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Sutasinee Chintong 2010: Effects of Controlled Atmosphere Storage of Pineapple and

Ultrafiltration Process of Pineapple Juice on Aroma Volatile Compounds, Vitamin C Contents and
Antioxidant Capacity. Master of Science (Food Science), Major Field: Food Science, Department
of Food Science and Technology. Thesis Advisor: Assistant Professor Wannee Jirapakkul, Ph.D.

129 pages.

Effects of controlled atmosphere storage of pineapple and ultrafiltration process of pineapple juice
on aroma volatile compounds, vitamin C contents and antioxidant capacity were investigated. Volatile
compounds were analyzed by Gas Chromatography-Mass Spectrometry (GC-MS). Vitamin C contents were
examined using high performance liquid chromatography (HPLC). The antioxidant capacity was evaluated
by 2,2-diphenyl-1-picryhydrazyl radical (DPPH) and oxygen radical absorbance capacity (ORAC) methods.
The results showed that the predominant aroma volatile compounds which described as pineapple aroma were
2,5-dimethyl-4-hydroxy-3(2H)-furanone, ethyl hexanoate, methyl 2-methylbutanoate, ethyl 3-(methylthio)
propanoate, methyl hexanoate and methyl 3-(methylthio) propanoate. In addition, some volatile compounds
with fruity aroma were ethyl 2-methylbutanoate, ethyl butanoate and ethyl 2-methylpropanoate. Controlled
atmosphere (CA) storage of pineapple by using the combinations of 2% and 5% O, with 5% and 10% CO, at
12 °C could delay the alteration of predominant aroma volatile compounds, vitamin C and antioxidant
capacity better than with normal atmosphere storage (p<0.05). The optimum CA storage for pineapple was at
5% O, in combination with 5% or 10% CO,. This storage could maintain the predominant aroma volatile
compounds, vitamin C contents and antioxidant capacity during three weeks of storage. The quality of
pineapple juice by ultrafiltration process (membrane molecular weight cut-off (MWCO) of 100 kDa) was
compared with pasteurization at 96 °C 30 s. The ultrafiltration could preserve predominant aroma volatile
compounds. The major compound of pineapple aroma, 2,5-dimethyl-4-hydroxy-3(2H)-furanone, was found
in both permeate and retentate. However, most aroma volatile compounds remained in the retentate.
Pasteurization of pineapple juice brought about the decrease in both type and concentration of aroma volatile
compounds (p<0.05). The concentration of 2,5-dimethyl-4-hydroxy-3(2H)-furanone was dramatically
decreased from the fresh pineapple juice. Furthermore, ultrafiltration could reduce the loss of vitamin C and
antioxidant capacity of pineapple juice. Flavor and vitamin C of mixed pineapple juice, combination of

permeate with pasteurized retentate, were close to those of fresh juice.
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n3a (Gosazveninniinan)
NIATATA 0.32-1.22
nIANIAN 0.1-0.47
N3A0ONTIAN 0.005
msszvig (lalasnSudensy)
AN 0.2-2.5
33n3ng (Nadn3uee 100 n%’mimﬁfnaﬂ)
ua IsNu 0.13-0.29
uu Indla 0.03
Fendiu (ulasnsuse 100 n%’mimﬁnaﬂ)
AsANIT1-ozd Tuuu Taon 17-22
nsalWan 2.5-4.8
Yueray 200-280
nsaunu Ingia 75-163
I5e1iiu 69-125
15 Tuvlaniu 20-88
ANU-16 10-140
SAT-D 0.02-0.04
AsAURAADI TN 10-25

3n: aauadann Dull (1971)
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ethyl acetate

methyl 2-methylpropanoate

ethyl 2-methylpropanoate
2,3-Butanedione

methyl 2- and 3-methylbutanoate

ethyl butanoate

ethyl 2-methylbutanoate

ethyl hexanoate

octanal

(2)-1,5-octadiene

1,3,5-undecatriene
1,3,5,8-undecatetraene
4-methoxy-2,5-dimethyl-3(2H)-furanone
butanoic acid

[-damascenone

Y-octalactone

d-octalactone

Y-nonalactone
4-hydroxy-2,5-dimethyl-3(2H)-furanone
v-decalactone

d-decalactone
3-hydroxy-4,5-dimethyl-2(5H)-furanone
v-dodecalactone

phenylacetic acid

vanillin

solvent-like, fruity
fruity, sweet

fruity, sweet

buttery

fruity, apple-like
fruity

fruity

fruity

citus, fatty
geranium-like

fresh, pineapple-like
fresh, pineapple-like
caramel-like

sour

fruity, sweet

fruity, coconut-like
coconut-like

peach-like, fruity

sweet, pineapple-like, caramel-like

fruity, sweet, peach-like

sweet, coconut-like
seasoning-like
fruity, sweet
honey-like

vanilla-like

3n: faua)aann Tokitomo ez al. (2005)
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YIF1TAZAYNITAAAUIT IV aﬁmﬁ“luﬂquu 1&un total phenols assay by Folin-Ciocaulteu
reagent (FCR), 2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity (DPPH) assay, trolox
equivalent antioxidant capacity (TEAC) assay %30 ABTS @y ferric ion reducing antioxidant

power (FRAP) assay ina Indauaaaluaumsi 1 (Prior et al., 2005)

X+AH —> X +AH" (1)

1.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacity assay
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T5HIZIAA NN NI I UNTGVESS 2,2-diphenyl-1-picrylhydrazyl radical (DPPH)

@ A I A 9 @ A g Y
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ANty smsanatasodudieyyaddss lasosay 50 1nUsumeyyaddse
Fudu (IC,,) n3emMANuavIs0lumsdiueonFiadu (antiradical efficiency, AE) (Prior ef al.,

2005)
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i 2 Taseadamanilives DPPH
f3: Prior et al. (2005)

Probe (oxidant) + e (from antioxidant) —y reduced probe + oxidized antioxidant (2)

Qddyd AnA =\ [ o 9 Y ¥y A A 1 A Y] A
AW UITNOY VANNLN U 61‘150@114!@8 Lm%cl%l,ﬂiﬂﬁu@tlﬂ!ﬂi’ﬁ]ﬂ’)ﬂﬂﬁ@ﬂﬂﬁu
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a S
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a d Y am dy
AUATICHAIYITU (If’]fﬂ HagAUe, 2549)
ad % d' .
2. S5mstamsuan/asueznenlalasiau (hydrogen atom transfer (HAT) reaction)

1 am dyd Aaan A a [ [ Y
Huang et al. (2005) 51891471 ’J‘ﬁﬂﬁutﬂuﬂgﬂiEJTVILﬂﬂﬂﬁlﬁl\ﬁluﬁgﬁ’JNﬁﬁﬁWH
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E4
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2.1 Oxygen radical absorbance capacity (ORAC) assay
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(Prior et al., 2005)
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f31: Huang et al. (2005)
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2.1 'lanaeTsimu, HPLC grade (Lab-Scan, 1/5zme losuand)
4 .
2.2 1WUNY, HPLC grade (Lab-Scan, ﬂizgwﬁ"l@mauﬂ)
J .

2.3 1WNUBA, HPLC grade (Lab-Scan, Useime losiaud)

2.4 TamAsunan'lse (Merck, szimeeasiiuil)

2.5 Taaeudamny 519910111 (Ajax Finechem, Useimaooeinsiae)

2.6 Tnunadon la-lalasou Woaa, Analytical grade (Ajax Finechem, Uszing
a A J.
UABLUAURN)

2.7 la-Tnuna@en lalasiau Weawla, Analytical grade (Ajax Finechem, Useinet
a A J.
UABUAURN)

2.8 NIAUBAABI LN, HPLC grade (Aldrich, Ysemaanigomsni)

2.9 nia'leTsueanesin, HPLC grade (Aldrich, Yszimsansgomsn)

2.10 n3aA lalasueanasin, HPLC grade (Aldrich, Useimaanigomsni)

2.11 2.2-1a74ia-1-lwasa'laas1¥a: DPPH (Aldrich, Uszimeteesiiuil)

2.12 2,202 Twdie 2-wialnsdi Towiiau) lalalasnae'lsa: AAPH (Aldrich,
Uszmnmensiuil)

2.13 6-18A590%-2,5,7,8- A 521uNa IATUNU-2-A15 V0N Lran 1e%Fa: Trolox (Aldrich,

szimaeasiuil)
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2.14 Wlgoors ey, Analytical grade (Aldrich, Usgmaansgomsn)
2.15 8131193314 (internal standard)
- 2-methyl-3-heptanone (Aldrich, ‘]Jigﬁmﬂﬁﬂgj DIUTNN)

2.16 M31103§1U n-alkane (hydrocarbons, C,-C,;) (Aldrich, 1/5zmaAanigamsn)
2.17 mium*jgmmmmﬁzmaﬁiﬁ'ﬂﬁuﬁﬁm

- ethyl 2-methylpropanoate (Aldrich, Uszmaans gamﬁm)

- methyl 2-methylbutanoate (Aldrich, YsNATHIFOINTNI)

- ethyl 2-methylbutanoate (Aldrich, Useimeteasiuil)

- 2,5-dimethyl-4-hydroxy-3(2H)-furanone (Aldrich, Usemaany 3 D145M1)
2.18 Madiaey mmﬁqﬁ%ﬂaz 99.999 (Thai Industrial Gases Public Company

Limited, 1/5zimet Ine)

2.19 M luTasou anuuTaniievas 99.999 (Thai Industrial Gases Public Company

Limited, 1/5zimet Ine)
A A
3. 1n3093l0

3.1 ¥ANARDIIZUUDAAT I amIFU 31 QuixStand (GE healthcare, aN5FoINTNI)
W3oUN peristaltic pump JU 77200-62 (Masterflex, A¥3701U501) ApALMMUTUFUATIZH
Twada Tiuuuudulonais (hollow fiber) 3U UF-100-E-4MA (GE healthcare, @13 go1u3n1)

3.2 ganseaudy

33 1399942 Sl (balance 2 decimal) 31 TP2KS (Ohaus, 1/3ZineansgoLmsn)

3.4 1959993 4 fUNUS (balance 4 decimal) T4 ED2248 (Satorius, szimengosiiuil)

3.5 1A594MIULUULIIHED (magnetic stirrer) 31 RCT Basic (Ika Werke, 1/3inel
WALKY)

3.6 m?mm%muammuqmwgﬁ% (refrigerator centrifuge) f.j:u RC-5C Plus (Sorvall,
Uszimaanigomini)

3.7 1050418105 Tuae (homogenizer) Wonsiatluaiaian U T10 basic (Ika,
Usemeeasiuil)

3.8 Lﬂ?ﬂﬁlﬂmﬂ’nmﬂuﬂiﬂ—mﬂ (pH meter) iu 2-Star Benchtop (Thermo Orion,

UszmaansgomIn)
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3.9 Lﬂ?ﬂﬁl!‘l/\liﬂi@lﬁl@]’ﬂ{ (refractometer) :g'u ATAGO N-10QL (0-32 %Brix) (Atago,
ﬂizmﬁtﬁﬂu)

3.10 91AIUANQUHNI (water bath) 34 WB 7/14/22/29/45 (Memmert, 1J5zinet
180 INUI)

3.11 QuAnF4 (freezer 40°C) J1 MDF-435 (Sanyo, Ussimadiilu)

3.12 n5esiiusanun'lansean (Sakaya, Uszime ne)

3.13 lﬂ?ﬂ\iWaﬁ@’n’i'l3lfﬁﬁ'JW%I’E')llﬁﬂﬁgﬂﬂw1ﬁlﬂ@ﬂiﬁlm$§m%ﬁ i:u Electric
Development (MicroThermics, Uszmaans 3 amﬁm)

3.14 Lﬂ?ﬂﬂﬁlﬂﬂiﬂﬂﬂiﬂﬁmag j:u Spectronic Genesys 10 UV Scanning (Thermo
Electron Corporation, UsgnAanigoini)

3.15 1309 3AmIgAnaunaavlgeelseisusd (FLUOstar OPTIMA, Ussime
ansgominT) wiou well plate 761

3.16 m?'m High Performance Liquid Chromatograph (Waters, ﬂszmﬁawi@ DIUTNT)

3.17 Lﬂ%im Gas Chromatography-Mass Spectroscopy (HP Model 6890, Mass Selective
Detector, MSD, HP 5973) (Agilent Technology, 13zinaanigomsni)

3.18 m'%"m Gas chromatography (GC) tj:u 6890N (Agilent technology, Useing
GRS DIUTN1) DML flame ionization detector ij:u G 1530N (Agilent Technology, 1/32im#
A1TI0IUINI)

3.19 m%‘mwa'm?]u (Model CoolAce Ca-1100) (Dynamics Corporation, U3zingl
A1TIOIIN)

3.20 m%l‘mﬂguizuuqaumunmﬁ (high vacuum distillation) aju B62426952 (Edwards,
UszmAgIngy)

3.21 ummuﬂuﬁmmﬁ”lwaeummmﬁ (flow board)

3.22 STUUMUANTNNUITYINIA (controlled atmosphere system) j:u MI4-110-KG1

(Moeller International Controlled Atmosphere, szinansasa)
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FEAUANNIFONY 95% 1a83T Duncan’s New Multiple’s Range Test (DMRT)

a 4 1

WAT1HANUUTUTIN (Analysis of Variance, ANOVA) AZUUUAIUUANANIDN
LY (] Y . = =1 1 1 d‘ d‘
f10813A7UAN A28 1151051 SPSS (version 13.0) tazi)TouNeuANNUANAIYOIAURAN
FEAUANUADIU 95% 1A8ID Dunnett’s test

4. a0 uNMIMINAand

a wva a a J
ﬁ@ﬂﬂaﬂ@ﬂ"liﬂ?ﬂ')clﬂ'l'ﬂEJ”I?HET@iLLﬁ%LWﬂIuTﬁ%ﬂWiﬂTﬁTﬁ AUTYATIHNTIUINHAT

Nﬁ?%ﬂﬂWﬁﬂ!ﬂHﬁﬁﬁ?ﬁﬂg
5. szeznalumsnaaed

' E4 Y
MINAADITUALIAADUAAINY WA, 2550 AUFAADUADIAN WA, 2552
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1 a 'd g’ [ 4 a
Glu‘]f’N!L'iﬂﬂlﬂﬁﬂWﬁ?LﬂinﬁﬁWﬁi%LﬂﬂiuuWﬁUﬂ%iﬂﬁﬂﬁ’wm?@Q GC Gl%L“VIﬂUﬂﬂTi
Y [ o o o o
ANANIDYNNUUUY Solid Phase Microextraction (SPME) Tﬂﬂ%ﬂﬁﬂui%}qwLﬂﬂiﬁ1ﬁiug]ﬂ<‘lmﬁﬁ
seive 2 sila laun polydimethylsiloxane (PDMS) 8 carboxen-PDMS 31NHANITNAADINY
= ld' a [} = o [ ] .
ffﬂiﬁ3&‘”‘(’JL“INleliJﬂ%’uﬂuﬁguli]ﬂ3']ﬂid]“lNﬂﬂl’f)\‘lﬁﬁﬁzmﬂﬁWﬂﬂJuGlUﬁUﬂZiﬂ 1Y 2,5-dimethyl-4-
1 v 4 E4 ]
hydroxy-3(2H)-furanone #3%51891u luau3venaz grudoyadunausa fedio1ailowwan

9
o J. o [ a 1w
ﬂTﬁ@ﬂ“ﬁUﬁTiﬂlﬂ\iblV\lLlI@iflﬂ’ﬂllft]1&W1$1Uﬂ15i]iJﬁWi‘]JNGIfHﬂwnuu (Kataoka et al., 2000)

dyd Jax o Y v o & & anda Aa

M3snaaeelivelmsanadlenliiiazals Fudulsnvenlumswilsnaessave
(Reineccius, 1994) @rudiiazaraiaonly lanas IsimudsaausaadaeIsvonalse
nguld@ (Parliament, 1997, 2002) uawuInlszaninmlunisana 2,5-dimethyl-4-hydroxy-
a d“ [ (= = Y [ o o a d' =)
3(2H)-furanone Haza155zmesiadue 63 luane Jmaasslysiunudiiiazareriindy fe
d! 9! =1 1 1Y [ I Aa A =
MY $9013 0% lanas Isimutazmumusudy ansaanamsseme lanlssansamg

Y

1Y Tasmsanadlogeaie lanas Isimutazmumunauiuludasiaiy 2:1 audeu

v Y a Aa =
ﬁ?h?iﬂﬁﬂﬂﬁﬁizmElllﬂllﬂizﬁ‘iﬂ‘ﬁﬂTWﬂ

namsins R seme iUl saaadis GC-MS WumIIHMenaAy 27 ¥ii
TasdruInaifluastsznenlunguieames sesasuife uanlau Wi Tuu uazdlau
Ay saaaalumsed s G?qﬁaﬂﬂé'mﬁ'umuﬁﬁaﬁm faangiassamonalugioss
thuazdiedilzsa Tasficnsisznounaniididnes lunduveueamesiazilas Tuu (Rodin
et al., 1965; Takeoka et al., 1989; Umano et al., 1992; Wu et al., 1991; Elss et al., 2005;
Tokitomo et al., 2005) f?m%”umiﬁmﬁﬂnmﬁ33ma“lﬁ’ﬂﬁuﬁwﬁﬂﬂuﬂyﬁuﬂsSﬂaﬂﬁu W5
mﬂﬁms3mﬂﬂmé’ﬂumzﬂﬁuc‘f;q'lﬁ’mmm%’ﬂém uazgm%’egaﬁ’mﬂéusﬁ 52UAUA odor
activity value (OAV) a1 189 nanususuaz A threshold VOIS 1T TENORT

1 = Y 3 I o v Aq Y A = a
1 OAV (ap] (OAV>1) mm’;Tumwmﬁuuﬁmﬂumﬁmﬂaum"lmau SFAVINNITNINTUINTY

' v
% [ a

9y 9y Y ' Y A [ A v o Jdo A o A
VoYavUNAU W‘]J'J']ﬁ']ﬁﬁS’J!fl’iﬂl‘ﬁﬂauﬁWﬂﬂJﬂNﬂﬂlﬁﬂHﬂlgﬂaua’llwu‘ﬁﬂﬂﬂauﬁﬂﬂgﬁﬂllﬁxﬂﬂ']

g q

OAV> 1 fiD ethyl hexanoate, methyl 2-methylbutanoate, ethyl 3-(methylthio) propanoate, 2,5-

dimethyl-4-hydroxy-3(2H)-furanone, methyl hexanoate 8¢ methyl 3-(methylthio) propanoate
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da' 9 1 v A A A A Aa [ A 9 =
uonaniudl nundeliassgivesiaous onilinuanyuznauna liuazlinn  OAV> 1
wuiu laun ethyl 2-methylbutanoate, ethyl butanoate 8¢ ethyl 2-methylpropanoate 211331118
v Y 2
Idnauday lurhdulzsaninminaassiiaeandesnun1sAnu1ues Tokitomo ef al. (2005)
£ o = Yy A o_ v Lﬂy o (V4 = ax . .
Fammsanyas lnaudiay e duizsaaaiugilan1le1aes Aroma Extract Dilution
Analysis (AEDA) A18INT04 Gas Chromatography-Olfactometry (GC-O) LagW1TUITINAVA
OAV 5180 uMasnIdnudnyuznawawizvesduilzsane 2,5-dimethyl-4-hydroxy-3(2H)-
' R q ¥ A Yy 1
furanone uazmiﬂizﬂ’emaluﬂaqmaﬁm@ﬁmGlﬂﬂmma"lu 1&un ethyl 2-methylbutanoate, ethyl
4 1 A o w { g
butanoate 118 ethyl 2-methylpropanoate Hon31nH Wuasldnaudingyiiugu
anvuzmmzveInaudullysazauia’lilad Ao 2,5-dimethyl-4-hydroxy-3(2H)-furanone ¥
A Y 1 R o [ n’j
aars Iinauiez higwisoszylainiuduidese @91y 2,5-dimethyl-4-hydroxy-3(2H)-
a I A @ oy [
furanone agniasanldfuasszmeldnaundnvenhduilzsada
a 4 3’ o 9 A Y av o Yo A
nnnamsInzdmsszelhdulzsedanazdoyan ldanauise sldnaden
msszvelinaudiAgdanansananauansuzveInausunual oAV dmsuldlu
= 3 o 1 o v @ 2 a 9 '
MmNy IHaveIMsnUsnEazmInlsglaemssemedidgvesdulzsald o wiia laun
2,5-dimethyl-4-hydroxy-3(2H)-furanone, ethyl hexanoate, methyl 2-methylbutanoate, ethyl 3-
(methylthio) propanoate, methyl hexanoate, methyl 3-(methylthio) propanoate, ethyl 2-

methylbutanoate, ethyl butanoate (0¥ ethyl 2-methylpropanoate
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MIN 5 Fia ANuduTudUIng tag 0AV vesasszmeluihduilesada

" 3 4 RI ANUANTUFINS  Threshold in water )
N wTTTINY anyusnaul e > U OAV
HP-5 FFAP (ng/ml) (ng/g)
Esters

2 ethyl propanoate rum-like “ 711 n.d. 68.51 10° 6

3 methyl butanoate apple-like o 720 n.d. 58.40 60 * <1
4 ethyl 2-methylpropanoate fruity - jae 755 n.d. 13.01 0.1° 130
5 methyl 2-methylbutanoate fruity, pineapple “* 775 n.d. 47.86 0.25" 191
6 diethyl carbonate fresh odor © 783 1080 66.31 n.a -
7 ethyl butanoate fruity “*" 801 1018 331.33 19 331
8  ethyl 2-methylbutanoate fruity “™ 848 1022 169.59 03° 565
9 isoamyl acetate banana, pear © 878 n.d. 10.44 24 5
10 ethyl pentanoate apple-like Pe 900 n.d. 25.16 1.5¢ 16
11 methyl hexanoate fruity, pineapple L 924 1155 187.54 70 * 2
12 dimethyl malonate green-apple * 928 1469 89.06 n.a -
13 ethyl 2-(methylthio) acetate green-fruity * 984 - 8.22 25" <1

0or
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MINN S5 (919)

L 3 4 RI ANUANTIUFUIINS  Threshold in water )
N q133841Y an¥enau OAV
HP-5 FFAP (ng/ml) (ng/g)
14 ethyl hexanoate fruity, pineapple 998 1202 210.41 1? 210
24 ethyl 3-hydroxybutanoate - nd. 1472 191.33 n.a. -
15  methyl 3-(methylthio)propanoate cooked-pineapple & 1024 1481 386.69 180 ° 2
16  methyl 3-hydroxyhexanoate fresh, oily © 1052 1597 39.09 3760 ° <1
20 ethyl 3-(methylthio)propanoate caramelized pineapple © 1100 1522 232.38 749 33
21 ethyl 3-hydroxyhexanoate fresh-fruity, oily © 1129 1631 1161.33 270° 4
22 methyl 3-acetoxyhexanoate fruity green lettuce ° 1203 1640 118.33 190 ° <1
23 ethyl 3-acetoxyhexanoate fruity, green * 1272 1677 387.16 n.a. -
Lactones
17 Y-hexalactone coumarin, creamy 1055 1664 195.32 1600 " <1
25 Y-butyrolactone - nd. 1591 157.25 n.a. -
26 “Y-octalactone fruity, coconut-like nd. 1884 67.84 8" 8
27 O-octalactone coconut, creamy ' nd. 1938 115.26 400" <1

87
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MTNN 5 (719)

L 3 4 RI ANUANTIUFUIINS  Threshold in water
N wTTTINY anyusnaul S e . U OAV
HP-5 FFAP (ng/ml) (ng/g)

Furanones

18 2,5-dimethyl-4-methoxy-3(2H)-furanone  caramel-like “" 1060 1549 218.22 3400’ <1

19  2,5-dimethyl-4-hydroxy-3(2H)-furanone  caramel-like, pineapple-like “ 1065 2006 1747.24 60 © 29
Ketone

1 3-hydroxy-2-butanone creamy, yogurt-like * 708 1251 138.14 800 ' <1

winenve ‘a1 uNvesdsnsany Insun Inunsy lumueuini ni-n2

1 o v o J 1 Qa:
® 1 Odor Activity Value 11291 Ia0na NNy uduinsveaa1sH13A18a1 threshold Y99I HU

‘an¥LNaU mngm%’aga Flavor-Base 2004 U9 Leffingwell (2004), ¢ Fenaroli (1975), © Schieberle and Hofmann (1997), f Siegmund et al. (2001),

¢ Spanier et al. (1998), " Steinhaus and Schieberle (2000) L " Tokotomo e al. (2005).

a1 threshold 1wl 910 Buttery and Ling (1996), K Buttery and Ling. (1993), : Buttery et al. (1994), " Buttery et al. (1971), " Buttery et al. (1982),

° Buttner and Schieberle (2001), ” Engel et al. (1988) ttag  Takeoka et al. (1989).

n.a. = not available, n.d. = not detected

[4%
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anmziifusnmmeldanmaiuguussnmeaimsn/euudasanmsnels uandaiy
(p>0.05) G'f;qﬁﬁmwmimﬂ@l%agﬂwﬁu 16-18 mICO,/kg.hr vazimatulunssememlndna
f?f"uﬂziﬂﬁé’mwmﬁmaﬁlmﬁufmmzqaﬂﬂmmﬁ‘u%ﬂymw“léfamwmuqmmsmmﬁﬂaaﬂ
seozine 21 Suveamanaasy Taedsasimamiele 21 mCO, kg hr (MAF 44) (151901
fial) dawsaninmsndaedian wmadulzsaifiuinmmeldanmaiquussemeannns
naaes HensmsnaneRauduazAeuiianai Ui 14 ndmniusamssaneian
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Lavilla et al., 1999)
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5.00 10.00 15.00 20.00 25.00 30.00 35.00

Retention Time (min)

a J o 7 A v o o
MNHUINN NS Iﬂill11‘1/]Llﬂiuﬂlﬂﬂu1ﬁﬂﬂ$3ﬂw1ﬁlﬁ]@13ﬁ nugnNIgnoal FFAP

HNYHA s Ao f19U19531U 2-methyl-3-heptanone

01
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3. MIguaIeeanaz Jadns1mMsvela

<3 [ 1 %) 9}d’ [ Y o 1
Lﬂﬂ@]?ﬂﬂTﬂLLﬂﬁiuﬂl’Jﬂﬂiiﬁ)‘WﬁthVIﬂf’]Hﬂﬂ’].lLLNQﬂ'J’]Jﬂ?JﬂTﬁhl?iﬁﬂl'ﬂ\i@?ﬂ?ﬁ WU
9 < [ . A Aaa a < [
neeneen lagl¥nssuonnuuna (Syringe) YU1A 5 WAAANT wazdadarenszueninuund
Y [ v A d‘ Y ol/ (2 qu) =S [ o 1 9 d‘ (2
Arelaw (septum) %uﬂlWﬂﬂﬂﬂﬂuﬂTﬁiﬁﬂlﬂﬁuﬂﬁ NNUURALUNTAIDINUTUATOILNE AT

. & o v A Jd o 7 dy
Tans (Agilent 6890) FINTNNICTATHIUUATICHUNT AU

Column: HAYESEP Q 100/200 (1.8 m. x 1/8 in) 1§z MOLECULAR SIEVE 5A
80/100 (1.8 m. x 1/8 in)

Volume inject: 3.0ml

Mobile phase: He, Flow rate = 80 ml/min

Oven temperature: ~ 100°C ; CO, (Method CO,.M, 2 min)
60°C : CO, and O, (Method MIX.M, 4.5 min)

Detector temperature: Thermal conduct detector (TCD) 200 °’C

Reference flow: 20 ml/min

Make up flow: 5 ml/min

% 4 PEIPN
HEINANIUANUTUTHYeIMTUou laoon lsaninaninmsmelaveana

9
duizsaudd hndunumdarmimelinugas asil

on51Msnela (mlCO, / kg.hr) = %CO, x Flow rate (ml/min) x 60 (min/hr)

100 x Sample weight (kg)
Tag  mlCO,/kghr Ao 1HIBVDIBATINITHIBTY

24 4 4
%CO, Ao anududuunanisuoulaoon lad (fooaz)

Y

v 1 Y Y a aa 1
Q) G]i1ﬂﬁhl?iamﬂﬂ@1ﬂ1ﬁW1Uﬂl’Jmlﬂ’JUiii}WauliJ (Haaansnou1N)

Y
% (%

o thmindudesaluviaussywald (Rlansu)

Flow rate

)

Sample weight
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4. msgudietaazMsInzrinimonay

< o 1 %) as Bld' 1 Y o 1
Lﬂ‘]_l@'J@fJ]QLLﬂﬁL@V]ﬁuslusll'JﬂﬂiﬁﬂWabllﬂfmﬂ!slﬂﬂ‘]_lllﬂﬂﬂ'l‘ﬂﬂilﬂTinlWa"Uf’J\‘]f’J']ﬂ']ﬂ WU
a A Aaa g3 A A Aaa a <= 9
neeeelsuing 5 uaaang Tﬂﬂslﬂmmﬂﬂméuum 5 daaans vazlalargliuanenie
o v oA A [ M (24 3 = Y @ L] 9 A [
L“])“]J@NﬂuﬂlW@ﬁﬂQﬂUﬂ'ﬁﬁTﬂﬂ\uLﬂﬁ ﬂ?ﬂuuﬂﬂllﬂﬁﬁ?@fﬂ\‘lHl”lLﬂ'iﬂ\iLlﬂﬁIﬂﬁlﬂI@ﬂﬁ"l‘i/\l

. £ 9 v A d @ dy
(Agilent 6890,) FINTNNITTIHITUUATIZUUNET AIU

Column : Hayesep-S 100/120 (2 m. x 0.75 mm.)
Volume inject : 5.0ml

Mobile phase . He, Flow rate = 80 ml/min

Oven temperature - 40°C ; C,H, Method C,H,.M, 2 min)

Detector temperature : Frame ionize detector (FID) 250 ge
Reference flow : 20 ml/min

Make up flow : 5 ml/min

Y] Y 9 [ as = d‘ a a A
TAIINNIIUANWVNVUUBIUNTDNAU (ppm 1 TD ul/ml) NNAINNITHANLDNAU

E4
Yoeduzsaudd ihnduiumsaImMIkaaeNauaIugas Al

DAIIMIHAAENAL (uIC,H, /kghr) = CH, (ul) x Flow rate (ml/min) x 60 (min/hr)

1000 ml x Sample weight (kg)

Tag I CH,/kghr Ao WUIBV0IOATIMIHAAIDNAY

= Y 9 [ an
plCH,/ml A9 ANMYNIULNTONAU (ppm)

[

Flow rate Ao ©A31M3 InavesemsruvIaudIussgNa 13l (Tadansaouil)

Y
o v [

Sample weight Ao ntindulzsaluviaussynald @Tansu)
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ﬁuau
Viaan capillary
viaay
~
I l y of ) o
| ol LL - Wydhataiy
H A Low pressure sidg I r
y of
q » Manometér .
q |
/ —.
1
Barostat /| = i
/] — | |
High pressure ==

side Flow Board Tnaumussanalal

4 d o
MWHUIDA 09 ginsalunenIANERTINT lna

Retentate pressure valve Q
> i

Outlet pressure gauge

Retentate Permeate valve

Membrane

= module
Permeate

Feedtank

“ = —()

Drain valve —— e WP Inlet pressure gauge

Peristaltic pump

MNHHINT n10 LLN‘L!ﬁ\iﬂl'ﬁ)ﬂi@ﬂﬁ1/19]ﬁﬂﬂﬂi%ﬂ’)uﬂ1i§ﬁ@]§1ﬂﬁlﬁiﬂ?’u
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a d
5. ﬂ1§3!ﬂ§1$ﬁﬂ%3ﬂﬂ!!f‘)ﬂ1ﬂf’)ﬁ

JadFunaenuealaed headspace analysis Aau1/as91nI5U09 Larsen and Watkins

Y Y
(1995) Ussnudulzsa 5 Haaaas asluvialaarsisuiag 20 Hadans Vaniinilader

g

AnlAununs STy udnihdredauniuiiguvgl 50 seruwalBod W 20

=2

GLTATRY

8 =l
Zh @

=

= a [} 1 A aa 9 A 4
HUIN AAUNTUITNIUFDIINUITTIINA (headspace) 1 Hanaasivuaseaund lasul lans v

E4
%

(Agilent 6890N) TagHarn 1@ M UMINATIZHA]

Column : HP-INNOWAX (30 m. x 0.25 mm.)
Volume inject : I mL

Mobile phase : He, Flow rate = 1.5 mL/min

Oven temperature : 50°C

Detector temperature - Frame ionize detector (FID) 150 °C
Injection temperature ~ : 100°C

Y
fAualSnaemusaiisuduasazatsasgiuemuealihnnuduiuiovas
0.1-0.5 v/v SMNNLINT D11 USHIaeMUeas eI UKNa IUKHUI8 UaaansenIueane 100

Y
Yaaaasiiduilese

12000

y =20466x - 75.429
R?=0.9993

10000

8000

6000

wunldns vl (AU

Y

4000

2000

0 L] L] L] 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6

v 9 ¥
ANVVNUUVDUDNIUDA (3089Y)

MNEUINT 11 ﬂiW\lllWIiiTuﬂ’ﬂm‘i’J}N%}uﬂl@%ﬂTnuﬂﬁ
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100
I
:; 80 | &
= |
wo; L 3
e 60 1 o
=
= I e
‘S 40 - %%
g 0“00
| SRR 00000000 #044000000000900 40000000000000000
20 -
0
0 0.25 0.5

na1 (11N)

d' a v 3’ [ A 9 [ = % £
MNRUINA n12 melienildndueuirdulysanmunseedienszuIumMsans HamsFy &9
Tanausu Inada Iumuudulenaand MWCO 100,000 Fan1zlums
~ o a 3
A50INANUAY (TMP) 100 A Tathania wazanuisluns Ivavesansilou

TufiamavnuA U U 1.18 IA300IUIN NgaIgl 25 oarwaIFea
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a Jd a a a A
MIAATIEHYT NN



a d a a o
mﬂsmwﬁﬂ?mmmmu%

7000000

6000000 -

5000000 -

4000000 o

3000000 -

wunldnaml (auc)

v

2000000 -

1000000 -

y=60258x + 95888
R2=0.9988

20 40 60 80 100 120

Ia
NIAUDAADIUN (ppm)

2500000

2000000 -

1500000 -

Tans (auC)

G

“IE 1000000 <

=

1=
500000 -

y=19641x +8670.3
R?=0.9978

20 40 60 80 100 120

nsaalalasueanasin (ppm)

6000000

5000000 -

4000000 -

e}

— 3000000 -
s

Aldnsl (AU

2
2000000 -

1000000 -

H A
MNEUINA V1 ﬂﬂWmmgmﬂlmﬂimmﬁﬂawﬂ (L-ascorbic acid) (A), ﬂiwdmmj;mmm

y=52862x - 12322
R?=0.9983

20 40 60 80 100 120
)
nsa le Taueanasiin (ppm)
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2 Ia . .
nsaa lalasueanosiin (dehydroascorbic acid) (B) uazﬂiwxlmmgmmmﬂm

lolwuoannsiin (D-isoascorbic acid) (C)
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0.16
0.141
012

0.10

AU

0.08]

I -ascorbicacid=657

0.06] ‘ |
0.04] [
0.02] [ ]

) @

nor———— ———

T T YL w7 T e ey e S S B e B L R By B B Sy e e m
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

Y o T a 4 )
ﬂ1WN‘H'Jﬂ‘ﬁ ¥2 @290619 1301 INUATHAINNISAATIZHATALDEADITUN

i i
0.025+ g
1 f

0.020+

0.015 ?
2 1 =

0.0104 5=

0.005+ |

J N\

A\ V4 Mo, . DA, NN A A
LI L T Ly B e B By B By ey I O B By B S
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

0.000H——————\- ————————

d’ [ [} a 4 =1 A
MNAUINN U3 @]'J’f)ﬁlNIﬂﬁﬂIﬂ!LﬂﬂJ%1ﬂﬂ13?!ﬂ31$1’iﬂiﬂﬂqajﬂillﬂﬁﬂﬂiﬂﬂ

012

0.10+

o 0.06+
< 4

: ﬁ
r

0.04+ ‘

0.02+ |

0.00 ~— — - S = |

— T T L B e e e e B LA By B e By B B e By B
2.00 4.00 5.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
Minutes

H o ] a d Ia
<ﬂ1WW‘H'3ﬂﬁ U4 @I'J’f)Eﬂ\ﬂﬂﬂﬂ}mmﬂ\l%1ﬂﬂ']§'3!ﬂ3'l$1"iﬂﬁﬂllﬂi“]fll’ﬂﬁﬂﬂﬁﬂﬂ



035
030

0.25 ‘I
\

AU

015 ‘

= |_-ascorbic acid - 12.476
D-isoascorbic acid - 14.628

010 \

_/
=

0.0 - ‘|‘r\ | \ A / "I

0.00}———

T T T T T [ 1T T T T T [ T T T [ 1T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Minutes

. @ [ a L4 Ja
ﬂTWN‘L!'Jﬂ“ﬁ U5 {20619 1531 INUATUIINNITAATIZHNTALDAADITUN (L-ascorbic acid) tta1g

nya lo Taoanesiin (D-isoascorbic acid) Vodtdullzinda Iag HPLC

0.0+ |
0,008 |

0,00

Al

Crehydroascarbicscid 551

{1 [k~ | |
.00 i | b

0. DoH——™

T T T T T T T T T T T T T T T
2.0 4.00 600 .00 10.00 12.00 14.00 16.00 13.00 .00
Mirutns

d' v I a 4 = Ia
MNAUINN V6 G]’J’ﬂEJNIﬂ’iﬂJﬂT]!LﬂﬁJiﬂﬂﬂﬁ’J!ﬂiW‘l’iﬂiﬂﬂl’lajﬂiuﬂﬁﬂ@iﬂﬂ

(dehydroascorbic acid) Yoetdulzsaaa Tag HPLC
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MIVATEZHANUT IO HODNTIAT U
a d Y a v Y Aan
1. MIANTTHANNAINITONHODNBIAT HUAILIS DPPH

2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity (DPPH) assay (Aaudasnn

Singh et al., 2002)
ks A A
1.1 Qﬂﬂﬁﬂlllﬁglﬂiﬂ\iﬂﬂ

111 139999 4 @Wnua
A M A y A = >
1.1.2  IATONTUTSINDOUAIYAAULT YN (sonicator)
113 1n3893AMIganauuas
1.1.4  ¥aoAnAasd

1.1.5  nlevuia 5 vaaans
12 as5al

1.2.1  umuaa

1.2.2 @15a¢a18 DPPH
an a L4
1.3 I5N1TUATIEN

1.3.1 thansazanediegs 100 lulasanslaluvasanaane wuasazaly
Y 9 a A J 1a A aa 1 Y Y o A A =
DPPH (9394 0.1 §aa lua1s Usuias 5 daaans wen lvwny 19lunia 20 u1n
1.3.2 Jammsganauuaainnueaau 517 ulumas
@ [ A A o 9 19 9
1.3.3 3AA1MIQANAUAAULEINIUAN (control OD) Tagiiaudo 1.3 ualy

AI0LAVUNIUDA UNUAITAN



0.300
= y = 0.0026x - 0.0015
& 0250 -
& 2
= R’ =0.9998
2 & 0.200 -
; =
Z = 0150 -
= =
' =
c 0.100 -
S
&z
w
= 0.050 -
&
0.000
0 20 40 60 80 100 120
INHUT (ppm)

MwEIni a1 N eI gIvYeIMluFd s unIadeudulanMIAIoYNadasE

DPPH
2. MOUATZHANUAINITONIUOINTIATUAEIT ORAC
Oxygen Radical Absorbance Capacity (ORAC) assay (9aua191n Prior et al., 2003)

1.1 gilnsalazinToie

1.1.1 1AT99%9 4 @19

1.1.2 dganiu

1.1.3 IATDINANAIT (vortex mixer)

d‘ [ A d‘ 4

1.1.4 1n30Iamsganaunauuangesis ey (fluorescence
spectrophotometer) 5oy well plate GiN

1.1.5 TuTastulavunagaa 5-20, 40-200 uag 100-1000

1.2 a1l

1.2.1 asazaegoosady
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1.2.2 @13azad AAPH
123 asazarenoamlativies Wudu 0.075 Tuans Mo 7.0

1.2.4 @150IATF U Trolox
1.3 25mMswsenasiall
13.1 asazarenoamativives Wudu 0.075 Tuans Mo 7.0

walamaon lalalasmuneama (uialuana 137.99) 4.00 N5H 590
laTamdon leTasnuroamla waaluana 141.96) 6.53 N azaedeinauudilsulala

1511013 1000 Haaans Yaneyuazlsuldld 7.0
1.3.2 Msazanengevisady

FL #1 Feanswlgoorsadu 0.0225 n§u azawlumsazameromila
rllesanudutu 0.075 Tuans e 7.0
FL #2 Tl FL #1 11 50 Tulasaas nauduasazarenedla
lilesanududu 0.075 Tuas fite 7.0
FL working solution
Tl FL #2 11 320 lulasaas naudvaisazarenedala

% o d A
mlosanududu 0.075 Tuars #itey 7.0

1.3.3 2153103514 Trolox (luensazaeneamatviviesaiududu 0.075

Tuans #ites 7.0)
1.3.4 81522818 AAPH

FI3915 AAPH 0.1720 U azareluaisazarenoamaiinmosanududa

0.075 Tuans e 7.0 UYsuas 10 Tadans



am a L4
1.4 I5N1TUNTIEN

1.4.1 1hasana 20 lulasaes lalu'luTasman

1.42 wumsazaredgensaduaslululnsmannquaz 200 Tulnsaas

1 4 Y 4 o
143 ld'luTasmanaslunieslamsganaunaunasvigoolsdiaes
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1.4.4 fviualiinTouandisazats AAPH viquag 75 Iulnsans laoisuauais

AAPH N50U7 4

[ 1 9 o o v A = 3 1 9 1
1.4.5 f’]’]uﬂ']ﬂ'l']ﬂlsl]ullﬁ\‘]wgﬂ@ﬁﬁl“ﬂu“ﬂﬁNWﬂ‘ﬁ UN Iﬂf]llﬂ’]ﬁ@'lﬂﬂ’]llﬂllﬂ

No. of cycles

Cycle time (s)

No. of flashes
Excitation filter
Emision filter
Positioning delay (s)
Shaking width (mm)
Shaking mode
Additional shaking
Injection speed (ul/s)
Injection cycle
Injection start time (s)

Target temperature

1.4.6 uasvlgessadu 200 TulasdasasluluTasmaaioIiiniose 1

gain adjustment

1.4.7 JamAnudunanIuay (control) Tneldazatelumsazarenoaia

Flilesunuesana

Y [
1.4.8 a519n311193 511404 Trolox szraNdu Idnswliuanudnduves

Trolox

o

50

160

10

480 nm
520 nm
0.2

3
orbital
8 s after injection cycle (s)
310

4

0.0
37.0
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1.5 33Msmu

o dy d' Y a @ 1
1.5.1 Anainunldns wgns (net AUC) ¥93d70819
o ' dy A 9 a ~ 9
1.5.2 ihanunlansgniununluaumsveans e §14v94 Trolox 1ad
o o 3 a 1 [ A Aaa @ [
auandualsuaved Trolox Tunilelulas Tuade 100 Haaaasveadloda Tagnsin

MATTIU aad TUMWHLIND A2

AUC = (0.5+f,/f, +f,/f, +f,/f, +..+ f/f,)xCT

net AUC = AUC,., — AUC, ..

wunldnsl (Area Under Curve)

¥\)3) AUC =
' <A a {
f, = manuduvesasgoosasudisuau Tagisueui
4
T0UN 4
(initial fluorescence reading at cycle 4)
1 s A J { {
f. = manuduvesaslgossmaudiiesunsoud i
(fluorescence reading at cycle i)
Aq Y = 1 I = .
CT = nanleesey Nruletluun (Cycle time)
30
25 - y=0.315x + 0.0996

R?=0.9997

20

W (AUC)

15

v
AN3IN

il

10

&
WU

0 20 40 60 80

aNuduTu Trolox (luTas Tua/ans)

4’ 1 dsl Aq ¥ @ Y 9
MNNUINT A2 ﬂﬁ'TV‘hJWliﬁTL!531’?’31\1Wu“VlGl,ﬁﬂiTV‘IﬂUﬂ'J1JJL"UﬂJ"llU"UfJ\?ﬂWiiﬂﬂﬁﬂWUTrolox
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mslszfivmatlszannauda

1. ‘Vlﬂﬁf)‘lJﬂ’ﬂN!!ﬂﬂﬁ1x‘i%1ﬂﬁ3®d]ﬂﬂ?ﬂﬂ3~l

3 a J 1 9 A
msnwmnﬁ a1 Msaasizranuulsdsiu (ANOVA) AZUUUANUUANA NN NATUNAY

Y Y
TagsamszrInaresNaIaN (hdulzsaaa) Audledanadon (1

Aulzsa IO LB NUALIINUNNIINATZUIUNTO AT N ALATFU

e

(%

I'd 4 g’ [
hdulzsamanes lsd nazihduilysanaw)

Tests of Between-Subjects Effects

Dependent Variable:score_smell

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 661.332° 44 15.030 34.907 .000
Intercept 1137.747 1 1137.747 2.642E3 .000
trt 647.998 4 129.600 300.987 .000
rep 13.061 39 .335 778 .823
Error 83.964 195 431
Total 1885.000 240
Corrected Total 745.296 239

a. R Squared = .887 (Adjusted R Squared = .862)

HINEYIR UANANNUBEN

AN w

g

'
3 =

N3

LAUANWFONU 95% (p < 0.05)
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Y a 4 1 a
mﬁnwmnﬁ 2 Msuasizranuulsdsiu (ANOVA) ﬂzlluuﬂfl”llllmﬂ@]N‘V]Nﬁ}Tiﬁﬁﬁmﬁ

Y 9
Tag3mszrINAIe AN (hdulsaaa) Audlesanadon (1

[

AUzsa AN LB NUAZIINUNNIINATZUIUNTO AN I AAT U

e

[

I'd 4 g} [
hdulzsamanes lsd uaziindulesana)

Tests of Between-Subjects Effects

Dependent Variable:score_taste

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 613.788° 44 13.950 46.414 .000
Intercept 1191.076 1 1191.076 3.963E3 .000
trt 594.140 4 118.828 395.367 .000
rep 19.568 39 .502 1.669 .013
Error 58.607 195 .301
Total 1865.000 240
Corrected Total 672.396 239

a. R Squared = .913 (Adjusted R Squared = .893)

]
S o % =

HINEHA UANANNUDENNTEd

YN

FLAUANNFNU 95% (p < 0.05)
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2. AIVENINVUNATOLANNUANFAIDINAIDE 1IN VYN

AU

Y
% 1 t% 1

- musgldsudedananun 6 f uaazdlsznoudieiiediaimiudiednys “C” uag

o v 9 % (Y

f19819NNAVUAIIAAAY 3 Ha
Y '
- lundazg IMmunadeudledn “C” nou NtIUTIMAdoUAI08 1N M UAIBA Y
3 ¥an NTAUIINANHULNAULALTAFIA 1AITIN HAIVDNIIAI0I1AINAIIANA

9 ]
%Tﬂ“C”ﬁ?@qlfwgﬂﬂﬁﬁﬂﬂﬂ%UWQﬂOTNuﬁﬂQWQIﬂﬂ?ﬁﬂﬁhgﬂﬂiﬂﬂﬂzuuuﬁﬁidﬁﬂ

9= N

ANNIANUDINIU

RIAR

-5 -4 -3 -2 -1 0 1 2 3 4 5
naugeund1 C mnfiga linanaenin c AU C Infiga

-5 -4 -3 -2 -1 0 1 2 3 4 5
samReeundt C mniiga Tinanaienin c SRt C nnfiga

f10819

-5 -4 -3 -2 -1 0 1 2 3 4 5
naugeunT C nnfiga liuanarean ¢ AUITIND Cnfiga

-5 -4 -3 -2 -1 0 1 2 3 4 5
T i T

FAWAGOUNI C 1NN liuanarean ¢ san@dund C wniiga
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d‘ [ o v J = ' 3 o
ATNNUINN 31 ﬂ@]3']ﬂWﬁﬁTEJblﬁ]sU'E)\‘]ﬁ‘]J‘ngﬁﬂwuﬁﬂ@@1L3€J§$1’i31\1ﬂ15Lﬂ‘]J3ﬂ‘]%l"lhluﬁﬂ"lw
A Y 9 Y a ' v o
AIUANUITIINANUANNUNUUVDIUUNTDDNFLAUTINNULUNET
J o 1 Y o A A a
msuau"lﬂaaﬂllcmummaﬂu 4 55V waza@Mnussemadna ﬁ@ﬂlﬂﬂvﬂ

3

12 oA uFaIFe L‘]dJLlL’JZﬂ 217U

9131115111919 (mlCO /kg.hr)

ANINUTTIINIA

. Suiifusnu
NINUINEAN
0 7 14 21
2%0, +5%CO,  16.01+0.76 1627 £0.70  16.56°+0.69  17.38"+0.79
2%0,+ 10%CO,  16.53 £0.69 1737 £079  17.57*"+0.74 18.16" + 0.84
5%0,+5%CO,  15.12£0.90 15.30° +0.59 15.48°+0.65 16.73" +0.68
5%0,+ 10%CO,  14.65+0.51 14.99° +1.33 15.76°+0.59 16.16" +0.49
V35emMena 16.48 +1.53 18.49" +1.32 19.24" +0.57 21.24"£1.01
F-test ns y v *

IR AURAY + SIUTEUUUNIATTIY

ns = lUUANAAUNIIA

'
o A

$ﬂ1Jﬂ’JW§JL‘I$fJﬁu%j’E]EJﬁ$ 95

* = ANANAIUNNADANIZAUANUFDIUS 08aL 95

#1935 NANAU IULLIAMINEDINANVLANA NN UNNEDA (p<0.05) 1D

~ ~ 1 = I o
wseuneuanae 1ae1475 Duncan’s multiple rang test (DMRT)



H o Aa a o v ' 3 o
ﬂ151ﬁwu3ﬂﬁ 92 ﬂ@]ﬁ']fﬂﬁWﬁG]L'E]‘Vla1.!Ellﬂ\1ﬁ’]_l‘]J35ﬂwuﬁﬂ@@nﬁﬂizwfﬂﬂﬂ"ﬁmﬂﬁﬂ‘]&l"lsllglﬁﬂ"l'w
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ANINUTTIINIA

BM3IMIHAADNAY (WIC,H, /kg.hr)

T Fumiusne
NAUTAY
0 7 14 21
2%0, + 5%CO, 0.06 + 0.03 0.06 + 0.02 0.06 + 0.01 0.08 + 0.02
2%0, + 10%CO, 0.07 +0.01 0.07 +0.03 0.07 +0.01 0.08 + 0.02
5%0, + 5%CO, 0.06 + 0.01 0.06 + 0.03 0.06 + 0.01 0.07 +0.02
5%0, + 10%CO, 0.06 +0.01 0.06 + 0.03 0.06 + 0.01 0.06 + 0.01
ussemelng 0.07 +0.01 0.08 +0.03 0.09 +0.01 0.10 +0.02
F-test ns ns ns ns

WK AURAY + dIUTEUUUNIATTIY

ns = JHANANAUNIADANTZAUANUFI UT DAL 95
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ANINUTTIINIA

. Suiifusnu
NINUINEAN
0 7 14 21
2%0,+5%C0O,  12.90£0.14 1320"°+0.14  13.40"+0.16 13.20"+0.15
2%0,+10%C0O,  12.90 £0.14 13.40" +0.14 13.00"+0.14 13.00"+0.14
5%0,+5%CO,  12.90 £0.14 13.30"+0.15 13.20°+£0.15 13.00° +0.14
5%0,+ 10%CO,  12.90 £ 0.14 13.00° £0.15 13.20°+£0.15 13.00° +0.14
V35emMena 12.90 + 0.14 12.70°+£0.14 12.50° £0.16 12.20°£0.16
F-test - R v *

WK AURAY + dIUTEUUUNIATTIY

* = ANANTUNNTDANIZAUANNFDIUS 08 95

f19nHINANU IULUIAIMINEDINANVLANA N UN DA (p<0.05) 13ID

= = J d' Iy .
wssumeunnae lae147F Duncan’s multiple rang test (DMRT)
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msmullﬂa@ﬂllmmgmmmu 4 55V azamwussemadna ﬁ’omwgu
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12 oA aIFe ﬁJunm 217U

Usunaemuoea Govaz)

ANMNUITIINA e .
a2 o AUNNVINEN
MAUITNEN
0 7 14 21
2%0, +5%C0O,  0.0067 +0.0001  0.0073 *+0.0001 0.0082°+0.0001 0.0104° + 0.0004
2%0, + 10%CO,  0.0067 = 0.0001  0.0074 °£0.0001 0.0089° +0.0003 0.0108" + 0.0002
5%0, + 5%CO,  0.0067 +0.0001  0.0070 *£0.0002 0.0076°+0.0006 0.0093° + 0.0002
5%0, + 10%CO,  0.0067 =0.0001  0.0069 ®1£0.0002 0.0074°+0.0005 0.0092° + 0.0002
P35501MAUNA  0.0067 £ 0.0001  0.0085" + 0.0003 0.0105"+0.0003 0.0133" =+ 0.0003
F-test - * * *

WK AURAY + dIUTEUUUNIATTIY

* = ANANTUNNTDANIZAUANNFDIUS 08 95

f19nHINANU IULUIAIMINEDINANVLANA N UN DA (p<0.05) 13ID

= = J d' Iy .
wssumeunnae lae147F Duncan’s multiple rang test (DMRT)
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d' a =) a = A a a a A
MINNHINN 35 YSIansaueaaosun ‘]Ji?J”Imﬂiﬂﬂhl?JIﬂiuﬂﬁﬂ@iUﬂ tazlsuadmiug

q’j o v J 1 3 o
Tl\1‘Villﬂ51]9\1ﬁ"]_l‘IJ$5ﬂWHﬁﬂ@@ﬂﬁﬂﬁ%W'ﬂﬂﬂ?i!ﬂUﬁﬂ]&l']sluﬁﬂ"I‘Wﬂ'JllﬂlJ

A ) o A ! v ® s I
‘UiﬁEJ']ﬂ"IﬁVI?Jﬂ'JﬁJLﬁUﬂJGUUEUQQL!ﬂﬁ@f’)ﬂ“]flﬁ]l!i'lﬂﬂﬂuﬂﬁﬂ’]iﬂ@ublﬂﬂﬂﬂll"]ﬁ’]

UANANNNY 4 SR LATAMNWUITNMALNA NoUNn

2121

a

Q u

U 12 93y aLey

=

o L‘]dJLl

anNUsTMAR  Suiidy USuansa USuansaa Usaiaiud
AUSAE ! woanes LN lelasueanesin Fanue
- 0 13.02+£0.51 3230+ 01.58 4532 +2.09
2%0, + 5%CO, 7 10.73"+0.89 18.25"+0.61 28.98" +0.98
2%0, + 10%CO, 10.25"+0.13 15.77°£0.78 26.02°+0.39
5%0, + 5%CO, 12.89" +0.54 26.42°+1.71 39.30" + 1.44
5%0, + 10%CO, 12.96" + 0.60 27.01"+0.76 39.96" £ 1.12
TERCALRGHING) 8.73°+0.10 12.71°£0.25 21.44°+0.70
2%0, + 5%CO, 14 8.19"+0.67 15.26°+0.44 23.45°+1.10
2%0, + 10%CO, 7.69" £ 0.90 13.06° £0.27 20.75"+0.65
5%0, + 5%CO, 10.90" = 0.84 19.57° £ 1.85 3047+ 1.16
5%0, + 10%CO, 10.99" +0.46 24.69" £ 1.31 35.68" +0.78
vssemeilng 6.15+0.03 7.68"+0.35 13.83°+0.27
2%0, + 5%CO, 21 6.74" £ 0.64 11.05°+0.63 17.79° £ 1.01
2%0, + 10%CO, 6.04°£0.59 10.70° £ 0.66 16.74° +0.87
5%0, + 5%CO, 7.97*"+0.72 16.28" +0.56 2425 +1.47
5%0, + 10%CO, 8.04" £ 0.46 20.99" +0.63 29.03"+2.27
vssemeng 2.55+0.11 5.74°+£0.76 8.29°+0.30
F-test * * *

WInave AURAY + dIULIAVUNIATTIY

* = LANANNTUNNTDANTEAUANMUTIUS DA 95

fonysNMeT U UL RIED A NLANAIAUNEDA (p< 0.05) Lilo

= ~ ' = Yasy .
ieunounnasIae1935 Duncan’s multiple rang test (DMRT)
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Y a o o ' <3
Vni%?W‘H’Jﬂﬁ 6 f’\lfﬂﬂJﬁhﬁJﬂlﬁﬂgﬁu'ﬂf’]ﬂGﬁ!ﬂsﬁu DPPH itag ORAC vesdulesasenemsny

SnuamMuAILaNUIsOIMANTa NI uvenasenFaus A uLAd

a

m3uonlaenleduanaiaiy 4 s2au tazanwussemMalnd Ngumngl

u

12 DA UaIT e rﬂunm 217U

ANIWUITYINH ‘171 o da o DPPH (mg vitamin C equiv/ ORAC (umol Trolox equiv/
< . MWUNNUINB
NUINHE 100 ml fruit juice) 100 ml fruit juice)
- 0 2771+ 1.41 679.65 +5.77
2%0, + 5%CO, 7 22.15°+0.20 621.16° £ 1.02
2%0, + 10%CO, 21.43°+0.76 610.03°£2.20
5%0, + 5%CO, 24.02" +0.76 639.88" £ 9.65
5%0, + 10%CO, 25.86"+0.44 662.27" +1.11
TEECALRGHING) 12.81°+0.52 477.68° + 6.63
2%0, + 5%CO, 14 19.94°+0.44 594.01°+4.45
2%0, + 10%CO, 17.93°+0.62 585.97°+1.56
5%0, + 5%CO, 21.96" +1.00 607.92" +5.67
5%0, + 10%CO, 24.33"+£0.54 627.88" +5.73
V35emMelna 8.93°+0.86 407.56 +1.48
2%0, + 5%CO, 21 18.07" +0.74 555.80" + 6.56
2%0, + 10%CO, 14.12° £ 0.63 527.81"+7.43
5%0, + 5%CO, 20.09"+0.33 593.30" + 6.46
5%0, + 10%CO, 20.59"+0.27 608.67" +7.42
vssemeng 3.68°+0.89 393.76" + 8.63
F-test * *

WInaIve AURAY + dIULIAVUNIATTIY

'
aad [

* = IANANAUNNTDANTZAVA NN

]
A

piuS oAz 95

fonysRMeT U LI RED A NNLANAIAUNEDA (p< 0.05) LilD

= ~ ' = Yasy .
5eunounnas Iae1935 Duncan’s multiple rang test (DMRT)
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