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Abstract

The growth and development of pummelo cvs. “Thong Dee” and “Chandler” during 8-32
weeks after full bloom (WAFB) at Wieng Kean district, Chiang Rai province was studied during
2008-2009. It was found that the growth and development of the peel during 8-16 WAFB were
mainly found and were faster than those of the flesh. The “Chandler” cultivar had fruit weight,
flesh weight, peel weight, peel thickness, fruit circumference and fruit height more than “Thong
Dee” cultivar after 28 WAFB. At 24 WAFB, the +a* value of “Chandler” cultivar was also higher
than the other cultivar. In addition, the chemical properties, total soluble solids (TSS) level at
maturation (28 WAFB) of “Thong Dee” and “Chandler” cultivars increased dramatically with
8.0% and 8.4%, respectively. There were no significant difference in total sugar and non-reducing
sugar levels. However, the reducing sugar content of “Thong Dee” cultivar was higher than
“Chandler” cultivar. Furthermore, the coefficient correlation (r) between fruit circumference and
fruit weight (r=0.7930) was less correlation when compared with fruit weight and flesh weight
(r=0.9304). The fruit weight also highly correlated to TSS level (r=0.8444). The bioactive
compounds including flavonoids, vitamin C, carotenoids, total phenolic compounds of pummelos
during 24-32 WAFB in 2009 were evaluated The results showed that naringin was the major
flavonoids in “Thong Dee” and “Chandler” cultivars which were found in 50-58% and 28-36% of
total flavonoids, respectively. The “Thong Dee” pummelo at 24 WAFB had the highest naringin
content (72.89 mg/100 gFW) while the lowest naringin content was found in “Chandler”
pummelo at 28 and 32 WAFB (~17 mg/100 gFW). However, seven flavonoids including
hasperidin, neohesperidin, kaempferol, rutin, apigenin, quercitin and naringenin were not found in
in both pummelos. The “Thong Dee” pummelo also had the highest contents of total phenolic
compounds (94.93 mgGAE/100 gFW) and vitamin C (~44 mg/100 ml). Their contents of
“Chandler” pummelo were 54-62 mgGAE/100 g FW and vitamin C (~44 mg/100 ml), respectively.
On the other hand, the highest lycopene content was found in “Chandler” pummelo at 32 WAFB
(1.67 mg/100 gFW) and the lowest content was “Thong Dee” pummelo during 24-32 WAFB
(0.29-0.40 mg/100 gFW). In addition, naringin, total phenolic compounds, vitamin C were highly
correlated to DPPH-assay (p<0.01) which correlation coefficient values were r=0.6928 to

r=0.7805, excepted lycopene (r=-0.7524).

Keywords: Pummelo, Growth, Maturity, Flavonoids, Antioxidant capacity
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Figure 2.4: Fruit weight, peel weight, flesh weight and peel thickness of pummel “Kao Nam

Phueng” during 2-30 weeks after full bloom. (kfﬂ’ﬁﬂﬁ, 2545)

ﬂlt < = v v = =y
2.5 msnlasumlasesnilszneumantivesdulusznamssaduln
- 4 A 7 a a
2.5.1 USumvewisfiazaiviir1d (Total soluble solids; TSS) Usmimnsah lmmsald
(Titratable acidity; TA) 1Az 8n51874 TSS:TA
iy 2 4 4 Y = 1 @ & a 4 Ao
USua 7SS nduiiomaduiivua vy vasntiulsune TSS iSunai n50019
=4 d? = =4 L1 ~t 9 = o @ 9 Y a a A d?‘
Wudwisaanteadonaidigszuzanuusysal asenutuduyTm TA Awugetuluy
1] — =Y Qs 3 dli ; 1 o~ 3 3 ‘Q’ d?‘ r =
FrausnueIntsiadn Ia ndsnnmsiudona lndunudn Ysuanhaumuiuialsnm
¥ . 3 ¥
TA anadlilnanninisiBes1aunnsa nazlluiar TSS:TA Aovs v Induilonadgszes
=S o o as A =
ANWU3YTel (Ladaniya, 2008) dmsumsnaanosminlasunlalSuia 1ss, TA way
Y s o o : c‘? = 4:%‘ = Y a &3 [ o o Y [
1ss:TA Tudulewufvinhrunuiuanioomazisunsnawddlanii 25 silvoasan
, 4 2 1w o o o oA 4 =
Y99 TSS:TA Muiy 14:1 Tudlawin 26 1w 17:1 Tuddaivin 28 wssnnisuin TA anans
] =1 ar et o @ 1 9 = 3 o P 9 e
aghes a2 ludalanin 26 uazanasmusidusuAoudansnfddUaia 28 Wudu 'l 4
" v o 9 ' o P w a o
nuzin e anaduTeluredain 28-30 noIRaNUIU (1W1ITA, 2545)
v
2.5.2 11918

v Ed
maasuntasihmaluserninniseiu@u ladiuIvg 75%-85% vealsum TSS

=1 : o o 4 B4 oy e o = g‘ - a oo a
Siadusaniszney Fadseneu lildreimaiaiade imaveusared vazilsuim

10



: o’: a ‘d!’ A 3 =y o = : & ' d
aamIMuANNwleRag sz oz s Ysal lavdTumanihwmalunsvgniegndu

¥ Y o
= @ oo C- T ) o daa o ° e
!ﬂU?ﬂHﬂﬂ%MTﬂuunﬂi WIMUITIATAIY 2-5% smzmmauauﬁmcf 2-3% (Baldwin, 1993)

2.5.3 Iniium
TaolnddSuadmiudtnnludunaseunaziuTnaanauiioddssozuiyso

(Ladaniya, 2008) T0ARADIMITI0MYBINTAT (2552) W Lﬁ@maﬁ’ﬂaﬁuﬁwmﬁﬁmq 5

@oundsaenuuilFaianiudinniian (56.68 mg/100ml) nazanaioi1asnduionn

: & e A s a4
dulan1y 6 thiou (39.55 mg/100ml) tagiiionaoguINIUTINUIMTuEasi

2.6 ¥ sHuneIaule
mMstmuaariinsifunedu Tedmsumsdeeemiuuiia ldauauianisnionin
= o [ ‘:y
waznaee il
2.6.1 auiANIMamwueddy 1o
1IAMsiinuanIas g 1ude TovasdinuIns FIUFUA NNEAS LAZ B 1M ISR
e~ Ve @ ex =4 =y 9} Y 9 2 (] Y
wnox.) 1 2550 ladmuadsinisfiuisrdulovndnmadu Todinlsoiaasetariondo
' (] = o [ = o o e’ay 3 v =
dwlumudiuvesina dimsudu TedszmalldTud 1815 efidudinuszy 13a0s3

UTuaniwuediaee 50% (5emazaiie, 2548) (Table 2.1)

Table 2.1: The maturity index of pummelo is evaluated by the physical property

- = o o a
AFUMIIAVING? FDRINUANIATTIY 1N H1984
= = =St 9/ [ 9 o ar = 9/
milaen dimadulendsenaedndos  (dninaumasTududunyas
aosd i luarudIvvesding HAZDINITUNIFIR, 2550)
V¥
% HIAU 50% (MBeuazalle, 2548)

b
woNINNANINIAIIUTUAUNBATUAZDIMITUHIA (Une9.) TATImsHruanu
- 4 ] 3/ 9 o s 4 El” :J o
viysaiuazmsutansanadule Tasldautianienienindeas 1ol diminna

urgudnaena 1duseUIIHA (Table 2.2-2.3)
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Table 2.2: Thai pummelo grading by weight (dninsmunsgmAuANEATUAZE M ITHHINA, 2550)

Size Weight/fruits (g)

: >1900

. >1700-1900
5 >1500-1700
g >1300-1500
5 >1100-1300

" >900-1100

. >700-900

g >400-700

Table 2.3: Thai pummelo grading by diameter and circumference (F1inauIATTIUAUAUAYAS

HAZBTHSIEH 9310, 2550)

Size Diameter (inch)  Diameter (mm) Circumference Circumference

(inch) {(mm)

1 >7.00 >170 2297 >536

2 >6.20-7.00 >159-170 >19.4-21.1 >493-536

3 >5.90-6.20 >151-159 >18.5-19.4 >470-493

4 >5.60-5.90 >143-151 >17.5-18.5 >445-470

5 >5.30-5.60 >135-143 >16.6-17.5 >422-445

6 >4.90-5.30 >126-135 >15.0-16.6 >396-422

7 >4.60-4.90 >117-126 >14.5-15.0 >368-396

8 3.90-4.60 100-117 12.3-14.5 313-368

wa = v
2.6.2 autiamanlvesdule
o 9 ~ 3 Yo = 9
st muannsguduleves unew. 1 2550 duldsmualiuin TsS veedule
voslszma lnuienisdeeennisiilSuim TSS od1atien 8% dwiudn lovostlszme

AauTudaisiilSuna: TSS 00191108 9% (HBuWazAtie, 2548) (Table 2.4)
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Table 2.4: The maturity index of pummelo is evaluated by the chemical property

o = o - o A
AAUNITNNYD JoMHUANINTTIU 1PNEIT01984

TSS (%) Uszinerlne 8% (@ninaumnasgudum

INHATUAZDINITUNISIA,

2550)
TSS (%) Ralthud 9%
TA (%) 0.6% (H5azatiy, 2548)
BRI19IU TSS:TA 10:1

U ko4
2.7 QmMalaruInisvaddule
' 3/ a d ) VoY w o a o
Table 2.5 nananua 1M1 lnyuinisvesdu lougnesda nuhduTowugnosaily
ma ldATAantiudgauaziiliuin 60 mg/100g edible portion (MDY 1AUINTT, 2544) F91IANTT
panTANgnANIT AN NS 20-50 mg100g Tavanudesmsdsuiadmiugdmiuns

U3 InARBTININD 30-60 Adn5N/AWAY (Ladaniya, 2008)
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Table 2.5: The nutrition value of pummelo cv. “Thong Dee”.

Constitution Value Unit
Proximate composition

Energy 44 Kcal
Water 89.2 g/100g
Protein 0.5 g/100g
Fat 0.4 g/100g
Carbohydrate 9.5 g2/100g
Diet fiber (Crude fiber) 0.7 £/100g
Ash 0.4 2/100g
Minerals

Calcium 9 mg/100g
Phosphorous 21 mg/100g
Iron I mg/100g
Vitamins

Retinol ~ ng/100g
[-carotene 26 ng/100g
Total vitamin A 4 ng/100g
Vitamin E - mg/100g
Thiamine 0.07 mg/100g
Riboflavin 0.02 mg/100g
Niacin 0.4 mg/100g
Vitamin C 60 mg/100g

Remark: 100g edible portion

2.8 ¥ilauazszanvesansvialuesd

ylenTau0ud (flavonoids) tludsngunanlunguansdsznoufluedniing 18111y
fnazna i vazifuasi
iWlulaWia Twswu (diphenylpropane) Jiznoudaemiveusinua 15 oxaey sasoad it

= Y v w = o =
FJUYUYY 2 N Lkﬁ;‘il%ﬂllﬂ’f]ﬂuﬁ)ilﬂ DONYIIY 1 DEADULAEATTUDU 3 DEMNOU AR U IU
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3 2950980 (C6-C3-C6) $071 UM A, 1MUY B, UAZIUNIU C (Figure 2.5) Fufa
NNAIIRIRY 2 F1IAAD malonyl-CoA 11a2 p-cumaroyl-CoA 2UHIU A IAAIINAITAIUVDY
luiana malonyl-CoA dawal# lurlar TawesddnInaifivyiland v nyleasonda o)
DUIMAIY A 1NIZUUD meta-dihydroxylated 29UHIU B WAIHIN190 p-cumaroyl-CoA ‘rTS;l:
Hlafdulaasongaaunsony Idfaumiledsu leasendaasonis 185y mono-
hydroxylated,  ortho-dihydroxylated N30 vic-trihydroxylated uanmnﬁyﬂ'a mmm%vﬁ’um}
Handudusn methylethers (Vermerris and Nicholson, 2006) 1411%173% C (AAN15%1914Y84
mu"icﬁﬁ'uazmnmwm&ﬁﬂmauﬁiﬂmﬁm (lone pair electron) VDIDTADWBBNTAUIIN
TEMINNLHMIU A uag B i ldezaeunisvey 3 ezaon voelasesadialuraumiu C iams
TAad il u39 heterocyclic Lgtlﬂiﬂ'iaﬁ%}'lﬂ“ﬁuiiuﬁy’h Warnuiunfea (favan nucleus)
(Hikkinen, 2000)

Figure 2.6 UW@AIT15 naringenin  chalcone L‘ﬂuiﬂsaa%’wﬁuéfnﬁ%zﬁ'mm"ﬁﬂd
WarTauesd Fufaoinms 4-Coumaroyl-CoA 1A {581 decaboxylation 5IUALE15 malonyl-
CoA #117u 3 Twana Aa1lfA501 condensation 321w flosvnnisiiawe wenlmi cus
(chalcone synthase) mmfmﬁﬂﬂﬁﬁ?m"laimm"lizch%’u (isomerization) 1Af79 six atom-
heterocycle TinipzaonoonToudiusiAlsznou Taomsvirauvaon oy cal (chalcone
isomeras) 19@15nqu Wa121 U (flavanone) éeaﬂuimaﬁ%’mmﬁﬂduﬂmTauanﬁﬂfﬁ'mmﬂ
uﬁlﬂmﬂﬁynaringenin chalcone fasmnsaiaouiluaIsngu aurone 910n 1599 MDD ]
AUS (aureusidin synthase) #anm Tuuannsaulaen liluaisngurlar Ty (flavone) §aom1s

o

Aauveuou 4 FNSI w3e ENSII (flavone syntase 1, flavone syntase 11) Iﬂﬂﬂ:ﬁ%’nﬁuﬁzfjﬁ
fumia ¢, uaz €, vuaman € niendnuiues dihydrohaempferol Tamiuniylansonda
ﬁ@“iumﬁd C,UHINUNIU C mnmiﬂizﬁ’ummmu%ﬁ F3H (flavanone 3B3-hydroxylase) uag
wdowiiumsnguiarlauea (Gavonol) Tasmsadrafusegsumla ¢, uag ¢, vuaaumay
¢ vnmsiiemveuoylyl FLS (flavonoid syntase) 1118 dihydrohaempferol pnnss§udn
L’E]ub!'-“ﬁﬁ‘ DFR (dihydroflavonol 4-reductase) %zﬂﬁamﬂuﬁn leucopelagonidin ﬂ'auﬁmﬂﬁﬂu
a13nguuou In loo11iGu (anthocyanidin) Advielesl ANS (anthocyanin syntase) 1azgamo
wasmSuasuenTnlaiiu &reeu'les] 3-0-glucosyliransferase (Anderson and Markham,
2006)

Tnssasevesdm Tusvaszuandianu Tl duuuvesiusezd uaznyunud 1

TildvarTinesariiad1eq natwwsiia a1 Tauesdnguiiny 1dia TduaznululSum

15



asudrauinludnuazna ldsuunldseua 5,000 ¥ (Kris-Etherton et al., 2002)
¢ A ar = as = a '
darTauesd nldsvanruaulanaziinisdnuiduuiniidreduy 6 ngu (Figure 2.7)

¥
1 @

o6 r ) s u 9o =Y a [
'L"T'ISV]E‘]"II'J'LIE]E}Q.I‘HLlﬂﬂ$ﬂﬁMHHﬁWHWﬁﬂWUqﬂElUNﬂLEﬂﬁHﬁ 1“5]1&"]!149]?11—3 Iﬂﬂﬁ'ﬂl‘lﬂﬂﬂ"m

q

. @
A o

' ¥
sssuAnnuezwulugdiiihmanumezegaie (glycosylated derivatives) WaTrueudiia 6
- = 3 1
nawdeuAnu laun
Y { . . o
1. #larTu (favones) 1AuA luteolin 118 apigenin adnsown launluwinwaaie uaz
¥
fiseray Twsei199) 190 parsley, celery, rosemary a2 thyme 1iludu venantiudanylu
9 9 " U : @ a9
ma limsznadu wu wu'ld lnhiurady
L )
2. vlaaTauea (flavonols) Téun quercetin, kaempferol QA% myricetin nqnmﬂumiﬂ
0 td
arwsony 1l wazwu ldtudSvamnaludanazwa livatyiia 1w uoihila
=} = =1 9 ar v P kY]
vienalad nzifioudu aveulng uasumiess wiau
& Y o i
3. War1nuea vse Wa1u-3-00a (flavanols or flavan-3ols) 1Aun (+)-catechin, (-)-
epicatechin 1Az (-)-epigallocatechin a1315anwy Taunfigaluluan Tuwalhru ogu
= a o ¢
weitla wazaa sauna laniuag
4. Warnluy (flavanones) Taun hesperetin  Ll81& naringenin annsowy lduinlune

Y o Y = 34 il = vow
aszaadu M luwaduuaziady uazwy Ia luuzdiomenauiy

¥

3

5. uouIn'loeiifu (anthocyanidins) AR anthocyanin @3nsawuunluna lANALAY
' ‘3; 1 A ' g ot o det
wu woditla agunas uazluueisriiadie Taun anseiwoss 1Mue3s uAzIYESS
Fludu
. B ol ’ % . . ’ i o
6. lolaWarliu (isofalvones) Taun genistein, genistin, daidzein 10 daidzin @1T0WY
s 1 =4 = q’j a [}
Y8unu alfalfa, clover ANAT2AA Brassica 15U V590 1T LOADINTUINAATYAI
[ o A o = a = 1 o w = r dy Yt 9t
WU SMae nazduded fuduuvasdidauiauisonuaislunguillaenday

(Pietta, 2000)

Figure 2.5: The basic structure of flavoniods

16



Ry (\/C\H S
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ALl 0N m— G Malony
HO o~ _oH A s
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\E/ ! e _ L — . \[/\ = DH”/ &-Deoxychaleone
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Aurgusidin l'iH i I K \J

I A B cone O, = &

i ingerin chaloon P I el o
CHI -

A _TH A oOH S 4

2., L L J HC o) >L I 9
. 7 FNSI LN Hizpivlol
T I ]/ 'h- O \J Aurone

Fhisi l
Agig=nin HMarirg=nin
Flavone Flavanone
e AOH J OH
H, L] | z i (j
i d Ty i
T T T L
5 \n/ “OH OR
OH G CH /G
Kasmptsrol Diyydrokasmpterol
Flavonol Dihydmtlavonot OH  OH
Apirere]
JDFP
ANSG
. R OH
o
g
= ;i HO, - -.J‘\ ]/ =
CH  OH | 2
Lavcopalamgonidin |’ 7 i
Leucoanthovyanidin
GH
AMS Apigeninicin

3-Deoxyanthoeyanidin

-Fliren-2 2ol ipseudobases

l FaGT

HOL 2
L
\ ) +H2~.T:'
H
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Figure 2.6: The pathway of flavonoid syntheis (Vermerris and Nicholso, 2006)
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OH
@]

0
Flavanones Flavanols
Q 0]
OH
@] 0]
Flavones Flavonols
10
0%
O R
0 O OH
Anthocyanidin
Isoflavones "

Figure 2.7: The basic stucture of flavonoid compounds includes flavanones, flavanols, flavones,

isoflavone, and anthocynidin (Pietta, 2000)

2.9 msvimluesdludulonaznsign

UszinnvesasanTuesanninaiiga lusamnswignlaun asTunguarnluu

(flavanones) 1lsznoudIuans naringin, hesperidin, narirutin {{8i¢ neohesperidin (Xu et al., 2009)
- ar w 4 ' P -g @ ar L] =2 =2
winasaniladsvesiuginiimuilsaanfiiena dedaodramsanulumsanyiluwa
k3 ' v
nadvlgnldun Wugiileduas suy vazvia mudlsualalafiuniluiona J3uw
2 E y , By
WarnTuunanuainuludlonansvgn ~27 me/100g fresh weight (FW) @ariiavnd
W1 THuANUINAGARBENT naringin (16.60+49.6 mg/100g FW) 5040911013 narirutin

(4.90+3.41 mg/100g FW) 10% hesperidin (2.78+5.37 mg/100g FW) aauinsvivlgnereoiiug
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=) =4 S L) rﬂ v ' s
dvuyuazfuasidTmaarnluunsmuaiosniunsivsniu

=) = '
T uazsumensunas

wila liuandenuedaditoddysenansiinddie (Table 2.6) (Peterson et al., 2006)

Table 2.6: The flavanones in grapefruit (Peterson et al., 2006)

Citrus type Compound Mean SD

Grapefruit Didymin 0.07 0.21
Eriocitrin 0.45 1.30
Hesperidin 2.78 5.37
Naringin 16.60 9.61
Narirutin 4.90 3.41
Neoeriocitrin 0.35 1.39
Neohesperidin 1.4 5.87
Poncirin 0.17 0.22
Total 26.72

Grapefruit White Didymin 0.09 0.23
Eriocitrin 0.16 0.39
Hesperidin 3.95 6.46
Naringin 16.90 8.26
Narirutin 536 3.47
Neoeriocitrin 0.05 0.10
Neohesperidin 0.25 0.20
Poncirin 0.20 0.22
Total 26.96

Grapefruit Red and Pink Didymin 0.00 0.00
Eriocitrin 0.00 0.00
Hesperidin 0.27 0.26
Naringin 13.87 17.42
Narirutin 3.34 3.26
Neoeriocitrin 0.00 0.00
Neohesperidin 0.42 047
Poncirin 0.00 0.00
Total 17.90
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Smiumsanmarsa TueodluduToru 18510 mmsanu luvatelszis
o1 Uszmady 1éwiu Gty uazlne 1inanitoves Xu et al. 2008) 1ddnu1lSumes
Tundurlan T luuluduTovestlszmadu Wug “Miyou” wo “Sijiyou” wud fuTumes
naringin ﬂﬂﬂ‘?iq’@ (108-125 mg/l) soeaau 14U s hesperidin (21-42 mg/D) nazlong
ncohesperidin Youiian wuderruduTovoe |dnTusiug “Wendun® uag “Peiyou” fimuas
naringin uTﬂﬁf}ﬂ (2205-1250 pg/g dried basis (db)) IFUAY LAND LWL neohesperidin (6.15-
17.3 pg/g db) MIANIIANS hesperidin (0.695-0.964 pg/g db)%nv‘;’awumﬁ‘luﬂ@:waﬂau 1Y
sinensitin  (24.6-42.8 pg/g db) F93N 1815 neohesperidin Uszu10s 2-4 111 UASIWD
ssanTaueessiinoug #ludsuimidoouin (Table 2.7) (Wang et al, 2007) daudule
ﬂi&‘l’lﬁﬁﬂuﬁuﬁl“lﬁmdo buntan” 11a¢ “Shaten yu” WUUTU1MeT naringin ‘M’lﬂﬁﬁ(ﬂﬂ}uﬁu
(78.5- 184 mg/100g FW) UAZWU15 hesperidin 1A% neohesperidin Tuil3u1anion (1.5-1.7

mg/100g FW) (Nogota ct al., 2006)

Table 2.7: The type and content of flavonoids in Taiwan pummelo cvs. “Wendun” and “Peiyou”

(Wang et al., 2007)

Cultivars
Flavonoids (pug/g db")’ Wendo Peiyou
Flavanone
Naringin 1250 +0.28 2250+11.07
Hesperidin 0.696:+0.006 0.964+0.018
Neohesperidin 17.34+2.47 6.15+1.23
Flavone
Diosmin 0.132+0.002 0.087+0.002
Luteolin ND° ND"
Sinensetin 42.8+0.82 24.6+0.37
Flavovol
Rutin 0.090+0.004 0.073+0.001
Quercetin 0.061+0.001 0.087+0.007
Kampferol 0.012+0.001 0.009+0.001

* Dried basis, * Data persented are in are means + standard deviation (n=3), “ Not detectable
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a3
A4 ¥

TasmwiznisAniasailuesd lusiug duTovestsemeInoiiesdu liwuans
hesperidin 1L82 neohesperidin Tuﬁuiaﬁufﬂaaﬁ (Rouseff et al., 1987) ﬁﬁ}ﬂﬂgﬂ&ﬁ1j‘i1ﬂ~11u
VOIAAAMATAME (2548) T11UMDAS hesperidin Lz neohesperidin TuduTo Inewudy Tag
A329NVUTME5 naringin TuduToWuinesd (26.10 mg/100g FW) v1214a) (34.96 mg/100g
FW) 11 1Rd (44.37 mg/100g FW) 1182111919071 (24.08 mg/100g FW) %1n%’ﬂ:3asﬁaaﬁuﬁ1
InsuhilvieveniuginadelSunaazaiavesmsvarTuoosniny ludu Touaziiiosdy
#119N3 11915 naringin Lf]umsﬂm‘huaﬂﬁ‘ﬁwumﬂﬁqﬂiuﬁﬂa (Figure 2.8)

Table 2.8 aylviinusems lungurar Tauesaninuludu o Inouasdraszme 1 fu

Tddanuilumalszimaiinisinuisiiavesmsrailausoduazwuais lundudang

mnndszme ng

Table 2.8: The flavonoids in pummelo fruits from Thailand, Taiwan, China and Japan

Flavonoids Thailand Taiwan China Japan
Wattanasiritham et al. Wang et al. Xu et al. (2008) Nogata et al.

(2005) (2007) (2006)

Flavanone

Naringin v v v v

Hesperidin X v v v

Neohesperidin X v v

Flavone

Rhoifolin ND ND ND v

Diosmin ND v ND v

Neodiosmin ND ND ND \

Luetolin ND X ND ND

Sinessetin ND v ND ND

Flavonol

Rutin ND ) ND V

Quercetin ND v ND ND

Kaempferol ND v ND ND

V= detectable, X = not detectable, ND = not determined
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uaﬂﬂmf:"ﬂﬂ%’ﬂﬁnmﬂmmﬁgifﬁmawa @) WuieienilsitnadelSunams
naringin TudulonSomsWnyn dsdao1an1sf@nyn/5anaas naringin veunswgniug
“Star Ruby” WU U 20zNa80U (12102 mg/100 g FW) H1U31104@13 naringin MINNNIZUTND
UA (2195 mg/100 g FW) 12 6 111 (Ortuno ct al., 1995) iuiAsIfuAsWgnwLE “Huyou” ii
Wil381875 naringin WINTigAioNABL (849.01 mg/100g FW) iazanneed1939a13 Ailowa
UAAAY (62.43 mg/100 g FW) (Xu et al., 2009) Snviaiin1s Anual3uInias naringin TuduTe
ﬁuﬁ “Chandler” Lﬁ'ﬂNaLLﬁW‘U’J‘W Ususans naringin anaufoy 31 {Ortuno et al., 1995} c?;’\’l
UANANAUEN Yuzu (Citrus junos Sieb ex Tanka) HauAuana e 3 s2ay TagRasanan

=1 2 3/ Y ' = | =t 2 =) = ¥ ' = 4 i
Fvoaasndy laun 1aendiled dvass uazdvaoudn w1 UTUINEIT hesperidin g

naringin Tuuana199u (Yoo et al.,, 2004)

OH

~OH
o ITL & it
HO % o ING IS o NS e, OH
O g
g HC‘ e ,0 A -
Fa s —u_E." - . -

B O | ] ‘
e s f OH G N L ;s
MO : ]
CH L LY

Maringr Narngaonmn

Figure 2.8:The structure of naringin and naringenin.

Qs v = s d
2.10 auiiamsimuvendatuvasmsnalvesa
e = o _ a d a = [
gauantdlumaiumsdavesndiaduvesarsnarliuosaiianinnsiilnseeasag
sznen1Ua7079 benzene  naziivylaasondadasziawisallalasinuezaouun
a Yy a Yy A A P a . . S a ~
ayyadasz ndnialasaaduadentioaninifa delocalization Va1 liuevauAazyiiavzil
e = a as r as : ar
auauiavosmsiumsdeendinduuandrefuiieaniniiuszvuiwmiu Cu oz
fumisveany lensondadaszuandiaiu daansliua1uifoues Rice-evan et al. (1995) @
wa <3 v = a Y 7 o aaa @
nageunuautiavesnsfiumsdeendiatu Iaslivarlaueedidgasoinums
= 8 . % u: v 4 v g '
9YaDATL (ABTS++) LInLIA total antioxidant activity (TAA) Fawansnanoaaaa IimunN
e g y & o & 1w = s b < -
aaauialumsiflumsdueendinduinegdivyilavosarlusud Fularluevaniaziia

fuvzdsauny leasendadas: dwnis uazdmouiussglulassadauandiaiu Tag

da wa a W &
quercetin 9z1iluTnssadniitguauialunsilumsdmeondmdugagadalsznonlidie
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vy laasondafdminiia 3,5, 7 VUMY A LAz B HazdIunLe 3 uag 4' YUIu1IY B 4
o ' dv [~ o = 1 o v oas =y Ea '
AT UA M UN 31 o-diphenol LAY WUTLANUDBNFIUNAWNUL 4 VUK C
v
=Y =

¥ ¥
- : ) ! a L o ¥ A
AurudaraItizyo1TeIvean131Aa delocalization 111 Insead1edinumadesuiniy

»
= '

Wegapdvlalasnuezaouliuneyyadasy nsqudomyleasendaunziuszgidum]
a 9 o o :’ o q Y arey ) ¥
2.3 vwawniu ¢ lumsinalassadielnalnaneanmiaiaim dpaeuianniuasém
panFatuanaaiiosninuialalasnuezaenlumsiudveyyadass 1 dwmis uaznisiy
' ) T oo 1 " = o 0 =t
vijleasendanin 1 wydlu 2 ny uuY o-diphenol VUM B Swar ¥ Tiawamsaly
3 =) Qs = x:%J J 4' a = 1] = ey 3 a ar
NIIATUPRAFIATIINNINYY Aoty 3 vijszdguduialunisdueendiaruanad
911910 15993 199A92197131AA delocalization
, ara = = ar
NNMIANNIVOL Amié et al. (2003) naapuguauiaveImstiumsdeenFmTy

=

TauTivian Tawesainl§Asennuaseyyadase (DPPH) 1Az 3a radical scavenging activity

be

(%) wn:hﬂmﬁu‘ﬁ’fﬁ’luﬂmﬂumié’ﬁua@n%m%umummmaﬂm‘hu@ﬂﬁﬁuagﬁumj"lamaﬂ
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FwnuRuENF T s uReTU1es Yu o al (2005) Ainaaevaiidiuosndiaduues
W Tuesaidrwylufisassga Cirus AUa179YYa0ase DPPH  W1I1a15 scutellarein
kaempferol 1D% rutin HQNFNISAIUEDNFIATUNINGT 50% aﬁaxﬂ%’amﬁmuﬁ'ums%q 1
naringin naringenin neohesperidin #4ign3nsdmesndaduioonife 5 v (qninsam

DONTIATU 10%)
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1. andateeiuuzi5e (Anti-cancer properties) Wa1Taussailgauaialunsdumsifauzs e

- o M
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Taviivihimanae Waweyyadasy fudueu lwiiifuadesiumsnyveuilesen nazi
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A a v o a e
ndudamsunsnszaiveusanuzis wud a15Wa119u00d ¥ hesperidin 11az
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naringenin e1U1308VEINIUITIMAENITAY Tnvoanzi59 (Hertog et al., 1992) tifpsinluma
= a & det o o A o
duTonazinsvlgnias naringin iuamsdarTiuesdndidy Gadnumus Inseadavesans

' ¥
. ¥ a . . o~ . . A e
naringin (naringenin-7-rhamnoglucoside) AAIUNUEIS naringenin @IINETT naringin VUIA1A
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2. auiatoenulsavaoatnonyiale {Anti-candiovascular properties) ganuevisalunis
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Hesfumsuanvonduifoanaz tesnumsutidivenduidon
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4. guiad e IMIOnIeY (Anti-inflammatory properties) ¥MTAGuTINsOnaIlotnInile
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5. a1 LDL cholesterol (Low-Density Lipoprotein Cholesterol) Fulunoaamesoah

o3 = il 1 A 1 A s 1 =
Wunadedssianme FannstameiUSuia LDL cholesterol 1110 3zaanaliinaeinsvaon

1ADALAIAUAY (Davies et al., 2003)

2.12 Imiugluauleuazinsvlvlgn

o W | g A Ia : : y o)

W UY (Vitamin C) 30 ATALDD-LDHADTUN (L-ascorbic acid) (Figure 2.9) iy
= = P uy 1 ] Y 4 o =1 ar
Sesiusiazatw1dTuit srenteldansanezadetuea1d eiududeslasuainns
w Y = a0 A YN o aa da = = [N o | " ar
sulszmudn i) Snludilnueuifiudnasains i agneand lad 1dde Iadudlineda
' =1 o) 1 = 5 ar [ as e
AeRUseN uaranilzAemiunanseals onnada hinedalueimea wieanenil
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CH,0H

HOHC O o

HO OH

Figure 2.9: The structure of vitamin C
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17 3/ "
dnwauzvosdiiovoady Teuazinsvsnnuhdnva: o iuanaradu lidarnadoySua

911U (Table 2.9)

Table 2.9: The content of vitamin C in edible parts of pummelos and grapefruits

Fruits INTUT (mg/100g)  1BAF1381989
Pummelo 61 USDA Nutrient database (2010)
Red pummelo 60 no4lp¥UINIg (2544)

(cv. Thong Dee)
Red grapefruit 31.2 USDA Nutrient database (2010)

White grapefruit 33.3 USDA Nutrient database (2010)

d = ~ o T

2.13 Uszlovrive dmiiusans 19me

a  a A ’ @ ¢ A g A Ao o o ar

vt lumsdunsizvineaanay (collagen) Farthu Tsaunsuiudmsy

9 g A = s 9 = = & Y at =1
a5 ang Wy aeaansulsznovals laasond Insaudeldnnmsdasu Insay g
= ~ = o (=1 - = a3 = =} o =1
wradatugaeir 1y liiinisdeu Insawmduleasend Insau v1ldien1sveslsa
ey ar & o = = a a =T ' YV ar 9 =
antadmila (scurvy) wnannuralnavesnszgnuazilu Intudiaiuyie imiudusen
o a a0 oA o Yt 1 a ) = o 9 A v
uianse MswInmdusthuvaldimsulsizuandwvesmiadubon i liidonsandio
¥ k7

AU IBIATUANUMUNIUADNTT AAFONG 115 AaZLUANIS 1NN 8UBAT I8 S01TUE
T a ~ o o = 0w orq 9 o v G :,’ =g ﬂ
FwinwiHveuranlaeav1d hiligniiiais savanensunnig q saunalaaniu 1y
@139UBONFIATY (antioxidant) TIofiineyyadaszlusimoiedeiinalsams 9
TsauziSalaommizusnuin vasaemisuazvaeans laodainuges lUdwnsaieas
T o a c:ya A o Aw 0 a a
neuziluszuUMuANDIMS  wenNINHIMNuFS T IALNITAT YA AN TnoDz

o 4 ' o Yy . = W .
wasumdnluemisFegluzililesSnlossu (feric ions) Tiilumlofaloveu (ferrous ions)

v
=

a ar =3 = o o Y = ydd? = = = Y o o
wazfisaunumandumseauanii gagu laavuy Jsuaiariudiaig 1d5ulsed v

a v

dmiuauIne a1y 19 3 71 1 wave uazvds Ao 90 uaz 75 daansudeiu audwn N5

VINIANUFD 1M 1T INANaA I XU UD1900199D93 19N 18N INTUST A 1UNe 1904 (Sizer and

Whitney, 2008)
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2.14 uplshvesaludulenazinsvivlgn
Y [~ P dy =) = A st = =
duTauazinsvivgniluwa ldnliilowaduruas Gyuy nioduns Taodsuyiariuag
“ ar Ao w = & = 7o a o =
AannsaniagidrAgie ualsiuood Fuwalsiussddrdginuuiniigaluduleuas
nsrlgnie Talafiu (ycopene) 303091788 1A LA 157U (B-carotene) (Figure 2.10) 91
asansmudies lalafiuludSinanunhmswaualsiube 1-6 w1 (Table 2.10 oz
F r
2.11) (Fanciullino et al., 2006; Xu et al,, 2006) a3visaeawiioiiuluanaiivsznoudvay

= i @ W s

< ; " w = o = &
lalasaisuou (hydrocarbon) Wanasfiuaielo laniugiia DiuszgaduiuwusziRed i
E
14 o = ar g = =t 3| " ~
a5 1597 avane1da 'l dnvaz Twanaveslalnfiuiluduase doumaunTsiudly
: = ' y = = <)
Fuasalinamu (rng) MilawlgvesTuana iesninlassadeluanaveslaladiuily
9/ o et 5 = 2 n (=) vl Y b1 9 =< yacg
duasaaziluas hifiifagedy 1 1ua uadwumslisdionnudeoundissgadu 1Aday
ifipaninanudoussyin i laTafiulugi) rans-lycopene nlavmily cis-lycopene Heaglugilh

ﬂﬂ“dﬁu 1@ann trans-lycopene (Weerasak, 2005)

B-Carotene

Figure 2.10: The structure of lycopene and f-carotene

o619 ls Bmumu @ Toffuaun Tsfusodiamunteuniunsvinynis 4-8 uh
Taomwizaislalafuuazwaiua Tsiufinulunswdgnuinaidulesdradaiou
(Fanciullino et al., 2006; Xu et al., 2006)%ﬂﬁamiwwgmﬂum“lﬁﬁﬁllaiﬂﬁuagfluﬂ%’mm
Punaraazlndidsssvuzdomaiiiars laTafiuduesdlsznouis 60-64%  voas

uAlsNUBUANINLA (Roldan-Gutiérrez, 2007)
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Table 2.10: The content of carotenoids (mg/L)in juice of pummelos and grapefruits

(Fanciullino et al., 2006)

Pummelo Grapefruit
Content (mg/IL
cv. “Chandler” cv. “Deep Red”  cv. “Star Ruby” cv. “Ray Ruby”

cis-neoxanthin 0.099 X X X
neochrome 0.074 X X X
cis-violaxanthin 0.819 X X X
lutein 0.086 X X X
cis-isolutein 0.150 X X X
a-crptoxanthin 0.083 0.138 2.130 0.581
phytofluene X 0.014 711 0.510
E-carotene X X 0.369 0.293
P-carotene 0.360 0.943 2.826 1.142
cis- B-carotene X X 0.171 X
lycopene 0.495 1.536 10.072 6.855
Ratio of pigment

1.375 1.628 3.564 6.002
(lycopene/B-carotene)
Total carotenoids 2.165 2.697 17.566 9.381

X = not detectable

Table 2.11: The content of lycopene and B-carotene in pummelos and grapefruits

(Xu et al., 2006)

Fruits lycopene (ng/g) B-carotene (pg/g) Ratio of pigement
(lycopene/ B-carotene)
Red pummelo cv. “Fengdu” 92.15 27.33 3.37
Pummelo cv. “Hirado Buntan™ 1.79 1.54 1.16
Grapefruit cv. “Star Ruby” 283.57 93.03 3.05

d = dr 1
2.15 U5z lemiveaualsnusadnesanie

unlsivesmilumsdeyyadaszildsz@ninmgalaommwiz iwawalsiiu

laladiu nazgiiu dnnsansamiivilszniulddwnaziin liune Gauidtlesnisina

Tsawala Tsaueid e szananuunuaztesiunnuialnfvesfiiniiesduilo a1 nuaaa
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s1amen23 185uun Isfuosaunazsualszuin 5-20 daansuaedu @15 laladuiiauia

W v
@ s = s % o~ ' =1 o
awsafuiesnFaundInuas Gsinglet state, 0%) Tawnigaluussaaisnguun lsfivesa
ar ar 3 ' o o =1 ¥ =1 =1
Arofunazdudinsung nseerousasys  laanuearua Isinuaziwaa lsiu uaz

[ =1 @ u’j a o ar ~ = o
amalalafiuainisodadinislsavilanazlsausise anoasnasalunisinaugLse
i = < 5 @ A s
ABUYNNUIN V153100 HAZULITINTTINIZTOINT Fmsvmrsiwaun Ismudumsdedulu

w I o & g A _ ’ 5] 9 ap o 9]
amsduasieIndueduiuasivanudrgadonisusany msadiailiy msasig
nszgauaziy MIgouusuilobe targunNUeIHINTIM tAA lsiuTn lsnunasia

i Tsanszqn anwAndndvesdiimiuileanvinnnuladeuds dosadulsaralalasnis

fudamainalfnToiesndiaiiued LDL (Weerasak, 2005)

2.16 Vuedanludulonazinsulsn

#15Us2nauWUBan (phenolic compound) L‘ﬂuﬁﬁWQﬂHLﬂﬁ (phytochemicals) ﬁﬁqm
'Imaﬁ%’wmamﬁyﬂuNumuaxismﬁﬂﬁﬁwg‘lamEmw‘?a (hydroxyl group) 530811 Tuiana
mﬁduaSﬂﬁﬁwﬁmiu&’ﬂmm:mswwgﬂﬁuﬁ Chlorogenic acid, Ferulic acid, Sinapic acid, p-
Coumaric acid 1z Caffeic acid (Figure 2.11) TavuSmmanstluedndidifguosduTeunz
Iy nined 11999 0.3-6.9 mg/100g FW otalsAawasiluedndun unidu chlorogenic Ju
#ulonazinsvivlgniia 1ndifReany (Table 2.12) (Wang et al,, 2007; Xu et al., 2008) il
m33soriiaasiuedaniudulenazinswignisiides ornilesvinSmamsilueanly

s L = =Y dl 4 =] as o
na Mg enanilSuandesundlonSsuieunuaisiailiusea

217 dszlumivesiluednaesiania

msdsznevilusdaiiquauidlunsduosndiasu ansodueyyadaseiiiy
Aumaueanisne 15na1a Tus1enio Tau chlorogenic acid 1Az caffeic acid Namywlunis
ﬂmﬁukmmmmmﬁﬂﬁz (Type 2 Diabetes Mellitus) (Paynter et al., 2006) Tsnviale
(Morton et al., 2000) uammﬁyﬁqmﬁuﬁaiumiﬁmL%ﬂ"h%’ﬁ (Jassim and Naji, 2003) 13
uuANise (Sotillo et al., 1998) wazidesnwAfiGy (Bowles and Miller, 1994) @13 ferulic acid
FrotloafunisiialsAuyls 991N 13neuzISININ benzopyren (Lesca,  1983) 1Ay

4-nitroquinoline 1-oxide (Mori et al., 1999) RLERT p-Coumaric acid ﬁqm%ﬁ’maan?ﬁm%uﬁ
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] ' o = v ' s 3 =
Inannudsmonsunzs lusoaio (Ferguson et al., 2005) lag%2081ud3n15100

msﬁama?amm"luimmﬁu (nitrosamine) (Kikugawa et al., 1983)

HO  coow o
0 HCO S OH
HO 0 -
HO
OH
OH
Chlorogenic acid OH Ferulic acid
6]
4 OH
H3CO = oH —
OH 0
e OH
HO
OCH,4 Caffeic acid

Sinapic acid p-Coumaric acid

Figure 2.11: The structures of phenolic compounds in pummelos and grapefruits

Table 2.12: Phenolic compounds found in edible parts of pummelos and grapefruits (mg/100g

FW)
Pummelo Grapefruit

Phenolic acid cv. “Miyou” cv. “Sijiyou”  cv. “Wendun” cv. “Peiyou” cv. “Huyou”

Xu et al. (2008) Wang ct al. (2007) Xu et al. (2008)
Caffeic 0.056 0.195 0.173 0.185 0.102
p-Coumaric 0.103 0.237 0.309 0.240 0.104
Ferulic 0.045 0.183 0.569 1.016 0.445
Sinapic 0.155 0.102 0.333 0.203 0.155
Chlorogenic ND ND 1.545 0.794 ND
Total 0.385 0.792 6.930 6.765 0.992

ND = not determined
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3.1 manaaaah 1 nsAnyInseiudu Tauasiavesd leuinesduaswugusumod
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3.1.1 anUANaImanIn
3111 vhwinea (3
3.1.1.2 hminnlAen (i)
3.1.1.3 vimidniiie (n3)
3.1.1.4 [@UIDUINA ()
3.1.1.5 gé‘r’umﬂuﬁﬂmwmm:ﬁa @)l iadnarmaduTeludufinafigaudy
Jadurguinala
3.1.1.6 ANNFING (FY.)
3.1.1.7 A1 mean geometrical diameter
GM = (acz)m
GM = mean geometrical diameter (%¥3.)
a = the main (longest) diameter (°¥3.)
¢ = the longest diameter perpendicular to a and b) (5.
3.1.1.8 AnunuIlaen (v,
3.1.1.9 ﬁﬁwauﬂﬁammmﬁa (juice sac) T Ui%m?m’?ﬂﬁ Miniscan (Color Quest XE,
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3.1.2 audamanil
= g i o Y o oA

3.1.2.1 YSnawewdanavuanaza1eir 1d (Total Soluble Solids: TSS) wadiALi)

vty % H9IAAIATOY hand refractometer (ATAGO, Japan)
Vv " ¥y ¥

3.1.2.2 smansananuaf lnmsa'ld (Titratable acidity; TA) Tassiniiau 2 Tadans
= )
1AL phenolphthalein 1% 1-2 #o (1Y indicator 1A TNNIAAIBETAZ A1 NaOH AU
0.1 N 9UA3ZNIE4 end points WA SUIATE1T NaOH UEIU IR IAIUNIAT % citric acid 91N
03

% TA = (ml NaOH)) (N NaOH) (meq.wt. acid) x 100

ml. of sample

N base A® normality UB4815820180 NaOH

meq.wt. acid (Citric acid) = 0.006404

3.1.2.3 9A51AIUILH I TSS: TA

3.1.24 ﬂ?mmﬁmmﬁwm (total sugar)

3.1.2.5 Wi maueusaides (non-reducing sugar)
3L.2.6 ﬂ?mmffmm?ﬁucﬁ%a (reducing sugar)

AIMITVDY Lane 182 Eynon (AOAC, 2000)

MINIBUAIDENA

vufedule 80 nsuiuniiaziden Famethalszine s-10 aduldlurnia
YSmasvma 250 Gadans @whnaunuiSmeslsznm 273 103UIATAUT RS @y
Carrez 1 LA Carrez Il 86190 5 Hadans wi lfidhduuezdsulSuwsidu 250 Saddas (v, -
250) N3RIATATANOAIUNTEAIIATES MTazmeiingesldanuade sample solution A 110
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d' 9 = U .
msazaien lalsonh sample solution B
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Preliminary titration
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Tila 10 Tadan5909 Fehling’s solution (A+B) 1 l1duswdesaIntudn 2-3 noa
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Accurate titration
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i

Il

Reducing sugar (Yow/w) = Ex V| x 100
V, x 1000 x W
Invert sugar factor for 10 ml of Fehling’s solution
250
Conversion factor from 1 gto 100 g
Accurate volume of sample solution A used for titration (ml)
Conversion factor from mg to g

Weight of sample (g)

msmilsunanimanianua

v
o 1 =4 [ o a da 3 . .
Auru@eadunisniihmaiaase uals sample solution B LU sample solution A

NFAIUIN

100

Total sugar (%w/w) =Fx V, x V| x 100

V, x50x 1000 x W

Invert sugar factor for 10 ml of Fehling’s solution (mg)
250
100

Conversion factor from 1 g to 100 g
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A% = Accurate volume of sample solution B used for titration (ml)

1000 = Conversion factor frommgto g
W = Weight of sample (g)
50 = Volume of sample solution A used to prepare sample solution B (ml)

: o da
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% H¥ITAA AT DY hand refractometer (ATAGO, Japan)
:) :;_ v . B =1 1 o3
3.2.2 Smansananuanlnmnsala (Titratable acidity; TA) Inu2e1lu %
3.2.3 9A518IUIEHI9 TSS:TA

3.2.4 msanamsvialmesaludule
& A w - o4 il =\ . QA o o ¢ e
Futlodulanusuds 10 nfu duinmibminiudueu wulawiavesuilua

! A aa a ot o ' o

(dimethylformamide; DMF) 20 Haaans 1o Tud luahnausa 10,000 soudsuwi Wuna 1
=1 = s oW = q’: o y - ~ =1 v =1
w30 Jun JadSuasesanenarua 1 T wmIeenin s aseu 10,000 soUADUN
Flunat 10 win uenansazatodula i linsery syringe filter (PTFE, 0.40 pm) 1d1u vial

2.0 Haaans 1h hRadunsesHPLC (High-performance liquid chromatography)

=3 ¢ dy ad
3.2.5 ﬂ1§’3m51$‘ﬁﬁ1‘57‘lﬁﬂ]uﬂﬂﬂﬂ]ﬂT.Ifﬁ HPLC

= s

msanszdasia 1auesddisds HPLC #auadn1nitued Mouly et al. (1998)
wiouasazateaigiunal lueosudayyiia ldun neohesperidin  (hesperitin  7-
neohesperidoside, NEH), kaempferol (3,5,7,4 -tetrahydroxyflavone, KAP), rutin trihydrate
(RUT), apigenin (5,7,4 -trihydroxyflavone, APG) WQ¢ quercetin dihydrate (3,5,7,3"4'-
pentahydroxyflavone  dihydrate, QUE) 901902 140 pg/ml naringin  (naringenine-7-
rhamnosidoglucoside, NAR) Anudutu 1,400 pg/ml hesperidin (hesperetin-7-rutinoside, HES)
ALY 700 pg/ml LA naringenin ANUTY 200 pg/ml T4 30%v/v DMF  1iufin

¥ o i I '
ﬁmﬁﬂua$ﬂ31hﬂii§ﬂﬁﬁuaom'§‘uWlij;‘lu ﬂm'Jmﬂfamﬁu%uﬁuuummmm‘immgmsma:’,
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¥ila naumsasmeniaspuda lauesdunazsia oz ldmsazatonauvesasnas gy
Wudu wionarsazaonauvosmsnas g e nududuaieg Taoses199n sock 1,
1.5, 2,4, 10 48z 15 1311 §70 30%v/vy DMF 111110594 syringe filter (PTFE, 0.40 um) 1du vial
20 fiadans e unios HPLC (Water 2695) 190l Altima C-18 column (Alltech
Associates; 250 mm x 4.6 mm) M3 I RgENNi 35°C ¥danms Inaveamaioud
1.0 mVmin aadeuiivseneudoesdlnlulasd (o) uaznsaezdin 4%y (B) USusas
15 IMauuY gradient fanaaslua1sied 3.0 na1lums i 70 w0619 as23ARe
PDA-detector N1 181IAAY 280 nm Aasiziriavesmssuasnnigiu Taaioy retention
time 1A% spectrum YBIAITHINTFIUAUAI0619 FanadoUMIgANTUAGUITI UV-Visible T
ANMUOINAY 220-380 nm 1115110 TABST exteral standard method ATVANAMNINAI
Swsizilasiamsmaspuiinivanududufiniven uazi spiked sample 14

NN 10 AI0819

Table 3.1: Elution profiles for determination of flavonoids by HPLC (Mouly et al., 1998)

ORIITIU AB

Time (min)

0 12 43 44 65 70
%A (Acetonitrile) 0 8 34 70 70 0
%B (4%acetic acid) 100 92 66 30 30 100

a 7 |1a ] = A 3/
AnszndSusaswa hussduaacaiialaods external standard method a%1303519

P . ' ¥ @ P A/ dq wa °
JJ”IﬂigW‘H‘V‘lﬁﬂﬂuﬂﬂﬂlmﬂz‘ﬁuﬂ‘iz?‘i’)”&@ﬂ’ﬂﬂl*ﬂlﬂiﬂ@ﬁﬂﬁﬂfmﬂaﬂuﬂxwuﬂiﬂ?\lﬂ ATUITY

¥
=y I'd [ @
Jsumnar Tuesaunazaiia Gt

Flavonoid content (mg/100g fresh weight)= CxVx100
W x 1000

g o 1 =
anunguvoIdar Inssauaazatinanns LT 31U (ug/ml)

USuasvesdiegananala (ml)

<
[

3 o
dviinaotaduTendan (g)

=
I
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3.2.6 PSmnadaeiug
A
TaeiniAuduTe 2 ml uaziins Inmsaaave1s 2-6 dichlorophenol-indophenol

(AOAC, 1990) 51091UHA TUNUIY (mg/100 ml)

¥ ¥
o o 9

327 W5mamsdszneuuednnanua (total phenolics) TuihAudanlomuI5n5v09
i . = ! = 3 Ao 1y Y ' [~
Singleton and Rossi (1965) YSuimaisisznouiueaniauanialdinironiy mg/100g

53/
WIMUNAR
> 2

FoimiinduToyszuia 50-60 g Fmsmninas s iiauduTe (mh AAIAY
111 ml ¥ 1@en9 10 ﬂﬁammfuﬂﬂﬁaadnm 1 ml 1@} Folin-Ciocalteu phenol reagent
(10% v/iv) 5 ml "ﬁ\’iul’g:l}MWH 5 W mziﬂﬁmﬁ’ﬁuﬁ”m vortex mixer LAZIAY Sodium carbonate
75% (wiv) 4ml hal3Rgamaiivecuiu 1 41Tue il Sadgandundadanios
Spectrophotometer (Biochrom / Libra s21 & s22, England) ﬁmmﬂnﬂﬁu 765 nm 1@

nFeufeuiunsvinasgIuen gallic acid AszAuauINAU 10-100 pg/ml

3.2.8 3mnaanslalany
= d |a =1 ar ot o u'a
szl umars lalafuaauilaininiTues Ravelo-Perez etal (2007) M1n15%9
3 ¥ '
ntiniledu 1o 0.5g ANA15AYA10 0.5% Butylated hydroxytoluene (BHT) Nazaiuluaise
8 r v
adacetone $11AU 5 ml HAIVINUUIAY ethanol 5 ml 1AL hexane 10 ml MMsiludlnnies
' :’ <o o Ty - 4 . =t >
homogenizer AU 1sazaslug1aiwdudluial 15 wI AU deionized 3 ml uazANDNAT
' > A Y @ ' 3 a g 3 - oA ¥ a
Tusraidaniu 5 i Measazaieales ngavgiveuilunal s e lninanms

¥ ¥ . 0
HENFUYIAITAZAI0 gAaTITazatFUTUNIIARIgAnA UL 503 nmA  JuIAT DY

Spectrophotometer (Biochrom/ Libra s21 & s22, England) wazl¥a1382a18 hexane L‘ﬂu blank

Lycopene (mg/100g FW) = (A, x3.121)

g tissue

3.2.9 qﬂ%‘msﬁ’m%ﬂ%m%’u #2835 Ferric reducing power activity (FRAP-assay)
naaoUANEI50 luMTIAEYed Fe' 1iu Fe' @3t Yen & Duh (1995) Tae
0 ¥ ¥ Y ¥ @ ¥ Y
saimiinduTetszna 50-60g imsAuimaziadsuasinuduTle (m) gaihAu 1 ml

1@ phosphate buffer (0.2 M, pH 6.6) 2.5 mlllag 1% aqueous potassium hexacyanoferrate
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Y
= =

[K,Fe(CN),] 2.5 ml ﬁﬁ'ammfumllﬁ’ﬁqmwgm 50°C WU 30 WIT UAZIAY 10% trichloroacetic
acid 2.5 ml wern IHAUEIATEY vortex mixer 79131 10 WIT vzifANITUENTUUDS
wavaw nEInTEN 5 mlua 0.1% aqueous FeCl, 0.5 ml Jamiaanduiasii 700 nm
ﬁ’lﬂiﬂém Spectrophotometer (Biochrom/ Libra s21 & s22, England) TaonlSeuineununs vl
WINTFIUUDL Ascorbic acid  TEAUANNTUTY 01000 WM HATIIWILHANIINARDY

Ha  da T [~ : @
anuasolunissargliviioilu pmol AA/100g Thniinea

Ascorbic acid (umol)/100g FW = Ascorbic acid (umol) x 100

Weight of sample

3.2.10 qNEMISHIUBONTIATUA LIS 2, 2-diphenyl-1-picrylhydrazyl (DPPH) Radical
scavenging activity (DPPH-assay)
nagouANuEIInlumadiueyyadasy 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
. Y ¥ ¥
AIWITVDI Yen and Duh (1994) TavwatimsinduTotszana 50-60g viimsawimazia
- J o a2 - o W s a ' N T
Wsmesihaudule (ml) gaiauu 1 ml@evnnhduleddnds s v amihiduladesiuie
o “ S v ¥ a aas s g
919 50 pl HEUAUEISAZAIY DPPH Naga1olu methanol N3 lilMiAal§asolundailunar
30 IR iﬂﬂ'mﬂﬂﬁmmﬁﬁ 517 nm A2BIATOY Spectrophotometer (Biochrom/ Libra s21 & 522,
England) Taon/5oumoununsinunasgiuved Trolox  NzAUANMYNTY 0-1000 uM as

Ed
5189UNAIT1M 1Y pmol TE/100g THvine

% inhibition = QQ:__AS) =100
A

C

Trolox (upmol)/100g FW = Trolox (umol) x 100

Weight of sample
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=Y d aa
3.2.11 M3IAFTIZTHRAMITON
= r'd an a o
Taudmsizsinaniaannein lasunsy SAS (version 8.1) Jumsaasiegnanuudsdsiu

ar

(ANOVA) TaofSuuouaunas@dio33 Duncan Multiple Range Test (DMRT) N52@Y

ﬁﬂﬁ"lﬁﬂg 0.05% LAY Pearson Correlation Cocfficients (r) i%ﬂﬁidﬁ?‘iﬁ)ﬂﬂq%%ﬁ’]ﬁ@
14 It

(A TUS @15 naringin d13UsznevFlusdananua uazaslalafiu) Augninisdiu

PONTATUAINIT FRAP-assay 1o DPPH-assay
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= g
HaluarlIvsea

=

= o V4 = a & o
sy Tauagviannvesdu Teviugnesinaziuguruiaos

7]

4.1 MInaasdd 1 MSANEINIG

¥ v A o daa = | a o & 4
aulowugneshidluiugniimslgnnniigavesdszmanodadly 50% vosiuiins

5 a’.: a o ot p=1 9/ w o =1 P
UgnduTesianua Tasmmizimiadoesviinsdgnduleiut nesdnniigavesiszina

qQ

= 4 = L4 =y i - " =1 Y
Aol 44% voafiudilgniiuinesd (nsuduaiumsinuas, 2552) ed1alsAauduTowus

a

a

4 @ e a 4 ' = avu.u P a e o
wraosiuiuiadinisgnuazrdaiienaianisdaoen naflde lufineanuiteduTedusg
o = 3 § - [ § Ao v [V :
wsmaesnilgnludszmelne Sansiundgniduilsdoniisiinndenunmuosdule duiu
oo dvﬂ Y o = =2 = = Y & o = o o
luanddoiivalanmsnmimsinnnsns ydivTaveadu Tewugnesiuaziuguruaesi
= 1 = [ a ¢ @ y =) = o
luwa o.Avaunu 11509310 senie 832 Flanindsaenuiu WiotlsiiuanunSysaves
= '3 ey = o ¥ .:y oso ’ :; as
dule vinmsTasedaui@nemonmiasaiidede Ui 1) auiAnienionin'ldus dmin
o,, ar = 3’ W .g A F) ) ] 4 dy 9 ¥ 4
wa iminulaen mindie anwmunlaen idusenas idurgudnataiie idusigudnag
b4 v ¥
WO AIUGIND A1 mean  geometrical  diameter AR NUTBAUBZITD nazYTuI0T1AL(%)
2) entfamiand 18un JSum TS USnm TA das1dau TSS:TA USinadaiiug U5
¥ £ ¥

o s = 1 Aaa  da " = :’
WIMANINUA (total sugar) Y3TMIAUDUTAIFE (non-reducing  sugar) USH1aia1a

aa da .
1A% (reducing sugar)

4.1.1 auUAMIMENN
: %) : ar 5 : @ = =
4.1.1.1 ¥hwvinpa invdnie windaen uazanuvunilaen
= = 9 @ o = Y o o=t = = o
maeTyan lnvesdu loWugnesduazwugusumos iyduuumsnad Tady
: ; : a o e %) - v o d
simple sigmoid curve TaomsinTapivTalugasiiaes (8-16 WAFB) vesdu Tefiaanaiugiiy
= a o s u’: = 3 -1 1 < .
nissgau Inveuldendule nasnniuduTelimsadiuilondresias (Figure 1)
ar @ " = = af a o =] % o
aoandestussuveathina (2551) wudmswsadu Tavosdulowugnesdlufmia
=1 - 1 [~ = =y ng: 1
wuasrenetgna 16 WAFB  daulngilumisnsadulnveslfon uasdumszoy 2235
P = a 4 [ a [
WAFB (sepgiiain)  dulefimsiauiveuilonnot 195105 100an2040Un1500a9004
¥ ¥
Wvminldenuazanununlien ndsemiiuanuvunfenasas audidy  dmsy

3 T u’: @ a = o y = =t
nmsanutinyd duTensaeaiufisugszorsysaifeiyna 28 WAFB  iilalSouifioy

£l a3

e or g

—_—_— o ' a Fae
mssyiiy TavesduToaesiuininauiaaenan nun duTevufusumaedmimineauas
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v
o

dmiiniie $imidanlden uazanmmuinden mnndniuinesd &é&ﬁ‘wﬂﬁﬂwafumﬁﬂaﬁuﬁ
nruaesLazNeIfiienIgHa 32 WAFB fif1 1,270 A1 uag 1,110 A5y amd I (Figure 1)
cﬁaﬁ’ﬂaﬁuﬁwaaﬁdauﬁlﬂfy:ﬁﬁymﬁﬂwa 940-1,060 ¥y 1iminnlden 320400 ATy i
iia 520670 nfu Wy, 2541) ”luﬂa}fgﬁumﬁf‘?ﬂsumﬂNaﬁ’miﬂmwﬂymﬁmﬂuwﬁﬂu
FosuamsnanduTow lmuinesgumsdeesn dwm1ssit 2.2 uaaamsutiansadulo
AMMTINHARILA size 8 (400-700 N31) 4 size 1 (1900 NFw) yInHansNAas iy
Taﬁdﬁaaﬁuﬁﬂywwﬁﬂagiiiaﬁqa 1,100 -1,300 N34 8Y5%NI size 4 (>1,300-1,500 nfY) uag

size 5 (>1,100-1,300 N54) (Table 2.2)

2000 i
1800 :
1600 - by B
. 1400 | S
2 1200 | | o
— =
5 1000 ‘ =2 —;‘_J
© =
g 800 } i =
600 | @
| 1 o
400 | a
200 -
0t L0
8 12 16 20 24 28 32
Weeks after full bloom
—&— Fruit weight Thong dee —C— Fruit weight Chandler _
' —A— Flesh weight Thong dee ~—— Flesh weight Chandler |
| —8— Peel weight Thong dee —O— Peel weight Chandler

—&— Peel thickness Thong dee

—O— Peel thickness Chandler

Figure 4.1: Fruit weight, flesh weight, peel weight and peel thickness of pummelos cvs. “Thong
Dee” and “Chandler” during 8-32 weceks after full bloom (WAFB)
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< '
4.1.1.2 1@ UANGUENAIINA AYINGING UBZAI mean geometrical diameter

=~ Y o = Yy 1 Yy s
madasuasvinanadulewugnesduazuyuiaes laun idudIgUINa1INE

a

' o

ANUFINA LOLAT mean geometrical diameter WUTINITIITYTIN 8-20 WAFB 1dusguinai
. P 2 4

Hal MY BT A1 mean geometrical diameter o du Tomu U195 a5 (Figure 4.2) Faiily
= a - o ar 3 [] = Qs d?

msiyau Invesn)dendule nasniniulugas 22-35 WAFB iflumsiauveaiiena

(Figure 4.1) TaodnumgduTowugnasase wailuuie Inthunanansanaundiulitivn daan,

" w d o o ] =
2541) uiuuyueesdnyuzsUnswwailu 1y (Oblate) Hanau (globose) vianathunals
W30 (The College of Natural and Agricultural Sciences, 2010) WanlSsufousznadule
& a o - ' w =]

Vaeoaiug laoimwizeigna 24-32 WAFB wudy Tewuguauiaes idusoulawanazai

' Ed

QIHaNINNIIRUENeRes 19l Ted 1Ay NI9ada (P<0.05) 99 1nHan1sNAA DIl

YV ' o o 3 o o - 4 =t = [V )
mumquaﬂmmﬂamﬁmwu‘g 140-160 Uy, (Figure 4.2) WotlSeumeunuduToniu

WINTFIUVOI UNOF. 2550 WU AOARADINY size 3 1Az 4 (Table 2.3)
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Figure 4.2: Fruit diameter (A), height (B) and mean geometrical diameter (C) of pummelos cvs.
“Thong Dee” and “Chandler” during 8-32 WAFB
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4.1.1.3 Wuseu NManaId U guanaatile
. 5/ kT ] L4 ; 1 9 a o =1
Figure 4.3 udaudusoudauazidumguinatuionyd dulewugirumesivuia
" w o = ' ' ! o 4
iduseudesHaINAIRLNeIRTio yNa 20-32 WAFB (P<0.05) uanuindurgudnmaiiouna
3 : ar 1 v a 9/ gt 3 o o r.,:
Fulonamresriug hiuand1aiu Taoidusonsvesdu Tovarasiugeiudszaia 490-540 vy,
] Y @ . ) a’: .:? @ =1
FUINARYIND size 1 (> 536 W) 1A size 2 (>493-536 V1) (Table 2.3) Yiail luilagiumsifiy
woaduloveunuasvos o.130aunu 9.4509318 MYUAINILIAYBUFUTOUIIHA
a o o o ~ u’j 1 qy =4 ar
dule TouduhuuazAnvuiaraidusouI9Rang 18 17 GIA5IRA size 4 (>445-470 3131.)
2y ¥ ) & w d e "y R D |
D NVIIAET YT UUR IR Tovvdesiu ez ivunen nduseuun deiitiomA uined
4 A e ' < ¢ o I a
dhuiidunadinis1didusevsdulodunasvesdaingfufoniude 1HiRa iy
=1 = ' 3 c‘tv 1 o n’: ar gy P 3 3
msnunedy Todeu Netinuindusevrmadulonsmesiugaeudieniidaus 24 WAFB
: = o < ;

(6 10BW) Faszvznuin Iz auvesdy Tewa 1A 28 WAFB (7 @ow) oriluaungnile

s g Va a S A 9
amlnannuAanaialunmsinunedyle
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100 1 (A)

Circumnference (cm)

8 12 16 20 24 28 32
Weeks after full bloom

| —@— Thong dee —®@— Chandler

16 a (B)

Flesh diameter (cm.)

Weeks after full bloom

l —=&— Thong dee ~—8— Chandler
L i 14y,

Figure 4.3: Fruit circumference (A) and flesh diameter (B) of pummelos cvs. “Thong Dee” and

“Chandler” during 8-32 WAFB

W

e =4 o F24
4.1.14 FAm)aenuazmitedula (L*, a*, b* value)

P - A ¥ Vo ) o 4 4 v
malasunlasvesdlfonduTowuar L (ANNE9) RNV NN G202
= o = J =4 & 2 = = < 9 & A
AMLEYIEl (Figure 4.4A) f1 -a* (f1l87) Windu urashddvanldounndondniumie,
! . ' s A =t E 4 4 2 aa oA &
o0 (Figure 4.4B) uagAl +b* (Fmde9)  Huwd Tuiiusnniudavuiondimmaownniy
o3 = & Y oA o A A LR = P
Faiumaasunidasvealdendulennmveniludmasulonauigizozusysal (Figure
o = = =y s o B Y o
440)Taia lmsasunasvesdiuuaae lsiaa neadetunsiiauveuou lanl
A 4 7 a v o q VA A - o v g
chlorophyllase (WY aaplsaainamsamediilidimiesvesa lshivesatsinglimu

’ " ¥ K Y
TaoflSinaa Isiuesa i 1gmniu 5w, 2541) dewlsvuioudulfonvesduTevianes
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o o

v d ' w ¢ oot =4 ' Voo @ o s a
AWM Wuguswaeinauldendeiseunazndesninniiuinesdesnaifodfgnie

ana (P<0.05)

v @
N

9 3 s '3 = & 1 ) == A A = J
duleviniugnosduazuruneieglunqudnlefililoFuaimTodsuy Taviiloves

o aa

o o o = [ o 1 A w o
WUTLUYUIADIUAT +a* (ﬁum)mnmwwugﬂmﬁ@mmuﬂmﬂmmmn (P<0.05) Taomwiz

o

¥ 3 '
AR 24 WAFB (Figure 4.5C) @oandednuwaivesditioduTen ldsinnisdananyii

w o ot - = v W & = U o 3 3 d”d =
dulougusasilifioduaudunimiugnesdediadanu (Figure 4.6) Waildsuyiazfuag
::3' 9 = @ Ao a oA =1 ¢ A =1 d o, o A = 3
TuieduTainavinssainghiddyde ualsfivosd Faualsnuevadiaynwumningalu
duTouazinsign’ldun lalafiu (ycopene) 30903370 uAMATIAN (B-carotene) 210
msanumuh as lalafuludSunainnnaswaima Isfuse 1-6 1997 (Table 2.10 uaz

2.11) (Fanciullino et al., 2006; Xu et al., 2006)

45



(A)

B0 |
| ns
ns
a
60 ‘ 5 . ; a
@ | b b b b
S 40 |
= |
20 |
D |" i T i T L 1
8 12 16 20 24 28 32
Weeks after full bloom
W Thong dee [ Chandler |
0 - . | e ks ¢ plop : - -
I
i 4 3 2
5 4
L] 1
3 !
= b
- |
o |
-10 - b
! 4 5
ns
|
i b "
ns 13 (B}
-15 ns
| B Thong dee (I Chandler
80
E ©
a
60 ’
E a ns 4 b b
S 40 b a
. ns b b
Ea]
0 r T =y 3 T 1 e 1
8 12 16 20 24 28 32

Weeks after full bloom
B Thong dee O Chandler
Figure 4.4: The L* (A), a* (B) and b* (C) values of pummelo peels cvs. “Thong Dee” and
“Chandler” during 8-32 WAFB
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Figure 4.5: The L* (A), a* (B) and b* (C) values of pummelo fleshes cvs. “Thong Dee” and
“Chandler” during 8-32 WAFB
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Figure 4.6: Growth and
development pummelos cvs.
“Thong Dee” and “Chandler”
during 8-32 WAFB, 8 WAFB
(A,Al), 12 WAFB (B,B1),

16 WAFB (C,Cl1), 20 WAFB
(D,D1), 24 WAFB (E,El),

28 WAFB (F,F1), 32 WAFB

Huymesd ¥ B WuyrrRinn
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4.1.1.5 YSananinnu %)
v a o = s A V) = n’:j ' ]
duloWuinosauazuswaos ot gszozauuSYs AR 24 WAFB WUl
= < < 4 & o v 2 - A "
Usinmiiu (%) mindumudwudewolsusniigelu 32 WAFB i 38% uaz 42%
o o " T =] = :’ 3 ¥ :3 [ 4 B 4 o &
ﬂ1na1ﬁU(F@um‘¢7)6U1$hﬂﬁ1mﬂsu1mu1ﬂu(%oqﬁnawTaweﬁaawuqﬁuuﬂﬂm1wn¢md
- :’ 3 P ' - o ' ar A
USnanhaui Iddosniimsnaassvenarniwasiswe (2552) wu dulesiugnesdn
¥ 9 3 Ed
szuzHa 35 WAFB JuSuanhaumnds 65% Mefimsdsziivanuusyseivesduloawise
o a. :’ g @ ' ] a ey I o = : 3 o
dmua ldnnlSinaniny %) sndedragululsemadlIudidmulTinanihdudiga
vosdulonasinedinden 0% (T5omazaiy, 2548) a1 lsAny faluiinsilszgndls
= g} c:: Y sictyw a 3 = :: o
Pwanhay () WudwsiiFiannuuiyseivesdulevestlszime Ine Snnarinazwann
_— o A qw 2 s = P - i o A
FBmsaanaraneldiunaslumsiannuuiysatunisiinianaassdivaleg asuie

BUfUNANITNATDY

60 ns

50
ns ns

% Juice
(A
(=]
Lo

24 8 32
Wiaeks after full bloom
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4.1.2 auiAman
4.1.2.1 e wdanaruanazaienin 14 (Total Soluble Solids ; TSS) Usmansanlaasn
‘191 (Titratable Acidity; TA) Hazdn31834 TSS:TA
o = v T al Pkl R
msulasuntlaalTim Tss vosduToRugnesduazusuassmulwionaingsoy

= o

15159 (28 WAFB) 8.0% U 8.4% aud1ay (Figure 4.8A) Tauiiallesdsznaundnves

a

b g g 2 .
widuluisasznaduilutieia 75-85% (Ladaniya, 2008) @andadius81u@1INIaL

) L4

4 w 1 a o L oy
Bawey (2551) towadu ToWugnesddigszoynuusysel (30-35 WAFB) 1/3u1a TSS Tifn
' < ° i ' o as a
8%-8.7% otnal3An1u msdmuanasgiudulofonsdeesnvesdinauuiasgudu
NEATLAaEe 1M1 (Mne%.) 1 2550 Mnuadiuim 1SS vesduTensTiSuaieohige 8%
¥ Vv
@ANINOUINATTIUTUANNBAIIAZDINIT, 2550) AU NHAMINARBITNaE luTBNUNBY
Y dy; [V ~1 1Y @ o o =Y 1 = =1 ¥ e =
winfF i udidy Tedusnesdnlgnlu edvwnu w.@ee51e Dnunimludmauianani
ar ] 1 = = P 3 ' v
A laudunasgiuves wnes.) uaseislsanu s 18 Mmszd Imiulidwinn
= 3 v P a a ' vy o & 9 =
wasgriisuantes naashidulolsamannuaeudaves daiu dulofilgnlu
=y 1 = Y ar o 9/ a9 £
8.3gaunu 190725 1T unswaaz S ulgsnusaiidule Tasnmizn 1 uY0dY
¥
To (UFu1@ TSS) 191 MITANITLUVHILALTINDING
o ar = 9} ) 9 ua/’ dy 9 a o A (& _ "
dmsvilsua TA TuduTeanasenad 9 Wil dulesiugnesdiilsinm TA vnn
w o A . A m
Wiufusuians ilonaniy 28 uaz 32 WAFB (Figure 4.8B) 137 citric ilunsanwuinnigalu
@ = . = =
Wyasznady Taewa lwamnsWvgnnulsmansa citic 1.0-2.0 g/100m!t AAu 82-96% V09
a n:v’ " = V. i) gl o el 1w o o
USuiansatianua (Baldwin, 1993) 91n1f511a TA Tuduleviugresanuinnimiugusunes

o a 1 ar = 1w o o a P
MmldendIu TSS:TA Wufnosatesniiuiuyaes laolSuin TSS:TA Nioigwa 28

@ o o a1 W o o 5
WAFB ’luwuﬁ‘u%umasunzﬂaqmmﬂu 12:1 uaz 9:1 @1y (Figure 4.8C)
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: 5 : a da : =Y CE=Y
4.1.2.2 Smnanihmanarun MmaneusAIwme taz1inasaIrsa
a = :’ 3 n;y osHa o = :’ P o a 9
mslasuulasdsuianimansvun YIaaueusAITAL HaLIfIaIAIETI TUTY
21 [ = :’ 3 : =t a o= P ¥ ] [ 4
Tofo1y 24-32 WAFB WU 5uanivmaninuatazihaauous asdanuiue1saoiio
v =Y a 1 3’ = ¢ a 4
(Figure 4.9A and C) ITWIABIAUS 10914049 Ladaniya (2008) 5109707111918 U 0USAIHANAY
A LT a ¢ & k4 [ = & A d%} i =
oG Izoz 13y el AaneanaeInulIuim TSS Minau (Figure 4.84) Tasmsulasuuias
3’ ' = o ' 1 = = :’ =1 4
malusznimswsaau TndmIng 75%-85% we915um 1SS Hiaailluesasznen
) 9 :j o da :’ = o= = :; oj: o dy -
FalsznovlA101iw1a3A19F e sihmaueus AddFaazls anihmanamusiuiuiiona
1 = 'd
g 5rezANLTY 0 (Baldwin, 1993)
dy U ar Ll = I’ | :’ 3 3
msnanosiinyd duTewuinosduazuswaeillsuanihmanmuanaziimia
e da 1o 1 ar . 9/ =y :’ o o' Iy 4 Py
UBUTAIYEI 1UUANAIAY (Figure 4.9A and C) saiuiSuianinaiagluiugnesd
[ .4 L4 . : a  da T i uy aa o
MNNTAUGUBUADS (P<0.05) (Figure 4.9B) lagrhaiaususarsdaliaiminniniiniaiady
a8 v = g’ 3 £ 3 ) o Y :, “a o
3909 4-5 1 USwsnhmananualudu Teviaaeanug ~6% 1sznoudiniinaueuiaigs
3 RO ] & y = > Ha
~5% UAIAIATAITHI ~1% (Figure 4.9B and C) Fauanaaa1ntsuaniiaalwnawvgnng

= 3’ S a oo :’ aa da
ﬂiﬂ?ﬂ!ﬂ']ﬂ"lﬁ“}éjﬂﬂ (UBUIAIFYI) 2-3% LHBZHININTAIYY 2-5% (Baldwin, 1993)
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“Thong Dee” and “Chandler” during 24 — 32 WAFB
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4.1.2.3 Bnadmiug
USmadmiudluduleanasedrdailondonadrgizozanuuiysal (24-32
WAFB) 910 ~46 mg/100 ml 1l ~33 mg/100 ml (Figure 4.10) ADANABINUITIBIIUVDAATIN
LAz TNy (2552) wuﬁwﬁﬂaﬁuﬁwmﬁﬁmqwa 30-35 WAFB J1UTuiadsiudaoandsin 50
mg/100ml 131 40 mg/100ml Tﬂﬁl"ﬁmﬁu%maaﬁcﬁm:Qaé’f’uaﬂmnﬁawm%fgjﬁzﬂw?gstﬁ(Lee
and Kader, 2000) Taeii3'ld duTefivSuadmiudgs (60 mg100g) wazduSunannnnd

insHvgMAe 2 111 (USDA Nutrient database, 2010; N9 1n%141n15, 2544)
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Figure 4.10: Vitamin C content of pummelos cvs. “Thong Dee” and “Chandler” during 24— 32

WAFB
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Table 4.1 yaasauMITARooFuAY Mduse @nimssinua ) wazmdnlseant
ANTUNUT (1) s minRauazautianenenin ldus frmﬁmﬁfa IEUTBUNNA LAY
ﬂ%’mmffwgu(%)wuiwﬂymﬂ’ﬂwaﬁu1{mﬁ'ﬂ1§aﬁmmﬁuﬁuﬁﬁumn*?‘ifﬁl (r=0.9304) 5998911
18ur 1 8us0179HA (=0.8606) 1A % 1M (=0.5774) muddy Faluilogiiu inumsns 14

) Y1 c{ 1 ot 3 " [
SmuassnsAwnemaznsulunsaduTod1895013 2 vuuldun msdtannueveudy

Qg s a

A - Lo 2 e a .,,
soulama (17) FuduisiteulFuiniga uaznissuiminea (ATandy) uaznin

¥ 3

¥ F
=t =1 @ o o o as v o w o
Lﬂ?UULWﬂUﬂ’)'I‘}JﬁMWUﬁizﬂTN!.ﬁu‘Ja‘U’NWﬁuﬁgu'lﬂHﬂ!ﬁ@ (r=0.8905) WU HANUTUNWUT
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b v 1 ¥
Youninhmiineanuiiiniinge (r=0.9304) (Table 4.1-4.2) 1InWaNIsNAasILaad LI
o = s ) o ar = y 1 ar @ n’)’
nsvanadu ledlanuduiussuilSuiouidoduTaunniinis Januernduseuis saiuluy
Af Y g Vaa @ 3 a 9/ A :Vﬁ @ A < = [l
ieaaumslszgna l9asnisyalminuadu Tosvons Indludesiimsfuinouaznisuys

' ¥
a ] = ] i =1 =
wsadu lervelinnuiudenoninndims 1¥aue 1w AdUToVIT UBNIINIHIANIS U
s v o 1 :’ ar = ar ] = a w
ANUTUAUTTEHINIH T INataz1TuIe TSS 1azdns aIu TSS:TA WUTIHAMUTNNUT
Pl o w =3 ¥ ;u ar
WINNAT r=0.8444 1AL 1=0.8657 MUAIN (Table 4.3) uaas liuIniminnadu lodonnans
El) o
AusananNunIanlseunn minluewnaaziimsihdoyasinnisnaasaii lwauauise
s v Y
A23920N1TNABBITUND AT ILHANNTUR U A IUTUNANITNAADY SIUNI01292 015
WAIUIIBA1IASIIToUAINLA-BOUUBIA L oA 2835015 111810 (non  destructive method)
& ar as ar 3 1oy
UIaNAUIITMITARvLIaNady leas 1 lusuias

o

:: -::y =Y W a 4 v ' 1 1] o =Y c:‘”v
el minlsziunnuduius sz IeegRanaz a1 TSS wumidulszansduius

. R

L= o o y o =
voadu Towugnesdnazuraiing r=0.9663 (ag 0.8572 MuAIF uaziiamnualIuna

1w ] w o d o = < Y .4 = ar
TSS 17U 8% wud dulewuguamaes nuined ldisiniuinesfyszum 2 dlawd

(Table 4.4)

Table 4.1: Regression equations and coefficient of correlation between fruit weight and physical

properties in pummelos cvs. “Thong Dee” and “Chandler” during 24-32 WAFB

Physical properties Regression equation Coefficient of correlation (r) T

Flesh- weight y=0.0103x — 3.2053 0.9304 0.8657
Fruit circumference y=0.0022x + 4.9096 0.8606 0.7407
% juice y=0.0196x — 4.6668 0.5774 0.3334

Table 4.2: Regression equations and coefficient of correlation between circumference and flesh

weight in pummelos cvs. “Thong Dee” and “Chandler” during 24-32 WAFB

Fruit circumference Regression equation Coefficient of correlation (r) r

Flesh weight y=17.010x —3.4183 0.8905 0.7930
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Table 4.3: Regression equations and coefficient of correlation between fruit weight and chemical

properties in pummelos cvs. “Thong Dee” and “Chandler” during 24-32 WAFB

Chemical properties Regression equation Coefficient of correlation (r) T
TSS y=0.1x -+ 4.2285 0.9189 0.8444
TSS:TA y=0.0103x — 3.2053 0.9304 0.8657

Table 4.4: Regression equations and coefficient of correlation between fruit age and TSS in

pummelos cvs. “Thong Dee” and “Chandler” during 24-32 WAFB

Cultivar Regression equation Coefficient of correlation (r) Fruit age
Thong Dee y=0.1391x+3.9369 0.9663 29 WAFB
Chandler y=0.128x+4.4694 0.8572 27 WAFB
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AWVl

4.2.1 audavesarsaluesdinnsgiu
sinmsSnssiasuinsgurarlueossmon 7 siialunfusn 16us rtin
trihydrate (RUT), naringin (naringenine-7-rhamnosidoglucoside, NAR), hesperidin (hesperetin-7-
rutinoside, HES), neohesperidin (hesperitin 7-neohesperidoside, NEH), quercetin dihydrate (3, 5,
7,3, 4 -pentahydroxyflavone dihydrate, QUE), apigenin (5, 7, 4'-trihydroxyflavone, APG),
kaempferol (3, 5, 7, 4 -tetrahydroxyflavone, KAP) 18 In5u1 Iaunsuaadmssnns giuduans
Tu Figure 4.11 uas 1835 15¥a1501A3 3 NN naringenin (NGN) 4 Figure 4.12 4i)
A1 retention time UAYAIMIAANTULTIVOINATTIUBEAAINY (Table 4.5) uazaInasuves

AIINATTIULA DS FUA (Figure 4.13)
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Figure 4.11: HPLC chromatogram of seven flavonoid standards
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Table 4.5: Retention time and Amax of eight flavonoid standards
Peak Flavonoid standards RT Amax
(min) (nm)
1 RUT (rutin) 29.05 255.4 3554
2 NAR (naringin) 32.63 233.0 2827 3279
3 HES (hesperidin) 33.48 233.0 2839 3279
4 NEH (neohesperidin) 34,70 233.0 283.9
5 QUE (quercetin) 42.17 2543 368.3
6 NGN (naringenin) 46.37 237.7 296.9
7 APG (apigenin) 46.82 236.6 266.1  341.1
8 KAP (kaempferol) 46.92 264.9 367.1
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Figure 4.13: Spectrum of eight flavonoid standards by UV-visible scanning
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Figure 4.14 uaaslasmnlaunsuuazanlinasuvesdiedisduleviugnosauny
W@ INTENINMsI Ay e 28 WAFB oifioufisua retention time iazilsnasy
PDITITUIATIIU 8 wiialaun RUT (rutin), NAR (naringin), HES (hesperidin), NEH
(neohesperidin), QUE (quercetin), APG (apigenin), KAP (kaempferol) t1iz NGN (naringenin)

9 o = o 9 = as =

wulnsui Taunsuvesdu lougnasduazuruaeslszneumueiiandn o 7 #n laomme

s ar a |a — 3 w . .
wurarTauesamausanaziilsuiuninfigaludulovisaosiug Ao NAR  (naringin)
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APANADINUTITUIATTIUNLA retention time, Amax (Table 4.4) uazailsnasy (Figure 4.13)
uaz TAHMBUIREINUTI0IUABUNTNTWYIIA1 Amax Y813 naringin MU 281, 328 nm
. v ' < ] ¢ a ,
(Sakakibara et al, 2003)usoo1alsnay Tunwvarswailiuesdaiia RUT (rutin), HES
(hesperidin), NEH (neohesperidin), QUE (quercetin), APG (apigenin) KAP (kaempferol) tiag
NGN (naringenin) @0AAADINUIIOIUUBINAAALAME (2548) 1 1UNWVAT hesperidin 1Ay

neohesperidin TuduTowy iﬂ@x‘?ﬁ
o a a ' 9 o A o a BT 4 S ' AW
divsuludlretedulovaodn 6  Wanuuiandluamisouaslainiu

o

3§ 18aia1la (unknown) Sauanely Table 4.6 51891UF8e131/52NOURMN retention time 1AL
% area Y09dN laWngNesALazuyUIADS 24-32 WAFB ad13 lsAnuduTougnesanuiia
13 unknown MAnAINRLELAIEeS Taswudts UN3 (RT 23.2) Tusfuinesfuanums
UN2.1 RT 23.1) Tusiuguaniaes uaswua1s unknown Rmflousul8una1s UNT (RT 19.1),
UN4 (RT 25.1), UNS (RT 33.5), UN6 (RT 36.5), UN7 (RT 52.8) Ta01/51104e15 naringin iny
winfigalusiuinesdunzuruned Aadlu 50-58% uaz 28-36% auddy seaan 18ud UNI
Anuth 11-14% nag 24% aud iy

MINHANSNARBAT ﬁﬂﬁ’mm’iﬂuﬁuiaﬁﬂ@,ﬂiuﬂﬁxmﬁ%afuﬁfmf‘h Sudu lu
nqurlaTaueodi Wimnsoszyriialdgaivithaulelumsinuds llluewian sinka
manaaesdsnaanasiudylevesszmaldn unasszmaiu TaoiiduTevesldnTu
ﬁ'uﬁ: “Wendo” 1a1g “Peiyou” WUT 13 naringin, hesperidin, rutin, quercetin, neohesperidin 110

1 oA e . =
kaempferol (Wang et al., 2007) mmﬂmﬁ’uiamawuwu@ “Miyou” KR “Sijiyou” NWUNT

naringin, hesperidin, neohesperidin (Xu et al., 2008)

61



T
0804 Naringin standard (A) 2 i -
| 4 |
Ia] ‘
" 4
060 ! ‘
2 g40] 3
0.20-
000 b
. . e i e e TS
000 1000 2000 .00 40,00 50,00 6000 7000
Mindes
Thong Dee (B)
060
@ |
o & . z
'2 ~ D w0 = i
] — o= - o
ro—_ M | ~ jl
Noaw C @ & ) 3kre
o~ ' T
0204 — T HyT— e Y
: o s [ \
4 5 % % ‘ = .
| \ g "
Q_gg____\u..\_____l_.__w_ﬁ._._..-_{!(}r .,\.CJ;K:,LL_W --;., s i -.;.«,_F.\ -
000 100 2000 2000 4000 50.00 £0.00 7000
Mindes
025
1 Chandler (C) =
- m M~
1 - I~
020+ o
1 — (3¢
] \ ~ =t
- ' M~
0154 e - i z
2 = = m ' ™
070 > o g
(B 3 o
| o i i
0051 l "
1 ] g
0004t __‘L,Mm__“”u,____,,.\_,n,4_\J A ,?V CA—“":BWA"_m’-w“_" b sl ||
e e —
000 1000 2000 5000 60.00 70.00

Figure 4.14: HPLC Chormatogram of naringin standard (A), pummelos cvs. “Thong Dee” (B)

and “Chandler” (C) at 28 weeks after full bloom
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Table 4.6: The % area of flavonoids in pummelos cvx. “Thong Dee” and *“Chandler” during 24-

32 WAFB

%Area/RT (min)

Cultivar WAFB
UNI/19.1 UN2.1/23.1 UN3/232 UN3/25.1 NAR/32.5 UN5/33.5 UN6/36.5 UN7/52.8

Thong Dee 24 11.11 nd 3.54 3.22 58.61 10.37 7.31 5.83
28 9835 nd 3.66 5.43 56.82 6.78 12.21 3:15
32 14.32 nd 4.65 4.48 50.10 11.26 1032  4.88
Chandler 24 23.60 14.45 nd 4.17 36.07 10.03 9.3 2.55
28 24.20 15.84 nd 4.40 31.77 927 11.31 3.20
32 24.00 1529 nd 5.16 28.02 8.25 1550 3.77

UN, unidentified

nd, not detectable, S/N<3

4.2.3 U3 TSS §m51a91 TSS:TA 1aza13 naringin
Y < i A £ = dy a [ I
110 Table 4.7 uaaslvimiud ienadyToiowguindulSuia TSS uazdnsidiu
3 & = 3 w o v n’: 1 =
TSS:TA 1nvu FeFuia 1SS vesdulovtaeaiuguinndl 8% Asnaduleiioly 24
WAFB Tunaasenudinliuines narngin  ndvosauionadigszozanuusysed Ty
duloWuqnodinolgwa 24 WAFB 11151101815 niringin 910719 (72.89 mg/100g  FW)
= { @ S
59909317191gHa 28 WAFB  uaztlouigaluWusuruines neigwa 28 1Az 32 WAFB (17
A A a o o 9 ' 3 w o =S
mg/100g FW) (P<0.05) tiodmsizimmiziavowugdulonun dulewugned 37-72
et e 1w d o
mg/100g FW) 311/5u18115 naringin WINNNWUFUYUIADT (17-25 mg/100g FW) (p<0.05)
a @ ' = ' ar o g o ]
YSuma1sdanannnudennsisnuveIdantazany (2548) lamnsiiudiedisvesdu
v = o o A ow a 4 "W Yo ] =
TowugnesasunounsFors Taudauasdyy aluladmuaetgnadulonvlSurmms

. ) ' 9/ o o o 1 2 i
naringin 26.10 mg/100g FW daudylovuguyiass wlszmaanlunulSuiaas naringin

a
3/

(56.9 mg/100g FW) (Ortuno et al., 1995) #afitla 1ifin331091356e13 naringin YOI UFUBY
weslulszmalng

LenINil {h]%’uwaamgwaﬁ’miaﬁnWﬂﬁuﬁwadaﬂ%‘mmms naringin  0AAIDE193)
Ui Ay (P<0.05) (Table 4.7) doAndBeiUMsANYIUTUINET naringin vBunTHTNAUE
“Star Ruby” WU 1U520zRa09Y (12,102 mg/100g FW) UUSuaasuinniszognann (2,195

mg/100 g FW) ©19 6 1111 (Ortuno ct al., 1995) uidoafunsvWgniug “Huyou” AnpilSuna
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= 4 1 ] =1 4 J 3
713 naringin WINAGAHONADOU (849.01 mg/100g FW) iaranadod19s a5 ulonaunuIniu

o

(62.43 mg/100g FW) (Xu et al, 2009) §M5UMsANEIYTVIMAT naringin TUdFuToOWUT

a

o " ' = 1 v ar
HFUIADT IUsToZHAAWL I USuimeas naringin ﬁﬂﬁ\'l!ﬁﬂll 3N UFUNU (Ortuno et al., 1995)
k2

¥
a a SHa a " ar 1 ) 3 i o
anneiladvvesiuiuarergnadulolaniwasmAumAeUSuIMa1T naringin (P<0.05) Atiu

Fd ¥
" = Y] Y ars a o o
uaaeISuIwETs naringin - Ausgiuiailitevssiuiuazergna (wvsysel) ves

U

#uTe (Table 4.7)

Table 4.7: The %TSS, TSS:TA ratio and naringin contents of pummelos cv. “Thong Dee” and

“Chandler” during 24-32 WAFB

Cultivar Maturity TSS (%) TSS:TA Naringin (mg/100 gFW)
(WAFB)

Thong Dee 24 9.85+0.09" 8.80+0.13° 72.89+6.51"
28 9.80+0.18° 10.53+0.32" 51.64+4.15"
32 9.35+0.05™ 13.18+0.51° 37.7542.17°

Chandler 24 9.05+0.05° 12.10+0.65™ 25.11+3.30°"
28 9.50+0.17" 16.48+1.15° 17.03+2.29"
32 9.25+0.09" 16.89+1.24° 17.33+2.18"

Significance

Cultivar (C) * ' *

Maturity (M) L i *

CxM i ns *

Different letters in the same column for DMRT test indicate significant differences (p<0.05)

Mean + SE obtain from analysis of four replicates

y:,‘ @ ' a o = 3 = " w =

nnwanisnaassiiiu lddanundyTewnjusuaesiiiofuaunnn iy inesd

. 4 o P " W ] ] ' Yy @

(Figure 4.15) Gavnanyazdiiioiuanaanuvesdy Tonsamnsnvgneves hiceandesiy
¥ v

US1194813 naringin 813%ALIY AI0E1UTU INANHUL TUDNATNAINY Peterson et al. (2006)
4 o e . "

51091 sy naeWu A vuyiaziadllsuiaans naringin  (13.87 mg aglycone/100g

Fw) tiosndunsilgndunuiisudniios (16.90 mg aglycone/100g FW) ueig1elsAain a1sh
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Q é 1 o 3 L] é’ I as -
Wianavulunansddgnsaiuwa ldnduasrduduleiuli1ddusgduSuaas
naringin 1We9081Ae7 G35 wded1slunqy limonin HafisAMAVULINNI naringin A8

(Hasegawa et al., 1986)

Thong Dee

Chandler

24 WAFB 28 WAFB 32 WAFB

Figure 4.15: The growth and development of pummelos cvs. “Thong Dee” and “Chandler”

during 24-32 WAFB

4.2.4 PBwadimiiug msdszneufusdnnansauazaislalniiy

by

¥
L

duTon lufilSinain1iiug 30-43 mg/100g FW (Gardner, 2000) 91nn15NAa0IAS i

9

wuiluszezuiysolduTonuinesd (<44 mg100 m)  TuFnadmiuFuinniiug
uswaes (~32 mg/100 mi) deandosfumsnanssil 1 wuiSadarivivesdulewus
N83A (46 me/100 mi) WnnIniuFurUnesiAnites 44 mg100 m) uazidonadhgszey
n?ysafﬂ?mm?mﬁu%"!m’r’uTeﬁmmﬁ’uﬁ:ﬁmqwa 24-32 WAFB liiuana1afiu (P>0.05)
(Table 4.8)

’(’h'H?ﬂﬂ?uﬁ!ﬁﬂﬂﬁﬂ?fﬂﬁNﬂﬂluﬁ"niﬂﬁ’ufﬂmﬁ (~75 mg/100 gFW) nand1luug
UUIATIFUNY (54-62 mg/100 gFW) (Table 4.8) asafudmufumsAny Xu et al. (2008)
wwh duTewus “Miyow” filSinailueanimue 86.34 me/100 mi FunnnihduTediodun
idoniug “Sijiyou” (80.14 mg/100 ml)
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TagdSinumsiuedniiddguesduTouazinsryndaegluzie 0.3-6.9 mg100g
Fw at1alsfa asiluednanoun sm3u chlorogenic luduTauaznsWngniimlndifveiu
(Wang et al., 2007; Xu et al., 2008) Faiims3susiamsilueanluduledsidos srienin
Psnmmsiuednluna lddainaniivfinaiteunnienSsufivutuarswar Tuoos

dmsuualsiuesddrfgiinumniigaludyTouazinsvlgndo lTalafiu Gycopene)
584909070 lUAA15HY (B-carotene) (Figure 2.10) INNSANEINUI 715 1a laduludTum
#0031 arsiwaualsAuie 1-6 W1 (Fanciullino et al., 2006; Xu et al., 2006) 1INAISNAAD
finuiduTeiufusuaeiRerywa 8 MAFB fiuSunaiatslalafluanfian (1.67 mg/100 g
FW) taztioofigaluiuinosfiiietgng 24-28 WAFB (0.29-0.40 mg/100 gFW) tiagwud g

#uTsuazanuusysaitonswanelsumes lalafiu (P<0.05) (Table 4.8)

Table 4.8: The vitamin C, total phenolics, and lycopene content of pummelos cvs. “Thong Dee”

and “Chandler” during 24-32 WAFB

Cultivar Maturity Vitamin C Total phenolics Lycopene
(WAFB) (mg/100ml) (mgGAE/100g FW) (mg/100g TW)
Thong Dee 24 45.22+1.40° 76.89+4.89° 0.29+0.06°
28 44.68+1.97" 75.59+2.96° 0.40+0.03°
32 43.26+1.03" 76.04+7.33" 0.38+0.08°
Chandler 24 32.3840.87" 54.4142.77 1.06+0.14"
28 33.5740.69° 58.8740.66" 0.85+0.22"
32 31.23+1.91° 62.50+4.09" 1.67+0.05"
Significance
Cultivar (C) X * *
Maturity (M) ns ns *
CxM ns ns o

Different letters in the same column for DMRT test indicate significant differences (P<0.05)

Mean + SE obtained from analysis of four replicates



425 qnémsﬁmaan@m%’u@f’mﬁﬁ FRAP-assay 112z DPPH-assay

@135 naringin  I91HUT arsdsznoviluednianya uazas Talafluludulof
amauiad Ay lunseengniamesniady iﬂﬂﬂﬁ“VlﬂﬂE]Qﬁﬁﬁﬂﬂﬁi’)ijf}ﬂ%%‘Il!’ﬂ@ﬂ‘%tﬁ‘ﬁﬂ
#2075 FRAP-assay a2 DPPH-assay W11 duTowugnosduasiusirumoifions 32 WAEB
flqwﬁdmis?fm?ﬁw’f( (FRAP) 601.31+15.41 110 533.05+8.93 umolAA /100 gFW a1u& 1Al tag
ﬁqﬁrﬂﬁﬁmwga%’mz (DPPH) 289.35+10.36 11a2182.30+-7.88 umolTE /100 gFW P
lafvveiugduTonazanuuiysaianinaswiudegninisduenyadass (DPPH)
(P<0.05) Tasgnin1sdiusaad (FRAP) Lﬁu?;}mﬁamqmaﬁﬂ@mﬂ?}uu doanannullSuin

5 . . = :
asilsgneuuednianuanazms la Iniuiudusuiu (Table 4.8-4.9) TasmisHueani
a1y luduTevestlszimaiuldun Chiorogenic acid, Ferulic acid, Sinapic acid, p-Coumaric
acid 118¢ Caffeic acid (Wang et al., 2007; Xu et al., 2008)

910 Table 4.10 u,f'rmfhﬁwﬁ’uﬁ’uﬁmmqmﬁmﬁ%uaggaﬁms (FRAP-assay 0%
DPPH-assay) Uaza1700nqnsdany 14uA 15 naringin Jandus assznouiiuedniianua
wagas laladu wu fmaaﬂqwfﬁ(ﬁﬁiyﬁmuﬂﬁﬂawuﬁ’nﬁufﬁuqm%fmﬁﬁ’mmgagaé‘mz
(DPPH-assay) at1ailfodfiade (P<0.01) daums lalafiudanudusiu g lufienianssiudm
ﬁaﬁiwamdauwﬁﬁﬁuﬁ’wﬁm%q wuh aslseneuiueanianuaianuduiutess
mﬂﬁ"umswmﬁauqw%fﬁmwy,aﬁﬁazé’m%% FRAP-assay 112 DPPH-assay WU21 41
—0.845 UAY r=0.904 AWAFY WUROITUIMTUFAIDanwFiiuted1nniie3s DPPH-
assay (r=0.992) 8z FRAP-assay (=0.961) (Xu et al., 2008) HONIING Lee (2001) 570914 THT
“laTﬂﬁuﬁmmﬁnﬁ'uﬁafjwmﬂﬁquﬁyﬂﬁﬁmaqyaﬁﬂsﬂuﬁyﬁ'n Red navel (Cara Cara)
(r=0.946) T T A e L naringin 1 &Y Yuzu

—_

(Citrus junos Sieb ex Tannaka) TANUTUNUT W‘Ui}‘ﬂgﬂﬁgﬁu’ﬂuy”ﬁgﬁ‘iz(ABTS'+-assay) Tu

AAMARTINUT UL 08 (r—-0.3512) (Yoo et al. .2004)
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Table 4.9: The antioxidant capacity (FRAP and DPPH assays) of pummelos cvs. “Thong Dee”

and “Chandler” during 24-32 WAFB

Cultivar Maturity FRAP DPPH
(WATFB) pmol AA /100 gFW umol TE /100 gFW
Thong Dee 24 284.74+13.90°" 300.98+9.06"
28 351.73+6.57° 236.32+14.71
32 601.31+15.41" 289.35+10.36"
Chandler 24 260.07+12.95" 224.47+2.93"
28 328.44+7.02° 204.19+12.93%
32 533.05+8.93" 182.30+7.88"

Significance
Cultivar (C)
Maturity (M)

CxM

ns

*

*

*

Different letters in the same column for DMRT test indicate significant differences (P<0.05)

Mean + SE obtained from analysis of four replicates

Table 4.10: Corrclation coefficient (r) of antioxidant capacity (FRAP and DPPH assays) and

bicactive compounds (vitamin C, total phenolics, naringin and lycopene) pummelos cvs. “Thong

Dee” and “Chandler” during 24-32 MAFB

FRAP assay = DPPH assay Vitamin C Total phenolics Naringin
DPPH assay -0.0043
Vitamin C 0.0881 0.7805%*
Total phenolics 0.1875 0.6928** 0.7288**
Naringin -0.2205 0.7423** TS 8T, 0.4686
Lycopene 0.1434 -0.7524%* -0.8415%* -0.5420%* -0.6916%*

** Correlation is significant different (P<0.01).
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mslsznouuednnanua Inidud uazms lalafiu  veaduTeva 2 Wugnoigwa 24-32

WAFB Wi anuduius lufismufeaduuaza r 1521319 0.6928 04 0.7805 (P<0.01)

=1 HP Qs s o =Y ar
paduats laTnAunianuduwus lArm19n Tty (=-0.7524)

70



1PAT15019949

nsuduasuMIAYAI. 2552, anamsignduletl 2547.

noa InruIMs sueuly. 2544 MNuAAInaA M In¥uIn15ve401m7s Ino. T3anun
BIFMINMITHIAN, AN,

V5 ASwiie. 2541, a5sInewnzma Tu Tabndimsiuioainuazeals, fuiadd 2
Tsanuviguddaasuuasdneusunrand dufnduasunazdnousy
UHIINITUABATAANT INGNIATNUNE, UATUTL. 396 U .

81729 no3duns uazniil Winaed. 2551, mafSeufeuduiannonmaaiiuazgns
msdusendiaduludu Tewuinesduaziufivuaes. Jamiey. uniinordow
W4, 76 i,

WifinG #aames. 2549. malgnduTe. unasiun: hitp:/www.cto ku.acthinewetole-
book/fruit.html. (26 WEATN 18U, 2549).

ISt faurhiunt uazarty yueiRosh, 2548, msUFiandinisifuRednuazsa 18, fuiade
it 5 Tosoansuda e, NFUNWL. 236 I,

1501 faunhuus. 2545, 190 M1 (Food Chemisiry). Te. 108, WaL@1 (e ATUNHET

thinm Tugaw. 2551 wavesilaunmafndenmniwvesdu letonnlAemiugived. dym
ety W Aneaoustiivas. 69 win.

yan somwmimn. 2541, enasinnsi 21 Goe dule. lsafiniyusuannsainsinuas
unatlszmaIng, nyamwa.

11311@ dnngiing. 2543, dudia War TauesatazInBusaiugunn. dniniunsauns s,
NTUNWI, 88 W,

w33 Aalets. 2552. BnSnavesiuireaseengnin i muazanumusalunisd
eyyadaszvosdu Tomuaoiug luszozanuuiysal. Jaymifiey. uniinodou
Hmana. 53w,

wiild veilayan. 2545, dule inaounz. dninfuwuda, nzamwa. 136 nih,

wasm] e anaud. 2545, mswSaydu Taiannvesradu Towufviniians Snyus
ddeanariugaue. InndnusdSyan In. smInndunuasmanas. 54 wih,

592 1@530NA. 2523, 1ENE15UIZNOUMSTTOUININFAIU 542. MAIWIABE .

= g a
UATINUIAUINYASTANTAT, NTIUNIWA. 180 WLT”I.

71



53 195 350@. 2542. The pummelos and grapefruits, W. 24-25. 14 tonesszneun1sHABUTY
WangAT “INemsdu: madenilaigiiugouna” 7-11 nangian 2540. Tsasuus
s ¥
MFAU. NFIANN.
daa AT 5N, maysunsend nigu tezgua SauFuns. 2548 d luiunazuiiuiy

Tuduloiuiaen. lumsidszgdnmsimnmansuazmalu Tadud sl sz ln

=

a%ai 31(ann. 31) Fuil 1820 AaA 2548, U1 Ineauma lu laggsuTs,
UATIIFAU.

ANINNUINATTIUAUAUABATUAZEIMITUHINA. 2550, WIATTIUTUAUNBATUAZDINS
ura@d dule. uw a'a‘*?;m: http://www.acfs.go.th/standard/download/std_pomelo.pdf (3
Huaw 2551).

e lsedadt nagSswasl mwnsel. 2552, mavesmsinunuluanmussomadaulasdo
aunmduTeRuiness lussuhaduinuiigumgiduiensdeoon. swauisy
atfuauysel unInodousiiivang

Ameer, B., Weintraub, R.A., Johnson, J.V., Yost, R.A., Rouseff, R.L., Rouseff, R.L. 1996.
Flavonone absorption after naringin, hrsperidin, and citrus administration. Clinical
Pharmacology & Therapeutics. 60: 34-40.

Ami€, D., DavidiviC-AmiC, D., Beslo, D. and TrianajstiC, N. 2003. Structure-Radical scavenging
activity relationships of flavonoids. Croatica Chemica Acta. 76 (1): 55-61. Hertog, M. G.
L., P. C. H. Hollman and D. P. Venema. 1992. Optimization of a quantitative HPLC
determination of potentially anticarcinogenic flavonoids in vegetables and fruits. Journal
of Agricultural and Food Chemistry. 40: 1591-1598.

Andersen., O. M. and K. R. Markham. 2006. Flavonoids. CRC Press Taylor & Francis Group,
United States of America.

AOAC. 1990. Official methods of analysis. ( 15" ed). Arlington: Association of Official analytical
Chemists.

Baldwin, E.A. 1993. Biochemistry of fruit Ripening. London: Chapman.115-126.

Bowels, B. L. and A. J. Miller. 1994, Caffeic acid activity against Clostridium botulinum spores.

Journal of Food Science. 59 (4): 905-908.

72



College of Natural and Agricultural Sciences. University of California, Riverside. 2001. Chandler
pummelo. Retrieve April 10, 2008, from http://
www.citrusvariety.ucr.edu/citrus/chandler. html Morton, J. 1987. Pummelo. In: Fruits of
warm climates. Julia F. Morton, Miami, FL. pp. 147-151.

Davies, M.J., Judd J.T., Baer, D.J., Clevidence B. A., Paul D.R., Edwards, A.J., Wiseman S.A.,
Muesing, R.A. and Chen S.C. 2003. Black tea consumption reduces total and LDL
cholesterol in mildly hypercholesterolemic adults. Journal of Nutrition 133(10): 3298s-
3302s.

Fanciullino, A. L., C. Dhuique-Mayer, F. Luro, J. Casanova, R. Morillon and P. Ollitrault. 2006.
Carotenoid diversity in cultivated citrus is highly influenced by genetic factors. Journal
of Agricultural and Food Chemistry. 54: 4397-4406.

Ferguson L. R., S. T. Zhu and R. J. Harris. 2005. Antioxidant and antigenotoxic effects of plant
cell wall hydroxycinnamic acids in cultured HT-29. Molecular Nutrition & Food
Research. 49 (6): 585-693.

Hékkinen, S. 2000. Flavonols and phenolic acids in berries and berry product. Ph.D thesis.
Kuopio university.

Hasagewa, S., Herman, Z., Orme, E. and Ou, P. 1986. Biosynthesis of limonoids in citrus: site
and translocation. Phytochemistry. 25: 2783-2785.

Jassim, S..A .A. and M. A. Naji. 2003. Novel antiviral agents: a medicinal plant perspective.
Journal of Applied Microbiology. 95 (3): 412-427.

Kikugawa, K, T. Hakamada, M. Hasunuma and T. Kurechi. 1983. Reaction of p-
hydroxycinnamic acid derivatives with nitrite and its relevance to nitrosamine formation.
Journal of Agricultural and Food Chemuistry. 1 (4): 780-785.

Kris-Etherton, P.M., Hecker, K.D., Bonanome, A., Coval, S.M., Binkoski, A.E., Hilpert, K.F.,
Griel, A.E., and Etherton, T.D. 2002. Bioactive compounds in foods: Their role in the
prevention of cardiovascular disease and cancer. American Journal of Medicine. 113: 71-
88.

Ladaniya, M.S. 2008. Citrus fruit, 1 ed., USA: Academic press, pp. 340.

AOAC. 2000. Method 923.09. Invert sugar in sugars and syrups; Lane and Eynon general

volumetric method.

73



Lee, H.S. 2001. Characterization of Carotenoids in juice of red navel orange (Cara Cara). Journal
of Agricultural and Food Chemistry0 49: 2563-2568.

Lesca, P. 1983. Protective effects of ellagic acid and other plant phenols on benzo[a]pyrene-
induced neoplasia in mice. Carcinogenesis. 4(12): 1651-3.

Mort, H., K. Kawabata, N. Yoshimi, T. Tanaka, T. Murakami, T. Okada and H. Murai. 1999.
Chemopreventive etfects of ferulic acid on oral and rice germ on large bowel
carcinogenesis. Anticancer Research. 19 (5A): 3775-8.

Morton L. W, R. A. A. Caccettah, I. B. Puddey and K. D. Croft. 2000. Chemistry and biological
effects of dietary phenolic compounds: relevance to cardiovascular disease. Clinical and
Experimental Pharmacology and Physiology. 27 (3): 152-159.

Mouly, P., Gaydou, E.M., and Auffray, A. 1998. Simultancous separation of flavanone glycosides
and polymethoxylated flavones in citrus juices using liquid chromatography. Journal of
Chromatography A. 800: 171-179.

Nogata, Y., Sakamoto, K., Shiratsuchi, H., Ishii, T., Yano, M. and Ohta, H. 2006. Flavonoid
composition of fruit tissue of Citrus species. Bioscience Biotechnelogy and
Biochemistry. 70(1): 178-192.

Ortuno, A., Garcia-Puig, D., Fuster, M.D., Pérez, M.L., Sabater, F., Porras, 1., Garcia, Lindon, A.,
Del Rio, J.A. 1995. Flavonone and nootkatone levels in different varieties of grapefruit
and pummelo. Journal of Agricultural and Food Chemistry. 43 (1): 1-5.

Paynter, N. P, H. C. Yeh, S. Voutilainen, M. I. Schmidt, G. Heiss, A. R. Folsom, F. L. Brancati,
W. H. L. Kao. 2006. Coffee and sweetened beverage consumption and the risk of type 2
diabetes mellitus. American Journal of Epidemiology. 164 (11): 1075-1084

Peterson, 1.J., Beecher, G.R., Bhagwat, S.A., Dwyer, J.T., Gebhardt, S.E., Haytowitz, D.B. and
Holden J.M. 2006. Flavanones in grapefruit, lemons and limes: A compilation and
review of the data from the analytical literature. Journal of Food Composition and
Analysis. 19: S74-580.

Pietta, P. G. 2000. Flavonoids as antioxidants. Journal of National Products. 63: 1035-1042.

Ravelo-Perez, ..M., Hernandez-Borges, J., Rodriguez-Delgado, M.A., & Borges-Miquel, T.
2008. Spectrophotometric Analysis of Lycopene in Tomatoes and Watermelons: A

Practical Class. Analytical Chemistry.13: 11-13.

74



Rice-evans, C. A., Miller, N. J. and Paganga, G.. 1995. Structure-antioxidant activity
relationships of flavonoids and phenolic acids. Free Radical Biology & Medicine. 20:
933-956.

Roldan-Gutiérrez, J. M., M. D. L. de Castro. 2007. Lycopene: The need for better methods for
characterization and determination. Trends in Analytical Chemistry. 26(2): 163-170.

Rouseff, R., Martin, S.F. and Youtsey, C.O. 1987. Quantitative survey of aarirutin, naringin,
hesperidin, and neoheperidin in Citrus. Journal of Agricultural and Food Chemistry. 35:
1027-1030.

Sakakibara, H., Honda Yoshinori, Nakagawa, S. Ashida, H. and Kanazawa, K. 2003.
Simultaneous determination of all polyphenols in vegetables, fruits, and teas. Journal of
Agricultural and Food Chemistry. 51: 571-581.

Singleton, V. L., and Rossi, J. A, Jr. 1965. Colorimetry of total phenolics with
phosphomolybdicphosphotungstic acid reagents. American Journal of Enology and
Viticulture. 16: 144-158.

Sizer F. and E. Whitney. 2008. Nutrition: Concepts and Controversies. 11" edition. Thompson
Wadsworth. Belmont, CA.

Sotillo, D. R. de, M. Hadley and C. Wolf-Hall. 1998. Potato peel extract a nonmutagenic
antioxidant with potential antimicrobial activity. Journal of Food Science .63 (5): 907-
910.

Tripoli, E., Guardia, M. L., Giammanco, S., Majo, D.D. and Giammanco, M. 2007. Citrus
flavonoids: Molecular structure, biological activity and nutritional properties: A review.
Food Chemistry. 104: 466-479.

Tsai, H.L., Chang S.K.C. and Chang, S-J. 2007. Antioxidant content and free radical scavenging
ability of fresh Red pummelo [Citrus grandis (L.) Osbeck] juice and freeze-dried
products. Journal of Agricultural and Food Chemistry. 55: 2867-2872.

USDA Nutrient database. 2010. Grapefruit juice (Pink, Raw). Pummelo. [online] Available from
http://www.nal.usda.gov/fnic/foodcomp/cgi-bin/list nut edit.pl. (accessed on 27/9/2010)

USDA Nutrient database. 2010. Grapefruit juice (White, Raw). Pummelo. [online] Available
from http://www.nal.usda.gov/fnic/foodcomp/cgi-bin/list_nut_edit.pl. (accessed on

27/9/2010)

75



USDA Nutrient database. 2010. Pummelo (Raw). Pummelo. [online] Available from
http://www.nal.usda.gov/fnic/foodcomp/cgi-bin/list_nut_edit.pl. (accessed on 27/9/2010)

Vermerris, W. and Niicholson, R.. 2006. Phenolic compound biochemistry. Springer,
Netherlands.

Wang, Y-C., Chuang, Y-C. and Ku, Y-H. 2007. Quantitaion of bioactive compounds in Citrus
fruits cultivated in Taiwan. Food Chemuistry. 102: 1163-1171.

Weerasak, S. 2005. Caroteniods: Structures and Potential Mechanism in Biological Functions.
Srinakharinwirot Journal of Pharmaceutical Sciences. 10 (1): 58-66.

Xu, G, Liu, D, Chen, J. Ye, X. and Shi, J. 2009. Composition of major flavonone glycosides and
antioxidant capacity of three citrus varieties. Journal of Food Biochemistry. 33: 453-469.

Xu, G, Liu, D, Chen, J. Ye, X. and Shi, J. 2009. Composition of major flavonone glycosides and
antioxidant capacity of three citrus varieties. Journal of Food Biochemistry. 33: 453-469.

Xu, G., Liu, D, Chen, J. Ye, X., Ma, Y. and Shi, J. 2008. Juice components and antioxidant
capacity of citrus varieties cultivated in China. Food Chemistry. 106: 545-551.

Xu, J., N. Tao, Q. Liu and X. Deng. 2006. Presence of diverse ratio of lycopene/B-carotene in five
pink or red. Scientia Horticulturae. 108: 181-184.

Yen, G. C., and Duh, P. D. 1994. Scavenging effect of methanolic extracts of peanut hulls on
free-radical and active oxygen species. Journal of Agricultural and Food Chemistry. 42 :
629-632.

Yen, G. H., and Chen, H. Y. 1995. Antioxidant activity of various tea extracts in relation to their
antimutagenicity. Journal of Agricultural and Food Chemistry. 43: 27-32.

Yoo, K.M., Lee, K.M_, Park, J.B., Lee, H.J., & Hwang, I.K. 2004. Variation in major antioxidants
and total antioxidants activity of Yusu (Citrus junos Sieb ex Tanaka) during nutrition and
between cultivars. Journal of Agricultural Food Chemistry. 52: 5907-5913.

Yu, J.,, Wang, L., Walzem, R.L., Miller, E.G., Pike, L.M., and Patil, B.S. 2005. Antioxidant
activity of citrus limonoids, flavonoids, and coumarins. Jounal of Agricultural and Food

Chemistry. 53: 2009-2014.

76






Agricuitural Sei 4 4CGI3} (Suppil: 396-398 {20049) 4. andl nw, 043} (i) 106-359 (2552]

auuanImamw-iairasdulawuinasduasiugunuiaasluszndnumsiasydula
Physico-chemical Properties of Pummelos cv. Thong Dee and Chandler during Growth and Development

g B S S ot .5
nTid ANnEaA wazieann Tiead

Pawinee Pilukwong and Saowapa Chawong'

Absiract
itz growih and cevelopment of pummeles ov. “Thong Dee™ and "Chandler” dunng 2-8% months (8-32
weeks after ol blocm) were evaluated and compared by physico-chemical properies. The physical provertes

were st weghl, flesh weight, peel weighl, fnnt circumference, diameter of fruits and flesh, mean geomeincal

diameter, frult heighl. oesal thickness. a° value of flesh calor, L' and 3 waluss of pael color. In addition, tha

chemical pre s were otal soluble solids (TSS) teatable scididy (TA), and T85:TA ratio. toml suger, raducing
and nen-reducing sugars. The resuils showed that pummeio ov. "Chandier” had physical properties higher than
“Thong Dee”. especially fruil weight. flesh weight. and a* value of ilesh during 20-32 weeks atter full Bloom In
actdition. 188 1A contants of "Chandler” aulivar (14.71 ware higher thar "Thong Des” culbvar {117} al 32 weeks
atizr full bicom. Orn the centrary. TA and non-reducing contents of "Thong Des” cullivar was significanty higher
than Chancler colvar at maturity stage. Therefors, nummela oy, “Chandier” barvast is aarter than “Thang Des’
aboil 2 weeks as pummeio maturily index is indicated by 8% of TSS content.

Keywords: pummeln. ohysico-chemical properties, maturity

as b
unAntD
resAnut ke dSpufsusuEremen wuavmm,mﬁmLé*m.mmm,m.,“;e'un.wm aailuizag

!
N T _ma

T 4 - X
W@nAuin 2.8 Weu 8-02 Flavdudwmenum SagudBnantunwlded dimdnns dminda o

¥
5 v tl =) . 3
H SIFELIL il'hﬂ-(‘,:!;‘zi:* OETMHALEILE A mean gez‘;rrmzz’;:al thamaier B2 141::\31"1} ~SHA f"""}*‘ﬁ“'“?‘sl.;ﬁ':‘} {1
e d " ad 3 o 4 a4 3 o
wardn L BT estdAen Aufuaudiwrasd 1 U3u ‘nwmmwmwmnm (Tt-ial solubis 18

Fimamn s (Nbatable aodity; TA) uazdndauzendte 18814 Wun aaianene Uionnia
Em"awu‘: pacvRrasenuT dulsfudusumadaniRnan s s wséu?m«unm #la !’EWTi"nzlz"-‘i inu

¥

TS é?) LATAT &° 'av,zﬁ'iu"*‘.a*"'se 20-32  Fdmpindamanunu wanan T‘,J’."‘I‘AFWH‘!A meflilFunn T8S.TA (a7

winad v edd (11,7 Fesog 32 ddenindisanaanyn lun mmmﬁwwmmmmw viudva T TA ues
— oo 4 = S T,
Winnsieaueriacsinnnd iy sununafillanavindrzuzewutymnl 4 E mﬂnwuwnn“a‘_p” Ifzedy T8¢

wary 8% wudn dulsviufunaaedftunsniuindlddinndiudrasitsmnm 2 ddend

Mdra: dute andFrenuninaail arautyaed

At
darsihasWwingisrasnefddnonmlinsdwmen sandeyantsdinandniold 2555 ;ga. EATED

AuTefimaln 100 A1uL09 (wew customs.go.th/Statistic: StadsticIndex2551 jsp! grufududdulavidanuinyes

admng Wik Wudvefusrhudusiasd mwuuu maasfithatudi FlAanmsusurzrioiud Samese Pick Jady

ook oy

wHRR X n Uiz B e niug Siamese Sweet Vsu;wrum@?;.m n'num‘mémrz UL R

rside (Hadgson 19671 808

- e

IS &LU"h;!«ﬂ,h‘m“;.ﬂ‘i‘léig'ﬂ'l"’u“mldkJ‘* 0y N

T szpensutvassilun ey adden senrns

ﬁ'?ﬂmug?_?uuz

i P

- G ‘ X
TUIRTWIRMRE AT L;"T‘fn.ﬁ‘-é ﬂ*“'l‘ii%??b.ﬂ_hﬂﬁxiﬁ’: WRTHNT 32’%%7%;!;@5&5?@ WAz '?Z'i_‘»?T‘;!%UﬁUﬁi‘-&'ﬁ‘ﬁﬁNﬂiﬁl;f:‘ﬂ:

a8 X - e < - -~ ,on 7 =

“r'?L"“;‘ili'ﬁJ,if'?i,:-s‘.’fz foaiml zaas) et lidenGlitdilinsfneirnstoRuineesduloiud s halsriralry
B v ] .

FnvirnzdaanduiniulfdszanTymn i!‘ Wasdules ﬁ‘,mﬁ‘w’mié”m'hsﬂm‘.ﬁtﬁ’."i&l?‘a%f\'!?i'?éﬁﬁ'}ﬁ&‘ﬂédi:ﬁ.’ﬂﬁ

SRR DN R ATLAL % i+ Rt B 3 "‘.i’ﬁ‘.\.'li}F&Il’.‘\??ii'.-""}lﬁa’ WD

suitara Produres and Peciaygng, Schos of Agro-ingusis, g Ra Tharand 7100

aragemenl of Ag

1) altar % A TGy L

78



N o e . - 1 =
05 4 aULs 3 (M) dueome-sumen 2582 5 AMpEeARfingsT  3u7

ST B Halivnein s memgdw_; sinusiiEvnamenm-al v e nSoniuledulouavizog
AT WUTYSE clifaensdenenvaadnion SRR

gunsaluazisnis
Fruaiaans 'éz”@numw ia‘my}mﬁmwﬁﬁﬂuudmw,u sfiustgdu 7 T aneunedfoanu Wudar 12 fu
SimBuarundiemaatuiioe ﬁsllﬁm ¢ g fie G 2-8 WK (8-32 U1l wddnasnuL: WAFS) Wi e
winvsrudsuadulalud e dnndusifanan S1utad ﬂQ""Ll‘}‘i’F‘Y%’I:"S"i?'lsﬁ:"Z::lf antEvnamonivi-niivasduiot
aediudwszr e @ uie lrgstinnmessadiy 12 *‘«:mmﬁ i :«'s«a.-‘fﬁ'":} mazmq%-au’é‘mmwm 1 flpriau

L ¥ o E%
prgreu 32 e lasinsiiarsdandinmaninde Wl dhwdnua thwindla tninaden idusauma

3 - H i *’ 0
durguenamauasiis A1 mean geometrcal diameler ATHRITIINA A0 undfan A7 a° peaiiauazan L o’
o %z e ] ey E nte
vesUfon dndusudfr-aed Wun thunesadfaraminl troml  soubie sohds. 185} Teeld viang
refraclometer Ta ATAGO. Uhrinnsai masnla (Tivatable acidity. TA) ussdmidauizeans 188 1A BN

w

> I ¥
2 5 3 Lo iR Fys - i " - ) e e Y
LIEIRYINe {Total sugarn) YTNeanesuauisad {Non-redusing sugart UARUNBETRIE (Reduring sugar) A8

Thaed Lane LB bvnan (AGAC. 2000) :-uﬂ;:;?'w“ﬂ““"eﬁ’i- TUEsEnIMRIBHALAZET LTSS Hrns

o1 (SA5) 6 02 e nsnouFnumeio i sdus fugFy 005

dsaltdaunau Stetstical Anaiysis Sy

HaUATIATOING

mnsionfuingsdnlaiudnafus s AuAT‘AL:‘(E‘J‘??}L!L.UU"‘HW?EUA@Uiﬁ Wi simple sigmoid curve 3
neETEashan (8-18 WARB) dduninigdivimesaifendule udmmiudniefn s snn wsomia ¢ {Figure 1)
AnRAGEIA LI U UEY Lf‘;ﬁ‘!’]"e(2551‘;“r‘&f-i”-"l*?Lﬂ%m;ﬁuiﬂm@%ﬁl;i@)’?!éij'}"%?}i?)i‘l;‘ﬁe}»ﬁ'ﬁl‘f}qﬁdT“;!ﬁl‘/ﬁ‘ﬁ".qﬁﬁ 16 WAFE
danlvgidumnsiyfviaesnlfan G all'ﬂu_. AT HE T AL :%?@mxﬁ’uénnautﬁ"*zm W uinduls
Fugusuies ’i’ﬁ'ﬁmmnmwﬁ winiile siminwFanaraa wnwidEan wnngRuiness £ fanvinuates
ﬁ:ﬁ-&ﬁén{muaﬁﬂi’*mwﬁmm%*.stg 32 WAFB §IA11.270 AN WAX1.110 n¥l ANATAL (Figue 1 LEnsanil
rniiﬂ?ﬂ‘ﬂuuﬁmtﬁhu‘mmza‘:}"nmm@ Avmesan geometrical diameter zﬁuﬁmﬂm’iﬂﬁ’mﬁ& ANLgEA ustifurauTy

3 [ i o i .
resdnleWuiuniuaeinnndiugnesie mquuﬁ?’mmmwrm {(P<0.05) Tsnan Iz nuah 20 WAEB (Figure 2A-E)
A
Sumudnan Lt (AYTHATIS) WAL (ﬂﬂ%’mem, anuARn mmn.,mv:m

dviunirlanulsadnlienuashiled
a*t”-'e&j}r::_;:u;fsumazm a' ﬁ“%uﬁal Adfvunlanfuiunaienaen 18] 24 WAF S 1ez (Ryatenadiio sety 12

WARE danfeudounswiinualseianasaiudloseaiy frudduisvudunuasdicn L kar o vsadien

ik ""{‘e‘iﬁ?l‘gidﬁi“iiﬂii‘nﬁ!'k’i:’&'ﬂ'lﬁ".”i [§14

-
ik

W nz‘w‘.'r:"a'a,.ti'm?:w?‘v;‘:ﬁ”-c e g VATUMAEDH (P

wizddiugmedFifinisnienndn t'ﬁumymu%mu'ﬂzmummum #ARumsiFundivuinaafaedidud Ay

3

P 008 paaanEToALIR 8-32 WARB (Figure 34-0)

2400 - T
1HGD
Lo
. 487
2 00 ?
L e T4 3
i £O% &
i £63 4. 3
400 a

g

5 12 3 an 24 28 Az
Woens afinr fu hioom
—— Fruit amigts Thosg dea —O— e waignt Goandier
~—l— Firsh werght Tnomg dee — O Fiash waighl Chandier
—— Peai weight Thong dew —— Peol weight Coangiler
—®— Pual fuekness Thung deo —O— Prai tucerese Changler

Figure 1 Frun wewght flesn weight. gesl welight and peel thickness of pummeios ov Thong LDee” and

Chandias durng 8-32 weeks aftter full bicom CNAFB)

79



e bl e own o e ; 3 1o
394 0 aoeluT 3 WA AuRnu-sunIAN 2552 3. InenEianiinere

B} (E)

Figure 2 frui diameter (Al flezn diameter (Bl fruit height (C), mean geametncal aciametar () and fruit

circumisgrence {£) of pummeles ov. "Thang Des” and "Chandisr” dunng B-32 WAFB

eads il & 13 ety 30 ey

Lvalug of peel (Al b* wvalus of peel {BL 2" valug of flesh (C) of pummelos ov. "Thong Dee” and

Figure 3

"Chandler” during 8-32 WAMD

AwifurardSunalreantiir 1adienaadaladane s iiuaa 188 uaz 18874 Hadu A1 TA anad
it drgrzureriauiyinl 24-32 wARS A9 185 Wiy 7-8% TA AL 0.8-0.7% uas A% TS5 TA T 892

x
- H
PR E ..iﬁa’a LESATESY] Ii.L%‘.l"’ﬂ T

on  wd
WS ﬂamé?f‘]'i"f‘;’!i‘bﬂ‘i (2 l""lmﬂﬁ WYL GNTLBE Ladan ya (2008}

(R bA El

Y

-
M atEUeTE sl it adledin SRS
BA-C ,;1’5;1_%??_“_11?*a;muumﬂ‘:dLé?=;;’ﬂﬁ:dé’3.!lfaﬂ@-sv?kﬁ'1‘4L'i"xa%'y’iam=mﬁi?ﬂ§mm A Lardmdnu

o an 2
H

Rndfidnunnodming 1/ AT

‘JFTL: GO IINABBILWLS T é ATHLTU

e -4 1m0 (Fignre
84 dagrriiufurmassteiidodidty (Po0.08) farn 18814 esiiresiuasiniae et 32 WAFB
A7 O usz 12,3 FUARRL (Figure 4A4-C )

e ac udadudiveanegnauasan T8 5§ WA coefficient of correlation () Toeduledidneeivas

LTiRE AT 0.9683 uar 0.8572 RINE1FU uaziledmuasa 188 WAL 8% A Auniesgkdsle aneo. 1 2550

standacd/dowricad/std-pomelo.pdf)  wudt dulewudunusaisvinrafuiesiddindduleviug

51

wevew. acks. God

voardrzanou 2 ddasd {lanle 1}

80



e s ¥ o 2 = ¥ i
L 40 aULW 3 ivusl; ANEgR-ERIAN 2552 & TIRATINWET 3489

- ah Tk e §%

e 1y, vl basse

Figure 4 2 T58 (ALY TA (B} TSS/TA rauo (C) of pummelos cv. "Thong Des” ana "Chandles” dunng §-32 WAFS

Al 8} ' o)

Figure 5 Total sugar (A} non-reducing sugar (8), reducing sugar (C) of pummelos cv. "Thong

“Chancler” guring 8-32 WaArg

Table 1 Regressicn ecuations and coefhcient of corslation belween frull Bge and 788 in pummelos "Tnnng Des”

anct "Chandler” cuttvars at 24-32 WARR

D

Cuigvars Regression equation Coefficient of correlation (r} Fruit age ar TSS 8%

fhong Dee 1591 + 38368 HRCLTC ZaWARB

27 WAFE

Chanatier

it 4, 04

misAnmanFEnnienwaairasdrishiszwinamsaiyiiuinsasifamus 8-32 Slevindernaanuiu

. & w g - oo - ¥ LS |
I’H_"l"l’a;il.iﬂ'i‘i".lﬁii.'ﬂ‘,llﬂ@:’iéﬂ R T viEnnmemwsasiedinnn T f‘s‘f paFiatlas s sinu g wlnibe Ao Fi‘
20 0%

raaide LAY IOl 158 TA davivdsieudunsan fanan Audertddand niudne i ssnan 2 Sladide

ATAURET [S8 8% P LLIRTT 7% HNED BB dulawianissenn

1anaNg8198e
AR CUSTOMS 00 0075 s i Sl Index2857 s
vanefnmagran-nssedialenadferiudrasd DR sv-Avande
zrzg. nondvlnuardes oy edn i dumiienrdme s nadudiy 1 Grarfinud

rruEmnTng. FENETHES
Uipen Ausa s 2501 Watpal

{ o ot s &

Frugne, 69 4,

Si i1 31
sJ?"‘TJ‘r‘a‘J’I:’?'E.-;IF':E“;VI"!E“-.ﬂ;f 0 3.
* e - - Yo " ¥
AT 114:.2"5-:-113"14:‘;1&.‘}. LITREMSLEYTTURSI. Suia 9 UL 2551, Availablentiavac. standardowneondsta

it paedf

SOAaE Qo methods of anafesis, (197 sd), Aringion: A
n, RO EEZ. Horboultural vaneties of Cirus, o 431-381. I W, Reutner, H.) Webber & LD, Bachetor (sus ) Tre Ciays
Cuil. |, D of Agr. Se.

4 i, UBA Acadertic Press. o, 340

ciation of Gficml anayieasl Gremists.

[t of

&1



f

Abstracts

msdsznBnins iy muanaaai &
The 9 National Horticultural Congress 2010
jionodvainaiie et
11— [4 VBN IPN 2553

o e o s P
w T9aus N IRS3003 0,155 URTATAYEN) 9. WTTUAINI 045
Apias

NIV AB Y ALBLAZ I THIARTITS NN




PP-24

arseangniddumidaninuazguinsiuesnininrasdilawugnafivasusuinas
Tuszazanausysal
Maijor Bioactive Compounds and Antioxidant Capacity of Pummelos cv. “Thong Dee” and
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Abstract

The aim of this study was to determine the composition of major bioactive compounds and
antioxidant capacity of two pummelo cullivars (Citrus grandis (L) Osbeck) during maturation. The
pummelos cv. “Thong Dee” (light pink pulp) and “Chandler” (pink pulp) were harvested during 5-8
months after full bloom (MAFB). The chemical properties were determined mainly on the ratio of total
soluble solids ({TSS) to titratable acidity (TA), vitamin C, total phenolics, nariginin, lycopene, and
antioxidant capacilies (Ferric reducing/antioxidant power (FRAP) assay and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay). “Thong Dee” pummelo at 5 MAFB had the highest contents of vitamin
C, total phenolics and naringin. In addition, “Thong Dee” pummelo had the highest anlioxidant
capacilies in both FRAP and DPPH assays. However, the highest lycopene content and TSS:TA ratio
were detected in “Chandler” pummelo. Furthermore, vilamin C and naringin conlents In immalure
pummelos were significantly higher than in mature fruits. Correlation coefficients of both antioxidant
capacity assays and all bioactive compounds indicated that total phenolics played an important role
in pummelo pulp. /
Key words: Pummelo, Antioxidant capacity, Bioactive compound
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NAME:

SEX:

DATE OF BIRTH:
PLACE OF BIRTH:

NATIONALITY:

MARITIAL STATUS:

HOME ADDRESS:

OFFICE ADDRESS:

EDUCATION:

2000-2004

1996-2000

CURRICULUM VITAE

SAOWAPA CHAIWONG
Female
February 4, 1978

Chiang Mai, Thailand

Thai

Married

19/2, Moo 13 Sankhumpaeng, Chiang Mai, 50130 THAILAND
Home Phone: +66-5333-2552

Technology Management of Agricultural Produces and
Packaging Program

School of Agro-Industry, Mae Fah Luang University

Meung, Chiangrai, 57100 THAILAND

Phone: +66 -5391-6737 Fax: +66-5391-6739

E-mail address: saowapa_c@yahoo.com/ saowapa@mfu.ac.th

M.Sc. (Agriculture)

Kasetsart University, Bangkok, THAILAND

Thesis : Postharvest Physiology and Quality Differences
between ‘Nam Dok Mai’ and “Nam Dok Mai See Thong’
Mangoes during storage

B.Sc. (Agriculture) (Second Class Honor)

Chiang Mai University, Chiang Mai, THAILAND
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EMPLOYMENT RECORD
2006-present Lecturer, School of Agro-Industry, Mae Fah Luang University,
Chiangrai, THAILAND
Students under supervision
2 students (Master Program), 17 students (Bachelor Program)
2004-2006 Research Assistant, National Metal and Materials Technology

Center (MTEC) , Pathumthani, THAILAND

TEACHING EXPERIENCE
2006-present Lecturer, Program of Technology Management of Agricultural
Produces and Packaging, Mae Fah Luang University
Bachelor Program
@® Postharvest Technology and Handling of Plant
(1407343)
® Postharvest Biology of Plant (1407212)
® Minimally Processed Fruit and Vegetables (1407343)
@ Packaging for Fresh produces (1408343)
® Special Problem Proposal (1405497)
Master Program

® Postharvest Biology and Technology (1407740)

2002-2003 Teaching Assistant, Department of Horticulture,
Kasetsart University
® Postharvest Technology of Horticultural Commodity
(007482)

OUTSTANDING AWARD
2010 Oral presentation (Second Class : Fruit/Tree section) ,
“Variartion of Bioactive Flavonoids in Thai Pummelos™, { The

9" National Horticulture Congress 2010)
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2005

2004

2000

1997-2000

Poster presentation (Third Class: Fruit/Tree section), (The 9"

National Horticulture Congress 2010)

1) “Major Bioactive Compounds and Antioxidant Capacity of
Pummelos cv. “Thong Dee” and “Chandler” during
Maturation”

2) “Bioactive Compounds and Antioxidant Capacity of Three
Pummelo Peels”

3} “Preliminary Study of Fruit Scarring on Bioactive
Compounds and Antioxidant Capacity of Tangerine cv.“Sai
Nam Pheung”

Outstanding Technologist Awards from Foundation for the

Promotion of Science and Technology under the Patronage of

H.M. the King

Silver Medal Invention Award in Packaging and Storage,

Brussels Eureka, “Freshness preserving film for tropical” (53rd

World Exhibition of Innovation, Research and New

Technology)

Second Class Honor in B.Sc. (Agriculture), Chiang Mai

University

Outstanding Student Awards, Chiang Mai University

COMPLETE RESEARCH PROJECT

1. Effect of Modified Atmosphere Packaging on Quality of Pummelo cv. “Thong Dee” during Low

Temperature Storage for Export

Head of project, Granted by Mae Fah Luang University (5005020034, 2006-2007)

2. Evaluation of Bioactive compounds in groups of flavonoids and anthocyanins of pummel cv.

“Tong Dee”, “Kao Nam Phung

” “Kao Tang Gwa”, “Kao Yair” and “Tub Tim Siam” cultivated in

?

Thailand Head of project, Granted by Thailand Research Fund (TRF) (RDG5120073, 2008-2009)
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PUBLICATIONS

*Theppakorn, T. and Chaiwong, S. 2011. Review: Bioactive Compounds in Pummelo and
Grapefruit. King Mongkut’s Agricultural Journal. 29(2): 90-99.

Traisee, W., Kamhangwong, D., Chaiwong, S. and Setha, S. 2010. Effect of Modified
Atmosphere Packaging on Dragon Fruit (Hylocereus undatus) Quality during Low
Temperature Storage Agricultural Sci. J. 41:2 (Suppl.) 145-148.

*Chaiwong, S. and T. Theppakorn. 2010. Bioactive Compounds and Antioxidant Capacity of
Pink Pummelo (Citrus grandis (L..) Osbeck) cv. “Thong Dee” in Thailand. Journal of the
International Society for SoutheastAsian Agricultural Sciences (ISSAAS). 16 (2): 10-16.

* Chaiwong, S. and Theppakorn, T. 2010. Review: Flavonoids in Thai Pummelo. The Journal of
Applied Science. 9(2): 79-89.

* Theppakorn, T., and Chaiwong, S. “Evaluation of Bioactive Compounds and Antioxidant
Capacities of Pomelo cv. “Thong Dee for Export”, Bs" Congress on Science and
Technology of Thailand, Thailand, 2009.

* Chonhenchob, V., Chinsirikul, W., Fuongfuchat, A., Chaiwong, S., Boonruang, K., and,
Kerdddonfag, N. 2009. “High Permeable Film Used for Modified Atmosphere Packaging
Improve Quality and Shelf life of Baby Corn™, Journal of Applied Packaging Research,
32,

Pitukwong, P..and Chaiwong, S. 2009. “Physico-chemical Properties of Pummelo cv. Thong Dee
and Chandler during Growth and Development”, Agricultural Sci. J. 40:3 (Suppl.) 396-
399.

Kufoh, P., and Chaiwong, S. 2009. “Comparison of Nutritive Values and Chemical Composition
of Three Mandarins cv. “Special Honey”, “Thanathon No.1” and “Occan Honey” during
Storage”, Agricultural Sci. J. 40:3 (Suppl.) 626-629.

Chaiwong, S., and Theppakorn, T. 2008. “Effect of Modified Atmosphere Packaging on Quality
of Pummelo cv. “Thong Dee” during Storage”, Agricultural Sci. J. 39:3 (Suppl.) 287-
290.
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Fuongfuchat, A., Chinsirikul, W., Kerdddonfag, N., Trongsattikul, T., Phiboonkulsumrit, S.,
Chaiwong, 8., and Chonhenchob, V. 2006. “The Utilization of Simple Mathematical
Model in Developing Equilibrium Moedified Atmosphere inside The Package of Fresh
Produce” , Agricultural Sci. J. 37:5 (Suppl.) 62-65.

Chaiwong, S., Leclaphiwat, P., Tipayatum, P., Chonhenchob, V., Chinsirikul, W., Fuongfuchat,
A., Kerdddonfag, N., Trongsattikul, T., and Pattarapong, W. 2005, “Effect of Active
Films on Quality and Shelf-life of Musa (AA Group) “Kluai Kai”, Agricultural Sci. J.
36:2 (Suppl.) 497-500.

Chaiwong, S., and Siriphanich, J. 2003. “Quality Differences between “Nam Dok Mai” and

“Nam Dok Mai See Thong” during Storage™, Agricultural Sci. J. 34:1 (Suppl.) 271-274.

Remark : * Publication with peer review

PRESENTATIONS

Raiputta, J., Setha, S., Chaiwong, S. and Suthiluk, P. 2011. Effect of Packaging on Quality of
Fresh-cut ‘Phulae’ pincapple, The 9" National Postharvest Technology Conference,
Chonburi, Thailand, June 23-24, 2011.

Buakli, P, Setha, S., Theppakom, T., and Chaiwong, S. 2010. Antioxidant Capacity in Tangerine
Peel as Affected by Fruit Scarring and Storage Humidity Conditioning. International
Conference on Agricultural and Agro-Industry 2010 (ICAAI 2010) “Food Heath and
Trade”, Chiang Rai, Thailand November 19-20, 2010

Chaiwong, S., Theeppakorn, T.,Sucharit Suanphairoch, Chanjirakul, K. 2010. “Bioactive
Flavonoids in Thai Pummelo for Export”, International Conference “Thai fruits-
Functional fruits”, Thaifex World of Food Asia 2010, IMPACT Challenger Hall, Muang
Thong Thani, Bangkok, Thailand, July 1-2, 2010.

Chaiwong, S., Theeppakorn, T.,Chanjirakul, K. 2010. “Variation of Bioactive Flavonoids in Thai

Pummelos™, The 9" National Horticultural Congress 2010, Autthaya, Thailand, May 11-

14, 2010.
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Boonruang, P., Theeppakomn, T., and Chaiwong, S. 2010. “Bioactive Compounds and
Antioxidant Capacity of Three Pummelo Peels”, The 9" National Horticultural Congress
2010, Autthaya, Thailand, May 11-14, 2010.

Sinlapason, P., Theeppakorn, T., and Chaiwoeng, S. 2010. “Major Bioactive Compounds and
Antioxidant Capacity of Pummelos cv. “Thong Dee” and “Chandler” during
Maturation™, The 9" National Horticultural Congress 2010, Autthaya, Thailand, May 11-
14,2010.

Bergban, T., Theeppakorn, T., and Chaiwong, S. 2010. “Preliminary Study of Fruit Scarring on
Bioactive Compounds and Antioxidant Capacity of Tangerine ¢v."Sai Nam Pheung”,
The 9" National Horticultural Congress 2010, Autthaya, Thailand, May 11-14, 2010.

Chaiwong, S., Theppakomn, T. “Bicactive Compounds and Antioxidant Capacity of Pink
Pummelo (Citrus grandis (L.) Osbeck) cv.“Thong Dee” in Thailand”, The International
Society for Southeast Asian Agricultural Sciences Congress (Agricultural for Better
Living and Global Economy), Pattaya, Thailand, January 11-15, 2010

Thongjun, N., and Chaiweng, S. “Determination of Antioxidant Capacity of Pummelos cv.
“Thong Dee” and “Chandler” during Storage at Low Temperature”, The 8" National
Horticultural Congress 2009, Chiang Mai, Thailand, May 6-9, 2009,

Chaiweng, S., and Theppakorn, T. “Effect of Modified Atmosphere Packaging on Quality of
Pummelo cv. “Thong Dee’ during Storage”, 6" National Technical Seminar on
Postharvest Technology, Khon Kaen, Thailand, August 14-15, 2008.

Itahchot, S., and Chaiwong, S. “Effects of Calcium lactate and Heat-Shock Treatments on
Quality of Fresh-cut Red Dragon Fruit (Hylocereus polyrhizus spp.), The 7" National
Horticultural Congress 2008, Nakhon Sawan, Thailand, May 26-30, 2008.

Omnsomkrit, J., SriJanthuek, B., Chaiwong, S., and Sunthipabvivattana, N. “Effect of NaOCI
Solution on Microbial Population and Quality of Fresh-cut Pineapple cv. “Poo Lae”

, The 6" National Horticultural Congress, Chaing Mai, Thailand, November 7-10, 2006.

Chaiwong, S., Chonhenchob V., Chinsirikul, W., Fuongfuchat, A., Kerdddonfag, N.,
Trongsattikul, T., Phiboonkulsumrit, and Pattarapong, W. “Effect of Active Film on
Quality and Shelf-life of Baby Corn “Zeba SG17”, Postharvest & Postharvest Production

Technology Conference 2005, Petchburi, Thailand, October 10-11, 2005.
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Chinsirikul, W., Fuongfuchat, A, Kerdddonfag, N., Trongsattikul, T., Phiboonkulsumrit, S.,
Chaiwong, S., Chonhenchob, V.,and Pattarapong, W. “Equilibrium Modified
Atmosphere (EMA) Packaging for Tropical Fresh Produce” , PROPAK Asia 2005, The
13" International Food Processing & Packaging Technology, Bangkok, Thailand, June

22-25, 2005,

TRAINING
International
2007 Research & Development in Postharvest Practices (Israel)
(19"February-15" March, 2007)
- The Center of International Agriculture Development Cooperation (CINADCOO) and

Ministry of Foreign Affairs Center for International Cooperation

National
2008  -Global GAP Requirement and Interpretation (Thailand) (25-26" F ebruary, 2008)
Postharvest Technology Institute, Chiangmai University
- ISO/IEC 17025 :2005 (Thailand) (10-11" March, 2008)
Mae Fah Luang University and Thailand Institute of Scientific and T echnological
Research
- Techniques in Scientific Manuscript Preparation for International Publication in
Postharvest
Technology (Thailand) (I8-22lh August, 2008)
Postharvest Technology Institute, Chiangmai University
2009  GMP and HACCP (Thailand)
(4-6" July, 2009)
- Mae Fah Luang University and National Bureau of Agricultural Commodity and Food

Standards
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CURRICULUM VITAE

Name Mr. Theerapong Theppakorn

Address School of Agro-Industry, Mae Fah Luang University

333 Moo. I, Tasud, Muang, Chiang Rai, Thailand 57100

Telephone  Office : 053-916750  (+66 53 91 6750)
Mobile : 081- 5954272 (+66 81 595 4272)

E-mail theerapong@mfu.ac.th ; peawic@hotmail.com -

PERSONAL DATA

Date of birth 23 March 1977

Place of birth Chainat, Thailand
Weight/height 63 kilograms/172 centimeters
Nationality Thai

Marital status Single

Health Very Good

EDUCATIONAL BACKGROUND

1999-2003 Doctor of Philosophy in Biotechnology
Faculty of Science, Chiang Mai University, Chiang Mai, Thailand.
Thesis title
® Production, Stability and Behavior in Non-Conventional Media of Cysteine
Proteases From Papaya (Carica papaya L.) Latex
1995-1998 Bachelor of Science in Industrial Chemistry (1" Class Honors)

Faculty of Science, Chiang Mai University, Chiang Mai, Thailand.
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ACHIEVEMENT, AWARDS AND FELLOWSHIPS

1999 Top score award of Department of Industrial Chemistry, Faculty of
Science, Chiang Mai University, awarded by Prof. Tab’s Foundation,
Faculty of Science, Chulalongkorn University.

1999 Ph.D. student scholarship from the Royal Golden Jubilee (RGJ) Project,

supported by Thailand Research Fund

WORKING EXPERIENCE

2007-present Lecturer

Food Technology Program, School of Agro-Industry,

Mae Fah Luang University, Chiang Rai, Thailand
2005-2006 Head of Chemistry Laboratory

The Central Laboratory (Thailand) Co., Ltd.

Chiang Mai Branch, Chiang Mai, Thailand
2004 Lecturer

Food Technology Program, School of Agro-Industry,

Mae Fah Luang University, Chiang Rai, Thailand
2002 Visiting Scientist

Department of Pure and Applied Science,

University of Strathclyde, Glasgow, Scotland, UK
2000-2001 Teaching Assistant (Biochemistry)

Department of Chemistry, Chiang Mai University, Chiang Mai, Thailand
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TEACHING EXPERIENCE

Undergraduate
No. Course name (Eontent . ]
1 | Food Analysis Sampling, sample preparation, Data evaluation,
Classical methods, Instrumental methods
2 | Food Chemistry Browning reactions, Pigments, Vitamins, Minerals,
Flavors
3 | Beverage Technology Watex; treatment, Bottled wa;er, Beverage i
composition, Fruit juices, Concentrated fruit juices,
Carbonated and Non-carbonated beverage
4 | Process Engineering Unit and dimension, Thermodynamic, Mass balance,
Energy balance
5 | Quality characteristic of agricultural Ash, Minerals, Vitamins, Pigments, Acidity, Toxin
materials contamination
Graduate
No. Course name Content
1 | Advanced Enzymes in Food Technology Activity, Enzyme immobilization, Plant enzymes,
Enzyme application in foods
SKILL AND SPECIALIST

@ (Complete knowledge of Chemistry, Food Chemistry, Analytical Chemistry,

Biochemistry and Enzymology

® Experience in the instrumental laboratory such as HPLC (FLD, DAD, RI detector), LC-

MS, GC (FID, ECD, NPD detector),

Fisher, AAS (flame, graphite furnace)

GC-MS, Spectrophotometer, Auto titration, Karl

Methods of analysis such as proximate analysis, nutrition, food additive/preservative,

mineral, heavy metal, mycotoxins, bioactive compiounds and residue analysis (antibiotic

and pesticide).
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® Skills in method validation, uncertainty measurement, ISO/IEC 17025, laboratory quality
control and laboratory management.
® Research and development of methods/techniques for chemical and biochemical

analysis

RESEARCH INTERESTS
® Antioxidant compounds and application in foods
® Chemical analysis of bioactive compounds from plants

® Tea

CURRENT RESEARCH PROJECT
1. Technology Transfer project : Production Development of Nam-Miang Powder (2010)

Head of project, Granted by National Research Council of Thailand (NRCT)

COMPLETE RESEARCH PROJECT
1. Comparison of Yields and Properties of Cysteine Proteases Separated from Peel and
Latex of Papaya (2004)
Head of project, Granted by Thailand's National Science and Technology Development

Agency (NSTDA)

!\)

Rapid analysis of gallic acid, caffeine and catechins in tea (2004-2006)

Head of project, Granted by Mae Fah Luang University (MFU)

3. Collection and specification on tea variety grown in the northern Thailand (2006-2008)
Collaborator, Granted by Thailand's National Science and Technology Development
Agency (NSTDA)

4. Effect of modified atmosphere packaging on quality of pummelo cv. “Thong Dee” during
low temperature storage for export (5005020034, 2006-2007)

Collaborator, Granted by Mae Fah Luang University (MFU)
5. A study on the current status of tea in Thailand (PDG5020004 , 2007-2008)

Collaborator, Granted by Thailand Research Fund (TRF)
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10.

11.

12

13.

14.

Test kit for total polyphenol in tea (RDG5020068, 2008-2009)

Head of project, Granted by Thailand Research Fund (TRF)

A Study on Changes of Kind and Quantity of Antioxidants (Polyphenols) during Green
and Oolong Tea Processing in Chiang Rai (5005020018, 2007-2009)

Head of project, Granted by Mae Fah Luang University (MFU)

Product development of Nam-miang powder (I1351D03026, 2008-2009)

Head of project, Granted by Industrial Projects for Undergraduate Students (IRPUS) from
Thailand Research Fund (TRF)

Product development of miang extracts and evaluation of antioxidant capacity
(I351D03027, 2008-2009)

Head of project, Granted by Industrial Projects for Undergraduate Students ( IRPUS) from
Thailand Research Fund (TRF)

Composition and product development for safety level of sugar palm seed (Arenga
westerhoutii Griff) (2008-2009)

Collaborator, Granted by National Research Council of Thailand (NRCT)

Evaluation of bioactive compounds in groups of flavonoids and anthocyanins of pummel
cv. “Tong Dee”, “Kao Nam Phung”, “Kao Tang Gwa”, “Kao Yai” and “Tub Tim Siam”
cultivated in Thailand (RDG5120073, 2008-2009)

Collaborator, Granted by Thailand Research Fund (TRF)

Bioactive Compounds in Commercial Cultivated Cultivar of Pineapple in Thailand
(RDG5120085 , 2008-2009)

Collaborator, Granted by Thailand Research Fund (TRF)

Evaluation of the feasibility of using by-product from nam-miang processing in Chiang
Rai (UNRN-P/51, 2008-2009)

Collaborator, Granted by Upper Northern Research Network Administration (UNRN)
Development of total polyphenol test kit in teas for commercialization (5310501004,
2009-2010)

Head of project, Granted by Mae Fah Luang University (MFU)

96



PUBLICATIONS, PRESENTATION AND ABSTRACTS

Peer reviewed publications

L.

Chaiwong, S. and Theoppakorn, T. (2010). Bioactive compounds and antioxidant
capacity of pink pummel (Citrus grandis (L.) Osbeck) cv.“Thong Dee” from Thailand. J.
ISSAAS, 16: 10-16.

Wati, R. K, Theppakom, T., Benjakul, S., and Rawdkuen, S. (2010). Trypsin Inhibitor
from 3 Legume Seeds: Fractionation and Proteolytic Inhibition Study, Journal of Food
science, 75(3), 223-228.

Kongsuwan,A., Suthiluk, P., Theppakorn, T., Srilaong V., and Setha, S. (2009).
Bioactive compounds and antioxidant capacities of phulae and nanglae pineapple, Asian
Journal of Food and Agro-Industry, Special Issue, S44-850.

Kusumawati, R., Theppakorn, T., Benjakul, S., and Rawdkuen, S. (2009) Extraction of
trypsin inhibitor from three legume seeds of the Royal Project Foundation, Asian
Journal of Food and Agro-Industry 2(03), 245-254.

Wati, R. K., Theppakorn, T., Benjakul, S. and Rawdkuen, S. (2009). "Three-phase
partitioning of trypsin inhibitor from legume sceds." Process Biochemistry 44 (12): 1307-
1314.

Ketnawa, S., Sai-Ut,S., Theppakorn, Chaiwut, T., and Rawdkuen, S. (2009) Partitioning
of bromelain from pineapple peel (Nang Lae cultv.) by aqueous two phase system, Asian
Journal of Food and Agro-Industry 2(04), 457-468

Chaiwong, S. and Theppakorn, T. (2008) Effect of Modified Atmosphere Packaging on
Quality of Pummelo cv. ‘Thong Dee’ during Storage, Agricultural Science Journal 39 : 3

(Suppl.) : 287-290.

Conference presentation

Li:

Theppakorn, T (2010) Development of test kit for total polyphnols in teas, International
conference on Agriculture and Agro-Industry: Food, Health and Trade, November 2010,
Mae Fah Luang University, Chiang Rai, Thailand. (poster)

Theppakorn, T and Rattanasopha, N. (2009) Product development of Nam-miang

powder at household level, 1" National Conference on Industrial and Research Projects
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for Undergraduate Students IRPUSCON-01, March 27-29, Siam Paragon, Bangkok,
Thailand. (oral)

Theppakorn, T. and Yamee, K. (2008) Chemical Qualities of Green Teas Produced in
Chiang Rai, Thailand, International Conference on Tea production and Tea Products,
November 26-28, Mae Fah Luang University, Chiang Rai, Thailand. (poster)
Theppakorn, T., Arna, J. and Kantasorn, R. (2008) Effect of Microwave Heating on
Catechins and Antioxidant Activity of Green Tea, Food Innovation Asia 2008 , The IOm
Agro-Industrial Conference. 12-13 June, BITEC Bangkok, Thailand. (poster)
Theppakorn, T. (2007) Rapid and Simple Systems for Simultaneous Analysis of Gallic
acid, Caffeine, and 5 Catechins in Green Tea using HPLC, The 9" Agro -Industrial

Conference, 14-15 June, BITEC Bangkok, Thailand. (poster).

Proceedings

1.

Richa kusuma Wati, Theerapong Theppakorn and Saroat Rawdkuen (2009) Extraction
of trypsin inhibitor from tree legume seeds from the royal project foundation, ﬂﬁﬂ‘ix‘lﬁl
SwmsmIthiayeranuIteIzAUlNRAANY aaft 2 mweu 2324 Aoty
ma Ty Tatnszreumndudnunmisaianssie: 615-622.

Richa kusuma Wati, Theerapong Theppakorn and Saroat Rawdkuen (2009) Trypsin
inhibitor from three legume sceds: Fractionation and proteolytic inhibition study, 1113
UszyinmsueanioitonisIvsanniugandnu 1l 2552 TaausumIulade o.ieq
9. UASAIDITUII : 154-162.

Theppakorn, T. and Yamee, K. (2008) Chemical Qualities of Green Teas Produced in
Chiang Rai, Thailand, Proceedings of the International Conference on Tea production
and Tea Products, November 26-28, Mae Fah Luang University, Chiang Rai, Thailand:
151-158.

Theppakorn, T., Ama, J. and Kantasorn, R. (2008) Effect of Microwave Heating on
Catechins and Antioxidant Activity of Green Tea, Proceedings of Food Innovation Asia

2008 , The 10" Agro-Industrial Conference, Junel2-13, BITEC Bangkok, Thailand.
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PATENT AND PETTY PATENT (INVENTOR)
L. Bawad mwnsal (2544) qﬂﬂsaﬁﬁmamiywwmazﬂ@ oydnsias Inu i 512
oon1W w uil 7 funay 2544
2. Tsway mwnsal (2546) msf?m@ oudniias noauil 1111 eens o Sudi 26
AINIAN 2546
3. Bswed wmnsel wium UGy unz 0138 amnaied 2546) SEmsviustaiee
wgaznedonszuaanoulunnsiuidenswantinly Gnitasne wad 15664
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