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Conservation of paper-based materials, namely, manuscripts, includes repair of tears, gap filling, consolidation, and fixation, which
requires the use of adhesives. The adhesive in use for these purposes should be compatible with the chemical and physical properties
of paper and should present good aging characteristics. In this study, we conducted a set of experiments with paper samples on
which fructan-based biopolymer Halomonas levan (Hlevan) was applied for the first time and compared with glucan-based
adhesive starch. Adhesive-applied samples were initially prepared by the application of different historical recipes of sizing and
ink. Then, they underwent accelerated thermal aging. Chemical and physical changes of paper samples (crystallinity, pH, and
color) were analyzed. Finally, Principal Component Analysis was performed to identify dominating factors affecting sample
behavior with applied adhesives. This study demonstrates the aging characteristics of Hlevan on cellulose-based materials. The
results showed that there is a color shift from blue to yellow for all samples after aging, but it is more pronounced for some
samples with Hlevan. In addition, Hlevan is slightly less acidic than starch in all cases and acted as a plasticizer for a specific
kind of sizing material. The methodology of this research is also efficacious in terms of understanding the interaction of paper
media with the adhesives and their effects on aging.

1. Introduction

Levan is a fructose-based homopolysaccharide, a fructan
that is mainly composed of β-D-fructofuranose residues
linked by β-(2-6) glycosidic bonds (see Figure 1). It serves
both structural and functional roles and stands out from
other natural polymers by its unique combination of proper-
ties such as strong adhesivity, self-assembly into spherical
colloids in water, very low intrinsic viscosity, high biocom-
patibility, and health benefits, which in turn make this
unusual polysaccharide a valuable polymer for various appli-
cations in cosmetic, pharmaceutical, food, and other indus-
tries [1]. Whereas levan is also produced by a limited
number of plant species at a low degree of polymerization
(DP 10-100), longer levan chains (>DP 103-104) offering a
broader spectrum of applications are basically produced by

miscellaneous microorganisms both extracellularly and at
high titers from sucrose by the hydrolysis and transfructosy-
lation action of levansucrase enzyme [2, 3]. Besides meso-
philic levan producers from a wide range of genera that
include Acetobacter, Bacillus, Erwinia, Gluconobacter,
Microbacterium, Pseudomonas, and Zymomonas, as well as
many acetic acid and lactic acid bacteria, Halomonas cul-
tures hold distinctive industrial potential due to their added
advantages such as high yield and nonsterile production
capacity under high salinity [4, 5].

The first extremophilic producer and novel species,Halo-
monas smyrnensis AAD6T, has been shown to produce levan
at high titers [6], and subsequent studies by our research
group revealed that levan produced by these cultures displays
antioxidant, anticancer [7], and heparin mimetic [8] activi-
ties. Also, it could serve as a bioflocculating agent [9] and
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functional biomaterial in many high-value applications such
as drug carrier systems [6, 10, 11], laser-deposited nanostruc-
tured bioactive surfaces, adhesive multilayer [12], blend [13]
and free-standing films [14], and temperature-responsive
hydrogels [15]. Despite the wide range use of levan as a bio-
material in several fields, its potential use for the conservation
of cultural heritage artifacts has not been reported yet. As dis-
cussed by Combie and friends [16], levan has higher tensile
and shear strength when compared to other natural polymers
such as carboxymethylcellulose, corn starch, dextran, guar
gum, xanthan gum, and sodium alginate. Its comparison
with the starch paste by means of aging characteristics on cel-
lulosic materials can be a practical method as the starch paste
is generally the main adhesive of choice in paper conserva-
tion according to an international survey conducted by Alex-
opoulou and Zervos [17]. Although synthetic polymers are in
a wide range of utilization in conservation, their application
in paper conservation seemed to be limited [18]. In addition,
when adhesives presently in use for paper conservation,
namely, starch paste, unsupported ArchibondTM, carboxy-
methylcellulose, hydroxypropylcellulose, and methylcellu-
lose, were analyzed for their chemical stability and fungal
bioreceptivity, despite its high bioreceptivity, starch showed
better aging characteristics among them [19]. Thus, any nat-
ural polymer showing superior or akin aging characteristics
can pave the way for alternative use in this field. Adhesive
properties like tensile strength, heat stability, and reversibility
of levan have been revealed, but its long-term effects on paper
which will reveal its potential of utilization for restoration or
conservation process has not been studied yet [20].

When literature was investigated, it was revealed that
starting from the third century, different sizing techniques
had been used for coating the paper surface to make it easy
to write on it. The materials used were natural substances such
as gum, glue, starch, and egg [21]. Also, it is known that not
only manuscripts but also drawings prevalently may include
such materials. A conducted survey in British Museum’s
database in 2016 affirmed that more than 50% of drawings
were in “brown ink,” i.e., iron gall ink, between the fifteenth
and seventieth century. It is also acknowledged that iron gall
ink resulted in brittleness on paper over time and color shift
from black to brown in drawings [22]. Another ink used in
conservation is called “carbon black” which has problems
of penetrating into paper thus results in less resistance when
compared with iron gall ink.

Reports on studies where different kinds of inks and siz-
ing materials had been used generally point to a wide range of
problems. Conservation of paper-based materials includes

repair of tears, gap filling, consolidation, and fixation, which
requires the use of adhesives. To be used in conservation
treatments, these materials need to meet some qualifications
like being chemically durable in integration with paper sub-
strate [19, 23]. The aging of paper is accordingly investigated
using some parameters like crystallinity, pH, and color
change, which are also affected by the chemical composition
of materials present on paper like sizing, painting, or ink. So,
when investigating the aging characteristics of a material and
its effects on paper, it is important to include such variables
to imitate real substrates. To realize this, we conducted a set
of experiments analyzing chemical changes of paper which
were prepared by the application of different formulations
of sizing, ink, and adhesives, namely, levan by Halomonas
smyrnensis, Halomonas levan (HLevan), and starch. Samples
underwent thermal aging so that the long-term effects of
adhesives can be compared. Finally, Principal Component
Analysis was performed to identify dominating factors affect-
ing sample behavior with applied adhesives.

2. Materials and Methods

2.1. Sample Preparation

2.1.1. Substrates. Grade 1 Whatman filter paper was used as a
model sample material in order to compare the compatibility
of Hlevan in different proportions. The selection of filter
paper was mainly due to the unbleached nature and neutral
pH of the material in addition to its high cellulose content
and lack of impurities, the presence of which might cause
deviation from usual results [19].

2.1.2. Sizing Recipes. On historical papers, a process called
sizing has been applied to prepare a paper surface for writing,
illuminating, or painting. It is the process that prevents cellu-
lose fiber from absorbing excess water by means of applying
some natural substances on it. The surface of the sheet is cov-
ered with these substances by soaking it into sizing material
or simply by brushing with them [21].

Out of the five historic sizing recipes, i.e., cucumber seed,
egg white with fig milk, starch with alum, rice with gum Ara-
bic, and egg white with alum, only two were chosen concern-
ing both their easy applicability and wide range utilization on
manuscripts [24–26].

Recipes that were assessed are listed below:

(1) Rice and Gum Arabic. Rice was boiled in water and
smashed. The mixture was filtrated. 2ml of gum arabic was
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Figure 1: Chemical structure of levan.
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added, and the solution was boiled again. After the solu-
tion cooled to room temperature, the paper was wiped with
it [26].

(2) Egg White with Alum Sizing Preparation. 5 g of alum was
added into the egg white and mixed continuously at room
temperature for 20 minutes. The solution was filtered and
rested for 2 hours at room temperature. Sample papers were
wiped with it [26].

The selected recipes would enable us to investigate the
interaction of both carbohydrate and protein-based sizing
with testing biomaterial.

2.1.3. Ink Recipes. In historic manuscripts, mainly two types
of ink were used. Therefore, both ink recipes were applied
following sizing applications:

(1) Ink (1): Iron Gall. 2 g of gum arabic was dissolved in water
and set aside. Two galls were crushed and covered with 75ml
of water in a beaker where a brown colored solution is
obtained after overnight incubation at room temperature.
2 g of iron sulfate was dissolved in 45ml of water and mixed
with filtered gall and gum arabic solutions [27].

(2) Ink (2): Carbon Black. A pan lid was burned to get carbon
black. Alcohol was added and waited to be evaporated. Gum
arabic and water were added [28].

2.1.4. Adhesive Preparation

(1) Microbial Levan Production. Levan from H. smyrnensis
was produced using a sucrose-based medium at 37°C in a
stirred tank fermenter as described before [29]. Then, the
medium was centrifuged for at least 10min to remove cells.
After centrifugation, levan in the supernatant phase was

recovered by ethanol addition. Retrieved levan pellets were
redissolved in distilled water and purified with dialysis for 5
days. Following a final stage of air drying in a laboratory oven
at 60°C, levan samples were weighted and then used to pre-
pare 7% and 10% (w/v) Hlevan solutions in distilled water.

(2) Starch. Starch (Sigma-Aldrich S9765) was used to prepare
a starch solution in distilled water at 10% (w/v) concentra-
tion [30]. Starch was cooked after leaving for 30min in dis-
tilled water with the same procedure as described by other
authors [19]. We wanted to investigate two types of natural
polymers, specifically Hlevan and starch by examining the
effects on paper specimens before and after aging in order

Sa
m

pl
es

Sizing

Sizing (1) Egg white 

Sizing (2) Rice and gum 
arabic

Blank control 
(0)

Ink

Ink (1) Iron gall

Ink (2) Carbon black

Blank control 
(0)

Material

Material (1) 7% HL

Material (2) 10% HL

Material (3) Starch

Blank control 
(0)

Figure 2: Schematic diagram for the preparation of paper samples.

Table 1: Variations in color coordinates of samples after aging.

Group codes Sample codes ΔE ΔL Δa Δb

0.0 0.0.0 0.827164 -0.52 -0.13 0.63

0.0 0.0.1 1.533004 1.49 0.34 0.12

0.0 0.0.2 2.35083 -0.6 2 1.08

0.0 0.0.3 4.393609 0.79 -1.06 4.19

0.1 0.1.0 17.30719 -1.28 2.03 17.14

0.1 0.1.1 14.10067 -0.89 2.32 13.88

0.1 0.1.2 13.97278 -4.52 2.41 13

0.1 0.1.3 13.75846 0.54 1.26 13.69

0.2 0.2.0 7.839043 -7.59 0.03 1.96

0.2 0.2.1 9.029474 -0.69 2.88 8.53

0.2 0.2.2 2.666702 0.81 0.06 2.54

0.2 0.2.3 3.154267 -0.38 -0.09 3.13

1.0 1.0.0 28.45094 -9.33 4.37 26.52

1.0 1.0.1 52.20442 -24.74 15.88 43.14

1.0 1.0.2 55.26563 -29.88 18.32 42.73

1.0 1.0.3 39.34017 -27.92 3.02 27.55

1.1 1.1.0 17.06307 -2.99 0.8 16.78

1.1 1.1.1 15.42353 -5.43 1.02 14.4

1.1 1.1.2 15.88939 -8.37 0.66 13.49

1.1 1.1.3 12.05018 -3.52 -0.58 11.51

1.2 1.2.0 2.201681 -2.17 -0.19 -0.32

1.2 1.2.1 4.153372 -3.15 0.88 2.56

1.2 1.2.2 5.909357 -1.84 3.75 4.18

1.2 1.2.3 4.386434 -1.16 1.54 3.94

2.0 2.0.0 6.575546 0.59 -1.19 6.44

2.0 2.0.1 7.073005 0.8 -1.57 6.85

2.0 2.0.2 13.30259 -0.39 -2.1 13.13

2.0 2.0.3 7.036796 0.5 -1.39 6.88

2.1 2.1.0 14.80861 3.37 -0.04 14.42

2.1 2.1.1 11.03857 -2.24 0.79 10.78

2.1 2.1.2 9.176154 -4.29 0.16 8.11

2.1 2.1.3 15.68494 -2.46 2.36 15.31

2.2 2.2.0 7.925238 7.82 -0.21 1.27

2.2 2.2.1 2.327466 -0.77 0.61 2.11

2.2 2.2.2 0.796492 0.4 -0.3 0.62

2.2 2.2.3 1.544636 1.41 -0.27 0.57
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to investigate the compatibility and potential of Hlevan. To
realize this, along with control groups for each, 2 different
sizing conditions, 2 types of inks, and 3 different formula-
tions of adhesives (3 × 3 × 4 = 36 samples in total) were used.
Each paper sample combines one type of sizing, ink, and
material including control groups (see Figure 2). Codes were
given to samples to make tracking easier. For example, code
1.2.3 represents the combination for sizing 1 (egg white-alum),
ink 2 (carbon black), and material 3 (starch), respectively.
Making these combinations provided a clearer examination
to see the effect of each variable on overall results. The groups
and codes of samples were given in Supplement 1.

2.2. Accelerated Aging Procedure. In the scope of this study, it
is significant to be able to simulate a long-term degradation
process. We preferred thermally accelerated aging to model
the condition of historical papers and followed the condi-
tions listed in the ISO 5630-4:1986 specification for paper-
based materials. The prepared samples were hanged in a
temperature-controlled oven and kept for 3 days at a temper-
ature of 120°C [31].

2.3. Colorimetric Analysis. Color stability is another impor-
tant variable to consider for the conservation process of
paper artifacts. Many internal and external factors may cause

a change in color. Thus, it is important to investigate the
durability of color after the application of adhesives and
aging. For colorimetric measurements, Datacolor Spectro-
flash SF 600 was used. CIE L ∗ a ∗ b ∗ coordinates were
recorded before and after aging. L ∗ is the level of brightness;
a ∗ corresponds to red-green coordinate while b ∗ is the mea-
sure of yellow-blue colors.

2.4. pH Test. The pH measurement is a simple yet very
important parameter to identify the applicability of treat-
ments during the restoration and conservation of artifacts
[32]. Among different pHmeasurement techniques, the most
accurate technique called the cold extraction method accord-
ing to the standard TAPPI T 529 OM-2004 was used. 1 g of
paper samples was left in 70ml of cold, distilled water
between 1 and 20 hours. The pH measurements were carried
out using a Mettler Toledo S400-B SevenExcellenceTM pH
meter (Mettler Toledo, Switzerland).

2.5. XRD Analysis. The crystallinity index is a way of under-
standing the physical and chemical states of the paper. The
flexibility of cellulose fiber which is related to its amorphous
regions decreases over aging, making the paper more crystal-
line, accordingly more brittle [33]. X-ray diffraction mea-
surements of samples before and after aging were carried

001-unaged 001-aged

002-unaged 002-aged

003-aged003-unaged

000-aged000-unaged

(a)

1.0.0-unaged 1.0.0-aged

1.0.1-aged1.0.1-unaged

1.0.2-unaged 1.0.2-aged

1.0.3-unaged 1.0.3-aged

(b)

0.1.0-unaged 0.1.0-aged 

0.1.1-aged 0.1.1-unaged 

0.1.2-unaged 0.1.2-aged 

0.1.3-unaged 0.1.3-aged 

(c)

Figure 3: Before and after aging photos for the groups of samples that most color shift was observed: (a) group 0.0, (b) group 1.0, and (c)
group 0.1. Among 7% and 10% Hlevan-applied samples (0.0.1-0.0.2/1.0.1-1.0.2/0.1.1-0.1.2), the ones that combined with egg-white sizing
(1.0.1-1.0.2) showed distinguishable color shift.
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out with Bruker D2 Phaser CuKα radiation which was gener-
ated at 30.0 kV and 10.0mA. The CuKα radiation has a wave-
length of 0.154184 nm. Scans were obtained from 5 to 30° 2θ
in 0.01° steps for 19.2 seconds per step. The peaks of diffrac-
tograms were analyzed using OriginPro 2020 version
9.7.0.188, and the crystalline index was calculated using the
Segal method [34]:

Xc =
I002 − Iam

I002
× 100%, ð1Þ

where Xc expresses the relative degree of crystallinity, I002
stands for the maximum intensity of lattice diffraction, and
Iam is the intensity of the amorphous scatter at 2θ = 18° in
arbitrary units [34–37].

3. Results and Discussion

3.1. Chromatic Changes. Variations of the chromatic coordi-
nate L ∗ a ∗ b ∗ values after aging are given in Table 1. Posi-
tively higher DE∗ values in CIELab Unit are the consequence
of the drastic changes in b ∗ and L ∗ values which demon-
strates a color shift from blue to yellow and decrease in
lightness. Samples showing drastic color change after aging
were mainly samples that were sized with egg white and alum
recipe or dyed with iron gall ink. This color change was more
noticeable for the samples with Hlevan than starch (see
Figure 3).

The reaction between compounds maintaining free
amino groups and carbonyl groups of reduced sugars results
in color change, and this reaction is known as Maillard reac-
tion. Here, egg white (or albumin) is a protein which reacts to
form conjugated double bonds with the carbonyl group of
carbohydrates. The resulted unstable N-substituted glycosy-
lamine immediately undergoes further reaction to produce
melanoidins (brown polymers). What is more, the Maillard
reaction is accelerated in the presence of high temperature
[38–41]. Although starch molecules have reducing ends, they
also have a huge molecular weight to dilute down that reduc-
ing end to well below one in a thousand. Thus, unlike in Hle-
van with lower molecular weight, detecting reducing ends
above the noise level of the analytical method is difficult in
the case of starch. Particularly, color shift to yellow and fad-
ing in samples with iron gall ink is due to the breaking down
of ferric tannate complex into brown-yellow chemical prod-
ucts during aging [42]. Moreover, chain scission and dihy-
droxylation of cellulose also give rise to the development of
free radicals that lead to yellowing. Extremely high ΔE and
Δb values may be because of the formation of a permanent
cellulose-material complex, implying an increase in the rate
of aging [43].

3.2. pH. The pH of the papers decreased in all cases after
aging. Moreover, it decreases as the concentration of Hlevan
increases. For example, samples with carbon black ink
showed a change in pH from 6.72 to 5.90 and 6.21 to 5.85
for increasing Hlevan concentration. In the same manner,
starch also caused a decrease in pH after aging. However,
in all cases, starch resulted in more acidic media on paper

support than Hlevan did (see Table 2). Samples with iron
gall ink showed highly acidic nature, pH values ranging
between 2 and 4, as expected while the pH of blank stayed
almost neutral before and after aging. The results showed
that starch yielded more acidity than Hlevan-applied sam-
ples as an adhesive. It is the most noteworthy result of pH
measurements.

Also, samples including alum in their sizing became
acidic. Although a decrease in pH upon aging was less for
the samples with iron gall ink and/or egg white sized, it is
important to note that their initial pH was already lower than

Table 2: Crystallinity index (CI) and pH of test specimens with
sample and group codes before and after thermal aging.

Group
codes

Sample
codes

CI-before
aging

CI-after
aging

pH-before
aging

pH-after
aging

0.0 0.0.0 0.87 0.88 6.02 5.97

0.0 0.0.1 0.86 0.87 6.12 5.80

0.0 0.0.2 0.85 0.87 6.06 5.12

0.0 0.0.3 0.85 0.84 5.79 4.98

0.1 0.1.0 0.82 0.80 3.24 3.15

0.1 0.1.1 0.79 0.83 3.32 3.34

0.1 0.1.2 0.81 0.84 3.13 3.09

0.1 0.1.3 0.81 0.81 3.02 3.00

0.2 0.2.0 0.84 0.84 6.75 5.29

0.2 0.2.1 0.83 0.84 6.72 5.90

0.2 0.2.2 0.82 0.84 6.21 5.85

0.2 0.2.3 0.83 0.83 6.25 5.72

1.0 1.0.0 0.84 0.86 4.25 4.12

1.0 1.0.1 0.84 0.85 4.11 4.02

1.0 1.0.2 0.83 0.82 4.13 4.03

1.0 1.0.3 0.80 0.85 4.25 4.17

1.1 1.1.0 0.85 0.85 3.46 3.43

1.1 1.1.1 0.80 0.85 3.55 3.55

1.1 1.1.2 0.80 0.82 3.41 3.32

1.1 1.1.3 0.80 0.83 3.84 3.41

1.2 1.2.0 0.74 0.79 4.18 3.87

1.2 1.2.1 0.75 0.78 4.16 3.93

1.2 1.2.2 0.78 0.82 4.14 3.84

1.2 1.2.3 0.75 0.78 4.10 3.80

2.0 2.0.0 0.86 0.86 5.94 5.60

2.0 2.0.1 0.84 0.84 5.99 5.52

2.0 2.0.2 0.82 0.85 5.78 5.35

2.0 2.0.3 0.82 0.79 5.86 5.54

2.1 2.1.0 0.85 0.85 3.26 2.78

2.1 2.1.1 0.79 0.82 3.41 3.05

2.1 2.1.2 0.77 0.80 3.44 2.85

2.1 2.1.3 0.79 0.81 3.36 2.87

2.2 2.2.0 0.69 0.77 6.02 6.00

2.2 2.2.1 0.73 0.78 5.89 5.80

2.2 2.2.2 0.75 0.82 5.89 5.65

2.2 2.2.3 0.82 0.83 5.55 5.50
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the other samples. It is known that the reason of microbial
attacks on paper is the low pH condition and yellowing is also
the consequence of some microbial products. Remarkable
chromatic alteration and lower pH values were observed for
the samples with iron gall ink and different concentrations
of Hlevan (1.0.2 and 1.0.3) due to the possible resulting chro-
mophores of the oxidation process during aging [44].

3.3. Crystallinity Index. The flexibility of paper comes from
its amorphous regions which can keep moisture in, unlike
highly packed crystalline regions. One can conclude that
an increase in crystallinity inevitably will result in brittleness
[33]. Therefore, the measurement of the crystallinity index
for paper can be used as a way of indicating the effect of
treatments on cellulose chains. The crystallinity index of
samples before and after thermal aging has been presented
in Table 2. The crystallinity index did not change drastically,
but there is a slight increase for almost all samples. We can
conclude that the overall change is a natural result of the
thermal aging process.

For samples sized with egg white and alum, Hlevan acted
as a plasticizer and preserved the amorphous regions from
losing their moisture and becoming more crystalline. What
is more, in Figure 4, we can see the obtained diffractograms
for these samples and starch-applied samples (1.0.3) before
and after aging. The important peaks of the diffractograms
are (101), (10i), and (002) reflexes at 15.0°, 17.0°, and 22.7°

which can be related to crystalline cellulose. There is an
intensity difference between peaks of the samples 1.0.3 and
1.0.2 at mentioned reflexes. This explains the crystallinity
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Figure 4: Comparison of the X-ray diffractograms obtained before and after aging for (a) paper sample 1.0.2 (egg white-alum sizing and
Hlevan adhesive) and (b) paper sample 1.0.3 (egg white-alum sizing and starch adhesive).

Table 3: Eigenvalues of factors in PCA.

F1 F2 F3 F4 F5 F6 F7 F8

Eigenvalue 4.065 2.255 1.188 0.219 0.161 0.082 0.023 0.007

Variability (%) 50.818 28.190 14.844 2.741 2.012 1.023 0.285 0.087

Cumulative (%) 50.818 79.008 93.852 96.593 98.605 99.628 99.913 100.000
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index differences between starch and Hlevan-applied sam-
ples after aging.

The XRD results showed that for the samples treated with
starch as sizing and carbon black as an ink (i.e., the group of
samples 2.2), there were noticeable differences in the amor-
phous areas but not for the one on which starch was also
applied as adhesive (i.e., 2.2.3). When compared with other
groups, there is a slight increase in crystallinity after aging
which implies that the elasticity decreases for Hlevan-
applied samples.

3.4. Principal Component Analysis. In order to differentiate
the interaction of differently treated paper samples with Hle-
van and starch as adhesives, PCA of all samples were per-
formed. We wanted to see if there is a noticeable effect of
treatments on adhesive-applied papers and which one would
dominate among selected variables. The two-factor solution
was carried out using XLSTAT version 2019.4.2. The first
two factors explain over 79.01% of the total variability in
the data which have eigenvalues over 1.00 (see Table 3).

The projections of active variables over the direction
determined by F1 are strongly correlated with the chromatic
changes, mainly delta E and delta b where the second direc-
tion F2 accounts for the differences in crystallinity of the
samples (see Figure 5). Inspection of this plot has evidenced
that the biggest variability in the dataset comes from color

change which is compatible with the findings of yellowing
and fading after thermal aging following adhesive applica-
tions on paper samples. The first principal component (F1)
which holds 50.82% of the total variability was minorly
affected by pH and crystallinity results.

If we focus on the score plot of observations onto the
space spanned by the principal components (Figure 6), clus-
tering between some of the different groups can be observed.
Groups 1.1, 2.1, and 0.1 behaved similarly and differentiated
from other clusters of comparable groups, i.e., 0.2, 0.0, and
2.0. The differences between these samples involve the sec-
ond principal component (F2) which accounts for 28.19%
total variability of the samples. Group of 1.0 was separated
and partially superpositioned among others which may indi-
cate the importance of sizing material on the behavior of
samples. Samples 1.0.1 and 1.0.2 (with 7% and 10% Hlevan
formulations) were differentiated from 1.0.0 (control) and
1.0.3 (10% starch). In addition, the samples with iron gall
ink clustered together. This suggests that the choice of ink
also directed the behavior of samples more than adhesives
did upon aging.

4. Conclusions

From the results obtained in this study, one may conclude
that, although Hlevan caused detectable variations in paper
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Figure 6: The projection of samples onto the space spanned by the first two principal components (explaining more than 79.01% of the
original variance).
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samples as much as the level of starch did, other media ele-
ments like sizing and ink on paper supports dominated the
change in samples in general. Yet, it was obvious that the siz-
ing material affected the aging behavior of Hlevan. Egg
white-alum sizing resulted in a more pronounced difference
in yellowing for all samples, but the color change was more
noticeable for the ones on which egg white-alum sizing and
Hlevan were applied together. This may be due to the Mail-
lard reaction that is accelerated in the presence of higher tem-
perature during the aging procedure. Hence, for future
studies, moist-heat aging with conditions of 80°C and 65%
RH for 10 days is planned to be operated to examine the
effect of both temperature and humidity. In this study, we
also concluded that the Hlevan preserved the amorphous
regions of fibers for the samples sized with egg white-alum
and presented more alkaline nature than starch after aging.
The methodology of this study differs from others as the
influence of parameters like sizing and ink was also investi-
gated simultaneously. Resulting data were analyzed by PCA
to see the contribution of these additional parameters to the
adhesive effect on cellulosic substrates. Although chromatic
aging characteristics of levan for the egg-white sizing was
more definite than the rest, we believe that other excellent
and promising chemical properties will enable it to be distin-
guished from starch and can be improved in future studies.
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