JCU ePrints

This file is part of the following reference:

Mamangkey, Noldy (2009) Improving the quality of pearls
from Pinctada maxima. PhD thesis, James Cook University.

Access to this file is available from:

http://eprints.jcu.edu.au/11722

JAMES COOK UNIVERSITY


http://eprints.jcu.edu.au/11722

| mproving the quality of pearlsfrom

Pinctada maxima

Thesis submitted by
Noldy Gustaf Frans Mamangkey, S.Pi, M.Sc

~~ JAMES COOK
=~ UNIVERSITY

AUSTRALIA

for the degree of Doctor of Philosophy
in the School of Marine & Tropical Biology
James Cook University

2009



Statement of Access

I, the undersigned, author of this work, understand that James Cook University will make this
thesis available for use within the University Library and, via the Australian Digital Theses

network, for use elsewhere.

| understand that, as an unpublished work, a thesis has significant protection under the

Copyright Act and;

| wish the following restrictions to be placed on this work:

in accessing all copyrighted images including pearl images from The Autore Group on: Fig.

1.6, Fig. 1.7, Fig. 1.8, and Fig. 1.10.

Noldy Gustaf Frans Mamangkey 30 April 2009



Statement of Sour ces

DECLARATION

| declare that this thesis is my own work and has not been submitted in any form for another
degree or diploma at any university or other institution of tertiary education. Information
derived from the published or unpublished work of others has been acknowledged in the text

and a list of references is given.

Noldy Gustaf Frans Mamangkey 30 April 2009



Statement of Contribution of Others

Natur e of Assistance

Contribution

Names, Titles, and
Affiliations of Co-
Contributors

Intellectual support

Proposal writing and
improving writing skills

Statistical support

UV-vis spectrophotmetry
(Chapter 7)

Dr. Gina Curro (JCU)
Dr. Laura Castell (JCU)

Dr. Rosemary Dunn (JCU)

Dr. David Kault (JCU)

Prof. Rhondda Jones (JCU)

Dr. Snezana Agatonovic-
Kustrin (JCU-La Trobe Uni)

Financial support

Whole study

Field research in Bali

Research Grant

AUSAID

Atlas Pacific Ltd (in kind)

Graduate Research Sche

ne

Data collection

Field trip

Pearl seeding

Pearl grading

Mr. Hector Acosta Salmon
(ex JCU, PhD student)

Dr. Joseph Taylor and Dr.
Aurore Lombard (Atlas
Pacific Ltd)

Ms. Berni Aquilina and
seeding technicians in Atlas
Pacific Ltd, Bali

Pearl grading team of Atlas
Pacific Ltd, Bali.




Acknowledgment

It is difficult to overstate my gratitude to my Bh.supervisor, Prof. Paul C. Southgate.
Without his enthusiasm, his inspiration, and hisléiss efforts to explain things, this thesis

would have never been a thesis.

| would also like to thank Dr. Nena Kustrin (La DeUniversity) for letting me know deeper
about UV Reflectance and Atrtificial Neural Networks. Joseph Taylor and his team in
Atlas Pacific Ltd including Dr. Aurore Lombard ftreir assistance during my research in
Bali. Many thanks to Dr. Bruce Carlson and Dr. &tefls Karampelas for valuable
discussions and Jeremy Shepherd for lending me pear¢s. Thanks also to Hector Acosta
Salmon, Erika Martinez-Fernandez, Berni Aquili@atis Lind, and Michael Horne for

helping me during my research at JCU.

My great thanks are also extended to staff of Slchbllarine and Tropical Biology, James
Cook University for their support; in particulardPrRocky de Nys (Head of Aquaculture),
Savita Francis (laboratories and room), Sue Réilistology), Gordon Bailey and Vince
Pullella (IT), Laura Castell (Postgraduate stuadéfiter), Dr. David Kault and Prof Rhondda
Jones (statistical analysis), Dr. Rosemary Duniti(wg) and the OIRS team for their support

during my research at the station.

AUSAID scholarship is greatly appreciated as weldex Salvador (AUSAID liaison
officer) for his great provision. Larissa Siliez&inchia Spinelli and Katherine Elliott at
International Student Centre for their tirelesspgrp | thank members of Indonesian Student

Association for being friends as well as closetreds while in Townsville.



Finally I want to thank my family: my late fatheny mom, Febry and Olmy for their endless
support and prayers. My parents, sister and brathiews for their support and last but not
least to my family: Thessy and Nadine for their@magement, patient, understanding and

love.

This thesis is dedicated to my dad who already Werhe’ (Nicolaas): “hope you could
forgive me, dad”; to my mother for her tireless goiph and love; and to my real pearls:

Thessy and Nadine.

vi



Abstract

The method used for cultured round pearl productiaa developed in the 1920’s and has
changed little since. It utilises mantle tissudtgréisaibo’) from donor oysters which are
killed. The quality of resulting pearls is highhfiuenced by the nacre quality of the donor
and, because of this, a pearl farm’s best oystersacrificed for pearl production. This is
potentially a major constraint to the pearling istty which, unlike most livestock industries,
cannot use its highest quality animals in breegirmgrammes to improve the stock quality.
Recent research has shown that saibo tissue camiozed from donor pearl oysters using
anaesthetics, without killing the oyster, and #ratised mantle tissue is regenerated within
three months. Potential benefits to the cultureatlpadustry from these results include the
use of donor oysters producing high quality peasl®roodstock to improve farmed oyster
stock, and potential multiple saibo donation bynhhigiality donors. These benefits, however,
assume that the mantle tissue of anaesthetisebqyséers and regenerated mantle tissue
perform in a similar manner to ‘normal’ mantle whesed as saibo for cultured pearl
production. Assessing this new approach and teftisgassumption was the basis of this

study which was conducted with the silver- or glgpdpearl oystePinctadamaxima

The experiment reported in Chapter 2 assessed senaasthetics for their efficacy wilh
maxima 3 mL L™* 2-phenoxyethanol, 500 mg1and 1200 mg I* of benzocaine, 1.5 mL

L™ clove oil, 0.25 mL [* and 0.4 mL [* menthol liquid, and 2.5 mL ™ propylene
phenoxetol. Of the 27 oysters exposed to eachmezdt the highest proportion of relaxed
oysters (96.3, 88.9 and 88.9%) and the shortestsexp times required for anaesthesia (13.8
+ 6.4, 10.5 + 7.9 and 15 + 7.1 min), were recorfiedhe treatments of 3 mLt.2-

phenoxyethanol, 1200 mg Lof benzocaine, and 2.5 mLLpropylene phenoxetol,
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respectively. In contrast, none of the oysters sggddnto 0.25 mL [* menthol liquid
became relaxed and most oysters exposed into 1.5 Mtlove oil died during the
experiment. Oysters exposed to 3 ml: 2-phenoxyethanol and 1200 mg‘lbenzocaine
remained relaxed for up to 30 min while the nunifaelaxed oysters exposed to 2.5 mil: L
propylene phenoxetol decreased during that timéh Ye exception of oysters exposed to
clove oil, all relaxed oysters recovered within @ftbeing placed back into seawater and

there was close to 100% survival after one month.

The capacity for regeneration of excised mantkugshyP. maximavas investigated in
Chapter 3. Oysters were anaesthetised with 2.5 thprbpylene phenoxetol prior to a piece
of tissue (approximately 10 mm x 30 mm) being ea@iBom the ventral region of the
mantle. In the first experiment, 56 oysters withamét SD) dorso-ventral measurement
(DVM) of 125.5 + 8.9 mm had tissue excised fronmeitthe right mantle lobe, left mantle
lobe or both mantle lobes. Following a further #rmeonth period in suspended culture,
oyster survival was recorded and two oysters welected arbitrarily from each group to be
sacrificed for histological examination of healedntie. In the second experiment 36 oysters
with mean (x SD) DVM of 151.6 £13.4 mm were useddrcision of the distal part of the
ventral region of the left mantle lobe. Two oystereye sampled at 1, 3, 6, 12, 24, 36, 48, 72
and 120 h (5 days) after mantle excision, and &, 24, 45, 72 and 90 d after mantle
excision for histological and histochemical anaysi mantle regeneration. There was almost
100 percent survival in both experiments. Healind eegeneration of mantle tissue in
oysters subject to excision from the left, righboth mantle lobes was evident, with
regenerated mantle appearing similar to normal lmafAll external and internal components
of normal mantle were present in regenerated méstiee. Epithelization signifying wound

healing occurred within 36 to 72 hours and wasattarised by a reduced wound area,
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haemocyte infiltration and accumulation, and celfliferentiation. Within 48 hours of
mantle excision, the latero-ventral edges of thendoflexed dorsally and attached to the
dorsal edge of the wound reducing the wound aretwé&en five and twelve days after
excision, the distal part of the mantle had divided three small lobes which developed into
the outer, middle and inner mantle folds two weakar. Ninety days after excision the
mantle had completely regenerated with histologiteervations indicating no difference in
epithelial structure or in other internal mantleegsories when compared to normal mantle.
Shell material began to be secreted onto the blgettgenerating mantle twelve days after
excision. Initially this occurred in a position dal to the non-injured mantle edge. However,
forty-five days after mantle excision, regenerateghtle had extended ventrally to a position
similar to that of non-injured mantle. Nacre defiosiby regenerated mantle had now
reached the same position ventrally as that ofinpmed mantle indicating full acquisition of
nacre secreting abilities by regenerated mantleylete regeneration of the mantle had
occurred 90 days after excision when no differemecepithelial structure or other internal

mantle accessories were evident when regeneratedaamal mantle were compared.

The results of Chapters 2 and 3 showed that apjpte@naesthetics can be used to rélax
maximato allow mantle excision, and that excised matntkue could regenerate with
secretory functions within 3 months of excision. {Bis basis, it would be possible to obtain
saibo from living anaesthetised donor oysters amah fregenerated mantle tissue. However,
no prior study had investigated whether regenernaiaatle had the ability to secrete the same
guality nacre as normal mantle or whether anaas#dteand regenerated mantle were able to
proliferate to form a functional pearl-sac when lamped into a recipient oyster. In Chapter 4,
regenerated mantle from maximawas shown to produce shell material with the same

structure as normal mantle. The nacre producedbytgpes of mantle appeared identical in
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both the size and structure of nacre plateletseRe@ted mantle tissue appeared to secreted
nacre at a more rapid rate than normal mantledigguch was indicated by the greater
thickness of nacre adjacent to the mantle wourd Shese results confirmed that
regenerated mantle has the ability to secrete reaate¢he potential to secrete nacre of similar
guality to normal mantle tissue. Chapter 5 invedtd the ability of relaxed saibo, and saibo
from regenerated mantle, to form a pearl-sac falhlguumplantation into a recipient oyster.
Survival of recipient oysters implanted with reldxesgenerated or normal saibo ranged
from 90% to 100% and did not differ significantlgtiveen treatments (p-value= 0.2333).
Nucleus retention was much poorer than expectdd avibtal of only 15 oysters retaining
nuclei (of 191 nucleated oysters) and showing peaeldevelopment. Eight nuclei (53% of
the total) were retained by oysters in the corttedtment (normal saibo x normal recipient),
4 (26.7%) were retained by the anaesthetised sagsimaesthetised recipients oysters, 2
(13.3%) by the regenerated saibo x normal recipigeitment and 1 (6.7%) by the
anaesthetised saibo x normal recipients treatrnreatrl-sacs from seven of these were used
for histological analysis: four from oysters in t@ntrol treatment (normal saibo x normal
recipient), one from the anaesthetised saibo xsthatsed recipient treatment, and two in
the regenerated saibo x normal recipient treatnidrd.six-week duration of this study
allowed complete pearl-sac development in oystapdanted with relaxed, regenerated or
normal saibo. However, the thickness of the peaelepithelium varied, indicating
differences in the degree of pearl-sac maturitarPsacs in all treatments had cell
accessories: epithelium and mucous cells. In térabtreatment which used normal saibo,
greater nacre deposition was evident comparedatgptioduced by both relaxed and
regenerated saibo. Despite variation in the thiskre# the epithelium produced by each type
of saibo, each pearl-sac produced approximatelgdhee thickness of matrix or mineral

deposition. This experiment confirmed the result€loapter 4 in showing that regenerated
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mantle tissue fror?. maximaapparently regains full secretory function andvetd that
saibo from relaxed oysters and from regeneratedlenassue is able to form a pearl-sac

capable of mineral secretion onto an implantedeusl

The potential use of saibo from relaxed oystersfeord regenerated mantle tissue for pearl
production was investigated in Chapter 6, in areexpent conducted using 1,520 oysters at
a commercial pearl farm in north Bali, IndonesiaoTpearl implanting operations were
conducted three months apart. In the first, dorystess were anaesthetised to provide saibo
and then allowed to regenerate excised mantlectisstore the second operation which used
regenerated mantle tissue as saibo. Pearls weredted 24 months after the operations and
graded into categories using commercial gradingmees for the following pearl quality
criteria: size and nacre thickness, shape, cotmface complexion and lustre. Pearl oyster
survival varied from 90% (normal saibo) to 92% @eegrated saibo) and 95% (relaxed
saibo). These values differed significant{§=8.990048, p=0.01116441). Overall nucleus
retention varied from 27% for oysters implantedwetlaxed and normal saibo to 37% for
those implanted with regenerated saibo. There wasyasignificant effect of types of saibo
on nucleus retentioryi= 34.01114, p=0). The total number of pearls predusy oysters
implanted with relaxed, regenerated and normalosaids 240, 165 and 19, respectively, and
the proportion of these that were considered toflaEceptable commercial quality was 99%,
62% and 53%, respectively. There was a highly &gt difference between these values
(x’= 112.3091, p=0). The majority of pearls were gdaitiéo the ‘round’ shape category
(34.8% of a total of 425 pearls) and the majoritthese were produced by oysters implanted
with relaxed saibo (47% of category total). Pemrithe ‘drop’ category made up 20.2% of
the total number of pearls produced and againmerity were produced by oysters

implanted with relaxed saibo (24% of category fjotBhere was a highly significant effect of
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saibo type (relaxed and regenerated) on pearl Syapé5.32797, p=0.018). Pearls produced
by relaxed saibo ranged from 3-14 mm in size withliighest proportion in the 10-11 mm
category which collectively made up 46% of the ltd®&arls produced by relaxed saibo
attained a larger size than those resulting froth begenerated and normal saibo; those in
the 12.5 mm to 14 mm size ranges made up 3% dbtaenumber of pearls produced by
relaxed saibo. Pearls produced by regenerated saiiged from 4 mm to 12 mm with the
majority (64.2%) in the 8-9 mm size class. Thedatgearls produced by regenerated saibo
were in the 12 mm size class but only 3.6% of thal number of pearls fell into the 10.5

mm to 12 mm size categories. Pearl produced by alosaibo ranged from 8 mm to 11 mm
and did not attain the larger sizes of pearls pcediby relaxed and regenerated saibo. The
majority (57.9%) of pearls produced by normal sailsve in the 8.5 mm to 9 mm size
category. There was a very significant effect gietpf saibo on pearl sizgz(: 44.57578,

p=0). Mean (x SE) sizes of pearls produced by exlakegenerated and normal saibo were
10.3+£0.14 mm, 8.7 £ 0.11 mm and 9.2 + 0.33 mmspeetively. The average nacre
thickness on pearls was 3.4 = 0.12 mm for relaxdobs 1.8 + 0.11 mm for regenerated saibo
and 2.4 £ 0.30 mm for normal saibo. Relaxed sarodyced significant greater nacre
thickness than both regenerated (p = 0.000) anghaasaibo (p = 0.013), while nacre
thickness of pearls produced by regenerated sadboat differ significantly from that of
normal saibo (p ©.120). There was a weak correlation between peagland nucleus size (
=0.31, n = 146) but a strong correlation betweegrlpsize and nacre thickness=(0. 95, n
=146). White/silver colours were dominant in peg@rsduced by oysters implanted with
white/silver donor saibo making up 96% of totalgieeproduced by relaxed saibo, and 83.1%
and 84.2% of the total for regenerated and noraibs respectively. There was much
greater variability in pearl colour produced bylgel/gold oysters implanted with relaxed,

regenerated and normal saibo from yellow/gold demhen compared to pearls produced
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by saibo from white/silver donors. White/silver @ots shared about the same percentage in
both relaxed and regenerated saibo (53.1 and 52&&§ectively) but the proportion of
pearls in the yellow/gold colour range was greftan relaxed saibo (22.5%) than from
regenerated saibo (11%). There was considerahkgioarin the proportion of pearls in each
of the major categories of surface complexion. QrAy% of the pearls produced in this
study were graded within the Al category charas¢elrby no blemishes or a small blemish
that can be removed by drilling. Within the A1 caiey, pearls produced by relaxed,
regenerated and normal saibo made up 11.7%, 15ti%@&5% of the total, respectively.
Pearls in category B1 made up 13.9% of the totatlpgproduced, composed of 17.1%, 8.4%
and 21.1% of the pearls produced by relaxed, regeawand normal saibo, respectively.
Most of pearls produced from both relaxed (45.4%@) aormal (47.4%) saibo were graded
within the B2 category. There was a highly sigaifiteffect of saibo type (relaxed and
regenerated saibo only) on surface complexion aflg@roducedyf= 26.99977, p=0). Only
10.6% of the pearls produced in this study werdepavithin the highest category for lustre.
Pearls produced by relaxed saibo made up the ma{@rd.2%) of these. The majority of the
pearls produced from all treatments were placemllugtre category 2 and were characterised
as being bright pearls with a slightly blurred eefion. Pearls from regenerated saibo made
up the majority of pearls in this category whicimtned 69.9% of pearls from regenerated
saibo, 57.9% of pearls from normal saibo and 5406#%10se from relaxed saibo. The effect
of saibo type (relaxed and regenerated only) onl pesire within categories 1-3 was very
significant (*= 10.07011, p=0.006). Based on the major critesizdto assess the
performance of both oysters and pearls after impigwith relaxed, regenerated and normal
mantle, the results indicate that relaxed saibmfamaesthetised pearl oysters performed

better than both regenerated and normal saibo.
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The final research chapter of this thesis used ibke (UV-Vis) spectrophotometry to
analyse some of the pearls produced in Chaptef pafcular interest was a comparison
between pearls from the same saibo donors andspedl various colours (from white/silver
to gold) and overtones. Three pearls with diffe@burs resulting from the same gold
donor showed different absorption spectra. Creasngad coloured pearls showed a wide
absorption from 320 to about 460 nm while there juasslight reflectance around 400 nm
by the white pearl with a pink overtone. Cream galdl pearls reached a reflectance peak at
560 to 590 nm while the white pearl with pink owert showed slightly wider absorption in
this region. Both cream and gold pearls showedbanration peak after the reflectance peak;
at about 700 nm for the cream pearl and 750 nrthivgold pearl. Two other pearls
produced by the same gold saibo donor (white wiglamm overtone and cream with various
overtones) showed similar spectra which differetheir intensity. One of these pearls had
very high lustre and its spectrum showed a muchdri§o reflectance than the second pearl
with inferior lustre. This result may indicate thaflectance is a useful quantitative indicator
of pearl lustre. The spectra of two white peartteng from different silver nacre donors
showed a reflectance at 260 nm, followed by abgor@t 280 nm and another reflectance
peak at 340 nm. After this peak the spectra fosdlpearls remained flat until a slight
absorption peak around 700 nm. Throughout the leisdgion, all white pearls used in this
study showed similar reflectance spectra althobghetwere differences in reflectance
intensity. Unlike the spectral results from whitsagds, the results from yellow and gold
pearls varied according to colour saturation ofgbarl. The results of this study show that
similarities between absorption and reflectancetspef cultured pearls resulting from the
same saibo donor are negligible and could not bected with UV Vis spectrophotometry.

Nevertheless, this technique could have a roldap ip developing less subjective methods
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of assessing pearl quality and in further studfegb@ relationships between pearl quality and

that of the donor and recipient oysters.

This study has confirmed thRtnctada maximalike P. margaritiferaandP. fucata is able

to be anaesthetised to allow mantle excision witheortality, and that excised mantle can
regenerate within a period of 3 months. Relaxedragdnerated mantle were shown to
possess secretory function, similar to normal neatigsue, and the ability to proliferate to
form a pearl-sac when used as saibo. Indeed, ctlaamtle from anaesthetised oysters was
shown to produce pearls of superior quality to ¢heoduced by normal mantle tissue when
used as saibo. This result has major implicationghife pearling industry and indicates that
minor changes to the pearl seeding process (ge.ptirelaxed mantle as saibo) could bring

about improvements in pearl yield and pearl quality
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