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Abstract
The monument to the Actium victory raised by Octavian Augustus on the northern outskirts of Nicopolis, in the area where the Actian games 

were taking place, consists of an enormous podium built in ashlar masonry on the slopes of a hill sacred to Apollo. On the upper part of the terrace 
created by the podium, a porticus triplex was surrounding a courtyard. The area of the courtyard was occupied by a monumental altar and by two 
pedestals carrying bronze statues of unknown figures. The walls of the porticus and of an annex on its north wing were decorated with frescos 
fragments which were preserved in situ, while several other fragments were found scattered throughout the monument.  In this article, we present 
the results of the identification of the organic binding medium, as well as the isolation of microorganisms from the wall painting fragments using 
HPLC and classical microbiological isolation techniques OM and SEM, respectively. Ten samples were selected for HPLC-FD analysis and compared 
with two reference mixtures of egg yolk with gelatin 3:1 w/w and 5:1 w/w. Six of the ten samples gave proteinaceous profile results, yielding 
an amino acid profile like the mixture of egg yolk/gelatin 3:1 w/w, which is relatively poor in gelatin content. The fungal species isolated were 
Aspergillus sp., Penicillium sp., unidentified strains of mold and fungi and Bacillus sp.  This study aims to assess the present-day condition of the wall 
paintings for future investigation. It is well known that the metabolism of organic bindings in the substrate, like animal glue loses their binding effect 
when they are contaminated or when they have been in use for an extended time and consolidation is required. During a microbial infestation, these 
organic bindings decompose thus losing their consolidation effect. The metabolism of organic bindings is restricted to natural organic bindings and 
affects synthetic polymers applied for consolidation purposes.
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Introduction

The monument to the Actium victory raised by Octavian Augus-
tus on the northern outskirts of Nicopolis in the area where the Ac-
tian games were taking place, consists of an enormous podium built 
in ashlar masonry on the slopes of a hill sacred to Apollo.  36 bronze  

 

rams from the captivated ships of his defeated rival Antony were  
displayed on the southern wall of the podium, which was the mon-
ument’s façade, and according to the Latin inscription that adorned 
the upper part of the wall, these were dedicated to Mars and Nep-
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tune. On the upper part of the terrace created by the podium, a por-
ticus triplex was surrounding a courtyard. A monumental altar and 
two pedestals carrying bronze statues of unknown figures occupied 
the area of the courtyard. The walls and the sandstone pillars of 
the porticus and of an annex on its north wing were covered with 
plaster and decorated with wall paintings of which a few fragments 
were preserved in situ, while a few other such fragments were 
found scattered throughout the monument. The preserved 2.037 
fragments cover a surface of roughly 3.2 m2. According to their scat-
tering, it is estimated that all the walls and the pillars of the Stoa 
were decorated, thus the preserved ones represent only a minimal, 
representative fraction of the total. 

The surface of most fragments has been maintained in good 
condition, while in a few others, the paint is completely obscured. 
As shown in Figure 1, they have a variety of colors (white, various 
shades of red, brown, black, yellow, brown, green, and cyan in var-
ious, intense, shades), however, except for a few samples, they do 
not show distinguishable drawings.

There is a plethora of painting techniques applied by various 
artists during the Roman period [1].  The most common painting 
types are the secco, where the pigments mixed with an organic 
binding medium, e.g., egg, are applied on a dry mortar surface, and 
the fresco one, consisting of a painting with pigments, dispersed in 
a water medium on a wet or fresh lime mortar surface [2].  Very of-
ten a second paint layer of different color was often applied a secco 
on top of the fresco. A variant of the fresco technique, referred to by 
various scholars as mezzo fresco, requires the dispersion of the pig-
ment in lime water or lime paste, which is then applied to a mortar 
that has partially dried [3-5]. Finally, stucco reliefs were used for the 
architectural decoration of both inside and outside walls, ceilings, 
and floors.  Traditionally stucco was made of lime, sand, and water, 
while animal or plant fibers were sometimes added for addition-
al strength. Several studies have reported that these organic sub-
stances can provide a nutrient-rich substrate for microbial growth, 
including fungi [6-10]. Microbial growth on stone monuments can 
result in the accumulation of biofilms, which can produce organic 
acids and other compounds that contribute to the weathering and 
erosion of the stone surface. Similarly, microbial growth on mural 
paintings can lead to staining, discoloration, and deterioration of 
the paint layers. Some of the most common fungi that attack mon-
uments include: Aspergillus sp., Penicillium sp., Cladosporium sp., 
and Alternaria sp. These genera of fungi are known for their ability 
to produce enzymes that break down the cellulose and other organ-

ic components in the substrate, leading to decay and deterioration. 
Additionally, Cladosporium sp., can produce pigmented spores that 
can stain and discolor surfaces [6,7]. These fungi produce enzymes, 
such as proteases, that can break down proteins into their constit-
uent amino acids. When Aspergillus sp. and Penicillium sp. colo-
nize proteinaceous materials on the surface of a monument, they 
secrete these proteases to break down the proteins [11,12]. This 
can result in the degradation and loss of structural integrity of the 
proteinaceous material [13]. The amino acids of animal glue and 
egg yolk proteins are also susceptible to degradation by proteases 
produced by Aspergillus and Penicillium. Animal glue is made up of 
collagen proteins, which contain many different types of amino ac-
ids. Proteases produced by fungi can break down the peptide bonds 
between these amino acids, leading to the degradation of the glue 
and a loss of its adhesive properties. Similarly, egg yolk proteins 
contain many different types of amino acids that can be degraded 
by proteases, resulting in the breakdown of the protein and loss of 
its functional properties [6]. In addition to proteases, fungi can also 
produce other enzymes, such as lipases and esterase’s, that can de-
grade other organic compounds found in proteinaceous materials, 
such as lipids and esters. The degradation of these compounds can 
further contribute to the discoloration and degradation of the pro-
teinaceous material on the surface of a monument. 

The purpose of this study is to identify the organic binding me-
dium used for the wall paintings of the porticus triplex stoa and 
pillars, as well as that of the podium, of the Victory monument of 
Octavian Augustus in Nicopolis, the microorganisms that grow on 
their surface and the possible impact that the latter ones may have 
on their present-day state of preservation.

Materials and Methods

Microbiology study

Sampling process 

Nineteen samples (NIK 1-19) were selected for microbiologi-
cal studies. The painted front side of all fragments were observed 
and photographed by means of an Olympus SZ61 stereomicroscope 
(magnification x0.67) equipped with a software system, used for 
PC imaging, to select the areas for samples collection. The stereo-
microscope images were processed with the Infinity Analyze and 
Capture software for Windows (v 6.5.6) to add the scale. In Table 1, 
we present the stereomicroscope images of samples (painted side) 
selected for microbial media cultures.

Table 1: Summary of the sample’s code, location, color, and stereomicroscope images of samples selected for microbial media cultures (magnifica-
tion x0.67).

Sample code Location Color Stereomicroscope images

NIK-1 Podium, 2011, square E18-E19, in front of bench, KN92-102 white

NIK-2 Podium, 2011, eastern section, ΚΝ151-170 red
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NIK-3 Podium, 2011, square Ζ18-Ζ19, western section, p. 4, ΟΜ2, 
ΚΝ136-150

red, dark yellow, 
white 

NIK-4 Podium, 2011, square E19, northern section, p. 4, ΟΜ2, ΚΝ7-29 white

NIK-5 Podium, 2011, square E19, northern section, p. 4, ΟΜ2, ΚΝ7-29 black

NIK-6 Podium, 2011, square Ε19, northern section, p. 4, ΟΜ2, ΚΝ7-29 Red- purple

NIK-7 North Stoa, 2005, square Η17 brown

NIK-8 East Stoa, 2001, square Σ15 red

NIK-9 East Stoa, 2002, square Σ16 white

NIK-10 East Stoa, 2002, square Σ16 red

NIK-11 East Stoa, 2002, square Σ16 yellow

NIK-12 East Stoa, 2002, square Σ17 black

NIK-13 East Stoa, 2002, square Τ17 red, yellow

NIK-14 South-east of pedestal, 1998, square Φ19 cyan

NIK-15 Collected black
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NIK-16 Pillar rendering white

NIK-17 Pillar rendering white

NIK-18 Cornice (?) white

NIK-19 North Stoa, 2005, Northwestern corner, destruction layer green, yellow, white

Microorganisms’ isolation and characterization

Samples from the painted surface were collected under aseptic 
conditions from sampling areas by scraping off superficial material 
and plaster to a depth of 2-8 mm and then were pressed on petri 
plates. Culture media used for this study were Sabouraud Dextrose 
Agar (SDA) medium for yeasts and moulds isolation, Blood Agar/
sheep blood (BA) for culturing a wide variety of pathogenic micro-
organisms and Mac Conkey Agar (MAC) a medium for the growth 
of staphylococci and enterococci. All media were ready prepared 
culture media from BIOPRAPARE. The cultures were incubated at 
37οC for 24-48h, and at 28οC for 5 days, to allow bacterial and fun-
gal development, respectively. After this period, the plates stayed 
in incubation at the same temperature for 20 days to detect slow 
microbial development while the morphological characteristics of 
the colonies were recorded. The several colonies developed picked 
up to obtain pure cultures for using the slide culture technique [14]. 
Fungal isolates were characterized based on cultural and morpho-
logical characteristics of spore and hyphae mounted in lactophenol 
cotton blue stain (LPCB, Sigma-Aldrich) and identified by consult-
ing taxonomic monographs [15-18]. Fungi that did not produce 
spores were categorized as sterile mycelia and if they did not show 
distinct morphological characters for identification were included 
as ‘unidentified strain’. 

In addition, the fungal populations were identified and charac-
terized by means of an optical microscope (OM) and scanning elec-
tron microscope (SEM), which are keys for their identification ac-
cording to the specialized literature [15]. A Leica DM2700M optical 
microscope equipped with a camera system (Leica Microsystems 
CMS GmbH D-35578 model DFC 310 FX) was used to observe the 
fungal colonies. The software system used for computer imaging 
was Leica Application Suite (LAS).

Electronic Scanning Microscope (SEM) observation 

All the analyzes of the present work were carried out with the 
JEOL JSM 6510LV Scanning Electron Microscope (SEM) adjustable 

vacuum, with the possibility of magnification from 25 to 300.000 
times, for morphological observation of the biological samples and 
obtaining high-resolution images of secondary electrons images 
(SE) and backscattered (BSE) images of electrons. SEM accompa-
nied by an energy dispersive X-ray spectrometer, X-act type from 
Oxford Instruments (EDS, Energy Dispersive Spectrometry), for 
qualitative and quantitative microanalysis as well as element map-
ping, with INCA data analysis software.

The samples were prepared as follows:

A conductive double-sided tape was adhered to the sample 
holder (aluminum base). Part of the developed colony, measuring 
0.5X0.5 cm, was carefully detached with a scalpel and transferred 
to the sample holder. This procedure was performed on all stud-
ied samples.  The samples were then placed in the sublimation ap-
paratus for 24h, in an Argon environment of 10-2 mbar and then 
covered with a very thin layer of gold for 2 minutes to make them 
conductive.  The most conductive samples were transferred to the 
sample carrier of the SEM chamber. The SEM observation of the 
samples was performed at incremental magnifications from 450x 
to 20.000x. Microscopy was done under a vacuum of 10-9 Torr.

High-Performance Liquid Chromatography with 
Fluorescence Detection (HPLC-FD) 

Chemicals and reagents

The chemicals and reagents used for the HPLC-FD measure-
ments are the following: Acetonitrile HPLC Grade, Methanol 
HPLC Grade, Ammonium mono hydrogen phosphate, anhydrous  
(NH4)2HPO4, Water HPLC Grade, Ammonium dihydrogen phosphate  
(NH4)2HPO4, 9-Fluoromethyl Chloroformate, 2-(methylthio)-etha-
nol, 1.0M Sodium Hydroxide (Merck Chemicals for the organic syn-
thesis, Germany), Hydroxylamine Hydrochloride (Sigma Aldrich, 
USA),Boric Acid (Riedel-de Haen AG, Germany), Amino acid stan-
dard solution (Sigma Aldrich, USA), Gelatin (Fluka), Casein (FLuka).
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Authentic samples

Ten samples (NIK-1, 7, 10, 11,13, 13, 13, 13, 14, 15, 16, 18, 19) 
collected for HPLC-FD analysis by scraping the surface of fragments 
with a scalpel blade. The sampling of powder samples was carried 
out with the highest possible selectivity as to the layers and sam-
ples weighed approximately 5-10 mg. 

Reference samples

Pure proteinaceous materials such as casein and gelatin were 
used. Also, artificial specimens of two different media were pre-
pared, generally following traditional instructions to artists in their 
preparation. They were: 

i. gelatin in water solution 6% w/w and 

ii. egg yolk diluted with an equal volume of water. The two 
media were painted on a plaster layer of lime and sand. After drying 
at room temperature for five days, was dried in the oven for 2h at 
60οC. The surface of these paint layers was scrapped off, and 1-5 
mg powder of samples was taken for analysis of the proteinaceous 
binders with HPLC-FD. Two reference samples were also prepared 
by mixing powders from egg yolk/white lead 2FbCO3 Pd (OH)2 2% 
and gelatin layers in different proportions (5:1 w/w and 3:1 w/w).

Apparatus and chromatographic conditions

A YL9100 HPLC system equipped with an YL9110 quaternary 
pump and GBC LC 1250 fluorescence detector was used for the sep-
aration and quantification of the fluorescent amino acid derivatives 
in reference and authentic samples. Amino acids were derivatized 
with 9-fluorenymethyl chloroformate (FMOC-Cl) using a method 
developed by Haynes et al., [16]. FMOC-Cl was dissolved in aceto-
nitrile as a 4.16 mg/mL solution (16 mM). Borate buffer was pre-
pared from 200 mM boric acid solution adjusted to pH 8.5 with 5 M 
sodium hydroxide solution. An alkaline cleavage reagent was pre-
pared daily by mixing 170μL of 850 mM sodium hydroxide solution 
with 75μL of 500 mM hydroxylamine hydrochloride solution and 
5μL of 2-(methylthio)-ethanol. The quenching reagent was acetoni-
trile-glacial acetic acid (8:2).

Separation of the FMOC-AA derivatives was carried out using a 
ternary gradient elution. Three different eluents were used: 

i) eluent A consisting of 20 mM ammonium dihydrogen phos-
phate (pΗ 6.5) in 15% methanol 85% water,

ii) eluent B consisting of 15% methanol in water and

iii) eluent C consisting of 10% water in acetonitrile. An Hypersil 
C18 (ODS) column with dimensions 250x4.6 mm, 3μm was 
used in a 54-minute gradient program. The column tempera-
ture was set at 38°C and the solvent flow rate at 0.8mL/min. 
The excitation wavelength of the fluorescence detector was at 
270 nm and the emission at 316 nm. 

Analytical procedure

The analytical procedure for the determination of protein-
aceous binders in wall painting samples was applied to all the sam-
ples. The optimization of the derivatization and chromatographic 
conditions were performed using an amino acid standard solution 

(AA) and amino acid standard solutions of gelatin and casein hydro-
lysate (from Fluka). In AA standard solution the amino acids con-
centration compounds are in 0.1N HCl at the indicated concentra-
tions ± 4% as follows: 2.50 μMoles/mL of alanine (ala) and glycine 
(gly), valine (val), leucine (leu), isoleucine (ile), serine (ser), me-
thionine (met), phenylalanine (phe), aspartic acid (asp), glutamic 
acid (glu), lysine (lys) tyrosine (tyr), proline (pro), threonine (thr), 
arginine (arg), histidine (his), and 1.25 of μMoles/mL of cysteine 
(cys). Recognition of the nature of the protein binding medium was 
affected by a quantitative determination of amino acids and their 
characteristic ratios. Chromatographic data were also subjected 
to statistical treatments. In particular, correlation coefficients are 
quite successful and provide an easy means for comparing large 
data sets. The amino acid similarity pattern [S (A, B)] between two 
kinds of proteins is calculated with equation (1), where ai (i=1-n) 
and bi (i=1-n) are the amino acid contents of two corresponding 
kinds of proteins [17].                                                                     
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(Equation 1)

This method has been applied successfully to proteinaceous 
binding media and adhesives by Sinkai and Sugisita [18]. The an-
alytical procedure can be summarized as follows: Aliquots of the 
amino acid standard solution (2.5 mM) were added to the borate 
buffer (pH 8.5) in different proportions. A volume of 100μL of ami-
no acid buffer solutions were derivatized by adding successively 
100μL of FMOC-Cl solution and 60μL volume of cleavage reagent 
and 140μL of quenching reagent. The reaction was then stopped 
by the addition of quenching reagent. Aliquots of 5μL, from the 
prepared reaction solutions, were injected into the HPLC system. 
Reference mural painting samples (5-10 mg) were subjected to acid 
hydrolysis under flow of nitrogen (1mL HCl 6N, 110°C for 24h). 
At the end of hydrolysis, the samples were let to be cold and then 
placed in an oven at 40°C till they became completely dry. In the 
remaining dry material, 1 mL H2O was added, to prepare a stock 
solution and stored at 4°C. Aliquots (10μL) of the hydrolysate were 
added to 490μL of borate buffer, pH 8.5. From this solution 100μL 
were taken up for derivatization following the routine procedure 
and the mixture was used for HPLC-FD analysis. Duplicate hydroly-
sis and derivatizations were performed. One HPLC injection (20μl) 
was performed for each reaction mixture. This procedure allows 
the determination of the following amino acids: aspartic acid (Asp), 
glutamic acid (Glu), hydroxyproline (Hyp), serine (Ser), glycine 
(Gly), threonine (Thr), alanine (Ala), proline (Pro), tyrosine (Tyr), 
arginine (Arg), valine (Val), isoleucine (Iso), leucine (Leu) and phe-
nylananine (Phe).

Results and Discussion

Microbiology Study

For this study, we decided to proceed with a classical microbi-
ological isolation technique, and we didn’t use a molecular biology 
research or metagenomic approach, since our aim was to record the 
present-day condition of the wall paintings. 
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A total of 57 cultures (19 samples for each medium) were ex-
amined during the study period. Evaluation of the cultures at 24th 
hour yielded 12 (63.16%) positive results for BA. Out of 7 cultures 
(36.84%), that were found to be negative in the first 24th hour’s 
evaluation, 16 cultures (84.21%), were isolated positive for BA, 2 
cultures (10.53%) for McA and SDA at 48th hour. During the 5th 
day evaluation of the cultures yielded 19 (100%) positive results 
for BA 2 (10.53%) for MA and 4 (21.05%) for SDA (Table 2). In BA 
agar, several unknown colonies were developed in each sample as 
BA is a non-selective medium, good for culturing many bacterial 
species including Gram- negative and Gram-positive species. Due to 
similar morphological characteristics with other bacteria mold and 
fungi, they are presented as unidentified strains. SDA is a selective 

medium primarily used for the isolation of dermatophytes, other 
fungi and yeasts but can also grow filamentous bacteria. The acidic 
pH of this medium (pH ~ 5.0) inhibits the growth of bacteria but 
permits the growth of yeasts and most filamentous fungi. McA is 
an indicator, a selective and differential culture medium for bacte-
ria designed to selectively isolate Gram-negative bacilli. The crystal 
violet and bile salts inhibit the growth of Gram-positive organisms 
which allows for the selection and isolation of gram-negative bacte-
ria. The fungal species isolated (Figures 2, 3 and 4), were Aspergil-
lus species (15.79%), Penicillium and Altenaria species (10.53%), 
unidentified strains mold and fungi (68.42%) and Bacillus species 
(5.26%). (Figures 2 - 4)

Figure 1: Wall painting fragments from the Victory Monument of Augustus in Nicopolis.

Figure 2: Colony characteristics on SDA plate, OM and SEM analysis of molds isolated from NIK-1 sample. A: Photomicrograph show colonies 
of Penicillium sp. on SDA plate after 5 days of incubation at 25οC. B: viewed by OM after LPCB staining (photo scale 50μm) and C-D: by SEM, 
conidial heads (magnification x1.100, 10μm,15kV).
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Figure 3: Colony characteristics on BA plate, OM and SEM analysis of molds isolated from  NIK-2 sample. A: Photomicrograph show colonies 
of Bacillus sp. on a BA agar plate after 5 days of incubation at 25οC. B: viewed by OM after Gram staining viewed (photo scale 50μm). C: by 
SEM, mycelium of unidentified strain (magnification x1.600, 10μm, 20kV) and D: Morphological observation of Bacillus sp. gram-positive rod in 
short or long chains (magnification x8.000, 2μm,15kV).

Figure 4: Colony characteristics on SDA plate, OM and SEM analysis of molds isolated from  NIK-5 sample. A: Photomicrograph show colonies 
of Aspergillus sp. and Alternaria sp. on SDA plate after 5 days of incubation at 25οC. B: viewed by OM the Alternaria sp., colonies black to 
olivaceous-black, after Lugol’s staining (photo scale 200μm). C: viewed by OM the Aspergillus sp. after LPCB staining (photo scale 100μm) and 
D: Morphological observation of Aspergillus sp. (magnification x330, 50μm,15kV).
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Table 2: Culture results according to incubation times.

                   Incubation after:

Result Culture

media

24h 

(n, %)

48h

(n, %)

5 d

(n, %)

Positive

BA 12 (63.16) 16 (84.21) 19 (100)

MAC 0 2 (10.53) 2 (10.53)

Negative

 

SDA 0 2 (10.53) 4 (21.05)

BA 7 (36.84) 3 (15.79) 0

MAC 19 (100) 17 (89.47) 17 (89.47)

SDA 19 (100) 17 (89.47) 15 (78.95)

The most important of the deterioration problems in wall paint-
ing induced or influenced by microorganisms, can be summarized 
as deterioration due to biofilms, metabolism of organic binding as 
substrates, alterations of mineral pigments, alteration of mineral 
pigments, excretion of mineral or organic acids, and interaction of 
microbes and faunal elements [19,20]. For that reason, the charac-
terization of the microbial flora present on frescoes or easel paint-
ings has been limited to selected groups of microorganisms rather 
than to all types of microorganisms that might be present on a given 
substrate. On the other hand, given the wide range of organic and 
inorganic molecules that are present in wall paintings, many differ-
ent types of microorganisms may grow on such substrates provided 
that favorable environmental conditions (humidity, temperature, 
light, and, to a lesser extent, pH) are met [20]. Mycological research 
on biodeterioration in monuments (frescoes) is mainly based on 
classical cultivation methods using a variety of standardized media 
as Malt Extract Agar (MEA), Dichlorane Rose Dengal Chloramphen-
icol Agar (DRBC), Potato Dextrose Agar (PDA), Czapek–Dox Agar 

(CDA), Tryptic Soy Agar (TSA), Sabouraud Dextrose agar (SDA) 
[18-25]. Nevertheless, the use of modern molecular techniques for 
the detection of fungi on and in materials of cultural heritage will 
provide a deeper insight and understanding of fungal community 
structures and their consequences for the material [19]. Despite 
the fact that in this study we used conventional nutrient materials, 
that agrees with the assertion of several researchers who reported 
that the genus Aspergillus and genus Penicillium are the main fungi 
isolated from wall paintings [18-25].

HPLC-FD 

Calibration of amino acid analysis

Calibration of amino acid analysis typically involves analyzing 
the amino acid standard at a number of concentrations. Figure 5 
presents a representative chromatogram illustrating the elution 
pattern of amino acids expected in an acid hydrolysate of gelatin 
and egg yolk. Essentially baseline resolution is achieved for all de-
rivatives.

Figure 5: 
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Five amino acid standard levels were analyzed to determine 
the range of analysis for each amino acid. The linearity of fluores-
cence was investigated over a concentration range of 62.5 to 250 
pmoles per amino acid. Peak areas obtained for each amino acid 
were plotted versus the known concentration for each of the amino 
acids in the standard dilution. Response linearity is obtained in the 
range of 5 to 62.5 pmoles with correlation coefficients exceeding 
0.97. Detection limit is considered to be 5 pmoles for the amino acid 
derivatives.

Reference samples

The analytical results of the basic reference binding media are 
presented in Table 3, in the form of relative amino acid content 
(percentage areas). The table also includes the amino acid compo-
sition data for two reference mixtures of egg yolk with gelatin 3:1 
w/w and egg yolk with gelatin 5:1 w/w.  Table 4 shows the values 
of the concentration ratios between different amino acids for each 
tempera. Each binder was characterized by a specific set of amino 
acid percentages and ratio values, which can be used as a ‘finger-
print’ [5].

In particular, the following remarks can be made as follow:

Gelatin binder: Presence of hyproxyproline, the highest per-
centage of glycine, the highest values of gly/ileu, ala/phe, pro/leu 
and hyp/leu ratios and the lowest ones of ser/gly leu/ala and val/
ala. Egg binder: the highest percentages of aspartic acid, glutam-
ic acid, serine and leucine. Compared to gelatin, egg yolk has the 

lowest percentages of glycine and proline. The highest values of 
ala/phe, asp/pro ratios and the lowest one of glu/asp. Five ratio 
values (ser/ileu, ala/gly, pro/leu, ser/gly and ala/pro) close to 1.5 
and three ratio values (gly/ileu, leu/ala, and val/ala) close to 1. Ca-
sein: the highest percentages of glutamic acid, proline and leucine. 
The highest values of leu/ala, ser/gly and pro/leu and the lowest 
ones of ala/pro, asp/pro, and gly/ileu. As expected, the mixtures 
of egg yolk with gelatin have higher quantity of glycine and pro-
line, compared to egg yolk and the protein component of mixtures 
of egg yolk and gelatin is characterized by ratios of amino acids in 
between the egg yolk’s ratios and the gelatin’s ratios. 

Authentic samples

Six of the ten samples which were collected showed protein-
aceous profile results (Table 5), giving an amino acid profile like egg 
yolk. The presence of small amounts of hyproxyproline detected in 
all samples, as well as a relatively high content in glycine was an 
indication of the presence of animal glue at low levels. The fact that 
the hyproxyproline was observed in very low amounts suggests 
that animal glue was not the main binder used in the paint. A pos-
sible source of animal glue in the paint layer is contamination from 
plaster. Further knowledge as to the extent of the contamination 
of gelatin in the egg tempera layers of the Nicopolis samples was 
gained from the comparison of the characteristic amino acid ratios 
in the authentic samples NIK-1, NIK-7, NIK-10, NIK-16, NIK-18, and 
NIK-19 with those of the two reference samples of egg yolk contain-
ing different amounts of gelatin Tables 4 and 6.

Table 3: Relative percentage content of amino acids in reference samples.

Amino acids Gelatin Egg Yolk Casein Egg Yolk/Gelatin 3:1 w/w Egg Yolk/Gelatin 5:1 w/w

Asp 4.8 13.97 8.75 8.77 10.7

Glu 4.8 11.03 11.6 7.9 8.35

Hyp 9.7 0 0 6.14 2.45

Ser 1.6 11.03 8.64 7.02 8.35

Gly 37.1 7.35 5 25.44 14.3

Thr 1.6 5.88 6.35 4.39 4.8

Ala 12.9 10.29 7.26 10.52 10.7

Pro 17.8 7.35 17.45 11.4 9.6

Tyr n.d n.d n.d n.d n.d

Arg n.d n.d n.d n.d n.d

Val 3.2 10.29 9.55 5.26 11.9

Ileu 1.6 7.35 6.8 3.51 5.6

Leu 3.2 10.29 12 6.14 9.6

Phe 1.6 5.15 6.6 3.51 3.6

Table 4: Amino acid concentration ratios of reference samples.

Ratios Gelatin Egg Yolk Casein Egg Yolk/Gelatin 3:1 w/w Egg Yolk/Gelatin 5:1 w/w

Glu/Asp 1 0.8 1.3 0.9 0.8

Ser/Ileu 1 1.5 1.3 2 1.5

Hyp/Leu 3 0 0 1 0.2
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Gly/Ileu 23 1 0.7 7.2 2.5

Ala/Gly 0.3 1.4 1.5 0.4 0.8

Leu/Ala 0.2 1 1.7 0.6 0.9

Val/Ala 0.2 1 1.3 0.5 1.1

Ala/Phe 8 2 1.1 3 3

Pro/Leu 5.5 1.4 1.4 1.8 1

Ser/Gly 0.04 1.5 1.7 0.3 0.6

Ala/Pro 0.7 1.4 0.4 0.9 1.1

Asp/Pro 0.3 1.9 0.5 0.8 1.1

Table 5: Relative percentage content of amino acids in authentic samples.

Amino acids ΝΙΚ-1 ΝΙΚ-7 ΝΙΚ-10 ΝΙΚ-16 ΝΙΚ-18 ΝΙΚ-19

Asp 3.08 3 2.28 3.89 3.66 4.56

Glu 4.8 3.71 4.6 7.86 6.46 7.67

OH 1.13 1.65 1.68 0.84 1.04 2.26

Ser 12.92 13.03 11.88 10.1 5.66 13.1

Gly 31.52 30.74 34.46 28.55 27.16 21.61

Thr 5.59 6.66 6.65 5.93 5.17 5.58

Ala 6.98 10.01 6.71 10.68 10.54 10.17

Pro 7.91 7.29 10.17 7.27 11.44 8.75

Tyr 0.51 0.88 0.28 1.24 1.67 1.78

Arg 5.03 6.18 5.92 5.96 7.44 5.81

Val 3.2 4.09 3.97 3.76 2.81 5.14

Ileu 4.98 3.57 3.49 4.03 5.62 3.68

Leu 7.43 6.07 5.06 6.9 8.72 6.72

Phe 4.9 3.19 3.85 3.01 2.62 3.17

Table 6: Amino acid concentration ratios of authentic samples.

Ratios ΝΙΚ-1 ΝΙΚ-7 ΝΙΚ-10 ΝΙΚ-16 ΝΙΚ-18 ΝΙΚ-19

Glu/Asp 1.6 1.2 2 2 1.8 1.7

Ser/Ileu 2.6 3.7 3.4 2.5 1 3.6

Hyp/Leu 0.1 0.3 0.3 0.2 0.2 0.6

Gly/Ileu 6.3 8.6 9.9 7.1 4.8 5.9

Ala/Gly 0.2 0.3 0.2 0.4 0.4 0.5

Leu/Ala 1 0.6 0.8 0.6 0.8 0.7

Val/Ala 0.5 0.4 0.6 0.4 0.3 0.5

Ala/Phe 1.4 3.1 1.7 3.6 4 3.2

Pro/Leu 1.1 1.2 2 1.1 1.3 1.3

Ser/Gly 0.4 0.4 0.3 0.4 0.2 0.6

Ala/Pro 0.9 1.4 0.7 1.5 0.9 1.2

Asp/Pro 0.4 0.4 0.2 0.5 0.3 0.5

It becomes obvious that the ratios of the authentic samples 
have mean values that are closer to the ones of the mixture egg 
yolk/gelatin 3:1 w/w which is relevantly poor in gelatin content 
Figure 6. It should be stressed that the amino acid concentration 

ratios are much more helpful for binder identification than amino 
acid percentages, though the latter are indispensable whenever 
binder degradation processes are suspected [28]. Those findings 
agree with previous relevant studies [28-30].
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Figure 6: Chromatogram of hydrolysate of egg yolk compared with chromatograms of hydrolysate of samples NIK-1 and NIK-10.

Correlation coefficients

Amino acid similarity pattern between the authentic samples 
and the reference proteinaceous binders was calculated with equa-
tion 1. Correlation coefficients of samples are listed in Table 7.

results reported in Table 7 it becomes obvious that the binding 
media of authentic samples are similar to gelatin, presenting cor-
relation coefficients having mean values that approach 0.90. How-

ever, the amino acid similarity pattern values between the afore-
mentioned samples and the reference sample of egg yolk/gelatin 
mixture 3:1 w/w even higher, exceeding 0.90. The results show that 
the egg yolk has been the main medium for paint layers through-
out the detected samples, while animal glue is basically present in 
plaster, possibly applied directly on the preparation ground surface 
just before painting. The binding media used in samples NIK-11, 
NIK-13, NIK-14 and NIK-15 could not be identified. The results of a 
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quantitative amino acid analysis for protein media and the identifi-
cation are not always unmistakable. Differences between fresh and 
aged samples could be attributable to losses of amino acids caused 
by the process of ageing. During acid hydrolysis, some amino acid 
derivatives resulting from ageing will be hydrolyzed by severe acid 
treatment. Others, however, with changed or blocked side groups, 
will no longer be detectable in their common amino acid form [31]. 
One the other hand, the fungal growth in depth can cause degrada-
tion of proteins. The fungal growth in depth degrading some of its 

components (especially glues and binders), while hyphae penetrat-
ed the painted layer, which resulted in a decrease in the cohesion 
of the painted layers, thus giving rise to exfoliations, cracking, and 
loss of the paint. To these damages one should add those inflicted 
by metabolites, often acidic in nature, and by extracellular enzymes 
excreted by microorganisms. These compounds may modify the 
colors as well as the stability of the painted layer and of the sub-
strate [32].

Table 7: Correlation coefficients of authentic samples.

Binding media ΝΙΚ-1 ΝΙΚ-7 ΝΙΚ-10 ΝΙΚ-16 ΝΙΚ-18 ΝΙΚ-19

Gelatin 0.88 0.89 0.91 0.89 0.92 0.85

Egg yolk 0.67 0.54 0.51 0.58 0.57 0.65

Casein 0.62 0.59 0.59 0.65 0.69 0.75

Egg yolk/Gelatin 3:1 w/w 0.93 0.93 0.93 0.94 0.95 0.94

Egg yolk/Gelatin 5:1 w/w 0.81 0.81 0.78 0.84 0.84 0.9

Conclusion

In conclusion, the Victory Monument of Octavian Augustus in 
Nicopolis stands as a remarkable testament to the craftsmanship 
and artistry of ancient Rome. Its grandeur is evident in the vast 
platform adorned with bronze rams captured from Antony’s de-
feated ships and the intricate decorations that once embellished 
the walls and pillars of the triplex portico. The surviving fragments 
of these frescoes, although representing only a fraction of the orig-
inal, reveal a rich palette of colors and various painting techniques 
employed by Roman artists.

However, as it is common with many historical artifacts, the 
passage of time has left its mark, and the surfaces of these paintings 
have not been immune to the presence of microbial growth. Fungi 
such as Aspergillus, Penicillium, Cladosporium, and Alternaria have 
manifested, leading to staining, discoloration, and the deterioration 
of both painted surfaces and the organic binders mentioned. These 
microorganisms, with their enzymatic activities, have played a sig-
nificant role in the breakdown of proteins, lipids, and esters within 
the panels, contributing to their current state of preservation.

The in-depth analysis of authentic samples using chromato-
graphic methods has provided profound insights into the composi-
tion of binders employed in historical artworks. Notably, the mean 
values of amino acid concentration ratios in these samples closely 
mirror those found in the 3:1 w/w egg yolk/gelatin mixture, a com-
position characterized by low gelatin content. This underscores the 
significance of considering amino acid concentration ratios when 
identifying binders, as they yield more informative data than mere 
amino acid percentages.

What is particularly noteworthy is that the amino acid similari-
ty pattern values between these samples and the reference sample 
of the 3:1 w/w egg yolk/gelatin mixture exceed 0.90. This strongly 
suggests that egg yolk served as the primary medium for creating 
the paint layers in the examined samples, while animal glue appears 

to have been predominantly employed in plaster, likely applied to 
the ground preparation surface immediately before painting.

In summary, this research documents the current state of the 
Monument’s wall painting fragments and underscores the intricate 
interplay between artistic materials, aging processes, and microbi-
al activity in the preservation and degradation of cultural heritage 
objects. Understanding these multifaceted factors is imperative for 
developing effective conservation strategies and ensuring the long-
term preservation of these invaluable works of art for future gener-
ations to appreciate and study.
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