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Abstract: The silk fabrics were matching dyed with three
natural edible pigments ( red rice red, ginger yellow and
gardenia blue). By investigating the dyeing rates and lifting
properties of these pigments, it was observed that their
compatibilities were excellent in the dyeing process: dye
dosage 2.5% (omf), mordant alum dosage 2.0% (omf) ,
dyeing temperature 80 °C and dyeing time 40 min. The silk
fabrics dyed with secondary colors exhibited vibrant and
vivid color owing to the remarkable lightness and chroma of
ginger yellow. However, gardenia blue exhibited multiple
absorption peaks in the visible light range, resulting in
significantly lower lightness and chroma for the silk fabrics
dyed with tertiary colors, thus making it suitable only for
matte-colored fabrics with low chroma levels. In addition,
the silk fabrics dyed with these three pigments had a color
fastness that exceeded grade 3 in resistance to perspiration,
soap washing and light exposure, indicating acceptable
wearing properties. The dyeing process described in this
research exhibited a wide range of potential applications in
matching dyeing of protein-based textiles with natural
colorants.
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0 Introduction

Natural dyes, derived from plants, minerals and
even insects, have been employed in textile production
for centuries™,  offering a  sustainable and
environmentally  friendly alternative to  synthetic
counterparts. The use of natural dyes not only adds
vibrant and distinct hues to fabrics but also aligns with the
growing global emphasis on eco-conscious practices in
various industries' ™. Extracted from plants, dyes like
indigo'*", madder' """ and turmeric'""** not only give a
diverse color palette to textiles but also contribute to a
reduction in the environmental impact associated with
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traditional dyeing processes. While natural dyes have
gained popularity due to their eco-friendly and sustainable
qualities, they also suffer certain drawbacks when applied
in the textile industry, such as limited color range and
color fastness, inconsistency in color and high cost,
which limit their commercialization in textiles.

Natural edible pigments can be employed as
colorants for various food products, offering exceptional
safety, while also providing diverse nutritional and
pharmacological benefits'"***'. In comparison to natural
dyes utilized in textile dyeing processes, the demand for
natural edible pigments is significantly higher, resulting
in elevated levels of industrialization and relatively
consistent product performance'®'. The utilization of
natural edible pigments as colorants for textiles is
commonly found in literature reports®"*"*"  albeit
primarily limited to monochrome or secondary color
combinations. This restriction arises from the varying
affinities and diffusion rates exhibited by different natural
pigments toward fibers. When pigments with significantly
divergent dyeing rates are dyed on fabrics, they result in
uncontrollable color hues and wuneven dyeing.
Consequently, reported instances are scarce regarding the
matching dyeing of textiles using natural edible pigments,
particularly those involving tertiary colors.

The present study focused on the selection of red rice
red, ginger yellow and gardenia blue as the three primary
colors for dyeing silk fabrics. Firstly, the dyeing rates
and lifting properties of these pigments were studied to
optimize the dyeing process and verify their
compatibility. Subsequently, the effects of matching
ratios on K/S value, lightness L" , red-green degree a” ,
yellow-blue degree b” , chroma value C, and hue value
H of dyed silk fabrics were investigated by matching of
red and yellow, yellow and blue, as well as blue and
red, respectively. In addition, the properties of
secondary and tertiary colors and the corresponding
application conditions for dyed silk fabrics were clarified
by comparing the color characteristic values. Finally,
measurements were performed on the color fastness of the
dyed silk fabrics.
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1 Materials and Methods

1.1 Materials

The silk twill fabrics ( 140% 140, 50 g/m’) were
purchased from Zhejiang Xidebao Silk Technology Co.,
Ltd., China. Red rice red, ginger yellow and gardenia
blue were obtained from Zhejiang Nuoyi Biotechnology
Co., Ltd., China, and purified before use. The chemical
structures of the main components of the three natural
edible pigments are depicted in Fig. 1. The mordant alum
(KAI(SO,), - 12H,0, purity > 99% ) and acetic acid
were purchased from Shanghai Aladdin, China.

(b) (©)
Fig. 1 Chemical structures of the main components of three natural
edible pigments; (a) red rice red; (b) ginger yellow;
(c) gardenia blue

1.2 Methods

1.2.1 Dyeing process
The dye liquor was prepared by blending dyes
(2.0% (omf)) and mordants (2.0% (omf)) with a
bath ratio of 1:30. The pH value of the dye liquor was
adjusted to 4—5. The dyeing process was carried out in an
infrared dyeing machine ( HWX-24, Quanzhou Meibang
Instrument Technology Co., Ltd., China). The dyeing
temperature increased from room temperature to 80 C at a
heating rate of 1 C/min. After dyeing for 40 min, the
fabrics were taken out and washed with the saponin solution
(2 g/L, 60 C), then rinsed with water and dried.
1.2.2 Matching of secondary and tertiary colors

Matching of secondary colors. The combination of
two dyes mixed in mass ratios of 10 : 0, 9 : 1, 7 : 3,
5:5,3:7,1:9and 0 : 10 were selected, thus each
secondary color consisted of seven samples, resulting in a
cumulative total of 18 samples after eliminating three
duplicate samples.

Matching of tertiary colors. An L,.(5") orthogonal
array with three factors (red, yellow and blue) and five
levels (1, 3, 5, 7 and 9) was constructed. Then the
ratios were normalized to calculate the appropriate amount
of dye for each sample. The mass ratios of red rice red :
ginger yellow : gardenia blue are; 1 : 1 :1, 1 :3:
1:5:5,1:7:7,1:

’

3
9:9,3:1:3,3:3:5,

3:527,31729,32911,51125,52317,
5:5:9,5:7:1,5:9:3,7: 27,72329,
7:5:1,7:7:3,7:9:5,9: 9,9 :3:1,
9:5:3,9:7:5and9:9:7.

1.2.3 Dyeing uptake and lifting of dyes

The absorbance of the dye liquor was measured
using an ultraviolet ( UV )-Vis spectrophotometer ( UV-
5500PC, Shanghai Metash Instrument Co., Ltd., China)
both before and after dyeing. The dye uptake D, and dye
amount D, are calculated by

D, = (1-A/A,) x 100%, (1)
D, = (1-4/4,)C, (2)

where A, and A represent the absorbance at the maximum
wavelength of the dye liquor before and after dyeing,
respectively; C is the amount of dye depending on the
mass of the silk fabrics before dyeing.

1.2.4 Color characteristic value

The color characteristic values of the silk fabrics
were measured with a spectrophotometer ( Datacolor 800,
Datacolor Co., USA) equipped with a D65 light source
and a spectral scanning range of 350-800 nm.

1.2.5 Color fastness

The color fastnesses were evaluated according to
GB/T 3921—2008 Textiles—tests for color fastness—
color fastness to washing with soap or soap and soda,
GB/T 3922—2013 Textiles—tests for color fastness—
color fastness to perspiration and GB/T 8427—2019
Textiles—tests for color fastness—color fastness to
artificial light . Xenon arc fading lamp test.

The silk fabrics treated according to the above testing
standards were rated referring to GB/T 250—2005
Textiles—tests for color fastness—gray scale for
assessing change in color.

2 Results and Discussion

2.1 Compatibility of dyes

The compatibility of dyes is crucial for color
matching. We assessed the color-matching performance
of three natural edible pigments, namely red rice red,
ginger yellow and gardenia blue, by measuring their
dyeing uptake and lifting of dyes at various temperatures.

As depicted in Fig. 2, all three pigments are rapidly
dyed on silk fabrics during the initial stage. Because the
three pigments contain a large number of hydroxyl or
carbonyl groups, in the presence of metal ions of the
mordant, they can form hydrogen bonds and coordination
bonds with carboxyl groups, amino groups and hydroxyl
groups on the side chains of silk fibers. Meanwhile, the
hydroxyl groups bear negative charges and can establish
ionic bonds with the positive charges on silk fibers under
acidic conditions. After dyeing for 40 min at 60 C, all
three pigments reach a state of dyeing equilibrium with a
dye uptake of approximately 80%. The order of the dye
affinity is as follows: red rice red > ginger yellow >
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gardenia blue. This indicates that these three pigments
exhibit a favorable affinity towards silk fabrics in the
presence of the mordant. Moreover, when the dyeing
temperature increases to 80 C, the dye uptake of all three
pigments is  significantly = enhanced,  achieving
approximately 95%. The temperature rise enhances the
kinetic energy of dye molecules and increases the pore
size of the fibers, thereby facilitating dye penetration into
the fiber interior and improving the dye uptake. For these
three pigments, a high dye uptake has already been
achieved at 80 C. However, exceeding this temperature
may potentially impact the structure of natural dyes.
Therefore, 80 C is an optimal temperature for dyeing
silk fabrics with these three pigments.
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Fig. 2 Dye uptake of red rice red, ginger yellow and
gardenia blue as a function of dyeing time at the
temperature of 60 C and 80 C

By varying the dosage of these three pigments, a
comparison was made on the differences in the dye
amount on fabrics between 60 C and 80 C. As
illustrated in Fig. 3, there is an almost linear increase in
the dye amount with the increasing dye dosage below
1.0% (omf) at 60 °C. Further increasing the dye
dosage, the dye amount for all fabrics reaches equilibrium
at approximately 2.5% (omf) and shows a minimal
change when the dye dosage increases to 3. 0% (omf).
The results demonstrate that the silk fabrics reach
saturation in terms of adsorption for all three pigments at
a dosage of 2.5% (omf). Among them, red rice red
exhibits the highest dye amount due to its longer
conjugated system in the molecular structure, which
enhances its affinity to silk fibers, compared to the other
two pigments. By increasing the dyeing temperature to
80 T, a corresponding enhancement in the equilibrium of
the dye amount for all three pigments is achieved.

Based on the discussion above, it is found that the
optimal dyeing process of red rice red, ginger yellow and
gardenia blue on silk fabrics are as follows: dye dosage
2.5% (omf), mordant alum dosage 2.0% ( omf),
dyeing temperature 80 C and dyeing time 40 min. The
matching dyeing on silk is suitable for these three natural
pigments under the given dyeing condition.
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Fig.3 Dye amount of red rice red, ginger yellow and gardenia
blue as a function of dye dosage at the temperature of
60 C and 80 C

2.2 Matching of secondary colors

The scatter plots are generated by utilizing the mass
ratio of secondary color, resulting in the formation of a
triangle in three dimensions. The data points are
uniformly distributed along the edges of this triangle
(Fig. 4(a)). From Figs. 4(b)-4(f), it is evident that
the varying mass ratios of these three pigments exert a
substantial influence on the K/S, hue, chroma and
lightness values of silk fabrics. In Fig. 4 (d), the
maximum peak absorption wavelength at 525 nm
characterizes monochromatic red. With an increasing
mass ratio of ginger yellow, there is a gradual decline in
the K/S value. At a mass ratio of 5 : 5, there is an
inversion in the maximum peak absorption wavelength,
resulting in 430 nm. Simultaneously, a” decreases while
b" increases and L~ improves (Fig. 4(b), R, G and B
in Fig.4 ( b ) represent red, green and blue,
respectively ) , indicating a transition from red to yellow
and an improvement in the lightness of the silk fabrics.
Subsequently, there is a gradual increase in the K/S value
and a change in the hue value of the fabrics from 14° to
60° while chroma remains relatively unchanged
(Fig.4(c) ). Further increasing the mass ratio of ginger
yellow leads to an additional enhancement in the lightness
and the chroma of silk fabrics. Moreover, when the mass
ratio exceeds 5 : 5, an upward trend can be observed in
K/ S values. The results suggest that both red rice red and
ginger yellow have a comparable effect on the K/S value
and the chroma of silk fabrics dyed with secondary
colors, whereas ginger yellow significantly enhances the
lightness of silk fabrics.

The absorbance curves of the silk fabrics dyed with
ginger yellow and gardenia blue are depicted in
Fig.4(e). Ginger yellow exhibits its maximum
absorption wavelength at 425 nm, resulting in a low K/S
value of 2.5 but high chroma and lightness. When the
mass ratio reaches 7 : 3, the dominant color shifts to
gardenia blue. As the mass ratio of gardenia blue
increases further, the lightness of the silk fabrics
gradually decreases while the K/S value rapidly increases
due to the narrow and sharp absorption peak at 625 nm. It
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is worth noting that the chroma values of the fabrics also
demonstrate a decreasing trend because gardenia blue has
an additional absorption peak at 425 nm (Fig. 4(e),
orange hollow square ). The presence of multiple
absorptions result in the formation of mixed
complementary colors, leading to a decrease in the
chroma for gardenia blue'™'. Conversely, ginger yellow
exhibits a broad absorption peak solely at 425 nm within
the visible light range'®’, contributing to its
complementary color appearing as highly bright and
vibrant hues.

Figure 4 (f) illustrates the absorbance curves of the
silk fabrics dyed with gardenia blue and red rice red. Due
to the significant absorption peak at 625 nm of gardenia
blue, red rice red dominates the secondary color until
reaching a mass ratio of 3 : 7. Subsequently, while the
K/S value of the silk fabrics gradually increases, it
remains noticeably lower than that observed for gardenia

blue. Additionally, the lightness and the chroma of the
silk fabrics decrease with an increasing mass ratio of
gardenia blue. The curves possess distinct peaks at 425,
525 and 625 nm, resulting in a more blended
complementary hue and consequently reducing chroma to
its minimum level.

Comparing these three pigments, it can be observed
that ginger yellow exhibits higher levels of lightness and
chroma while having a lower K/S value. In contrast,
gardenia blue displays lower levels of lightness and
chroma but has a higher K/S value. Red rice red falls
somewhere in between. Considering the overall secondary
color situation, the lightness values range from 51.9% to
91.2%, hue values span from 14.1° to 347.7°, and
chroma values ranges from 13.3% to 65.5%. Through
the analysis of the matching of secondary colors, it can
be inferred that silk fabrics dyed with these three pigments
exhibit vivid and vibrant hues.
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Fig. 4 Characteristic values and images of secondary colors; (a) scatter plots for the mass ratios of secondary colors; (b) L*, a” and
b" of silk fabrics dyed with secondary colors; (c¢) C and H of silk fabrics dyed with secondary colors; (d) K/S value as a
function of wavelength for silk fabrics dyed with red rice red and ginger yellow; (e) K/S value as a function of wavelength for
silk fabrics dyed with ginger yellow and gardenia blue; (f) K/S value as a function of wavelength for silk fabrics dyed with
gardenia blue and red rice red; (g)—(i) images of silk fabrics corresponding to (d)—(f) sequentially

categorized into five groups. By connecting these
sampling points to five polygons, it can be observed that
each color occurs in equal proportions, indicating a
uniform dispersion of sampling points in this experiment.

2.3 Matching of tertiary colors

The scatter plots are constructed with the matching
ratio of tertiary colors ( Fig. 5(a)). Following the
principle of orthogonal design, the sampling points are
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This effectively covers the matching of three colors.
Compared to secondary colors, tertiary colors
demonstrate a greater range of diversity within the
L"a"b" color space. However, their lightness values
fall within a range of 48.9% to 67.1% (Fig. 5(b)),
which is noticeably lower than that of secondary colors
(51.9% —91.2%). This discrepancy arises from the
principles of subtractive color mixing in dye matching,
where an increase in dye variety leads to enhanced
absorption of natural light across various wavelengths and
consequently diminishes reflected light, resulting in
decreased lightness. In addition, from the perspective of
chroma and hue values, the hue values of tertiary colors are

mainly concentrated between 0° and 270° (Fig. 5(c¢)),
which correspond to the region between red and purple.
These hue values exhibit a uniform distribution across
regions I, I and I, mirroring that of secondary
colors. However, the chroma values of tertiary colors
exhibit a color variation range of 5. 0% to 34. 7% , with
the majority falling below 20%. This low chroma of
tertiary colors can be attributed to more multiple
absorptions compared to secondary colors. No matter
what, the incorporation of tertiary colors can effectively
address the deficiencies in hue found in secondary colors
and fulfill the requirements for achieving low chroma
matte color (Fig. 5(d)) on silk fabrics.

10+
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5

Fig. 5 Characteristic values and images of tertiary colors: (a) scatter plots for the mass ratios of tertiary colors; (b) L™, a” and b~ of
silk fabrics dyed with tertiary colors; (c¢) C and H of silk fabrics dyed with tertiary colors; (d) images of silk fabrics dyed with

tertiary colors

2.4 Color fastness

The selected silk fabrics dyed with tertiary colors
were subjected to test for color fastness to perspiration,
soap washing and light exposure. The corresponding
results are presented in Table 1. R : Y : B in Table 1
represents the mass ratios of red rice red : ginger yellow :
gardenia blue.

The color fastness of silk fabrics all exceeds
grade 3, demonstrating an acceptable color fastness.
For detailed analysis, it can be observed that when
the mass ratio of red rice red is high, the color
fastness is decreased, especially for the soap-washing
fabric. The possible reason for this is that red rice red
has a relatively high molecular weight, making it

difficult to penetrate the interior of the fiber during
the dyeing process. As a result, the dye on the
surface is easier to detach from the fabrics during soap
washing. Nevertheless, the silk fabrics dyed with
natural pigments satisfy the requirements for daily
wear. This can be attributed to the relatively good
stability of the selected three pigments and their
strong affinity with silk fibers. Furthermore, the
addition of a mordant facilitates the formation of ionic
bonds between metal cations, pigments and fibers,
thereby improving light fastness as well. Therefore,
silk fabrics dyed with a matching color of red rice
red, ginger yellow and gardenia blue can effectively
meet textile color fastness requirements.
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Table 1 Color fastness of silk fabrics dyed with tertiary colors

Perspiration Soap washing .
R:Y: - - — - — - - — - — Light exposure
Discoloration Staining (silk) Staining (cotton) Discoloration Staining (silk) Staining ( cotton)
1:1:1 3_4 4-5 4 4-5 4 4 3
1:3:3 3-4 4 4 4 4 4 3-4
3:1:3 4 4-5 4 3-4 4 3.4 3
3:5:7 4 4 4-5 4 3-4 4 3
5:1:5 3-4 4 3-4 4 4 3
5:5:9 4 3-4 4 34 4 3.4 3-4
7:9:5 4 4 3 3-4 4 3
7:3:9 4 4-5 5 4 4 34 3.4
9:1:9 3-4 4 4 4 3
9:5:3 4 4 3-4 3 3
plant materials using ultrasound [ J]. Industrial
3 Conclusions Crops and Products, 2011, 33(1) ; 116-122.
[ 3] SHALINI S, BALASUNDARA PRABHU R,
Three natural edible pigments, namely red rice red, PRASANNA S, et al. Review on natural dye
ginger yellow and gardenia blue, were applied to the sensitized solar cells: operation, materials and
matching dyeing of silk fabrics. The optimal dyeing methods[ J]. Renewable and Sustainable Energy
process of the pigments on silk fabrics is as follows: dye Reviews, 2015, 51: 1306-1325.
dosage 2.5% ( omf ), mordant alum dosage [ 4] HAII A, NAEBE M. Cleaner dyeing of textiles
2.0% (omf), dyeing temperature 80 C and dyeing time using plasma treatment and natural dyes; a review
40 min. Under this condition, the dyeing uptake and [ J]. Journal of Cleaner Production, 2020, 265
lifting of dyes of these three pigments exhibit a high 121866.
degree of similarity. Comparing these three pigments, it [5] KAMEL M M, EL-SHISHTAWY R M,
can be observed that ginger yellow exhibits higher levels YUSSEF B M, et al. Ultrasonic assisted dyeing
of lightness and chroma while having a lower K/ value. [T]. Dyes and Pigments, 2005, 65(2): 103-
In contrast, gardenia blue displays lower levels of lightness 110.
and chroma but has a higher K/S value. Red rice red falls [6] OMAR A, ALIM S, ABD RAHIM N. Electron
somewhere in between. Considering the overall secondary transport properties analysis of titanium dioxide
color situation, the lightness values range from 51.9% to dye-sensitized solar cells ( TiO,-DSSCs) based
91.2%, hue values span from 14.1° to 347.7°, and natural dyes using electrochemical impedance
chroma values range from 13.3% to 65.5%. The silk spectroscopy concept: a review [ J]. Solar
fabrics dyed with secondary colors exhibit vivid and Energy, 2020, 207, 1088-1121.
vibrant hues. Tertiary colors demonstrate a greater range of [ 7] SINGH R, JAIN A, PANWAR S, et al
diversity within the L a*b" color space. However, their Antimicrobial activity of some natural dyes[ J].
lightness values noticeably decrease. Nevertheless, Dyes and Pigments, 2005, 66(2) : 99-102.
tertiary colors can effectively address the deficiencies in [ 8] DISALVO E, VECCHIO G L, DE PASQUALE
hue found in secondary colors and fulfill the requirements R, et al. Natural pigments production and their
for achieving low chroma matte color on the silk fabrics. application in food, health and other industries
The silk fabrics dyed with these three pigments can [J]. Nutrients, 2023, 15(8) : 1923.
effectively meet textile color fastness requirements. The [9] CHOWDHURY M F, KHANDAKER S,
application and the promotion of this dyeing technique are SARKER F, et al. Current treatment technologies
highly commendable. and mechanisms for removal of indigo carmine
dyes from wastewater: a review[ J]. Journal of
References Molecular Liquids, 2020, 318 114061.
[10] GUOJIJ, SUNJ G, HU L, et al. Indigo: a
[1] SHAHID M, MOHAMMAD F. Recent natural molecular passivator for efficient
advancements in natural dye applications: a perovskite solar cells [ J ]. Advanced Energy
review [ I ]. Journal of Cleaner Production, Materials, 2022, 12(22) . 2200537.
2013, 53 310-331. [11] CHOI K Y. Discoloration of indigo dyes by eco-

SIVAKUMAR V, VIJAEESWARRI J, ANNA J
L. Effective natural dye extraction from different

friendly biocatalysts [ J ].
2021, 184 108749.

Dyes and Pigments,



434

CHEN Yangyi, ZHOU Shihang, SU Tong, et al.

[12]

[15]

[20]

ZHANG X L, DAI Y M, YANG X Y.
Application of complex green reducing agents in
indigo dyeing [ J ]. Jowrnal of Donghua
University ( English Edition ), 2024, 41 (2):
156-161.

COOKSEY C J. Quirks of dye nomenclature.
14. Madder; queen of red dyes[ J]. Biotechnic &
Histochemistry, 2020, 95(6) ; 474-482.

HOSEN M D, RABBI M F, ABU RAIHAN M,
et al. Effect of turmeric dye and biomordants on
knitted cotton fabric coloration; a promising
alternative to metallic mordanting [ J]. Cleaner
Engineering and Technology, 2021, 3. 100124.

TAN Y Z, WANG Y H, XU Y J, et al
Preparation of alizarin dye dispersion solution and
dyeing of cotton fabric[ J]. Journal of Donghua
University ( English Edition ), 2022, 39 (6):
557-562.

IMANI H, GHARANIJIG K, AHMADI Z. A
novel efficient method for eco-friendly deep
dyeing of wool yarns by extracted madder dyes in
the presence of additives [ J]. Industrial Crops
and Products, 2022, 183. 114970.

MA X, WEI Y, WANG S, et al. Sustainable
ultrasound-assisted ultralow liquor ratio dyeing of
cotton fabric with natural turmeric dye [ J ].
Textile Research Journal, 2020, 90(5/6) : 685-
694.

RAHMAN M M, KIM M, YOUM K, et al.
Sustainable one-bath natural dyeing of cotton
fabric using turmeric root extract and chitosan
biomordant[ J|. Journal of Cleaner Production,
2023, 382 135303.

SHEN N, REN J N, LIU Y X, et al. Natural
edible pigments: a comprehensive review of
resource, chemical classification, biosynthesis
pathway , separated methods and application[ J].
Food Chemistry, 2023, 403 . 134422.

SHARMA M, USMANI Z, GUPTA V K, et al.
Valorization of fruits and vegetable wastes and
by-products to produce natural pigments [ J].
Critical Reviews in Biotechnology, 2021, 41(4) .
535-563.

GHOSH S, SARKAR T, DAS A, et al. Natural
colorants from plant pigments and their

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

encapsulation; an emerging window for the food
industry [ J ]. LWT-Food Science and
Technology, 2022, 153. 112527.

YANML, WANG W F, XU Q Q, et al. Novel
oxidation indicator films based on natural
pigments and corn starch/carboxymethyl cellulose
[ J]. International Journal of Biological
Macromolecules , 2023, 253 : 126630.

DE SOUZA MESQUITA L M, MARTINS M,
PISANI L P, et al. Insights on the use of
alternative solvents and technologies to recover
bio-based food pigments [ J|. Comprehensive
Reviews in Food Science and Food Safety, 2021,
20(1) . 787-818.

ZHANG H J, LIAN Y S, YU J, et al. Eco-

friendly pH indicator based on natural
anthocyanins from lycium ruthenicum [ J J.
Journal of Donghua University ( English

Edition) , 2022, 39(2) : 110-114.

ZHOU L, SHAO J Z. Study on application of
natural plant dye gardenia on cotton coloration
and the dyeing mechanism [ J]. Journal of
Donghua University ( English Edition) , 2006, 23
(5) :122-126.

FENG L L, REN L M, ZHAO Y, et al.
Ecological dyeing of polyamide 6, 6 ( PA66)

fabrics with monascus pigments in
decamethylcyclopentasiloxane (D5) solvent[ J].
Journal of Donghua University ( English

Edition) , 2021, 38(5) : 412-416.
BRUDZYNSKA P, SIONKOWSKA A, GRISEL
M. Plant-derived colorants for food, cosmetic
and textile industries: a review [ J]. Materials,
2021, 14(13) . 3484.

TSUTSUMIUCHI K, TOYOSHIMA T,
HASEGAWA F, et al. Molecular structure of
gardenia blue pigments by reaction of genipin
with benzylamine and amino acids[ J]. Journal
of Agricultural and Food Chemistry, 2021, 69
(13): 3904-3911.

DAS C, CHAKRABORTY S, BERA N K,
et al. Impedimetric approach for estimating the
presence of metanil yellow in turmeric powder
from tunable capacitance measurement[ J]. Food
Analytical Methods, 2019, 12(4) . 1017-1027.



Matching Dyeing and Properties of Silk Fabrics with Natural Edible Pigments 435

22 2 P K 2R B 0 A R DE G 3 6 R P e WE S

A AR, # R, BRE KA, & ok AR
Lo SR AE R 25 S IRz P, Mgt JRM 362000

2. SEINITTE R 4 SRS TRE AR, #WE RM 362000

3. KRR i8R, LifE 201620

i OE: g =R RAE AR (40KL, ZEMEFiE) Pradiaz2ly), did =mMERn g
HARGRTI R, EERMEN 2.5% (omf), BRFIPHFHEN 2.0% (omf), JEHEEN
80 C, MBIl 40 min AT, =FORMELYERL, R TERARNSZE SIMERS, Kt
TRtz 20U R RIS H ST B, TR R AE T WO FEI N B 2 Al SRR @Y
O 22 2L 1) 5 FE BRI B 4 — R W R BRI, BB TR RN B MG B 208 . — IR (L gL (8 22 2L ) Tt
Wit BUERIOEA ST 3 9, R DR =M a8 A RIFMasE, e Ts
FERSR AR PHO YL O 225 25 Jy T HA ) R 9 R FH A5

K. PHEgE,; 281, RAREHER,; kA, k6



