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Amwmauuﬂ. KpaCI/ITeﬂPI, NOJY4YCHHBIC U3 paCTeHI/If/i, HCIIOJIB3YIOTCA B PA3JIMYHBIX ITPOMBIIIJICHHBIX

O6J'IaCT5[X, TAaKUX KaK TCKCTHUJIbHAsA, KOKCBCHHAA, NMHUIICBAs MPOMBIIICHHOCTh, KOCMCTUKA U ACPEBO-

ob0paboTka. IT0 HccnmenoBanne HOKyCHPYETCs Ha MCIONH30BAaHUN PAacTBOPOB, MOMYYCHHBIX M3 TaKUX

MaTepraloB, Kak KOPHLA, KyKypy3a, YepHOKOYaHHAasl KallycTa, KyKypy3HBIH KpacUTeNb U KypKyMa, JJIs

M3MEHEHUS I[BETa APEBECUHBI COCHBI OOBIKHOBeHHOH (Pinus sylvestris L.). [loBepxHocTu, 006padoraH-

HBEIE pacTBOpaMu, OBUTH CPaBHEHBI ¢ He0OpaOOoTaHHEIMH TTOBepXHOCTSIMHU. COTIIACHO pe3yibTraTaM aHa-

JIN3bl AUCIICPCHUU UIA BCEX IOJYYCHHBIX IBCTOBLIX MAPaMCTPOB MOKA3aJIM CTATUCTUYCCKU 3HAYUMBIC

paznnunst. 3HadeHust AE* cocraBunu 63,52 st kopunpbl, 31,95 ans kykypy3ssl, 72,80 it 4epHOKOYaH-

HOH KamycThl, 67,79 mis KyKypy3Horo kpacutens 1 50,91 misg kypkyMbl. beito oTMedeHO YMEHBIIIEHUE

BCeX 3Ha4eHUH L*, B TO Bpems Kak 3HaueHus b* n C* yBenuuunuck. bplio ycTaHOBIEHO, YTO pacTH-

TCJIbHBIC KPACUTECIIN, UCITIOJIb30BAHHBIC B UCCIICIOBAHNH, OKA3bIBAIOT BJIMAHUC HAa USMCHCHUC 1IBETA 110~

BEPXHOCTH JJPEBECHBIX MaTepPHAaJIOB.

Knwwuesvie cnosa: npesecuHa, LBET, KOPHLA, KyKypy3a, YEPHOKOYAHHAs KaIlyCTa, KyKypy3HBIH

KpacHuTesb, KypKkyMa

Jlna yumuposanusn: Koronay M., Ymaii ., Agra V. Ucronp3oBadre KpacUTENIEH, TOTYUYCHHBIX U3

HEKOTOPBIX PacTE€HHM, 1JIsi N3MEHEHUS LIBETa IPEBECHUHBI COCHBI OOBIKHOBEHHOI (Pinus sylvestris L.) //

Jleca Poccun u xo3s#icTtBo B HUX. 2025. Ne 2(93). C. 96-103.

© Koronuy M., Vmaii I, Aara V., 2025



Ne 2 (93), 2025 1.

Original article

Jleca Poccuu 1 X038MCTBO B HUX 97

USE OF DYES OBTAINED FROM SOME PLANTS IN SCOTS PINE
(PINUS SYLVESTRIS L.) WOOD FOR COLOR CHANGING PURPOSES

Menderes Koyuncu', Gyoksel Ulay?, Umit Ayata3

! Van Yuzuncuyil University, Van Vocational School, Van, Turkey

2 Van Yuzuncu Yil University, Van Vocational School, Van, Turkey

3 Bayburt University, Bayburt, Turkey

! menderes@yyu.edu.tr, https://orcid.org/0000-0002-4900-9327
2 gokselulay@gmail.com, https://orcid.org/0000-0003-4080-8816
3 umitayata@yandex.com, http://orcid.org/0000-0002-6787-7822

Abstract. Dyes obtained from plants are used in various industrial fields such as textiles, leather,

food, cosmetics, and woodworking. This research focuses on the use of solutions obtained from
materials such as cinnamon, corn, black cabbage, corn dye, and turmeric for color modification of
Scots pine (Pinus sylvestris L.) wood. Surfaces treated with the solutions were compared with untreated
surfaces. According to the results, dispersion analyses for all color parameters obtained were found to
be statistically significant. The AE* values obtained were 63,52 for cinnamon, 31,95 for corn, 72,80 for
black cabbage, 67,79 for corn dye, and 50,91 for turmeric. A decrease was observed in all L* values,
while increases were noted in all b* and C* values. It was observed that the plant-based dyes used in the

research had a color-changing effect on the surface of wood materials.
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Introduction

There is a vast range of natural wood colors du e
to the potential variations in wood color both between
and within tree species. Nevertheless, the variety of
natural and commercially available colors does not
always align with customer demands (Application of
natural..., 2009).

One useful characteristic for identifying tree
species is their color. The color of some trees may
fade under the influence of sunlight, while others may
darken to some extent over time. However, each tree
has its unique color. For example, walnut is brown,
oak is dirty yellow, beech is pink, elm is reddish-
brown, and ash is white (Shanyva, Zorlu, 1980).

Wood’s natural appearance flaws, like uneven
color variations and dull tones, can be remedied
through treatments such as bleaching, staining, and
surface finishing, which improve its overall aesthetic
and decorative appeal. Additionally, the appearance of

lower-grade wood can be enhanced by mimicking the
color of more prized tree species (Hu et al., 2020).

Whether natural or dyed, items made from
unvarnished wood materials have low resistance to
external influences. This is because wood dyes used
on wooden surfaces do not form a protective layer;
they only alter the color and tone (Sonmez, 2005;
Yalynkylych and Syonmez, 2009).

A broad spectrum of natural dyes and stains,
providing colors like yellow, brown, blue, red, black,
and their blends, has traditionally been obtained from
plants. These dyes are extracted from almost all parts
of plants, including bark, roots, wood, leaves, fruits,
seeds, and flowers (Siva, 2007).

In addition to providing essential resources such
as fiber, food, shelter, and fuel, plants are also valuable
sources of natural dyes. These colors are produced
by the interaction of various organic and inorganic
compounds within the plants, which absorb light in
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the visible spectrum ranging from 400 to 800 nm
(Aggarwal, 2021).

This research investigates the application of
solutions derived from materials like black cabbage,
cinnamon, maize dye, corn, and turmeric to alter the
color of Scots pine (Pinus sylvestris L.) wood.

Materials and Methods
Scots pine (Pinus sylvestris L.) wood was chosen
as the subject of this study. Test specimens were
prepared in dimensions of 100 mm x 100 mm x 15 mm.
Subsequently, the samples were conditioned under
environmental conditions of 20+£2°C and 65 %
relative humidity, in accordance with ISO 554 (1976).
This
method, and due to the evaporation of the solvent

study used the solid-liquid extraction

in the extraction process, the temperature was not
increased above the boiling point of the solvent.
About 1 g of dried plants (Rubia tinctorium L,
barassica var. Acephala, zea mays, curcuma longa and
cinnamomum) were weighed respectively, taken in
the 250 ml beaker, and dissolved in 100 ml of solvent
(H,0). After heating the beaker at 70—80°C for 1h,
the extract was filtered, and stored and stored in liquid
form after cooling at room temperature, and used
for dyeing

Wood materials were dyed with natural dyes at
a material-to-liquor ration of 1:100. The dye bath
temperature was kept at 55-60°C for 1h. The pH
of the dye bath was set at different specified levels
ranging from 4-8. Potassium aluminium sulphate
(KAI(SO,), 12H,0), copper sulphate (CuSO,; H,0)
Acestic acid and sodium carbonate were employed

for adjustment of pH at such speciified levels.
Finally, dyed materials were washed with cold water
and dried in a shady, airy place.

Color changes were measured using the CS-10
(CHN Spec, China) device [CIE 10° standard observer;
CIE D65 light source, illumination system: 8/d
(8°/diffuse illumination)] (ASTM D 2244-3, 2007).
The total color differences were determined using the
formulas provided below.

The total color differences were calculated using
the following formulas.

2 2703
cx = [(a*)+ (0¥ ], (1)
° = arctan (b*/a*), 2)
AC * = (C *samp/e with varnished — *conlrol) 5 (3)
Aa * = (a *mmple with varnished —a control - (4)
AL * = (L *sample with varnished ~ control o (5)
Ab * = (b *sample with varnished _b *com‘rol) Py (6)
5 5 ) 0.5
A = [(AE%) = (A= (A [, (1)
2 2 2705
AE* = [(AL*)+ (Aa®) + (80%)'] (8)

Table 1 contains the definitions of the other
parameters, while Table 2 (Lange, 1999) presents the
color change range according to Jirouz and Ljuljka
(1999).

Ten measurements were taken per test. Standard
deviations, maximum and minimum values, mean
values, homogeneity groups, variance analyses, and
percentage (%) change rates have been calculated
using a statistical program.

Table 1

Descriptions for Aa*, AL*, Ab* and AC* (Lange, 1999)

Parameter In negative case In positive case
AL* Darker than reference Lighter than reference
Ab* Bluer than reference More yellow than reference
AC* Matte, more blurred than reference Clearer, brighter than reference
Aa* Greener than reference Redder than reference
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Color change range according to Jirous and Ljuljka (1999)

Table 2

AE* Range Color Change Estimation AE* Range Color Change Estimation
<0,20 Unnoticeable 3,00-6,00 Very noticeable
0,20-0,50 Very slight 6,00-12,00 Intense
0,50-1,50 Light >12,00 Very intense
1,50-3,00 Noticeable

Results and Discussion

The analysis of variance results for all color

parameters are presented in Table 3. The plant material

type was found to be statistically significant for all

color parameters (Table 3).

Table 3
Analysis of variance results for color parameters
Test Source of Variance SS(;lurZers D;i‘f;sf Sl\c/; SZ?e Val;ue a<0,05
Herbal Ingredient Type 26389,441 5 5277,888 2164,472 0,000%*

I Error 131,675 54 2,438 - -
Total 142182,692 60 - - -
Corrected Total 26521,116 59 - - -
Herbal Ingredient Type 30370,254 5 6074,051 360,272 0,000*

. Error 910,420 54 16,860 - -

¢ Total 38801,699 60 - - -
Corrected Total 31280,674 59 - - -
Herbal Ingredient Type 17170,190 5 3434,038 242,720 0,000%*

. Error 764,001 54 14,148 - -

’ Total 171441,456 60 - - -
Corrected Total 17934,191 59 - - -
Herbal Ingredient Type 21145,170 5 4229,034 168,362 0,000*

o Error 1356,407 54 25,119 - -
Total 214918,991 60 - - -
Corrected Total 22501,577 59 - - -
Herbal Ingredient Type 27266,543 5 5453,309 618,986 0,000*

. Error 475,744 54 8,810 — -

! Total 385891,833 60 - - -

Corrected Total 27742,287 59 - - -
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In a study conducted to change colors using in all L* values (63,59 % for maize dye, 57,72 %
different plant-based materials, the results of the for cinnamon, 40,35 % for corn, 79,74 % for black
measured color parameters are presented in Table 4. cabbage, and 20,65 % for turmeric).

According to these results, decreases were observed

Table 4
Measurement results of color parameters
Test Inlgreégiaelnt Mean CI(I;? )ge gei?i%-/ Sg}gzgi 1;/[1:;; ]:/[n?;; COB{?; .lent
Type Group Variation

Control 77,95 - A* 1,09 76,29 79,90 1,39

Cinnamon 32,96 157,72 D 1,39 30,52 34,27 4,21

L Corn 46,50 140,35 C 0,40 45,94 47,02 0,87
Black Cabbage 15,79 179,74 Fr* 1,85 13,52 19,39 11,72

Maize Dye 28,38 163,59 E 1,00 25,88 29,12 3,52

Turmeric 61,85 120,65 B 2,63 57,14 64,66 4,26

Control 9,88 - C 0,34 9,57 10,77 3,47

Cinnamon 48,96 1395,55 A* 4,47 41,09 54,95 9,12

. Corn 12,48 126,32 C 0,16 12,28 12,78 1,30
¢ Black Cabbage -19,42 1296,56 E** 4,11 -23,62 -12,00 21,17
Maize Dye -10,32 1204,45 D 5,96 —25,64 -3,90 =57,77

Turmeric 25,59 1159,01 B 5,35 20,46 36,17 20,91

Control 27,55 - E** 0,91 26,92 29,97 3,30

Cinnamon 49,52 179,75 C 3,64 45,72 57,16 7,35

b Corn 32,48 117,89 D 0,14 32,31 32,79 0,43
Black Cabbage 51,56 187,15 C 5,76 41,59 57,93 11,17

Maize Dye 69,15 1151,00 B 5,92 62,80 84,27 8,56

Turmeric 73,22 1165,77 A* 1,60 71,50 76,90 2,19

Control 29,27 - E** 0,97 28,59 31,85 3,31

Cinnamon 69,78 1138,40 B 3,33 65,26 73,37 4,77

o Corn 34,80 118,89 D 0,13 34,61 35,06 0,38
Black Cabbage 55,16 188,45 C 6,58 44,23 62,53 11,93

Maize Dye 73,06 1149,61 B 9,53 66,04 92,92 13,05

Turmeric 77,71 1165,49 A* 2,11 75,24 80,56 2,71

Control 70,27 - C 0,13 70,13 70,59 0,19

Cinnamon 45,36 135,45 D** 3,85 41,42 52,53 8,50

. Corn 68,48 12,55 C 1,65 63,86 69,29 2,40

! Black Cabbage 110,48 157,22 A* 2,80 105,12 113,68 2,54

Maize Dye 98,18 139,72 B 3,61 93,56 106,92 3,67

Turmeric 70,80 10,75 C 3,80 63,17 74,24 5,36

Number of Measurements: 10, *: Highest result, **: Lowest result.
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All b* values showed increases (17,89 % for corn,
79,75 % for cinnamon, 87,15 % for black cabbage,
151,00 % for maize dye, and 165,77 % for turmeric).
Increases were observed in all C* values (138,40 %
for cinnamon, 18,89 % for corn, 149,61 % for maize
dye, 88,45 % for black cabbage, and 165,49 % for
turmeric). The highest result for the L* value was
found in the control sample (77,95), while the lowest
results for the b* and C* values were observed in the
control group (27,55 and 29,27, respectively). For the
ho parameter, a decrease of 2,55 % was observed with
the corn solution, and a decrease of 35,45 % was noted
for cinnamon. On the other hand, increases of 57,22 %
for black cabbage, 39,72 % for maize dye, and 0,75 %

for turmeric were observed. In the a* parameters,
an increase of 159,01 % for turmeric, 395,55 %
for cinnamon, and 26,32 % for corn was observed,
while a decrease of 296,56 % for black cabbage and
204,45 % for maize dye was found (Table 4).

The results of the total color differences are
presented in Table 5. The AE* values recorded were
63,52 for cinnamon, 31,95 for corn, 72,80 for black
cabbage, 67,79 for maize dye, and 50,91 for turmeric,
indicating the extent of color change for each herbal
ingredient. The AH* parameter was determined as
19,21 for cinnamon, 27,67 for black cabbage, 0,74 for
corn, and 14,87 for maize dye (Table 5).

Table 5
Results of the total color differences

Herbal Ingredient Type AL* Aa* Ab* AC* AH*
Cinnamon -44.99 39,08 21,97 40,51 19,21
Corn —31,46 2,60 493 5,53 0,74
Black Cabbage —62,16 -29,30 24,01 25,88 27,67
Maize Dye —49,57 -20,20 41,59 43,78 14,87
Turmeric -16,11 15,70 45,67 48,44 -

. Color Change
sk
Herbal Ingredient Type AE (Jirous and Ljuljka 1999)

Control . 0 -
Cinnamon . 63,52 Very intense (>12,00)
Corn . 31,95 Very intense (> 12,00)
Black Cabbage . 72,80 Very intense (>12,00)
Maize Dye . 67,79 Very intense (>12,00)
Turmeric . 50,91 Very intense (> 12,00)
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All AL* values were determined to be negative
(darker than the reference). The Aa* values were
negative (more green than the reference) for the
Black cabbage and maize dye products, while they
were positive (more red than the reference) for the
cinnamon, corn, and turmeric products. The Ab* and
AC* values were found to be positive (respectively,
more yellow than the reference and clearer, brighter
than the reference). It was determined that all plant-
based products fell into the “very intense (>12,00)”
category according to the color criteria (Jirous and
Ljuljka, 1999) (Table 5).
study conducted by Atilgan (2009),
experimental samples from Scots pine, oriental beech,

In a

and pedunculate oak were used. Dye extracts [pine,
acorn, Anatolian chestnut, and yellow dock] were
applied to these wood samples. To ensure the adhesion
of these extracts to the wood surface and to fix the color
of the dye, mordants such as iron sulfate, aluminum
sulfate, and vinegar were used. Following this, color
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measurements were taken, and surfaces of different
colors were obtained, as reported in the study.

Conclusions

The plant-based ingredients used have significantly
altered the color parameters of the wood. Cinnamon,
maize dye, and turmeric caused substantial changes
in the color parameters, while black cabbage and
corn resulted in contrasting effects on certain color
parameters. Each herbal ingredient induced unique
color changes, influencing the wood’s color in different
ways and allowing for a wide range of decorative and
aesthetic outcomes.

In the subsequent stages of this study, it is
recommended to investigate the effects of variables
such as application times, temperature, and
concentration of plant-based ingredients on wood in
more detail. Additionally, examining the impact of
these plant dyes on the durability of wood and the

long-term color changes would also be beneficial.
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