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Efficacy of Pineapple Juice Incorporated with Calcium Ascorbate on Browning Reduction of
Fresh-cut Mango cv.‘Nam Dok Mai’
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Anwnaveamslithdutzan (P)) ufuasaransunaifeuueanosiun (CA) sensszaenmaindinaludeusaasgn
itusihnenliifidaudmonuilna Tnsdndonuauzahsiifivuauas Todieaiu dnds vonden uassuiiu newtian
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uit ntfuasdathuarussgluussfusinanainindlnsfidy Asaegy fuinwnd 4 °C WWunen 6 Su wudr msld
PJ+CA a3190%289N17aAAIYDIAIAINET (L¥) LLasa@mwiLﬁmﬁfwmamaﬁumﬂaﬂﬁamaﬁﬁfaé’ﬁmmnaaa (p<0.05)
aonndesfuaziuunsUsedudinia 1eswinnsld P+ CA anfanssuleulesiindfiueasendina (PPO) Lilo
Wivuidleutugarunu uenniusihsiiqulu P + CA Senfanssudueyyadasy uasUsunlnaftusarisnuagani
TaglamzUSinadnfiudinnnityaniuas 2 uam’mﬁ?ummwgm PJ + CA fongmaifiusnw 6 Ju Tuvaziiyn
muaufiengnisifuinm 2 fu agdléinisly p+ca uisitdneniwlunissnuaunmiansneniaziedly
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Abstract

The major problems of fresh-cut ripe mango are pulp browning and microbial contamination, which
rapidly deteriorate quality, resulting in poor consumer acceptance and a short shelf life. This study aimed to
investigate the effect of pineapple juice (PJ) combined with calcium ascorbate (CA) on inhibiting browning in
ripe ‘Nam Dok Mai’ mango slices. Uniform mangoes were washed, peeled, cut into pieces, and dipped in distilled
water (control) or 50% PJ mixed with 2% CA (PJ+CA) for 1 min. The samples were drained, packed in semi-rigid
polypropylene containers, and stored at 4 °C for 6 days. The results revealed that the PJ + CA treatment
significantly delayed the loss of lightness (L*) and browning development consistent with lesser browning score.
Moreover, PJ+CA-treated mangoes exhibited higher antioxidant activity, ascorbic acid, and total polyphenol
contents, particularly with ascorbic acid levels more than two-fold higher than the control and PJ alone. In
addition, the shelf life of mangoes treated with PJ + CA was 6 days, whereas that of the control was only 2 days.
In conclusion, PJ+CA treatment shows a promising natural approach in maintaining the physicochemical quality
and consumer acceptability of ready-to-eat ripe mango.
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Jagiuuunliuduslaafutssnuommsitazan i warirequimifingstu denalsindntasinaliiaus
wieuuslan (fresh-cut fruits %38 ready-to-eat fruits) HuNuUIMMIIAITRAIALALIABUINITREIUAUSG A (Chen et al.,
2024) naldiandaudandenuilan fo waldiinutuneusineg aendeinisifiuien tdud nsvhauazen nisden
Waen nsdinuss waznisussy Wusu lnenalsifinsanuanlel wedunisnevaussieniusiosnisvesuilaaly
Jagtuiifianussulumsdniudin v lddeanismnuazainauisuaz masafiamnsadindn fusidnanly
SuUsEuléviudt windnsusidausimienuslnafiogmafvinuiidu esnisaduiadeiden asftugnihansann
nsEUUMIAALAY i liARMaAsuLameai T uasinadeundsldnenirinuasnalifigalaildinnis
Fausis 1 matAndthmauiiausesdn (browning) RFRRIMEY LLaxmiﬂuLﬂyaumaat.%uaﬁgauw?é Hudu maiiadihma
Tunansusidausainanufizeneendindu (oxidation) ielwaduainanuanmunszuaun1siauss vilieule asiivh
Uj)n3e1 (substrate) uazeendlaudundudatuinduiiniaty LﬁaLﬁaﬁQﬂv‘th%aLﬁmmmLLmammmmzﬁu
wulaidiviliAnnisidenanmvesaad wu euledinnfiuwiialeamesa (pectinmethylesterase; PME) toulwsilng
nuanylalua (polygalacturonase; PG) uaziouluiwaglad (cellulase) wagdodansidwiansvesdogaunis nisld
ansaransuaaileuiiotioiinanuudaussdiuiniuad Tnsunaidon (Ca>) amnsaidnludufuansuszneuinaia
(pectic substance) luniawaduag middle lamella vasiteu calcium pectate lhwadudusau (Degrave wag
ARy, 2003) MLATERHINTn R TazaLeasteyRusieg uld Juwealeuueanesiunlueyiusylanied
gnuurldtuagnaneneidlundenaanuaznannadauss lnsansaratoueaifenuoare fiuniisenuitausninm
Ao dudimafediina wazdnonanisiiusnuvesinualianwazinan 1wy waia (Wang et al., 2007; Li
et al., 2015) waou (Silveira et al., 2011) uay NzWos1 (Barbagallo et al., 2012) ¢ AvsuasINsIsUTRTiEINsa
ffudimsanureselsinafiusasending (polyphenol oxidase; PPO) I thduzsa (Lozano-de-Gonzales
et al,, 1993) ansartaainaules 9 wuden (Dincer way Cakli, 2022) frdunisldasUssnouneaiduneanesiunsaufiu
ihdudzanienainetisannaindiiniaresuziandaudanionuilaald muitedidiingussasdiiiodnm
Usrdnsnmnsliurafeueanefiunuiuidulzsrlunsannisfndiinauaziaeigniafiuinw uagnesmine
voswwhahnenlfandnudmdouuilag

aunIaluazisng

nuideedsilldusshagniusthaonlsfifoumiminyssana 200-250 n3usiena wafizunssashuaue Uraan
Tsauazuuas Lifldmd dauuduide 1013 928 Tasnrstaauuduidetouauuulaivihats (Non-destructive
Limited Compression Technique) (Penchaiya et al., 2015) ¥innmsanswauzaissasazatslafsulslupaslsvinnu
ity 200 fadn3usiodns WWunan 5 it Asealurs vsndulenivdenuasiuduiu @nauenswesad i 8
Justenilana) udrianguluthdutzananuidudu 500 @Fuuzsaiugnsninesiomdes 20-90 wWedidus) samify
asavansuaaiisuueanefiunaduty 29% (P + CA) e 1 und uazurhagaiigulutdndudugaauau
n¥snduldesliazfaiuarussyldndesnarafinuuuiisneguithanesfuinuilgungl 4 ssrivaidoa du
fograilolinsginanismaaeayng 2 fu fail asaaeuAIANEdg (L) AzuuunsAndtnma (browning score)
Aanssueulesl PPO (Flurkey and Jen, 1978) fAanssun1ssnusyyadasensiaadeulaeds 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay (Brand-Williams et al., 1995) wag Ferric Reducing Antioxidant Power (FRAP) assay
(Benzie and Strain, 1999). Usunainsaweanasin uazinisuseiliuanusensvvesiusinareusaandauss lnan1s
Tazuuuld 9-point hedonic scale sazuuu 1 = ldwouee1ads, 5 = e 9/Uwnans, 9 = Yousgieds (Lim, 2011)
U3TeHwHLASARB MUY Completely Randomized Design (CRD) 18z LAT1ERNANIIATALUU Duncan’s
Multiple Range (DMRT) §113u 4 €1

8
A ' ' & 1 3 vy o i
MaAuLUasAANNEI (L) vesiuugsiiinonlddnesinuaglsiim (yneuaw) nsuaisazane PJ +
CA fmnuuansnsiuegnaiived1An1eadia (p<0.05) aaenergnisiving lnsyanluAudAIAINNETRANIIYATITY
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a5 Wevhnsiiuinwiasy 6 Yu Tnefuisuduveanisiiuinw wuin a1 L* vesuzsaslifanuunnsiiafunisada
(p>0.05) fiAAmaineei 66.76 fa 68.98 wazinanaseesreiilos Insyafigu PJ + CA fianaduadnaitiy 58.27
Turnzfiynmuauiiaivihiu 5332 (Figure 14) Ssaanndosfunisnsaasuniafndiimauinuivesduushdaens
Tazuuy wuihuzhsiausisiaeminuuddazuuunninfimadiuludeogfuinunumiu edidunusing
sousuvesifUslnaegd 5.0 Azuuu TnefazuuuEuduegil 1.00 fa 1.25 Azuuu uazileiiusnw 6 Tu wui Azuuus
Aaddaalungaisganuauidwinningaiiquats P+ CA Tnsfiaziuu 4 uas 325 g1y (Figure 18) 1ilo
Ansrzsifanssueulesl PPO nud1 Afanssuvesieulysl PPO Tunzshsfaudsduwaliinfutunussoginanfving
Tasnumnuuanssegeiifddysevinsyamunuiazyn PJ + CA uazilaiiusnw 2 fu wuih MAanssu PPO vosn
muAuganiegditodidny (p < 0.05) ileiteuiugaiiqu PJ + CA Tasdld 3.60 unit/100 g FW Tuvnzfignaiuaudl
AA9INTsU PPO 7.80 unit/100 g FW wagluiuil 4 uaz 6 erAanssueulesl PPO Suwiliiuwuiientuiud 2 (Fieure 2)

namswasuwasimasnsalunsiueyyadass (FRAP) veszshwinusssznintensiiuing wud Tne
TuSwsudu (0 $u) LdnuanuunnaneseninaganIuau (0.84 pmol TE/g FW) uazta PJ + CA (1.19 pmol TE/g FW)
oglsfimu Faudduil 2 Wuduly wudiuzshsn PJ + CA fidn FRAP geanyantuANeg1eiitedAyneaia (p <
0.01) TaeflAn 1.66, 1.45 waz 1.32 pmol TE/g FW luduil 2, 4 uaz 6 audifu vauzdfiynaruguilaniiios 1.19, 0.69
wag 1.03 pmol TE/g FW mua1du (Figure 3A) 91nn153tASIAA3S DPPH wuin finudenndesnunsvnasulngis
FRAP TagTuduidusiu (0 Ju) ldwuanuuansissgritandommd uagndsaniuil 2 1uduly wuige PJ + CA i
DPPH ganingnmuauegsiidoddamnaain (p < 0.01) (Figure 38) 91nsanisivAsunlasvesusinuansussnauil
usAnimaverI LA Ersn U Wuweeyn PJ + CA fiflusingandiyaniugueg1aiiedfyni
& (p < 0.01) Tunndamafiuinu Ingluiuil 6 Sieilusdngsandl 375.21 ug GAE/100 g FW Tuvaiziiypanuguiian
LB 282.35 ug GAE/100 g FW auanau (Figure 3C) LLuﬂﬁmﬂudﬂa'na@ﬂﬂﬁ@ﬁﬁuﬁﬂﬂﬁ‘iﬁ’]uﬁ]uyjﬁ@ﬁi%ﬁﬂimﬁﬂiﬂEﬁ%
FRAP L&z DPPH

MNMTIATIERUTINMNTALEAABT TN WUIn uzsadausayafiquie PJ + CA fld1geniiyamuauegied
oddyneada (p < 0.01) TuyndrsnsiAuinm TnsluiuBusu (0 fu) yaguansiviuunsaueanesingsdis 3.31
mg/100 g FW mmgﬁﬁ;mmuqmﬁﬁ%ﬁm 0.87 mg/100 g FW uiiA19zananuszesianiusne uwage PJ + CA dipg
fnwnsziuveanIateaneitnliginiiynaunuegareiiosauiugavihevesnsiiiuing (Fisure 4) dmiunanisveaey
azununssauiuresuilne nuiiluiududuliasuuunissonsofl 9 asuuy whiuiegaaiusuuasga PI+CA udile
usnwdaustuil 2 Buduly azuuuvesya PI+CA gandgnniuauegiitdd ey (o < 0.01) Tastuil 6 gaaruan
Widelfies 2.77 Azuuu vaurTinn PI+CA fandliuszana 6,02 azuuu wanaitnsly PI+CA annsanwaugoniues
guslaaliuunitugiisgaatuau (Figure 5)
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Figure 1 L* values (A) and browning scores (B) of fresh-cut mango (cv. Nam Dok Mai) treated with distilled water
(control) and with 50% pineapple juice supplemented with 2% calcium ascorbate (PJ + CA). Samples
were packed in semi-rigid containers with lids and stored at 4 °C for 6 days. Data were means of four
replications (n = 4) and SD bars. The asterisks show the difference between treatments for each storage

period: ** significant difference at p < 0.01.
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Figure 2 Polyphenol oxidase activity of fresh-cut mango (cv. Nam Dok Mai) treated with distilled water (control)
and with 50% pineapple juice supplemented with 2% calcium ascorbate (PJ + CA). Samples were
packed in semi-rigid containers with lids and stored at 4 °C for 6 days. Data were means of four
replications (n = 4) and SD bars. The asterisks show the difference between treatments for each storage

period: * significant difference at p < 0.05 and ** significant at p < 0.01.
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Figure 3 Antioxidant capacity measured by FRAP (A), DPPH (B) methods and total phenolic content (C) of fresh-
cut mango (cv. Nam Dok Mai) treated with distilled water (control) and with 50% pineapple juice
supplemented with 2% calcium ascorbate (PJ + CA). Samples were packed in semi-rigid containers with
lids and stored at 4 °C for 6 days. Data were means of four replications (n = 4) and SD bars. The asterisks

show the difference between treatments for each storage period: ** significant difference at p < 0.01.
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Figure 4 Ascorbic acid of fresh-cut mango (cv. Nam Dok Mai) treated with distilled water (control) and with 50%
pineapple juice supplemented with 2% calcium ascorbate (PJ + CA). Samples were packed in semi-rigid
containers with lids and stored at 4 °C for 6 days. Data were means of four replications (n = 4) and SD
bars. The asterisks show the difference between treatments for each storage period: ** significant
difference at p < 0.01.
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Figure 5 Overall acceptance (Scores) of fresh-cut mango (cv. Nam Dok Mai) treated with distilled water (control)
and with 50% pineapple juice supplemented with 2% calcium ascorbate (PJ + CA). Samples were
packed in semi-rigid containers with lids and stored at 4 °C for 6 days. Data were means of four
replications (n = 4) and SD bars. The asterisks show the difference between treatments for each storage

period: * significant difference at p < 0.05 and ** significant at p < 0.01.
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uzshsdnuimieuuilnaiiunstuidulssanauiuweadeuneanosiunszaemaindinauaznszduans
Fueyuedasmifiowisuifivuiuusheeauay ssnihdulrangaulufeasBuniduaransotunisiiddnysne
1NUNY %qmié{’ﬁiyﬁﬁmaiumiﬁuéy’ﬂmil,ﬁmﬁﬂfwma Ao NIABUNIE 1WU NTATASN NSALAN waznIaLeanestn 1Wuduy
(Chaisakdanugull wagmug, 2000) wazasusenauiiuea %amsma’wﬁﬁ@mauﬁmuﬂmﬂumﬁﬁma%aﬁasz uaznIa
Bunidaneg dnaviliaanudunsa-aemssiuisiidudatunsadisn vliaeanneildvnzaudenisinuues
oulwinedfiusanending lnga pH 1'7immxawiamiﬁwa’msuENLaulsﬁﬁwaaﬂuaaaaﬂ%maa&ﬂmm 5-7 (He wag Luo,
2007) Fensmduviadinuannluhdulzse Ao nsednindedautRluaisian (Chelating agent) anunsadufiunesunsdi
Uihauswweaoulusinediiusasendina ovesuasgnisesnvilieulninedfiusasendindliannsarinenliodis
Unf (McCord wav Kilara, 1983) waz nsaueanasindsflaudfiiduasinag Inevnis3aag o-quinone Iinduanegly
sUresansUsEnoufusarlinisindtiniaanas wwderiuamidfoves Chaisakdanugull uagaaie (2007) wudinsm
sunsdluthduvzsaldun nsaundn waznsndnsa awnsadudnsinureseuledwediiveasondndldds 36
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Wesidud uenannsadunidneluidulssefianansndudaninfadiinalduds Sdiseauineuluilushiea
(protease) @unsadudanisiinernisaiimaldiguiu (Wen, 2001) wulwliusieaiinuanluduizsade Tuliau
(bromelain) %ﬁLﬂuLauisz}ﬂuﬂfju%aLmﬁumiawﬂ (cysteine protease) n3n Falansalusftea (sulfhydryl protease)
%30 Ineealusitoa (thiol protease) Laulmﬂﬂajuﬁﬁml,auiﬁaﬂaiaaiﬂiﬁuﬁﬁmﬁamaﬂ%a (sulfhydryl group, -SH) ag_ji?i
U3hauss wazenaiivyidaiaa (histidyl group) 5ameEfe wazannsanugumgiias Insgumgiiiimenzausonisinau
vonouluiviatoglutag 60-80 asasaifua (Ohtsuki uazame, 1995) wulesTusfioadudinafniinalaody
TWudsmsvanuveaeuledwediiueasendnalasdunsainnsyuiunislelnsada (hydrolysis) aseuniedismne
(specific sites) Aan1svinauvssoulwinediiusasending (Taoukis WazAmE, 1990)

UszAnSmuesansasansunaieuueanesiuninainlessuneadeuamnsadenlssansindunaiaylsinves
aniivluniaead (ese-box) Feasiasuadisaundusdifulasemnfiunazsraonisiuveaiona (Sun et al,
2025) wonanil Maesanmatuaditsannsduiatussniaeuluindiiueasonfnatuasituednaelumed
dawalinaiindiimanaeulsianamnadon (Plesoanu et al, 2022) Tudiuneanosiuadadusuinadusinsa
woaneitn yhmihiliumsiueyyadaszuazansiind lngannnsaifiag o-quinone nduluidu diphenol Aoufiaz
AnUFRsemuuulusaningdima Sansadudininfediinaluinuasalianldogieiuszansam (Sierocka
et al, 2024) uenaniiueanefiundstieinwid arwan warauanTRRUeYyaBaTzvaantas (Aguayo et al,
2010) fstfu MamufuvespadsaruoaneurlusUreAaBuLeanDsun LT uN TRV Tnsunaloude
adassamestugad luvaefiuearosiundudinisfnuiiseneendindu shldannsasnvauuinie annsiind
ihana wagBaongmalfudnwmemshsandnudslfednediussansnm (Allegra et al., 2022)

frenuhasarasueadeuseansfiunannsndnwauuiuie sudinmafnddinag wazdaengnisi
fnwwesinualianuaiinan Wy weila (Wang uazagy, 2007; Aguayo Hazamg, 2010) waou (Silveira uazAuy,
2011) waz UzWee1) (Barbagallo wavAy, 2012) 9INIUIILVBI Rossle kazansy (2009) WUdWLLaﬂLﬁaﬁmLLﬁiaﬁf\juﬁw
asavasueafeuLeanefiunanaTraanIUAsuAivestukeudadausdld uasthesnwauuudeluseming
nsiiuinm Saueadeuevazitluinwanuauysaiveseadvinlideruwadannsnnvinismusumsiudioon
931391199 1# (Degrave uazAnug, 2003) Fan uazAmy (2005) nuiuketidafiguluasazasunadenuoanasiun
anudutufesay 7 amisnanuiunaasnguailuy (quinones) SainanufAzenlansendiatu (hydroxylation)
LU§auaﬁﬂizﬂauﬂuaaﬂiuiﬂimiuﬂ‘?\luaa (monophenol) luiulafiuea (diphenol) waznsiindjisensendindu
(oxidation) Imamaulwwaaﬂuaaaaﬂsama (polyphenol oxidase; PPO) Lﬂummﬂgﬂim wagdloondiaudusise
ﬂgﬂimLﬂaauminaulmwaalﬂLﬂumsaaumluu He wag Luo, 2007) mmsaauummmLﬂmmswaamalﬂwumu
a1saiiu (melanins) wieasiilidtnaniedmiuideidefiy dadunisldhdulesasmanududu 50% s
asavarsueadouLeanaiunaututy 2% annsovgasnsifindiina wardiRanssumaiusyyadase uasd
USinunsaueanoiagninganaaesduluusieiusihnenlsifaudmionuilnald Weifudnwlundomaaining
sUgamndl 4 ssmwalea wazilengmsiiuinm 6 fu

AvBUAL
Az ATevereunszanm T InmAlaEamsiuAe AzvinensTinmuazmAlulad wvrivedemeluladnsy
U Buy3 uazquiuInnssumaluladvdansiiuie nesdudnazUsanuiliousslovimdneimans Ideuazuinnsy
dinnuudansynsns msgasfnem Ineneans Ideuazuinnasy Al LgaLﬁaamuﬁLLaxqﬂﬂiiﬁém%’umseﬁ’wL‘Dummﬁﬁ]’aﬂ%ﬁ
uaﬂmﬂﬁ ﬂmzﬁjﬁ ot YUDVOUNTEA N The United Graduate School of Agricultural Science (UGSAS), Gifu University, Japan g
aluayugUnsaluked g MMy
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