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Research Title: Analysis of antioxidant activity in banana Musa(AA group) ‘Kluai Leb Mu Nang’

Researcher: Miss Pannipa Youryon, Miss Patcharaporn Pandee and Miss Orasa Choolaaied
Faculty : Prince of Chumphon Campus Department: Agricultural Technology

ABSTRACT

Banana Musa (AA group) ‘Kluai Leb Mu Nang' natively growing in Chumphon province
for fresh and processing products. The purpose of this study was to investigate the
physicochemical changes of 'Kluai Leb Mue Nang' banana fruit (Musa AA group) during
ripening. Visual appearance, peel and pulp color, firmness, total soluble solids (TSS) content,
total acidity (TA) and bioactive compounds of the fruit at tree stage of ripening including mature
green, ripe and overripe stages were monitored. The firmness decreased markedly from mature
green stage to ripe stage and then remained constant. TSS increased during ripe stage whilst
TA increased at ripe stage and then decreased. The highest total antioxidants capacity and
total phenols (TP) content were found in the ripe banana fruit. DPPH scavenging activity
remained constant and the highest total flavonoids (TF) content was found in the mature green
fruit. The fruit at the onset of ripening stage were kept at 25°C and 13°C and 80%RH for 16
days. The shelf-life of the fruit held at 25°C was 8 days whilst that of the fruit held at 13°C could
store for 16 days. The storage temperatures had no effect on the changes in bioactive
compouds during storage as all of them decreased and no siginificant difference in these
compounds of both fruit held at 25 °C and 13°C were detected. These suggest that storage at

13°C is a proper temperature extending the shelf-life of the ripe banana fruit.

Keywords : banana frui, Musa AA ‘*Kluai Leb Mue Nang’, storage temperatures,

physicochemical changes, and bioactive compounds
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unanazlsn@n(aromatic ring) atedan 199 uazfingleatanda aguursuninezlsandn
fratrasmTUTznauAuadnigy unuiiv Anfiu lelowailinesd wWanlaluu
waztoulnlowfin (udn 99nMIIBIIMIas Papadopoulou et al. (2005) §1sUTznaufluaadi
ﬁﬁﬂvlﬁmﬂvhﬁum 12t ﬁqwﬁiumm"mﬂﬁai}ﬁ%ﬂ?ﬂ‘ Staphelococus aureus , Escherichia

coli WRe Candida albican

Aslsnwa e
-l 3 ' LY a al ' ) & v a €
mslifiueudidundumsilimsfnniigs woldluamioussdodugs whnvasans
a &a o ¢ o @ ACIE NN o) e [y * o
lifluesdfon1sdainnzviuas uardasnuusuaauaafiaidafs SnihAnvdoulunisdasin
a | [ %) - = a & v o, o
ouyadarzifieldiuumnazame uaninianilifivasdnwuluiuacly anduasasdudmniy
msnAansauaudan laswasivssniilsfivesddsznauda 2 lassasamanfie ndw hydrocarbon
carotene WAz oxygenated xanthophylls lusssumawuaslsfivassiauindy 700 ofia lavsau
Ingazduiudualsfiuasd (Liaaen- Jensen, 2004)

a a

AR NNG

"3mwﬁwﬁﬁuulﬁ’lunﬁﬁmaw}aﬁas:’lummi IMITFAT LATAIAN LARTINET URZNNT
ludszgndltluiaiasdion Sandndiduwiandniazarelwin aansowulaluis uazdadain

| v A \ > . - o
Ing laslassatenwuagluguues L- ascorbic acid lwnszuaumsiuimuadduuasdad uazau

as

Andudinifigdydu cofactor vasianlmlluszuvianlaiduauyadaszimihilunisuda
=l

apuadasz uaziludlidiiaasanluszuunsdionendidantan ddmtnlumsdauansd
aeaataw nizgn ndan Ay Wi waznsinmuns Ianduddidunumadglunisaaniny
:j a o o = ) a =}

[F99InMTLfia oxidative  stress  BudumingdrAyaininAalin tin Ty lanseaiden

TsauziSonanuoia ﬂaaﬁ’umiqui’u (Parades — Lopez and Osuna- Castro, 2006)
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2.2 MBI INLNYIADY

NALRUTUIY Musa (AA group) ‘Kluai Leb Mu Nang’ Lﬂuné‘mﬁuﬁﬁmﬁaq NMIMa e
vastlzinaingugnuinludaniaguns mummﬁuuﬂgﬂLﬁauﬂm'luﬂ%"zL?auua:i‘iwf&w
ﬂ%qﬂ'una"’n;JLﬁuﬁamaﬁnﬁuﬂnmunaﬁﬂnﬂi:u: HadUEINTITUYsEmMuEaTNiuiioatms
qﬂuﬂmam WuinIndsznavanis s‘rmwasgn%‘uﬂ'i:ﬂ'maﬂLﬁmmnﬁé'ﬂwm:w{aﬁuuu pliald
i wauszilaffndoimasdinanwnan (Silayoi,2002) mmm%’uﬂs:mu‘lﬁﬁfﬂNaﬁuua:qn HagnilTa
vwiuuaztiasdslaslfiaates waundndy uy wazuetids Samunzauiidvermisdmsunin
ﬁ?a@’ﬁ’ﬁﬂvryﬁmﬁmﬁuﬁ’lvlﬁ' (Simmonds,1966) uazfimInduAuaAngs wazin1dud 1000-3300
fadniu/1000n3u lundruWud Nendram (AAB group) ﬁqﬂﬁ?ﬁmawaé’aﬁzqani’mﬁ’mlunéu
AAA, AB LLRtABB (Basker et al., 2011)  Wills (1984)‘195’5!’115“’17:&1:'119\1?15’18 Cavendish (AAA
Group) ®1UWUT Williams wuiﬂm:u:ﬁua:ﬁﬁqn%@i’mawafﬁm:qqn'm:uzqn fauyTum
asznoufuedn uszUSinaaWalwmendlundan Cavendish szwusnnlwildanuinninile
LLa:Naﬁuﬁﬂ?mmmsﬁmawaﬁanqan’hNﬂqn (Fatmeh et al.,2012)
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ad o A a
DA WBNITIAVE

3.1 ving iz

WRnEBLAUlawy Musa (AA Group) 'Kluai Leb Mu Nang’ MNTINTATUWT PRI
o a o « o a o v oa
wosdiRnmaamsiiuiien sonvlinaluladwszsonindudgunnisaanszds Inoae

s ﬂr
"JqJJJW?L‘U(ﬂTBqﬂEJﬂﬂGI

3.2 35mMAHnA15I98
P o 1Y & A
3.2.1 Msnaaasi 1 Anwinrsnawinisgnzanalgiduilowts
niuidufawnegmaiuiomsimuliudaznidadiun 55 60 uaz 65 u Tasldwin
as = s - - a s
2 - 3 ivnnwiuwiuinmngunpiiasussdufinuaasit
A
1) ANuBiie
v A o ' J = ar a "3
laolfiaTosiaanuutiniita (Hardness  tester) uw1a 1 Alansy wWaiagUniinszuen
Teuadufiaeu
4 ¥
2) USunmaasudinazatonila
v el v  1a P B .\ \ a o
TavlfiaSosiauSuimuasudefiazarosinle (Digital  refractometer) % PAL-1 U3Kn
ATAGO duAle 0 - 45 (asidud
3) Ysurawnsanlninsala
Q AJ v [ 2 s L 4 d a aa L g
Wienaiulaulawy 5 nsunguaIgiinaw 15 dadfasnauliignudae Homogenizer
o A v = aa L =l v
Wssazaefld 5 Safdesininsadoasasaolodsslaasanlodaududu 0.1 N WA
a 5 v o a ] = 3 a AJ
U (end point) ummmmﬂsmmniﬂﬁvlﬂmm%i'lugﬂmaqmw‘ﬁ‘mnLﬂuLﬂas‘meuqmmu
%TA = (N NaOH) (ml NaOH) (meq.wt.citric acid) x 100 / g of banana
- I o a oo
4) mnasilsuaIaning
YnMInaaes3inig 2,4- dinitrophenyl hydrazine method Tﬂumsﬂs:qn@i’ua:ﬁ’mLLﬂmmn
a ad A dad o X
MIANWIANITNITNANDIVDY (Roe, 1948) GaiiADaad
Mot NNAIL 5 NU Homogenizer H&wd2t Metaphosphoric acid (HPO,) USui/5aunaslyt
v Aa aa 9 . ° ¥ AV v a aa a
1o 100 88805 sl Centrifuge  WnausnTazannlafildnn 04 AadfandusTazany 20
mg/100 ml Metaphosphoric acid (HPOs) indolphenol 0.2 fiafdas Vortex 1¥1977% 2-3 w17l uda
\fiu 2% Thiourea 0.4 {aRANIWAZ 2% 2,4- dinitrophenyl hydrazine (DNP) Uulug1asinsamn 37
o a N " a _ aa [l < a = o g
OIFNTRTUN W% 3 TN LAY 85% Sulfuric acid 1 Tadfas vufigmnndvias 30 wifl shania
AIN1IANAULIIFIBIATEY Visible spectrophometer IANNENIARYK 540 W lnasuaza9nim
VAIPIUANUTUTUVEY Ascorbic acid IEUINATTIHAMUTUTH



5) nsAnvANd

o o -} = A‘ L4 d‘ o o 1

Taddenuarfiienaisifuliauislasnisldiniosiai Chomameter u CR-400 289

a o 0 A 1l 1 ] 1

35 Minotta Uszinerfuu drdlunismasesmonusaidudi L a* uas b dnd L* fa duaas
ANuETIYeI Hdnaglugae 0 v 100 naddl L* dandu 0 nansfadfen (darkness) wdtiien
w100 wanofiefifvnn (lightness) fd a* Aoanuduiuasuazidon (redness/greenness)
nith a* denduvan vanefadiduas usznid a* Geudway vanefladmdon @& b* faanudu
a A Y o o -y A aAd A -
mnioLaziilin  (yellowness/blueness) N3tk b* daduurn wuefedfnias uaznyd
b* fnnuduay nanafiedfinudu (Wang et al.,2006)

6) myUszinanniundszamands

“Jmﬁ:ﬁqmmwn’rs'}’uﬂs:mu'[@ummmumm&’ﬂi:muﬁnmu 10 ARdAITZAUAZILLY
ANNTAL 5 TTAUAZUUY

1=\d7ay

2= ULRNN oY

3=daulnNTou

4=7auaIn

5=1aUINAFA

o a 9 < Yp
7) szazaininilfsuudasannuaquinagn lagdunsmvasinmaesaseaiioszoe
9 & A A aa A A a A & A v
nagdulawisnudssiRndden Wuimdasgnnanaiduidaanisves
uslna
v :J al’
uaz wisufiezuilng
8) swznmwa"cqnﬁatéauamw

9) 31 9

3.22 NMINARDIT 2 ANHITEEENIWAMILAZ IR DIHAN LT o ur9d 0 UTa o
AN RDATY
Lﬁanmqm‘nﬁ'uLﬁmﬁmm:ﬁmmmmﬂamﬁ 1 32UzMINAMITRINGIY (AU §n
URZENIBN) 1IUHUNITNAREILLY Completely random design (CRD) lagtufinnan1inasas
aait
1) n1s@nsAd
Jadudenuazdiiondrududawnlasmslia3asind Chomameter i1 CR-400 89
UT¥N Minolta ﬂﬁxmﬁrﬁﬂu Adluminaaasnonunalduen L* a* uaz b* d1f L* fa duaas
anuainwesd daraglugae o fis 100 nydl L deuilu 0 wanofsdfedn darkness) uddiin

=l

w100 wunpfald&und (lightness) Af a* Asanudufuasuazidon (rednessigreenness)

ol '

= * =l 2 aa =l * al o QA aa = * a
n3th a* danduuan vanededfiues waznTd a* Janiduay WU IARWEI fNE b* Aaanuidu



A A Y o = a A& da A A
aunaIuazddu  (yellowness/blueness) nsth b* Hauduuan wuneflfinies waznidt
b* ddduay nansfalifiudn (Wang et al., 2008)

2) M531a31zn1YTam Total phenolic compound content (TPC)

‘ nsafassnnaasintilasls ndrodat 5 ny wauty dandu 50
fadday Uulbidriuedae Homogenizer 1hlUinassldanaznandiniates Centrifuge 9niwin
gsanan lenyhnmanessil

sananNndaetn T 1 SaddaInauiuans Folin-ciocalteu reagent 10% 1 IaffaT
vortex 1AlTNNUTE 30 WTLAN NaCOs7.5 % 2 iaffaT Vortex Wdiutadganiuuassae
Lﬂ%iad Visible spectrophotometer ﬁﬂ’rms,mﬂ?z‘u 750 W lwiaas (Supapvanich et al., 2012)

INiuATINET Gallic acid ﬁ‘i‘mLﬂumiﬁmawaﬁmzmmgm'lﬁ'ﬁmmnTmJ”u 20
40 60 80 ez 100 AadnIu/dafaas mm':"ﬂmﬂ@nﬁul,l,mﬁamﬂ%iao visible spectrophotometer 7
m’mm’mﬁmﬁmn"mﬁiaai’wnﬂwmmgmmwm’wﬁmao Gallic acid (Slinkard et al., 1997;

Supapvanich et al., 2012)

3) N1531@ 12N Total flavonoid content (TFC)
m'mn"mmﬁnﬂné’wﬁﬁﬂﬂul’ﬁ' Methanol 1Judavinazane Tauld ndaoiih
5 N33 WA AU Methanol 25 Gaddas Unlidiud2s homogenizer  anntiutinling uolst
anAznaus8LAIDd Centrifuge mianad ldunymmanednail
fulassanaanndeii 0.25 Ta8aas 13o1adaminay 1.25 fadaas \au 0.75
188807 NaNO, AuTuTwH 0.5 %  wanlwidniuiely 5 il (§u 0.15 Saddas AICl; AU
TUTU10% NN 0.5 Da88AT NaOH aadud™ 1 Tuand Vortex Wighiuanniiuias
ﬂﬂﬂﬁmmdﬁ’amﬂ?ad visible spectrophotometer ﬁ’mwm*zﬂﬁ"u 510 w1luluay (Slinkard et al.,
1997; Supapvanich et al., 2012)
INiuLaTuNTT Catechin e‘ﬁaLﬂumw‘fwuawa‘ﬁmzmm@m T¥fanudutu 10-
100 ppm ﬁmﬁ’@ﬂ'wgﬂﬂﬁmmﬁ’nam%‘m visible spectrophotometer inuENIAAMGIIT LIRS

§IINTWANATZIUANNTUTUVEY Catechin (Slinkard et al., 1997; Supapvanich et al., 2012)

4) 95 DPPH scavenging assay
nsanassnnnareiihlasls Methanol iudavazane Tasld ndrotiih 5 ndu
H&N AU Methanol 50 dadfaT Unlwithnudie homogenizer antuinluimisslvanaznandae
A . v A v ° o g
LAT84 Centrifuge Y& saAAN lduYNN1IMased aaft
§IINAINNRWUTTT 5 Taffatuauny 1 §afluans DPPH solution waulWidnny
v v o A v & o v aa A
A8 Vortex LLa’:ﬁ’Tm'mmﬂ(ﬂﬂamLmﬂ’JrJLm'aﬁ Visible spectrophotometer NUNNAINNLIINAK
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517 wiluies lde Ay niuaaialingunpiveslunida uiasn 30 wadl handadigandu
v A L2 L5 o Lol Q‘:
WEIA1ELATAY visible spectrophotometer lAfNA, wiFWITMUBTIFUENIEUEY DPPH AMUFAT
( Supapvanich et al., 2012)
DPPH radical scavenging activity (%) = [(Ag — Asg) / Ag] * 100
Ao = FMIQANARLEIVDIA8E19N 0 Wil
i a s ¥ A =l
Ago= FNMINANAUUIIVBIFIBENIN 30 1Tl

5)3% Ferric Reducing Antioxidant Power (FRAP)

mmﬁ’mmimnﬂé’aufﬁ’n"ﬂmy'l’ﬁ' Methanol Judavinazans Tasld ndausint 5 niu
WY TU Methanol 25 fiafdas Uulwidriudae homogenizer 3nmiwluim3nslianaznanday
1389 Centrifuge dmsanadldunmasessadt

FRAP reagent 31\ TIWHENE1T Stock A B C 1ndaunuluaasidin A:B:C 10:1:1
wiBulduasanaannay 0.3 Jaddas wauliidrnudnsaunudy udailuvudae uina
30 wfi ﬂﬁuﬁﬂﬁmwﬂﬂnﬁmmﬁqmﬂ‘?aa UV-visible spectrophotometer fin1NNENI0A 593
uTwaas Mniuasouss Trolox IWHaanuidudy 25 50 100 300 500 uaz 800 lulasans
hantadinmsganiuuaesagiaias Uv-visible spectrophotometer fin1812A3% 630  nm
(Benzie and Strain, 1996 ; Supapvanich et al., 2012)

6) B 9

323 nInaasdi 3 dnmenuaasnaweanyaddszaoa1gnsn U ¥InaY
Wulawig
NALRUTBUIINRINNENURT WA 2 -4 dUINWIUN LAUThAT 13 B
LT LLa:qmﬂQﬁ 20 2IANARLTIR TIUNUNITNARDIULLY Completely random design
(CRD) Tautufinnannasasigudizanunsnasasfi 2

1) MsAnsrAd
o A A a & Y P o 4 o V
Tadlfenuarfiiansdasifuiiawnslasmsldiaiasiad Chomameter 34 CR-400 w89
o s A - . ] = 1
U5 Minotta dszineduu drflunmimaesssmaamunaidug L* a* uaz b* fd L* e fusas
aNUEINYeeR ddnaglut 0 89 100 nadl L* deudu 0 nanofadlifén (darkness) uadhiisn
w100 manpfeddnn (ightness) fF a* Haauiduiuasuazidun (rednessigreenness)
=i a a2 aa =l a 2 asd a o =

nyik a* daduuan wunsfedfues uaznsd a* Seaduay nuroddfiden dd b* doaudu
=l -l ;‘ -3 =l g &£ aa -l =l
fnfauazilIn  (yvellowness/blueness) N3t b* danduuin nurefedfnias uaznid
b* Seuduay nansfisd®indu (Wang et al.,2006)
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2) M13AtAaTIENIUIH o Total phenolic compound content (TPC)
| nmsanamInnndainilasld ndredhi 5 ndu wauty dngs 50

faddaT tulwidhiuedae Homogenizer ¥nlUiwasslkanaznaudoinios Centrifuge 9n%i43in
ayEnan LU manasai

ssanannaILin 1 Sa88aTNauTUAT Folin-ciocalteu reagent 10% 1 J88AAT
vortex 1T UTe 30 wITiLGY Na0037 5% 2 {affay Vortex Wldriuiadganduuassiay
Lﬂm\? Visible spectrophotometer ﬂmwmmw 750 wluiuay (Supapvanich et al., 2012)

PINIwASIUET Gallic acid -mLﬂumsmvgawaamzmmgm'lmm']mwm 20
40 60 80 Az 100 JafnTu/Aafany ﬂwmi’ﬂmﬂmnﬁuumﬁ?um“:‘aa visible spectrophotometer 7
m’mmaﬂﬁuLﬁanﬁuLﬁaﬂfﬁanfwwuﬂmy_'mﬂ'rmLﬂi’uﬂ'wad Gallic acid (Slinkard et al., 1997;
Supapvanich et al., 2012)

3) N1531@312¥M SN0k Total flavonoid content (TFC)
msaﬁ’mmm’mnﬁ":ﬂﬁiﬁ’ﬂﬂu'l'ﬁ’ Methanol (udavinazaiy Tauld ndeiint
5 N3N HEY 11U Methanol 25 Haddas Unlidiuee homogenizer  ansiuinluinApalet
AnAznaudBLAIey Centrifuge Tasaiafldunnmmana s
fulessanaanndasin 0.25 fadfas Baansdeingy 1.25 Jaddas (6 0.75
{affa7 NaNO, auidudu 0.5 %  waulWidriuiely 5 wifl 18y 0.15 fadaas AlCl; a7
BUTU10% i 0.5 TaAAAT NaOH anuidutu 1 Tuans Vortex TWidriuaniiuiasn
@lmnﬁuum@i’mm?m visible spectrophotometer fianupninan 510 wlwuas (Slinkard et al.,
1997, Supapvanich et al,, 2012)
nUiuLaToNET Catechin %uﬂumwﬁuawa5a7zmm§m Wdaududu 10-
100 ppm ﬁwﬁ'ﬂmqﬂnﬁuLLa\‘t@"’wLﬂ?m visible spectrophotometer AR UEL TS
FININTINANATIIUAMUTUTUDBY Catechin (Slinkard et al., 1997: Supapvanich et al., 2012)

4) 35 DPPH scavenging assay
mIanasInnaeilals Methanol udavazans lasld ndroiini 5 nsy
a A aa < [ VI . &, - v v
N&3 NU Methanol 50 fiaffas Unliidhnudqe homogenizer mnuumvl.mmua'lmnm:naumﬂ
dl . ] s A o a J
L399 Centrifuge YRITANAN LAUIYINITNAGEY 795k
§1IRNAINNE8 T 5 DaffaTnauny 1 Safluans DPPH solution waylvighnu
v v e oy A [ A L. o aa A
7738 Vortex URIWTNIAAANAULRIAILLATDY Visible spectrophotometer NUNNANULIINAK
517 wilwuas ladn A mnuumm"l.'mammwaﬂuﬂm WJuiaan 30 wafl wandadnganiu

LLadGI'JULﬂm\? visible spectrophotometer vl@lmAso meu‘ammawﬁuﬂmmum DPPH MUFAT
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( Supapvanich et al., 2012)
DPPH radical scavenging activity (%) = [(Ao — Aao) / Ag] * 100
Ao = mmigﬂﬂﬁuuawaam"aau"mﬁ 0 w7l

Age= FNNTQANARURIVEIAIBENIN 30 W1l

5) 35 Ferric Reducing Antioxidant Power (FRAP)
m‘san"mmm’mné":uﬁﬁ’ﬂmﬂw Methanol udaviazans lagld ndresint 5 ni

AN U Methanol 25 fafaas Unlidhiudae homogenizer 9niuinliwdsalwanaznauday
\A304 Centrifuge T TRAAT I rhnImasasnadl

FRAP reagent 3T IWH&NE1T Stock A B C 1aaunuludamain A:B:C 10:1:1 wiau
W@ussanaannaa 0.3 Jadday naulidrnudniounuweg ush lduade Duan 30 wav
ﬁ’lmﬁvﬂﬁ’mﬁﬂﬂﬂﬁmmdﬁ?ULﬂéa\‘i UV-visible spectrophotometer fianueninau 593 wiluwas
NNiwASBIET Trolox Tifianuiduds 25 50 100 300 500 uaz 800 lulasaas Wniadins
Qﬂﬂﬁuumﬁ’mmém UV-visible spectrophotometer ﬁm’mmmﬁiu 630 nm (Benzie and Strain,
1996 ; Supapvanich et al., 2012)

& o
5) mqm‘smmnm

6) Bu 9



unh 4

NANITIVYUAZIITONG

P 'Y o & A
4.1 N1SNAK[DIN 1 ﬁnmmswwmmiqrmmnmﬂLammwm
x
1) Aulfanuazditonalrsidauiianis
) a A v & A a & a [ o
nnmsanwdfanndoiiufowinszoznaAuifoInaeny 55 60 Uaz 65 TUWINN
ABNUIANINAINTIALINEINN 9 3 T4 wudndeidudawiluiuusnuesnaifvinsnses
MIAAZINATIBNY 55 60 Uaz 65 Tuildn L* a* uaz b* lifanuuandrenuniiada
dnanaain (L) veslfennduiduliawadidinnuainedlugag 39.17 fia 41.65 lwin
a & w a X o o
wsnuaztANdudu 50.25 fi9 62.51 1uiuf 3 uaztAndwiiu 72.45 f19 75.85 luinfl 6 2a9n17Lfy
. v o o posr W\ |4/ / /& & d N a
TN NanmEJLauuamea:nLwmmmamqmsmmnmLwu"umuaamnmﬂaanﬂLﬂanuuﬂm‘lﬂ
a o a A A a oA ' ) |
mﬂmamummU’:Lﬁuwaqnamaaafmamaaqﬁmmmmwmnmnﬁtﬂm
@ a* mamﬂﬁannﬁ‘mﬁuﬁamoﬁmag:'lu"ﬁ'aa -18.01 119 -18.39 luinusnuaziUfowd -
[ ¥} | AI J s 51 (-] s o
14.68 119 -19.69 1UIuN 3 waztAuduidn 3.66 019 5.39 1UIuA 6 VoINITLALUTNNY WaNA2Y
& A o o & a - e [ i \ a, = ") F ol
Wodawgnidnduilaangmaiuinsidninitesnnd a* Miduaudsdivenanuduiiden
- Qr L= A 1\
acﬂaammmqwaamsmmnmLLﬂ:Lﬂumﬂ'lmm 6 uaaIeNuduidyIvualy
1 =3 v -3 & al ] [ ar A' :
" b* 11aaLﬂaaﬂnmmauuamwmag‘luma 32.29 19 32.70 lwiuusnuazstmuduiin
35.21 114 46.25 TuIuf 3 uastWuduiilu 53.31 69 60.01 1UIwA 6 VoINITLIAUINHA Wanaly
& A o A o & SV ’ . al o | =
WodewngninduiileangmaiAuinsiininiiasnnnd b Aiduwuaindsdsuananudus
P 4 [ A v a
mﬁ'auwwumumq’ﬂam'mﬁmnmmwaﬂmmﬁuﬁ'améqnmmu Castellanos and Algecira.,
(2012) Anwfufanlund g Musa acuminata AA luszuzanAfiinaindas 100 wasidusd wuind
| v s A v a (A [
Anduasf L* = 739 a* = 6.9 War b* = 41.9 TIRDAARDINUNITNARBIATIBAANNAIY
-3 =l é s -9 [] ﬂl a A
LauuamafmLﬁu’q@]ﬂumﬁmnuﬂa Musa acuminata AA wududlogndisn L* a* uaz b* 1
L7 a a A Qs A v i
Indidesnuluiun 6 vasmuiuinmdswandrognidud (Table 1)
a2 a & v g A a & a P v
nnnAnmfiendreiiuliewenszornisiiniAoIanafiony 55 60 uaz 65 T4
Qs .1 a Qs [ L7 - -\ a a Q‘: FJ
wRIMTALINIINNG 3 T4 wuinaududowe luinusnuesnTiALTA¥INITEEE TR LAY
A s :!l (] Y- 1 Qs = oa [ 1 a
Wiy 55 60 uax 65 Tuile L* a* ludanuuandnuwnegfiduddan b* anuuand1enunig
Andl -3 A @ aola ; ] ndl o A 1 O ] 1
siaNTzuzMIALALINGaTY 55 il b* dniifeny 60 uaz 65 T WaruwlUiun 3 wudn
o i - v [ &l & v A
maaguulasdn L* a* b* waouulaudntas lwiu 6 1 L a* b* goduaniud 3 iiniley

' ] AY L ' ' ! = 1 ] .
dranuadin (L) vasdiandroidudewnsidaglugag 77.89 11 83.85 Glduandaniu
a a8 v (=3 o A’ L [=3 il ] a ' '

maafddaasUldhaaeamafvinwifiandinfudeweldwfouudsnnuaing

' _ ] " & v w A a & & v oa, y i

f1a* uazd b wskandoiduliawidmaldowulasdndesiidn a+  aglugag

' 1 1 & ko 1] v (=3 = A

(-0.90) - 0.81uazen b* ayflut9 26,51 - 30.22 asaeamuiuinwudndoiufioursieny 55
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) ) & a & val A 9 o | ' [ -
"Ju'ﬁﬂ\'iﬂE]ﬂU"Iul.ﬂl]ﬂEV’]ZJ"ITﬂLﬂU‘SﬂH’]‘lﬂEIﬂﬂJ 9 ’mT.mr_mm L* a* b* vl?JLL(‘]ﬂﬂ"l-dﬂﬂﬂﬂ’lTlﬂUTﬂﬂ']
1Juiaa1 6 2% (Table 4.1)

Table 4.1 The color value (L* a* b*) in peel and pulp of ‘Kluai Leb Mu Nang'.

Days after Peel Pulp
fruit [® a* b* L* a* b*
emergence
Day 0
65 41.95 -18.39 32.94 82.56 -0.05 27.51°
60 41.65 -18.32 32.29 83.85 0.81 2757
55 39.17 -18.01 32.70 82.18 0.43 25.51°
F-test ns ns ns ns ns ¥
Day 3
65 62.51°  -14.68° 46.25" 80.78 0.74 26.76
60 51,15 -19.69° ) " 135.21" 79.70 0.61 27.92
55 5@a5 U4 FEon (L \Bas. 77.89 -0.49 27.24
F-test b *x o ns ns ns
Day 6
65 72.45" 5.39° 53.31 80.25 0.77" 29.98
60 7329 3.95° 59.96 79.70 0.60° 27.92
55 75.85" 2.66° 60.01 79.86 090" 30.22
F-test L bl ns ns n ns

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

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

2) qmamﬁ'@nmomﬂmw‘lunané’qmgnﬁama

miﬁﬂmqmmwmamUmwﬁ'mqmﬂﬁuLﬁmwﬂﬂé’dmﬁuﬁamqu 55 60 LRz 65
FunasnonuIwdiud wm’wmmﬂavﬂmwnfmm:mmmwaaLwﬁﬂ:mqﬁﬂ’nuLLmnGmﬁ'umq
aﬁﬁau’wﬁﬁuﬁﬂﬂ"mﬁuﬁamqv"u’lumnﬁmﬁU?Lﬁuifuuanﬁwﬁmmﬂ'lmyﬁru mmn’i’wmaagﬁl
2.05, 2.16 WAY 2.37 [IWANAT ATNEIING 8.89, 9.46 AT 10.17 LIUALNAT aud1au ﬁmq 55
60 WAz 65 TUATNIAL mmuumf‘famaaNaﬂﬂ"'aﬂwmmnmqmnﬁmﬁmwanéﬁmﬁuﬁ'amaﬂ"’:a
1) 55 60 Uaz 65 wlifanuuandraneadid :nnsAnwved Taper and Jain., 2012 n&ae
Musa sp ‘Robusta’ wu*ha“:ﬂ:mm:nﬁmndwﬁuﬂ%mmmw;JLLﬂ.mﬁaﬁmq:JLLmnGmn”u@“aﬁﬁ
TENITAY 5 T260U 6 UAITAY 7 danuwiwile 37.29 N, 27.35 N, usz22.57 N auddu lag

¥ | a | g & ] v | | d P v o
TsﬂUﬂ'ﬁqﬂﬁLWNN’]ﬂﬂ')'\uu%%l.uaUﬂﬂﬂﬂﬂLLﬂ@N?’lﬂﬂ?ﬂaﬂu%NﬂGLﬁﬂﬁ;ﬂqumuﬂﬂﬂﬂﬂa{lﬂl]
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Siriboon and Banlusilp. (2004) ﬂﬂ'l:l-'ﬁutl..ﬂ’liﬁﬂ"uadﬂﬁ'ltlu’!']’ITWEJ’N]ﬂ"J"IlJLLuuLuaNﬁYIﬂ']WJJBO
ﬂ']iLﬂUiﬂ]:P‘TWU’]’}ﬂ’TWLL'H,'LLL‘H,EI?JElx'lﬂﬂ’.lElﬂﬂadLJJa87UT‘IWELﬂ‘UTﬂH”ILWEJ‘IJ'I&LWEN?]’]TIT]Q’JEJLﬂﬂ
ﬂ?“U?%ﬂWTﬁﬂﬂ‘l‘lﬂNﬂaauuuﬁﬂ LEI“L’]R'ﬂ%ﬂ"I?WG&IWINﬂHﬂﬂNﬂﬂULﬁuNﬁﬁﬂaU‘ﬂ 3.35 - 5.11 ’J'LL
‘ﬁﬂE}’lUﬂ’h’LﬂlJLT’IU?NRHR’JULRUNGWNLWJJ‘JJLLMNﬂﬂﬂﬁﬂﬂ?ﬂLﬂUNau’NﬂﬂTﬂLIJJT. wumau
I.LG]T]G]’I»)H‘WHWJHQG]E}U’N&J%Elﬂ']ﬂtyﬂﬂ LLGIL&JE]LIJTEJUL‘ﬂUUTuEJ..L'lﬂ’lijﬂi]uNﬂtﬁﬂuﬁﬂ'lwvl.mﬂu?’l
v v oA i |A s 1l ] o _aoa :’ a ()
maammaqﬂm‘[nﬂwmﬂagﬂ 6.75 -7.25 'TLLLLN:VL&J&Jﬂ'ﬂllLLG]ﬂ@l’Nﬂuﬂ”NﬁﬂG‘t mmnwa‘lmﬁ

~ n’ =} s o (=3 a} el 1 a aaa 4 o ]
EJ’]EJT'I’]TLT]ULHEI’J 55, 60 w38 65 mwmrﬂanmul.muﬂ”lamm'lmmnmunumaan@uﬂ,’munag
IEWIN9 28.49 - 29.79 NIW (Table 4.2)

Table 4.2 Physical and shelf life of ‘Kluai Leb Mu Nang’.

Days after Texture (N) Size (cm) Weigh Ripenin  Senescent  Shelf
blooming PUlp -ong Wide t(g) g (Day) (Day) life
(Day)
55 50.47 Blso’ [ 505" SPag e | 54l 6.75 622"
60 51.99 9.46° 216" 2979 466" 7.25 9.73°
65 42.54 POy NS A7 Fordo. Jule s 7.00 7.70°
F- test ns Vi by ns " ns ks

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

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

3) qumnnstadl lunanaimausiow

m‘sﬁnmqmmwmomﬁﬁmqﬂ'mﬁ'mﬁmwansT'JsJLﬁuﬁama 55 60 LAz 65 1% BAIABN
QLT PAte ﬂ?mm'uaaLLﬁqﬁﬂ:a'}Uﬁ:ﬂd’ua:ﬂ?mm":mﬁw‘ﬁ‘ﬂg\awﬂﬂ% 3 mqmnﬁuzﬁm lag
U?mrwuaauﬂaﬁazmuﬁn"l@i’a;‘iﬁ 8.36 , 10.07 uaz11.03 °Brix 1umqn’mﬁmﬁmwanﬁw
LW@UTou19 55 60 WAL 65 TuausIAL ﬂ?mmﬁmﬁuﬁn{mmayjﬁ 213.52, 185.91 uax 214.03
ug/ml Ascorbic acid ﬁmmu@m@mmaaﬁﬁaﬂnoﬁﬁuﬁm"mﬁa 'lumumnﬁmﬁmwana"w
LW@UTaud 55 60 Uaz 65 TuaUsIaU ﬂimmﬂmmﬁm;Jmﬁmmnmanummnﬂ'lumum‘smu
isananduduiows 65 WidTunmnsagegails 1.29 waz 1.21 'lumunmnmnmmanmn
WUNoud 60 T4 WAz 0.98 mumsmuanmanmmauuamm 55 T4 miﬂvmuﬂmmwma
Ursamnaunalasiine Lmumm'nammaﬂn 3.75 — 4 3INTZAU 5AZUUY «mmsjmsmummua
NA1ELRUTaUIY 60 WAz 65 Th ummuuuqamﬁmqmimummwanmumuuama 55 wlag'ly
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ﬂmmtmn@mazmﬁﬁuﬁﬂﬂ“muﬁamaaﬁﬁ (Table 3) Swami et al., 2012 finw1a4fUTznaUNIILAL
lundrudwmonug 7 muﬁ’uﬂuﬂs:mﬂa“mﬁuﬁaﬁ Rasthali, Saba, Bluggoe, Rajapuri,
Chandrabali, Udhyam Uaz Grand naine G9fiSanmnsa anudeudst 1.87, 1.84, 1.88, 1.85,
178, 1.83 uaz 1.73 audey Usunmwesudefiazaedile ( Brix ) anadeuaail 5.29 5.10
514 524 519 557 uaz 5.75 USunmieniiudninua (mg/100g) audnauaall 6.52 7.32
742 6.75 6.22 7.69 uaz 7.51 $91Sunmnia TA (%) unzUTurmswasudifiazanodinle Tss
Ysnufizenadoslndifseiundrnifudawfd Usinmunse (TA) 0.98 — 1.29 % UazUTunos

vaudafiazaoinle 8.36 - 11.03 ©Brix Taper and Jain, (2012) AnwSunmesudefiazans
ey (TSS)  uazySunmwnia (TA) lundae ‘Robusta’ ﬁi:uzqmzﬁu 5, 6, U8z 7 wundium
vaaudaiazaoinlef Tss (udail 19.2 20.78 uaz 23.07 'lm:u:miqm:ﬂ"u 5 720U 6 UaZITaU
7 anudey uazUSanmnte TA 1uesil 0.37 0.41 uay 0.48 'lm:u:miqm:ﬂ“u 5 3:AU 6 LA
320U 7 @R %ammﬂ?umﬁuuﬁ'uné’dmﬁuﬁamuwﬁﬁ?mmwaauﬁaﬁa:muﬁ’l‘lﬂ"lunﬂ"’:u
‘Robusta’ ﬁﬂ?mmgmi’nﬂmm@fwﬁmﬁaa ‘Robusta’ WatFurmntalundruidudaniinaud
USunmnsaganin ‘Robusta’ ﬁmaawhLL@iﬁmﬁuaaﬂﬂﬁmﬁ‘u’[mm:a:ann?ﬂﬁ'm‘fuﬂ%mmnm
E‘fogq‘i‘fu 5n1a Siriboon and Banlusilp. (2004) ﬁnmﬁ:n:msqﬂmaqnﬁamfﬁ’ﬂmunmﬁu%’nm
ua:i‘ﬂﬂ?mmnmLLa:mamﬁaﬁa:mmfﬂvlﬁwud']mqrmLﬁufﬂwwﬁLﬁwﬁuﬁqﬂ%uwmniﬂLLa:
yaaudefinzapinldasifudn (Table 4.3)

Table 4.3 Chemical and sensory evaluation of ‘Kluai Leb Mu Nang'.

Days after Total soluble  Titratable activity  Ascorbic acid Sensory
blooming solid (°Brix ) (% malic acid) (mg/100 FW)  evaluation (Score)
55 8.36 098" 21352° 3.75
60 10.07 A Dy = 185,91 4.00
65 11.03 1.29° 214.03° 3.87
F- test ns b e ns

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

ns: non significant, ** significant difference at P<0.05
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Y] 1 =3 1 a
4.2 ﬁﬂiﬂ*’l?%ﬂ%ﬂ"l‘iﬂ@%’] u,azm%wawanéf‘a ElLﬁﬂﬁﬂ%"l\‘]@aﬂi&ﬂmﬂﬂié’ﬁ%iﬂwﬂﬁ
GERE

1) fudanuazdittondrei§usionis

nmsfinmmlfanndrsiiuowns szudiu srozgnuazzuzgnaaal (Table 4.4) Wuiinaay
\Wullaweszoe@iy fidh L a*uazb* il 54.6 -19.79 uar 35.33 dauszuzandldn L' a*uasb*
Wil 75.13 3.23 Uar 54.08 Jrprgneswdliidn L a*uazb* iy 73.41 4.67 uaz 53.40
MusaL

fanasin (L) veafenndmeiiuliaw 3 sroe ddenuaivegluta 5464
75.13 (Table 4.4) lasfuAonvaondaoduiiowans 3 szus deranuaineuinnid 50 ugasdnds
ﬁau’lﬂ‘lumaa'a'wnm:u:«‘ﬁn:uzqnu,a:fgmauﬁmmwm”mmn’i'n:ﬂ:ﬁuﬁﬂﬂmmn@mﬁumq
afifathafiidndnyds

i a* vasldanarududawiy 3 seoe devegdlutae (-19.79) fia 4.67 (Table 4.4)
Wisnnsuduflowisns 3 szuz Jd1 a* Wuwauuszuanisadntasuaasidanuduidoayn
seuelauseoe@uiian (-19.79) ﬁmwmﬁuﬁtﬂmmnﬁqﬂﬁmmmecimﬁ’uaU’Nﬁti’ﬂfhﬂ"ﬂgmmﬁﬁ
(P< 0.05) NUTZHZAY 3.23 UALILTANION 4.67 aanuduidoaanasdanlymennnuindung
flasnndn a* LﬁummﬁnﬁaUf‘*ﬂﬂﬂﬂﬁngﬂ’nmﬂu&ﬂm‘lm:uzqmmsqmau

i b* vesfenndreiiudowy 3 sruxdidragludag 35,33 Gy 54.08 (Table 4.4)

Waanndo§udawans 3 ey Sdn b* Hunugasidianuiluindesmnizezlasszozgn
wazgnyauidufniasgeninszuzfivde 54.08 uax 53.40 mudaulasfianuuandromesdia

'
o & a

agnINpFAYBIn1Iaia (P< 0.05) NuUTEyLdAU

Mnmsdnwiiiandrodufoms zosdy TTULANURLITHTFNIBN (Table 4.4) WU
niauRudowaTzozdy Jd7 L* a* uasb* \inAy 78.52 -4.45 URy 26.23 fauwszprgnden L* a*uaz
b* WMy 80.81 -1.06 UAx 24.08 srsrgnianiliién L* a*uazb* (il 79.88 0.36 sy 30.95
U

fanuadng (L) vosdiilendanifuiiows 3 szee fieanuainaylugig 78.52 - 80.81
(Table 4.4) lagfilovasndroiduiiowrons 3 seor dehanuaineninnit 50 wrasidadenly
lunesdnnnazuzuasldfanuuandaniumeada

fn a* veRilandududawns 3 sue fidnagluga (4.41) fi9 (0.36) (Table 4.4)
Wendaududawens 3 seor den a* 1wauuszrnuaasfsanudnidsuszduanintas &
ﬂfnmﬁuﬁvﬁmmﬂﬁq@'lmw:cﬁuLﬁmmﬂﬁh a* \luaugaga

i b vasdiilendrnidulions 3 sozdidnaglugag 24.08 fl9 30.95 (Table 4.4) il
nd§ufiowier 3 seus den b* Wuindanuiduiiniamnszelaszozgnosudanudud
mﬁaamnﬁ‘qm 30.95 ud Wilnnuuandunaiid (P< 0.05) nuTzusdy URzIzUzgn

142445
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” o & 9 & A o P v & - o

Figure 4.1 ansmeiUmngueandiosdudanszezdy  anuazgniaa naudusRLdnImNg
WA nd’wqﬂuaﬁmﬁaaudﬂi’maﬁﬁm ahm:ﬂ:qmauﬁg@m'i:t,ﬁﬂﬁam"’mmﬂuﬁﬁ’n 3
A o a a a A o P o
\ReusmwaandtangaInIRalndnwaTIngLlai sz gna M ANIna W gAY

N1 (Ketsa, 2000)

Mature green Ripe Overripe

Figure 4.1 Appearance of mature green, ripe and overripe ‘Kluai Leb Mu Nang’ banana fruit.

Table 4.4 Peel and pulp colour of mature green, ripe and overripe stages of ‘Kluai Leb Mu
Nang’ banana fruit.

Colour Mature green Ripe Overripe
Peel colour

i 47 85+3.3%.67\ 12:65£2.66.a+ 65.62+4:55 b
a* -19.06+0.77 ¢ - 3.11+£0.72°b 9.09+1.35a
b* 34.50+1.74b  5820+325a  59.47+429a
Pulp colour

Vi 82.72+2.42a  78.81+7.43ab 75.45+£3.17b
WI 68.58+2.84 a  65.44+5.68a 58.11+3.83 b
b* 26.06£0.90b  26.7542.52b  33.76+4.09 a

Values followed by the same letter within a row are not significantly different at p< 0.05 level.
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] A’ 53 A r 9/ -3 L =3 -} 1

2) anuwkwiie vaudefazaneinld uwazUSuimnsaveinfroiduiauisudas ey
an
& il Y & & - a ' P TS

msfnmaunmwmaaiilundsduiiowns iszoe fu gnuazgniay AnuuluiiayTum
YasudanazanoinlduazUSumnsaiunie tﬂuﬂ"aﬂa'ﬁvﬂ'nuu‘%gmiua:qmmwmmnshﬂ
& A d I (Y & o Y a a a6
WudauIansiURuuuas anuusuia U dinazaosin lauas S mnsadunse

' J =l ] = oa ] Lo o a n‘ =3
(Figure 4.2A uaz 4.2B) anuusuiiladianuuandrnisifsdiivadydoluszozfv 40.85 N
URZAAaINABINEY 6.13 N 5.61 N 'Lm:u:qmm:s:u:qmau ud lddanuuandromeaialuszoy
ANUATENIDY LTWALINUMIAAIZ8INTY ‘Baxi'(Musa sp. AAA group) THIWMIEN N3

1 ] L2 A L5 o s a

TUNUBBY (LI et al., 2009) MidouiuvasndruiieItoanumIsaamveIHiiTad  N1TRARY

- & & a o A ¥ve v o A X
“llaoLLJGLLR:H’]‘SLWN‘JJWUENWIW]R ﬂflnm'ﬂaﬂLlﬁﬂﬂﬂ:ﬂqU%'ﬂﬂ’ﬂﬂﬁﬂa')ﬂlﬂu&fﬂuq{lqumuuﬂqqﬂ

waneriaddadeiiluddnein 358 OBrix Wiadu 27.17 uaz 28.93 © Brix luszozgnuas
JLrgnian AU (Figure 4.2B) Li et al. (2009) T89uin maAndusasinenaveingay
‘Baxi' (Musa sp. AAA group) lAaannisyauzedanley sucrose phosphate synthase |,
sucrose synthase ILa% invertases ﬁtﬁuifus:wiwﬂﬁqn USumniadanuuandnmesdfodig
Idvdawuhdiinmnsaluszezfu  0.05 waiifuduazgaluszozgnuazgniay  audet
\WdEINY Siriboon and Banlusilp. (2004) USwnmnsalunderinithseninnisifiushe wui
USsnmnsauudn Wil et al, (1982) Y3unmnIavaInae Wiliam (Musa sp AAA group) lu
ﬂé’aUﬁuﬁﬂ?mmnimzﬁuﬁ’m’hnéﬁua:ﬂ (A ToatunTana e pH athelsienuuandiolu
N828 Musa sp., AAA group, cv. Zhonggang (Jiang et al., 2004) uazlunde Musa acuminate,
AAA group, cv. Gross Michel (Thaiphanit and Anprung, 2010)
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Firmness (N)

Mature Ripe Overripe

TSS (°Brix)

Mature Ripe Overripe

TA (Yomalic acid)

Mature Ripe Overripe

ey e

Figure 4.2 Firmness, total soluble solids (TSS) and total acidity (TA) of mature green, ripe and
overripe stages of 'Kluai Leb Mu Nang' banana fruit. Bars represent mean (n=10) + SD.

Samples followed by the same letter were not significantly different (p>0.05).
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3) AnwaEnanIalumMIBauyadas

anuamanInludueyyadaszuaz DPPH radical scavenging activity Ja9ndaeifuiiauns
WIMIgn  (Figure 4.3) mwmmmmiﬁmawaﬁmﬂuna‘“amﬁuﬁamqqngm‘hs:u:ﬁu
uwazgnaa danuuandanunaafi@ (P<0.05) (Figure 4.3A) mmmmmlumsﬁ’mawaﬁfﬁ:
@9nUATMT DPPH radical scavenging activity (Figure 4.3B) DPPH radical scavenging activity
Vinmgeluszozduusstfinadndifosnuluszuzgnion 3ms DPPH  radical  scavenging
activity wamflaulunaqe  ‘Gross Michel’ banana fruit (Thaiphanit and Anprung,
2010). Macheix et al. (1999) 7'1umum’mmmm’lumwﬁuawaamz'lmﬁanshaLﬁaamnﬂw
slhnesduazUSinlueaia

10

Total antioxidant capaci

(umole TE/g FW)

\o 10
&
5NN
>

S

2 &4
o

o

o 2
8 2-
(=

0 T ‘""4

Mature Ripe  Overripe
Figure 4.3 Total antioxidant capacity and DPPH scavenging activity of mature green, ripe and
overripe stages of ‘Kluai Leb Mu Nang' banana fruit. Bars represent mean (n=10) £ SD.

Samples followed by the same letter were not significantly different (p>0.05).
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4) Ysnufueauazwanliuasd

maAsuudasSinuiluosuszian Tuasduasndndufiowaiisuszoewyh
ﬂ?mmﬂuaané’duﬁuﬂizm"u@"hﬂ’hna”’mqnuﬂ:qmauﬁmﬁmmndwﬁ'ummﬁﬁ (P<0.05) (Figure
4.4A) Lwi'l;jﬁmﬂmmnvhaﬂ”wszm'”m:u:nﬁ":uqnua:qmau si’mﬂ":mmwaﬂmaaﬁf:ﬁuqon’h
wrgnuazgniauiianuuandiunIaia  (P<0.05) (Figure 4.4B) udlifianuuaneneiu
EER AR EHIEL IR (KL H muasuuamasivaalunddudowsswdsarums
Lﬂ&‘uuuﬂmﬂ'n:ummm‘lunwoﬁ’mawaﬁm:'[mumimﬁ’w’i‘ﬁ FRAP @aviuamuaansolums
@Tmawa?ja's:ﬁﬂ'nuﬁuw"ufn"uﬂ?mmﬂuaaa“mﬁmmnﬂuaaﬁﬂLﬁumiﬁﬁuawa‘a‘mﬂunﬁ"m
(Someya et al.,, 2002) TWALITUTILIIUDEY Bennett et al. (2010) lwifandaeiduunasszan
gvoannnd a“w%’u’luna"’smﬁuﬁamaﬂn@"uﬂm‘[’maum'zguLtﬁﬂuaaﬁﬁmﬂnd’wmnﬂmwmao
Macheix et al. (1999) ﬁﬂ?mmﬂuaaua:umﬁuqﬂmzu:@‘iuuazﬁmmmuﬁ’dLﬁﬂLif"]i:u:tgn

o & & v & v W
Bennett et al. (2010) ﬂ\iuvoﬂfﬁl.]_]ﬂUuuﬁﬂﬁma'ﬂﬁuaﬂLLQ:NR"]TFJ%QU({'UaﬂﬂﬂqU’ﬂua%ﬂuwuﬁfﬂaﬂ
naly

600 200
g ,_E 160
2% 400 g3
g = .E 120
82 300 3E
e O =S 80
=¥ 200 = 8

100 Z 4

0 0 Lo Ll Gl
Mature green Ripe  Overripe Mature green Ripe  Overripe

Figure 4.4 Total phenols (TP) (A) and total flavonoids (TF) (B) content of mature green, ripe
and overripe stages of ‘Kluai Leb Mu Nang' banana fruit. Bars represent mean (n=10) £ SD.

Samples followed by the same letter were not significantly different.
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4.3 ﬁnmmwmmsné’mavgga%aszﬁiamqmstﬁn%’nmné’amﬁuﬁama
1) fufannargduiions
mnm‘sﬂnmmmﬂﬂannmmﬂuuammmmnm'ﬂanmnu 13 23AUTAL TR 81gnny
AU 0,4 ,8,12 WAz 16 T4 (Table 4.5) Wuinaruidudawts fraauaing (L") pa3iden
nmuLauuamwmmwa’mag:'lwﬁ'm 63.16 9 73.53 (Table 4.5) lavfiUSonvasnday
Lé’uﬁamaﬁmqn’mﬁm"ﬂm 0, 4, 8,12 uaz 16 MmddA1A1UFININNTT 50 uaadidadanly
lumsarirann nmhuﬁmwmmnmaﬂ"umaﬁﬁﬁaamﬁﬁfuf«'m"muﬁatﬁ"amqn’mﬁu%'nwnﬁm‘rum
AMUFTNRARI &FIUAT a* maoLﬂﬁaﬂnﬁwLﬁuﬁamqmqm‘nﬁm”nm 0, 4, 8,12 usz 16 Tuidn
aglutn9 3.89 9 9.04 (Table 4.5) Lﬂ‘a‘anné’amé‘uﬁammnmqmﬂﬁm'”m-nﬁga 0, 4, 8,12 uas
16 1% Hen a* Lﬁumﬂuami’mé’auﬁﬁnmLﬁui’nmﬁtﬁmm:ﬂ’;%ﬂnmnua”’:Lﬁmmn“lﬁﬁmm
Lflv.ammTﬂuummu@mmmummnmamauuﬂmﬂm f4 mun’mnmnu’mqumuﬂﬂmﬂuﬁ
\funfleaass (Table 4. 5) ¢ b* maat.ﬂaannmmauuama‘nmumsmmﬂmm 0, 4, 8,12 Az 16
W fdneglugae 56.73 v 59.08(Table 4.5) L:Jaannmmauuamammqmsmmnmn 0, 4,
8,12 usz 16 Tudd1 b* LﬂumnLLfmm"]ﬁmﬂmﬂu%mﬁamm:ﬂ:TmU'Qﬂszu:‘hiﬁﬂﬂmmn@mﬁ'u
nnmsfnwFRonnareduiiowsfiiiusnmng 25 ssros sy ﬁmqnmﬁu%’nm
0,4, Uz 8 W (Table 4.5) wuinduiudewadidrnnuaing (L) vaalfonatlutag 64.524
770.20 (Table 5) T,ﬂuﬁ'LUﬁannﬁ'Jms‘iuﬁamaﬁmunmﬁui’nm 0, 4 U8z 8 MmAA1ANYRIN
1NN 50 LLam"n;Jaﬂau”lﬂlumamwm ozuddanunandwiuniaddetedivinanyba
LuamUm'smu:mmmummmwmwamm fIuA7 a* maamaanmmauuammmumsmu
ST 0, 4, UAL 8 Wdldnaglutag 4.07 fis 10.22 (Table 4.5) Waenna2oidudewiannetyns
AUShsna 0, 4, uaz 8 ¥ T a* (Tuuanuas LLﬁmmmwmﬂummemeafmmunmmmu
inmuuqnLLmLummn'luummLﬂum’umeummumnmanumafmrﬂaamuuuﬁfm”n_;ﬁa
(P<0.05) mamnﬁu%’nmﬁw‘ﬁ'mfuﬂﬂmﬂuﬁ;ﬁmE‘faa@aa (Table 4.5) /i1 b*  wavllfannaqy
Lﬂuuammmumsmmnmm 0,4, uax 8 T eagluzig 51.73 fla 59.01 (Table 4.5) 1W/dan
nmmauuamemmvm‘:mmnm’m 0, 4, URz 8 Tuie1 b* tﬂummmﬂmwﬂ'mJLﬂuamﬁamn
52 .,T@]U;Jﬂfnmmnmanuamauuumﬂmmmaﬁnm (P< 0.05)

mnmsxﬁm"nmwané’nmﬁuﬁamoﬁammm3aommm*‘ﬁumﬁuna’m61"uns‘ﬁﬂﬁ’amtﬂu
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Day 0 Day 8, 25 °C Day 16, 13 °C

Figure 4.5 Visual appearance of ‘Kluai Leb Mu Nang’ banana (Musa AA group) fruit at initial

day of storage and held at 25°C for 8 days and 13°C for 16 days.

Table 4.5 Superficial colour of peel and pulp of ‘Kluai Leb Mu Nang' banana (Musa AA group)
fruit during storage at 25 °C and 13 °C.

Temperature | Time Peel Pulp

(°c)  |(Days)| L* a* b* L* wi b*
0 | 702025 |4.07:0.3° |50.01:1.7" | 81.93:0.5 | 71.20+1.4° | 22.2612.1"

25 4 |6452t1.6 |9.000.8" |51.7315.7° | 79.32¢0.8° |67.65:1.5 | 24.69+1.4"
8 |66.91:4.7 10.22+1.6° {53.80£3.6° | 79.32+1.5° |65.78+2.2° | 27.0341.6"
0 |7156:3.0° |4.27:0.7° |58.5044.9 | 81.17+0.8 |70.90+1.4 | 21.87+1.2
4 |7353:2.5  |3.89:0.6  |59.67:2.8 | 81.40:0.5 |70.65:0.6 | 22.56+2.1

13 8 |67.45¢3.1" |8.07:1.8" |59.80+4.0 | 82.03%2.1 |70.70+2.1 | 22.92+1.0
12 |65.73:1.9° | 7.75:0.9° |56.73t4.8 | 80.40:0.3 |70.86:0.3 | 21.50+0.5
16 |63.16+3.1° | 9.04:1.2° |57.03+2.9 | 80.62+0.5 |70.54+0.1 | 22.00:0.6

Data represent the mean of ten replication +SD. Values of each storage temperature followed

by the same letter within a column are not significantly different at P < 0.05 level.
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Figure 4.6. Firmness of ‘Kluai Leb Mu Nang' banana (Musa AA group) fruit during storage at 25

and 13 °C. Data represent the mean of ten replications + SD.C.
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Figure 4.7.Total phenolic (TP) compounds (A) and total flavonoids (TF) content (B) of ‘Kluai

Leb Mu Nang' banana (Musa AA group) fruit during storage at 25 “Oyd 13 °c. Data

represent the mean of ten replications + SD.
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Figure 4.8 Total phenolic (TP) compounds (A) and total flavonoids (TF) content (B) of

‘Kluai Leb Mu Nang’ banana (Musa AA group) fruit during storage at 25 °C and 18 . Data

represent the mean of ten replications + SD.



uni 5
fyUnanITnaaag

mqlunwwtﬁutﬁmﬁﬁ’u@]"ﬂﬂﬁﬁLLmn@hoﬁ’u’Lunﬁ?mﬁuﬁamoﬁwaﬂ'aqmmwmqmumw
uaznIsraNeIAUTEnauILa ERINNTEUmMIgnUeInalniufowny anauiwiaanas
wozdufuTinaasdefiazaeinlduasUsunmnsadn U?mm‘uaouﬁaﬁa:muﬁn”lﬁgmfmﬁaLﬁ]’ﬁ
:jﬁ:u:qnua:qnoau zhuﬂ?mmnsmamw:qmau z%m%’um*saanqnﬁ?nﬁdmw ANMUFINIID
'lumiﬁmaumﬁm"mLLa'*@"i'ﬂtﬂzﬁ% DPPH scavenging activity Iuszazan laflanuuandraniu
maanmmumwmmm'l.umfmuaumaaﬁ"rqunw@amm SURELEY naasuuyay
ﬂimmﬁuaamwauﬂumﬂﬂaﬂw.ujmmmmmn'[unwmuauuaaan ualaifauuanedranu
nuaiauTanmiuealuszezgnuas GUREE! mimmnw’mmmauuammv\num 13 8947
wafos mannidaegnisiiushwiuez AUNIN Lmvl,mmamamwmmm‘lumsmuawaaEW
S wmhuamu.a,ﬁuamvmwmimmﬂm



UN 6
NRHAG

aa ¢ oo -
6.1 HAIIHUNAINAWNN THIN 2 1509

1) Youryon and Supapvanich “Physicochemical quality changes in ‘Leb Mue Nang' banana
fruit during ripening” Kasetsart Journal - Natural Science (accepted)
2) Youryon and Supapvanich Effect of storage temperatures on physical quality and

bioactive compounds in ‘Leb Muer Nang’ banana (Musa AA) fruit. (submit)



29
Te9wsETUn TN Uszdrleudszana 2557

Walasonns ana. 2557A11862012
Tmom'sdaLa‘%umﬁﬁ'ﬂ’luqﬂuﬁnm RREHH WM INER BB URIZG
ai”lﬁnmunm:nﬁumimiqwﬁmsn

v oW

A a o Y = u
TAURIINUIRLY ﬂ'ﬂ']uuLﬂﬂTuIﬂﬂWT:ﬂ DALNANIINUNKBITRIANTEUY

.................................................. B e R et

(89nnw) Analysis of antioxidant activity.in...bﬁn.an.a..th(%.gro.u.p.)..‘.Kl.u.a.i...L.e.b..M.U..N..a.ng'.

a A o
1.9800 2556 feiun g0 rugnemesss

........ L EEEE PR,

e & S5, o
wuzamdnfivng 2 9 \Aau AILATUN 1 @87nN 2556

................. ABNN. 2556 . ...
8918
swdsznmanislasams flgane Aunia

g (L) mmﬁ%gu“u (MIaLfin)

1. NNBULNY

2. AN

3. findag 120,000 12909.71 -9091,71

4. fnlFrandug

- AWV 15,000 15,000 0

- el R 30,000 36,000 -6000

- flgdelunyduwmn PP ¢ 15,000
LTy 180,000 180,091.71 -91.71

FmmBuilasuiassmudnamae

hwowduAlesu N IS PN

wett 108,000 .. wn il 10 flauaun. 2657

vz 72,00 —— vl 11 dwiemosse.

R e 180,000 un

?{}/U:J((’ b0

(WNRNIWTIN E1ea)

ﬁ'ﬁﬁﬁﬁTﬂmmﬁﬁTﬂgﬁ’Uﬂu



LANAITDIDY

W @wndly, 2549, F1inpmdImaAuAsuazn I TaIR, Twﬁuﬁﬁuu’dma‘%uua:
AnouTumInuaIukazd, uasugu, 453 wi,

fiBen Sawrduw, 2545, 1adowns, dinfinlaidonalas, njanwy, 357 wih,

weAn wdvuurl. 2538, msdnwanudwlyldlunmndauszmyldsuassssumannniuaen
NIz BULes. Anewusinemaniumtinde. uwAnesuinsaseaas,

\wayanne @andoe. 2545 nanw. dinAniamInadbinsasmaas, nyomny. 357wk,

LWIane Asndas uazgnIwT urinauwi, 2553, navasiluundrndanisimziasaitaie
NIMINBATAFAT (INt)

Imnd ASyIand uaz 113 inwnea.2551. ssduanyadasludnhee. newiie
2131108, aminenmand, Yviinenaurins o,

IANT WTauie, 2252. mﬁ%"r_u,ﬁeqmmwmawa"lﬁ. TIFIATINNTIUNBATHIZIDY
L&, 1(1), 1-5.

307 ATanswsvos uszwise Jla. 2552, mydiezkmssangnimeiniwluuziag ndae
WRZHZAZND. ITIUWITHUMIINNRUNWIFITANY.

Tom omqud, USin ygas, i ygeedad waznnding sadaunas, 2550, CRRLRITGITETR
Bave Ruaian 2, sninRurusinianefasm i (1996) $771, NTINWY , 280
Wi,

Baskar, R.,Shrisakthi,S.,Sathyapriya,B.,Sathyapriya,R.,Nithya,R.,Poongodi,P., 2011,"Antioxidant
Potential of peel extractsn of banana varietie (Musa sapientum)”,Food and nutrition
science. Vol.2 ,pp.1128-1133.

Benzie, I.F.F and Strain, J.J., 1996. The ferric reducing ability of plasma (FRAP) as a measure

of Antioxidant power: the FRAP assay. Analytical Biochemistry, 239, 70-76.

Bennett R N, Shiga TM, Hassimotto NMA, Rosa EAS, Lajolo FM and Cordennunsi BR (2010)
Phenolics and antioxidant properties of fruit pulp and cell wall fractions of postharvest
banana (Musa acuminate Juss.) cultivars. Journal of Agricultural and Food Chemistry 58:
7991-8003.

Breinholt, V., Schimerlik, M., Dashwood, R. and Bailey, G., 1995, “Machanisams of chlorphyllin
anticarcinogenesis against aflatoxins B1: Complex formation with the carcinogen”,
Chemical Research Toxicology, Vol. 8, pp. 506-520.

Cornish, M. L. and Garbary, D. J., 2010. “Antioxidant from microalgae: potential application in

human health and nutrition”. Free Radical Biology & Medicine. Vol.25, 155-171.

Choehom R., S. Ketsa and W. G. van Doorn. 2004. “Senescent spotting of banana peel is

inhibited by modifled atmosphere packaging.” Postharvest Biol. Technol. 31: 167-175.



31

Dashwood, R., Negishi, T., Hayatsu,H.,Breinholt, V., Hendricks, J.and Bailey, G.,
1998,"Chemopreventive properties of cholorophyll towards aflatoxin B1: A review of the
antimutagenicity and anticarcinogenicity data in rainbow trout” , Mutation Research, Vol.
399, pp.245-253.

Ferruzzi, M.G., Bohm, V., courtney, P.D. and Schwartz, S.J., 2002, “ Antioxidant and
antimutagenetic aétivity of dietary chlorphyll derivaties determined by radical
scavenging”, Journal of Food Science, Vol.67, No. 7,pp.2589-2595.

Fatemeh, S.R., Saifullah,R., Abbas, F.M.A.,Azhar,M.E., 1012, “Total phenolics, flavonoids and
antioxidant activity of banana pulp and peel flours: influence of variety and stage of
ripeness” International Food Research Journal, Vol.19,pp.1041-1046.

Halliwell, B., 1999. “Antioxidant defense mechanism: from the beginning to the end.” Society
for Free Radical Biology and Medicine. Vol.31. 261-272.

Heim, K.E., Tagliaferro, A.R. and Bobilya, D.J. 2002. Flavonoid antioxidant: chemistry,

metabolism and structure-activity relationships. Journal of Nutritionnal Biochemistry.
572- 584.

Ketsa S (2000) Development and control of senescent spotting in banana. Food Preservation
Science 26: 173-178.

Lanfer Marque, U.M., Barros, R.M.C.,Sinnecker, P., 2005 , “Antioxidants activity of cholorphyll

and their derivertie”, Food Research International, Vol. 38, pp. 885-891.

Lanfer Marquez, U.M., and Sinnecker,P.,2007, “Cholorphyll: Properties,biosynthesis,
degradation and functions. Pp. 25-49. In Food Colorants Chemical and functional
properties.

Li W, Shao Y, Chen W and Jia W (2011) The effects of harvest maturity on storage quality and

sucrose-metabolizing enzymes during banana ripening. Food Bioprocess and Technology
4: 1273-1280.

Liaaen-Jensen Synnove,2004, “Basic carotenoid chemistry” , In Carotenoids in Helth and
Diseae, Krinsky,|.N.,Mayne, T.S.,(Eds.). Marcel Dekker, New York ,pp.1-31.

Macheix J J, Fleuriet A and Billot J (1990). Fruits phenolics. Florida: CRC Press.

Mokbel, M.S. and Hashinaga, F., 2005, “Antibacterial and antioxidant activities of banana
(Musa, AAA cv. Cavandish) fruits peel” American Journal of Biochemistry and
Biotechnology. Vol. 3, pp. 125-131.

Montelongo, R.G.,Lobo,M.G.,Gonzalez,M., 2010, “The effect of extraction temperature, time
and number of steps on the antioxidant capacity of methanolic banana peel extracts”

Separation and Purification Technology, Vol. 71, 347-355.



32

Nelson, S.C., Ploetz, R.C., Aepler, A.K., 2006. Musa species (banana and plantain) Species
profiles for pecific island agroforestry.

Papadopoulou, C., Soulti,K. and Rousis,|.G., 2005, “Antimicrobial Activity of Wine Phenolic
Extracts”, Food Technology and Biotechnology, Vol. 43, No.1, pp. 41-46.

Papus, M. A. 1998. Antioxidants Status, Diet, Nutrition and Health U. S.A: CRC Press
4489.

Parades- Lopez, 0. and Osuna-Castro, J.A, 2006, “Molecular Biotechnology for nutraceutical
enrichment of food crops the case of monerals and vitamin” , pp 97-132. In Functional
Food and Biotechnology, Shetty, K., Paliyath, G.,Pometto,A.L and levin, R.L., (Eds.)
CRC Press, Bata Raton.

Peterson, J. and Dwyer, J. 1998. Flavonoids: Dietary occurrence and biochemical activity.
Nutrition Research.1995-2018.

Roe JH and Oesterling 1948 “Detemination of dehydroascorcic acid in plant tissue by the 2,4 —
dinitrophenyhydrazine method” J. Bio Chem. 152- 511

Shetty, K., 1997, “Biotechnology to harness the benefits of dietary phenolics: focus on

Lamiacece.”, Asia Pacific Journal of Clinical Nutrition, Vol. 7 , pp. 162-
171.Socaciu,C.(Ed.).CRC Press, Boca Raton, New York, pp.633.

Shian,T.,Abdullah,A.,Musa,K.H.,Maskat,M.Y.,Ghani,M.A., 2012, “Antioxidant Properties of
Three Banana Cultivars (Musa acuminate Berangan' , ‘Mas’ and ‘Raja’) Extracts”
Sains Malaysiana,Vol. 41, pp.319-324.
Slinkard, K., and Singleton, V.L., 1977. Total phenol analysis : automation and comparison with
manual methods. American journal of Enology and Viticulture. 28:49-55.
Siriboon N and Banlusilp P (2004) A study on the ripening process of ‘Namwa' banana. AU
Journal of Technology 4(2). 159-164.
Someya S, Yoshiki Y and Okubo K (2002) Antioxidant compounds from bananas (Musa
Cavendish). Food Chemistry 79. 351-354.
Srangsam A., and Kanchanapoom K., 2007," Establishment of in vitro Culture of Musa AA
Group ‘Kluai Sa’ and Musa AA Group ‘Kluai Leb Mue Nang'and the Analysis of
Ploidy Stability”, Journal Science Asia, Vol.33, pp.437-442
Sulaiman,S.F.,Yusoff,N.A.M.,Eldeen,|.M.,Seow,E.M.,Sajak,A.A.B.,and Ooi,.K.L., 2011,
“Correlation between total phenolic and mineral contents with antioxidant Activity of
eight Malaysian banana (Musa sp.)" Journal of Food Composition and Analysis.

Vol. 24, pp.1-10.



43

Supapvanich, S., Arkajak, R., and Yalai, K., 2012. Maintenance of postharvest quality and
bioactive compounds of fresh-cut sweet leaf bush (Sauropus androgynus L. Merr.)
through hot CaCl2 dips. Food science and Technology. 47:2262-2670.

Thaiphanit S and Anprung P (2010) Physicochemical and flavor changes of fragrant banana
(Musa acuminate AAA group “Gross Michel”) during ripening. Journal of Food Process and
Preservation 34 (3): 366-382.

Valko M., 2007, “Free radicals and antioxidants in normal physiological functions and human

disease”, International journal of Biochemistry and Call Biology. Vol.39, pp.4484-
4489.

Wang Y.,Lu W. Jiang Y.,Luol Y., Jiang W.,Joyce D., 2006, “Expression of ethylene-related
expanisin genes in cool-stored ripening banana fruit (Musa sp.cv. Williams,Cavendish
sub-group AAA)" Journal of Plant science Vol.170, pp.962-9677.

Wendy, H., 2001, “Tropical fruits of Thailand”, Bangkok, Thailand. Asia bookCo., Ltd.

Wills R.B.H.,1984, “Changes in chemical composition of “Cavendish” banana (Musa acuminata)
during ripening” Journal of Food Biochemistry 8,69-77.

Wong,S.P.,Leong,L.P.,Koh,J.HW., 2006, “Antioxidant activities of aqueous extracts of selected

plants” Food Chemistry, Vol. 99,pp.775-783



34

ANAHWIN

Qs 1 0 A
UNAIMNDUUITI IIWIW 2 13DI

1) Youryon and Supapvanich “Physicochemical quality changes in ‘Leb Mue Nang' banana
fruit during ripening” Kasetsart Journal - Natural Science (accepted)
2) Youryon and Supapvanich Effect of storage temperatures on physical quality and

bioactive compounds in ‘Leb Muer Nang' banana (Musa AA) fruit. (submit)



Physicochemical quality changes in ‘Leb Mue Nang’ banana fruit

during ripening

P Youryon' and S Supapvanich®

!Agricultural Technology Program, King Mongkut’s Institute of Technology
Ladkrabang, Prince of Chomphon campus, Prateaw district, Chomphon province,
86160 Thailand

?Department of Agricultural Education, Faculty of Industrial Education, King
Mongkut’s Institute of Technology Ladkrabang, Chalongkrung Rd. Ladkrabang,
Bangkok 10520 Thailand

Corresponding author

S Supapvanich, Department of Agricultural Education, King Mongkut’s Institute of
Technology Ladkrabang, Chalongkrung Rd., Ladkrabang, Bangkok, 10520 Thailand

Email: kusuriva@kmitl.ac.th

Abstract

The purpose of this study was to investigate the physicochemical changes of ‘Kluai Leb
Mue Nang’ banana fruit (Musa AA group) during ripening. Visual appearance, peel
and pulp color, firmness, total soluble solids (TSS) content, total acidity (TA) and
bioactive compounds of the fruit at tree stage of ripening including mature green, ripe
and overripe stages were monitored. A typical changes in peel colour during banana
ripening was found which brightness (L*) and yellowness (b*) values increased and
greenness (-a*) value disappeared from mature green stage to ripe stage whilst the L*

value decreased, b* value remained constant and redness (a*) value increased in




overripe stage of the banana fruit. In pulp colour, L* value and whiteness index (WI)
decreased during ripening while the b* value increased. The firmness decreased
markedly from mature green stage to ripe stage and then remained constant. TSS
increased during ripe stage whilst TA increased at ripe stage and then decreased. The
highest total antioxidants capacity and total phenols (TP) content were found in the ripe
banana fruit. DPPH scavenging activity remained constant and the highest total

flavonoids (TF) content was found in the mature green fruit.

Keywords
‘Kluai Leb Mue Nang’ banana fruit, physicochemical changes, ripening stages,

bioactive compounds

INTRODUCTION

Banana (Musaceae) is an economically important climacteric fruit for local and export
markets worldwide. Banana fruit is considered to be a good source of nutrients
including bioactive phenols, antioxidants and potassium. In Thailand, banana is a
commercial fruit following mango, mangosteen, durian and longan and there are many
commercial cultivars such as ‘Kluai Hom Thong’ (Musa AAA group), ‘Kluai Khai’
(Musa AA group), ‘Kluai Namwa’ (Musa ABB group) and ‘Kluai Leb Mue Nang’
(Musa AA group) (Valmayor et al., 1999). Asc climacteric fruit, the ripening process
of banana fruit is related to various aspects, including the ethylene burst and evolution
of respiratory (Siriboon and Banlusilp, 2004), fruit softening, starch degradation, sugar
accumulation, the changes in organic acids content, the production of volatile
compounds and bioactive compounds benefiting to health, including total phenols, total

flavonoids and antioxidant activitiy (Ummarat et al., 2011). Li et al. (2011) reported



that the loss of pulp firmness the increase in reducing sugar and disease incidence and
the reduction of starch content were detected in ‘Baxi’ (Musa AAA group) banana fruit
during ripening. Previous works reported that the peak of ethylene production, fruit
softening, the increase in moisture content, total acidity and total soluble solids and the
occurrence of fruit drop and senescence spot were detected during ripening of Thai
banana fruit such as ‘Kluai Namwa’ (Siriboon and Banlusilp, 2004), ‘Kluai Hom
Thong® (Imsabai et al., 2006). Moreover, Ummarat et al. (2011) reported the increase
of certain bioactive compounds including ascorbic acid, free phenolic compounds and
free flavonoids in ‘Kluai Hom Thong’ banana fruit during ripening.

Regarding to previous studies of commercial Thai banana fruits, most of them
investigated the physiological changes in ‘Kluai Hom Thong’ banana fruit (Nguyen et
al., 2003; Kyu Kyu Win et al., 2007), ‘Kluai Khai’ banana fruit (Nguyen et al., 2003,
Nguyen et al., 2004) and ‘Kluai Namwa’ banana fruit (Siriboon and Banlusilp, 2004;
Imsabai et al., 2006) during storage and ripening. However, a study of physicochemical
changes in ‘Kluai Leb Mue Nang’ banana fruit during ripening has not been found. The
origin of ‘Kluai Leb Mue Nang’ is from the south of Thailand and it has recently
spread over the country. As small finger and the shape like lady finger, firm texture,
sweet taste, yellow flesh and desirable odour, the demand of the fruit in market has
been recently increased and the price per hand is higher than ‘Kluai Namwa’ banana.
Thus, we were interested in investigating physicochemical changes including physical
quality attributes, certain chemical quality attributes and bioactive compounds in ‘Kluai

Leb Mue Nang’ banana fruit during ripening.

MATERIALS AND METHODS

Raw materials



‘Kluai Leb Mue Nang’ (Musa AA group) banana fruit at full mature green stage (2
months after full bloom), ripe stage (leaved for 4 days at room temperature (27 +2 °C)
after harvest) and overripe stage (leaved for 8 days at room temperature after harvest)
were derived from a local banana orchard at Prateaw District, Chomphon Province. Ten
hands of each stage were selected with being uniformity of skin colour and free from
any defects including physical damages and diseases. The fruit hands were cleaned by
dipping in circulated tap-water and dried at room temperature before physicochemical
quality attributes involving peel and pulp colour, firmness, TSS and TA content and

certain bioactive compounds were investigated.

Color measurement

Peel and pulp colour of the fruit were measured at the middle part by using a
HunterLab MiniScan@ XE Plus (Hunter Associates Laboratory Inc., USA). The
brightness (L*), greenness (- a*), redness (+ ¢*), and yellowness (b*) values were
recorded and the whiteness index (WI) of the pulp was calculated according the
formular (1) described by (Bolin and Huxsoll 1991).

WI = 100-[(100-L*) 2+ a*2 + b*2] *%) (1)

Firmness measurement

Ten fingers from each hand were sampled for firmness measurement. The fruit were
peeled and the measurement was taken at the middle part of the fruit using a TA Plus
Texture Analyzer (Lloyds, England) with a 6 mm cylindrical probe. The result was

expressed as the maximum force (N) of measurement.

Total soluble solids and total acidity content measurements



Ten fruit per hand were selected for these measurements. The TSS content of the fruit
pulp was measured using a hand-held refractometer (ATAGO MNL-1125, Japan). The
data were expressed as °Brix. Total acidity (TA) of the fruit pulp was determined using
the standard method of AOAC (1995). A 10 g of the banana pulp was homogenized
with 20 mL of distilled water and filtered through cloth sheet. A 5 mL of the extract
was titrated with 0.1 N NaOH using 1% (w/v) phenophthalene as the indicator. The
volume of 0.1 N NaOH used in the titration was recorded. Total acidity was defined as

the percentage of titratable acidity (% malic acid).

Total antioxidant capacity and DPPH scavenging activity measurements

Ten fruit per hand of the banana fruit were selected. The fruit were peeled and then
blended together. A 5 g of the banana pulp was homogenized with 50 mL 80%
methanol and stirred at room temperature for 15 min before filtration by using cloth
sheet. The filtrate was collected and centrifuged at 10,000 x g for 15 min. The
supernatant was used to assay bioactive compounds. Total antioxidant capacity of the
fruit pulp was assayed using ferric reducing antioxidant potential (FRAP) method
which described by Benzie and Strain (1996). FRAP reagent was the mixture of acetate
buffer pH 3.0, 10mM 2,4,6-tripyridyl-1,3,5-triazine (TPTZ) and 20mM ferric chloride
hexahydrate in the ratio of 10:1:1. The supernatant was diluted with distilled water in
the ratio of 1:1(v/v). The reaction was started when 0.3 mL of the diluted supernatant
was added into 3 mL of FRAP solution and then incubated at room temperature for at
least 30 min before measuring absorbance at 630 nm. Total antioxidant capacity was
expressed as pmole Trolox equivalents per g fresh weight (umole TE/g FW). DPPH
scavenging activity was determined using the method of Brand-Williams et al. (1995)

with slight modification. The reactive was started when 5 mL of diluted supernatant



was mixed with 0.5 mL of 1 mM DPPH in methanol. The absorbance at 517 nm was
immediately recorded at 0 min and the mixture was then held at dark place for 5 min.
The capability to scavenge the DPPH free radical was calculated by using the following
equation.

DPPH free radical scavenging activity (%) = [(A0 —-A10)/A0] x 100

A0 = the absorbance of the sample at 0 min;

A10 = the absorbance of the sample at 10 min.

Total phenols and total flavonoids content measurements

The same supernatant of total antioxidant assay was used to determine total phenols
(TP) and total flavonoids (TF) content in the banana pulp. TP content was determined
using the method described by Slinkard and Singleton (1977). The reaction was started
when 1 mL of the supernatant was added into 1 mL of 50% (v/v) Folin-Ciocalteu
reagent solution and 2 mL of saturated Na2CO3 solution. The mixture was incubated at
room temperature for at least 30 min before measuring absorbance at 750 nm. The data
was expressed in term of ug gallic acid per g fresh weight (ug GA/g FW). TF content
was assayed using a method described by Zhishen et al. (1999). The reaction began
when 0.25 mL of the supernatant was added into the mixture of 1.25ml of distilled
water and 75uL of 0.5% NaNO2 and then leaved for 6 min at room temperature. A 150
uL of 10% AICI3-6H20 was added into the mixture and then allowed to stand for 5
min. A 0.5mL of 1 M NaOH was then added. The absorbance at 510nm was recorded.

The data were expressed as pug catechin per g fresh weight (ug catechin/ g FW).

Statistical analysis



The data are shown as the mean of ten replications and standard deviation. Statistic
analysis was carried out using ANOVA and the means compared by the least
significant different (LSD) test at the significant level of 0.05 (P<0.05) using the SPSS

software program (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
Visual appearance and fruit colour

Figure 1 shows the visual appearance of ‘Kluai Leb Mue Nang’ banana fruit at
mature green, ripe and overripe stages. The visual appearance of the fruit was related to
the peel colour which showed green colour of the mature green fingers. The ripe fingers
were yellow with green stalk and the overripe fingers had a few senescent spots and the
black tip and stalk. The senescent spots generally appeared on banana finger caused the
typical physiological disorder at the latter phase of fruit ripening and the spots
gradually increase in size and number as the fruit advance in ripening process (Ketsa,

2000).

Mature green Ripe Overripe

Figure 1. Appearance of mature green, ripe and overripe ‘Kluai Leb Mue Nang’

banana fruit.




Table 1. Peel and pulp colour of mature green, ripe and overripe stages of ‘Kluai Leb

Mue Nang’ banana fruit.

Colour Mature green Ripe Overripe
Peel colour

L* 47.85£3.37 ¢ 72.65+2.66 a 65.62+4.55b
i -19.06£0.77 ¢ 3.11£0.72 b 34.50+1.74 b
h* 9.09+1.35a 58.20+£3.25 a 59.47+4.29 a
Pulp colour

L* 82.72+2.42 a 78.81+7.43 ab 75.45+3.17 b
WI 68.58+2.84 a 65.44+5.68 a 58.11+3.83 b
b* 26.06+£0.90 b 26.75£2.52 b 33.76+4.09 a

Values followed by the same letter within a row are not significantly different at p<

0.05 level.

As shown in Table 1, Peel and pulp colour of ‘Kluai Leb Mue Nang’ banana
fruit was present as lightness (L*), redness to greenness (+a* to —a*), yellowness (b*)
and WI. The change in peel colour of ‘Kluai Leb Mue Nang’ banana fruit was similar
to other banana fruits such as Musa Cavendishii (Abdullah and Pantasico, 1990), Musa
Acuminata (Buguad et al., 2009). and Musa Sapientum (Mustaffa et al., 1998). The L*
value of the banana peel increased markedly from mature green stage to ripe stage and
then decreased at overripe stage which this was similar to the change in L* value
of Musa cavendishii cv. ‘“Montel’fruit and Musa Sapientum cv. ‘Embun’ fruit during
ripening which the continuous increase in L* value was concomitant with the reduction
of greenness and the increase in yellowness (Abdullah et al., 1985; Abdullah and
Pantasico, 1990; Mustaffa et al., 1998). We found that the a* value of the fruit peel

were changed from -19.06 (green colour) of mature green fruit to 3.11 and 9.09 (red



colour) of ripe and overripe fruit, respectively. The b* value of the fruit peel increased
markedly from mature green stage to ripe stage and then remained constant. In the pulp
color, L* value and WI decreased as the fruit ripening progressed. In another hand, the
b* value of both mature green and ripe stages were similar but it markedly increased at
overripe stage. The increase in b* values during ripening had been reported in ‘Grande

Naine’ banana fruit (Buguad et al., 2009).

Firmness, total soluble solids and total acidity

Fruit softening, TSS and TA content are key factors indicating fruit maturity
and quality. The typical changes in banana fruit firmness and TSS content were shown
in Fig. 2A and 2B, respectively. The firmness of the fruit significantly decreased from
40 N at mature green stage to less than 10 N at ripe and overripe stages (p>0.05). No
significant difference in firmness of ripe and overripe fruit. In the similar vein, a rapid
decrease in firmness of mature green ‘Baxi’ banana (Musé spp. AAA group) during
ripening had been reported (Li et al., 2009) which the softening of banana fruit is
associated with the degradation of cell wall compounds, the reduction of starch and the
increase in sugar content (Srivastava and Dwivedi, 2000; Li et al., 2009). We also
found that the TSS content of the ‘Kluai Leb Mue Nang’ banana fruit increased
significantly from 3.6 °Brix at mature green stage to 27.8 and 29.4 °Brix at ripe and
overripe stages, respectively (p>0.05) (Fig. 2B). Li et al. (2009) reported that the
increase in total sugar content of ‘Baxi’ banana (Musa sp. AAA Group) fruit was
positively related to the increase in sucrose phosphate synthase, sucrose synthase and
invertases activities during ripening. In another hand, we found that the TA content of
the ripe and overripe banana fruits was significantly higher than that of the mature

green fruit (p>0.05). The highest TA content was detected in the ripe fruit (Fig. 2C). In



the similar vein, the increase in TA of ‘Kluai Nam Wa’ banana fruit during ripening
had been reported which the increase coincided with the peak of ethylene production
and after that, started to declined onwards (Siriboon and Banlusilp, 2004) Wills et al.
(1982) reported that the TA content of Musa sp. AAA group, cv. William banana fruit
at mature green stage was markedly lower than that of the ripe fruit which this was
associated with the reduction of pH. However, a contrast result had been reported for
Musa sp., AAA group, cv. Zhonggang fruit (Jiang et al., 2004) and Musa acuminate,
AAA group, cv. Gross Michel fruit (Thaiphanit and Anprung, 2010) which TA content

decreased continuously during ripening.

Total antioxidant capacity and DPPH radical scavenging activity

Total antioxidant capacity and DPPH radical scavenging activity of ‘Kluai Leb Mue
Nang’ banana fruit during ripening were shown in Fig. 3. The total antioxidant capacity
of the ripe fruit was significantly higher than that of mature green and overripe fruit
(P<0.05) (Fig. 3A) whilst the contrast result was shown in DPPH radical scavenging
activity (Fig. 3B). The amount of total antioxidant capacity and DPPH radical
scavenging activity of mature green fruit were similar to those of overripe fruit. The
changes in DPPH radical scavenging activity in tis this was similar to the result
reported for “Gross Michel” banana fiuit (Thaiphanit and Anprung, 2010). Macheix et
al. (1999) reported that antioxidant capacity of banana pulp may due to flavonoids and
total phenolic contents. Someya et al. (2002) had discovered that gallocatechin, a
phenol, in banana fruit and the antioxidant capacity of the fruit may be attributed to

their gallocatechin content.
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Figure 2. Firmness (A), total soluble solids (TSS) (B) and total acidity (TA) (C) of
mature green, ripe and overripe stages of ‘Kluai Leb Mue Nang’ banana fruit. Bars
represent mean (n=10) = SD. Samples followed by the same letter were not

significantly different (p>0.05)
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Figure 3. Total antioxidant capacity (A) and DPPH scavenging activity (B) of mature
green, ripe and overripe stages of ‘Kluai Leb Mue Nang’ banana fruit. Bars represent
mean (n=10) + SD. Samples followed by the same letter were not significantly different

(p>0.05)

Total phenols and total flavonoids content

Regarding to the report of Macheix et al. (1999), the changes in TP and TF content of
‘Kluai Leb Mue Nang’ banana fruit at the three stages of ripening were investigated.
TP content of the mature green fruit was significantly lower than that of both ripe and
overripe fruit (P<0.05) (Fig 4A). No difference in TP content between the ripe and
overripe fruit was found. As shown in Fig 4B, The TF content of the mature green fruit
was significantly higher than that of both the ripe and overripe fruit (P<0.05). No
significant difference in TF content between ripe and overripe fruit was found. The
change of TP content in this banana fruit was similarly to the change of total
antioxidant capacity (Fig. 3A) which determined using FRAP assay. These confirm that
antioxidant capacity in banana fruit was attributed to total phenolic compounds which a
phenolic compound, named gallocatechin, was identified as the major antioxidant
compound in banana fruit (Someya et al., 2002). Similarly, Bennett et al. (2010)
addressed that banana pulp was an excellent source of bioactive phenolics.

Interestingly, we found a high content of TF content and a low content of total phenols



in the full mature green fruit. These contrast to the report of Macheix et al. (1999)
which a high total phenols and tannin content at mature stage of banana fruit and these
compounds then declined when ripening advanced. Bennett et al. (2010) reported a
slight increase of TP content in the pulp of ‘Nanicdo’ banana fruit stored at 20°C for 18
day whilst TP content of other cultivars such as ‘Figo’ banana, ‘Terra’ banana,
‘Mysore’ banana and ‘Pacovan’ banana fruits decreased during storage. These show
that the changes in TP and TF content of banana fruit pulp during ripening are

dependent on cultivars.

600
500
400 1
300
200
100 A

Mature green Ripe  Overripe Mature green Ripe  Overripe

1

TF content
(ng catechin/ g FW)

TP content
(ng GA/ g FW)

Figure 4. Total phenols (TP) (A) and total flavonoids (TF) (B) content of mature
green, ripe and overripe stages of ‘Kluai Leb Mue Nang’ banana fruit. Bars represent
mean (n=10) + SD. Samples followed by the same letter were not significantly different

(p>0.05)

CONCLUSIONS
During the ripening progress, the greenness of the peel decreased, the yellowness
increased markedly from mature green stage to ripe stage and then remained constant

and the redness increased continuously. In the pulp color, the whiteness and lightness



decreased as the ripening advanced while the pulp yellowness remained constant
between mature green stage and ripe stage and then markedly increased at overripe
stage. The firmness of the fruit decreased rapidly when the fruit ripen and the remained
constant. The lowest TSS and TA content were detected in mature green fruit. The
TSS content increased continuously while TA content declined in overripe stage. For
the bioactive compounds, the highest total antioxidant capacity and the lowest DPPH
radical scavenging activity were detected in the ripe fruit. No significant difference of
both antioxidant capacities between the mature green and overripe fruit. The change in
TP content was similar to the change in total antioxidant capacity. There was no

significant difference in TF content of ripe and the overripe fruit.
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Abstract

The purpose of this work was to investigate the quality changes in ‘Leb Muer Nang’ banana
fruit (Musa AA group) during storage at various temperatures. The fruit at the onset of ripening stage
were kept at 25°C and 13°C and 80%RH for 16 days. The shelf-life of the fruit held at 25°C was 8 days
whilst that of the fruit held at 13°C could store for 16 days. The cold storage maintained the peel colour
both lightness (L*) and yellowness (b*) and the whiteness of pulp over storage while the decrease in L*
and the increase in b* of the fruit peel held at 25°C were found. The firmness was maintained by cold
storage. The storage temperatures had no effect on the changes in bioactive compouds during storage as
all of them decreased and no siginificant difference in these compounds of both fruit held at 25 °C and
13°C were detected. These suggest that storage at 13°C is a proper temperature extending the shelf-life

of the ripe banana fruit.
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Banana fruit have been claimed as an important commercial fruit in world market like apples, oranges,
melon and grapes. As a climacteric tropical fruit, a peak of ethylene production and increased
respiratory rate are typical ripening characteristics of banana fruit which induce peel de-greening, sugar

accumulation, degradation of starch granules, pulp softening and the production of aroma compounds

AN May 199700687469). The ripening-associated process is stimulated by storage

environment such as high temperature and contaminated ethylene in the atmosphere. Approximately,

20-30% of banana fruit is lost during postharvest period due to poor handling and storage, especially in

2

developing countries (ﬁlmand*haféf)‘g)gﬁjﬂﬁgﬁ:@) Generally, consumers prefer to purchase banana fruit
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at ripe stage rather than mature green stage which after the onset of ripening, the shelf-life and eating
quality of the fruit change rapidly due to pulp softening and skin blackening. The shelf-life of banana

fruit after the onset of ripening is approximate 4 to 5 days (@%ﬁiﬁfm [487345739), especially in
tropical countries which the ambient temperature is normally higher than 28 °C. Thus, cold storage is

required to extend the shelf-life of banana fruit in market which the recommended temperature for

R

banana storage is 13-15C (RayaStiandISanWal20T0NETOI0; Promyous

e
ot = €L

Commercially, the banana fruit at mature green stage (pre-climateric phase) are typically held at the
cold temperature to extend its postharvest life before sale (@Wﬁé@ﬁ%@f@@) and then leave
them ripen at ambient temperature before sale. In market, the loss of banana fruit is related to rapid
ripening and skin blackening. Thus, this work was to investigate the use of cold storage maintaining

postharvest quality and extending shelf-life of ripe banana fruit.



‘Leb Muer Nang’ banana fruit (Musa AA) is a commercial banana fruit following ‘Gros Michel’
banana fruit (Musa AAA), ‘Sucrier’ banana fruit (Musa AA) and “Nam Wa’ banana fruit (Musa AAB).
The demand of the fruit in market has been continuously increased. However, the research work
involving postharvest quality of ‘Leb Muer Nang’ banana fruit is rare. Therefore, the effect of storage

temperatures on physical quality and bioactive compounds of the banana fruit was investigated.

Materials and methods

Raw materials

Full mature ‘Leb Muer Nang’ (Musa acuminate, AA group) banana fruit were delivered from a banana
orchard at Prateaw district, Chomphon province. The fruit bunches were then de-handed and the hands
were selected for uniformity of colour, size and being free from physical damages. The hands were
cleaned with tap water, air-dried and incubated at room temperature (25+£2°C) for 48 hours (until the
fruit peel turned to yellow). Twenty banana hands were then held at 25 °C or 13 °C and were sampled
in every 4 days to determine visual appearance, peel and pulp colour, firmness and bioactive
compounds including DPPH scavenging activity, ferric reducing antioxidant potential (FRAP), total

phenolics (TP) content and total flavonoids (TF) content.

Visual appearance and colour measurement

Visual appearance of banana fruits was monitored by taking photo of the banana fruit. Superficial

colour of both peel and pulp were measured by using a HunterLab MiniScan® XE Plus (Hunter



Associates Laboratory Inc., USA). The lightness (L¥*), greenness or redness (-a* or +a*) value and
blueness or yellowness (-b* or +b*) values were recorded. Peel colour was expressed as L* a* and b*

values and pulp colour was expressed as L* value, whiteness index (WI) using the equation 100-[(100-

L*) % + a** + b**] % (Bolin'andiHuxsoll {9911, 416-418) and yellowness (6*).

bttt

Firmness measurement

Five fingers of each hand were randomly sampled for firmness measurement. The finger was peeled
and the measurement was taken at the middle part of the finger using a TA Plus Texture Analyzer
(Lloyds, England) with a 6 mm cylindrical probe. The result was expressed as the maximum force (N)

of measurement.

Total antioxidant capacity measurements

A 5 g of the banana pulp was homogenized with 25 mL of 60% methanol and then filtered through
cloth sheet. Supernatant was collected and then 1 mL of supernatant was diluted with 20 mL distilled
water. The solution was used to assay biologically active compounds such as DPPH scavenging
activity, FRAP, TP and TF content.

Ferric reducing antioxidant potential (FRAP) was determined using the method described by Benzie

T ek

(1996, 70-76), FRAP reagent consisted of acetate buffer pH 3, 10 mM 2,4,6-tripyridyl-

1,3,5-triazine (TPTZ) and 20 mM ferric chloride hexahydrate in the ratio of 10:1:1 (v/v/v). The reaction

was started by mixing 5 mL of FRAP reagent and 0.5 mL of the extract sample and leaved at room



temperature for 30 min. The absorbance at 630 nm was recorded. FRAP value was present in term of

mmole trolox equivalents per g fresh weight (mmole TE/g FW).

DPPH scavenging activity was determined using the method of BrandZWilliamsiet
25-30) with slight modification. The reaction was started when 3 mL of supernatant was mixed with
0.3 mL of 1 mM DPPH in methanol. The mixture was held at room temperature for 30 min and the
absorbance measured at 517 nm. The capability to scavenge the DPPH free radical was calculated by
using the following equation.

DPPH scavenging activity (%) = [(Aq - A30)/Ao] x 100

Ao = the absorbance of the sample at 0 min; Azo = the absorbance of the sample at 30 min.

Total phenols and total flavonoids content measurements

TP content was assayed using the method described by SlihKard&5iSinglcton (119775449-55). The
reaction was begun when 1 mL of the sample solution was added into the solution of 1 mL 50% (v/v)
Folin—Ciocalteu reagent solution and 2 mL saturated NaCOj solution. The mixture was incubated at
room temperature for 30 min. The absorbance at 750 nm was recorded. TP content was expressed in
term of mg gallic acid per g fresh weight (mg GA/ g FW).

TF content was determined using a method described by Jiafemalm@o99] 555-559); The
reaction was started when 0.25 mL of the extract was mixed with 1.25 mL of distilled water, 75 p L of
0.5% NaNO,. The mixture was leaved for 6 min and then 150 pL of 10% AICl3-6H,0 was added and
allowed to stand for 5 min. After that, 0.5 mL of 1.0 M NaOH was added. The absorbance of the

mixture was measured at 510 nm. The data were expressed as g catechin equivalents per g fresh

weight (ug catechin/ g FW).



Statistical analysis

All data were analyzed by using ANOVA and the deference between the means was performed with

DMRT at P < 0.05 by using SAS (9.1) software. The results are presented as means (n=10) = S.D.

Results and discussion

Visual appearance and superficial colour

We found that the shelf-life of the ripe banana fruit could extend by a proper cold storage. As shown in
Fig 1, the appearance of the fruit held at 13°C for 16 days still looked good as the stem of fruit was still
green and any black spots and flecks on the skin was not found. Whereas, the black spots and flecks
were found on the skin of the fruit held at 25°C for 8 days and its stem end of the fruit was also shrivel

and black. Senescence spots Of black flecks are the typical physiological disorder happened on banana

28). These physiological disorder is

fruit skin at the last phase of ripening (GRenietia

recognisely related to the dysfunction of cell membrane and cell wall degradation of the fruit skin due

to senescence process. @ﬁo@?&fﬁﬁw%@@gﬁﬁéﬂ%j reported that browning spots of a Musa AA

banan fruit, named ‘Qucrier’ or ‘Klui Khai’, during ripening relatively associated with the increased
polyphenol oxidase (PPO) and phenylalanine ammonia lyase (PAL) activities which these reactions
were obviously stimulated under high oxygen level and rapidly increased at 29-30 °C (tropical ambiene

temperature). However, we found that storage at 13°C retarded browning spots and flecks on the fruit



skin and also maintained the fresh-liked appearance of ripe ‘Leb Meur Nang’ banana fruit for more
than 16 days.

As the results shown in table 1, lightness (L* value) of the banana peel held at both 25 °C and
13 °C decreased and the peel redness (a* value) increased during storage. The yellowness (b * value) of
seel of the fruit held at 25°C decreased whilst that of the fruit held at 13°C remained constand during
storage. This shows that the decrease in peel yellowness seemed depend upon the increase in the
‘edness during storage which the obviouse correlation was shown in the fruit held at 25°C and storage
it 13°C could maintain the banana peel yellowness during storage. Moreover, the decrease in peel L*
alue positively related to the increase in peel a* value during storage. Similarly, GHERtCHAIKETTS!
J18-328) reported that L* value of banana fruit decreased as the fruit ripening increase. The result also
hows that storage at 13°C maintained pulp colour over storage as no significant difference in L*, WI
ind 5* values throughout storage. Wherease, the significant decrease in pulp L* and WI values and the
narked increase in pulp b* value during storage were found the fruit held at 25°C (P<0.05). The
ncrease in b* value might relate to the accumulation of carotenoids in the fruit pulp as the results
eported for ‘Sucrier’ banana fruit during storage (Ef{'@m%lﬁﬁgigﬁgmé) Newilahter

97:206) also reported that the increase or decrease of carotenoids compound in banana pulp during

al Qﬂ@%

ipening accorded to the banana genome.

Day 0 Day 8, 25 °C Day 16,13 °C

igure 1 Visual appearance of ‘Leb Muer Nang’ banana (Musa AA group) fruit at initial day of

storage and held at 25°C for 8 days and 13°C for 16 days.



Table 1.

Superficial colour of peel and pulp of ‘Leb Muer Nang’ banana (Musa AA group) fruit

during storage at 25C and 13 C.

Temperature | Time Peel Pulp

(°C)  |(Days)| L* a* b* L* WI b*
0 | 70.20+2.5* [4.07£0.3% [59.01=1.7° | 81.93x0.5% | 71.20+1.4* | 22.26+2.1°

25 4 [64.52£1.6° [9.00£0.8% |51.73£5.7° | 79.32+0.8° [67.65£1.5° | 24.69£1.4™
8 [66.91£4.7™ [10.22£1.6* [53.80+3.6° | 79.32+1.5° [65.78+2.2° | 27.03x1.6°
0 [71.56+3.0* [4.270.7° [58.50+4.9 | 81.17£0.8 [70.90£1.4 | 21.87+1.2
4 [73.53+2.5° [3.890.6° [59.67+2.8 | 81.40+£0.5 [70.65+0.6 | 22.56x2.1

13 8 [67.45+3.1™ |8.07£1.8" [59.80£4.0 | 82.03+2.1 [70.70+2.1 | 22.92+1.0
12 [65.73£1.9° [ 7.75£0.9° [56.73+4.8 | 80.40£0.3 |70.86£0.3 | 21.50+0.5
16 [63.16£3.1° [9.04+1.2° [57.03£2.9 | 80.62£0.5 |70.54+0.1 | 22.00+0.6

Data represent the mean of ten replication £SD. Values of each storage temperature followed by the

same letter within a column are not significantly different at £ <0.05 level.

Firmness

Figure 2 shows the changes in firmness of the ripe banana fruit during storage at both 25 and 13 °C.
The result shows that the cold storage temperature maintained the firmness of the banana fruit over
storage for 16 days which no significant difference in that of the banana fruit was detected. For the fruit
held at 25 °C, the significant decrease in the fruit firmness was detected after day 4 of storage (£<0.05).

Similarly, the softening of ‘Goldfinger’ banana fruit was delayed during stored at 10°C for 22 days



whilst a rapid decrease in firmness was found in the fruit held at 20 °C after day 4 of storage (Nunes et

al., 2013).

Banana fruit softening is relatively related to the degradation of cell wall components involving the

1516). Low storage temperature is the most important factor extending shelf-life and maintaining fresh-
liked quality due to slow down metabolism process including the activity of enzymes in plants. Thus,
the maintained firmness of the banana fruit held at 13°C might due to the slow down those cell wall

hydrolases activity by cold temperature

10
—_— 8- o
Z |3250C
o m]3°C
@
=
= 5 g

0 1 T 1 T

0 4 8 12 16

Storage time (Days)
Figure 2. Firmness of ‘Leb Muer Nang’ banana (Musa AA group) fruit during storage at 25 °C

and 13 °C. Data represent the mean of ten replications + SD.

Bioactive compounds

Antioxidant activity in the banana fruit was identified by measuring DPPH scavenging activity and
ferric reducing antioxidant potential (FRAP) (Fig. 3). Both DPPH scavenging activity and FRAP at the

initial day were significantly higher than those at other days of storage (P<0.05). The significant



decrease in DPPH scavenging activity was found on day 4 (P<0.05) and then remained constant over
storage at both 25 and 13°C (Fig. 3A). The similar result was also found in FRAP. As the results shown
in Fig. 4, total phenolic compounds of the banana fruit held at the both temperatures decreased over
storage and there is no significant difference in that between the fruit held at 25 and 13 °C. The TF
content of the banana fruit held at 13 °C was lower than that of the banana fruit held at 25 °C over
storage. Flavonoids is also widely recognised as a pigment compound in plant. Thus the higher TF
content in the pulp of the banana fruit held at 25°C might relate to the increased yellowness (b* value),
however, it might be not the main compound providing the yellow colour in the fruit pulp like

carotenoids (FAcundoletiald201551027109). We suggest that cold storage temperature had no influence

iAo e

to maintain bioactive compounds when compared to the ambient temperature (25°C).
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Figure 3. DPPH scavenging activity (A) and ferric reducing antioxidant potential (FRAP) (B) of
‘Leb Muer Nang’ banana (Musa AA group) fruit during storage at 25°C and 13 °C. Data represent the

mean of ten replications = SD.
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Figure 4. Total phenolic (TP) compounds (A) and total flavonoids (TF) content (B) of ‘Leb Muer

Nang’ banana (Musa AA group) fruit during storage at 25 °C and 13 °C. Data represent the mean of ten

replications + SD.

Conclusion

Storage at 13°C is a proper storage temperature maintaining shelf-life and physical quality involving
visual appearance, peel and pulp colour and firmness of ripe ‘Leb Muer Nang’ banana fruit. The fruit
could be stored at the cold temperature more than 16 days without black spots and flecks on skin whilst
storage at 25 °C could not store the fruit longer than 8 days. The cold storage temperature had no

influence to maintain the level of antioxidants, TP content, except TF content, during storage.
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