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Reduction of translucent flesh and gamboge disorders in mangosteen
by calcium and boron management and correlation between cell wall

calcium and boron with mangosteen fruit quality
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Abtract

Mangosteen (Garcinia mangostana L.) is susceptible to translucent flesh disorder (TFD)
and gamboge disorder (GD). Both are apparent only on the fruit’s flesh making external visual
inspection impossible. To understand these disorders, an experiment was set up with the following
objectives 1) to investigate mangosteen fruit growth and nutrient accumulation in fruit 2) to evaluate
the importance of soil calcium application and pre-harvest Ca and B sprays on TFD and GD
incidences and 3) establish the relatiohship between Ca and B in cell wall material (CWM) of
mangosteen fruit and the occurrence of physiological disorders. The experiment was carried out at a
twenty two years old mangosteen orchard in Chantaburi, Eastern Thailand. The design was RCBD
with four replications and two mangosteen trees for each replicate. These treatments were 1) no
treatment (control), 2) soil Ca only, 3) soil Ca and Ca spray and 4) soil Ca and Ca + B spray. Soil Ca
was applied as gypsum in September 2009. The Ca spray was applied six times using 2%
CaCl,2H,0 while B spray was applied three times each using 0.25% solubor. The fruit samples
were harvested in the middle of May of 2010. At harvest, the fruits were separated into three groups
based on their size: small (<60 g), medium (60-80 g) and large (>80 g). Then, they were classified as
normal fruits, TFD fruits, GD fruits or TFD+GD fruits. The concentrations of K, Ca, Mg and B in
the flesh, rind and peduncle were analyzed. Cell wall material (CWM) in form of alcohol insoluble
solid (AIS) of flesh and rind was extracted and analyzed for pectin fractions by sequentially
solubilized in 1) water 2) CDTA 3) Na,CO, at 4 and 20°C and 4) KOH 1M and 4M. Calcium was
also determined in each fractions of pectin.

It was found tﬁat the soil Ca application with foliar sprays of Ca+B significantly increased
the number of normal fruit compared to other three treatment. Large fruits are susceptible to both
TFD and GD disorders and has thicker rind than small fruits. Treatments with soil Ca combined with
Ca +B sprays resulted in fruit with thinner rind, higher total soluble solid and lower % titratable
acidity than other treatments. Flesh K, Ca and B concentrations in TFD and TFD+GD were
significantly higher than normal or GD fruits. Rind Ca and B were lower in fruits with TFD and
TFD+GD. In contrast, calyx Ca and B were similar émong all fruit quality but K and Mg were lower
in TFD and TFD+GD fruits. In case of peduncle, Mg and B were higher in both TFD and GD
compared to normal fruits.

Mangosteen fruit fresh weight, dry weight increased throughout the growing season in a
pattern fitted well by a single sigmoid curve and could be harvested after 12-13 weeks after fruit set.

Concentration of K, Ca, Mg and B in mangosteen fruit declined sharply during the first 5 weeks after



fruit set to reach values which remained relatively constant or decreased only gradually until harvest.
This occurred because the rate of nutrient accumulation was less than that of dry and fresh weight
accumulation during early fruit development. Calyx Ca remains constant while other nutrients
decreased.

No different were detected in the amount of CWM from mangosteen flesh of all four fruit
categories but rind CWM of normal fruit was significantly higher than both TFD and TFD+GD. All
nutrient concentrations in CWM calculated as cell wall dry weight in both flesh and rind were not
significantly difference. Similarly, all pectin fractions of CWM form both flesh and rind were the
same except flesh water soluble (WS) and Na,CO, at 4 °C fractions. The pectin of WS in normal
and GD were higher but the Na,CO, at 4 °C fraction was lower than TFD and TFD+GD resulted in
similar amount of total pectin. Non the less, pectin of TFD rind was slightly lower than normal fruit.

Calcium content in WS fraction of both TFD and TFD+GD flesh was lower than normal
fruits. The lower WS in disorder fruits coincided with the increased in CDTA-Ca which is
considered wall bound. The harder flesh tissue of TFD was due to higher wall bound Ca which was
not solubilized during ripening. In contrast, rind Ca in both WS and CDTA fractions was lower in
TFD and TFD+GD. In addition, the ratios of WS-pectin to Ca in both flesh and rind were 2.3 times
higher than normal fruits. We postulated that TFD and GD disorders were both due to Ca deficiency
in cell wall tissues. In TFD, the weak cell wall of flesh was disrupted by high pressure from water
uptake. Solute then leak out and fill the air space between cells. The TFD+GD being a more advance
stage of Ca deficiency were causgd by the swollen flesh from high water uptake at the stage where
fruit growth and expansion ceased. The yellow latex from broken vessels in the rind is then released
onto the flesh and hardening. The sticky gum pulled away part of the inner rind when the fruit was
opened resulted in TFD with GD symptoms. The lower Ca in various fractions of TFD+GD may not

enough to support a strong cell wall of the latex vessel.
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(zuuuganuieiemsiifingunss)

A15UMISNARDY oud v14911a oudaonelna
Tl 1.97 1.35ab 2.28

T2 1.83 1.45b 2.38

T3 1.87 1.21ab 2.04

T4 1.68 1.15a 2.03

e 1.84 1.30 2.19
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319 7 anunuuliondige Gadwas)uonmuauiawa

VIAND HavUnf iiouf #1911 iHeufa+ena
an 5.70a 5.72a 5.97 6.10a
A|a 5.97b 6.16b 6.04 6.36ab
Ingy 6.17b 6.52¢ 6.33 6.60b
Ay 5.98 6.15 6.14 6.43
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T1 6.29¢ 6.30b 6.36 6.49
T2 6.07b 6.36b 6.14 6.36
T3 5.91ab 6.16ab 5.77 6.50
T4 5.77a 5.83a 6.24 6.37
e 5.98 6.15 6.14 6.43
P=0.05 * e ns ns
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5.3 Total soluble solid (TSS) and % Titratable acidity (%TA)
Qs o s C: r =4 1 - é o’
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A15190 9 Total soluble solid (TSS) and % Titratable acidity (%TA) Tuueazisunisnaans

MIUNMINATDY TSS (*Brix ) %TA
Tl 17.0a .67c
T2 17.8a .65b
T3 17.9b .60a
T4 © 17.4ab .60a
mﬁ'u 17.5 0.61
P<0.05 ns *

o ¢:; Y o 7 A o res 1 aa { o 4 u'f ac
fsnys Amtsunuluneduilifoanuy ludanuuandaluneadafisedununderie 95% 1as35 DMRT

A15799 10 Total soluble solid (TSS) and % Titratable acidity (%TA) LLOAANYHAVDINA

¥UAND TSS (*Brix ) %TA
HaUnA 17.8b 0.62
ioudn 17.9b 0.61

914 Ina 17.7b 0.63

v
iond+e1elva | 16.6a 0.59
a
nay 175 0.61
P<0.05 * ns
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b4 ]
Tnagendmalnfuasraosnauiu) lunsdlves B nudmaiienda+endInafivsum B gan
¥ ¥y ¥
gaud hiuananfuwailoudloiwderlunavnaiin  mamnaaslunssiindrofunamsang
YoIgUATI UATAUE (2552)
A = o A . P4 v 9 4 &,
WanvIsanvuInYeINawL N Wenalivinalugiu anududuves K niuud
Yy 9 A P A Py o A = R '
ANVNIUVDY Ca dART (M54 11 uaz3lh 3) Fendrenuinuluuelila (Perring, 1968) 1aze

Y a ' ] PR 4” Y A%' kY
I'Jﬂﬂﬂ (Hofman, et al., 2002) QINTITVUNUATZTINTS WU WANNDINITIUDUND HASIUBLNI+

= a v G 9 [ [ & 1 a a 4? kY b4 VoA
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Asududadiuvessigemiswenidadives K/Ca lunaiioimaiiouds uay oudas
nlna Trgendwanfimemafithuesinasiwdivuazdadiy K/ca maamrﬁfumawau
walngiu Tasdadmvek/ca fumwawmmﬂ o uazlng) Seamdrduded 7.61, 9.91
uoz 11.86Taonmiiiouia+onelna uasnaidoudaotenddadiuves e qafige (M319@ 11)
Wuimidunad luggiivifes 2553 ffnwd anududuves ca lunadisiniinsinuvesyd
A31 uDzAME (2552) Aeudrann nande uilnmaududy ca Turnogsenang 312-381 mg ke
‘lummmqmnumm 2551 une 2552 fianududu ca Tunainfe 465 uny 436 mg kg Muddy
Mitoritesnin agmaesayiv In 2553 Tomadounnzudaudants 2 Pidmen @oyann mas.
qun’ Badynad Aederunsdanda) ildnsmeihwesdinielddes Swaldimsasay ca
vosrnilernsdae lesnn ca iungindenfidh I uiaTaoiunsmeh Svialyamnse
moth18 msazay Ca YOINYIZAARIAY (Bangert, 1979) aeandestudeyananinlull 2553 i
WU %nalnd (39.2%) eundill 2551 (43.9%) unz 2552 (59.2%) adredam (991 Uz A
2552) msfifinnuiduduves ca anasluvesd & Indifvedy 2 Tidhusehiddaduues Kica
?Jﬁyq\‘lﬂ’h%ﬂ 2 Yrumda wamﬁmamf{ﬁuﬁu%gmm Poovarodom and Boonplang (2010)
wuhhdliflernsAaunfvesnamn Ysina Ca Tusaszd unsdadanuas K/Ca 1us€a%zqa &
K/Ca  iudadiuvessigomisfitonldiiundosdveeins biter pit  voswnuelila
(Piestrzeniewicz and Tomala, 200.1 ; Fallahi at al., 2006)

diefhndadiures CoB wuiwavinadniidaday cas FINWAVUIANALAL
valvg) lnslidadiuves Ca/B mudduvowaviabn nate wagIngindomivy 1427, 117.9

4 § 3 ' to A 4
Az 107.6 (3199 11) iilesmnnauinading Ca ganhravinalnaldafindmnudadhedy e

a g a ' Aa & e P Y A A o
Wmimuﬂu‘vuﬂ‘lﬁ’NNﬁWU’J‘l AONUDINTITIUDLUND +EJNllﬂﬁml.uﬂuu‘l’l%zilﬁﬂﬁ’mﬂlm Ca/B

.

han aeandesfunamsAnulugl 2552 uduansdrsainil 2551 ﬁwu:hwaﬁauﬁmamﬁauﬁ%ma
Tnafidadiuves caB qafiqa (qins uazasiz 2552) 94 B Hungfiduiussveinsinlng
1% bitter pit, cork spot uagwauanluuethitlaiyuiiu (Shear, 1975; Shorrocks and Nicholson, 1980)
Lﬁaﬁmamﬂwmmﬁmmnuﬁumuﬂﬁuﬂmmwwuiw anudnduvesIneIms luud
engurainTuand i uTanay Tnsmmedadiuues K/Ca cnawammmmﬂﬂﬂmmm
mm (mmﬁmoumww‘lwa) 1#1 K/Ca fN'VlfTﬂ UANAT Ca/B m‘VIﬁﬂ (3297 12) suauauuam“lﬁ
RATee! mﬂmuaummmummwwﬂﬂmmmammm% ziinINdaduves K/Ca 7 lmuizea

47U B u’l%xﬂJ‘U'V]‘U'W]lJE)Uﬂ’J'I
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3197 11 mmh’;’ui’fwmﬁW,;mm'scﬂ"awu'aﬂﬁymﬁﬂuﬁ’ﬂutﬁﬂﬁaaﬂqﬂﬁﬁﬂmmwummhaﬁu
YUIANE ¥ %K %Mg | mgkg'Ca| mgkeg'B'| K/Ca Ca/B
AN Und 0.25a 0.069 337a 221a 7.42 152.5
ioudn 0.36b 0.070 442b 3.05bc 8.14 144.9
1914a 0.25a 0.067 315a 2.57ab 7.94 122.6
U+ 0.35b 0.077 443b 3.46¢ 7.90 128.0
wde | 029 0.070 381 2.67 7.61 142.7

P=0.05 * ns * * ns ns
AaNg ln@ 0.28a 0.073 313a 2.49a 8.95a 125.7
Aoufa 0.39% | 0072 375b 303b | 1040bc | 1238
19 ]via 0.29a 0.072 303a 2.68ab 9.57ab 113.1
UA+E19 0.43b 0.077 388b 3.69¢ 11.08¢ 105.1
wie | 0.34 0.073 343 2.91 9.91 117.9

P=0.05 * ns : * * ns
Ing Un@ 032a | 0.072 291a 2.54a 11.00a 114.6
o 0.41b 0.073 315b 2.81b 13.02b 112.1
19 11a 0.33a 0.070 292a 2.56a 11.30a 114.1

UAMEN 0.45b 0.072 349b 3.66b 12.89b 95.4
was | 037 0.072 312 2.90 11.86 107.6

P=0.05 * ns * * * ns

"'m"n'y51‘/’imﬁauﬁu'luﬂaﬁmﬁxﬁﬂ'aﬁu"lu'ﬁmwmmneiw'lumaﬂﬁﬁﬁix underiu 95% Tae3E DMRT

[ s ' ¥
3190 12 ﬂmm’fm’fummfﬁmmmmEmuaaﬁmﬁmLﬁ’auaxfmmummmqmms‘lunﬁamﬂﬂ

gnilinanIw upna1eiy

wiln %K mg kg Ca mg kg B K/Ca Ca/B
Und 0.29a 310a 2.45a 9.35a 127b
iioudh 0.39b 374b 2.97b 10.4b 126b
9lna 0.30a 3002 2.61a 10.0ab 115a
i+E19 0.43¢ 378b 3.65¢ 11.4¢ 104a
P=005 % x . . *

monysimilouiuluneduiifioadu lifauuandslunsadansesunnudesu 95v% 1ns5E DMRT
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6.3 AAVIAYY
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anududuyes K tag Mg lunfuideslianuunnsameainsznianguamninmg
Aa 4’!‘ i = = ) = 9) v A 4? CY = 1
lawaiifiomsiffoudrontnmad K ludSinagandwalnd  adrofufinuluiedinaiind
Y 9 ¥ ' d%l Y 1 a o 1 3§ a 1 & ' N ar
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(™M35199 13)
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6.4 YINQ

N > ¥ o
anududuves Mg wag B Tudmauandrefussnisnduannim lnsrafiderns

4 9
lendans 2 viia 1 Mg uaz B gendwadnduassaeelnasireiiiodde dausig K uas ca 1
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P Y ¥ v ] : Y 3 A o dy 3 o o
A191N 13 mmwmwmmmmwuaﬂumummﬂmﬂaaﬂ NAVLAYY LASYINAUINATNNY

AVNIWUANAIIAY
AIUVDIND FUAVBINA %K %Ca %Mg mg kg B
iwden in@ 1.45 " 0.116¢ 0.062 9.5b
iloudh 1.43 0.107b 0.063 9.0a
vlna 1.38 0.106b 0.063 9.3ab
uffrn 1.47 0.097a 0.061 8.92
e 1.44 0.108 0.063 9.30
P=0.05 ns * ns *
nauiEos Und 1.43a 0.55 0.069a 28.1
iloud 1.51bc 0.54 0.75b 27.8
lna 1.45ab 0.52 0.071ab 26.1
uiH 1.55¢ 0.52 0.073ab 27.7
e 1.48 0.54 0.072 27.7
P=0.05 * ns * ns
Fawa Und 3.02 0.53 0.063a 29.6a
tilouf 2.97 0.56 0.077b 30.9b
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Ui+ 3.02 0.56 0.075b 30.5ab
e 13.00 0.54 0.069 30.1
P=0.05 ns ns * *
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dy a é’ 9 [ a [ P} 2 dv F ] ~
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YUAVDING K/Ca Ca/B

wlden | ndudes | Fama wien | naudes Faera
nh 12.5a 2.60a 5.70 122¢ 196 179
L‘L%E]LL%’J 13.4a 2.80ab 5.30 118bc - 194 181
14 Inia © 13.0a 2.79ab 5.63 114ab 199 176
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7. U394 Cell wall material (CWM)
¥ =y Qd‘ A- ‘3‘ o L o 4 L z
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d;,ll ¥y & g al e 4 g 1 a v °y & o dy
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I [l ¥ Y v
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1 ¥ lﬂ'd Y s 1 [] ‘é °l \ = 1 =4
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o SM A Y - T d 40 99 w < A v g o q %
(Mswn 21) mannedl cwM desduhezdluaungiildniuradvesiy luuduse ¥ld
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uanvnuaz@omediondt wamsAnuilaoandeafumsAnyIve Yamaki et al. (1976) ua
] ] ¥ 3
Yamaki and Kujiura (1983) WU Japanese pear lomsifiold (watercore) AdI8AUBINITIIBUA

HUSu1ae AIS fnwailng
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v ¥ ¥
A1319% 15 U539 cell wall material (NﬁﬁﬂgﬂJ/ﬂiﬂJﬁ’lﬂi‘lﬂﬁﬂ, mg/gFW) YDl

wazlendenanmningis -

AN Lffeﬁaqﬂ naesndega
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o 14.0 156a
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8. mqmmﬂu cell wall material (CW- nutrient concentration)
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Unauaznana lnafmndmaiiouddeudieinfiaiy pwilpannlSnangemsly cwMm
uaneeiuINATEnIeAa0619 Tuhueuivaiu 519 Ca, Mg liaz B Lilumnasfuguiu msfims
o ay- & ar =) ' 1 @ q 1A A A A
iranveuleuniaenlenalisigemis Liuanaatuers biledemmionumanane  ieenn

o d a o P 9 =4 Y R = 1 [
wmmaaumzumﬂﬂizﬂauﬂﬂamaaﬂu LLGI‘lJiiJ'ImB'H]LLF\ﬂGI'Nﬂu

» 1 s
15199 16 ANUdNIUBDI51901115 11 Cell wall material (mg/100gCW) Nanavniiiouas

wasnlsgagnidiaaninuanaiai

9

AIUveana FHAvINA K Ca Mg B
iile Un 224 a7 151 | 836
iifoudh 387 489 143 7.09
owlna 293 459 148 12.85

uiron 417 506 154 8.69

P=0.05 ns - ns ns ns

aen Und 744 195 51.8 1.14
iloufa 760 197 54.4 1.27

1a'lva 691 176 54.6 1.17

ufi+ene 763 195 49.4 1.26

P=0.05 ns ns ns ns

fsnusimieuiuluneduiferdu ludanuuandnluneadafssauanudesiu 95% 1as3% DMRT
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a o d A &’ o .
9. Yamauwniin luwiiaasveuaenuaziiiensnga (Cell wall pectin)
a d 1 o o % d ~ Y ot A
mnauudiulszneudagveswtiuran uazliunummihivainvaneludy Taomwie
A o ' ¢ w o . .
PONTINNULAWNT VOUDA WITUYAAUDINYUSZADUAIY  middle lamella, primary cell wall,
A =Y o Y o Y :
secondary cell wall (luNrurria) uaz plasma membrane Taena 1y miazradisznoudoi 60%
1 a a d Jd
1Az polymer 40% lUEIUVDI polymer Umnauilussnsenoussuia 20-35% (Javis, 1982) Tng
- 4 4 a g N
wumnauly middle lamella MnNgAszans 10-30% FunwnAuseiFouuuy 13 (cross-links) U
+ ° P R o @ & a .
ca” miMifauslauuy cohesive Tulnsead1s unumdraduniliveanniuly midde lamella
A R a /4 ra o LY ¥y ar 1 a . . Y .
fotaminwnafegaamud I ideiu meldveunnfiu (pectin chain) sansaneduily gel-like
£ o Y a [ v 2 d‘ [ a & o w )
network #9911 1MIAAAINANNIALTY (firmness) V04 1A530519 MsAnuuRwITUINNAUT 1A YAD
) A s a o v @ o
msdnledellyminifiannanuulunssvesntiuwag
o a o = a 4 . 1 P s
1 cWM nnseimSunaunn@uiieglu fraction e q Nldninmsafadvaisaza
mudiauluasien 17

A1519% 17 Sdvvesasazaen g lumsanauas fractions YBUNNAUT 1@

Treatment Fraction solubilized

Water : Water soluble pectin

CDTA Chelator soluble pectin (Calcium bound pectin)

Na,CO,, 4°C Carbonate soluble pectins (pectin bound by ester linkage and hydrogen
bonding) :

Na,CO,, 20°C Carbonate soluble pectins (pectin bound by ester linkage and hydrogen
bonding) -

IM KOH | Pectin and hemicellulose

4M KOH Hemicellulose

9.1 Lﬁ%’ﬂﬁﬁﬂﬂ
LWﬂauiugﬂﬁazmm{w (water soluble, WS) 910 cell wall material mmzﬁyaﬁaﬂﬂwa
UnA (1.12£0.13 mg/gFW) uaznae1dIna (1.24£0.15 mg/gFW) ﬁmqaﬂ’immé’auf’h (0.76+£0.28
mg/gFW) ez watfauA o9 T (0.80£0.19 mg/gFW) a8niNvdAynaaa (@319 18)
dmSumnduiiazatelu cpTA Fuflumnfufitusy ca lulnswadrevesfusad Tluanmiafiy
sEMmana 4 nquumwinne TunsdluounnAufinzaivlu Na,co, wutifigangi 4 °c @
ANUUANANAUIENINNGUADNNW Tmﬂtjuﬁﬁmnmﬁauﬁ"s%ﬂ 2 yHaTimnANgInIwalnd uay

o a { g 0 a i
HaeN ma MsafamnAudIe Na,Co,Miun19i1Minan1s hydrolyze 404 ester bonds UAZEINITO
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Az (solubilize) mnAufiogluminaadiliozarwly CDTA (avis et al, 1981) UR Na,CO,f
gainad 20 °c Tiuandsdu Tuhuosfentu maAufinzatlu KoH 1M hiuandaiu uddnd
aza191u KOH 4M liiansada’ld (not detectable, ND) ST noumnfuanun (total pectin)
FaldnnmathuwnAuudasdiunsaniu bitanuuenmmeada duihidanatudiesmnd
9N WS, CDTA 1o Na,CO,figangi 4 °C ihdreiusgnyISSunaumnanlunanguaaninmg

~ s é Qr 2= = d. 1 =) o
TndiRvanu (2.19-2.33 mg/gFW) FeaoandoenuySusumnausiunaeudralndifsedy

] 3
3799 18 Fraction Y0UNNAY 1u Cell wall material (mg/gFW) v0uiia37a BINTWAT 9

yHiana WS CDTA Na,CO, KOH Total
4°C 20°C M 4M

né 1.12£0.13b | 0.72#0.13 | 0.35%0.07a | 0.06820.01 | 0.09+0.01 - 2.34+0.15

Hiouf 0.76£0.28a | 0.90£0.42 | 0.56+0.14b | 0.085£0.01 | 0.12+0.02 - 2.430.49

v13Ima 1.24£0.15b | 0.78:0.09 | 0.3130.04a | 0.082£0.03 | 0.09:0.05 - 2.5020.22

Lﬁauﬁ%mﬂna 0.80£0.19a | 0.8440.18 | 0.61+0.21b | 0.084+0.02 | 0.110.03 - 2.45£0.22

P=0.05 * ns % ns ns ns

o @ P & a [ =) @ 1y 1 aad o 4 o ac
manmwm‘uauﬂu‘luﬂaauumU'mu"luummLmﬂmﬂuwNﬂmmizﬂummmauu 95% 1ay3d DMRT

9.2 nlaenisnga
= o ] 3 £ a o 14 1 LY aa
HaN13AAI1EAY3 N1 919 6 fractions vaunnaudnu lilianuuandefumeada
] A = dy £ ﬁy L4 P 4'1 a
snaldenveswalnd watlouna waeelna wadlaud+ereua @seh 19) deRnsanlu
v 4 ] ’
LARE fraction YBUWNAU WU pectin Nazatelu CDTA, Na,CO, (M9% 4 uaz 20 °C) uazhazaw
[] ¥ ] [
TW KOH 1 M ung KOH 4M vewalunguifioimaifionds uwalduiegdnimadnfuazma
o q Y (& - A ' vV w ' ' e ' g
o1lna lTa total pectin vourlden lduandresiulunsosnquasswafifinut edrelsa
a R ) a v Pl ] Y ' . ' 3 -4
USus pectin Tuman@ woswounInaediufivafiuu Tiduussn total pectin gandwaiionds
¥ 9 ) ] [
uazifoudr+onslva Tnowailouda+o1alna § total pectin AiigaARD 28.3 £3.9 mg/gFW dauwai
= d’l’ ¥ ' L= v . Vv o o ada .
UDINMTIUDLNIBYIUAYINA total pectin NN 30.8 mg/gFW nSeueuiunaln@nd total pectin
¥ ] ] 14
qafiga 11U 33.7 mg/gFW iloRarsonSuaunndululsaz fraction wudmailomaiiiouda+

ana o

£ o o ad A ' = 9 (o . a ] ] o a
U'Nllﬂ'ﬁ Futlueinsiadnan LT INEANL N ﬂ\?LLil‘iJiiJ'lmlWﬂﬂu‘DZVllllmﬂﬂ']ﬂ‘ﬂ']ﬁﬁﬂﬂﬂﬂﬂ'ﬁﬂ

Q 9

1Y ]
a =

Aﬂ' \ ! A v
MINAaBedN uana lunguiitiuud Iduiey

&

Y3134 pectin 1U%) fraction MNNHANGHD
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A15199 19 Fraction ¥0UWNAY 11 Cell wall material (mg/gFW) vouldeniiana gaunmee o

¥HUANE Water | CDTA Na,CO, KOH Total
Soluble 4°C 20°C IM 4M

Unf 192425 | 6.18£0.9 | 4.75£1.9 | 0.66£0.2 | 240206 | 051401 | 33717

oufn 19.6£2.9 | 5.49£1.0 | 3.12403 | 0.5620.1 | 1.69£04 | 032:0.1 | 308440

v1a'lna 19.442.9 | 5.65£1.7 | 45117 | 070202 | 216205 | 041201 | 32.8+42

Weufriondtna | 182135 4.65£1.0 | 3.02404 | 042+0.1 | 1.69:04 | 035:0. | 283+39

P=0.05 ns ns ns ' ns ns ns ns

s
<8 o

@ o a @ o o&a ar 1 [] aa i o an
manyimwﬁaunuiuﬂaauumtnnu"hmﬂ"nmmnma‘luwNﬁnmmzﬂvmm%uu 95% 183 DMRT

10.  WSmamaaiFen (Ca) lumsazaefasamniu A
a1sazawi I8 nINmsasAmARY fraction 9 mmamﬁmﬂsmm Ca fiog1u fraction
ey mmswn 20 §5Y Ca ‘Imuamm uoz 9197t 21 iy Ca luldeniaga Taodl
TwaBuadad
10.1 Lﬁﬂﬁﬁﬂﬂ
Unm Ca Tuansazatoues CwM Aiasadauih (water soluble), CDTA Liag Na,CO,

o @

(ﬁqmwnu 4 C iae 20 C) uﬂﬁulllﬂﬂﬂ'l\‘lﬂui)m\iuuUﬁ'lﬂﬂlﬂ']\iﬁﬂﬂi“’ﬁ')'l\i‘ﬂﬁ 4 ﬂ'ﬂllﬂiuﬂ1W°‘U?N
¥
=1

iieilana (1319 20) Tﬂmuamﬂﬂlunawummsmaumm 2 wilafifSum ca luwndud
avmen AndmatnAuazers rassina 3 whadde nqunaiifieinsitoutal ca Saud
2.71 - 3.26 ug/gFW Tuvaiziinatnduaznage Inas Ca 9.6- 10.9 pe/eFW luneasaiudn ca Tu
msazawiiaindie CDTA ﬂjmwaﬂﬂmmmmmuaum udhiunnd1efiusn 2 agu dmy ca lu
maFufinzmely Naco, 7 4 °c wmmaﬂﬂﬂmmmama'lﬁauawmaumww"lwa Sudinin

funat Y51 Ca Tu fraction finga108as Na,co, 7 20 °c ‘*U'rNNﬁEJ'IQ‘lHﬁE)EJNLﬂU’J’cNﬂ’J’INa‘ﬁuﬂ
Bun slddes i ca mmmﬂuﬂimgm Ca °1uwama"lwaamammquﬂ uAwa 4

ﬂi]llvlmmﬂﬁ'lﬂﬂ‘u‘ﬂ']\?ﬁﬂﬁ

T 1 3
715799 20 T4 Ca (ug/gFW) U fraction ¥e4 pectin HariATIN CWM YOUHDIINA AUANGAI 9

¥HaNa Water CDTA . Na,CO, - KOH Total
Soluble 4°C 20°C M aM
in@ 9.6+4.0b | 26.1#2.7a | 3.16x14a | 87+33a | - ND ND 47.6+7.1
ioufn 2.71+2.52 | 38.7£17b | 4.38%0.7ab | 8.5+1.5a ND ND 54.3+16
v1a'lva 10.9+3.9b | 29.3+£3.2ab | 4.56204b | 15.4+1.8b ND ND 60.2+3.5
wioufaonslua 3.26+1.4a | 33.6+5.6ab | 4.75+£1.1b | 7.74%1.0a ND ND 49.425.7
P =0.05 * * * * ns
ﬁa%ﬁ"nmﬁmﬁaunu‘luﬂaauummmu"luumm;mnmﬂumm“ fszdunnuniesiu 9s% 1au33 DMRT
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102 nlaeniisga
. 1 A 1 a ¢ 9 1 a o :
Tuguvesenmuhamsadingied ca Idiawizludmsanninfazaresuas

@ =

azawlu CDTA winfu daulumsaza Na,CO, v‘%‘aﬁaﬂﬂwqmﬂgu 4°U0g 20 °C wazdau KOH 1
oz 4 M Tiaunsodinsewld @519% 21) Fa3% 2 fractions tanuuana1eiumeTtaTzng 4
ﬂaumamﬂm Taoludhuiazmoih ldnuh nadnauazwaealvall ca (584 uaz 62.3 pg/gFW
AR IAD) mﬂmmmuaumuawwammm%mﬂwa (26.5 ung 24.7 p.g/gFW auaey) Uszum
23 1 ludiveudoany waUndll ca °lumsazmﬂ CDTA winnwarionda unsioudniens
‘lwamsmuﬂu mamuamzi‘luﬂsmm Ca Wanuawud1 wondd ca Tu cwMm fN‘YI’ﬁﬂ HoEgINI
W03 LT 2 nauodnildifamendd 13ndl 27) mensnaneeiuaasliifiuh

115979 Ca ‘luuJaaﬂuJu'mmqfl'ﬁmﬂmmmﬂﬂﬂﬂmmmsmeumu_azma"lﬂa

135197 21 US04 Ca (ug/gFW) T fraction U84 pectin Aafin1n CWM woulfondanm nainnA1e q

FUAND Water CDTA Na,CO, KOH Total
Soluble 4°C 20°C M aM

Und 58.4£27b | 303+44c | ND ND ND ND | 361+59¢
l'lfm”gh 26.5+18a | 227+51ab | ND ND ND ND | 253+67ab
vnlna 62.3%17b | 264+46bc ND ND ND ND 326+62bc
woufrunlna | 2474212 | 2042488 ND ND ND ND | 22967a
P =0.05 * x *

) "nmﬁmﬁaunu"luaaauummnu'lnummuﬂnmﬂumaa fiszfuamudosiu 95% Tau33 DMRT

1. daauveunniuaeunaidioy (Pectin/calcium ratio)

Psunauwnanly cwm ﬂjmxﬂaammwmamm ‘lJ’NﬂNW‘IJﬂ’J‘IiJ!LGIﬂGn\‘Ji“ﬂ’JNﬂall
AMMNAANY1 LLG]‘]JNﬂ‘NLhJWUﬂ’JleﬂﬂﬁN @I CW-Ca wudhiliamuanarsluusagnguiinnu
pddany definauudadedy Taokluuds ca mmaﬂmwmmﬂu Ca f9201 Insaadag
udauss muwauam'lﬂmmmmtﬂuﬁﬂmwaamnmu mmmamauﬂimgm WUANUUANAIT
wmumﬂwaumwLmauﬂauﬂmmwmmmm fam1afi 22 uoz 23 TaefiswaziBoadeil lude
tena romsAnnudadiureandesiulSinaumndufiazalussazanusine de u faction 7
azanoth (ws) waifouffidadmes pecti/Ca ganwalnduazwaeelvadszim 23 vh
amlu CDTA dadauves pecti/Ca liuendrefy wamsneaowaasdldifiui fudhioss
Ysuaumnduiisane uan1sv1a Ca v‘iﬂﬁ'maﬁmwifeﬁmﬂ'hJ'u%um ieldsunseduhonsui
anasuei lfmaduan msa:awﬁag'mﬁ“lumsaa”lwaaaﬂmxmuﬁmmﬂﬁagmﬂu'e)n a1

g gl la 4 g A 4 X g
vounutuale sutlunuvessoiauda
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i 2 & a I a . v ' [ 'V e )
amluilaeon FwamsTinseiwndunn fractions Tiusnaesdu usdSine ca ugly
A a J g 3 -ﬂy 3 1 () ] = ]
nlvenvenalnAgendwaiiionts uazileudr+oalua ualidennmans lmasgiades sg1els
o A o a 3 3 oo 1 =t = 9 - ]
Ao WemwindulFine ca anuanud wafifernisensnasiafen Seudess ca i
1 a 12 ~ ° ' a 4 o o @ ] )
uansennand ualiuun Tdufiezdindwelnd Wednnaniludadiuues pectin/Ca wuh wa
3§ 3 o o ) { o Ao
woufa wamiloud+ondlna (738 wae736 mwdIdy) Iudwiidly water soluble Sdaday
T = ) é ar :; 4 ] e
pectin/Ca g4nWaUNA (329) uaznaialva G1nUszwn 2.3 vh Fundeusuinuludomusy
' 1 . i r o i o o .
daulumsazais CDTA dadauves pecti/Ca liuaniaiu osuaouiiu total pectind total Ca
v ] ¥ »
wuh wada@ianiesiiqa fie 93.5 daunanialnaiid 100 Tuvasfinadiouds wasitoudaton

Inalidadu 121 uag 123 mud ey

v F4
IR 22 dadaumndnneunaiiionlufraction A1 qveuilefina

wiiana WS CDTA Na,CoO, Na,CO, Total Total

4°c 20°C | Na,CO, | Pectin

Und | 116220 | 275854 | 112422ab | 778832 35.5+17a | 49.3£10

iiouf 282+58b | 23.443.1 127442b | 10.0£1.8 | 49.9+14b | 44.8+5.9

alva 114420a |/ 265852 | 68.9%13a | 528424 | 19.8:2.0a 41.6+2.3

Houfnrtnalna | 245444p 25.087.6 | 129+65b 10.842.3 | 55.7+21b | 49.6+7.1
* - ns x ns : * ns

@ o P & o v Ja @ = 3 aad o A o ac
manymmuauﬂu'luﬂaauummnu'hmmmuﬂnﬂN‘Iumaﬁnmmzﬂvmmweuu 95% IﬂU’Jﬁ DMRT

m31fl 23 dadumnAuasuaaifonlufaction A9 qvoutldoniina

AN WS CDTA Na,CO, Na,CO, Total Total
| - 4°C 20°C | NaCO, | Pectin
Un@ 329+83a | 20.4%3.1 - - . 93.5+14a
ioud 738+110b | 24.243.1 - - - 121£21b
14 lna 3114762 | 21.442.9 - - - 100+11a
houfa+enelvn | 7361066 22.843.5 - - - 123+32b
N ns x

e

@ =) o = U

“Bnysimiteunulunedmlifortu ianuuend e lunadafisedunnumtesiu 05% TaeSs DMRT

dy Y A @ o d Y o (9 o a A :’ . A d?
f]'lﬂ']ﬁmi’JLLﬂ'J?Jﬂ'J']iJﬁiJ'W“uﬁﬂ'ﬂuslﬂ\?"lfﬂmuﬂ‘UﬂiiJ'lmL‘Wﬂﬂu‘Vlﬂzﬁ'lUH’] (WS pectin) fID WOLUD

= o 4 :' =t v gda . y v ow et 2 g
uialimnAufiazantines uvaiBeruss ca Ty fraction IToedumuty ual CDTA Safiy



mnduieylulassadveswiurad hiunndennnariindu Tumendufiu CDTA fraction YoHa
¥ ! ' f I '
@ A = =1 1 a1 A o A a o
Wieudndull ca TulSmafganiwadndneudianin msil ca mnmitidendafisnynziugs
A o @ PN I dy Y a A e o d? g ] =
Wamsunumadnd  anuulsveuioudunznannmsiiiayadveatioudd i douaninly
[} £ o 3 o o v v
oylugy ws JulludunoudAgueosmagnuewald Tavialiilonaldgn ca szinfioutuoen
viniawag fldieulaw polygalacturonase (PG) 1111l depolymerise selsiwndu (Rigney and
Wills, 1981) #9walAAAN1s breakdown VOINTIUYAG Na”luﬁﬂmmua‘ﬂuu Arpaia et al. (1987) uaz
Redgewell et al. (1990) 189147 luseniumsgnuewand mnAuIndwessuumnnn
’ ¥
rhamnogalacturonan backbone Y84 pectin substance 32QNALNY (solubilized) Tunsfivesnaionds
& é'l Yo :’ 9 L] o (-1 =
wesnn Welasuiud ) lumaun  mlswadnluudwseSwan  arsazateluwadivasenud
o 4 ~ ] ] [=! - o
unuiismameusnveuyad  Mhasazate lvasenuisgniousn Weziluaungiinlvion
'3 o n v @ Jd d" Y & < oA a LY a o .
ot PG M T 14 mlavadvesnaiousTudsogmilowny weandosfuySunn CDTA-pectin
oz CDTA —Ca Higendwayiindy Suwwan and Pooviah (1978) wudwauzidomeignuds Ty
ga ) o 1 oo Y v A a 1 .
(rin tomatoes) NN Ca “luwuamaaf;mﬂmwaﬂﬂﬂwuﬂu UNVTUA AUV WS-pectin t1oig WS-Ca
a =] 1 - - d 1 Qs v A ] Py
wudluaiuinlulassaisvesniasadisuiu uaiegnosedatsalueulyy PG Tanfasuily
WS (Rigney and Wills, 1981)
L A ) H L} :’ 1] =y 1 s
dauemsos madaduoimsiviethewnn 1ezfaennsen Ca wudy wmszilden
[ da (a ) 3 ¥ ] a
VoINS 11ave1aReINTUSuIn tissue ~Ca, CW-Ca 571719 CDTA-Ca f1niwadnd o1n15ene
' = [~ - v ] 1 Y] L] o ar A’:‘ 9 3’ '
Tnasdrufeniinernisilddeoguusungnureniianios dmsvermsiiouda+orenatiu nuth
v ¥
CWM voulfion uag tissue —Ca ANIWaLNG uenmiudlidadiuves Pectin/Ca U WS 1ag
s ay A v 4w A o ¢ A o
CDTA dinnwalnfinte emsisudlusadisuisreniva ifanamissadveutiofgauan
o 4 Y 9 g f - e a4 o dnve & 9 Y o 4
A9nna1INLA9 AU ﬁaummsma"lwamﬂﬁJmmsmuamm‘w"lﬂsnumn”lﬂuawmammﬂ'vu
Tuvaz@eriunlfenvgaueeiauda (NmmﬂﬂﬁUﬂ‘UEﬂEJWJLﬁJ?)E)']Uﬂin’Im 10 dedt Joya91n
AT.QUNS Sedsnad mmﬁ'ﬂumsmum) mamﬂﬂmﬂmwmm"lﬂﬂmmnﬂmﬂaaﬂ fldilaen
maaauuaagummﬂmmsm snsavewivldatonulan mﬁ1mama‘lmﬂaaﬂmusummaﬂm
:’ d’ o t =Y 1 3 té T ) =
uanaae 1110199 Inasenul WldduvewldenAnegiuiiie dunniannoimseelnasiiafien
d' ] = [ v -} Qr dy
Alaunumsaatuszniadlfenduiile
° @ A =< R s 2 ° 9 A ~ ao ] 144 ' '
§m3Us9 B iU DaudnmsRanuns 2 sgeziniiralioimsAadnadindn ludenu ua
§ a 5] [ v o o 1 a aw =
oAz tissue -B ¥158 CW-B nau aunsomianudunusseneemsnalnffulSuie B
18 iflsann B vowalnddmnnwanioimsaadnd i lddaduuos Ca/B vosnalnfuasnass
1 ~ ] 1 4?1‘ 9 2 I~ 9t d‘ v o - =1 9) =
Inaedufuigenimalunguifouds  Fwewduldléhn  nsfimiuradvesiivezudausedoad)

Faa U9 Ca/B MU AW
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10.

11.

12.

ajUnamsnaoes

mmsmmnTmmwamﬂﬂuanym~n1sswnuuu single sigmoid curve naziogmsifiuiie,
faus 12-13 Alandidhuduly
X
mawaumumwu Awduduvedn1g K, Ca, Mg uaz B lunaiinaanas tivsninms
2
duuvoatimiingm ¥ lHAR dilution effect daunduides Ca Aouthanaii Tuvamsiisin
2
B9 S Tuanas Tunsdivestwanud Ca ituiy duBI9DU 9 anag
msld Ca mMeAuTIAUMIAANY CatB maluliwasisgaiidunduinnii®n 3 g1y
i ' ¥
minaaes wasleativinangiiuua fuivewuernmsealva uaemsoifioust+ o1 Ina
' =3 a - i d v
wANMHAvIIAGN tazlndennunwavuiaingdae
oA ludifumsnaaes ATy  ca medusautumsienn ca odudomiesany
Ca+B mlunazpa  fwdenuiania M1 total soluble solid (TSS) NN wazdll %
titratable acidity $1n1AI5UNITNABIOY
LY, aa 4 9 A ' a
AMUIUILYRN K, Ca waz B lunafilloimsidonds uaziiioudro1s Tnaganimalna
' - J d'cl d’ Vv n’/’ a ; )
uawmq"lwa amTualdenwud Cauag B Tumaniionmsifiondana 2 viingnimalng
mamﬂﬂwﬂﬂmmwwan cwM liuanaadund Waonveswarngll cwm gandwaiiio
umm 2 #iia dusIe sy CWM wmuuammmti‘lummwwummmmmmma
sminnavos cwm wnﬁm*nﬁﬂy1"lmmﬂmanumaanmm“lmuauawaﬂaan
v
Fraction vmmﬂmulumaua%ﬂaan“lunmmmamaﬂummnﬁ snduiiionafadaoh
uaz aneAIY | Na,CO, i 4% mmﬂﬂuiumawa“muu1°lﬂmmwmlﬂmm~wama"lwaam'n
Wafifomsifioudane 2 wiia namnauRazaely Na,CO, #i 4°C 1uwmuaumaamma
Unduazravisna
= Q’l ay =) ' i g et Y ' = -
HasmveawnAunInua luielasdon liuanaadu . uaduua Iuumnduluden
d'd é’ 9 ; U a
voswanliieunIdINIIHalnA
Ui ca lumsazasiildnnmsatamnAuunas fraction 1iiosmiunds liuansiaiy
' ' ¥ '
UAIBRITUADEY fraction WU Mafiomsiiloudaill WS-Ca dind1 udil CDTA-Ca q
niwand ieen1n CDTA-Ca iensanldouzu iy ws-ca ilenagn
Tunlaenwy ca mwizlu fraction voaumnAufiazarelu ws uaz cDTA Ty Ca fiazarwly
v ' v v
714 2 fractions ¥0IrAUNALAZNAL InaganmaRTioInsiTioudan 2 viia
w ' . 4:’ A CY dy Y ' a '
@ATIUYDI WS-pectin/Ca Tuiilouazinlfonilsgaveaiiontiganimarndszuim 2.3 i
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