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Alleviation of internal browning in pineapple fruit by
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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, CaSO,, CaSO, + CaCl,, CaSO4 + CaCl2 + boron and
CaSOq4 + 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.
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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.

4.2 Internal browning score 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.

4.3 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, KO 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, KO 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,O 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, KO 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 CaSO4 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 CaSO4 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 CaSO4 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 CaSO, 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 CaSO,4 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 CaSO,4 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 CaSO,4 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 CaSO4 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 CaSO,4 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,4 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,4 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 CaSQ4 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 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.
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4.24 Internal browning score of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with pre-harvest K,O SA Boron CaSO,4 CaCl, and infiltrated with 2%
calcium chloride by transpiration via the peduncle following cool storage for
14 days plus 2 days at room temperature.

4.25 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 at room temperature.

4.26 MDA content 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.

4.27 Electrolyte leakage of tissue adjacent to core ‘Sawi’ pineapple fruit
treated with pre-harvest K;O SA Boron CaSO,4 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,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.

4.29 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.

4.30 CAT 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.

4.31 LOX 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.

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
temperature (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
deviation of the mean (n = 4). Values different letters within the same figure

are significantly different at P < 0.05.

L4
%BU1

38

38

39

a2

43

a4

45



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< 0.05).

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) (Q) 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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1. gy Smooth Cayenne lunauifisusniian Tanvauzveuluseuiinuuisudnteoy
Adruvanslu watlvuindseuiu 1.0-2.5 Alandu Welnduligldonnasiaendy wag
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(U353, 2541; Popluechai et al., 2007)

2.2 dugruIngrvasdulssa (Morphology of pineapple)

Fuusnitugnlneiluaslddiuvesddiufio 9n (crown) wiie (sucker) wagmzifiss (slip)
Judwreeiug e1gnislinavesdulzsalulseinalnedivanaingnagldiaaidssuna 15-20
ou nadulzsatiuimunnteneniiintuiivassonvessd Wonasuiauiluly szeswils
mﬁasﬂjmugﬂwméflé]’u azasaivTntuudunde winnfiuierduizsnanduul (plant
crop) WWwda duduuzsadudufasidesinsuly 'wu'aﬁLﬁ]’%zgmmﬂmmmgﬂuﬁwLﬁ]’%m@uimﬁum
Jududzsedulva Bondn dudzsamiesuusn (first ratoon) dudlelimaudanunassluves
mipsunsniasauduladudulmilddn Fonin Fuursamioguiiaes (second ratoon) nsiAnd
Tminaunufugudl szsndululdnatesou  Sdannuandeniidos uwiesenisasyivia
(uAn3g, 2541)
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siduszeysindes  (fibrous roof system) UsEnoUA2851N013331UIULNN
(adventitious root) 91nT3apNNdwdTegldfaAu Funin Tndu (soil root) finnsEane
aQu‘%nmﬂﬁuﬁuq meluuluvesiuduzsn sinifenuspluuuduesdduiioginiiofafu
Bond1 s1naly (axillary root) fnaziaiisusgsouddiunuyaludieratisgaiuazussin
ownslidutzanlalunndlonadifian muadonmnyauudluanmnfisininariasdasyueiu
avauaguwazagluanining
a1eiu
Svufidnuairdunasrunndenszues s1UsEIIM 20-30 WwuRuns dwfinieiian
neUszanm 5 wuliues Sduiegwiefufuinasdings dwilegldfifuazldndnten e
Sunedidnunsfuteuazudesduy musesdevadluiingaesnluanddiu (leaf scer) T9v09
Udasemuszan 2-5 Taduns muslundssaigdvistunndundeld misfiadnananem
vuduitegunilefiufu 3oni wisdhavidonisennia (shoot v3e air sucker) daumiofitadey
WaneuudduiissRuRAuSelEAY Sendn wledu (ground sucker)

Tu
Tufidnuwazdoenuasduteddas Jwsliludulzsaiinuudausuasnumiusens
wniuAduiiay nssesiveduduluuiisuseuaidu ma‘ummmm (phyllotaxy) iy
5/13 dnwarvedluiidoredusediuarsssidousouddunuuiliinnuddysenisssdin
Tuanmundeuiithinies Luaqmﬂazaaqmmammwmﬂaamamaﬂuwﬂu%Qﬂsausmmhm
TaupulvsindWlsuselevila

Yanan
Fenenuesduzsaluiagiu fAfmunsnanussnysuiiiitenaniuy raceme il
mMaasuwlashlinendesuay bract L%amamﬁ’mmﬁauaugizﬂ WATBYTIUAUUULAUNA VDS
Yonan Yenonuiazveiinondosuszunns 100-200 aen wnunatsvestenendudiuiive
\flosnannfugenen %w'f]uﬁaﬁaw‘%zyﬁﬂawaamammﬁué’wzm AONgaEIaNatay (fruit
let) FaFeefauuuiivusounnunalsvesdanen Aengesuraznenilunenauysalinail
dhutsgnousneg bract 1 8u ndulass 3 ndu inasiag 6 Su Fouduisas 3 Su uasiisily 1 &y
Wiy 3 904 (locules) tnasdudisgnininnasiigianies jUs1aveindunenilunuuends
(ligule) e13Ussua 16 Hadiuns neUsennas 5 Taduns dIureemenuaanInuIuuaIszlivgn
Pt
WA
nsauIvenalinlagldfesdinisuaninas (parthenocarpy) @2UNITHENAILDS
Aatulalle Lﬁaqmﬂwaamﬂaiﬁaﬁ (pollen tube) Tunonvesduissaiugineniuliaiunsaiasey
iufunasiadeluaudeddlals nadudgsaduwuunasiy (multiple fruit) WAnainsideufindu
Y0439lY wardiuUsznouresmendesiiiesiteginiuag uuinunalsveonaniraiivuInlvg
933U UUNTIY (conical) Ain dulaunaninnitvatena winuadanunlndidesiu way



Hadvuadndnazligusisuuunsinay (spherical) e dunatamainuniannnitadulauna
wazUanena ANNEIveIHAlNALALIiUANNIIe Ruansy, 2541)

base of crown cccrown

shell

ovary

core

vascular bundle

peduncle

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

2.3 rmslddinia

’mm‘ﬂﬁﬁéﬁmﬂuﬁuﬂmﬂ(internal browning #38 endogenous brown spot %39 black
heart)  \uenmsfisuninisadsienifindudlondnnaldfugungiishudganigadonuds v
TnaliiAnrudeveuadliifuiivensvresifuslon  maldiiAnsunsieilosngumgiivndiu
Ingfuiidaluafeudeiiuinwlifigumaiisni1 12-15 esmwai@oa Wy uzaha ndae
uzazno W31 (93u¥, 2541) &uuysn (Paull and Rohrbach, 1985) uaziisluiivilomuaile
Audnwilgungiishndt 02 esmisadea  dnwurenisinundfiintuiivansdnuay 1wy i
viedoromaniaiinsosunaituiivianion uarerafnsesyusedomneaduinuiune
W emsldahmanuldisdudulzsanasinaalivaiseiin wu Sudfs a1d luduusanazuans
omsmaialddimasunnuinaveuldieuivenssaeluilduandefiBnueuld  uih
ﬂ'aaqmsnaiauﬁ’ulﬂuﬂajmﬁﬁwmamuwﬂmﬁu (Kader, 1996 ; Youryon et al., 2008) qmmﬁﬁwﬁ
wanzaudmsunsiunudulzsangu Smooth Cayenne fifladidoamsifiusnuiigumgil 7-
12 ssrnwwaidea fengnaifiuinw 14-20 fu (Paull, 1993) usllunds Queen LAnLAAl&FTAG
Sousnugaumnliil 8 13 uay 15 ssmwaidea eegmaiuinw 7 Fu (Youryon et al,
2008) &uuyselungu Smooth Cayenne sxezmisan 35-70 Wedldudasududindes (ia
o1msldfinnaguusiniiszesAidien (Soares et al, 2005) wadifsaviingy Smooth Cayenne
uar  Queen TgnlulstmaridmnuAne nsldhmainniwafian  Weerahewa and



Adikaram, (2005) @auansinglusneaued Zhou et al (2003) waanun (mature)uantainisldd
UIMATULIINTSTEZERULAZANIDY wazuenwuIAanssuveteulyl PPO Fulueulylidfey

Neaumaiediinne  euledidenanasiinnuduiusiussduninuussavensine nsidd
wmasazlunadulzsanuniifanssuvesaulesl PPO asndtlunadounasnadaniay

D.

2.4 Msannsiiadinanaduizsanasualiitue
nslduaaiBenfundanaronounasudanmafuififinaannisinunfuazaengnsiu

$hw1(Conway and Sames, 1983 ; Ferguson,1984) iileainuaaieududiuusznovvesnilsea
imuAuMIiIu1eentesea (Gilroy et al 1987) dulysangy Smooth Cayenne (‘Kew’)
wagnay Queen (‘Mauritius’) fUsnaueraiealuiolndideninnniununa (Hewajulige et al,
2003) wazinslfupadennaslsaneunmafufersusiunsindeuinlduadevas 80 (Hewajulige
et al, 2006) egrglsimuiinslduna@uuniudulzsnlagddnis Vacuum infiltration Tudulysn
#us ‘Gold” "73-50° uaw ‘Gold” aglundu Smooth Cayenne lianunsnaneimsléddhmald
(Youryon et al., 2012) 31nn1snaassliasazaisuaadounaalsnAnududy 0.18 M UH1UNIg
fruwa 3 Fufigumpiiuinu aunsadudinmsiadiimaldlundamaiitananaulaens us
anomslalaiflunafizennaneanaln (Youryon et al., 2013)

nsléluseuluandius‘Conference’ ountaifulfenanunsannsfindinald (Xuan et
al, 2001) Tusfsgeansnsamainesmanasiduniuilolddudu 4 Alansusiodu Srufudaviu
wra@ennanlsa 2 Wesi@ud wazluseu (Poovarodom and Boonpland., 2010)



UNN 3
A5 IUNSIVY

3.1 nsAnwinsanldddimaneumaiiuien

namasesii 3.1.1 Anvinaviavestsuaznsndunidromaiinlddima
lowmufusuiiuiivgniulzeaiudad svovUgnilunonien 50x150 lwufms fdnfafi

lngnisidansiaiiniuaulug1ansniagdn g 15eninan1 SRS YAUle IR TNAADS

Completely random design (CRD) #35n1s5lle 4 35015 350198 1,000 fu dlonadeszesfiiu

Aenld @donasuludivies? un) Bmsaz 100 ua thluifvsnwfigamgd 13 1Wunan 14

fu udrthweenandl 25 ssnwadsadung 2 Yu udrhmuenidegninialddinma

ad
35019

1) Control Tlemaund

2) Calcium chloride 2 Wosidus Snnufinansufiuien
$u 4 A Mdadsdusanaentiieud 2 3 4 uavs)

3) Potassium K,O 20 n¥usiadu $1umm 4 adamdsugn

4) Salicylic acid 2 mM faumswiusies 2 dUam

MsUUnKg

1) nsasgiulavesdulzsn D-leaves wazimidnea

2) mstAnenslddimaniendinmsifiusnu (Azuuw) faulasin Teisson, 1979
O=1enaun
1-iifonauansennistiosninfesas 10
2-1ionauanIeINTINNAISeraY 10-25
3-|ilawaudnsennisinnnindesas 25-50
4=LﬁamaLLammmimﬂﬂdﬁaaaz 50-75

5= UANAKEAIDINISUINNINSDYRY 75
3) USunau (Total soluble solid) TSS 372U 10 91 ABULALUAINITAUTNEN

)

4) Usunau (Titratable acidity) TA 97u7u 10 $1 Aeunarudinsiiusne

5) Usinadmiiud nna3s (AOAC,1999) $uaw 10 &

6) n1551mavesansdidninslad (Electrolyte Leakage; EL) au33n15v09
(Promyou et al., 2012) Tudiuvesld 91w 10 H1 AouLaEnSINTAUS N

7) Usinausne Ca lduasiiloduzsn Ta3snstosuvuiden (wet digestion) a3
389 (AOAC, 2000) ntahansazanedilglusausunnunaiden @e atomic

absorption spctrophotometry



8) USuaansuszneufiusasianun au3anisves Slinkard and Singleton

(1977 ludhusswindldiuile

9) AANTINYBY PPO fnlUasann (Yang et al., 2000 ; Lichter etal., 2000) Tugu
stuhalduile

10) A9NTTUVDY POD ARLUAIRIN

11) A9NT51U99 SOD AnlkUasan

12) Aanssuvae CAT sakuasann

nanasesii 3.1.2 Anvinavesuraifouuasluseudensiinlddiima

lonrufusouiiuiivgniulzaniusad stovUgnifuuoniien 50x150 lwufams fdnaii
Tnamsldansiniinunuluyisusnuasfnng15eninnsasyiule 1uRUNITAaeT
completely random design (CRD) #35n15tile 6 38013 L.maLé?jemmﬁuiﬁfiaumiﬂaﬂéau
aﬁmsamwumaL%mmﬂusawaqmﬂmimﬂumsaaﬂmaﬂwumau Folouil 2 3 4 wag \ieu
i 5 \enadsszoriAuels (aLUaamﬂaauLUuamaaqz 1) Fmsaz 100 wa wluiAusnwd
gaumgdl 13 esmwwadea Wunan 14 Yu wddheeenund 25 esmwaldeadunan 2 fu wdsi
pugnufiagnsinldiinig

A8l 380158y 1,000 91U
1) Control
2) Calcium wmnafu 8Usu 100 Alansu/ls
3) Tuseu 0.25 % $1uau 4 ASsdeunsRuLRe?
4) Calcium msau BUdu 100 Alansu/ls) + Calcium chloride 2 Wasidus
aaviunewfuis s1uau ¢ afeneunsifiuiien

5) Calcium v1aau (U9 100 Alanu/ls) + Calcium chloride 2 Wasidud +
Tuseu 0.25 % s1uru 4 ade Baviuneunsfiuiien

6) Calcium v9au @Udu 100 Alansu/ls) + Tuseu 0.25 wWasidud aanunau
AU $1uau 4 ads

MsUurnNa

1) nmssgiulavesdulzsn D-leaves waztminmg

2) mafinenmsldinmanendnisfuine (azuuy) faulasann Teisson, 1979
O=lieonaund
1= \flonauansennistiosninfesas 10
2-ilowauansensInnnindesas 10-25
3-onauano1NTINNNIndenas 25-50
d=1ipnananionINNAIdenay 50-75



5= aNAKAANIDINISUINNINSPYRY 75

3) USunau (Total soluble solid) TSS $1uau 10 1 ApukaguaInIsAuSnw
4) USunad (Titratable acidity) TA 113% 10 91 AauwaynasnIsiusnw
5) msilvavesansdidninslas (Electrolyte Leakage; EL) mnuiSnisues

(Promyou et al., 2012) Tudgiuvedld $1uiu 10 91 Aeunasudin1siiusnw
6) Usunauarsusenauiueayianun a1u3sn139e9 Slinkard and Singleton
(1977 luduvedlduaziie

7) AaNIIUTBY PPO fallasann (Yang et al., 2000 ; Lichter etal., 2000) Tugu

vodlduaziie

8)Usueus") Ca Wuasiileduuzsn TagTn1sgesuuuilen (wet digestion) oy
w0 (AOAC, 2000) ntuthansazatefildluiausinmuuaaidon de atomic

absorption spctrophotometry

nsMAaasdl 3.1.3 Anvwavesdeamdiumsliieaidsundanisiiuie

nadulzaninnisneaans 1.1 uax 1.2 9033013 Wnsag 100 wa (F1uu 10 €19
ag 10 wa)ingnuazudiudulzsafounaidounaslsd 2 Wosidus uiu 3 Yu figamgd
13 psruwaLdea Wunan 14 Suwdiefuiigumgll 25 esmwadoa 2 Su Sufinnanis
yaaesnendanaiuinuded

1) omslddina Tngliduasuuy amusyduazuuwwes Teisson, 1979
O=1ionaund
1-iflonauansennistiosninfesas 10
2=LﬁamaLLammmimm’i’l%’aaaz 10-25
3-1onaunano1nsINnnindenas 25-50
4-1enananionINnnIndenay 50-75
s-iilonauansennisinnninfesas 75

2) dmIINIgeaTaTaEURIFUULIA

3) n155alnaveasdidninglad (Electrolyte Leakage; EL) mu3Sn15ves

(Promyou et al,, 2012) ludiuvedld $1wau 10 91 AeukarwaInNISIAUSW

(%
)=

4) Usuusny Ca lduwaziiloduissn lagddnnsdesuuuilen (wet digestion)
3599 (AOAC, 2000) a1nUULIE15ALa 18N LA UTAUSUNMLARLT YL Aae

atomic absorption spctrophotometry
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5) Ysurmarsusyneuiiueaninun a1udsnisves Slinkard and Singleton
(1977 ludhuvedlduazilo

6) AANITUVDI PPO dmuuasain (Yang et al., 2000 ; Lichter et al., 2000) Tu
duvadlduanilo

3.2. nMsAnwnisaaldduiaandinisiiuien
N15MAARY 3.2.1 szazn1sandansiialdauinig

fulssaiusaifsveznmsandnetu 4 seoe lasfleainaiu sunoad Saniaguns
1AE19MHUNTINAa8Y Completely random design  (CRD) ssasmsqﬂé’uws@ 4 53yy
$1uan 5 1982 10 maiusnundl 13 ssrwaldes WWunan 14 Yu udréeeendl 25 eem
waldea 2 Yu Sufinnaenislddnina Tnelmduasiuy ausydunzuuuves Teisson,
1979

S¥8¥ATENFUULIA
= a A gj
LWUaDNALYEINING
= a &
WaBNELNEDY 2 1ha?
WaBNELa0Y ASINA
= a & gj
LWUaDNALNaDINING
ANSUUNNKE
1) n5Ane1nNslEatInIan1endInIsiAusne (AzuL) dauwladann
Teisson, 1979
O=iilanaunf
1=\ aNaLanI9IN1SUBENINSREAY 10
2= {NAkANIDINITUINNINS LAY 10-25
3= HaNALANIDINITUINNINSP8EY 25-50
4=1DNAKANIDINISUINNINS LA 50-75

5= UANAKEAIDINISUINNINSDYRY 75

2) Usuau (Total soluble solid) TSS
3) YFu1eu (Titratable acidity) TA
4) YSunadnnaiug anuis AOAC, 1999

nMsvaaes 3.2.2 Anwnsldansaanisiindinanaludulzse

naduUrsnsveziURsudanauny ’mLLmumimaaa Completely random design
(CRD) Tsumiammsmmmma 635N I1UIU 5 Gms] 10 wa (3/n158% 50 Wa) Immﬁm'ﬁw
fuduzsmbunan 2 Su thlufusnend 13 sserwadva Wunan 14 Ju wddheesnd
25 99AYALTYE 2 U
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control
Calcium chloride 2 Wasidus
Calcium gluconat 2 WUasidus

Salicylic acid 2mM
Ascorbic acid 0.1M

ANSUUNNKE

1)

7)

onsiddtnana Tngldunziun auseduAzLLuLYes Teisson, 1979

O=1ionauni
1-iifonauansennistiosninfesas 10
2-1enananIoINTINNAIdeYaY 10-25
3-1onaunanio1nsInnnindesas 25-50
4=LﬁamaLLama’m’ﬁmmﬂ’l%’asaz 50-75
5-ilenauanionnsunninfesas 75

BNIINIPAENTATANLVRIIUULTA

n1557navesa1sddninslad (Electrolyte Leakage; EL) n1u33n15904

(Promyou et al., 2012) Tudauvesld 31w 10 1 foulasnsanSiusnm

U Ca lduaziloduussn Tasinisdesuuuilion (wet digestion) m

33999 (AOAC, 2000) a1ntutasazareilalunusuiauaaidoy dae

atomic absorption spctrophotometry

Usumansuszneuilusananun a1u3snisues Slinkard and Singleton

(1977 luduweslduaziie

AaNTINURL PPO dnudasann (Yang et al., 2000 ; Lichter etal., 2000) Tugu

vedlduasiile

USuanimndud »33s (AOAC, 1999)

= = : a wya d
N13NARRIN 3.2.3 Anvmavasganiasenisiialdduinia
dulzsnnugad suaiaseey 91Nl JTAYUNT IUNUNIINAGRY Factorial

in completely random design (Factorial in CRD) Peszern1siuies 3 svey 14

whaideunaslsn 2 Wesidud uiguudinudulssadunan 3 1w wazyaniuau ilufu
$nwndl 13 esrwadod Wunan 14 Ju udrineeeni 250smwaldva svuziian 2 Ju
328N AAUAYY

NUAUS fTeu
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a £y

QUIBU AUOANU
naAN AN
NSUUANKG
1) o1nsldahana Tnelidunsuuy musssunzuuuwes Teisson, 1979
O=1ionauni
1-iffonauansennistiosninfesas 10
2-1ierauansenIsIANIndenay 10-25
3-1enaunanio1nsunnnindesay 25-50
4-1enauanionisInnnindesay 50-75
5-1ienauanionsINnninienay 75
2) SNIINIRAFTATANLVBIHUULIA
3) pnsanlagtusuusaiiidnvasiesiieuudesas fuieund
8) Ms$alnavesansdidnlnslad (Electrolyte Leakage; EL) anu3Snsues (Promyou
et al, 2012)
5) USunasensuszneuiiueariavun n1a3sn1sves Slinkard and Singleton (1977)
6) AINTIUVDI PPO AntUasan (Yang et al., 2000 ; Lichter etal., 2000)

n1Ineaesil 3.2.4 Anwiunugnaenisnisiiadiinia

(% '
a o )

\Fonansiannisiindirmaiilinafiign 1sununINAABa 2x2 Factorial in
completely random design (Factorial in CRD) lagldduilzsn 2 it Suneeiuay
SunoUriia (nmsmaaesil 1) BBmsnsldansidenisnsiiafigaainmmeaes 2.2 3
wdrhluifudnunileamglin 13 ssrnwadea Wuna 14 fu wddheeendl 25 esm
\waLdea 3 Tu

dutgsn

1. Wudaignludud nvesves 0.8 2.qums

2. WusEiugnluiuil n.guln o.Usin 2.3ums

Femsldans

1. control

2 FUiuKa 3 Tu

MsUUAnKE
1) omslddinna Tneliduasuuy ausedunzLuuYes Teisson, 1979
O=tienaUnd
1=1fonaunanioimstiosnindosay 10
2-1pnananIINTINNAISeraY 10-25

3= aNAKEAIDINISUINNINS DAY 25-50
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4= 1fonanantennisunnindosas 50-75
5-iienauansennsInnindesay 75
2) BTINIAETaTaEVRIFUULIA
3) n557lvavesansdidninslas (Electrolyte Leakage; EL) m1ai33niswes (Promyou
et al, 2012)
8) Usinmansusznouilueansun anuisn1sves Slinkard and Singleton (1977)
5) A3NT5UV8 PPO antkUadann (Yang et al., 2000 ; Lichter et al., 2000



UnN 4
NAN15IPLAZITaING

4.1 wamsfnennsanldduimanaunisinuiieadulzsn
4.1.1 nan1sAnwinaviinvasdenasnsnduvsdaanisiialdduinia

Y
=1

AgLile

Adidoveadedussn wuimendsnafuieademiuaheL) waraandudindes
(b%) Biflaruunnd1aneada winevdafunmil 7 Su Ar(L)uagen (b%) fiugedu uazanag
Mendsnaifiuinw 14 Ju Ganaonnsiiuinuinuin dudzseiilitesense Salicylic(SA) den
(Luazan (b*) gendmnyan1svaaed (o9a1n SA faudelunsdudsnmaasuulasedd ¥

Tydvesdulzsnnsaninaulile (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 Day14
L* a* b* h L* a* b* h L* a* b* h
control  76.41 -3.42° 31.99 96.22 8359°  -3.81 40.69°  9543° 7386 -1.99 32.15°  92.98

Cacl, 7677 -358° 3058 9679  7995°  -381 3809  9567° 7314 258 3220% 9431

K0 7653 -394 32389 96.89 8264° 417 3768° 9648 7158  -1.96 19.70° 9346
SA 77.45 367° 3135 96.83 8387° 414  61.12°  9590°°  74.68 207 3354° 9322
F-test ns ** ns ns * ns *x ** 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

a v H

nsfinansldduinia

aendinsitdulzsauniuinuiigaumgll 13 esrnwadoa  wudtlugae 7 Juusn
dulrsanlidelundasynnismaaes azwuun1sinoNsidduinaliinnuuananmsats we

1 < U dl Y + ¥ a a ¥al 901 b4 Id

ag1slsnaududesanlidenis CaCl, Inzuuunisiine1nisidduiniatesan sesawndu
dulzsanlidenuund wasllaiusnwnduiaa 14 Ju wuhdudzsanlvidonuund dazuuunis
Anonisldduimatosan sesasundudulzsanlideie CaCl, Tnnuunnaiamisadfogned
HodAgyds (Table 2.)
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Table 4.2 Internal browning score 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 Internal browning (score)
Day7 Day14
control 1.25 2.56°
CaCl, 1.71 3.06°
KO 1.88 3.00°
SA 1.06 1.59°
F-test ns x*

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)
v v oA & a5 1 Y+ 1 [ = = A | & o

nsiadviinnududuinia nuinisideneunisiiuiielinasedviaududuinaves
dulzsn WesnnUSunannududiimavesdulzsayaiililesis CaCl, fdwdanududuinma
5 = ! aa v o g v+ 2 4{' < W [ < LY
Aan dAuuaneameans dudulesanlidegnsous uasllawnusnududesailuna 7 Ju
wudulzsayaiilidesae CaCl, Snsfidvdianududiiniasiian sesaswndududssanilide
auund lidanuuanaemneadd Gwaenndesiuaziuunisiineinisid@uimaniuinwidy

YY) g va v = ° W A4 & o [ 1Y)

nan 7 Sududrsayanlndeie CaCl, dazuuudiaaduiy uwazdlainusnyuduia 14 u
wundulzsanibitese SA ddadanududiiniamagn sesawndu dulzsaiilidede CaCl, i
AULANANN AT RBEBd ALY (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 (%)

DayO Day7 Day14
control 0.47° 0.36 0.57°
CaCl, 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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Usu1ae Malondialdehyde

U310 Malondialdehyde (MDA) wuin3ana MDA ludulgsaiiiuifen dulzsnyndile
puUnd uazdulrsaiilidese  CaCl, fU3unas MDA sga flenuuansensad uazvdaann
Ausnuidung 7 Yu wuidudzsannyanismeaeiiuiing MDA sty uaranaadaifiuinwm
Hunan 14 Fu dulzsayediliede SA fUSina MDA dgn sesasniduduussailiade
K,0 ﬁmmLLmﬂﬁmmaaﬁaaﬂwﬁﬁaéwﬁ’@% aenslsinunnsly SA anmsomsiAnlddhmadl
AuduiusUINa) MDA Bl wag 1B flanad(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)

DayO Day7 Day14
control 0.41° 1.24° 1.33¢
CaCl, 0.41° 1.37% 1.15°
K,O 0.61° 1.64° 0.61°
SA 0.54% 1.52° 0.50°
F-test * X *x

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

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

ns5lvadianinslad (EL)

msiaviinunmsilnavesdidninsladuionsdenanmuvesead wuirlufuusn dulzsayn
flrdonnnd funanshlvavesdidninsladian sesaamndudulzsaililosme KO uas
Fulzsadililese CaCl, fvsinmnsyilvavesdidninsladigign Januunnsansadia waziile
Fusneuduna 7 fu uar 14 fu wud1 yngenisveaesdulsaiviinansilvavesdidning
lavigatu ldfiauunndnenaadd wioghalsinnu dulzsailionuund Sansiiuiunumsdalna
vosdidnnsladsnan (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
K,0 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

Usunailuea (phenolic content)

N15BATITRUTIIATueAN WulnaenszazaINIAUSABI YA saasliuTuie 7
uodnidindu  Taglutuusnduuraaillsomuund fusinaftuedngsan sosaandudulssaaii
iy SA uslsifianuunnsnmnaadn Weifusnwndune 7 funuiduuzsaiililese SA guan
sesasdudulzsailiose KO  dndudrsaiilifonmdnd  Sumnafiuednign
uanAsadAeg1eiifoddds uasdefiuinuilunat 14 Yu fuuzsailitose SA fuaadl
Usnafluedngean sesasnifuduuzsadiliitese K0 Tanuunnssnsadogisiifodfy
(Table 4.6)

Table 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.

Treatment Phenolic content (ug GA g FW)

Day0 Day7 Day14
control 186.27 343.73° 444.29%
CaCl, 168.53 390.79° 431.49°
K,O 164.70 407.96% 435.89%
SA 180.27 425.27° 463.46°
F-test ns *x *

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 PPO

n15AsIzinanssuveseuled PPO wuidl nasnisiivsnwdulzsamduiian 7 Tu
Aunssuveseulesifiugstu fanuuaniamsainensdifoddads dussailliode Cac, i
Aanssuvasoules] PPO shan wasvidannifuinuidung 14 Su Aanssuvoneulshifugstunn
yansnaaes dulsayailiese SA fRanssuveseulsiingn uiegrdlsAmuliifinnuunnsis

N9@nA (Table 9.)

fanssu POD
a fa L4 ! v @ [ &) [ aa

n1TiAsIgnfanssuveseulssl POD wudmduiuinwnduial 7 Ju ffanssuves
ouleyl POD Wingadu dnuwnnd1envadnegrailiedAgss dudssaganilvidese SA den
° < o o v+ v v @ v < 1Y 1
man sesaslududssanlvideme CaCl, windsainiiusnynduiat 14 Tunudl ynyanis
naaosdifanssuvedleyl POD Woanindulzsaiiiusnundunal 7 Ju dauwnnaranisads
dulzsanliiesie K0 HAanssuveseulyl POD fgn sevasundududzsayainlidasiie
CaCl, (Table 4.10)

Table 4.7 PPO 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.

Treatment PPO activity (Units &1 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 *x *x 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,O and SA for 7 or 14 days followed by 2 days during at room temperature.

Treatment G-POD activity (units g'Fw)

DayO Day7 Dayl14
control 2.68° 2.81° 2.12%
CaCl, 2.40° 2.77° 2.00°
K,0 2.25° 2.87° 1.97°
SA 2.51% 2.46° 2.33°
F-test * *x *

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

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



19

fanssu CAT

n1siAsIgRnnssuveteuleyl CAT wulmaenszeziiaInisiiuine §Aanssuves
ulwiifingedu ndsmafuinvidune 7 fu Anssuveneuluiyanuauiiaigen sesasn
Ju CaCl, uag K0 muadiu wazndinisiiusnendunan 14 Yu Aanssueulesd CAT ganiuau
fanaflengean sesasdudulzsayaiiug K,0

fanssa LOX
a fa L4 ! [ [ [ [y a L4
nsnTenansseuled LOX wudl ndsnivshwnduiat 7 3u Aanssueuled
LOX anas Insdutzsniilideme SA ffanssuveteuledign Innnuunnamsaifeied
WodAny wazidlaiusnendunaiila Yu dulvsaiiftanssuveseulwiiuiudntios Inedulysad
Tilede SA fifanssuveneuludgan sesmaundu K0 ualifinuuandimieeda

Table 4.9 CAT 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.

Treatment CAT activity (units ¢! Fw)

DayO Day7 Day14
control 72.09° 82.43° 84.23%
CaCl, 72.81° 81.37% 82.52°
K,0 73.59% 81.19% 84.15°
SA 74.61° 80.31° 82.66°
Fotest - * -

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

Treatment LOX activity (uUnits &' Fw)

Day0 Day7 Day14
control 55.09 55.23% 58.46
CaCl, 58.67 56.23° 58.27
KO 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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v
172 o

4.1.2 MsfnwNavasuaasuLazlusaunanisiinldduinia

ANd

nMs¥nadiide nuianuaiaL®) fdasamasnstesamsiiuine Aeudnisiiy
R e (L) dulzsaiililonuund fdanuainegegn dannuunnsisisaiifegadidodfyds
waziiloiiuinwidune 7 Yu wuiian (L9 fldanamnyanismaaes dulssadilitonsnadl
Adnan fnmuansansainogieiifodifey wazdlefusnuidunar 7 5u a1 (19 fldanad
wallimuunna1ae@da waznuadwdes(b®) SAnanamasnszegiaainisinuinel lne
Fulgsailionuundsinign mevdsmsniunividunat 7 funes 14 Yu  (Table 4.11)

Table 4.11 Changes colour 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.

Treatment Day 0 Day 7 Day14

L* a* b* h L* a* b* h L* a* b* h
Control 77.38° 3,78 32.46 96.74° 67.38° 231 32.57° 93.97° 5680  -173  27.59° 93.58
Boron 74.46° 3.73° 34.47° 96.30° 7273 286 3529 94.67° 68.65  -2.14  34.68° 93.49
CaSO, 76.31°° 3,67 3356 96.35% 73.28° 293 3554° 94.82°° 6436 <190  34.25° 93.08
CaSO,4+CaCl, 76.89° 371 32.12° 96.61° 72.04°° -3.05 32.91° 94.92°° 6642  -2.12 3361 93.88
CaSO4+CaCl,+B 74.56° 3.22° 34.03° 95.50° 70.14°° 311 3249 95.47° 6792  -185  32.51% 93.27
CaSO.+B 75.61% -3.36% 33.05°  95.88" 72.94° 308 3352° 95.38° 6883  -1.85 33.99% 93.14
Fotest . - * . B s - - s s - s

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

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

AzuuuMaiAneINs1&dthena

Aendensidulzsaunivinvifigungi 13 ssrnwa@ea WJunat 7 5u wudn
dutzaniilitogns Boron uazgns CasOs finzuuuniaiAneinislddinnasiian sesasundu
Fuizaniiliiogns CasOe+B uay dulzsafilidonuund fazuuuninineinisldiiniagean &
AuLANENnaifegieddy wazdlofiuinuuduna 7 fudulzsannyanismaasd
AzuuuM AN lE AT MRty nuidulesadiliieans CasOmCacl, fazuuunisiaa
p1n15ldFhnasiian uarduuzsndlitonuund dazuuumaineinslddiniagega udlsd
ANUWANGINNSADA (Table 4.12)
Browning index (BI)

mstadadanududiina nuiinendainnfuinw dulssadfsiauduiiinma
WinTu fanuuansmamadnegdifudddmaenszoznanmsiiuinm Tnenuidulzsaiild
{Judae Boron ndsnsifiuiiadduidaududdiniadian sesmawniuduuzsailidede
CaSOu+CaCly+B wardulzsadilidumuuninendanisiuifor mevdsmaiunwiduna 7
fudtulzaailliilode Caso.+ CaCliiduiinnududiimasan sesaandudutzsniliede
CaSOg+CaCly+B wagniendamaifivinuiiuina 14 Ju fulesailidede Caso.+B fidyil
arfuddiniadige sevasunfu Fuuzsaiilidedae Boron, CasOs+ CaCl, uaz
CaSO4+CaCly+B (Table 4.13)
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Table 4.12 Internal browning score 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.
Treatment Internal browning (score)
Day7 Day14

Control 2.2° a.27
Boron 0.88° 2.33
CaSOq 0.88° 291
CaSOq+CaCl, 1.13° 2.09
CaSOq+CaCl,+B 1.86" 2.95
CaSO,+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 CaSO,4 and CaCl, for 7 or 14 days followed by 2 days during at room temperature.

Treatment Browning index (%)
DayO Day7 Day14

Control 0.59° 0.87¢ 0.81°
Boron 0.58° 0.67% 0.58°
CaSOq 0.68° 0.72° 0.79°
CaSOq+CaCl, 0.65° 0.52° 0.59°
CaSOq+CaCl,+B 0.59° 0.58% 0.59°
CaSOq+B 0.60° 0.62%¢ 0.50°
F_test - . .

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

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

U3u1ad Malondialdehyde

USu1as Malondialdehyde (MDA) areundsnisiiusnwidunan 7 Juwag 14 Ty wuan
Fudzsaiilsidesneg Boron fU3unas MDA gean uavduuzsaililese CaSO.+CaCl, fU3unm
MDA sian sesasunduduizsailiefe CasOq Fsflmmasnadesiunziuunisiine1nsldd

o

wena wazdydanududiuinaddaiiign (Table 4.14)
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Table 4.14 MDA content 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.

Treatment MDA content (nmol g''Fw)
DayO Day7 Day14

Control 0.85 0.87%° 0.56°
Boron 0.83 0.96° 0.82°
CaSOy 0.75 0.86%° 0.53°
CaSO4+ CaCl, 0.75 0.76° 0.49°
CaSOq+CaCl+B 1.11 0.81% 0.65°
CaSOq+B 0.72 0.86%° 0.56°
F-test ns * *x

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

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

nssalvadidninslad

mytavinansiilwavesdidnivsladvisenisidonaninuosead wuimnyan1snaaed
Usunan1sialnavesdidninsladau aaeanisiiusnw lneluiuusndulzsaiililesis Boron
A Y a s o A 2 o I v o Ny v v
fusnamsilvavesdianinsladign uazsiilainusnwituian 7 Tu dudrsanlidesie Boron
[ a a & a s X A <3 < 1Y [ g v+ 1%
fanadivinaunsiilvavesdidninsladeinge usiilloudnwuluia 14 Tu dudesanlidenie
Boron finsialnavesdianinsladgen udegslsinuusunansiilvavesdidninsladlifiany
wansNIsadinaennIsiusnw (Table 4.15)
Table 4.15 Electrolyte leakage 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 Electrolyte leakage (%)

DayO Day7 Dayl14
Control 36.72 43.13 46.70
Boron 38.33 39.29 59.25
CaSOq 40.82 39.68 55.69
CaSOq+ CaCl, 40.52 45.83 55.31
CaSOg+CaCl,y+B 45.17 46.66 53.70
CaSO4+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

Mylnzivinaiiuea nuinfiviinafiuveaanamasnssesiiainisiivinm g
duzsndilyilese Boron fSinafluedngsaa Wewfuinwnuune 7 Suay 14 Suduuysadili
gene Boron HUinailueagan sedamniuy CaSOs+CaCl+B fanuunnenmisaifegiad
aﬁwﬁ@q (Table 4.16)

e oCt

=

Table 4.16 Total phenolic content of tissue adjacent to core ‘Sawi’ pineapple fruit

treated with Boron CaSO,4 and CaCl, for 7 or 14 days followed by 2 days during at room

temperature.
Treatment Phenolic content (ug GA ¢ FW)

DayO Day7 Day14
Control 398.77° 392.89% 291.74°
Boron 444.62° 413.55° 404.44°
CaSoq 407.08° 389.81% 306.17°
CaSOq+CaCl, 391.14° 378.59" 298.85"
CaSOq+CaCl+B 396.22° 400.58% 308.19°
CaSOq+B 404.22° 354.32¢ 289.09°
F_test - - -

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

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

mi"ELﬂiﬁzﬁﬂ‘%mmmsaanqw‘émﬁnmw

AnuannsnlunsiueyLadase (Antioxidant capacity) wuirluduusnduuysaitlvide
fiae Boron il Anmanunsalunsiiueyyadasy guan untendanisinuinendunaen 7 Tu
Fudganiiviuim arruatuisolunisdiueyyadase Winiu lasduussailidedae
CaSOs+CaCl,+B fU3unugsgn sesawmndu dulzsailidede Caso, fanuuansimiaaia
ogailfoddnde wazideifunuiduna 14 Yu wuhmwannsalumsiueyyadass anas
dudzsailiiusnuasie Boron fU3unagean sesasdy CaSO4+CaCl, finnuunnsinsmisads
agadiifuddayds (Table 4.17)
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Table 4.17 Antioxidant capacity 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.
Treatment Antioxidant capacity (umol TE g'Fw)
DayO Day7 Day14
Control 6.27° 17.33¢ 16.46%°
Boron 7.94° 19.17° 18.89°
CaSOy 5.62° 20.07° 17.11%°
CaSOqCaCl, 3.40° 19.87° 17.51°°
CaSO4+CaCl,+B 3.35¢ 21.62° 15.44°
CaSOq+B 2.92° 19.39° 16.19°
F_test . ™ *

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

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

nst¥nauyadasy (DPPH free radical scavenging) wudriinistinouyadasy iindu
paeaszevaInIiun lngnendanaiuinu 7 Ju duugsailvidede CaSOs+CaCl+B &
USunaugean sesasufuduissefiliosng Cas0.+B uazileatiusnuudunal 14 fu nui
dulzsailidese CaSOq+B Insiidneyyadasy gegn sesasnidudulzsailiedne Caso,
weilsiTALUANA19NN9aEs (Table 4.18)

fanssu PPO
a §a 3 ' @ <8 o < 1Y aa

nsiAsennanssuveseuled PPO wudmdinsiiusnyndunia 7 Tu §Aanssuves
wulesl PPO Wity duizsaiiilanuunffifanssuveseulysd PPO fnan sesasundudulzse
nliidadng CaSOs+CaCl,+B HAnuunnstmvaifegrefideddgds wadlanusnendunal 14
Fu ffanssuvesaulesd PPO Windunnyansvnaes lnedulzsaiilvidenis CaSO.+B 1Aanssu
vououledl PPO gegnsasasndududzsaililonuund danuwansrvnsadfegnediduddads
(Table 4.19)
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Table 4.18 DPPH free radical scavenging 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.
Treatment DPPH free radical scavenging (%)
DayO Day7 Day14
Control 6.37 7.02 11.07
Boron 6.02 7.23 11.64
CaSOq 4.36 8.10 12.54
CaSOq+CaCl, 5.68 6.86 11.94
CaSOg4+CaCl,+B 5.68 9.98 11.50
CaSOq+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 CaSO4 and CaCl, for 7 or 14 days followed by 2 days during at room temperature.

Treatment PPO activity (units g'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°
CaSOq+ CaCl, 0.61° 0.85% 0.85°
CaSOq+CaCl+B 0.59° 0.81%° 0.81°
CaSOq+B 0.69° 1.06° 1.06°
F_test " . .

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

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

fanssy POD
a &a L4 J v [ 13 [y [ aa
nyiATziianssuvetoulyd POD wulwduAusnwnlunal 7 Ju dudzsadfanssy
vaaouleysl POD 1ingdu dudrsanlidunie CaSOs+CaCl+B fifanssuveseulydangn
2 o o v+ a a4 ] o I3 ) | aa 4
sesaaduduissantideniuund wasilioiusnwndunan 14 Ju nuirifanssuveseulsd
POD anad dulzsaiiliemuunfdinanssuoulsd POD man sesasundudulzsanlidasiie
CaSO4+CaCly+B dmnuuanasnsadfog1siitiodfnes (Table 4.20)



26

Table 4.20 POD 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.

Treatment G-POD activity (units g'Fw)

Day 0 Day7 Dayl14
Control 2.22° 3.25° 2.74°
Boron 2.06% 3.26° 3.39¢
CaSOyq 1.91° 3.36 2.83%
CaSOg+CaCl, 1.98% 3.65° 3.22¢
CaSOg+CaCl+B 1.95° 2.88° 3.03*
CaSOq+B 2.61° 3.57 3.15°
F_test ” - -

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

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

fanssuvasaulesl CAT

nleszianssuvedeuled CAT nMendanisiiusnyimuin dfanssuvesouleyl CAT
= @ @ % Y < YY) NG v v
WuraanszueaIMsiuinw mevanisnusneiluna 7 Ju dudssanlidenis CaSOq+B
Aanssuvesieuleyd CAT gegn sosasndudulzsafiidesiy CaSOq+CaCl, HAuLANA1NIT
ffegailtdudAnde BeaenaaasiuazkuuNsAneINsidainna dulssanlulenie CasO.+B

G
Y
il
a
al

iim
sEnafinadulzsalisuanuaienannisiiusnugumgien waznendinisinuinynduna

ee

wuunsiialdduiniai Faeuleivialienatislunisidausinaeuyadaseignasidiuly

14 Fu duuzsayeililonuunidfanssuveseulusl CAT guan sesasunduduuzsaiiliiose
CaSOs+CaCly+B finnuunndnamnsadnogaitoddads (Table 4.21)

Table 4.21 CAT activity of tissue adjacent to core ‘Sawi’ pineapple fruit treated with
Boron CaSO4 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 Dayl14
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"¢
CaSOq+B 71.92 85.42° 85.48
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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nanssutaulesl LOX
a fa L3 ! [ [ < o o a
nsiaTgnanssuveseulesl LOX nudinevaenisiiusnwiduna 7 Ju dudgsad
Avnssuveouley LOX getu dudssanlvdenis CaSO.+B HAanssuvenaulysl LOX fi1gn
sosaaundudulzsanlidesiie CaSO+CaCl+B finruunnatsnvadifsgdded1Ayd ¥4
Aanssuveueululvinifinugenndesiuansianuiudiuinia Wewneuled LOX fwid
139U A% oxidation veansaluiuludu membrane ilviineyyadassUu (A3, 2550) Uag
Y Y] = o I a '3 Y] NG Y4 v
Aendnaiuineiduaa 14 Junuinfanssuveseulsl LOX anas dudzsanlidanie
CaSOs+CaCl+B fAanssuveuouledaign sesasunduduizsanliledis CaSOs uas
CaSOq+CaCl, fimuuansinamvaineg1aiitudAgss (Table 4.22)

Table 4.22 LOX 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.

Treatment LOX activity (units g'Fw)

Day 0 Day7 Day14
Control 68.96 79.51° 59.57°
Boron 70.31¢ 78.76° 62.58°
CaSOq 64.61° 71.04° 59.67%
CaSO4+Cacl, 61.94%° 77.68° 59.52%
CaSO4+CaCl,+B 63.13% 68.24° 57.79%
CaSO4+B 57.74° 65.19° 61.89%°

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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4.1.3 msfnwmavasiesiudunslivaafeunanisiiuien
HaduUzsnnnITveaesdl  4.1.1 uar  4.1.2  dwuiinunamsiealvueaslin 2
s & & & o A a = & ) v 2 o =
wWosiud 1Wunan 3 Ju Neamgll 13 asewamed Wunan 7 war 14 U uwagdenuinwi
gaungiivieaduian 3 Ju nani1svnaeasail
Ad
[ =) dy 1 v @ o Id o 1 1 1 1 A =
ANFINANFLUD WUINHARNUTNYWTULIAT 7 U A1ANEIN(LuagA1Aa@naed(b®) dan
gy lnedudssayanlilessunadeunaslinagn sesaundudulzsanlvidesie SA Ay
wanAaneanRegeidedfyde wasdionusnwndunan 14 T nuiian (LHuazb®)  anas
duuzsanliionig CaSOs+CaCl+B TA(L*)gegn sesasundududzsanlideninund fny
wana1avadifegived gyl wavdulzsanlidomuunadien (b*) gegn sesawndudulzsn
Moy Casos8 uwazdulzsanlilesmeunaiounaslsanudiu(Table 4.23)

Table 4.23 Changes colour 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 Day 0 Day 7 Day14

L* a* b* h L* a* b* h L* a* b* h
Control 76.41°  -3.42 3199 96.22 80.21° -3.48° 36.43¢  9547° 69.57%" -2.95° 36.99° 94.58%
Cacly 7677 358 30.58" 96.79 84.19° -0.61° 40.33° 96.55° 69.55% -2.87° 3489  94.71%
K0 7653 394 32.89° 96.89 81.07"  -431° 37.30"°  96.59° 65.50" 273 3021 9581°
SA 5mm 77.45° 367 31.35° 96.83 8255  -4.49° 37.81%°  96.77° 66.21% -2.82° 28.79° 95.54°
control 77.38° 3.78 3246 9674 66.98° -2.48° 33.02° 94.23° 58.66° -1.29° 28.15° 91.43°
Boron 74.46° 3.73 34.47° 96.30 67.84<  -2.41° 3379 9415 61.69 -1.64°° 3041 93.39°
CaSOq 76.31° 367 33.56" 96.35 71.69° -2.99%° 3497°  94.84°  64.64° -2.25% 3378 93.77°
CaS0q+CaCl, 76.89°  3.71 32.12° 96.61 7027 -3.00" 3387  95.02°°  65.86™ -2.20% 31.85"¢  94.17%
CaSOg+CaCly+B 74.56° 3.22 34.03° 95.50 70.18% 335" 37.07°° 9523  7252° -2.30° 3534  9359°
CaSO4+B 7561 336 33.05° 95.88 71.62° -2.85%® 36.29°¢ 9451  67.88% 233%™ 36.11° 93.81°
Fotest P s o s P . . P o o . .

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

significant, ** Significant difference at P<0.01

AzuuuNsingnsl&dinna

mendsmsthdulzsauiuinudigamai 13 ° C Wunan 7 Yu wuirduuzsayaiiliie
puUnf Tazuuuniaifinoinislddimagean wardulrsaiiliede CaSO+Boron fiazuuunis
Aneonsldddaatesan sevawndududzaaililede A Sanuuansramisadfosed
Hoddnis wandefiunundunan 14 Sunuin fiazuuunsiinenislddimaiiuiu dulzn
filsadae Boron lianunsndudanisinenislédimalfidesaindazuunnisnineinisgs
wiruduuzsailitomuund uazduussadilidede CaSOs+CaCly+Boron Wag CaSOq+Boron
asndudternislddinnald desanfiezuuudian anevdinisfuine 14 fu faanu
WANFENIN9EiRA (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 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 Internal browning (score)
Day7 Dayl14
Control 1.00° 2.00%
Calcium Chloride 1.00° 1.50°
K,0 1.20% 2.80%°
SA 5mm 0.60° 1.60°
control 2.50° 3.60°
Boron 1.40% 3.60°
CaSOq 0.90° 2.35%
CaSOq+CaCl, 0.75° 2.1%
CaSOq+CaCly+Boron 1.20% 1.10°
CaSOg4+Boron 0.20° 1.30°
F-test * **

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)

myinsudanududiinia nmenasnisifusnwidunal 7 Ju wuiarseianudud
dmaanmasaniies dulzsaiilidenis CasO+CaCl, dawgn sesasundudulzsanliey
v = 1 aa 1 Ao o u a 1 [ =Y I
A28 K,0, SA ey CaSOg+Boron dannuunna1snisadfegsiltdsd1Agss wandsaniiuinyindu
nan 14 Tunvirdiedvidanududiimaiiniu dulzsaiidessueadounaslsed daeudl

& A o ° ) O v Y avy a = a !

Anududinianan sesasnududssanlideseendledn waslnunaon dauuans1amn
abnegneiiiodiAnds egrslsAmuaviiuinavianuiudinaiiniugenndesiuazuuunisiin
p1nsidane dulzsandazuuunisiiald@iimian Aavdnvidaududuinasiaie (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 at room

temperature.
Treatment Browning index (%)

Day O Day7 Day14
Control 0.47° 0.527¢ 0.49°
Calcium Chloride 0.41° 0.47° 0.38°
K,0 0.47° 0.44° 0.48°
SA 5mm 0.47° 0.44°° 0.44°
control 0.59° 0.58° 1.36°
Boron 0.58° 0.45 1.12¢
CaSOyq 0.68° 0.527¢ 1.22%
CaSOq+CaCl, 0.65% 0.43° 1.01¢
CaSOq+CaCl+B 0.59° 0.55 0.81°
CaSOq+B 0.60° 0.44> 1.16
F-test * ** *x*

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

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

N1531As1%USUe Malondialdehyde
U310 Malondialdehyde (MDA) wunfivSinanfindunaenszagiiain1siiusne

sniudulzsaninusnyimeurafounaslsauayinuaidon nmevaimaiusnenduna 7 fu

A ° y) g Y v ~ S a 5 a ]
wuillAanawingn Wnedulzsanlvideniglnunaden TUSuna MDA fan 1A3ULANANNIY
adfegelidudAgyds waznendimaiushviduna 14 Sunuidulzsaiilidasmeiiuiunm
MDA g7y uigansdnanidlowSouiieuivdudzsniliduansdug sesamndududesaiilile
A28 CaSOg+CaCl, HANLANANYNaDABENHTuEAYDe (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 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 MDA content (nmol g''Fw)

DayO 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°
CaSOyq 0.75° 0.90° 0.47°
CaSOq+CaCl, 0.75° 0.82% 0.46°
CaSOq+CaCl+B 1.11° 0.84% 0.56%°
CaSOq+B 0.72° 0.79% 0.68%°
F_test * 5 %

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

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

n1s3aluadidninslad

M3¥aUsinansHlnavesdidninsladuienisidenanmuesead wuanendInIsiiv
%ﬂwﬂﬁuﬂzimﬁmﬁﬂm%ﬁLﬁﬂiwﬂaﬁqﬁu Tnga1gudenisiiusnewnduian 7 Yunuin
dulzsnaiilidonuund dn1s¥iluavesdidninsladdngn sesamniududzsailideode
wAaeNAanlse wiog1efmuliiauwanaIm1eEdd wazntendansiiusneuduna 14 Ju
wuidinisialnavesdidningladifutu duvzsedliiedounadounaslsdiinisilnavedibn
Insladsgn sesasnduduuzsailiiiefe CasOe+CaCly+Boron dANMLANAIIIaRRDE]
TJoddade egelsinuazmiuliinissilnavesdidninslaninnuaenndosiunzuuunisiia

o

[
Y o 7

onstaaumia dulzsandazuuuldduiniasiaziinissiluavesdidaninsladdnlusie (Table
4.27)
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Table 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.
Treatment Electrolyte leakage (%)

Day0 Day7 Dayl14
Control 32.32° 42.11 49.41%°
Calcium Chloride 40.61° 44.12 38.21°
K,0 37.85% 51.59 48.59%
SA 5mm 38.52% 48.15 48.17%
control 36.72° 45.83 53.01%
Boron 38.33° 44.81 55.32%
CaSOy 40.82° 49.61 49.49%
CaSOq+CaCl, 40.52° 44.60 57.28°
CaSO4+CaCl,+Boron 45.17¢ 46.75 45.70%°
CaSOg+Boron 45.17¢ 49.80 49.96%
F-test *x ns *x

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

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

nanssuaulesl PPO
a fa L3 ' [ [ < 1Y aa

nsiAsIennanssuvenouled PPO wudl nendenisiiusnenduial 7 Tu dfanssy

4 a & Y g v v =~ aa ¢ o <
vaslygl PPO Windu dudgsanlvdemelnunaiden IRanssuveteuludaagn sesasuniy
duuzsanlilaauund fanuuandrsvnsaifegefideddgde wasndnnuinviduial 14
) | aa ¢ ) o v v = o Na ¢
Fu wuhdifanssuveslsyd PPO anad laeduizsantidasilnunadendnsdifanssuvesoulesd
PPO singn sosasunluduissafililenis CaSOq az Boron fiAduuansianisadfesiedl
HedAgyds (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)

DayO Day7 Dayl4
Control 0.55° 0.67° 0.60°
Calcium Chloride 0.50° 0.73%¢ 0.53
K,0 0.49° 0.66° 0.39°
SA 5mm 0.56" 0.88° 0.56™
control 0.56" 0.69%° 0.49%°
Boron 0.60" 0.77° 0.47°°
CaSOy 0.61% 0.78° 0.46%°
CaSOq+CaCl, 0.62° 0.75°< 0.49%°
CaSOq+CaCly+Boron 0.59" 0.820< 0.52%
CaSOg+Boron 0.69¢ 0.84< 0.55
F_test % % x

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

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

fanssuaulad POD
a £a 4 1 Y] @ <@ P [y [y ~Ne v
A5IATIEIAINTSUVRRaUlYY POD wunaendsnisiiuiunedtlutuwsn dulssailin

U

Jadne CaSO, waz CaSOs+CaCly+Boron dfvnssuveseulysingn aendinsiusnyndua

7 Ju duvriaifanssuveseulssl POD anas lnedudssanbidenuuniifianssuveioulesl

: & o 9 v+ v a = ¢ ' aa 1
g0 sosasunludulzsanlilemealnuwnadon uasuaad@aunaslsd IauuaANA1aNsaifodi
WodAde wagnasannivinwidunal 14 Tu wuindifanssuasseulesl POD andnas

dulzsalilamuunfdfonnsuveeuluiman sesawndudulzsanlidemefalnunadey

Eﬂ 30

uazupalguuAaslia dauLanasvsanfAegsltedAd (Table 4.29)
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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% 1.03° 1.35°
K,0 2.25% 1.02° 1.36°
SA 5mm 2.51% 1.23° 1.44%
control 2.22% 1.00° 1.59¢
Boron 2.06° 1.04° 1.60°
CaSOyq 1.91° 1.21° 1.46"
CaSOq+CaCl, 1.98% 1.50¢ 1.64¢
CaSO4+CaCly+Boron 1.95° 1.27° 1.47"
CaSOq+Boron 2.60°f 1.26° 1.58¢
F_test % % x

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

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

nanssuaulesl CAT
a ca ¢ ' ) T o ORI

nsBAsIEnanssuvedeuleyl CAT wudtluiuusnvensiiuiigs dulssanlidesnisen
al a  aAa ¢ & o o v v =~ =~
dledn dfanssuveseuled CAT gegn sesasuludulssanlndemelnunaidosuazunaidey
Aaslsa dAunanaesanaeg1fidedrAds naaiusnwidunat 7 Ju wuindnanssuves
wouleyl CAT WAy dulzsaitlidenig CaSOg+Boron Fellaziuunsiinldduiniasl IAanssu
vosauleyl CAT gagn IAnnuwandrvvaifegefiteod1Anyds wasndunuinvidunad 14 Ju
wudulzsanivideluuiegasifanssuveseululanas snviududssanlvdesivenaledn de
A & =% ° iaa 4 a £ aa I3
avllaududuiniani widfanssuveaeuled CAT Wingadu IAanssuveseulesl CAT gean
dewSeuiieuiunslidegnsdus ussgnelsinulifinnuunneanieada (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 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 CAT activity (units g'FW)

Day0 Day7 Dayl4
Control 72.08% 76.83% 74.72
Calcium Chloride 72.81°¢ 74.49¢ 73.34
K,0 73.59% 7473 75.36
SA 5mm 74.61° 75.11 81.46
control 71.03° 75.530< 76.38
Boron 71.92 75.60° 74.38
CaSOy 71.28° 74.61% 75.52
CaSOq+CaCl, 70.47¢ 75.95% 74.20
CaSOq+CaCly+Boron 71.13¢ 75.99%¢ 73.35
CaSO4+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

nanssutoulesl LOX
nmsiAsginanssueulesl LOX wulnaneudsnisiiusnw dnanssuveseulesd LOX an
AanasnszezIaINIsNusnw nendinisiuineiduna 7 funud dulzsailideqiesd
lad@n SAanssuvetouleyl LOX asan sesasndududssanilidesie CaSOq+Boron usbifiaay
! aa o & o 3 Y o Ny v Yy = o
LANANNYINENG WALWAIINAUINWUTULIRT 14 JU WU’J’]ﬁUU%iGWIIWLJ‘EJWJEJ CaSOq+Boron %44
a vy o 5 aa ¢ ° & o Ny v Y
AzLUUNITHnINSLEdUIRIaAT dRanssuvedeulesl LOX Magn sesaswndududssaiilvidame
upalfannaslsa dmuunnsansanneglidedAnde (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 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 LOX activity (units g'FW)

Day0 Day7 Dayl14
Control 55.09° 58.33 57.70°
Calcium Chloride 58.68% 57.77 55.20%
K,0 59.47%¢ 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¢
CaSOy 64.61% 54.61 55.50%
CaSOq+CaCl, 61.94" 54.03 56.64%
CaSOq+CaCly+Boron 63.13> 56.46 56.23%°
CaSOg+Boron 57.74% 58.10 54.00°
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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4.2 namsldasannafadinalududzsandenaiuien
4.2.1 szvzn1sgndemaiinldiinana
Ad L*
spogUTysaidden DA L* (awaine) gegaiiszormaiiuieiasnasnniniuinw (Table
1) 599a9NF0TEEY 25 75 uay 100 Wedldud awawiu szorfignasifmdeaduiinasorl i
nszezudysaindadudiden  wisdrlsAmudmauuendstumeadfluiuiiiufes  aends
Mafudnunileamgll 13 ssenwailea Wuna 14 Ju wagiherfiusnwd 25 eamwaldea Wy

a1 2 Tu luiAnuLanaNe uN19Ens

Table 4.32 Superficial colour of pulp of pineapple during storage.

Stages Colour L*
of maturity

Day O Day 7 Day 14
MG 80.24a 77.07a 69.59
25 % 77.37b 75.56ab 68.72
50 % 77.04ab 75.32ab 66.89
100 % 73.94c 72.62b 68.97
F -test *x * ns

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

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

naiAnldEinnna BI uaz USUIMDA

seezdugaidviesiona Rnoimslddimaguansrinnaiuing 7 war 14 fu mevds
mafusnwilgamgl 13 ssmwaidea Huna 14 SufissesBidouazavosdvdesionaiion
azuuuilndiAsstulifinnaunnsiisiunsada diuen Bl fumileufumnzuuunisiineInisléa
ihmadenusnuil 13 ssmwadea una 7 Yu wardefivinniionmgil 25 esmigadoa
Dua 2 T (Figure 4.1) Y3unas MDA é’wmmw3?111/15EmﬁgamaﬁmgqszmwmilﬁﬁﬂmLLaz
AENAINITAVINY
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Figure 4.1. Internal browning (IB) severity score (A) and browning index (Bl) (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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=
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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 131 °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 wansldmsaamainduiaaludulzan
msldanaifteanmainldiivaludulzan 6 Bms Genuna 3 33n19) Tasmaudiuse
Fe weaiduraolsd ueaiBeunglaiun wasynniuay Tuadsil
A8 L* uazduinaialddiimauazazuuunaifalddiinia
madalddhmaszrhaldtuidenadulzan wuilugamuauiian L* (@awading dind
nslfunaidounanlsduazunaifonnglawn  amsBl way 18 dergdlugaaiuan nisldunaide
nglauninasonsannsiialéimalnedualifian Bl uay 1B (Hemandez-Mulloz, et al., 2008)

nslduraldennaslsaiinasinld A1 L* anae Hopfinger et al. (1984) n1sldunalBuumanlsnan

pnshaaiimalagluanianssuduleiAneites ag19lsinu Castatier et al. (1996) 184771
314 gluconic acid ane1n1sdmludnnIasEnIMsAuSnwNaamglion (Figure 4.3 A)

anwaznmsiialdduinia

anwagnsialddhmaseninnisifiuine (Fisure 4.5 ) inenisanladlugaaiuauile
@ o v A IS o -3 d' IS < 1Y [
Ausnw 7 ui 13 ssenwalea uwagdenniuinui 25 esriwalea {uaan 2 Tu dnuay
nsiamleuiumMsinluiugnsIndnesiay ngu Smooth Cayenne (Youryon et al., 2013) ifin
ansddnanteeusnameulddieldueadeunaslsiduiiu Tuduadusnvesnisifiusne  dmw
msld  wealounglawmaanisfiadlonusnenlunaz  dami  egnilsinuniendmisiu
Shwnislduea@unaslsnannisiialdd@nnialaaninislduaadeunglaun (Figure 4.4 C)

NaNssu PAL wagPPO uag Wuea

Aanssuves PAL wesmsldansnnihifamnuuandnsiunsadfdlofiuinud 1 dawi ud
nsldunaldeaumanlss Juinunadulzsndionssuved PAL 11NnIYAAIUANIANTDY ANBNaINTS
fudnw 2 dUami AanssupAL Wsdulugneuesdieuuandstunisadd mslunadoungla
wa uutiudulzsainaviilifionssy PAL gsninisliueadounaslsdilleangmaifiuinw 2
dUavi (Figure 4.6 A) d@wfluealdfimuunnsnsiunasanisiiusne  nslduaa@eunasls
Usinaflueagaiiofiuinudunniiz  fvenu Pal Wubuleieglunszuiumaindina
3 phenolic (A 2003) Vsnaifluealuganuaugsduavhly PAL aehouiy esand
uoaiduduammues PPO vilW PPO gadlofimaiinlddthma (Figure 4.6 B)  nslduaniden
raglsrauarunadsunglainaaduluifiieadesiunmaiadimalnsanfionssuves PAL uay
PPO wazUsunuiluea (Figure 4.6 C)

A1 EL LOX MDA uag Farnescene

gaauauilan EL ainiinistiuraleunaslsiuazuaadounglaunnendinisiiusne 2
ot usienlndlAsadeifuinuludaiusn  mslduraloueaslsdiiigeninnisliueade
angleun  wwfeafugaauauianssuganimsldmsmuaumainiinnaneedds  dw
Usunas MDA galugaaiuaunendinsiuing 7 Ju Famescene lugamuruganisldunaideu
aaolsinendamaivin 1 dami uinmendinsiuinsgeauauiininisliueaideunas
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lsduaznisliupaideunalawwn (Figure 4.7D) nn1snareinIslduaaigeunaslsiuazuAaides

NQlALAANNTASNYILUUTUSENIINSAUSh v figamafiante (Kukura et al., 1998; Picchioni
etal., 1998)

AENNIaluNTSINUaYLadEsE WazRanssu G-POD uag CAT
AuEsalunIsiueyLadasyvetdulyl Wy G-POD way CAT aendinisiuing 1
duam fanslduaaifeunaslnuazunadounglaiusguudiudulzsninnuuansatuge
AuAY (P <0.05) (Figure 4.8 B) msldupaidiuunglauniuuwdiudulesaiidininuaiunsatunis
iusyyadasygeaninslduradennaslsduasnmuaunienainaiuinm 2 dansi Asnssy
w99 G-POD  vnIsmslufianuunnsneiunivadifusinisldunadeunglauniirigeanitgaaiuny
waznslduraidounaslsd  Wenendimsiiuinun2duainisliueadeunglawniiangininns
Tdupaifeunaslsnualifinnuuwnnsneiunieadfuduanaaiunnadftuynaiuau(P<0.05)
(Figure 4.8 B ) @wmfianssu CAT Tugnmiuaugendinnisn1ssenininisiiuine uin1endsnis
fusnwn 2 dank nslduea@eunglaweiiianssy CAT andinislduaadeunaslsiuayyn
auAn Ji (2001)  nistdupaleuaninsasnwinuaiansansinueyyadassuaduled  CAT
POD waw SOD lufiy anwanismaaesnisldunaidounglaiuneiuanansodueyyadassiuiy
Mevdinafudnw (Figure 4.8 ) Wang et al (2014) nsldupaieundsnafiuifeaduariili
amuannsalunsiueyyadassiiviulureissvienmaiuine
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Figure 4.4 L+ 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.
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Figure 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.
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letters within the same figure are significantly different at P < 0.05.
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Figure 4.9. Lightness L+ (A), browning index (Bl) (B) and internal browning (B) 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 (=4

Significant differences between treatments are indicated with asterisk ++P< 0.001); *P<

0.05y,.
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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 ++(P< 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 75.17 35.97 38.20
Sawi 72.23 71.84 72.88 38.44 43.25 43.57
Sawi+CaGlu 68.62 73.13 43.19 41.90
T-test ns *% *% * *% *%

! 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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(1) Effects of calcium chloride and calcium gluconate peduncle infiltrations on
internal browning alleviation of Queen pineapple under refrigerated storage
6.2 nsBulEuaNMsANAWluNSITIERULIUIYA (Felaildunsneuiu)

(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 % CaCl or 2 % CaGlu for 48 h. The IB incidence and browning-related factors of the

tissue adjacent to core were investigated on day 7 and 14 of cold storage followed 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 CaCl.
peduncle-infiltrated pineapples. Both CaCl, 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 1B incidence

in ‘Queen pineapple than CaCl peduncle infiltration.

Keywords; ‘Queen- pineapple, CaCl,, calcium gluconate, internal browning

Introduction

Pineapple (Ananas 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 IB 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-



65

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 1B

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 1B 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 IB
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 CaCl..
Thus, the aim of this work was to investigate the effects CaCl» (inorganic salt) and CaGlu
(organic salt) solutions on alleviation of 1B 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
Mongkuts 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



66

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 «
RH for 7 and 14 days and then transferred to RT (28 °C) for 2 days. IB appearance, Bl, 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
IB appearance and 1B score were evaluated after half-cut. IB appearance was observed

by taking photographs. Ten trained panels were used to evaluate 1B 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 Bl Measurements

The L+ value of the tissue adjacent to the core was measured using a HunterLab
MiniScan@ XE Plus (Hunter Associates Laboratory Inc., USA). Bl 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

ODua2o g* fresh weight FW).

Total Phenols Assay

A 5 g of tissue adjacent to the core was homogenized with 80 % ethanol and then the
volume was adjusted to 50 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% (v/v) Folin-Ciocalteu reagent

solution and saturated Na COs solution in the ratio of 1.1:2. The mixture was held at 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) g1 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. (2005). The reaction started when the
extract was mixed into the solultion of 1 % H202 and 0.5% (v/v) guaiacol solution in sodium
phosphate buffer pH 7.0. U of POD activity was defined as a change of 0.01 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 HCI. U of PAL activity was defined as a change of 0.01 in absorbance at ODzg0 min™.

Data was expressed as U gt FW.

LOX Activity Assay
The tissue was extracted with Tris-HCI 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



68

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 o-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.1 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 - ODgoo) X 2 mL x (total volume of extract x 1 mLyj/(1.55 x
10?1 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
pineapples. The sample was weighted before extracted with hexane at 4 °C for 24 h. The
absorbance at 232 nm was observed. o-Farnesene 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 (SDy.

Results and Discussion

L+ Value, Bbrowning Index Bl)yand Internal Browning (IB) Severity
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Fig. 1 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 Bl and IB severity score were found in
the CaGlu peduncle-infiltrated pineapples. The reduction of L+ value in fruit indicates
darkening icnreasee (Hernandez-Munoz, et al., 2008) which the both calcium applications
reduced the decrease in L+ value and the increases in both Bl 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 CaCl, usage. We presume that
gluconic acid might also affect enzymatic browning reaction. Castarer 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 linternal 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 CaCl, and CaGlu peduncle-infiltrated pineapples during storage, PPO
activity of CaGlu peduncle-infiltrated pinepples was slight lower than that of CaCl;
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 activities 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 1B 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 lipid

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 CaCly 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 pineapples. 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 commaodities 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
CaCl> 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 CaCl, 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 CacCl;
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
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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.
In 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 H2O, 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 IB

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 CaCl, 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 IB incidence in pineapple fruit.
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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 (n =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 CaCl, 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.
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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 (71" March 2016) and early rainy (17%
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 1B
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 (FAO, 2009). It is originated from South America
and pineapple plants are currently cultivated 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
IB 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, rainy and summer. Thus, the focus of this study was to investigate the
influence of environmental factors such as temperature and rainfall on IB 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 61 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. 1B 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 Bl measurements

The L* value of the tissue adjacent to core was measured using a HunterLab
MiniScan@ XE Plus (Hunter Associates Laboratory Inc., USA). Bl 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 ODazo 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. 1 filter paper at
2+1°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 HCI. One unit of PAL activity was defined as an

increased OD2go of 0.01 per min.
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The assay of LOX activity

A 5 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 pL 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 1 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

A 5 g of the tissue adjacent to core was homogenized in 20 mL of 5 % trichloroacetic acid
and then filtered through Whatman No.1 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 - ODsgo) 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 1. 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 (early 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 °C,
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
Climate
condition Year 2015 Year 2016
Oct Nov Dec [Jan Feb Mar May JuneJuly Aug Sep Oct
Rainfall rate 5,00 /05 4 2938 1080 85 886 875 994 2724 1548 924 257
mmyday) 3
Temff,ecrf‘t“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, Bl 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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Bl 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
1C). The decreased L* values of the both summer- and rainy-harvested pineapple fruits
during storage were concomitant with the increases in both Bl 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. 1B
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 Bl 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 1B 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 (Bl) (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 1B 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 effect of POD-induced IB incidence in the
pineapple 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 [**(P< 0.001); *(P<

0.05)].

LOX activity and MDA content
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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 IB
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< 0.05)].

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 IB 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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- Postharvest biochemistry of physiological disorders
- Colour and flavour analysis in fresh produce

- Storage system and logistics
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- Pre-and post-harvest applications of calcium chloride on quality maintenance of ‘Rong-
Rien’ rambutan (Postharvest Technology Innovation Center, 2014)

- Use of natural bio-extracts and fruit bagging for a reduction of disease Infected gac fruit
during storage (RRI - Thailand Research Funds, 2014)

- Micro-nano bubbles conditions as pretreatments for reducing microbial contamination of
postharvest baby greens (National Research University, 2015)

- Development of fruit multi-nano coating and packaging of ‘Nam Dok Mai” mango for
retail market (Postharvest Technology Innovation Center, 2015)

- Postharvest handling and packaging to manage quality of fresh-cut and intact produce of

key perishable crops (Postharvest Technology Innovation Center, 2016)
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chemical properties of harvested young Thai fragrant coconut (Cocos nucifera L.)
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6.

Chareekhot, K., C. Techavuthiporn, C. Wongs-Aree, P. Boonyaritthongchai, and S.
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Horticultural Science & Biotechnology. 89(3): 321-328.
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Scientia Horticulturae. 126: 120-129.
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- Micro-nano bubbles conditions as pretreatments for reducing microbial contamination of
postharvest baby greens (Head of the project, National Research University, 2015)

- Development of fruit multi-nano coating and packaging of ‘Nam Dok Mai’ mango for
retail market (Head of the project, Postharvest Technology Innovation Center, 2015)

- Supply chain and logistics of mulberry fruit grown in the North of Thailand (Supervisor,
RGJ-PHD, 2015)

- Postharvest handling and packaging to manage quality of fresh-cut and intact produce of
key perishable crops (Head of the project, Postharvest Technology Innovation Center,
2016)
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The 3“ Annual Meeting of Thai Mycological Association (TMA) and Mycology
Conference in Thailand. October 11, 2008. KhonKaen University, KhonKaen,
Thailand. (Poster presentation in English)

Kongtragoul, P., Chaichana, S. and Nalumpang S. 2009.Effect of ginger extracts and some
fungicide on carbendazim-resistant Colletotrichum spp. causing mango anthracnose.
p. 159-164. In: Proceeding of the Third Botanical Conference of Thailand.March 25-
27,2552. Faculty of Science, Mahidol University, Bangkok, Thailand.(Poster

presentation in Thai).

Kongtragoul, P. and Nalumpang S. 2009. Preliminary assay of carbendazim-resistant

detection of Colletotrichum spp. causing anthracnose of mango cv. Nam Dok Mai. p.
77-83. In: The 6"Proceeding of Agriculture Graduate Conference. March 12-13, 2009.
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International Journal of Agricultural Technology. 6 (2): 365-378.



	ปก
	บทคัดย่อ+สารบัญ
	Fulllpineapple 1

