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Abstract

Banana (Musa sapeintum L.) is a perennial herbaceous plant of the family
Musaceae and genus Musa, and it is an important cash crop in Taiwan. Banana peel,
which accounts for about 40% of the total weight of banana fruit, is the by-product of
the banana processing and agricultural industry. The peels are often used as feed and
fertilizer. Previous studies have shown that banana peel is rich in functional compounds.
However, due to its high nitrogen and phosphorus content, and high water content, this
by-product is becoming a burden to environment. In this study, banana peel and frozen
banana peel were used as materials for water and methanol extraction, which include
concentration at 40° C or 70° C, to obtain six different extracts. The colorimetric
detection of Dopachrome producing capacity is use to evaluate the effect of tyrosinase
activity of six samples. The results showed that banana peel methanol extract with
concentration 8 mg/mL which concentrated at 40°C displayed 69.75% higher in the
dopachrome production. Banana peel methanol extract with concentration 8 mg/mL
which concentrated at 70°C displayed 9.15% higher in the dopachrome production.
Frozen banana peel methanol extract with concentration 8 mg/mL which concentrated at
40°C reduced 24.36% of dopachrome production, and with the same concentration
which concentrate at 70°C reduced 48.41% dopachrome production of the same
concentration. Therefore, frozen banana peel is found the inhibitory activity to
tyrosinase, and it is uncompetitive inhibitor to tyrosinase. After liquid-liquid partition
by organic solvents, butanol fraction of banana peel methanol extract concentrated at
40°C has 79.15% higher in dopachrome production, and butanol fraction of frozen

banana peel methanol extract concentrated at 40°C reduced 53.74% dopachrome
I



production. The compounds in the butanol fraction of frozen banana peel methanol
extracts concentrated at 40°C may cause changes in the production of dopachrome,

which need to be further identified.

Keywords: Banana peel, tyrosinase, dopachrome, uncompetitive inhibition kinetics,

liquid-liquid partition
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Fig. 1. The planting area of banana in recent ten years. ( &% B2 & 2% 431 °2013)
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Bk th & K oy F 8 4 3040% (Anhwange er al., 2008
Gonzalez-Montelongo et al., 2010) * £H Em T 2 ¥ P AR ERWEEY » BtE
SRR RN E R A — B EXIEIEFAR (Gonzalez-Montelongo
et al., 2010) °
-~ FERTHREERY
1. fLafem |

FEAEREGABINGRART ~ BHATE » SLBETHEREENBEA
b Bk FEE 4L A #HBa LR T %% 8 & (%k—)(B=)(Kanazawa
and Sakakibara, 2000) °
L1 %x%C

A FCH— T Z AU NE R T Q8RB N o) # Ak s o — a5
R — B R o S bm BN Ay ik E B X KB IR RE R AR B AR
430y ~ < A3 8L R B HE A, (Halliwell, 1996) °

FH100 gF E R T 445 H10 mgZ i B (Kanazawa and Sakakibara, 2000) °
1.2 By 4ait o

By FAIL A B T ZREBREH > RARGHA - AT FE  XHEH
e Ay BT 5 BBy B $A (phenolic acid) ~ #2887 (flavonoid) ~ =K T M (stilbene)
FoRE % (lignin) (Karakaya, 2004) - By$a1b&-p B A B R B4 > sefE A SR F ~
EFREH  AAEAFREN LEAESLBOEN > Tirdl &K A
B A R (Rice-Evans et al., 1997) -

FER T OB RS S E S 0.9 -3.0 g/DW (Nguyen ef al., 2003 5 Someya et
al., 2002) > &35 L X % (catechin) ~ K& % ~ ¥% (tannins) RIEF HF Fea R £ it

% (delphinidin) v %&£ % % (cyaniding) (Someya ef al., 2002 Wall, 2006 Lim et al.,

3



2007 ; Gonzalez-Montelongo et al., 2010) - £ ¥ L X F B A R T A X H

(gallocatechin) &= % 160 mg/100 g (Someya et al., 2002) °

13 ARG E
BHESFARRERRE LN EF b HEARERS S EIRELE S MM -

FAED AT E R EASE R AREAER > A—REE A LY 0 TH T

M}

Bz B RS (Krinsky, 1989) FRAB 8 td o sborpE A 2t B b A ER R
B A2 PR B2 R BT (Truscott, 1990, Young and Lowe, 2001) °

FlgHFERTHRABEESEA A OHETHAE TS B-HELD £
o-#H#E 5 E 2% FY (violaxanthin)~ 2 2% % (auroxanthin)# ¥ & (neoxanthin)
# %% (leutein) ~ EE T % (isoleutein) ~ B-I& ¥ % (B-cryptoxanthin) & a-[&% %
(a-cryptoxanthin)(Subagio ef al., 1996) °
1.4 144 B 8%

MM EEEX % § B (sterol) » ARAEBEZ SR ATAY > BIFREZAEE > A
ZAAN R FA — A A R RE > RS E B AR RRAER > H AR
X PETZBHbEER B B AMLEBRIE > A — A AN AILHME - MRA K
Z AL ERAR MG R A LRSI Z QR TOFE 0 B EEEAE R E
ABaA  TEGARLAEATUEMLABHIEEZ =% A dHL (Gordon and
Magos, 1982) °

FER TR AR 035 B-3% § 8 (B-sitosterol)~ T E B (stigmasterol)®
¥ § B2 (campesterol) ~ FEAZMEZ (cycloeucalenol) ~ 3 K B AL M B2
(cycloartenol) & 24- 22 ¥ # 32 K 3% # Bf (24-methylene cycloartanol)(Knapp and

Micholas, 1969) °



1.5 5 &%

5 ORAENBA SR ENE > AR HE (catecholamaines) » B A #f K
S R N AR LAY 12 E AL BERA - REEFIMR
A HLBEARREHNLAEFTREFLRAE w BARETFRAABBA (Yenand
Hsieh, 1997) > #L 8L /1 1& 7485 BA R Py b i Bs BALEE B 2 R bt — T A s X
¥ &, X (butylated hydroxyl-anisole » BHA) ~ =— T & #& X F X (butylated
hydroxytoluene > BHT) > EHL A/t S8R B AL E — P wlk - 5 100 g &
E R ¥4 % 80-560 mg % BB (Kanazawa and Sakakibara, 2000)
2. R4

FEREORERSYE > &FEKRLEY 50% (Hpaai Emaga ef al., 2007) ° &R
BELBBARNILARTRERNL FeRBEBEZVNRIRME > 2F K
PB4 (soluble fiber) R IEKIEMEL4E (insoluble fiber) 47K o KM E R 44
45 R (pectins) BB HE (gums) % @ JFREMGBELSGBEET - KREFH -~ o —
sb ¥ 4k 45 % (Thebaudin and Lefebvre, 1997) o 7K %4 45 4 A [ K e 7 F 48 0% B B7 R
FE 5 JEARIEVESRTT M ho AR RE A 0 FERE & KGR &9 R (Burkitt er al., 1974 5
Kelsey, 1978) °
3. % U et Re Wy B8R

FER P2 S EE X E R B R k& (linoleic acid) Fv - R 2= fik i B
(o-linolenic acid) * PPHEAERE H B mAEER » A G ERBEER T BL
&2 40% (42.1-52.2%) (& =) (Happi Emaga et al., 2007) 2= it & B ¥ & B5 &
AR d B ~ o oF BE Bl B2 48 B A #1894/F A (Ramadan and Morsel, 2002) ; M a-=R 22

Jit 7t B T PR AR ) IR 2 38 Fo IF AR S Bk & & (Simopoulos, 1999) -
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Table 1. Levels of Antioxidative Phytochemicals in Banana at Various Ripening Stages.

ripening stage”

1-3 4-6 6—7 7-8
In Peel (mg/100 g)®
dopamine 865—1940  185-705  80-560 235-930
(1290 + 420) (430 +210) (380 + 160) (500 + 270)

dopa 14-30 3.5-10 1.1-8.0 2.5—-15
norepinephrine 55—118 8.2—-14 ND--24 38—-43
naringin 120-260 17-120 28-95 42-172
rutin 16—23 11-14 11-16 15—-17

ascorbic acid? 6.8—8.2 6.6—8.7 5.8-8.0 3.2-79
carotenesd 0.43-1.2 0.55-0.87 0.28-0.78 0.11-0.66
tocopherols? 2.4—-2.6 3.2-53 1.5-5.8 5.5-7.8

In Pulp (mg/100 g)?

dopamine 4.7-10 6.1-15 2.5-10 0.72-6.1

(7.0+2.00 (9.1+£3.1) (73+24) ((34+22
dopa 1.3-1.9 1.3-1.9 1.0-1.5 0.95-1.4
norepinephrine 0.80—1.7 084-2.1 082-16 0.62-15
naringin ND+65 NDe ND-3.3  ND-e
rutin ND=4.8 NDe NDe NDe
ascorbic acid?  12—-13 11-13 6.9-11 5.4-10
carotenes? 0.09-0.12  0.06-0.12 0.03-0.12 0.02—-0.05
tocopherols? ND¢ ND<-0.29 ND- ND=0.45

(Kanazawa and Sakakibara, 2000)
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o

ERAAEMGARLBERAIIZ S TH BER% BHEMEERX - BB
O EMRIE kR B R RA - BB A kEERK (Imam and Akter, 2011) 2

fIEM b £ NE (Canna indica L. var. speciosa) #-BEAE B AE & & 38 % 06 5%
(Okoli et al., 2007) - £ Eh4pkBe ¥ > FER T HRBMEAA LB L E BB Fhk
(Goel and Sairam, 2000) * st4hF E 4 H HLd /B (Perfumi et al., 2004) ~ FEAK fobE
(Alarcon-Aguilara ef al., 1998) ~ B E| 8% -~ = B2+ Bs (Gomathy ef al., 1989) » B ik

# Ak By Ik A2 4L (Saraswathi and Gnanam, 1997) > 4245 2 x4 (Agarwal et al., 2009)

Eh o tmhe 5 Al B B A LB EUE M (Tewtrakul ef al., 2008) © At 7% 88~ &
ERHBHBHHKAB (Staphylococcus) ~ BB TLH B (Pseudomonas) BH LA F K

(Alisi et al., 2008) > ™ g 2-& % ~ $A= B ~ $A5 » $THE A A kB (Jain et al., 2007 ;
Chodera et al., 1991) -
ms FEAELLREAR

HFHEETHRAEEAMYE (Essien et al., 2002) ~ & &% (Chung and Meyers,

1979) ~ iB#% (Tewari et al., 1986 ; Hammond et al., 1996) ~ F ¥t (Gunaseelan et al.,

2004 ; Bardiya et al., 1996) ~ X (Emaga et al., 2008) #vE£ % > 4o o-HFdy B
(a-amylase)(Krishna and Chandrasekaran, 1996) - ¥ 4 4 /K #% & (hemicellulase)

(Medeiros et al., 2000) ~ 4 4K #% & (cellulase)(Krishna, 1999) L9 7R =T A RAE A

ZE 4 (Onwuka ef al., 1997) A KE t9i$# b RIEERERMILEZ 4B 8T 4o
BEF (Cu” )~ 458EF (Zn®) > &8F (Co™) ~ 488 F (NiP) > &58F (PbY)» &ft

B Mt 4 B 4o F AL (methyl orange ) ~ F A & (methylene blue) ~ & 8 B



(Rhodamine B ) ~ Hl| R 4= (Congo red) ~ ¥ &% (methyl violet) & B35 Z10B ( amido

black 10B)(Annadurai ef al., 2002) °

10



A~ FEZIRE

BEBBRBMHAR S HEEIE FHRIE AR Y A R E (chilling injury)
BEE B AL 11.5-13°C > AR AL B ARG - B R E ORGS0 R Bl
AR T EEREMR - FEAGLARFEAKE  EBUKOEREZRARE
HEE SHERMERIBE  REAACAGHRARBERLE  HABANE
MARAT IR IEF 1R B (Wardlaw, 1961) o R R B B4 BOR HHRIR B v SR o 3R
REZABMS R A IEE ko B ARG 84 & 38 9 biE ta e

BAAMRY ) RRBE R AEERH T LB FETRERERR » B
BB AR 0 R e B 5 E (Lyons, 1973) °

RE (freezing injury) LB EZE S A2 & KT (freezing point) SATF X i
B ARSEAKRTHmRAER  BERAERG AR ELLSRME (RZ) HE
Fok % (McColloch, 1953 ; Whiteman, 1957) > R E R — & AL E & & 25
KizAk (water-soaked) Z #h%k o & B BEF IR E ZE G E BT 0 B A dm AR B R 69 K
o F SR E > 1 AR fe R P KB AR R T &) dm B IR R 0 4B AT e B B PR 2K BB R

IR > S AR o MR > miE N R E R AR S KRS
BAALEEFRY > o F M AL RHBARER SR S BE > S RAKRYE ST

&R ABBRAEZHEMIK (Mazur, 1969 ; Mayer, 2006) °
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Table 3. Susceptibility of fresh fruits and vegetables to freezing injury.

Most susceptible Moderately susceptible Least susceptible
Apricots Apples Beets

Asparagus Broccoli Brussels sprouts
Avocados Carrots Cabbage, mature and savory
Bananas Cauliflower Dates

Beans, snap Celery Kale

Berries (except cranberries)  Cranberries Kohlrabi
Cucumbers Grapefruit Parsnips
Eggplant Grapes Salsify

Lemons Onion (dry) Turnips

Lettuce Oranges

Limes Parsley

Okra Pears

Peaches Peas

Peppers, sweet Radishes

Plums Spinach

Potatoes Squash, Winter

Squash, Summer
Sweetpotatoes

Tomatoes

12
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% — & - BsBEBR & Tyrosinase
— WA

B mci g (EC 1.14.18.1) X 4% % By 21L& (polyphenol oxidase) * 5¥2 2 &%
(melanin pigment) Z A& &K @ REZFENGHENEE - el - BB T > AR ADHE

Z AR B B B R Bl 45 (& ) (Pawelek and Korner, 1982 5 Mayer, 1987) © B4 BB

Bd =B A SHE R (domain) MK 0 o LM E B BT &0 RIE

SR8 T & P15 P P 8 = B 4A B B% (Histidine) 44 (B =) FseB A FAofrda

% R (Jackman et al., 1991) °
RSB B B 2 SR FE M T O X AR &4 X 5 A AL (Oxy tyrosinase,

Eoxy) ~ /R & (Met tyrosinase, Ener) FoBLEHE (Deoxy tyrosinase, Bgeoxy) © BALREE
M FINRA S FEAEA B ALY EAEGE RE =848 F (Solomon and
Lowery, 1993) » i A FX R AR E HE R R LHNEM DB/ EL
At 2 ¥ B (monophenol) Fv#f X — B (o-diphenol) % #& H /A (Eickman et al.,

1979) 5 BREFMHEF SBMNBALE - Rk EA REFAET AW EAETLES

8% S8 bty M IR B R ALy - ABEARBLBE X FF L HA (resting form) > 7T & & Ay N i

AL AL A AL - Mg BRALWIB R AR R R RR G - s iR o) BS IE 0L B

B 85%u9 R BB A& 15%89 BALREAF 48 A, (Himmelwright et al., 1980) ; BLAEE M
PRl i Rl — B4R T s (Bmw) (Kubowitz, 1938) °

Z % (melanin) ARFEENHN@E - BH - B AP EEZ— -
2eth—F5BREME S (heterogeneous polyphenol-like) » H 38 & 515 1 3%

EEZE (Prota,l988)  ZEFALRTARENERTWAR  BLERFEZ
13



1@ ¥ 84% (Korner and Pawelek, 1982) M B LI F e R R R KB X B &
%t (melanocyte) » bty B &k » SRRV F L H R Fre sz G E (Hill et

al,1991) M E o B A AT R E - LH¥ ARKBAEHELE £ (Quevedo ef
al., 1987) B4 Bz Bk BB L 2 & % & R B2 + BBy RAL T BRX B AR EL (tyrosine) A&

f&  (hydroxylation) & = B £ 4t ¥ B 2 34- = & X A B B
(3,5-dihydroxyphenylalanine, L-DOPA) £/t 4 % ©.8 (o-dopaquinone)’ tt — & J& %

& L
]

A F 48 (Lerch, 1982) ° % BRRAKERAREEZRE TR A4 §HhR

‘}“B

BhIFBEFHEBALREE % B EF (leukodopachrome) * B % — % BB T8

JFEEF M A LA A % B &% (dopachrome) M3% % ELEL S F Bl :E R i L-DOPA (

A) HELH—ZINBBEHLERENREZE SR REE0ARNELE 204
EREBEZAE &% (cumelanin) R F & R 4452 8248 2 &% (pheomelanin)

(Lerner and Fitzpatrick, 1950) °
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Table 4. Properties of various tyrosinases.

Source Number of Molecular weight Spectroscopy of oxy form
subunits of subunit (kDa)
Absorption (nm) CD (nm)
Streptomyces glaucescens 1 30.9 345 345
(Eubacteria) 640 470
575
740
Neurospora crassa 1 46 345 345
(Fungi) 425 520
600 600
750
Agaricus bisporus 2 13.4 345 353
(Fungi; mushroom) 43 600
Beta vulgaris 1 40 345 -8
(Plant; spinach-beet)
Human melanocyte 1 66.7 - -
(Animal)
2 No data available.
(Kim and Uyama, 2005)
9 His90
!
4
&
4
!
. - ' "
His8l ¢ His250
B 0 »
&
. w
@ 2 Cub ¢
L 4 . v 9
s o e
L 4 o e® O. »
. 0 A
& o v His282
His57

His254
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Fig. 3. The structure of the active center containing Cu of tyrosinase.

(R R+ 2006)

) /< ’\ <)
0
P N\Ct’:(( \clm)/ "
R N/ \o/ N\ 2H,0+ 2H" R
0 OH
H:0 R HO  OH,

N N N / \ N
~ - ~, v
Cu(ll) Cu(ll) @ 7 Cu(ll) Cu(l)
RN Y, T N

N TN N
Mettyrosinase e cuin?” Oxytyrosinase
N/ \/ \N
OH
R 2H,0
HOQ H.0 Monophenolase 02
OH Catalytic Cycle
o NG N
R |
/Cu() Cu(I)\N
N
5 2H' Deoxytyrosinase
SO Y
~, N
Cu(ll) Cu(ll), o7§j
N/ \O/ \N (o]

v~ B BR B B L B By AL BB R — By 2 B b ey bE R

Fig. 4. Catalytic cycles of the hydroxylation of monophenol and oxidation of o-diphenol

to o-quinone by tyrosinase.

(Kim and Uyama, 2005)
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Tyrosinase Tyrosinase

(Monophenolase) (Diphenolase)
COOH ( HO. COOH ‘ OD/YCOOH HO. COOH
HO/L:::F/\E;2 HO:I::]/”\ELZ o NH: 5 tathicne HO:I::J/A\LLZ
Tyrosine L-DOPA Dopaquinone or i S
Cysteine H
H,N

l COOH
HO. 0. HO. Cysteinyldopa
-co,
| ~—
HO N -0 SN >NCooH HO N~ COOH
H H H

DHI Dopachrome Leukodopachrome HO COOH !

Tyrosinas Tautomerase
\i l N NH,
o HO Oxidase @ ”\/
D\_/ﬂ :@j\ A—*Dj\ 1,4-Benzothiazinylalanine |
0 N HO N” “COOH o N” “COOH
H H

H
Indole-5,6-quinone DHICA Indole-5,6-quinone-
J. carboxylic acid
Y - - AJ

[ T
B NI el R R
Fig. 5. Biosynthetic pathway of melanin.
(Kim and Uyama, 2005)
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=~ BABRER Ml B
REBAAL  CERTFSLZFAHRARARR il S irda - BBEHRAR

ARH (BN) IATERZEBRESENHE (Bt) sirs 6 - —

B4 S, ) B4 5 R 2 B b
1. #H]

B B B Bl A 5] B 69 4F A AR B 7T SAST AR A

A RV SEBRGERFAEBRBEREI AN BIERBRASE > EME

BKEPCEEFRZEEFHAR Wi A F ks (B \) (Friedman,

1996) °
B. FHR5Em RS tCmMREARECEY £ % CBRFRBIFEAN TR
BE2EEZ AR wbHibet ~ BHERE o

C. M EMFEAAELAs - LRI B AR SR B BB X B BA GBS ~ % &2

ABAL > T L2 G FEE AR TR A S HEMAMRBRAARSEETOER > RD
2ok AR wARBRILLBMITEY Notsu et al., 2002) °

D. JEE— M BB K E R AR BE R B EE R S M KU o AE R EE (citric
acid) ~ A R B (malic acid) °

E. HZ—MXEBEEsEAER @ BRI RN BB KE > T MBS IR BR

BTt ik AR 5 0 WAk B AR MR AL ROE B AR R T 3 g s ABIE A -

F. Z— M BRratagdod R @ b B2 B M R ER a7 M &4 B

18



B& AR B 2 ARAL T EE (£ 0 2013) ©

BER E N AR R R B IR B R KM R R — M X B REE AR S

ol B B — M 2 B B R Bl b ) FT UL BB A R 0 BE AR BB 0 3 R g H i A ]

16 FR 7 B L 2 A0 b A 1 3 0 86 A L P B SUARIR P U JR AL T > 2

(competitive) ~ JE# F A (noncompetitive) ~ R #t F & (uncompetitive) A A A
(mixed-type) #p#|H| o

FRIHI BB T A - THRAETRFRENBERESMIHE > LA G
BRESERTRERBEFES - RF R B K AT B SR - ERAEEK
MRAIKE 24T AW > kot B F (quercetin) ~ & A BT %% (epigallocatechin,
EGO)~ & L X %4 R -FBEs (epicatechin gallate, ECG) % (Kim and Uyama, 2005)°
AmFRIpHB AR CHEATLELSNBZTAGHE S wig ik
((B-N-(y-1(+)-glutamyl)-4-hydroxymethylphenylhydrazine, agaritine) 4£3A L-Dopa %
ARG B RFA 2 3% (Espin ef al., 1998)° AR (GRF A B R R F A 2 04)
WHRIBAETHE DB EIES T THER - RAEAGRES  AnnaaBEt
PR AR OB ELXTHETHARMEY » ok HE X (glabrene) REHE
# (isoliquiritigenin) ° stk Ik 5t 5 A0 4p 1 B 7T 48 & R L6 A 4 Bl ey 45 6] - T A
WA B A- R TR OBES BHNRHF LG THEFTHAMARY (BL) 4o
& & B (anisaldehyde) ~ P 4£E¢ (cinnamaldehyde) ~ #% % B¢ (cuminaldehyde) A FT4%

B (ferulic acid) % (& #& ) (Lin et al., 2008 ; Chang, 2009) °
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HO OH

(-)-Epicatechin gallate (-)-Epigallocatechin gallate Luteolin-7-O-glucoside

CHO
CH,
Aloesin Glabridin Glabrene Anisaldehyde
CHO CHO NH,
7 COOH o H
- HOOC._~_~_~_-COOH
HO
O . .
HisC” “CHj, HO o Azelaic acid
Kojic acid
Cuminaldehyde  Cinnamaldehyde L-Mimosine

Bl 75~ R AR ARR B B B B ) ) AR
Fig. 6. Structures of tyrosinase inhibitors from natural sources.

(Kim and Uyama, 2005)
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COOH CH;3

H;C._ _CHj
Lo S
HS N
\SJ \ONH4 HSC/\)J\N N:g:_)'

Captopril Methimazole Cupferron Dopastin
0 0 CH, CH, 0 /J:::]:::j
HO
OH HO. O/\MCH:; 0
HO HO
OH OH
Tropolone Geranyl gallate Decahydro-2-naphthyl gallate
OH
COOH
OH c ‘tOOH
CHs s
4-Hexylresorcinol (S)-HTCCA R)-HTCCA

Bt~ AT S RARARICEWHT A My 2 B Rt B g0 1) ) 4 4%

Fig. 7. Structures of tyrosinase inhibitors from synthetic sources and derivatives of

natural compounds.

(Kim and Uyama, 2005)

+ Cysteine | CH,-CH—COOH

COOH &  NH,
- |
okl ”m + 3
: HO 2 CH—
Cysteine CHy (|3H COOH

NH,
Tyrosinase Dopahydroquinone Cystine

D/\(COOH ? D/YCOOH
COOH GH20H
CH,0H CHOH
L-DOPA Dopaquinone CHOH O

Deh
L- ASCOI’bIC amd Dopahydroquinone | _ ast?ox)(:(rzoamd
+ L-Ascorbic acid I

Bl ~ BB R U i BB R % g DAHp  BS M B i 2 B RPEAR 4

Fig. 8. Inhibition of tyrosinase-catalyzed enzymatic browning by trapping the

dopaquinone intermediate with cysteine or ascorbic acid.

(Friedman, 1996)
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E+S > ES —> E+P
+ +
I I

K, Tl Competitive K4 Tl Uncompetitive

Ks

EI < > ESI

Mixed or Non-competitive (as K; = Ky)

U~ BT 3R B R AR
Fig. 9. Action mechanism of reversible inhibitors. E, S, I, and P are the enzyme,

substrate, inhibitor, and product, respectively; ES is the enzyme-substrate complex, and

EI and ESI are the enzyme-inhibitor and enzyme-substrate-inhibitor complexes,

respectively.
(Chang, 2009)

22



2. BA PR B B0 ) B 2 e A
2.1 REARRS
BaL R T BB ~ BRI EE - PEKSLER SR B F R JE (Amino-carbonyl) & % i

B FE A% (enzymic browning) e BEF M B Y AR ST A EENAE > BAR
ook~ AR - BUERAHNHLNARERAEF - AMAE—KAR - BHF -
B E MG Aot % %6 EF R E (Martinez and Whitaker, 1995 ; Nirmal and
Benjakul, 2009) » 7R 1€ 3% ik 28 &, 69 B0 & B B asaE o0 B B AR BR 0 FRARIH AL 0 3B

FER GRS BREEMEREEBEOBK  AEMETRAEE L  ERR
o2 AP E PR AR (Carpenter, 1981) o B sbip ] s B E B S 0 BNk B A — € 2

WAL W R A AMFE (blanching) 0 #E By 4a B Rl A AR HOR BE R B A A SRR ER
B ARERE > LERANHILEE SR T RIERSOBETERYE > R RHE
iR L2 5E > THI A A UE BB (Hsueral., 1988) 5 IRA BLAKLE

B 5 R EAL ~ R AudEAiEL ~ JA R 8 - 858 (phosphoric acid)fE & B& LB » K48 %

AT LA B O 4RI BE T 5 Oy sk Ak BA RE BR B Kk X 75 ML (Santerre ef al., 1988) °

22 EkRERH

BEBRBR B4 HI Bl ¥ & T R FIURA AW B9 h 3k » B obfe M R B8y

ERARMER - BRI FIBEFREETAG R BREAARLGAHEN 4o

Epmz ik AL o £ BB T BB B0 A H B A GBE (piebaldism) &

BibE (albinism)ByH 2 B4R - 25T H 48 R K A KBS AR BL B0 ) B AL IR T
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HKMRAAREMAE > RADHMAFARFEEE - LRERFE (arbutin) Fo &5
% (aloesin) @A SAHpHI BS R BR B > MR RAFAE T ¥R FaiLh iR R
FAERFNIH > mEEEEAERF I - RE R SR T EER -
3t fE AR AR Bl AP R B2 Mk D BIMERA (Jin ef al., 1999) - LI F AR E B
™ A ¥R =8 (hydroquinone) ~ # 4 £C ~ 88 (kojic acid) % - AMAS L
ARt ded ARy MBI H R e HAMEREBEHEBHREE X

HMNGEZEESEER > Bb B AT R B Y T EEE B REZEL
Z e Eiebd (kN) (Zhu et al., 2008) > 1 4 & A 3R R 5 8 4 % 32 B b, A 31 5

2Ry BRHERERS > okt -

2.3. A

$EBr At AT ANLAETY FHELSMA FHCORZ EZRE o [RET

kRS P A B RIRAE AR AR S B X B AT B SbBE AR B By ) B B 4R AT

KRAEMZEBIAOESN 5k > 1993)
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Table 5. Summary of tyrosinase inhibitory activity of compounds from natural sources.

Compounds Type of 1Cs, Refer-
inhibition (mM) ence

Flavanols

(—)-Epigallocatechin competitive? 0.035 90

(—)-Epicatechin gallate =~ competitive? 0.017 90

(—)-Epigallocatechin competitive? 0.034 90

gallate

Flavonols

Quercetin competitive® 0.070 91

Kaempferol competitive® 0.230 91

Morin competitive® 2.320 91

Flavones

Luteolin noncompetitive® 0.190 91

Luteoilin 7-O- noncompetitive® 0.500 91

glucoside

[soflavans

Glabridin noncompetitive® 0.004 98

Glabrene mixed-type® 7.600 98

[soliquiritigenin mixed-type® 0.047 98

Other compounds

Kojic acid mixed-type® 0.014 119

Anisaldehyde noncompetitive® 0.320 104

Cuminaldehyde noncompetitive® 0.050 104

Cinnamaldehyde noncompetitive® 0.980 106

2 Inhibition of monophenolase activity.
® Inhibition of diphenolase activity.
ICs,, inhibitory concentration 50%.

(Kim and Uyama, 2005)
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Table 6. Overview of botanical extracts with depigmenting activity.

Depigmenting In vitro
Component Plant source mechanism research In vivoresearch  Potency
Arbutins

Arbutin Pear, cranberry, 1 Ty MT Arbutin<HQ<dA (Boissy et al, 2005)
blueberry, 1 DHICA polymerase B16
bearberry shrub NHM

a-Arbutin Pear, cranberry, 1Ty MT’ human 100mgg™" Arbutin<a-arbutin (Funayama ef al., 1995);
blueberry, IDHICA polymerase melanoma cell 15 days reduced pigmentation by 43.5% (Choi
bearberry shrub 15 Koreans et al, 2002)

Deoxyarbutin Pear, cranberry, 1 Ty MT 3% Improved skin tone, significant in
blueberry, 1 DHICA polymerase NHM 12 weeks Caucasians (Boissy et al., 2005)
bearberry shrub 34 Caucasian

16 ethnic
Aloesin Aloe 1 Ty MT 100mgg™~" Arbutin<aloesin < kojic add (Jones et al.,
Competitively B16 15 days 2002); reduced pigmentation by 34%
1 DOPA oxidase NHM 15 Koreans (Chol et al, 2002)
Flavonoids
Havones Most plants 1 Tyr. MT Chrysin< apigenin<luteolin Kubo et al,
Uncompetitively 2000)
Havonols Most plants Copper chelation MT Marin<galangin < quercetin (Xie et al,
2003)
Hesperidin Citrus fruis 1Ty MT 1%, 3% Hesperidin (200ugml") = kojic acid;
Antioxidant of collagen  B16 30 females significantly reduced pigmentation in 1
NHM UV-induced week (Zhang et al., 2008)
pigmentation
p-Coumaric add Panax ginseng 1 t-tyrosine axidation MT Significant suppress melanogenesis (Im
B16 et al, 2003)
Niacinamide Root vegetabl | Méelanin transfer, MCKC 8 weeks 1 35-68% melanin ransfer; significant
yeast antioxidant of collagen  coculture PREP 5%, 18 facialstain  improvement in 4 weeks (Bissett ef al,
2%, 40 facial tone 2004)
Licorice extracts
Glabridin Licorice 1 Ty B16 Significant | Tyr. at low concentrations.
ROS scavenger (Yokota e al, 1998)
Liquiritin Licorice Melanin dispersibility MT 20% 80% excellent (Amer and Metwalli, 2000)
Epidermal remove 4 weeks
20 melasma
Muberry Morus abba 1 Ty Melan-a <kojic add (Lee & al, 2002)
ROS scavenger
Polyphenok
Procyanidins Grape seeds, 1 Ty MT Kojic acid, arbutin<EA Shoji et al., 2005)
ROS scavenger B16
Hlagic add Stawberry, Copper chelation MT Kojic acid, arbutin<EA=2 HQ (Shimogaki
geranium 1 MC proliferation B16 et al,, 2000)
Traditional Chinese medicine
182-GL Licorice 1 Ty MT 3% Significantly reduced pigmentation in
S91 30 female 1 week Zhang et al, 2008)
UV-induced
pigmentation
Sophaorcarpidine Kuhseng 1Ty MT < HQ (Lu et al., 2006)
Melan-a
|, inhibit; 182-GL, ammonium glycyrhizinate; B16, murine B16 melanoma cell; DHIQ, 5 6-dhydroxymdole~2 carboxylic acid; DOPA,

3,4-dihydraxyphenylalanine; HQ, hydroquinone; KC, kerati
PREP, pigmented reconstructed epidermis model; $91, Cloudman S91 melanoma cells; Tyr., tymslnase.

| yie; MT,

NHM, normal human melanocytes;

26
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Table 7. The skin-whitening agents and prescribed concentration published by TFDA.

A ¥ R4 R
Magnesium Ascorbyl Phosphate WA FCHIEES 3%
Kojic acid L3 2%
Ascorbyl Glucoside 4 F C BT 2%
Arbutin RERF 7%
Sodium Ascorbyl Phosphate A F CHiERNE 3%
Ellagic Acid = 0.5%
Chamomile ET R 0.5%
5,5’ — Dipropyl-Biphenyl-2, 2’ —diol — AR R =B 0.5%
CetylTranexamate HCl ELGE & b o ® 3.5 3%
Tranexamic acid EXE- 3 2-3%
Potassium Methoxysalicylate
(Potassium 4-Methoxysalicylate) F AR KA B 47 1-3%
(Benzoic acid, 2-Hydroxy-4- Methoxy-,
Monopotassium Salt)
3-O-Ethyl Ascorbic Acid 3-0- LAIUR o B 1-2%
(L-Ascorbic Acid, 3-O-Ethyl Ether)
Ascorbyl Tetraisopalmitate REE ML F C 3%
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B8 KRB H
EnEERET oS RIAME > AP RS RREF B EOKERY R

TEEEEY » AT BA BRI FIAE ) > BT A B A A - RER

o

BERRARRIEETEAAERY R HHBEBERBEIREABRIPE b

DEERACB R M WA T E R E R T ERBE AR B E R Ry -

Bt~ RBE#

HER . LREER
(x % m|(¥ &% % 7 |
- AR FERK FERK AREEA || AREBER
i%g £2 4 || 400 Camits || 70 CcaERSE || 400 Camts || 70T CaERs
x5 || TEgmm ¥ 85 % R 85 % R 85 % B

B B 5% 5 i #l # % |

(8 m o ® 2 B £ 2 & & » #)

{%m@gﬂa&ﬂ [$ N 1%;]

B+~ FREE
Fig. 10. The scheme of this study.
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=t FEADAABBERRES B R G

] A X2 2y

[#5#]

T B

BomAERZEERAMBABMFE L HGHLE (Dole) RO NAZELERE

BA2wRE (fullyyellow) RAEZXEFE » THRRABMER -
2. X HEEAH
B 245 R ¥R (MARTIN CHRIST GmbH, Germany)
A% # (Edwards Co., USA.)
3’8 #% (Osterizer, Sunbeam Products, Inc., US)

KB R FE (Merck, Germany)

[ %]
ME S AERE —mAFEEN200C KEKRE— B IE BT REEEL Y

BHotg e A — AT ERABEENARICER T A RICES » I E R -

=~ HHER

[##]

1. 230 g X A

Methanol (Avantor performance Materials, Inc.)

2. EBEEEH

B AR 3%# (Martin Christ GmbH, Germany)

B 2% % (Edwards Co., USA.)
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w3z R4 (Firstek Scientific Co., Ltd, Taiwan)

Whatman No. 1 ~ 5 filter paper (Whatman Ltd, GE Healthcare, UK)
7R B 4B # (Biichi, Switzerland)

A %% % (Vacuubrand GmbH, Germany)

>~

1848 7K54% (Heidolph Instruments GmbH, Germany)

HRIIEBZ R BRI KN 20 1E88FE (wiv) ZAREER (1) FEE 2)&8k
Fok o 25°C EHHEIR 24 N BF 0 EEGREI RBIRE LR REY © FRKERZ
TR RS RIIRETR Ky L F B REIRZIERBLIREIRERRER 0 e R
40°C B 70°C MR B RGEXME » L8ARLBEREEZHRER - FRZFEL

SR EE R T B RKARE Mk BN-80°C KA R A

= HBEFERERMEDTR
[##]

1. 23 93X R )

Hexane (& A # S#k X & 4)

Ethyl acetate (ALPS CHEM )

Butanol (Scharlau Chemie S.A.)

2. ZBEBEM
B 25 R 8EH% (Martin Christ GmbH, Germany)

E %% (Edwards Co., USA.)
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w3z R4 (Firstek Scientific Co., Ltd, Taiwan)

Whatman No. 1 ~ 5 filter paper (Whatman Ltd, GE Healthcare, UK)
R B 4E4% (Biichi, Switzerland)

A% (Vacuubrand GmbH, Germany)

1848 7K54% (Heidolph Instruments GmbH, Germany)

[ 77 7%]

FEEEBRMICIERERRRERN T XA ARRZE 5B 0 458 3 B XA
1:10 (w:v) RIEDEETFKYT HHE P A FREG T E—HEHHRE
BEACURERFE  RECKE > FHIKEBREEF LA ERATIRERS
R EBTUKRE  BATRBIRGEERER - B LB LB AKE (LERLEHR
KOVBERL A 12) RO HEFCHCEREEFL  RECHTER > Xin
ANCELEERE SRR S LB TERZRBREXRER - ETEMKE
(BEAEL A 12) RAOKER BEFLTEERFAREETER  #IT=R&
RENE > AHETERR @ 5B ETER RKRE RBEIREXHRER - 2K RER

UEA B ER FTEEERW-O - FTEERW-CBCE ~ FELARM-LTE - F

_"n“

B M- K G B 48385 RIIR R FRAK 1R M E-80°C KRAERAHR -
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(frozen)Banana peel powder

Extraction

‘ H,O | Methanol
Partition
Hexane Ethyl Butanol H,O
‘ \ | acetate \ | \ ‘ \

B+— FERERMEMAE T X

Fig. 11. The preparation methods of banana peel extract.

FwmE o~ ARLRR
—~ AR RBEEEERR

[#1#4]

1. 2 30 g X A

Mushroom tyrosinase (Sigma, U.S.A.)
3,4-Dihydihyroxy-L-phenylalanine (L-Dopa)(Sigma, U.S.A.)

Kojic acid (Sigma, U.S.A.)

Potassium phosphate (KH,PO4)(J.T. Baker, U.S.A.)

Potassium hydrogen phosphate (K,HPO4)(J.T. Baker, U.S.A.)

2. EEEEM

T8 L INTHAIME LS (Eppendorf xplorer, Himburg, Germany)

K54k (VersaMax Molecular Device Co., USA)
32



[ 77 7%]

%% Masuda % A (Masuda et al.,2005) $1 Likhitwitayawuid #v Sritularak
(Likhitwitayawuid and Sritularak, 2001) X 3X5& F ik EES e - & AFH HiL2
mushroom tyrosinase % #% 50 mM potassium phosphate buffer > & # s 100 U/mL
Z BEFEIR o #% 40 pL ARk Sh w40 uL mushroom tyrosinase (100 U/ml) > £ &
TRIE+ 542 > B 40 uL 0.85 mM Z L-Dopa (potassium phosphate buffer) > #

HRIE =+ 5484% > AR A HTRAI A 475 nm T ZBAME ©

o [(C-D)—(A-B)]
Tyrosinase inhibition (%) = (A—B) x100%

A: RApoAtEHZ 4750m FRAME
B: KAtk BB HZ 475 nm FRAME
C: fuAtedbz 475 nm F&EE

D: A s R R mAEEF X 475 nm FRLME

= BEWHEHHE

1. 2 30 g1 X A

Mushroom tyrosinase (Sigma, U.S.A.)
3,4-Dihydihyroxy-L-phenylalanine (L-Dopa)(Sigma, U.S.A.)
Kojic acid (Sigma, U.S.A.)

Potassium phosphate (KH,PO4)(J.T. Baker, U.S.A.)

Potassium hydrogen phosphate (K,HPO4)(J.T. Baker, U.S.A.)
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2. EEEEM
T8 L INTHAIME LS (Eppendorf xplorer, Himburg, Germany)

K354k (VersaMax Molecular Device Co., USA)

[F %]
AR RS SN B R B B E B AR B AR S PR 50% B2 R E MR 0 B Al d

EBFE o #% L-dopa XA potassium phosphate buffer A-%|##2 > B 40 puL mushroom
tyrosinase (100 U/mL) > Av A FE#p 4l B 2 Ak sh 10 uL Y REM G R AT BAR
RE 10 4-4% > M) % & 482X potassium phosphate buffer B4k & ° 4 /m A L-Dopa
RE#HFRIBES 200 pL » B RIE 20 24814 > #1A Lo E&B T /L 475 nm
TXREAME - ARG BHEALREEIHA x 3 MUARKEGE L y 0 7
BB AR E - LB B A1 S A B o m] B 69 W 5l B F1 AT B He AT 0 ] B B

FZApHl ] o

EAM - FERERYRY N
— BHMAERAEENK (HPLC) 2 W FE R ERY
[#4H

S H#8 F BF (Aencore chemical Co., Ltd)
2. HMEEEM
KB R FE (Merck, Germany)

0.2 um JEBE (Pall Corp., USA)
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% 2L AE R AR & AT AR

(a) A% H (ERC Inc., Japan)

(b) ¥ 7 (Jasco Co., Tokyo, Japan)

(c) B4k 3 (Jasco Co., Tokyo, Japan)

(d) ¥4 (Hipoint, Taiwan)

(e) 18 78] 25 (Shimadzu, Japan)

(f) JRBIEFIE TR A (SISC RE > £75)

() »#7 &4x 1 & 4R 3%  Reversed phase Agela Innoval C18 column (250 mm x 4 mm,

1.d. and particle size 5 pm)(Bonna-Agela Technologies Inc., USA)

[ %]

%% Wen % ANEBATER 915 (Wen et al., 2005) RAUALE > KFRIE
A i C-18 % (reversed phase Macherey-Nagel C-18 column (250 mm x 4 mm, i.d.
and particle size 5 um) * #EAB 55 A FEE (A) 5 K (B) © AT A 2B 4 57 AT A

25% FEEEIEZE 500 ppm > A& 0.2 pm filter @K

5 %0RAR B Mk (HPLC) 3% %

AR © Reversed phase Agela Innoval C18 coulumn (250 mm x 4 mm, i.d. and
particle size 5 um)

ik ¢ 0.5 mL/min

GAEER

Solvent A : ¥ &%

Solvent B : 7k
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SEABEA 100 pL
Photodiode array (PDA): 200-400 nm ° 4§ LAk s 7Y & & 254 nm ~ 280 nm ~ 330 nm F

ARRBRAAL

BT

Time (min) MeOH (%) H,0 (%)
0 25 75

5 25 75

10 30 70

16 45 55

26 100 0

40 100 0

50 25 75

55 25 75

=~ B AEHBE (ESI-MS/MS) 5 ¥ & E H EZ Ry
1. $8 X E %%k (ESIMS/MS) 4L #2% &

scan range: 50 — 500 m/z

sheath gas flow rate: 25 arb

aux gas flow rate: 12 arb

spray voltage: 3.5 kv

capillary temperature: 325 °C

capillary voltage: -35 V
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BN~ s o
FERBAE L SAS v 9.2 F& (SAS Institute Inc., Cary, NY, USA)#k 8 #4743t %
#7 > LA one way ANOVA ¥ & F & £ E M > SR % % 78 A% (Duncan’s New

Multiple Range Test) R MM X AT HBE LR > U p<0.05FARBAEMZE

Z AR o
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FWE - ERENG

B~ FRYZIFRE

ERE13513+675g FEKRE 46.8242.94 g 15 £ £ & 34.63 £0.60% > #1
KRR Y B ERAE ERE R 30-40%H8 474 L RIIRE > WRFEAMRATER
FE2 1062+ 025%  20°C AR AREEEHRAFER E22 10.49+ 0.44% >
FERASHFERUAY - FERMHRR -20°C A REIEEE R RETKER
Ao P EE R EC M F BRI AR A RAERR IR E L — A 40°C> 5 — A 70°C
RELF BRI A% A Z s EBUEE] o KX AP SH T B 0 T Bk SD FREM

» FERR T RIAEAKBEMME ST HE L A bmEHEAZHE > whsE - T4
R B R R F B R IRIE T 154 B Z L AL E I (Gonzalez-Montelongo ef al.,
2010)

HFHEE (yield of extraction) AI5H LB HFEERE > AIFERMEER AR A
¥ E o MMM A e E B A FE  (extraction efficiency) Bl & #27% - B 2 B
(liquid-solid extraction) #4742 2 &1+ A M > kotk &b S 42 (Gonzalez-Paramas et al.,
2004) ~ A shAT B M~ B B4ELE - B4t (liquid to solid ratio) ~ F Exi@ A2 X B i
B B % (Spingno et al., 2007) ° R EJ &M # B A R E &M A am Lay £ & o
Bb AP L 7 ] 45 A B P 3 AR B9 MR- JE B A % (material-solvent system) Z 4%
R $ELLTRR G (Pinelo et al., 2005) © — AR MWL AL 2 B A239 £ 20-50°C 3
3T #4T (Lieral,2006) ¥ BBfH A=+ 2482 =+ w | \6F (Lafka et al., 2007 ;
Xu et al., 2008 5 Shui and Leong, 2006) © & f& & F EATH I » ARG R A&,
W Z IR R BN E B AR R A RO R R B iR A A LS

% (phytochemicals) &9t RIEE ML X ; WM B A A M EHZME i

AR & 0y HAbih B3 A RIE > %% 5 ey 4T (Larrauri ef al., 1997) ° & BF
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Fal 3 BB 2R BT DA i B BUGH R 0 RIBME WAk b ¥ AL AL E bR T R SRR Y
M (& A7 o

AEREERMIFZA X EIAZIYAE 25°C T HER—+ v N 554 Uk T 42
B Z L E A KB B BAEE o BpiEiB AR P IRME R SR EIR > RAm A T A MR R
Mz B EBEAE A 70°C 6B IR M08 > B LA T AE i R b AR M1 R,
A TEAR ~ IS RATEFE N T R B o

IR R R AT 0 FERAERY (BPW) ZERES 19.00% ° F 5 A
40°C JRJRE R 4% (BP4OM) X EE % 41.79% > 70°C /B R 454 (BP7OM) ¥R % %
42.95% 5 AR EIE A E R KERY (FBPW) X ¥EE L 2530% ° FE UL 40°C
B E 45 (FBP4AOM) 3EF 4 36.02% ° 70°C /R E 44 (FBPTOM) ¥R % 4
3571% ° &R T ERFRBEB AR MA AR » LERBEMRER - FEKA
BRRIEEERFRFGER KRR FEER > RREERARF » KERELRR
B2 AERERER S TEHERGLRRELZERZFRERK - M F B ER
W KRR 40°C R 70°C MIBRMEE > REREHBHEEREL BT EHL

FRBLRREFERTFTEEARERARLBRBEGLREZHE -
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AN FERRSREERZERE

Table 8. Extraction yield of banana and frozen banana.

Sample Weight (g) Percentage (%)
Banana peel 46.82+2.94

Banana peel 4.98+0.26 10.620.25
powder

Frozen banana 4.89+0.06 10.490.44
peel' powder

Extract Yield of extraction (%)

Banana peel Frozen banana peel
water 19.00+3.12¢ (BPW) 25.30+1.44° (FBPW)
methanol 40°C 41.79+1.32" (BP4OM)  36.02+2.11° (FBP40M)

concentration
70°C 42.95+0.70° (BP70M)  35.71+1.96° (FBP70M)
concentration

Yield of extraction was expressed as g extract /g (dried wt.) banana peel and frozen
banana peel * 100%.

Mean+ SD (n=3)

'Banana peel was frozen at -20 °C for 7 days.

Symbols followed by the same letter are not significantly different (p<<0.05).

BPW: Banana peel water extract

FBPW: Frozen banana peel water extract

BP40M: Banana peel methanol extract concentrated at 40°C

FBP40M: Frozen banana peel methanol extract concentrated at 40°C

BP70M: Banana peel methanol extract concentrated at 70°C

FBP70M: Frozen banana peel methanol extract concentrated at 70°C
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o B RREER BT SRR
B 4 X LI B Ao dp 5] Bl 69 & 4548 B (Chen and Kubo, 2002) © AF & ¥

A L-Dopa ¥ ABF TR T EH > B AT R8s £ FTH=

By B2 75 M #] (Ritaro et al., 2006) ° #]F L-Dopa #% —By & 81614 & R % EBR

BEMILZE B R BT

0))
L-Dopa —— > O-dopaquinone + H,O

L ERBLBEFHILEREHRSEEEE > BELE 475 nm ZRAME > HF4o
% B¢ % & AW E (Behbahani ef al., 1993) > mu A FRIM LB X Gt - %R

ARE KR KT § B & F 9 Autldn 1 - AREZAR S B A ) B iz ok B 1 1B R

ZHEN o RAFZBRMZBRBRBITFRRCA S B XK > AETRMHEAIAY

BESAFME MEELALLE » F bl ¥ B IZEE B H] B R T & AN — & B Afoth B

R B Bl ) Bl — 2O BRAE A E ¥R @ -

HERKER 40°C ~ 70°C BRIBEHZ FEEEERM IS REE R KER 40 ~

70°C BB 45 2 F BE 3 B4 LA potassium phosphate buffer ®1744% ° B # & 0.25

05~1~2~4~8mg/mL ZRE » #1Hbib2 BERcBiBatE M %% > wARXE L-Dopa

PR ES B B B S MR B b o
FRERBTHERE R T EERM A WA 40°C (BP4OM) 2 70°C (BP70M) &
BRI ES O EFX AR > BEARSRILR AN Mg > B 40°C BB

RUEME 70°C RBRGETRENESCEETZ AR ATHFN SmgmL HHEEG
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W¥ A 69.75% 2 5B EFARE MAEHE Smg/mL BFRIIE v 19.04% X % B
EFEAERE AL RREEERTFEFERMYAHZ 40°C (FBP4OM) K 70°C (FBP70M)
RBRGGE MRV SEREFARNE S AMASRERE mmR D S EEER
& AR B E 0 B AR S0 3 T A b Bs B B B 2 7B 70°C JRJB IR 40°C Kk
BREARYIBRSZ 5 E6F AR ATHEN 8 mgmL BREGHARKRD 4841%%
BEEX AR EHEN Smg/mL FAIKD 2436% X5 EEFARE - KERY
BRWATEBALRRELTARB S LR SR AR EmEREA
BEMEZR (B+=) -

B SR 300 4h] BA B B B 5 M 2 AR S5—FBP40M ~ FBP70M > ¥ BA R EL BE 0947 4] B o
b E ¥R E — R EE - AMBER FEEARMESBARRIEBE

MBESCETXARBEARD SO EFTI AR A—EFRAZHRME  AH

FERHEAETERRSRRESE R TFEEERY &1 BP4OM ~ BP70M ~ FBP4OM A

FBP70M AFi—3F 2 i 03T 5 > 3t SUBIRBA IR BE B 75 A A T2 ey - A

BHERBERFEHERMBBLRREMKGE S CEEFEAREIDERT -
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a
100 - ——
80 - —e— BP40M

—_ —O— BP70M
X —A— FBP40M
= —A— FBP70M
g —&— BPW
2 —%— FBPW
_-E —— Kaojic acid
©
(7]
@
c
‘0
e
P

-60 o

f
_80 .
'100 T T T T
0 2 4 6 8 10

(mg/mL)
B+ = FRRRFGEZFEREBRYH R ETHEZI P

Fig. 12. Tyrosinase inhibitory activity of banana peel extracts by different treatment.
The mean + SE of three observations has been plotted.

Symbols followed by the same letter are not significantly different (p<<0.05).

BPW: Banana peel water extract

FBPW: Frozen banana peel water extract

BP40M: Banana peel methanol extract concentrated at 40°C

FBP40M: Frozen banana peel methanol extract concentrated at 40°C

BP70M: Banana peel methanol extract concentrated at 70°C

FBP70M: Frozen banana peel methanol extract concentrated at 70°C
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R~ BRWH &N ERR

AR E R A0°CHJR R 4 F 82 3 B4y (FBPAOM) 4 A4 4] B& B B% 85 50% 7%

M2 RE N AREREZL-Dopa T Al € B BB E M A A& E

Lineweaver-Burk # 18] L 4F B 5 7] 43 2| BS B B% B o) 22 18| 3L 8 7 2 A B Ao 3 ) B — 04

RAEERACCHIR R4 T B 5 Bty 2 4 5| B # 8) ) B 4F B - RIFEEIR R EEZ Ky

FaV B 25 % 0.23 mM$20.67 OD/min * fE A A#pE EI1E Ky F9 Vi B2 55

0.10 mM #20.29 OD/min * Ky ~ Vinax 3B KRNI G AT 40 > TIRFLRE R
RA0°CHRR B 45 F B2 B B AR BE B 2 49 ) B R F A (uncompetitive) Z 3
# (B+=) -

7B A RE E R TOCHRSE R4 F BRI (FBPTOM) # #E4p 4 B B B4 B550%

EMZEE NS KRB EEZ LDopa FRIZEKEBEMENE T4 R&H

Lineweaver-Burk % 18] $t4F B 5 5] 43 2| B4 B B Bk o4 B2 & 4 8 308 /1 L4 B Fodp 4

B — kB ERKR 70°C MBEG T ELERYZ S B8 21EE - RIFBEME

B B Z Ko Fo Vi B 23 2 040 mM $20.77 OD/min * 4& hu Adp 4] 1% Km =
Vinax 82 %] %40.33 mM #20.61 OD/min *° Ky, # Vi EAeAIpH 434 % N 0 1%
Job R B ERTOCCRIB B FEARMH BB IRREZIH AR REFA o4 (B

tmw) -
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FBP40M #v FBP70M %} W8k 858 124 L-Dopa % % % 69 RE A R 55

Aipd > ERECBTHERLTEERY > LB SERBIRE - HEE 22 H RG]

ST IET

16 1
14 4
12 4

10 +

® FBP40M inhibition
O L-Dopa
— Regression line

I
0 5 10 15 20 25 30

1/[s] (mM™"
Bl += - 5 REE K 40°C BB R4 F B85 % B4 (FBP4OM)
$ B B B B 2 Hp 4 B /) 23

Fig. 13. Lineweaver- Burk plots for inhibition of FBP40M on tyrosinase.
Triple reciprocal plot for determining the V. and Ky, values of FBP40M

FBP40M: Frozen banana peel methanol extract concentrated at 40°C
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5 -
< 41
a
Q
2
h 3 .

2 4 ® FBP70M

O L-Dopa
— Regression line
@)
1 T T T 1
0 2 4 6 8

1/[s] (mM™)
+tw - AREFE KR T0°C KRB RYE F B2 3 B4 (FBP7TOM)
BE B B B 2 0 ) B ) 23X

Fig. 14. Lineweaver- Burk plots for inhibition of FBP70M on tyrosinase.
Triple reciprocal plot for determining the Vmax and Ky, values of FBP40M

FBP70M: Frozen banana peel methanol extract concentrated at 70°C
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P~ FERTHERDZIARERE S
RAB R — MR SRR RN ~ LR 0 H 2 H A7 e iids A 5k

&R A4 0 B b T A A R B ey e o e o B R R Bl a9 A E 0 3

B

ARIEAR B SURK > FARIEAF R ey B F 7T fie B R ey 64090 X X 18 6 84 FE R
Booy#e7r A e

— RO R IEREERLSHF S AN P AN MY - B E R

¥

(cosolubility) #9451t F S E BEBHEMNFERTCE T TUEH gz s
] BB AR o

DEEF R OIER MR BB RIEREREME o BRI HIEBBAT 0 BB
R0 S BT CARRIZAE A o BB B R AR B ER R B FR R X R AR
AW m e R EBRE 2 (liquid-liquid partition)Z 7 & £ & & F A d R LA Z 5 H|
(immiscible solvent) > & 74§ &) 4 Y27 ] 69 4 B % ¥ (partition coefficient) %
ERAZLEEERARLEZER RN R @R ER TSR EpmBE ik

OB E ik o MM R AR AR E R Z 7 XA F RIE R BARME#3E 6)

7 AMRF- 5 /g % B (Craig, 1994) ©
B T3 sk R B R T B R B 483804 RUR 32 M 48 BS Bk 5% B 18 b L-Dopa 4 AR,

e eFE g R F& > RibE— P51 A A HKEH $ BP4OM ~ BP70M ~ FBP4OM
A FBP7OM # %47 & 4 > A E T (hexane) ~ LB T B (ethyl acetate) ~ £ T &%
(butanol) A AKARARNME R B AT RR ERE o £ A XA MEBARESEMRDH A
K> ETE> LETE > BT (He et al, 2002) » & %45 F B54a 3 BUE S an
EEETFAKFY EAECKAKREFTEERLERDRRERE Y FRXESEE
SR REABEY Y 0 THA WA BEBRELETSE - Rbt@2XHEA

£ A5 (defatting) | FZ KB HH LK LEETRRERE » > FEZEHE 4T
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AR E > k@ dE - RE - ZGERACTART A AR B - AZHFRT
ZAKBIE TEEITRRERE y > T3 ZE0 R AT SBMEME o 4o 8 KB
o WEEARE R TR PR TEAZEE - MATHKRE  BRERYE
BORFLIRE  ZEAMZBR K Y S REHm T BT - SEEE - AR
ARRFERE T ALIFLTEREN T L FERERDELERRE B TR
# 3. (Takeda and Fatope, 1988)

& ¥ R T B2 R B R 3% E BP4OM ~ BP7T0M ~ FBP40M % FBP70M 32| - & %
BzAEREHDEM/MINE AR > LB > ETERE > CHBLER(EAL)
THAFERTEERD T RARBEDEX S ERFIAH -

4% %] BP4OM ~ BP70M ~ FBP40M & FBP70M &% & B 414 » 3 2 1 47848

B B H B BIRESRERMZ S EEFTARE ©
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ENFERRARRIEATEERNAERERZ &SR ERE

Table. 9. Extraction yield of banana peel and frozen banana peel by solvent partition.

BP40M BP70M FBP40M FBP70M
Fraction
Hexane 8.2+1.63 7.66:1.08 8.44+2.17 7.91£3.67
Ethyl acetate 2.64+0.23 1.66+0.41 1.86+0.20 0.55+0.01
Butanol 6.07+0.79 5.67+0.22 5.91+£0.47 5.47+0.45
Water 86.59+0.35 86.2+1.02 84.71+6.81 85.26+2.06

Yield of extraction was expressed as g extract /g (dried wt.) banana peel and frozen
banana peel * 100%.

Mean+ SD (n = 3)

BPW: Banana peel water extract

FBPW: Frozen banana peel water extract

BP40M: Banana peel methanol extract concentrated at 40°C

FBP40M: Frozen banana peel methanol extract concentrated at 40°C

BP70M: Banana peel methanol extract concentrated at 70°C

FBP70M: Frozen banana peel methanol extract concentrated at 70°C
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FAH - FERFEIRMARER 5 R Z Y M98 R B w75 MR

W& K R 40°C IR E 4 F BRI (BP4OM) > & E Tk~ LBE L85 - iE T B2
Bk e 4% > AK TG BB A AT B RR BR B B AR - E OIRIRCBR LB R
ERppaRramnb s et ihm > LMEBRMRBEEmmRY 6524
AR AR R R R B IR R B X E M - TR REALIEE A 8 mg/mL B
BEGERY 5623% 5 e k2 AR LRGBS R XBRMARE A 8 mg/mL R
RV T 68.75% MmEEBEMLER METEHRERKEERMEREOMELES
Btz Ak BMERMEENMmmMESCEETI AR ETEERKEE
gL e E2 AR ETEREERMAEREA 8 mg/mL B 8% G481
79.15%Z. % B aF AR KEFBMAHMERET » R 4347%2 5 a k4
R (B+wm)e

HFERE 70°C BBRRS FEEERY (BPTOM)GH BB 5B o &8 X

TEA B B B E R B SRR c EOMBR LB LER FRY B2 amR) Sk

Z AR BMEBRE TRD S E & R 0 BRT T 3 3 ) B R R

2EM ETUREERMBR OB LR FRA TR S EEFTZ AR ETK
J& R B RE A Smeg/mL B B R GmiR) 5032% % B EEZ AR LEELES
J& BB E 2 8 mg/mL BRIV 42.85% ETEE XM BTG ML S
Be iz AR AEESSmg/mL bF > e 4794% 5 e EX AR - KBS E
Bt R RR D e e Fx iR (B+2) - BP70M 2 BP4OM 48tk > #
TAEERMBEHBRFRGBRBREGRAE 70°C > AR ERYGRE G@IgE

SCEFERMBRREELRRY FEEFTZ AR > THRAHNSHBRERE
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ERMEIC R R E R AR TN EBAEARE - KE T T SSREZY
BB~ SRS XRELFTERTSANEE - RE - EBRAATBE
(Chandraju et al.,2011) » BEFAE B 5B e I FARY - 24 BB A
#1 (caramelisation product) » &4/t & ¥ B A L AALE M (Benjakul ef al., 2005 ;

Manzocco et al., 2001) > B b B E B it B BL A R S EEF X RIE ©

SR EE K 40°C IR B 4 T B2 (FBPAOM)E B MIBE » & » &0k

e

B AT EA B B B T ME P 3Bk » E TR ~ CRE LESHLIE T B G 2 3By % %

o
R

BaERY S CEFZ AR AMERMRE mmRD S e AR AL

5 B R I B R ER BE 2 B 0 E TR XM AEIEE A S mg/mL HE %

it

BaERY 60.64%% C e R Ak CBECE R ERMAERRETFRIRY 42.23% %
BEFX AR ETERERMERRETRRD 53.74% % B & F AR - MK
BAIRERRD S e Fz AR (B+55)  FBP4AOM $1 BP4OM A8 Lb =T 4 38,
BARREERETEHEER)OREOABERBYARD S EFZ AR

HRAKREBRY B ERG AR ELRRY S REFZAKR - BNIETESE

P AR R BIEE =5 BA AR ByYE o AR ARR L ER 0 THE

mA B (S MAILE) A-ARLE—MNEE > FERNRA BN

ARG o B b B IR IR BB R BT 0 AR AL R ER AT AR R & F M AR R R ME

B3 e o T A IRIBAZ Y AR de BT TR 69K & A K 0 ERFZAR LB T 0 AR

BN R E R B HR > SRR RALEEEEY - ko § By A LB LB SR

RIEAEZRE M % B R BB RS B bR G 8 Ko Atk oh 3 ho 475
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nm FZ&HMA - I &:8 % By LB B ILREZ Z—2Z &% (Palmer, 1963 5 &
£K 20135 KRR 0 2011) 0 L EAHLAILZFHAE (Jacobson and Tinnell, 1993
Jacobson et al., 1995 ; Wang et al., 2007) » B 7T #& B 40 4] Bs B Bk B 2 75 & -
HRFER 70°C RIBELE T ELEERY (FBPTOM) &R MAEH G - &8 %
By AT EE R BE B 7 E ME P H]3RER - A/ A LTI ~ CEEUE - ETEERKE &
BB Eamnb e ik AR ForbREER 70°C RBRG FEE
B Z R G B Sk B R B 5 > BT > CEE B - ETEEAKE

B Jo B A R LN 8 mg/mL B BB K G A K 31.56% ~ 58.06% ~ 57.64% A

41.06%Z %4k (B++) - FBP7T0M ¥ FBP40OM ABEL » 88~ &8 580 R /B
B ETIRB IRV SO A LM MHBRREEBZAENA FTHRMA L THEA

I EE LT TES BB EE S PR Y T Ve PSRN SN TR
RSB A TR AR AW AT SRR 2 AR R b A

é?

_T_

BB IRGE X AL BAEILEY 0 A—LAiLhE o B F A I H

I.M

L-Dopa 1E & & Hth % iy fftes (B&McELBs ) /LR E (Lee and Lee, 1996) °
FRREZEZERTEERY  S£O5RRE S RETEYR ERY b8
HRGEARV SO EEFZAR  BERKBEERYGMEBG AR ELRRD %

BeikzAmR  MmAXRpEHBRETY  ZEH 70°C RBESE - RETK

\

J& B b B IR B B E TR > R R KB H I CEEFARZIBE -

RARREERICEEEAEYILRAZIETES R XRMME—FHRT D

o

s
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100

=== hexane
ethyl acetate
butanol
== \Vater

tyrosinase inhibition (%)

-100 T T

(mg/mL)
B+7 -~ FEKR 40°C RBIRY T EERERY (BPAOM) A #BIEE 2 & 3B
H B R B E 2
Fig. 15. Tyrosinase inhibitory activity of different solvent fraction of BP40M.
The mean + SE of three observations has been plotted.

Symbols followed by the same letter are not significantly different.

BP40M: Banana peel methanol extract concentrated at 40°C
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) == Water
S
e
£
)

[72]
©
£
[%2}
e
2 .50 A d
-100 T T T T
0 2 4 6 8 10
(mg/mL)
B o5~ FEKL 70°C RBRLE T B EERY (BPTOM) A #IEH o & F i

HEL IR B B T2

Fig. 16. Tyrosinase inhibitory activity of different solvent fraction of BP70M.
The mean + SE of three observations has been plotted.
Symbols followed by the same letter are not significantly different.

BP70M: Banana peel methanol extract concentrated at 70°C
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a == hexane
a ethly acetate

~ 501 butanol

< i b == water

c o

L

S

<

£ oA o coeea e~

Q - ay

)

c

R

(2]

2

2 5

'100 T T T T
0 2 4 6 8 10

(mg/mL)
B+t~ AREFER 40°C RJBRHE F B E B4 (FBPAOM) A #IEE /8 B4

YRR EE B S 2 BB

Fig. 17. Tyrosinase inhibitory activity of different solvent fraction of FBP40M.
The mean + SE of three observations has been plotted.

FBP40M: Frozen banana peel methanol extract concentrated at 40°C
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100

&= hexane
== ethyl acetate
butanol
e \Vater

tyrosinase inhibiton(%)

-50 4

-100 T T T

(mg/mL)
B+~ AREE R 70°C B R4 F B X I4 (FBPTOM) A #IEE 4 & B4

YRR B B S 2 BB

Fig. 18. Tyrosinase inhibitory activity of different solvent fraction of FBP70M.
The mean + SE of three observations has been plotted.
Symbols followed by the same letter are not significantly different.

FBP70M: Frozen banana peel methanol extract concentrated at 70°C
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1 B 3%

#|/F HPLC-PDAE ] 200-400 nm F ZRUCKE > HREERRALREER
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2. HEKR FEEIY ESI-MS/MS &%
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