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Characterization of Polyphenol Oxidase (PPO) in Banana (Musa sapientum Linn.)
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ABSTRACT

Banana [Musa sapientum Linn. (ABB
group) ‘Kluai Nam Wa’] polyphenol oxidase (PPO)
causes undesirable color in banana products. The
aim of this research was to investigate the effect of
pH and temperature on the characterization of
banana PPO including citric acid and ascorbic acid
effects on the PPO activity. The sensory evaluation
results showed that the ‘Kluai Nam Wa’ flesh in the
stage 7 (PCI 7) had the most acceptability (p<0.05);
the PCI 7 of this banana was chosen for this study.
The optimum pH of crude PPO was 5.0 at 25 °C
and 65.82% and 88.77% loss of activity was found
after incubation at pH 3.0 and pH 9.0 for 10 min.
The enzyme had maximum activity at temperature
(optimum temperature) 30°C. The results from pH
stability studies showed that 70 % of crude PPO
activity was maintained after incubation for 30 min
at 0°C in a buffer solution at pH 4.0 — 9.0. From the
temperature stability studies, the enzyme had
relatively stable when incubated at 0-60°c for 10
minutes in the buffer solution at pH 7.0. The
enzyme activity was completely inactivated when it
exposed to 80 °C for 10 minutes.

1.5% (W/v)
inhibited the PPO activity.

Moreover, 0.5-

citric acid and ascorbic acid fully
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JiasnehIneazidealdedIunas (Quantitative
descriptive analysis; QDA) @18 TAAZULUY 1-5 [6]
Hgﬂmaauﬁaﬂm\lu FIUIN 15 A% LATNAFAUNNT
#au3u lapld 9-pointed hedonic scale RHEVRE LI
A € o ° -y
NUUITTRUNITOL $113% 30 A% KINIINARBI 2 G
FIMNUENBNIINGRBILUY Randomized Complete
Block Design (RCBD) tU38Ut18UANULANGA1IU84
' n:l' ad , . nl' s
fadalasdT Duncan’s multiple range test Nz U

ANNUTaNWTBERT 95

3. miﬁnvﬂqma&lﬁawaa crude PPO Tuiita
naEEI N

3.1 MIL@38Y crude enzyme ’mmf‘:aﬂﬁw
it

wudendeint 200 n$w uniuusy
81382818 phosphate buffer pH 7.0 @NLTNT%
0.2 M 1531 200 3a5anT daaLaIasin (Warning
Commercial Laboratory Blender ju BE-12) #14 25
AU ﬂﬂﬂmgum%m Tu refrigerated  centrifuge
(@wnnd 4 °C) fin1u152 8,000 JoUMNT WL 10
W dknaulavnanaznanllsdudrs 80 %
saturation ammonium sulphate ﬁqm%{}ﬁ 0 °C
mnﬁf’uﬁﬂﬂmgum%mlu refrigerated  centrifuge
(@nnil 4 °C) finu52 8,000 JoUMNT w1 10
w1 dreznaufilduiaratedisasazane
phosphate buffer pH 7.0 aNUNT® 0.2 M Y301919
4 §a88@3 LNU crude enzyme ﬁqmﬁgﬁ 0°C

3.2 AianerdTanawlds@ulu crude enzyme
nnitendsin anaitues Bradford (1976) [7]
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3.3 A3z PPO  activity a1n3Tvaes
Duangmal .8z Owusu-Apenten (1999) [8]

1 crude enzyme N1 200 lulasaas a1
UA3enuanIazany catechol AMNLTNTH 20 mM
luansazans phosphate buffer pH 7.0 AN NTH
0.2 M 133197 2.80 UaFa6T ﬁqm%gﬁ 25 °C 19N3
Lﬂ’é’izmu,ﬂawaa@hms@@nﬁuumﬁmmmmﬁu
420 nm I@lﬂl“ﬁméad spectrophotometer A%
§A355UARIINA VT U INTINANUFURUT
izMN@hmi@@ﬂﬁuLLmﬁunm a1tk PPO
activity lagldtawlasl 1 wiqe (unit)  wihdunnsg
Lﬂﬁsuuﬂaammig@ﬂﬁuum 0.001 wU8AaW?

3.4 @nw optimum pH 84y crude PPO Tu
dendoihh aaituesdisy ga1l321837 (2546)
[9]

11 crude enzyme 11 200 ulasaas Nvin
UYJA3NNUaIIaaTs catechol AANNLTNTH 20 mM
lusnsazanudwines pH 3.0 — 9.0 U3u1a3 2.80
Nadany ‘ﬁ'qmvﬁgﬁ 25 °C  3A7¥ PPO activity
f1ams PPO activity 71 le lnudiazen pH luztlvas %
relative activity laal#% PPO activity ﬁﬁ@hgdq@lﬂu
100 % §onen pH 7il# PPO activity gaﬁq@vlﬂl"ﬁ'lu

AMIANEN pH stability 283 crude PPO Turilanane
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3.5 @nwn pH stability 289 crude PPO lu
dandoihi awituesaiy ga1lsziaag (2546)
0]

W1 crude enzyme WINRNAURITRZANE

TWie3e29 pH 3.0-9.0 Tudasmain 1 da 4 Uudi

qm‘mqﬁ 0 °C (w281 30 wIfl NURIEITAZAE

]
=

Aladsunes 200 lulasdas 113a51e% PPO activity
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Namnni 25°C Taolds1382818 catechol @913

Wt 20 mM lTusnsazansdwinasnd pH euf
dWanlilude 34 USuey 2.80 Taddas 1w
FUFLAIN LWIBULABUNY crude  enzyme  lu

81382818 phosphate buffer pH 7.0 8a9187% 1 68
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4 lailérinunsua (control) dwams PPO activity
eiazdn pH 1%31]“118& % Relative activity lagla
PPO activity ﬁ"?mmzvﬂﬁﬁnﬂ control & % Relative
activity LYnnU 100 %

3.6 @nw optimum temperature 184 crude
PPO lwflandnihaniuas 5533 gaiaziasy.
(2546) [9]

11 crude enzyme a1 200 lulasaas w1
UA381NUaIIaaTY catechol AALTNTU 20 mM
Tuasazaruiwinassns pH Avdentilude 3.4
U53195 2.80 §addaT A= PPO activity lag
uilrguanniilugag 10 - 90 °C muquamnpiilasly
water bath #1%3as PPO activity ﬁVLéIuLL@ia:qm%Qﬁ
1w % relative activity lasl# PPO activity ﬁﬁﬁ’]f,;m
ﬁq@ﬁ relative activity 1¥iNNU 100% LRaNY=AU
qmﬁgﬁﬁlﬁ PPO activity gaﬁqﬂﬂ‘lﬁ’lumsﬁnm
temperature stability 283 crude PPO IuLf:aﬂﬁ’m
W

3.7 @nm temperature stability V83 crude
PPO luiilandnint aaitues §353 gaiziaiy.
(2546) [9]

1 crude enzyme N11wlu water bath @
gaunndlugaa 0 - 80 °C win 10 wifl 1 crude
enzyme AUNESAUAIUTNNGT 200wl FaNFLATIZA
PPO activity lasldansazaie catechol anNduTn
20 mM lusnsazanatwiwes pH Aiienlilute 3.4
30105 2.80 Nadaas qmmgﬁﬁlﬁaﬂvlﬂuﬁaﬁ 3.6
W3sufisuny PPO activity 1% crude enzyme fi
Lail@rinunnssy th PPO activity finsaasayldan
fuwrowdu % relative activity lagld PPO activity
1% crude  enzyme Alailedrrwn1sind residual
activity LYnnU 100 %

msansautiaues crude PPO lwilandas
W FnINasss 3 $1 1SUHWNNTNARBILLY

Completely Randomized Design (CRD)
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4. nsAnITRAYaIaIsdaINwNISINAR

Wrenada PPO activity
Anwnrfiavesanstlesiumsindiianade
PPO activity lagnsnagauidSouiauansuidudu
a4 citric acid AMNLTNTU 0.5%, 1%, 1.5% wiv,
ascorbic acid AMULTNTW 0.5%, 1%, 1.5% WiV WAz
RITWFNIZWINN citric acid ANULTUTYH 0.5% wiv NU
ascorbic acid AMULTNTW 0.5% wiv  WENNU

R1IRYANY catechol  AMNLTNT®H 20 mM b

g1sazanstwines pH  eufidenlilude 34
130197 2.80 UadAGAT ﬂmﬁqmﬁgﬁ 25 °C NHuI
crude enzyme 13113 200 lulasdas avid §isen

AURITATAIUAINAID AT PPO  activity 1
amngi 25 °C W3suLieuniy reaction mixture il
fimsldmsasiumaiesines suwmiesszms
fUE3 (% inhibition)  anaiTuas §333 gaiiziaiy
(2546) [9] INENNT % inhibition = [(AO— A1)/AQ]
x100 Tag A0 e PPO activity 7ilallddnansdiuda
m3Aefinaa uaz A1 da PPO activity 7llé
s3fussnsiiadinens  niImesas 3 41 19
WHNWNITNaaaILllul Completely Randomized Design

(CRD)

HANIINAAAILAZIVITOE
1. wan’mhzLﬁuqmmwmaﬂszmﬂﬁué'fa
.:y v g’ v > =
PaILHaNAIYWII HATANTAALADN
ﬁ]'mmsﬂszLﬁuqmmwmaﬂizamﬁuﬁa

v

G28N1TILATIZRIN LAz BB TEIUTN M WUINEY
‘L‘Eﬁ’]qmwzﬁ 7 VL@TﬂzLmugaﬁq@aﬂ']aﬁﬁaé’]ﬁ'@ma
80@ (p<0.05) 1u‘qﬂs] fufidne snciudud lag
l@nzunuawnawnany 4.45 Sadundunonvas
naae sunanssudandasuwinny 4.45 Aelifindu
saudandaan @UIRTIAWNNL 4.28 Aadlvanin
Wn wazauTaulagsIuiany 4.20 (@13197 1)

LAZINNNIINARAUNITHANSY LlasiT 9-pointed

'
=

hedonic scale wuiﬂﬂé’mﬁﬁwqmww 7 leazuun
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ANTAUIINgINgAa g1l Rud AN IIFDa
(p<0.05) lunng drundns lavldazunudrug
WINNU 7.61 @TWNARLYINAL 7.36 @uIRTIALINNY

v

P = P =2
NUNaraUTa UL BN DITALNIN (9137190 2) 3

u“

Laaﬂlﬁﬁaﬂﬁwﬁﬁwqmw:ﬁ 7 lumsdnwauiia

Yasaw by PPO luwtanauiinineda bl

@ A ' [
7.70 LLagﬂquTaUI@UiQNL‘ﬂqﬂu 7.81 mda%lui:@]u

A13191 1 MNeazduaBIdTunmueInal181i1dn (Quantitative descriptive analysis; QDA)

é’nwmmaané’wﬁﬁ’lqn

FAUNAUIR . _ AUANNTAL

PCI v . AMUIRTA

fMUF (Color) MUNa® (Odor) wlanidaey lassiu

(Taste)
(Artifact) (Overall liking)
6 450 + 051 266 + 0.84° 313 + 1.09° 250 + 0.83° 265 + 1.00°
7 3.82 + 0.83° 445 + 067 445 + 0.77° 428 + 0.74° 420 + 0.79°
8 3.00 + 1.09° 4.05 + 0.81° 341 + 0.94° 3.93 + 0.78 335 + 0.71°

RUIYLAG ﬁ?ﬁLLﬁﬂGl%@]’l‘i?dLﬂuﬁ’lLﬂaﬂ + W DU U
AL RISL)40/8 &

o o

BRAYNIRIANIZAY

ac o =

°11agaﬂﬁﬂﬁ’ué’wﬁ'sé"mmmn@haﬁ‘uimmé'fol,l,ami'lﬁmmLmn@mﬁ’uamaﬁ

ANNLEENY 95 % (p £0.05)

a13191 2 MIvaNTUYaIENAFaUdana 81T (9-pointed hedonic scale)

a?nwmzmadnﬁwﬁﬁwqﬂ

PCI . A . . R MuaNusalagsia
a1ux (Color) AUNa (Odor) AUINTIA (Taste)
(Overall liking)

6 473 + 1.12° 485 + 155 5.00 + 1.63° 520 + 1.68°
7 537 + 1.35 7.36 + 1.26° 770 + 1.03° 7.81 + 0.98°
8 761 + 1.15° 453 + 139° 6.16 + 1.15 6.00 + 1.35

RUTYLAG ?i’]“?]LLﬁ@]Gl%@]’ITNLﬂ%ﬁ']L%aﬂ + W DU
—_— o9

o

BRIAYNIRD AN

]
a 3 o o =

e “ﬂ’agaﬁﬁ'mumﬂmaﬂm"nLmﬂ@haﬁ'ﬂuuu'sﬁaLLam'jwﬁmmLmn@haﬁuasmﬁ

SEAUANULTaNM 95% (p<0.05)

WAN1IAN®N optimum pH  Waz pH

= a v
2. HANIANBIEANTT VDY crude PPO lunaaw 2.1

NEee stability 289 crude PPO

QWﬂﬂ’]iﬁﬂ‘]&P’]WU’jﬁ crude PPO  a1niita

N3L@I8Y crude PPO a'mLﬁaﬂé”’mﬁ'rj”’lqﬂ

200 n3u 9216 crude PPO US11a3 4 ml ffignume  NAIEWINE optimum pH 1Yy 5.0 (3UN 2) &

21794 Fd3uuldsfuiriniy 0.3320.01 pg/g uazdl activity Lnagay 34.18 % 1 pH 3.0 uazinaeag

A & A L. A '
PPO activity t¥infiu 0.087+0.001 units/mg protein 11.23 % 11 pH 9.0 laoiowlosldoldl activity indea

70 % Wavulussazanotwinasnge pH 4.0 — 9.0

gaunail 0 °C 1iluaan 30 wif (gﬂ‘?‘i 3)
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311 2 pH activity profile U84 crude Plfgmmﬁaﬂﬁmﬁﬁﬂﬁqmunm 25 °C

U
I
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~ a

311 3 pH stability profile 283 crude PPO anitanalnininngmnnd 25 °C

9 U
I

\Waldansazans catechol AMNENTH 20 mM luansazanutiwiwes pH 5.0 Wusuaiam
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optimum pH fa pH f enzyme f activity g3
A A a A o ' .
ULGRRRREAIEY pH ¥1NKRIUBINIT optimum pH
gadian lrainasrinliianlasidl activity aaas las pH
lUfnadian3iiia ionization w84 prototropic group 7
_ . . A o v Ao o
USIIt active site VaILaw Ly TIATVRINNILAD
FURLATN WIBRouFUTAINIADUNRAA AN [10]
uazttasnnienlodidulysdu Welnsddouudad
289 pH  Fsdsnalilmadouudasgumuiidaes
o a ) ] A @
lassasaldsdu o ldgniadeauuvesnsdy
o € A -
FURLATN Lo 390 activity a@ad [10] WanT
NARIN lAFEAARBINY Yang UazAtue (2000) [11] 7
a g { g k3
AN pH stabitity 784 PPO UTgNT N&naaNnnaa
(Musa Linn.)

. A ' e A ad
RN dopamlne SHGWU'J’]LEHVLSHNNLEVQ HINTNAN

. A o &
sapientum lapfiguaiasn 1Ju

pH 5 -11 uazdl activity aaasfl pH < 5
100
90 —

80

70

40

Relative activity (%)

30

2.2 WANTFANEN optimum temperature L]
temperature stability 284 crude PPO

IMNNANIINA[DIWLIN crude PPO mmf:a
nawtin 1 optimum temperature L¥InNU 30 °C
LLa:ﬁQM%Qﬁ 55 °C crude PPO i activity L#@8
60.11 % (gll‘ﬁ 4) 3 optimum temperature L%
qmwgﬁﬁmu%ﬁﬁ activity ga‘ﬁ'ﬁgm FINUMAN
qm%nﬂﬁlunuugm’%a@i’m’h optimum temperature

6 o v 6 al . A v
yadianlainasyinliianlodd activity anad Wafla

=

ROANRBINUIILINUVEY Whitaker (1996) [10] 9
a;ﬂiﬁiﬂﬂﬂﬂa PPO a2il optimum temperature oyl
1%"1%’33 25-35°C LRNANIINANDIVDY Yang Liasathe
(2000) [11] ﬁﬁm:n optimum temperature 183 PPO
‘U%q‘ﬂ'if ﬁaﬁ@mnﬂﬁﬁﬂ (Musa sapientum Linn.) LLae
WU7N optimum temperature 289 crude PPO 60

Winnu 30 °C

0 10 20 30 40

50 60 70 80 90 100

Temperature (C)

Eﬂﬁ 4 Temperature activity profile ¥aJ crude PPO ANNLaNFIBIN
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diadiazilanldsnsazans catechol A
Wt 20 mM luansazaratwiwes pH 5.0 1Tu
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