. Our results may facilitate the 
discovery of novel antifungal agents that can inhibit C. 
albicans cell growth and biofilm formation, and reduce 
the carcinogenic possibility of C. albicans biofilms, which 
may be important when treating fungal biofilm infections.

EXPERIMENTAL

Materials and methods
C. albicans stock was acquired from the Laboratory 

of Microbiology, Faculty of Dentistry, Airlangga 
University. The serum was obtained from two groups 
of 16 male white Wistar rats (Rattus norvegicus) 
aged approximately 2-3 months. They were in a good 
condition weighing approximately 200 g. The solution 
of phospate salin buffer (PBS) contained NaH2PO4, 
Na2HPO4.7H2O, NaCl and KCl

Growth and formation of in vitro C. albicans 
biofilm

In vitro C. albicans biofilm formation was studied 
using Erlenmeyer flasks. 5 % of C. albicans inoculum was 
added to 30 mL Yeast Peptone Dextrose (YPD) growth 
medium. The culture was incubated at 37°C using a 
rotary shaker at 140 rpm. C. albicans growth in culture 
was monitored by measuring the optical density at 600 
nm (OD600) with a UV/VIS spectrophotometer after 0 h, 
8 h, 16 h, 24 h, 32 h, 40 h, 48 h, 56 h, 64 h, and 72 h of 
incubation. C. albicans biofilm appeared on the wall of the 
Erlenmeyer flask during incubation and was examined.

Formation of in vivo C. albicans biofilm
The experimental animals were adapted for 

one week and randomly divided into two groups (a 
control and an experimental group, each containing 
16 rats). The groups were orally given the antibiotics 
streptomycin (20 mg/kg), tetracycline (25 mg/kg), and 
gentamicin (7.5 mg/kg) each day for 4 days. On the 4th 
day, the animals were injected with cortisone acetate 
(225 mg/kg) as an immunosuppressant. On the 5th day, 
they were orally inoculated with C. albicans. During 
the treatment, the animals were fed with AIN-93 [16] 
and spider medium (peptone, yeast, beef extract, NaCl, 
mannitol, K2HPO4).

Identification of C. albicans biofilm 
The biofilm identification was conducted 

macroscopically (small intestine and cecum were 
split and examined through a magnifying glass) and 
microscopically by scanning electron microscopy (SEM). 

Scanning electron microscopy of in vitro-produced 
biofilms

Biofilms were obtained in Erlenmeyer flasks after 
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growing C. albicans for 72 h as described above. 
5 ml of C. albicans suspension was centrifuged at 
10,000 rpm. The supernatant was removed and the 
residue was washed once with PBS. The mixture was 
centrifuged again, and the supernatant was removed. 
The C. albicans biofilm residue was dried overnight 
at 37°C, coated with gold/palladium (40/60 % ratio) 
and observed under a scanning electron microscope in 
a high vacuum mode at 10 kV.

Scanning electron microscopy of in vivo-
produced biofilms

Biofilms were created in the rat gastrointestinal 
mucosa as described above. The intestine specimens 
were rinsed with PBS and subjected to consecutive 
overnight incubations in the fixative reagents 
glutaraldehyde and osmic acid. Samples were 
subsequently washed with distilled water, dehydrated 
through a series of ethanol washes (70 % for 10 min, 
95 % for 10 min, and 100 % for 20 min), dried using 
critical point drying (CPD), stuck on a stub (holder) 
and coated with pure gold using a vacuum evaporator. 
The surface topographic features of the biofilm were 
visualized by scanning electron microscopy.

Acetaldehyde measurement
For the determination of ACH concentrations, a 

Hewlett Packard 6890 Series Agilent 19095P-Q04 gas 
chromatography instrument was used that was equipped 

with an HP-Plot Q column and a flame ionization 
detector. Helium gas was used as a mobile phase. The GC 
temperature on injector A was set at 220°C. The initial 
temperature was fixed at 150°C, the initial time was 
15 min, and the temperature was raised automatically 
by 5.0°C/min. The final temperature was 200°C, the 
final time was 30 min, and the flow rate of the carrier 
gas passing through the large column was 68 mL/min. 
Acetaldehyde was detected by flame ionization.

Three milliliter samples of C. albicans culture from 
in vitro biofilms were centrifuged at 10,000 rpm for 10 
min. Each supernatant was injected and its acetaldehyde 
content was analyzed by gas chromatography.

Samples (0.5 ml) of rat serum were placed in the 
centrifuge tube and 0.5 ml 5 % TCA (trichloroacetate) 
was added. Then they were centrifuged at 3000 rpm for 
5 min. The supernatant was injected and analyzed for 
acetaldehyde content by gas chromatography.

Statistical analysis
A t-test was performed to determine the significance 

of the ACH data.

RESULTS AND DISCUSSION

Formation of in vitro biofilms
The growth profile of C. albicans in YPD medium 

showed a short logarithmic phase and a long stationary 
phase (Fig. 1). After 48 h, the optical density decreased 

Fig. 1. Growth profile of C. albicans cultured in YPD medium in Erlenmeyer flasks.
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sharply. Biofilm began to appear at the end of the 
stationary phase just before the death phase as a white 
coat attached to the flask surface. This biofilm formation 
was induced by the lack of nutrients in the YPD medium. 
The biofilm production continued during the subsequent 
growth stages and appeared as a piece of cotton-like 
substance floating on the top of the liquid culture in the 
Erlenmeyer flask (Fig. 2).

The thick white plaque adhering to the wall of the 
Erlenmeyer flask (Fig.2) is examined. In correspondence 

with the defense mechanism of C. albicans the lack 
of nutrient or nutrient depletion triggers C. albicans 
adhering to the solid surface of the flask. Then they 
undergo morphogenesis to produce a dense layer of cells 
of mixed morphology embedded in a extracellular matrix 
rich in polymer 1,3 glucan. SEM analysis is carried out 
revealing that it contained a mass of Candida cells in a 
biofilm form. The in vitro biofilm consists of yeast cells, 
budding yeast and extracellular matrix (Fig. 3).

Formation of In vivo Candida biofilms 
In vivo C. albicans biofilms were successfully 

formed in the white rat intestinal mucosa by four types 
of inductions: tetracycline, streptomycin, and gentamicin 
antibiotics administered daily for 4 days. On the 4th day 
the animals were injected with cortisone acetate as an 
immunosuppressor, C. albicans inoculum, and spider 
medium. 

We monitored the growth of C. albicans in the 
course of an in vivo formation of a biofilm by analyzing 
the presence of the organism in the feces. The number of 
colonies of C. albicans (in Colony Forming Units, CFUs) 
in the rat’s feces slightly increased from day 3 to 7 after 
the fifth inoculation and sharply increased on day 14. The 
antibiotics and immunosuppressant were responsible for 
this, as they disrupted the normal intestinal microflora 
balance and led to growth obstruction of some 

Fig. 2. Macroscopic observation of C. albicans biofilm 
adhering to the wall of the Erlenmeyer flask after a period 
of 48 h incubation (see the black arrow).

Fig. 3. SEM image of C. albicans biofilms obtained after 48 h growth on 
YPD. (A) 5000x magnification. (B) 10,000x magnification. (1) An yeast 
form of C. albicans cells, (2) C. albicans budding yeast cells, (3) C. albicans 
cells coated by an extracellular matrix (scale bar = 10 µm).
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microflora. On the other hand, C. albicans survived and 
even developed an uncontrolled growth  (overgrowth) 
as more nutrients became available. C. albicans formed 

colonies in the excess of food and flew out with the 
feces. Therefore, the increasing CFU number of C. 
albicans colonies in the feces is a Candida overgrowth 
parameter. The overgrowth of C. albicans occurred 14 
days after inoculation. On day 21, the CFU number of 
C. albicans colonies in the feces decreased again, but 
it increased in the gastrointestinal mucosa, as shown in 
Fig. 4. This is consistent with the increased colonization 
of the rat intestinal mucosa by C. albicans cells during 
the early stage of biofilm formation. Indeed, on day 
35, the C. albicans CFU in feces decreased even more 
accompanied by a concomitant drastic increase of the C. 
albicans CFU in the gastrointestinal mucosa. 

Fig. 5 shows the presence of C. albicans biofilms 
developed in rat intestinal mucosa. They appear as white 
plaques on the surface of the rat intestinal mucosa. They 
are neither easy to peel off with surgical instruments or 
be washed off by PBS buffer solution.

The SEM image of in vivo biofilms (Fig. 6) shows 
clearly C. albicans pseudohyphae which cannot be 
seen in the in vitro biofilms. These pseudohyphae are 
potentially harmful to the host because of their ability to 
penetrate host cells. In immunocompromised individuals 
the hyphae and toxins produced by C. albicans can end 
up in the bloodstream. In immunocompetent individuals 
the C. albicans cells are blocked by the immune system 
prior reaching the bloodstream. However, toxins may 

Fig. 4. Profile of Candida colonization on (A) feces 
and (B) rat intestinal mucosa that had been induced by 
antibiotics and immunosuppressants.

Fig. 5. Rat intestinal mucosa in presence (A) and absence (B) of C. albicans biofilm. The black arrow indicates the 
thickest plaque on the surface of rat intestinal mucosa.

а)

b)
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reach the bloodstream because they are not recognized 
by the immune system.

Once the in vivo and in vitro biofilm models had 
been proven, the next step was C. albicans metabolite 
observation. Metabolite analysis was carried out by 
GC of the in vivo and in vitro biofilm samples aiming 
to detect ACH.

Analysis of ACH
Gas chromatography was used to detect the presence 

of ACH in the in vitro and in vivo biofilm samples. The 
amount of ACH in the C. albicans culture supernatant 
after 48 h incubation was 0.9 ± 0.3 % (v/v) or 154 ± 
50 µM. These results indicate that the C. albicans used 
in this study is a strain that could potentially promote 
carcinogenesis by producing ACH. Previous studies 
indicated that some Candida species were able to 
produce ACH from ethanol [17 - 19]. C. albicans, C. 
tropicalis, and C. parapsilosis especially produce ACH 
in higher quantities than other species, well above the 
concentration that is considered to be carcinogenic 
(>100 µM) [17].

 The results obtained with the in vivo production of 
ACH in biofilms are presented in Fig. 7. The ACH levels 
in the Wistar rat intestinal mucosa show a homogeneous 
normal distribution. The t-test carried out shows that 
the ACH levels in the serum of the control and treated 
rats are essentially different (p < 0.05). Forty-two days 

after inoculation with C. albicans, the serum ACH level 
is increased by a factor of 2.3. Under conditions of 
biofilm formation, the amount of C. albicans attached 
to rat intestinal mucosa is significantly higher than in the 
normal state; therefore, it produces more ACH, likely 
because of glucose fermentation and alcohol production.  
Thus, elevated ACH levels in the serum can be used as 
a biomarker of biofilm formation.

ACH produced as a metabolite of alcohol catabolism 
is highly toxic, mutagenic, and carcinogenic.  ACH can 
be produced in many organs such as the intestine, liver 
or blood, where C. albicans may be present. The higher 
level of ACH caused by biofilm formation is harmful to 
the organs. In this study, the rats from the biofilm group 
had serious liver damage (data not shown).

CONCLUSIONS

Acetaldehyde is a highly toxic, mutagenic and carci-
nogenic product of alcohol fermentation and metabolism in 
microbes, especially in yeast. In C. albicans, acetaldehyde is 
a by-product of the pyruvate bypass that converts pyruvate 
into acetyl-Coenzyme A (CoA). Our results show that C. 
albicans-infected (biofilm) rats are capable of producing 
carcinogenic amounts of ACH from ethanol which affects 
greatly the levels of control rats serum ACH. The latter of 
the biofilm rats is increased by a factor of 2.3. The difference 
is significant enough to be used as a biomarker for biofilm 
formation of C. albicans in the intestinal tract in vivo.

Fig. 6. A SEM image of C. albicans biofilm on mouse 
cecum membrane mucosa at 5000x magnification. 

Fig. 7. Levels of ACH in the serum of control and 
biofilm rats.



Journal of Chemical Technology and Metallurgy, 52, 6, 2017

1038

Acknowledgements
The author would like to acknowledge the Di-

rectorate for Research and Community Services, the 
Directorate of General Strengthening of Research and 
Development of the Ministry of Research, Technology 
and Higher Education and Yayasan Perguruan Al-Irsyad 
Al-Islamiyah for the research funding.

REFERENCES
1. R. Calderone, C. Clancy, Candida and Candidiasis, 

2nd ed., 2011, ASM Press.
2. T. Drell, T. Lillsaar, L. Tummeleht, J. Simm, A. Aaspol-

lu, E. Vain, M. Metsis, Characterization of the vaginal 
micro- and mycobiome in asymptomatic reproductive-
age Estonian women, PLoS One, 8, 2013, e54379.

3. M. Ghannoum, R. Jurevic, P. Mukherjee, F. Cui, M. 
Sikaroodi, A.G.P. Naqvi, Characterization of the oral 
fungal microbiome (mycobiome) in healthy individu-
als, PLoS Pathogens, 6, 2010, e1000713.

4. P. Scanlan, J. Marchesi, The micro-eukaryotic diver-
sity of the human distal gut microbiota: qualitative 
assessment using culture-dependent and –independent 
analysis of feces, ISME J, 2, 2008, 1183-1193.

5. D. Andes, J. Nett, P. Oschel, R. Albrecht, K. March-
illo, A. Pitula, Development and characterization of 
an in vivo central venous catheter Candida albicans 
biofilm model, Infect Immun, 72, 2004, 6023-6031.

6. J. Nett, K. Marchillo, C. Spiegel, D. Andes, Development 
and  validation of an in vivo Candida albicans biofilm 
denture model, Infect Immun, 78, 2010, 3650-3659.

7. A. Dongari-Bagtzoglou, H. Kashleva, P. Dwivedi, P. 
Diaz, J. Vasilakos, Characterization of mucosal Can-
dida albicans biofilms, PLoS One, 4, 2009, e7967.

8. M. Harriott, E. Lilly, T. Rodriguez, P.J. Fidel, M. No-
verr, Candida albicans forms biofilms on the vaginal 
mucosa. Microbiology, 156, 2010, 3635-3644.

9. E. Marttila, J. Uittamo, P. Rusanen, C. Lindqvist, M. 
Salaspuro, E. Al, Acetaldehyde production and mi-
crobial colonization in oral squamous cell carcinoma 
and oral lichenoid disease, Oral Surg Oral Med Oral 
Pathol Oral Radiol, 116, 2013, 61-68.

10. R. Rautemaa, J. Hietanen, S. Niissalo, S. Pirinen, J. 
Perheentupa, Oral and oesophageal squamous cell 
carcinoma-a complication or component of  autoim-
mune polyendocrinopathy-candidiasis-ectodermal 
dystrophy (APECED, APS-I), Oral Oncol, 43, 2007, 
607-613.

11. R. Rautemaa, G. Ramage, Oral candidosis-clinical 
challenges of a biofilm disease, Crit Rev Microbiol, 
37, 2011, 328-336.

12. J. Uittamo, E. Siikala, P. Kaihovaara, M. Salaspuro, 
R. Rautemaa, Chronic candidosis and oral cancer 
in APECED-patients: production of carcinogenic 
acetaldehyde from glucose and ethanol by Candida 
albicans, Int. J, Cancer, 124, 2009, 754-756.

13. J. Finkel, A. Mitchell, Genetic control of Candida 
albicans biofilm development. Nat Rev Microbiol, 
9, 2011, 109–118.

14. G. Ramage, S. Robertson, C. Williams, Strength in 
numbers: antifungal strategies against fungal bio-
films, Int. J. Antimicrob. Agents, 43, 2014, 114-120.

15. L. Coussens, Z. Werb, Inflammation and cancer, 
Nature, 420, 2002, 860-867.

16. P.G. Reeves, Committee Report AIN-93 Purified 
Diets for Laboratory Rodents : Final Report of the 
American Institute of Nutrition Ad Hoc Writing 
Committee on the Reformulation of the AIN-76A 
Rodent Diet, (June 2016), 1939-1951. http://doi.
org/10.1017/CBO9781107415324.004

17. M. Salaspuro, Acetaldehyde as a common denomi-
nator and cumulative carcinogen in digestive tract 
cancers, Scand. J. Gastroenterol., 2009. 

18. M. Mohd Bakri, H. Mohd Hussain, A. Rachel 
Holmes, E. Al., Revisiting the association etween 
candidal infection and carcinoma, particularly  
oral squamous cell carcinoma, J. Oral Microbiol., 
2, 2010, 5780. http://doi.org/10.3402/jom.
v2i0.5780.

19. M. Nieminen, J. Uittamo, M. Salaspuro, R. 
Rautemaa, Acetaldehyde production from ethanol 
and glucose by non-Candida albicans yeasts in vitro, 
Oral Oncol., 45, 2009, E245-8.


