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Betalain extracts of dragon fruit as enhance the developing color in parrot cichlid

ABSTRACT

The study on betalain extract from dragon fruit (Hylocereus undatus) peel for
enhancing color of red blood parrot cichlid was conducted. Two experiments were designed. In
the first experiment, 3 kinds of preservations (acetic acid 1%, buffer phosphate 1% and citric acid
1%) and 3 storage temperature (-20, -10 and 5 C°) were compared. The lowest deterioration rate
of betalain of betalain extract was found by using 1 % acetic acid. The storage temperature did
not caused the significant effect during 70-days storage. However, the concentration of betalain
extract was significant decreased as the period of storage (P<0.05). In a second experiment, the
optimal dosage of betalain extract for enhancing pigmentation in red parrot cichlid (Cichlasoma
citrinellum x Vieja synspilum) was determined by supplementing a series of diets containing 0,
20, 30, 40 and 50 mg betalain kg'1 for 12 weeks. The skin pigmentation of fish was measured by
using chromameter with the system CIE L*a*b* (CIE LAB) After 12 weeks, the skin color values
(L*-lightness, a*-redness and b*-yellowness) of fish was significantly differences when

supplementing betalain in fish diet (P<0.05). The skin redness ( a* values) of fish fed 0, 20, 30,

II



40 and 50 mg betalain kg'1 were -0.73+0.51, 10.04+0.79, 11.86+1.30, 14.81+1.81 and
14.93+1.14, respectively. The skin redness was significantly increased as the concentration of
betalain increased (P<0.05). The survival rate of fish fed diets with betalain was no significantly
differences among treatments (P>0.05). Fish was stimulated to produce more pigment on fish
scale (P<0.05) when fed the diet containing betalain under the micr-oscope, but did not differ from
fish fed diets with betalain. After 12 weeks, all fish fed the basal diet (0 mg betalain/kg) for
another 4 weeks, The skin color values was significantly lower than fish fed diet with betalain for
12 weeks (P<0.05). However, the skin color values of fish were highest (P<0.05) in fish fed 40
and 50 mg. betalain/kg. The optimal dosage of betalain for enhancing pigmentation in red blood
parrot cichlid was 40 mg.betalain/kg for 4 weeks.

Keyword: red blood parrot cichlid, dragon fruit, Hylocereus undatus, betalain

1



unfndany ey
UNAAYDNIHIDINGH
A9ley

Y

GAESIGTLRERE

=1 o -]
N 1 Ml
¢l

YN 2 ATIVNBNATS

b

J ad
UNN 3 ﬂﬂﬂiﬂlllﬁgﬁ‘ﬁﬂ'ﬁﬂﬂﬂﬂq

L]

YN 4 WANISNARDILAE

aaliey

wnil 5 aglwanmsnanesunsdeiuoIuL

1BAE1581994

v

II
111
v

12
35
37



AN

4.1

4.2

4.3

4.4

4.5

4.6

=h.

MIligmNg

mswdeuunasdfnamsuanau@ainiu/Annfigungdl 5 om
waidealunsnageulse@ninmarsilestumsdonanin 3 vila
JSinemnuaiauiidunsauedan 1 % uasftusnuiigungifidieiu
wazszeznaThmeiu Gadnudedns)
manlReunlasuesszdumanueie (L) vesamusunidaiieldsy
LAY

msalasunlosvesssfumanns () vesamueunudauidelasy
ST TGN

msildouudasesseRumdimasd (b) vewamuennuduiie 14y
A nau

my/feuidndumsesyivn uaysasisenvestamueunudaile

@5 msnavasiauaunadasinaonudniens

13

15

19

22

26

29



=3b.

MN

4.1

4.2
43

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

e/
F1TUYMN

Taseadsves (a) betaxanthins, (b) betalamic Lo (c) asisznaunsa
betalamic Lﬁ?}auﬁu cyclo- DOPA (cyclo-3,4-dihydroxy — phenylalanine)
mswaeuglvesenmueadiednl§Asnfunedin ueda
msfiougilvesastseneuneiiu ilegnlalaslad

TasearsuoInIagasn

a aa Y J
HAUBIMTIRUNSALDTAD 1 %, esazateidiesHodina 1% uag nIa

=Y

wedasn 1% luasasaumiauainldenudains fgungd 5 sen
ey

HavBINIRYATALEEAN 1 % lumsadawanaunauifenudadens #
qmﬁgﬁuaziwznmﬁgﬁu%”ﬂw;hqﬁ'u

seduainNas1e @) vesdindauiie ldsuuanauidudunandraiy
(0, 20, 30, 40 LLAg 50 UN./NN.)

sedumausuvesELa (2) vesdraauile g uunuaududunandis
1 (0, 20, 30, 40Ua% 50 UN./NN.)

sedudauduvesiivins ) vesdidande 185 vwanamdudy
UANINNU (0, 20, 30, 4048 50 UN./AN.)
msuaeunlasdfveslamuenaudadie 18fumsadaauauduna
12 §lany s (A) 0 un/nn., (B) 20 un./nN., (C) 30 un/NA., (D) 40
UN./NN, Lag (B) 50 un./nn.

msulEsuasdRvoslamueunuduie ussafauaaudiunm
12 dilansd Lmzwqﬂiﬁmmmmgﬂada 4 Flaviaaeerms luwaua ey
Tusas1 (A) 0 un./nA., (B) 20 un./AA., (C) 30 UA./NA., (D) 40 UN./NN. UaL
(E) 50 un./nn.

NAALUY ctenoid Tuiamueunufa ( formalin 10 % ; x 10)
sansngimdes @) fwululmit1dems linauwanau (formalin 10 % ;
x 10)

m%ﬂﬁaj’fauﬁuﬁu (Sc) ‘uusi?'u epidermis ﬁﬂﬂﬂqu"lﬂﬁ’w squamous
epithelium (S) VS lndiRsny globlet cells 139 mucous cells (G)

(formalin 10 % ; H&E ; X 40) (af i 1o mskauiuanaw)

VI

13
13

14

14

16

18

22

25

27

28
31

31

32



o
MAHN

4.14

4.15

4.16

4.17

("4 ¥
MIVYNN (D)

H ) ) : 4 o ' q H )
¥ epidermis (E) NAQUINAANIAULULDZANVOUNAR (Sc) agFW dermis
{ o o a . {y 1

@) fidludufuiiaveunia (formalin 10 % ; H&E ; x 40) (yad lil#e1ms
HENILALAY)

d Aa v A ' . q ¥
indandsndagAaod (P) (formalin 10 % ; x 10) (yA¥ 1AM IIHANILIAN

3 9 s a o ot a o

BUANNENTY 50 TadnsudeeIvis 1 1 lansy)

=] { e o’: 1 |
(8@ (Sc) NUFU epidermis (Ep) UnAgu (NGuNADBIAN 5) (formalin 10 % ;
H&E ; x 40) (o ldomisnaumwaiaunnududu 50 Tadnfudenms
1A lanu)

3 1 { ] [ @

nSvuhouindavesdamueununa (a) aguit bildasadauaau fu
®) nquilAermssauatauanundu 50 un/nnnuseadag (p)

(formalin 10 % x 10)

VII

32

33

33

34



a o_ o
UNN 1 A1

dy =] a A a a A 1 dyd
ﬂ'li!.ﬁﬂ\iﬂﬁ']ﬁ?ﬂ\i']lllﬂuﬂ']uﬂﬂlﬁﬂlW@ﬂ'ﬂNlWﬂﬂl‘Wﬂu !uﬂﬂﬂTﬂﬂﬁ’]ﬁ'ﬂUQ'lillﬂﬁ']uil

E4 ¥ 1 3 v .
silsnuazdduay osde Ifufides sauis luneldifavafumedundunasfoasy

wo’ﬁy

daddelszinndug Jegiiumswdadmarsandslifiswetuanudeanisvesamalan
1 3 ] [ s
Wesnndifmizidsalaraisnuionisdeeenifiss luddszmeviniy - fildgsnams
dy o 9 P g L g o ] a
wizesamsnuiiu Tduinvuedes s ssnmsomsuasinyasuvsanylsena,
3 3 1 1 [ L) o
2545 $1aTaw nsutlszag, 2549 1dswauyammsdsesntmarsnuuazdad lifinseqndu
[ ' a = Yy d o -7 g 91
¥ae yamsiuvedTaniigeds 234 Auasamsansga wazunniiesas 50 iWukdeeanan
= Jd o ' V&l
Ysemalunauode Taslifealusiudssmaddesntatarsnuselngigalulan
509091 A goeng waz Ine mud iy yammsAnlarasnuluanalanidasveedunie
[ v o a oo a w o o a o o ]
9-10% fol) (ewssal w@3uimunna, 2542 ; uSTnguditondns Ine $1fi, 2550) Beuddins
Y g a [ 0 ] 1 1os 4 o
wziasslararssndufuiidseonihise Ididlssmenluyanige undadidgnisesddu

o

yostmntanuazdailddalismgn denfeumeunuilarninarsdseme Tasmwizngy

Y 4 g v !oa e 0 ' =2 v % ' vy °
yostlamuounufaisuiludeussineudmiie nvasnsSwd luilgwidenaiadienisi
4 & ' 1 a 1 1 4
g0 Tuuwad Fan1lddwlutlssma nldlumadsfiisvestanlfussiu uansidees Tuy

1 o o o 1 ! 4 [ 3 o
wiet laanansoaenu luddar Iduuiwiludesfees Tusunsedisderilos 2-3 Judenss da
' Y = J o 9 = a ) 9 A 1 = =
danatnufivsdeilal lddarfinnunioags dule Reshi uasdawadengfnssuaany
{ -4 2 d [ 1 o 3 ' I
i lumedfigediu densldees luumadnaindlddailiengdu guawsouneuas li
w 4 o o [ d
annselflumsnandumedugae 1118 Wesanildse lidomsiznannaes Tuumwad
a o o o [V '
M35En Azfaiia, 2543) uazmsidees luwmwmiluna iy CadawadegunInYeUNEAINg
3q Yt 9 ' 3 a o d 1 ay da o =
gléBndae dewinsnanssldarsddunsizd 1wy aselsHoaned (leaausufiuuy
[ o, A 1A T 9 =3 1 a A A 9
Fuasren) vwanluomisieds@nudt Idwad udnedawauiuiinmguilesnndes
0 ! ° a ‘ 4 4 do o &
hidhnndalsemai ddunulumssiataasnniiniy dremgitedniudesmasd
yiladuimaunuioaaduyumsrialamueunud aaele waeuds (2548) ldnanesadia
asdnnfennaudiiens Eylocercus undatus) N Inud1Us9 129-uas werluonis
g d a ] o g 1 Y
#uFugllflarguaruuasfunuhamsem lddadfueaduunniy uamsadawanon
A 3 @ o aa Y ) 1 < Y] 4 1
valfenudifnsdlumsifissaatedrdreszndremsinuiny vy luaniag
E4
[ Y a 1
WML (Cai et al., 2005 ; Strack et al., 2003 ; Stintzing ef al., 2006) Fariumsany13Tmany
Snvransada WSuaasafauaauuazszeznmns Idemskauuanaunnensa

Y o & A [ =) 9/ X o A
uAens Az Ao @R a s unLA2 i’mﬂ\‘iNﬁSU’EN’CT'ISﬁﬂﬂL‘UﬂTLﬁu‘ﬂWﬂL‘ﬂﬁﬂﬂNﬁ



9 @ ] P dy A a a Y 3 [~
udiens demsidsuudasilesusnaiiviiavestamusunuflszidluuuinielunis

¥ ' 1
Wanmaiams@ealmasnuieduyai lufondadse 1) 18 lueuna

[y d
Jagilszaaa
ant 4 o [ A 9 w s/ =Y

1.1 Are135n1sifusSnuasadauatuaunnldonnaudnans lasld a1siniiuag
QUNY

1.2 AarfSuaasafaamunaz szezaIms oM sNaNa UMz g uRe
msnandrivesamusunuia

ﬁ ci -9} Ay d'! a a o Y Y] blslw
1.3 Anymslasunasdnu sz usauiloleus AN UDIU MU UALNINAY 1ASD

Mswaaunnlfsnnaudang



UNN 2 AFIBNANT

2.1 damseunuin

Uamueunida %o 3Ty red parrot cichlid #59 love heart blood parrot cichlid, red
blood parrot cichlid, purple blood parrot cichlid, red parrot, hybrid parrot cichlid (Gold-E, 2008)
A da = o a A 3 o a a Y o
FONUBULTUNAUUINNGA AD blood parrot ‘Ll'ﬁ'l'ﬂll'E']LIﬂLl,i"]'lt‘i_l‘l«l‘].]'ﬁ'l‘l’llfwm'li’]ﬁ'liWfﬁl‘ll'l3J‘W‘l‘lﬁQ
‘Umﬂmﬁnﬂﬁ%Tﬂ@LN?ﬂﬂé’fﬁmﬂwﬁu‘ﬁ: A9 Cichlasoma citrinellum X Vieja synspilum (Gold-

{ & = ' 3

E, 2005) #i9g 11424 Cichlidae (Nelson, 1994 ; Bailey and Sandford, 1999) &afisnea113MuAS

usnil a.¢1.1980 Tudszme ldv U (Yut1678, 2549)

2.2 masamsenaiiluda
aquimmsuideuiinisissineusimiiofengu cichlids  1dun Yamued
o o 4 AR ]
Yandouthdas uazdamueunuda lesninlusimsaauazemisduisgliinunsng

o a a o | Y og o a
denldindiSumms @ ludSinantos maszsmiedesdoutiunainu Wumsiudunu

3
1 asy

Faroms uazussary Sedududeainmaseindofinuains InofiouSonisinittend
1lan Lﬁa“lﬁ'ﬁm15m‘im1iw‘l¢’1'w%’anﬁunﬂﬁa uazﬁﬁmﬁqaeﬁ’u (MINAl5239, 2540 ; WS THN
s Aeln, 2543)

msssimlulanfiumsilddfidanfoudondma lududumiomaedy
@ond) IEmasedialudawwia’ld 5 33

2.2.1 M3lF01MIIEITNIA

Tulardeuihdas I lddefunrussdgnidmvianued 2 ivudwas

i 4 [ 4
! a o A

¥ ¥
o1gtlszana 30-45 Tu wialddseusuthia (Muenung) dera iedaraa uazaleiailu
4 1 :’ 4 o @ o 13
azidoa Tuinevhsuerndlimsldiwaunsduwive Idiinsdudanuntiu (nsusezas, 2540)
¥ o
2.2.2 M3lge03 Iuumere
Qs o 1 5 3 4 1 4
Pogtiunnlugtuuvuesermisdiass@dusegUilaunauvosaes luume
dJ @ a 4 a =] ! a
w30 o1wvzldens nummnagnivemsaalfariu menszdulflanfed 185 nung
' v da 4
(Gold-E,  2008) nsuilszuq, 2540 1d31001ud1ludardentdrsdenldens Tuy
{ 4 ! . [y i Qs ‘g‘ o ya
fluoxymesterone A5i48M19M #1791 Halotestin Tnenaufivludentiniia1idszana 1 Tu Ty
o 1Y) a1 o ] o Y] oA g} o aad
duna 3 dlavideusmiie dwsululamuedtenld so3 luu testosterone NN
! o a g < a A a ! 3 d
MIA1I mano shlanzBadiug wisy azfafia (2543) 05u1831 M3 ldees luume
a 1 a [y a o [y ¢ A
el$5inm 5 unilga deoms 1 Alansulddmfuynulszunml-2 dlemviienlugy

Yot A o v

damnd lugslifiddudumiiu



223 M3 AT LY
Tulamuedlisandwmsnavermsida 1 Alansu de aas lsHanned nie
analsWanisa (chlorophyll pink and chlorophyll red HON1IAITAIVBILBAANSUTY (iae
wus Ui 1 Jouw IAuAadefuaunhdeduiy Tneldnmssuta 3-4 dulas]
(ami"ﬂﬁm?ui'mmqa, 2544 ; WITH1 AIZAANN, 2543) T3 MM UDULAS (é’\’aéau?yuﬁ}ﬁﬂ)
uluneamusdiy udi iU Iddafu Suae 2 afe BB (naalszug, 2540)
2.2.4 msdaddisemedarlesnsa
¥ danseiinmsaadhfisemedar vsnaldfm sldfvesmid
aald um’tﬁaé’t?ﬁymﬁﬂﬂsgmci?ﬂszﬂz frgdanaliiForn dnunzuesdariinnd Ausinnld
a3undeezduunafuasduen Chen and Pandora (2008) 18i5en1a18a#d 1331 painted fish
Soniduilgaaduardn hypodermic syringe uazBonddont dye 39w
fo1 fi1du Ambos uiofin ndwnmsaad Fozdanslugauimdszunm 1-3 ey
uaﬂinﬂfi?%’ﬁaﬂd1aﬁ1u1'sawu‘1€1'“luﬂa1LLﬂu (glass fish), U 11i5@ (giant gourami), Ya1mue
LA (Cichlasoma citrinellum xVieja synspilum) L‘ﬂuﬁ'u (Anénymous, 2008a Ung Gold-E,

2008)

2.3 MILNUAU BAT MITDATIUAUAUIINNY

msaiaudiumsinlaseadandninnnnse waaiin fifgogas Tnssad1ed 1,
2, 4, 7, 7-pentasubstitutel,7-diazaheptamethin (@ mummugﬂﬁm’h caryophyllinenroth,
rubenroth 1182 chromoalkaloids  n15i3enFearsiuananIzAITeT LU AN (9
betacayanins amaranthine- I U190 Amaranthus tricolor Qg betanin 11910 Beta vulgaris i
Au

nquitsfiadreasiuainy 18uA Susy Caryophyllales 11a2 811 Basidiomyocetes
1U9¥UA (Cai et al., 2005 ; Stintzing and Carle, 2004) LLa&’W‘UMﬂiuﬁ‘HNé Cactaceae G?qrﬂu
nszveunsUsEInNABY (Cact) 1dundna Opuntia, Hylocereus LAzANA Mamillaria
1U19%HA %z‘wummmuu?nmzﬁmﬁmmﬂammzwaﬂ?mmmﬂ (Mario, 1976 ; Stintzing and
Carle, 2004) Ta® Cai et al., (2005) na1231 enansaldensiuauanlumsswunsdavesity
ﬁi?yuqa"lﬁ’ ieaneznumswaamnme lususy Caryophyllales Wi

msafawamuannialfhi exdlay naolsedy niousanssedlumsasams
18 Taennezfonld esmeannududu 96 uag 97% lumsadawauaunnanaingnuas
WA cacti (Strack et al., 2003 ; Mobhammer et al., 2005 ; Herbach et al., 2006 ; Whybraniec 2008)

141 Kobayashi et al. (2000) 1162 Thimmaraju et al. (2003) 17 1414511400 80 Uag 96 % lums



afanaiingn LagHa christmas cactus Tuvaizii a2ale Wiy (2548) namesdnamILA

A

¥ 1
puanidfennaudasisnsdiuesiuen 80% wuhiSinsmsiwanauganhmsldingu

3
v SA & o

aa a - a a 9 2
A1TANTNANAD Llﬂuiwllulfﬂ']uuuazlﬂﬁnlﬁu ﬁ'ﬁﬁ"VNﬁ@\i%guaﬂyfu&'UT\ﬂﬂigﬂ'ﬁﬂﬂﬂ']ﬂﬂaq

[ -é 1 [ =1 a o’l a
&y 2aai18uananatudnders uouTnlweniiu wz1ddmiaes du loudeuas uaziitu

v

Tuvsiguanau ] 3

Ed
& e 4w 1ae 179 uAava@iniy waennaun NI ueNIINATIINY
[V o o o) J
aswanauudadedl Induwaalsdlugveunndu (pectin) ilussisznoulunldenra
Yy o g J o aw
udaansdusuan 30 - 35 % vinthudnden @13Has nernuds wazame, 2550)
& a ‘ﬂ ¢ v ¢ A Y o
wennil nasdad warlaueds uazame (2550) Any1esAtlszneuveulaBnNALNININTHL
Jd a a a o e’l @ o a =) a a w °y @
unlsfueesdSua 0.02 Aadnfuniminalden(nsn) uag Indud 8.5 Tadnsu/dmin
o aw ' o v d -
wlden 100 n$y unz 9@Fe Suilles uazaaiz (2550) swnudidenmaudalinsiufiieu
=% P=Y g aas a o a 1 dy o a
fasszneviiuen uag msdmlgisneendindulFuisnn diuluilonn qawed Indes
F4
SuA1 (2545) 1ag Gunasa et al (2008) Tiwudadautlszneuilenaudaiangd i Tulsiu

:‘ v a a o at -] @ o o [
$ena lushy Seandiud uaadon man uazeaesa Wusendszneunan

2.4 Tasaarnamamilvesmsn ey

Gandia- Horrero et al. (2005a) 1ag Strack et al. (2003) s1wa1uAuauauiilnseaiis

[ g‘ Y o I
vodluTasnusluedlszaey eusaazmeilda  lassadawdnausadwuneondy
1 I é (]

2 s 1R betacyanins L0 betaxanthin AaT#F12auns uoz Fimfles BougasTaseairouuy
1 o 1 4 i
168 R, N-R, Tav R, uag R, 0191y H' 1% nguues aromatic HIoa50ue (MWA 2.2)

y Nean” 2 dd ¢
Tn390319984 betacyanin HuTvawgUuuL am acyl group uazthamaiidluesnlszney uag

] a =1 A . « g 1
1sTnseardeenninyezd luduesdilssneu (Stintzing and Carle, 2004) Taedl betanidin 1114
&
#15132noUNUFIU
::sy . [ 3 T = -:; [ Y1 Py 3 ]

UBNINT Gandia-Herrero et al. (2005b) §3ldnadauauauiania 1aii Inuiidwea
s oA ' A Yy 9 QL a9 - wa o
Smaesgon maeudy du uae e Tned i fannguaudi@nisaduldan

b4
seniaiuszguesleasy (resonance) Tavil Tnsadremdn 2 Tasea§radail betaxanthins (7
¥ [l
. o o o . -]
IM3049) LA betacyanin (@1191) N0 s2noUNTA betalamic AU cyclo-DOPA (cyelo-3,4-
k4 F4 1

dihydroxy-phenylalanine) A1TUUNIELYBY  cyclo- DOPA danaliifiadaesvaNeunay

a 2 = 1 A o a '
pzTsu1@in Feaznldsuainmsganiuuagegaiyssuio 480-540 nm  (FUAI-UIIVDY

betacyanins #298191%U betanidine; MM AD9UD4 betaxanthins 191 miraxanthin)
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2.5 MIHUSAEMTIUANAH
a a ° y Ui A ' o a
wanaulanuadesdvsdendn i lddoiogaudndng anudou eendou A1
I~ ] H @ 4 =Y a [ o {
dluarsiigs Tanewiin uag wu'laiuresiia Stintzing and Carle (2004) ldeFineiladendni
¥ E
AR BMSIA DU ANINAST
I~ 1 P o) 1 a
2.5.1 a1l uNsA-A19 (pH) LwalnanszasdnInif Il unsa-a1ei 3.5-7.0 ¥1n
1 o v ‘; v t P=Y =Y a {
a1 unTa-a19 aaasdIngt 3.5 szaewa liUS i ey u Ay waziuan leedui
a A o ' ' a Py o a
asnuaadsuas Wemanuilunse-a geandt 7.0 Ysunamsiasieawunezandsum
AUFUAY (Stintzing and Carle, 2004)
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2.5.2 gavigdl dewa TaeassfualSmavesans wanan TaoguugingaiuasilAd

U U

YPIN1TALNYDANY Stintzing and Carle (2004) ﬂfNNthLﬁ@ﬁﬂqmwgﬁmﬁﬂlmmiazmmz
4 & a 4 4 A i D ) < 4
Wasuluauaunuiy HASINDEITIUA UDUYNLLEILAR ?JGlﬁLﬁﬂ&JfTﬂ1W‘llEl\1ﬂ'lﬁﬁ1$LWllqwu

§915.6% 9 15 seprusaiFod uae Herbach et al (2006) laviin1sany Inssadaazany

=Y

a { o @ -1 §
wavsvesensiuam lwanfunadannudaleans Elocereus polyrhizus) Taunu13Ngauvgil 4

J

o) & 1o = a VoA
uaz 6 °C W 24 921 1ue wud 4 °c JuSamsua leeiiuvideunnini 6 °C

253 figeendiou leaisiunnaududafusendiauszifanisasunilaivesny

Y

. s g @ o 4 4 o ' a o va
(eyelic) Muiu Tnssadramdnilfrauanseniafouiussgivoesndiouunu fhlgueauld
vouummaudonltszunm 25 % a1elu 50 $21us wazdasudouaninvesuauauiio

g 1} { 4 o3| 1 ! 4 4
HUNFNUDBNWIIU UUNLUN ﬁﬂ']ﬂ’)'mtﬂuﬂiﬂ-ﬂ'lﬂ 7.0 wmuﬁammwumﬁa 15% Lﬁﬂlﬁﬂ‘ﬂ

fudeerafifiu 1l Tns19u (Thimmaraju et al. 2003)
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2.6 MFAAMSIAONANN
A = 9 o d =) wa o A
flosnnmsiauaui lnseafrvdnilurwnslguandfituasysensy arenas Ao
J sy a a o & oV
asdszaeulalasasveuiilidruilsznouue Tsuvanlu TumgaReafii @9 gay Anwa uaz
a aaa ' 4 <]
anie (2543) 1deFunelfAsowesatsilsznen arenes 1911391 iefiumanieanuiouily
'Y 1 aaa aaa a | { & 1 = ] aaa s
Fusel§Asen UfAsernzmauuduiiily atiphatic udaninifianisilgasefivwanleseu
halide 921An1 AT 00N free radical 14uA CL, uag Br, i launasmionnuiouszuands
o a aan 1 a ¢ t ¥
dluozaeu 1AalfATo1gn ldeendladed1edeiiios Tasdslelasiauezaanaen ludud
imzunufivh I Tassadendnalfon ld msduansitiguauiagnesnd lad 1adendas
1 4 4 { a = g
miavaslszdvanmaifonanmveuuauauasld esnmsiduas ez gneendladg
1 ¥ ] ]
unuimsanau shldmswetauasialduuiy msaamsfouaniwildfumsada
1 g ' ¢ e e
wanawdwsoaududungulng fadl
2.6.1 ?15sziannia
Herbach et al. (2006) naa@eua1saanisiendnin 3 aila 1dun n3a
ueeaedin ninleleusanein uaznsndinin Asssunnududuoluaz 1% MlUlA
o o 1 a ! < o ' a
auou 85 °c uu 1 92 1ue nagthuusiEui 10 °C Wl 24 3 lusnyd nsaueaaeiin
1% filsz@ninwgagalunnnismaaes sesnswn ldun nsauednein 0.1 % uaznialely
uoanoln 0.1 1AL 1% 719K lLANA1IN1TDA 1182 Thimmaraju et al. (2003) FAAAITILAN
ta a a Jda
OUIATNGN (Beta vulgaris) wuduaunsa lelnsnaesn nsaueanein niensaneiingg
¥ 1 ] QU g
lienruny pH 1fegilszan 5.5-6.0 $reldmsiwananuianuasd 1davu
9
2.62 M3dsziaming
Y a :l ' @ Y '
Stintzing and Carle (2004) lAiuieang Inauazwgnlag Taudumsdfy
| 1 Y o 1 [ 4 s
anudunsa-ae IWidunsagous nuhdeaansdenanmuesaisiuaniau 14
2.6.3 g1sUsznousiaoue
a . 4 o
Mueller et al. (1996) 1&@underosea 10 % asluans tyrosinase Fuduais
9
o ' g o a R
faduvoauanau neufuinulugumaill 20 °C w3 1dou wudelaoiguesmsld
A 1 o 4 o dyw a d o
Wesningedlesfunsudsdrvesars uenvniifamaneudunetifesdama asluns
g W . o o 0 a [ o 9y a
NARDUAUSTNYIAS tyrosinase QMM i 4 °C 1fisuduganaasad laldidy
J v ' {y 1 a J a & £
aotllefdama nudvan I 1diRunetnlesdamnaliUsuin tyrosinase nansnTanilanielu

72 $2134
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31 ManAaesH 1 Maany I mafuYmnmsatawnaunngdensaudasians
uisenndlu 2 mneaesdes 1dun
3.1.1 msnageuilssAninmvesastiosfumsdovanmAimuizaudimivais

TAAILA Y

'muwumsmamuuudmngsﬂf (completely randomized design : CRD) 11424 3
i ¥ANTINAAGA (treatment) AnaToy fio a1sdlostumsidenanmwusaanan 3 vialdud
nsauadan 1 % Trineseina (butfer phosphate) 1 % Liag NIATATA 1 %

3.1.1.1 ﬁﬁuﬂﬁaﬂNauf“hﬁaﬂsffﬂmﬁmi'ﬂwﬁmﬁﬂq Ta83% Maceration LU
szgnd utsldenudalens ludaviararsiesiuea 80 % lusasidau 250 n¥u:500 fiadans
W11 30 Wi v Eenudasns Tt azBon dromiesiiuems (blender) nos
duvassayaseendasinaug uaziuden luudung nsessunsefanldennauds
Fans lifid shansazmefinsos I lUdumIssfinauda 3000 seuand figangi 10 o
waidee e 20 11# udeesiwaaniiadaldesndiu 3 vaa vaaay 500 Taddns

3.1.1.2 wSouensaanisidondnin 3 il muanududufismuadiudinng
funsasisvesmsazasianani ainds (1) 3 198 Wy 6 Tasldnsalalas

9y
= 4 w a
aneanANUNTY 10 % wazasazate Tudenlaason lud aududu 10 % niusenay

9
= A

Asanmsliouaniw vaaaz 1 vilanauldidniu Tneliudazvieliguautindad fe

o Y] s aa o o
YIAN 1 T1TADAUAUAUNUNTAUDEAN 1 Yo Wueendsenou

H
CY

{ ™ o o o
1207 2 AsanawatauniidiesWemna 1% tlusenilsenou

d' [y e a a o) 4
107 3 MFANALAUAUNTNIATATN 1% Wuesalseney
wlsmsataaauniamsaamsdeaninunazunladvinlresas v

= =

1 o d o @ W v { o
159aaerilnms nusnuasadanenan ifgamgil 5 seenwaoa Wunan o, 14, 21, 28
iag 35 u
= - P v S o 9/ At
3.1.1.3 asdoudSnamsuateundasuulassgninemsnuineae7s
1 9
SasimsganAuuasii 538 nm assaz 3 ¥In devilavesmsaamaidvanin Jufinwouaz
i hlfussmdSuamsiuaiauningas (Stingzing et al., 2006)
A=abc
d' 1 =y Qo [} d' d‘
W A =AIMIRANAULANUBIMIANAAIBE19NANNEIIADY 538 nm
1 U _a QJ d‘ 1 1 %
a = MdulszAnimsganfuuaveauauaui 538 nm YAWNIAY 1,120

b = ANUAANAWIN 1 EURNAT TAUTY 1
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VlﬂﬂﬂﬂﬂTﬂﬂ’ﬁﬁLﬁﬂﬁT‘vﬁﬂ’d'liaﬂﬂ13LéﬂMﬁﬂ1Wﬁ1ﬁNﬁﬂﬁﬁﬂ 1 yilaun
naeumsidonannluntsnaassde’ld
3.1.2 Msvanswavosgamgiidemufuiammsasawaou

nnde 3.1.1 wuhnsauedin 1% Idwadfigalunisflesfunsnidenaninves
msasawauau lunsmanesadeiiseldnsanedin 1% nenlumisafauaay Taya
NAABIUY 3x3 factorial in randomized complete block design $1U7U 3 G1‘?’1 Usznoudae
2 {1 Tlafusniio gaungi 3 sedu 18ud gaingd 20, -10 wae 5 osrniraifen uazilefof
aosiie szeznmfiiimsfuine 18ud 0, 35 uag 70 Ju iensusmuassrznaMsiy
Sounluudazgungd arnialSinamsiuauauiin/eudasly

MSMNATANALAIAUATNIAUBTAN 1 % taznsdadsuamsadawa

AuERgINUYe 3.1.1

3.2 MInaassh 2 maAny1TzAvvesmsafaaaraInaenNanf1isnsimanzaune
! aa Y
msissaAlamueunuda
8
1 L4 o o
INUHUNITNAADINUU UV T (completely randomized design : CRD) 311U 3 91
YANIINANDY (treatment) Ao ANUITUTIUIBIRITANAWA LaUINIBonuATaNT 5 2

3
1éun 0, 20, 30, 40 iag 50 TadnsudoomTtar 1 Alansy (wn/nn.) 14ila1 8 Aaded 1dun

a2 ' @
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e

Y d a4 o ¥y 9
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= a Y g A o Yy v
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9y 3

yanaaoed 4 YaliBesdsemislafinauasafamnuay anududu 40 un/nn,

e Db DD,

&3 o
gadIsainauaITENAA AU AT 50 un/nA.
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YANARDIN 5 Yaii

[ Y] a, 9
3.2.1 wisymsanannadenwaudiinsandsnslude 3.1.1 Taelduldennauda
@ a { 1 Y] A :‘ @ { [ a a o ]
FansludSunafiuanareduie lihasadai 1ddlu o, 20, 30, 40 tag 50 iadnTudeeIns
a1 1 Alansu muifvue (dddenudafens o, 100, 150, 200 uag 250 niudelEE1HER
o A Aaa o o Y] 1 o) [~ 1 o Y e
80% 151105 500 Nadansamudiay) Usuaanudlunsadluavesasana lfiminy 6 uag
Wuldtaaauidiuasaraensanedanlilinnududu 1 %
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nat 1 uludesilionmaniem eemsudussylugauaadntaniiniNeaamsdude
e 9 d o yd A ) ~
ameuaziuduiuinu ludiiungurgll 5 ssnwaiod
9 3
3.2.3 sl lugnszenuuia 230 Aas Iemisundariues 3% veulmiindada
Yo :II o 1 [y 4 4 g’ [y S 1w
Taol#Tung 2 n%e (1n-18u) gaazneufiudyn 2 Ju nffsuaien 30 % Yaduany quas

:l @ o d 3 o 8 o :‘ @
ihmindamueunudinn 2 dlavindas 3 §1 (37.5%) iesmraniminems Idinansau
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fuimiinin/aen lluasFuihmingndnounsisunanes uazdaimindnase iWensy 12
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dilav
3.2.4 myufinwa

w a = 9 LY ad ) g’ o v
3.2.4.1 ’Jﬂﬂ'lil‘ﬂﬁi‘gm'ﬂiﬁ"llﬂﬁ‘].]ﬁ'lﬁiJE]‘l-!ﬂLLﬂ’J AYITNITYIUINUNNDUNT
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] svdllgudy

< d o o Y a
ATY 12 ﬁﬂﬂ’]ﬁ Ltﬁ”ammmmmmaﬂiﬁaﬂ HAaZHIAUNNIWNVUAIU
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¢ w a a8

3.2.4.2 Famsilfenmlaswesiinng 2 dlav Audisuauduganisnaaes lag

e

~ o w

v ¥
duiadnag 3 f wieaudenaan ildgamaradnuasiafuuddnlar Taoldinsesiad
Y- e’.ll 9 c o a [ 9 A [ dy
(chromameter)  JAFNIFBIAUVDIEIH2Ua1 VSNANA19EIA2 1ARTUYAY ABDANISIAYY
o ¢ A 1 { { !
16 a1 e Avesdnasuuaiuy CIE L*a*b* ( Van der Salm et al.,, 2004) IAA1U04
2 v
S RPN T P S A VL DR P PR IS KeN
= 1 oA v S0 &2 A
L* LerR9nanNaI19v09d UA1581319 0 - 100 (@A1D98Y19)
a* (ragnemANUdiuue TR (+) LagFide) () FA19ENIG +60 B4 - 60

v
b* LAADIAIA NN LUBIEIVADY (+) taz Fiudu () TA1521919 +60 94 -60

v
3.2.4.3 ndanInduganisnaasy gudiodlamueunudiganisnanesas 6
Y ] Y] < a o ) v o 4 o Y]
f e llAnednyazdaainnieuendiuiu 3§ uazie lilia lade1asdwau 3 dalee
% -} [ lﬂy
Ieaziveanatl ,
-1 o 1 .
(1) msAnuuratmagnisuen ar lualy buffer formalin 10% U1y
o o =2 g a Y o w ' s A& = /g A Yy 9
24 H2Tug Whaundausiiadedidr msuuusualad efnyuwadliag anelandos
¢ 9 @ &K
yansseindoutiunnan
4 4 o o 4 o o () o 9
) msaneuiene lasmsiudualadning shdlededamilneaay
9 a @ 1 a Y 9 3 9/ j‘ - 9 o o lnl 1
ReuaauiuIHIe Lazdafi0g19R TN aunanduileuSnadad i 1duslu buffer
] v v by ¥
formalin 10 % U 24 2 Tue wWaswihewd s deuugiieresnizgn (decalcification

Y Qy 4 ] 1 | & 4 o gl :‘ ' 1 9/
solution) ddaFuiloueldadulaitiawe finsdrai lae i lnariuediedng wiu 2-4
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G'J 3 0 @ 1 d’l d’ o [ oy ' 3 Aacd

‘U'JIiN ‘ﬂ'lﬂu‘u‘u'IGI'J?JEJ']\iL‘L!E)LEJE]ul.‘ﬂ‘VTIﬂ']i‘lJ%ﬂU'I (dehydration) Tﬂﬂmumumummmmagm
4 { A o

494 Humason (1979) Anwmadsunasveadiadietamusunudinieldndosganssen

Ja o Y
nd laandiimsfondud wisutiuiinaw

d
3.4 MsIRTITHdeyn

0 { a 4 . .
Wideyan 1durdins1ziauulsyUsiu (analysis of variance) wazilSeuifieuniiu

')

HANANYBIAUNAYTENI19YANARDIAIYIT Duncan’s New Multiple’s Range Test (DMRT)

»
o )

NILAUANUFONU 95 %



12

‘UTI‘?I 4 Nﬁﬂﬁﬂﬂﬁﬂ\‘mﬁ:ﬁﬂﬁﬁi
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4.1 MIsnaasen 1 IEmafuSayimsanawaauainlasnHaun9ians
4.1.1 Msnaangdeen 1 NManaasslszaninmussmsilssfumadouannivunzay
MTusanauauau
g4 o [ A 3 o 9/ 1
nnMaNusnyIvesmsataataunfennauniens Inenmslgaisyiean
mMsdouann 3 via ldun a1sazaiensadasn 1% TiMesWoaa 1% uaznsauadan
{ ) w [~ Y] PRy
1% nafalaenwaudidens Taoldesueanududu 80 % Wuszezar 35 uan s
Y =Y { < o Y] [} 4
perraTed evaiam sz aulumafusneasadauanay wuhmsadeuanin
d' [ 9 - 4 ] 1 d' 3 1 n' 9} q'; [
YOI TIUANaUNana 1deidns UdouanINes19AD1IH0d ALAISNANIUNTZNG 35 U
WeRasanuemnusiaas Woasy 35 U miﬂmﬁmﬁauﬂmwﬁ‘lé’waﬁqﬂﬁa NIALDAAN
1% fHaunfdef 1.74£0.01 HadnSudsdns 21nA1SNAY 1.9240.00 Haaniudeans
1] ] T EA ( 1]
gafiFoudnmsosaantldun drsazatetvidesoaa 1 %  Nasrvnuarsiuanan

a o 1

finundef 1.66:0.14 Hadnsudedns 9nAuUTuAY 1.92¢0.00 Hadniudedns uaz aisafa
waLaUNRNATATASN 1% Asanumsiuauauiosiiga e Uaunde 1.61£0.02 Hadnfuse
] [ E4
a3 2nAFud 1.9240.00 Tadnsudedns 91na1519 4.1 sgiuldhansieauaiiald
dsz@ndnw lduandeduannidn udnsadasn 1 % Ianuaiuisnann1sidonanInueqms
afawauau ldiosfiqe donndeiu Herbach et al. (2006) InaassdIsaanisidouaninyes
asadaanay Taon/Seufisususeniie nsauodasiin nsa lo lwuednsin uas
Asagn3n nuhmsadawaauiiunsaueaasdn sy dnsnmaanisdeuaninldaniga
s09n9uIAe MaAunsa loTsueanain uaz MsANNTATASH UUlssAninindiga
] ] ] Fd
m3uasundaswesmstszneuwanawdiadumsilesfumsfovaninia 3 siaas ey
a i 1 (9 y a = [~1 4
Aamsildountasuedaudeil nsduuedan asldlueswea swwnauduemaes Tugy
o = I aan a 3’ = aaa
vo9 tefinten Tutea (ediavzdime) uazludfaservzifaiuies 1 Tuanavndgngen
o ] a ~ d' aa Yy g A a [~
aana1n (i 4.1) aurgiuaauingunsauedananududu 1 % mdsunigaily
g a 4 Y a a o s

mrzwaauiluasizneues Tsudn Autesn lanaegy ey weliv Wuea msuen
#an dawai 1 lassadalinnuadesdos ansetnl§aserduarsduldlasde dld
anautiadrenluunsdau dawalddasmsganiuuaudden ) uasalulnssadrevosms

~ = A v oo oo °sl J=q 9 d o o
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'
= IS

15190 4.1 manldelastSunamsiuanau@adniy/des)igungil 5 esrneades u

msnaaaudszaniamastlestumsidonanin 3 ila

919 () AIALDFAN 1 % Tilesvomvia 1 % NIATNTN 1 %
0 1.92+0.00° 1.92+0.00° 1.92+0.00°

1 4271 1.8420.00" 1.82+0.00" 1.7740.00°
14 1.79£0.00° 1.7340.01° 1.66:0.02°
21 1.72+0.00° 1.71£0.15° 1.65+0.01°
28 1.77+0.01° 1.7120.01° 1.67+0.02°
35 1.74+0.01° 1.66£0.01° 1.6140,00°

Y

* fsnusidraiulunuiueu nunedslinnuuanaeegdiiedagnieada (< 0.05)
CH,COOH+CH,CH,0H ——— > CH,COOCH,CH, + H,0

d’ d‘ ‘ﬂ' o aac -7 aa
Mun 4.1 Msulasuzilveuesiueadeiilgnsnnunsaedan

1 : nQuaIN YAN (2538)

- a o1 Y1 & g 4 A ) o 9 9/ 3
Y9gnoend lad1Ad16 &9 primary amine iogneand laduda9s 1A secondary-amine Hazgn

800 ladaoidlu hydroxylamine #3010 4.2
R,NH +H,0 —— > R.NOH + H,

i 4.2 manlAeugilvesmsalsznevueiiu egnlelas lad

i : Tanar 5981519 Lasnnls (2542)

dloRnsannnlnssadiansadain (wh 4.3) sxnuTassadiany o §wauinn
A a a Ao a o ° aas o [ dyil
dodnaslumsdunidzinamauand uagsilfisenlelas ladiuauau 14 wensiniidae
Y Aa o 3 o o va & @ ) & .=i °
Tnssadrefifiezasunisvowdusuaunin f1ldlimidn Tuaganuin earsnaeii
aaa o a { @ T a 1 ) aa ° Y
UfAsersunsisadnea (lessunuiiuandied1edass) Idesndinsaueddn i1l
a o = ] = aa K] o
aswanaulunsadasn 1 % wdsdSuiasuuanautssnms@unsatedan uativines
1 °y o o o o = s 1 9
Woaia Sdrunauvesiinguiduswvuinirlfifanislelas lafiuanau dewaldid

USuauuaauanad RN UMIANNTATATH
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o : - - e H 1 4 é =
A9TU MIAUNTALBTAN 1 % WA 4.4 1Tudissoaansideuanin del

Auaudalumsaamsidouanmyssmsiwauaumanzaunh dlwleswoama 1 % uaz nsa

a A a A o o
YATN 1% 1ums'nﬁamwa'umqmnQim0msmauamw11mmmmu‘lum'ﬁ'ﬂnﬂ'lﬂ

N
+H"'~O/ 1'1 (Ij IL \o-'--H*
"H--‘-o/ \0

N 43 lassaivesnsagasn

N Anonymous (2008)

2.00 -

195

)

1.90

=y

1.85

Uaaniwans

1.80

=

1.75
1.70
1.65

Sinamsiuanau (

1.60
1.55
1.50

% B nsauedin W mazamiidesvomua [ nsadiasn
|
4
~
= S { " - 1 T

0 19319 14 21 28 35

4 a ™
pgmsiius g ()

" - - @ s - o=
MNN 4.4 HAVDINMIAUNIALDFAN 1 %, ansazarvtivimesnoane 1% uag nsadasn 1

Tumsadawaaunudenudiisns fgungil 5 ssrsadsd



15
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4.2.4 WavesmsananauAeM IRy Invesamueunuda
1NMINAassAnyIANNuITuduvBImTadaIUALaUAREAIITOR RTINS
{ d Oy e/ Q =) =) ¥ QQ Q)
wasuemnduiimiin uazdasueiyiyTn vesamueunududie lasuasasawaay
a [~ o I°4
110, 20, 30, 40 stag 50 un/NNLUTZEZIIAT 12 FUa W
4.2.4.1 8131599 (survival rate) V89U MUBUNUAD
“Symmsanauauauinauaslue1nis Wdinanedasisoavastan
3/ v A v o W aa o Y A Yo
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M 4.6 nisilfenutlasdiumsnTaiuls uazdanTeavesdamueunuduiie 145y

MNIHANEIIUAauNafaniaenudens

omHaN  dminiSudy Fmingaihe i 8n31509
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1 [l k4 .
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v L4 1 E4 ¥ '
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