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Abstract

In this study, the surface properties of mulberry (Morus alba) wood treated with wax layers of
varying coat numbers were identified and compared. The obtained data were analyzed in a
statistical program, revealing generally different results. Except for the 4° value, the number of
coats factor was found to be significant for all tests in the variance analyses. As the number of
coats increased, decreases were observed in the L* value, while increases were found in the b*,
C*, and a* values. Increases in the number of coats resulted in a reduction in WI* values in
both directions. The highest results in color parameters were observed in the control samples
for 4° and L* values, whereas for a*, b*, and C* values, they were found in the experimental
samples treated with three coats of wax. The AE* values measured were 7.65 for one coat, 9.68
for two coats, and 12.02 for three coats of application. Increases in glossiness values were
achieved in both directions at 60 and 85 degrees. The application of wax has been found to
change certain optical properties of the wood.

Keywords: Mulberry, Waxes, Colour, Glossiness, Whiteness index
Ozet
Bu calismada dut (Morus alba) ahsabina uygulanmig farkli kat sayilarina ait balmumu

katmanlarinda elde edilen bazi yiizey 6zellikleri tespit edilmis olunup, sonuglar birbirleri ile
karsilagtirnlmistir. Elde edilen veriler bir istatistik programinda degerlendirilmis olunup,
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genelde farkli sonuclarin elde edildigi goriilmistiir. 4° degeri disinda biitiin testler iizerinde
varyans analizleri i¢in kat sayisi faktoriinliin anlamli olarak bulundugu goriilmiistiir. Kat
sayisinin artmast ile L* degerlerinde azalislar tespit edilirken, b*, C* ve a* degerlerinde artiglar
bulunmustur. Kat sayisinin artmasi ile her iki yonlerde yapilan WI* degerlerinde azalislar
goriilmistiir. Renk parametrelerinde en yiiksek sonuglar #° ve L* degerleri i¢in kontrol
orneklerinde goriilrken, a*, b* ve C* degerleri i¢in 3 kat balmumu uygulanmis deney 6rnekleri
iizerinde bulunmustur. AE* degerleri 1 kat uygulama ile 7.65, 2 kat uygulama ile 9.68 ve 3 kat
uygulama ile 12.02 olarak bulunmustur. 60 ve 85 derecelerde her iki yonelerde yapilan parlaklik
degerlerinde artislar elde edilmistir. Uygulanan balmumu ile ahsabin sahip oldugu bazi optik
ozelliklerinin degistigi gorilmiistiir.

Anahtar Kelimeler: Dut, Balmumu, Renk, Parlaklik, Beyazlik indeksi

Abbreviations: WI*: Whitness index; a*: Red colur, b*: Yellow color, L*: Lightness; C*:

Chroma, 4°: hue tone
1. INTRODUCTION

Wax is commonly described as a solid material resembling plastic at room temperature,
transitioning into a liquid state when heated. Due to its plasticity, wax can often deform under
pressure even in the absence of heat. The chemical makeup of waxes is intricate, typically
comprising various chemical components and a diverse array of reactive functional groups

(Warth, 1946; Letcher, 1984; Sequeira, 1994).

Wax serves as a versatile material with various applications, including its use as a
waterproofing agent in candle making, ointments/lubricants, pharmaceuticals, soaps, and
polishes, manufacturing of electronic components and CDs, modeling and casting, grafting, and
the creation of artificial honeycombs. Its primary significance is observed in apiculture,
particularly in the production of artificial honeycomb foundations. These foundations, made
from cast or pressed wax sheets with embossed cells, are swiftly and economically transformed
into honeycomb structures by bees. Excess wax tends to accumulate in regions where artificial

honeycomb foundations are not utilized (Marieke et al., 2005; Alemu and Girma, 2019).

Traditional beehive wax production typically results in an output equivalent to about 8-
10% of the weight of the honey. In contrast, modern methods yield approximately 1-2% of the
honey's weight in wax. Transitional beehive wax production falls in between, yielding

approximately 8% of the honey’s weight in wax (Gezahegne, 2001).

A prevalent method for processing beeswax typically entails melting it using hot water,
steam, or sunlight, and then proceeding with either filtration or centrifugation (Bogdanov,

2016).
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Waxes and wax emulsions are also used for protecting wood surfaces in outdoor
applications without relying on biocides. They are known to improve water resistance and
reduce the extent of photochemical degradation. Additionally, beeswax exhibits biocidal
properties when applied to wood surfaces exposed to soil burial degradation conditions (Teaca

etal., 2019; Németh et al., 2015).

In the literature, it has been reported that various waxes and derivatives were applied to
wood surfaces, and tests were conducted to investigate the interaction between the applied wax
chemicals and the wood material [lemon (Citrus limon (L.) Burm.) (Camlibel and Ayata,
2024b), poplar and beech (Németh et al., 2015), Siberian pine (Pinus sibirica) (Camlibel and
Ayata, 2024c), mahogany (Swietenia mahagoni (L.) Jacq.) (Ayata et al., 2024b), pine, elm, and
ash (Rozanska and Beer, 2013), magnolia (Magnolia grandiflora L.) (Ayata et al., 2024a),
cocobolo and African padauk (Qian et al., 2019), plum (Prunus domestica L.) (Ayata et al.,
2024c), black dargon (Yata et al., 1995), olive (Olea europaea L.) (Peker et al., 2024a), Norway
spruce (Lesar et al., 2010), balau red (Shorea guiso) (Peker et al., 2024b), Macassar ebony
(Diospyros celebica Bakh.) (Kaplan et al., 2024), Norway spruce and beech (Humar and Lesar,
2013), African ebony (Diospyros crassiflora Hiern.) (Camlibel and Ayata, 2024a), pine (Chau
etal., 2015)]. However, it has been observed in the literature that after applying wax at different
layer thicknesses to mulberry wood, tests on various optical properties were not conducted.

This research is envisaged to fill this gap.

Mulberry (Morus alba) is a perennial tree that can grow up to 10-20 meters tall and is
widely distributed across Asia, Europe, Africa, and North America. In southern Europe and the
United States, it is commonly used in landscaping due to its drought tolerance and suitability

for urban environments (Tipton, 1994).

Cavus et al., (2019) reported a thermal conductivity coefficient of 0.155 W/m-K for
mulberry wood. According to Ayata et al., (2018), the Janka hardness values for the same wood
species were found to be 73.24 N/mm? on the radial surface, 77.69 N/mm? on the tangential

surface, and 93.71 N/mm? on the transverse surface.

In this study, some surface properties obtained from wax layers with different coat
numbers applied to mulberry (Morus alba) wood were determined, and the results were
compared with each other. The aim is to identify the interaction between the obtained results
for both mulberry wood and the application of wax, with the expectation that the findings will

contribute valuable information to the body of literature.
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2. MATERIALS AND METHODS

This research employed Morus alba (mulberry) wood as the primary experimental material.
The specimens, measuring 100 mm x 100 mm x 20 mm and classified as first-class quality,
were sourced from a commercial supplier. Rigorous selection criteria were applied to ensure
the integrity of the experimental samples: they were free of cracks and knots, exhibited smooth
and straight fibers, displayed uniform color and density, and maintained consistent properties.
Following this, the specimens were prepared according to the guidelines specified in TS ISO

13061-1 (2021).

In the study, an oil mixture containing natural and synthetic waxes (appearance: paste,
color: neutral, odor: characteristic, solubility in water: dispersible but not soluble, dry residue:
30%, pH value: 7.6) was used. The wax compound was acquired by purchasing it from a
supplier specializing in wood preservative chemicals. The oil mixture containing natural and

synthetic waxes was applied to wooden surfaces in 1, 2, and 3 layers using a brush.

Glossiness measurements were performed at angles of 20°, 60°, and 85° relative to the
fibers using the ETB-0833 model glossmeter device (Vetus Electronic Technology Co., Ltd.,
CN), following ISO 2813 (1994) standards. This study employed the Whiteness Meter BDY-1
device to evaluate the whiteness index (WI*) values in both parallel and perpendicular fiber
orientations, following the procedures specified in ASTM E313-15e1 (2015). Color changes in
the samples were quantified using a CS-10 device (CHN Spec, China) with CIE 10° standard
observer and CIE D65 light source, utilizing an illumination system of 8/d (8°/diffuse
illumination), in accordance with ASTM D 2244-3 (2007) standard and employing the CIELAB
color system. The overall color variation outcomes were calculated using the equations

described in Ayata et al., (2021a;b).

Aa™ = (a* wax applied wood) — (@™ control wood) (1)
AL* = (L™ wax applied wood) — (L*control wood) (2)
Ab* = (b* wax applied wood) — (H*control wood) (3)
AE* = ((AL*)? + (Ab*) + (Aa*)H)!? 4)
C* = ((a*) + (b*))'"? ()
AC* = (C*wax applied wood) — (C*control wood) (6)
h°® = arctan (b*/a*) (7)
AH* = [(AE*)? - (AL*) - (AC*)']" (8)

64



Journal of Apitherapy and Nature/Apiterapi ve Doga Dergisi, 8(1), 61-73, 2025, JAN 8(1), 61-73
Umit AYATA

AC*: Represents the alteration in chroma or saturation, for a positive sample, it exhibits
heightened vibrancy and luminance compared to the reference, conversely, for a negative
sample, it displays reduced vividness and distinction relative to the reference, AH*: Denotes
variations in hue angle or shading, AL*: In the case of a positive sample, it signifies a lighter
shade compared to the reference, while a negative sample indicates a darker shade, Aa*: A
positive sample leans towards a more pronounced red tone than the reference, whereas a
negative sample leans towards a greener hue, and Ab*: For a positive sample, there is a shift
towards increased yellowness compared to the reference, and for a negative sample, a shift
towards heightened blueness is observed (Lange 1999). Furthermore, the color alteration
benchmarks outlined in Table 1, as established by Baranski et al. (2017), have been juxtaposed
and contrasted with the findings presented in Table 4.

Table 1. Color change criteria by Baranski et al., (2017)

Color change criteria > AE* value
Invisible color change > AE* <0.2
Slight change of color > 2>AE*>0.2
Color change visible in high filter > 3>AE*>2
Color change visible with average quality of filter > 6>AE*>3
High color change > 12>AE*>6
Different color > AE* > 12

This study utilized the SPSS software to compute various metrics, such as homogeneity
groups, minimum and maximum values, standard deviations, percentage variations (%),

multivariate coefficient of variations, and mean results.

3. RESULTS AND DISCUSSION

The results of the multivariate analysis of variance are presented in Table 2. According to these
results, all tests were found to be statistically significant except for the 4° value. The results of
the color parameters determined before and after wax application are given in Table 3. The
highest result for the L* value was observed in the control experiment samples (62.82), while
the lowest result (55.86) was seen on surfaces treated with 3-layers of wax. In terms of the L*
parameter, decreases were observed with an increase in the number of layers applied. The
lowest decrease rate was found to be 7.64% with the application of 1-layer of wax, whereas the

highest decrease rate, at 11.08%, was observed with the application of 3-layers of wax (Table

3).
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Table 2. The results of the multivariate analysis of variance (*: significant)

Test Sum of Squares df  Mean Square F Sig.
L* 280.661 3 93.554 69.137  0.000*
a* 109.008 3 36.336 238.634  0.000*
b* 426.998 3 142.333 94.414  0.000*
C* 528.275 3 176.092 132,942 0.000*

h° 30.390 3 10.130 2.085  0.119%*
120° glossiness 0.206 3 0.069 42.621  0.000%
160° glossiness 39.813 3 13.271 290.075  0.000*
185° glossiness 370.128 3 123.376 892.592  0.000*
|| 20° glossiness 0.069 3 0.023 6.395  0.001*
|| 60° glossiness 40.405 3 13.468 196.856  0.000*
|| 85° glossiness 474.143 3 158.048 349.555  0.000*
WI* (L) 443.889 3 147.963 410.723  0.000%*
wr (]) 720.684 3 240.228 689.650  0.000*

For the a* value, the lowest result was obtained in the control experiment group samples
(8.08), while the highest result (12.46) was determined on samples treated with 3-layers of wax.
An increase in the number of layers applied resulted in higher a* values. The smallest increase
rate, at 37.62%, was observed with 1-layer application, whereas the highest increase rate of

54.21% was recorded with 3-layers applied (Table 3).

For the b* value, the control samples exhibited the lowest result (23.49), while the
highest result (32.27) was observed on surfaces treated with 3- layers of wax. The application
of more layers led to higher b* parameters. The lowest increase rate, at 21.80%, was observed
with 1-layer application, while the highest increase rate of 37.38% was recorded with 3-layers

applied (Table 3).

As for the C* parameter, the lowest result was detected in the control experiment
samples (24.84), while the highest result (34.59) was obtained on samples treated with 3-layers
of wax. The augmentation in the number of layers led to elevated C* values. The lowest increase
rate, at 23.59%, was noted with the application of 1-layer, while the highest increase rate,

reaching 39.25%, was observed with 3-layers applied (Table 3).

In terms of the 4° value, the control experiment samples yielded the highest result
(70.99), whereas the lowest value (68.73) was recorded on surfaces treated with a single layer
of wax. The highest decrease rate, at 1.58%, was found with the application of 1-layer of wax,
while the lowest decrease rate, also at 1.58%, was observed with 3-layers of wax applied. In
terms of the 4° parameter, decreases were observed with an increase in the number of layers

applied (Table 3).
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Table 3. Results of color parameters determined before and after wax application

Wax

Change

Mini-

Maxi-

Test .. Mean HG  SD Cov
Application (%) mum mum

Control 10 62.82 - A* 0.51 6231 63.64 0.82

I 1 layer 10 58.02 17.64 B 1.82 5446 60.44 3.13

2 layers 10 57.01 1925 B 0.88 55.83 58.28 1.54

3 layers 10 55.86 |11.08 C** 1.04 54.62 57.49 1.87

Control 10 8.08 - D** 027 7.65 8.44 3.33

* 1 layer 10 11.12 13762 C 0.29 10.60 11.44 2.63

N 2 layers 10 11.60 143.56 B 032 11.19 12.37 2.77

3 layers 10 12.46 15421 A* 0.59 11.11 13.05 4.73

Control 10 23.49 - D** 120 21.68 25.49 5.11

b 1 layer 10 28.61 121.80 C 1.29 26.56 30.36 4.50

2 layers 10 3039 12937 B 1.31 28.62 32.03 4.30

3 layers 10 3227 13738 A* 1.11  29.50 33.19 3.44

Control 10 24.84 - D** 121 2299 26.86 4.88

C* 1 layer 10 30.70 12359 C .23 28.81 3231 4.01

2 layers 10 32.53 13096 B 1.17  30.86 34.06 3.58

3 layers 10 3459 139.25 A* 098 32.09 35.52 2.83

Control 10 70.99 - A* 047 7043 71.78 0.66

5o 1 layer 10 68.73 13.18  B** 090 67.21 70.01 1.31

2 layers 10 69.07 12.70  AB 1.18 67.02 70.65 1.70

3 layers 10 69.87 11.58 AB 412 66.81 81.24 5.90

SD: Standard Deviation, N: Number of Measurements, HG: Homogeneity Group,

COV: Coefficient of Variation, *: Highest value, **: Lowest value

results, an increase in the number of layers applied led to an increase in AE* values (AE* for 1
layer: 7.65, for 2 layers: 9.68, and for 3 layers: 12.02). All wax applications resulted in negative
AL* values (darker compared to the reference), while Aa* (redder than the reference), Ab*
(yellower than the reference), and AC* (clearer, brighter than the reference) values were found
to be positive. When evaluating the results based on the color change criteria (Baranski et al.,
2017), it was observed that applying 1 and 2 layers of wax met the criterion for “high color
change (12 > AE* > 6),” while applying 3 layers of wax achieved the criterion for “significant

color difference (AE* > 12)” (Table 4).

The results for total color differences (AE*) are provided in Table 4. According to these

Table 4. The results of the total color differences

Wax AL*

Color change criteria

Application Aat AP ACTAHTAET g heki et al., 2017)
1 layer -480 3.04 512 586 1.07 7.65 High color change
2 layers 581 353 690 7.69 093 9.68 (12> AE* > 6)
3 layers -6.96 438 8.77 9.75 1.02 12.02 Different color (AE* > 12)

67



Journal of Apitherapy and Nature/Apiterapi ve Doga Dergisi, 8(1), 61-73, 2025, JAN 8(1), 61-73
Umit AYATA

Table 5 presents the results for the whiteness index (WI*) values measured
perpendicular and parallel to the fibers. Decreases in measurements were observed in both
directions as the number of layers applied increased. The control experimental samples yielded
the highest results (L: 18.22 and || : 17.42), while samples treated with 3 layers of wax showed
the lowest results (L: 9.24 and || : 6.46) (Table 5).

Table 5. Results of whiteness index (WI*) values determined before and after wax application

Test , "% N Mean O g gp Mini- Maxi- gy
Application (%) mum  mum

Control 10 18.22 - A* 096 17.00 19.70 5.26

wr* 1 layer 10 12.95 12892 B 0.60 12.00 13.90 4.65

1 2 layers 10 11.26 3820 C 0.31 10.90 11.60 2.75

3 layers 10 9.24 149.29  D** 0.25 9.00 9.70 2.76

Control 10 17.42 - A* 0.81 16.00 18.30 4.66

wr* 1 layer 10 10.70  |38.58 B 0.74 9.10 11.90 6.92

| 2layers 10 7.70  |5580 C 024 740 810  3.12

3 layers 10 6.46 16292 D** 036 6.00 6.90 5.52

SD: Standard Deviation, N: Number of Measurements, HG: Homogeneity Group,

COV: Coefficient of Variation, *: Highest value, **: Lowest value

The results for glossiness values are presented in Table 6. Increases in glossiness values
were observed at both 60 and 85 degrees in both directions. The lowest results in glossiness
measurements at three different angles in both directions were found on samples from the
control experimental group (L: 0.33, L: 1.49, 1: 0.10, || 0.38, || 1.91, and || 0.35). At 85
degrees in both directions, the highest results were found on samples treated with 3 layers of
wax (L: 7.90 and || :9.26). Increases in glossiness values were observed with an increase in the
number of layers applied parallel to the fibers at both 60 and 85 degrees. Additionally, similar

results were observed in measurements perpendicular to the fibers at 85 degrees (Table 6).

In studies reported in the literature on wax application, changes in color, glossiness, and
whiteness index values due to wax have been documented [African ebony (Diospyros
crassiflora Hiern.) (Camlibel and Ayata, 2024a), mahogany (Swietenia mahagoni (L.) Jacq.)
(Ayata et al., 2024b), magnolia (Magnolia grandiflora L.) (Ayata et al., 2024a), Siberian pine
(Pinus sibirica) (Camlibel and Ayata, 2024c), Macassar ebony (Diospyros celebica Bakh.)
(Kaplan et al., 2024), lemon (Citrus limon (L.) Burm.) (Camlibel and Ayata, 2024b), olive
(Olea europaea L.) (Peker et al., 2024a), balau red (Shorea guiso) (Peker et al., 2024b), plum
(Prunus domestica L.) (Ayata et al., 2024c)].
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Table 6. Results of glossiness values determined before and after wax application

Test Wax . N Mean Change HG SD Mini-— Maxi- COovV
Application (%) mum  mum
Control 10 0.33 C** 0.05 030 040 14.64

1 layer 10 0.32 13.03  C 0.04 030 040 13.18

120 2 layers 10 0.50 151.52  A* 0.00 050 0.50 0.00
3 layers 10 0.37 112.12 B 0.05 030 0.40 13.06
Control 10 1.49 - D** 0.09 140 1.60 5.88
L60° 1 layer 10 2.58 173.15 C 0.08 250 270 3.06
2 layers 10 3.97 1166.44 A* 0.19 370 4.20 4.76
3 layers 10 3.77 1153.02 B 037 330 420 9.69
Control 10 0.10 - D** 0.00 0.10 0.10 0.00
1850 1 layer 10 3.82  13720.00 C 0.17 350 3.90 4.42
2 layers 10 6.90 16800.00 B 033 650 730 4.83
3 layers 10 7.90  17800.00 A* 0.64 7.10 8.80 8.14
Control 10 0.38 - B** 0.09 030 0.50 24.18
" 200 1 layer 10 0.43 113.16 AB 005 040 0.50 11.23
2 layers 10 0.48 126.32 A* 0.04 040 0.50 8.78
3 layers 10 0.48 126.32 A* 0.04 040 0.50 8.78
Control 10 1.91 - C** 021 1.70 220 11.16
" 60° 1 layer 10 3.39 17749 B 0.07 330 3.50 2.18
2 layers 10 4.32 1126.18 A 043 390 5.10 9.93
3 layers 10 441 1130.89 A* 020 4.10 4.60 4.47
Control 10 0.35 - D** 0.11 020 0.50 30.86
" 850 1 layer 10 3.84 1997.14 C 0.63 3.10 4.70 16.48

2 layers 10 7.56  12060.00 B 099 570 820 13.16
3 layers 10 9.26  12545.71 A* 0.64 840 10.30 6.89
SD: Standard Deviation, N: Number of Measurements, HG: Homogeneity Group,
COV: Coefficient of Variation, *: Highest value, **: Lowest value

4. CONCLUSION

As the number of coats increased, decreases were observed in the WI* values measured in both
directions. With an increase in the number of coats, there were decreases noted in the L*
parameter, alongside increases observed in the C*, b*, and a* parameters. Glossiness values
showed increases in both orientations at temperatures of 60 and 85 degrees. For achieving high
AE* values, it is recommended to apply three coats of wax, while for lower desired values, one
coat of wax application is suggested. The study demonstrates that applying three coats of wax
on mulberry wood produces varying color tones depending on its usage. It is suggested to
explore the changes in surface properties by subjecting the wax-coated test samples to salt spray

corrosion tests, artificial or natural aging, or thermal aging processes.
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