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Abstract

The effect of a short-term anoxia may induce stress, which can prolong the good qualities of fresh
produce after harvest. The objective of this research was to study the effects of a short-term anoxia (0; control,
12, 24 and 36 h) on weight loss, chlorophyll a (Ca), chlorophyll b (Cb) and carotenoids content of carambola
fruit cv. See-Thong. Collected data were analyzed for 2-day intervals during storage at 25+2 °C 60-70%RH up to

8 days. The results showed that short-term anoxia treatment could help retarding weight loss, as well as Ca,
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and Cb degradations. Treatment of short-term anoxia showed best results at 24 h, followed by 36 h, 12 h, and
control, respectively. There was no significant difference between the anoxia treatments and the control at 8
days of storage. Carotenoid content tended to increase all treatments especially in the control, followed by
anoxia treatments of 12 h, 36 h, and 24 h, respectively. Therefore, a short-term anoxia treatment at the
appropriate time can help maintaining carambola fruit cv. See-Thong after harvest.
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uzLil 93 (Averrhoa carambola Linn.) §14 eanalsyfe carambola n3 @ star fruit 19 umaiuyﬁlaqmﬁuwﬁ
Averrhoaceae wuiiulgvalUlundeuiiu dn1suslnafuetaunsnarslunivieids swsnnans uazowsnild i
Srvaggunssniuiiuitosduuiudus 3 5 6 y Wedanurnearldzunsadusuamvie star shape Sufufiun
YB3ANT1 star fruit (O’Hare, 1993; Yasawardene et al., 2020) HJeuuslnAnagn fuduthualsl loansumasius (sorbet)
wazthuanussluedesiiy adnin uazadanalsl uenaniduinisuslnanaseu (i) Tugduuudn SUUsEMIUEnDS
Hudidenludsemanauiefons Tusenidesld (O’Hare, 1993; Teixeira et al,, 2012) wagnvoweiflowziidindeon
B emelufirnuds fsamames smueudiendntes flansermsvainvanuiia wu Ieanfiue 01 92 wayd
lueBu ueailoy veaveda uazndn uazdlinisnsranuasddnydug Ae Epicatechin wag Gallic acid lnenguves
ansddniini i duansiueyyadasy uaramnsatismuANnsEUINNsSNEUasnsedusuugiduAulussnele
\Hueged usilestiansuszneuiidrdyuannvansvindediqviilumsiueyyadasy feilasmandielunandaeadin
(Teixeira et al., 2012; Mustafa et al., 2016; Muthu et al., 2016; Yasawardene et al., 2020)
AATEnAnNEeRiliiiFin (abiotic stress) anunsanuldnasamausnisiniziudn nsuan JuUNSITId
SumpuMSAUINMS ISR (Tigchelaar et al., 2018; Vaughan et al., 2018; Chrysargyris et al., 2019; Lamers
et al,, 2020; Yingsanga & Techavuthiporn, 2020) Fie1avilsinisiaSeyiulavesiiafinund tokandns Raanufnund
yameaw Fanm uazilengniaifiuinuidu (Hodges & Toivonen, 2008; Pedreschi & Lurie, 2015; Khan et al., 2021)
TneUnfAfiwaznensmuususavanianienn 3201 Faiall aaonauseiuBuiof U uAULASEATILANT UaUNSYTe
WNZALUANTIYAILASEATA 9 (Khan et al., 2021)
anAsendudilifissraddmduadtinuesiledenidndi@in (Bnoi et al, 2022) wazdiiinalhiinnis
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(Jiang et al., 2004) 0% (Song et al., 2009) wazdulzsa (Techavuthiporn et al., 2017)
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» Carambola fruit (300 £ 50 g)
Collected | © Free from defected
J
= Rinsed with distilled water
« Airdried at ambient temperature (25 0
Cleaning Y,
'\
» Removing O, by flushing humidified pure Nz{g,(lOO ml.min™)
Anoxi + 0,12,24 and 36 h
noxia
/
~
« Recorded every 2 days after storage
Determined | * Wight loss, Chlorophyll a, Chlorophyll b and Carotenocids

J

« Completely randomized design (CRD)

statical | © Analyzed by one-way analysis of variance (ANOVA) by
DMRT (P<0.05) of SAS Institute Inc (1999)

Analysis

Figure 1 Flow chart diagram of materials and methods of this research
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nsduuzilasntunszuILNSAREeN d19a3070 wasRavuwAal lussglundemaiafinuuin 10 dns
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Sovaznagaydeviun

Fohminnauilosusuil 0 Seiuit 8 vesmsfiusnudenidmanea (ALD Japan, model FX-2000i 2200
X 0.019) Sasnsgadsiniindiuinainanuuandsssninsius udues Suil SufinuenismessayIsuiiisud
thviini3udu Tuiindeyadudosazvesnisgapdetimiin (Barman et al, 2011)

nsaaszivsununaslsias 1 aaolsias U uazualsiiuesa
FauUasiiasierivas Wellburn (1994) Tagifaegaii snaugiilostimiin 2.5 nfu uafuaisana N,N-

dimethyl formamide U311#5 20 1adans Iﬁaslﬁ&Jﬂf\mﬁ?uﬁﬂﬂﬁﬂuﬁﬁmﬁqmmﬁ 4 psrwaded Luszeziian 24
Halu LLé"qﬁwm‘fjuLﬂms’hmﬂ%"aamumém firu55eU 10,000 soUREUT 1Huzszeziian 20 i wdthunTaen
@ﬂﬂﬁul,l,mﬁmma’rm?iu 480, 647 Uay 664 UILUUAT AUFATNITANUIN

Chlorophyll a content (C,) = 11.65Ag50 — 2.69A447

Chlorophyll b content (C,) = 20.81A4; — 4.53A

Carotenoids content = (1000A4, — 0.89C, — 52.02C,)/245
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TUKNUNITNARBILUY Completely Randomized Design (CRD) Us¥Nausag 4 YANISNAGDY LAA¥YANTT
yaaesUsznauiie 4 91 TAT1ginuuUsUTIu (Analysis of Variance: ANOVA) wastayaiftaiuSsuiiisunriuunnsg
seniaRadslngds Duncan’s Multiple-Range Test (DMRT) fisgdiupnandesiufosay 95 (P<0.05) #ae SAS Institute
Inc (1999)

Han1sAnwILarIanTal

nsgaydeiminvesdanandiniafiuisduiusfuegslnddasumsgyide dnalvidnumsusngues
WAHAGRLAIAL WAy MTelantINI9ITiDY uonaINHEaduTUS TusuNUeAT v N ARHS naIRenAnNaTISnIIL-
uwnueadugeaziidnsinsmelagannninndnnaiifiuunueadun (Vazquez-Celestino et al,, 2016) MsUSuanm
usssmealunsiudnuilslasnisanuiinaeendiau was/vieiiuTinaiemsvevlasonlodludndiuiivuzas
IYIWANUUVIUDATUA o) VosNAARadn wazdinarieBnagnisiuinw (Matar et al, 2021) 91NWNANITVIAGBINUT
naonszeznamafuinuidussezing 8 fu nsgaudedninveswsiiomnyanimanesdinagadelifeiesas 1
(Table 1 & Figure 2) Tnsusiilasiiniunislfansusiraneandiawduszezioan 24 $9%u9 (24 h anoxia) iy
%aamiqﬁgﬁm}mﬁ’ﬂiﬁﬁﬁqm A0AAABIAUIIUITBUDY Techavuthiporn & Boonyaritthongchai (2016) 518411477
mislifufsiiumslfanzunannoendiauiisnsmsgapdedwintosniigailinuannzunaanoendiau way
Perez-Tello et al. (2001) é’awuinmnﬁu%’nwmsL1’7\|aﬂuamwmsmmﬂﬁmLL‘LJaﬁ'mﬁuqmmqﬁﬁwmmmé’vsﬂmi
guyForwinld

Table 1 Weight loss (%) of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (25+2 °C), 60-70%RH (n=4)

Treatments Weight loss (%)
DO D2 D4 D6 D8
Control 0.00 0.24 0443 0.61ab 0.84
12 h Anoxia 0.00 0.19 0.38ab 0.67a 0.85
24 h Anoxia 0.00 0.19 0.32b 0.49¢ 0.71
36 h Anoxia 0.00 0.28 0.40a 0.54bc 0.75
F-test ns ns ¥ - ns

Y Values with different letters in a column show significant differences (ns = non-significant; * = significant (P<0.05) and

** = highly significant (P<0.01)) as determined by Duncan’s multiple range test.

ssningiudsivinlifedlundananianisinens daduladousniifirnuddgiuendeiefuslaa ilesan
Fuslaaldlunisuszidiuniwan nau wazsani wieldlunsinauladendnna (Nisha et al, 2011; Schouten et al.,
2014; Yingsanga & Mathurasa, 2019) ﬂaaiﬁlaalﬂuiaﬂi’mqﬁﬁﬂﬁﬁﬂLLaxmalﬁamﬁﬁL%'m (Ma et al., 2009; Chen et
al, 2012) msgadedidoninannisaaisiivesnaslsilad dadudivuennisidenanmueannasn uazily
ﬁq%’s’mﬁéﬁm‘uﬁwﬁﬂumwwLﬁu@mmwmawémmaam (Jara et al, 2019) Tnevialunaslsiladlufisnuaoswiinge
paolsiladionazmaalsilaad (Nelson & Yocum, 2006) LﬁaL%Mﬁ”nﬂﬁLﬁu%’ﬂ‘mWudwﬂ%mmﬂadﬂaaﬂ,amaamL?\Iaqﬂ’uﬁ:
AvesdidUszana 3 me-ke! luvaisfiuinanaslsilass ﬁmagjﬁﬂizmm 1 mg-kg™ (Table 2 uaz Table 3) @onAdos
U Pornchaloem & Rattanapanone (2021) fisteaiuinnaslsiladiouaznaslsiladifinulufivdsnsd 3:1 Taensld
anmezUsenoondiuiuszozinan 24 Hlus fdwhevzasnsgyidoaaslsiladie (Table 2) l6dfign eifieuiu
Adudy (Tufl 0 vesmsiiuinw) Ssnandededosay 47.51 amddy sesawunfeyniiiuanzsaanesndiau
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szezia 36 Talus luvasfiuziflesfiliiuanizusemneenduulussesnatdu 9 Innsgaydelsinunaslsiadie
lutefesar 76.97 druvsunueaslsiadTlvinalUlufiamadeniu Aeganisnnaessiiiuaniizusifaineendiay 24
Hlusheveaonisandelaniign (Table 3)

Day 0

Control (0 h)

Da 0% 0

Anoxia (36 h)

Figure 2 ‘See-Thong’ carambola fruit at the beginning days after exposed to 0 (control), 12, 24 and 36 h

anoxia treatments

Table 2 Chlorophyll a content of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (25+2 °C), 60-70 %RH (n=4)

Treatments Chlorophyll a content (mgkgh) ¥
DO D2 D4 D6 D8
Control 343 212 1.57 1.19 0.79
12 h Anoxia 301 320 1.89 1.35 0.78
24 h Anoxia 3.15 3.11 2.29 2.33 1.49
36 h Anoxia 359 3.29 1.69 1.06 1.10
F-test ns ns ns ns ns

 Values with different letters in a column show significant differences (ns = non-significant;) as determined by Duncan’s

multiple range test.

Lmiiﬂuasﬁﬂmmi’mqﬁﬁﬂﬁﬁmﬁmﬁ'aﬂﬂauﬁaﬁmﬁawm (Lewis et al., 2003; Ma et al., 2009; Chen et
al,, 2012) uenanddaviuinfduansiuouyadassiiddey Jostulsaunss lsaala uaslsafioaiuvaanion
(Lichtenstein, 2009; Nishino et al., 2009) LLaz&T&Lﬂumiégaﬁumaﬁmﬁma (Edem, 2009) mmsimﬂalﬁamalﬁﬁ'uqﬂ
zilnsavauualsiiuesdifiunnniyu (Costa et al,, 2012: Carmona et al., 2012) 9MnKANISNAABINUINUTINLATST-
wesrvaziothifinnuuanaaiuszninenisnaassegltedfgneada (p > 0.05) InsUsinuualsfiussdues
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ugtilospitiuaniisusmnsendiauiuszerna 24 Salusduulinfudutiosiian sesaunfoganavnaes 36 0
uaz 12 $ls (gnrauAN) sy (Table 4) aanndasiusienuaes Ding et al. (2002) wuinmsiiuinwisa loquat
Tuanmussemasaudasifiuinaeendiaulueiniatios (3-7 kPa uay 2-4 kPa figmgdl 5 wag 20 esmiwaea
AUNER) FrANITHAATIEIRALSTILREA

Table 3 Chlorophyll b content of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (2542 °C), 60-70%RH (n=4)

Treatments Chlorophyll b content (mgkg?) ¥
DO D2 D4 D6 D8
Control 1.05 0.90 0.67b 0.82 0.73
12 h anoxia 1.10 1.13 0.80b 0.83 0.59
24 h Anoxia 1.35 1.02 1.58a 1.27 0.85
36 h Anoxia 1.12 1.09 0.83b 091 0.71
F-test ns ns * ns ns

* Values with different letters in a column show significant differences (ns = non-significant; * = significant (P<0.05) and ** =

highly significant (P<0.01)) as determined by Duncan’s multiple range test.

naanaiiiuinwiluanzsrnesnduuasiimsmelauvuldldeendiauiniuls nandosiildaoeniuea
FeorahlmiAnsunmesenanna (Kelly & Salveit, 1998) msuszgnildanmzunannoondiavlusseziandu 9 way
winrauzetesiuAuRaUNANIINIEAIN msaamsqzyl,ﬁaﬂmmwwé’mmﬁuLﬁ'mﬂuaﬂmﬁmma suluishetaene
AsiAushwn (Techavuthiporn et al., 2021) uaﬂmﬂﬁyﬁmmwmuaaﬁmmzaum%ﬁNaﬂhwsaaﬂismumimq
FAnen Wy nswAneRiay warn1smouaueIReLAdeTiauTe WARKandInSIRUAEILE (Lurie & Pesis, 1992; Suzuki &
Nagata, 2019) A0nAERITUNANTIS BT AINUIN UL ik uan1zU T AneenTaulusyBE AN 9 duualiugiean
é’mwmiqﬁglﬁm}mﬁ’ﬂ ﬁugaﬂﬁqmﬁmaakﬂaﬁw wazaaelsfladd sautatavannisavauualsiiuees @dliua
WuiieatuuFealad (Techavuthiporn et al., 2021) e lifi$s (Techavuthiporn & Boonyaritthongcha, 2016) way
duuyan (Yingsanga & Techavuthiporn, 2020) uenaniifafinaszasmsanuazaoignafuinuvesusidoma s
anafiualunisandasnismelanardnsnisudneiiduvemannandanisfiuies (Fallik et al, 2005) aefiduuas
snsnsmglaiinalunisnserunisaanedivesnaslsilad (Purvis & Barmore, 1981; Yin et al., 2016) Uadendnag
wilsfifianuddgunuasidvinanevdinniufsifonsifuinuiigumgiis damn 9 qquﬁﬁﬁlwﬁu 10 9961
wadea fnalunisisanisideudonannadandenisiiuiendic 2-3 i (Kader, 2013) dauanuidelusuinnaas
vhnsAnwmaesiadesuseminangunamnsenduiinzansniunisiiuinuiioamgiisn msiuinuily
anmzgamgiidnzandmiviuilaemluiesnnmnaiaFoudfifuviedauaugaumaildnunuund Tuvaszdinng
Audnwluanmzunaanneendiauiiaiugseninnniiesndesdnvugzionziiamnsatostunsinudiesnves
ARRGIGRTERRN sauﬁaéﬁﬁaqﬁmsm‘uqmﬂ'1ﬂ%ﬁ"wﬁw‘iﬂﬁmmwzﬁm%ﬁm1'ﬂfi’fmuizGﬁ’uqmmmsumﬂﬂiw
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Table 4 Carotenoids content of ‘See-Thong’ carambola fruit exposed to 0 (control), 12, 24 and 36 h anoxia
treatments and stored at ambient temperature (25+2 °C), 60-70%RH (n=4)

Treatments Carotenoids content (mg.kg™) ¥
DO D2 D4 D6 D8
Control 2.09 6.05 6.99 9.00 9.31
12 h Anoxia 235 4.08 523 8.07 10.15
24 h Anoxia 257 3.27 356 548 7.37
36 h Anoxia 3.02 376 521 6.31 7.87
F-test ns ns ns ns ns

“ Values with different letters in a column show significant differences (ns = non-significant; * = significant (P<0.05) and ** =

highly significant (P<0.01)) as determined by Duncan’s multiple range test.

=
agunan1sAne
anmzUnanneendauluszezia 24 Filus Junlduszaenisgydedmvin nsgudedsinuaaslsiiad
0 USuueaslsiiad U uwasyeasnisazaunalsiiuosdvamausilosiuianaslaniian sesasunfoan1izdsiaain

2ONTLIU 36 12 WAy 0 TIkd ANaeU

a a

NARNISUUTZNA

AT veveunmdinnuaugnTIuMIduATIANe1Mmans 398 wazuinnssu (anad.) anduideuazinu
AuzIveImansiavmalulad wazuvininerdesuignssuas AlinisatuayuanuideilbidnieaanuingUszadly
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