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Abstract: Two groups of commercial quality (“acceptable”) pearls produced using two
donors, and a group of “acceptable” pearls from other donors were analyzed using
reflectance UV-Vis spectrophotometry. Three pearls with different colors produced by the
same donor showed different absorption spectra. Cream and gold colored pearls showed a
wide absorption from 320 to about 460 nm, while there was just slight reflectance around
400 nm by the white pearl with a pink overtone. Cream and gold pearls reached a
reflectance peak at 560 to 590 nm, while the white pearl with pink overtone showed
slightly wider absorption in this region. Both cream and gold pearls showed an absorption
peak after the reflectance peak, at about 700 nm for the cream pearl and 750 nm for the
gold pearl. Two other pearls produced by the same donor (white with cream overtone and
cream with various overtones) showed similar spectra, which differed in their intensity.
One of these pearls had very high lustre and its spectrum showed a much higher percentage
reflectance than the second pearl with inferior lustre. This result may indicate that
reflectance is a useful quantitative indicator of pearl lustre. The spectra of two white pearls
resulting from different donors with the same color nacre (silver) showed a reflectance at
260 nm, followed by absorption at 280 nm and another reflectance peak at 340 nm. After
this peak the spectra for these pearls remained flat until a slight absorption peak around
700 nm. Throughout the visible region, all white pearls used in this study showed similar
reflectance spectra although there were differences in reflectance intensity. Unlike the
spectral results from white pearls, the results from yellow and gold pearls varied according
to color saturation of the pearl. The results of this study show that similarities between
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absorption and reflectance spectra of cultured pearls resulting from the same saibo donor
are negligible and could not be detected with UV-Vis spectrophotometry. Nevertheless, this
technique could have a role to play in developing less subjective methods of assessing pearl
quality and in further studies of the relationships between pearl quality and that of the
donor and recipient oysters.
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1. Introduction

The process of cultured marine pearl production requires a piece of nacre-secreting mantle tissue
from a donor oyster (known as saibo), to be grafted with a round nucleus into the gonad of a recipient
pearl oyster. The grafted mantle tissue proliferates to form a layer of secretory tissue, which deposits
successive layers of nacre onto the nucleus. This process results in the formation of a cultured pearl
after approximately two years [1]. Pearls resemble the inner part of the nacreous molluscan shell [2].
The quality of nacre composing the pearl is generally assumed to resemble that of the donor oyster, and
donor oysters are chosen primarily on the basis of their nacre quality [3]. Donor selection is assumed to
contribute significantly to resulting pearl quality [4]. However, no prior study has compared the quality
of pearls resulting from the same donor.

Pearl quality is determined by five primary factors: lustre, color, shape, surface contour and size
[2,5-7]. Many of these characteristics are subjective and may depend on individual perceptions [5].
Pearl grading is also labor intensive and requires skill and experience. A pearl grader has to be able to
quantify and collate all visual observations and allocate each pearl to a defined grading level. However,
techniques are available that may assist in reducing subjectivity in assessing some aspects of pearl
quality. For example, UV-visible (UV-Vis) spectrophotometry utilizing a diffuse reflectance accessory
can be used to assess material properties based on reflected light. This technique has been extensively
applied in a wide-range of chemical analyses of gaseous, liquid and solid materials [8-12]. As UV-Vis
light passes through, or is reflected by, a material, specific groups of wavelengths are absorbed and the
remaining light is reflected and interpreted by the eye as color. Based on the wavelengths detected
within the ultraviolet and eye-visible regions, UV-Vis spectroscopy can rapidly identify chemical
properties and color pigments in a non-destructive way. Because pearl color and overtone is
determined by the way in which light is reflected through the various outer layers of nacre forming the
pearl, this technique has obvious potential application in quantification of pearl color.

UV-Vis spectrophotometry has been used to record the reflectance of pearls from Pinctada maxima
and P. margaritifera [13,14] as well as freshwater pearls [15]. These studies showed that pearl color
could be clearly characterized by peaks in reflectance spectra, which are correlated with the presence of
particular pigments in the nacre layers [13,14].

This study used UV-Vis spectrophotometry equipped with a diffuse reflectance accessory, to
compare pearls produced by Pinctada maxima. Emphasis was placed on the application of this
procedure in assessing pearls produced by the same mantle donors and pearls of various colors
(from white/silver to gold) and overtones.
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2. Results

Spectral analysis of pearls originating from two donors, represented by the upper and lower graphs
in Figure 1, respectively, showed the same reflectance peak recorded in the UV region at 260 nm,
followed by absorptions (converse of reflectance peaks) ranging from 270 to 280 nm, then a second
peak in the region of 320 to 340 nm. Figure 1A shows variation of spectra of three different pearls
from the same gold donor. Cream and gold colored pearls (RDG 5-3 and RDG 5-6) showed a wide
absorption from 320 to about 460 nm, while there was just slight reflectance around 400 nm in the
white pearl with pink overtone (RDG 5-4). The cream and gold pearls (RDG 5-3 and RDG 5-6)
reached a reflectance peak at 560 to 650 nm, while the white pearl with pink overtone had a slightly
wider absorption in this area (RDG 5-4). Both cream and gold pearls showed an absorption peak after
the reflectance peak: at about 700 nm for the cream pearl and 750 nm for the gold pearl. Figure 1B
shows absorption spectra of two pearls resulting from another gold donor. These spectra are similar,
but differ in their intensity and in the broad reflectance maximum at around 560 nm for the white pearl
with cream overtones (RDG 13-6).

Figure 1. UV-Vis spectral data (reflectance) for (A) three Pinctada maxima pearls from the
same gold donor; and (B) two pearls from another gold donor.
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The spectra of two white pearls resulting from different silver nacre donors (RD 2-2 and RD 7-7), a
rejected pearl (mostly covered with organic material), and a pearl nucleus are shown in Figure 2. The
spectra of the two white pearls showed a reflectance at 260 nm, followed by absorption at 280 nm and
another reflectance peak at 340 nm. After this peak the spectra for these pearls remained flat until a
slight absorption peak around 700 nm. Spectral data recorded for the “rejected pearl” showed that
reflectance was not obvious in the UV area (<380 nm; Figure 2). After sloping down to 330 nm, the
spectral line rose steadily, passing through the visible region until reaching a maximum at 780 nm. It
showed a wide range of absorption. The spectrum of the pearl nucleus showed a slight reflectance peak
at 260 nm with a slight absorption in the UV region (Figure 2). The spectral line for the pearl nucleus
increased gradually up to a wavelength of 530 nm then decreased only very slightly passing through the
visible region.

Figure 2. UV-Vis spectral data (reflectance) of two white pearls from different silver
donors, a rejected pearl from Pinctada maxima, and a pearl nucleus.
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3. Discussion

UV-Vis spectral analysis of pearls has been shown to have considerable potential in characterizing
pearl color. For example, yellow-colored pearls and yellow shell nacre from P. maxima showed
characteristic maximum absorption between 330 and 385 nm while “heat-treated” yellow pearls from
P. maxima did not [13], allowing treated pearls to be distinguished from natural pearls of similar color.
Similarly, visible spectrophotometry has also been used to identify the presence of chromatophores,
which show characteristic absorption at 700 nm and provide natural color to Tahitian black pearls from
P. margaritifera [14]. Absorption at 700 nm is not shown by P. margaritifera pearls that are treated to
assume similar dark color [15], which again provides a means to distinguish between naturally colored
and treated pearls. UV-Vis absorption spectra can also be used to distinguish between the cultured
pearls of P. margaritifera and P. maxima [15]. This study is the first to compare pearls from
P. maxima produced using the same donor. It shows similar maximum absorption of yellow and gold
pearls at around 330-385 nm to those recorded by Elen [13]. The yellow and gold pearls from the same
donor (RDG 5-3 and RDG 5-6) in this study also showed similar absorption spectra. The maximum
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absorption at 330-385 nm is the peak of the wide absorption of 320-460 nm recorded in yellow and
gold pearls in this study. Elen [13] reported an absorption similarity in the area of
320-460 nm between yellow shell nacre and yellow/gold pearls. These absorption wavelengths also
characterize the differences between yellow shell nacre and white shell nacre from P. maxima. Yellow
shell nacre showed high absorption between 330-460 nm, which was not evident in white shell
nacre [13]. The result of this study also confirms that there is a wide absorption in the same area
(330460 nm) recorded in yellow/gold pearls but no absorption in white pearls. The area between
330-460 nm characterizes yellow-gold pearls from P. maxima.

One similarity shown by all nacre covered pearls analyzed in this study (i.e., except the rejected
pearl) was a reflectance peak at 260 nm as well as absorptions from 270 to 280 nm in the UV region. A
recent study conducted with diffuse reflectance UV-Vis-NIR showed that absorption in the UV region
of freshwater pearls collected from two freshwater pearl mussel species (Hyriopsis cumingi and
H. schlegeli) was similarly at 280 nm [16]. The spectral curves recorded for both the rejected pearl and
the pearl nucleus in this study do not comply with these characteristic absorption spectra shown by
pearls. There was wide absorption across the whole UV and visible ranges by the rejected pearl but just
a small absorption by the pearl nucleus. This may indicate that the nacreous part of pearls is primarily
responsible for absorption in the UV region. Based on the amount of absorption shown by the rejected
pearl, it is likely that the amount of organic matrix plays an important role in the variation of spectral
formation in the UV region. The amount of matrix protein composing the surface of the rejected pearl
created the wide absorption in both UV and visible regions. The pronounced absorption recorded in the
UV region for the pearls used in this study, although not as wide an area as shown by the rejected pearl,
indicates that the amount of organic matrix in the nacre of these pearls is lower than in the rejected
pearl. Furthermore, a similar reflectance and absorbance in the UV region recorded for the nucleus,
although it is just a little, may indicate a trace of organic matrix.

Throughout the visible region, all white pearls used in this study showed similar reflectance spectra
although there were differences in reflectance intensity. Unlike the spectral results from those white
pearls, the results from yellow and gold pearls varied according to color saturation of the pearl. A weak
absorption in the violet region of the visible part marks the spectra of both RDG 5-3 and RDG 13-6. It
is followed with a rather strong reflectance of yellow-green color at around 560 to 590 nm. These
spectral characteristics confirm the existence of yellow color in the pearls used in this study. Unlike the
yellow pearls, strong absorption in the violet region characterized the gold pearl (RDG 5-6). This was
followed with a strong reflectance of yellowish-orange color which is visible to the eye. A similar
result was also recorded by Elen [13] when he compared the reflectance of
natural-color and heat-treated golden cultured pearls that he assumed were from P. maxima. He
reported broad absorption in the violet region for both natural and treated pearls with yellow and
golden colors but not for the white pearls. The absorptions were, however, lower in treated pearls. The
same range of absorption was also recorded for the yellow colored lip area of the inner shell surface
of P. maxima [13].

The color of pearls may come from either the structure of the nacre or the pigments lying in the
nacre [16-18]. In the study conducted by Snow et al. [17] with pearls from Pinctada maxima, the color
variations seen in pearls from P. maxima were shown to result not only from pigments but also as a



Mar. Drugs 2010, 8 2522

result of their structure. They reported that white and gold colors were influenced by differences in the
thickness of the edge-band (matrix between the aragonite platelets that make up nacre). They stated
that white pearls had a 70 nm edge-band thickness while the edge-band of gold pearls can be up to
90 nm. They also reported that color saturation is determined by the uniformity of nacre structure; the
more uniform it is then the more saturate the color. This color appearance has also been detected
through UV-Vis reflectance in this study. The more saturated pearl color is indicated by a big variation
in wavelengths such as that shown by the gold pearl. Other pearls, i.e., yellow pearls or even white
pearls, however, showed small variation in the wavelengths.

The results of this study show that similarities between absorption and reflectance spectra of
cultured pearls resulting from the same saibo donor are negligible and could not be detected with UV-Vis
spectrophotometry. Although such pearls showed the same absorbance at 280 nm in the UV region,
this characteristic was also seen in other pearls tested. Furthermore, this study cannot confirm
similarities of certain reflectance intensity characteristics in pearls seeded with saibo from the same
donor since there were different reflectance wavelengths and intensities among pearls originating from
the same saibo donor. However, this is only one part of the equation; further study is needed to
compare the structural and elemental composition of donor shell nacre and the nacre of pearls resulting
from saibo from that donor, before firmer conclusions can be made.

UV-Vis spectrophotometry has proven to be a useful tool in prior studies which have used this
technique to distinguish between naturally colored and treated cultured pearls and to determine
absorption spectra characteristics associated with particular pearl colors [13,15]. While the present study
could not identify spectra characteristics of pearls resulting from the same saibo origin, the data indicate
that UV-Vis spectrophotometry may also have value in quantifying another pearl “virtue”—lustre. Two
pearls used in this study originated from the same saibo donor (RDG 13-2 and RDG 13-6) and showed
very similar absorption spectra. They differed, however, in their lustre and this is clearly shown in the
intensity of reflectance recorded for each pearl. RDG 13-2 was the only pearl in this study with the
highest lustre grading and it showed considerably greater reflectance than all other pearls.

This study assessed a non-qualitative method for determining the characteristics of pearl color.
UV-Vis spectroscopy is non-destructive and can be used to determine different pearl colors, pearl
origin, color enhancements and treatment, and as a quantitative measure of pearl lustre. This study is
the first conducted with a record of the origin of the pearls used, as well as the first to compare pearls
produced by saibo resulting from the same donor. This technique could become increasingly important
as the pearling industry seeks to develop less subjective methods of assessing pearl quality (grading), it
may also become a valuable tool in further studies of the relationships between pearl quality and that of
the donor and recipient oysters.

4. Experimental Section

Eight pearls from Pinctada maxima (seven “acceptable” pearls and one “rejected” pearl) ranging
from white to gold in color, together with one white pearl nucleus were used in this study (Figure 3,
Table 1). “Acceptable pearls” are pearls appropriate for jewelry purposes while “rejected pearls™ are
not; they have no commercial value. The rejected pearl used in this study was covered primarily with
organic material, not nacre. The studied pearls (Figure 3) were harvested from a commercial pearl farm
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in Bali, Indonesia and graded using the South Sea Pearl Grading System developed commercially by
Atlas Pacific Ltd. (e.g., McGinty et al. [19]). Pearl samples with labels RDG 5-3, 5-4 and 5-6 as well
as RDG 13-2 and 13-6 were from the same saibo donor while two other pearls were from different
donors (RD 2-2, RD 7-7). No treatment was conducted on the pearls to enhance color or lustre after
harvest with the exception that they were cleaned with a soft cloth. Nacre thickness was also recorded
by subtracting the nucleus diameter from the pearl diameter.

Figure 3. Pearls from Pinctada maxima analyzed in this study. Top (left to right):
RD 2-2, RD 7-7, RDG 5-3, and RDG 5-4; Bottom (left to right): RDG 5-6, RDG 12-6,
RDG 13-2, and RDG 13-6. Five pearls were from two donors: RDG 5-3, RDG 5-4 and
RDG 5-6 were from the first donor and RDG 13-2 and RDG 13-6 were from the second
donor. Scale bars = 5 mm. Pearl nucleus sizes were 5.8—-7.0 mm.

Table 1. Characteristics of the South Sea pearls produced by Pinctada maxima used in this study.

Code Pearl Color Pearl Pearl size Nacre Thickness Donor  Recipient
Lustre® (mm) (mm) Color®  Color ©
RD2-2 White 3 10.5 3.2 White White
RD7-7 White 3 9.5 2.8 White Yellow
RDG5-3  Cream, various overtone 2 10 3.6 Yellow  Yellow
RDG5-4  White, pink overtone 2 8.5 2.7 Yellow  Yellow
RDG5-6  Gold 2 10.5 4.4 Yellow  Yellow

RDG12-6 Rejected pearl (brown to - - White Yellow

dark brown)

RDG13-2 White with cream 3 10.5 3.5 Yellow  Yellow
overtone
RDG13-6 Cream, various overtone 1 5 Keshi ¢ Yellow  Yellow

#Pearl lustre grading factor: 1 = mirror reflection lustre; 2 = somewhat mirror reflection; 3 = chalky appearance.
®Yellow consists of yellow to gold, and white as white or silver.

°Yellow consists of yellow to gold, and white as white or silver.

¢ A cultured pearl without nucleus, mostly nacreous.
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Because of the opaque nature of pearls, spectroscopy measurements were performed using diffuse
reflectance techniques: Diffuse Reflectance UV-Vis spectroscopy. The reflectance UV-visible spectra
were collected using a Cary 50 UV-Vis spectrophotometer equipped with an external remote Diffuse
Reflectance Accessory (DRA) probe (Barrelino™, Harrick Scientific) that can scan an area less than
1.5 mm in diameter. UV-Vis spectra of pearls were acquired in the region 200-800 nm using
appropriate baseline correction at approximately 100%. The UV-Vis scan rate was 9600 nm min™".
Prior to scanning, the white level was calibrated with Wavelength Reflectance Standard (Labsphere®)
in which approximately 100% reflectance across the entire spectrum is designated as white reference
standard. The spectra were acquired at two different locations on each sample to assess surface
homogeneity. To conduct the scanning, each sample was placed onto a stand and scanned with the
DRA probe connected to the spectrophotometer. The spectral data were then analyzed and the graphs
were smoothed to reduce the noise using the Moving Average method by counting the average of
20 data sets in every fifth wavelength record [20]. The analysis was based mainly on the visible region
of the graph (380750 nm).

Acknowledgements

We thank Atlas South Sea Pearl Ltd. for supporting this research and providing the pearls used in
this study. The first author gratefully acknowledges financial support from AusAID.

References

1. Taylor, J.; Strack, E. Pearl production. In The Pearl Oyster; Southgate, P.C., Lucas, J.S., Eds;
Elsevier: Amsterdam, The Netherlands, 2008; pp. 273-302.

2. Strack, E. Pearls; Ruhle-Diebener-Verlag: Stuttgart, Germany, 2006.

3. Wada, K.T.; Komaru, A. Color and weight of pearls produced by grafting the mantle tissue from a
selected population for white shell color of the Japanese pearl oyster Pinctada fucata martensii
(Dunker). Aquaculture 1996, 142, 25-32.

4. Taylor, J.J.U. Producing Golden and Silver South Sea Pearls from Indonesian Hatchery Reared
Pinctada maxima. SPC Pearl Oyster Information Bulletin No. 15; Secretariat of the Pacific
Community: Noumea, New Caledonia, 2002; p. 30.

5. Ward, F. Pearls; Gem Book Publishers: Bethesda, MD, USA, 1995.

6. Matlins, A.L. The Pearl Book: The Definitive Buying Guide: How to Select, Buy, Care for &
Enjoy Pearls; GemStone Press: Woodstock, VT, USA, 2002.

7. Southgate, P.C.; Strack, E.; Hart, A.; Wada, K.T.; Monteforte, M.; Carifo, M.; Langy, S.; Lo, C;
Acosta-Salmdn, H.; Wang, A. Exploitation and culture of major commercial species. In The Pearl
Oyster; Southgate, P.C., Lucas, J.S., Eds.; Elsevier: Amsterdam, The Netherlands, 2008;
pp. 303-356.

8. Kemper, T.; Sommer, S. Estimate of heavy metal contamination in soils after a mining accident
using reflectance spectroscopy. Environ. Sci. Technol. 2002, 36, 2742-2747.

9. Agatonovic-Kustrin, S.; Tucker, I.G.; Schmierer, D. Solid state assay of ranitidine HCI as a bulk
drug and as active ingredient in tablets using DRIFT spectroscopy with artificial neural networks.
Pharm. Res. 1999, 16, 1477-1482.



Mar. Drugs 2010, 8 2525

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Burger, T.; Ploss, H.J.; Kuhn, J.; Ebel, S.; Fricke, J. Diffuse reflectance and transmittance
spectroscopy for the quantitative determination of scattering and absorption coefficients in
quantitative powder analysis. Appl. Spectrosc. 1997, 51, 1323-1329.

Huang, Y.; Cavinato, A.G.; Mayes, D.M.; Kangas, L.J.; Bledsoe, G.E.; Rasco, B.A.
Nondestructive determination of moisture and sodium chloride in cured Atlantic salmon
(Salmo salar) (Teijin) using short-wavelength near-infrared spectroscopy (SW-NIR). J. Food. Sci.
2003, 68, 482-486.

Ito, M.; Suzuki, T.; Yada, S.; Kusai, A.; Nakagami, H.; Yonemochi, E.; Terada, K. Development
of a method for the determination of caffeine anhydrate in various designed intact tables by
near-infrared spectroscopy: A comparison between reflectance and transmittance technique.
J. Pharm. Biomed. Anal. 2008, 47, 819-827.

Elen, S. Spectral reflectance and fluorescence characteristics of natural-color and heat-treated
“golden” south sea cultured pearls. Gems Gemol. 2001, 37, 114-123.

Komatsu, H.; Akamatsu, S. Studies on differentiation of true and artificially coloured black and
blue pearls. J. Gemmol. Soc. Jpn. 1978, 5, 3-8.

Elen, S. Identification of yellow cultured pearls from Black-lipped oyster Pinctada margaritifera.
Gems Gemol. 2002, 38, 66—72.

Karampelas, S.; Fritsch, E.; Mevellec, J.Y.; Sklavounos, S.; Soldatos, T. Role of polyenes in the
coloration of cultured freshwater pearls. Eur. J. Mineral. 2009, 21, 85-97.

Snow, M.R.; Pring, A.; Self, P.; Losic, D.; Shapter, J. The origin of the color of pearls in
iridescence from nano-composite structures of the nacre. Am. Mineral. 2004, 89, 1353-1358.
Karampelas, S.; Fritsch, E.; Mevellec, J.Y.; Gauthier, J.P.; Sklavounos, S.; Soldatos, T.
Determination by Raman scattering of the nature of pigments in cultured freshwater pearls from
the mollusk Hyriopsis cumingi. J. Raman Spectrosc. 2007, 38, 217-230.

McGinty, E.L.; Evans, B.S.; Taylor, J.U.U.; Jerry, D.R. Xenografts and pearl production in two
pearl oyster species, P. maxima and P. margaritifera: Effect on pearl quality and a key to
understanding genetic contribution. Aquaculture 2010, 302, 175-181.

Fuller, W.A. Introduction to Statistical Time Series; Wiley: New York, NY, USA, 1996.

Samples Availability: Available from the authors.

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



