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Abstract

The growth and development of pummelo cv “Thong Dee” during 14-35
weeks (3-8 months) after full bloom (WAFB) at Wieng Kean district, Chiang Rai
province was studied. The changes of physic-chemical properties were determined. At
14-22 WAFB, the main growth and development of pummelo cv “Thong Dee” were
peel growth and faster than flesh growth. After 22 WAFB, the growth and
development of flesh increased rapidly and related to peel thickness reduction. At
maturity stage (30-35 WAFB), the peel color changed from green to yellow-green
color as +b* value increased. In addition, the flesh color changed to light pink color as
+a* value increased. At 30 WAFB, the optimum maturity for export, the pummelo
fruit size, total soluble solids (TSS) and %juice content was 1,100g, 8% and 60%,
respectively. Furthermore, the effect of modified atmosphere on quality of pummelo
cv. “Thong Dee” during storage was evaluated. The pummelo fruit was coated by
commercial citrus waxes which were Honra (Polyethylene wax 13%) and Citrosol AK
(Carnuba wax 18%). In addition, the pummelo was wrapped with M-wrap or packed
with liner (‘bag-in-box’ type) by an active film which its oxygen transmission rate
(OTR) of active film was 17,000 cc./m*.day. The pummelo was stored at 10°C for 60
days, and every 10 days it was transferred to 25°C (3 days) for stabilizing storage
temperature. The results showed that both coating materials and active film could
delay peel color changes. Pummelo coating with Citrolsol AK had the lowest O, level
(4-8%0,) and the highest CO; level (9%CO,), followed by Honra (12%0; and
7%C0,), respectively. However, %weight loss of coated pummelo with Citrolsol AK
wax was not different from that of uncoated pummelo. The pummelo in active bag
had the lowest weight loss (%), followed by sample coated with Honra wax and
wrapped M-wrap film, respectively. Modified atmosphere didn’t affect on TSS:TA
ratio and off-flavor score. However, uncoated pummelo had the highest vitamin C
content and total polyphenol content after storage for 50-60 days. In addition, the
packed pummelo with liner (‘bag-in-box’ type) had the highest total phenolics and
antioxidant capacities with FRAP-assay and increased continuously during storage.

Keywords: Pummelo, Growth and development, Maturity, Modified atmosphere,
Coating
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Figure 4.11

Figure 4.12

Figure 4.13
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Flavedo Seed
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Figure 2.1: Pummelo fruit composed with three parts (flavedo, albedo and endocarp)
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Figure 2.2: Pummelo cv. “Thong Dee”
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Figure 2.3: Fruit, Flesh, peel weights and peel thickness of pummelo cv. “Kao Nam
Phueng” (113501, 2545)
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Table 2.1: The maturity index determination of pummelo by peel color and %juice

Maturity index Standard References
standard
Coloring Must be typical of the variety on  (http://www.unece.org)
at least two-thirds of the surface
of the fruit.
% Juice 50% in pummelo (ﬁ%ﬁl'l uawﬁa, 2548)

Table 2.2: Thai pummelo grading (size) for export (http://www.acfs.go.th)

Size Weight/fruits (g)

>1900
>1700-1900
>1500-1700
>1300-1500
>1100-1300
>900-1100
>700-900
>400-70

ok
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Table 2.3: Thai pummelo grading (diameter and circumference) for export
(http://www.acfs.go.th)

Size Diameter Diameter Circumference Circumference

(inch) (mm) (inch) (mm)

1 >7 >170 >21.10 >536

2 >6.20-7.00 >159-170 >19.4-21.10 >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
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Table 2.4: The determination of pummelo maturity index by chemical properties

Maturity index standard Standard References

TSS (%) in Thailand 8% (http://www.acfs.go.th)
TSS (%) in Philippines 9%

TA (%) 0.6% (150ayaly, 2548)
TSS:TA ratio 10:1
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Fuiili1dindouAa daumsindeuiafimsvunnrauanasnaans gy deri 14 20% uag
o o = o v ! z = 1 1 s
f1vansuaniouiy uadinadeuisaesila lilinanenisi/douudasquainnieluy
L) i " a " . Ed
Wed1auns 19 a15indeuRa Citrus shine ANUdUTY 60% uaz 80% ndoUNATUAT
8w = = =l s 1 ay a
uazinusne MANgamgi 5°C Wuaiuiu 20 Ju nun imiinaauesduanas 11.7% oy
v ¥ 1
11.2% snudey vasmiminaaveswadun lildndounianad 17.9% (gam, 2531)
y A a = o Y w g
2.8.2 waveens 19asindouAdenisuaniouiavewa ldudimanume)
- a n,: =) ada Y o Yo = '
msndsuAniuTainlulazsesuanausssumAnAvedy M ldidansauEu
4 1 8/ 1 Pl 1 ny o [V -
vpamwa1en 14 ua lufinanenisseimeves lethuinidn Tasaninussoimadaudasi
o .
mazaulunisiiusnyIna grapefruit Ao 3-10%0, tag 5-10%CO; T1M130FTAONIS

=

& o v A py 4 2 oo 4 o 2B 4 2w

Fouannuazsnyinnuuiule 14 Wanusawngavgi 13-15°C UanINUNININUINYI
i 1 o T - a a
Tuanmfiima 0, fonit 3%0, niema CO, 1A 10%CO, Wunauuazsanalnd
‘ ar ] a R o d w o
(Arpaia and Kader, 2006) FUFUNI5IAADUAIVDY grapefruit Wug Marsh Lmzﬁ’uwuq

. ° = ¥ ' & 33 P 5 ¥ o
Valencia $11%051ama CO, melunagadu dienfSeudvudunai 1 1dindovisaiu
2 a o @ == ] 2 o 2 ) & = Qu’:
NAUINIINENSIAA DDA AT UHIuTLAY CO, Tasasindeuia lUTaglamusssumadu

4 ¥

epidermis 1u04 (Hagenmaier and Baker, 1993) uonainy Petracek et al. (1996)

1dnansslFmsindouneansfalsals Camnuba-based wax uag Polyethylene-based



wax v white grapefruit wuiSinaufis 0, uaz CO; hiuana1eiu (5-5.8%0; uag
A d w 1 a [ ] a
9.5-10%C0, ) MAvSnrfigamai 21°C wm 28 Ju uazluwudTinaemueanieluwna
b4
' @ ' =1 a o W . s
wuiAsanuns lwdeuna wonnninisudreildy PVC fuka ‘Minineola’ tangelos
1 1 =i Vo ' a = a 4 g w | o
Tifinadomsaoundasdesasidiu TSS:TA uaztSutaimbuiiliohuinmiqungll
20°C w11 30 9 (Aquino et al., 1998)
A a = Y M Qs a Y- A = o o
asindeufldnaldfNyduasizvioiduanas lagmsindouHIAINITOIINA
= o = o ' o o
msuanalasufavh lgraiusmafie 0, dwag CO, ge dwaldnszuiumsduasied
aa Y = o o =) o @ n’:: =
leiaungarzinluussomaivais O, mswme O, Sanwiniuluduaeumsulaon
1-aminocyclopropane 1-carbocylic acid (ACC) THueniau (ale, 2540) Taswuains
Y ! a o w ay o A = u’/‘ 1 = :‘ as 1
I¥esiadsuAInsfansnie iueisndourdsuly Yivaamsgaasiivun aiy
n’/‘ 9/ 2 = 2 " . o
FuuenlvesnaouHININ polyethylene 1139 @13HANTEY N4 shellac Lagresin ester 339
= o 1 5 @ o o 4 o
T Sanuiuiinaza1sHansz1a1e shellac uag resin fadiamsuanaoums O, uaz
td
CO, 1nnNAsAdoUHININ polyethylene (Hagenmaier and Baker, 1995) UBNIINIL
. ot a A o [ 3/ k)
Hagenmaier and Shaw (1992) luuzgthiiansmdoufafimnsaudmivnalinszqady
¥ '
21519819 0, CO, e CoHy  Fudnlduin uanisdinanisszimoveslotiuiean

¥ T
msqauforivesdy uAmI Sdamssuiuesis e savzasmadounaninvesdy

18370 (Ben-Yehoshua, 1987)

o [
2.9 mafiuSnuluanmmussenmadaulasdegnsnismueandiaiy

s

3
Tufagiudui a8 ¥anuauladequnimnniu msfudssnimdnuazkalian

e 57

) I~ ; ! = y e o
daoamsimiumadenniliidusInnfteldauesiigunnuasiiana duledlunald
=3 &2 Ao [ =1 [ 1 Y yd’! A )
madennilsiifiamamalamnnsguazianulaawu liudsa ldau iiesnnfizaszqa
9 o 1 3 ot a 1 1 o a oA
Fuuumaueamsaie fndse Temlveeiianie Taommizas lungurailausea Imune
=1 ¢ A wa 9 = [ = ds( o & &
uazaTsfiueed AiquautAlumsdmeyyadass Aeduntsande aannudulubon o
14
= @ 1 < Y . .
Musnaamfalsnsesury Isauziswaglsanala (Tripoli et al., 2007)
g o o . | a § Ao
msEudnluanmussenadaulas (Modified Atmosphere) Juiaduniiaiil
1 = = o 1 1 a g w [ {
HARDANTNTAIUDDNTIATY uaeg1e lsimunisdne lumsiunu luanmdindidoya
@ Y ' = =2 @ o ' /) = i
didesuazaiuuninisanu ludndauanionusInn (fresh-cut products) 13U UATON
4 et 4 4 3 o -y o
vaenlnd uotifla a1 Feenssnumaduinywasondduluussyfuasiannyssuine

[ da |a {d o ~ = w ] =
Sauasf U inafe 5%0,+5%COoMidusnufigurgil 5°C w10 Ju wudnlsuna
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aslsznaviiuoaiaranuatiosnimsdiuluanmernelng uazmafusnufigamgid
sifinadenisaounlas)Sunagnimsdeendindud 135 ORAC (Alasalvar et al,
2005) §msunamsifuineluanimussoimaalugu (Controlled Atmosphere) Wi
ﬂmﬁuﬁ'ﬂyﬂuﬁmwé%oz +10%C0, lunziag ﬁxﬁu%’ﬂmﬁqmwgﬁ 10°C wu 14 Ju
ﬂ?mmqwﬁdﬂwsﬁmeaﬂ%awﬁu"lﬂﬁaﬂﬁﬂmﬂéﬂuuﬂm uasilSinannhmaifuiaze e

Unf (21%0, +0.03%C0,) visomaiiusnulu 3% O, Hivsouays (Kim et al., 2007)
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FEMIauiHNNIY

P = a = 9 o o =t
3.1 mynaaeshn 1 msdnimsnsydvlavesdulowugnesd
© & a g @ s & ar =
Runsesnuiouufidy Towutnodfiowna 3 ADUNAIADNUIY INTIUNBAIATY
3
185un1350599 Good Agricultural Practice (GAP) 1u o.30auu 2.1589570 nas91niy
4 4 o o - g o
duifoanaduTouinesdinau 10 wa (1 wa) waziiufvinadulowugnesdeny 3-8
a o o ¢ o = = or ¥
Bou (12-32 dland) ndsmenuiu iethuwiasnaeumsnyiularnadyladsil
L
andAmInmanIn
1y
3.1.1 vdwitinma (nTX)
:’ @ = o
3.1.2 vihwtinulaen (nTw)
9 9
3.1.3 dwmtiniile (A5W)
3.1.4 1 §UTOUIHD (U,
g
1 o x . !
3.1.5 @urguénmailonagin (1)) (equatorial axis; E) 19Harnarsnadulely
1 A v oA Y w ¥ 1 o
dunnheigandriadurguenans
3.1.6 ANUgINa (su.) (polar axis; P)
o 1 " v L] 4 &
3.1.7 9m51aUIEN9ANUF (polar axis; P) uam’%’umg{utﬁﬂmwa (equatorial
axis; E) 150 P/E ratio 48
3.1.8 aAnunulaen (@)
3 I
3.1.9 Afveutdenuaziile (juice sac) lavldiaTosind Miniscan uaraswalua
v
L* a* b* CIE Chromaticity values laga1 L* (A1a21ua319) fadaa 0 (black) £ 100
(white) A1 a* 1s¥neuAIn +a = A4 (red) —a = (Y83 (green) uas b* Usznaudie +b =1

=

v
Ma04 (vellow) —b = 113y (blue)
fd Ja & .. o P > oL ¥E oy d a

3.1.10 ulosuainau (% juice) AUINIINITDYATVDIUIHUAUIAUADUTIHUAUDI

#ule
Qe =
ANUAN LAY
= =1 3 ci 3 g . ny o’:
3.1.11 YSuaveudaianuanazaieni 1a (Total Soluble Solids; TSS) ¥pIuIAY

. 4 i 4
Svunily % ¥e3adu1nT09 hand refractometer (ATAGO, Japan)



¥ v ¥ F
3.1.12 USinansananua lnnsa'ld (Titratable acidity; TA) lavininu 2
=y - = . d . .
find%ns 1/y phenolphthalein 1% 1-2 noa 1y indicator ud lnmsndivansazaiu NaOH
aududy 0.1 N aunsziade end points 111A1Tuasa1s NaOH udnndmiunia %

citric acid 9INAT

% TA = (ml NaOH)) (N NaOH) (meg.wt. acid) x 100
ml. of sample

N base fi® normality veem15aza1s NaOH

meq.wt. acid (Citric acid) = 0.006404
3.1.13 dmanaausen19 TSS:TA

Y ¥
3114 YSadeniug Tasiniwudule 2 ml wazvims lnnsadoms 2-6

dichlorophenol-indophenol (AOAC, 1990) 5189 u#alumide (mg/100 ml)

d‘ -~ ar 3 9/ v =
3.2 manaaesd 2 msAnvanIwussnmadaulasdaguninvesduylofugnesdly

’ S W ] a0
33ﬁ313ﬂ131ﬂﬂ5ﬂ31ﬁqmﬁﬂuhﬂl

o o a o = 4 s
wmsdadenraduTouinesAfiszozanuuiysal 75% (7.5 iaundeninaen
9/ ¥
UIU) YuaRadusouad 18-19 17 1vinwa 900-1,000 NFY INTIUNEATAT BLIBAUNY
1 4 . .
2389310 Taenaunumsnaaaauuguanyssl (Completely Randomized Design; CRD)
=1 n’: = 9/ 1
Hvavua 5 nInmud 1aun
=4 S 1 =} a
ninwuah 1 gaadvae (lindoun)
= P ) a o -
NEINWUAT 2 1WA UANE T A UNIINIIAIIALTEN Productos  Citrosol, S.A.
(Spain) Av Citrosol AK (Carnuba wax 18%)
= o a = .
NEIIUUAT 3 1eEpuAIE1TI AP LUN19113A191NUTE Y Productos  Citrosol, S.A.
(Spain) Honra (Polyethylene wax 13% itag Wood rosin 3%)
- o a
NINWUAN 4 MIrudeauta M-wrap
a 7 . . . g A ad =
NIMUWUAT 5 NI5UTILVY liner (‘bag-in-box’ type) Tugaeanihidnsinsan
' (24 = " .
WU roenFIau (Oxygen Transmission Rate; OTR) 17,000 cc./m*.day wu1999 33 X

" ay 9o e o ~ o ] a
38 117 T ldsumsmivayunnguima Ty ot lanzuaz Jaqurapa
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8 s
o [} o o o
TaomsindsuraduToldmsindoudnsiaiu 1.25 va/wa ninuuday 4 51 510z 4
o = = = 1Y 1 g o LY o
Ha R usneIngungi 10°C w1 60 1 52vIeMsinUIneInn 10 winsdena
3/ S w a a -0 P | e:‘
dulenfusnyifiguugll 25°C w3 Su Teasaaaovgunindsde 113
= ) o a
3.2.1 Ysinafaeandiou (Oy) uasianiiuoulasenled (CO) nwluwadule
A1819589 Gas Chromatograph (Agilent 6890N) i detector TCD (Thermal conductivity
)
detector) :waunalu %0, taz %CO,
v
3.2.2 msgapdoiimiin (%) lasAiuinuangas

= 3 Y : C S @ ay @ o o a
MsgaerInen (%) = MUNNBUMSNUINEI — UTHMUANAINIIINUINYI X 100

shmindoumsfusou
32.4 awesdilden laulfinseeiad Miniscan uanswailud1L* a* b* CIE
Chromaticity values Iaga1L* (A1a211a319) ﬁﬂ"lﬁt’méO(bIack) 4 100 (white) #1a*
Usznoudie +a = una (red) —a = 19873 (green) wag b* Usznoudiy +b = Tindes

(yellow) —b = 113U (blue)

v
o A

3.2.5 ﬂ?mmmam%aﬁwmﬁa:maﬁﬂﬁ (Total Soluble Solids; TSS) mmﬂwmuu
wuaoiiy % F33ndaoin3es hand refractometer (ATAGO, Japan)

3.2.6 USumnsafilawmsnld (Titratable Acidity; TA) Taesinihdu 2 Tadans @
phenolphthalein 1% 1-2 #v 1ifu indicator 17 Inmsadvarsagars NaOH AN NTY
0.1N 3unszHaie end points a1WTuasa1s NaOH udamndmianif1 % citric acid

NNGAT

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

N base 79 normality ve3a13aza1e NaOH
meq.wt. acid (Citric acid) = 0.006404

¥ 9
3.2.7U51na3miud Taorinivudule 2ml uagshns lnnsadgais 2-6
dichlorophenol-indophenol (AOAC, 1990) s1e41uKaluviiie (mg per 100 ml)
14 ¥y
3.2.8 USummsilszneviluearianua (total phenolics) luthAuduTeauisns
v v
ve9 Singleton and Rossi (1965) YsumasUsznevilueananuandaldinyodu
mg/100g v viinae
@ : @ 8 o 0’: ey o = : ::’ 9 :
FarihvidnduTedszun 50-60 ¢ Mmsauthuazalsinasihaudule (ml) gath

¥ ¥
aunn 1 ml 11130919 10 11 vidsnniiugaalvg1aw 1 ml @y Folin-Ciocalteu phenol
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o

reagent (10% v/v) 5 ml ‘ﬁﬂ%um 5 1171w lFidhAuAw vortex mixer uazian Sodium
carbonate 7.5% (wiv) 4 ml fialifgamgivesumy 1 $2Tus thlddamganduuasda
LﬂémSpectrophotometer (Biochrom / Libra s21 & s22, England) ﬁmmm’mé‘u 765
nm TasSeuReuiunsivunsgiuves gallic acid fiszrunnududy 10-100 pg/ml
329 q%%‘{ﬂﬁﬁmaqy‘aﬁﬁix #1833 Ferric reducing power activity (FRAP-assay)
nageuaNNannInlumsiadgues Fe” (i Fe** muitues Yen & Duh (1995)
TaodaminduTovszua 50-60g FamasusungSasinasihduduTe (ml) ﬂﬂﬂy‘lguiﬂ
1 ml @y phosphate buffer (0.2 M, pH 6.6) 2.5 ml uag 1% aqueous potassium
hexacyanoferrate [K3Fe(CN)g] 2.5 ml ﬂﬁ'ammfuﬁd"ﬁﬁqmwgﬁ 50°C w1 30 W Ay
i 10% trichloroacetic acid 2.5 ml naulfihiudauaios vortex mixer fial%uu 10
W1 szRAMIIENFUTR T Az AY iR 5 ml uaz 0.1% aqueous FeCl; 0.5
ml %ﬂﬁmﬂﬂﬁuuﬁdﬁ 700 nm #361A309 Spectrophotometer (Biochrom/ Libra s21 &
$22, England) TeawlSounsudunsinasgiuvos ascorbic acid fiszduanududy o-

a v [~
1000 uM gazsrenuramInAnsdANNaINIsn lumsiAIsanianiy pmol AA/100g
v
munaa
3.2.10 Usziunametszamduia Taodszdinananuseuasiuunaunassd deld
= 1 ' as ° £ "o o w Y
Ausedunla 1d5umsiladudinau 15 au uiaduszdums iazunudsil

wuunaaeudssendudaaule

& oo

WO IUN

fIe81a

fnuale 1 2

naNIaT S

wineme: 1="Tldyey 2=wewes 3=meq  4=youmin  S=yeumniiga

o = P = 4 aa N
3.2.11 famsiasizrinanieana lasdinszdinaniaanaeinllsunsu SAS (version

8.1) lumsianzdanuulsisiu (ANOVA) TaoulSsuifisuaunioa103 Duncan

o o

Multiple Range Test (DMRT) fiszdunivdday 0.05%




= <
HAUAZIDTITUND

t:;. - = = 9/ @ =
4.1 manaaedi 1 MsfnuINsnTyay lnvesdulewugnesn
a a o & =t ] I = 1
msfnmsTuAy TnvesduToriugnosdluma 0.030unN 2.4%09310 5819 14-
ar o @ y = a d a 4 wa
32 §lans (3-8 1fow) ndsenuiu isdsziiuanuuiyseivesdule ninmsdiaszHanla
= o i dy ey 9 1 : a : ar = uy a A;r
nuemenuaziaiidae 1 1) audamenisamlaun dhwinwa hinindden dmlnile
1 L4 § T o [ ' v
1#U0U AU IFUINA19UBUTD @urguenatana (E) Anugana (P) 9a51aIussnIg
1 -4 5 = a 4 = : ng
anugauazduriguinaiana (P/E ratio) Anuvunden dduldenuazile Ysuanhau
s = N < 3 { :’ .
2) aufamuni 18us YSinawedsisnuaiiazaieild (Total Soluble Solids; TSS)
L4 ]
YFumnsananuain lninsa'ld (Titratable acidity; TA) 8a51913zn 19 TSS:TA  uae

IR TR YRRt

4.1.1 auuaMmanenIn
4.1.1.1 vihwmvinna hniinele ihnunwaenuazaunuulaen
g ! w 4 & w A A '
msilasuntastiivdnra daniniie divialden wazanurundaon wun
o Y v & a ’ § ot ™ =
nsesguesdu Tonuinesmluuy sigmoid  curve Tawszoznasaveanisnau iy
ar A - g ' [~ 1 w P [
mswaudenveedy Todainiuooresias 1 lugdUain 14-22 waseenuIu lag
Fot Y o a = % = o & ' g
sTazAauATUAINN 22 HAIAENUIN (STEENAIN) A1 ToNN1SNAILIVOIHDNADENNTIALT 2
v v
aandoisunmsanasvesmiialdonuazanurunlion nanniuaurunien
o o L ' a <3 o o=t i o
annamuswLIanaln gz uSYyseinin 2.5 cm W 1.5 em (flanih 22-35 ndemen
= £l o d e g a d‘:} ' P [ = n’J LY
11U ) Fawady ToRugnesdidgszozusysalnuadUaIri 28 nasnonuiu uaziiivunKg
[ o w o PR ! =) =
Usunm 1,100 nfu aeandssdunisAnyiveusaiag (2545) AFnuinmsesymylaves
9 s o uy g = = N s = 1 P Qs ic;
FuTougu19thAe WuNLNSRsYHUY sigmoid curve nazmssyluranaes (davn
:’ @ A e 5 = a & 1 o [ q’: a g
5-25) imdaranmuYuAnInmsIgvoulaensdnaba faiunsnsyvesHadule
o o = = = ::: ar £ o
wuinosdluszozusnfunsniyveatfensunsiadadaii 22 ndsaenuiu (=5

=l ar al/’ I~ a d{‘ 9 o Y 1 a 4 .
wou) ndsnnthuilunsnsyveuieduTevunseanangszozanuusysal (Figure 4.1
and 4.8)
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Figure 4.1: Growth and development of fruit weight, flesh weight, peel weight and

peel thickness of pummelo cv. “Thong Dee” during 14 to 35 weeks after full bloom.

) v ¢ &

4.1.1.2 1aUIDVIIND [@UFIFHENDINAUASIUD HASANNGING
& Y w & ayy 1y ¥ o A
msidsundasvuianadu Teugnesd laun 1dusous idumguinaIHaLaziie
1 = % 7 ~ @ ' 3 g

uazANgINa luramsnsadlavi 22-35 wauaenuiu wuInduseuaveinadyle
4 1 3 = 9 e, Lt O @ £ 4
UAUDENIT AT WAz UV IALEUTEYN 31- 50.6 cm. (FUIATINUTUAIFHINAINDN
P 2{ 1 [ B ar :; o d{‘ £ o A dy . &
Muluod1esiaswazaaanaesnuiminueutodu lomwuiy (Figure  4.1) F3vu1a

] 4 S y .
urgudnanenanazanyganaiuiuanioy (Figure 4.2)

Q
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—e— Diamneter —#— Diameter of Flesh
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Figure 4.2: Growth and development of fruit and flesh diameters, fruit height, and
fruit circumference of pummelo cv. “Thong Dee” during 14 to 35 weeks after full

bloom.

as I < .
4.1.1.3 dan1amsznnennugs (P) veswasaziduenguanaiawa (E) (P/E ratio)
o T 1 ] 4 w o
DRI IUTLHINANUGS (P) wmwmmmﬁ’umquﬂﬂawwa (E) maat’fﬂ@wuwmﬁ
1 o oo . ] ! 1 1 w & o ]
Tugedaidi 14-35 srdeudhsnsiiimyszanm 0.9 naasimadu Tewugnesaizylswa

nyanauutiu (Figure 4.3)
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Figure 4.3: The P/E ratio changes of pummelo cv. “Thong Dee” during 14 to 35
weeks after full bloom.
4.1.14 dflasnuazdiledule (L*, a*, b* value)
o o/ — = P} g/ 1 ¥ 1 A d!J A L1
Svsumsaountlasdnldonuewady Towud1 A1 L* (ANUANL) NVULOHAL
1 = o i : 1 1 a 4 T a
dazoyamuuSysel (Figure 4.4A) msuffoundasd -a* (M1iToa) iaiu PREGRLREL b
1 v . b4 ]
Houasdmuneieimioanas (Figure 4.4B)uazmisnar +b* fuuaTdumauminyuds
®f A & d? @ o ar [ 0’1‘ =
wuea e Smasanniu TaommizdUa1in 26 namenuiu auiumsidsuilasves
= o) = 4 ' = ¢ o @
waenduTonnddvuiudimdeuiionaidgszozuiysal (Figure  4.4C)Tasvialins
: a S o 0 ¢ P |
wEsunlasvosSumaanlsflas Roadeetumsiiauveseu lasl chlorophyllase AU
= = LY o a1 = o = as ja
anelsfadiAanisaatedni I aimdesvoamlsfivesadsingldiviu TasidSun
0 -
aTsivesa L lAiaAu 5w, 2541)
3 3
drusmienanudier L* uas b* fSuualduanas (Figure 4.4A,C) uamsinuile
9 = & 4 d? A Y = < o o 1 * a0 a g o P
Sulolimmasssaumniuilonadigszozanuusysel dnsuem a* Tauiiniuludlaiia
' 3 = a 4 & & o o o o o
26 nansiuiodu ol Funudfivnndy (Figure 4.4B) Failudnyazilizdniugvesdule
o o d.t:;.dw = J = U 9 [ U oY = 3/ ) T
WuinesRnianvusfiflodyunsou uazapanaoInu *b vpadrulAendu lofiaaateens

599137 (Figure 4.4C)
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Figure 4.4: Color changes of peel and flesh of pummelo cv. “Thong Dee” during 14

to 35 weeks after full bloom.

¥ W
r

I3 d o

4.1.1.5 wlesiduniiau
1% o o oA Y a 0 o - RN o A4
FulowuinesddiongszozanuuTysel luddamii 30-35 nasaenuiu wesiyud

: 3 = 3 o w b o1 A -4 I~ 4 : =
WduduTuaudduFdauiuinen 60% 1y 65% (Figure 4.5) Famsiszifiunny
a ¢ § | ¢l 0 & o /&1 L oy oo
viysaivosduTommsodmua ldnnswesfidudihau sndreagululssmailadTudi

Yy ¥
o = o_ & o U ' s ) | - =
SmudTnanhdudiqruesdulendsiimediadas 50% (TSvuazaily, 2548) udet1elsh

' oo ' o W =
aduTovesseme Ine i Idadsnarudludyiianuuiyslvesdule
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Figure 4.5: Juice (%) changes of of pummelo cv. “Thong Dee” during 30 to 35
weeks after full bloom

4.1.2 gutiamanil
4.1.2.1 Yhnswesdaianuanazaeiild (Total Soluble Solids 5 TSS) USnansail
Tounsn’ld (Titratable Acidity; TA) sazdnsiaau TSS:TA
a :’ q’/’ = g 1 4 1 = d o o
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Figure 4.6: TSS, TA and TSS:TA ratio changes of pummelo cv. “Thong Dee” during
30 to 35 weeks after full bloom

4.1.2.1 FRnafdmiiug
= = a ' 1 - g ¥ 1 or o -
USuadmiuFasasediaoidieuiooiyradulemniulusznhedlama 30-35
& A o G
Fela1anae91n 50 mg/100ml 1w 40 mg/100ml (Figure 4.7) 3051891HUDI Lee and

= g E 1 = o
Kader (2000) vydn/Sinadmiudvesiisaszqadunnauionadngssezusysol

Q



Vitamin C (mg/100 ml)
':‘JDJ

O [ T 1
0 0 A3

[F¥]
)
th

Weeks after full bloom

Figure 4.7: Vitamin C changes of pummelo cv. “Thong Dee” during 30 to 35 weeks
after full bloom

3
=

= a 3 Qe o [ @ =]
i]’}ﬂﬂ'liELﬂi’]zﬂNﬁ“ﬂGﬁlJ‘Uﬂﬂ’]Elﬂ’lWlLﬁ:ﬁLﬂMLﬂuéﬁiﬂyawuﬁﬁuiuﬂ’]iwm‘l,.!’]ﬂ‘])’ﬁﬂﬁm‘ﬂ

al

,:; gt d’ = T = d‘ -] a o ¥ 1 4 9
Ao luduTonign 8.ounu 91383319 HNENT1SNAUIIUITEADNTTONINDADIANNINIAD
9 ¥ s 1
nuasnsfugnduTe avsinms3fedmiae Ty Taon1snaassdnasuanllinaaeuazaiu
9 d‘l A a o oo 9 e 1 Y 9 =1 42. ar - =] =
Suladeduiusudsidrdadumenmiiinadedulsauinil INoRaIATUMIINUING]
9 ' o - g acg 9 & '

voswaduTanuy luviatena Foazfuiinmslumsnrugupaninduloiamsaesanias

n5us Inameludlsend



Figure 4.8: Growth and development of pummelo cv. “Thong Dee” during 18 to 35
weeks after full bloom
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Figure 4.12: Control (A) coated pummelos with Honra (B) and Citrosol AK (C),
wrapped pummel (D), and pummelo in liner packing (E) stored at 10°C for 60 days
and every 10 days followed by holding at 25°C for 3 days
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Table 4.1 : Effect of modified atmosphere on antioxidant constituents and antioxidant
capacities during storage at10°C for 60 days and every 20 days followed by holding at
25°C for 3 days'”

Days after Treatment Vitamin C Total phenolics Total

storage (10 °C) + (mg/100ml) (mg gallic acid antioxidant

3 Days (25°C) /100g FW) capacity

(nmol AA/100
FW)

0 Days Control 45.27+0.30a 28.17+0.84a 323.99+0.30a
Honra 45.35+0.55a 20.78+0.90b 295.16+13.92b
Citrosol AK 45.71+4.19a 22.63+0.72¢ 249.83+24.72¢
Wrap 45.59+0.95a 28.33+1.01c 308.65+7.66ab
Liner 4431+1.34a 20.09+1.16d 234.46+8.49¢

20 Days Control 47.60+2.35a 25.05+1.25a 306.08+9.41ab
Honra 46.37+2.81a 21.85+1.02¢ 310.79+8.43a
Citrosol AK 45.83+2.6%9a 24.29+0.84ab 300.72+4.75ab
Wrap 4336+3.13a 22.83+1.36bc 302.01+9.22ab
Liner 43.67+1.99a 22.24+0.73¢ 294.13+9.44b

40 Days Control 40.87+2.83b 21.27+0.72a 300.49+19.72a
Honra 44.47+1.71a 20.63+0.86a 291.78+9.29a
Citrosol AK 42.63+2.40ab 21.62+1.49a 290.08+19.47a
Wrap 41.25+2.16b 20.62+0.96a 296.81+10.39a
Liner 40.94+1.26b 21.72+1.42a 291.51+15.20a

60 Days Control 45.71+1.91a 24.04+0.50ab 268.50+9.44b
Honra 42.25+1.10a 22.64+1.43b 282.77+16.05ab
Citrosol AK 40.95+1.88ab 19.79+1.45¢ 279.59+24.85ab
Wrap 39.64+1.82bc 22.51+1.2b 205.11+21.15ab
Liner 37.42+1.30c 25.49+0.77a 300.91+10.42a

IDifferent letters in the same column for DMRT test indicate significant differences (p<0.05)
*Mean + SD obtain from analysis of four replicates
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Table 4.2 : Effect of modified atmosphere on sensory score (flavor) durmcr storage

at10°C for 60 days and every 20 days followed by holding at 25°C for 3 days

Days after storage (10 °C) + 3 Days (25°C)  Treatment Flavor scores
0 Days Control 4.45+0.65a
Honra 4.41+40.70a
Citrosol AK 4.50+0.63a
Wrap 4,45+0.72a
Liner 4.33+0.80a
10 Days Control 4.25+0.83a
Honra 4.20+0.75a
Citrosol AK 4.2940.75a
Wrap 425+0.81a
Liner 4.20+0.72a
20 Days Control 3.90+0.73a
Honra 4,15+0.47a
Citrosol AK 4.00+0.62a
Wrap 4.05+0.76a
Liner 3.80+0.85a
30 Days Control 3.00+0.78a
Honra 3.05+0.76a
Citrosol AK 3.00+0.91a
Wrap 3.10+0.77a
Liner 3.30+0.71a
40 Days Control 3.78+0.77a
Honra 3.67+0.63a
Citrosol AK 3.57+0.87a
Wrap 3.64+0.56a
Liner 3.5340.77a
50 Days Control 4.00+0.67a
Honra 3.95+0.75a
Citrosol AK 3.63+1.02a
Wrap 4.00+0.74a
Liner 3.81+0.81a
60 Days Control 3.34+0.71a
Honra 3.19+0.59a
Citrosol AK 3.11+0.68a
Wrap 3.26+0.80a
Liner 3.03+0.59a

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

’Mean + SD obtain from analysis of four replicates
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