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Abstract: Rosin was used to treat round bamboo culm using the impregnation method. The quantita-
tive color and gloss measurements combined with a qualitative eye tracking experiment were used
to evaluate the effect of rosin treatment under different temperatures on the visual characteristics
of the bamboo surface. Surface morphology analysis was also used to explore the mechanism of
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modification. The results showed that proper heating of the modified system was conducive to the
formation of a continuous rosin film, which increased the gloss value. The maximum gloss value
of 19.6 achieved at 50 °C was 122.7% higher than the gloss value of the control group. Heating
decreased the brightness of the bamboo culm and changed the color from the green and yellow tones
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damaged or shed, and stripes formed on the culm surface. The density of these stripes increased
with an increase in treatment temperature. Eye movement experiment and subjective evaluation
showed that high gloss would produce dazzling feeling, such as at 50 °C, while low gloss will appear
dim, such as at 80 °C, while the gloss at 40 °C and 60 °C were appropriate. Additionally, the solid
o ) ) color surface below 60 °C had a large audience of about 73%, and the striped surface above 60 °C
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Publisher’s Note: MDPI stays neutral 1. Introduction

Since ancient times, people have used bamboo and wood to decorate the interior
environment and to make indoor furniture [1,2]. Round bamboo in particular complements
various natural materials in construction and interior design where it is used to create a
traditional oriental style [3]. Round bamboo displays an impressive range of attractive
properties, including a high ratio of weight to strength, easy workability, natural aesthetics,
and environmental sustainability [1,4,5]. Among these, the visual characteristics (such as
color, gloss and texture) play one of the most visual roles [4,5]. Visual characteristics not
only affect the aesthetic of furniture or architecture, but also the psychological and physi-
ological well-being of users by influencing psychology, communication, psychosomatic
effects, visual ergonomics, etc. [6]. For example, the impression of a color and the message
it conveys is of utmost importance in creating the psychological mood or ambiance that
supports the function of a space [7,8]. Each color gives a different impression and conveys
a specific meaning. With round bamboo culm, fresh bamboo is mostly green, while dried
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bamboo is mostly yellow [2,9]. Green induces a balancing, natural, and calm state, con-
veying a message in the interior space is of simplicity, security, and balance in the interior
space [10]. Pastel yellow gives the impression of a sunny, friendly, and soft environment,
with a message of stimulation, brightness, and coziness. Gloss also influences warmth
with a high gloss, producing a stiff and cold impression [11]. Lastly, stripes or scars on the
surface of the bamboo will also offer a simpler, more natural decorative effect [12].

The color related chemical components in bamboo mainly arise from lignin and some
extract with unsaturated structure while the gloss may be more related to microstructure [13,14].
A smooth, low porosity surface will obtain a greater gloss but when the surface cells are
exposed or damaged, diffuse reflection or absorption of light will reduce the gloss [15].
Therefore, application of treatment or finishing can change the color, gloss and even texture
of the bamboo surface [16,17]. Feng et al., 2020 [18] reported that heat treatment above
200 °C will turn the bamboo brown, and indicated that this is due to the change in lignin
structure or the oxidation of phenol compounds to quinones. Transparent finishing can also
improve the gloss of bamboo and enhance the contrast of texture. Despite this, the visual
quality is ignored in many processing treatments, which limits the practical applications of
bamboo.

Rosin is a natural resin derived from living pine trees [19]. It is a common polymer
monomer due to the presence of reactive groups, including carboxyl groups and conju-
gated double bonds in its molecules as shown in Figure 1 [20-22]. Rosin can produce
polymerized rosin, maleated rosin and disproportionated rosin through addition reaction
and polymerization, and can further synthesize polymer materials with different properties,
which are widely used in glass fiber reinforced plastics and coatings [23,24]. In addition,
rosin is often used in modifier or coating to improve the water resistance and visual prop-
erties because of its good hydrophobicity and gloss [25,26]. Over recent years, rosin and
its derivatives have been used to modify nanocomposites, wood materials, wood-based
panels, and packaging [27-30]. Dahlen et al. (2008) [31] reported that only 3% rosin could
significantly increase the water resistance of wood. Dong et al. (2016) [29] used rosin to
treat fast-growing poplar wood under vacuum pressure impregnation and showed that the
wood density increased from 0.34 to 0.44 g/cm? after the treatment, and the anti-swelling
efficiency achieved 36.00%. Rosin treatment was used as a hydrophobic method for bam-
boo in our previous studies [25,32]. This treatment resulted in good hydrophobicity and
improved the dimensional stability of round bamboo. Microtopography also showed that
rosin formed a transparent film on the surface of the round bamboo culm. Since rosin
exists as a light yellow transparent solid, as shown in Figure 1, rosin treatment of bamboo
may change the visual characteristics of bamboo culm. However, this has not been studied
so far.

Visual characteristics could be described by physical quantities and psychological
quantities. The former can be described using physical parameters such as color, gloss and
texture, while the latter consists of human visually induced psychological assessment. At
present, measurements of color and gloss are conducted using colorimeters and glossmeters
to obtain quantitative data, respectively. Visual quantitative psychological parameters can
be obtained using eye tracking tests [33]. Eye movement technology is often used in human-
computer interaction research, psychological exploration, on web pages and in graphic
design evaluation [34-37]. It is based on the characteristics of directness, naturalness and
bi-directionality of human line of sight [38]. The basic working principle of eye tracking
is to use image processing technology to continuously record both the change in view
with the infrared rays in the camera and the pupil reflex with a tracking camera which
focuses on the eye [39]. The images are used to clarify the response behavior of the visual
system to different objects by analyzing the trajectory of eye movement characteristics,
such as saccades, gaze time and pupil switching. In recent years, this technology has been
gradually used in the fields of furniture and architectural design [40,41].
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Figure 1. Schematic illustration of rosin impregnation of bamboo culms.

In this study, to investigate the effect of natural resin rosin modification on the surface
visual effect of round bamboo culm, the color and gloss of bamboo culm before and
after rosin modification were quantitatively determined. Meanwhile, the eye tracking
technology was used to evaluate the users’ preference for the visual characteristics of the
bamboo culm surface. The combination of quantitative index and qualitative preference
analysis to evaluate the visual effect of bamboo culm was used in this study to improve the
scientificity and systematicness of the evaluation. In addition, to clarify the mechanism
of color change, the surface microscopic morphology and chemical group of the bamboo
culms were explored.

2. Materials and Methods
2.1. Impregnation of the Bamboo Culm with Rosin

The sampling of bamboo culm and preparation of rosin ethanol solution was consistent
with our previous study [25,32]. Five-year-old Hong bamboo (Phyllostachys iridencens C.Y.
Yao and S.Y. Chen), treated with steam at 130 °C for 1 h, were obtained from Hangzhou
Suo Bamboo Industry Co., Ltd. (Suo Bamboo Industry Co., Ltd., Hangzhou, China).
Culm internodes were selected for this study (as shown in Figure 1) from 1.5 to 4.0 m
aboveground. The rosin was purchased from Jitian Chemical Co., Ltd. (Jitian Chemical
Co., Ltd., Shenzhen, China). Rosin ethanol solutions with concentrations of 20 wt% were
prepared (Figure 1). The rosin ethanol solutions were then used to impregnate bamboo
culm with vacuum pressure impregnation, as outlined in our previous study [25,32].
However, different temperatures were used in the impregnation process to study the effect
of temperature on the visual characteristics of bamboo culm. The temperature parameters
are set to 25 °C (room temperature), 40 °C, 50 °C, 60 °C, 70 °C, and 80 °C. For all tests,
eight replicates were performed.

2.2. Measurement of Color and Gloss

A surface gloss test was conducted according to ISO (2014) [42]. The gloss of bamboo
culm samples was measured using a WGG 60 glossmeter (Shanghai Precision Scientific
Instrument Co., Ltd., Shanghai, China) at six points on the bamboo surface before and
after rosin treatment. The chosen geometry was an incidence angle of 60° and results were
based on a specular gloss value of 100.
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A color test was performed using color space CIE L*a*b* [43]. The color changes
of bamboo culms before and after rosin treatment were determined using an SP60 spec-
trophotometer (CC-6834, BYK, Grazrid, Germany) with a D65 light (standard light source)
and a 10° view angle. Color changes were assessed at six points on the bamboo surface
before and after rosin treatment. The CIE L*a*b* system consists of three perpendicular
axes to describe color. The L* axis represents lightness, the a* axis represents the red-green
factor, and the b* axis represents the yellow-blue factor. The overall color change (AE*) was
determined as follows:

AE* = [(a*)? + (8b)2 + (ALY (1)

where Aa*, Ab*, and AL* represent the changes in a*, b* and L* between rosin-treated and
control groups.

2.3. Micromorphology Characteristics

The surface micromorphology of bamboo culm before and after rosin treatment at dif-
ferent temperatures was characterized using a field emission scanning electron microscope
(FE-SEM) (XL30, FEI, Hillsboro, OR, USA). To highlight the distribution of rosin on the
bamboo surface, the multi-Otsu thresholding algorithm was used to obtain the thresholds
of different surface components using FIJI/Image J software.

2.4. Micromorphology Characteristics

Fourier transform infrared (FTIR) spectroscopy of rosin and rosin-treated bamboo
culm at different temperature was conducted with a standard FTIR spectroscope (Perkin
Elmer Inc., Shelton, CT, USA). The spectra from 4000 to 500 cm~! were recorded at a 4-cm ™!
resolution across 64 scans.

2.5. Eye Tracking Test

In conjunction with the ClearView 2.7.0 software system, the Tobii X120 Eye-Tracker
(Tobii X120, Tobii Technology AB, Danderyd, Sweden) was used to record the eye tracks of
participants. This tracker consists of an observation host, computer and camera. Twenty-six
volunteers (all students) were recruited from the Qilu University of Technology, including
25 males and 25 females. The health condition was tested, and all volunteers tested normal
i.e., without any symptom of color blindness or weakness. The naked or corrected visual
acuity for all volunteers was >1.0.

All bamboo culms (before and after rosin treatment) were placed about 600 mm away
from the screen to follow the eye calibration procedure. The experimental aim was to
explore the effect of different treatment temperatures on the visual effect of the bamboo
culm surface. The total gaze time, gaze numbers, average gaze time and combined heat
map (measured for each bamboo culm) were used as the eye-tracking indicators.

Meanwhile, subjective reviews were completed right after watching, including color
comfort, gloss comfort, texture preference, and texture density comfort. Among these,
the color comfort and texture density comfort levels were discomfort, general, and comfort;
the gloss comfort level was dim, moderate and dazzling; texture preferences were solid
color and texture. The proportion of each grade was then counted.

3. Results and Discussion
3.1. Color and Gloss

As shown in Figure 2, the bamboo color varied from yellow to dark yellow to light
brown with some stripes presenting as the temperature of the rosin treatment increased.
Specifically, when the temperature was between 25-50 °C, the bamboo surface presented a
solid color, and the color change was minimal. At temperatures ranging between 60-80 °C,
brown stripes appeared on the bamboo surface. The surface of the control group presented
as yellow with a certain gloss. The 25 °C and 40 °C treatment hardly changed the color of
bamboo culm. However, the treatment at room temperature (25 °C) decreased the gloss
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value, while treatment at 40 °C increased the gloss value. The gloss of the rosin-treated
bamboo culm was mainly a result of the rosin film, because the rosin itself is light yellow
and transparent. The 25 °C treatment did not promote the formation of a continuous film
of rosin. With additional heating (40 °C and 50 °C), the gloss value, which indicated that
heating could promote the formation of a continuous film of rosin. However, when the
temperature was higher than 60 °C, brown stripes appeared on the surface of bamboo, and
the gloss decreased gradually. Moreover, stripe formation increased with the increase of
treatment temperature, and even patches were formed at 80 °C.

Figure 2. Effect of rosin treatment with different temperature on the color and gloss of bamboo culm.

The quantified chromaticity values are expressed in Table 1, while its trends are
visually displayed in Figure 3. Firstly, the values of L*, a*, and b* showed little change
at 25 °C, which indicated that the rosin treatment at room temperature had no obvious
effect on the color of bamboo culm. This is consistent with images displayed in Figure 2.
The L* value decreased with the increase in temperature, which indicated a decrease in
brightness of the bamboo culm as treatment temperature increased. The a* value initially
decreased but then increased gradually with a rising temperature, whereas the b* value
decreased gradually with an increase in temperature (Table 1). These were indicative of
color changes from the green and yellow zones to the red and blue zones. Feng, et al. found
a similar phenomenon when investigating hygrothermal treatment on Moso bamboo [18].
Lastly, the change of AE* shows that an increase in temperature will increase the color
difference. This is also seen in Figure 1. The chemical components related to color in
bamboo mainly come from lignin and extract, because the structure of lignin and extract
contains a large number of aromatic compounds, chromogenic groups and color assisting
groups [44]. In this study, the structure of lignin and extract may have remained unchanged
because the treatment temperature was not high enough for such a change. The change in
color may be relative to the addition reaction of the carboxyl group in rosin or the oxidative
discoloration of rosin itself. Rosin contains conjugated double bonds and carboxyl groups,
which are prone to addition reactions, especially oxidation and discoloration, at an elevated
temperature [45].

Table 1. Change in color and gloss of bamboo culm after rosin treatment with different temperature.

Color

Bamboo Culm Sample L* a* b* AL* Aa* Ab* Aps  Gloss
Control group 57.02 726  26.08 / / / / 8.8
25°C 57.17 6.57 26.17 0.14 —0.69 0.09 0.71 5.6
40°C 56.52 7.50 26.74 —0.50 0.24 0.66 0.87 124
Rosin-treated 50°C 53.43 8.46 25.66 —3.60 0.20 —0.42 3.81 19.6
group 60 °C 52.57 8.71 23.89 —4.45 1.45 —-2.19 5.16 15.5
70°C 49.07 819 2287 —7.95 0.92 -3.21 8.62 12.9

80 °C 43.80 8.98 18.88  —13.22 0.72 -7.20 15.15 6.8
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Figure 3. Chromaticity values of bamboo culm before and after the rosin treatment with different
temperature.

Additionally, the gloss value in Table 1 shows that rosin treatment improved the
gloss of bamboo culm at all temperatures, except at room temperature (25 °C) and 80 °C.
In detail, the gloss decreased by 3.2 at 25 °C when compared to the control group (8.8).
With additional heating, the gloss increased perceptibly. At 50 °C, the gloss reached the
highest value of 19.6, which was 122.7% higher than that of the control group. With the
continuous increase in temperature, the gloss showed a downward trend. The gloss value
of the bamboo culm was just 6.8 at 80 °C, which was lower than the control group.

3.2. Surface Topography Characteristics

The Figure 4a shows the surface morphology of bamboo culm observed using a
stereomicroscope to clearly examine the surface texture and the changes before and after
rosin modification under different temperatures. Firstly, when the treatment temperature
is lower than 60 °C, the bamboo surface is relatively smooth with a uniform color. In detail,
the surface of bamboo treated at room temperature (25 °C) is rough with white granular
bulges while the surfaces of rosin-treated bamboo at 40 and 50 °C are smooth and glossy.
At 60 °C, 70 °C, and 80 °C, clear brown stripes appear on the bamboo surface. In Figure 4a
it is observed that the brown stripes are concave, which indicates that stripes are formed
by the shedding of the bamboo epidermis during rosin treatment. Comparing 60 °C, 70 °C
and 80 °C, it is observed that more of the bamboo epidermis is shed with the increase in
treatment temperature.

Figure 4b shows the surface micromorphology of bamboo culm using SEM. There
is slight tearing in the epidermis of the control group. For bamboo culm treated at room
temperature (25 °C), there are some granular bulges on the surface. Conversely, there are
irregular depressions on the bamboo surface when treated at 40 °C. However, the surface
of bamboo treated at 50 °C is very smooth. In order to more intuitively compare the surface
morphology, images were threshold segmented using FIJI/Image ] software, as shown
in Figure 4c. In the thresholding images, the black represents the outline of the bamboo
surface, while the white represents the outline of another substance, in this case rosin
(Figure 4c). For the control group, the outline of the broken epidermis is significant. At
25 °C, 40 °C and 50 °C, the white dots are particles formed by rosin curing on the culm
surface. It is evident that the particle size and the number both decrease with the increase
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in temperature as shown in Figure 4c. Overall, it is apparent that rosin forms the most
continuous film at 50 °C, followed by 40 °C and 25 °C in succession. This may be related
to the solubility of rosin at different temperatures. At room temperature, the particle size
of the rosin ethanol system is larger than it is at 40 °C and 50 °C. Heating up the system
can effectively reduce the particle size of rosin, which is conducive to the film-forming
process. However, when the temperature reaches 60 °C, the bamboo epidermis is damaged
to varying degrees. This may be a synergistic result of temperature, ethanol and rosin. In
detail, there are a few but large depressions on the bamboo surface at 60 °C, while those
depressions are more obvious and aggregated at 70 and 80 °C (Figure 4).

(a) | Control " 25°C " 40°C || 50°C " 60°C " 70°C || 80°C |

o |
i

(C) Control

/1

)\

N\

Figure 4. (a) Surface texture of bamboo culm observed using stereomicroscopy; (b) the surface micromorphology of bamboo
culm observed using FE-SEM; (c) the surface micromorphology after thresholding by FIJI/Image J software.

The bamboo surface morphology (Figure 4) also explains the change in gloss value.
Between 25-50 °C, the gloss is mainly determined by the distribution of rosin on the
surface where the continuity of rosin film improves with the decrease in rosin particle
size. The SEM results also show that the surface roughness of bamboo decreased at these
temperatures. Since the gloss increases with the decrease of roughness, the gloss of bamboo
culm increases from 25 °C to 50 °C as shown in Table 1. Between 60-80 °C, the gloss of the
bamboo culm is related not only to the continuity of rosin film, but also to the destruction
and abscission of the epidermal layer. The epidermal layer of bamboo is composed of
long cells, embolic cells, siliceous cells and stomata [46]. Long cells account for most of
the area and are arranged in parallel along the grain while embolic and siliceous cells are
short and inserted between the ranks of long cells. The epidermal layer is closely arranged
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Transmittance(%)

without gaps, interspersed only with stomata. However, the subcutaneous layer and
cortical structure beneath the epidermal layer are loose. According to the basic principles
of optics [47], the higher the degree of reflection of bamboo to incident light, the higher the
gloss value. For a loose or rough surface, incident light will form multiple reflections on
the bamboo surface, increasing the probability of absorption, and producing a low gloss
value. The breaking or exfoliation of the bamboo epidermal layer after rosin treatment at
60-80 °C would decrease the gloss of the bamboo culm due to the exposure of the loosely
structured subcutaneous layer. Similarly, for control group, the tearing of the epidermal
layer also produces a low gloss.

3.3. FTIR Spectroscopy

The FTIR spectrum of surface materials of bamboo culm and rosin at different tem-
peratures were obtained to determine the reasons of discoloration of bamboo surface.
The FTIR spectrum results are shown in Figure 5. First, the FTIR spectrum of bamboo
surface materials shows the typical transmittance peaks of bamboo, e.g., 3400, 2925, 1730,
1517 and 1458 cm ™! [48,49]. The peaks at 3400 cm ™! and 1730 cm ™! correspond to O-H
and C=0 stretching vibration, while the peaks at 2925, 1517 and 1458 cm~! correspond
to the C—H stretching vibration. However, compared to the control bamboo, these typ-
ical transmittance peaks hardly changed after rosin treatment at different temperatures.
Therefore, the discoloration of bamboo surface may have little relationship with bamboo
surface chemicals. Additionally, the Figure 5b shows the typical transmittance peaks of
rosin. Among these, the peaks at 1694 cm ! and 1276 cm ! corresponds to C=0 stretching
vibration, which belong to carbonyl group in carboxyl group [22,32]. Carboxyl group is a
chromogenic group, which is easy to be oxidized, resulting in discoloration [50]. Compared
the rosin at different temperatures, it can be seen that the peak intensity at 1694 cm ! and
1276 cm~! decreased and broadened with the increase of temperature. This means that the
stretching vibration of carbonyl group is weakened, which may be due to the oxidation
of carboxyl group of rosin under the action of heat. In detail, when the temperature rises
to 50 °C, both of peak’s width at 1694 cm~! and 1276 cm~! gradually increase and the
intensity gradually decrease. These are consistent with the discoloration of bamboo in
Figure 2. The FTIR results also revealed that the discoloration of bamboo surface is caused
by the oxidation discoloration of rosin under heating, rather than the material change of
bamboo itself.

T
3400 2025 o\ 17301517 o |10 1270
o e ~RIBC-80°C \c=0 e 138 P _ic0 'C=0
\ . 4 ’ if N ‘ - A " Rosin-25°C \ AR YN N e
4\ ™\ I / \ !/ WA v
1 s RTBC-70°C | | 2 Y v
- I
= Rosin-40°C : r
RTBC-60°C 3 : l
Q A I
~ . g Rosin-30°C | L
_—"RTBC-50°C = ' |
/\r/ or é | :
_ RTBC-40°C 2 Rosin-60°C | !
1
——— = : |
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" L
Control BC IPeen | |
N I e
|

3500

3000
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Figure 5. Fourier transform infrared spectroscopy spectra of (a) control bamboo culm and rosin-treated bamboo culm
(RTBC) at different temperature; and (b) rosin at different temperature.
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3.4. Eye Tracking Analysis

Figure 6 presents the total gaze time, gaze numbers, and average gaze time before
and after rosin treatment at different temperatures. The total gaze time represents the total
time each subject looked at a particular culm during the observation period while gaze
numbers refer to the number of times subjects looked at a specific culm. The average gaze
time is the average of the duration of the subject’s line of sight on the bamboo culm each
time. The gaze time and numbers reflect the volunteers’ attention to the bamboo culms [38].
The average gaze time is used to measure the difficulty of information extraction [37,38].
The larger the value, the more complex the subject and its details, and the longer the
interpretation time. First, it can be seen that the gaze time of rosin-treated bamboo culms
are all higher than that of the control. This suggests that the rosin treatment has increased
the attention given to the bamboo culms by participants. The gaze time of the 60 °C
treatment was the highest. Combined with surface color and texture, the brown stripes
may have been the key factor attracting the subject’s attention. Research shows that certain
knots on the wood surface will result in a certain decorative effect and give people a simple
and natural feeling [51]. A similar phenomenon may have occurred with the bamboo
surface. Additionally, the intensity of stripes may also affect feelings. Comparing the gaze
time of bamboo culms treated at 60 °C, 70 °C and 80 °C, it is evident that with the increase
of stripe density, the gaze time decreases, i.e., the degree of interest decreases. Furthermore,
the lightness of the bamboo culm gradually decreases from 60 °C to 80 °C, suggesting
that lightness may also influence people’s interest. This is also reflected in the bamboo
culm treated at 50 °C. This culm had the lowest gaze time (Figure 6) despite having the
smoothest surface (Figure 4b,c) and highest gloss value (19.6—Table 1) among all groups.
This may be related to the lower lightness of the bamboo. Moreover, a high gloss has been
shown to induce dizziness [52]. This may also be the reason for the reduction of gaze time
for 50 °C. The gaze numbers show a similar trend to the total gaze time, except at 80 °C.
The gaze number for 80 °C is lower than that of the control group, which suggests that the
bamboo culm treated at 80 °C has no better visual effect than the control culm. The gaze
time of 80 °C is also only slightly higher than the control. Additionally, the average gaze
times of the treated bamboo culm are all higher than the control group and are positively
correlated with temperature. The culms treated at 60-80 °C have longer average gaze times
(0.48 s, 0.51 s and 0.56 s) than those treated at 25-50 °C (0.44 s, 0.41 s, and 0.42 s) (Figure 6).
This may be due to the brown stripes of the culms treated at higher temperatures which
provide more complexity than the uniform surface of those treated at lower temperatures.
The complex surface requires more time to observe and interpret. Furthermore, for bamboo
culms with stripes, the average gaze time of bamboo treated at 80 °C is the highest (0.56 s),
followed by 70 °C (0.51 s) and 60 °C (0.48 s) in succession. This could be due to the
complexity of surface information increasing with an increase in stripe density correlated
to temperature (Figure 4a).

The heat map showed the overall effect of all the gaze points on the samples [53].
The visual intensity mapped here reflects the degree of preference for each treatment at
each temperature. The gaze frequency and time are represented using a color gradient
between green-yellow-orange-red. Green represents a lower gaze frequency and shorter
gaze time, while red represents a higher gaze frequency and longer gaze time. Figure 7
intuitively shows the gaze regions and visual presentation. From the heat map, the gaze
point concentration area is distributed between the 60 °C and 40 °C treatments. The control
group and bamboo treated with 70 °C and 80 °C have fewer gaze points. Considering the
three factors of color, gloss and texture, the light color, appropriate gloss and sparse stripes
may attract the most attention of all the bamboo culms. On the contrary, dark color, high
gloss, and dense, uneven stripes attract less attention. The lower lightness and uneven
texture at 80 °C received very little attention. Similarly, the bamboo culm treated at 50 °C
with lower lightness and higher gloss obtained less attention than the culm treated at 40 °C.
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Figure 6. The total gaze time, gaze numbers, and average gaze time of bamboo culms.

Figure 7. The heat map of bamboo culms in eye tracking test.
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The subjective reviews respond to the “color”, “gloss”, and “texture” preference of
testees. The results are shown in Figure 8. It shows that: (1) in terms of color comfort,
the comfort preference of bamboo culm treated at 80 °C was obviously lower than that
of the control group, and higher comfort recognition was obtained at 40 °C and 50 °C;
(2) as regards the sense of gloss comfort, the bamboo culm treated at 25 °C, 50 °C, and
80 °C obtained the lower comfort recognition than control. Among these, the gloss at
25 °C and 80 °C were considered dull, while that at 50 °C was considered dazzling; these
may be the reason why bamboo culms at 50 °C and 80 °C are less concerned than others;
(3) by the texture preference, 73% of testees preferred a solid color bamboo surface, while
27% preferred texture one; this shows that the bamboo with solid color surface has a
wider audience, and the textured surface is also loved by a small number of people;
(4) additionally, as for texture density, the comfort recognition gradually decreased from
60 °C to 80 °C. It could be inferred that texture comfort weakened with the increase of
texture density.
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Figure 8. Subjective comfort evaluation results of color, gloss and texture preference of testees on bam-
boo culm surface. (a) color comfort; (b) gloss comfort; (c) texture preference; (d) texture density comfort.

From the results of subjective reviews, it could be inferred that the increased gaze
time and number of bamboo culm treated at 60 °C and 70 °C may be results of its texture
attracting more attention and requiring more time to observe. However, it could not
infer that subjects prefer stripes from the more gaze time and numbers, because the
proportion of testees who prefer stripes in subjective comfort evaluation is much less than

that of pure color. Besides, the great color and gloss comfort recognition also contribute to
higher attention.

4. Conclusions

In this study, natural resin rosin was used to modify bamboo culm at different temper-
atures. The visual characteristics were then analyzed quantitatively and qualitatively. At
room temperature (25 °C), rosin was deposited in a granular form on the bamboo surface
and increased the roughness of culm. This reduced the surface gloss but had little effect on
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the color of the bamboo. A proper heating treatment (40 °C and 50 °C) was conducive to
the formation of a continuous rosin film, which then improved the gloss value. At these
temperatures, the color of the bamboo culm also changed from green and yellow to red
and blue. As temperature rose to 60 °C, the bamboo epidermis was shed. Some stripes
were formed due to the shedding of the epidermal layer, and these became denser with the
increase in treatment temperature. The results of the eye tracking experiment indicated
that rosin modification at any temperature increased the observer’s visual interest in the
bamboo culm. From the rosin-treated culms, those with stripes formed by the shedding of
the epidermis increased the gaze time of bamboo culm. However, compared with textured
bamboo, solid-colored surfaces get more preference. Lastly, the appropriate improvement
of brightness and gloss also increased the attractiveness of the bamboo culm. Quantita-
tive color and gloss measurements, combined with qualitative eye tracking experiments,
can more comprehensively analyze the effect of rosin on the visual characteristics of the
bamboo surface. Natural rosin resin could effectively improve the visual characteristics
of bamboo culm, and different visual effects on bamboo culm surfaces were obtained in
different temperature ranges.
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