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(Tss) teulwsiiianzariunenluielawea (PAL) Indflusasendina (PPO) kazAIULTUTUYDY
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psmwala iodassan nnisivine tiulnglundesmuauanny RH naonszoziIaveinis
naans Ingldndiwesoafiiaududusnsiuluthndy wuihmsgydedwinuegeuuiuiovonns
duanniulunaldifiiulifigumad 30 asrnwai@oauarsedu VPD 7 1.27 kPa angdl TSS Tulowned
Aulu 13°C wag VPD 71 0.42 kPa fiszdunsiilianas ueulslseniuusaziludonvesasiiulii
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a1sUsenauiiuean1ndu lunianssiudiufianssuves PPO way PAL voilaliavuie dA1aandn
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The effects of vapor pressure deficit (VPD) on rambutan fruit quality have not yet been
fully defined. The aim of this study was to detail the changes in physiology, TSS, phenylalanine
ammonia-lyase (PAL), polyphenol oxidase (PPO), and individual anthocyanin concentrations in
rambutan fruit held at various controlled temperature, relative humidity (RH) and VPD levels.
Fresh rambutans (cv. Rong Rian) were non-refrigerated supplied from Surat Thani Province and
then stored for 9 days at either 5, 23 or 30°C to simulate shelf-life conditions. Fruits were
stored under a series of controlled RH conditions for the duration of the trial using different
concentrations of glycerol in deonized water. Weight losses and firmness of rambutan were
greater in fruit stored at 30°C and a VPD of 1.27 kPa. At 13°C and a VPD of 0.42 kPa, total
soluble solids in aril tissue were better maintained. Individual anthocyanins in pericarp of
rambutan stored at 13°C with VPD of 0.15-0.45 increased during 9 days whilst rambutan with
VPD of 0.90 decreased after day 6 of storage. Phenolic content in fruit peel were higher than in
spintern tissues. Phenol compounds at 13°C decreased slower than at 23 and 30°C. Low RH
and high VPD storages caused the greater loss of phenol content. On the other hand, activities
of PPO and PAL of spintern tissues were higher the peel. The lower RH resulted to the greater
activities of said enzyme. The detailed of biochemistry of rambutan effecting by VPDs are
discussed.

Keyword rambutan, physiology, peel, spintern, PPO, PAL, cyanidin 3 rutinoside
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euausgauanudulundedvindmla lngldarsazatendiweseanseduanuidudunie  Ysusedu
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VPD) uansi1afiu 9 ngu (Table 1) 3194HUNITNAABILUY completely randomized design (CRD) lag
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Table 1 Vapor Pressure Deficit (VPD) calculated from different temperature and relative

humidity*
Relative Humidity
Temperature (°C)
70% 80% 90%  ambient
13 (average temperature during transportation to aboard) 0.45 0.30 0.15 0.90
23 (average temperature at destination market) 0.84 0.56 0.28 1.12

30 (average temperature at Thailand market during rambutan season) 1.27 0.85 0.42 1.70

* ANUINAINTONIVDY Jones (1992)
VPD = 0.61137et * (1 — UR/100) (1)
Where: tis calculated by equation 2:

t =17,502 * (Tar) / (240.97 + Tar) 2)
Where: Tar = air temperature
N159LAS1ZADE9
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1) Yasgdudiavestdenny dusiegiaanzanyanguluiud 0 3 6 uag 9 vesnaiiunu
$1urU 10 Narenans smeLa3esindseszuy LCh
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3) YarAnuutLLes U 5 narends
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5.1 nsanaueulnlye1fiu (cyanidin 3-glucoside cyanidin 3-rutinoside malvidin)
fufiun3nL3an15983 Somboonkaew and Terry (2010) FsiminiUdenus wazauuseanusas
N55u n3sUARaY 3 fogne fetnsas 150 Tadnda ldansavany 70% ws1uea: 29.5% 17: 0.5% n5a
lalnsAassn (vAv/Av) HPLC grade USuns 3 fiadanssasesne Uul 35°C 1unan 1.5 4alus nsesans
afinde 0.2 um nylon filter disc thasadafilddinsizsidaaiadod HPLC (Agilent 1100 series) Tag
Tuunewla (A) Ao 1% nsavlaanesa 10% nsnexdan luthndu (vAvA) (B) axdTnlulnsy desnsnlva
0.2 fiaddnsraundl lIuARENTl Zorbax C8 (Agilent 250 x 2.1 iaANAS 5 um particle size)
5.2 n1sannaisusenaufusa anan1u3snis Folin-Ciocalteu (Somboonkaew and

Terry, 2010) ¥19ULzLazlUdDNI1ZLAe N5TU30a% 3 A19874 faeg19ay 150 Jadnsu @fnaay
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A158¥a18L1851U40a 80% (v/Av) Unauadl 70°C wiu 2 9alud Wiansananlansadnie 0.22 um filter
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disc 9nTuasatnIdAsEAiiieniansusznouTiuea Tasthansada 20 ul ¥ndu 3.2 faddns
Folin-Ciocalteu’s phenol reagent 200 ul way Teifieuansuasun (1.9M) 600 pl Ualudidaw 2 4aluq
figaumgiivies drarsadaildianisgandunasit 765 uluwng sen3osaUnlasliladnes lng
Uunaflueaifisuanilueaninsgiuvensaunadn wasiiniiedu mg sallic acid equivalent (GAE) g™
DW (hustnuis)

5.3 Aanssueuleyd PPO wazfanssueulesl PAL 3nnUdaniezuagaulanguiie ¥1au
nIaLUA0NLIAS NS5UITAL 3 A18819 AIp819ag 150 Jadnsu 1ay PPO 3LAS18ARAI1NIDN15D

Benjamin and Moutgomery (1973) wag PAL au3sn1svued dullusiazaeg (2560)
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FavN1INAGY Pre-Test Man1IENfABINTg (ANUFUFIIVSLazguuiiau Table 1) Ingldansavate
a CY = r-:ll a d’lj ¥ %3
ndwesen Juiinnisiiguwlasvesoungiuazainuduniglunivus a7y Data Logger W 5 1u
NAABUIIUIU 6 S8U WUIINITITNALesea 100% (lunaudinay) N1USuns 1,350 850 uay
400 4a./nN@pd SIUAUNITLEBNTINIU VU9 LAzt nvadzluniarnassnoslidunnaneiy aunse
ARLUAIANNTUFNRNSIAT 70 80 war 90%RH audiy lngArgumnliuarauIuduinsveusiag
NIsUAsUUNAY Data Logger M1 Figure 1
[y} 6* a d’l’ A o o v [} [ I3 a < a o A
Wigiuglsaleu anitunvgndrvauians swnetruuans famdiagsiugsond iufeiun
9 NINHIAN 2561 NHIINAATUIAKALAAKAINIULAT UTTIbUAENTIMaIaRNLULTYRITEUIEDINTA
N3AENTEAYEYen Agndtay 20 Alandu (Figure 2) vudInlesaduiueInNTe 0991A13 NIU. NTUNNY
Ui 10 NsNYIAYN 2561 LI3a1 10.00 w.
) o = a A a ad ! o A = o A
a9 TuinNSWAEULUaIN a3 TINE1109121NNNNTTUTTIENINTUN 0 BeTul 9 v09ns
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MA98d NUINNEIINNaun)innegeulunaesnil VPD g¢ (M3efinded 70%RH way ambient) §in13

! Ao aaa o

gy dedmdnganinasiivlunaesid VPD a1 laglunnnssudsinisaqdeuvidnifiuuinduniy
seeIaINIaiuinel (Figure 3) Wnlinfigadeainnisgadeunvesnsuiasn ssuisdussennialy
nasaiusny demadennuuluiiorawaling wulnaziivinelunaeidauiedndloungs

fanuwiuilenndngsudseu 9 sutsyamuau (Figure 4) uaznuitanuuiuilevesralnzanadly
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TngUnfidionawnzgapden vliiafieauks Auvdenudounndunseudy Wuduaady wae
Judtheand sagfiudidenddsuduibmauazdluiian aannimaassmuinnefiiuinui
13°C finswdsuulasesdinaniniian smumeinzaingamai 23 uaz 30°C mudfy Wefiansan
nansyUYes VOP Tulsiazgungil wuinazainyngumgiiiiiusnulundesiiil VPD 0.15 kPa (1dud
wdea Figure 5) fAWdaniifianedernuaing (L) wazanuduvesd (C*) qﬁﬁqﬂ wuzA Hue angle Tu
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Tuf 0 faaden 71 @Edereunies Figure 6) Faluarvedvudundnilosainvudsiiniuan Laiud
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Unaquitadeniane Wenainsiusnuiindu A1 hue 9zanasnIun1suagudosuusiiliie i

wanidupaisutuiunesiaden Wesniiuflvesuulizanas 91RanNISIAaaIwUIIAT VPD ii
Pavvzasnsivasudvesiangldinii f1 VPD figs deaenndesiudnvuzysnguenaziiandly
Table 2

dmfumsAnesinawewdsiiazatsinlg (Tss) luilowns WUI1L123n9N VPD ﬁqmmﬁ
30°C 31 TSS anasmuszezaInIsiusnvnazanasuInnIIsiiusnend 13 was 23°C Taakzan

naeanil VPD ¢ (MSenilanuuduinsgegn) angumgll 23 uag 30°C 3 TSS anaduinniNgsuizauy

(%
v A

(Figure 7) ¥ ﬁLﬁaqmﬂwumsLﬁmaaL%aﬁwLLasmiLmLﬁmamwmjuﬁqna’n senagayduorvnsliiun
HoqAuvie

ansUsenauflusaiiudentutudl 0 fdnadeUsyunns 120 me Gallic acid.g DW vaisfiauane
wuansiueauszan 80 mg Gallic acid.g* DW ludendsfivSunaansiiueaganinlusudssuia 30%
Fsaenndosiunan1TIAaedues Yingsanga et al. (2008) a1sUsznaufiuealuidenuazanlunnnisuis
anawnNsEEEIANSLAUSAW (Figure 8 uag Figure 9) HaLfLAUT 70%RH W3efifiil VPD gefianves

wiazguniifusunaasusznauilusaanaswnnian vasisiiunildavauanududuinsuas
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VPD n3aLa1zlungu ambient air fivsunaansusznauiiueaildsunlasiosNgaseninanisiiusneg
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ilniuaaigvesnsiiuinuiivsinailueagangaluyngamad lwihuesnelifuaulnginusnyi

ax

ambient air ¥@naunNNUIIIUa1TUTENBUNUDAAAAITINIIVULIILAINNTINTTN 70-80%RH LAz

< ! a a

WaSguisuseninegamgll wenaininuinluienuazvungiiiuiaamgiinindnagiiviuim
a1vUsEnauiueanInnI
dy I~ dlﬂ = a a = !
nsneassiiilunisunassusniifnertssinvesarsuouls lwuriuluildonieng Tngwuin
cyanidin 3-rutinoside (C3R) 1unoulslgenduiifivsuauiniian way 40-100 pe.g' DW s83aude
cyanidin 3-glucoside (C3G) USuauL@dY 4-10 pg.g-1 DW wag malvidin 3-glucoside TuuSunal
@ntles (Yaund1 1 pg. ¢ DW) C3G way C3R Tudufl 0 vesn1siiusnw dusunaadeysyan 4 uay

Y Y 1

20 pg.gt DW wazAnyq WWNTU (Figure 10 8y 11) F9a@onndosnun1siudsunlaussd NsuauaIual



hue 91 71° @4l ereumdsnazanasauiduannaznatedudunsuutiinna 7 hue Uszaiad 20-30°

TuYui 9 vasn1sAUSNE

a
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MUY 8niuziingsuds ambient air anawwasainiiuinwIuig 6 Tu vuziigamgll 23 was
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30°C woulsleeduvsaarlinainiagnnIsuisanamdnniiusnyiuig 6 uay 3 Ju auaiu @

o aaaa

wandlififiudnaneAfAuif vPD ge (RH ) fawnansueulslusnduludnsiisininmeainnssuisid
VPD #i1 (RH g9) LLaz‘d%mmLLauIﬁlszj&Jwﬁuﬁgqaawﬁmamaqaai”mmﬁ'ﬂuﬂ%mmﬁqaﬂd'1 Fsonaiieatos
funisiindtimiasinienssunisiaureneuledvatesiafiieades naznunisanaves
woulsloendulunaliiEunwvaneviia Wy 3u3 (Jiang and Fu, 1999; Kaewchana et al., 2006)

1nn1sAnwRanssuvesoulesl Polyphenol oxidase (PPO) wuRanssuves PPO Tuvuinzas
nluUdenny (Figure 12) Fsaenndasfun1sAne1ves Yingsanga et al. (2008) finuinvuLinsd
Aanssuves PPO ganindden demninAnanuiinauansilueaiiudonanadusasfidinindivu uana
Tiduiiiuealuidengninluldluviinaitesnitiivu dwalfuunsuanseinisiiianaaniii
Waen Tailiinanlasiadiwesvuienzuavuisniddeninldarsusznaudng q luead lngiany
a1sUsznouilusasanainwadlainendn LLasaaﬂmﬁﬂUﬁﬁ%mﬁ’uaaﬂ%Laumsmanv‘iﬂﬁl,ﬁmmiﬁﬁﬂma
TuyFunamn

dmduRanssy PPO Tuiden wudanududuinsdnadefanssuves PPO wWienaed
ambient air (U5z31184 55-60%RH/ VPD g9) 7113°C wazil 30°C #Aanssu PPO Lﬁﬂ%ﬂ@ﬂﬂ’hﬂ’)’m%‘u
Fuindseaudu (Figure 12A) wausitanududuimsss q 7 23°C liifinasiefianssuves PPO dmu PPO
Turuianz MAvEnwi 13°C $aufu 70%RH (VPD g9) wansianssu PPO gefian vazfivudnzain 23
LAz 30°C i ambient air §RanssuLadsvas PPO gendnssuidau (Figure 12) waainnisdnwiil
A0AARBIAUNIIVAABITBY Landrigan et al. (1996) f51891031754 A0 enzymatic browning luligay
Anluneiiiusnnfinraduduingsth (65%RH 20°0) innitiiivludififienutiugs (95%RH 20°0)

UTN10UNINIIUVBY phenylalanine ammonia-lyase (PAL) Iumﬁaﬂqqmﬂwumx Tng PAL
Tudenifiutunuszernainafivinuilgumgll 13 uay 23°C Aansuwes PAL veadanil 30°C
Apy 9 anas seineiudl 0 wag Juil 9 dm3u PAL fvulanzanyngavgiiananiuszeznaInIsiiy
Snwn egdlsianulunngaumgll Aanssu PAL annusaznssudslddinnnuunnsisegsfifeddynieain
(Figure 13)

9. A3UNANTIINARBILATTILAUBLUL :

msivinunzanluan il Vapor Pressure Deficits (VPD) wansinaifu o grumndl 13, 23
Lag 30° wudn VPD gandn ﬁﬂﬁmmﬁmmiq@ﬁaﬁmﬁﬂLﬁmmm’iﬂ wazdmadonsasuunlas
ImEJLawwzmilﬁm?ﬁfwmaﬁLﬁmnﬂUﬁﬁ'%mszmmmsﬂizﬂauﬂuaa sudauelslueniiu teulwd wu PPO

uLaz PAL 57uAU09nTau w30138n31 enzymatic browning ludnsaigandneasinulunig vPDsn
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(VPD 0.15-0.5) uendiniiwefigadedmiinludnsigs slvanuuiuidouas TS anasuinni
35335 BuetelitudAny

fefunsfuinsianegrierudaneraanmafuluannefifigumgflafu 13°C mududusing
11nn91 80%RH davinlarusnadnduesnuguleth (vapor pressure deficits: VPD) luwatizuas
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Table 2 Visual appearance of rambutan fruit treated at different temperature, RH and VPD

for 9 days
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Figure 1 Relative humidity in containers contained with rambutan fruit. The containers were
modified atmosphere to be 70 (=) 80 (++) and 90 (- -) %RH compared to relative humidity in
ambient air () at 13, 23 and 30°C for 9 days

alt

Figure 2 Containers for supplying rambutan fruits from orchard at Ban Na San District, Surat

Thani Province to Postharvest and Processing R&D Laboratory, Bangkok by refrigerated van
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Figure 3 Weight loss (%) of rambutan fruits kept at different temperature (13, 23 and 30°C),
relative humidity (70, 80, 90%RH and storage ambient), and vapour pressure deficit (between

0.15 and 1.70 kPa) storage for 9 days
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Figure 4 Firmness (N/mm) of rambutan fruits kept at different temperature (13, 23 and 30°C),
relative humidity (70, 80, 90%RH and storage ambient), and vapour pressure deficit (between

0.15 and 1.70 kPa) storage for 9 days
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Figure 5 Changes of peel colour of rambutan fruits kept at different temperature (13, 23 and
30°C), relative humidity (70, 80, 90%RH and storage ambient), and vapour pressure deficit
(between 0.15 and 1.70 kPa) for 9 days
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Figure 6 Hue angle chart
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Figure 7 Changes of total soluble solid (TSS, %Brix) kept at different temperature (13, 23

and 30°Q), relative humidity (70, 80, 90%RH and storage ambient), and vapour pressure

deficit (between 0.15 and 1.70 kPa) storage for 9 days
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Figure 8 Changes of total phenolic compounds (mg Gallic acid equivalent (GAE) .g* DW) in

rambutan peels kept at different temperature (13, 23 and 30°C), relative humidity (70, 80,

90%RH and storage ambient), and vapour pressure deficit (between 0.15 and 1.70 kPa) storage

Spintern Phenol/ 13C Spintern Phenol/ 23C Spintern Phenol/ 30C

100 100 100

. § %0 ag 20
2w ——— T o
2w 70 e 70 70
g e s 60 60
8% s | oxxrrTY_YYR - 50 50
22 0 0
2E w0 30 30
2w 0 20 20
~El g 10 10
o o 0

Day 0 Day 3 Day6 Day 9 Day0 Day3 Day 6 Day3 Day0 Day 3 Day6 Day 9
—+—70%  --#--80% —&-90%  —s—ambientair —4—70%  +-W-:B0% ~4=90% === ambientair ——70%  -+Me-80% —h—00%  =—H—ambientair

Figure 9 Changes of total phenolic compounds (mg Gallic acid equivalent (GAE).g* DW) in

rambutan spinterns kept at different temperature (13, 23 and 30°C), relative humidity (70, 80,

90%RH and storage ambient), and vapour pressure deficit (between 0.15 and 1.70 kPa) storage

for 9 days
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Figure 10 Changes of cyanidin 3-rutinoside (ug.g’DW) in rambutan peel kept at different

temperature (13, 23 and 30°C), relative humidity (70 , 80, 90%RH and storage ambient), and

vapour pressure deficit (between 0.15 and 1.70 kPa) storage for 9 days
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Figure 11 Changes of cyanidin 3-glucoside (ug.g'DW) in rambutan peel kept at different

temperature (13, 23 and 30°C), relative humidity (70 , 80, 90%RH and storage ambient), and

vapour pressure deficit (between 0.15 and 1.70 kPa) storage for 9 days
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Figure 12 Changes of polyphenol oxidase (U mg DW) in rambutan peel (A) and spintern (B)

kept at different temperature (13, 23 and 30°C), relative humidity (70, 80, 90%RH and storage

ambient), and vapour pressure deficit (between 0.15 and 1.70 kPa) storage for 9 days
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Figure 13 Changes of phenylalanine ammonia-lyase (PAL) activity (U mg DW) in rambutan

peel (A) and spintern (B) kept at different temperature (13, 23 and 30°C), relative humidity

(70, 80, 90%RH and storage ambient), and vapour pressure deficit (between 0.15 and 1.70

kPa) storage for 9 days



