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ABSTRACT

‘Sawi’ pineapple is classified in Queen Group which is highly sensitive to chilling
temperature causing internal browning symptom during storage. The purpose of this recent
study was to alleviate internal browning symptom using both pre- and post-harvest means.
The pre-harvest use of salicylic acid (SA) could alleviate internal browning of the fruit
during cold storage (13 °C) being better than the uses of CaCl, and potassium fertilizers.
The internal browning incidence was positively concomitant with browning index (BI),
polyphenol oxidase (PPO) activity and malnoldialdehyde (MDA) content of tissues adjacent
to the core. The six pre-harvest means of CaCl, and boron utilizations which were
untreated sample (control), boron, CaS0Os, CaSO, + CaCl,, CaS0O4 + CaCl2 + boron and
CaSOq + boron were monitored. All treatments alleviated internal browning incidence in
the pineapple fruit during the cold storage compared to the control in which a severity of
internal browning incidence occurred during storage for 7 days. However, after storage for
14 days, there were no significant differences in internal browning incidence between all
treated samples and the control. The use of pre-harvest fertilizers treatments combined
with 2% CaCl, postharvest means using peduncle infiltration technique were investigated.
The fruit were peduncle-infiltrated in 2% CaCl; for 3 days and stored at 13 °C for 7 and 14
days, afterwards the fruit were held at room temperature for 2 days before investigated.
The result showed that the pre-harvest uses of CaSO, + CaCl, + boron and CaSO, + boron
combined with the postharvest CaCl, treatment alleviated internal browning incidence
during storage and all treatments induced the concentration of calcium in the fruit core.
The study of fruit maturity on internal browning incidence during the cold storage was
determined. The result found that internal browning incidence of the fruit at 100%
maturity (the whole turns to yellow) was greater than the fruit at 25% and 50% maturities.
This was related to the higher browning index, electrolyte leakage (EL), lipoxygenase (LOX)
activity and MDA content of the 100% mature fruit compared to those of the fruit at other
maturities. The postharvest uses of antibrowning agents such as CaCl, and calcium
gluconate were studied. The fruit were peduncle-infiltrated in CaCl; and calcium gluconate
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solutions for 3 days and then stored at 13 °C and 25 °C for 2 weeks, afterwards the fruit
were held at room temperature for 2 days before determined. The use of calcium
gluconate could alleviate internal browning incidence being greater than the use of CaCl,.
The uses of both calcium solutions reduced browning-related enzymes activities such as
phenylalnine ammonialyase (PAL) and PPO and induced phenolic compounds in tissue
adjacent to the core of the fruit. The climate affected internal browning incidence of the
fruit during storage. The fruit harvested in rainy showed apparently lower internal browning
incidence than the fruit harvested in summer. The location of fruit growth did not affect
internal browning incidence of the fruit during the cold storage. In conclusion, internal
browning alleviation means in this recent work showed that the severity of internal
browning incidence was accompanied by browning index, EL and browning-related
enzymes activities of tissue adjacent to the core. The pre-harvest uses of SA and CaCl2 and
post-harvest use of calcium gluconate were alternatives alleviating internal browning of the

pineapple fruit during cold storage.

Keywords : pineapple, calcium chloride, antibrowning chemicals
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4.1 Changes colour of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with CaCl, KO and SA for 7 or 14 days followed by 2 days during at room
temperature.

4.2 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with CaCl, K;O and SA for 7 or 14 days followed by 2 days during at
room temperature.

4.3 Browning index of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with CaCl; K;O and SA for 7 or 14 days followed by 2 days during at room
temperature. _

4.4 Malondialdehyde content of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with CaCl; K;O and SA for 7 or 14 days followed by 2 days during at
room temperature.

4.5 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with CaCl, K;O and SA for 7 or 14 days followed by 2 days during at
room temperature.

4.6 Total phenolic content of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with CaCl, K;O and SA for 7 or 14 days followed by 2 days during at
room temperature.

4.7 PPO activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl, KO and SA for 7 or 14 days followed by 2 days during at room
temperature.

4.8 POD activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated

withCaCl,; K;O and SA for 7 or 14 days followed by 2 days during at room
temperature.

4.9 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl; K;0 and SA for 7 or 14 days followed by 2 days during at room
temperature.

4.10 LOX activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl; K;O and SA for 7 or 14 days followed by 2 days during at room
temperature.

4.11 Changes colour of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with Boron CaSO, and CaCl, for 7 or 14 days followed by 2 days during at

room temperature.
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4.12 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSQ, and CaCl, for 7 or 14 days followed by 2 days during
at room temperature.

4.13 Browning index of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with Boron CaSQ4 and CaCl, for 7 or 14 days followed by 2 days during at
room temperature.

4.14 MDA content of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with Boron CaSOq and CaCl, for 7 or 14 days followed by 2 days during at
room temperature.

4.15 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSOs, and CaCl; for 7 or 14 days followed by 2 days during
at room temperature.

4.16 Total phenolic content of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSQ4 and CaCl, for 7 or 14 days followed by 2 days during
at room temperature.

4.17 Antioxidant capacity of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSOq and CaCl, for 7 or 14 days followed by 2 days during
at room temperature.

4.18 DPPH free radical scavenging of tissue adjacent to core ‘Sawi’ pineapple
fruit treated with Boron CaSQq and CaCl, for 7 or 14 days followed by 2 days
during at room temperature.

4.19 PPO activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO4 and CaCl, for 7 or 14 days followed by 2 days during at room
temperature.

4.20 POD activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO, and CaCl, for 7 or 14 days followed by 2 days during at room
temperature.

4.21 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO, and CaCl, for 7 d or 14 days followed by 2 days during at room
temperature.

4.22 LOX activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO, and CaCl, for 7 or 14 days followed by 2 days during at room
temperature.

4.23 Changes colour of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with pre-harvest KO SA Boron CaSO4 CaCl; and infiltrated with 2% calcium
chloride by transpiration via the peduncle following cool storage for 14 days

plus 2 days at room temperature.
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4.24 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with pre-harvest K,0O SA Boron CaSO4 Call, and infiltrated with 2%
calcium chloride by transpiration via the peduncle following cool storage for
14 days plus 2 days at room temperature.

4.25 Browning index of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with pre-harvest K;O SA Boron CaSQOs CaCl, and infiltrated with 2% calcium
chloride by transpiration via the peduncle following cool storage for 14 days
plus 2 days at room temperature.

4.26 MDA content of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with pre-harvest KO SA Boron CaSQ, CaCl, and infiltrated with 2% calcium
chloride by transpiration via the peduncle following cool storage for 14 days
plus 2 days at room temperature.

4.27 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with pre-harvest K;O SA Boron CaSO, CaCl, and infiltrated with 2%
calcium chloride by transpiration via the peduncle following cool storage for
14 days plus 2 days at room temperature.

4.28 PPO activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K;0O SA Boron CaSO, CaCl, and infiltrated with 2% calcium chloride
by transpiration via the peduncle following cool storage for 14 days plus 2
days at roorn temperature.

4.29 POD activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K;O SA Boron CaSO4 CaCl, and infiltrated with 2% calcium chloride
by transpiration via the peduncle following cool storage for 14 days plus 2
days at room temperature. .

4.30 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K,O SA Boron CaSQq CaCl, and infiltrated with 2% calcium chloride
by transpiration via the peduncle following cool storage for 14 days plus 2
days at room temperature.

4.31 LOX activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K,O SA Boron CaS0O, CaCl, and infiltrated with 2% calcium chloride
by transpiration via the peduncle following cool storage for 14 days plus 2
days at room temperature.

4.32 Superficial colour of pulp of pineapple during storage.

4.33 Climate condition at Pathiu district Chumphon province during the
pineapple fruit development periods.

4.34 Superficial colour of pulp of pineapple during storage.
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2.1 Morphological structure of pineapple fruit.

4.1. Internal browning (IB) severity score (A) and browning index (BI) (B) of
tissue adjacent to core of ‘Queen’ pineapple fruits cv. Sawee at various
stages of maturities held at 13+1 °C for 7 and 14 days followed by at room
'Eémperature (30+£2°C) for 2 days

4.2 Percentage of electrolyte leakage (EL) (A) and malondialdehyde (MDA)
content (B) of tissue adjacent to core of ‘Queen’ pineapple fruits cv. Sawee
at various stages of maturities held at 13+1 °C for 7 and 14 days followed by
at room temperature (30+£2°C) for 2 days.

4.3 Internal browning incidence of ‘Queen’ pineapple fruits cv. Sawee at
various stages of maturities held at 13+1 °C for 7 and 14 days followed by at
room temperature (30+2°C) for 2 days

4.4 [* value (A), Bl (B) and IB severity score (C) of tissue adjacent to core of
‘Queen’ pineapples peduncle-infiltrated in 2% CaCl, or 2% CaGlu solutions
during stored at 13 °C for 7 or 14 days followed by 2 days at RT. The vertical
bar represents the standard deviation of the mean (n = 4). Values different
letters within the same figure are significantly different at P < 0.05.

4.5  Visual internal browning incidence of control, 2 % CaCl, and 2 %
CaGlu treated ‘Queen’ pineapples during stored at 13 °C for 7 and 14 days
followed by 2 days at RT.

4.6  The activities of PAL (A) and PPO (B) and TP content {(C) of tissue
adjacent to core of ‘Queen’ pineapples treated with CaCl, or CaGlu solutions
during stored at 13 °C for 7 and 14 days followed by 2 days at RT. The
vertical bar represents the standard deviation of the mean {(n = 4). Values
different letters within the same figure are significantly different at P < 0.05
4.7 Electrolyte leakage (A), LOX activity (B), MDA content (C) and farnesene
content (D) of tissue adjacent to core of ‘Queen’ pineapple fruit dipped in
CaCl; or Ca gluconate (CaGlu) solutions during stored at 13 °C for 7 and 14
days followed by 2 days at RT. The vertical bar represents the standard
deviatior: of the mean (n = 4). Values different letters within the same figure

are significantly different at P < 0.05.
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4.8  Antioxidant capacity {(A) and the activities of G-POD (B) and CAT (C) of
tissue adjacent to core of ‘Queen’ pineapple fruit dipped in CaCl, or CaGlu
solutions during stored at 13 °C for 7 and 14 days followed by 2 days at RT.
The vertical bar represents the standard deviation of the mean (n = 4).
Values different letters within the same figure are significantly different at P <
0.05

4.9. Lightness (L*) (A), browning index (BI) (B) and internal browning (IB) score
of tissue adjacent to core of ‘Sawee’ pineapple fruits harvested in summer
and rainy seasons stored at 13°C for 7 and 14 days and followed by 2 days at
room temperature (RT). Vertical bars represent standard deviation of mean
(n=8). Significant differences between treatments are indicated with asterisk
[*(P< 0.001); “P#0.05Y.

4.10 Internal browning (IB) incidence of ‘Sawee’ pineapple fruits harvested in
summer (7 Mar 2016) and rainy (17 Oct 2016) seasons stored at 13°C for 7
and 14 days followed by 2 days at room temperature (RT).

4.11. Polyphenol oxidase (PPO) (A), peroxidase (POD) (B) and phenylalanine
ammonia lyase (PAL) (C) activities of tissue adjacent to core of ‘“Sawee’
pineapple fruits harvested in summer and rainy seasons stored at 13°C for 7
and 14 days and followed by 2 days at room temperature (RT). Vertical bars
represent standard deviation of mean (n=4). Significant differences between
treatments are indicated with asterisk [**(P< 0.001); *(P< 0.05)].

4.12 Lipoxygenase (LOX) activity (A) and malondialdehyde (MDA) content (B)
of tissue adjacent to core of ‘Sawee’ pineapple fruits harvested in summer
and rainy seasons stored at 13°C for 7 and 14 days and followed by 2 days at
room temperature (RT). Vertical bars represent standard deviation of mean
(n=4). Significant differences between treatments are indicated with asterisk
[**(P< 0.001); *(P< 0.05)].
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wailuwauszanm 0.5 -1 laniu meeutheyuadenn deanivdensaesiidmdendetiluiid
wEsadusannunseuiiilaletion waviinduvey dulvsalunduiife Wusquia Wused Wudnsed
V83 uagRLIua

3. ngu Spannish Tuuiendviugiinade vevluilmnuuvaugulfise ayusuianiing
A71W3A Smooth Cayenne Lﬁi){l”ldluﬁﬁLMﬁ@ﬁ]’NLLﬁBﬁﬂ%M’lmLaEJ'LHEJG WNURAMLED
NAULAYTAYIAUANGNIIINABINGLUTN Fursalunguiifie Wugdunsinun uaziugdunsiauas
(Jumnsg, 2541; Popluechai et al., 2007)

2.2 dugruiInervesdudssn (Morphology of pineapple)

é’uﬂ:wﬁdanimaﬁalﬂﬂzlidauﬂaaﬁﬂﬁuﬁa 90 (crown) e (sucker) uagnuifigs (slip)
aﬁumwmawuﬁ a'mﬂ'ls'l.viwa»uaqauﬂvim‘l,uﬂsvmﬂ”lmmﬂanmnanm’lm’;awivmm 15-20
dou madulssntuiaunnYenaniiirtuiivansenvasddy wenaduiaunluld srevuils
mwaamuuu'lwaammu ﬁ)"mimmuim'uummuwua wFnifiuiisadudzsaandu (p[ant
crop) 'Lﬂu,m Fududssasudufiandoulngily wua'ﬂwmmmnmmumﬂ.unmmmmu‘lmwm
Wuduvzsasulni Sen91 dudzsanuasuusn (first ratoon) ) Fudlelirnaudmudiuulure
wuasuLLiﬂﬂmrgmUTﬂLUumu'lm"lman 138N auﬂuwwuasuwaaa (second ratoon) AILAAAY
Tminaunufugul szdiululévanesou mmammnﬂaawLaamuwmaﬂﬁwsmmuh
(duan3g, 2541)

bt



siniuszeysandes (fibrous roof system) UszNaua1831n017591UIUUN
(adventitious root) SniledapNIINEwudLTagldfiaRy 3und1 sInRu (soil root) dnnseane
aguinniiuiug aeluiluzesiudulssn sniienuiluuudnesiduiegwilefianu
Sundn Tyl (axillary root) ﬁﬂa:ﬂ.ﬁmﬁ&magjsaué’wﬁumuqﬂﬁaaw*ﬁw@mﬁﬂLLazLL's'ﬁfwg
ownstidudzsaldluundomaifianmundeusansauusluanmunisinmaiiasiansywedy
vauaguazayluanwinm
Aeiu

frdulidnuasdunarmnadionssuss B1UsENIM 20-30 WuRues dufinirefign
nhadszan 5 wuiims Sduiiegumiloruiuinasaanse duflaglifauadddudnies s
ﬁﬂﬁu%ﬁﬁﬂwmxLﬁu%aLLazﬂé’aaﬁy’Uﬂ mﬂmawiamaa‘luﬁwqﬂaaﬂlﬂmnﬁﬂﬁu (leaf scer) 92904
Uasenuszana 2-5 Haduns mm:m'lumﬁwxLa%vaﬁUIm%umgﬂumialﬁ Wofa3LnaInm
vuiduiegmileiuiu Fend wisdhevIemiseinia (shoot w3a air sucker) daumisiivadey

a a

o v o ) o 8§ va a ' | a
UINAUARUASEAURIAUMTBLAAY 1S8NTT NUDAY (ground sucker)

Tu
TufidnuusSemmuwasnusodss Jwelluduysaiimuudusuaznuniudons
wnwuidufiiay nsSeshvedluilunvuivuseuddy fiseumsisesda (phyllotaxy) Wiy
5/13 &nvuzveduiiGeisadiuieldmayeisuseuddunuuiidm g dydemarisedin
luanmuwadeniithivies Wemnavessunieddrsiinnaundudatursiluazgnsius i
Tausulsmilulduselosdls

tYanan
tonanuatdulysaiuagiu fAumanmnussnygEititeaeniuy raceme Fail
nsAsuulaswhlvinendesuas bract 1ondaturuifiovanysal wazegsauiuuuununaIes
Yonen donenudazdeiinondetusvaios 100-200 man ununaavesteneniudiudide
deananniugensn Faduiadatsyiivarsseniuvesiudulysn nendeudonaden (fruit
le) TniFpasnuuidusaunnunalarestensn asntetudasnaniiunenauysaiweil
duUszneusneg bract 1 S nduidss 3 ndu nasiad 6 8u Boadunsas 3 Su waziiSeld 1 Sy
wiadu 3 904 (locules) inasiifisaaninnasifidnios JUsvvesnduaenduluued’
(ligule) 81UTzaNN 16 Taduins nedseana 5 fiadluns daurasmenudannuiukimarhivgn
1l
wna
nswaunveafinlaglidesiinisuaninas (parthenocarpy) @UNIIHANANDS
Watulaily Wesanvasainasiag (pollen tube) lunenvesdulrsaiugidsafuliiaunsniaiy
rufunasidisluauileld madulssaduuumasin (multiple fruit) innnsideuAniu
vaedily wavdiuvsznevvewnendesfiSusiaginiuaguuununattuastenaniisailvuialng
9zilgusnauuunsay (conical) Ao daulaunaniuniwatorna winradirunilnafesiu uae



rafivuiadniinosiigusisuuunsanan (spherical) fie daunanmainiunirtannnidiulauna
wazUaiona AmpIvamElnalAsIUAINNIN (Fuandy, 2541)

base of crown cccrown

shell

ovary

core

vascular bundle

peduncle

Figure 2.1 Morphological structure of pineapple fruit. (Youryon, 2011)

2.3 snslddthena

E)']m'ﬂﬁﬁ“L:i:’lmalué'uﬂﬁﬂ(intemal browning 38 endogenous brown spot %38 black
heart)  {uensAnUniivnsassiveiiiatuidondanaldiugamglinudigenigadonuds  vin
Winalifnmdomeawadhiduilsoniunesiuslan  waliffnsusmedemingamyfidndau
Tngituiisluedoudlofvinumlieampiisiinin 12-15 sswaidoa Wy wsin niy
Uzavne N%'E (‘xﬁﬂLLﬁ 2541) dudzsm (Paull and Rohrbach, 1985) LLavLﬁm'[uﬁmﬁawumﬁa
musnmmmwnummn 0-2 aammamaa anwm“mmmmﬂr\ﬁmmmuwawan“em., ruu p)
visiaverdnnainsasunailudithmanion Lzava'mLﬂmsawummummnmaausnmuumu
W e nslddhmanylditudulysauasinualivansein wWu shudss ad lududzsnazuans
prmsnAnldihmasinuinareulddeuiissnssadiUiilduandeiivinaneuld  uih
ﬂ'aﬂTuenasqnﬁmﬂunéuﬁﬁ'}maﬂmﬂ‘lmﬁm%yu (Kader, 1996 ; Youryon et al, 2008) amwnﬁﬁ?ﬂﬁ

v
a

mnzaudmiunsiiuihwdudssangy Smooth Cayenne 'vmnaawmmimmnmmamwnu 7-
12 ayrLTaldua umamimusnm 14-20 Yu (Paull, 1993) uslungs Queen AnAalddina
mamusnmammuw 8 13 way 15 seAuwalded mamﬂmsmmﬂm 7 Yu (Youryon et al,
2008) dulssalungu Smooth Cayenne T¥&n13dn 35-70 Lﬂaiwummaaumuﬁmam LAn
mmﬂaammaiuwmmﬁva”awm (Soares et al., 2005) Naawmmnau Smooth Cayenne
hay  Queen 'mjgn'imissmﬁﬁsaqmmﬂmnw-ﬂaau’m’lamnnmaqu Weerahewa and



Adikaram, (2005) Fauansnslusieauwes Zhou et al (2003) wagnun (mature)uaniainsldd
dnasuusiniszevdeunazgnien uazuenwuitfanssuveaulel PPO Fafuoulesiddyi
Lﬁ'mﬁ"un"ﬁ&,ﬁﬂﬁﬁwma wulwifinanaziianuduiusfussiuanuguusivaniainensldad
theauarlunaduusaiunfifanssuvedeules PPO genilunaseunaznagnion

2.4 msaamsiiadinaadulzsauasualizug
mslfuraeuiundnnanadouiazndimafuioinaannisfiaunfuazdnergnisiiv

$nwi(Conway and Sames, 1983 ; Ferguson,1984) iiasannuaaideuludiulssneuvemiiuea
iliaauaun1siueenvauta (Gilroy et al 1987) dudrsangu Smooth Cayenne (‘Kew’)
warngu Queen (‘Mauritius’ )mjimmLmamaa‘luma’tﬂawaanmnm'\uﬂuma (Hewajulige et al.,
2003) wagiinisldueadenraslsadounsiuisfniunmsindeuinlinaiosas 80 (Hewajulige
et al, 2006) etlsfanudinisliuaadeusudulssalasiins Vacuum infittration luduuysn
Wug ‘Gold” '73-50" waw ‘Gold’ agflundu Smooth Cayenne iansnsnanannsldiimald
(Youryon et al,, 2012) 31nnsnaaadliasazansuaafeunaslsnnnududu 0.18 M ugsunia
fruwa 3 Suilgamgiifiuing aunsodudansAndihmaldlundaraiiinnanaandasase ud
anensldbiFlunaiidemnanaaaln (Youryon et al, 2013)

msl#luseuluandiiug‘ Conference’ faunisiiuieaannsanmaindiiniald (xuan et
al, 2001) lussepannsanainesimauanduniilelddudy ¢ Alanfudedu Saufudaviy
waadeuAaslss 2 Wosdus wavluseu (Poovarodom and Boonpland., 2010)
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35A1Hiun15IY

3.1 msAnwnsaaldfinianounafuie

n1INAGRN 3.1.1 ﬁﬂmmaﬁﬁm’uaaﬂaLLasﬂmauw%‘é@iaﬂ'mﬁ@fté’ﬁﬁwma
lonwruRussuiuiivgndulyaiugad szosgniunaifien 50x150 wuwns fdnduity

TansldansniimuaulutiusnuasfnnagnssninemsaTyglduln 1UHUNIMAADY

Completely random design (CRD) i33mstitle 4 33013 33n15a¢ 1,000 fu Wenafieszozii

Hedld Edendeuwdudndes2 unn) 3n1sas 100 wa thluifuinmitgamgd 13 Wuna 14

Fu uhteeenundt 25 swvaifeaidunat 2 Su udrhmugraiiegmstnlddthnna

3813

1) Control l{snuuna

2) Calcium chloride 2 Wafidus Sanuiinanauduiien
$1uau 4 adh W weaduooneeniiieudi 2 3 4 uaxs)

3) Potassium K;O 20 nSusanu 311U 4 ﬂ%v'wﬁeﬁqﬂ

4) Salicylic acid 2 mM rsuntsiuRes 2 #av

nNSUUNNNG

1) aswigirulavesdulzsn D-leaves wazvTnmg

2) asfsenslddtinmaniendamsiiuinu (Azuuw) fiaudasain Teisson, 1979
O=tijonauni
1=\ilnauanteInstasnindesay 10
2-lilorauaniamsunainfoay 10-25
3= fonanansennisuinnitiosas 25-50
d-iiioraudnnisiannindaag 50-75

& v
S5=LUDNALAAIDINITUINNANTBERY 75

3) U3 (Total soluble solid) TSS §1uaw 10 91 fouwarudanisifiuine

4) U3uau (Titratable acidity) TA 9121 10 $1 neukasmdinsfuing

5) USunaiandu® a1u3s (AOAC,1999) 377U 10 1

6) n1557lnavesarsdidninslad Electrolyte Leakage; EL) m1u38n15u09

(Promyou et al,, 2012) luduwasld $1uu 10 41 Aouuazwdanisifiuine
7) Y3inausmn Ca lduaniiiodulzan Tagismstosuuuien (wet digestion) auis

84 (AOAC, 2000) e ntuthansavaneildluiauTinauaaien de atomic

absorption spctrophotometry '



8) USunauansuszneuilusasiun andsn1sves Slinkard and Singleton
(197 uduszwialdiudie
9) AINITUVET PPO Fimwasan (Yang et al., 2000 ; Lichter etal., 2000) Tudau

semsldnuile

10) AvNIsULed POD AnLUaIN

11) AaNsuwea SOD AnwUadan

12) Aanssuved CAT daluasann

n1sYAaan 3.1.2

Anvnavesura@enuaslusausanmsiialdduinia

lowsauduwsuiuilgndulysaiudad ssesUgnifusaniden 50x150 wufiuns Mdaduity
Tnensldansiaiimuauluiiausnuasdangssninmaasgiula 19UNuNTIAa8Y
completely random design (CRD) 38mslife 6 353 unadsumsiuldnaunisugna
SEmsannuLnadenasTusaundnmstidunisesnaenvilifou fodeudi 2 3 4 uax \ieu
# 5 Wonaiesvosiiiudenld @uienwasuiudinges ) FBnsas 100 wa thluduinui
gumgil 13 sesrwaidea Wua 14 Ju wdrdhenoninit 25 ssrwaldsaduiat 2 Ju wie

auenuiegniaiialddinna

Waslvie 35n13ax 1,000 AY

1)
2)
3)
4)

5)

s

AMSUURNK

Control

Calcium 9Ru SUdu 100 Alansu/ls

Tuseu 0.25 % s 4 adadeunisiuiien

Calcium yadu (B 100 Alandu/ls) + Calcium chloride 2 (Wasiiud
Aanuiowduiien S 4 adideuntsiiuien

Calcium yn3diu (FUFY 100 Mansu/ls) +—Calcuum chloride 2 Wasidue +
Tusau 0.25 % $1uau ¢ p3a Aeviudauntsifiuiien

Calcium vy @Usu 100 Alanu/ls) + luseu 0.25 Wesildud daviureu
AUl Swau 4 s

1) maaduiulnuedulzan D-leaves wagdmiinug

2) nstinenslE@dimaniendansiiusnm (aziuy) faudasann Teisson, 1979

0=tijanauni

1 =iffenauanionsiesnitfosas 10
2=\ipWauanteInsInnninfesay 10-25
3ofionananienisunnnindesay 25-50
4=\flonauanionisinnnindesay 50-75



5-foNaLandDINNsUINNINSeLay 75

3) Y3uu (Total soluble solid) TSS 37u3u 10 41 foutarndiniafiuinm

4) U3uneu (Titratable acidity) TA 97u7u 10 $1 neularndmsivinm

5) ms$aluavesarsdidninslad (Electrolyte Leakage; EL) Anu3sn15ves

(Promyou et al,, 2012) Tudguveld 91 10 £ founarndinsiuinm

6) UdnauansUsznoufiusanavun mudinasues Slinkard and Singleton
(1977 luduwadlduasie

7) Aanssuves PPO daudatann (Yang et al, 2000 ; Lichter etal., 2000) ludau

vodlduaziile

8)UTunwuaw Ca 1uaziifeduizan Tas3Snsdesiuuilen (wet digestion) A
33904 (AOAC, 2000) Mntuthansavarsdildluinuiunaunaadsn fe atomic

absorption spctrophotometry

asnnaa 3.1.3 ﬂmenwawaaﬂasmnunw’Lmﬂamﬂwaamimmnm

HaduULInIINNTMAGes 1.1 uay 1.2 ynisnns 3ansaz 100 KA (mmu 10 $19
ax 10 wa)mﬁanu,a.,meuauﬂvsmmamawamaalim 2 Wosidust v 3 u Agumail
13 pernaded e 14 Sudidreiuiigumail 25 esreades 2 Ju Juiinuans
T Y R ETE Y Aty &6

1) emsldddhanae Tnsliduasuuy susziuasiulres Teisson, 1979
O-lilanauni
1=ifjerauansannisioenindesa 10
2=\ananansennunnInfosay 10-25
3= ienauaneINTIANATIFeaL 25-50
d=iiforauanianisuinnindesag 50-75
5-\fonawanseINITININesay 75
2) dmsInsananTazanveIdUUrIn
3) a1s5aluavesarsddninslad (Electrolyte Leakage; EL) A1u38n15903
(Promyou et al., 2012) ludiuveeld 31 10 31 flouLaLvaINISIAUE N
4) Uiiasn Ca Wuanioduuzsa Ingiinisdesuuuilion (wet digestion) Au
3293 (AOAC, 2000) A ndutharsavareiildluiauuuuaadon dae

atomic absorption spctrophotometry
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5) USuuansusznouTusaranun auiin1suas Slinkard and Singleton
(1977 ludumedlduaniie

6) AINTTUVEI PPO dimuuasain (Yang et al, 2000 ; Lichter et al., 2000) Tu
duvaslduazie

3.2, myAnwInIsanlddumandansiiuien
AMsnaaed 3.2.1 szeznisdndanisiialdduinia

Suulyseiugaifisvsnisansnety 4 sey Tnsdoainaiu sunedd Smingums
Tng119uHUN1IMAaDY Completely random design  (CRD) szgzn1sgndulzin 4 svey
$1uu 5 $19ay 10 wawtusnuil 13 eseweaded Wunan 14 Ju uirdeeenti 25 a4
waldua 2 Yu Yudineasinislddiina lnsldduavuuy auseduazuunuas Teisson,
1979

PEAS AT A A AV R T2

Waenddenana

Wanndnane 2 un

\Waendmdes Adwwa

Wisndvdenia
NISUUTING

1) mafnomsldaiinianiendiisiiusng (eewun) fauasenn

Teisson, 1979

0=iifonauni
1=Lﬁawammmmiﬁaﬂﬂf.i’l%'aaa: 10
2-lijerauanomsnnnindesay 10-25
3=(ilanawaniornsinnnitfesas 25-50
d=-iilanauanienisunnitfesay 50-75

5=|faNauanIdInNIsuINnINTeay 75

2) Usunau (Total soluble solid) TSS
3) Usuneu (Titratable acidity) TA
4) USuaianfiud aais AOAC, 1999

msnaasd 3.2.2 Anmsldasanmsinaditnalududzsa

HadUUzsasresiUABudanun 1HUHUNIMINADY Completely random design
(CRD) Wansannaiindthna 63813 $1u7u 5 919 10 wa (33nsaz 50 sallae3Bmsdu
fudulzsadiunan 2 Yu thluduinuni 13 swnwaded Wunan 14 u wdéheeend
25 pafgaLdea 2 Ju
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3013

control

Calcium chloride 2 Wafidun
Calcium gluconat 2 Waiigus
Salicylic acid 2mM

Ascorbic acid 0.1M

nISUUNNKE
1) onslddiana InslfBuazuuy aasziupzLLLYe Teisson, 1979
O=tiloraund
1= fenauansonstasninfesas 10
2-iiforauantennisuannitdatay 10-25
3-iijprauanteIMsInnInfatay 25-50
q=\HowauantoIn1suINNII3oeas 50-75
5-1fenauansanisunninfasay 75
2) dnTnsgeansavalpuasdulyn
3) ars¥aluavesansdininglas (Electrolyte Leakage; EL) A1u33n15vas
(Promyou et al., 2012) Tudwesld 9w 10 1 AsuLardINSiuinm
4) Vhinaisie Ca luasiioduuysn Ingdsnisdesuuuden (wet digestion) A
389049 (AOAC, 2000) A ntuiarsazateflaluTavsuiuunaidion fae
atomic absorption spctrophotometry
5) U“‘immm‘sﬂwﬂauﬂuaaﬂswm MN8N 15989 Slinkard and Singleton
197 7udwvedlduanile
6) AINTTUVBI PPO diauUasain (Yang et al,, 2000 ; Lichter etal., 2000) ludau
vadlduazile
7) USunarniandiu® @1uid (AOAC, 1999)

msnaesdl 3.2.3 Anvuavatggniarenisiinlddiina

dudzsanugal Auaresrey Sunea TMIAYUNT 1UHUNITVARDY Factorial
in completely random design (Factorial in CRD) freszarnaiiuiies 3 seee 19
upadounaslsd 2 Weddus huudfudulssaduna 3 3u wavgamuau Al
$nwndt 13 esmwaudea Wunan 14 Fu uiidheeend 25esmwaliea svevan 2 Tu

szeznammsLiue?

nuAMuUS qaiou




Tguiau augaiuy
aaml gaKu
A13Uuneg
1) oslddima Tneliiuazuuy auseduasuuuyes Teisson, 1979
0=1ilanaund
1=\ferauaniennstissniniesay 10
2-ifiorauanteInIsINnniesas 10-25
3-ifipnananienisunnindesay 25-50
a=1ienauaniensunnitdesay 50-75
5-iiienananieInisunniniesaz 75
2) dnsIn1sgeanTararevasdulysn
3) prnsanhlnetUsusaitidnwnm o nhisu dudseaziuiiouns
1) ms¥luavesansdidninslan (Electrolyte Leakage; EL) madsnasvas (Promyou
et al, 2012)
5) Usinauansussnouilueanmun anudanaswad Slinkard and Singleton (1977)
6) nanssuves PPO Anldatasn (Yang et al, 2000 ; Lichter etal., 2000)

nsmAResil 3.2.4 Anwriuiivgndemsmsiiadtnnia
Benansfiaanisiindiinniadiliuafiian 1neunuUNTAaes 2x2 Factorial in
completely random design (Factorial in CRD) Intlddulysa 2 Nuft Swneaiua
Srnotzin (Mnnsmnassit 1) 3in1snsldmsdenisnisiiangaanmsnaaes 2.2 33
winilAuinuiigamgii 13 ssrwadoa Juian 14 5y uirdrwoonil 25 oam
walgea 3 Tu
dulesn

v § = 1 =

1. Wugaivanlunui a.veTzey 0.7 2.UNS

a u L] q
al =Y

2. vugaivanluiun agule 9.Uz#ia 9.quws

U a4 q

be
D.

be
'

3Bn1steans
1. control
2 Juiuea 3 Tu

@

ANSUUANE
1) omsiddinana Inelimdunsuuy museauazwUuYae Teisson, 1979
O=Upuaund
: t 5 i v
1=iilonauanioInisuasninsesas 10
2=1flonauanion1suInninseyay 10-25

3=l UDNALARIDINITUINAINIBEAY 25-50



d=\{lenauaniornsunnindesay 50-75
5-lilawauanionisuInniniesa 75
2) BIINTYAANTATALVDIFUYE A
3) salnavesansdldnivslan (Electrolyte Leakage; EL) muisniswaa (Promyou
et al,, 2012)
q) USinquansusenouiiueadiavun auiinisves Slinkard and Singleton (1977)
5) Aanssuved PPO Aawuasain (Yane et al., 2000 ; Lichter et al.,, 2000



UNN 4
Nan1sIveLazIvnsalng

4.1 mamsanwinisaalddiiniadeunisiiuiferduuzse
4.1.1 wamsﬁnuwaﬂﬁmmﬂaua:n‘mﬁum?éﬁiamnﬁm‘lé’ﬁﬁflma

Andila

oo uiieduursn nuimendinaiudadinuainale) wesardudindos
(0% lsislanuunnsnanieadd uinnevdaduinund 7 Su d(Luazn (b ugedy uazanas
aevdinsiiuine 14 Ju Samasanafivinuinuin fulvsaiilidedaonsa Salicylic(SA) fifin
(Lmawan (b%) gendmnganismaaas (oaan SA fidutaelunsdudimandsunasesd
Tdvosdulzsnmsanmanlile (Sayyari et al,, 2011) (Table 1)

Table 4.1 Changes colour of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl, K;O and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment Day 0 Day 7 Day14d

L at b* h L* a% b* h ] a* b* h
control 7641 342° 3199 96.22 83.56° 381 4069 9543 7386 -1.99 3215 92.98
Cacl, 7677 358" 3058 96.79 79.95° 381 3809° 9567°  T3.14 -2.58 3229 94.31
Ko0 76.53 -3.94° 32.89 96.89 8264°  -4.17 3768°  9648° 7158 -1.96 19.70° 9346
SA 77.45 367° 3135  96.83 8387°  .4.14 @ 4L12°  9590™ 7468 207 3354° 93.22
F-test ns 4§ ns ns * ns i EE ns ns 4 ns

Means with different lower case letters within the same column are significantly different.

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

nsiinenisl&dana

mandinsirduizsaunfuinviaungll 13 esrngaded  wudilugae 7 Juusn
Fugsaiilioluusasganisnaans azuuunsAne mstEdiaalifamuansmnaia ue
sgnlsfmudulzsaiilidodis Cacly finzuuumsiinernsldimnatiesgn sesawmniy
Fuuzsaitlilonuund wasloiuinuidunat 14 Ju wudrdutsniiideauni flavuuunis
Anenstddihanatesan sesamndudulssaililods Cacl, faruuandiansadifedadl
Wodhdyda (Table 2.)
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Table 4.2 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with CaCl, K;O and SA for 7 or 14 days followed by 2 days during at room
temperature.

Treatment Internal browning (score)
Day7 Day14
control 1.25 2.56°
Cacl, 1.71 3.06°
K20 1.88 3.00°
SA 1.06 1.59°
F-test ns gl

Means with different lower case letters within the same column are significantly different.

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

Browning index (BI)

msadvieraniuiimg wuiwmi‘tﬁ{iada'um‘szﬁuLﬁauﬁNaﬁaﬁﬁﬁﬂuwuLﬂuﬁﬁwmwawaq
Fuuesn issmnUitnaunnuduithmavasdulysagedililedas cacl, Sidviemmuiudihma
frgm Tnuuaneaead fuduyzsnilitegnitug weadlaifuinududssaluna 7 3u
wuduUzsagaiiliidese CaCl, faadiFainmauiuiiaadian sosmanduduizsailide
auUnd Wifiauuannwmedn . fuaenndeaiuaziuuntsineinistdimaiifuinundu
nan 7 Sudulvsamnitlitede cacl davuuushaaduiu wasdlefiuinuuduian 14 u
wuihduzsaitbiilade SA fifvinududtaiasan sesauniiu dulzsailliledas Cacl, 3
AUUANAIINan AR 1T Any (Table 4.3)

Table 4.3 Browning index of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl, K;O and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment Browning index (%)

Day0 Day7 Dayl4
control 0.47° 0.36 0.57°
CaCls 0.41° 0.34 0.46%
K:0 0.47° 0.39 0.57°
SA 0.47° 0.37 0.40°
F-test * ns .

Means 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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J3u1te Malondialdehyde

USunau Malondialdehyde (MDA) wu31u3une MDA Tududsafiiuien 5UU“3ﬂﬂﬂmﬁﬂEl
muUng LLaxaUﬂusmﬁ'LwUﬂma CaCl, fiUSunsu MDA maﬂ ummumnmamqaam u,awwaamn
Wushwwdunan 7 u wumauﬂusmwn*umm-swmaamﬂsmzu MDA 1fixdu uaranauiiafiuin
Wuan 14 Ju aUU”iﬂ‘UﬂmﬂﬂﬁJﬂ’w SA §USutu MDA fﬂ’]ﬂﬂ iaaaau'uﬂuauﬂvmﬁlwamﬂ
KO ummmﬂmamqamammuamﬂmm pgalsAmunisla SA anmsemsiinlddieiall
AuduRusUSnas MDA Bl uaz 1B flanas(Table 4)

Table 4.4 Malondialdehyde content of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with CaCl, K;O and SA for 7 or 14 days followed by 2 days during at room

temperature.
Treatment MDA content (nmol g™ FW)

Day0 Day7 Day14
control 0.41*% 1.24° 1.385
CaCl, 0.41° ST 1.15%
K0 0.61° 1.64° 0.61°
SA 0.54%° 1.52° 0.50°
F-test x o -

Means with different lower case letters within the same column are significantly different.

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

nssaluadianinslad (EL)
Asavsunumsslnavesdidninsladvionsidenaninuaaead wuiluiuusn dulzinyn
‘ﬁLMUEJF]'mﬂﬂG\ mlsmmmﬁﬂmammamniwﬂammam saaaqmﬂuauuviﬂﬁiwﬂama KO uaw
‘UU“‘JﬂmVi‘Uﬂma CaCl, fBmnanshinavesdidninsladigean fmuuandimnsaid wauiiie
wusnwdunan 7 u way 14 Ju wuin wﬂmmmsmaaaawusmﬂsmmmsﬂlwaﬂuaaamnim
lamawu Laiflauumnaianada uaegrelsinau aw.ﬁmﬁ'{wamwﬂm Fanaiivginanissilva
wmatan‘[wﬂammqm (Table 5)
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Table 4.5 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with CaCl, K>O and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment Electrolyte leakage (%)

Day 0 Day7 Day14
control 32.32° 50.88 52.11
CaCl, 40.61° 55.68 56.29
K20 37.85% 64.34 62.66
SA 38.52% 54.95 57.63
F-test ¥ ns ns

Means with different lower case letters within the same column are significantly different.

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

Usuuduea (phenolic content)

msiAseiUiiailuedn wuitnaensseznatnisifivinwmnyganisvaassiiuiuna W
vaAniiniu Imﬂ‘lui'umnﬁ'uﬂwmﬁ’lﬁﬂﬂmmﬂnﬁ HUSunaueingsdn 'smaaml,ﬂuﬁuﬂuimﬂﬁ
Twe SA uwsiliifanuumnaisneana diadiusnuidunm 7 ’JUWU’J'!EUU“’iﬂmMUEIWJEJ SA d9an
iaqaqmmuauﬂziﬁﬁlwﬂama KZO muaqumﬁleamuﬂﬂﬂ uu'smmwuaanmam TR
LmnmNmaammamauuammmﬂa wazdioiusawndunan 14 3y auumﬁmﬁlwuama SA £9pail
UTuuueingdgn 'saaaamLﬂuaUUziﬂﬁ'lWJ‘ama KO fiadnuuanananieaifediaihioddn
(Table 4.6)

Table 4.6 Total phenolic content of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with CaCl, KO and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment Phenolic content (ug GA ¢ FW)

Day0 Day7 ~ Dayl4
control 186.27 34373 444.29%°
CaCl, 168.53 390.79° 431.49°
K0 164.70 407.96® 435.89%°
SA 180.27 425.27° 463.46%
F-test ns ** ki

Means with different lower case letters within the same column are significantly different.

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

149683
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nanssu PPO

msiwswiianssuveneulssl PPO wud1 wamsfiuinududy gyaduian 7 Ty
mnﬁmauauﬁmwuawu fromuansnameadfetneitedois dulzsaililode Cacl, i
Avnssuvenaulel PPO sham wasndsndudnvidunan 14 u Aanssuveoulsiingadumn
yan1svaaes dulssagaiilidedme SA fifanssuveauleisingn wisgralsAnuliianuuanes
N (Table 9.)

fanssy POD
m'ﬁmswﬁﬁaniima«,aulﬁaﬁ POD WU MMSNAUS v uan 7 Tu HRansTHYY

[
= =l v a

Lﬂu\l‘?.lll POD LWSJEN‘U‘L! ll‘F]’ﬂllLLﬂﬂﬁ]’Nﬂ'NﬂﬂﬁElEJ'NJJ‘L!EJ?['}F]QJUQ duly iﬂ%ﬂﬂlﬂﬂ&lﬂ’m SA fia1

@

@

mﬁﬂ 3aaa\1mLUuanﬂvsmﬁTwﬂUma caCl, windaniivinuiiunan 14 Junuil NAYenIs
wmaawﬂﬁmiimmlw POD Yosnindudrsamiuinvndunat 7 fu fianuuana1aneaia
Fuuzsaiiliiodne KO fiRanssuvsueulyl POD dgn sesasnduduvziayailidode
CaCl, (Table 4.10)

Table 4.7 PPO activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl, K;0 and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment PPO activity (Units ** FW)

Day 0 Day7 Day14
control 0.55° 0.63° 0.69
CaCl; 0.50° 0.52° 0.72
KO 0.49* 0.56" 0.70
SA 0.56° 0.57° 0.68
F-test il R ns

Means with different lower case letters within the same column are significantly different.

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

Table 4.8 POD activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl, K,0 and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment G-POD activity (units g'FW)

Day0 Day7 Dayl4
control 2.68° 2.81° 217
CaCl, 2.40° 277 2.00°
KO 2.25° 2.87° 1.97°
SA 2.51%® 2.46° 2.33°
F-test * bl *

Means 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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fanssu CAT

nsiaeiianssuveeuleyd CAT wudmasasveznanainuine dfanssuwes
Laulﬁﬂl,ﬁuqd'ﬁu wisnsiiudnwniunal 7 Ju Aanssuveaeuledynaiuauiiingign sasan
W CaCl, uae K0 muddiv wasndamaiuinvndunad 14 3u Asnssuauleid CAT gamunu
fansiiengaan sesasmniuduuzsayadins K0

fanssu LOX

nsiaseiAanssuaules LOX wuin ndsaniuinuuduna 7 Ju Aenssuauled
LOX amaa Tneduzsaitliose SA ffansnmaneulwiian fanuuansimsaifiodadl
Hoddny wazdlafiuinuidunania Tu Fuuzaniiranssuvenaulviiintudnios Tavduuyaad
Wil SA fifanssuveneuluigean sesaunilu K0 wilifianuuanaimneadn

Table 4.9 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl; K;0 and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment CAT activity (units = FwW)

Day0 Day7 Day14
control 72.09° 82.43° 84.23°
CaCl, 72.81% AT N 82.52°
K20 73.59% 81.19%° 84.15°
SA 74.61° 80.31° 82.66°
F-test » * "

Means with different lower case letters within the same column are significantly different.

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

Table 4.10 LOX activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
CaCl; KO and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment LOX activity (Units *' FW)

Day0 Day7 Dayl4
control 55.09 55.23% 58.46
CaCl, 58.67 56.23° 58.27
K,0 59.47 54.91% 59.08
SA 59.38 52.92° 59.36
F-test ns * ns

Means 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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¥
= ©

4.1.2 MsAnwravawaaidsuuazluseusanisiialdduiana

ANdl

msiaridide wuidauataLy) feanamasaszarnanaiuinm mendimsii
e i (L) Fulssailidennannd fidanuaingege danuuansivnsadifodadidoddeds
wandlariusnuviunat 7 fu wuten (L) fdanamnyanisneass dudysaitlidenunid
Aviran Tauuansansadfegniitiod Aty uazdlaiuinvuduna 7 fu d (L) Tdtanas
wiliifiauuandraneadd waznuadmde(b®) fidranamasasseviainisiiuine lay
Fulgsanlieauuntisneingn mevdamsiiuiavudunm 7 Juuay 14 Ju (Table 4.11)

Table 4.11 Changes colour of tissue adjacent to core ‘Sawi’ pineapple fruit treated with

Boron CaSQ, and CaCl, for 7 or 14 days followed by 2 days during at room temperature.

Treatment

L*

a*

Day 0

b*

L*

Day 7

L*

a*

Day14
bﬁ

Control 77.38" 3.78° 32.46% 96.74* 67.38° 231 3257° 93.97° 5680  -1.73 27.59° 93,58
Boron 74.46° 373 30.47° 96.30™ 72,73 -2.86 35.29° 94.67" 6865  -214 34.68" 93.49
CaSO, 76.31% 367 33.56° 96.35% 73.28" 293 35.54° 94.82"° 64.36  -1.90 34.25° 9308
CaSO,+CaCl, 76.89° Bimls al12" 96.61°° 72.04% -3.05 32.91F 94.92*° 66.42 212 33.61% 93.88
CaSO4+CaCl,+B 74.56° 322 34.03* 95,50° 70.14% -3.11 32.49% 95.47° 6792  -185 32.51%° 93.27
CaS0,.+B 75.61% 336" 33.08° 95.88° 72.9¢" -3.08 3352° 95.38 6883  -1.85 33.99% 93.14
F-test ¥ * 3 e ns A ns ns % ns

Means with different lower case letters within the same column are significantly different.

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

azuuun1sinansldfiang

Aeandsnisindulzsaunivinuifiguuall 13 ssrnwadoa Wunan 7 5 wuin
ﬁ’uﬂzsmﬁiﬁ{jaqm Boron uazgns CaSOq ﬁﬂmuumitﬁmmﬂﬁ‘lé’ﬁ‘ﬁ'wmaﬁ?ﬂqﬂ sesasunlu
Auuzsaiililogns CasO.+B way duuzsaililomuung fiaguuunsiineinslddimagegn 1
AAnANMtaRnegaiitediAy waniaifuinvudunad 7 fududssannganiamaasad
azuuun1sAnens@Eimafintu wudrdudzaaiilitegns CasO+CaCl, flazuuunisiin
pnslddinnnadan warduysaiililonulng fazuuunaifnennislddihmagegn ulif
AMUUANANNNEDNR (Table 4.12)
Browning index (BI)

nsinduiimnndudithna nuinendmaduine Sudssaiideiiamududihma
Wty flenuumnaaneadnedaiifeddymasnsveg natnafiuine Tremududssails
{Judae Boron wdmsfiudeaiifuiauduiiniadian seseundudulesadiliiede
CaSO4+CaCl,+8 wardudzsailitenuunAnendimsifiuiien mendnisiuinwndunm 7
Fududzaaiiliods CasOe+ CaClifuinrmuduiinasan sesaunduduzsaitlilede
CaSOw+CaCly+8 warnravdanisfudnuuiiune 14 Yu duvzsaiilidede Caso.+8 fidud
arundudiiniadian sesasundu dulzsniilidesdae Boron, CaSOs+ CaCl, uay
CaSO4+CaCly+B (Table 4.13)



Table 4.12 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSO, and CaCl; for 7 or 14 days followed by 2 days during at room

temperature.

Treatment Internal browning (score)
Day7 Day14

Control 2,2¢ 4.27
Boron 0.88? 2.33
CasSOQq 0.88° 291
CaSOq+CaCly 1.13° 2.09
CaSOq+CaCly+B 1.86™ 2.95
CaSOq+B 0.95% 2.61
F-test * ns

Means with different lower case letters within the same column are significantly different.

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

Table 4.13 Browning index of tissue adjacent to core ‘Sawi’ pineapple fruit treated with

Boron CaS0O4 and CaCl; for 7 or 14 days followed by 2 days during at room temperature.

Treatment Browning index (%)
Day0 Day7 Day14

Control 0.59% 0.87° 0.81°
Boron 0.58° 0.67 0.58°
CaSQq 0.68° (.743 0.79"
CaSO44GacCls 0.65° 0.52° 0.59°
CaS04+CaCl,+8 0.59° 0.58% 0.59°
CaS04+8 0.60° 0.62%% 0.50°
F-test - 9 P

Means with different lower case letters within the same column are significantly different.

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

U3uras Malondialdehyde

USurau Malondialdehyde (MDA) nisudanisiiuinwiitunian 7 fuuay 14 Ju wuin
dudzsaiililenie Boron fiU3uiu MDA gean uasduuzsafilvierie CaSO4+CaCl, U
MDA firgn sasasludulrsafilidesig Caso, Fellmuasandaiuazuuunisine nisldd
3 v o o a8 o a1 8
U8R waznyuAUUUEUIMaTdA01En (Table 4.14)



Table 4.14 MDA content of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSQ4 and CaCl; for 7 or 14 days followed by 2 days during at room temperature.

Treatment MDA content (nmol g'FW)
Day0 Day7 Day14

Control 0.85 0.87%° 0.56°
Boron 0.83 0.96" 0.82°
CaSOq 0.75 0.86% 0.53°
CasOs Calls 0.75 0.76° 0.49°
CaSOq+CaCly+B 1.11 0.81% 0.65°
CaSOq+B 0.72 0.86% 0.56°
F-test ns 7 &

Means with different lower case letters within the same column are significantly different.

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

msfalnadianinslad

nriadiinaumatalwavesdidninsladvdensidesanmasusad wulwnyanisnaaedl
Usinaumisiilnavesdidningladgedu sasansiivinm Tnglutuusnduzaniilsiesis Boron
fBnunshlvavasddninsladign wandowuinvudunm 7 fu dusseilidess Boron
Hanafivdianshlvaresdidninsladian widaiuinvidunan1a Su duuesaitlitesie
Boron fins¥alnavasdiininslangean uiegdlsfinuuinamstilvavedidalnsladliiina
uansianeadAnaaanisiiusnw (Table 4.15)
Table 4.15 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with Boron CaSQ4 and CaCl; for 7 or 14 days followed by 2 days during at room

temperature.

Treatment Electrolyte leakage (%)

Day0 Day7 Day14
Control 36.72 4313 46.70
Boron 36.3% 5720 59.25
CasSQq 40.82 39.68 55.69
CaSOq+ CaCl, 40.52 45.83 55.51
CaSOq+Call,+B 45.17 46.66 53.70
CaSOq+B 45.17 46.56 49.75
F-test ns ns ns

Means 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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Phenolic content

Mylereivinaiiuea wohiiviinafiuesanamasaszaziiaimaiuing lng
dutzsaitlidede Boron fivSinafuednggn Wafuinyuiune 7 ukay 14 Fududesails
Jesiay Boron fivsinaitueagegn somanniu CaSOa+CaCly+B dimnauansanisaniaeial
Yudnénys (Table 4.16)

Table 4.16 Total phenolic content of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSQO, and CaCl; for 7 or 14 days followed by 2 days during at room

temperature.
Treatment Phenolic content (ug GA ¢ FW)

Day0 Day7 Day14
Control 398.77° 392.89% 291.74°
Boron 444.62° 413.55° 404.44°
CaSoq 407.08" 389.81% 306.17°
CaSOe+Cacll, 391.14° 378.59% 298.85°
CaSOq+CaCl,+B 396.22° 400.58*° 308.19°
CaS0q+B 404.22° 354.32° 289.09°
F-test | . o =

Means with different lower case letters within the same column are significantly different.

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

M5ATTIUBINaEseRNg a1 YT

AmEITalun IR uBYYaBaTY (Antioxidant capacity) wudluiunsnduugsailidy
e Boron # mywawnsalumssuayyadasy gian wineudainsiduinwiiunal 7 T
fulzsaduiuin arwaruisalunisdiuayyadasy iutu laeduvzsailidedae
CaSO4+CaCl,+B fusanmugean sesamnifu fulzsaitlidedaeg Casos finanuuansrmisadn
ogafitfadrdyds wasfoiduinwndunan 14 U wuimwawnsalumsiueyyadasy anas
Fulrsaiiiusnuwidae Boron fivuugegn seaau Ty CaS04+CaCl, HAIMUUANANIIANHA
peieiiiudndnyds (Table 4.17)



Table 4.17 Antioxidant capacity of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with Boron CaS0Os and CaCl; for 7 or 14 days followed by 2 days during at room

temperature.
Treatment Antioxidant capacity (umol TE g'FW)
Day0 Day7 Day14
Control 6.27° 17.33° 16.46%°
Boron 7.94° 19.47° 18.89°
CaSOyq 5.62° 20.07° il
CaSOqCaCl, 3.40° 19.87° {755
CaSOq+CaCly+B 3.35¢ 21.62° 15.44°
CaSOq+B 297° 19.39° 16.19°
F-test A b e

Means with different lower case letters within the same column are significantly different.

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

nsfdnoyyadase (DPPH free radical scavenging) wudniinismdneyyadass Wi
pasnsTezaINsAusnw lnsatevdanisiiuine 7 Ju duds Sﬂﬁ'lﬁﬂaﬁw CaSOg+CaCly+B #
UTnnuggn 'iaqaammuauﬂvsmm'mwma CaSOq4+8 way dladusnwndunai 14 Yu wuin
auﬂusﬂmwﬂama CaS0,+8 Hin13idnauyaDass adn -saqaqmmuaUUvimﬂanma CaS0q
wsilifimnuuanenanieadia (Table 4.18)

fianssu PPO

meAsvianssuveeulel PPO wuiwdinsiiuinundunat 7 Ju fifansiuves
wule] PPO WAy duuzamitlidamunindiifanssuveneulsl PPO fgn sesaaniududysn
ﬁ‘Lﬁﬂ&Jﬁw CaSO4+CaCly+B ﬂmmu,mnmamaaﬁﬁaéwﬁﬁaﬁﬁméd widleriuinwduiian 14
Ju fifanssueeseules PPO meuﬂnwmimmaaa IﬂaaUUvmﬁ‘lwﬂﬂma CaS04+B uﬂaﬂ'ﬁu
vououlwl PPO Qqqmmaqwﬁuaw smﬂwﬂamuﬂﬂm finnuuansnnsaRnedsiilod b
(Table 4.19)



Table 4.18 DPPH free radical scavenging of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with Boron CaSQO4 and CaCl, for 7 or 14 days followed by 2 days during at room

temperature.
Treatment DPPH free radical scavenging (%)
Day0 Day7 Day14
Control 6.37 7.02 11.07
Boron 6.02 7.23 11.64
CaS0q 4.36 8.10 12.54
CaSOq+Call;, 5.68 6.86 1194
CaSOq+Call+8 5.68 9.98 11.50
CaS0Oq+B ' 6.86 9.21 14.12
F-test ns ns ns

Means with different lower case letters within the same column are significantly different.

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

Table 4.19 PPO activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSQ, and CaCl, for 7 or 14 days followed by 2 days during at room temperature.

Treatment PPO activity (units ¢''FW)
Day 0 Day7 Day14

Control 0.56° 0.78° 0.93°
Boron 0.60° 0.90° 0.90°
CaSOq 0.61° 0.84% 0.84°
CaSO.ACRC 0.61° 0.85% 0.85°
CaSOq+CaCly+B 0.59° 0.81%° 0.81°
CaSO4+B 0.69° 1.06° 1.06°
F_test - el i

Means with different lower case letters within the same column are significantly different.

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

flanssu POD
nTissnanssuraaauley POD wulwaudusnwilunal 7 Tu dulsialiianssu
vououlel POD 1fingeiu duussailiodae CaSOs+CaClo+B HAanssuvaauluiingn
LY w4 a s 2w & o I aa s
SBQaQMWLUuaUUSSG\quEJGI'}J.I‘lJﬂﬂ wazdlafiusnyudunan 16 Ju wuififanssuvesouls]
POD anas dulgsaiiliamuunitinonssuteulsl POD man sesasluduissailidede
CaS0q+CaCl,+8 fianuuananmnaiinagaditudAnyds (Table 4.20)
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Table 4.20 POD activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO, and CaCl; for 7 or 14 days followed by 2 days during at room temperature.

Treatment G-POD activity (units g"'Fw)

Day 0 Day7 Day14
Control 2 g0 3.25° 2.74°
Boron 2.06% 3.26° 3,340
CaSOxq 1.91° 3,36 2.83%®
CaS0q+CaCl, 1.98%® 3.65° 3.22<
CaSO4+CaCl,+B 1.95° 2.88° 505%
CaS0q+B 261° Y g 515
F-test xx * P

Means with different lower case letters within the same column are significantly different.

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

nanssuvaneulyl CAT
mMapTeinanssiveteulyd CAT mavainisiiuinyinudn dnanssuveneulesd CAT
geiumaenszsznaINTAUII aeudimaduinendunan 7 3u dulzseililede Casous
fifanssuvavaulu CAT gean sevasniuduussailvideso CasOu+CaCl, finrmuuandtanis
abfodnaiivedfinde Fwaenedosupiuunisifinernslddumma dulvsailideds Caso.+8
finzuuumsialddimac Fuoulmivindorstslunsirdauiinueyad asyignaseily
gwininaduuzsaldFummiaioasinmaivinuilenmgiicn wasaendinisduinwibuam
14 Tu Fuvysayaililonuunifiianssumesoulud CAT gean sesamniduduuzsniliode
CaSOq+CaCly+B fimnuuanamsaiinesaiidoddyds (Table 4.21)
Table 4.21 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO, and CaCl; for 7 d or 14 days followed by 2 days during at room temperature.

Treatment CAT activity (units g'Fw)

Day 0 Day7 Day14
Control 71.03 85.09° 88.54°
Boron 71.92 84.37° 86.90°
CaSoq 71.28 84.95 85.40%
CaSOq+ CaCl, 70.74 83.68%° 85.13¢
CaSOq+CaCl,+B 71.13 83.18° 86.42%
CaSO4+B 71.92 85.42° 85.48
F-test ns X S

Means with different lower case letters within the same column are significantly different.

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



nanssuoulayd LOX

Asieszinanssuvesaulell LOX wuiimendsnisiiuinwidunan 7 Tu dudssadl
Aanssuvaseulesl LOX ey duuzsaiiliese CasO.+B fanssuveseuled LOX Anan
sosnaunduduuzsailidofie CaSO.+CaCl,+B faruuansimnsadfedsiveddnde 3
Aanssuveseulesiviiniiimwaonndesiumduiimuiuddea dewnaulel LOX sinihil
139Ufji381 oxidation wvosnsalaulufu membrane ﬁ’x’l,ﬁt,ﬁﬂaigzdaﬁaiz’“ﬁ"u (339U, 2550) uae
Aendansifivinendunan 14 fuwuitfenssuresnaulel LOX anas dudssaiilidede
CaS0s+CaCl+8 Hianssuvenoulesiagn sesasunduduursailideds Caso, uas
CaS04+CaCl, fimnuunnsnameadfegsiiiodidtyda (Table 4.22)

Table 4.22 LOX activity of tissue adjacent to core ‘Sawi’  pineapple fruit treated with
Boron CaSQ, and CaCl, for 7 or 14 days followed by 2 days during at room temperature.

Treatment LOX activity (units ¢'FW)

Day 0 Day7 Day14
Control 68.96 79.51° 59.57°
Boron 30 78.76° 62.58°
CaSQq 64.61% 71.04° 59.67%°
CaSQq+Cacl, 61.94°° 77.68° 59.52%
CaSO4+CaCly+8 63.13%° 68.24° 57.79%
CaSOq+B 57.74° 65.19° 61.89%
F-test R i 4

Means with different lower case letters within the same column are significantly different.

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



4.1.3 msdnswavasiesauiumsliunadeumdniniuie

wodulzsannmIveaesdl 411 war 412 hwudiusarmsunaloueaelsd 2
Weddust Wunan 3 Fu igamgil 13 esmusaidua Wuum 7 wey 14 3u wasdaiuinuii
pampivondunat 3 fu kaniamnaesied
And

my¥andide nuimdnduinuidunat 7 fu dmuainuazaiAndmndosb®) e

iy Tnedutzsayeitliloieuaadounaslsdgan sesaunbudulzsailideds A fanu
wansaneadRediiTedidds wanilafuinwndunat 14 Ty wudid (uasb®)  anas
ﬁuﬂzmﬁ’lﬁijaﬁm CaSOq+CaCly+B HANL gagn ‘s'e)qaqu1Lﬂuﬁuﬂxiﬂﬁ1ﬁQHmﬁuUnﬁ fimu
upnsaeadReeaiideddnds uardulrsaiililonanndiien (b%) geqn sesawndudulzin
lilee casouB wasdudgsaiibinjossunafeunaslsdamddu(Table 4.23)

Table 4.23 Changes colour of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K,O SA Boron CaSOy CaCl, and infiltrated with 2% calcium chloride by
transpiration via the peduncle following cool storage for 14 days plus 2 days at room

temperature.

Treatment Day 0 Day 7 Dayld

L+ a3 b* h s ag b* h £* ay b* h
Control 7641° 342 31999 9622 go.21®  -3.48" 3643 9547° 6957 -295°  3699°  94.58™
Gacly 1677 358 0587 9679 8419 -461° 4033 9655  69.55% 287 3a89°  9471®
KO 7653 394 3289° 9689 8107"  -431° 37.30™ 9659 65.50™ 275 3021 9581°
SA 5mm 7705 367 31.35° 96.83 8255"  -4.49° 3781°  96.77° 66.21% -2.82° 28.79° 95.54°
control 77.38° -3.78 3246 96.74 66.98" -248° 33,02° 94.23° 58.66° -1.29° 28.15% 91.43°
Boron 70465 373 3047° 9630 67.84  -241° 3379  94.15° 61.69% 164 3041 93.39°
CaS0s 7631°  -367 3356°  96.35 TL69S 299 3097 9aBa™  64.64% 225 3378 9377°
CaSOs+CaCl, 7689 371 3212° 9661 70.27¢ 300 33877 9502%  65.86™ -220% 31857 947"
CaSO,+CaCl,+B 14.56°  -3.22 3303 9550 70189 -335° 37.07° 95.23% 7252 230 3534 9359°
CaS04+8 7561 -3.36 3305° 9588 7162 -285%° 3629"0 9a51™  67.88" 233 36.11° 93.81°
F-test " ns ™ ns u e P - - - " .

Means with different lower case letters within the same column are significantly different. ns: non

significant, ** Significant difference at P<0.01

AzwuuNsAne N sldthana

mevdinnidursaniuinuiigungil 13 ° C Wunan 7 wuiduuzsayafilie
pUnd fazuuunisiinenisiddiimagean wavduuzsaiilidese CasOe+Boron fiAvkuuns
Waenslddimatiosan sesawnduduvzsailideme SA fanuuandranaifogied
Foddads wazilatiusnuidunat 14 Juwui frzuuunsineinsld@dhaafiuiu dulese
flsadae Boron hiawnsafudimaineinislddthamalfidosnniiasuuunisiineInisg
wirfuduuzsadilidennnd wardulzsaiiliiedaeg CasOw+CaCl+Boron wag CaSOa+Boron
anunsadudtennislddiniald esanfinzuuudign nmendainsiiuinw 14 Ju fiaa
UWANANMNEDA (Table 4.24)
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Table 4.24 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with pre-harvest K;O SA Boron CaSOq CaCl, and infiltrated with 2% calcium
chloride by transpiration via the peduncle following cool storage for 14 days plus 2 days

at room temperature.

Treatment Internal browning (score)
Day7 Day14
Control 1.00° 2,00
Calcium Chloride 1.00° 1.50°
K,0 La 2.80%°
SA 5mm _0.60° 1.60°
control 750" 3.60°
Boron 1.40™ 3.60°
CaSOq 0.90° 2,359
CaSO4+CaCl 0.75% T
CaSOq+CaCl,+Boron [ 2% 1.10°
CaSOg+Boron 0.20° 30
F-test % RS

Means with different lower case letters within the same column are significantly different.

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

Browning index (BI)

msfasatiaududinig nendensfuinuidunay 7 Yu wuihedeianudud
thnnansandntes dulsaitlitlass CasOs+Cacl, fiftaiga sesnaunduduvzsniliy
&8 K,0, SA War CaSOu+Boron dimuusndimnaadinesniitodfyds wivdwiniiuinuudy
a1 14 Sunuirdidaiianuduithmadietu fuusseililesouaadonaaslsd fidwivi
aududihmange sesauihudutysailiomewaledn uaslnunadey Tanuuandnm
adnognafitodAads atrdlsfinneiiuindeimnduiinaiimuaandostuazuuunsiin
ormsiddihma Fulssnifisuuumsinalddthnad fasiivailaunbudianasiée (Table
4.25)
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Table 4.25 Browning index of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K,O SA Boron CaSO. CaCl, and infiltrated with 2% calcium chloride by

transpiration via the peduncle following cool storage for 14 days plus 2 days alt room

temperature.
Treatment Browning index (%)

Day 0 Day7 Day14
Control 0.47° ( 5o 0.49°
Calcium Chloride 0.41° (47 0.38
K,0 0.47° 0.44% 0.48
SA 5mm 0.47° 0.44%° 0.44°
control 0.59° 0.58° 1.86%
Boron 0.58° 0.45° (i
CaSOq 0.68° g5 WoR
CaSOq+Cagly 0.65%° 0.43° 1.01°
CaSO4+CaCl,+B 0.59° 0.55° 0.81°
CaSO4+B 0.60° 0.44" 1.16%
Ftest R *x ¥

Means with different lower case letters within the same column are significantly different.

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

n153as1ERUSIa Malondialdehyde

U311y Malondialdehyde (MDA) WU tunaonsveznansiuinm
pnudulsaiiiusnumeuaadenaaslsiuasinumadon mevdinmsiuinvudunm 7 u
wuhiiranasingn lagdulzsaitlideselnwmaBeu fu3una MDA faa fimuuandianis
afinogaiiduddiyie uasmendimaduinuudune 14 funuidulgseiliesesivina
MDA geiu usigsnsshgailonSsuitsusudulsaililegnsdug semanduduieseilide
#8 CaSO4+CaCl, finuuanarmaadinesaihioddad (Table 4.26)
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Table 4.26 MDA content of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
pre-harvest K;O SA Boron CaSOs CaClp and infiltrated with 2% calcium chloride by

transpiration via the peduncle following cool storage for 14 days plus 2 days at room

temperature.
Treatment MDA content (nmol ¢'FW)

Day0 Day7 Day14
Control 0.41° 0.42° 1.30°
Calcium Chloride 0.41° 0.34° 0,82°
K,0 0.61° 0.15° 0.40°
SA 5mm 0.54% 0.23% 0.57%
control 0.85 0.76° 0.57%
Boron 0.83" 0.86% 0.48°
CaSOq 0.75° 0.90° 0.47°
CaSOq+CaCl, 0.75° 0.82% 0.46°
CaSOs+CaCl,+B 18f1° 0.84% 0.56°
CaSO4+8B 0.72° 0.79% 0.68%
F-test ¥ ny %

Means with different lower case letters within the same column are significantly different.

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

nssalwaddninslad

MsinuTnunshlnavedidninsladvienisdonan e sead nuhnisndanisiiu
%’nmﬁ‘uUzsmﬁms%"ﬂwaﬂaqﬁzﬁﬂ‘[mﬂaﬁqq%u Tasntandinisiiuinwidunar 7 fuwudn
Fulzsagaiilianiund finsialvavesdidninsladiaign sosaaundudulssailidosie
wpaldouraslss unegreimuldiianuuandiainnada waznmendanisiiuinyidunan 14 Ty
wuhiimslnavedidninsladifiuiu dulzsaiiiefsunaidounaslsdiinnifiluavedidn
Tnsladiran sasaunduduuzseiilidess CaSOs+CaCly+Boron danuuans1mvaifod1edl
Yoddnde egnalsimuanidulddinisiilvavadidninsladiaudenndosiuazuuunisiia
pnslddinna dulrsantiazuuulddiaamaziinsalnavedidninsladiluse (Table
4.27)



Table 4.27 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit treated
with pre-harvest KO SA Boron CaSOs CaCl; and infiltrated with 2% calcium chloride by
transpiration via the peduncle following cool storage for 14 days plus 2 days at room

temperature.
Treatment Electrolyte leakage (%)

Day0 Day7 Day14
Control 32:32° 4711 49.41%
Calcium Chloride 40.61° 44.12 38.21°
KO 37.85% 51.59 48.59"
SA 5mm 38.52% 48.15 48.17®
control 36.72° 45.83 53.01%
Boron 38.33° a4.81 5582
CaS0q 40.82° 49 61 49.49*
CaSO4+CaCl, 40.52° 44 60 57.28"
CaSO4+CaCly+Boron 45.17¢ 46.75 a5.70%
CaSQq+Boron 45.17¢ 49.80 49 96
F-test et ns <

Means with different lower case letters within the same column are significantly different.

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

fAvnssuouluil PPO

mslnssiianssuveeulad PPO wuin mendinsiiuinenduian 7 fu Thanssu
wodlysl PPO tiuTy Fuvzsniilidedelnuma@on ffansawoeuluimgs seamniy
Fuuzsailionnuund fauuandineaifiodaditudiiyds uazndonivinviduna 14
$u wuiriiRenssuvedls’ PPO anas Tnsduuzsnilifuselnunadeudinsifanssuveaoulul
PPO f1gn ot niuduuzsaiilidediy Caso. uax Boron fAauuansitan1aaifegtail
Wodndnyda (Table 4.28)
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Table 4.28 PPO activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with pre-
harvest K,O SA Boron CaSO, CaCl, and infiltrated with 2% calcium chloride by
transpiration via the peduncle following cool storage for 14 days plus 2 days at room

temperature.
Treatment PPO activity (units g'FW)

Day0 Day7 Dayl4d
Control 0.55" 0.67° 0.60°
Calcium Chloride 0.50° 0.75% 0.53%
K0 0.49° ] 0.39°
SA 5mm 0:56™ 0.88¢ 0.56°
control 0.56" 0.69% 0.49%°
Boron 0.60% 0.77° 0.47%°
CaSOq 061" ) oy 0.46%°
CaSOq+CaCl, 0.62° Y459 0.49%°
CaSQ4+CaCl+Boron 0.59% X Vg 052"
CaSO4+Boron 0.69¢ 0.84% 0.55
F_test - ) 3 o

Means with different lower case letters within the same column are significantly different.

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

fianssuaulesl POD
meiaseiRanssuvauaules POD nuimendnisiudiudeluuusn duusaild
e CaSOq Uaw CaSOq+Callz+Boron fifanssuvenauluiiagn mendinisifuinuuduna
7 u Fulrsailionssivaseule POD anas lnsdudzsanlilenmundiifensauveuauls
e sesasnduduuzsaiiliidedalnunaden uazealdounaslsa linnuuansimedinodn
Foddgde warndminiiuinyudunan 14 u wuihiifanssuveaeulesl POD andnas
Sulzsaitlionundtifsnnsuveveulalnian sesaaiBudulssaiibiadodelnunadey

uaruradeunaslss dnnuuanAImsatRelitsdAnds (Table 4.29)

2L S
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Table 4.29 POD activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with pre-
harvest K;O SA Boron CaSO, CaCl, and infiltrated with 2% calcium chloride by

transpiration via the peduncle following cool storage for 14 days plus 2 days at room

temperature.
Treatment G-POD activity (units g'FW)

Day0 Day7 Day14
Control 2.68" 1.01° 1.02°
Calcium Chloride 2.40% 1.0 1.35°
Ko0 2257 1.02° 1.36°
SA 5mm ' 2.515 12 3° 1.44%
control oY 1.00° 1.59¢
Boron 206\ \/ 1.04° 1.60°
CaSO4 1.91° ) g 1.46"
CaS0.+Ca@l; 1.98% 1.50° 1.64°
CaSOq+CaCl,+Boron 1.95 7Hy 147
CaSOq+Boron 2.60% 1.26° 1.58°
F-test o - -

Means with different lower case letters within the same column are significantly different.

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

nanssuaulesl CAT

msiinseviianssueaoulesl CAT wuiluiuusnveanisiituiien dudzsaibidodeen
aledn IRenssuvesueulud CAT gudn sespandudulzsailitomelnunadonuasunaifon
aaglsd fAnuwansadRediited dds nduiuinvudunan 7 Yu wuinfifanssuves
woulesl CAT ifiutu duvssniililesis CaSO,+Boron %«ﬁﬂvLmumnﬁﬂlﬁﬁﬁwmaﬁw ffansu
yauoulyl CAT ggn femuansmnsaiioeiiteddyds waswdufiuinvidunan 14 T
wmwaUUVSﬂmﬂUU‘Lumaammanﬁmauau"lwaﬂm EJﬂL’lﬂﬂUU"iﬂﬁlﬂﬂﬂﬂ’Jﬂ‘U’lﬁl‘Mﬂ Fail
suilenandudiaiam uATRanssuusaeules CAT Wingedu fifanssuveaeuled CAT gugn
L:uaLﬂ%'ﬂmﬂﬂUﬂumﬂuﬂﬂ@ﬂin urpeelsAnilifianuuandaneada (Table 4.30)
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Table 4.30 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with pre-
harvest K,O SA Boron CaSQs CaCl; and infiltrated with 2% calcium chloride by

transpiration via the peduncle following cool storage for 14 days plus 2 days at room

temperature.
Treatment CAT activity (units g"'FW)

Day0 Day7 Day14
Control 72.08% 76.83% 74.72
Calcium Chloride 1281 74.49° 73.34
K0 73.59% 74.73% 75.36
SA 5mm 74.61° Lo red 81.46
control 71.03° 75.53% 76.38
Boron NIl 75.60° 74.38
CaSOq 71.28° 74,61 75.52
CaSO4+Cally 70.47¢ 75.95 74.20
CaSOg4+Call,+Boron 71.138 75.99%¢ 73.35
CaSOg+Boron 71.92 77.20° 74.22
F-test % ¥ ns

Means with different lower case letters within the same column are significantly different.

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

fAanssuaulel LOX

mslaszinanssueuled LOX nuiinewdinsiiuine fifanssuveaulesl LOX an
MasmeonszazaInsfiuii nendinsiuinvidunen 7 funuin dulzsailidemenad
lodin fRvnssuveeulnl LOX gugn sosnawdududyseililess CasOs+Boron ualiiiinau
UANANNWEDR wazndmnnusnwilunan 14 Ty wui'\ﬁwssmﬂﬁﬂaﬁw CaSO4+Boron B4l
avuuumainanslddiman fifenssensulesd LOX dign sesaunifudulsaiililede
wraFounaslss danuuansonsadfesaiiioddads (Table 4.31)
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Table 4.31 LOX activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with pre-
harvest K,O SA Boron CaSOs CaCl, and infiltrated with 2% calcium chloride by
transpiration via the peduncle following cool storage for 14 days plus 2 days at room
temperature.

Treatment LOX activity (units g"'FW)

Day0 Day7 Day14
Control 55.09° 58.33 57.70°
Calcium Chloride 58.68% 57.77 55,22
KO 59,473 57.07 60.30°
SA 5mm 59.38%¢ 58.76 59.84¢
control 68.96% 54.06 55.81%°
Boron 70.31° 57.40 59.07¢
CaS0yq 64.61< 54.61 55.50%°
CaSOq+CaCl, 61.94"¢ 54.03 56.64°°
CaSO4+CaCly+Boron 63.13% 56.46 56,237
CaSOq+Boron N 58.10 54.00°
F-test 7 ns ~

Means with different lower case letters within the same column are significantly different.

ns: non significant, ** Significant difference at £<0.01
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Table 4.32 Superficial colour of pulp of pineapple during storage.

Stages Colour L*
of maturity

Day 0 Day 7 Day 14
MG 80.24a 77.07a 69.59
25 % 77.37b 75.56ab 68.72
50 % 77.0dab 75.32ab 66.89
100 % 73.94c 72.62b 68.97
F -test ity & ns

Means with different lower case letters within the same column are significantly different.

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

nsiieldinaa Bl uay USuauMDA

'ivausumamammwa mmmmﬂaammaﬁaaﬂsvmwmsmusnm 7 daz 14 Fu mevds
mafuinuiiguugll 13 esiwada Wua 14 FuflsvevAidenasseosdmaowaiim
ﬂmmuﬁlﬂammnuluuﬂqmumnm&numaam drud Bi fAnmiloudumaruuunsiinanisldd
thaadlafivsnui 13 ssresadea Wuna 7 T wesdroifuinniigungl 25 ssrueaidea
unan 2 Yu (Fieure 4.1) Uina MDA fuuvsasevdndosissadimgissninmsifivinuuas
mMendanaiuinu
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Figure 4.1. Internal browning (IB) severity score (A) and browning index (BI) (B) of
tissue adjacent to core of ‘Queen’ pineapple fruits cv. Sawee at various stages of maturities

held at 13£1 °C for 7 and 14 days followed by at room temperature (30£2°C) for 2 days
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Figure 4.2 Percentage of electrolyte leakage (EL) (A) and malondialdehyde (MDA)
content (B) of tissue adjacent to core of ‘Queen’ pineapple fruits cv. Sawee at various

stages of maturities held at 13+1 °C for 7 and 14 days followed by at room temperature

(30£2°C) for 2 days.
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Figure 4.3 Internal browning incidence of ‘Queen’ pineapple fruits cv. Sawee at various

stages of maturities held at 13+1 °C for 7 and 14 days followed by at room temperature
(30+2°C) for 2 days
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4.2.2 uanisidansaanisinaduiaialudulzsa

msldasiieannsinlddimaludulyse 6 013 (enuea 3 35m9) lngnsugiuee
fu wraldouraslsh unaluunalawn uazyanuan duanadl

f1d L* wazdviinsinald@imauazazuuumsiialddiina
msialddthaasswinddiudenaduuzsn wuiilugamunuiiin L* (Ariamaing A

nsldunaBounaslsruazuaaidounglaiun 3Bl uaz 1B Tegelugamunu nisliuaadon

nqimumﬁwaﬁiamsaﬂnmﬁmlé’ﬁwmaiﬂaﬁwalﬁﬁﬁh 8l uaz 1B (Hemandez-Mulloz, et al., 2008)

mslduraldounaslsninanilt A1 L anad Hopfinger et al. (1984) nsliupaifuunaslsnan

anslddihmalagluanianssudulusitiesdes eg1elsinin Castaier et al. (1996) 1891
sl gluconic acid aneimsaitudnniaszitnisiiuinwmgumgiien (Figure 4.3 A)

Fnvazmaiialddthana

Snwazmsinldiihmaseninmedivine (Figure 4.5) Lﬁmmmﬁa%ﬂ,aG}'ngmmuqmﬁa
Audhw 7 Juil 13 ssmnwadua wasfheuiuinmi 25 esmwadea Wunan 2 Tu dnvee
madsmisutumaiinluiugasindnasuay ndu Smooth Cayenne (Youryon et al., 2013) ifin
amssnidntesusnameuldiiieliunaduunaslsdquiiu ludamusnvaanisiivinu  dw
sk meﬂ‘&ﬂuﬂgimumaﬂmSLﬁmﬁaLﬁU%’ﬂmgﬂunmz o egnalsimuniendinisiiu
Swnnsliuradueaslsdannisiinldiimaldfninislduraidounglaun (Figure 4.4 O

fanssu PAL wazPPO uas Wuaa

a 1 a 1ot ' Y aa 4 o w o 'Y & '

Aanssuves PAL aenistdarmnishifinnuuandniumsaifidianiuingyi 1 dUav un
msldunadosnanlss quimunadulzsaiiianisuyey PAL 1ANIYAAIUANENTDE ANEVAINTS
fiusnwn 2 dai NenssUPAL WntulugaIUANTIANLLANAINAUNNADA nsldueaidaungle
wa Juudiududesaiinavintinanssy PAL q«ﬂi'\mﬂ‘iﬂmaﬁamaalsﬁtﬁamqﬂﬁl,ﬁu%’nm 2
e (Figure 4.6 A duiusalifimiuuandniusaaanisiuingm nsltLAaBuurants
o - A 2w ) &al o < 2 ¢l e
Ysinafusagudisinuingduavnz . 151831u Pal Wudulgineglunszuiunisiiadinma
s phenolic (A 2003) Usnaflusalugamurugeiiaavilil PAL gemeduiu lewnil
voalduduansvuea PPO il PPO gudlefimsiialddiama (Figure 4.6 8)  nisldunaiden
Aaolinanazunadsunglawnandulminiedesiumaindiwnalaganianssuvas PAL Lag
PPO wazUsinaiuea (Fieure 4.6 C)

A1 EL LOX MDA way Farnescene

yamuauiia1 EL gaininisliueadounaslsduazunaiounglamniendimsiivine 2
Fani uafidlndfsaiofiuinuiludaniusn - msldunaldeunaslsdiiigeiniinsliusade
anglalum mimﬁmﬁ’wqmmuauﬁﬂnﬁuqam'ﬂm's'!,%'aﬁﬂwﬂun'rsLﬁmﬁﬁnmaﬁv’aaaﬁ% d
U3ina MDA galugnmiuaumendanisiiuine 7 fu Farmescene lugamuguganisliuaaieon
aaslsAnevdimadivinm 1 &awi winevdmsiivinmgeruguaninisifuaadennas
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lswazmsldunai@ounalawn (Figure 4.7D) anmsvaasanslivaadounaslsauazuaaidon

nglaunansad LTz BuInniigamiisla (Kukura et al., 1998; Picchioni
etal., 1998)

ANuAWNTalUNsAUDYYABHTY LariansTu G-POD waz CAT
uausalunsiueuyadaszveadulul Wy GPOD uay CAT meudimsiiuinw 1
dai wamslduaadoumaslinuazuaadsunglrwnguuginududzaaiinnuuandaiuyn
a1uA (P <0.05) (Figure 4.8 B) m3liunadeunglawunduudiuduzsatiianuannsalunis
Fuouyadaszganiinslitnadeunaslsduazganuqumendiniafiving 2 dank Aensw
vy G-POD  yndsmisliifiruuansnaiunisadfuinialduraidounglauaiinganinganiuny
waznsifunadounaslsd  amendinmsiiuinvzdainislduaaiduunglauniidiginiins
Tdunadonmaslsnuabifiruandeiunadfuwiunnaiunsaddnuyaniuau(P<0.05)
(Fieure 4.8 B ) duAanssu CAT Tugamiuaugenimnisnisszninmaiuing uinenains
Fusnw 2 dUai nsliueadounglawmifianssy CAT gandmsldueaideunaslsiuazyn
muan Ji (2001) — mlduealsnannsaiivianuaunanissusyyadassuasidulal CAT
POD gy SOD luiiw mnNam‘mmaaams'l‘z'fu.ﬂaL%auﬂqIﬂLumﬂ'Jmmm'inﬁ'maqa&aﬁaﬁmﬁu%u
Aavdamsiiuinun (Figure 4.8 ) Wang et al (2014) nsldupadaumdiniafuiieniinaviili
mmmmsmium‘sﬁwua%aﬁamﬁuﬁvﬂuwa‘%‘liw’mmiaﬁuiﬂm
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Figure 4.4 L+ value (A), BI (B)and IB severity score (C) of tissue adjacent to core of ‘Queen’
pineapples peduncle-infiltrated in 2% CaClz or 2% CaGlu solutions during stored at 13 °C for
7 or 14 days followed by 2 days at RT. The vertical bar represents the standard deviation of
the mean (n = 4). Values different letters within the same figure are significantly different at
P <005
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Figure 4.5  Visual internal browning incidence of control, 2 % CaClz and 2 % CaGlu
treated -Queen pineapples during stored at 13 °C for 7 and 14 days followed by 2 days at
RT.
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Figure 4.6  The activities of PAL (A) and PPO (B) and TP content (C) of tissue adjacent
to core of ‘Queen- pineapples treated with CaCl, or CaGlu solutions during stored at 13 °C
for 7 and 14 days followed by 2 days at RT. The vertical bar represents the standard
deviation of the mean (n - 4). Values different letters within the same figure are significantly

different at P < 0.05.
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Figure 4.7 Electrolyte leakage (A), LOX activity (B), MDA content (C) and farnesene
content (D) of tissue adjacent to core of *Queen pineapple fruit dipped in CaCly or Ca
gluconate (CaGlw soiutions during stored at 13 °C for 7 and 14 days followed by 2 days at
RT. The vertical bar represents the standard deviation of the mean (n = 4). Values different

letters within the same figure are significantly different at P <0.05.
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tissue adjacent to core of ‘Queen’ pineapple fruit dipped in CaCl, or CaGlu solutions during
stored at 13 °C for 7 and 14 days followed by 2 days at RT. The vertical bar represents the
standard deviation of the mean (n = 4). Values different letters within the same figure are

significantly different at P <0.05
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4.2.3 waﬂmcmmaﬁan'mﬁﬂlﬁﬁﬁwna
ihduuazaumglisznitimsidaiulavena
9115183971 Soler (1994), Paull and Reyes (1996) and Zhang et al. (20[5)qmw{;ﬁuaz
war-luivwdwam‘m%mLﬁu'lmfluﬂﬁaﬁﬁ'ﬂﬁuammmﬁﬁﬁwma Usnanieunazgumnlisning
Aa1Ax 2015 §4 faau 2016 8unadyiin Jwinyuns Auiienaiaungunia 2016(qm'§au)
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mm d2unsiiuisnfounaiay 2016 (qae) ) Sy 706.5 mm ammmaae;'i“qumauuau
Wy 27-28 aamwamaa mimummmmmau YITTHY mimmmuimmeemau‘dimmmdu
wnnimaAuiAeafiounaian (Table 4.33 )

Table 4.33. Climate condition at Pathiu district Chumphon province during the pineapple
fruit development periods.

Month
Year 2015 Year 2016
Oct Nov Dec |Jan Feb Mar May June July Aug Sep Oct

Climate
condition

Rainfall rate
mmvday)

Temperature
°Cy

308.8 4524 2838 {1080 85 886 875 994 2724 1548 924 2873

273 1273, Pob(|201 268\ 2845094281 285 278\ 271 269

A1 Bl waz IB

M L* Ariedng Bl wae 18 BuiRnusialld (Fisure 49 A ) A1 Litsansggmiatiuifien Souuay
du Aasaudntiosniendinsiiusned 13 sswaiea Wunat 7 u (Figure ) anenauiu
Jnw 14 Ju gungi 13 swvaldies whthefiusnei 25 ssmwadsaidung 2 Ju @ L
amamqamqmma Lmqmauaﬂmnqumr-luummLmnmqnummm (Figure 4.9 A) Bl uaz IB
qmmamsmummsauummmqqamaﬂu Faonnasanuiual L* muaﬂwmvwﬂswng (Figure
4.10) amslddinandntaudiaognisiiuinw 7 fu LazuanIINTSTATUA BN IN1TIAY
$hwt 14 Yy amalsnmuqmmamimummmaqmauLnmmmslaammamnmmmmanlu Falal
40nAABINUII89IUYBY Paull and Reyes (1996) i'mammimmmmsmmummﬂuﬂwEJmﬂfu
seinanmsiesyivlnvema

duludideadesiuenmsiddinia

Aanssuwes PPO POD way PAL dauvessenhaiiauarlddulzen gasswitemsiiuine anavd
maiuine guuil 13 sswadea 14 Tu wavdefiuinungamgd 25 ssnwaidea Wunan
2 Yu Aenssuves PPO wax PAL Frsnamafiuiieiggieugeiningglu annuanisvinaeeand
Lm‘i’waﬁuaaﬁmmﬁ’uﬁuﬁﬁummsumwaanmﬁmlﬁﬁﬁwma (Zhan et al., 2015) @wAaNTIY
wes POD galutrsmsifiuiAuagey Siasnadeafiusienis POD dudulaifignnsedulag
aruASennddiTiouar i (Supapvanich and Promyou, 2013) tluiinasen1sinl43
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ihmalasawztinswigiviavewailnaviiliiauguusdenadald@imadesandmi

Aanssudulmi PPO waz PAL (Figure 4.11)

fanssu LOX uag MDA

mswasuudasmesianssu LOX wazUiina MDA vinamauldvesdulzsaiiiuieitisggma

Fouganingestu (Figure 4.12 ) LOX uazMDA Renfesannusuiidmaliivadideniouaziumius

widonanim (Zhang et al., 2015) mMmumisiidodadsmeinavbivmusudonanwludulzsn
zuinensfiudnm (Soler (1994) ; Weerahewa and Adikaram (2005) ianssu LOX wae U3sna

MDA gyinsnisifiviiengg feulunamanliiuiduszniueiadulnvewa Jeaenndaariv

TI891UB4 Yen et al (1996) msqmﬁﬁﬂﬁw lipid peroxidation
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Figure 4.9. Lightness (L+) (A), browning index (BI)(B) and internal browning dB) score of

tissue adjacent to core of ‘Sawee' pineapple fruits harvested in summer and rainy seasons

stored at 13°C for 7 and 14 days and followed by 2 days at room temperature (RT). Vertical

bars represent standard deviation of mean (n-8). Significant differences between treatments

are indicated with asterisk (++P< 0.001); «P< 0.05).
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Figure 4.10 Internal browning (IB) incidence of ‘Sawee' pineapple fruits harvested in
summer (7 Mar 2016) and rainy (17 Oct 2016) seasons stored at 13°C for 7 and 14 days

followed by 2 days at room temperature (RT).
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Figure 4.11. Polyphenol oxidase (PPO) (A), peroxidase (POD) (B) and phenylalanine
ammonia lyase (PAL) (C) activities of tissue adjacent to core of ‘Sawee' pineapple fruits

harvested in summer and rainy seasons stored at 13°C for 7 and 14 days and followed by 2
days at room temperature (RT). Vertical bars represent standard deviation of mean (n-4).

Significant differences between treatments are indicated with asterisk (=+P< 0.001); «P<
0.05).
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Figure 4.12 Lipoxygenase (LOX) activity (A) and malondialdehyde (MDA) content (B) of
tissue adjacent to core of ‘Sawee’ pineapple fruits harvested in summer and rainy seasons
stored at 13°C for 7 and 14 days and followed by 2 days at room temperature (RT). Vertical

bars represent standard deviation of mean (n=4). Significant differences between treatments

are indicated with asterisk (+«(2< 0.001); «P< 0.05).
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Table 4.34 Superficial colour of pulp of pineapple during storage.

Treatment Colour L* Colour b*
Day O Day 7 Day 14 Day 0 Day 7 Day 14
Pathiu 74.43 75.58 75:98 34.28 37.83 36.83
Pathiu+CaGlu 76.36 THAT 35.97 38.20
Sawi 7223 71.84 +72.88 38.44 43.25 43,57
Sawi+CaGlu 68.62 73.13 43.19 41.90
T-test - ¥ *% * %% 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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Tuguteya ISI

(1) Effects of calcium chloride and calcium sluconate peduncle infiltrations on
internal browning alleviation of Queen pineapple under refrigerated storage
6.2 mstwauamsanuWlusarssavunnd @ehildunsasuiv)

(1) Impact of seasonal .characteristics (rainfall and temperature) on internal

browning incidence of Queen pineapple fruit during cold storage
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Abstract

The aim was to determine the effects of calcium chloride (CaCly) and calcium gluconate
(CaGlu) on alleviation of internal browning (IB) incidence in ‘Queen’ pineapple cv.‘Sawi’ by
using peduncle infiltrations during stored at 13 °C. The pineapples were peduncle-infiltrated
in 2 % CaCls or 2 % CaGlu for 48 h. The 1B incidence and browning-related fzctors of the

tissue adjacent to core were investigated on day 7 and 14 of cold sicrage “ollowed by 2
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days (d) at room temperature (RT). CaGlu peduncle-infiltration alleviated browning intensity
(Bl and IB severity greater than CaCl; peduncle-infiltration. A low tissue electrolyte
leakage and lipoxygenase (LOX) activity and high antioxidant capacity and antioxidant
enzymes activities were found in CaGlu peduncle-infiltrated pineapples compared to CaClz
peduncle-infiltrated pineapples. Both CaCly and CaGlu applications retarded membrane

peroxidation, the activities of browning enzymes such as phenylalanine ammonialyase

(PAL) and polyphenol oxidase (PPO) and the increase in total phenols (TP) content. This

evidence suggests that CaGlu peduncle infiltration has more effect alleviating IB incidence

in ‘Queen’ pineapple than CaCl; peduncle infiltration.

Keywords; ‘Queen pineapple, CaCly, calcium gluconate, internal browning

Introduction

Pineapple (Adnanas comosus L. Merr) is the third most commercially important
tropical fruit after bananas and citrus (De La Cruz Medina and Garcia, 2005). It is

originated from South America and has been currently cultivated over tropical regions

(Hassan et al., 2011). Thailand has been claimed as a top 5 countries producing pineapple.
Of the total of 1,789,890 tons (n 2016), approximate 83 and 17% were processed and
fresh-consumed, respectively (Murray, 2017). In 2016, 2,355 tons of fresh and chilled
pineapple fruit were exported from Thailand (Office of Agricultural Economics, 2017).

There are two main groups of pineapples, Cayenne and Queen, grown for commercial

which the most Queen pineapple are produced for fresh consumption. It is commonly

accepted that Queen pineapples are more susceptible to IB and translucency than Cayenne

pineapples (Wilson Wijeratnam et al., 1993). Translucency and browning of tissue adjacent
to core are normally occurred in the fruit during refrigerated storage. Om-arun and
Siriphanich (2005) reported that no 1B was found in Cayenne pineapples during cold
storage for 3 weeks whilst IB in Queen pineapples increased progressively. Previous works

demonstrated that IB in pineapple is linked to the loss of membrane integrity and the stress-
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induced browning enzymes, especially PAL and PPO Zhou and Tan, 1992; Weerahewa
and Adikaram, 2005; Zhang et al,, 2015).

Now a day, it has been proven that calcium usage alleviates translucency and

browning of tissue adjacent to core of pineapples (Wilson Wijeratnam et al., 1993; Youryon
et al, 2013). Calcium does not only strengthen cell wall structure by binding with pectin
substances but it also plays a key role regulating protein kinase signaling (Gilroy et al,
1987), increasing membrane integrity and retarding membrane lipid peroxidation in plants
(Kukura et al., 1998; Picchioni et al., 1998). Hewajulige et al. (2003) demonstrated that [B

incidence in core -and tissue adjacent to core of pineapples was associated with the low

calcium content compared to peel. Increase of calcium accumulation in pineapples could
alleviate IB incidence (Wilson Wijeratnam et al,, 2006). Herath et al. 2003) suggested that
preharvest calcium fertilizer application alleviated IB development in ‘Mauritius'
pineapples during cold storage. In our previous work, peduncle infiltration with CaCl;

solution reduces IB incidence in Queen and Cayenne pineapples which the alleviated 1B
incidence is associated with the increased calcium concentration in the tissue adjacent to

core (Youryon et al, 2013) CaCl, is the main inorganic calcium salt exerting beneficial

effect on postharvest quality maintenance of fresh commodities; however, its bitter and

salty tastes might affect organoleptic quality. LabinGoldscher and Edenstein (1996)

suggested that organic calcium salts such as lactate, citrate or gluconate enhance nutritional

value without undesirable taste and are more bioavailable than inorganic salt like CaCls.
Thus, the aim of this work was to investigate the effects CaCl, (inorganic salt) and CaGlu
(organic salt solutions on alleviation of IB incidence in Queen pineapple cv. ‘Sawi: by using

peduncle infiltration approach.

Materials and Methods

Plant Materials

Queen pineapple plant cv. Sawi was grown at Prince of Chumphon Campus, King
Mongkut's Institute of Technology Ladkrabang, Pratieu District, Thailand. The pineapples

were harvested after flowering 5 months and were then screened on the basis of uniformity

in size (average weight about 600 g and free from physical damage. Afterward, the
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pineapples were peduncle-infiltrated with 2% CaCl, or 2% CaGlu solutions for 48 h at 13°C
and the untreated fruit were used as control. All treatments were stored at 13 °C and 93 v
RH for 7 and 14 days and then transferred to RT (28 °C) for 2 days. IB appearance, B, IB
score, L« value, the contents of TP, MDA and farnesene and the activities of PPO, POD,
PAL and LOX of tissue adjacent to core were determined. The experiments were replicated

four times (3 fruit per replicate).

IB Appearance and IB Severity Score Evaluations

[B appearance and IB score were evaluated after half-cut. IB appearance was observed
by taking photographs. Ten trained panels were used to evaluate IB score by using 5 points
hedonic test A simplified IB score from 0 to 5 along the tissue adjacent to core: score 0, no
symptom; score 1, presence of small translucent spots turning brown (not more than 5%);
score 2 present of 5-10% IB symptom; score 3, presence of 11-20% IB symptom; score 4,

presence of 21-30% IB symptom; score 5, presence of more than 30+ IB symptom.

L+Value and BI Measurements

The L+ value of the tissue adjacent to the core was measured using a HunterLab
MiniScan@ XE Plus (Hunter Associates Laboratory Inc., USA). BI was assayed using the
method described by Supapvanich et al. 2011). The tissue adjacent to the core were
homogenized with 65 » (v/v) ethanol and then left at ambient temperature for 2 h. The
extract was filtered and the absorbance at 420 nm was recorded. Data was expressed as

ODu420 g'l fresh weight (FW).

Total Phenols Assay

A5 goftissue adjacent to the core was homogenized with 80 « ethanol and then the
volume was adjusted to S0 mL with distilled water. The homogenate was stirred for 1 h and
filtered through Whatman No. 1 filter paper. TP was assayed by using the method of
Slinkard and Singleton (1977). The extract was mixed with 50% (vv) Folin-Ciocalteu reagent

1

solution and saturated Na>CO3 solution in the ratio of 1:1:2. The mixturs v2s held 2t room
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temperature for 30 min and the absorbance at 750 nm was observed. Data was expressed as

ug gallic acid (GA) g' FW.

PPO and POD Activities Assays
Enzymes in the tissue was extracted with 0.1 M sodium phosphate buffer pH 7.0

containing 0.3 g of polyvinylpyrrolidone (PVPP) and then stirred at 2+1°C for 30 min.
Supernatant was collected. PPO activity was assayed using the method of Galeazzi et al
(1981). The reaction was begun when the enzyme extract was added into the solution of
1.25 mL sodium phosphate buffer pH 7.0 and 0.5 mL 100 mM catechol. Unit (U) of PPO
activity was defined as a change of 0.01 in absorbance at 420 nm min'. POD activity was
determined by using the method of Zhang et al. (20035). The reaction started when the
extract was mixed into the solultion of 1 % H:0z and 0.5% (v/v) guaiacol solution in sodium
phosphate buffer pH 7.0. U of POD activity was defined as a change of 001 in absorbance

at 470 nm min''. Data of both enzymes activities were expressed as U g' FW.

PAL Activity Assay

The flesh adjacent to core was extracted with the mixture of 0.1M borate buffer pH
8, SmM B-mercaptoethanol, 2mM EDTA and 1% (w/v) PVPP and then stirred for 30 min at
4 °C. The sample was filtered using filter paper and the supernatant was collected. PAL
yield was determined using the method carried out by Matinéz et al. (1996). The substrate
contained 60 mM L-phenylalanine in 0.1 M borate buffer pH 8. The substrate was pre-
incubated at 37°C for 15 min. The reaction was started when the extract was mixed with
the warm substrate solution. The reaction was operated for 30 min and stopped by adding 6
N HCL U of PAL activity was defined as a change of 0.01 in absorbance at OD29p min’.

Data was expressed as U g' FW.

LOX Activity Assay
The tissue was extracted with Tris-HClI buffer pH 7.0 containing 0.3 g of PVPP. The

method of Pérez et al. (1999) was used to assay LOX activity. The extract was mixed with

0.1 M sodium phosphate buffer pH 6.0. The reaction started when 0.01 M linoleic acid
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sodium salt was added. An increased absorbance at 234 nm was observed. Unit was

expressed as 1 umol formed hydroperoxide min'. Data was expressed as U g' FW.

Membrane Lipid Oxidation Determination

Malondialdehyde ( MDA) and a-farnesene contents were determined indicating
membrane peroxidation. MDA content was determined using the method of Heath and
Packer (1968). The tissue was extracted in of 5 % trichloroacetic acid and then filtered
through Whatman No.I filter paper. The extract was reacted with 15 » TCA containing 0.5
% thiobarbituric acid and then heated at 70 °C for 30 min After that the solution was
immediately moved to an ice bath. The absorbance at 532 and 600 nm were recorded. The
MDA concentration was calculated using an extinction coefficient of 1.55 mM-cm’! as
follows: MDA content = ((ODs32 - ODsoo) * 2 mL  (total volume of extract x 1 mLy/¢1.55 x
10" x sample weight). Data was defined as nmol g! FW. a-Farnesene was assayed using the
method of Zoffoli et al. (1998). Twelve cubes of the tissue of 1.0 cm’ were excised from 3
pincapples. The sample was weighted before extracted with hexane at 4 °C for 24 h. The
absorbance at 232 nm was observed o-Famesene was calculated using extinction

coefficient at 27,700 Huelin and Coggiola, 1968). Data was expressed as nmol g' FW.

Statistical Analysis

The experiments were performed according to a completed randomized design (CRD).
Statistical analysis was carried out using the Analysis of Variances (ANOVA,). Significant

differences between means of data were compared using the Least Significant Difference

(LSD) method at a significance level of P 0.05. Data are shown as mean * standard

deviation (SD).

Results and Discussion

L+Value, Bbrowning Index (Bl) and Internal Browning (IB) Severity
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Fig | show L+ value, Bl and IB severity score of the tissue adjacent to the core of
Queen pineapples. The L+ value of control was obviously decreased over storage whilst that
of both calcium peduncle-infiltrated pineapples were similar and seemed constant in the
first week of storage. Afterward, it decreased slightly. Both Bl and IB severity score of the
control were increased and significantly higher than those of both calcium peduncle-
infiltrated pineapples (P <0.05). The lowest of both BI and IB severity score were found in
the CaGlu peduncle-infiltrated pineapples. The reduction of L+ value in fruit indicates
darkening icnreasee (Hernandez-Murioz, et al., 2008) which the both calcium applications
reduced the decrease in L+ value and the increases in both BI and IB severity score.
Hopfinger et al. ( 1984) described that calcium reduces browning incidence in fresh
commodities by decreasing enzymatic browning reaction. Interestingly, we found that
CaGlu usage could decrease Bl and IB severity better than CaCls usage. We presume that
gluconic acid might also affect enzymatic browning reaction. Castaiier et al. (1996) reported
that gluconic acid usage could retard the darkening of head lettuce during cold storage.

However, this evidence should be proven.

Visual Appearance of Iinternal Browning (IB) Incidence
The IB appearance of the pineapples during storage was shown in Fig. 2. Translucency

of the tissue adjacent to core was obviously occurred in the control stored for 7 days at

13°C followed by 2 days at RT. Afterward, browning incidence was developed. IB
appearance in the control was greater than that of both calcium peduncle-infiltrated
pineapples. This evidence was similar to our previous work which calcium decreased IB in
‘Trad-Srithong' and Cayenne pineapples (Youryon et al,, 2013). A slight translucency of the
tissue was found in CaCl, peduncle-infiltrated pineapples after stored for a week but no
translucency was detected in the CaGlu peducle-infiltrated pineapples. At the end of
storage, IB appearance of CaCl, peducle-infiltrated pineapples looked greater than that of
CaGlu peduncle-infiltrated pineapples. This evidence was concomitant with the results

shown in Fig 1. Similarly, Akhtar and Rab (2014) had reported that CaGlu usage provided
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high organoleptic quality including appearance and colour in strawberries compared to

CaCl; usage.

The Activities of PAL and PPO and Total Phenols Content

As shown in Fig. 3, there was no significant difference in PAL activity of all
treatments during stored for a week; however, the PAL activity of both calcium peduncle-
infiltrated pineapples was slightly higher than that of control. At the end of storage, the

PAL activity of control was increased and significantly higher than that of both calcium

peduncle-infiltrated pineapples (P < 0.05) whilst that of both calcium peduncle-infiltrated
pineapples decreased at the end of storage. Although no significant difference in PPO
activity between CaCly and CaGlu peduncle-infiltrated pineapples during storage, PPO
activity of CaGlu peduncle-infiltrated pinepples was slight lower than that of CaCly
peduncle-infiltrated pineapples stored for two weeks. On the first week, TP content of all
treatments did not different. At the end of storage, TP content of the control increased
significantly whilst that of the both calcium treated pineapples remained constant (P < 0.05).

The evidence showed the positive relationship of the activitics of PAL and PPO and TP

content. PAL is commonly acknowledged as the key enzyme triggering phenylpropanoid
pathway resulting in the accumulation of phenolic compounds (Zhou et al,, 2003; Aghdam
et al, 2013). Thus the increase in TP content of the control at the end of storage was
accompanied with the increase in PAL activity. As the substrate of PPO reaction, the

increase in TP content was also related to the increase in PPO activity resulting in high IB

incidence in the control compared to the both calcium peduncle-infiltrated pineapples as
shown in Fig. 1 and 2. Previous works had confirmed that severity of IB incidence in

pineapple fruit is positively concomitant with the increases in PAL and PPO activities

during storage (Zhou and Tan, 1992; Weerahewa and Adikaram, 2005; Zhang et al., 2015).

Exogenous calcium usage could alleviate IB incidence in fruit due to the decrease in

enzymatic browning reaction (Hopfinger et al,, 1984). Previous works had reported that

calcium application suppressed PPO activity and reduced the content of TP in avocados

(Rensburg and Engelbrecht. 1986) and reduced the activity of PAL in fresh-cut lettuce

(Roura et al, 2008). Ramezanian et al. 2010) explained that calcium is able to bind
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negatively charged molecules resulting in the decrease in PPO activity. This evidence

suggest that both CaCl> and CaGlu usages decrease enzymatic browning reaction by
reducing the activities of PAL and PPO and the content of TP in the tissue adjacent to core

of pineapples during cold storage.

Electrolyte Leakage, LOX Activity and the Contents of MDA and Farnesene
The electrolyte leakage, LOX activity and the products of membrane {ipid

peroxidation such as MDA and farnesene of the tissue adjacent to core were shown in Fig.
4. Electrolyte leakage of all treatments increased significantly throughout storage (P <
0.05). The control had higher electrolyte leakage than both calcium peduncle-infiltrated
pineapples over the storage. The electrolyte leakage of both calcium peduncle-infiltrated
pineapples stored for a week was similar. We found that electrolyte leakage of the control
was markedly higher than that of both calcium treated pineapples. The electrolyte leakage
of CaCl; peduncle-infiltrated pineapples was significantly higher than that of CaGlu
peduncle-infiltrated pineapples. The pattern of LOX activity change was similar to that of

electrolyte leakage which LOX activity of the control was higher than that of both calcium
peduncle-infiltrated pineapples. At the end of storage, LOX activity of CaGlu peduncle-

infiltrated pineapples was significantly lower than that of CaCl peduncle-infiltrated
pineapples and control, respectively (P < 0.05). It is commonly acknowledged that MDA
and farnesene are the products of membrane lipid peroxidation. We found that there was no

significant difference in MDA content of all treatments stored at 13 °C for 7 days followed
by 2 days at RT. Afterward, the MDA content of the control was markedly increased and

significantly higher than that of both calcium peduncle-infiltrated pineapples which was
similar. Interestingly, we found farnesene content of control was significantly higher than
that of both calcium peduncle-infiltrated pineapples stored for a week. At the end of

storage, the farnesene content of the control was obviously decreased and significantly

lower than that of both calcium peduncle-infiltrated pinecapples. The farnesene of both
calcium peduncle-infiltrated pineapples was similar and seemed constant during storage.

The increases in LOX activity and both MDA and farnesene contents indicated the

increase in membrane peroxidation of the pineapples during storage. This evidence
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indicates that both CaCl: and CaGlu usages could maintain membrane integrity and

retarded membrane peroxidation in the pineapples. The decrease in membrane integrity of
chilling-injured fruit is commonly associated with the loss of cell turgor and the increase in

cell collapse which calcium increases vacuolar membrane integrity and stability, maintains
cell turgor and delays membrane lipid catabolism in fresh commodities during cold storage

(Kukura et al, 1998; Picchioni et al, 1998). Moreover, Ramezanian et al. 2010) also

reported that the maintenance of membrane integrity and stability by calcium might

account for the decrease in K leakage and membrane permeability. Thus, IB incidence of

the both CaCl> and CaGlu treated pineapples was inhibited, possibly via retarding

membrane peroxidation.

Antioxidant Capacity and the Activities of G-POD and CAT

Fig. 5 shows antioxidant capacity and the activities of antioxidant enzymes such as G-
POD and CAT. Increases in antioxidant capacity and CAT activity were found whilst G-
POD activity was, in contrast, declined in all treatments during storage. Antioxidant
capacity of CaGlu peduncle-infiltrated pineapples was significantly higher than that of
CaClz peduncle-infiltrated pineapples and control, consequently, stored at 13 °C for 7 days
followed by 2 days at RT (P < 0.05). At the end of storage, antioxidant capacity of CaGlu
peduncle-infiltrated pineapples was also slightly higher than that of CaCly peduncle-
infiltrated pineapples and control; however, no significant difference was found. Although
no significant difference in G-POD activity between both calcium treatments and control
stored at 13 °C for 7 days f were found, the G-POD of CaGlu peduncle-infiltrated
pineapples was higher than that of CaCl, peduncle-infiltrated pineapples and control. A
significant decrease in G-POD activity was found in the control stored at 13 °C for 14 days
followed by 2 days at RT (P < 0.05) whilst G-POD activity of both calcium peduncle-
infiltrated pineapples was slightly declined. CaGlu peduncle-infiltrated pineapples stored at
13 °C for 14 days followed by 2 days at RT had higher G-POD activity than CaCl,
peduncle-infiltrated pineapples and control, consequently. After storage at 13 °C for 7 days

followed by 2 days at RT, the CAT activity of control was slightly higher than that of

CaGlu and CaCl; peduncle-infiltrated pineapples, respectively; however, no significant



difference between treatments was found. The CAT activity of both calcium peduncle-
infiltrated pineapples increased markedly during storage compared to that of the control. At
the end of storage, the highest CAT activity was found in CaGlu peduncle-infiltrated
pineapples whilst that of both CaCl, peduncle-infiltrated pineapple and control was similar.
[n a similar vein, Kou et al. 2014) suggested that Ca treatment maintained CAT activity and
antioxidant capacity in ‘Huang guan' Pears compared to the untreated fruit Wang et al.
(2014) reported that postharvest calcium treatment enhanced total antioxidant capacity in
sweet cherries during storage. Aghdam et al. (2013) suggested that an enhancing of
antioxidant capacity by Ca treatment is due to stimulating the shikimate-phenylpropanoid-
flavonoid pathways by increasing the PAL activity. Jiang and Huang (2001) demonstrated
that Ca® treatment maintained antioxidant capacity and enhanced the activities of
antioxidant enzymes such as CAT, POD and SOD in plants. An enhanced antioxidant

enzymes activity such as CAT and POD by Ca treatment alleviates the damage of cell

membrane due to the reduction of H20: accumulation (Jiang and Huang, 2001). Thus, the
inhibition of IB incidence of both Ca peduncle-infiltrated pineapples was due to the

enhanced antioxidant capacity and antioxidant enzymes activities and the decrease in

membrane permeability and membrane lipid peroxidation. Interestingly, we found that

CaGlu peduncle infiltration could induce antioxidant capacity and CAT activity and

delayed the reduction of G-POD in the pineapples rather than CaCl, application.

Conclusion

Both calcium peduncle infiltrations could retard the occurrence and severity of [B

incidence in ‘Queen pineapple during cold storage. The increased IB incidence in the

pineapples obviously associated with the increases in membrane dysfunction, lipid

peroxidation, TP content and the activities of browning enzymes such as PAL and POD.

Both calcium peduncle infiltrations retarded the increases in membrane lipid peroxidation,

TP content and the activities of both browning enzymes. CaGlu peduncle infiltration had

higher effect retarding IB incidence including enzymatic browning reaction and delaying

membrane degradation than CaCly peduncle infiltration. Moreover, CaGlu peduncle

infiltration also induced antioxidants and CAT activity in the pineapple during cold
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storage. We suggest that CaGlu peduncle infiltration is an alternative technique effectively

alleviating [B incidence in pineapple fruit.
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‘Sawi' pineapple fruit during stored at 13 °C for 7 and 14 d followed by 2 d at RT.
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solutions during stored at 13 °C for 7 and 14 d followed by 2 d at RT. The vertical bar
represents the standard deviation of the mean m = 4. Values different letters within the same

figure are significantly different at P <0.05.
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Fig. 5. Antioxidant capacity (A) and the activities of G-POD (B) and CAT (C) of tissue
adjacent to the core of -Sawi' pineapple fruit treated with CaClz or CaGlu solutions during
stored at 13 °C for 7 and 14 d followed by 2 d at RT. The vertical bar represents the
standard deviation of the mean (n = 4). Values different letters within the same figure are

significantly different at P < 0.05.



84

Impact of seasonal characteristics (rainfall and temperature) on internal

browning incidence of Queen pineapple fruit during cold storage

Pannipa Youryon', Suriyan Supapvanich®*, Chalermchai Wongs-Aree’ and Pornprapa

Kongtrakul'

! Department of Horticulture, Prince of Chumphon campus, King Mongkut’s Institute of
Technology Ladkrabang, Pathiu, Chumphon province, 86160 Thailand

2 Department of Agricultural Education, Faculty of Industrial Education, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok, 10520 Thailand

3 Ppostharvest Technology Program, School of Bioresources and Technology, King
Mongkut’s University of Technology Thonburi, Bangkok 10140, Thailand

* Corresponding author: suriyan.su@kmitl.ac.th

Abstract

The aim of this study was to investigate the impact of climate characteristics
(rainfall and temperature) on internal browning (IB) incidence of Queen pineapple fruit cv.
‘Sawee’ stored at 13°C for 7 and 14 days followed by 2 days at room temperature (RT).
The pineapple fruit were harvested in early summer (7" March 2016) and early rainy ¥ i
October 2016) seasons. The IB appearance, lightness (L*), browning index (BI), IB score,
malondialdehyde (MDA) content and the activities of polyphenol oxidase (PPO),
peroxidase (POD), phenylalanine ammonia-lyase (PAL) and lipoxygenase (LOX) of tissue
adjacent to core were monitored. The IB incidence of the pineapple fruit was markedly
correlated with the rainfall rate during the fruit developement. The severity of IB incidence
in the summer-harvested pineapple fruit was greater than the rainy-harvested fruit whilst
temperature between summer and rainy seasons did not differ and had no influence on IB
incidence. The severity of IB incidence was positively associated with the membrane
dysfunction as LOX activity and MDA content increased and the increases in browning
enzyme activities such as PPO and PAL whereas POD activity might be not a key enzyme

inducing IB incidence.
Keywords: Season; Queen pineapple fruit; internal browning; rainfall rate

Introduction
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Pineapple (Ananas comosus L. Merr) is the third most commercially important
tropical fruit after bananas and citrus (FAQO, 2009). It is originated from South America
and pineapple plants are currently cuitivated over a wild range of tropical regions (Hassan
et al., 2011). Pineapple is also one of most commercial fruit in Thailand which the most
planted areas are in the south and north of the country. Thailand has been claimed as the
top 5 country producing pineapple in the world (Hassan et al., 2011). Of the total of
1,789,890 tonnes (in 2016), approximate 83% and 17% were processed and fresh-
consumed, respectively (Murray, 2017). In 2016, 2,355 tonnes of fresh and chilled
pineapple fruit were exported from Thailand (Office of Agricultural Economics, 2017).
Recently, there are two groups of pineapples, Cayenne and Queen, grown for commercial
which cultivars in Queen group are produced from fresh consumption. ‘Sawee’ and
‘Phuket’ pineapples (Queen group) are the most important commercial cultivars in the
south of Thailand. It is widely accepted that Queen pineapple fruit are more susceptible to
[B incidence and translucency than Cayenne pineapple fruit (Wilson Wijeratnam et al.,
1993; Pusittigul et al., 2012). Translucency and browning of tissue adjacent to core are
common symptom occurred in Queen pineapple fruit during storage. Om-arun and
Siriphanich (2005) had reported that no IB incidence was not found in Smooth cayenne
pineapple fruit during cold storage for 3 weeks whilst IB incidence in Queen pineapple
fruit increased pregressively during the storage. Translucency and IB incidence in
pineapple fruit has been linked to the loss of membrane integrity and the stress-induced
browning enzymes, especially PAL and PPO.

Climatic condition is a most preharvest factors influencing the quality and
development of IB incidence in pineapple fruit during storage (Joomwong, 2006; Paull and
Reyes, 1996). Temperature and rainfall have been claimed as the major climatic factors
inducing IB incidence in pineapple fruit (Hassan et al., 2011). High rainfall or irrigation
regime leads to more marked enhancement in oxidative enzymatic activities including PPO
and PAL and susceptibility to browning and softening in plant tissues (Wurr et al., 2002;
Sen and Mukherji, 2009; Luna et al., 2012; Luna et al., 2013). Paull and Reyes (1996) also
suggested that the severity of translucency in Hawaiian pineapple fruit is depended upon
the different temperature in a period 3 months before harvest. In the similar vein, Zhang et
al. (2015) reported that the difference in IB incidence between spring and autumn
pineapples was associated with the temperature and rainfall during fruit development.

The most production of Queen pineapple cv. ‘Sawee’ in Thailand is Chumphon

Province and the climate in the south of Thailand is unique from other parts as there is only
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two seasons, tainy and summer. Thus, the focus of this study was to investigate the
influence of environmental factors such as temperature and rainfall on B incidence in

“Sawee’ pineapple fruit during cold storage.

Materials and Methods

Plant materials

Queen pineapple plant cv. Sawee was grown at Prince of Chumphon Campus, King
Mongkut’s Institute of Technology Ladkrabang, Pratieu District, Chumphon Province. The
pineapple plants were flowered in 6" October 2015 and 16" May 2016 in order to harvest
the fruit in 7" March 2016 (early summer) and 17" October 2016 (early rainy). The fruit at
70% maturity (commercial maturity) were harvested and delivered to Postharvest
Laboratory, Department of Horticulture, and Prince of Chumphon Campus. The fruit were
screened on the basis of uniformity in size (average weight about 600 g) and free from
physical damage or disease symptoms and then stored at 13°C and 93 %RH for 7 and 14
days, and then transferred to room temperature (28 °C) for 2 days. IB incidence, BI, IB
score, L* value, MDA content and the activities of PPO, POD, PAL and LOX of tissue
adjacent to core were determined. The experiments were replicated four times (5 fruit per
replicate).

Rainfall rate and temperature data during the period of the pineapple fruit
development were obtained from Pratieu Provincial Agricultural Extension Office,

Chumphon Province.

Internal browning incidence assessment

Eight pineapple fruit, two from each replicate, stored at 13°C for 7 and 14 days
were sampled and then transferred to room temperature for 2 days. After that the fruit were
vertically half-cut for monitoring the development of IB symptom. IB incidence was
monitored by taking photographs of the half-cut fruit. IB score was evaluated by using
hedonic test. A simplified IB score from 0 to 5 along the tissue adjacent to core: score 0, no
symptom at all; score 1, presence of small translucent spots turning brown (not more than
5%); score 2 present of 5-10% translucent spots turning brown; score 3, presence of 11-
20% translucent spots turning brown; score 4, presence of 21-30% translucent spots
turning brown; score 5, presence of more than 30% translucent spots turning brown. Ten

trained panels were used to evaluate the severity of IB symptom in the pineapple fruit.
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L* value and BI measurements

The L* value of the tissue adjacent to core was measured using a Hunter[Lab
MiniScan(@ XE Plus (Hunter Associates Laboratory Inc., USA). BI was assayed using the
method described by Supapvanich et al. (2011). Three grams of the tissue adjacent to core
were homogenized with 100 mL of 65% (v/v) ethanol and then left at ambient temperature
for 2 h. The extract was filtered using Whatman No.1 filter paper and then the absorbance

at 420 nm was recorded. Data were expressed as ODyao per g fresh weight.

The assays of PPO and POD activities

A5 g of the tissue adjacent to core was homogenized in 20 mL of 0.1 M sodium phosphate
buffer pH 7.0 containing 0.3 g of polyvinylpyrrolidone (PVPP) and then stirred at 2+1°C
for 30 min. The homogenized sample was filtered using Whatman No. | filter paper at
241°C and the supernatant was collected and kept in an ice-bath. PPO activity was assayed
using the method of Galeazzi et al. (1981). The reaction was begun when 1.25 mL of the
enzyme extract was added into the solution of 1.25 mL sodium phosphate buffer pH 7.0
and 0.5 mL 100 mM pyrocatechol. One unit of PPO activity was defined as a change of
0.01 in absorbance at 420 nm per min. POD activity was determined by using the method
of Zhang et al. (2005). The reaction started when 0.5 mL of extract was mixed into 2.5 mL
of the mixture of 1 % H>0; and 0.5% (v/v) guaiacol solution in sodium phosphate buffer
pH 7.0. One unit of POD activity was defined as a change of 0.01 in absorbance at 470 nm

per min.

The assay of PAL activity

A 5 g of the tissue adjacent to core was homogenized with 25 mL of the mixture of
0.1M borate buffer pH 8, SmM p-mercaptoethanol, 2mM EDTA and 1% (w/v) PVPP and
then stirred for 30 min at 4 °C. The sample was filtered using Whatman No. 1 filter paper
and the supernatant was collected and kept in an ice-bath. The activity of PAL was assayed
using the method carried out by Matinéz et al. (1996). The substrate contained 2.75mL of
60mM L-phenylalanine in 0.1M borate buffer pH 8. The substrate was pre-incubated at
37°C for 15 min. The reaction was started when 0.25mL of enzyme extract was mixed with
the lukewarm substrate solution. The reaction was operated at 37°C for 30 min and was
stopped by adding 0.1mL of 6 N HCl. One unit of PAL activity was defined as an

increased ODago of 0.01 per min.
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The assay of LOX activity

A5 g of tissue adjacent to core was homogenized in 20 mL of Tris-HCI buffer pH
7.0 containing 0.3 g of PVPP. The homogenized sample was then stirred for 30 min at 4 °C
and filtered using Whatman No. 1 filter paper. The enzyme extract was collected and kept
in an ice-bath. LOX activity was assayed using the method described by Pérez et al. (1999)
with slight modification. A 3 mL aliquot of the enzyme extract was mixed with 3 mL of
0.1 M sodium phosphate buffer pH 6.0. The reaction started when 50 uL of 0.01 M
linoleic acid sodium salt was added into the enzyme extract. An increased absorbance at
234 nm was measured against blank solution. One unit was expressed as | pmole
hydroperoxide formed per minute at ambient temperature (28°C). The LOX activity was

expressed as units per gram fresh weight (units/g FW).

The determination of MDA content

A5 g of the tissue adjacent to core was homogenized in 20 mL of 5 % trichloroacetic acid
and then filtered through Whatman No.! filter paper. The extract was collected. The MDA
content was determined following the method of Heath and Packer (1968). One mL aliquot
of the sample was mixed with 2 mL of the solution of 15 % TCA containing 0.5 %
thiobarbituric acid and then heated at 70 °C for at least 30 min. After that the solution was
immediately moved to an ice bath. The absorbances at 532 and 600 nm were recorded. The
MDA concentration was calculated using an extinction coefficient of 1.55 mM-cm™! as
follows: MDA content = [(ODs32 - ODgoo) x 2 mL x (total volume of extract x 1 mL)] /
(1.55 x 10" x sample weight). The data were defined as nanomoles of MDA per gram

fresh weight (nmol-g*!' FW).

Statistical analysis

The experiments were performed according to a completed randomized design
(CRD). Statistical analysis was carried out using the Analysis Of Variances (ANOVA)
performed in SAS program. Significant differences between means of data were compared
using the Least Significant Difference (LSD) method at a significance level of P< 0.05.

Data are shown as mean =+ standard deviation (SD).

Results and discussions
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The rainfall rate and day temperature during pineapple fruit development

Regarding to the reports of Soler (1994), Paull and Reyes (1996) and Zhang et al.
(2015), temperature and rainfall during pineapple fruit development are the key
environmental factors relating the severity and incidence of IB. The rainfall rate and
temperature between October 2015 and October 2016 at Pratiu District, Chumphon
Province, where the pineapple plants were grown, were shown in Table |. The pineapple
plants were flowered in October 2015 and May 2016 and the fruit were then harvested in
March 2016 (early summer season) and October 2016 (carly rainy season), respectively.
The averages of rainfall rate during the summer- and rainy-harvested fruits development
were 1,161.5 mm and 706.5 mm, respectively. The average temperatures during the both
summer- and rainy-harvested fruits development were approximately 27 and 28 L
respectively. These indicated that the rainfall rate during the development of the summer-
harvested pineapple fruit was dramatically higher than that of the rainy-harvested fruit
whilst the average temperatures during the both fruits development were close. At the
harvesting month, the rainfall rate in March 2016 was approximately 3 times lower than
that in October 2016 and the average temperature in March 2016 was 1.5 °C higher than
that in October 2016.

Table 1. Climate condition at Pratiu district Chumphon province during the pineapple

fruit development periods.

Month
Climaly Year 2015 Year 2016
condition
Oct Nov Dec |Jan Feb Mar May June July Aug Sep Oct
Rainfall rate 00 04504 283811080 85 886 875 994 2724 1548 924 287
mmyday) _ 3
Temff,‘gf“”re 273 273 267 271 268 284 294 281 285 278 271 269

L* value, Bl and IB score and the appearance of IB incidence of ‘Sawee’ pineapple fruit
The L* value, BI and IB score of the tissue adjacent to core were shown in Fig. 1.
The L* values of both summer- and rainy-harvested pineapple fruits were similar and
slightly decreased after stored at 13°C for 7 days (Fig. 1A). After cold storage for 14 days
followed by 2 days at room temperature, the L* value of summer-harvested pineapple fruit

significantly decreased and was lower than that of the rainy-harvested pineapple fruit. Both
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BI and IB score of summer-harvested pineapple fruit were higher than those of rainy-
harvested pineapple fruit and they obviously increased during cold storage (Fig 1B and
IC). The decreased L* values of the both summer- and rainy-harvested pineapple fruits
during storage were concomitant with the increases in both BI and IB score which they
sharply increased in summer-harvested pineapple fruit when compared to those of rainy-
harvested pineapple fruit after cold storage for 14 days. The appearance of the half-cut
"Sawee’ pineapple fruit harvested in summer and rainy seasons during cold storage were
shown in Fig.2. The IB incidences of the both summer-and rainy-harvested pineapple fruits
held at cold temperature for 7 days following 2 day at room temperature were small. IB
incidence was obviously present in the both summer- and rainy-harvested pineapple fruits
after storage for 14 days. The summer-harvested pineapple fruit had higher IB incidence
than rainy-harvested fruit. The high IB incidence in summer-harvested pineapple fruit was
also indicated by the lower L* value and the higher BI and IB score when compared to
those of the rainy-harvested fruit (Fig. 1). We also found that the high IB incidence of the
summer-harvested pineapple fruit was obviously associated with the higher rainfall rate
during the fruit development when compared to that of the rainy-harvested pineapple fruit
development (Table 1). This suggests that a high rainfall rate 2-4 months before harvest
causes more severity and higher incidence of IB in the pineapple fruit. However, we found
that the average temperature during the both pineapple fruits development was not the
main factor affecting the IB incidence, possibly because the temperature for the whole year
was close (26.8-29.4°C). Thus, we suggest that rainfall rate is a key environmental factor
affecting IB incidence and severity of pineapple fruit grown in South of Thailand whilst
the temperature change during the fruit development was not. This result contrasts with the
report of Paull and Reyes (1996) who suggested that rainfall rate was not the major factor
in IB and translucent incidence of pineapple fruit grown in Hawaii but the key factor was
the maximum and minimum temperature during fruit development. Zhang et al. (2015)
noticed that the high IB incidence in autumn/winter pineapples was related to the weather
during fruit development as the autumn/winter pineapples is exposed to the high
temperature and rainfall during summer in China. These indicate that the differences in
geography and climate of pineapple plantation obviously impact to environmental factors

affecting the incidence and severity of IB in the fruit.
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Fig. 1. Lightness (L*) (A), browning index (BI) (B) and internal browning (IB) score of
tissue adjacent to core of ‘Sawee’ pineapple fruits harvested in summer and rainy seasons
stored at 13°C for 7 and 14 days and followed by 2 days at room temperature (RT).
Vertical bars represent standard deviation of mean (n=8). Significant differences between

treatments are indicated with asterisk [**(P< 0.001); *(P< 0.05)].
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Fig. 2. Internal browning (IB) incidence of ‘Sawee’ pineapple fruits harvested in summer
(7 Mar 2016) and rainy (17 Oct 2016) seasons stored at 13°C for 7 and 14 days followed
by 2 days at room temperature (RT).

The activities of browning enzymes

Fig. 3 shows PPO, POD and PAL activities of tissue adjacent to core of the both
pineapple fruits during storage. The increases in all enzymes activities were detected
throughout the storage. The activities of PPO and PAL of both summer- and rainy-
harvested pineapple fruit during storage for 7 days were similar (Fig. 3A and 3C). After
day 14 of the cold storage following 2 days at room temperature, both PPO and PAL
activities of summer-harvested pineapple fruit noticeably increased and were higher than
those of rainy-harvested pineapple fruit. This indicates the increase in oxidation of
phenolic compounds which was concomitant with increased IB severity in the fruit (Zhang
et al., 2015). The POD activity :of summer-harvested pineapple fruit was higher and

progressively increased greater than that of rainy-harvested pineapple fruit throughout the
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storage. It is widely accepted that POD is an antioxidative enzyme stimulating by both
abiotic and biotic stresses (Supapvanich and Promyou, 2013). Thus, the higher POD
activity in summer-harvested fruit might be related to the water deficiency stress as the
rainfall rate was very low (8.5 mm) in last month before harvest. Zhang et al. (2015)
reported that the enhanced enzymatic antioxidant systems including catalase (CAT) and
POD by absissic acid treatment caused the reduction of IB in pineapple fruit during cold
storage. These suggest that the increases in both PPO and PAL activities of summer-
harvested pineapple fruit on day 14 of the storage were markedly associated with the
higher severity of IB incidence whereas the effectrof POD-induced IB incidence in the
pineapp[e fruit is ambiguous. Previous works had confirmed that severity of IB incidence
in pineapple fruit is positively correlated with the increases in PPO and PAL activities
during storage (Zhou and Tan, 1992; Weerahewa and Adikaram, 2005; Zhang et al., 2015).
Zhou and Tan (1992) and Zhou et al. (2003) reported that IB in pineapple fruit was
associated with PAL-initiated synthesis of phenylpropanoid compounds which were
subsequently oxidized by PPO activity. However, POD activity had been reported that
there was no influence on IB incident in pineapple fruit during storage (Zhou et al., 2003;
Hong et al., 2013). We also found that the activities of PPO, PAL and POD were positively
correlated with rainfall rate during the pineapple fruit development as shown in Table 1.
Sen and Mukherji (2009) reported the enhanced PPO activity in tomato in rainy season
which due to the high water-uptake in plant tissue. Luna et al. (2012 and 2013) suggested
that high irrigation regime induces PPO and PAL activities leading to undesirable
browning whereas POD activity is less affected by irrigation regimes. In the similar vein,
an increase in irrigation obviously induced PPO activity as well as stimulated “brown
centre” symptom in ‘Russet Burbank’ potato (Wurr et al., 2002). These clearly indicate
that high rainfall or during the pineapple fruit development increases the severity of IB

incidence due to the induction of both PPO and PAL activities.
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Fig. 3. Polyphenol oxidase (PPO) (A), peroxidase (POD) (B) and phenylalanine ammonia

lyase (PAL) (C) activities of tissue adjacent to core of ‘Sawee’ pineapple fruits harvested

in summer and rainy seasons stored at 13°C for 7 and 14 days and followed by 2 days at

room temperature (RT). Vertical bars represent standard deviation of mean (n=4).

Significant differences between treatments are indicated with asterisk [ *HP<0.001); *¥(@P<

0.05)].

LOX activity and MDA content



95

The changes in LOX activity and MDA content of the tissue adjacent to core of
summer- and rainy-harvested pineapple fruits were present in Fig. 4. It is widely
recognized that the increases in LOX activity and MDA content are associated with
oxidative burst in membrane which will cause cellular damage and membrane injury
(Zhang et al., 2015). The positive correlation between tissue breakdown and increased
membrane damage in pineapple fruit during cold storage was confirmed by Soler (1994)
and Weerahewa and Adikaram (2005). We found that LOX activity and MDA content of
both summer- and rainy-harvested pineapple fruits increased during storage and those of
summer-harvested pineapple fruit were higher than those of rainy-harvested pineapple
fruit. These indicate that membrane injury in summer-harvested pineapple fruit was higher
than that in rainy-harvested pineapple fruit which these were related to the greater 1B
incidence detected in summer-harvested pineapple fruit during the storage (Fig. 2). The
higher LOX activity and MDA content of the summer-harvested pineapple fruit were also
correlated with the greater rainfall rate during the fruit development. In a similar vein, Yan
et al. (1996) suggested that excessive water uptake induced lipid peroxidation (MDA
content) and membrane permeability in plant. Chen (1999) also pointed out that the loss of
membrane integrity and increased water uptake induced apoplast osmotic pressure which

could favour the occurrence of translucency and IB incidence in pineapple fruit.
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Fig. 4. Lipoxygenase (LOX) activity (A) and malondialdehyde (MDA) content (B) of
tissue adjacent to core of ‘Sawee’ pineapple fruits harvested in summer and rainy seasons
stored at 13°C for 7 and 14 days and followed by 2 days at room temperature (RT).
Vertical bars represent standard deviation of mean (n=4). Significant differences between

treatments are indicated with asterisk [**(P< 0.001); *(P< 0.03)].

Conclusion

Rainfall rate during fruit growth had positively influence on IB incidence severity
in “Sawee’ pineapple fruit during storage. The pineapple fruit harvested in summer season
(7 Mar 2016) had higher IB incidence than the fruit harvested in rainy season (17 Oct
2016) which summer-harvested pineapple fruit encountered higher rainfall during the fruit
development. IB incidence severity was correlated with the increases in PPO, PAL and
LOX activities and membrane degradation which were induced by high rainfall rate. The
influence of POD activity on the 1B incidence is ambiguous. Moreover, we also found that
the small difference in average temperatures during the fruit development does not affect

IB incidence in *Sawee’ pineapple fruit during storage.
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