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ABSTRACT

Pineapple (Ananas comosus L. Merryl) is an economic fruits of Thailand and has
high potentiality for export. However, the nutritional values and antioxidant capacity in
pineapple fruit have not been well studied. Thus, the objective of this study is to
determine juice components and antioxidant capacity in different fruit varieties and
production area. Four pineapple varieties; Pattawia, Phuket, Phulae, and Nanglae
pineapple varieties were collected from different commercial cultivated area at 20-40 %
yellow peel color. They were investigated mainly on fruit quality; total soluble solids
(TSS),tritratable acidity (TA) and pH in fruit juice, peel and pulp color, vitamin C, total
carotenoid and total phenolics contents. The antioxidant capacities were analyzed by
ferric reducing antioxidant power (FRAP) and 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
methods. The result found that TA, TSS and pH in fruit juice, peel and pulp color were
different among varieties and production area. Bioactive compound and antioxidant
capacity of four varieties were also significantly different. Pattawia variety from
Ratchaburi had the highest total phenolics contents (34.11 mg GAE/100g FW). Phuket
variety had the highest vitamin C (19.60 mg/100g FW), total carotenoid contents (18.92
ug fB-carotene/100g FW) and antioxidant capacity by DPPH assay (158.49 mol TE/100g
FW). Nanglae variety had the highest antioxidant capacity by FRAP-assay (205.70 mol
AAE/100g FW). The highly correlated of vitamin C and DPPH activity was observed in
Nanglae (= 0.9461). While, the correlation between total carotenoid and FRAP value

were higher in Phulae (r* = 0.7665) than the other varieties.

Keywords: Antioxidant, Bioactive Compound, Pineapple
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gnuaniiuios waianuufsanauasinduvay (N9WUS, 9526; &Eua, 2528)
seduanuuiysoinasdulssalaslddudanduduiiuaasdamaii 2-2

M9 2-2 szauannusyIlvadulzsalagladiudan duayi

SEAUANNUTYT 5 .
y i anwazyasdlaan
apvdudzsa(tuas) 9
(dwann)
0 Fuasldan@e i uning
1 HFwWanssann 1/8 209Ka
P= & =l = o I~ o
2 AFdwdoeUssanal 174 1990@ 2aUMBEWEUNLEN T DY
Hfwmdaalszanal 172 29908 2aUmEFEWaaaUunTEIILNING
3 W
=1 = = 3 = = W =1 ¥
4 AFwasanaunans AFReUNENLaY
5 Hdwmdaafaunewa SUsSiaddadaaniiszeu 4
6 gnvuaNanidnaonaus
i dnvnanegniidmasimine aafidihmasnuadlunsdinh

fxndinnuNe I URAaSuRaEun TN, (2530)

2.4.2 MswdsundatasrUsznaumanil

¥
=

wadulzsaiaundnaziivimnurasuisiazasilduazanudunsaiiniu
snnwaiigesey uannniasiviinanhaaglasa warUSinanhmanavaa gy
930 wasiUSnaasiaunhnadulssnsGudonann (ngWus, 2526)

2.4.3 MIUUTLHLNID)

DgmasHatiuNNIuiiGNunsdananfenaduaziiongioand 120 Ju waudluind

91y 120-150 Ju waunInieny 150-165 u uazscaznaiudanamwiliaionginnnh



165 Ju (13Wus, 2526) udoenlsimumguainaduagiuiuguazamuiiadanlums
Ugneng
2.4.4 ANNANIUWY

]
= e

msInaNuanIwztviiiansonadudssa il ssazanugnoi 9nu waztdu
ABndngaaliuawivaulesiivanmsde  dudvsaniassihazgnisenidulzsaiianih

q
s

wazdulzsaiianlumsazaneindodosar 3 zgnan (Smith, 1984) sulnglumsiiv
Aendulssainuasnsasadoanudnny Wmsdanennfuasldanifiesadiuden ms
Aufndulssassesladufussezommsfivinmn msfuienitafudssmunaaaly
Ussmersfuidndiaiimdmdssdesa: 90 milddnlihudesa: 20 maduidenite
Sulssmuaaiiiadiemadlsana  wadulssaasasimdiFomnmvdesindnassld
Lidufasa: 20  Tesmwismsdeeanmade  miimnzdulzsaigniuluaziulu
aamgionldlivnu asfaemsiieUnfimeadsine wu daaimsldhiheas doh W
aumumsvilaaluddiiaunnazldamsasudssmule Tunsdifavaanmaaiasiu
sansaiuifisniionaiinnuudsesas 50 (Jumsy, 2541)

4 =i s
2.5 adadsznaumitaiuaddudese

Fulssaulaunasiisavnuanlion wadulssaanUsenaudiminiosa: 80-85
ssomsnaninuludulssado mdlulowse aatlumhmadesas 12-15 Usznaugaei
naglasa ihenanalaa uastihanausnlad (Gonzalez, 1999) futhidudiusznouias
nh¥esar 0.002 2aatihniin vanninadulsadaiusnalusiuiesas 0.4 uazlusiy
Ypvar 0.1dmiunsadunidiviinniesar 0.6 laansadunidiadnludulssail 2
#1ia Ao NSATASNUArnsanIan (Dull, 1971; Smith, 1984) ayAUsznaunNNLANYDY
JuuzsatupgiudnszeznaInsgn uazaMWInadaxarUgn Wy N5t 3aguain
(Salvi, 1995) dwsudulsznaumaaiiusanadulssaudaslumei 2.3



MSN 2-3 dudsenaumaANzasnadgulLse

ailg Usuna (%)
e 81.2-86.2
vhmafiazanethld (soluble solid; SS) 10.8-17.5
‘Q‘Ima (sucrose) 5.9-12.0
ﬂgﬂﬂa (glucose) 1.0-3.2
W3nlad (fructose) 0.6-2.3
\waglad (cellulose) 0.43-0.54
WWAGYU (pectin) 0.06-0.16
nsailninsald (titratable acidity: TA) 0.6-1.62
n3ABA3N (citric acid) 0.32-1.22
ASANIEN (malic acid) 0.1-0.47
nNsaaanzIan (oxalic acid) 0.005
LN (ash) 0.32-0.42
dale (fiber) 0.30-0.61

AU

U (mg/100g FW)

walsfiu (carotene)

waulnWa (xanthophyll)

Tue1Bu (niacin)

nsauwulndu (pantothenie acid)

Iniediu (thiamine)

TsTunadu (riboflavin)
nsaoediluuulydn (aminobenzioic acid)
Jadul 6 (vitamin B6)

nsauaanale (vitamin C)

nsalwan (folic acid)

Aoniiue (vitamin A)

0.13-0.29
0.03
200-280
75-163
69-125
20-88
17-22
10-140
10-25
2.5-4.8
0.02-0.04

#an: Dull (1971)
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{ed o w v
2.6 aspangnsnaranluuals

ludtginuald fians Phytonutrients fifiuszlond waszlluunasndngadmiuans
auayyadas:  masudsmuiigdnualilvldussleninnmsniiizanniiga  fadan
FSulssmuiiginualdvanveile Teasmsi@aniniidduuanedeiu adiderun dendy 8
fu wdes uas i h&u 989 mssudssmuisinua laadulsshasanamuiisea
mMsiialsaena 7
2.6.1 sUsenaviluaa
pnuazualadiuiuaasiueas wasiaulydigsaandladarsWuaa (Phenol
Oxidizing Enzymes) agiudiumnn fauand@ilualididnasou (reducing agent)
Julanz(chelating agent) Uasfudiznnduasiafiaziaduandweday wu S9daans 1
Tawan (ultraviolet ray) uwas uazgdunsd uannnuuasiusadaduasminayyadass
. o iy o [ " o
(scarvenging agent) asUsznauiluvealuansiiiluanasnaidnagluwiadilaazad
fa a o o ] as g v & gg a 4 '
wad andudadudrudsznavvasiugaaionsuaniuniduiiusaguninniluenalwg
sadaguieeiio @y weulsleeniiv uasWarhuesd medluladuufituiuaas ety
MsdaAEiuastne liduindana mliigeduilan wazssainguaril ausnngag
Tunduasnliazdrslumsuaninasiiaanlidy wadnedlnd q Arwevdnuasualiasi
Unaresansdsenauilueauasioulyiegge awwadmarilgniianslasnenenw
wialagdaydunidiou asfuessgnioulsisandlod aluasusznaudrlnadad
< (Y ' & a o v & P 2 =
gnslumsdugamsunsnszneeoudadunid awmuamsiueaiafidiulunsdulsazas
HAANS MBtNZednANINIULDAe nsdmsHuaalunanm vy iusniddihona fua
mlvaumulse Smudge uanivannugazvziiasiusatssiin vilidsuusdalsa
Wil ssiueatianaiihmihnifesdesnum s lvifiaanudmumunaigyssnig

'
dal 1

wu mliaulaidessmeniarsdussudonateailossdunididonanin uaznsi
anfluszanfimiusadvnlinilazadianuudausdy (Van, 1989)

2.6.2 wemnualsiiu

wehualsiiuaglunguualsiivasd walsiiuasdluaimssssum@fidssinn 600
wiip iwuandl 6 wila Ao weualsiiu weavhualsiiu wiheswlowsuiiu Talaiu giu
warBuruiiu & 3 sieusnainsndsusddusiuaaldlumaduams duiddady
walsituosdmniidumsnsduoadiondue w3 duddlidaasuiiduiniue
wasnsswmaiionaadudn i lusumeudreewuldidadalaiy du la wasdauminn
lo Tesfiladalosuuazduanduiiscavsasmsivinioginniign unumuihiivesualsi

wpgaNuagagNfe vannasiiluasiduradiofiveudy dahwihiishuayyadass
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Hrodusgiduiu fudimsanaeiug dastuiiaen wasdanuierdosiuguan
gudug 1dun anrnadsafsdumsidansasnidiasmngiany uazdonszan ananu
deennlsanzdanaiia  waslseilawaswasaiden  mauilaaweualsiivanumas
sssumdasvinllaSuamsualsivuasdiauqeis  wu  waavbualsie  wanlsuzuiiu
unmahualsiiu Towualsiu uwalsivaadnaiifignidhuayualdisiu ownsussmdn
waznaliiifiualsivasdgeldun dnfifddendy wanaldiifidmdosdn wu dndd
HNNINEN HNte wasinae weaingn szazne nediama Wudu mauilaaludunias
fuualsiiuasd awdaiinmagaiuualsivssdlddonas 5-25 Usmnaudualsiiuas
snasldanmsusenauanns Wy gy i fa Taglganudaugadunmunu  (nas
1AM NINBUNY NTENTNEIBIIUFY, 2546)
2.6.3 I
3@13‘314%3?1&1?1?;1‘7;&1ﬁtyoiawmum'smmuaaawmﬂaih\'iL'ziu ununlumsidu
Talawaad (cofactor) drdnyluaulaiwmeriiafilidaaniaaamau s wazas
wilemhnszusUszam ( neurotransmitter) uwumﬁﬁwﬁmﬁnaﬁwwﬁwaﬁmﬁu%’ﬁa M3
Humsshusyyadaszuazilasiumspniaennayyadas:  lagdniudhmhiiluns
Fudamsiasuuawes LDL (low density lipoprotein) Nneuumsadoandiatuna
nsalusiuliidng Tosfudsauyadasilagludunadeniidinh uananilimiudde
TumswdnmAmiudignldlusuiunsdaduayyadass (vitamin E radical) ndudiu
Indudaudn  undsormsvasiondud  onsiimiudonldun d5 wsadlan
wzdame ansawes dnluder emsiimmiuidesvialifios ldudin dladad
hun Budu Ysnadamiudluanmsussandnuazualiaziuegiuggnma mamnzgn
anuiilgn mafuifien wasmsmdn (neslnzunms nsweisls nsznsNaIBIINEY,
2544)
2.6.4 AIEIUDYYADATE
auyadase (free radicals) Ao luanaiiliiafissiiosanneddnaseuly 1 6
Undusmanameludumeveusiziidnasauagissauduinugivihliluanatiy
Laisune dhagasayyadaseldun
O, — Superoxide anion (auyazgUil aslua)
OH- Hydroxyl radical (aqadalamaﬂ%a)
ROO Peroxy radical (aunailasaand)
H,0, Hydrogen Peroxide (lalasaauwaipanlyd)
wanIniifgaidninn  auyadassiulumsivdawadieme  ilinnluwads
Wuduesalalaagazynars DNA Léaﬁmﬁaﬁ wazdu Y udadswmewiniiadanf



12

MansmnilmiauuaiiGendennivaduuaiiGainluluiud  eyyadasziaiiinade
msdnsuwasinadiodeszerdu  lussazananniuadaanuidenrdemsunvoad
waroaduasiansds Tsawla war donszan auyadassiifisnmauvdsmeuansine
Toun wanwluame Talaw luadsssnlyd lulasiulasanlyd (Wudu wazunasnalu
sumeldud sandau Judu (o, 2527) Sumeiiifinalniziinsyyadasy
wanilld 2 3% Aewoulualene qlusumey superoxide dismutase (SOD) uaxlaild
wuleafldun Sendiud weualsiu wadiniug dasnniigunaiioulad dwqild
Minayyadas: wu SOD dladina wensimansadulssmuainldun Jondiud
Jonfind wehualsiu Fudumssusyyadaszudafidnai antioxidant tilasainiueh
walsituinnludnuasualivnsio Jsfimsadvauuliinisuilnadundiiiinniu Tasil
e homaamsnansse samadulseilamadeausslsndu g msduayyadasy
aziinadesume wazoRaeussE uazanguimsallsamlanadanldide udndu
wuhgndiduianduadluslasinaauszsalinnnhansaiaviadimiulasnsedaiu
mssulsemudinaauazwaliFududeinldlion uasfinafdogummwagawinze Gua

Saud, 2543)
2.7 @136HaUNABATEAUTIAUAENTILAN 9

2.7.1 lsavaaaidaniilagadu

iiasnnlsavaandanlagaduiiadunnsuiumsieiantiaguvesladiulasi
msadn Iugadduisuluresvasnideauas  ldrulurewasaidoauasmndiau
Fou Tluiigaiiadulsanasadoniilagadu mssmnsiusuyadass Gmiiud Imiud
wealsiiu) ansogzaemsiaauiumsmaild laewuhioniudazsiisaansinsd
oslosufunilaulusasaenidan Waauiioguiniussauimiudluniaianazag
wliimsimzdranniadaaiiniu eniuanlifalsavasaidanmihlagaduussss
wuhieniudashldinaisivouanivealawsmalsa FutluTawanalsaiid
ugnINUUNAMATIUWRRUhwmTsiumnsassangiinsaeimaiala
ndwidiainlameld

2.7.2 laAnzi3e

auyadaszusimsdaglumaihlidansSwasvih imedusSuadydvlnann
u ToshliAamsuanvaslasTulanuasimediouauannniulsaiiinmssniauEess
N ayyadasrazannsomifeuzSenanld  eseuayyadaszuanaainuin
auandaiduddedumaionads  dasnmsmaiihetesiudioualilignians

wazgan adeumudaudnels  Induduadeiiud  ausosusNNMSIiansHIaN

u
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(mutation) youaduaaInsoiuiimsasnaslulasmiiuitiennams ﬂﬁ’qué Tu
wsnuarlulasy dwudalsiuansadasiumsdonsSesudisunnnuag

2.7.3 lsadanszan

fnsnuwuhlugidulsadanszaniiszduredionsiug Imiuduazmslsivaod
Tudansnhgilidulsadonsanuasdanuieudiissduradimiuduasnglnlau
(glutathione) ¢ Fahdmiuduarimiiudarllastuniedaszeznaamsiialsail

2.7.4 pRdhumulsadaidie

PnmASsnuhwushalsiuazimiudansonTiidumulsadau fesn
wéh-alsfiuasilinnues T4 lymphoeyte ity waswuhlufgeangiifisséu
spawmnmhimiudgnsilamafalsadadasnhauiiissdiming Wudu

2.7.5 ANUUNET

laidFamguiifnfuauyadassiuanuunznd  msdousmsvaaadiiialy
e mmLdeswﬁuLﬁQQWﬂﬂwsﬂﬁxﬁwﬁa~aa%aﬁasamﬁm%umnmzmum‘ammﬂu%%u
Toawuhwadiimsmeluinnnihmawisdifia s TutagtuBuiamugei
fsosuNgiiaainsaiszaan N la wu Imidud Iniug we-mlsiu nsagia

vV

walsuSuau Feddliilasnnuaruiiaeasauainidaaaluinun

- e o o
2.8 MMHIENLNEIYDY

duuzsasaidunalduszinyn non-climacteric #pasmsmelanazmsndnionau
luusuauen (Biale and Young, 1985) 'ﬁqmmﬁm?{mnﬁawau%mtﬁw%’auﬁa:u’ﬂm
twmﬂé’qmiLﬁuLﬁmé'uﬂzimwhiﬁm‘sﬁ'eumszﬁummu%yaﬂi (maturity) l#tuan
#u waduUzsamsiiuima soluble solid (SS) agntiaeosar 12 uwaztUsmnmnialiiu
Jagay 1 ﬁwzﬁsamﬁﬂuﬁﬂaﬁwmQ’U%Tnﬂ (Kader, 1996) msfvmuaanuudysol
sasdulssavnlavaneds  uadamluitenldtu fe msmuwuennivesdiandulzsa
dewniidsithe  azon  wesmnzasdwmiududzsaignluedeuiedaniw
Qﬁmmﬂmﬁauﬁumaamﬁaﬂ (Abd Shukor uszanl, 1998)

FulzsaumalifigauludeansermsidulsTemidadname avdUsenay
meluzaaiiamnnidesa: 80 vanhminsadoi wazluiladulzsadesznauludae
iy wu luedu nwedu Jondud 6 Jmiiud nsalwdn waz Janfue ludiuwves
asonnsddnau ldun nsadesn weualsiu thavaglasa nglad uaz wnlaa
wonntiu dulzsadaduunadloanms (fiber) ﬁﬁwﬁ'ﬂgﬁnﬁaa (Dull, 1971) atlsh
gt anmmeansnuluisasdusznoumaaiivesdulzsaficnaiugiudaudianu

uenenu 1w Ysnansausanalaludulzsawug Queen, Red Spanish uay Cayenne
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Wy 34 29 war 20 mg/100 ml muaau (Kerns wazamiy, 1963) %m‘nmmnoﬁwﬁq
gauazUInawasnsUsznaudi amely dawalidulssoudasiugiauanifannu

Tugadudzsmiminusie 100 n3uusznaulude phytoestrogens 38 lulasniu
isoflavones 21 lulasniuuas lignans 17 lasniu (Kuhnle uaz amz 2009) Tull a.a
2004 Hernandez uazaaildynsnasauifienfunarosamsiia phytoestrogens 61
enudsslumsiiouzSehnuagnssesGudu udlinuamuduiusiumsuilaadulzsa
dndanulugnszezina 1 Yvasmsiiudayaluaaanas(Hermnandez uss Ay 2004)
Fsnuisgnslumsiusyyedass WounnaUsinadamiug msusznauflusin
wazWanlusadluna(Garder uar Ay 2000, Mhatre waz Az 2009) laglunadn
100 niuwumsUsznauiluedn 48+7.1 fadny uazdgnilumsduayysdasy ade
29U 9 NNMINATBUAILIS ABTS waz DPPH (Higunu trolox (Reddy way Az 2010)
shdudulssaiigniduauyadass uddasninbdudunanihdunzain  (Swatsitang
2000) msﬁwﬁmﬁaéluﬁuﬂzsmﬁa Tusiou Jhweulmliawiafisansadeslusaule
(Roxas 2008) wuin msliauluilusiiauiiseduanudiuiu 10-100 lalasnSuea
fndaasudgnasauinny 7 Su fuwaibignasauigiduiulunmerfinnniuad
fiviwddny (Barth war ate 2005) uananiiseiisnenuinnslieulelusieulu
Wwnags (1-2.4 nduaaiu) fednwuzidaueiio Wy ssdumuuuasunieialila
(Eckert uaz Atz 1999) SaimddamndiafidnulufihonzSudmunuasenanaiias
grmwdudgasliiduinnslieulsdlusiiiaugisnszgulvianismaisiadusis
vanniifiinsleulmizdaiilunmsshvmssniaueeslsafinis (Engwerda uas aniy
2001)
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MwuaNufiliumagNdulzsanugae g wasfindaussaunuiiaindedulssn

Tuudazniimeavaslszmalngdaanalumsei 3.1

M51h 3-1  wlioWugvesdulssauuanenmuiy

USumsuan*)

9

nanwluudazianin (999w

NUNANEN

ar

U

=

Uameg

e uNua

nua

Useauasus
L8B4

YUI

anesil
MEYIUYT
a1y
7519
NUBIAE
By
9a3hng

(=]
N

i

/

X

b

/

X

/

X

X

X

X

X

X

X

X

* srnudoumsainsuandudssa 2549 (unnuineasaemIaaiy, 2551)

as

/M WU

X WA WY

Wuiguazudinadulrsanugunauauazguana i luwa iy

1
L]

an
3

sl
b}
:

Tad

i

r el

un

AMSNAAINEMINSAT LUAIWIA

VSHAMNDNMNNISA IUIINI A

AIMINL TN

wugUaeIsnndania a1 gasiad vuasme aves1il myauys HEud ingsys uwas

WugLieIndaminszees ane Qe lussnihadouaaanfadoungadmen 2551

lagluudaziunaniaduiiviiuiuiugas 20 wa losdaadanuanianysel Usaann
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wauwa dmfinnlsauazusas Jruanagdiuazannuiysallndidesiu laavims
NAaBIRINNG 4 1 Dae 5 wa iuiReInadulzsamudaiiiiuiisiananisd
(Commercial maturity index) ﬁmﬁaﬂwaﬁuﬂzimff’;mﬁaﬂﬁﬁmé‘aqaéﬁzwiwﬁaﬂaz 20-
40 vosna Fwasnysal Unannuausa dninnlsauazuuas sudslagsalasa s
ﬁaqﬂf]ﬁ'ﬁmwé’qmitﬁmﬁmwﬁmmé’amiﬁmm FulzsaaNUasiNANNEL9
un aadauaumwiiadudsiziaanuuiysafiaawadulzse nntufudmaglagiy
Fugudn pihniladulzsaluuglululasouman Wusedliigamgii -30°C e

£ o Q( cd = s
msaumwsﬁﬂimmmsaanqwaéwmyu,a:qmﬁmsmuaanmm'ﬁu

3.2 MPLASYansMEMaNMINLazaIaUsenaun el

3.2.1 Advesiiauazildon

Sadeiaiasiad (Minolta Model DP-301) tufinaiildiduelussuu Hunter
scale uazA L

- @ Hue angle (Ho) Humiinenuiemsasuntasadnudlussdue g 1
LUéﬂulﬂm'mﬂ'ﬁgN %qﬁwmmlﬁmngm

Hue angle (Ho) = (tan-1b/a) ija@h a>0uazb>0

Hue angle (Ho) = 180" + (tan-1b/a) oA a< 0

Hue angle (Ho) = 360" + (tan-1b/a) Biad a >0 uazb<0

- o L Jueiinenuisemuaiveesd fiddaud 0 51 100 e L ge vansds
flanuaihenn uddan L ah wanede Taduann

3.2.2 manulunsa-an (pH)

30 pH 2authdunniiadulzsanaua Tagld pH meter

3.2.3 USinawasudefiazaerildnanue (Total Soluble Solids; TSS)

Thaunniiiadulzsaneaasun hand refractometer ghumuazssunNaly
wihgasdudlagivin

3.2.4 ﬂ%mmnsmﬁv'wmlugﬂﬂsm%m%ﬂ (tritratable acidity; TA)

Inmsamhaunndisdudzsaiiuan 5 ml dreasazaramamnasgiy NaOH anu
wudu 0.1 N laald phenolphthalene anuidndudasaz 1 $wdu 1-2 vee (Ju
indicator Innsaaunsziafeqn end point Aayafiansazmanldauiudauy nnuuhe
USnasmsazaeceinasyiu NaOH l#lU indmmnuinunsalusluaaasifud

NSATAIN NNTN
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% citric acid = (ml NaOH) (N NaOH) (meq.wt of citric acid) x 100
ml of sample

ml NaOH @@ USanas (ml) 209 NaOH nlzlumslnnsa
N NaOH @8 Normality ﬂaqmsazamﬁmmmgm (0.1 N)
meq.wt of citric acid A 0.06404

3.3 m's"imeﬁﬂ%mmmsaaﬂqnéﬁw ”ﬁuuuaan'énﬁsi”maaﬂ%mﬁ’u

3.3.1 Ysmnadwaituaananua (Folin-Ciocateu methods)

Viinalnaflusanamuaitansiilagl#isues Folin-Ciocalteau law Singleton
wazAne (1999) iheudulsse 1 7a38ns wawndy 5 T8aansuaeas Folin-Ciocalteau
(38971 100 uh) nmnududesas 20 lodgumdusiun 4 Hadans ﬁdi’tﬁmﬂﬁﬁ%mﬁ‘
gouniivedunm 1 Flan ?mmmi@mnﬁuumﬁ 760 nm TENURANMINaFaULTU
mgGAE/100g FW

3.3.2 USuafieniud (HPLC method)

Uinadamiiugiwneiilagliaios High performance liquid chromatography
(HPLC) Awsevilasanuuatainidvey Leong and Shui (2002) @n 3% meta-
phosphoric acid 18 fiaaansluiifeduzsa 2 nmilu homogenize naamnihaihludy
Wigefianusesay 1500 rpm 1unm 15 Wil Mgamndl 4 esewaded indegnly
n3a9ay Millipore membrane(0.2 pum) waslnuhiaias HPLC Tagl¥nadmisiia C18
(250*4.6 mm) 1% 3 mM KH,PO, Tudpeaz 0.35 ortho-phosphoric acid 1y mobile
phase 1#8a51mslva 1.0 fiaddns/anit figamnil 30 sseiwades anaiaianuem
AFU 248 nm Innzvinuawlesiiiey spectrum fAmiLEnasyuaail thasazany
453U ascorbic acid WNTY 5,10, 20, 40, 80, 100 uas 200 ppm WINTIIAIEA
fhewases HPLC mﬂﬂ'ﬁuﬂlﬁia;&aﬁlﬁmﬂm‘ﬁm‘s*nzﬁa%'wn‘ﬂwmmgm'[mﬂwﬁamwiw
Ruiildns (peak area) nuaNMNIINIU wiUSleedS external standard method
FIBNUNS IUNUIE mg/100g

3.3.3 Usinauualsiiuaadmanan

Usinawalsiupadmmuadnneilosdaulasisees Desobry waz@amue (1997)
dlodulzsaan 0.5 ndu hanhindu 2.5 Tadansuasiouas 95 hexane 25 Aadans Wl

1
=1

5 I =t ¥ g Y a - I~ = o
homogenize {unm 1 Wi uanhluduinlesd 500 rpm {Wunm 30 Wil figaumnil 4

FNFALTEE HAINUWNINILATITYNE Spectrophotometer HiANXE1IAGY 450 nm

Toafiaunum B-carotene ¥NSFIU IPUNS LUNUIY pg B-carotene/100g FW
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3.3.4 DPPH radical scavenging activity

DPPH radical scavenging activity Jiasizvilasaaiuasisaay Blois (1997) a5
anedulzse 2 dadansyhuisennu DPPH (2,2-diphenyl-1-picryhydrazyl) 60 uM ii
aampivioudunm 30 witluiiie mmi’uimmmﬁ@mnﬁuumﬁ 517 nm lagldwmuaa
Wy blank dwadowas Inhibition s7891UAM DPPH radical scavenging activity lag
WBUNU Trolox MAs§IU TeuUNalumida mol TE/100g FW

3.3.5 Ferric reducing antioxidant power

Ferric reducing antioxidant power 3t@31zvianniduay Benzie war Strain
(1996) @sanadulssn 1 §adans waunu 2.5 Jadans Weauadwwas (0.2 M, pH
6.6) Wariauax 1 potassium hexacyanoferrate 2.5 HaaA3 mwé’\aﬁmﬁﬁ%mﬁqmwgﬁ
50 aveuaded Wuna 30 it @indesaz 10 TCA wasdumios @maﬁsazawﬁv’uuu
HENTU 2.5 Na3AAS 1nau 2.5 Hadans uaziesarl FeCly 0.5 fasans NnntuSae
msogmﬂﬁuumﬁ 700 nm WeUNMIMAUTNINIEIY BNUNEA reducing power
activity luniis mol AAE /100g FW

3.4 MINATITHTaYaN A0 A

MNLEUNMSNAFBALUY Completely randormized design (CRD) ynmsnaaas
b ¥ o AP : 2 N w
MYNe 4 91 ae 5 we Wisuisuanuuendeaiasseangnddagzesdulzsalu
udasWunndauazluudaswuslos Tolusunsu SAS 1asyu 8.0
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uni 4

HaNISANEIBUAZINIIN

4.1 aNEMUSNNAILAN

NTNA 4-1 uar 4-2 udasdnsamemannuazdduianuazdaddiisly
Fulzsanugdamndouaziuggiiannunaalgnee g uasdulzsaiuguiuouaswugy
wamnuvasgnlutssina eduldandensnunalugusas Hue angle diamawsusauly
munuguarkuivgn Aafidagsswin 65.62-90.09 dultsaug Jamde guia gua
wazuNuaimaddaniade 81.17, 71.33, 77.88 waz 89.82 @WEIRU dvasdiie
swnulue L* denuudsysullaaniuguasiuiivan Aaiidsgssuin 35.65-73.83
dulzsanug Jaende e Qua AU Aiiowas 57.12, 68.53, 60.55 uaz

50.10 enuaau

g

MINT 4-1 BNHUSNHMEMNIITUULIAUABEWUD

a

u ANHUSINNLN TN

O,

Uaenie

Pattawia

Uthaithani
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aua
u

Phu-lae
Chiang-Rai

RG]

Nang-lae

C hiang-Rai

Chiang-Rai

4.2 asadsznaunaail

AT 4-3 udenansazasddsznaumaadl laun TSS, TA, TSS:TA was pH

' k4
= .. |

yasdulzsanugUaonds Quin uiua Ltaz.fuaua’[utwiazﬁuw aneatl Usuae TSS, TA,
TSS:TA uwaz pH luwadulzsewugdamiGsuazwuggiannunaslanene g uas
Fulzsanusinuauaziugguaninuvasdanludszima mamsdnwwui TSS § Aadid
agsevinanar 13.97 & 35.52 duvzsaviugiamds guin Qua uasuwuaiien TSS
iy 13.58, 13.60, 14.45 uaz 13.09 muaeu Usnm TA fidagszuiniaves 0.42
9 0.95 dulzsaugUamda Jifia Jua uazinauaiid) TA \adt 0.61, 0.66, 0.65 Uax
0.65 enudeu USana TSS:TA didragssniniansz13.97 & 35.52 dulvsawug
Tamids Qe gua wazunauaiidn TSS:TA @A 24.69, 21.79, 22.60 uaz 21.46
@y USinm pH fimagszuinedase: 3.40 ta 4.68 dulzsauglanmidy e 9
a uazuauaien pH aay 3.96, 4.10, 3.55 War 4.57 MUMAU NNNTNABBINUD
adwdan diile TSS TA TSS: TA uas pH ludulzsaiugdamdauaziugguionn
unalgnan 9 warduizsawugunuauasiugguaninunaslgnludimiadsenaiianu
uaneneulumaiuguarluudasiuiinge Fazdiuiuennniugud giiendas dmw
anmd 38Msvan aAnuudysaiuena raadluihisadnivhlvdnsausuazaumwluna
Fulssafianuuanaaiy Silnagenndasiunuaas Gortner uazaniz (1967) Wuh
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v .
=

AnuuUsUIuzaasdUsznaumuail lududzsagniivagiu sseemsan anwniiaana

u L] u

LU NN UFTILNNEDN

g LY =4
4.3 d132aNHNadIAUNINTININ

L [~

Yinalwdilueanimualunaduizsaiusdamdsuaziug)iinnnunaiuan
A8 wazdulzsaRuguuauasWugQuanInunaslgn luUssmnAriuanansem 4-4
nnmsanwmwuhlwdiuaanamueiiviinauandiulymuiuguaziuiidgn fafidag

L4

38U 8.20 4 34.11 mg galic acid (GAE)/100g fresh weight (FW) 5Uﬂ:5mﬁuq
Joondsnndeniassyiivimnagainihdudssannunasdu defivdnm 3411 mg
GAE/100g FW siugqfiennimiagiiaduSnaganidulssannunaidy daiiviinn
29.78 mg GAE/100g FW sasaunlaun dulzsanugguaiina  26.19 mg
GAE/100g FW uaswugunuaiu3nin 20.25 mg GAE/100g FW 210518914289
Kahkonen wazage (1999) wm’ﬁwms?ﬂuaﬁﬂﬁqmauﬁé‘imsﬁmaan%m%’u%qagﬁ’[ugﬂ
yosnsailuadnuasanbused Uhnadluadnluduuzsaiugmmbivagszuing 34.7 fs

54.7 mg GAE/100 ml 429a158n® (Alothman wazAgiy, 2009)

s [ v

Yamnadmiiudluradulzsanugdaadsuasiuggiionnurasuanen g wag
Fulzsaiufuuanariugouannunaslanludsuing Feuanionsed 4-4 91n
msAnmwuidmiuiivimnauandsiulumuiuguasiiuiivgn doiidragszuing
3.46 4 19.60 mg/100g FW dudssawusdaanienniviavuasmeivusinagani
fulgsannuvasdu defitianal 9.19 mg/100g FW dudzsawusniienniamiagfiad

Ysnagenidudesennunasdy Aediuianm 19.6011.14 mg/100g FW dudzsaiugy
wadUSHIM 17.89 mg/100g FW uasWuguuaiivinnm 6.04 mg/100g FW ihdulzsa
UsznaumedIaduduszinn 4.4 uM (Gardner wazaniz, 2000) USuadadudlunn

a

LLa:walﬁﬁuafgﬁwﬁmmﬁ'us‘:uam‘ﬁméa nnmsnaastTnaiondudlududssanug
Jaandsuaziugaiionnunasland e q wasdulssanuguiauauaswugguaInumas
Ugnluamiadeensfionuuandeiullmuiuguasluudazituiingn Faapafunuyes
Klein wazane (1982) ‘nmmjmmwgﬁmmﬂsmﬁv’qqmwgﬁmémamaqﬁﬁﬂ%wada

4P UsENBUMNLANYDINYEIU

Usinaualsiuasdnanualunadulzsaiugidandouwasiuspiiannunagn
619 wardulssaiuginsuanasiuguannunaslgnlulsena daunaaeased 4-4
anmsdnmwuhualsiuesdimuaiusinauandsiulumuiuguasiuiign deile
9EI8U TN 3.68-18.92 ug B-carotene/100g FW dudrsanugUaanisnndaninnsyd
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ﬁﬂ%mmgqniwﬁuﬂzsﬂmmméqﬁu AadluSaia 12.27 pg B-carotene/100g FW duizsa
ﬁuﬁ‘::gLﬁmmﬂﬁwﬁlmglﬁmﬁﬂ%mmgjqn’hﬁuﬂzimmmméq'é;u fadivsSunm 18.92 pg f-
carotene/100g FW duuzsanugnuaiu3unm 14.18 pg B-carotene/100g FW uazwug
weuadiusunm 10.59 pg  f-carotene/100g  FW misnaaaswunUInaualsiuasd
ﬁgwmiuﬁuﬂ:smﬁuﬁﬁmmL"Jiruasﬁuiqﬁmmmméwgndw 1 wardulrIaRUTUINLE
wazwugguannunasgnludswiadeensianuuandiulumsiusuasluudas iud
win uanindadeluGawesiuiud JTadomedusmminedon wunduazgumgi 09
mafiuifier saanaudsmsnzUgmiandutedsd dyinlivinuualsiuasdnimue
wananiy asfinsnuhvinaussaunuialuduiivadamsdaasnsvualsivead
(Gross, 1987)

o ko = Q/
4.4 gNONIIONIUANDIAOTU

4

ansmsiusandeiuiiazidieds DPPH uaz FRAP  lunadulzsawus
Jaandsuasiugniiannunagnean g wazdulzsa Wusuuauas iuguanInumvas
UgnTuseinadauansaseil 4-5 nmsdnswuhgninsdusanfiaduiiuiinm
wondnfulumuiuguasiuiiugn Aefidagszuin 97.15 @4 158.46 mol TE/100 g
FW dulssavugdamdsnndanianuasmaiviinuganidudzsonnundsiu  dad
U3nm 150.60 mol  TE/100g FW dudzsanuggiinaindaniagiaduimnaugeni
Fuuzsamnuuasdu Aefusim 158,46 mol TE/100g FW dutssawugpuaiiuimna
118.17 mol TE/100g FW uazWuguauadusinn 152.93 mol TE/100g FW YT
andmsiusanBetuitienidieds FRAP Tunadulzsanugiaomidouasiugyfa
NNUMaIlgnae ) uasdulrsawugusnanaziugguannuvasgnludszmaan
msAnmnwuhandmsiueanniuiinnuuandsiullmuiusuasiiuiivgn Aaiidag
3¥UIN 154.92 B3 205.70 mol AAE/100g FW SnnuzesEseangraadymMeiinw
lagnenusgnhewneludulzsamenugaie a(Hemandez uazaniz, 2006) 1INM3
naasswuhuiinamsiusangnduludulssaiugUamdauasWugaiinnnunaaUan
6199 wazdudzsaiugunsuauasiugnuannunasugnludaniadsneinnuuaneis
fulusnaiusuazluudasiuiinden feiluadoandasiuauvas Charoensiri  uasAni
(2009) S189uAN M NTUTILANAT U9 naa N TaTE FUAVBIEIBWUG NI
Waguulasmesssusdvesnalsd anwaima du e gimansuesunasinie uas
suiiEmsatameiuaziimsiengiiuandninadadiunumsussnauludulzse
(Alothman waz@nlz, 2009; Mhatre, 2009) F9NMINADINUTIEMTARAN U]
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4 W = s 1 t =3 3/ o ¥ 1 q‘ Vv - o
HanagnonNIIMUaanBiazUaANNU ﬂ?‘j')tﬂi?xﬁ(ﬂlﬂﬂﬁ FRAP “lwmqwﬁm‘smuaaﬂ‘mmsu

Tududzsaiug Jaands e gua wazunuannninisns DPPH

4.5 AIAINANWUS

a15197 4-6 LLathﬂTnuﬁwﬁ'misw’iwmﬁaaﬂqwéﬁwﬁ'zymﬁamwuazﬁﬁaq
Waanuaviiavasduuzsans 4 ug Liwudenuduiusssnivmssangniddyme
Frmmuazdvenudanuazilaludutzsaugiomds lusasiludulzsaiugpianuh
wuanNduRussEwIniuaadanuar diafulimaualsituandianun ie 0.6817 uaz
0.7833 GNNAIAU é‘fuﬂzmﬁua‘f@)uawur-hmwué’uﬁuﬁs:wiwﬁﬂamﬂﬁaﬂuazﬂﬂ‘ﬁgmiﬁwu

=

panTaduiiensiensds FRAP Tudulssanugguaunnu 0.7665 luanusiiduaailad

AranuduWusAuUIuadodudiviany 0.8655 dudssawuguiauawuinigan

L4 1 <t 1 o/

aNuFuNuUSsewINdrauldanuazUSadmdud iy 0.6957 Tuaaziduasilaiian

e

as a/t d Q“ L3 =Y ot d’n e YV =l 1 s
ANNFUNUSNINAUNEMIMUDDNBIATUNILATIZWMEIT FRAP 1v1AU 0.8119

u

MTNT 4-7 LLamﬂ'wmmﬁuﬁus’ﬁ:w’mmsaaﬂqwéﬁﬁmmq%amwLLazqménws
dusandiaiuludulzsanugdandieliwumanuduiusssuieasaangniddgms
Famuuazmsduaandiadu Tugneiludulssaiugguianuhiimanuduiussening
Qwéﬂwsﬁwuaan%LmﬁuﬁiLﬂswﬁé‘]"m DPPH wazUsanaualsfiivagdianuayiiu 0.6300
Tunnefignsmsdussndaduiisianzvde FRAP fdenuduiusiuluailusanivae
Wity 0.6779 Tuduussaviugnuanuhildanuduiuggessningnimsdueanindu
A Nid3s FRAP wardSmnaftusdnnmuauhiu 0.8174 dudssaviuginauany
cshmmﬁmﬁ’uﬁ’aum:wiwqm%fﬂw*sﬁwuaan%m%’uﬁﬁmswﬁﬁw%% DPPH wazyUsunaioniiu
FAaNAIYINU 0.9461 ’luwmxﬁqmgmséfmaaﬂ%m%’uﬁ:s‘nm‘wﬁﬁwi% FRAP a1

¥

ANNFNWUSHUUSINUUA ST UBHFNINNALYNAY 0.5756

USunafdeniudiimanuduwusnuianssy DPPH radical scavenging 810070
Ferric reducing antioxidant power lududssanuguIwg ualuzsiiuSinailuadn
PanaaiaaNuNENRUSHU Ferric reducing antioxidant power #1nn31 DPPH radical
scavenging ludulzsaugnua anuamanasasdliifuiionfudussiluadniunuim
nandafanssumsausandiadu avdsisnuindinunsiusandiarulunazas

Actinidia deuaagamnnaaseaviniuduazlndiuea (Du wasaty, 2009)



Table 4-2 Peel (hue) and pulp (L*) color of the pineapple
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Cultivars/Area Peel (hue) pulp (L*)
Pattawia
Petchaburi 89.9010.55a 35.6510.00g
Uttaradie 87.1712.71ab 58.8011.86de
Nong Khai 76.80%1.82¢c 62.3912.36bcd

Prachuap Khiri Khan

Trat

Rayong
Kanchana Buri
Uthai Thani
Ratchaburi
Lampang

Chon Buri

Phuket
Rayong
Phuket

Trat

Phulae
Chiang Rai
Nanglae

Chiang Rai

87.96%3.67ab
80.6512.60b
90.09%2.84a
77.9613.17bc
15:5611.27¢c
82.39711.53b
78.771+1.29bc

65.6212.11e

72.6210.69¢cd
67.2111.50d

74.16X1.12¢

77.88+1.22bc

89.82710.26a

62.2910.99bcd
73.5810.94a
45.60%3.39f
44.51%1.58f
62.3011.92bcd
60.6111.09¢cde
68.3112.08ab

54.3112.12¢

65.6810.79bcd
73.8310.77a

66.0911.03bc

60.55+2.92¢cde

50.10%f1.91ef

Values are the mean £SE of n = 20 fruits. Within a column, different letters show

significant differences (P<0.05) among different samples.



Table 4-3 Physicochemical of the pineapple
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Cultivars/Area TSS ("Brx) TA (%) TSS/TA pH

Pattawia

Petdlinbug 14.13%0.31 bed 0.42%0.02f 35.52%1.99a  3.5810.08ef
Phtaradit 15.621+1.00a  0.6010.03de 27.6013.16b 3.6810.08e
Nong Khai 12.2310.76 ef  0.7110.05bcd 17.67t2.37fg  4.12%0.03d
Prachuap Khiri Khan ~ 13.92%0.33 bed 0.58+0.03¢  24.73%1.55bcde  3.51F0.08fe
Trak 13.1910.35¢cde 0.95%0.03a 13.9710.41g  3.22%0.01g
Rayong 14.15%0.23 bed 0.44%0.03f 35.37t2.18a  4.57%0.06ab
Wit Biis 14.5410.24 abc 0.5910.03¢ 97.81x1.63bc 3.6610.06¢
Uthai Thani 15.6810.33a  0.7710.12bc  20.89%70.84def 3.4410.01f
Ratchdbur 15.1710.32 ab 0.45%0.22f 34.28%2.17a 4.6810.04a
Lampang 7.9710.35 g 0.5810.05¢ 14.1410.98g  4.4810.08bc
Chon Bupi 12.83%0.44 de  0.6610.06cde 20.1572.69¢f  4.3610.05¢
Phuket

Rayong 14.4710.18 abc 0.5610.03e 26.30%1.01bcd 4.38%0.01c
Phuket 11.09%0.26f  0.8010.02b 13.9710.29¢ 3.40%0.01f
Trat 15.2510.21ab  0.6%10.01de  25.1010.24bcd  4.5230.00abc
Phulae

Chiang Rai 14.4570.17 abc  0.65%0.02de 22.60%0.66bcdef  3.55%0.01ef
Nanglae

Chiang Rai 13.0910.43de  0.65%0.07de  21.461+2.91cdef  4.57%0.11ab

Values are the mean =SE of n = 20 fruits. Within a column, different letters show

significant differences (P<0.05) among different samples.



Table 4-4 Bioactive compounds of the pineapple
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Varieties/Area

Total phenolic

(mg GAE/100g FW)

Vitamin C
(mg/100 g FW)

Total carotenoid

(1g bata-carotene/100g FW)

Pattawia
Petchaburi
Uttaradit
Nong Khai
Prachuap Khiri Khan
Trat

Rayong
Kanchana Buri
Uthai Thani
Ratchaburi
Lampang

Chon Buri
Phuket

Rayong
Phuket

Trat
Phulae
Chiang Rai
Nanglae
Chiang Rai

21.8712.59cdef
26.3411.39bc
11.88%1.36gh
22.39F1.74cdef
14.8412.27g
14.6510.78g
15.79%2.65¢
26.5211.96bc
344110.78a
8.2011.09h

20.831+1.22f¢

25.42711.17bcde
29.78710.26ab

21.3810.99def
26.19710.50bcd

20.25+1.19f

5.1611.05efg
3.4610.44g
9.1910.13cd
7.3411.40cdef
9.78%1.24c
6.4010.92defg
7.84%1.27cde
7.33%0.39cdef
4.5810.92fg
8.45%1.31cd
6.2210.11defg

15.511.25b
19.60t1.14a

15.3711.40b
17.8910.59ab

6.0410.66defg

12.86X0.51bc
8.6810.54g
5.7810.34h
9.44710.11efg
6.3110.23h
3.6810.43i
9.14%0.62fg
11.16X0.91cde
12.2710.58¢d
9.70%0.33efg

12.0810.79¢d

14.09710.76b
18.9210.55a
11.4510.59¢d

14.187%0.32b

10.59F0.71def

Values are the mean £SD of n = 20 fruits. Within a column, different letters

show significant differences (P<0.05) among different samples.



Table 4-5 Antioxidant activities of the pineapple
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Varieties/Area

DPPH

( mol TE/100g FW)

FRAP

(mol AAE /100g FW)

Partawia
Petchaburi
Uttaradit
Nong Khai
Prachuap Khiri Khan
Trat

Rayong
Kanchana Buri
Uthai Thani
Ratchaburi
Lampang

Chon Buri
Phuket

Rayong
Phuket

Trat
Phulae
Chiang Rai
Nanglae
Chiang Rai

134.3019.87ab
108.04%5.07bcd
150.6019.30a
120.3218.30bcd
134.30%9.80ab
121.25%6.13bed
114.6913.95bcd
103.79£3.12¢d
129.8512.46abc
97.15%18.84d

131.8913.36abc

131.31%7.81abc
158.46110.80a
100.0718.38d

118.1718.20bcd

152.93+10.50a

159.71+4.57cd
167.4412.60cd

154.92+1.91d
163.8313.10cd
159.791+5.81cd
163.5614.22cd
165.4912.50cd
168.6913.22cd
161.031+3.86cd
170.651+6.28ch

160.42+3.00cd

174.01%2.55bc
166.0212.17cd
183.2014.54b

165.2812.03¢cd

205.70%9.15a

Values are the mean *SD of n = 20 fruits. Within a column, different letters

show significant differences (P<0.05) among different samples.
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Abstract

Bioactive compounds and antioxidant capacities of “Phulae” and “Nanglae” pineapple (Ananas
comosus L. Merr) which are important geographical indications of Chiang Rai, Thailand were
investigated. Two pineapple varieties were collected at 20-40 % yellow peel colour. Total soluble
solids (TSS), titratable acidity (TA), total polyphenols, B-carotene, vitamin C and antioxidant
capacity (ferric reducing antioxidant power (FRAP) assay and 2, 2-diphenyl-1-picrylhydrazil
(DPPH assay) were analyzed in the fruit pulp. The TSS, TA and TSS/TA contents of both
varieties were not significantly different. “Phulae” pineapple had vitamin C content, total
polyphenol and B-carotene higher than “Nanglae™ pineapple. However the antioxidant capacities
(DPPH-assay and FRAP-assay) of “Phulae” were found to be significantly lower than “Nanglae”
pineapple. This result indicates that vitamin C, phenolic compounds and p-carotene do not play a
major role in the antioxidant capacity of pineapples and thus it may be a consequence of other
bioactive compounds.

Keywords: antioxidant capacity, bioactive compound, DPPH assay, TSS, TA, FRAP, Thailand

Introduction

“Phulae” and “Nanglae” pineapple (Ananas comosus L. Merr) are important geographical
indications of Chiang Rai Province, Thailand. “Phulae” pineapple refers to the Queen pineapple
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variety. The fruit is small, weighing 150-1,000 grams; the skin is rather thick and suitable for long
distance transport. When the fruit is ripe, the skin will be yellow or greenish yellow. The
pineapple fresh colour is relatively light yellow, crispy and aromatic. The core is crispy and edible
(Fig. 1-left). Nanglae pineapple refers to the Honey pineapple variety, a sub-variety of the Pattavia
pineapple. The fruit is round and stout. The skin is thin. Its colour is green with some black or a
mixture of yellow to dark orange, clearly bulging out at the eyes. The flesh is delicate with low
fibre content. Its colour is yellow like honey. Fruit taste has a juicy sweetness than “Phulae”
cultivar (Fig.1-right) [1]. Recently, both pineapple cultivars are becoming popular not only for
local consumption, but also for export market. Considering the economic importance of Chiang
Rai pineapple, it is surprising that study on their bioactive compounds and antioxidant capacities
are limited.

Natural antioxidants, particularly in fruit and vegetables have gained increasing interest among
consumers and researchers because epidemiological studies have indicated that frequent
consumption of natural antioxidants is associated with a lower risk of cardiovascular disease and
cancer [2]. The defensive effects of natural antioxidants in fruit and vegetables are related to three
major groups; vitamin, phenolics and carotenoids. Ascorbic acid and phenolics are known as
hydrophilic antioxidants, while carotenoids are known as lipophilic antioxidants [3]. Pineapple
fruit is considered a highly nutritious fruit because it contains a high level of vitamin C, a natural
antioxidant which may inhibit the development of major clinical conditions including heart
disease and certain cancers [4]. The fruit also contains phenolic compounds and B-carotene [35, 6],
which constitute natural sources of antioxidants. Therefore information regarding antioxidants and
antioxidant capacity of “Phulae” and “Nanglae” pineapples is needed for the benefit of
consumers. The objective of this study is to investigate the physical and physicochemical
characteristics, including bioactive compounds and antioxidant capacity of these two pineapple
cultivars. The information obtained from this study will be useful for promoting and increasing
fruit consumption and their economic value.

Figure 1. “Phulae” (left) and “Nanglae” (right) pineapple used for the study.

Materials and Methods

Plant Materials

Two pineapple cultivars “Phulae” and “Nanglae” (Ananas comosus L. Merr) were harvested at the
commercial maturity stage (20-40% yellow colour of fruit peel) from Chiang Rai, Thailand in
October to November, 2008. Fruit of each cultivar consisted of four replications and there were
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five fruits per replication. Fruit pulp was immediately frozen in liquid nitrogen and stored under -
30°C until analysis of the total phenolic, 3-carotene. vitamin C and antioxidant capacity.

Physical and physicochemical analysis

Peel and pulp colour were measured on the middle part of the fruit by colorimeter (Color Quest
XE Hunter Lab, USA) using the hunter scale (L*, a* and h*) and expressed in hue and lightness
(L*) values for fruit peel and pulp respectively. Pulp firmness was measured by texture analyzer
TA-XT2 (Stable Micro System. Surrey, UK). Total soluble solids (TSS) were determined using a
hand refractometer (ATAGO, Japan). Titratable acidity (TA) was measured on | ml juice titrated
with 0.1 N NaOH and expressed as percentage of citric acid. Then pH of fruit juice was measured
by pH meter (Eutech, pH 510). For moisture content analysis, fruit pulp was dried in a hot air
oven at 100 + 5°C to a constant weight according to the Association of Official Analytical
Chemists Method [7].

Vitamin C content

Vitamin C content was analyzed by using liquid chromatography on an RP-Phase with UV
detection according to Leong and Shui [8], with some modification. Standard solution of ascorbic
acid at 5, 10, 20, 40, 80, 100 and 200 pg/ml was prepared. Two grams of frozen pulp were
homogenized in 18 ml of cold 3% meta-phosphoric acid and centrifuged at 1500 <g for 15 min at
4°C. Then the sample was immediately filtered through a Millipore membrane (0.2um) before
injection. The separation was performed on a C18 column (250 x 4.6 mm i.d.) using 3mM
KH-PO, in 0.33% ortho-phosphoric acid as the mobile phase at a flow rate 1.0 ml / min at 30°C
oven temperature and the eluent was monitored at 248 nm. The vitamin C contents were expressed
as milligram per 100 g fresh weight (FW) of pineapple.

[-Carotene content

B-Carotene was analyzed according to the method of Queensland Health Scientific Service [91.
Ten grams of frozen pulp in 50 ml of petroleum ether were homogenized and centrifuged at
2000 xg for 20 min at 4°C. The supernatant were collected and the residue was twice extracted.
The combined extracts were transferred to rotary evaporators and evaporated to dryness. The
samples were then dissolved in 25 ml of iso-propanol and filtered through a nylon syringe filter
(0.45 pm) prior to injection into HPLC. The analysis of pB-carotene was performed using Agilent
HPLC series HP 110 and a mobile phase mixture consisting of acetonitrile: methanol (70:30), with
flow rate 1.6 ml/min. The separation was carried out on a Hypersil ODS C18, Sum (125 x 4.0
mm) at 40°C oven temperature and equipped with a Diode Array Detector monitoring at 450 nm.
B-Carotene content in the fruit pulp was expressed as microgram [3-carotene per 100 g FW of
pineapple.

Total phenolic content

Total phenolic content was measured using the Folin-Ciocalteu method described by Singleton et
al. [10]. One millilitre of aqueous extract of pineapple pulp was added to 10 ml Folin-Ciocalteu
reagent, followed by addition of 4 ml of an aqueous 7.5% solution of sodium carbonate. The
mixture was stirred and allowed to stand for one hour. The solution was measured by
spectrophotometer at 765 nm. A blank sample consisting of water and reagents was used as a
reference. The results were expressed as milligrams of gallic acid equivalent (GAE) perl00 g FW
of pineapple.
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DPPH radical scavenging assay

DPPH radical scavenging assay was determined based on the method described by Blois [11],
with minor modifications. Fifty microlitres of aqueous extract of pineapple pulp were mixed with
2 ml of 60 uM DPPH in methanol and allowed to stand in the dark for 60 min. ‘Absorbance at 517
nm was measured using methanol as a blank. The control and standard were subjected to the same
procedure as the sample except only distilled water was added to the control and the sample
extracted was replaced with 0-1000 uM Trolox as for a standard. The radical scavenging activity
was calculated as described by Ribeiro [12]. Results were expressed as micromole Trolox
equivalent (TE) antioxidant capacity per 100 g FW of pineapple.

Ferric reducing antioxidant power (FRAP)

The FRAP assay was undertaken according to Benzie and Strain [13], with some modifications.
One millilitre of aqueous extract of pineapple pulp was mixed with 2.5 ml of phosphate buffer (0.2
M, pH6.6) and 2.5 ml of a 1% trichlorocetic acid was added and incubated at 50°C for 30 min.
Then 2.5 ml of water, 0.5 ml of 0.1% aqueous FeCly were added, mixed with vortex mixture and
the absorbance was recorded at 700 nm. The control and standard was subject to the same
procedure as the sample except only distilled water was added to the control. For the standard, the
extract was replaced with 0-1000 pM ascorbic acid standard. Iron (I} reducing activity was
determined as micromole equivalent of ascorbic acid (AAE) per 100 g FW of pineapple.

Statistical analysis

Analysis of variance was performed by ANOVA procedures (SAS 8.0 for Windows). Significant
differences were calculated according to the student’s t test. Differences at P < 0.05 were
considered statistically significant.

Results and Discussion

The physical and physicochemical characteristics of “Phulae™ and “Nanglae™ pineapple are
summarized in Table 1. The fruit pulp colour, firmness, pH and moisture content were
significantly different between both pineapple cultivars, but there was no significant difference in

fruit peel colour, TSS, TA and TSS/ TA ratios.

Table 1. Physical and physicochemical characteristics of “Phulae” and *Nanglae” pineapple.

iCharacteristics. e Phulue Nanglae
Peel colour (hue) 7795x247a 75.10+6.28a
Pulp colour (L) 61.03 £1.49 70.99+0.64a
Firmness (N) 17.19 £0.01a 15.64+0.01b
TSS (°Brix) 1445 +£0.18a 13.10+0.43a
TA (%) 0.65+0.03a 0.68 £ 0.08a
TSS/TA 22.60+0.66 a 21.45£2.92a
pH 3.55+0.01b 456 £0.06a
Moisture content (%) 84.87 £0.18b 86.79+0.52a

Values are the mean =SE of » = 20 fruit.
Within arow, different letters show significant differences (/2<0.05) between two cultivars.

Bioactive compounds and antioxidant capacities of “Phulae” and “Nanglae” pineapple are shown
in Table 2. Vitamin C contents were 18.88 and 6.45 mg/100 ¢ FW in “Phulae” and “Nanglae™
respectively. There was almost three times higher vitamin C content in “Phulae” than “Nanglae”
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cultivars. The p-carotene contents were found to be relatively low in both cultivars but they were
significantly higher in “Phulae” than “Nanglae” cultivar. In addition, total phenolic contents were
26.2040.49 and 20.28+1.18 mg GAE/ 100 FW in “Phulae” and “Nanglae” respectively. The
amounts of these bioactive compounds have been widely reported in pineapple varieties with
differences in their concentration [6, 14, 15]. Differences in the concentration may be due to a
number of factors, including cultivars, natural variation of fruit, climatic conditions or soil,
fertilizer or geographical origin [6]. Methods for sampling, preparing and determination also
influences the amounts of these compounds in pineapple [15, 16].

There is not only vitamin C, carotenoids and phenolic compounds existing in pineapple and there
might be other varieties of antioxidants contained in the fruit. Therefore, measuring the
antioxidant capacity of each compound separately becomes very difficult. Several methods have
been developed to estimate the antioxidant capacity of different plant material [17]. In this study
two different methods have been used to evaluate the antioxidant capacity of the aqueous extract
of two pineapple cultivars; they were DPPH radical scavenging assay and FRAP reducing power
assay. It was found that “Nanglae” had significantly better scavenging ability than “Phulae”
cultivar. The DPPH radical scavenging capacities in aqueous extract of pineapple pulp were
152.93£10.51 and 118.18 +8.19 umol TE/100g FW for “Nanglae” and “Phulae” cultivars
respectively. Moreover, both pineapple cultivars had reducing power. The FRAP value of
“Nanglae” cultivar was 205.73£9.15 pumol AAE/100g FW which showed it to be significantly
higher in reducing power than “Phulae” (165.28 £2.04 pmol AAE /100g FW). In honey
pineapple, the recovery of phenol, FRAP and DPPH values were dependent on the solvent
extracted. The 50% acetone in aqueous solvent was the most efficient solvent for extracting
phenols and giving highest FRAP value than the aqueous or other organic solvents [15]. It has also
been suggested that antioxidant activities gave higher measurements in organic systems than in
aqueous systems [18]. Therefore, the relationship between various extraction solvents and
antioxidant capacity must be further investigated in both “Phulae” and “Nanglae” pineapple.

Table 2. Bioactive compounds and antioxidant capacities of “Phulae” and “Nanglae”
pineapple.

ive compounds and antioxidant " Phulae  Nanglae
Vitamin C (mg/100 g FW) 18.88 £0.03a 6.45£0.68b
B-carotene (pg/100 g FW) 3.3520.27a 1.41 £0.01b
Total phenolics (mg GAE/100g FW) 26.202£0.49a 20.28£1.18b
DPPH (( mol TE/100g FW) [18.18 (8.19b 152.93(10.51a
FRAP (( mol AAE /100g FW) 165.28 (2.04b 205.73(9.15a

Values are the mean + SE of n = 4 determinations.
Within a row, different letters show significant differences (P<0.05) between two cultivars.

The correlation coefficient between antioxidant capacities and bioactive compounds of “Phulae”
and “Nanglae” pineapple were also investigated. It was obvious that the vitamin C, B-carotene and
total phenolic contents showed a much higher correlation with FRAP reducing power (R* =091,
0.71 and 0.78, respectively) than with the DPPH radical scavenging activity (R° = 0.60, 0.52 and
0.22, respectively). Moreover, vitamin C content strongly correlated with antioxidant capacity as
determined by both DPPH radical scavenging activity and FRAP reducing power. No similar
association was found for total phenolic content in DPPH radical scavenging assay.
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In general, antioxidant activity is influenced by the amount of antioxidants in fruit. However, in
this study it was found that the amount of these antioxidant compounds was not directly
proportional to their antioxidant capacity, since “Phulae” contained higher amounts of vitamin C,
carotenoids and total phenolics than “Nanglae™, but they were significantly lower in antioxidant
activity. This result indicates that vitamin C, phenolic compounds and B-carotene do not play a
major role for the antioxidant capacity of pineapples and it may be a consequence of other
bioactive compounds. Similar findings have been observed by Hassimoto et al. [19] that the levels
of phenolics, anthocyanins and flavonoids fluctuated in diverse plant extracts and there is no
relationship between the content and its antioxidant activity. This suggests that antioxidant activity
is the result of a combination of different compounds having synergistic and antagonistic effect.

Conclusion

The results of this study indicate that both the “Phulae” and “Nanglae” pineapple varieties contain
bioactive compounds and have antioxidant capacity as determined by DPPH and FRAP assay. The
“Phulae” pineapple had a higher content of vitamin C, total phenolics and B-carotene than the
“Nanglae” cultivar. However, the antioxidant capacity of “Phulae” was found to be significantly
lower than the “Nanglae™ cultivar.
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Variation of Bioactive Components and Antioxidant Activities in ‘Pattawia’ Pineapple in Thailand

d101 Aegassee’ 9137 AAzaas’ uay gnBind Ay’
Kongsuwan, A.'.'Srilaong. v.* and Setha, S.'

Abstract

The objective of this study is to determine the variation of bicactive components and antioxidant activities in
‘Pattawia’ pineapple from different locations in Thailand. ‘Pattawia’ pineapple was collected at 20-40 % yellow peel
color. Total soluble solid (TSS), titratable acidity (TA), total phenolics, beta-carotene, vitamin C and antioxidant
activities by ferric reducing antioxidant power (FRAP) and 2, 2-diphenyl-1-picrylhydrazil (DPPH) assays were
investigated in the fruit pulp. The result showed that TA, TSS and TSS/TA in fruit juice varied among different
production areas. The total phenolics content varied from 8.20 to 34.11 mgGAE/100 gFW and pineapple collected
from Ratchaburi Province had the highest content. Vitamin C content varied from 3.46 to 9.78 mg/100 gFW,
pineapple collected from Trat Province was the highest content. The beta-carotene content varied from 1.54 to
5.66 Jlg/100 gFW and pineapple from Nong Khai Province showed the highest content. The antioxidant activity by
DPPH-assay varied from 97.15 to 150.60 mol TE/100 gFW which showed the highest value in pineapple collected
from Nong Khai. While the antioxidant activity by FRAP-assay was not significantly different among different
locations, however, the activity varied from 154,92 to 170.65 mol AAE/100 gFW. The finding information from this
studied will be useful as a guidance for consumer.

Keywords: antioxidant, bioactive compound, pineapple
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40% VBIUA Lmemqm?ﬁ W Aail UTNaueeuanas mﬂuﬂm (TSS) Lﬁuﬁmnimwiwmmlm (TA) uazifTunny
TSSITA Bunaftuaanavun 3aiut ualsfuasd wazAanssunisiueyyadassfiagioiiazyl 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) WAt Ferric reducing antlomdant power (FRAP) NANNIYNARBIWLANLUTNITU TSS TA Uas
TSS/TA umfmLLﬂiUmmLmnmmum3'"mﬂ<1wuwuﬂaﬂ Lﬁmmﬂuﬂamuumumﬂmvmw 8.20-34.11 mgGAE/100
gFW waswudnduils ?mmnmmmwumaﬁmmwuaﬂmwmmm unafsmiuidiAudslsueysning 3.46-
9.78 mg/100 gFW wazwuduls mmnmmmmmuﬁ?mmmm ﬁmmmmuﬂ?iwuum@mzmw 1.54-5, 66
Llg/100 gFW uazdinls ?mmnmmmuuaamumﬁ‘mmmmLLmTimmmm n@n?mmimuauumm"luﬂuﬂ 304
FATIEAN8AD DPPH umfam W]’N 97.15-150.60 mol TE/100 gFW Taaduy: mmnuummaumwﬂmm walawy
mmumnmwmmuammmLummﬁvummﬁ FRAP u,mamﬂ?nmunqmmmwmaumam?“qmm Wlneas
FRAP umamtﬂiﬂmu@ﬁi U1 154.92-170.65 mol AAE/100 gFW fm‘uamﬂ"i,m*mmiﬁnuﬂummm@ u
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ﬁ‘uﬂ*mﬂu"l.mmﬁTa:rﬁnwmmymmﬂivmﬁim fjﬁ‘émmmwﬁmﬁ”mim'@ﬂnmLﬂuﬁuﬁuufimmimﬁmﬂu
mmmsdmﬂnuwfmmumwmmJ aniuflunaliifid nAmnainmunisgs dsmau‘lﬂmu Amdud uaz walsi
LT -nqma‘wmaammnmquumLﬂummuqmﬁ‘l;ummmaanmmwmmmmuummiwmmmm‘[mmlmmv
Tsauziuntiin (Diplock, 1994) me’m"3nmm@uawumumamuﬂmmmqimmmmﬂ zANEINNINIUNT
Fnusanfwdudslddnnsdnsunin muummwummoﬂ‘:‘vmmLw'aﬁnmmmuﬂmmummﬁmmmm@nqm
mmymw:mw Lm.,nfanimmﬁmuaumam;ﬂmﬂuﬂ ?mwuﬁﬂmmmamtﬂuwuﬁwummamu,a W3lnANRARNIN
husudumilveslszine ANUMARARTREN TN E Anyraatlszina

gunstiuazdinig
aumummmﬂd’uﬂ,wwuﬁﬂmmnﬂq’mwuwmﬂmmqq ﬂummlu Table 1 Immnummmﬂ“uﬂnmm"ﬁ Lﬂa@nm
winaalszinns 20 -40% 1e3na Tneuannmanosaaniiy 4 1 918z 5 A LLﬂQu’m"ﬂM‘i"\:‘M #oi] Bnouneaudad
azaeili (159) Brnounsafitnmenld (TA) uaziBanns TSSTA Brnaiueaioma Saniud wiualsfiv uay
nfanﬁmmmmwaﬂﬂfam‘:mmﬁqmmw 2, 2-diphenyl-1-picrylhydrazyl (DPPH) uax Ferric reducing antioxidant
power (FRAP) (Kongsuwan LazAluy, 2009)

Table 1 AuRrARAUUzsAWLTAM A UaT ANEEN 1 iANaA FIRINWNAR

Rudan foumg(C)’ Rannusieh (mm)' Anenaz A’
ann 26.1 82.9 Fusnmlunaneuils Auinwdeduinumiaatunmanil
QRIARG 27.2 108.8 Fuduuaumtleniefuiowmilantunmauile
WUBIANY 25.9 194.3 Audauunnevisehuiy
fEEIl 27.8 78.7 Authmae
NI 27.8 110.4 Aumtunlungae
VT 27.0 84.0 Auihidumiiandunmauileaes
\WETLT 28.4 105.9 Audmuunmeviaausamiiaatun g
T 27.8 100.1 Auifunsavizefuneuium
FrUm 376 27.2 Fudou PustuwAuwilsvitedusaumilu unmeouil
AR 28.0 738 Augoutunse Ausawiteausawunsnuuile
UsraquATiug 273 AT Aunnaunaoiienve sl uegluiiodu

uwssin: ‘naugaliasdined; * nanwauaiay

HARAZAANTUHANITVIARDS

ﬁmuuﬂm?qummmﬂﬂ?yn@umqmmmﬁuﬂ imu@nmﬂ@“ﬂ:uaanuﬂ@@ﬁmmwuﬁum mwaﬂnuﬂmﬂ‘um
ﬂmmmﬂammnmﬂ (Gortner WazAnE, 1967) mnma‘wmﬂaawmﬁﬁuﬂumwuﬁﬂmmWm‘r’mmummmmnww
AN BAIWANANYN NN BN NUAS aaﬂﬂ?"naumqmmmmmu (Table 2) Wiunns TSS fHeussuagszwingdas
ax 7.97 T 15.62 nnny TA Seudsdsusgszuinddenas 0.42 4 0.95 uazAn TSS/TA Henudslsauatszuing
13.97 ™ 3552 mnmswmﬂmwmﬁwuwwaﬁmmnmanummﬁm@ﬂnwm:maman'\wuﬂ,mmﬂiu 'aumqmu"ﬂm
Aulzsaiufilnaniey mum@LﬂuuﬂmmnamwnummPiLm"ﬂnwm"mmum@mimmnmqnu Rt Y
TIHIU ﬂn’anummﬁifmwm LAUAL mmawmamunuuuammﬂﬂa‘vnaumummmwmmu (Klein UATATLE
1982)

fm'lma’ls@@nqwéﬁmmmmmwmmﬁuﬂ siugnaAY um'mLLﬂ?ﬂmuumnmonuiﬂivmwwumm 614
uamdly Table 3 Lﬁmmﬂummwmum@mvufm 8.20-34.11 mgGAE/100 gFW wAaZWUINAUYZIARINIIUIA
ﬁwumfmﬁmmaamummm WBnnnAmiudiAul sUsauagszuang 3.46-9.78 mg/100 gFW wazwuIAuLz e
ANNFWMIARNAILE NN IGIAR WrunouufnualsuiidAtegssuin 1.54-5.66 Llg/100 gFW wazdulssARINAnIn
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Table 2 Physical and physicochemical characteristic of ‘Pattawia’ pineapple

38

4184 Charoensir LATANE (2009) WudNSHNnweaNIean
W Wuf srazmIiRNTetts AaNNREINA Bl

Area Hue L T5S TA TSS/TA
Lampang 76.73+1.4d 67.76£2.1b 7.97+0.4f 0.5810.1c 14.14x1.0e
Uttaradit 87.17+2.7abc 58.80+2.4cd 15.62+1.0a 0.60+0.0c 27.60£3.2b
Nong Khai 76.80+1.8d 62.39+1.0bc 12.23+0.8e 0.71+0.1b 17.67+2.4de
Uthai Thani 75.75+2.2d 63.29+2.1bc 15.68+0.3a 0.77+0.0b 20.89+0.8cd
Kanchana Buri 77.96+3.2d 44.51+1.6e 14.54+0.2abc 0.59+0.0c 27.31£1.6b
Ratchaburi 82.39+1.5bcd 60.61+1.1c 15.17+0.3ab 0.45+0.0d 34.28+2.2a
Chon Buri 75.62+2.1d 54.31+2.1d 12.83£0.4de 0.66+0.1bc 20.15£2.7¢cd
Rayong 90.09+2.8a 45.60£3.4e 14.15+0.2abcd 0.44+0.0d 35.37+2.2a
Trat 80.65+2.6cd 73.58+0.9a 13.19+0.3cde 0.95+0.0a 13.97+0.4e
Petchaburi 89.90+0.6a 35.65+1.9f 14.13+0.3abcd 0.42+0.0d 35.52+2.9a
Prachuap Khiri Khan 87.96+3.7ab 62.29+1.6bc 13.92+0.3bed 0.5840.0c 24.73+1.5bc

Values are the mean TSE of n = 20 fruits. Within a row, different letters show significant differences (P<0.05)

nqn?sum?muaumﬂ@ﬁi”luﬁ’uﬂvmfnmm’\“ummﬁ DPPH um@m:mw 97.15 - 150.60 mol TE/100 gFW
Tmﬂﬂuﬂ“?mmnuummum’mﬂqﬂm LLmiwum’mu,mﬂmmﬁ’mwammgmmmmmmmxa FRAP @afianssuns
Auayyadase AATzflands FRAP HAnuisilanuetszuing 154.92 - 170.65 mol AAE/100 gFW (Table 3) 7N
#8410 Alothman WASADE (2009) uas Mhatre WaTAME (2009) WU uanmwﬂmnﬁaﬂwmwuﬁmkummﬂmu,m
AINTANALAZNTIATIE nwuuﬂmﬂmmumnmwmmﬁmmmm@nqmﬁmmm wazfiangsunabinuaandiaiuees

nadulzsndnfag

Table 3 Bioactive components and antioxidant activities of ‘Pattawia’ pineapple.

Area Total phenclic Vitamin C Bata-carotene DPPH FRAP
{mg GAE/100g FW) (mg/100 g FW)  (Hlg/100 g FW) (mol TE/100g FW)  {mol AAE /100g FW)
Lampang 8.20%1.1e 8.45+1.3ab 2.03+0.4d 97.15+18.8d 170.65+6.3a
Uttaradit 26.34£1.4b 3.46x0.4e 1.96+0.2d 108,04+5.1abc 167.44+2.6ab
Nong Khai 11.88+1.4de 9.19+0,1ab 5.66+1.7a 150.60+9.3a 164.92+1.9b
Uthai Thani 26.52+2.0b 7.33+0.4abcd 1.88+0.3d 103.79+3.1cd 168.69+3.2a
Kanchana Buri 15.79+2.7d 7.84+1.3abc 3.21+0.5bcd 114.69+3.9bcd 165.49+2.5ab
Ratchaburi 34.11£0.8a 4.58+0.9de 4.72+0.4abc 129.85+2.5abc 161.03+3.9ab
Chaon Buri 20.83x1.2c 6.22+0.1bcde 3.19+0.6bcd 131.89+3.4abc 160.42+3.0ab
Rayong 14.65+0.8d 6.40+0.6bcde 5.19+0.2ab 121.25+6.1bcd 163.56+4.2ab
Trat 14.84+2.3d 9.78+1.2a 1.80+0.2d 134.05%9.8ab 159.79+5.8ab
Petchaburi 21.87+2.6bc 5.16+1.1cde 3.04+0.7cd 134.3049.9ab 159.71+4.6ab
Prachuap Khiri Khan 22.39+1.7bc 7.34+1.4abcd 1.54£0.1d 120.32+8.3bcd 163.83+3.1ab

Values are the mean T SE of n =

4 determinations. Within a row, different letters show significant differences (P<<0.05)
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- Fruits and vegetables processing

- Food microbiology

- Food quality and safety
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