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Non-destructive assessment of the effects of heat and sunlight on akoya pearl quality
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Various factors such as heat and sunlight cause the quality of akoya pearls to deteriorate. We examined
the influence of heat and sunlight treatments on the nacreous shell matrix proteins (NSMPs) of akoya
pearl by detecting changes in the reflectance (i.e. the ratio of reflectance at a wavelength of 254 nm and
282 nm) and fluorescence peak intensity (fluorescence intensity at 340 nm). Heat treatment at 100°C
for up to 768 h caused a small decrease in reflectance value and a large decrease in fluorescence peak
intensity, whereas sunlight at 250 W/m? for up to 768 h caused large decreases in both reflectance value
and fluorescence peak intensity. Quantitative analysis of amino acid composition revealed that the only
aromatic amino acid that decreased in content with heat treatment was tyrosine (by 18 %). Sunlight
treatment decreased the tryptophan content by 78 % and tyrosine by 33 %. These results implied that the
degeneration mechanisms of NSMPs by heat and sunlight treatments were different. By assessing these
different changes in reflectance value and fluorescence peak intensity it may be possible to judge the two
types of quality deterioration without the need to destroy the pearl.

[Key words: akoya pearl, nacreous shell matrix proteins, reflectance spectrum, fluorescence spectrum,
tryptophan, tyrosine]
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Fig. 1. Spectral irradiance distribution of artificial sunlight with

xenon light source (solid line: Suntester XF-180CPS) and
natural sunlight (dot line: CIE Publication No.85).
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Fig. 2. Changes in reflectance spectra of pearls subjected to heat
or sunlight treatment. (A) Heat treatment at 100°C. Solid
line (bold), before treatment; dot line, after 6 h of treatment;
dash line, after 192 h; solid line, after 768 h. (B) Sunlight
treatment at 250 W/m?2. Solid line (bold), before treatment;
dot line, after 24 h of treatment; dash line, after 192 h; solid
line, after 768 h.
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Fig. 3. Changes in Resypse (ratio of reflectance at a wavelength of
254 nm and 282 nm) of pearls subjected to heat or sunlight
treatment. O, Heat treatment at 100°C for up to 768 h; @,
sunlight treatment at 250 W/m? for up to 768 h. Data are
presented as means * SD of 10 pearls.
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Fig. 4. Changes in fluorescence spectra of pearls subjected to
heat or sunlight treatment. (A) Heat treatment at 100°C.
Solid line (bold), before treatment; dot line, after 24 h of
treatment; dash line, after 192 h; solid line, after 768 h. (B)
Sunlight treatment at 250 W/m?. Solid line (bold), before

treatment; dot line, after 24 h of treatment; dash line, after
192 h; solid line, after 768 h.
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Fig. 5. Changes in Fl34 (fluorescence intensity at a wavelength
of 340 nm) of pearls subjected to heat or sunlight treatment.
O, Heat treatment at 100°C for up to 768 h; @, sunlight
treatment at 250 W/m? for up to 768 h. Data are presented
as means = SD of 10 pearls.
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Table 1. Changes in amino acid composition (mg/100 g) in
nacreous layer of the pearl shell after 768 h of heat (100 °C)
or sunlight treatment (250 W/m?).

Amino acid Control Heat Sunlight
Arg 135 109 122
Lys 57 39 35
His 10 18 9
Phe 63 62 57
Tyr 83 68 56
Trp 18 19 4
Leu 152 149 139
Ile 30 28 27
Met 39 34 18
Val 47 47 44
Ala 399 415 404
Gly 462 459 447
Pro 37 36 31
Glu 77 77 75
Ser 113 64 108
Thr 20 12 19
Asp 255 249 251
Cys-Cys 35 26 25

72, AN ZEE, 280 nm AT UL DEEAMR TR S,
340 nm fHIICHOER K2R MY 7 F 7 7 U HRD
WHERTZENHLNT VD20,

RWFFETIE, FERDFHM Tk TIXREE?E - 7e HER DS,
{LIRREEDZER LT F4 ) OMER» SFHET 2 2 & %
HHE LT, HEONHFHAXRYZ PLITEWTRDHND
280 nm T DAY 7 6 IUIZAE B L, 254 nm Tk
% D HICEH Rosy DIE E 282 nm (2 F 1T 2 IR
Rogo DD HRos4080 2 280 nm A 3T D I D 25 (b= D
BELE L CTHW, [FERIC 280 nm DEESME THIEE Z 1
LZNY)TNT 7 DOWHITONT Y, WA E DR
¥ 572 340 nm DHIEHREE Flsy 2 WOCD L EDIE
BEELTHOWR., ZLT, 45 Roymme & Flaglil > T
HHOHLREICET 2G 217072, ZOFR, HE
PEEABEICI T L E DO F4 ) T
GENDFOE M) T NT 7 hIRT Rosuese & Flagg
DEALIZONWT, 7 4 V7 AD \iatE %z Hv CELE
X & HBEXD 2 B TREFH D 2 %2 F ZKEE a= 0.01
THELEZAERERELRD LN (Fig. 6).

HERE L RSO Y CTh 5 HEREM AREHC, #ik Xk
UHXEEHOMEZE L CarF4) > D7 I/ BARK
DEALZFRTAER, BAUHEX TIEIEY) >, ALt =2,
) YU A E AL, FEKRT I BTIRF O
AT HT R NERD S (Table 1). —J7, Bk
WBHX T, FEERT I /BON) T 770 LWY
BADERD HNZED, Fasry, VPy, XFF=
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Fig. 6. Relationship between FIs4 (fluorescence intensity at a
wavelength of 340 nm) and Ruos4ese (ratio of reflectance at a
wavelength of 254 nm and 282 nm) of pearls. O, Heat treat-
ment at 100°C from 6 h to 768 h; @, sunlight treatment at
250 W/m? from 12 h to 768 h.
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