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ABSTRACT

This research aimed to select the basic formula of Tom-kha paste from food
recipes and internet before subjected to study the optimum extraction conditions for determination
of antioxidant properties of Tom-kha paste and its ingredients. Then, the effect of temperature and
heating time and the pH on antioxidant properties of the ethanolic crude extracts of the paste and
its ingredients were monitored. Selected herbs, which had highest in antioxidant properties, and
providing high stabilities under various temperatures and heating times and pH were taken to
formulate the Tom-kha paste. The formulation obtaining high antioxidant properties and
consumer acceptability was selected. Quality changes of Tom-kha with and without added salt
during storage at 4 + 2°C and at ambient temperature (29 £ 2 °C) for 56 days were investigated.

The results showed that the basic formula of Tom-kha paste containing galangal
rhizome, lemon grass, chili and kaffir lime leaves in the ratio of 41.84, 47.42, 8.25 and 2.51%,
was more acceptable to panelists than those of the others. The optimum extraction condition for
Tom-kha paste and its ingredients was using the 1:10 ratio of sample to 75% ethanol, as the
extracted solvent.

The effect of heating at 70, 80, 90 and 100 °C for 10, 20 and 30 minutes on the
antioxidant stability of 75% ethanolic crude extracts of Tom-kha paste and its ingredient was
evaluated. The results showed that significantly increased the total phenolic contents and FRAP
values of the crude galangal extract (p<0.05). However, it was found that ABTS and FRAP
values of crude lemon grass extracts significantly decreased (p<0.05) as affected by heat
treatments. Total phenolic contents, DPPH, ABTS and FRAP values of crude chili extracts
significantly decreased (p<0.05) after heating at 70, 80, 90 and 100 °C for 10, 20 and 30 minutes.
For crude kaffir lime leaf extracts, the total phenolic contents, DPPH and ABTS values decreased
but FRAP values increased by heat treatments. For crude Tom-kha paste extracts, the total
phenolic contents, DPPH and ABTS values tended to decrease by heat treatments.

The influence of pH on the stability of 75% ethanolic crude extracts of Tom-kha
paste and each ingredient of Tom-kha paste were monitored. The results showed that at the pH of
2 the total phenolic contents, ABTS and FRAP values of crude galangal extracts significantly

increased (p<0.05) but ABTS and FRAP values of crude lemon grass extracts significantly
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decreased (p<0.05) as compared to those of samples at their original buffering pH. At the pH of
2, crude chili extracts had an increase in the DPPH and ABTS values but a decrease in FRAP
values was observed. For crude kaffir lime extracts, the total phenolic contents significantly
increased (p<0.05) at the pH of 2 and 9. Similar results showed that the DPPH and ABTS values
of crude kaffir lime leaf extracts also significantly increased (p<0.05) as the pH of samples
decreased from their original buffering pH of 5.30 to the pH of 2.0. When the pH increased to pH
of 9, the DPPH values of crude kaffir lime leaf extracts significantly decreased (p<0.05), while
the FRAP values significantly increased (p<0.05). The total phenolic contents and antioxidant
properties of crude Tom-kha paste extracts tended to decrease as increasing of pH values.

Based on crude galangal rhizomes and chili extracts contained both highest
antioxidant properties and great stability under various heating temperatures and times and pH,
therefore, both galangal rhizome and chili were selected to formulate the Tom-kha paste to obtain
its higher in the antioxidant properties and consumer acceptability. However, it was found that the
observed new formula consisted of galangal rhizome, lemon grass, chili and kaffir lime leaves in
the ratio of 41.43, 47.00, 8.57 and 3.00%, respectively, similar to previous basic formula of Tom-
kha paste.

The quality changes of Tom-kha paste with (8% w/w) and without added salt
during storage at ambient temperature (29 +2 °C) and 4 + 2 °C for 56 days were evaluated. The
results showed that the quality changes in Tom-kha with added salt storage at 4 + 2 °C were less
than those of the other treatments. Tom-kha paste with added salt storage at 4 + 2 °C for 56 days
had the mesophile and anaerobe bacteria counts about 8.10 x 10” and 2.30 x 10 cfu/g of Tom-kha
paste, respectively, and did not have any of Coliform and E. coli as well as pathogenic bacteria
counts including C. perfringens, S. aureus and B. cereus. In addition, the observed acceptable
sensory scores including appearance, color, spices odor, taste, and overall liking attributes of the
soup made from Tom-kha paste with added salt storage at 4 + 2 °C for 56 days were greater than
the score of 6.87 and more acceptable than other treatments. By consideration of no swelling of
packaged products, the shelf life of Tom-kha paste with and without added salt storage at ambient

temperature (29 + 2 °C) were 23 days and 1 day, respectively.
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To investigate the changes of shrimp products marinated with Tom-kha paste.
The formula of Tom-kha paste containing galangal rhizome, lemon grass, chili and kaffir lime
leaves in the ratio of 41.43, 47.00, 8.57 and 3.00%, respectively was marinated with white shrimp
in the ratio of Tom-kha paste and shrimp as 1:3, then packed in Nylon/LLDPE bag with different
conditions i.e. normal air and modified atmospheres with mixture of carbon dioxide: oxygen:
nitrogen as 40: 5: 55 and 50: 5: 45 and kept at 4°C for 20 days were determined. The changes in
physical (color, pH, a,, moisture, drip loss, cooking loss, texture and SEM), chemical (TVB-N,
TMA-N and TBARs), microbiological (TVC, Coliforms, E. coli and S. aureus) and sensory
evaluation of marinated product were analyzed.

The change of shrimp products marinated with Tom-kha paste during storage at
4°C for 20 days were evaluated. The results showed that marinated shrimp with Tom-kha paste
with modified atmosphere packaging had longer shelf life than marinated shrimp with Tom-kha
paste with normal seal and un-marinated at all conditions. The brightness (L*) of all treatments
were no different. In comparison, the redness (a*) of white shrimp as control was higher than
marinated shrimp with Tom-kha paste as storage period increased and the yellowness (b*) of
marinated shrimp with Tom-kha paste was higher than white shrimp as control. The pH of
marinated shrimp with Tom-kha paste tended to slightly decrease after 12 days of storage period.
Furthermore, it was found that when storage period increased, a, of un-marinated shrimp with
Tom-kha paste (as control) increased while a, of marinated shrimp with Tom-kha paste tended to
decrease but still in the range 0.98-0.99. The moisture content of un-marinated shrimp with Tom-
kha paste (as control) and marinated shrimp with Tom-kha paste were in the range 80.67-81.78%
and 80.46-82.94%, respectively. However, white shrimp (as control) tended to have both drip loss
and cooking loss higher than marinated shrimp with Tom-kha paste. In addition, it was found that
firmness of marinated shrimp with Tom-kha paste was higher than un-marinated shrimp with
Tom-kha paste. Morever, it was found that Tom-kha paste, sodium polyphosphate and packaging
condition affected the microstructure of shrimp muscle. The TVB-N value in white shrimp and
marinated shrimp with Tom-kha paste increased when storage time increased. These results
suggested that marinated shrimp with Tom-kha paste with modified atmosphere packaging
pronounced TVB-N value less than white shrimp (as control). The TMA-N values of all

treatments were very low. While the TBARs values in marinated shrimp with Tom-kha paste
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were higher than that of un-marinated shrimp with Tom-kha paste. Furthermore, it was found that
when storage period increased, the total viable count (TVC) increased and coliform was detected
in all samples but there were no E. coli and S.aureus detected. The panelists accepted the Tom-
kha soup made from marinated shrimp and kept in modified atmosphere for 12 days with scores

of all sensory attributes higher than 6.00.
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Figure 1. Generalized scheme for auto-oxidation of lipids
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Figure 2. Pathway of lipoxygenase-catalysed oxidation

11: Gordon (2001)
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Table 2. Production of active oxygen species

Active oxygen species Formation

Superoxide (02.—) Enzymatic and non-enzymatic one electron reduction of oxygen
(Hydroperoxyl redical) (HOz.) 0,te —» 02._ <+—> HO; (pK=4.8)
Hydroxyl radical (oH") Radiolysis of water, metal-catalyzed decomposition of
hydrogen peroxide, interaction of I}IO and superoxide
NO+0,” — ONOO > o' NO,

Alkoxyl and peroxyl radicals Metal-catalyzed decomposition of hydroperoxides

(LO",LO,")

Hydrogen peroxide (H,0,) Dismutation of superoxide, oxidation of sugars

Iron-oxygen complex Hemoglobin, myoglobin, etc.

(Fe=0, etc)

Singlet oxygen (102) Photosensitized oxidation, bimolecular interactions between
peroxyl radicals, reaction of hypochlorite and hydrogen
peroxside

Lipid and protein Oxidation of lipids and proteins

hydroperoxides

Nitrogen dioxide (NOZ.) Reaction of peroxyl radical and NO, polluted air and smoking

Nitric oxide (NO") Nitric oxide synthase, nitroso thiol, and polluted air

Thiyl radical (RS.) Hydrogen atom transfer from thiol

Protein radical Hydrogen atom transfer from protein

11: Noguchi ttaz Niki (1999)
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ﬂ'J']ilLﬁfJ"HTULLﬂfNﬂ1]'55ﬂﬂllﬁ']Q“]ﬂl'f]ﬂl“ﬁﬁﬁﬂ']ﬂslui'mﬂ']ﬂ (Figure 3) ulﬂ!,lﬂ

aan o

o o =y o :‘ =) =t

311 @dwe (DNA) eyyadaszinlfisuiduhaafesndls lua

. 9 a g o ya o a a 1
(deoxyribose) LAzIUA (base) luTassadisvesdidue MidadweRanmsuanimiiuvou
4 1 v o . 4 g
uazifdeuTaseadavenua dewaifenioaedoyaiugnss (genetic information) tilowad

9 v ° vQ a v & [l <

doyaiiadralusdu w18 TusAuiivhmhige lnndunsegaudonihn wadfiuduss
v o 1 g o = 1 ¢ o o
wyeuuauAdunld uad dDueFIgaNINIURATATUIIOUSMITONUTNVBULAR NI
4 o s = 4 ] ~ v
Wiradaensooeilideyaiugnssufamsulouulasedisas Asfanmsnaleiug

(mutation) ¥ TgTsAneiSe (qws ywd1sen, 2549)
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Figure 3. Simplified nonstoichiometric scheme of oxidative and antioxidative system in living

cells

1311: Nordberg 4182 Arner (2001)
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Retinoid receptors, Interaction with Inhibition of cell Induction of Enhancement of
peroxisome proliferator  growth factors proliferation apoptosis cell-cell
activated receptors and communication

orphan receptors

(retinoic acid, apo-carotenoic acid, 4-keto-retinoic acid, acyclo-retinoic acid etc)

Desirable oxidative metabolites
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Figure 4. Simplified schematic illustration of possible mechanism(s) of carotenoids and their

oxidative metabolites on their beneficial and detrimental effects to human health

A Wang (2004)
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Figure 5. Various forms of ascorbic acid (Vitamin C) and its reaction with radicals (R.)

11: Valko Lazame (2006)
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Figure 6. Chemical structures of tocopherols and tocotrienols
#1101: Shahidi 18¢ Naczk (2004)
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Figure 7. Mechanism of a-tocopherol action

#111: aauilad91n Yanishlieva-Maslarova (2001)
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Figure 8. Interplay between vitamin C and vitamin E

HOCH,
HyC

u: aaasa1n Nordberg 1ag Amer (2001)
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) 7

a-Carotene (CypHsg)

HO

Lycopene (CaoHse)

Figure 9. Structure of carotenoids

11: Lee uag Schwartz (2005)
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Figure 10. Radical trapping mechanism of carotenoids

A Hall (2001)
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radical species) (UMT 71 19) (Young et al., 2004)

CAR+LOO°T — CAR" + LOO electron transfer )
CAR +LOO° — CAR’+ LOOH hydrogen abstraction ... (18)
CAR+LO0° —>  LOO-CAR’ addition ... (19)
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Figure 11. Structure of chlorophyll derivatives

111: Marquez tazaAne (2005)
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Figure 12. The shikimic acid pathway
n: Engelberth (2006)
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Figure 13. Production of phenylopropanoid, flavonoid, tannin, and other phenolic from

phenylalanine, PAL denotes phenylalanine ammonia lyase

1317: Shahidi 1ag Naczk (2005)

Table 3. Some dietary sources of flavonoids and phenolic acid

25

Flavonoids and phenolic acid

Source

Catechins

Flavonone

Flavonols (e.g. Quercetin)
Anthocyanidins

Caffeic acid

Tea, red wine

Citrus fruits

Onions, olives, tea, wine, apples

Cherries, strawberries, grapes, coloured fruits

Grapes, wine, olives, coffee, apples, tomatoes, plums, cherries

: Croft (1999)
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a o Y a ~ a A J = dyw Aa d o a ) P (]
wilenhIWiAsoyyadasziadudeldn uenvniifuiiuasidrdsidacendiouneglu
~ . . @ 1 =1 .
jilueANN (Rice-Evans and Miller, 1996) uazdulane WY Wanuaznoulay (Figure 14)
o 1Y 3 a aan & aan a oo v =
iidmmsofudimsifal§Asouruneu (Fenton) Fuihulffseninessalesewselvifa
o J ) P
malasunasveslelasnumesoonloa deaunisn 21

ROO +PhOH — ROOH + PhO’ ... (20)

Fe” +H,0, —» F¢' + OH+ OH ..(21)

Figure 14. Quercetin binding site to metal chelating

31: Packer sazame (1999)

F 4
Fnumwuesmsdszneviuednlumsifiuasdueyyadasy Yuegium
a o - . 1 ) =
3A0N% IMNuBoa (redox potential) voany lensendalulumnauazInssadramaniives
msdizneuiluedn Uszd@niamlumsiidaeyyadaszvesarsdsznouWuean iyu
-4 = 43 ~ o 1 @ 1 g .
WHonlauesd (Figure 15) Tundu drluTaseadrelumnalidumus dene Uil (Rice-Evans
and Miller, 1996; Benavente-Garcia et al., 1997)
9 d' S l\ll a d'o [] ' ’ ' B
1. Tnssardemaumaudl vy leasendandmmnua 3’ uag 4’ (3', 4'-hydroxyl

q ' St a
group) (Figure 16, 2) Wonfouiiou Insaad13szniunesdiu (quercetin) azinouinoson
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=) - wa a o ' oy a 4
(kaempferol) WUMIABMINDT DR Hautalunsduesndadutiosninalesanu tiesnniu

ruuiivesfonesea liiingleasendandmnyia 3’
2. Tassadreaumiud IWusegndwnua 2 uaz 3 (2,3-double bond)
Ao 1 4 T oo ] 4 = . 4 =) ~
uazidunua 4 Woudedunymsuoiia (4-oxo group) (Figure 16, b) WanlSeunoy

§ St a a . v ) a s
Tasead1esennunosdnuuazn1s INAY (taxifolin) WumE IWduiiaudalunisdiu

=Y Y 9 v daa A =y =) = 1w VAo v
pandaguiosniualessny 1esnnlursmiugvesmd IWau lulwussgndwmis 2
ag 3

3. Inssadreiaunaud GnylaasenFodumiien 3 (3-hydroxyl group)

d' a ' a Ao v oA K A ~ a ¥
waziasunaweiivylaasendaidwmiad 5 (Figure 16, o ioifToudisulnseadng

v daa p=1 a . t ~ a o e 9 ~ Y b ]
szrNunIsFAULEL QR Todu (luteolin) wungh leauiaudialumsmusendgiatuiiosn

o A = ~ o s 1 a Ao oA
NIDITHNU mmmn‘lummauqmmqﬂaau"luwy,"lamaﬂmawmgmum 3

@%@@f)%

Flavonol / isoftavone
4

OH

Anthocyanidin o Flavan-3-nl

Flavanone

Figure 15. Generic structures of the major flavonoids

AW: Crozier AZAMY (2006)
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(a) (b) (c)

Figure 16. Antioxidant activity structure relationship of flavonoids, (a) a catechol moiety of the
B-ring, (b) the 2,3-double bond in conjugation with a 4-oxofunction of a carbonyl

group in the C-ring and (c) presence of hydroxyl groups at the 3 and 5 positions

Nu1: dauasarn Shi uazame (2001)

[] =1 a = ~ Y]
ag19'lsAauanaInIsanselseansninlunisdueendiaruvos
¥ )
msdsznauduean Sivusanunalnlunisdusuuadase mseunenung lad
q9 @ U

L]

s

(glycosides)  w30'lufinglad (aglycons) nazdumisvesnglnafidveglulassadioves
WarTuees daaasly Table 4

Table 4. Effect of glycosylation or methylation of flavonols on their antioxidant activity

Flavonol (aglycon) Antioxidant Glucoside or methoxyl derivative Antioxidant
activity* (%) activity (%)
Kaempferol 65.3 Kaempferide 60.0
Kaempferol 65.3 Kaempferol 3, 7 -O-dirhamnoside -17.5
Quercetin 63.6 Quercetin 3-0O-glucoside-7-O-rhamnoside -6.2
Quercetin 63.6 Quercetin 3-O-rhamnoglucoside (rutin) -10.2
Quercetin 63.6 3,5,7,3°,4’-pentamethoxyflavone 1.1
Laricytrin 28.5 Laricytrin 3>-O-glucoside 26.2
Laricytrin 28.5 Laricytrin 3,3’-O-diglucoside 1.1
Laricytrin 28.5 Laricytrin 3,7,3’-O-triglucoside -6.2
Laricytrin 28.5 3,5,7,3°,4°,5,-hexamethoxyflavone 23
Myricetin 18.4 3,5,7,3°,4°,5,-hexamethoxyflavone 23

* Antioxidant activity was calculated as percent inhibition of oxidation versus control sample
without flavonoid added by an aqueous emulsion system of B-carotene and linoleic acid model

#11: Burda 148 Oleszek (2001)
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dy 4 ] < 9 A =
uanniinuiivyleasendalulaseadravesmsdsznauuodn
P v w du a Y o o ' A = a Aao '
fanuduusiufenisumsduesndivdy narfe mIdsenevusaniiduiuveIny
leasendaun wuaAININTIUMIAIUOBNTIAFUGI (Fukumoto and Mazza, 2000; Pulido
° [} a & [ ° = =Y v
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L\ 1 ey a
msuuanguueamsilzneulnauean

Taseafrsvesarsdsznou Inadueandsznoudlrorauvives Isiuanuas

v ) 1 1 o d Jd
nyleasenda aunsawisesndungu Tasldsmumiveudlunual Tdaw Table 5

wazli Inssaradauanasly Figure 17

Table 5. The classes of phenolic compounds in plants

Basic skeleton Class Examples
C, Simple phenols Phenol, guaiacol
Benzoquinones 2,6-Dimethoxybenzoquinone
C,-C, Hydroxybenzoic acids Gallic, p-hydroxybenzoic, salicylic
CC, Acetophenone 3-Acetyl-6-ethoxybenzaldehyde
Phenylacetic acid p-Hydroxyphenylacetic
C,C, Hydroxycinnamic acids ~ Caffeic, ferulic, p-coumaric
Phenypropenes Myristicin
Coumarins Aesculetin
Isocoumarin Bergenon
Chromones Eugenin
C.C, Naphtoquinones Juglone
C-C,-Cq Xanthone Mangiferin
C,-C,-Cq Stilbene Resveratrol
Anthraquinoids Emodin
C,C,-Cq Flavonoids Quercetin, catechin
Isoflavonoids Genistein
(CLy), Lignans Pinoresinol
Neoligans Eusiderin
(C,C,-Cy), Biflavonoids Amentoflavone
(CC)), Lignins
(Cy, Catechol melanine
(C,C,-Cy, Condensed tannis

#11: Waterman 8% Mole (1994)
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R
‘Q—\L COOH

Ra

Cinnamic acid derivatives

Acid . R, R, Acid R, R, R,
p-Hydroxybenzoic H OH H p-Coumaric H OH H
Protocatechuic OH OH H Caffeic OH OH H
Vanillic OCH, OH H Ferulic OCH, OH H
Syringic OCH, OH OCH Sinapic OCH, OH OCH,
Gallic OH OH OH
Ry
R, S 4 S
G BL oo
Ry 0”0 Ry
Simple coumarins Furanocoumarins
Acid . R, Acid . R,
Coumarin H Psoralen H
Umbelliferone OH H Xanthaxin OCH
Aesculetin OH OH Bergapten OCH; H
Scopoletin OH OCH, Bergaptol OH H

Figure 17. Structures of phenolic compounds

f113: Shahidi 1ag Naczk (2004)
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OH
Fliniu 4 obs
5 7 3’ 4 3 5 7 3 4
luteolin OH OH OH OH (+)-catechin BOH OH OH OH OH
Apigenin OH OH OH (-)-epicatechin OOH OH OH OH OH
chrysin OH OH H (-)-epigallocatechin OOH OH OH OH OH OH
¥
$)
7@ ________
7,
(o]
Flavanoues Flavvlium Salts
5 7 3 4 3 5 7 3 4
hesperetin OH OH OH OH cyanidin OH OH OH OH OH
naringenin OH OH H OH cyanin O-glc OH OH OH OH
pelargonidin OH OH OH H OH
3
.
7, 0 ®
|
OH
[¢)
bhotlavones Flavonols
> 7 4 5 73 4
genistein OH OH OH quercetin OH OH OH OH H
genistin OH O-glc OH kaempferol OH OH OH H
daidzein OH OH galangin OH OH H H
daidzin O-glc OH fisetin H OH OH OH H
biochanin A OH OH OCH, myricetin OH OH OH OH OH
formononetin H OH OCH,
3
Qo
5 OH
o]
Fiavanonol
5 7 3 4
toxifolin OH OH OH OH

Figure 17. Structures of phenolic compounds (continued)

17: Pietta (2000)



33

wa 9 =Y v aa g A Ada . P Yo
E'TQJ'Uﬁﬂ'l5951114ﬂﬂﬂ“ﬂLﬂ%uﬂLﬂﬂﬂlu(IUﬁQN%'}ﬂ Un Vivo) Lm%'ﬂ‘lﬂiﬂﬂ']ﬂﬂTi

U3 Inaansoeagl1Ada Table 6

Table 6. Defense systems /n Vivo against oxidative damage

1. Preventive antioxidant: suppress the formation of free radicals

1.1 Non-radical decomposition of hydroperoxides and hydrogen peroxide

Catalase Docomposition of hydrogen peroxide
2H,0, —» 2H,0+0,

Glutathione peroxidase (cellular) Decompesition of hydrogen peroxide and free fatty acid hydroperoxide
H,0,+2GSH —>» 2H,0 +GSSG

Glutathione peroxidase (plasma) LOOH+2GSH —» LOH+H,0+GSSG

Phospholipid hydroperoxide Decomposition of hydrogen peroxide and phospholipid hydroperoxide
Glutathione peroxidase PLOOH + 2GSH — PLOH + H,0+ GSSG
Peroxidase Decomposition of phospholipid hydroperoxide

Decomposition of hydrogen peroxide and lipid hydroperoxide

LOOH+AH, —% LOH+H,0+A
H,0,+AH, —— 2HO+A

Glutathione S-transferase Decomposition of lipid hydroperoxide

1.2 Sequestration of metal by chelation

Transferrin, lactoferrin Sequestration of iron
Haptoglobin Sequestration of hemoglobin
Heamopexin Sequestration of heme
Ceruloplasmin, albumin Sequestration of copper

1.3 Quenching of active oxygen species
Superoxide dismutase (SOD) Disproportionation of superoxide
20, +2H — H,0,+0,

Carotenoids, vitamin E Quenching singlet oxygen

2. Radical-scavenging antioxidants: scavenge radicals to inhibit chain initiation and break chain propagation
Hydrophilic: Vitamin C, uric acid bilirubin, albumin

Lipophilic: Vitamin E, ubiquinol, carotenoids, flavonoids

11 Noguchi 1tag Niki (1999)
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4.4 Uszanveamsmuesndasuluems
Y] a o ' ¥ ¥ A
asdusendesulusmmsmunsonta1fidlu 4 dszan awwdhnvesns
Humsdreondady lasuuduasdueendiadulgugil (primary %30 chain-breaking
Q{ ~ 7 ~ )
antioxidant)  @13A1HOONTIATULULLATUGNT (synergist)  F13A1UBDNFIATUY A
(secondary antioxidants) HAZ IR IUDNTIAFULUUYAINHATY (miscellaneous antioxidants)
(Rajalakshmi and Narasimhan, 1996)
4.4.1 msmusendimyulguail
9/ o s = [ 3 = L kY Y A
asdueendiaduilgugll fudieondiadulalaslilalasiaunsoe
aod 1 a o Y = Aa = = a
sidaasounneyyadase mildeyyadasznmailumsifinnuados msdsznoui Tudn
o { o s = ] 4
navwriamduasdueondiadulgugi wu InlaWsea Warlauesd giuoa (eugenol)
aa . . . 9 = o J dyd e T d' =
uaznIAlsauuSHn  (rosemarinic acid) @15AUEINFATHAINUTTANTMINBIA NN
' A a 4
Wududose uadisnnududugenerniiuliseondiaud (Rajalakshmi and Narasimhan,
1996)
% =\ U o\ Q‘
442 @EMULINTATUNVITIUGNT
9 = Q d‘o J Qs A o o % 9/
Fuasdueondaduniiauiuiu Aesuesndiau sulane: lasasdu
=Y o { @ o ¥ o A a .
ONTATUNTUOBNFIIU 1¥U ASALDFADILA UoAADSTANIAUINA (ascorbyl  palmitate)
[ 4 v [ U o A a
#a'lWd (sulfitc) 1azd3 I551UN (erythorbates) druasdulane 1aun Wa1laueed niadasn
é (-7 1 1 - r ] 4 [} 1] s
uazveama Feesaananlylddiumsdueendiadulasase uddierinuswivmsau
=y o a o a a ~ Y é’
sonFadutgugll Mlddszdniamvesmsdveondiadugain
¥ = LY a a
4.4.3 TINULINBATUNABYN
asdueendiaduyaogd (uaisdueendiaduiniilgaserdy
s o Y a o Ao a £ - ' s 4
lolasmosoonles ldndasuaiduarsninnuades Fonisoni lalannesoonlea
o
anoy Ineyos (hydroperoxide decomposers)
444 TINUOBNBAFHUVVKAINKAY
1 9
Wumsdrueendiadu Mdluldisasduesndiaduilgugd arsdu
) = U o Q( 4
pandiatunAsginioaisdiueenFaduuuuasugns asdszneumiuaisdiu
= Y 1 4 v o -
ponFaduuuurainvaw laun Wa1liuees uazoywus uaznsaezilly
4.5 NAlNMINNUULITIAIUBBNTBIATH (Yanishlieva-Maslarova, 2001)
9/ = @ A o ] Y v A
asdueendwduinalomsiioutalddiv 6 wuulvgs fe
4.5.1 ﬁﬂ%’ﬂ@‘lﬁga?}ﬂixl nlalasiou (radical scavenger/ hydrogen donor)
1 v
Wumshmuisadudinisifasendiadu Taon1s1v lalasnuszasuiy

a 4 o a d s & - = 1 a ~ °
oyyadaszwesoanda iwaliulelasmeseenled Fudugiliades lifamsmiioni
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] E4
WiAnU§Asedn luvaziidrvesasfuduzifadueyyadassuny uazansaduiy

a 4 =

) 3 ~ = 3y as P
ayyadaszmessandadiouldeylugifiedes 1d8n Asaunisii 22-24

LO" +AH — A° + LOH ... (22)
LOO® + AH —_— A® + LOOH ... (23)
LOO" +A° - LOOA ... (24)

v £ 4

asiszneviicnsalflalassuszaoudveyyadass 1Ay zdoall
3dnduTwnuidion (reduction potential) AN 18YYABATE (Buettner, 1993) Tasvy laasonda
voemsiszneviuean Hisza@niamlunisidlalasuesnonunayyadase uay
wanwduoyyadaszW Tuaniiades

4.5.2 SUHIMFIINNUVBITHUNANOBNFIDN (singlet oxygen quencher)
v ~ 4 P = A = =

msnguunlsfiuesa cunsanlasueenduuieglujlvesdunansendiay

WoaeidlunSuiwaneondiou (wiplet oxygen, *0,) uazilaesndsnuitldueenlulugy

YOI NUIBU AIFUNISh 25

1 3 3
O, +Car —» O, + Car*

|

Car + thermal energy ... (25

453 dvlane (metal chelating agents)

@ o z ) o & 1 a o
flusrdvdaliseenduaun dedmIngiilueyyalanzsiiaciag dsauns

=
.
=N

n

M' +AH —» M'H ... (26)

¥ ¥
Y () [ Y] = o 1 1 g a a a
W'J'E'Jﬁﬂﬁﬂ1§Uﬂﬂﬂ@ﬂﬂ“ﬁlﬂ%uiuﬂqna vl?‘%llllﬂ ASALDAADIUA ANIATATN
d a . . . . 4
N5AN1IMIA EDTA (ethylenediaminetetraacetic acid) uazWarlhuowa

454 wgalfinsensaieeyyadasy (chain-breaking)
1 dy " oa A a & v ad = °
aslunguil 1dud Faiud ssannsefudiinaseunineyyadass Mld
wyalfisoinmsadivoyyadase

4.5.5 m"suqn'ﬁ (synergism)
‘3’ L 1]

t4
assiiatizsremivayulimsduesndiadusiiam1dayu ey

(3 1 g 1 [ o da oA
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v A a o aan 1 [y =t [ = o )
pzaounnoyyalifavInmshlgsensernitdarhinlaiseaduoyyadaszimesoanda

wlavuzinduiludav Inlaisea Aawsaiauld (Frankel, 1998)
Y] :’J ° d
4.5.6 frudamananuveaeylal (enzyme inhibition)
= a a 1 o =1 a
a1sdsenauuoanu1arila 1wy Warliusea nsaRuLan wazunaan
o :: r'a A Y o o 4 & 4
(gallates) aunsadudueuladlawendima Tasausadhsudulossuveumanduiu
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Iﬂtlﬁ"lﬂm@i (cofactor) ﬂJ’E'NLE‘)uul"IﬁJ 'L’NNE‘W]fi)ﬂ”!iﬂﬁ'lu‘il’i)ﬂlﬂuul“lfﬂﬂ\‘lﬂﬁ’n (Puerta, 1999)
ﬂ' Vv )
5. 1A993ANN
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2
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29 ZINGIBERACEAE

Yoo 137%},1 Gerater galangal
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¥
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MTureussmelsenoudIua s aIewia 19U IBATUUUNN (methyl cinnamate) 3000z 48
ooa (gineol) Fouag 20-30 cﬁuﬂa ununiled (camphor) Twiiu (pinenes) Hudu Zaeoung
wazAmE (2005) WuhasasaidlsusLealgnEMueyyadass Tuvaziiasadadaoi
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a

WarTwesdiazanuamnsalumsidaeyyadase DPPH z;‘rmdmﬁﬁﬁ’ﬂﬁ’amfmamfwﬁu
wewszve TaufiSinauedniimuaniiiy 31.49, 825 uag 5.01 Fadniuruyadves
nsALNaaNADNSY (mg GAE/R) YsnamanTiussaniiiy 13.78, 1.48 uaz 0.20 Uadniy
auyadvesnunFudeniy (mg CE/g) uazil IC, @ududuvesmsdiesafianninan

anududuveseyyadasy DPPH asdeuaz 50) Wiy 10.66, 55.48 uny 455.43 dadniy

=)

aotanaas auaey WoudusariInlaWiea 145 Haansuseliaaans oz BHA 0.41
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faanfudeianans vaznuhasdifgluaisadaiidlsiesiuoadovas 50 Ae
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wsuoa lasldmalia TLC (Thin layer chromatography) wuhlumsafananos
JsenovdivesdIndsi3noansdan Hussmlsznoundn uaziiens iz laeldinaiin
GC-MS (Gas chromatography-mass spectrometry) wunlumsaiavestiflsesiusa
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1umsﬁﬁﬂGlhé’hmfiywﬂs:ﬂauéhﬂmiﬂizﬂeuﬁmmma:mmfﬂﬁ' wu Twdusan lsduas
Tilsfu
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5.1.1 ﬁqwﬁjﬁ'mvﬁmmﬂﬁﬁa (Arambewelaa et al., 1999; QOonmetta-aree, 2005;
Vuddhakul et al., 2007) °JJ'1L‘:]£‘;’E]§1 (Prachayabreud et al., 1996; Ficker et al., 2003; Khattak et al.,
2005) LLALTA (Oonmetta-aree, 2005)

5.1.2 ﬁqﬁ’é’fmmﬁﬂ (Moffatt et al., 2000; Lee and Houghton, 2005; Zaeoung et al.,
2005)

5.1.3 Swﬁuwamzmﬂmﬂmgnhﬁt]ﬂfﬁuau

Fd
4 @ o

514 Twduwantlsdnindt Squanidlumsiugidusuiszuuriinleda
(phagocytic) wazdnInludn (lymphocytic) (Bendjeddou et al., 2003)

5.1.5 fudamstudiuveundadennszey Taof IC,, M1 73.9+ 2.9 (Jantan et
al., 2005)

516 anseduihmaludon (Akhtar et al., 2002)

5.1.7 aanNuAUlana (Othman ef al., 2006)

5.1.8 ﬁugqmsgﬁﬂgﬁuﬁ (Matsuda et al., 2003a)

519 fudamsfaunalunszinizommns (Matsuda et al., 2003b)

5.1.10éT‘UgQﬂmﬁﬂﬂﬁﬁ?maaﬂcTsmﬁﬁu (Cheah and Hasim, 2000; Juntachote and
Berghofer, 2005; Zaeoung et al., 2005; Juntachote et al., 2006a; Juntachote et al., 2007,
Mayachiewa and Devahastin, 2008)

1 H v Y 1
muf‘ﬂv DD ULLASLN
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uadnNay 1‘191’5{‘1!!?1?@\3‘]JEQTN‘L!']W?ﬂLLﬂQﬂWG”’\ HITUANE (BULTY IIANDI LUDTVUHF
WUwWana, 2545)
5.2 azlad
A ]
¥oINeNnmans Cymbopogon citratus Stapf.
d
NA GRAMINEAE
%mﬂ'q; Lemon grass, Lapine
o ¢ YaZiunyd 0 v & N ~
ANHUSN NN EAITAT AT ATUUNFAUYNITWINULYT YUBYIIUL UNJY

A o ¥ o Ay I, - N
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9 v T ' - Y Y v
duoenilugn lundazgezlilulszdusesfuusaensenen
v a J o 9 = I '4 a
Yeyamiaingimaas lunazdrdauiiarswindaniaosa unuiy
/o 4 R . £~ ' A A Yy o Py
wazasauenlnalalad (cardiac glycosides) HIUTWIUNAITHNANIUAYIVOINVAITAIY

a ad :’ as a =y
AUNIE (Adegoke and Odesola, 1996) 1fuvewszimulsznoudwdNTO (citral) Tul5u10

14
wniiqa Asilszanadesas 65-80 uenaniiligiuea 3511uven (geraniol) @119 (linalool)

WUNPA (menthol) i113lanoa  (nerolidol)  wAues  FInsiuanoa (citronellol)
WEAENMUDD (methylheptenol) iWBSW50@ (furfural) taziuTaiawh 11y (methylheptenone)
ﬁ‘lus?\'u Schaneberg (182 Khan (2002) wuisa (neral) Lﬂa§s1"lu'e)1a (geranial) Lﬂ’é];ﬂhluﬂ’t)ﬂ
(geraniol) alutlu  (limonene) % Insanla (citronellal) uazmﬁ'ﬂu{c‘?;u (B-myrcene) 1u

:’ Y Sld' @ 9 a )
‘L!']ilu‘ﬂ@Mi‘é’,mU%ﬂﬂﬂ%qﬂﬁﬂﬁﬂﬂiﬂﬂi%wﬂl"ﬁu "lﬂﬂaaimmu azmimuuazmmuaa Faaa
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a ¢ = = o °y

nade Mg uazeusing augy (2545 Anwignidiueyyadaszvesazind Tasiniui
£ 4 QJ

veuszine msasanzlaidrowsiuen wazasadansladdiedr ymaaeugniau

(4
o

pyyadasz DPPH  wuhmsadadiouazmisatadismniuenignidiusyyadass
DPPH 717 laodl EC, (Anududuiisiineyyadase DPPH 1d3esaz 50) miiy 49.76

) T A aao o @ 1 :‘ o & o o
Uag 52.59 ullliﬂiﬂﬁllﬂ@uaaﬁﬂi AUAIAY ﬁ')uu'nJUWﬂuﬁglﬁﬂ“ﬁQﬂQﬂﬂigﬂﬂUﬂaﬂﬁﬂ

v
o

4 ~ a o A = a
wois1luerauasiisng G las Ge-MS)  Tigniaueyyadaszd1nIn (EC,>100

4
a = @

Y
lalnsnSuneiiagans) wonnndaansauenasuSaninnasadans laddowsiueald 1

L}

a & t g Py a & 4 a a
silagudumsnguranliueed Ao giilodu delignidueyyadaszaniy BHT (butylated
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hydroxytoluene) 4 1 lawgiiledudl  EC,, wiriy 5.42 lulasnfusedindans (18.93
4 o a (Y a " A Aaa
TulnsTuard) luamezf BHT & EC,, ti1fu 17.68 lulasniudeliaddns (80.36

L4 v @ wa
Yulnslua1s) Cheel uazame (2005) wuhamsadans laddromsiuen uaasauinlums
o w a P ¢ v o P A a
fidneyyadasy DPPH ylmesoon ladusn lossy uazduduou lduruiusendging

aa 4 = o I~ o J s

(xanthine oxidase, XO) uazanameisondaduludinfoauasvowyyd 1dannmsadia

9

Sruusiueannutududosaz 50, 70 uazasanaale111AsN15UY (infusion)  LAZNNS

{ Y ] 4

Juden  (decoction) a1shannsousnldnnmsadadiswsiuea laun Warlivewd
a a . . 4 a

(loTsoaiSoufiu (isoorentin) 1o l¥@naW1TU (isoscoparin)  @17831M891 INilY

a g . . . .
(swertiajaponin) "laT%m’%‘auﬂuaaTmmTu"lmﬂ (isoorientin 2-O-thamnoside) UQY
P= . . = a & as v o o

2050UNY (orientin)) NIAAABISNA uaznsamidn FamsANANIAMUITONIADYYD
=y 4 '3 o g a aa 4 =Y as =1 -}

9asz DPPH  aplmesioon ladueuloseou wazdudamsinaanamesoondiasu luliadon

L4 a = wa o o a
unsveauynd  TeolelwesFoufiuuazeaiouiu uarasuantialumsiiineyyadase

o @ q’zl a Aas o o Y 9 P

DPPH (IC, = 9-10 TulasTuand) uazfudimaiadwamesosndiatu (seeas 70 1
Y Y Y " A Aan ] a =S @

anududy 100 Winsndudeiiadans) daunsamviidatazanelsitin uaasnuautialy

o @ I's o -4 0o w

msfiaylwesoan lyauoulossu (IC, = 68.8 uag 54.2 TuTas Tuars mudiay) waznsa
= Y 3 s aa o a [ 9/ - 3 9 o '

alsamunsasusimsiaanames sondadu (Govas 85 Annududu 100 ulasniude

¥
{inAans) Figueirinha uazAmz (2008) wuhmsanan: laddwilasmsuy uansauiia

o)

¥ ]
funisfudeoyyadase DPPH  Tavasdrdgainulumsadane unuilu nseaduedn

ay &

I 4 = = J v
(eyWusvesnsamwimBauazmisuasa) wasHarlwlnalaled (eyWuiveseziaiiy
wazgh lodu)

s o a
gNBEMAAFYINeN
S w o = Y & a o o
521 iiduvenssmevesaz ladfignslumsduresuasuuniiGe (@i
o
mM3umndunn'Ing, 2542; Adegoke and Odesola, 1996)
¥
o w o o
522 uneussmevesasladmunsoan ldlunynanedld @anfunisunnd
uwu Tne, 2542)

@ o o °y Qs o 3 o
523 ﬁ']iﬁﬂﬂ%1ﬂﬁ$"lﬂ%'!,tﬁgﬁ'liﬁ'lﬂﬂﬂuu'llluﬁ'ﬂllizl'ﬁﬂfli]‘ﬂﬁfJ‘iJUQﬂ']‘iﬂﬁ'lfJW‘l«lﬁ

fignimflenidiemsniilunasanaas (Vinitketkumnuen ez al., 1994)
¥ s
524 msananylnddisesiusannududuiovas 75 Wedu Tgnsduwes
o Y M 1 a v Y o
1&aou it ddeudusumanelu 24 2lue uawens liane (onfumsunnduwung,

2542)
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o Y Y = = Y o 9 1 °y LY
5.2.5 luwazdrduudedigniaanisiudrvesdrlddmdasvesnszais uaztiuiu
Yot = Y o N Yy VA @ Rt : a @ o
nouszmovesas laflgninszdud 1d i duavwsaansulugadon (@010UNIUNNY
uwu Ine, 2542)
526 msanaanaslad Tnuaudmiuasdueendindu (Cheel e al, 2005;
Figueirinha et al., 2007)
y =} QJ o 0” s
527 arsanaazlnddreifignianseduiitaia (hypoglycemic)  uaz lusiy
(hypolipidemic) °lmﬁaﬂﬂu (wistar rats) (Adeneye and Agbaje, 2007)
gl duuazduly
d v ¥ 2 S a ' < M
Uszlamimadiverms Milwasesjaluinsndie o wu unara 1N
o o v 4 =Y
naunzdl Aud1 SazNaIAe o (PULBY 1ANDI LAZ YUY WUNAND, 2545)
5.3 WINUNY
A a d . . .o
¥ INNMAAT Capsicum frutescens Linn. (C. minimum Roxb)
d
297 SOLANACEAE
¥omilny Chili
[y J a dy ﬂ Yt =1
Fnyarmangumans winimpduldwuvinaan galssum 1.00-2.50
14 ]

Wa drdudenss ludlulo@es senaseiudin Tunaws dasunoay unuluFeuilugdu
= g ' a o dy a =3
aoniiluaenmervinaldnduivsenae malivatsvuia wintivy Inaviaane s

ay ~ 1 4 a yg 1 A 4 A
1.00-1.50 7 Sidurnguinaiy 0.250.70 wudwas wadiu wasewuiidden Wegniiduas
A H a A o ~ A 4 o oA
wieuastuihma  Aadudhuie melunade Jupunaie vuunuRMINAATIMARINY
agunINg uanzAalldnyzuUUNAY
d =) a L4 o '
FoyamaInmmand waflarsundloFuesd  (capsaicinoids) 1Aun
= .. 2 . - o a
un)) lsFu (capsaicin)  la'lalasuaillaFu (dihydrocapsaicin)  1o$ lalalasuay loay
(nordihydrocapsaicin) ToTuunl sy (homocapsaicin) Tealulalelasund 1 o %
. .. £ PRy o i a o o Aaa
(homodihydrocapsaicin) cmri'flumsmmmwﬂ‘}'auﬂgiuusnm"lﬁmmwa HagyIuMIITNUNY
= 4 A =) P=1
Yszinnualsiiuoos Usznaudiouniliesusu (capsanthin) unilagiy (capsarubin) A 15y
4 ¥
gfiTodu wenminiiwuluiu Tals@u Janfwe SmiuuaziviuneuszmelnlFinades
1 ~a [ a t.:y ~ =
Zewdie 1A% Bosland (2001) wudun ladussd lumsninyilsznoudound TeduluiTum
- ) 4 ) o
wnfiqa sesaundelalelasundlodu weilalelasunilledu Telamueives
lalelasun) ledunaz Talulalalasuadlodu mudidy LiE  uazame (2008) wuh
@ a 4 o = 4 o o a
asafansndienliiiniizddis  co-Ms  Yszasudrsaisdidghe uadlady
nsalansenFuniauuFuoz Bhn (4-hydroxy-3-methyl-benzencacetic acid) A5AA 1@

. ¢ an .. a
(9,12-octadecadienoic acid) nsalauiian (n-hexadecanoic acid) HAZNTANUAZIANT 11DA
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(pentadecanoic acid) uaznm%uw%éj’ﬁhm 1% ﬂiﬂﬂ1éﬁﬁiﬂm§ﬂ (9-hexadecenoic acid)
nsa lSaan (tetradecanoic acid) Orhan HagAME (2002) wuiwﬁwﬁwmmﬁﬂ (seed oil)
WNIWY (C. annuum var. frutescens) o h/3ns1zdae GeMs Uszneudaensaluiiu
18un nsarhduiiaa (palmitic) AAB3A (stearic) A lutadn (linoleic) Hazd Iutaiin (linolenic)
qnémam&’fmm

5.4.1 umJ"lmc“nuﬁﬂmﬁuﬁmuﬂmﬁumwz%'”aﬁywawuazﬂm‘lumzmwmms
Hostumsdaunalunszimzoms Tasiumsnasmndenuuadeoulunszimizoins uag
Fredosfumafiauzda (Modly et al., 1986)

a

542 hdusnwin aiu%aqauﬂ%’t‘f“luﬂaaﬂmam wozluilsqiiuldunil legu
idsznowiunsg susiyemis erduan vwdlaadfes (@ortifumsunndunu'lng,
2542)

543 ASAWUANAMISA (m-coumaric) LATATATUUIIA luaIsAafnaANSNaIUI0
5ﬂgﬁﬂ1§ L%?iyla‘uiﬁﬂlf)ﬂ Listeria monocytogenes, Staphylococcus — aureus, Salmonella
typhimurium Wag Bacillus cereus (Dorantes et al., 2000)

544 anszaulasndiwelsdlunynanes @ofumsunndunyIng, 2542)

54.5 esanawsndlumsduosnFiadu (Wangcharoen and Morasuk, 2007a,b)

I Qs

v
PN =Y a Y =1
5.4.6 uathuFulunsnligueauialumsdudausiie (anti-tumor) (Maoka ez al,
2001)
4 d
aunly waa seauazly
d a 4 1 A H '
Yszlavimadiuerms winfuniealjuaenaunazsafiszuialiulaly
=y d'n ) 9/J P =Y dy a dy o -~ =
ow3lne winhfewiunldluemnsing Aewsnliny windd winivdes winnuin
a A T A A 4 9 F a )
winibunselyaudenause wazuanuradouluens awsaldluzininae win
v ) ¥
ude winih eesduthdumiey iWudmiseneundnuouniewnathnind1equazeinis
¥
o U o ] v o v =Y Y v
Jsznndn wa dudr dudn dade Wudu luuazveaseunsndihldsulsemududn1é

5.4 uLnzn

a d

¥oInenenans Citrus hystrix DC.
2 RUTACEAE

¥oaNeYy Kaffir lime
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uanludsmunieluludfidewiniueginly Fuiludnyuzimmezvesiyluasgail aen
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‘Il?)%;!ﬁﬂ%i?ﬂﬂ'lﬁ’lﬁﬂi Gl‘U!,LﬂSN'JilZﬂiﬂilu']iluﬁ@Nixlﬁﬂﬂﬁzuﬁuiﬂﬂﬁ%

U

v
g o

0.08 uaz 4.00 mudwy TasasdiAginwululy 1dun FInswaara (citronellal) dauly
Awanud Indluesd Tusludluasdiiny (a3 (5ee5l, 2545) wenvndinITimiiy
& nsadasn Falquautalunstieduan udle duiung  Berhow uaznmz (1996)
wuiluuzngalszneudiodalouosd 1dus mTaluwlnalaled  1dud un3git
ﬂQIﬂVl%ﬁ{ (narirutin-4'-glucoside) DIHNTU (ericitrin) 1110935 lognsu (neoeriocitrin)
W15 3AU (narirutin) 18ANB33AY (hesperidin) T To1gaWa33AY (neohesperidin) uozd ladiv
(didymin) uazWarTauw/eealnalaled (favone/ol glycosides) lAuA giu (rutin) 9
AarTruesmduaisiuansauiian1s@1uoon A%y Siripongvutikorn HAZAMS (2005)
s luugazafuuvasvsuudun siiuludud FuTuarsdruoendiasdu Tasdl
510 173.60 % 61.45 niuden laniuvesding 4NN Hutadilok-Towatana 1AZAME
2006) wuhmsafaluuzngauazAnzniaflomsIuea ﬁﬂmﬁuﬂ’mumié’ugamgy,a
Sﬁi:"lam@ﬂ%qqﬁqﬂ Tay IC,, Glumsﬁugamgy‘aﬁmz"lamaﬂ“?ammmﬁmﬁwﬁu
18857 Tunznga (Citrus ystrix DC. leaf) > ANENZA (Citrus hystrix DC. Peel) > Tufiuusa
(Angiopteris evecta Hoffm.) uazluivians (Nelumbo nucifera Gaerttn leaf) > mﬁﬁugﬁm
(Stachytarphera indica (L.) Vahl) > in@15 11949839 (Nelumbo nucifera Gaerttn. Pollen) >?J‘1JPJ§"Q
(Laurentia longiflora (L.) Peterm.) > YW (Piper sarmentosum Roxb.) >ﬁﬂlﬁﬂiﬂi}j
(Portulaca oleracea Linn.) > waatvians (Nelumbo nucifera Gaerttn. seeds head)

Ssrvuiniuveyszimesiniuazlungnga amrsneengNiAIY
LunTiGonateyila saunauaiiFenolsaluemis 18un Escherichia coli, Salmonella spp.
uag Salmonella typhimurium (ﬁi’g‘lﬂu‘l‘a q ‘Uﬂ%ﬁm, 2527; Nanasombat and Lohasupthawee, 2005)
Tavansfifignisuuuniise 14us wefirlueea filslanea (merolidol) lolayiinea
(isoputegol) AuQaUBzIMBSAiTlora (Tydd quaTam, 2527)

gauily lunazwa

Pszlamimadiuerns ﬁ'mauzﬂgﬂ"l%’ﬁ‘lutﬂéaaﬂqa1u€1w?ﬂtsﬂa¢i1m WA
uzﬂiﬂd1$ﬂidiu1§1w§ﬂmuu$u unada luwegnsaldludus unurauasvaudisg lu
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yensariudes Isenthluvenun dama
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6. dasuniinaneaniiansdiueendniuvsITIsanAINATBANA

6.1 NioYy

iiosninny leasendaluusazdumisvesmsisznefluedniiunuimde
auianisdineondiady doiunisdsunlafiiesinalinylaasondaiianis
wldsunlas deademiamsdvesndinduvesassznoufluednlumiouna Jackman
and Smith, 1996)  Slabbert (1997 $131A8 Mukai ef al, 1997) WU pKa voeny laasenia
AR 7 uaz 5 (7- and 5-OH group) VBINUMIUBYBIZAY TiMUlszaat 6.74-7.07
uag 11.55 Mudwy @9 pKa ﬂmwy:"lamaﬂc'ffaﬁﬁnmﬁqﬁ 3'uay 4’ (3'- and 4'-OH
group) YoIWMIU TAwmAy 8.77-9.02 uaz 13.20-13.25 MUAAD soiulumsazans

PowA199) AU LANAIETAIAY Figure 18

f

PK 3= 1165

R: Rutinose

Figure 18. Five different molecular forms (RuH,, RuH;, RuH22>, RuH", and Ru") of rutin in
aqueous solution

;. AauladnIn Mukai uazaue (1997)

arsdszneufuedndiulng uaasauiimiumsdueendinduldailong
Jugnzifiunamiensa  iffesninluansfiflunsailfidel§iser lelaslada
fhNaiﬁ'aw5ﬂizﬂaUWuaﬁﬂﬁﬂgﬂugﬂmmmsﬂszﬂau‘ﬁuaﬁﬂﬁﬁuaéﬁumigu (bound
phenolics) (AaN131antdes  (Liyana-Pathirana and Shahidi, 2005) 134 M3ifinlalas lada
¥o9WuTAY INFAN (glucosidic bonds) YOI INAWUOA (Oreopoulou, 2003) wazluan1izi
Hudramslszneviueanenouiiuadlun FliusasauiiGnsduesndindu (Brooks
etal., 1972 #131a8 Yen and Hung, 2000)
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Amorati HAZAME (2006) WUNAINTIUAIMUDENTFIAFUYINTANUBAN
¢ . . 4 e oa w ¢ A~ ﬂ
LALOENBS (phenolic acid and ester) AUBYAUNBIVDIMITAzWIHINES HoWeMUNIA
s I's L) g 4 a s

{e% 4) nsafuodnuazioameimusaduduneseendadulddos anvmunsalums
o o o A o a1 A d A a s 4 A A - Voo

Futuneseandaduiia iyt wiloRonAuiy uazoerlaumiiy 8 anuaiusalu

[ :,I 4 = @ 1 L4 v A =y ' =y

mssusuneToondaTuani Insaend (trolox) 2-3 W1 tilesninewiuainsanvivdn

] . A @ g 4 a Y]

aglugivesiluoan leoeu (phenolate ion) FILAAIANNAINITO IUMTIUTUNDTOBNFATU

ey [ A o .
TaanngUuuuind dawaaslu Figure 19

\[’ /\ + HO 'V’/;>¢-. )
—-——>' -
HOM) - 0""‘\\,{{//

ROO. ~ ROO: ~ ¢ N\ ROO-.
HAT / ET rooH HAT
ROOH =~ ROO - «'; -
HO. N HO\(/:-\}] - Q ‘_\
(I ¢ Ll J‘X | TX
o co o

Figure 19. Mechanism for the reaction of catechols with peroxyl radicals

A11: Amorati LAZAME (2006)

Juntachote 148% Berghofer (2005) WUNASANAUDIVIAWDTIUDANAIIN
asandemiunarannndinia luansidunamsasaiidauaudalunsdiu
pondiafugandinia lasmsadadififenssulunsfuglineseenladuenloosy
(superoxide anion scavenging activity) fumessa'lonsu (Fe” chelating activity) HaSAIAF
W1217909 (reducing power) Q9 MIgLBBNTIATUYBNTANUAURUETSAIdFanuaed
uaﬂﬁnﬂumsaﬂmnnﬂmﬁnmiumiwaunaeaswua‘"ﬂmmu"lcnﬁ"lawaﬂmmuﬁ

Mansour g Khalil (2000) Anmnfienssumsdiueendiaduvesmsaiai
1WaA fenugreek sazildonsiursa Adumsiut W adnsed (freeze dried) WUIE3
afaSuinziudn fenugreck  DRONITUNBAIMBENTIATUGIgATiTOY 7.0 daumsadia
Wioniudfalifenssunisdueendiadugegaiifios 5060 uazdanssunsdiu
pondinduiidanndfiioniunaaazeis

Binsan  (2007) wuManwewisalumsidaeyyadase DPPH  uaz
ABTS uazanuamnsnlumsliddanseuluszuy FRAP vosdmiazareirdues
Tudsiinnunedafifioy 2-8 uAdieferannnd 8 @osiiiu 9-11) anwannsalums

o o a a o =N ]
mshdneyyadase DPPH yazanuaselumsidodanssuluszuy FRAP Unianag
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< P o 1A 1 o A
dator luvaziinnumansolumsiiaeyyadasy ABTS fiaunuiu waaldimiuim
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[] v
fewiiuas dwmdazainirldveaiudeesganszdu Idlianwminsalumshiaeyya

G a

a

a P { et o o

HIY ABTS IWUUU l!ﬁuﬂ’nuﬁ1u1§ﬂ1uﬂ’]5ﬂ’]ﬁ]ﬂ@uga@ﬁig DPPH llﬁzﬂq']llﬁ']il'ﬁﬂﬂlu
-1

ﬂ’]iﬁlﬁ@lﬁﬂﬁiausluﬁgﬂﬂ FRAP afA

Friedman 10% Jurgens (2000) ANHINAUDINOFIUTII 3-11 ABANUAIA?

a =

yosnsanvinda aundy nianaslsdiia nsaWzan niaunadn leNunalanuniu giu

Y
]

LAZASANSIUTULITR wunsamHiea nsanassiauaznsaunadn lunsRINNDSE

U

asdsznouueanii Inssadratiuiwmiues IsiwAnna1929 (multiring aromatic) 144

Ay eiunalanundu wazgiu Tanuasiunnhmsdszneuiluedniiilnseai

=y . A =) Y Ao Y '
L“ﬂu’NLLWJuﬂziimﬂﬂ 1 79 (monoring) tummmﬂﬂiQﬁiNWBUWﬂuﬂ’n

¥
Liyana-Pathirana 14@¢ Shahidi (2005) wunilsmadueaniesnuauazauia
msdmeendindulugilvesanuansalumsiiineyyadass DPPH uaz ABTS M13iy
v
Tanzuazmslalas lasaves LDL (low density lipoprotein) ypsmsadatrenadlei im
v ¥ [l ]
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Solvent

Particle

Figure 20. Mechanism of mass transfer: (1) solvent soaks into the pores within the particle, (2)
solute dissolves into the solvent within the pores of the particle, (3) dissolved solute
migrates to the surface of the particle, and (4) dissolved solute at the particle surface
diffuses into the bulk solvent

11: Gertenbach (2002)
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Table 7. Percentage of relative peak areas of volatile compounds in galangal extracts

Compound % relative peak area

Hydrodistillation ~Petroleum ether Petroleum and ethanol* Ethanol

1,8-cineole 33.6 4.1 2.4 3.3
Methyl chavicol 37.9 - - -

Camphor 4.5 16.0 9.8 5.0
B-thujene 0.7 2.4 - -

Caryophyllene 4.2 59 7.4 1.5
-farnesene 4.2 4.6 4.8 1.8
Elemene 1.2 3.5 - 0.3
B-selinene 3.0 2.4 2.2 1.6
a-farnesene 59 6.7 24 53
o-selinene 4.2 43 2.0 24
Cadinere 0.8 0.5 - -

Fraeseol - 49.8 68.2 74.6
Eugenol acetate - - 0.8 4.2

* Secondary extraction with ethanol of plant residue after extraction by petroleum ether

Nu1: AN UTIAT (2005)
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Table 8. Chemical assay, reagent and company

Chemicals

Company

1. Chemicals used for determination of total phenolic contents and antioxidant activity

95% Ethanol
Absolute Ethanol (99.99%)
Folin-Ciocalteu reagent

Sodium carbonate (Na,CO,)

Gallic acid
2,2-Diphenyl-1-picrylhydrazyl (DPPH)
2,2-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS)

Potassium persulfate

2,4,6-Tripyridyl-s-triazine (TPTZ)

Ferric chloride hexahydrate (FeCl,*6H,0)
Hydrochloric acid (37%)

Sodium acetate

Acetic acid (99.7%)
6-hydroxy-2,5,7,8-tetramethylchromane

-2-carboxylic acid (Trolox)

SV Medico, Thailand

Merck KGaA, Germany

Merck KGaA, Germany

Ajax Finechem, Adivision of Nuplex Industries
(Aust) Pty Ltd, New Zealand

Fluka, Sigma-Aldrich chemie GmbH, Spain
Fluka, Sigma-Aldrich chemie GmbH, Germany

Fluka, Sigma-Aldrich chemie GmbH, Germany

Ajax Finechem, Adivision of Nuplex Industries
(Aust) Pty Ltd, New Zealand

Fluka, Sigma-Aldrich chemie GmbH, Switzerland
BDH, VWR international Ltd., England

Merck KGaA, Thailand

Carlo, Erba reagent, Italy

LAB-SCAN

Fluka, Sigma-Aldrich chemie GmbH, Germany

2. Chemicals used for determination of microbial activity

Peptone

Plate Count Agar (PCA)

Lauryl Sulphate Tryptone (LST) Broth
EC Broth

Baird Parker agar (BP)

Potato Dextrose Agar (PDA)

Potassium tellurite

Merck KGaA, Germany
Merck KGaA, Germany
Merck KGaA, Germany
Merck KGaA, Germany
Merck KGaA, Germany
Difco, Detroit, Michigan, USA

Merck KGaA, Germany




Table 8. Chemical assay, reagent and company (continued)

Chemicals Company

2. Chemicals used for determination of microbial activity

Tartaric acid Ajax Finechem, Adivision of Nuplex Industries
(Aust) Pty Ltd, New Zealand

SFP agar Difco, Detroit, Michigan, USA

Manitol Egg Yolk Polymyxin agar (MYP) Difco, Detroit, Michigan, USA

Lactobacilli MRS agar (MRS) Difco, Detroit, Michigan, USA

3. Chemicals used for determination effect of pH on total phenolic and antioxidants activity

Citric acid Merck KGaA, Germany
Sodium dihydrogen phosphate Merck KGaA, Germany
Disodium hydrogen orthophosphate Merck KGaA, Germany

4. Chemicals used for determination of fiber content

H,S0O, Merck KGaA, Germany
NaOH Merck KGaA, Germany
Absolute ethanol Merck KGaA, Germany

5. Chemicals used for determination of Microstructure (Scanning Electron Microscopy; SEM)

2.5% (w/v) Glutaraldehyde Ajax Finechem, Pty Ltd,
Australia
di-Sodium Hydrogen orthophosphate RANKEM, RFCL Limited, India

Sodium dihydrogen phosphate Monohydrate = RANKEM, RFCL Limited, India
50%, 70%, 80%, 90% and 100% (w/v) Lab-scan Ltd, Ireland
Ethanol

6. Chemicals used for determination of TVB-N value and TMA-N Value

Bromocresol green Ajax Finechem, Pty Ltd, Australia
Methyl red QReC, New Zealand

Ethanol Lab-scan Ltd, Ireland

Boric acid QReC, New Zealand

0.02 N HC1 Merck KGaA, Germany

K,CO, Ajax Finechem, Pty Ltd, Australia




Table 8. Chemical assay, reagent and company (continued)
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Chemicals Company

6. Chemicals used for determination of TVB-N value and TMA-N Value
4% (w/v) Trichloroacetic acid Carlo Erba Reagents, Italy

10% (w/v) Formaldehyde Lab-scan Ltd, Ireland

7. Chemicals used for determination of Thiobarbituric acid value
4N HCL Merck KGaA, Germany
Antifoam liquid Fisher Scientific, UK Limited
Thiobarbituric acid reagent

- 0.2883 g TBA Sigma-Aldrich, Germany

- 90% glacial acetic acid Lab-scan Ltd, Ireland




Table 9. Instruments used in the experiment
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Instruments Model Company/Country

Balance BS2100s Sartorius, Germany

Blender TYPE 276 Moulinex, France
Homogenizer D-500 WIGGEN hauser, Germany
Vacuum aspirator A-3S Tokyo rikakikai, Japan

Rotary evaporator
Fiber analysis device
pH meter

Oil bath
Spectrophotometer
Microplate reader
Water bath
Colorimeter

Texture Profile Analyzer
Hot air oven
Autoclave

Incubator

SEM

SevenGo SG2
CH-9230 Flawil
UV-16001
Power wave X
W350

Color Flex

TA-XT2i

S8325

JSM-5800

Buchi rotavapor, Switzerland
Labconco, USA

Mettler Toledo, Switzerland
Buchi labortechnik, Switzerland
Shimadzu, Kyoto, Japan
Biotek, USA

Memmert, Germany
HunterLab Reston, USA
Texture Analyzer, England
Memmert, Germany

Tomy seiko Co., Ltd, Japan
Memmert, Germany

JEOL, Japan
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Table 10. Selected Tom-kha paste formulations used in this experiment

Components Formulation

1° 2’ 3 4° 5°
Galangal (%) 33.33 41.67 41.84 62.5 76.92
Lemon grass (%) 44 .44 41.67 47.42 20.83 15.38
Chili (%) 4.44 10.41 8.25 6.25 2.31
Kaffir lime leaves (%) 1.33 6.25 2.51 10.42 5.38

Root of coriander (%) 16.44 - - - -

A1 * dauasin Thai food to world (2007)
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Galangal, Lemon grass, Kaffir lime leaves and Chili

l Washed with water

Dry with cheese cloth

l

Cut into small pieces (Individual raw material) Garcinia 8 g + water 100 ml

l Weighing according to the recipe l Boiled for 10 min

Separate garcinia

l

Stock garcinia adjuded volumn to 50 ml

Grinding with blender for 2 min

v

Tom-kha paste 150 g + Coconut milk 275 ml + Stock garcinia 125 ml + Shrimp 200 g

i Boiled for 4 min

Coconut milk 100 ml + Sugar 5 g + Salt 12 g + Rosdee seasoning power 2 g

l Boiled for 4 min

Shrimp Tom-kha soup

Figure 22. Flow diagrams of shrimp Tom-kha soup preparation



81

= ] v ey v a [y 4' d’a J 4'
2. ﬂﬂ‘H1ﬁﬂ1’JZﬂ]iﬁﬂﬂﬂﬂ’sﬂlﬂﬂiﬂiﬂHlﬂi)ﬂ"lﬂﬂ‘lﬁ-ﬂu!ﬂ5Bﬁl‘nﬁ‘mﬂ‘uﬁdﬂﬂizﬂﬂ‘lﬂ‘l—!!ﬂ‘ii’)ﬂ
v ¥ A v 1
ANVIUASIATDINNUN

[Y L7 k4 o (% ) A o 3
2.1 Ni\‘llENiJﬂTJzﬂ]‘iﬁﬂﬂﬂt’)ﬁuﬂﬂﬂ]‘iﬂluﬁ)ﬁﬂm!ﬂﬁ‘lﬂu!ﬂ58@!ﬂﬁﬂ!ﬂuﬂﬂﬂﬂ§$ﬂﬂiﬂu
Ay o
IAFIANN

-

¥ ] 3
2.1.1 duaseunanngasidaiion 1A luneui 1 1dun 41 az'lnf nSnlivyuay

A

- Y-} o Qs 9 1 o [ 9
luwznga vueSoundiimaesondagavlundt 72-73 Aewi ldadadlessuuvesms

Vv
afa aae l1l

v ) v
2.1.1.1 afedwit Teslddasiauasunsaunadotiumidy 1:5 wag 1:10
} v ]
usnea Blundedlunar 5 5u figungll 4 + 2% wnsesdrsdnniue udnsesdae
g 4 o 4
nszaunsouues 1 Tagldinionsoauuugaanie (vacuum aspirator) HAIMATMAD
b
liafaduidn 2 soumsada (@aul/adnn Li-E e al., 2008)
o 9 a o Vv 9 9
2.1.1.2 afndiuesiuea Nszauanududuveuesueadosas 50, 75 uay

) ;1 )
95 Taal¥dnsrdrvveunssunademsadiawinny 1:5 uaz 1:10 uwsneBluniaduna s

-

a Ay o ° Yy oy Y Y %
H Ngunuvey (29 £ 27%) UIWINTOIAWHIVIIVNN LDINTDIAWNTLATIHNTDUUDT 1 IﬂEJ

Y

Y A Y o A A o ¥ ¥ Y =
1%!ﬂiﬂﬂﬂﬁﬂﬂllﬂﬁqq}liy1ﬂ1ﬁ Lla'lu']ﬂ']ﬂﬂlﬁﬁﬂllﬂﬁﬂﬂﬂjﬂl'ﬂﬁ’]u'ﬂaﬂ'ﬂul‘llﬂ‘iluﬂ’m"]'E]ﬂ2

JOUMSANA (AALad91n Li-E ef al., 2008)

2.1.2 MMSaNANIIY (crude extract) F1&0n7a 2 szuu U510 100 Uadans
TszmemsafinoenlfinderSuins 25 Haddns Tauld rotary evaparator figaingdl 45"y
dwdumsasadiod l¥anudy 72 50813 mban unanlszana 2 91w dauas
afadmesuealdanudy 175 Hadurd Wunanlszinm 15 il asrvasulSunm
93uF4 (solid content) LAIWTTYINUIALAIFN WuTigungd 20+ 2%

2.1.3 naaeuauiannenm winazmsdusyyadassvesmsatanowiily

2.1.3.1 auamanmenin 1dun
- md Teeldinsee3a1d Hunter Lab s1091melusZUY CIE L*,
a*, b* uag CIE L*, C* H
- W% (Bartolome et al., 1995)
2.1.32 audamanil Jaun
- Total phenolic contents 31v3uAlugveInTuaUyadvoInIA
UNDANAD 100 NFUUDIRIDEIILNS (g GAE/100 g dw.) (Kahkonen ez al., 1999)

2.1.3.3 auiansdueyyadase



82

- DPPH radical scavenging assay 51ﬂa1udﬂugﬂmm"luiﬂﬂna
auyadves Insaondroniuved10619We (umole TE/ g dw.) (RAuasain Wu er al., 2003)
- ABTS radical cation decolorization assay ﬂmmﬂ'ﬂugﬂmm
TuTas Tuaauyadves Insaondaeniuvesdiotnauds @auLade1n Amao er al., 2001)
- Ferric ion Reducing/Antioxidant Power (FRAP) 5 wemﬂ'ﬂugﬂmm
Tulns TuaauyadvesInsaendroniuvesdiotiauds (@aulasnin Benzie and Strain, 1996)
2.2 WavesaAMIzMsaRAerNTAM A IueenTIAT IR g
22.1 tdunieuns 1dun 41 azlad w?n?fyﬂwgaziuuzngﬂ vuasowilu
Sesdutmitnmseiensagivlunth 7273

y
L

222 uasesduinle hladadlreszuvvesmsadanaziinsasingevaniia
A199 IFUREIN LD 2.1
o & (Y] 4' (v 42] o LY d' d'
2.3 Aamenaanzmsananminzanlumsaiaasesngnimiuesndniuliunsounan
3 Jd 4'1 3/ ] d' 9 [}
lesndsyneuluasesduvnazinsasduan
fAanonYilavsIdiazaly uazrdasaIuTEnINAIBe BRIz a1eN
I Q(y A Y A P o A 9 T
mnzery lumsadaaseangnimusendmdulunseananidussdlsenoulunsosduan
v v
waznsedud1 laghrsananilSuadusanvianuatazaudanisduesndaduvosans
ANANYIL

3. msfAnwnavesgungiinaziailumsldaiuieunsnnuasiive sautianisdiu
a o A o o 3 A v o1 4 v 1
sendivulinseunanfuesnlsznevhuniosduvmazniesdun

3.1 wavesgamgiinazimlumsiinnuieudennunsivesaauinmsmusendaty
Twaseunaiiiluesiilszneulunsasdamn
° Y o A 9/ y ~a s an 1
3.1.1 ihasadaneundadenlaninde 2.3 Usuas 5 Taddas ldaslunoon
14

NARDIUHD Pyrex YA 16x150 Hadans udrldanudoulaslde1aiidy (oil bath)

=Y

i
0 = o Y v ad
Qﬂlﬂfq}ﬂ 70, 80, 90 uay 100« si‘lunm 10, 20 uag 30 UIN ‘VI’IGI‘HLEJ‘HVI‘N‘VWI
ay @ a Ay @ o aa Y Yy 9
qmﬂQM?YGQLmZﬂi‘U‘l.]iil'lﬁﬁ‘l]ﬂ\iﬁ’liazﬁ'lfn’l]lﬂ ﬁju 5 UAAANT AYULDFTIUDANIUIVUYU
foway 75
3.1.2 ﬁ'l’dﬁ’dﬁ’ﬂﬂEﬂ‘ljﬁf'i'luﬂ'liﬁlﬁ’ﬂ’ﬂil%’ﬂu%'lﬂ‘ialli’) 3.1.1 uﬁmiwﬁanﬁﬁmamﬁ
Y a 9 1
Lmzmimuwyaeai: ]lﬂuﬂ
v s o =y ]
- Total phenolic contents 5wamm“lugﬂmmﬂsuanyaﬂmmﬂimmaaﬂﬂ'ﬂ 100

ASUYDIAIDEUNY (Kahkonen et al., 1999)



83

- DPPH radical scavenging assay imﬂmﬁﬂugﬂmm"lﬂmTuaﬁugaé
vo4Insnondaensuvesdi0e1uRs Faulasain Wu er al., 2003)
- ABTS radical cation decolorization assay iwamﬁﬂugﬂmm"luiﬂﬂna
ﬁny‘at‘fﬂlmTmaaﬂcﬁdaﬂ%’mmﬁmdnuﬁ'ﬂ (Aaula’91n Amao et al., 2001)
- Ferric ion Reducing/Antioxidant Power (FRAP) i1ﬂﬂ1uﬁ11u§‘ﬂ‘ﬂﬂd
Tulns TuaauyadvesInsaondroniuvesdiotiauds (faulasein Benzie and Strain, 1996)
32 wavesnnudeuReaNTAN IR MeenFaTIlATosdu

32.1 iWasanaveunaa@en lannds 2.3 Ysuns 5 Tadans ldasluvasa

= 9

yAnBIERe Pyrex wu1A 16x150 Haaans udalianudenlavlderaianiy figamgdl 70,
80, 90 taz 100°s iHfua1 10, 20 wag 30 Wi MlKBuiuAfigungivewazysy
USinmsvosmsazaed1® iy 5 faddas Swesmeannuduiudevas 75
322 Wmsadanondidums anudounnde 3.2.1 ninszdqaausinand

wazMsdueyyadasy laun

- Total phenolic contents 3169111 U3 VBINTUTNYASYDINTALNATARD 100
N31VBIAIBY 1N (Kahkonen et al., 1999)

- DPPH radical scavenging assay 5183114?]'111‘!;1]‘1180"1311?15Iuafﬂlyj’dﬂ!
o4 Insaondaoniuvesdiotiauts (Fauilaann Wu er al., 2003)

- ABTS radical cation decolorization assay ﬁtlﬂuﬂ'"lﬁlu;ﬂ‘llﬂﬁlliliﬂﬂuﬁ
auyaduesInsasndroniuvesiiodiauds (§aulaann Amao er al., 2001)

- Ferric ion Reducing/Antioxidant Power (FRAP) 5’103114?{111.!2‘1]%18\1
Tulas luasuyadvesInsasndroniuvesdaodrauda (#aulasnin Benzie and Strain, 1996)

= J r VLY v, a u A A a <
4. WaveINYABANUAIMIvesaNTAM IMUHesndnTUlATeamaTiduesndszneulu
4' ¥ v d’ Y v
NIV INAZIATOIANU
~ ¥ [y QA Y s o A o o d
4.1 WavesRYABANUAINIvBIaNTANM IMueendmrlunTeunaiduendszneu
TunJo v
o [ d' 9 9/ = a aa 1 d' g/
4.1.1 thmsafaneuilaande 2.3 dsuns 5 ladans ldaslunasanaassdde
Pyrex UU1A 16x150 ianans wiouldifiey 2, 5, 7, 8 uaz 9 418 0.1, 1 NHCI uaz 0.1,
IN NaOH uduAu 0.2 M citrate phosphate buffer (Wo% 2 uaz 5) uaz 02 M phosphate
3 v [
buffer (e 7, 8 waz 9) e Aidune 1 $2lus Higuugivies (29 + 2 °x) udnlfy
A YV Y 1 @ a LY o @ [y @ oot
forld ldmifufesAvvesmsadia  @Sasvesmsadaney nawnlsuiewiia

MINU 10 ﬁaﬁam) (ﬁm;ﬂmmn Juntachote and Berghofer, 2005; Binson et al., 2008)



84

412 thesafansnildonde 4.1.1 Innzimniamaaiivaznsdeyyadase

18un

- Total phenolic contents $1e41um1 lugupInsuauyadvesnsaunadnde 100
NSNYBIAIDY 1A (Kahkonen et al., 1999)

- DPPH radical scavenging assay 31091uslugilveslulnsluaauyad
voe Insaondroniuveadiotiauds (Rauasnn wu eral., 2003)

- ABTS radical cation decolorization assay 510&11!?1'1(11!;‘1]&1’6\111!1?15111’;1
duyadues Insaendronsuueeiiet1auds (Faulasain Amao e al., 2001)

- Ferric ion Reducing/Antioxidant Power (FRAP) 51mmﬂ'ﬂugﬂmm
TulnsTuaauyadves Insasndronsuvesdind s (Fauasein Benzie and Strain, 1996)

- | ¥ LAY Y [ U d‘ 3 1]
4.2 HavRINIBYARANIAN IR IHB0NTIAT U A T IANY
42.1 Wmsadaneunlaeinda 2.3 1Suias 5 daaans ldaslunasanaass

W0 Pyrex UU1A 16x150 Hadans wiowldifey 2, 5, 7, 8 uaz 9 42v0.1, I N HCI
1ag 0.1, 1N NaOH ut’fmﬁu 0.2 M citrate phosphate buffer (ﬁlf)‘]ﬁ 2 uag 5) uaz 02 M

phosphate buffer (W10 7, 8 naz 9) NenaBfluna 1 Flnefgamgiites 29 + 2 *¢)

Y

¥ o~ MY 1 v o = Y a o o LY |
LLﬁ’J‘lJi‘]JWLE]‘IfGlW"lﬂm1ﬂ°UWLfJ‘]ﬂﬂiJ‘U’fNﬁﬁﬁﬂﬂ ('ﬂﬁﬂﬁiﬂlﬂﬂﬁﬁﬁﬂﬂﬁfﬂﬂ a9 ndSuney

faumny 10 ﬁﬁaaﬂi) (ﬁ'ﬂuﬂﬁﬂmﬂ Juntachote and Berghofer, 2005; Binson et al., 2008)
422 thasafanond ldende 4.2.1 Innziauidmaniiuaznsdeyyadase

Aun

- Total phenolic contents 31891 Tugusniuauyadvensaunainde 100
N5UUBIAIBE 1A (Kahkonen ef al., 1999)

- DPPH radical scavenging assay 31m1uﬁ11ugﬂmm‘luiﬂﬂuaauy‘aﬁ
vosInsaondreniuuesdiniisuds (Faulasnin Wu eral., 2003)

- ABTS radical cation decolorization assay iwamdﬂugﬂmeﬂﬂﬂﬂm
auyadveslnsaendrensuuosdiesnais (Rautlasein Amao er al., 2001)

- Ferric ion Reducing/Antioxidant Power (FRAP) 51891um1lugiany

o o v o Qo 1 [ .
Tulns Tuaauyadves Insaendreniuvesdiodiauds (fauaann Benzie and Strain, 1996)

o/ d' v H Vi UL Y ] U
5. mswmm’gmmimﬂu‘nﬂﬁuauummsmuaanmmuqa

] 4
5.1 ihgashaaden ldenaeud 1 ilsudyaldlauiansdueendindugatiu lag
L ' { 1 ~ dy é 4 d‘ a
msfny1gas 1 uiminz auvestwazwsnivy sudlumiounaiuaasauialunsdy

sondiatuLaziinnuasddegungiivaznailunsidanuiounaziies lasdimua



85

F4

USunavesimaznininysaudulibu Sesay 50.00 uazvmsliudandinvesiuas

t 4 1
‘Wiﬂ%?’ly} Iﬂﬂ%ﬂ‘lgﬂmiﬂﬂﬂﬂﬁlmﬂ augmented simplex-lattice (Montgomery, 2001) 151’19151’]

b4

deamisfiny 5 gasnisnanes Mdn 3 gasn1INAse (gATMINARBY 1-8, Table 11)
< 4 25 4 = & sy v <
Fegash lAilugasminaassinseunguilegasitugiui 1dvinaeud 1

Table 11. Formula of Tom-kha paste in antioxidant properties improvement

Formulation Galangal (%) Chili (%) Lemon grass (%)  Kaffir lime leaves (%)

1 45.00 5.00 47.00 3.00
2 32.50 17.50 47.00 3.00
3 38.75 11.25 47.00 3.00
4 20.00 30.00 47.00 3.00
5 20.00 30.00 47.00 3.00
6 45.00 5.00 47.00 3.00
7 32.50 17.50 47.00 3.00
8 26.25 23.75 47.00 3.00
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- Total phenolic contents 181U Tugvesnfuauyaduosnsaunadnse 100
NSUYDIAI081IUNS (Kahkonen et al., 1999)
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¥4 Insanndroniuvesiet et (@auiladnin Wu er al., 2003)

- ABTS radical cation decolorization assay 518\111‘!?’;111‘!?"]]‘!1631111?]51116
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- Ferric ion Reducing/Antioxidant Power (FRAP) iWENWﬂﬁﬂug‘ﬂilfN
Tulas TuaauyadvosInsasndroniuuodiodisuns (@aulasein Benzie and Strain, 1996)
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- DPPH radical scavenging assay 31091umluztvesiulnsluaauyad
voeInsaondronsuuesiiesiauts (Faudasnn Wu e al., 2003)

- ABTS radical cation decolorization assay iwﬂuﬁﬂu;ﬂmeﬂuiﬂﬂna
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544 AUMWNNAUNTD

- ﬂ?mmqﬁuw‘%’é%wm 7 Mesophile 11 Psychrophile (1nTatiaonsuvns
n3098uY1) (BAM, 2001)

- Lactic acid bacteria (InTailden fuveansaadusn) (BAM, 2001)
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- Coliforms, E. coli (MPN #0n3uveun3esduy1) (BAM, 2001)

- 8. aureus (TnTafidonuveunsoadud1) (BAM, 2001)

- B. cereus (TnTafinoniuvounseadud1) (BAM, 2001)

- C. perfringens (InTaiid 0.001 niuveunsosdud1) (Fauasnin BAM,
2001)

Yeast utag mold (1n laiineniuvounsaadui) (BAM, 2001)

=] ™ A v 1t A Y 1 a A v o a ¥
6. anmnmsnlasunlasguniwvesniesduiinazinIesdurufmndesonas 8 Gimiinde
min) Tussniamsfudnuigamgl 412°y uazgamgiiviea (29 + 2 *x)

=

o d' 9 ¥ ] £ dy =) ﬂ ps' [ [
6.1 HuATdIUNA "lmm U ﬂzllﬂi wsnwuuaz“lumngw UHATIUUUATDIAUUINTY

U
3

gasf IS umswannanaeud s GimaeSsunieadutimuiiuaaslumsinionSaganu
i 72-73) wlsgamsnansseeniiy 2 yaminanesfe
gamsnaaesii 1 lifimsdunde
yananaaesdi 2 Hundedovaz 8 (hwiinsevimiin)
vssylugeIwdefsu @DPE) Tuaniefihifiowme fusnud 42 2 % uas
gaungiines (29 + 2°) {iunai 56 u
6.2 Inszvguaulianiinenn nll 9un3d yaq 7 JuneznaaouqunINma
Ussamduda yaq 9 Ju flunai ss Ju
6.2.1 AUANTANINIEAIN
- ad Taol¥in3093ad Hunter Lab 51097ualusE LY CIE L*, a* b*uag
CIEL*, C* H
- oY (Bartolome et al., 1995)
6.22 auavianmaunil 1dun
- Total phenolic contents 51831um Iugvensuauyadvesnsaunadnas 100
nfuveuATDIRUN RS (Kahkonen et al., 1999)
6.2.3 fuANTANISAIOYYADASS
- DPPH radical scavenging assay swamﬁﬂugﬂmm"lﬂﬂsTuaﬁugaé’
vealnsaondreniuvounsoaduuiy @aulasnin wu e al., 2003)
- ABTS radical cation decolorization assay 31891 lugtueslulaslua
ﬁugat‘fﬁmﬂmaaﬂcﬁﬁiﬂﬂ%"mmmﬂ?mé’fmhuﬁ'a (Aaaa91n Amao et al., 2001)
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- Ferric ion Reducing/Antioxidant Power (FRAP) ﬁEJMHﬂ"IGlugﬂilﬂﬂ
TuTns Twaauyadves Insaendrensuveunsosdusuiy (Faulasein Benzie and Strain,
1996)
6.2.4 AUATNNNAUNITS

E 4 3
a2 o @

- ﬂ?mmqﬁumamﬁm 14 Mesophile, Psychrophile 1t81¥ Anaerobe (TaTadl
AonsuYDURT0IANAT) (BAM, 2001)

- Lactic acid bacteria (Tﬂiaﬁdaﬂ%mmm?mﬁm}w) (BAM, 2001)

- Coliforms, E. coli (MPN Aeniuveun3esdus) (BAM, 2001)

- S. aureus (I Tafidoniuvounsosdus) (Speck, 1976)

B. cereus (1nTatinonSuuaanisaduyl) (BAM, 2001)

- C. perfringens (InTaiid® 0.001 nfuveuniesduil) (Faurlasein BAM,
2001)
- Yeast uag mold (InTafidonsuvounsosduti) (BAM, 2001)
6.2.5 AMAMNNUssTIMduNe

° : ' ' £ H @ .
vunsesdud lilgufuduinds Falidunsuduansly Figure 22 1da

q

naaauANNFBUNINYsz A MduANE 1ae3T 9-point hedonic scale A1UITYDI Meilgaard L

Az (1999) Tavl9dnaaoudu 30 au
MINAUHUNIINATDY

ammumsmaemuudnathmuy,mf (Completely Randomized Design,
CRD) ludo 2.1, 2.2, 4.1, 42 uaz 62 uazdagamsnaasauuunneen 4x3 dmsy
o 3.1uaz 3.2 luudazygamsnaassiinisnaaes 3 # AMTUMINATOUAUANHUINI
Uszamduialude 13, 52 uaz 625 NuwumsnasswuuguuAsnayysel (Random
Complete Block Design, RCBD) t1doyafilduniinsizsinnuuysisou (Analysis of
Variance, ANOVA) fiszduanudeiiudosas 95 uaziinszinnuuandisvesdundoves
éﬂﬂﬂﬂﬂﬂﬂﬂi% Duncan’s Multiple Range Test (DMRT) Taold1dsunsy SPSS for Window
Version 6.0 miﬂ%”‘ué”mwdaummﬂhuazw?n%‘yﬂHiu%’a 5.1 39YANIINAADIUVY augmented

o

simplex-lattice design a519aunsdananlFlumsineazuuuanuyeunalssamduda
a = a : wa a a a oy M
YSuaAusdnnnuauazantanisduesndiatuy Tasmsinsizransasutasnsadig
o v 72 o o . .
urunouns alsl1sunsuduiagl Design Expert version 7.0.3 (Stat-Ease, Inc., MN,

USA)
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4 Y d' v ) G b4
7. AnEimslinsesduanlumsnIungIvn

Y

v b4

7.1 drunmanvounseadui Yszneuds 41 azlad winainy uazluuenga Sovay

41.43, 47.00, 8.57 11ag 3.00 MUAAL
o A 9 L= A v v A =) s = kY
7.2 thunseunmnnde 7.1 wuassudwniosduat adtmiswioudagauni 72-73
14 } 4

73 e anun luvina 60-70 dvan. shinstiudiniminvesdesniisd ey
JonlAenuazunziia) Aevalennldenuas uazdevidennldonuasiifikiunsus
msazae Tmdoy Indeaa anududuiosas 2 ludasidiudedeasazats 1:15 #

a0 q'/ o 2] oy <y

quvigll 4% 1y 1 $2Tue h ldazhaiiuuazunss w2 uii

7.4 YunsesduiinwSoninnde 7.1 mwindudariiwion ldende 7.3 Tu
$a51d1 1 do 3 uazus391UQe NylowLLDPE 1A 26 x 29 1uAmLAT ATANUAU

4 v
0003£0.002 fndwas lasdyananssdsdelilil dsganiuquiedavitaai linFiundae
pSeadutIussuLUnA (T1) Aanfndumdnniesdudiussuuulng (T2) Auwnaai
' = s/ A Y [ £ 4 = v A
YiSiundrenTesduiiussquuudaulasnssenia (T3 uag T5) MNV1INTIUNAIGINTOY
9/ [} Qs 9/ oV =Y 9 1 o L4
Audrwssguudauasussene (T4 uag T6) Aoufana 3 wiia Taun mivoulaoenlua
- Yy ¥ 1 [ 1 [

(c0,) pondou (0,) uaz lulasiou (V) Anudududng lagdasidmvewuna CO,: 0, N,

UIU 2 DAS1AIU (A9 Table 12)

Table 12. Treatments of shrimp marinated with/without Tom-kha paste and packaged under

various atmospheric conditions during chilled storage at 4°C

Treatment Packaging conditions

T1 without marinated with Tom-kha paste and kept under normal
air served as control

T2 marinated with Tom-kha paste and kept under normal air

T3 without marinated with Tom-kha paste and kept under
40% CO,, 5% O,, 55% N,

T4 marinated with Tom-kha paste and kept under
40% CO,, 5% 0,, 55% N,

T5 without marinated with Tom-kha paste and kept under




Table 12. Treatments of shrimp marinated with/without Tom-kha paste and packaged under

various atmospheric conditions during chilled storage at 4°C (continued)

90

Treatment Packaging conditions

T6

50% CO,, 5% 0,,45% N,
marinated with Tom-kha paste and kept under

50% CO,, 5% O,, 45% N,

o ¥ ' = =3 Y 4 o d' a o o '
uWQQ"UTJ!WIﬁgﬂzﬂﬂ'ﬁ“ﬂﬂaﬂﬂwfﬂﬂwuﬂlLa'J NUINHINGUNYN 46 NINITTY

o 1 @ Y 4 o d v Y y
AIDYNNNA 4 U ﬁ‘luszuznm 20 !ﬁﬂ?!ﬂi']%ﬂﬂ']ﬂﬂ"’] ﬂﬂﬁ

74.1

74.2

7.4.3

74.4

AUN AN WMININ |

7411  Tenzdmd TaoldindesTamd Hunter Lab sreusmluszuy

CIE L*, a*, b*

7.4.1.2  Jamiey (Bartolome et al., 1995)

7413  damia,

7414  nwdu Fevaz) (A.0.AC., 1999)

7.4.1.5  drip loss, cooking loss (mﬁuz wﬁmﬁty, 2547)

7.4.1.6 5’ﬂym$tﬁ¥ﬂﬁ'ﬂﬁﬁ (Wattanachant et al., 2005)

7417  anvazaseadianieganin SEM
qanmmandl Taun

74.2.1 TVB-N, TMA-N (Conway and Byrne, 1936)

7.4.2.2 TBARS (Egan et al.,, 1981)
AUMNNIAUNSS Taun

7431  USnegAunidwanun (TVC) (BAM, 2001)

7.4.3.2 Coliforms, E. coli (BAM, 2002)

7.4.3.3 S aureus (BAM, 2001)
uamMnlszanmduia

v
e ¥ S

L) L} o 4 v L} & a
ifaunnusun/liundundonsosduin ludgaiiuduaife dadl

q
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9
Sunsusauansly Figure 23 1as Figure 24 udmagauanuroumessamduda 1ags o-

point hedonic scale AUITUDI Meilgaard uazame (1999) TavlFgmanendu 30 Ay

Shrimp marinated withTom-kha paste Garcinia 8 g + water 100 ml

l Boiled for 10 min

Removed garcinia out

|

adjusted volumn to 50 mi

! }

Shrimp marinated Tom-kha paste (400 g) + coconut milk 275 ml + stock garcinia 125 ml

l Boiled for 4 min
Coconut milk 100 ml + sugar 5 g + salt 12 g + Rosdee seasoning power® 2 g

l Boiled for 4 min

Shrimp Tom-kha soup

Figure 23. Flow diagrams of shrimp Tom-kha soup made from shrimp marinated with Tom-kha

paste



92

Garcinia 8 g + water 100 ml
l Boiled for 10 min

Removed garcinia out

l

adjusted volumn to 50 ml

l

Tom-kha paste 100 g + coconut milk 275 ml + stock garcinia 125 ml + shrimp 300 g
l Boiled for 4 min
Coconut milk 100 m] + sugar 5 g + salt 12 g + Rosdee seasoning power® 2 g

l Boiled for 4 min

Shrimp Tom-kha soup

Figure 24. Flow diagrams of shrimp Tom-kha soup made shrimp without marinated Tom-kha

paste
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ual#azidsatlumionanernvng 9-20 wy uismsesoningauiun 64-65) nou

] E4
thlguiiuduinds GEasilgauanads Figure 22) Tasflidasidauniosduviihneinay

¥
o

hdundumdy  1.5:5:2 almiindersuasderiming wasfimsiunselyasade
Hmadosas 1 Ghwiindesinas) indedesaz 2.8 (hminaedsinas) Toqulyumase
omssaladosns 0.4 ahwmiindersueg) elildqunmuasysnavesduiluied
flddaanundvavuazuuumseensuvosinanoy nsnaasslunfaiiseimneifianz

14

[} 3’ A o oy 9/ vy o d 1 oy 9/ -
Tudwvesshagl detinhelduardeldFmsizhsimemenmuun dgdauiineiines
ISP ' [} A = ~ oy s/ A A d" v
L‘ﬂuﬂiﬂ Iﬂﬂuﬂ’]ﬂgiu‘]ﬂﬁ 4.18-4.38 Luﬂﬂﬂ’]ﬂﬂﬂ'ﬁmﬂu'lﬁiJLLﬂJﬂL‘W'E]LWN‘JﬁUJ'iU'J LUAZWUIN
d’ é t:'d o 1 oy c: 1 .ﬁl ' A o @
ﬁ“ﬁi‘ﬂ 4 1ag S “BQLT]NEIWTVINTJ?N'IEN%‘]QQ uw&@‘nﬂ']ﬂ?WQﬂﬁﬂu"]@UTQNUﬂﬁTﬂﬁJ (p<0.05)
3 dy P A a Ja A a ﬂ I's A Y ] 9 1 9
MHUDININUDUATIZH WD FUDUATDUNANL umﬂﬂixﬂaﬂumimﬂnm llﬂllﬂ U1 m"lﬂs

a .: [ aa ° ' s A
WINVYHY Llﬁ‘&’iﬁﬂxﬂ?‘ﬂ ‘W'U'J'l"llT’dﬂMWL’E’]%?Hﬂ'J']ﬂQﬂﬂiZﬂE)U@U"‘] (Table 13)

Table 13. pH of fresh spices used in Tom-kha paste

Components pH
Galangal 4.70+0.01°
Lemon grass 5.39+0.02°
Chili 5.09%0.01°
Kaffir lime leaves 5.45+0.02°

*¢ means within a column with the different letters are significantly difference (p<0.05)

9 ¥
1 o [ == =] -1
vennniiwuinhaaldudifeliduaundeadndes Taslian L*, a* uaz b*
¥

oflusne 62.48-76.67, 4.68-9.33 uny 19.53-28.79 MUMAY (Table 14) uaziiiglgashil

) dy o :‘ 3 A 3 [y a 4 '
Wiﬂﬂlﬂglﬂuﬂﬁﬂﬂizﬂﬂﬂn1ﬂ uwﬂqmumzuaummnw ﬁ@ﬂﬂﬁyﬂﬁﬂﬂﬂﬁmuﬁuﬂ’ﬂﬂﬂ'l
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b4
a IS)

3 dy A =y =1 4 9/ ] a ~
a*  NefiloaninnSaanyliarsdsznouunlsiivess 1dun uniluauu unlsejivuaz
) Jd A 9 =3 ~ 2 a a
uuIsHas (Fuag) vaztudualsny Fuyusu vowsesiuwusy Trloauwusy
wdnsu Tauasusy (Fimaosdu) (ttah er al., 1993; Berke and Shieh, 2001; Hornero-Mende et

& s -
al., 2000) mzﬂumﬂﬁ'ﬁmﬁ@mm Ltﬁ$ﬂ1u1iﬂﬁ$ﬁ1ﬂqé‘1uu1ﬂ$ﬂ

Table 14. Effect of Tom-kha paste formula(s) on L*, a*, b* values and pH of Tom-kha soup

Formulation' Color pH
L* a* b*
1 76.67 +0.46" 4,68+ 0.09° 19.53+0.19° 4.37+0.014°
2 62.48+0.39° 9.33+0.14° 28.79+0.18° 4.38+0.017°
3 72384043 5.50+0.17° 23.14+0.12° 429+0.017°
4 68.90+ 0.41° 4.93+0.25° 24.65+0.29" 4.18 + 0.005°
5 68.91+0.13° 570+ 0.26" 23.7340.33° 4.20 £ 0.005°

“* means within a column with the different letters are significantly difference (p<0.05)

' Ingredient composition of each formulation was showed in Table 10

F
vinmstinihgdudifuuimageunnuseunalszammduda 1ae3s
9-point hedonic scale (1 = lisouuniign, 9 = youu AR MUMAKLIN 31) AuFNadey

Fu 30 au wu:hé’mﬁ'au%n“lﬁ'ﬂxLmummﬂmuﬁwﬂﬁmhfﬁ'ﬂuG’\'mﬁ'ﬂymzﬂimg Gl
nAwATound LazsaTRveRasqasuAnA1afueseitTud iy (p<0.05) (Table 15) uaf
nageudulinzuuuanureuhgduidiuduanumilauazanuseusau liuandaiy
(p>0.05)

Yy 1y

b4 v 1
azunuaurewihglduiideludunfuniounsazsand  Nnaaag

L]

@ o :s'y-a'

p01eltEd Y  (p<0.05) “luqmmmmsammmﬂizﬂauﬁ'wiﬁ%ﬂaz 76.92 (Table 16)
o LA " ¥ A v & s Y 1 YA A 4 9 o0
natiiiosninluiliansIdndusagu (pungent) AU Mglauv)sNwTeNINATOIANAN
lSnaveige wlindusaqugenngasdug  dawaldazuuunnurevlugudnyuy
MundunSoanauasaMATMTBInNZATOUT  9I9MINUNIUITTUNTTUNRLIUNIINT
' b4
NAUITY woody, floral LAY spicy note (Kubota et al., 1999) uUDNIINU Yang i8¢ Eilerman
1 Q' ) = = ~ A
(1999) wamhmslinausaguludifeszd IndvInoaszdien (galangal acetate) Fuiln

P 9 a o W 9 g 9 9 1 = (7= ") = ay
’dﬁ“n‘lﬁﬂﬁuiﬁﬂ&u HANHUSIRANS “l“nmmmﬂsﬂuueﬂmmﬂﬂ"lmmuuaz"lwanymwﬂau



Table 15. Effect of Tom-kha paste formula(s) on consumer preference of Tom-kha soup evaluated with 30 panelists by 9-pointhedonic scale

Formulation' Attribute
Appearance Color Viscosity Spices odor Taste Overall liking
1 6.97+ 1.45% 7.174 1.09% 6.77+1.46° 6.87+1.22% 7.07%1.17° 7.13+1.17°
2 6.63%1.34° 6.63+1.38" 6.43+1.52° 6.83+1.56" 6.63+1.54% 6.60% 1.50°
3 7.47+0.90° 7.43%0.86" 7.10%0.92° 7.00+1.17° 6.80+ 1.34° 7.17+1.12°
4 6.83+1.11" 6.73+1.23° 6.77+ 1.04° 6.27+1.48" 6.30+ 1.77° 6.50+ 1.38°
5 6.77+1.22° 6.83+1.18" 6.50+ 0.97° 6.07+1.91° 587+ 1.98° 6.43+1.59°

*® means within a column with the different letters are significantly difference (p<0.05)

' Ingredient composition of each formulation was showed in Table 10
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(lingering effect) Kubota HaZAME (1998) 5 18U NOLY INTF 1oa (acetoxycineoles)

3 7 . ' . . =
12w 4 loTwues (isomer) 1Aun (trans UQL cis)-2- LAY 3-acetoxy-1,8-cineoles duansh
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AA o

a [ ] o a
TWaauluman Teausaz le Taes WnaunlidnymnwIzAD (trans AT cis)-2 isomers 19
naY woody MDY sweet aromas Mudey luasmzh (trans L8% cis)-3 isomers T¥nau sweet
floral 118% camphoraceous aromas MINAIAY Tag trans-2-acetoxy-1,8-cineole L‘i‘]uﬂﬁﬁo”lﬁlty
Aq ¥ A 9y
nldnaummiz lumdn

o W v a 2 9 v 4
naranmsnageunlssamdudanungasn 3 dalszneudledr azlad

9
wininy uazluvzngaiovay 41.84, 4742, 825 waz 251 ewdey lasuazuuu

¥ ) ]
anwrouveshalduiidelunrazuanyuzginiigasdun uazlinzuuwmioganii 6.8
(Table 15) Sefmdongash 3 Tuiluduuuumsdamlunmsidiudjssanauazfouly
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uANANNY 4 sedufedegar 2, 2.4, 2.8 uaz 3.2 mudey Giminaelsuiag) wdai
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hgddndidenld linedeunisilszamdudalagis 9-point hedonic scale 1Az just about

right (5-point intensity scale) lagfivualdl -2 Aeanudutios 0 Aeanuduned uas 2

A Y ' 9 Y Y A qy

AonnudunIn (MANNIN 92) 1nnIsnAasaNyIIgasn1Flunisidjsduaide Aeld
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Wviin) T¥Suavenimadesay 1 ihduuundseaz 25 uazindedesar 2.4 i1ldi
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gldudrfalinzuuuanureuludundumiound anunu anulsen wazanumy
WIAU  6.64%1.45, 7.3310.82, 691+1.36 uag 7.21+0.89 (Table 16) mua1ay suasd
ATUUURATANUTUNIINY -0.15+ 0.94, -0.27% 0.5, -0.36 %+ 0.70 1AL 0.06+ 0.56 (Table 17)
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Table 16. Sensory score of Tom-kha soup added with various salt levels evaluated with 30

panelists by 9-point hedonic scale

Salt (%, w/v) Attribute
Spices odor Sweet Sour Salty
2 7.30+0.98° 7.15+0.91% 6.09+ 1.44° 6.79+ 1.39%
2.4 6.64+ 1.45° 7.3340.82° 6.91%1.36' 7.21+0.89°
2.8 6.91+ 1.28° 6.94+ 1.03" 6.58+ 1.50" 7.00% 1.09"
3.2 6.76+ 1.64° 6.70+ 1.29" 6.70+ 1.40% 624+ 1.87

** means within a column with the different letters are significantly difference (p<0.05)

Table 17. Average score of just about right of Tom-kha soup added with various salt levels

evaluated with 30 panelists

Salt (%, w/v) Attribute
Spices odor Sweet Sour Salty
2 0.21+0.70 -0.30+ 0.64 -0.851 0.57 -0.30£0.77
2.4 -0.15+0.94 -0.27+0.52 -0.36 £ 0.70 0.06+ 0.56
2.8 -0.48+ 0.71 -0.58£0.71 -0.4210.79 0.30% 0.68
3.2 -0.27+0.80 -0.39+0.70 -0.39%0.79 091+ 0.77
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seeaeuIfeEIsASANEIUURINIRILe s URan NN oraz 95, 75 1Az 50 (WI1saN
NnATHS, 0° = Fuag, 90° = Findeq) wonniNU ATt Lo ue T ueaT 1At
ARty miﬁﬁﬂwm‘uﬁ"lé’fﬁmmu?qwﬁdmm?nﬁnifu @nseneng €9 msafadd
Sandinvesdedaviazaw 1:10  Midmsadaneild fanuahananimseda
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Table 18. Effect of extraction conditions on pH and color of crude galangal extracts after 75% of extracts was evaporated

Ratio of galangal Solvent pH Color value
and solvent L* a* b* C* H°
1:5 Water extract 4.73%0.000" 66.57+0.02° 1.24+0.01° 20.03+0.07¢ 20.0740.07° 86.46+0.03°
50% ethanol extract 4.71£0.000° 53.8310.07° 13.8440.09" 28.16+0.19° 31.3840.20° 63.8310.14"
75% ethanol extract  4.66+0.005" 51.1740.02* 10.3740.07° 30.78+0.03° 32.4840.05° 71.3740.11°
95% ethanol extract  5.5540.005" 61.55+0.01° 6.94+0.06° 49.1610.22° 49.6410.21° 81.96+0.10°
1:10 Water extract 4.86%0.006° 72.0640.02° -0.65+0.02" 19.1340.02" 19.14 £0.02" 91.94+0.05°
50% ethanol extract  4.91+0.006° 52.78+0.02" 6.28+0.07 21.9740.16 22.8540.14" 74.05+0.26
75% ethanol extract 5.0010.006° 46.53+0.03" 6.09+0.06° 30.2240.09° 30.83+0.07° 78.60+0.13°
95% ethanol extract  5.9010.026" 65.8820.02° 2.0240.5 42.4540.07° 42.5010.06° 87.2740.07°

Mean + SD from triplicate determinations

*" means within a column with the different letters are significantly difference (p<0.05)
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Sample: Solvent = 1:10 Sample: Solvent = 1:5

1 2 3 4 1 2 3 4

Figure 25. Appearance of crude galangal extracts after 75% of extracts was evaporated

Remark: 1 = water crude extracts, 2 = 50% ethanolic crude extracts, 3 = 75% ethanolic crude

extracts and 4 = 95% ethanolic crude extracts
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Table 19. Effect of extraction conditions on the solids content, total phenolic contents and antioxidant properties of crude galangal extracts

Ratio of galangal Solvent Solids content Total phenolic DPPH value ABTS value FRAP value
and solvent (%/g dw.) (g GAE/100 gdw.)  (umole TE/gdw.)  (umole TE/gdw.) (umole TE/g dw.)
1:5 Water extract 0.100+ 0.023° 0.80+ 0.08" 24,10+ 3.04° 127.62+11.42° 46.16+7.59°
50% ethanol extract 0.114+0.001° 0.88+0.08" 29.38+ 5.82° 146.57 + 12.69° 76.79+ 5.67°
75% ethanol extract 0.147 % 0.005" 1.57+0.16° 29.78 +2.53° 157.97+9.58% 123.00% 6.06°
95% ethanol extract 0.056 % 0.006° 1.45%0.12° 54.33+2.61° 127.02+ 7.40° 129.13 £ 8.43"
1:10 Water extract 0.110+ 0.003° 0.83+0.13° 26.42+4.76° 166.74+ 8.66™ 84.24+7.22°
50% ethanol extract 0.176 + 0.007° 1.50+0.13° 42,86+ 7.03" 179.45+ 15.23" 104.96 + 4.35°
75% ethanol extract 0.150% 0.014° 221 0.06" 59.26 + 4.47° 198.68 + 8.90° 126.35 % 7.60°
95% ethanol extract 0.060 % 0.002° 1.96+0.18° 57.25+4.40' 171.67 % 8.60" 130.89 + 8.51°

Mean * SD from triplicate determinations

“* means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of galangal
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Table 20. Bivariate correlation of the total phenolic contents, DPPH values, ABTS values, FRAP values and solids content from all crude galangal extracts

Total phenolic DPPH value ABTS value FRAP value Solids content
(g GAE/100 g dw.) (umole TE/g dw.)  (umole TE/gdw.)  (umole TE/g dw.) (%/g dw.)
Total phenolic (g GAE/100 g dw.) 1.000 0.861** 0.651 0.854** 0.132
DPPH value (umole TE/g dw.) 0.861** 1.000 0.431 0.795* -0.205
ABTS value (umole TE/g dw.) 0.651 0.431 1.000 0.449 0.569
FRAP value (umole TE/g dw.) 0.854** 0.795* 0.449 1.000 -0.037
Solids content (%/g dw.) 0.132 -0.205 0.569 -0.037 1.000

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of galangal
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Table 21. Effect of extraction conditions on pH and color of crude lemon grass extracts after 75% of extracts was evaporated

Ratio of lemon grass Solvent pH Color value
and solvent L* a* b* C* H°
1:5 Water extract 4.8810.006° 54.00+0.03° 5.42+0.02° 41.07+0.03° 4143+0.03° 82.48+0.02°
50% ethanol extract 531£0.000° 52.8110.01° 9.06+0.01° 47.70+0.06° 48.55+0.06° 79.24%0.01°
75% ethanol extract 513400000 423410.01° 9.18+007 40.53+027° 41.55+025° 77.24+0.17"
95% ethanol extract 5514£0.006° 57.22+0.01° 1.12%£0.10° 41.34+024° 4135+024° 8845%0.15
1:10 Water extract 46740000 64461001 0.70+0.02" 31.55+0.11° 31.56+0.11' 88.73+0.04°
50% ethanol extract 553+0.000° 50.84+004 6.77+0.14° 43331006 43.85+0.06° 81.11%0.18
75% ethanol extract 547+0017° 54021003 3.88+0.04° 4056+0.12° 40.75+0.12° 84.54%0.06°
95% ethanol extract 58240006 67.29+0.03" -1.76+0.03° 352140.05 3525+0.05  98.24+0.03"

Mean * SD from triplicate determinations

** means within a column with the different letters are significantly difference (p<0.05)
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Sample: Solvent = 1:10 Sample: Solvent = 1:5

1 2 3 4 1 2 3 4

Figure 26. Appearance of crude lemon grass extracts after 75% of extracts was evaporated
Remark: 1 = water crude extract, 2 = 50% ethanolic crude extract, 3 = 75% ethanolic crude

extract and 4 = 95% ethanolic crude extract
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Table 22. Effect of extraction conditions on the solids content, total phenolic contents and antioxidant properties of crude lemon grass extracts

Ratio of lemon Solvent Solids content Total phenolic DPPH value ABTS value FRAP value
grass and solvent (%/g dw.) (g GAE/100 gdw.)  (umole TE/gdw.) (umole TE/gdw.) (umole TE/g dw.)

1:5 Water extract 0.13+0.002° 0.35+0.017° 5.70 £0.55" 19.60 + 1.34° 1125+ 1.11°

50% ethanol extract 0.16 + 0.003° 0.36+0.012° 9.82+0.71° 35.31%2.70° 16.74 £ 0.45°

75% ethanol extract 0.16 + 0.002° 0.46+0.011° 14.29 +1.35° 4546+ 1.73° 19.90 £ 1.08"

95% ethanol extract 0.15+ 0.003° 0.34+0.013" 9.58+ 0.41b° 40.15+ 1.31° 18.48+0.25°

1:10 Water extract 0.19+ 0.001° 0.34+ 0.009° 6.96+0.11d° 20.99 £ 2.02° 12.38 £ 0.24°

50% ethanol extract 0.19+ 0.004° 0.43+0.019° 1127+ 1.36" 3920+ 1.22° 18.60 £ 0.14°

75% ethanol extract 0.18 % 0.001° 0.51 % 0.005 15.62+1.62° 4771+ 1.46° 20.04 £ 1.06"

95% ethanol extract 0.18 £0.004° 0.50 + 0.004" 7.90 + 0.89% 35.54 +1.69° 18.3440.25"

Mean £ SD from triplicate determinations
*¢ means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of lemon grass
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Table 23. Bivariate correlation of the total phenolic contents, DPPH values, ABTS values, FRAP values and solids content from all crude lemon grass

extracts
Total phenolic DPPH value ABTS value FRAP value Solids content
(g GAE/100 g dw.) (umole TE/g dw.) (umole TE/gdw.)  (umole TE/g dw.) (/g dw.)
Total phenolic (g GAE/100 g dw.) 1.000 0.640 0.658 0.691 0.448
DPPH (umole TE/g dw.) 0.640 1.000 0.905** 0.825* 0.266
ABTS(umole TE/g dw.) 0.658 0.905** 1.000 0.979** 0.194
FRAP(umole TE/g dw.) 0.691 0.825* 0.979** 1.000 0.272
Solids content (%/g dw.) 0.448 0.266 0.194 0.272 1.000

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of lemon grass
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Isdiau (thymidine) laswnsaeiiu (trimethylamine) N5 Tanu (tryptophan) gsﬁa (uracil)
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50, 75 uay 95 NftewSuAuogluyie 5.39-5.42, 5.62-5.79 UAT 6.02-6.05 MNAAY
A y g 2 4 ~ I 1 A
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Table 24. Effect of extraction condition on pH and color of crude chili extracts after 75% of extracts was evaporated

Ratio of chili Solvent pH Color
and solvent ( L* a* b* C* H°
1:5 Water extract 455100065 29.5010.09"  2561%+0.06°  4026+026°  47.72£020°  57.54%0.21°
50% ethanol extract 54240021° 32641005  2223%0.13 431610300  4855%021"  62.75%0.30°
75% ethanol extract 562100000  35591002° 24531004  5280+036°  5822+032°  65.08%+0.17°
95% ethanol extract 6.02+0.006"  39.6910.02°  39.13%0.02° 63421066  7452%056  58.33+0.28"
1:10 Water extract 4.55+0.006°  30.54%0.15" 27.55%0.05° 42.60 £0.16' 50.73 £0.16° 57.11£0.06"
50% ethanol extract 539400000  38.02+0.04° 19.12 £ 0.04" 46.87 £0.44° 50.62 = 0.42° 67.81%0.15°
75% ethanol extract 57910006 41.33+£0.02°  20.171£0.02°  59.5010.78° 62.8310.73°  71.27%0.24°
95% ethanol extract 60510006 44431006  37.05+0.11 69411068  78.68+0.56  61.9010.29°

Mean  SD from triplicate determinations

“* means within a column with the different letters are significantly difference (p<0.05)
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Figure 27. Appearance of crude chili extracts after 75% of extracts was evaporated

Remark: 1 = water crude extracts, 2 = 50% ethanolic crude extracts, 3 = 75% ethanolic crude

extracts and 4 = 95% ethanolic crude extracts
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Table 25. Effect of extraction conditions on the solids content, total phenolic contents and antioxidant properties of crude chili extracts

Ratio of chili and Solvent Solids content Total phenolic DPPH value ABTS value FRAP value
solvent (%/g dw.) (g GAE/100 g dw.)  (umole TE/gdw.) (umole TE/gdw.) (umole TE/gdw.)

1:5 Water extract 0.14+0.003" 1.75+0.12" 32.61%0.08° 236.25%1.59" 39.2042.10°

50% ethanol extract  0.130.002° 1.3120.18° 35.53+0.86" 228.26+5.82" 39.50+1.09°

75% ethanol extract ~ 0.1320.007" 1.70£0.05" 55.04+0.86" 217.97+3.68° 68.24+3.17°

95% ethanol extract 0.11£0.003° 1.5540.10° 54.72+0.28" 178.42+5.31° 65.28+3.45™

1:10 Water extract 0.1310.002° 1.9240.10° 36.8240.44% 256.3245.40° 37.69%1.93°

50% ethanol extract  0.15%0.006’ 1.66%0.12° 39.23%1.17° 230.8243.63 53.7142.03"

75% ethanol extract 0.1510.004° 1.6840.07" 53.21+1.55"° 211.3343.33° 63.1714.25°

95% ethanol extract ~ 0.13%0.005" 1.9240.06° 48.8843.15° 200.33+7.24° 77.97%1.61°

MeantSD from triplicate determinations

*! means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of chili
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Table 26. Bivariate correlation of the total phenolic contents, DPPH values, ABTS values, FRAP values and solids content from all crude chili extracts

Total phenolic | DPPH value ABTS value FRAP value Solids content
(g GAE/100 gdw.) (umole TE/gdw.) (umole TE/gdw.)  (umole TE/g dw.) (%/g dw.)
Total phenolic (g GAE/100 g dw.) 1.000 0.054 0.216 0.237 0.183
DPPH value (umole TE/g dw.) 0.054 1.000 -0.773* 0.870** -0.228
ABTS value (umole TE/g dw.) 0.216 -0.773* 1.000 -0.780* 0.452
FRAP value (umole TE/g dw.) 0.237 0.870%* -0.780* 1.000 -0.103
Solids content (%/g dw.) 0.183 -0.228 0.452 -0.103 1.000

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of chili
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Table 27. Effect of extraction conditions on pH and color of crude kaffir lime leaf extracts after 75% of extracts was evaporated

Ratio of kaftir lime Solvent pH Color
leaves and solvent L* a* b* C* H’
1:5 Water extract 5.15+0.010" 39.4540.10° 10.3640.12°  51.65+0.46°  52.68+0.44°  78.65+0.19"

50% cthanol extract  5.33+0.020° 20.6240.13° 10.6910.03°  30.13+0.41°  31.97+0.40°  70.4740.03°

75% ethanol extract  5.39+0.000° 3.98+0.06" 3.9240.08° 4.58+0.06" 6.03+0.00" 49.48+0.92°
95% cthanol extract  5.66+0.006 1.6840.10" 2.4610.18" 1.47+0.01° 2.8740.15° 30.93+2.09"
1:10 Water extract 5.11£0.006" 56.8240.06" 2.8140.03° 54.69+0.20°  54.771£0.20°  87.06+0.04"

b

50% ethanol extract 5.3140.006 27.1310.03° 10.3610.10 38.6710.20°  40.03+0.21°  75.00+0.07°
75% ethanol extract 5.4840.010° 11.97+0.09° 7.631£0.19° 16.99+0.44° 18.6310.33°  65.7911.07°
95% ethanol extract 5.8440.03° 2.4040.01° 2.68+0.32° 1.0810.22° 2.90%0.30" 22.06+4.93"

MeantSD from triplicate determinations

*® means within a column with the different letters are significantly difference (p<0.05)
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Figure 28. Appearance of crude kaffir lime leaf extracts after 75% of extracts was evaporated
Remark: 1 = water crude extracts, 2 = 50% ethanolic crude extracts, 3 = 75% ethanolic crude

extracts and 4 = 95% ethanolic crude extracts
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Table 28. Effect of extraction condition on the solids content, total phenolic contents and antioxidant properties of crude kaffir lime leaf extracts

Ratio of kaffir lime leaves Solvent Solids Total phenolic DPPH value ABTS value FRAP value
and solvent content (g GAE/100 g dw.) (umole TE/gdw.) (umole TE/gdw.) (umole TE/g dw.)
(%/g dw.)
1:5 Water extract 0.11%0.01° 0.84+0.18 5.60+0.77 53.81+2.22° 46.06 % 0.93°
50% ethanol extract ~ 0.11%+0.01° 1.11+0.04° 6.79+0.19° 48.35+0.58° 39.61+ 1.24°
75% ethanol extract ~ 0.10%0.01° 1.18+0.29° 11.334+0.45° 50.83+2.08" 54,37+ 1.78"
95% ethanol extract ~ 0.07+0.01° 0.93+0.03° 7.2240.19° 29.53+2.74° 35.68+2.13°
1:10 Water extract 0.12+0.01° 0.94+0.48" 9.84+0.12° 54.95+ 0.43° 48.95+1.76"
50% ethanol extract  0.20+0.10° 1.16 + 0.08° 10.56 + 0.32" 35.42+0.72° 34.79 £ 1.00°
75% ethanol extract ~ 0.13+0.01° 1.19%0.11° 14.34 + 0.42° 56.00% 2.01° 51.94+3.31"
95% ethanol extract ~ 0.10+0.01" 1.08+ 0.04° 13.15+0.86" 50.02+ 1.27° 41.32+2.77°

Mean t SD from triplicate determinations
*' means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of kaffir lime leaves
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Table 29. Bivariate correlation of the total phenolic contents, DPPH values, ABTS values, FRAP values and solids content from all crude kaffir lime leaf

extracts
Total phenolic DPPH value ABTS value FRAP value Solids content
(g GAE/100 gdw.) (umole TE/gdw.)  (umole TE/g dw.) (umole TE/g dw.) (%/g dw.)
Total phenolic (g GAE/100 g dw.) 1.000 0.703 0.056 0.165 0.392
DPPH value (umole TE/g dw.) 0.703 1.000 0.288 0.387 0.210
ABTS value (umole TE/g dw.) 0.056 0.288 1.000 0.807* -0.063
FRAP value (umole TE/g dw.) 0.165 0.387 0.807* 1.000 -0.214
Solids content (%/g dw.) 0.392 0.210 -0.063 -0.214 1.000

* Correlation is significant at the 0.05 level (2-tailed)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of kaffir lime leaves
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Table 30. Effect of extraction conditions on pH and color of crude Tom-kha paste extracts after 75% of extracts was evaporated

Ratio of Tom-kha paste Solvent pH Color
and solvent L* a* b* C* H°
1:5 Water extract 451+0.016° 4697+0.04° 887+0.05°  31.95+0.21° 33.16+0.19° 74.48% 0.16°
50% ethanol extract 5134£0.006 40.55+001° 7.69+0.16°  36.4840.23° 37.28+0.20" 78.09+ 0.31°
75% ethanol extract 527+0.006° 31.80%+0.10° 9.34%0.15°  32.10+0.66° 33.43 1 0.60° 73.76 + 0.53°
95% ethanol extract 57410015 35.17+007° 17.31£0.13° 4590+048  49.06+045  69.34+0.23
1:10 Water extract 3.93+0.000" 54.131004° 3.07+£0.04" 26324004  26.50%0.03° 83.34+0.09"
50% ethanol extract 5.17+0.0006° 53.48+0.03° 2.23+0.05°  32.11%0.08° 32.1940.08" 86.03 £ 0.09"
75% ethanol extract 5.48+0.000° 39.57+0.04" 936+0.04°  44.90+0.12° 4587+0.12° 78.22 1 0.04°
95% ethanol extract 5.96+0.040° 47.48+0.01° 13.78+£0.04°  64.95+0.65" 66.40 % 0.63° 78.0210.14°

Mean £ SD from triplicate determinations

*! means within a column with the different letters are significantly difference (p<0.05)
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Sample: Solvent = 1:10 Sample: Solvent = 1:5

Figure 29. Appearance of crude Tom-kha paste extracts after 75% of extracts was evaporated

Remark: 1 = water crude extracts, 2 = 50% ethanolic crude extracts, 3 = 75% ethanolic crude

extracts and 4 = 95% ethanolic crude extracts
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Table 31. Effect of extraction conditions on the solids content, total phenolic contents and antioxidant properties of crude Tom-kha paste extracts

Ratio of Tom-kha Solvent Solids content Total phenolic DPPH value ABTS value FRAP value
paste and solvent (%/g dw.) (g GAE/100 gdw.)  (umole TE/gdw.) (umole TE/gdw.)  (umole TE/gdw.)

1:5 Water extract 0.13% 0.006" 0.26 + 0.04° 6.76 0.33" 54,02+ 1.23° 7.88+0.65"

50% ethanol extract 0.14+ 0.004" 0.41%0.04° 13.77+0.92" 86.46 % 1.43° 16.64+0.77°

75% ethanol extract 0.14 £ 0.000° 0.57+0.02° 21.63+0.67° 93.46+2.12" 21.07+0.52°

95% ethanol extract 0.12 % 0.004° 0.59+ 0.05" 20.10% 0.39° 94,25+ 2.49° 24.87+0.59°

1:10 Water extract 0.11 % 0.000" 0.32+0.01° 10.67+0.26° 54.55+1.22° 3.96+0.46"

50% ethanol extract 0.14 £ 0.002" 0.49+0.04" 18.21+0.12° 79.12+ 1.54° 10.45 + 0.68'

75% ethanol extract 0.15+0.017° 0.60+0.01° 27.57+0.14° 92.08+ 0.38" 18.20+0.79°

95% ethanol extract 0.12 £ 0.002° 0.59+ 0.00° 24.48+0.16" 91.09+ 0.44" 22.99+0.61°

Mean=* SD from triplicate determinations
* means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste
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Table 32. Bivariate correlation of the total phenolic contents, DPPH values, ABTS values, FRAP values and solids content from all crude Tom-kha paste

extracts
Total phenolic DPPH value ABTS value FRAP value Solids content
(g GAE/100 g dw.) (umole TE/g dw.) (umole TE/g dw.) (umole TE/g dw.) (%/g dw.)
Total phenolic (g GAE/100 g dw.) 1.000 0.961** 0.926** 0.851** 0.502
DPPH value (pmole TE/g dw.) 0.961** 1.000 0.856** 0.746* 0.532
ABTS value (umole TE/g dw.) 0.926** 0.856%* 1.000 0.921%* 0.569
FRAP value (umole TE/g dw.) 0.851** 0.746* 0.921** 1.000 0.262
Solids content (%/g dw.) 0.502 0.532 0.569 0.262 1.000

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste
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radical cation decolorization (umole TE/g dw) (c) and FRAP (umole TE/g dw) (d) of crude galangal extracts

Remark: GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry wight of galangal
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radical cation decolorization (umole TE/g dw.) (c) and FRAP (umole TE/g dw.) (d) of crude lemon grass extracts
TE: Trolox equivalent, dw: dry wight of lemon grass

Remark: GAE: Gallic acid equivalent,
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Remark: GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry wight of chili
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Figure 33. Effect of temperatures and heating times on the total phenolic contents (g/100 g dw.) (a), DPPH radical scavenging (umole TE/g dw.) (b), ABTS
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radical cation decolorization (umole TE/g dw.) (¢) and FRAP (umole TE/g dw.) (d) of crude kaftfir lime leaf extracts

Remark: GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry wight of kaffir lime leaves
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msl¥anudoudigaungd 70, 80, 90 uag 100°s ifluaat 10, 20 uag 30 w1
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Toledo, 2005; Osada and Shibamoto, 2006) uag ( 3) anudeuildaulidnsdueendadu
anae TasanudeumbinamsideuaarsvesassenouWuedn (Prasad et al., 1996;
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Figure 34. Effect of temperatures and heating times on the total phenolic contents (g/100 g dw.) (a), DPPH radical scavenging (umole TE/g dw.) (b), ABTS

143

radical cation decolorization (umole TE/g dw.) (c) and FRAP (umole TE/g dw.) (d) of crude Tom-kha paste extracts

Remark: GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry wight of Tom-kha paste
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msfineyyadass ABTS wazanuamnsalumsiiaidanseuluszuy FRAP iiseniniy
annzidunsamldifaUiisenlelaslada dewaldmsiszneuiiuednfisuegiumsdu
Lﬁﬂms'1Jaﬂﬂdauaaﬂumgﬂugﬂﬁﬁimﬁuﬁu (Liyana-Pathirana and Shahidi, 2005) (¥4 713
Ralfasmlelas lagavesiuszng Indanves Indiuea (Oreopoulo, 2003) usiiafioy
Wudumiafy 7 uas 8 anuansalunmsiidaeyyadase DPPH  uag ABTS uag
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wazifal§Asoeendinduluanzifiommiaiumsoyiuivelad lansondndmal
5uq (degradation products) (Friedman and Jurgens, 2000) Krygier tazaAtue (1982 alas
Naczk and Shahidi, 2006) Wuiinsgeslasldars i lfifanisamedaveseyiuives
AsA laasandunIla (hydroxycinnamic acid derivatives) ninwamInaasataasliiuiies
afanmuvostiianunsi lufesidiunse (e 2 uaz 5) wnnhfesiiiuais (o
7 uag 8)

Juntachote 1@% Berghofer (2005) WuNMsasavIdlesuoan Ny
Zovny 75 fanunsiafimeniiunaannninse Tasluangidunmeiannsadudans
Al §Ase100nTatuY0InIAd 1uiadn 1A835 B-carotene bleaching qm’jfluﬂﬂnzﬁﬁlu

IR

Table 33. Effect of pH on the total phenolic contents and antioxidant properties of crude galangal

extracts
pH Total phenolic DPPH value ABTS value FRAP value
(g GAE/100 g dw.) (umole TE/ (umole TE/ (umole TE/
g dw.) g dw.) g dw.)

2 2.38+0.18 57.80 £ 5.72° 154.06 £ 6.34° 13578 £ 3.40°

5 1.84 +0.06™ 7090+2.53°  138.92+1.66°  126.22+5.06
5.15 (origin) 1.80 £ 0.05" 68.80+2.16°  140.75+1.91° 12541+3.92°

7 1.63 £0.05° 59.76 +£3.06° 124.58 £3.68°  114.45 +6.06°

8 2.14+0.32° 61.9310.73°  113.16+£4.09°  95.88 %+ 1.90°

9 2.0210.16" 86.80 +1.54° 81.83+3.98°  131.90 £5.20"

Mean * SD from triplicate determinations
** means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of galangal
msananeuvesnyin

nansnaasInuInsUsufiesarsasanovvesaz ladidufites 2 neu
T v
USUNBFNAVNINNIDY  5.55 lifinasoniunsalveslSuradlusaniivuauas

anueansalumsiiineyyadasy DPPH  lumisadansvesas lnddisesiueaniy
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Wududosaz 75 uaiimaildanuawnsalumstidneyyadase ABTS uaganuaingo
ya g3 a A A 2 4 0« at o Y
lunmislvoaansoulussuy FRAP  liaiaaad toesnuaywdu 7 uaz 8 Inani 1
[-] .73 oy =~ 1 d' ) -\ ~ 3
anuansalunsfiidaeyyadase DPPH Naaaas luvmzilsuiadusdniivua
- a a o
anuaselumsiidaeyyaddse ABTS uazanuamisalumsiddmaasouluszuy
1 [ 4 ] [~4 4 a 4 a o 3
FRAP T lunasunias  esoelsfauieesmiudwdu 9 USunadusdniianuauas
¥
auiAnsdiuesndiadu ennuamisalunssidaoyyadass DPPH  uay ABTS uaz
ya o A v A v o o
anuawisalunmsldoaansoulussuy FRAP Naannspd1ilied 1Ay (p<0.05)

(Table 34) uanaldimunmsasansuvesas ladlifinnunsdifevges (o 9)

Table 34. Effect of pH on the total phenolic contents and antioxidant properties of crude lemon

grass extracts

pH Total phenolic DPPH value ABTS value FRAP value
(g GAE /100 g dw.) (umole TE/ (umole TE/ (umole TE/
g dw.) g dw.) g dw.)

2 0.40 + 0.02° 16.39+£0.44°  26.97+0.87° 18.47 £ 0.98°
5 0.40 £0.03" 16.36+0.57"  31.26+0.61" 22.88+2.20°
5.55 (origin) 0.39+0.02° 16.67+£0.41°  3037+0.55°  22.42+0.58"
7 0.40 + 0.02° 1557+0.22°  32.81+1.89°  21.72+2.70°
8 0.38+0.02° 15.62£0.63°  29.54+2.17°  19.63+0.33"
9 0.27 £0.01° 12.1240.13°  22.75+2.44°  12.8140.34°

Mean * SD from triplicate determinations
** means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight
MIANARLTUYBININUNY

ﬁm%ﬁwassi'e)ﬂamaaﬁwszmiﬁﬁﬂmmmaaw?a%wuﬁamemueamm
Wududovaz 75 Ao Aoy 2 fnamldSinaiuedntanua i ouudasudii e
ANNMNITa UM Iiiaeyyadass DPPH uag ABTS fauituiuedaiiiod i (p<0.05)
(Table 35) Invaziinnumansalumsiisidansouluszuy FRAP fimanas HONIING

wunaNuansalumsidaeyyadasy DPPH uaz ABTS uazanuawisolumsld
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ad a4 4 A~ s 4 )
’e)l.ﬁﬂ(r’liﬁ)usl‘uiZ‘lJiJ FRAP UATNUNUUYU LlJ?JWLE)‘Ifmil"Um‘i‘lu 7-8 Ltmﬂ31uﬁ1u15ﬂ1uﬂ1§

Mineyyadasy ABTS fimasasdiefeminily o dweaasly Table 35

Table 35. Effect of pH on the total phenolic contents and antioxidant properties of crude chili

extracts
pH Total phenolic DPPH value ABTS value FRAP value
(g GAE /100 g dw.) (umole TE/ (umole TE/ (umole TE/
g dw.) g dw.) gdw.)

2 1.99 + 0.32° 55.05 +0.38° 193.83 £4.34°  48.37+3.29°
5 1.84+0.21 49.79+2.09° 169.08 £ 1.41°  54.42+2.01°
5.52 (origin) 1.86 £ 0.16™ 49.33+1.92° 17026+ 3.18°  56.70+ 1.61°
7 1.86+0.18" 50.16 + 4.45" 227.42+3.55°  78.04+4.54°
8 2.27+0.22° 56.48 +2.85° 205.38+2.07°  74.80%3.34°
9 1.51%£0.18° 55.55+0.43" 156.58+5.35  74.44+1.23°

Mean % SD from triplicate determinations
*! means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of chili
asafanenuusdluuzngn

v ] ¥ v v
YSinailuednianuaiinunududefendunsa (o 2) lashiey 2 Ina

= d

[ ¥ 1
midawaunsalunismidnoyyadase DPPH uaz ABTS fiAwNuYY (Table 36) iohioy
} 4

ity 7-8 anwensalumsiidaeyyadass DPPH latasawdanuansalums

s a A

' Q’ 4 4 Q' 3 o e
19UYADATE ABTS ummuﬁu meﬁaﬁmfmwmuﬁ‘lu 9 ﬂ'J']llfﬂiJ’liﬂiuﬂ']iﬂ']‘i]ﬂﬂ‘lgy‘ﬁ

Do

s = - a o A g
dasy DPPH Taasas luvazianuannsalumsldom@anseulussuy FRAP winiu

(Table 36)
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Table 36. Effect of pH on the total phenolic contents and antioxidant properties of crude kaffir

lime leaf extracts

pH Total phenolic DPPH value ABTS value FRAP value
(g GAE /100 g dw.) (umole TE/ (umole TE/ (umole TE/
g dw.) g dw.) gdw.)

2 1.25+0.02° 14.92 £ 0.39° 64.89 +3.63°  57.57+1.36"
5 1.01 £0.07° 11.52+0.27° 50.97+2.43°  56.67+2.41"
5.30 (origin) 1.06 + 0.08" 11.73+0.23° 5290+2.49°  5470+1.76°
7 1.15+0.01° 10.53 +0.64° 69.98 £4.78°  59.62+1.72°
8 1.15+0.12% 10.26 +0.66™ 62.63+£322°  58.05+3.27F
9 1.03 +£0.04° 9.63+0.11° 56.19+1.58° 64.86 +1.81°

Mean £ SD from triplicate determinations
* means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of kaffir lime leaves
s lﬁ' Y ¥
AIANARYIVUYBUATIIANUN

b7 '
USinausanfinuatazauiinnsd1uoendaduvosasanansoduuIl
v A A o { v g o A ¥ A

uun lduanauilo oAU (Table 37) Haad AU NFITAAANYIVUDIUATOIANV LAY
o Aa o & {‘] ¢ o da A v oA y
asfranaInterge Nalorutluwamainesdilszneundnniieglumniosduiine az'lnd
(3ovaz 47.42) uazdn (3ounz 41.84) linsiiifesge ualuannzillunse aisarda
wenuvesnz lnduaasanuanisalumssiidneyyadase DPPH 148 drumsadareivves
[} o @ PN aod =
PaaInuansalumsmineyyadass ABTS uazlididansouluszuy FRAP 144
[ q’/’ 1 9 d’ Y a s 9/ [] d'l é - dy = 1
asiuosna1lai Weduslansvilsemuduiinmiunisyys dalisanlSen (Wevey

1 Q Qo Q(d' e oy -7 4
Tug3 4.51-4.67) wedndldsumseengninuansautianmsMueendiatu iesernany

o =% ~ o A Yy 9 ¥
ﬂ\W]’J‘ilENﬁ'lif’)i’)ﬂi]‘ﬂﬁsluﬁﬂ'l’lzﬂl‘ﬂuﬂiﬂ ANNNANIVULAIVNAY



149

Table 37. Effect of pH on the total phenolic contents and antioxidant properties of crude Tom-

kha paste extracts

pH Total phenolic DPPH value ABTS value FRAP value
(g GAE /100 g dw.) (umole TE/ (umole TE/ (umole TE/
g dw.) g dw.) g dw.)

2 0.41+0.01° 19.13 £ 0.44° 4728+ 1.37 13.97 +0.74”
5 0.43£0.02° 17.78 £ 0.32° 4624+ 136"  14.02+1.28"
5.18 (origin) 0.43 £0.02° 17.55+0.25° 46.63 +0.58" 14.68 £ 0.92°
7 0.36+0.01" 12.77 4 0.93° 38.77+0.36°  11.55%0.45°
8 0.29+0.01° 11.49+0.42°  37.20£053° 1095+ 1.28°
9 0.33+0.022° 10.45£0.85° 36.55 £2.13° 13.0240.91°

Mean* SD from triplicate determinations
® means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste

"l]'lﬂﬂ']i‘V]ﬂﬂ?NW1J’J"lﬁL@‘iﬁdlNﬁGii’)ﬂ’J’lllﬂ\‘lﬁ’)‘il?Nﬁijﬁaﬂﬁﬁﬂ‘lﬂﬂﬂﬁﬁm%uﬁlu
b4 ] )
msafeaveuvestl azlad wininy luuzajauaziniesduduana1aiu e1aiiesnin
A T =Y 9 b4 o ar d' ' [ 1 (Y ] A
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o o ) 9/ =) =
amiﬁmaw@aawm*n LU@]'].I‘UGIHI‘UE“«! meﬂﬁﬂiﬂmﬂﬂ (Oonmetta-aree, 2005; Mahae and

U

= I'4 =) = Py

Chaiseri, 2009) luazlnéidailouosa (lelwseSounu loloanowi5u

= =Y = =3 4 =) =y a A
anesonIniy  lelweoSsunuselasiululesd uazeaSounu) nsanaelsadauay
AsAMININGA (Cheel er al, 2005) arsadaniniiuadledu nialeasendumauuay

o =y = ¢ an o d o a

sramn nsaaluladn nsalhduinn asamuazanludn nintauilamen

a a ~ a I'4 = o
nsaluSa@An (Li-E er al, 2008) @unlwda osyladalnalalyn (Materska and Perucka,

=S o a a s =1 =1 = a

2005) unlsfused quainsidlaususu Savhualsiv wdiwalsiu Fususu

A

WarTaueee (luSFAu wiesanu anleduuas

U

1Ay usY) (Howard er al., 2000)
E):ﬁ?]ﬁu) (Miean and Mohamed, 2001; Materska et al., 2003) Faduduazd (Howard et al.,
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g a = a

a a d Aads a =Y S a o a o Ia
usghunglalea 8585y Uled5lednsu uiTinu temwesiay Hlsemwessau
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wazdladiu uay  Welaweealnalales 1Aun 39U (Berhow er al, 1996) uaziud
1A 159U (Siripongvutikorn ez al., 2005) dawaliasadaliauidmsdueongietuiiuanaie

1Y (Arabshahi-Delouee et al., 2007)
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wanua 5 gas laodlugasfigiiu 3 gas savianua 8 gas  (Table 11) hgasila
} 4 3 1 4
wanuaniiumiesdudr wdnlgailududide GEmsmSounaasds Figure 22) Aowiih
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Table 38. Sensory score of shrimp Tom-kha soup prepared from different Tom-kha paste formula evaluated with 30 panelist by 9-point hedonic scale

Formulation' Attributes

Appearance Color Viscosity Spices odor Taste Overall liking
1* 6.97+1.25° 713+ 1.11° 7.00+0.98° 687+ 1.11° 7.17+0.87" 7.00% 0.87"
Q%% 7.40+1.07° 7.37+1.03° 7.27+8.28° 7.20+0.85" 7.23+1.01° 7.27+0.87"
3 7.17+ 1.05° 7.30+0.92° 7.37+0.85° 7.40+ 1.19" 6.93+1.23™ 7.15+0.92”
4r¥x 7.4740.94 7.57+0.82° 7431117 7.40+ 1.19" 6.27+1.78° 6.77+ 1.48%
Sxxx 7.57+0.86° 743+ 1.10° 6.87+ 1.28° 727+ 131" 6.50+ 1.87" 6.67+ 1.69°
6* 7.10+ 1.00° 7.30+0.88" 7.13+0.97 7.23+0.90" 6.90+ 1.19™ 6.93+1.12°
THx 740+ 1.10° 717+ 1.15° 7.27+0.83° 7.23+0.82" 7.47+0.82° 7.43+0.90°
8 743+ 1.04° 7.40% 1.00° 7.10+ 1.00° 7.50+ 1.04° 6.67+1.77" 6.77+ 1.50"

**, means within a column with the different letters are significantly difference (p<0.05)

* kk *kk Repeated formula

TIngredient component (%) in each formulation was showed in table 11
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Table 39. The total phenolic contents and antioxidant properties of various Tom-kha paste
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formulas

Formulation' Total phenolic DPPH value ABTS value FRAP value

(g GAE/ (umole TE/ (umole TE/ (umole TE/

100 g dw.) gdw.) g dw.) g dw.)

1* 0.64 + 0.02% 17.68+1.37° 66.98 + 2.68" 27.56+ 0.98"
Qkx 0.55%0.03° 13.82+ 0.36" 51.81+1.61° 26.13+4.11°
3 0.66 % 0.04° 19.15+0.92° 58.32 4 1.44" 24,69+ 1.33°
Qs 0.46+ 0.07° 12.71 £ 0.31° 114.01 £+ 3.79° 11.82+1.02°
Sk 0.47+0.02° 12451 0.24° 112.78 £ 5.28" 12.85+0.15%
6* 0.59 + 0.04™ 17.39+ 0.52" 58.98 + 2.44% 25.18+2.61°
7H* 0.59+0.03™ 15.48 + 0.45° 54.66+2.73% 25.43+3.51°
8 0.48 + 0.03* 14.41+1.27% 61.66%2.11° 15.83 + 0.69°

** means within a column with the different letters are significantly difference (p<0.05)
Mean * SD from hexaplicate determinations

* %% %% Repeated formula

! Ingredient component (%) in each formulation was showed in table 11

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste

5.2 mIfa@engAsNIHINZaN
4 qu . . ¥
wolsTsunsu Design Expert version 7.0.3 (Stat-Ease, Inc., MN, USA) @3N
] o =Y v o & s v v 1 ]
aumsuuuyuiineuazunugiineuin’ Fuwaawnmnuduiusvesdasidiuvestiuag
3/ v ] '
windnynlfdudiunauveuniesdudriilinanonisvousunsdszamdudaludv

=

v ] v
dnuaizlsing & anudunila ndweseund saduazanuseuswvesiglduiife

13

(% L%

uazdlSuafusdniivuauaz auiianisdweendwduluglvesnnuammnsolumisiia

oyyadasz DPPH  uaz ABTS uazanwawisalunislididanseuluszuy FRAP
vesmsafanetuveunsesdusidiesueannudutuiosas 75 Idaumsitnesduans
T Table 40 unzuwugiinous luudaziledods Figure 35-41 Feziuimumssiaes
vosdnwaizlsing & arwdunila nduniouns YSinaifluednianuauazauamisn

lumsfidaoyyadase DPPH  Wunuuyuduase (Linear model) aIuaunssiansves



154
samd anuamsalumsiideeyyadass ABTS uazanuansalumsldadansouly
530y FRAP iunnuvumdsdes (Quadratic model) UazaNI$1ADIVBIANNAOUTIN
Wunuurufdeey (Cubic mode) Fefiseamduius ®) oglugaa 0.0011-0.9553 uas
aunsiraosnudnyusnediudnynzlding & anwnila ndwaSeund sawd
amwweusa  USinaiuednianua anveasalunsmineyyadasy DPPH  uay
ABTS wazAnwannselunsiddidanseuluszuy FRAP fianumuiean (Lake of fit,

aa a \ ]

td v 3 b4
p>0.05) uANUIV Az HININY LilanTnadennunilauasniunieoansuoaitglduiif

e

v 1
a A =4

(= ¥ o ' L4 v s
(=0.05) d anuniauazndumSounalManduRus R doond1 0.75 Aty
guamsaanad iz lumnihnaiaazy e ldaunisfdntld1dasiaa
o ) ¢ 1 [ Y] s :: 3. o o
arduRusetalooiu 0.75 (Hu, 1999) satiulunisnaassiisailaumssiasaunnie
¥
AudnyarnIdudnYalsIng sad aAnuyeusiy Ysinafuednianua aAnuminso
o w = a o

lunmsfdaeyyadase DPPH uaz ABTS uazanuawisolumsidsidanseulussuy
FRAP un1dlumsdunamnouauos

A A o [V Y g

diewnsanaumsiiaesluiladsduazunuunnuyevdudnuuzilsing

y ' L 1 v 1 o = QJ
“W‘lJ’Nilﬁllﬁuﬂﬁ)QWEﬂ;JWNﬁNﬂ1ﬁ'ﬂ1ﬁﬂﬂﬁuﬂﬂg{1uﬁﬂﬁm$ﬂi'}ﬂ 4INNUT (ﬂ'lﬂiﬂji&’ﬁ‘ﬂﬁ
U U

b4
a 4

voanInunyluaunisdaesimevaussduanyazlsingliniganit lasmdulszdnd

a ]

4
YOINTNINYUaLU AWML 7.56  waz 7.07 awddu) wiee1enainlanwsnivyling

U

e
)3

Tumaenfiosnniinai lddrednlidnuazlsingia  lumendudunudviinaldn
¥
AOUAUOIRIUTAFIALAZAIINFOUSINGINIMTAAINY uaznudniwasiuvesvuas

) dy U ' a g
wWInurydawa ldmaeuauesludusamanazanureusiugaiiu



155

Table 40. The predictive regression models and goodness-of-fit for sensory score of shrimp Tom-
kha soup, total phenolic contents and antioxidant properties of Tom-kha paste with

different galangal and chili content

Parameter Regression models R Probability Lack of
of model fit (p)
Appearance” 7.07G+7.56C 0.8875 0.0005 0.3666
Color* 7.20G+7.47C 0.6042 0.0232 0.8480
Viscosity" 7.17G+7.19C 0.0011 0.9384 0.6953
Spices odor" 7.12G+7.40C 0.3358 0.1322 0.4191
Taste” 7.00G+6.36C+1.95GC 0.7453 0.0327 0.1830
Overall linking®  6.97G+6.73C+2.13GC-2.15(GCXG-C)  0.9553 0.0037 0.4291
Total phenolic’  0.64G+0.47C 0.7934 0.0030 0.1831
DPPH" 18.12G+12.66C 0.7859 0.0034 0.1025
ABTS" 65.25G+110.81C-142.92GC 0.9450 0.0007 0.0551
FRAP® 26.27G+11.82C+19.57GC 0.9181 0.0019 0.0571

Remark: G; galangal and C; chili, p; probability level

*n = 30 panelists and *n=6 samples
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Figure 35. Contour plot of predicted appearance scores of shrimp Tom-kha soup with different
galangal and chili contents

Remark: each plot came from n = 30 panelists
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Figure 36. Contour plot of predicted taste scores of shrimp Tom-kha soup with different galangal

and chili contents

Remark: each plot came from n = 30 panelists
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Figure 37. Contour plot of predicted overall scores of shrimp Tom-kha soup with different
galangal and chili contents

Remark: each plot came from n = 30 panelists
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Figure 38. Contour plot of predicted total phenolic contents of crude Tom-kha paste extracts with
different galangal and chili contents

Remark: each plot came from n = 6 samples
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Figure 39. Contour plot of predicted DPPH radical scavenging of crude Tom-kha paste extracts
with different galangal and chili contents

Remark: each plot came from n = 6 samples
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Figure 40. Contour plot of predicted ABTS radical cation decolorization of crude Tom-kha paste
extracts with different galangal and chili contents

Remark: each plot came from n = 6 samples
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Figure 41. Contour plot of predicted FRAP of crude Tom-kha paste extracts with different
galangal and chili contents
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Table 41. Physical, chemical, antioxidant properties and microbiological quality of Tom-kha

paste

Properties/microbial values
Color

L* 54.76 £ 1.35

a¥ 6.30+0.82

b* 28.701+0.71

C* 29.39+0.68

H 77.63 % 1.64
pH 4.53%0.006
a, 0.992% 0.001
Moisture (%) 86.91+0.23
Fiber (%) 2.75%£0.02
Total phenolic (g GAE/100 g dw.) 0.60% 0.04
DPPH radical scavenging (umole TE/g dw.) 14.61£2.09
ABTS radical cation decolorization (umole TE/g dw.) 63.60+4.35
FRAP (umole TE/g dw.) 23.77+£2.35
Microbial

Mesophile (cfu/g) 1.04x10°

Psychrophile (cfu/g) <30

Lactic acid bacteria (cfu/g) 1.78x10’

Yeat & Mold (cfu/g) ND

Coliform (MPN/g) <6.1

E. coli (MPN/g) ND

S. aureus (cfu/g) ND

B. cereus (cfu/g) ND

C. perfringens (cfu/0.001 g) ND

Remark: ND = not detected

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste
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Figure 42. Changes in L* values of Tom-kha paste with and without added salt during storage at
4 % 2 °C and ambient temperature (29 +2 °C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 43. Changes in a* values of Tom-kha paste with and without added salt during storage at
4+ 2 °C and ambient temperature (29 +2 °0)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 44. Changes in b* values of Tom-kha paste with and without added salt during storage at
4+ 2 °C and ambient temperature (29 £ 2 °C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 45. Changes in Hue angle values of Tom-kha paste with and without added salt during
storage at 4+ 2 °C and ambient temperature (29 + 2°C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 46. Changes in pH values of Tom-kha paste with and without added salt during storage at
4+2°C and ambient temperature (29 + 2 °C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 47. Changes in the total phenolic contents of Tom-kha paste with and without added salt
during storage at 4 £ 2 °C and ambient temperature (29 £ 2 °C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 48. Changes in the DPPH radical scavenging of Tom-kha paste with and without added
salt during storage at 4 + 2 °C and ambient temperature (29 + 2 °C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 49. Changes in the ABTS radical cation decolorization of Tom-kha paste with and
without added salt during storage at 4 £2 °C and ambient temperature (29 * 2 °C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with added salt
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Figure 50. Changes in the FRAP of Tom-kha paste with and without the addition of salt during
storage at 4 + 2 °C and ambient temperature (29+2°C)

Remark: T = Tom-kha without added salt, TS = Tom-kha with aded salt
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Table 42. Bivariate correlation of the total phenolic contents, DPPH values, ABTS values and FRAP values from all Tom-kha paste during storage

Total phenolic DPPH value ABTS value FRAP value
(g GAE/100 g dw.) (umole TE/g dw.) (umole TE/g dw.) (umole TE/g dw.)
Total phenolic (g GAE/ 100 g dw.) 1.000 0.552%* 0.694** 0.426*
DPPH value (umole TE/g dw.) 0.552** 1.000 0.558** 0.709**
ABTS value (umole TE/g dw.) 0.694** 0.558** 1.000 0.577**
FRAP value (umole TE/g dw.) 0.426* 0.709%* 0.577** 1.000

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste

IL1
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Table 43. Mesophile, anaerobe, psychrophile, lactic acid bacteria, yeast and mold of Tom-kha paste with and without added salt during storage at 4 + 2°C

and ambient temperature (29 +2°C)

Type of microbial ~ Treatment Storage time (weeks)
0 1 2 3 4 5 6 7 8
Mesophile T/4 1.04x10°  124x10°  1.19x10°  3.00x10° 2.67x<10° 933x10° 633x10° 3.23x10° 8.10x 10’
(cfu/g) TS/4 <10’ <10’ <10’ 233x10°  7.00x10°  6.63x10° 533x10° 483x10° 6.96x10°
TSR <10’ <10’ <10° <30 <30 - - - -
Anaerobe T/4 400x10°  48x10° 8.4x10" 78x10°  747x10° 737x10' 4.63x10' 3.00x10° 230x 10’
(cfu/g) TS/4 330 x 10° <10* <10’ <10’ 6.00x 100 497x10° 4.67x10° 512x10° 4.03x 10’
TSR 1.17 x 10° <30 <10’ 837x10" 553 x10° - - - -
Psychrophile T/4 <30 <30 <30 <30 <30 <30 <30 <30 <30
(cfu/g) TS/4 <30 <30 <30 <30 <30 <30 <30 <30 <30
TS/R <30 <30 <30 <30 <30 . - - -
Lactic acid bacteria T/4 178x 100 323x10°  1.28x10° 550x10°  333x10° 196x10° 8.17x10° 290x10° 8.40x 10’
(cfu/g) TS/4 3.00x10°  550x10°  547x10°  537x10° 537x10° 4.60x10° 493x10° 3.50x10° 6.00x 10°
TS/R 1.73x10° 214 x10°  1.64 x 10’ <10° 4.07 % 10° - - - -
Yeast and mold T/4 <30 <30 <30 <30 <30 <30 <30 <30 <30
(cfuw/g) TS/4 <30 <30 <30 <30 <30 <30 <30 <30 <30
TSR <30 <30 <30 <30 <30 - - - -

Remark: - is not analyze, T = Tom-kha without added salt, TS = Tom-kha with added salt, R = ambient temperature (29 + 2 °0)
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Table 44. Coliform, E.coli, C.perfringens, S. aureus and B. cereus in Tom-kha paste with and without added salt during storage at 4 * 2 °C and ambient

temperature (292 °C)

Type of microbial Sample Storage time (weeks)

0 1 2 3 4 5 6 7 8

Coliform T/4 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1

(MPN/g) TS/4 ND ND ND ND ND ND ND ND ND
TS/R ND ND ND ND ND - - - -

E. coli T/4 ND ND ND ND ND ND ND ND ND

(MPN/g) TS/4 ND ND ND ND ND ND ND ND ND
TS/R ND ND ND ND ND - - - -

C. perfringens T/4 ND ND ND ND ND ND ND ND ND

(cfu/0.001 g) TS/4 ND ND ND ND ND ND ND ND ND
TS/R ND ND ND ND ND - - - -

S. aureus T/4 ND ND ND ND ND ND ND ND ND

(cfu/g) TS/4 ND ND ND ND ND ND ND ND ND
TS/R ND ND ND ND ND - - - -

B. cereus T/4 ND ND ND ND ND ND ND ND ND

(cfw/g) TS/4 ND ND ND ND ND ND ND ND ND
TS/R ND ND ND ND ND - - - -

Remark: - is not analyzed, ND = not detected, T = Tom-kha without added salt, TS = Tom-kha with added salt, R = ambient temperature

SLT
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Table 45. Changes in sensory score of Tom-kha soup prepared from Tom-kha paste kept at various storage times evaluated by 30 panelists with 9-point

hedonic scale

Treatment Storage time Attribute
(days) Appearances Color Viscosity Spices odor Taste Overall linking
T/4°C 0 7.42+0.89° 7.3240.95" 7.00+ 1.00° 7.27+0.98"™ 7.55+1.00° 7.45+ 1.00°
9 7.5310.73° 7.40%0.86° 745+ 87 7.57+£0.97 7.27%0.64° 7.40+0.72"
16 720+ 1.16" 7.23+1.01™ 7.00+0.98° 7.43+0.86" 7.3740.89° 7.33+0.76™
23 6.53+0.78° 6.80% 0.93% 627+ 1.11° 7.00+ 0.83% 7.10+ 1.06° 6.89+0.96™
30 7.03+0.93" 7.10+0.96™ 6.93+ 1.02° 7.17+0.91™ 6.97+1.10" 6.90+ 0.85™
37 7.13+ 1.14" 727+ 1.17° 6.97+ 1.43° 7.37+0.89" 7.40+ 0.93° 7.32+1.00™
44 7.33+1.09° 7.30+1.12" 7.30+ 0.95° 7.40+ 1.04” 730+ 1.18° 720+ 1.13™
51 6.73+0.98" 6.70+1.06° 7.13£0.78" 7.43+0.94" 7.00+ 1.11° 6.83+0.91°
58 7.33+£0.71° 7.4310.90° 7.134£0.82° 6.83 1+ 1.09° 7.20+%1.19° 7.23+0.94™

T/4°C = Tom-kha without added salt stored at 4 + 2°C

Mean % SD from thirty determinations

* Means within columns with a different letter in the same treatments are significantly difference (p<0.05)
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Table 45. Changes in sensory score of Tom-kha soup prepared from Tom-kha paste kept at various storage times evaluated by 30 panelists with 9-point

hedonic scale (continued)

Treatment Storage time Attribute
(days) Appearances Color Viscosity Spices odor Taste Overall linking
TS/4°C 0 7.26 % 0.82° 732+ 0.87" 7.03+1.02° 7.31£0.76™ 7.39+ 0.84° 745+ 0.68°
9 743+ 0.73° 730+ 0.88° 730+ 0.84" 7.27+0.98" 7.27+091° 7.43+0.82°
16 7.23+ 94° 723+ 097" 7.00+ 0.95° 7.63+0.72% 7.53+0.86" 7.37+0.89°
23 7.23+0.94" 7.10+ 0.92™ 7.20+0.76" 7.13+0.78% 730+ 0.70" 7.23+0.73"
30 7.17+0.70° 7.30+ 0.88" 7.2310.86" 7.20+ 0.89™ 7.30+0.84° 737+ 0.85°
37 7.43+0.97 747+ 1.01° 733+ 0.71° 743+ 0.86™ 7.43 1 0.94° 7.47+0.86"
44 7.03% 1.10° 6.87+ 1.28" 6.97+0.83" 723+ 128" 7.07+1.25° 7.03+1.25°
51 7.33+0.92° 7.50% 0.90° 7.17+0.99° 7.70+ 0.88° 7.40+ 1.00° 7.27+1.02°
58 7.50+0.73° 727+ 0.83% 730+ 0.75" 7.03+1.30° 7.00+1.17° 693+ 1.14°
TS/RT 0 7.55+ 1.09" 7.52+ 1.06° 739+ 0.92° 7.52+0.89" 7.74 1 0.82° 7.52+0.85"
9 6.73+ 1.05° 6.60+ 1.04° 6.80+ 1.00" 6.90+ 0.89° 693+ 1.02° 6.82+ 0.90"
16 7.37% 1.00 7.23+0.86° 6.93+1.23% 6.83 + 1.34" 630+ 1.77° 6.43+ 1.55°
23 7.33+0.80° 727+ 0.64° 7.23+0.90% 6.87+ 1.04° 678+ 1.19° 7.00+0.95%

TS/4°C = Tom-kha with added salt stored at 4 £ 2 °C; TS/RT = Tom-kha with added salt stored at ambient temperature; Mean + SD from thirty determinations

** Means within columns with a different letter in the same treatments are significantly difference (p<0.05)
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© (Phos)
Figure 51. Litopenaeus vannamei shrimp before immersing in a solution of sodium polyphosphate

(C) and after immersing in a solution of sodium polyphosphate (Phos).
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Figure 52. Shrimp marinated without and with Tom-kha paste stored at 4°C for 20 days.
Remark  TI1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,

T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
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T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 53. Changes in L* values a* values and b* values of shrimp marinated without and with
Tom-kha paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 54. Marination effect on pH of shrimp marinated without and with Tom-kha paste stored at

4°C for 20 days.

Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 55. Marination effect on water activity (a ) of shrimp marinated without and with Tom-
kha paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
TS5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 56. Marination effect on moisture content (%) of shrimp marinated without and with Tom-
kha paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 57. Marination effect on drip losses (%) of shrimp marinated without and with Tom-kha
paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 58. Marination effect on cooking losses (%) of shrimp marinated without and with Tom-
kha paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 59. Marination effect on texture (Firmness) of shrimp marinated without and with Tom-
kha paste stored at 4°C for 20 days.

Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
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T2: marinated with Tom-kha paste and kept under normal air

T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,

T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 60. SEM micrographs of transverse orientation of shrimp without marinated Tom-kha

paste (control) at 0 day.

x300

Figure 61. SEM micrographs of transverse orientation of shrimp without marinated Tom-kha

paste at 4 days.

Remark  All legends are corresponding to legends showed in Table 12.
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Figure 62. SEM micrographs of transverse orientation of shrimp without marinated Tom-kha

paste at 8 days.

Remark  All legends are corresponding to legends showed in Table 12.
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Figure 63. SEM micrographs of transverse orientation of shrimp without marinated Tom-kha
paste at 12 days.

Remark  All legends are corresponding to legends showed in Table 12.
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50um

Figure 64. SEM micrographs of transverse orientation of shrimp marinated with Tom-kha paste at
4 days.

Remark  All legends are corresponding to legends showed in Table 12.
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B0um

50um

Figure 65. SEM micrographs of transverse orientation of shrimp marinated with Tom-kha paste at

8 days.

Remark  All legends are corresponding to legends showed in Table 12.
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Figure 66. SEM micrographs of transverse orientation of shrimp marinated with Tom-kha paste at
12 days.

Remark  All legends are corresponding to legends showed in Table 12.
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Figure 67. SEM micrographs of transverse orientation of shrimp marinated with Tom-kha paste at
16 days.

Remark  All legends are corresponding to legends showed in Table 12.
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Figure 68. SEM micrographs of transverse orientation of shrimp marinated with Tom-kha paste at
16 days.

Remark  All legends are corresponding to legends showed in Table 12.
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Figure 69. Marination effect on TVB-N value of shrimp marinated without and with Tom-kha
paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

Té6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 70. Marination effect on TMA-N value of shrimp marinated without and with Tom-kha
paste stored at 4°C for 20 days.
Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air
T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Figure 71. Marination effect on TBARS value of shrimp marinated without and with Tom-kha

paste stored at 4°C for 20 days.

Remark T1: without marinated with Tom-kha paste and kept under normal air served as control
T2: marinated with Tom-kha paste and kept under normal air

T3: without marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
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T4: marinated with Tom-kha paste and kept under 40% CO,, 5% O,, 55% N,
T5: without marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,

T6: marinated with Tom-kha paste and kept under 50% CO,, 5% O,, 45% N,
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Table 47. Total viable count, Coliform, Escherichia coli and Staphylococcus aureus in shrimp marinated without and with Tom-kha paste stored at 4°C for

20 days.
Storage time (days)
Bacterial type Treatment
0 4 8 12 16 20
Total viable count (CFU/g) T1 2.6 x 10 5.5x 10’ 22x10° 6.1 x 10° - -
T2 3.8 x 10" 9.2 x 10* 2.2 x10° 1.7 x 10° 3.8 %10 3.1 x 10°
T3 2.6 x 10 9.5x 10" 1.9x 10’ 2.1 x 10" - -
T4 3.8x10° 5.1x10" 2.1 x10° 1.8 x 10’ 2.1 x10° 3.0 x 10°
TS 2.6 x 10" 12x10° 1.0 x 10° 23 x10° - -
T6 3.8 x 10" 58x10° 6.9 x 10° 9.0 x 10° 6.9 x 10° 3.0 x 10°
Coliform (MPN/g) T1 <3 9.2 21 240 - -
T2 240 23 43 43 93 43
T3 <3 9.2 23 9.2 - -
T4 240 9.3 43 43 43 75
TS <3 3.6 3.6 23 - -
T6 240 43 2.3 43 2.3 3.6
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Table 47. Total viable count, Coliform, Escherichia coli and Staphylococcus aureus in shrimp marinated without and with Tom-kha paste stored at 4°C for

20 days. (Continued)

Storage time (days)

Bacterial type Treatment
0 4 8 12 16 20
Escherichia coli (MPN/g) T1 <3 <3 <3 <3 - -
T2 <3 <3 <3 <3 <3 <3
T3 <3 <3 <3 <3 - -
T4 <3 <3 <3 <3 <3 <3
TS <3 <3 <3 <3 - -
T6 <3 <3 <3 <3 <3 <3
Staphylococcus aureus
(MPN/g) Tl <3 <3 <3 <3 - -
T2 <3 <3 <3 <3 <3 3.6
T3 <3 <3 <3 <3 - -
T4 <3 <3 3.6 3 3.6 <3
TS <3 <3 <3 <3 - -
T6 <3 <3 <3 <3 <3 <3
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Table 48. Marination effect on sensory values of shrimp marinated without and with Tom-kha paste stored at 4°C for 12 days.

Storage time Attribute
Treatment
(days) Apperance Color Viscosity Spices odor Taste Overall liking

T1 7.03+0.96 7.00+1.08 6.80+1.19 7.2741.01 7.08+1.25 7.10+1.03
T2 ° 6.93+0.87 6.93+0.87 7.07+1.20 6.87+£1.07 6.80+1.00 ?.O3i0.93
T1 7.13+1.11 7.17+0.99 7.23+0.77 6.90+0.96 7.174£1.05 7.33+0.88
T2 6.67+1.40 7.13+1.04 7.03+0.93 6.97+1.13 6.73%1.20 6.83+1.05
T3 7.00£1.11 7.00+1.17 7.1341.01 7.13+1.28 7.10+1.32 7.234£1.17
T4 * 6.70+1.39 6.87+1.41 6.63+1.38 6.93+1.08 6.70+1.15 6.70+1.02
TS 7.03+1.03 7.17+0.91 7.03+0.93 7.17+£1.02 6.92+1.40 7.232£0.90
T6 6.23+1.45 6.43+1.28 6.53+1.11 6.40+1.07 6.07+1.41 6.20+1.16
T1 - - - - - -

T2 - - - - - -

T3 6.60+1.25 6.48+1.29 6.63+1.30 7.1541.01 6.77+£1.22 6.82+1.04
T4 i 6.90+1.16 6.93+1.20 6.18+1.45 6.67+1.24 6.37+1.54 6.53£1.28
T5 - - - - - -

T6 7.03+1.16 6.87+1.22 6.13+1.38 6.70+1.24 6.13+1.38 6.45+1.29
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Table 48. Marination effect on sensory values of shrimp marinated without and with Tom-kha paste stored at 4°C for 12 days. (Continued)

Storage time Attribute
Treatment
(days) Apperance Color Viscosity Spices odor Taste Overall liking
Tl - - - - - -
T2 - - - - : :
T3 : : - : - -
12
T4 7.04+0.93 7.22+£1.04 6.78+0.90 6.91+0.73 6.48+0.99 6.65+0.88
TS - - - - - -
T6 7.00+0.95 7.22+1.20 6.91x1.00 7.00+1.00 6.61+1.27 6.65+1.03
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i Conc. gallic acid (mg/ml)

Appendix figure 2. Standard phenolic content of gallic acid using F olin—Ciocalteau colorimetric
Method
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free radical (DPPHe) (DPPH)

o
Appendix figure 3. Reaction between DPPH and antioxidant to form DPPH
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Appendix figure 4. Standard antioxidants of trolox using DPPH radical scavenging method
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23.2 ABTS radical cation scavenging assay (@a1}as91n Amao et al., 2001)
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Appendix figure 5. ABTS radical cation scavenging
101: Lien nazamy (1999)
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waufafen guugivies
- a ¢ @ a A T a

Wiy InunaFoumesdama (k8,0 anududu 48  fadluadoans
Taods K,5,0, 1 0.1324 ndu avasuazdiudfinasluviadivdsnas Idasv 100
s aa [ oy @ =<1 Y ~ - ay
fadans drethndu Wyl luvieds Ngungivies

wisuasazaiweyyadasz ABTS laiht  ABTS  anududu 0.014

T A o aaa Y =t o o A a T a
Tuadedns MufasoduTnunadeumesdaa anududu 48 fadluadedas
Tusasidu 1:1 Enududugaioves ABTS uaz TnunaGoumnedamla Ao 7.0 uaz 2.4

~

a a o =] A A 4 a gy ﬂ M) 3 ° an ¥
Nﬁﬂiufﬂi) Lﬂ‘]Jiu‘Vlilﬂ naMrAUNauluLInT 12-16 ‘H')TIN inﬂuuu']ﬁ1iﬁ$ﬁ']f]‘ﬂ"lﬂ

a U

- Y A

138919820 absolute cthanol (W 1H 1dMmsgandunaainiy 1.1+0.02 11 734 1 Tutwas

Aswseuunnou s

msm’%‘uumsmmgm

¥ 1Y &

g YA 4 a 9yt 9
asmesguildaeInsaend wisuldlianududu 8 szdv fAv 50, 60,
100, 300, 400 waz 500 lulasluadedas anwduduaz 5 Haddas Taold absolute

ethanol Wudiazai

MIA3eURI0ENI

9

dasadansiuvesst azlad wintvy luuengauaziaTesduan

& Yy ¥ ¥y ¥y A Y y v ¥
HUDBDIN '114"lﬂmmwmmwmm:mJmmaﬁm@ammmmuseﬂaz 75

MIsnATeL
SulaarsazaredieianuiduduiiminzauilSnes 15 lulasaas aslu
96-well microplate Uineisazawoyyadasz  ABTS adlumisdlediinguas 28
Py o 9 oA P & o A a A
1ulasans wol3luddadlunar 120 R nndudadinmsganauuainaueIIAaUY 734

w1 Tuwas 019304 Microplate Reader (PowerWaveX, Biotek, U.S.A)
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QLN
Blank sample Ao @15A10819UTHas 15 1uTn58a5 + absolute ethanol
US1as 285 lulasdns

Control 78 ethanol ANudududovas 75 51105 15 lulasaas + msazae

oyyadasz ABTS 15uas 285 lulasdas

Fsmlana

o o w =y I'd
fuamnnuainsalunissisaeyyadase ABTS  lugiuesauyad
4 . . .
Insaons (Trolox Equivalent Antioxidant Capacity; TEAC) Iﬂﬂi%ﬂﬂﬂNMSyu‘Uaﬁ
& LYl
INsaona AIaUMS
C =c¢xV/m
a o @ a P=1 Y] o
Tagfi C = anuamnsalumsnieasyyadass ABTS MovduasuInsgIu Insasnd
o o1 [ :’ s 9 o [
(lulns Tuaauyadves InsaondronTuueaiminuiiveInIo )
¢ =  anuEnsalumsidneyyasase ABTS nlSsumesuanniwuasgiu
4 1 a o T A n:' d'
voslnsaond (lulasluadedas) lasimimsganauuasinnueInay
734 w1luAT (OD734nm) ¥4 control  AUAINITHANAULTIVEW IS
4z blank sample 090 udwnuauium y luawmsiildanni
o o [
mmgmmaﬂmaaﬂ«v (Appendix figure 6) AMUIUNIA x
v = 1Suasvesmsana (@as)

¥
m = 1wmilnuieuesRings (nSu)
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0.6 ‘
1 | y =0.001x - 0.0192
| ‘ 2
04 - R = 0.9995
© o2 ;
!
0 ! g - - 1 ‘
|
0 50 100 150 200 250 300 350 400 450 500

Conc. of Trolox (umole/l)

Appendix figure 6. Standard antioxidants of Trolox using ABTS radical cation scavenging

method

frvdmIfnnamIEiAREILYeINI NI 8

E b 4 '
Thnindnyea 8131 nfu afadeiindu soo Haddas v lszmems

4 9
adavenlidesas 75 Idasadaneruveansninydioil 200 liadnas

AU ¢

E4
21An51 y = 0.001x-0.0192 AU x = (y +0.0192)/ 0.001
OD734nm Y84 control - ANIRANTULAIYDIAIDYI - blank sample = 0.475

x = (0.475 +0.0192)/ 0.001 = 494.2 lulns luasoans

¥
= a8 o

USR5 U83830819N5 AN 200 Tadans MIdRene 48 1M

AanhimTnve N3 nURYUAS

9
W?ﬂ;‘lﬂuﬁﬂuﬂlﬂﬁkl‘ﬁﬂ%’ﬂﬂﬁz 22.7482

U

4
wWintvyaa 100 sy flvewds 227482 niu
9/

wWininyaa 8131 nfu fupaudls (22.7482 x 81.31)/ 100 = 18.4966 N3

NNGAI C = ¢xVm

4942 lulnsluanodns x 0.2 BAs x 48)/ 18.4966 NI

256.4969 'lu1ns luanensy
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¥ v
o 9y ] =

Faty arsafeansndnudiodr fanuaunsalumssiineyyadase ABTS iy

L)

d o 1 @ a dw 9/
256.4969 1113 Tuaauyaduad InTaondaAonIuUDININUNYUNI
%3.3 Ferric reducing antioxidant power assay (ﬁﬂuﬂawm Benzie and Strain, 1996)

Hanms

Aumsiaanuaunialumsiaiduesmnsifauaiiumsdusendiadu
Tnemssadmodsaleseu (Fe) Feeglugilmstsznoudedouves Fe'-TPTZ (ferric
tripyridyl triazine) Wduasvseneusedouvoundnessa Fe*-TPTZ (ferrous tripyridyl
triazine) c‘fieﬁ‘luﬁﬁﬂszﬂﬂw‘ffﬁauﬁﬁﬁi{wﬁu (Appendix figure 7) HAZEINIIDQANAUILES

1&alugae 593 wiluwas meldanziineyd (pH~3.6)

7 NT V | N?
/I\N||N\\ A Y
NPLNE L N2 L PLUNE L2

e3+ 2+

N I Ne & N AN

z | N z [N

N N Antioxidant N X
Ferric tripyridyltriazine (+e) Ferrous tripyridyltriazine
(Fe**-TPTZ) complex (Fe?*-TPTZ) complex

Intense blue color

Appendix figure 7. Formation of (Fe2+—TPTZ) complex from (Fe3'-TPTZ) complex by
antioxidant

$1371: Moon 44812 Shibamoto (2009)
LY <
Yaquazgunsal

1. m?eﬁﬂ"lnimmaw (microplate reader, PowerWaveX, Biotek, U.S.A)
2. lulastwan (microplate)

3. lulastla (micropipette)
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~
Al

1. TwdeuozFianlaslansa (CH,COONa.3H,0) 300 Uad luaAodans
2. nIAvEEAN (C,H,0,)

3. TPTZ anuudu 10 Uad luadodns

4. nsalalasaassn (HCY) AnududY 40 Uad luadodns

o 4 A a voa
5. oisanas lsaenyelansa (FeCl,.6H,0) 20 Hiad luansans
MIAIBNAITaza18 FRAP

wisuaisazans FRAP Taemsthos@matinles 300 Hadluanodasway
U TPTZ arwdudu 10 dealuadedns lunsalalasaaesn unziessanan’lsa
wnazlawsa 20 faaluadedas wminlgnsnduludasiai 10:1:1 niuin1sa
gamgdl 37° Wunan 30 i

mamssuezdmatives 300 Nadluanedns (Wiey 3.6)

s lmmsuezdaalaslamiau 3.1 nfu azawlunsaesdan USuas 16
finaans YudSuasluvindfudsues Wasu 1 Gas Zawrhndy

maeSen TPTZ anudaudu 10 fedluanedns lunsalslasnaein
40 Yaaluaneans

wisunsalelasnansn 40 daaluadedns laensiansalelasaasin
1 03312 faaaas udiulSuasluvaadfudsuias dasu 100 Uoddans Zamiindu
&3 TPTZ w1 03123 niu azawlulelasnaesnarundudu 40 Nodluadedas
uazd)SulSmesluriadSulsinas 1¥asu 100 Hadans daulelasnassnanududu 40
{iad luanoans

msnssuressanas lsaenaslamsa 20 iadluanoans

FueSSananlsmans: lamsa 11 0.5406 Ay azawuazdliuilsnasiv

¥ 0
windfulSuias 1dasu 100 Taaans alethnau
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d
mam3sumsnasguinaensy

~ o G ) o
nsmasgiildfeTnsaond wleuldinnududu 7 szdu Ae 50, 60,
100, 200, 300, 400 uaz 600 lulasTuadedns audufuar 5 foddns Tavld absolute

ethanol 1Wudhazae

MIASABENT

4
=)

diasafaneinvest azlad nindvy luuzngauaziniesduan

v

y v v

A Yy ¥ Y 9 A 9
DI 1ﬂ"lﬂﬂ’311ll“llllilu7\miﬂ$’c’m A TIUDAANUYUUIUTBUAL 75

MIsnaael

Flaarsazarodiesennududufiminzaulsues 15 lulasaas asly
96-well microplate Tlaasnzats FRAP asluaisdiednannqu nquaz 285 lulasdns
@ 9 PR a & o A a &
W B luddadunar 30 Wi vinduiaaInisganduuaInaIueIINaY 593 w1 luung

#0594 Microplate Reader (PowerWaveX, Biotek, U.S.A)

RN

v [
Blank sample #i8 013820613 15 luTasdns + dindu 285 lulnsdaas
Isulana

° a g
furmanuamsolumslididaasouluszuy FRAP  lugilvesauya
4 d o
Tnsaend lasldnsviinasgiuvesinsaend Asaums
C =cxV/m
~ a g =~ [
Taoh ¢ = anumwsalumsidomanseulussuy FRAP (Heunuesnasgy
o ¢ 4w S e ¥
Tnsaond  (lulasluaduyadveslniaondaoniuyaIdIvUNUNIveY
A0819)
ya o < a
¢ = anuansolumisidadaaseuluszuy FRAP  wlSsuiensinnsiv
4 1 a o I A
nasguvesinsaend  (lulasluadedas) lavihAinisganauuds
fnwendy 593 wiluwas (OD593nm)  UBIAIBENAUAINIS
AANGULAIYDY blank sample 00n udwmuAnTumy luaumsildon

o o 1
n5131A5§ 14U INS00NG (Appendix figure 8) AUINUHNIAT X
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v = YSuesvesmsana (ans)
9
m = WinuAIueIdleg1e (NTy)
15 -
| | y=00014x +0.1265
| ,i
R R’ =0.9945
‘ A
| A
S 05
0 | :

0 100 200 300 400 500 600

i Conc. of Trolox (umole/ ml)

Appendix figure 8. Standard antioxidants of Trolox using Ferric reducing antioxidant power
method

A1 IMUIUAIIENARENVYBINIDUNYS 283

a o

v £ 4 1
imSndnyaa 8131 nfu adadiniindu 800 Haddas i ldsumeans

anaoon ldovas 75 "l@s{ﬁﬁﬁﬁ’ﬂﬁUWUﬂlﬂﬂwgﬂﬂd;’ﬂyi@’]”JU‘l% 200 Jaddns
1w ¢
91nA5 N y = 0.0014x + 0.1265 Favty x = (y - 0.1265) 0.0014
OD593nm V89779814 — blank sample = 0.279

x = (0279 - 0.1265)/ 0.0014 = 108.9285 lu1ns luanoans

b4
IS)

S1nsvesiioirawininy 200 Haddns hldiess 32
o : 4 Y ~ dw
AahnHnURIve NI NNY

14
wininyaailvewdedovay 22.7482

¥
a A s a ]

WSNUHUAA 100 NTY LUDIUL 22.7482 NTU

Q

4
Winivyan 81.31 nu Twewds (227482 x 81.31)/ 100 = 18.4966 NN
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NNGAIT C = ¢xV/m

I

(108.929 luTasTuadeans x 0.2 Ans x 32)/ 18.4966 N3

37.690 lulaslyanonsy

Il

[y by Y] ~ y :’ a oo LY
S arsasansnivudis danumunsalumsivaidaaseuluszuy FRAP 110U

U

o ot o : Y o dy
37.690 luTns lwaauyadussInsaendreniuveuihminudsuemininy

u4. MIIATIZHA TVB #azA1 TMA (Conway and Byrne, 1936)
ginsel

1. 974 Conway unit

2. Volumetric pipette

3. Micro burette

4. doun

5. NTEATHNIBN

6. NIY

oy
REL:EY]
1. Mixed indicator: 82818 0.01 N33 YD Bromocresol green 1A 0.02 15U methyl red Ay

ethanol 11215 vau'1d15u1ws 10 Hadans

2. Inner ring solution L: a&a1¢ 10 A3 U949 Boric acid 11 200 JaAaAS ethanol GRICHY

.
LY

a Aan [ = = Oy { o W a A

10 103303 Mix indicator (11040 1) Y51151a3 W14 1 Ansdreiinduiidiiadesunda

k4 a
vz ldensaz ey

3. HCI0.02 uoiuen

¥ 1
4. Saturated K,CO, solution: aza 60 N34 K,CO, #2u 50 fiadans hinau dulszunm
A o Vv o v 1

10 W# MIFdundnsesunszaunI 0

5. TCA WuduZevay 4: azae 40 U trichloro acetic acid (CCLCOOH) 14 960 iindans
LS
Wnau

6. 10% formaldehyde solution: Taoan 10 N3y MgCO, a3y 100 addas Formalin
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(formaldehyde solution 1[Huduiovay 35) e 1y nsesunIzanIos ud i ldide

¥ v
914 3 191 A2e1nau

MIana

¥aR29814 2 NN VAaRANTU TCA Wutudooas 4 Usuas 8 Hadans ludroua vald

v ¥ 9
v WA

¥ sy ) 3 % Ay A .:i
‘Vl’Jmm"h'ﬂqmﬂmmm 30 N UAINTDNAWNITITATHNIDIULDT 41 (Y1TOUULATDILENN IO

L3
v

¥
=3 ) Y =y a an ) ° = '8 1
#3000 rpm 1181 10 WIH) Y5V IR 1A 10 Taddas vniui ISz TVB-N
v =4 = 4 a 4 1 o -1 4
uazA1 TMA-N wianuludieniesedmns iz (nastlaliniv) Sriuiluerniu13i 20 eem
=t
¥

IEMsIRNZHM TVB
1. gAMIazaIedIvg1a 1 Naddns ldunenvoa Conway unit
2. @A inner ring solution 1 inaans mﬁamam%‘u‘lmmmu Conway unit
3. 099914 Conway unit

14
4. 99 Saturated K,CO, 1 Uadnns ldsuuen ualdegauazdudumsazaiodlsgiaau

5. Tar197u Conway unit 1u81119) 1 Potassium carbonate Haufua1saza1ed10619
@ ' Y a @ . P & {I LY
523900 1AM SHANAY indicator NenauFu lwduduaia
¢ o - a a L yyd Ay &
6. 1u 37 ornaiiod 45-60 w1 n3ens 3Ngungiives 3 42 1us
. [y o v o o e

7. Warh Conway unit 1187 lessnasnanduludle HC10.02 wosuea suns=NIATY)

119111911 9adSans 19 Hol PBduos

8. %1 blank Taald TCA lWududosas 4 Usuas 1 Hadans unuaisadad 10619 1da

¥
ﬁuuumu%mséﬁumi’fa 1-8

MIATHIN

TVB 0. 1uTa5191/100 nTUdI0819) =  Nx14x (A-B) xVx100

¥
UINHUNAIDEY
d @ as {
N = uosianaves HCI 114 1o lasn

A = fanans HCI 7 1F lnsmindngng
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B = fiadans BCl 71971A51A3N blank
\% = U3iassuvesdioiuay TCA #lFlumsas oo
FEmsInscra TMA
1. RuFuRerfunmsinsizy TVB St 12
2. 1A formaldehyde solution iudu¥ovay 10 15113 1 Taddas werufudiodie
3. @0 saturated K,CO, 1 3inddns Tdsunen Tarhudadosn myumsazaomaudy

9 ) N
4. 719139 37 esmuarFoa wiu 1-2 ¥ 1u9

T s 4 @ A { P
5. lasmsndruieghuaamanuludis HC10.02 wesuea sunseisdidoalouilud

6. 71 blank Iaeld TCA Wadudovas 4 10 1 TaddaT AuHUMIITUREINUAIDE

MIATHIN

TMA (0. 1uTa5191/100 NSUAI9E13) = Nx14x (C-B) xVx100

ﬁ”mﬂﬂﬁmw
N = weitiaaaves HCl 11%laslasm
C - fiadans HCl #14lasmsndant1e
B - fiadaas HCl #141@51A5M blank
\% = S1assanvesdiediung TCA 1S lumsinioudenn

¥5. N5AI12HIA1 TBARS (Egan e al., 1981)
gunssl

1. ‘Igﬂﬂﬁﬂ (flask, condenser, receiver)

2. gnuda

3. 1 dh
4. Tula
5. viapANATBUYHANYN

6. Spectrophotometer

=
ansiny

1. 4 N Hydrochloric acid
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2. Antifoam liquid

3. Thiobarbituric acid reagent — 8¥018 0.2883 n5u 11 100 wa. Y83 90% glacial acetic acid

acl
35M3
VI ' o o o W a g o y o
1. Yudisere 10 3y Furinau 50 va. wunat 2 A udrmwasluanandy 1911 47.5
4 ~ Y [ 9/
wa. amruznlddredaudinasvia
2. 1fiy 2.5 ¥a. 4 N HCI (pH Ad5azilu 1.5) uazidugnuduiag antifoam
3. nauldldveanad 50 va. melu 10 WH
4 ¢ I 4 A
4. qaasinauld s va. aslunasanaceuniynila
a v 9/ 9 I :’ A ‘i‘,l =
5. 1@ 5 ¥a. TBA reagent 1weuaz 1anudoudroiudoadluna 35 win

¥
6. 11 blank 1aed5edu Taeld 5 ua. vesuihldanusou 35 win

7. fdeg19uas blank Wguud13aA1 OD #1 532 nm

MIANIUIN
TBA value (mg malonaldehyde/kg sample) = 7.8 x A
(A = absorbance of sample HYNA1 blank Ll’gﬁ)

MU Aosfianulaoinsensadenz 1da1 7.8 11y factor 18

= d a o ¢
HIARHIN A NITRATITHNNPAUNWY

o

d a d :’; v a o g Ao
a1. M3dnnziilBnagdunIdnevun (Total Viable Count) 18un 9aundNsougungiai
i)

o da

a = a oA 1 a =
aunidnveuguungiithunars uazgdunidiludeanisemalumsniydlomatia pour

k1

oD

plate (BAM, 2001)
o 4 A
AMIANUATDINIIDEIIYD

1. Plate count agar (PCA)

2. peptone water fovnz 0.1
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ast
IENMI

& o L] A ¥ T [ o I a ‘!y
1. Faetrunsesdutr 25 nsu aslugeiil peptone water 3ownz 0.1 Miasaiye
° A an Y o Vv 9y 1 ﬂ a
$1uau 225 Tadans udilddndulasmswaiunet 1 1
2. Mol 10"-10° Taeld peptone water fovaz 0.1
1 b
3. gasnetinnudensiminzaunnde 1.2 ed1saz 1.0 diaddas (h 3 91) aaluau
4" “ dy kY
W% NAUFOUAD
A Q o =) -4
4. WMoIM3 PCA Famdvaoumaduaziigumgiitszina 45 %y adlunumiziyony
azdszuna 15-20 Uadaans
' g Y dy dsl‘ @ @ U A 9/ VA A
5. womumzEe o msdvuFenauiudiediuniosduinnRens Tasmsnyuu
& = <3 =y g 3 = 3 o 1 @ a < 4
wizise lufiemuduuniinl 5 ade muduuninm 5 afe Mediessiasz Saazsinsune
q Y ‘sy dy & a1
TuldomsnsuvsuaedIney
:/‘ Qy Jq 9 dy dy 3 o
6. faneB3lRomsinoudoutady
o Y ~ o dal (5 a o 1 . R Y o @
7. dmugaunidn lidesmsomalumaniy 1hlfldlu anaerobic jar uadfitig
21N1A99N

14

' A 0 et a
8. UUNWIT¥DIN 4

= A da a o 0 o
% (JAUNTENTOLQUUQUAT) uag 35-37 ¥ (JAUNTENYDUUNQY

U

o

¥

a o/l ] a 1Y o
Thunan uazgdunisn ludesmsoimealumseig) Tudnvazaihmumsdodunm 24
#2104
v o 1 d" = o
9. asravuinnulnladnneumiziFerszinu 30- 300 Taladl srwouwaiudivau

TnTatinensuuoedIneg

Tnlatidensuusidiedns = aundsvosdwaulaladi x szAvANTENS
a d
a2. manzHlsnamuaiiSauandn (BAM, 2001)
- X
SN TAZDINITIABAYD

1. Lactobacilli MRS agar
= J g v ¥
2. UAAKIUATTUDUAAITNNIUIUIDIDS 1

3. peptone water fovaz 0.1
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ad
IBNT

v @ v a' 9 (] [ Aa ¥ a Ay °
1. Faietiunsesdudt 25 nsu aslugehll peptone water S0ga 0.1 Hilavarkodiuiu
225 adans udwhilddhdulaemswauduna 1w
2. Fmsdenadiiiu 10"-10° Tasld peptone water 3080z 0.1
1 Vv
3. @ﬂﬁmmammﬁammmmzaumm’f@ 12 g19az 0.1 Uadans aslusmnziye
) v b4 b
#i0IM15 MRS agar NaudFeuda $1um 34
9/ v 9 dy d' o H Y Q'I
4. Hunadunennemasdisiialvnszaeninu
' dy d' 0 @ o dy o v
5. Pumnzied 35-37° lusneazahnumizsadiunm 24 $F1lue luvialvaudd
AU
L I3 = 4" a [
6. asravuiiuaulalatnnnumizigedseuim 30-300 Tnlall seaunadiudu
Taladiseniuvosnineg

Inlafidensuueidindne = aundovoasuaulalali x szAUANTEIN
o dy d
a3. MIAATIEHIaAazs (BAM, 2001)
- 3 X
MSANLAZONTIDBITD

1. Potato dextrose agar (PDA)
2. peptone water $ovaz 0.1

3. tartaric acid $eway 10
asy
SEms

o @t A g o @ Ao ¥ o &
1. BINIDYNLATNAUUY 25 N m“lquu peptone water 398a¥ 0.1 filaoare

$1uau 225 daaaas wdawinlidnsulaemswdnduna 1 i

2. Famssoneliidiu 10"-10° Tasld peptone water $ouaz 0.1

Y v

v ¥ I
3. @,ﬂmamaﬂams%‘amwmm:ammi’fe 1.2 9819a 0.1 Hadans aslusuwiziFoni
1 Vv v
91115 PDA NaluFoudl $1uu 3 4
Y 9 A A o ' v M
4. IfuwiadsdnennFemnasdiegisldnszaeninu
¥ T ¥
5. duwiziFefigumgiives ludnuuznaeumziseiiunm 5-7 fu
Y o [ g IS o
6. asrvusiuaulalafivinoumizde)szuns 30-300 Ialadl srounaiud

Tnlatlnensuuoaaln1s
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Tnlatasnsuueediogne = aundovsssaulaladl x seAuARDN
a d
f4. MIAATIZHYI1NY Coliforms 1Az E. coli (BAM, 2001)
O
21115iAeaIYe

1. EC broth (W5o% Durham)
2. Lauryl sulphate tryptose broth (LST)

3. peptone water $ovnz 0.1
ad
NI

1. Faetranieadutr 25 n3u aelugefifl peptone water Sovas 0.1 flasaideduau
225 fadaas udwhldidduTasmaduduna 1 1

2. fmsionnaldidiu 10710° Tae1d 0.1% peptone water

3. gameduiiianudens 107-10° edreaz 1 daddns aslunasanaceufiil durham
tube Az LST 10 danans faiufouds anwuideeaz 3 naea

4 Yuwizidedt 35 % funm 24-48 $2 1

5 asrenansasniensy 24 491w Tasdunanesernaly durham tube dMTuvaen

) Y v
FEllgwa FinsUumzdedeliounsy 48 #2lue swauwaily MPN Tnaveosy

k4
A

LHUANLTIYULLSN (presumptive)

6. (onnasafiRauRdh Confimed test TauldifududefonvshiFoudaguasiy
nneaiidont? uddvaslunaea@sadonis EC broth W3o Durham tube

7. Ymwizise ECbroth 7445+ 0.2 funan 48+ 2 $2Tus

8. 1M MPN v8d E. coli aoniuems lasgaindmiunnen LST indauia
a é
5. MTIAIIZH S. aureus (Speck, 1976)
S
eIl

1. Baird parker medium (BP)
2. potassium tellurite $ounz 0.1

3. peptone water $ovaz 0.1
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1. Fwoene 25 ndu aelugefiil peptone water o8az 0.1 flasaiesiuan 225
findans udwh IidhduTesmswenduna 1 ui

2. Ymaisenaliidiu 10'-10° Taeld peptone water 080 0.1

3. ﬂﬂﬁ’)’t)d%ﬂﬁﬁix sunnuioveimmnzauimau 0.1 H0dans asuu BP agar plate
51mu3°§1

4. 1%'Lwiquﬁ'aﬂi1ﬁmm§ﬂm§ﬂﬁmd1ﬂﬁ’ﬂizmﬂﬁamu

5. dumzdef 35 " ifunan 48 $2Tu

6. asredoudnunzlalail deniulnlafifnddr vevvn wazumla seulalailll
uSald (clear zone) s1wunaiiuiulalatineoniuvesdieng

Inlatidensuvoediens = Auadevesswiulalail x szAUANUADIN

6. MIUAZHYIINY S, aureus (BAM, 2001)

=, dy ] a Jd g P 4 A o v
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1. Baird-Parker medium (BPA)

2. Trypticase (tryptic) soy agar (TSA)
3. Brain heart infusion (BHI) broth

4. Coagulase plasma (rabbit) 1u EDTA

5. Toluidine blue-DNA agar
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6. Lysostaphin

7. Tryptone yeast extract agar

8. Paraffin oil /apAIND

9. 0.02 M phosphate-saline buffer ﬁkall 1 1osiiud NaCl

10. Catalase test
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b4 v 1 v
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a e 7 o . .
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A7. MINATIZH B. cereus (BAM, 2001)
3 2
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A8. MIMAIIEH C. perfringens (faudasain BAM, 2001)
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1. Tryptose Sulfite Cycloserine Agar (TSC)
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3. laung (egg yolk)
Yy v 9y
4. NaCl AnuuIu3eeas 0.85
y 9 9

5. 1P5IUBANNUANIUTBYAE 70

6. D-cycloserine ANUAUTUS 000 0.5
ad
AIBM3

v [] [ Ed

1. %310619 25 nfu aslugeiill peptone water Sovaz 0.1 Niaoaweiwau 225
A Aaa Y o Y Y o T =1
fiadaas udildddu Tasmswduunar 1 wid

2. fhmsdenaldidiu 10'-10° Tag1d peptone water Sovaz 0.1

]
L 1 ~

3. gafmetiiilszdvanulensiivinzay WU 0.1 adaas @y TSC agar
¥
U 3 9N
¥y 1y A 4 o v o
4. 1Hmadilsmndenasatesildnssaneiinu
=3 a an 1Y Y :"
5. I3 TSC agar a4 1fdn 5 Taddas udmyualiemisnssnaemsduusn
4 1
6. 1111 anacrobic jar udatisaemeeen W ltuwwzided 35 ‘x Whunar 24

#1119

AMAA o Y o

7. asaniuswulalainfidad udnhlddnanmsau C perfringens Tassioau

Ed
FuTnTaiide 0.001 nfuUDIR10819 MTiTlU presumptive count YB3 C. perfringens
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Appendix table 1. Standard of microorganism content of raw food

Microoragnism Content
Escherichia coli (MPN/g) <50
Staphylococcus aureus/g <200
Bacillus cereus/ g <200
Vibrio parahaemolyticus/g <200
Clostridium perfringens/0.001 g Negative
Salmonellae/25 g Negative
Vibrio cholerae/25 g Negative

a = 4
nu: ﬂiﬂJ'JVlUTﬁ']ﬁﬂgﬂ’Iﬂ!Wﬂﬂ (2536)
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22. yuunagevgaMWmMalszamduda 73835 just about right
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{389 just about right
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Appendix table 2. Effect of temperatures and heating times on the total phenolic contents and antioxidant properties of crude galangal extracts

Temp Heating Total phenolic DPPH value ABTS value FRAP value Relative activity (%)
(OC) time (g/100 g dw.) (umole TE/g dw.) (nmole TE/g dw.) (Uumole TE/g dw.) Total phenolic DPPH ABTS FRAP
ambient 0 1.80 % 0.05* 60.66  2.76™ 167.48 + 6.32° 104.38 + 6.62° 100.00 100.00  100.00  100.00
70 10 2461 0.05° 58.19+ 8.10™ 149.58 + 5.81% 151.49 + 8.95 136.32 95.92 89.31 145.14
20 2.38+0.07" 59.93 + 6.72" 152.21+ 6.26% 153.48+ 5.38° 131.81 98.79 90.88 147.05
30 1.78+0.27° 56.70 + 8.27" 163.74 + 2.08" 145.18 = 7.60° 98.59 93.48 97.77 139.10
80 10 1.87+0.16" 59.67 +2.03% 163.03 + 6.89” 143.54 + 6.68" 103.70 98.37 97.34 137.52
20 229+0.11% 55.48 + 0.44% 161.44+ 10.10" 130.81 + 6.88" 126.97 91.46 96.39 125.31
30 229+ 0.15% 56.06 + 3.25% 159.05 + 7.99™ 111.14 + 6.36° 126.70 92.41 94.96 106.48
90 10 2.36%+0.34° 58.06+ 4.77" 141.07 + 7.47° 146.89+ 5.97° 131.00 95.71 84.23 140.73
20 2.11+0.18% 56.70 + 0.76" 163.98 + 6.42° 125.32 4 5.34" 116.88 93.48 97.91 121.02
30 2294 0.11° 48.25+ 3.33° 156.90 + 10.90™ 126.77+£9.71° 126.97 79.54 93.68 121.46
100 10 1.6710.14° 68.58+ 5.35" 157.70 £ 10.20™ 144.84 % 6.72° 92.87 113.00 94.16 138.77
20 2.0240.23% 66.83 + 7.88° 158.81 % 9.45™ 12717+ 11.60° 112.11 11020  94.82 121.84
30 1.88+0.07" 59.16 % 5.62" 159.21+ 10.00™ 101.08+ 7.18° 104.24 97.52 95.06 96.84

" means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of galangal
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Appendix table 3. Effect of temperatures and heating times on the total phenolic contents and antioxidant properties of crude lemon grass extracts

Temp  Heating Total phenolic DPPH value ABTS value FRAP value Relative activity (%)
‘c) time (g/100 gdw.)  (umole TE/gdw.)  (umole TE/gdw.) (umole TE/gdw.)  Total phenolic DPPH ABTS FRAP
ambient 0 0.46 + 0.06" 14.04 % 0.56™ 35.47+3.67 19.69 + 0.68™ 100 100 100 100

70 10 0.4140.03" 14.14 £ 0.74° 23.43+1.06° 18.65+ 0.80™ 90.16 100.73  66.06  94.72
20 0.40% 0.06” 13.51+0.39" 20.82+1.53" 21.32+2.81° 86.83 9625 5871  108.30
30 0.44 % 0.03° 11.05+ 0.61° 23.15+0.83" 20.13+1.27° 94.73 7868 6526  102.26

80 10 0.45+0.04° 16.12+ 2.37° 23.13+ 1.52* 19.05+ 0.37" 89.59 11481  65.21 96.78
20 0.44 £ 0.03° 1541+ 1.25" 25.74+1.22° 15.14 % 1.09° 95.05 109.79  72.56 76.41

30 0.4410.10° 15.09+ 1.18™ 29.01£0.96° 18.94 % 1.16™ 96.05 10749  81.78  96.23

90 10 0.3740.05° 14.19+0.56™ 24.83%2.63*" 17.89+3.35% 79.56 101.05 7002  90.88
20 0.41+0.05° 13.96 + 0.56™° 24.11%3.83" 17.51+ 1.14% 93.17 99.42 67.98 88.96

30 0.44 % 0.05° 1240+ 0.84% 26.21+ 1.08°° 19.40+ 0.99™ 95.42 88.29 73.89 98.56

100 10 0.42+0.02% 13.71£0.67° 25.64+ 1.43® 16.66+ 0.97* 90.53 97.67 7229  84.64
20 0.42+0.04" 13.34+ 1.58" 28.23+1.63" 17.77 + 1.46% 96.18 95.05 79.59  90.26

30 0.46 + 0.04° 1227+ 1.61° 27.02% 1.60™ 16.62+ 1.16“ 91.97 87.41 76.18 84.43

*" means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of lemon grass
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Appendix table 4. Effect of temperatures and heating times on the total phenolic contents and antioxidant properties of crude chili extracts

Temp Heating  Total phenolic DPPH value ABTS value FRAP value Relative activity (%)
‘c) time (g/100 gdw.)  (umole TE/gdw.) (umole TE/gdw.) (umole TE/gdw.) Total phenolic = DPPH ABTS FRAP
ambient 0 1.87+40.20% 55.75+ 4.89° 223.32+5.55° 56.38+3.01" 100 100 100 100

70 10 1.82+027™"  38.06+2.88" 200.45+4.71° 55.62+3.09™ 97.26 6827  89.76  98.65
20 1.64+0.23" 3501+ 1.20™ 193.53 + 4.44° 52.10+ 4.21 87.80 6279  86.66  92.42

30 1.51+0.17¢ 35.15+2.90"" 204.71+ 7.08° 49.13 £ 3.56° 80.79 63.05  91.66  87.14

80 10 170+ 0.17°°  40.54+1.22° 203.73+4.97° 57.49+2.21" 90.83 7272 9123 101.97
20 1.98+0.21° 40.69+ 1.07° 205.06+ 6.04° 61.35+5.58" 80.50 72.98 91.82 108.82

30 1.75+ 0.42" 37.09+ 1.16* 224.48+5.31° 56.54+3.13" 93.50 66.53  100.52  100.28

90 10 1.47+0.14° 32.96+2.45 175.45 5.36° 48.27+2.38" 78.34 59.12  78.56  85.62
20 1.46+0.21° 33.35+1.76' 215.08+ 3.64" 57.26+3.82" 77.83 59.83 9631  101.57

30 1.51+0.16% 34.36+0.66" 215.97+ 7.86° 56.28+5.07" 105.92 61.63 9670  99.83
100 10 1.64+0.18™ 48.59+3.54° 201.34+4.29° 56.57+ 1.78" 87.58 87.16 90.15 100.34
20 174+ 026" 48.92+1.36 216.41+1.81° 59.61+ 1.45" 88.59 87.74 9690  105.73

30 4.53+0.27" 46.58+ 1.47° 214.90+ 5.89° 50.27+ 3.48" 81.59 83.55 9623  89.16

*' means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of chili
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Appendix table 5. Effect of temperatures and heating times on the total phenolic contents and antioxidant properties of crude kaffir lime leaves extracts

Temp Heating  Total phenolic DPPH value ABTS value FRAP value Relative activity (%)
‘c) time (g/100 gdw.)  (umole TE/gdw.)  (umole TE/gdw.) (umole TE/gdw.) Total phenolic = DPPH ABTS FRAP
ambient 0 1.21+0.15% 17.65+ 1.78" 73.75+ 1.49™ 37.22+0.09° 100 100 100 100

70 10 1.16+0.05™ 11.97+ 1.01' 67.51+3.97% 40.44+3.26" 95.71 67.80 91.54 108.64
20 1.03+0.11% 14.08 + 2.54° 60.00+ 3.62" 37.35+3.26° 86.95 79.77 81.35 100.34

30 1.16+0.15™ 13.68 + 0.80° 78.50+ 4.79° 41.68+3.11% 93.39 77.49 106.44 111.97

80 10 L11£027™  15.00+0.82° 70.28 + 8.04* 38.06+ 5.52° 96.16 84.98 95.29 102.24
20 1.28+0.16" 14.77 £ 1.44% 72.93+6.94™ 41.33+3.03" 92.13 83.68 98.89 111.02

30 1.30+0.35° 13.71 £ 1.08" 67.16+ 1.98° 45.55+3.23% 96.69 77.66 91.06 122.37

90 10 0.93+0.11° 16.78 + 0.90" 58.22+ 6.28" 37.20+2.55° 79.53 95.08 78.95 99.93
20 0.94 £ 0.14° 16.65+0.37™ 65.42+ 2.86™ 43.33+2.66" 77.65 94.34 88.71 116.39

30 1.13£0.12™  16.41£0.67™ 75.41+ 6.96" 45.73 +£2.99 105.70 92.96 102.26 122.85
100 10 1.07+0.11™ 20.07%1.20° 73.00+ 427" 48.57+1.95 88.20 113.72 98.99 130.47
20 1.10£0.13"™ 17.74+0.72° 71.94+2.41™° 43.45+ 8.66° 87.58 100.53 97.55 116.73
30 1.16+0.11™ 20.89+ 0.98° 64.89+ 5.79" 41.65+2.71" 94.28 118.36 87.99 111.90

“® means within a column with the different letters are significantly differenc (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of kaffir lime leaves
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Appendix table 6. Effect of temperatures and heating times on the total phenolic contents and antioxidant properties of crude Tom-kha paste extracts

DPPH value

Temp Heating  Total phenolic ABTS value FRAP value Relative activity (%)
‘) time (g/100 gdw.)  (umole TE/gdw.) (umole TE/gdw.) (umole TE/gdw.) Total phenolic DPPH ABTS FRAP
ambient 0 0.59+0.04° 13.07 £ 0.04™ 48.50+2.28" 16.50+ 1.31° 100 100 100 100

70 10 044+002°  11.98+0.13™ 31.77+3.48° 14.53 £ 0.66° 74.12 91.64 65.51 88.07
20 0.51+£0.03"  12.21+0.68" 32.96+3.27° 15.01 £ 2.06" 86.47 93.44 68.95 90.95

30 0.46%0.04  12.13+0.23% 39.39+3.24 13.54+1.13° 78.60 92.80 81.21 82.03

80 10 0.36£0.11° 12.02+ 0.46™ 39.24+3.37" 11.44+2.22° 61.13 91.96 80.91 69.33
20 0.47+0.06™  11.58+0.64° 38.58+ 1.95™ 14.28 £ 0.95° 80.70 88.60 79.53 86.54

30 0.51%0.06™ 10.54 + 0.56" 37.43+3.26° 13.76 £ 0.76° 87.33 80.66 77.18 83.38

90 10 0.48+0.04™  13.12+0.59” 35.77+1.95 15.2740.95" 81.99 100.3 73.74 92.52
20 0.51£0.06™  12.67+0.64" 32.02+1.72° 14.92 + 1.62" 86.09 96.93 66.02 90.41

30 0454004  12.4840.70™ 33.67+1.85° 13.65+ 0.65° 77.20 95.44 69.41 82.12

100 10 0.47+ 0.05™ 1343+ 1.34° 36.18+2.56" 14.76 £ 1.00™ 79.14 102.70 74.60 89.46
20 0.51+0.03°  10.93+0.31* 39.05+2.24" 15.36 £ 2.46" 87.39 83.63 80.52 93.11
30 0.53+0.03" 995+ 1.57" 4170+ 2.55° 20.18 + 0.46" 90.62 76.08 85.97 122.29

** means within a column with the different letters are significantly difference (p<0.05)

GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight of Tom-kha paste
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Appendix table 7. Predicted and actual values of sensory testing of shrimp Tom-kha soup evaluated by 30 panalists with 9-point hedonic scale

Formula Value Attribute
Appearance Color Viscosity Herb odor Taste Overall
1 Predicted value 7.14 7.24 7.16 7.16 7.14 7.01
2 7.29 7.32 7.26 7.25 7.2 7.33
3 7.43 7.4 7.33 7.33 6.9 7.4
4 7.56 7.47 7.4 7.4 6.39 6.73
1 Actual value* 7.06 £ 0.63 7.00%0.73 7.10%0.70 7.4810.77 7.19%+1.08 7.03+0.87
2 7.16 % 0.69 7.19%0.65 7.10+0.83 7.45+ 0.81 7.26 1 0.96 7.2310.67
3 7.58+0.76 7.58+0.76 7.10£0.94 7.29+0.97 6.90% 1.37 7.13+£0.92
4 7.48+0.57 7.48+ 0.68 7.16 £ 0.64 7.06 £ 1.09 6.35+1.28 6.681 1.22

* Actual value was sensory testing of shrimp Tom-kha soup evaluated by 30 panalists with 9 point-hedonic scale
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Appendix table 8. Predicted and actual values of the total phenolic contents and antioxidant properties of crude Tom-kha paste extracts

Formula Value Total phenolic DPPH value ABTS value FRAP value
(g/100 g dw.) (umole TE/g dw.) (umole TE/g dw.) (umole TE/g dw.)
1 Predicted value 0.62 17.34 54.26 26.6
2 0.56 15.70 50.17 247
3 0.51 14.06 71.79 19.28
4 0.47 12.66 110.81 11.82
1 Actual value* 0.65+0.03 16.45+0.78 48.591+ 4.59 40.78 £ 1.61
2 0.66 £ 0.06 15471 0.90 48.00 £ 4.69 3331+291
3 0.61+0.02 13.86+ 1.11 83.16+4.95 28.21+2.23
4 0.63+0.03 14.73£0.29 98.53£8.13 26.34+ 1.81

* Actual value: Mean T SD from hexaplicate determination
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