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a b s t r a c t
The paper is a study of the color appearance and chromogenic pigment of red coral, using spectro-
photometer and Raman spectrometer. The results shows that under the standard D65 light source, 
the color of 86 pieces of coral samples is white-red with a hue angle h0∈(21.07, 151.98); the lightness 
value is L*∈(32.97, 88.70), which is above average; the chroma value is C*∈(1.40, 48.42), with a large 
variation range. The chromogenic pigment in red coral is a mixture of two polyene pigments, both 
of which are cis-trans isomeric. One pigment is red with a hue angle h0 of about 20 degrees and 
the other pigment is yellow-orange with a hue angle h0 > 50 degrees. Red coral also contains some 
colorless and opaque substances, which affect the lightness L* and transparency of coral. The results 
show that the content of these colorless and opaque substances is related to the species of coral. 
In the future, if the specimens are further enriched and a database is established, it will help to 
distinguish the species of coral without damage.
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1. Introduction

Red coral belongs to the family Coralliidae, whose skel-
etons have been known worldwide for their use as gemstones 
and ornaments [1–3]. Their common colors are white, yellow, 
pink, orange, orange-red, red and crimson. According to 
species and origins, the red corals on the market can be 
divided into Corallium japonicum [4], Corallium konojoi [4,5], 
Corallium elatius [6] and Corallium secundum [7] in the Pacific 
region, and Corallium rubrum [8–10] in the Mediterranean 
and North Atlantic [11] region.

The skeletons of red coral consist of inorganic and 
organic components [12–15], whose mineral component is 
calcium carbonate [12] crystallized in the form of calcite, and 
whose organic component accounts for less than 2% of the 

total weight of the skeletons, including proteins, lipids and 
sugars [13].

The color origin of red and pink corals has not yet been 
fully explained until now [1,16–19]. In 1937, Ranson and 
Durivault [20] proposed that red coral was colored by red 
iron salt, which was later proved wrong. In 1992, Allemand 
and Grillo [21] studied the Raman spectrum characteristics 
of carotenoids and pointed out that carotenoids are common 
chromogenic pigments in animals in nature. In 1986, Merlin 
studied red coral by resonance Raman spectroscopy. Raman 
spectra showed characteristic spectral lines similar to those of 
carotenoid molecules. Compared with the Raman spectra of 
standard carotenoids, it was found that the stretching vibra-
tion signal of pigment C–C in red coral was shifted in the 
Raman spectra. Therefore he proposed two hypotheses for 
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polyene pigments in red coral: carotenoids containing side 
methyl groups and polyacetylene chains without side methyl 
groups [12]. These two hypotheses have aroused a wide 
debate in academic circles.

In 2007, Cvejic and Tambutté et al. [33] successfully 
extracted canthaxanthin and its trans-structure from Corallium 
rubrum. However, they only mass spectrometry was used 
to prove the extracted components, so the argument that 
the extracted component was canthaxanthin was ques-
tioned by scholars, but the extraction process was confirmed 
[22,23]. The same period, a polyene pigment containing 8–16 
conjugated C=C bonds is considered to be the organic chro-
mogenic pigment of red coral [18,24,25]. Recently, Ain et al. 
[26] have applied density functional theory to analyze the 
structure and vibrational Raman spectra of the all-trans polyene 
model of Corallium rubrum in detail. It is concluded that the 
all-trans polyene pigment in Corallium rubrum contains 11–12 
conjugated C=C bonds, and the larger the number of C=C 
and C–C polyenes contains, the stronger the correspond-
ing Raman signal will be. Therefore, polyenes containing 
less conjugate bonds will generate weak signals, which will 
be covered by other polyenes containing more conjugated 
bonds. As a result, the Raman spectra cannot indicate that 
Corallium rubrum merely contains a single polyene pigment.

The perception and influencing factors of red coral color 
are light source, red coral and the observer. Different light 
sources have different spectral energy distribution and red 
coral itself selectively absorbs visible light, so that red coral 
presents different color characteristics.

Colorimetric system is increasingly used in gemmologi-
cal research [27–30], such as tourmaline [31], jadeite [32–35], 
golden citrine [36], etc. CIE 1976 L*a*b* color space has good 
uniformity, suitable for the expression and calculation of all 
object colors. Accordingly, it is widely adopted and used by 
all countries in the world as an international common color 
measurement system [31]. Prior to this, no one has applied 
CIE chromaticity theory to quantitative description of red 
coral color, specifically quantifying the visual characteristics 
of color. Therefore, the paper combines Raman spectroscopy 
with CIE chromaticity theory to study the color appearance 
and chromogenic pigment of red coral.

2. Materials and methods

2.1. Samples

The 86 pieces of coral samples adopted in this experi-
ment are all surface polishing, some of which are branches 

of coral and the rest are corals with oval surface, belonging 
to three biological species and one unknown biological spe-
cies, respectively (Table 1). The color of coral samples varies 
from white to crimson and from translucent to opaque with 
resin-glass luster. The measured part is uniform in color, 
with a minimum sample size of 5 × 8 mm and a maximum 
sample size of 68 × 79 mm. The spectrophotometer tests the 
spot diameter of 4 mm, and the Raman spectrometer can 
measure the spot microscopically, and the sizes of these 
samples meet the measurement requirements of both.

2.2. Experimental instruments

2.2.1. Raman spectrometer

In this experiment, 86 samples of red coral are tested by 
Microscopes Raman Spectrometer at the Laboratory of School 
of Gemology, China University of Geosciences (Beijing).

Test Instrument: Lab RAM HR Evolution Raman 
Spec trometer

Test method: Argon ion laser 532 nm laser, scanning 
spot 100 nm

Test range: 100–1,065 cm–1, 200–3,800 cm–1

2.2.2. ASHLEY X-Rite SP62 integrating spherical 
spectrophotometer

The color data of 86 coral specimens are tested under 
the D65 light source by using the ASHLEY X-Rite SP62 
integrating spherical spectrophotometer, with the measure-
ment range of 360–750 nm, the measurement time of less 
than 2.5 s, the wavelength interval of 10 nm, and the voltage 
of 240 V, the current of 50–60 Hz. In addition, the test condi-
tion is reflection, including specular reflection, data results 
obtained using CIE1976L*a*b* uniform color space.

3. Results and discussion

3.1. Raman spectrum study of red coral

3.1.1. Raman spectrum of red coral

Even under intense laser irradiation, the color of the deep 
red precious coral used in jewellery is very stable, and there 
are no color changes in 86 Raman spectroscopy tests.

As shown in Fig. 1, the Raman spectra of the white corals 
in the front row have three strong signals at 284, 715, and 
1,088 cm–1. There are three weak signals at 1,750; 1,019; and 
1,438 cm–1and these six signals are Raman signals belonging 

Table 1
Colors and species of 86 samples used in this experiment

Color Corallium rubrum Corallium elatius Corallium japonicum Unknown species

White – M1-M2 – 01–02
Pink – M3-M11 – 03–08
Orange – M12-M18 – 09–11
Orange red S1-S4 M19-M22 – 12–13
Red S5-S16 M23-M28 A1-A17 –
Crimson S17-S20 – A18-A25 –
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Fig. 1. Raman spectrum of 86 red coral samples.
Note: The Raman spectra of different species of corals are represented by different colors; the Raman spectra are arranged by 
appearance of the sample color, with white in front and red in the back; for convenient comparison, the Raman spectrum is pulled 
along the longitudinal axis.

Table 2
Red coral Raman shift spectrum signal position and its attribution

Wavenumbers (cm–1) Calcite Attribution References

284 284 Calcite, rotational lattice mode [37]
387 – Organic This work
575 – Organic This work
715 715 Calcite, CO3 in plane bending [37]
878 – Organic This work
1,019 1,019 HCO3

−, or CH3 rocking [37]
1,088 1,088 Calcite, CO3 sym stretch [37]
1,127 – Organic, ν2(C–C) [12]
1,181 – Organic This work
1,297 – Organic This work
1,438 1,438 Calcite, CO3 sym stretch [37]
1,518 – Organic, ν1(C=C) [12]
1,588 – Organic This work
1,750 1,750 Calcite [37]
2,143 – Organic overtone/combinational [37]
2,251 – Organic, 2ν2 [37]
2,535 – Organic overtone/combinational [37]
2,632 – Organic, ν1 + ν2 [37]
2,983 – Organic overtone/combinational [37]
3,029 – Organic, 2ν1 [12]
3,367 – Organic, 3ν2 [12]
3,734 – Organic overtone/combinational [37]
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to calcite (Table 2) [12,37]. With the transition from white to 
red, that is, with the appearance of pigments and the increase 
of pigment concentration, there are six strong signals which 
are in 1,127; 1,181; 1,518; 2,251; 2,632; and 3,029 cm–1 in the 
Raman spectra of corals appearing and 10 weak signals at 
387; 575; 878; 1,297; 1,588; 2,143; 2,535; 2,983; 3,367; and 
3,734 cm–1 appearing. These 16 Raman signals belong to 
organic pigments (Table 2) [12,37]. As seen from the front 
to the back in Fig. 1, as the pigment content increases, the 
Raman signal of the organic pigment constantly gets stron-
ger than that of the calcite, and the Raman signal of the cal-
cite is weakened relative to the Raman signal of the pigment 
[38–48]. The signal at 1,019 cm–1 gets relatively stronger as 
the pigment concentration increases, and it belongs to both 
calcite and organic pigment.

As shown in Fig. 1, in the white and red coral samples, 
six signals belonging to calcite can be observed but no signal 
belonging to aragonite was observed. Once again, for the 
coral samples used in this paper, its inorganic composition 
is calcite crystals. The Raman spectral line of the coral shows 
that the Raman signal ν(284 cm–1) produced by the rotation 
of the calcite lattice and the relative strength of the Raman 
signal ν(1,088 cm–1) generated by the extension of the CO3 
system in the calcite will change. The same sample (S1) was 
tested by Raman spectroscopy from different directions 
and found that the relative strength change of this signal is 
because the angle between the laser direction and the direc-
tion of formation of the measured coral sample is different, 
which indicates that the coral is a calcite aggregate gem-
stone, and the calcite crystals inside the coral have the ori-
entation in certain degree during aggregation. Comparing 
the Raman spectra of different species of corals, it is found 
that there is no significant difference in their Raman spectral 
signals, meaning that the coloring pigments are extremely 
likely to be the same. The pigmentation of pearls is a mixed 
polyene pigment [18], in comparison, the composition of 
such polyene pigments in red corals is probably not a single 
one, but is a mixture of 2–3 polyene pigments.

This organic pigment possesses two distinct strong 
Raman signals of 1,127 and 1,518 cm–1 and is a typical ole-
fin containing conjugated C–C and C=C units. The vibra-
tion signal of C–C in carotenoids is about at 1,150 cm–1, 
and the vibration signal of C–C in this organic pigment is 
located at 1,127 cm–1 which is a big difference. The change 
in the position of the C–C signal is due to a decrease in the 
number of CH3 substituted on both sides of the all-trans 
polyene, which is considered to be not a carotenoid ole-
fin. The Raman signal of the organic pigment at 1,019 cm–1 
belongs to CH3, and the existence form of CH3 has three 
possibilities:

• Exist at both ends of the organic dye polyene chain, and 
the substitution group at both ends of the organic dye 
polyene chain contains CH3;

• Exist on both sides of the organic pigment polyene chain, 
that is, on both sides of the organic pigment – the amount 
of CH3 is less than the carotenoid but not null;

• Exist on both sides of the organic pigment polyene 
chain and also on both ends of the organic color polyene 
chain. These three possibilities are all there to be further 
explored by future scholars.

3.1.2. Study on Raman spectrum signal intensity of organic 
pigments in red coral

Signal intensity is the area of the peak in Raman spec-
trum. The signal intensity at a certain position in Raman 
spectrum is related to the type of functional groups that 
generate signals, the energy intensity of laser excitation, 
and the number of functional groups (functional group con-
centration) per unit volume. After baseline treatment of the 
original Raman spectrum without longitudinal stretching, 
the peak fitting is performed to calculate the area and the 
signal intensity values at each position are obtained.

In Fig. 2, ν(1,127 cm–1) signal strength is taken as the 
abscissa, signal strength of ν(1,019 cm–1), ν(1,181 cm–1), 
ν(1,518 cm–1), ν(2,251 cm–1), ν(2,632 cm–1), and ν(3,027 cm–1) 
are, respectively, taken as the input points in the ordinate 
coordinate, and input points of 86 pieces of red coral sam-
ples are concentrated in one figure. It can be seen that their 
signal strengths are basically positively correlated, but the 
correlation degree is slightly different. Use Origin to judge 
their correlation:

• The Pearson correlation coefficient of ν(1,127 cm–1) and 
ν(1,019 cm–1) is 0.97838;

• The Pearson correlation coefficient of ν(1,127 cm–1) and 
ν(1,181 cm–1) is 0.97108;

• The Pearson correlation coefficient of ν(1,127 cm–1) and 
ν(1,518 cm–1) is 0.99746;

• The Pearson correlation coefficient of ν(1,127 cm–1) and 
ν(2,251 cm–1) is 0.96488;

• The Pearson correlation coefficient of ν(1,127 cm–1) and 
ν(2,632 cm–1) is 0.96803;

• The Pearson correlation coefficient of ν(1,127 cm–1) and 
ν(3,027 cm–1) is 0.96101;

• Their correlation coefficients are all above 0.95.
• Therefore, the concentration of functional groups that 

generate these signals is positively correlated.

The signal ν(1,019 cm–1) belongs to CH3, signal ν(2,251 cm–1), 
ν(1,127 cm–1) belongs to the C–C, signal ν(1,518 cm–1), 

Fig. 2. Signal intensity projection of 86 pieces of red coral samples 
in the Raman spectra.
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ν(3,027 cm–1) belongs to the C=C, ν(2,632 cm–1) belongs to the 
synergism of C–C and C=C, ν(1,181 cm–1). Its belonging is not 
clear (Table 2) [12,37]. It can be inferred that the concentra-
tion of CH3, C–C, and C=C in organic pigments is positively 
correlated. This provides a basis for further analysis of the 
composition of organic pigments in red coral.

3.2. Study on red coral color based on CIE1976L*a*b* uniform 
color space

3.2.1. Coral color

Under the standard D65 light source, the color of 86 pieces 
of coral samples is white-red with a hue angle h0∈(21.07, 
151.98); the lightness value is L*∈(32.97, 88.70), which is 
above average; the chroma value is C*∈(1.40, 48.42), with 
a large variation range, which is consistent with the color 
appearance of the samples.

In addition to five samples with white appearance, tones 
of 81 samples are in the orange-red region with a hue angle 
h0∈(21.07, 51.23), as shown in Fig. 3.

3.2.2. Pigment concentration of coral

The signal intensity of the Raman spectrum is positively 
correlated with the measured substance concentration.

The higher the concentration is, the stronger the signal 
will be, but the signal intensity is also affected by the tested 
laser energy, environment, noise, sample fluorescence, etc., 
so it is not viable to use the peak signal of organic matter with 
different corals to represent and then compare them.

The main component of red coral is calcite, which accounts 
for more than 98% of the total composition. Therefore, if the 
content of calcite in coral can be regarded as a relatively con-
stant value, that is, the content of calcite in each coral sample 
is the same, Raman spectrum of will be the same too. Thus, 
the ratio of the signal intensity representing the organic pig-
ment content and the signal intensity representing the calcite 
content is the relative content of the organic pigment in each 
sample, which is the concentration and recorded as Y.

ν(1,088 cm–1) and ν(1,127 cm–1) are the strongest peaks 
of inorganic matter and the strongest signals of organic 
pigments, respectively, which are close. When the pigment 
concentration is small, the signal intensity of the two can be 
obtained relatively accurately; however, when the pigment 
concentration is large, the ν(1,088 cm–1) signal will be swal-
lowed by the ν(1,127 cm–1) signal, and the error will be large.

ν(715 cm–1) and ν(1,019 cm–1), the signal intensity is 
positively correlated with ν(1,088 cm–1) and ν(1,127 cm–1) 
when the pigment concentration is large, and if the Raman 
measurement range is set at 100–1,065cm–1, it is not affected 
by the signals of ν(1,088 cm–1) and ν(1,127 cm–1), but since 
the signal strength of ν(715 cm–1) is very weak, the error 
still exists.

In summary, the Y value needs to be considered simul-
taneously with the signal intensity ratios of ν(1,019 cm–1) 
and ν(715 cm–1), ν(1,127 cm–1) and ν(1,088 cm–1) in order 
to reduce the error, but when the pigment concentration is 
large, the error is still large. Therefore, in the factual study, it 
is necessary to utilize the Raman spectrum figure longitudi-
nally stretched by samples of different samples to compare 
the relative intensity relationship between the inorganic 
signal and the organic pigment signal.

3.2.3. Relationship between coral pigment concentration 
and color

As shown in Fig. 4, the pigment concentration of red 
coral is negatively correlated with the lightness of red coral 
color, that is, the greater the pigment concentration is, the 
smaller the lightness L* will be, and the color of red coral 
is the color of inorganic calcite and colorless and opaque 
organic matter, which is presented as white and has the high 
lightness. With the appearance of the pigment, the color 
appearance gradually changes to yellow, pink, orange, and 
orange red, and the lightness decreases, the pigment con-
centration further increases, and the color appearance color 
changes to red and deep red (Bovine blood), the brightness 
further decreases.

The points in Fig. 4 are dispersed because of different 
types of corals, calculation errors of pigment concentration, 
and systematic errors in experimental measurements. There 
is a large error in the calculation of the pigment concentra-
tion, but the pigment concentration and the brightness are 
significantly correlated. Therefore, in the study of the color 
of the red coral below, the lightness Y is used instead of the 
pigment concentration Y.

As shown in Fig. 5, when L* value is higher and the 
range is from 55 to 90 (55, 90) and the pigment concentration 
is lower, the hue angle h0 of the coral is still in the range of 
(23.98, 51.23), and the color of the coral changes from orange 
to red. As the pigment concentration increases, the bright-
ness L* decreases, and the value of h0 becomes convergent, 
approaching h0 = 32.

At low pigment concentration, the hue angle range is 
large, so the coloring pigment of the coral presenting the cor-
als is not single, which are different colors. Among them, at 
least one red pigment exists, and orange-yellow pigment is 
also present, and changes of their ratios and concentration 
cause that when the coral is at a low pigment concentration, 
the changing range of h0 is still large. In the pale yellow (04) 

 

Fig. 3. Projection of 86 pieces of red coral samples in CIE 1976 
L*a*b* uniform color space.
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or pale pink (M3) samples, their organic pigment signals both 
appear on the Raman spectrum and both of orange and red 
are common colors of olefin pigments, which can be inferred 
that the two color pigments are olefins.

In 2018, Rozuki et al. [22] extracted two pigments from 
red corals by chromatography and found the same molec-
ular weight by mass spectrometry; Ain et al. [26] applied 
density function theory to the study of red coral pigments, 
which shows that the pigment in red coral may not be sin-
gle, but a mixture; their polyene chain length difference is 
within 2 and 3 C=C unit. The analysis of signal intensity of 
Raman spectrum from above shows that CH3, C–C, C=C are 
present in the mixed pigment and their numbers are pos-
itively correlated. We can make the assumption that the 
polyene pigment in the coral is not a single one, but is mixed 
by two polyene pigments. The two pigments are cis-trans 

isomerism, and the length of the polyene chain and the type 
and number of functional groups are the same. The pigment 
produces red, the hue angle h0 is about 20 degrees, and the 
other pigment produces yellow-orange, whose hue angle 
h0 > 50 degrees. When L* is low, whose range is (30, 55), 
the pigment concentration is high. As the pigment increases, 
L* continues to decrease, and the hue angle h0 of the coral 
color decreases from orange red to red. At high pigment 
concentrations, the decrease in hue angle h0 may be due to 
an increase in the proportion of red pigment, or it may be 
because the red color of the red pigment masks the color of 
the yellow-orange pigment.

As shown in Fig. 6, different species of red coral have 
different hue angle h0 and chroma C*. Analyzed by origin, 
the Elson correlation coefficient between Corallium japonicum, 

Fig. 4. Pigment concentration of red coral Y and color lightness 
of red coral. Fig. 5. Color lightness L* and color hue angle h0 of 81 red corals. 

Note: Color appearances of five corals are white and coral 
samples without organic pigment are not considered.

(a) (b)

Fig. 6. (a) L* and C* of 81 red corals and (b) h0 and C* of 81 red corals.
Note: Color appearances of five corals are white and coral samples without organic pigment are not considered.
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Corallium elatius, Corallium rubrum and unknown species, 
and red coral hue angle h0 with chroma C* is 0.86, 0.83, 0.84, 
and 0.23, respectively.

And the hue angle h0 of Corallium japonicum, Corallium 
elatius, and Corallium rubrum is positively correlated with 
chroma C*. The greater the hue angle is, the brighter the color 
will be. As shown in Fig. 6, when L* is higher and the range 
is (55, 90), the pigment concentration is relatively lower and 
as the pigment concentration increases, L* decreases and the 
color chroma C* increases. When L* is lower, the range is (30, 
55), the pigment concentration is high, and as the pigment 
concentration increases, L* decreases, and the color satura-
tion C* decreases. The pigments are from nothing to more, 
the color is from nothing to bright, the pigment concentra-
tion reaches a certain level and then rises, the color changes 
from bright to deep, and this process is also the process of 
increasing color chroma C* and then decreasing.

As shown in Fig. 7, the chroma coefficient of red coral 
color C* and a* is 1.04, and the correlation coefficient with 
b* is 1.78. The correlation coefficient between C* and a* is 
closer to 1, which indicates that relationship between a* and 
b* is closer and that red color contributes more than yellow, 
corresponding with the red appearance of red corals.

3.2.4. Coral color comparison of the same pigment 
concentration

Since there is a large error in calculating the relative 
concentration of organic matter in red coral, after longitu-
dinal stretching of the Raman spectrum, we picked up five 
groups of samples with the same inorganic signal intensity 
from the organic signal at ν(1,127 cm–1), ν(1,518 cm–1), and 
ν(1,088 cm–1) to study and discuss. After the stretching, the 
organic signal and inorganic signal intensity are the same, 
which means, the organic–inorganic signal intensity ratio 
is the same, the concentration of the organic energy group 
contained in the sample is the same, and the pigment con-
centration is the same.

As shown in Fig. 8 and Table 3, comparing samples of 
the same pigment concentration, we can find the following 
rules:

At the same pigment concentration, the lightness L* of 
Corallium elatius and Corallium rubrum corals were similar, 
which were significantly higher than Corallium japonicum 
corals and corals of unknown species. This is due to the fact 
that Corallium elatius and Corallium rubrum corals contain 
more colorless and opaque organic small particles, such as 
sugars, lipids, proteins, etc. [13]. Although they have no color, 
they can significantly improve the lightness of the coral L* 

 

Fig. 7. Relationship between red coral’s chroma C* and a*, b*.

Fig. 8. Raman spectrum of red coral with the same pigment 
concentration.
Note: (a) Raman spectra of samples 08, M3, (b) Raman spectra 
of samples 10, 11, M8, and M9, (c) Raman spectra of samples 
No. 12, 13, and M11, (d) Raman spectra of samples A1, A2, A4, 
and M17, and (e) Raman spectra of samples A18, A20, M14, M16, 
S1, S4, and S7.
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and reduce its transparency, which is corresponding with the 
“porcelain texture” of Corallium elatius coral, the “Gummy 
texture” of Corallium rubrum coral, and “glass texture” of 
Corallium japonicum coral. In the future research, the bright-
ness L* and pigment concentration data of different species 
of red corals will be continuously enriched, and a database 
will be produced. Simply obtain the Raman spectrum and 
the lightness L* of the red coral, and compare the databases, 
the species can be distinguished, which is a brand-new and 
non-destructive method for identifying coral species.

4. Conclusions

In the experiment, we used Raman spectroscopy and 
hand-held colorimeter to study the different species of 
red corals. The results show that the coral samples used 
in the study were all calcite instead of aragonite. The sig-
nal intensity ratio of Raman v(715 cm–1) and v(1,019 cm–1) 
in calcite was not constant, which is about angle between 
the testing laser and coral growth direction. Red coral is 
an organic calcite aggregate gemstone, so the tiny calcite 
crystals inside it are collectively oriented. The red coral of 
different biological species has the same Raman spectrum 
of the coloring organic pigment, which can be inferred that 
the color- developing pigments are the same. There is a pos-
itive correlation between the relative intensity of the main 
organic signals in the Raman spectrum, that is, the number 
of organic functional groups producing the signal is posi-
tively correlated, moreover, the Elson correlation coefficient 
is bigger than 0.95, indicating that the number of CH3, C–C, 
and C=C functional groups in the polyene organic pig-
ment is positively correlated. Under the standard D65 light 

source, the color of the red coral sample is white-red, hue 
angle h0∈(21.07, 151.98); the lightness is medium to upper, 
the lightness value L* is (32.97, 88.70); the chroma’s chang-
ing interval is large, chroma C* is between (1.40, 48.42); after 
removing five white red corals without organic pigment, the 
red coral color is in the orange-red area, and the hue angle 
is h0∈(21.07, 51.23). Such a large range of hue angles indi-
cates that the pigmentation color of the coral is not single 
and the color is different, at least one color is red, and at least 
one color is orange-yellow, whose ratio and concentration 
change causes various colors of coral change.

Combining the results of previous studies [22,26], we 
hypothesized that the polyene pigment in coral is not a sin-
gle one, but is a mixture of two polyene pigments, which 
are cis-trans isomers and polyenes. The length of the chain 
and the type of the functional group are the same. One color 
of the pigment is red, the hue angle h0 is about 20 degrees, 
and the other pigment color is yellow-orange, and the hue 
angle h0 > 50 degrees. Red coral also contains some colorless 
and opaque substances. This colorless opaque substance is 
a mixture of sugars, lipids, and proteins that affect the light-
ness L* and transparency of corals. Moreover, the content 
of these colorless and opaque substances is related to the 
biological species of corals, and further enriching the spec-
imen and establishing database in the future, which can be 
used as a non-destructive method for distinguishing coral 
species.
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