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Application of Calcium on alleviation of internal browning

in pineapple fruits
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Research Title: Application of Calcium on alleviation of internal browning in pineapple fruits
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Faculty: Prince of Chumphon campus, Chumphon Province

ABSTRACT

‘Sawi’ pineapple member of Queen group originating natively in Southern
Thailand, is sensitive to express internal browning symptoms during low temperature
storage. The research aimed to reduce the browning inside ‘Sawi’ fruit by applying
preharvest and postharvest with calcium chloride. A survey of 30 pineapple farmers in
Chumphon province shows that farmers in Sawi district grown ‘Sawi’ pineapple (Queen
group) and every farmers do not uses chemical to control and eliminate weeds. In Pathiu
and ThaSae district grown ‘Puttavia’ pineapple (Smooth Cayenne group) and nearly all
farmers utilize chemical to control and eliminate weeds. Application of calcium in
pineapple by pre-harvest showed an increase of Ca content in the core. However there
was no effect on reducing internal browning. ‘Sawi’ fruit were applied with 1%, 2% or 3%

calcium chloride (CaCl,) solution via the peduncle for 3 days at storage temperatures of 13

and 20°C and then kept at the temperatures for 2 weeks followed by 3 days at 20°C.
Stored fruit treated with 2 or 3 % CaCl, showed a significant reduction of internal browning
symptoms compared with 1% CaCl, and non-treated fruit. An increase in calcium content
in the core of CaCl, treatments was negative correlated with the symptom and was
promoted by solution uptaking during pre-treatment transpiration. Study the efficiency of
CaC, treatments to reduce internal browning in ‘Sawi’ pineapple by varying duration uses
and period after harvested. Fruit harvested for 48 h and treated with 2 % CaCl, for 24 or
48 h was absent in internal browning symptoms. The results suggest that CaCl, was
beneficial for reducing internal browning of pineapple fruit under mild low temperature.

Keywords : pineapple, calcium chloride
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Figure

1. Morphological structure of pineapple fruit.
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1985) wawlofiusnuasinennisseulereosuaziinnauiinuni (Rohrbach and Johnson,
2003) 81n15kdaimna (internal browning, blackheart) Wusnnisiaunimsaisingnintuile
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nsifuAgiainsoanensiaUninazdnengnsiuinuilunalsl (Conway et al, 1994) 5
nATeMslduaa@eslugusiegnuiinisli Cacl, Aeunsfiufsrsiufunisiedeuiaunsaan
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acid metabolism (CAM) Urnluagilalunainanshiusazdalunainanstu Wudiulugvilian
msgapdethanaedildunn (Taiz and Zeiger, 1998) dutzsmlufiviiannsndgnldfluandou
dosanduvzsabudivldarunsanudoaningungisauisgaindraudeld Auiifdnng
anmiadeumanzansonisUgnieuinnlndnenzadelssiugnmgiuarauduliulsusiu
wntdn ldfouda linundn vievinaifssfugaainsedudmeianin Barthomew  and
Kadzimin, 1977)
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Wugduuzsanivgnilunisilaeiluenadiudseenld 5 nau mugusidnuazvedlunay
Ne Ao Cayenne, Queen, Spanish, Pernambuco Wag Mordilona ﬁm%uﬁua:ﬁuﬂziﬂﬁﬂqmgﬂu
Usemelnediiies 3 ngu (139G 2526 Juansy 2541)
' < IoAa = Y = = = & v
1. ngu Smooth Cayenne Jungquitileasnniige ddnwagveulussuiivuuiisudnteoy
ndruvanglu nadvwinuszuna 1.0-2.5 Alandu Welndiuifenddonuaszidilendy uas
a & A = & oA = H ' v o A
Waguludmdeadienagn welieleurunais dnsauaziiaiareudiegs dudssalunguilae
Tuglannde Mugessv wasiuguna
2. Ny Queen AwAKAENNIINGUUsNIENTesvaUluTnUNEBTnAniunaonA N1l
I~ a o i % - - = s & v o
HadlvwinUszanm 0.5 -1 Alaniu mAeudeyuldenyun Weanwfenwaziidnaeailetelulld
A ¥ o o a a @ & v ¢ & v & AN o ¢ =~
wiReausaninunsevilieletiey uaviinduneu dulvsalunguilde Wugniin sudad Wugnsad
V99 WagiugQua
3. ngy Spannish Tuuandriuglande veuluivunuunausulAse ayuauiaalvg
N3N Smooth  Cayenne  Liadnslulid@indesanuaziiviunadeloas ununainilen
v 6

NAULAZIAVIALANAIAINARINGNLIN dulrsalunquilfe ugBuNITAU1 waziugBunstauns
(U3, 2541; Popluechai et al., 2007)

2.2 duguIng1vasdulssa (Morphology of pineapple)

Fuusanugnlaeinlaglddruvesddiufie 9n (crown) ne (sucker) uazazifos (slip)
Judwaeeiug e1gnislinavesdudzsalulssinalnedivanaingnagldiaaiussuna 15-20
ou naduzsatuimumandeneniiistuiivarssenvesadi Wonaluwaunluly sveuils
mﬁagﬂimwﬁlumaqé’wé}’u azasaivTntuundunde wiminfiuieaduizsnanduul (plant
crop) TUwd fududesadufnfagidesinsuly wﬁaﬁw'%mwmmﬂmmmyﬂuﬁ%w’%@tﬁﬂwﬁum
Duduvgsasilval Bondn duuzsamiesuusn (st ratoon) daudlelinaudinuiinamuluves
miogunsnfToyuladuiuilndlédn Fenih dudzsanmioguiiaes (second ratoon) MaiAndy
Tminaunuiugud azdndulvldnatesou  dilanmwindeniidosiuiesenisiasaivin
(Auan3g, 2541)
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a1eiu

Srufidnuardunasadionssues s11UsEINM 20-30 WwuRles dwfindedian
neUszanm 5 wufiuns Sfuiiegwiefufutnasding dwflegldffuasidudndes s
Srduasdidnuandutennsudosdug musesdovadluiivaneenluandidu (eaf scer) drsmos
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WanuudduiissRuiAuIelEAY Sunin wioiu (ground sucker)

Tu
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5/13 dnwarvsduiidmeiiusedfuazissifousouddusuuiiinudysonsmsedin
Tuanmuwaindedifivdes Luaﬂmﬂazaamumammwmﬂaamamaﬂuwﬂu%Qﬂswimmhm
TaugulrsindWlslselevila

Yanan
Fenenvasdulrsalutiogtu fMHfaunmsananussnygeiivensnuuy raceme il
mswdsuudaswilinendosuay bract L%auamﬁmmﬁauamgiiﬂ WAL DY TINNUUUUNUNAIYDY
Yonan Yononuiazdelinondesuszunn 100-200 Aen wnunatavetensnidudiuiide
\flosnaniutensn e?faLﬂw‘jaLéaLf\]%zy;ﬁ'ﬂmaaamamaﬂﬁué’wmm pongeyvIoNaey (fruit
let) Jasesduuuisuseunnunalvestenen nengesusazaaniunenauysalinad
dhuusenournen bract 1 §u nduidss 3 ndu inaseay 6 Su Foaluisas 3 Su weelialy 1 u
wualu 3 o9 (locules) nasdudeanininnasiifidnies jUsrsveandunenduwuuenns
(ligule) 813Usvanns 16 Fadwns nedseann 5 Jadiuns diuvemennaaninuIukalslivgn
Pt
WA
nsauIvesnatinlaelidesdinisnauings (parthenocarpy) @1UNITHENAILOS
Antulaily Lﬁaqmﬂwaamﬂmﬁaé (pollen tube) Tumenvesdulzsaiugineniuliauisaasey
iufunasiaiellaudeddlald naduuzsadunuunasn (multiple fruit) inannsdeufindy
v0433lY wardIuUsznouranendesiiiediieginiuag uuinunawestenaniHaiivuInlvgy
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wadrwinindnazdzuiauunsnas (spherical) Ao drunatwasianuniiaennnitdlauss
wazUanena AUEIvRIRANALALTUANNTIY (Ruansy, 2541)
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Figure 1 Morphological structure of pineapple fruit. (Youryon, 2011)

2.3 slddtena

mmﬂﬁﬁﬁ:’lmﬂuﬁuﬂzim (internal browning %38 endogenous brown spot %3
black heart) Lﬁ“flummiﬁwﬂﬁma%ﬁwmﬁLﬁm%uLﬁawammalﬁ§uqquﬁﬁwLwiqaﬂd%gm@aﬂwﬁq
yilmaliiAnanaundsmouarliifuivenivvesiuslan nalifiAndunsreiilesningumgiisi
dulngiuiidelunieudefuinulifigaumativninit 12-15 ssreadoatu uzaiis ndae
uzavne W39 (939us, 2541) Fuuyse (Paull and Rohrbach, 1985) wasiinlufiviiowunile
\Ausnwnfigamgiisinniy 0-2 esmwaldea SnwarornsinUndfiAntuiivanednuae wu Amie
dovosdanaiinsesunaiiudimanion LLazawLﬁmaaﬁméfasLﬁaammﬁaaéu‘%nmﬁgumslﬂ
omsldahmanuliisluduussaasinmalivansyin wu Sulss a1d Tuduussnazuaniainis
nsialddhmasuanuinareuldieufiasnszagluilduasideiivinameuld udrresquane

'
a o

ududunguddiniavuntnglu  (Kader, 1996 ; Youryon et al,, 2008) aumgiiamuizay
dwsunisiiusnndudzsnngu Smooth Cayenne Milnaddemisiiusnuigumgld 7-12 a3
walded Tengn1siAusnw 14-20 Ju (Paull, 1993) uslungu Queen intAnldduinaliowiu

Snweaumgliv 8 13 wag 15 esrwaded Weenan1siiusne 7 Fu (Youryon et al., 2008)
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msldunaidoufundnnaiineusazadsniaiuieinaanmsfisunfuazdnegns
WuSnNe (Conway and Sames, 1983 ; Ferguson,1984) Lﬁaﬂﬁ]’mLLﬂaL%EJiJL‘ldeumuﬂizﬂausuaﬁ
Hilswavihlviatuaunisudeanvesea (Gilroy et al 1987) duursangu Smooth Cayenne
(‘Kew’) uazngu Queen (‘Mauritius’)  SUFunaunaide luidelndludenunnitunung
(Hewajulige et al, 2003) wazdinsldupadeumaslsdnounsfiuiersiudunisndeuialiua
Soway 80 (Hewajulige et al, 2006) agnalsimuiinslduaadeuiudulysalngisnis
Vacuum infiltration ludutgsaiug ‘Gold’ ‘73-50" war ‘Gold’ oglungu Smooth Cayenne
lyianansnanenisidaiaale (Youryon et al., 2012) 3nnnisnaasslialsazalguaaldounas
lsfaududu 0.18 M ushunsfnuma 3 Suflgamgdiiuing annsadudsnniadinialsly
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INLNUN1INAADY Factorial in Completely Randomized Design ﬁﬁmﬁuﬁmiﬂgﬂ
dulzaalasnsduneal uazlduuaeuniy guidoniuas 5 was iloTiangiau uaziiaegh
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3. p11aialddnma (Azuun) daudasan Teisson, 1979
4. Vanausn Ca Tilv waswa (14 wandoduuyan) Tnedsnstesnuuden (wet
digestion) mWA%wes (AOAC, 2000) wnduiharsazareiilaluTadiuna

wAALTYL MY Atomic absorption spectrophotometry
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= = ) v v < W a a =~ ] )
waea Wunan 14 Tu uddrgesninuinwiigamgil 20 ssmieadealuna 3 Ju
Fwnslde
ad 44 =
BRI G GIC SR
357157 1 Control
350157 2 wPATYUTANANIIAY 15 NSUADAU
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1. nMsLasgiulavesdulz e

2. mstnemsid@hmanendinisiiudnm (rsuuw) faulaan
Teisson, 1979

3. U3uneu (Total soluble solid) TSS

4. U3u1ad (Titratable acidity) TA

5. U3anmusg Ca duasidoduuyan IngBn1sdosuuuiden (wet digestion)
A113589 (AOAC, 2000) nntihansazaeildluiausnauLealgey

A1y Atomic absorption spectrophotometry

3.2 Anwanududunazdrsanislduaadeunaslsdndinsiuien
3.2.1 Anwanududuvasunaideunaalsa
HaduUzIANgN Queen (WUFad) MNatuNuAINSIUTMIAgUNT ARYNLAzARNIUNE
waguinudulzsnadluansazatsuwnafounaslss 1ng19uNUN1VIAABALUY Factorial in CRD
aosiladefo mududuvesnaiounaslsduazaamaiiiivinwm aendsmssuiudulssed
Aatudu 0 1 2 waz 3 Wesidud 1Wuszeziian 1 fu wdnhluiduinwifgamgd 13 sem
waldua wazil 20 ssrwaidea 1unan 14 Ju feeeniivinuflgumall 20 ssawaidea

U 5 91 9ray 10 wa

AsUufnNG
1. o1nsld@ima Tngldunzuuuy mussdunsiuues Teisson, 1979

O=1ionauni
1-iflonauansennistiosninfesas 10
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4.1 Anw13snsliuaaldeunauntsinuines
4.1.1 uan1sdrsranunnsugndulzsaludainyuns

anwaEMUTEYINIANEAS

NYATNIRRBULULABUNY B1dvagludaningunsliy 3 §1ne A Yeia viwee wave?
drulngjeglutieiovinu feeny 36-45 U seaunsfnuiieievay 625 eglusvauuszaufnwm
Uszaunsainsugndulzsadaulngjogi 11-15 U uagdgndutzsaduiivueuseninanisugn
U@y 1951 uazignd (Table 1) Fsanguasiugndutzsnlufamiaguns fiasongd
IndiAseiuUandulesaludaminUsearudstus agvateny 36-55 U (Annswazany, 2550)

UJadensudn
, L@ w a a a LA ° & A

nunsnsduvgiudvesinueaavsinfud g duiusiudunsednnuiiug
wnzUgnaulugjegluyie 11-20 15 Iszuuugnuuuunig dulvgiuanuasluaiugnmns uasity
Usgandug loun Unauuntiu wasugninlazdlngSovar 969 luldszuuun (Table 2)
wneasnsadlvgluimingunsugndudesaiuglnnde  endu dunedl  Ugndulssaiuge
Tnsinuasnswnunnagldnuslunisveneiuisesas 813  mianwasnsldnienlaainduiy
wagriaveeugdiulnginuianais sesasnfenisvuinlvg (Table 3)

wuIen1sUURluNSHER

drsransugndudesaludamiagunsnudn Tudwnead Ugnitudal (ngu Queen) Msvan
wazauasnwlaglildasiadilunislesiuminlsauazansidawasaniaiy  dwdunevsiiuag
guneviugzgnituglngide (ndu Smooth cayenne) dwiulsenuuasivan  dnisldansiad
Fausnstgnuazmaguaine  mawSeuiudeulan nunsnsaulngwieufulaenslouasdiu
Tnggldusuugsanmiu  nismvalsadiulngagldiznisasd  wasinwasnsawlugldansinda
Fofiluiustomde  dunwmsnslusuneaivgniudailildansmdatufivdunislifeiaes
mewuginslideimileutunadldasidndnsindududeonazalnglilondunuynse
gn5 21-0-0 , 46-0-0 , 0-0-60 Wag 15-15-15 AU IRUlAEABARRBINTUNISANYIVEY INNTUAL
Az (2550) ludsminuszaruAsiustaununsnsgugndulzsaadliognaiiiontu Taslulnsiouas
dmasiomsiasivinvesiy  warlnunaBeudiedunnilsesniedainUsinahmanasnsely
doBnde waelimslitendsiufuledundtne dunmstivesnaoninuainsld Gas  (CaC)
uaz Ethephon Tndidgsiu Fanwnsnsldanstsdunmsesnaenlutig 8 - 10 1o wazinwnInTyn
selaldansisanisan (Table 4) Tsaonndessonuves ufaiuduazany (2556 ) l9dnwinis
WawInsdnnisnsuandudzsatudminging winvdulvainlsalunadsiosay 59.4

mafuifsnnuasnseazveesiuifsdoinnsanliniondu TaefuiinisiAuiien
dauimyjagjﬁmsﬁmumi’u waznsiasuulatwesdna ndunoumsiURe wnwnsnsaIulng
tuvdesirluresiudulzaniis unginvionenainudaadiougnlysl



Table 1 Demographic data of 30 pineapple farmers in Chumphon province.
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Demographic Data Percentage
district Sawi 31.3
Pathiu 37.5
Tha-Sae 31.3
Age 26-35 yrs 9.4
36-45 yrs 375
46-55 yrs 28.1
56-60 yrs 9.4
>60 yrs 15.6
Education Primary school 62.5
Secondary school 9.4
High school 6.3
Diploma 6.3
Bachelor degree 15.6
>Bachelor degree 0
Experience <5 yrs 12.5
6-10 yrs 34.4
11-15 yrs 40.6
16-20 yrs 6.3
>21 yrs 6.3




Table 2 Land use environmental conditions and irrigation of pineapple production.
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Land and Environments Percentage
Land ownership Land owner 81.3
Rented 9.4
Owner and Rented 9.4
Land size 1-10 Rai 31.3
11-20 Rai 37.5
21-30 Rai 21.9
31-40 Rai 3.1
41-50 Rai 0
>50 Rai 6.3
Soil types Loam 3.1
Sandy loam 81.3
Silty clay loam 12.5
Sand 3.1
Water system Yes/No 3.1/96.9
Table 3 Pineapple material for production in Chumphon province.
Planting Material Percentage

Cultivar Pattawia (Smooth Cayenne) 63.3
Sawi or Phuket (Queen) 36.6
Type of material Crown 0
Sucker 100
Source Owned 81.3
Purchase from neighbours 18.8
Sucker Size Small 12.9
Medium size 73.1

Large size 14.6




Table 4 Pineapple farmer’s cultural practices in Chumphon province.
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Practices Percentage
Soil preparation No 34.4
Plowing 62.5
Etc. 3.1
Plant arrangement Single row 28.1
Double row 71.9
Fertilizer use Chemical fertilizer 75.0
Chemical fertilizer+biofertilizer 0
Chemical fertilizer+organic fertilizer 21.9

Chemical fertilizer+biofertilizer+ organic fertilizer 3.1

Flower acceleration Gas (CaC,) 30.0
Ethephon 3.3
Gas and Ethephon 333
Other (NAA) 33
Harvesting All at one time 0
Multiple times 100
Maturity index Date count 62.5
Listening to fruit sound 9.4
Fruit Colour 28.1
Practices after harvest Sucker removal 0
Leaf pruning 84.4
Fertilizing 15.6
Chemical Fertilizer 21-0-0 33.7
15-15-15 16.8
0-0-60 20.2
30-20-10 33
46-0-0 24.7




14

n15ansziaulugnes’
M guieszvRuamauiiuiy 5 wadudunead Jamdagunslunisugndudesn
fusainuiusazulasiingunmaudsil (Table 5)
wasit 1 leRudufusinuunse Uinsendudunsatunans Sarnsunludiie
UTinadunisinguiunats UiniuneaneYadiduusslovinn Jiurainunaidey
fuaniudeuldin Vinaueadouiiuaniudeuliuiunas uasUhinausniidouiiuaniudeulsein
wasit 2 ileRudufusiuvunse YiAserdwdunsadaun fdernasiladie
UTanadunisinguiunats Uiniueanedaniduuszlevddn Uiuialnunaidey
fuaniudeuldin Viinaumeadouiuaniudeuldin uazUTnausniiBeuiuanidoulsi
wasdt 3 eRudufusuuume UizerAudunsadauin dannislwiiie Y
fuvisTnguunansUBinameaneSaiduusslovidann Uinalnumadosiiwaniudeulssamn
Uinauaaldouiuaniudeulduiunans uayUiinauanii@ouiuaniudeuldm
uwasdt 4 eRudufusuuunse UfRzenAudunsadaun darnistnlidien Y3
sunieinguiunans Usinamlearlesaildudseloviliun Usinalnunadeniiuaniuaoulsi
Uiinaunaldeuiuaniudeulsi wasuTnanuniidouiuaniudeuldm
wasil 5 ileRuufusauuunse UfAsedudunsaguussann dernisiiliis
USunudunioinguiunats vsunaeanesanduusslovidiunn viunalnunaden
Auanivdsuldin Uinaueadeuiivandeulduiunats was Usinaunfidouiuanidasulsn
(Table 5)

Table 5 Inorganic nutrient content of pineapple plant in Sawi district.

Element No.1 No.2 No.3 No.4 No.5
pH Soil 5.64 5.03 4.71 4.54 4.28
EC. (dS/m) 0.17 0.10 0.15 0.11 0.24
Organic Meter (%) 1.72 1.74 1.98 1.78 1.72
Avail.P (mg/ke) 5.56 4.83 1.90 1.51 2.86
Exch.K (mg/ke) 34.17 39.55 27.27 34.12 a7.70
Exch.Ca (mg/ke) 222.44 192.59 210.12 100.50 205.70

Exch.Mg (mg/kg) 15.35 9.16 30.90 22.95 16.97
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wavasiuiivgndenisiiuinunduuzsn

mslemeiRunnulagndulzen 5 was wasliemeiuaadonludumadly Tduesde
wuAuluasi 1 fvsinaueailsuuazinsavaslulugandimaulas Feflanadiusiuilen
wnadesluugsaziinisazanlulugs (Table 5uay 6) \evhluifusnuilenmgil 13 uas 20
paeaidia nsifnensldithmauansonisiligamgdil 13 esmuwaidea Sswdunsuuuiias
17l 20 esmuwadea FsgmnisiAnennsldivnaludulzanndy Queen (Bouogai ...
Youryon et al., 2013) aenslsAmudulysata 5 was seduRansldiinaalfiauuandiety
yeadi uasimsavauunadenluly Uhnawnadesluldussdeliunndeiumeadn (Table
6) Uanauaadesliansnagiduauduiusitumainemsldadhmaludulzen Tutug
Kew Way Mauritius  (Hewajulige et al., 2003) anudunussenitalsunaaa@eununsiinld
dmnaliaenndesiueinislddtnia Bueiuazasud 2553)

msUszliuaunnneUsvamduialuseauazuuu 5 dazuuneglugag 3.40 - 3.80 lagly
urazuUasUgnlaifianuunnsinstumnaada (Table 7) Feoglusediu vou winuiSinuvesudsd
azaneihlfunnsnafuisiinaoudsiiasaeildfidesanluutasd 4 fo 14.28 %Brix Tazuun
ATTEURIAARe 3.80 WarUinuvosdsiiazaeilitessosannlutasd 5 Ao 17.62

Table 6 Calcium concentrations and internal browning in pineapple.

Treatment Leaves  Core Pulp Internal browning (Scores)
(mg/ke)  (mg/ke) (mg/kg) 13C 20 C
No. 1 613.00 106.50 188.00 1.73 0.13
No. 2 420.20 68.62 131.75 2.27 0.53
No. 3 599.62 125.50 225.00 2.00 0.66
No. 4 539.90 118.50 133.25 1.00 0.26
No. 5 537.12 92.75 139.50 1.06 0.06
F-test ns ns ns ns ns

ns: non significant, *Significant difference at P<0.05, ** Significant difference at P<0.01
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Table 7 Total soluble solid and sensory evaluation.

Treatment Total soluble solid (%Brix) Sensory evaluation (Score)
No. 1 19.70° 3.40
No. 2 18.80° 3.50
No. 3 19.28 3.30
No. 4 14.28" 3.80
No. 5 17.82° 3.60
F-test ** ns

ns: non significant, *Significant difference at P<0.05, ** Significant difference at P<0.01

4.1.2 AnwFBn1siunadeudaunisifiuiien

nmsnasemmuindulzaaiiinisliueaifeslunaniieannisiinermsldainnaiio
thanfiudnuflgamgl 13 ssmwadua uay 20 ssriwadea inensldddimaniaesgamgd
wazyniims wioghdlsfnufigamaiininfvinw 13 esmusadea uansnsifinensléiina
2907171 20 esrwaLdealasilinseRuAzLY 4.73 uay 3.52 mudwulaedanuuandmnaada
pghafitdidnds duleililunmavaseunmsananininernisléiimanuimnvieannsnan
nainensonslddmaldlifinnuuandstuneadd mafnoinsldddmatiosaed 20
parwaldea gamuauuas N5l Caso, menuly fernisaiuunisifnlddima 3.08, 3.60
audfuLay 3.63 Tunanisld Caso, mediu Aunisawse CacCl, mudndiu @ruiliudnundl
gunnii13 ssrnealdoaineIn1slddimaninnind 20 ssernsadoaiirissiuasiuudaiife
4.54, 4.63 uaz 4.87 wazdily CasO, n19hu waznen1ulu A1sdanuy CaCl, mudisunasiinuin
fignlugnaunude 4.93 azuuy n3dl uavAue., (2556) Seauiiludulzsaiudgua iinuas
danide eifiurviuiu 14 FunuiBinauna@eniiuinlagianzddunni 500 fadn3u/
Alansudmdnuidswalidudzaninnisonsiddimates Srnmannmaaesiinaueaiden
Tulduaslonaduuszsndmnuduiusiu msld Cacl, IneAsdawwivinunitonmgfi 20 osan
wadea  Terazuuunininenslddihnaduiisivinuueaiongeaniduldnouasniena
fedutsinuueadeuiiinsazauiaiazannsadudainainenislddihnaldlasaeandesiu
MIANYITEY (WURIITTN WarANE2556) Bednuinslduraldeunaslsd nsnueanesdn uavnsa
gn3nlunsasmaialddimaluduizsaiusnsadnes nuinsléfiaeuuunisiinenisléa
ihmasiiandlaisusumsldnsaueanesta uaznindnin Fafuueadeniainadensannisia
01m3léiinna
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dlefnwUsinansauarUsinamesudfiazareiily (Table 9) Titratable acidity

0¢lur9 0.41 - 0.44 WoSldud Total soluble solid gluraa 15.85 - 16.57 %Brix ewudnlaid
ANUANFNeAUN1ERAn IS stunsldwaaiden

duinnauazanuennalulsaznssuiaiinuuanieiunnsadnogadiveddny gl

>
'

a

fanuwanasiunneadifluduveinuniema auanainggawaraueInfianagluge
AuANABNTIN 1496.72 N1 83.92 WwuRlAT WiAUNTaNANIeTan Ae 6.04 lwuRiuns Tu
A5 CaSO, manulu (Table 10)
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Table 8 Incidence of internal browning and calcium concentrations in fruit of stored at 13
°C for 14 days plus 3 days at 20 °C.

Treatment Internal browning Calcium content (mg/kg)
(scores) Core Pulp
Control +13 °C 4.93" 39.33 73.10
CaSO, (Soil) +13 °C 4.54° 33.33 69.33
CaSO4(Stem)+13 °C 463 39 80 73.20
CaCl, (Spay) +13 °C 4.87° 59.10 95.40
Control +20 °C 308" 44.30 72.90
CaSO, (Soil) +20 °C 3.63b 49 .20 82.60
CaCl, (Spay) +20 °C 363" 59.30 98.50
F-test *x
ns ns
Temperature
13 °C 4.73 44.53 78.69
F-test *x ns ns
Chemicals
Control 4.10 42.43 73.00°
CaSO4(Soil) 4.09 43.25 77.62
CaSOq(Stem) 013 16.20 83.85"
CaCl,(Spay) 431 59.20 96.77"
F-test i
ns ns

ns: non significant, *Significant difference at P<0.05, ** Significant difference at P<0.01
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Table 9 Titratable acidity and total soluble solid in pineapple.

Treatment Titratable acidity Total soluble solid
(%) (% Brix)

Control 0.44 16.10

CaSQq (Soil) 0.41 16.01

CaSO4(Stem) 0.42 16.57

CaCl; (Spay) 0.44 15.84

F-test ns ns

ns: non significant, *Significant difference at P<0.05, ** Significant difference at P<0.01

Table 10 Weight, wide and long of pineapple fruits.

Treatment Weight Wide Long

(9 (cm) (cm)
Control 1496.72° 5.80° 83.92°
Caso, (Soil) 1388.33™ 6.01° 74.91°
CaSO4(Stem) 145058 6.04" 78.56"
CaCl, (Spay) 1322.07° 593" 73.79°
E test o . .

ns: non significant, *Significant difference at P<0.05, ** Significant difference at P<0.01
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4.2 Anwranududunazgiwlainisiveaadeunaslsandnisinusnen
4.2.1 Anw1ANUTUTUVDILAALTBNARD SR
anstdduimalududzsaiauintudiunfndureuld Minvgamgll 13 eergadoa

Y
a

LanIoINIgINInAUTigamall 20 esrmiwaliea naduUzsaTAusnuTigamad 13
pameadbafimszdunzuuumainoinsldddina 2.08 axuuu uazgumadl 20 esrieaidoal
AsEAUAzILLY 0.52 Azuu Navesgavnlinludulzsaiudaiwasinuaenndesfuiugning
4 (Youryon et al. 2008) %QﬁUU%iﬂﬁﬂﬁ@ﬂﬁHﬁ@EﬂUﬂﬁju Queen FsgaulosogamninLazIAn
onslddhmalasiinonmdsdrsluiulugamaifiasia

nsldunaidounanlss 2 war 3 Wesudannisiinennslddinauwansisedied
SoddryBomeenanu 1 Wesiunarllldasuaadounaslse (Table 11) mMsnaassiuandiiiu
Inslfuradeunaslsfiisanoinsldinnalddadisutugamuey mslduaaifosansnan
Msdsuazennsiauninsassivemdsanmsiuierluldna (Poovaiah, 1986; Conway et
al, 1994) wasuanLmal,%smmmLsﬁuﬁﬁuqﬂmmaaammmﬂﬁﬁﬂfﬁma‘lmEJLﬁmSﬁaaimmaﬁw'%mm
waawdeslunaduiysn (Hewajulige et al., 2003) nsdeudinig Carmoisine dye wandlifiiiuing
N3NN8V TALAEYNNVRY Carmoisine dye il wiethnelunauasldng (Youryon et
al, 2013) ynanudiduvesuradeunaslsdisnsnsgaasazareinindefisuiuganiugy
Jumszueadennaclsdidesnniluanadilngnit ns@nwineadennaolsdd 2 way 3
Wosdusiinanensiinennislddinmaiiiostiosndn 10 % fdazuun 0.00 - 0.56 Fsdenades
AUIdedulysa mmﬁwaﬁiﬂag”tuﬂdm Queen wuAU (Youryon., 2013)
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Table 11 Incidence of internal browning, uptake of water and mineral salts, and calcium
concentrations in fruit of ‘Sawi’ infiltrated with calcium chloride and stored at 13 °C for 14

days plus days at 20 °C.

Treatment Internal Solution Calcium content (me/kg)”
browning uptake
Core Pulp
(scores) (mU/kg)
0 % CaCl, +13 °C 2.08° 42.35° 102.00° 106.35°
1% CaCl, +13 °C 1 15° 33.99° 168.50™ 112.93°
2 9% CaCl, +13°C 0.56° 2598 203.00°  188.65
3% CaCl, +13°C 0.32° 2034°  369.75° 296.30°
0% CaCl, +20 °C 0.5 33.12° 193.00" 60.00°
1 9% CaCl, +20 °C 0,08 3329° 21890 107.87°
2% CaCl, +20 °C 0.00° 2698° 26300 19205
3% CaCl, +20 °C 0.00° 2268 308007  219.90"
F-test *% *% *% *%
Temperature
13 °C 1.02 30.28 210.81 185.64
20 °C 0.15 29.02 245.72 160.90
F-test *x ns ns
ns
CaCl2
0% (Control) 1.30° 36.89° 115.08" 87.04°
1% 0.60° 33.64° 181.22° 110.40°
2% 0.28" 2648°  233.00° 190.35"
3% 0.16" 21.58° 338.87° 258.10°
F—teSt X% *% *% *%

" Means (n=25) with different lower case letters within the same column are significantly
different.
2 Means (n=10) with different lower case letters within the same column are significantly
different.

ns: non significant, *Significant difference at P<0.05, ** Significant difference at P<0.01
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4.2.2 Anw1graannasszesiaanisitaaldeunaslsa
Sofuinndudzsafigamgididuszesnauuasiinenmslddimauinueuldds
nsldansazansuralfeuraslsrutiunandinisiiuisiaiunsaannisiineinisiddiiaalalae
sygraInaunIswIaNsarasLAalfsunanlIALaysTaEIaN luNSLYEITazatswAaLianAaalsn
anunsnannisiine1nslddinnald sseznaneuntiunadisansazarsunaiounaslsei
nafuannsaannisinennisldaiimaldinsiuegiitoddadmeadn svosnannoundiuna
Freansazasunadunaslsd 48 Filasanansoannininenslédinaldifiandezuuuniaiie
omslddiang 0.93 Azuuu druszeznanlunisutaisazanunadeunaslsaiwanaafunIn
nsudansavasunaifneaslsd 48 Faluafnonslddthmariesiian 1.06 Avuuy
Umnauaaidenluldogsening 152.00 - 607.88 me/ks’  uazluiionasgszning
211.20 - 1012.66 mg/ke’ USunaaaideuiiauduiusaenisannisiineinisidainmaluna
Fuuzsansasanvesnnadenlulfuaziloviinagusiniafnemslddimares
gnIINsRRaITaTaELAIgENAaBlIANUITEBTIANEUNTINMUdUUL SARYaNTaTAe
uAaleuAanlsALazsragIatlunsuInNIuduUrsAmeansasaslaaldounaslsndnanan1sNg
AnansaraY izammdaumm&dﬁ’mé’uﬂzimﬁLﬁmﬁuﬁm5wﬂﬂi@ma1iazan8LﬁuﬁuLLazizsznaﬂ,u
nsudansaraneifisiusnimgaansarasifiutuusdnnisgratsaranefigatuliinasie
Usinaumadovazanlulduazidonaduizsauaiinuduiusdonisannisiinoinisldaiina
é’mﬂmi@mmiazmEJLmaLs?jmmaalam“luﬂ%mmqﬂmmiaa@ﬂ’mﬁ@mmﬂé’ﬁﬂfwmaiéf
sruzatouNMILTAudulssasuasazatsunaduunaslss 48 Taluesamiusza

| o

Tumswimudulzsanieansazatawradoumnaslss 48 37lu9au150ann15:NAINSkaauInale

§ @ 6

100 tUasidud daziuunisiine1nisidaiinian 0.00 Aziuu (Table 12) fAULANAI8EN9E

TodAgydadiniUSeufisumeyamuaNkanIsuIsay dnnlisenumslduraduuaaalsadutdy
] ) | v 1Y) 1Y) YA = =i a 2 o

2.2 % S3UAUNSTWYNIUNG 24 “ZJ’JIZNIHGUU%i@WUﬁqG]i’]@ﬁV]EN‘V]QEUMQ&Iﬂ’]iLﬂUiﬂ‘H’] 1384A1

waldganuitaiisaannisiinenslddiimalafngaiinzuuunsiinlddiinig 1.20 Azuuy

(O350 ABE2556)
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Table 12 Incidence of internal browning, uptake of water and mineral salts, and calcium
concentrations in fruit of ‘Sawi’ duration after harvest and infiltrated with calcium chloride
and stored at 13 °C for 14 days plus days at 20 °C.

Duration + infiltration Internal browning1 Solution uptake1 Calcium content (mg/kg)1

(scores) (mUkg) core pulp

3 (hr)+0(hr) 288" - 71.90" 94.08"

3 (hn)+3(hr) 3,007 3.80 83.00%" 111.05°
3 (hr)+6(hr) 3,007 617" 73.21%" 132.25"
3 (h)+12(hn) 240" 5.95%" 101.00%"" 115.60°
3 (hr)+24(hr) 330" 8.64"" 112.95°" 125.81°
3 (hr)+48(hr) 1.407° 12.89™ 188.81" 205.35"

6 (hn)+0(hr) 3.00% - 82.25%" 115.25%

6 (hr)+3(hr) 1.20°° 3,81 94.44"" 146.50"

6 (hr)+6(hr) 1,507 8.12"" 135.437%"" 159.85"
6 (hr)+12(hr) 1.20°° 9,52 14555 " 175.57"°
6 (hn+24(hn) 2.20°" 11.05° 152.45 " 160.87"
6 (hr)+48(hr) 2.40°" 1156 212.60™ 201.16"
12 (hn)+0(hr) 1,507 - 98.78"" 120.50°
12 (hr)+3(hr) 2.007%" 6.43" 113.83°% 155.06""
12 (hn)+6(hr) 330" 531" 143.94 %" 157.50"
12 (hn+12(hr) 266" 9.47°" 153,62 " 158.57"
12 (hn)+24(hr) 1,907 16.02" 153,62 " 149127
12 (hn)+48(hr) 050" 18.73° 209.00°° 198.72%
24 (h)+0(hr) 290 - 72.50" 135.60°°
24 (h)+3(hn) 2,007 779" 116357 149.66™
24 (hr)+6(hr) 17077 5.08" 176627 156.62"
24 (hn)+12(hr) 1,207 7.08™" 172.43°% 143.71°
24 (hr)+24(hr) 0.70™ 15.65" 184.43" 16456
24 (hr)+48(hr) 0.90°™ 13.30™° 198.20™ 198.72%
48 (h)+0thr) 1,877 - 101.77°"" 141.61°
48 (hn)+3(hr) 0.80°" 3.88 129.91 " 156.684"""
48 (hr)+6(hr) 0.80™ 735" 124.75%" 151.31°
48 (hn)+12(hr) 2.20°¢ 9.99™ 166.62 " 178.70°
48 (hr)+24(hr) 0.10° 15.65" 195.62% 166.77"
48 (hr)+48(hr) 0.00" 11,11 214.87° 199.61%°

F-test

*%

*%

*%

*%

' Means (n=10) with different lower case letters within the same column are significantly
different.

ns: non significant, ** Significant difference at P<0.01
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Table 13 Duration after harvest of incidence of internal browning, uptake of water and
mineral salts, and calcium concentrations in fruit of ‘Sawi’ infiltrated with calcium chloride
and stored at 13 °C for 14 days plus days at 20 °C.

. . 1
Duration Internalbrowning1 Solution up‘take1 Calcium content (mg/kg)

after harvest

(scores) (mlZke) Core Pulp
3 (hr) 272 6.93° 112.73" 133.69°
6 (hr) 1.91° 8.74™ 137.92°° 160.10°
12 (hr) 1.96° 10.42%° 144.42° 161.91°
24 (hr) 156" 10.97° 154.63° 162.24°
48 (hr) 0.93° 11.11° 156.91° 163.53°
F - test %% %% * *

' Means (n=10) with different lower case letters within the same column are significantly
different.

ns: non significant, ** Significant difference at P<0.01

Table 14 Infiltration of incidence of internal browning, uptake of water and mineral salts,

and calcium concentrations in fruit of ‘Sawi’ infiltrated with calcium chloride and stored at
13 °C for 14 days plus days at 20 °C.

Infiltration internal brovvning1 <olution uptakel Calcium content (mg/kg) l
(scores) (mU/kg) Core Pulp
Control 2.49° i 87.55" 122.53°
3 (hr) 1.80™ 10.75" 107.20 139.77"
6 (hr) 2.10™ 9.90™ 133.71% 152.64°
12 (hr) 191 8.89" 145.61° 149.84°
24 (hr) 1.64° 8.60° 157.35" 15375
a8 (hr) 1.06° 8.14" 205.51° 200.81°
c et o . . o

' Means (n=10) with different lower case letters within the same column are significantly
different.

ns: non significant, ** Significant difference at P<0.01
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Abstract

Fruit of ‘Sawi’ pineapple, a kind of Queen pineapples natively growing in Southern
Thailand, is sensitive to express internal browning symptoms during low temperature
storage. The research aimed to reduce the browning inside ‘Sawi’ fruit during storage by
applying postharvest calcium chloride pre-treatments. ‘Sawi’ fruit were applied with 1%,
2% or 3% calcium chloride (CaCl,) solution via the peduncle for 3 days at storage
temperatures of 13 and 20°C and then kept at the temperatures for 2 weeks followed by 3
days at 20°C. Calcium content, internal browning scores and solution uptake were
investigated. Stored fruit treated with 2 or 3 % CaCl, showed a significant reduction of
internal browning symptoms compared with 1% CaCl, and non-treated fruit. An increase in
calcium content in the core of CaCl, treatments was negative correlated with the symptom
and was promoted by solution uptaking during pre-treatment transpiration. The results
suggest that CaCl, was beneficial for reducing internal browning of pineapple fruit under
mild low temperature.

Keywords: pineapple, calcium chloride

INTRODUCTION

Eventhough there is immense demand from a world wide market for fresh
pineapple fruit, the harvested fruit are susceptible to fungal infections, and development of
off flavours, resulting short storage life (Rohrbach and Johnson, 2003). Furthermore
pineapple fruits exhibit physiological disorder called internal browning (IB), even when
stored at mild temperatures of 12-15°C. (Nukulthornprakit and Siripanich, 2005; Youryon
et al., 2008). ‘Sawi’ pineapple, belonging to Queen group, is indigenously grown in te
southern part of Thailand. Fruit also easily appear internal browning when stored at low
temperature that the internal browning symptoms of Oueen pineapple expressed in the pulp
around the core (Youryon et al., 2008). ‘Queen’ pineapple, an IB sensitive cultivar,
develops the symptoms earlier and more severely than Smooth Cayenne pineapple after
storage at low temperature (Siriphanich et al., 2005 ; Youryon 2011). (Nukulthornprakit
and Siripanich, 2005; Weerahewa and Adikaram, 2005; Youryon et al., 2008).
The problems in maintaining of adequate fruit quality standards, particularly the occurrence
of internal browning, are blunting the export potential of pineapple fruit produced in
Thailand. The development of postharvest methods to alleviate IB has been widely
reported, including heat treatment, waxing and controlled atmospheres (Rohrbach and
paull, 1982 ; Selvarajah and Herath, 1997; Selvarajah et al., 2001). However, these
methods do not completely eliminate internal browning. Application of calcium chloride
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(CaCl,) has been found to be a significant impact on the shelf life of various fruits and
vegetables. Pre and postharvest calcium applications has been used to delay aging or
ripening, to reduce postharvest decay, and to control the development of many
physiological disorders in fruit and vegetable (Conway et al., 1994). Recently there have
been reports of application of some mineral elements to reduce IB symptoms.  Spraying
fruit with CaCl, followed by wax treatment showed 80 % good fruit with no blackheart
symptoms after storage at low temperature (Hewajulige et al., 2006). Youryon et al. (2013)
reported that peduncle CaCl; application at 0.2 M effectively reduced IB of ‘Trad Srithong’
fruit, a kind of queen pineapple originating in the eastern part of Thailand, at 13°C storage.
Thus, the aim of this research was to alleviate internal browning of ‘Sawi’ pineapple fruit
during low temperature storage by CaCl, pre-treatments.

MATERALS AND METHODS

‘Sawi’ pineapple fruit, from a commercial farm in Chumphon province, Southern Thailand
were harvested at commercial maturity (two rows of the fruitlets turning yellow). The
crown were cut at half and the peduncles were trimmed. Fruit packed in black transported
to a laboratory at the King Mongkut’s University of Technology Ladkrabang (KMITL) in
Chumphon province. The peduncles were cut to 2 cm length remained. The fruit were
infiltrated by turning fruit vertically and placing the peduncles in water, 1,2 or 3 % CaCl,
solution for 3 days at the respective storage temperatures of 13 and 20 °C (80-90% RH).
The fruit were stored for 14 days at these temperatures, then transferred to 20 °C for
another 3 days and assessed for IB. Fruit were cut longitudinally and the severity of
symptoms of internal browning was assessed according to the area of the cut surface
affected (Teisson, 1979); 0 (no symptoms), 1 (<10 %), 2 (10-25 %), 3 (25-50 %), 4 (50-
75%), 5 (> 75 %). The amount of water and solutions drawn into each fruit by transpiration
via the peduncles was estimated by comparison of the changes in weight of undipped
control fruit and fruit infiltrated with water or mineral salt solutions after 3 days at each
storage temperature. Ca concentrations were analysed following by wet digestion with the
method of A.O.A.C (2000). The concentrations of the calcium were measured with an
atomic absorption spctrophotometry using a Perkin- EImer 300 spectrophotometer.

RESULTS AND DISCUSSION

The internal browning symptoms dramatically generated in the flesh adjacent to
core of ‘Sawi’ fruit chilled at 13 C than in fruit stored at 20 C (Table 1). Un-treated fruit
stored at 13C exhibited 2.08 IB scores whereas it was only 0.52 for those stored at 20C.
This result of low temperature induction ‘Sawi’ pineapple fruit is consistent with that of
‘Trad Sritong’ pineapple which was reported by Youryon et al. (2008). Both cultivars are
in the queen group of pineapple which is low temperature sensitive to IB. Sensitive fruits
show a variety of symptoms, often after being transferred to non-chilling temperatures.

Treatments of 2% and 3% CaCl, significantly reduced the internal browning
symptoms followed by 1% CaCl, and untreated control (Table 1). This result also
indicates that CaCl, treatments has lower internal browning compared to control. This
could be due to the calcium helps to decrease postharvest decay and control the
development of many physiological disorders in fruits (Poovaiah, 1986; Conway et al.,
1994). High calcium concentration result in reduced internal browning symptoms which
are directly associated with calcium content in pineapple fruit (Hewajulige et al., 2003).
Staining with carmoisine dye showed that aqueous solutions infiltrated via the peduncle are
distributed via the vascular system, first through the core and then to the fruitlets (Youryon
et al., 2013). All three concentration of calcium chloride had low adsorption rate compared
to control. This might be because calcium chloride is bigger molecule. Clearly calcium
ions diffuse readily into the core and pulp of pineapple. In the present study, CaCl,
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applications at 2 or 3% showed slightly 1B of approximately 10%, but from our group
research, ‘Trad Srithong’ fruit which is also in the queen group exhibited the IB in trace.

CONCLUSIONS

‘Sawi’ pineapple fruit showed higher IB when stored at 13C, compared to 20C. The
infiltration of CaCl, solution at least 2% via the peduncle could effectively reduce internal
browning symptoms and promote uptake of solution. The higher concentrations of CaCl,
applied to fruit exhibited the higher calcium contents both in the flesh and core and better
reduction of internal browning symptome in the fruit.
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Table 1 Incidence of internal browning, uptake of water and mineral salts, and calcium
concentrations in fruit of ‘Sawi’ infiltrated with calcium chloride and stored at 13 °C for 14
days plus days at 20 °C.

Treatment Internal browning® Solution Calcium content (mg/kg)?
(scores) uptake®
Core Pul
(mL) i
0 % CaCl, +13 °C 2.08° 42.35°  102.00° 193.00°
1% CaCl, +13°C 1.12¢ 33.99"  168.50° 218.90™
2 % CaCl, +13°C 0.56° 2598  203.00° 263.00%
3% CaCl, +13°C 0.32° 20.34%  369.75° 308.00°
0% CaCl, +20 °C 0,525 3312  47.05° 143.70%
1% CaCl, +20 °C 0.08% 33.29"  91.20° 135.45¢
2 % CaCl, +20°C 0.00° 26.98°  192.05° 188.65"
3% CaCl, +20°C 0.00° 22.68°  219.90° 296.30°
F-test *k *%x **x **
Temperature
13 °C 1.02 30.28 210.81 245.72
20 °C 0.15 29.02 137.55 191.02
F-test *% ns *% *%
CaC|2
0% (Control) 1.30° 36.89°  74.52° 168.35°
. . . : :
; Ojo 0.60° 33.64°  129.85° 177.17%
30/" 0.28" 26.48°  197.52° 225.82°
° 0.16 21.58°  294.82° 302.15°
F-teSt *% ** ** **

T Means (n=25) with different lower case letters within the same column are significantly
different.

2 Means (n=10) with different lower case letters within the same column are significantly
different.

ns: non significant, ** Significant difference at P<0.01
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Abstract

‘Sawi’ pineapple, a member of the Queen group originating in the South of Thailand, is
sensitive to internal browning when stored at low temperature. The previous studies in
“Trad Srithong” pineapple, another variety in the group, suggest that postharvest
applications of CaCl, were effective to reduce the internal browning symptoms. This the
research aimed to study the efficiency of CaC, treatments to reduce internal browning in
‘Sawi’ pineapple by varying duration uses and period after harvested. Fruit after harvested
at 3, 6, 12, 24 or 48 h were infiltrated with 2% CaCl, through the peduncle for 0, 3, 6, 12,
24 or 48 h at 13°C. After treatments, fruit were stored at 13°C, 90-95% RH for 14 days
and then transferred to 20°C for 3 days. Fruit harvested for 48 h and treated with 2 % CaCl,
for 24 or 48 h was absent in internal browning symptoms. Duration after fruit harvesting
from 6 h especially at 48 h and duration of CaCl, treatment above 24 h showed a huge
impact in reducing internal browning symptoms. The longer immersion times elevated the
higher contents of calcium in the core whereas the longer duration after harvest increased
solution uptaking rate in the fruit. As results, this opposes the hypothesis that the fastest
time of CaCl, application to pineapple fruit then after harvest is the most effectiveness in
reducing internal browning.

Keywords: pineapple, calcium chloride
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