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ABSTRACT

Protein hydrolysates were produced by traditional fermentation from
by-products of frozen seafood processing. The fermented materials composed mainly fish frame
(Priacanthus tayenus) in combination with 10 or 20 %w/w of cuttlefish viscera and/or white
shrimp cephalothorax. At 6" month of the fermentation at least 60% of fish muscle protein
attached to the fish bone was hydrolysed. Chemical compositions of the obtained hydrolysates
were analysed. It was found that total nitrogen, formaldehyde nitrogen, ammonia nitrogen, amino
nitrogen, total volatile base (TVB-N), and trimethylamine (TMA) revealed that there were non
significant differences (p>0.05). The obtained hydrolysates possessed with total nitrogen, amino
nitrogen, and salt in the rages of 15-20 g/L, 10.45-11.69 g/L, and 26-29% w/v, respectively and
total viable count of bacteria less than 1 x10° CFU/ g. Sensory evaluation revealed that acceptance
of the hydrolysates obtained from fermented material without squid viscera for color, flavor, taste,
and overall product attribute were non significantly differences (p>0.05). The hydrolysate
prepared by fermentation of fish frame and 20%w/w shrimp cephalothorax exhibited the strongest
antioxidative activity as measured by as measured by DPPH and ABTS scavenging activities
(p< 0.05).

The hydrolysate derived from fermentation of fish frame and shrimp
cephalothorax (20% w/w) was used to produce the pasteurized ready-to-eat seasoned budu. The
hydrolysate was seasoned with ingredients including dried garcenia (18% w/w), shallot
(30% w/w), chili (15.2% w/w), lemon grass (18% w/w), and sugar (18% w/w). The seasoned
hydrolysate was pasteurized at 90°C for 10 min. The pasteurized products stored at 25, 35 and

45°C for 3 months were considered as safe for consumption and accepted by panelists. Moreover,

)



the storage temperatures showed non significant effect on microbial and sensory qualities of the
product (p>0.05).

Color intensity of liquid fraction of the stored products was increased corresponding to
development of its absorbance at OD 420 nm. Increase of storage time led to reduction in soluble
phenolic compound in liquid fraction. Incontrast, extractable phenolic compound in solid fraction
of the stored products was increased by 42-66% from the initial value. The storage temperatures
showed non significant effect (p>0.05) on alteration of phenolic content of both fractions.
Reducing power and DPPH radical scavenging activity of the liquid fraction were increased with
increasing of storage time reaching the highest value by the 8" week of the storage. Whereas,
DPPH radical scavenging activity of the extracts of solid fraction was decreased significantly
upon extension of the storage reaching the lowest value by the 6" and maintaining throughout the
rest of the storage.

The studies confirm that by-products from frozen seafood processing, fish frame and
shrimp cephalothorax, can be used to produce protein hydrolysate by using the traditional
fermentation and the obtained hydrolysate can be produced into the ready-to-eat pasteurize-

seasoned budu.
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Table 1. Species of fish and production conditions of fermented fish hydrolysates in some

countries

Country and name

Species

Conditions and time of fermentation

Japan
Shottsuru
Uwo-shoyu

Ika-shoyu

Korea
Jeot-kal
Vietnam

Nuoc-mam

Nuoc-mam-gau-ca

Thailand

Nampla

Malaysia

Budu

Bakasang
Burma
Ngapi
Philippines

Patis

Astrocopus japanicus (sandfish)
Clupea pilchardus (sardine)
Omnastrephis sloani (squid)

Omnastrephis paeificus

Various

Stolephorus spp., Ristrelliger spp.

Engraulis spp., Decapterus spp.
Dorosoma spp. , Clupea spp.

Clarius spp., Ophicephapus spp.

Stolephorus spp., Ristrelliger spp.

Cirrhinus spp.

Stolephorus spp.

Stolephorus spp., Sadinella spp.

Various

Stolephorus spp.,Clupea spp.

Decapterus spp., Leionathus spp.

5:1 (fish:salt) + malted rice

and koji (3:1) (6 months)

4:1 (fish:salt) (6 months)

3:1-3:2 (fish:salt)

(4-12 months)

10:1 (Liver only:salt)
(8 days then boiled)

5:1 (fish:salt) (5-12 months)

5:1-3:1 (fish:salt) +plam sugar

+tamarind (3-12 months)

5:2 (fish:salt) (3-12 months)

5:1(fish:salt) (3-6 weeks)

3:1-4:1 fish:salt

(3-12 months)




Table 1. Species of fish and production conditions of fermented fish hydrolysates in some countries

(continued)
Country and name Species Conditions and time of fermentation
Indonesia
Ketjap-ikan Stolephorus spp.,Clupea spp. 5:1 (fish:salt) (6 months)

India/Pakistan

Colombo-cure

Hong Kong

Greece
Garos
France

Pissala

Anchovy

Leionathus spp., Osteochilus spp.

Puntius spp., Ctenops spp.

Ristrelliger spp., Clupea spp. 6:1 (Gutted fish:salt)
Cybium spp. +tamarind (12 months)
Sardinella spp., Jelio spp. 4:1 (fish:salt) (3-12 months)

Carangidae spp., Engrauilis spp.

Teuthis spp.

Scomber colias 9:1(Liver only:salt) (8 days)

Aphys pellucida, Gobius spp. 4:1 (fish:salt) (2-8 weeks)
Engraulis spp., Atherina spp.

Meletta spp.

Engraulis encrasicholus 2:1 (Beheaded/gutted:salt)

(6-7 months)

731 : Beddows (1998)
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Table 2. Chemical composition of fish species used in budu and fish production

Chemical elements Anchovy Mackerel Herring
(Stolephorus spp.) (Ristrelliger spp.) (Clupea spp.)

Protein (g/100g) 18.0 20.0 20.2
Lipid (g/100g) 0.3 6.7 4.3
Moisture (g/100g) 80.5 72.0 74.4
Calcuim (mg/100g) 65.5 170 124
Potassium (mg/100g) 154 60 63
Fe (mg/100g) 1.7 11.9 2.0
Vitamine A (IU /100g) 139 138 195
Vitamine B, (mg/100g) 0.02 0.03 0.12
Vitamine B, (mg/100g) 0.04 0.62 0.05
Niacin (mg/100g) 0.6 9.2 3.00

N1 : Aauasan Wilaipan (1990); Tahvonen Lagadlg (2000)
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Table 3. Chemical characteristics of fish sauces from seven countries of Southest and East Asia

High Quality Middle quality Low quality Mean£S.D
Thailand Vietnam Japan China South Korea Myanmar Laos
(n=10) (n=20) (n=11) (n=2) (n=9) (n=7) (n=2) (n=61)
pH 5.63+0.17 5.7540.26 5.54+0.42 6.15+0.38 5.49+045 6.23+091 4.90+0.11 5.70 £0.50
NaCl' 214+12  202+1.1 18.0+4.5 22.0+1.1 222+1.5 22.7+1.9 157+£1.9 20.5+2.8
Moisture' 63.7+19 614+28 69.2+53 66.0 4.1 674+1.9 70.0+4.0 79.2+0.4 65.8+5.3
Total nitrogen1 1.68 £0.24 2.59+0.51 1.80+0.31 1.49+0.44 1.27 £0.20 0.97+0.75 0.35+0.08 1.79 £0.77
Nitrogen recovery (%) 643+55 61.6+132 704+99 57.8+17.7 68.2=+5.0 456+9.8 42.5+6.6 61.8+12.8
'Values are expressed in g/100 mL for NaCl, moisture, and Total nitrogen contents.
“ﬁiﬂ : aaasan Park tazame (2001)
Table 4. Creatine and creatinine contents in fish sauces (mg/100ml)
High Quality Middle quality Low quality Mean+S.D.
Thailand Vietnam Japan China South Korea Myanmar Laos (n=61)
(n=10) (n=20) (n=11) (n=2) (n=9) (n=7) (n=2)
Creatine 147+£35 181£58 164+49 67+41 79+26 137 13+3 12774
Creatinine 85+18 94+35 88+34 40+27 57+19 19+9 22+18 73+38
Total 230+52 275+87 251£77 107+69 136+44 32+15 35+16 199+108

N1 : aanasen Park Lazame (2001)
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Table 5. Chemical and reagents used for the experiments

Chemicals

Brand name and Company

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

Sodium carbonate (Na,CO,)

Gallic acid
2,2-Diphenyl-1-picrylhydrazyl (DPPH)
Ferric chloride hexahydrate (FeCl,*6H,0)
Hydrochloric acid (37%)

Sodium acetate
6-hydroxy-2,5,7,8-tetramethylchromane
-2-carboxylic acid (Trolox)

Peptone

Plate count agar (PCA)

Lauryl sulphate tryptone (LST) broth
EC broth

Baird parker agar (BP)

SV Medico, Thailand

Merck, Germany

Merck, Germany

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

Fluka, Sigma-Aldrich chemie GmbH, Spain
Fluka, Sigma-Aldrich chemie GmbH, Germany
BDH, VWR international Ltd., England
Merck, Thailand

Carlo, Erba reagent, Italy

Fluka, Sigma-Aldrich chemie GmbH, Germany

Merck, Germany
Merck, Germany
Merck, Germany
Merck, Germany

Merck, Germany




Table 6. Instruments used for the experiment
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Instruments Model Company/Country
Balance B3100S Sartorius, Germany
Blender TYPE 276 Moulinex, France

pH meter SevenGo SG2 Schott, USA
Spectrophotometer UV-16001 Shimadzu, Kyoto, Japan

Microplate reader

Power wave X

Biotek, USA

Water bath W350 Memmert, Germany
Colorimeter Quest xT Hunter Lab , USA

Hot air oven Memmert, Germany

Auto clave SS325 Tomy seiko Co., Ltd, Japan
Digestion unit Kjedatherm Gerhardt, USA

Distillation unit Vapodest 30 Gerhardt, USA
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1.1.1 manuiunsa 419 laanTod pH meter (A.0.A.C., 1990)

1.1.2 U5maluTasnunavualagds Kieldahl (A.0.A.C., 2000)

1.1.3 USuannudu (A.0.A.C., 1990)

1.1.4 15uaud1 (A.0.A.C., 1990)

1.1.5 Ysnaananszivie 1dnanua (Hasegawa, 1987)

1.1.6 YSwa lasiFaeiiv (Hasegawa, 1987)
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1.1.7 ﬂ?mmigauw?ﬁdﬁ%mmwm (Vanderzant and Splittstoesser, 1992)
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1.1.8 5uauae Halophilic bacteria (Chaveesuk ef al., 1993)
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Figure 1. Total nitrogen content of protein hydrolysates during fermentation of mixture of seafood
by-products. FB = fish by-product (fish frame/salt = 4:1); FB+10S = FB+10% w/w
shrimp cephalothorax; FB+20S = FB+20% w/w shrimp cephalothorax; FB+10S+10SQ
= FB+10S+10 % w/w squid viscera and FB+10S+20SQ = FB+10S+20 % w/w Squid
viscera
« “” Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.
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Figure 2. Formal nitrogen content of protein hydrolysates during fermentation of mixture of
seafood by-products. Each treament is described as Figure 1.
« “” Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.
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Figure 3. Ammoniacal nitrogen content of protein hydrolysates during fermentation of mixture of
seafood by-products. Each treament is described as Figure 1.
a-d . . . . . . . .
« “Y Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.
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Figure 4. Total volatile bases nitrogen (TVB-N) content of protein hydrolysates during
fermentation of mixture of seafood by-products. Each treament is described as
Figure 1.

« Y Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.
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Figure 5. Trimethylamine (TMA) content of protein hydrolysates during fermentation of mixture
of seafood by-products. Each treament is described as Figure 1.
« “Y Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.
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Figure 6. Salt content of protein hydrolysates during fermentation of mixture of seafood by-

products. Each treament is described as Figure 1.

a-d . . . . . . . .
« “Y Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.



41

1.2.2 Qmﬁnymzmamﬂmw
A Y v W A ' @ 1 A a1 oA
ﬂlﬂﬂlﬂﬁ?]‘ﬂUlﬂmﬂﬂﬁ?mﬂ?ﬁﬂlﬁ‘]&lma@ﬂl’ﬂ{lﬂﬁ1@1jﬁi’JlIﬂ‘]J’L’f’JL!?J‘L!”']Mﬂ'I‘WL’OGlf
=& 1 o a A (=Y v Y A A =
LL’dﬂ\‘IGl,u Table 9 G]N‘W‘]J’J'Ii$EJZL’JEH‘I’TSJﬂ!,!,ﬁzﬂ1§LG]3JW§E]Vme3JVI’JQQ"UTJ Wi@Lﬂi@\ﬂU‘l’iMﬂ

2 Y1 A Ay v o 1 o 1 A v o w
IﬂfJi’JlIVlll1]Wﬁi‘l’iﬂ'lWL’E]‘]ﬁl@\ﬁlﬂ\iL‘Vfﬁ’Jﬂhlﬂi]'lﬂf‘ﬂﬁ’ﬁllﬂlmﬂﬁNﬂu’ﬂt’JNlluﬂﬁ'lﬂﬂlu (p>0.05)

Y
=~

Y ]
naneowduwann 1wilng nsaeziilu uazasdsznon lulasaui ldanmsges Tsauas

4
v oa

A { o 4 4 1 < 4
Hautianiugumsnldsunasvesiites (ies) (9138 Taiaa, 2542) ed1elsnauiied

[
=

a v Y A A = a A A 9 v A A
ﬂ'limMW’Jf]\?"l]'l’)&l,ag/ﬁi’ﬂmiﬁliiuﬁllﬂﬁlu‘ﬂih'lm‘ﬂLW?JﬂJHﬂJE]\?LWﬁ’J'I/]Vlﬂi]'Iﬂﬂ'ﬁWﬂJﬂll‘]JiiJ'lm

e

' Y
oMt wNuIU Taomwiz luga FB+10S+20SQ  Taylor uazAmy (1987) Na1231013
= 1A IS aaa = J a ) . aaa =

nlaguulasmiiitesilunaanlgnsenansuendiady (Decarboxylation) tazlfnsendey
a o % Aaaa a @ Y I a
WIUYU (Deamination) éﬁqﬂgﬂﬁawuwaﬂﬁlﬂuwamﬂmimﬂ oxidative deamination U9

a a a =4 o Y a a d'
n3Azdl 1 TAAINTTUUBIYAUNTE Pediococcus halophilus M IHINaa1dsznovoy Tsuan
= < Y 1 . . . . . .oA Y1 A gl
Hanudunsa llmlﬂ formic, acetic, propionic, 48 isobutyric Hralvmeyvesirdaanas

] 1 A -4 0911 I~ @ o a 1
(Virulhaldl, 2000) @2unsainafemdiuyuiiviiunaninmsuinmlfinaaisisznound
' ' = = a = .

AN UAN (Aquerreta er al., 2001) 11 won Tuitle iy waz lasunitaeiiu (Orejana and

Liston, 1981; Hultmann and Rustad, 2004)

= o A

maluveunaln ldanmsniniaqaumasuestlain laswiuiaaouq
waaaly Figure 7 wunmsaunsodlunininaldan L*, a* uag b* voavouralInnmsnin
° 1 A o dy A = R AA o o A A d‘y
AN NYEANAADID U NINILINNTVDIHUNNTAT TUAIWIIWNLNIAT a* uag b* WAUNNAIU
' o ' ' A o A o a1 A L g 9 A A
Tuszrineamsvin daua1 L* anaulowinasy 2 wou mniulaunuiu@aniooaz ia1ai
ATLRIMTNINATY 6 1ADU APAAADINLIIBUYBY Disaraphong (2005) ANVIIAT L* anad
A ™ A A 2 A A o aw A '
WenNNATY 4 Aoy uazsivuyu Ao U 8 ¥9INITHIN tazHaveINUITeUNLI Uy
naaosh liTnsesluniin elimsmnlSuaniiddinalda L* uaz b* anas luvmzd
1 1 =W Q' d%l 1 4 g‘ 1 1 d‘d 1
Klom 140 (2006) 518911101 a* tag b* annuauluseniemsniniinal dausa L* Al
lel I aaa a A g’ A ' @ Ed . . .
mmumﬂuwamﬂﬂgﬂﬁmmimﬂﬁummm‘lnmﬁmau"lw (non-enzymtic browing) 4a¢ Kim
Y
HazAMe (2004) 51891UNA1 L*, a* taz b* Iaraaadluseniamsniniilanuninasy 6
' 4 [
o vzlimnsiauduganisviin msfinaminaaesveaazdiin1sIReuaAna19i Y Laaa

Y
3 a v

] ' ' a { % 3 %
Tfiuiagaunlumdveswiia uaznuainildluniswiin sauisanignmsvidn uag

Q

igﬂgl’m'Iﬂﬁ‘l”iﬁﬂﬁllﬂﬂ@h\iﬁjud\‘iWﬁiﬁ}llﬁlwaﬂﬁ“l/lﬂﬁf)\iﬁllﬂﬂ@iﬁﬁu



42

"'S0°0 > d 1B JURIAYJIp APuedjIuSIs dIe SI0))9] SOUIIJJIP UM MOI B UL SONJBA UBIA]

'S0°0 > d Y& 90UQIQLJIP AJJUBOIJIUSIS 918 SI0NA] SOUQIOHIP M UWN[0D B Ul SIN[BA UBIN

(P-®)

(@)

"UOIBIASP PIEpUB)S F SUBSW Juasardol SoN[eA.

npnq

[BIOTOWIWO0 = NPNQ PUE BIAISIA PInbS M/M 9%407+S01+8d = OSOT+SO1+dd Pue 100sIA pinbg m/m % 0T+S0T+dd = OSOT+S0T+dd

xesoyjoreydod dunrys m/m %0z+dd = SOZ+dd xeroyioreydoo durys m/m o0 1+dd = SOT+dd (14 = 3es/ouwely ysiy) 1onpoid-£q ysiy = g«

FTOFSL9 L11°0TTL9 L 910FT6'9 s 80°0700°L WSTOFST'L FEOFST L OS0T+S01+€d
., 60°0F6L9 wqoCT 0099 e 1'0F6L9 w91 '0FS8°9 LSO0FSO'L 9107669 OS01+S01+€d
o FO0FSL9 +90°07€9°9 201 0F6L9 T 107069 L100FST'L €1 0F169 SOz+ad
.90°07089 o1 1'0F8Y9 8107599 neP00TES'9 LLT0F669 o SO0FS89 SOT+€d
0T°0T8L9 LLO'0F8E9 <« FO0FSS9 £egCC0F69°9 LCI0T169 «(C00F19'9 a4
9 S b € (4 I
YIUOJA] juduIeA I,

‘uoneIudULIdy Surmp (s)onpoid-Aq poojeas Jo aImxIw Jo) sajesAjoIpAy urdjoid jo anjea Hd ¢ 9[qe ],



43

Lightness (L* value)

Fermentation time (months)
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Figure 7. L*, a* and b* values of protein hydrolysates during fermentation of mixture of seafood
by products. Each treament is described as Figure 1.
« ““Mean values in a equal fermentation time with difference letters are significantly difference
at P <0.05.
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Figure 8. Total viable counts (log CFU/ml) of protein hydrolysates during fermentation of
mixture of seafood by-products. Each treament is described as Figure. 1.
« ““ Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05
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Figure 9. Halophilic bacteria of protein hydrolysates during fermentation of mixture of seafood
by-products. Each treament is described as Fig. 1.
« Y Mean values in a equal fermentation time with difference letters are significantly difference

at P <0.05.
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Table 11. Antioxidative activities of fish protein hydrolysate fermented with various ratio fish

fillets by-products, shrimp cephalothrax and squid viscera and commercial budu

Reducing power ABTS DPPH
Treatment (mmol Trolox /ml sample+ SD)
FB' 0.622 +0.01'c 2.083 +0.02¢ 0.102 + 0.00c
FB+10S’ 0.590 + 0.00c 2.430+0.03d 0.079 + 0.00d
FB+20S’ 0.551 +0.00d 3.620 + 0.01a 0.153 + 0.00a
FB+10$+IOSQ4 0.730 +0.01b 3.279 + 0.09b 0.100 + 0.00c
FB+10$+2OSQ5 0.824 + 0.03a 2.902 +0.01c 0.122+0.03b
Budu’ 0.383+0.01e 3.660 + 0.06a 0.159 + 0.02a

1,2,3,4,5,6.

FB = fish by-product (fish frame/salt = 4:1); FB+10S = FB+10% w/w shrimp
cephalothorax; FB+20S = FB+20% w/w shrimp cephalothorax; FB+10S+10SQ =
FB+10S+10 % w/w Squid viscera; FB+10S+20SQ = FB+10S+20% w/w Squid
viscera and budu = commercial budu.

Values represent means + standard deviation.; (a-¢) Mean values in a column with different letters

are significantly different at P <0.05.
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Figure 10. Browning intensity of pasteurized seasoning SPH during storage at 28, 35, and 45 °C
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Figure 11. L*(a), a* (b), and b*(c) values of pasteurized seasoning SPH during storage at 28, 35,

and 45 °C.
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pasteurized seasoning SPH during storage at 28, 35, and 45 °C
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Figure 13. Reducing power in liquid phase (a) and solid phase (b) of pasteurized

seasoning SPH during storage at 28, 35, and 45 °C
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pasteurized seasoning SPH during storage at 28, 35, and 45 °C
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Figure 15. Sensory scores of pasteurized seasoning SPH during storage at 28, 35, and 45 °C
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3. Unlaasazarenanaldaindled19dSuias 1 Jaaans laaslulreuniu
v
FUUDN
a S Y A o
4.7lachaeunguddeaniunound
=y d o J (a A Aaa 1 c?/‘ =y
5. dulanesiadaladlSuins 1 Hadans laasluramiusuuenudltar
4
AU

Y = 7 y g Y Y o
618989 AU THasazag g U nNTUIIAIIAY
7. UnNguugiide sy 1-2 43T
8. latasad 158010 inner  ring Advd15azwWIATTIUNIA laTaTATETN
v 9 4 = AN G A
WYY 0.02 wosuRa IUN)AsUMINFAs T UFYNY
o Yq ¥ Yy 9 9 Y o l
9. M3 blank 1419 TCA 1nTUTo8aL 4 UNUMIANAIINGIDH1S

10. AUIMHIYTNIY TVBN 1ag TMA ¥09679619 910 gAT

15172 TVBN 1ag TMA = anududiuaued HCl (M035100) x (A-B) x V x 14x 100

Y
WninuIelSiasaiedis
A a a d‘ 9 v 1 a Aaa
A v smasvesaisazareniasgiunsa lalasnaosni ¥ lamsndaed1s (laaans)
B fio YSuasvesasazavnasgiunsalalasnaeini 19 lamsa blank (Haaans)

A a Aa A 9 v W L] A Aaa
V Ao “lJiiJWIii’JiJGU’ENﬂiﬂulﬁiﬂa91503Gﬁ@lﬂﬂi‘ﬂﬂﬂﬁﬁﬂﬂﬂ’l@mq (Uaaaag)
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26. M5ANTITHFNATINAPMIIZMITVBS (A.0.A.C, 1995)
=
s
a ! Y g 7w =
1. Far03 lUATN (AgNO,) M1ATFIU ANMATNTU 0.1 UBsNa: 0U AgNO, N
a =~ o ' Y3 & o
gl 100 eersaien U1K 1-2 92119 Uaselmiaululogannudu 49 AgNO, 16.9870
@ g’ o Y a <3| a < =
a5y azaglurihndu Ysulsinasdlu 1 aas iy luvaadn
2 Yy 9 d v
2. n3n luasn (HNO,) Anududu 6 ussia
= Y Jo o
3. Tnunengon InTe legnua (KSCN) aAnmdudu 0.1 uesiia: 43 KSCN 9.8
[ 3’ ) o a < a <] = o = @
nsu azatelihnau YSudSuesdu 1 das muluvaadsn i lifievuasgiuiyu AgNo,
) o A Y g A
ANVVLUY 0.1 UpsUANOMIANUAINTUNUUUOUYDI KSCN
a A 4 . . ~ Ja %
4. @5aza1EdUAIANDS (ferric aium): azalsuey IuHomHasIndamle
o g’ o a aa a J @
(FeNH,(S0,),) 40 n5u lwrinau 100 dadans udvea luasnanududu 2 uesiia aglil2-3
nea
aa a d
IBEMIINNY
Y v
1. 99919d 0819811 Inaw 10 11 gaun 1 dadaasldasluviaglsuyvine
250 aaang

aaan [

2. 18 AgNO, ael1) 10 Hadaas (Idsmasuininuwelumsilgaserny

D-

NaCl thaiilunznouves Agcl lanua) wirlidhdu ududu HNO, Y5u1as 30 Taddas e
o o (mma o . A A da g J
Hloariu AgNo, Tl §A5e17D anion stiadunTioglurinla
4 [ 1
3. e lveon o awdeadszuia 15 Wi e liinzneunluly Agcl
9
azae laniug

a Y

1 a a 4 aa o § o
4. 1ﬁﬁ13a$ﬁ18@uﬂlﬂm@iﬁ\ﬂﬂ 2-3 Haaang Lla'lulﬂlﬁi‘ﬂﬂ‘ﬂ KSCN Gd]fwzm

E4
a = = v =R

URATe1NU AgNO, dauiitde ledegagarzliduasdgnadu tuiinliuias KSCN nld
5. mafulFunanievediode 1ngas

USuannaedesas = 0.0058 (Y-X) x 100

w
A a A Aaa Y 9
Y Ao Ysuinsves AgNO, (Waaaa7) x ANUUNVU AgNO,
A A Aa aa Yy 9
X Ao Ysuasues KSCN (Waaaas) x ANuIyIu KSCN

A a v 1 a aa
w a1 UYsuiasaioes (Waaang)
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v6. MIIANZHINSNad (A.0.A.C., 1990)

d
ginsal
1LIA A
2. 870191
2
3.T0QAnNUAY
aa
B3

J o A Y Yy v v o =
1. IHIHUNNUHUUDUUDIDIYLNT Iﬂﬂﬂ15a1iﬂﬂﬂlw1ﬁlﬁﬁ$91ﬂu1ul“lJLFﬂ‘V]

A = Y 1 dgl’ Qy Yq Y < o oy Y] )
gl 550 -600 essuwarFoa udne1ldlulogannudundAlmdu Foimin sau

e ®

=).

MUNAY

=o

2. $ad10614 2-5 nSulaludemn

3ah e Tnueniu udganin

a =

aahdmdnenae Tuauw Rgungdl 550 -600 peruvaIFod uIvlszuw

U

v
=1

o ' { L4 ] 1 S o
5-12 91 Twe wiovundtee ladnauysal lulidunduddundond

R

Y E4 Y

o 1 A < T o o
sahdrewuduer ldluToganudund 1A %au Fainnin
6. mamunlsmand1vesdied e angas

Y
UsinaudrSosaz = thminveud X 100

Y
%

HHINA9819

v7.. InzrdSunailueaniiaving (Kahkonen ef al., 1999)

U

d
aquazgilnsal

l.m?m Ya'luTasman (microplate reader, PowerWaveX, Biotek, U.S.A.)
2. TuTasman (microplate)
3. luTasdula (micropipette)
=
a1ny
1.nsaunaan (gallic acid)
2.Folin-Ciocalteu’s reagent

= J Y
3. TaRenm eI (Na,CO,) 5098 7.5
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NISAIINATAZALHNIATF I Gallic acid
~ a YA Y 9 [ =)
WIsNAINIATIIUNTaLNaan A MALdY 6  S¥AU A 0.02, 0.05,
Aa a o " A Aaa Aa aa 3’ o I @
0.10, 0.2, 0.5 Az 1.0 Naansuasanans ANUITNTUa: 5 Naaans laslminauiludd
nazany
MstAseNaIsazare Folin-Ciocalteu’s reagent
e Folin reagent 1 10 Hadans adluviadsvilsuas vuia 100
A Aaa % a Y oy o A Aaa Y a 9 a A 4
Haaans Usulsnasareinauauasy 100 Naaans uallaaeegiiioulesd
= = J
MIAseNTITaz e BALNAITUDIUA
q'/ = 4 [ 1 [ a
¥alg@eumsuaiuanl 7.5 a5y o1eadluviadsulsuias vuia 100
Y v
Haaans USulsinasdreinauauasy 100 daaans
= Y] \l
MSINBNAIDET
0 P o ' ] A ' <
1. thygilgesamanes lsdnsesiiudvnuiaietsnd uveands uay
4 4
YOUHAIVDIYAYITANIA05 155
2. youmadrnuen' 1811 11n 509 1UATZAIAIDI Whatman No. 1 1211111
Y A A a a 3 A a =\
vssguIauiIannudladin ifungangil -20 e saIfod

U

Y v
3. druveandairldnwdudsio@ortiundnirldade Inesadaednalduaa

a

1 a 3’ o a I 1 Y] 1 09/’ o 1 H
sUww vazi@mihnaudsuandu 4 mvesdaedie vt 1Ty Water bath gaivigi

U

Yy v
A v A

=~ < Jq ¥ ! o 1
50 e usarsed 111ua130 wn ﬁﬂﬂ\ihl’lalﬂlﬁluﬂfJHHWUlﬂﬂi@\‘]W1uﬂﬁ$ﬂ1‘]elﬂi@\‘l Whatman

a =

Y o Y A A a a 3 A o
No. 1 udani lussyurauddnilsiaainnuigungi 20 esmusaidod @audasain
Yen and Hsieh, 1997)
MsNAToU
Thadree19d5u1a5 20 Tulasans aslu  96-well microplate Titla
4
@130¢018 Folin-Ciocalteu’s reagent avlumsaindi nauag 100 TuTasans vniuthia
= 4 [ [ Aa o 9 A I
msazarw lwdeumsveuaasluaisdiodis vquaz 80 1ulasaas wn 1A lundaiduma
30 i Jasimsganaundeainnuednau 765 w1 luwas 4281509 Microplate Reader
Y 1
(PowerWaveX, Biotek, U.S.A.) Tagliimnay 180 lulasaaswaunuaisananeiusiuiy 20
Aa 3
1375805 114 blank sample
suilawa
o Yy 9 a = a oa/’ a
Aannuuiuve)smativeaniwualugvesanyansaunaan Tag

a ) [ 1 < o d @
cl%ﬂiﬂ/\lm1ﬁ5§1uﬂlﬂﬂﬂ'§mlﬂﬂaﬂ ﬁ11(i5‘]Jﬁ'JLl"’IJi’]QLLGU\‘]“’IJ@Qyjﬂﬂj‘ﬂiﬁWTﬁﬁlﬂiqicﬁ ANTUNIT
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C =c¢xV/m
d' a =1 a 09; a I~ [ 4 a [l
Tagn C = smamsdsznevilueaniavua Aatlunsuauyadvesnsaunadnde 100
Y
nsuvennlenveInIng
9 9 a =\ = a
¢ = anuuTuvednsaunaanIsuMmeuaInnIIuIaIgIveInIALNaan
(Jadnsusoadans) Tasthainisganauuasiinnueaau 765 w1 Tumas
(OD 765 nm) YDIHIVINAVAINITAANAULUAIUDI blank sample DON LAINU
1 Q) 1 a 9 a o 1
antlua y Tuaumsi ldnnnsvuiasgiuvesnsaunaan fuismial x
Vv = 1suesvesaisana (Jaaans)
g’ -7 = % ] [
m = Wninilenvesningd (ATN)
o Y 9 Aa =1 a 3 a
Aanuutuved)snatiiueanimualugivesauyansaunaan Tag
a o [ 1 J o
T¥nslinasgiuvesnsaunadn dmsudiuveunalvesygilgssamanes 155 aeaunis
C =cl/v

v = 15masdieda (Waaans)
¥8. InzHaEniAnsMueLadasy

[y o Ly d
mansendetsvuygilsesamanessd
o o o 1 9 A ] <3
1. syl psawmanes lsEnsesdIufnvuaiensndIuo i tag
'l J
YOUHAIVBIYAYFITANIA05 |55
2. youmadnuen' 1811 11n 509 1UATZAIYATDI Whatman No. 1 1d21i1 11

Y A A a a 3 a a =\
Uiiﬂﬂl?ﬂllﬂi)ﬂ“ﬂ‘ﬂumﬂﬂﬁuﬂ INUNYUWHU -20 DIFIHALT

U

Y v
3. dauvodiai ldgaudwdiomendu udnirllada lnedsadiedraldua

a

1 a 3’ ) a I 1 Y] 1 09/’ o 1 H
sUwww vaz@mihnaudsuandu 4 mvesdaedis vt 1Ty Water bath gaivigi

U

y v
A v A

I~ < Jq ¥ < ! o 1
50 e usarsed 111a130 wn ﬁ\‘lﬂ\iul’lalﬂlﬁluﬂfJHHWUlﬂﬂi@\‘]W1uﬂﬁ$ﬂ1‘]elﬂi@\‘] Whatman

a =

Y o Y A a a 3 A o
No. 1 Llﬁﬁu'lulfﬂUﬁﬁﬂﬂlﬂﬂl!ﬂ?ﬁ“ﬁ’lﬂuﬂ’lﬂﬂﬁu‘ﬂ NUNYUNHY =20 DALV (ﬂﬂllﬂaﬁ]’lﬂ
Yen and Hsieh, 1997)
= % ' o U d' 4 %
ﬂ]i!ﬂiﬂﬂﬂ3@ﬂ1§ﬁ1ﬁ5ﬂﬂlf’)ﬂ!‘ﬁﬁ?ﬂ1ﬂ§nﬂfni‘ﬁ?»lﬂ
ﬁ”l“’l]@\?!ﬁﬁ]ﬁ"lﬁ}inﬂﬂ1iﬁﬁﬂll1ﬂ5@ﬂ§i1uﬂ5$ﬂ1yﬂ§ﬂ\1 Whatman No. 1 ﬂ'i’]u

il 129
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U8.1 DPPH radical scavenging assay @an)asan Wu et al., 2003)
[y d
aquazailnyas
1.1n3933a lu Tasimwan
2. TuTasman
3. luTastlnle
=
AR EY
1.DPPH ANUA 4 0.15 1ad Inanoaas
2.absolute ethanol
317583 DPPH stock solution 134 Absolute ethanol
WSeua1Tazals DPPH  1RuaMMdudY 0.15 Had Inaneans 1agn1isd

DPPH 0.0024 n5u azasuazdsudsuasluviadsullsiias I¥asu 100 dadaas aie

v
v

<3 Y = ~ a = = J 9
absolute ethanol 1N 13 luvaadan Nguvgl 4 esruwadea (Arswsounouls 2-3 4 1uq)
MSIASBNAITINGG Y
Aq YA s X v o a A aA Sy
drsuasgiunldne Insaend Fudueyiusvesiamiudnazareiila
=) Iy 9 9 [ A [ =Y
wIeuTiNANUTNTY 6 T¥eu Ap 10, 20, 30, 40, 50 waz 60 lulasluaneans AW
a Aaa < ol o
Wutuaz 5 Haaans laeld absolute ethanol 1Wudiiazare
MInaaoy
Tuladredraanududunmuizandsuias 150 Tulasaa aslu 96-well
. F2 a P 9 9 a a (= A
microplate UAANA1TAZA18 DPPH NUANMTNIY 0.15 Haa luaneans USuias 150
a @ 1 @ 4 [ o { I [ 1
TuTlasaas asluasdedamanlidnsudlamioadt sin 13 lundadlunal 30 1 Jaa
MIgANaULEINANUEIINAY 518 U1 TUINAT AI8IATBY Microplate Reader (PowerWaveX,
Biotek, U.S.A.)
HWHEIHE
A % 1 a a c’o‘ c:/ a
Blank sample Ao a15@10619U511a5 150 Tulasans + ¥induilsuing 150
TuTasaasg
A a a Yy 9
Control A0 @15a2a18 DPPH 151103 150 111A3803 + ethanol AU

Fouaz 75 Usuas 150 lulnsans
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Ssumlana

AuaauaIIodueyyadaszves DPPH lugilvesauyalnsaond
d o [ 1 I~ I'd Jd o
Tagldnslinasgiuvesinsaend dmsudiuvesdeuoaygilyasamdnes 15s aeauns
C =cxV/m
{ [ a [ o
Tagi C = anwEwIIveYYadaszved DPPH WsunumsuasgiuInsaons (lu
o ol [} g’ v A [} 1
Tas Tuaauyadved Insaendgaonsuvenimindlonyoidied1a)
¢ = ANNEMININIVOYYadAsEYed DPPH nl3suieuainnivliasgiuveding
4 LY ) U A d‘ d'
aond  (lulasluadedns) TasihainsganauudannueIAdy 518 U1
Tuw@as (OD 518 nm) ¥04 control AVAINITYANAUNAIVDIAIDE 1AL
1 I [ {
blank sample 800 udwnuaniuar y luaumsildnnnsuiasgiuues

¢ o '
Tnsaong MUIUMIAT x

Vv = lsuesvesaisana (Vaaans)
09’ % =~ % 1 [
m = Wminitenuesaingrs (nTN)

o 1 Y] a [ 4
AUIUAANUTINITIUDYYADATEUDI DPPH L“ﬁﬁlﬂﬂﬂﬁWﬁNWﬁﬁjﬁuI‘ﬂia@ﬂcﬁ (ulll
4 1 A Aaa [ L] o (% 1
IﬂijllaﬁlllluaEJGII'E'NI‘V]ia@ﬂcﬁﬁﬂﬂﬁﬁﬁﬁﬁﬂlﬂﬂﬁﬂﬂﬂw) ’ﬁTﬁ5’Uﬁ’)uﬂl@ﬂlﬁa’ﬁl@\‘lﬂuﬂﬂqiﬁﬁWWﬁ
4 Ay ¥ % (%
L%@ﬂicﬁ Llag"ll@%‘ﬁaﬁﬂulﬂﬁnﬂﬂWiﬁﬂJﬂ ANTUNIT
C =c/v

v = 15uesaiegns (Waaans)

U8.2 ABTS radical cation scavenging assay (Gollﬂ!!ﬂmi)m Arnao et al., 2001)
Y d
aquazgilnsal
1.Lﬂ§6\1 Ya'luTasman (microplate reader, PowerWaveX, Biotek, U.S.A.)
2. TuTasman (microplate)
3. luTasdula (micropipette)
=
a1ny
1.ABTS aAnududu 7.4 Had lua/ans
2. potassium persulfate (K,S,0,) ANMANAU 2.6 Had lua/ans

3.absolute ethanol
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MIAIYNAITAZAYDUYADATE ABTS

v
v [

9583 ABTS anududu 0.014 Tuadodans Iagsa ABTS 11 0.7682 NS
[ a [ a A aa 3’ o 3
azarouazlSulsuasluwiadsudsuias asy 100 Hadans areinawnu1ilu
Y A ~ a9
PIALAIAY NYUNYUH04
= = J o Y 9 a A 1A
wIsy InunaFenmoisama (K,S,0) anududu 48 Nadluanoans

ABFY K.S,0. 11 0.1324 n5u azarouazdsudsuasluvialsuilsuas 1iasu 100

27278

o—N

Y v
%

aa 9 o < 9 = = IS
afaaAT AWUINAY LﬂﬂhljcluelljﬂﬁGHT NYUNYHUNON

Z)

M3eNETaz 180 YYAddsE ABTS Taoh ABTS anududu 0.014 Tuade

aaa Y

a o =~ J Y 9 a A 1T A @ 1
anq ‘V]T]JgﬂiEJ”Iﬂ‘]JTWLLTIﬁL%EJlJLW@iGBmW@] ANUUNUU 4.8 Uaaluaneans ludasiaiu

Yy 9 9

Y a A J
L1 (ANUUNIUTANIYUDI ABTS wag InundiFeumegama ﬁf) 7.0 oy 2.4 lJﬁﬁIllaTi)

q

=

IS A A Ay < ) o o Ay v A Y
mﬂu‘mm ﬂﬂﬂlﬁﬂﬂﬁ@ilﬂumﬁW 12-16 “If’ﬂll\? ‘ﬂWﬂHHUWﬁWiﬁgaNWlulﬂ?JH%fJﬁ]Nﬂ’JEJ

q U

Y

d' Y A [ d' = =
absolute ethanol 1o 14 IdAIMsganauuaumny 1.1+ 0.02 71 734 1 Tumas A25A3ouiud
Aouls
MISIASENTITNINGG U

Aq YA o a Y Yy v o A
arsmasguilsae Insaeng wsenldlianududu 8 szdu Ao 50, 60,
1T A 9y 9 a Aaa Y
100, 300, 400 waz 500 ulpsluadedans anududuay 5 Naaaas 1aely absolute
I~ v o
ethanol 1HuA1azae
MINaaoL
Tuladregnanududunmunzavilsues 15 lulasans aslu 96-well
microplate Wilad1sazareoyyadasz ABTS asluasaiodanauay 285 lulasans nli
AA & a & o A ~ A Y
Tundalunar 120 W NTUTAAINITRANANLEINANNEIAAY 734 U1 TUINAT A7Y
CEGR Microplate Reader (PowerWaveX, Biotek, U.S.A.)
HIITE)
A (% ] a a c?’ q'/ a
Blank sample 719 @156208191381035 15 lulasans +WinaudSuing 285
Tulasans

Control A® ethanol ANMTNTUTDEAL 75 USU193 15 TuTasans + arsazate

eyyadase ABTS U5y 285 lulasdas
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Ssumlana
o (% a o 4
MUIUANUANTOIVOYYadATzYed ABTS Tujluesauyad Insasns

(Trolox Equivalent Antioxidant Capacity; TEAC) Iﬂ81%ﬂ51wu1ﬁ3§1uﬂjﬂxﬂﬂiaﬂﬂ0§ N

auMs
C =c/v
Taoi ¢ = anwawsadueyyadaszues ABTS iWenfumanasgiuTnsaend (lu
Tns Tuaauyadves Insaondeaoiinnanivesiing1q)
¢ = ANUAITULYYAdAITYeY ABTS nlisuiisuainnivinasgiuveding
aond  (luTasTuadedns) TashAinsganauuaaiianueina 734 1
Tumas (OD 734 nm) U84 control  AVAINITYANAUUAIVDIAIDYIIIAY
blank sample oon tdwnuanium y lugumsildnnnsinasgiuves
Tnsaond MuIUIA x
v = 5unasdied (iaaans)

v8.3 mydanriantamaiudliidodnnseu (reducing power) (Oyaizu, 1988)

1. wn5eia luTasman (microplate reader, PowerWaveX, Biotek, U.S.A.)
2. luTasman (microplate)

3. luTastla (micropipette)

GARIGEY
1. TsRenvloanlatimes pH 6.6 anududu 0.2 Tuans
2. potassium ferricyanide foraz 1
3. M3aza1enia lnsnas 1sezdan (TCA) WuTuToeas 10
4. A13a2@19 Ferric chloride 1115080z 0.1
MInagey
1. nladredraiinesadro Tndeuleaativiefids 200 luTnsans
2.ianTwRsuealatiinesuas  potassium ferricyanide ©619% 200
lulnsans

3181 TCA 200 luTasaag
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o d' d' 1 =~ =1
4.1/!1‘11JW1QIHLW'JEI\1°VI 10000 392UMIDUTIN Lﬂul’)fﬂ 10 UM
5. ulaveanan1d 200 Tulasans ldaaly 96-well microplate
6.19% Ferric chloride 40 Vluiﬂiaﬂi
o 1 A ~ A Y A .
7.'Jﬂfnfnﬁﬂﬂﬂﬁul!ﬁﬂﬂﬂﬂWﬂJ‘iﬂ?ﬂau 700 1“11!!,11@]3 AIYLATDI Microplate
Reader (PowerWaveX, Biotek, U.S.A.)
HNELTIA
) [ [ 1 d' Y Y Y Aa (% 1 ldl
1. ﬁﬁ(ii‘].l@]'.l@fﬂ\‘lellﬂﬂL‘Wﬂ”J‘W]’lﬂﬁnﬂﬂ”ﬁWNﬂi%ﬂill”l@]i@]?@fl”ﬁ@gﬂ 0.25
Hanans

2. dmFudeduygilgssamanes lsdludiiuveunarldSuns

v
1 =

o l 1A a aa [~ < Y ] v 1 Aa aa
m’a&m’ag‘ﬁ 0.25 yaaang mumﬂuﬂlmuﬂlﬂ%maﬂw 0.5 NFUADNAAANT

MANYIN A MIANTITHMIYAUNIE
d o 1 a P
Al M3IATZHUIINUYAUNIENI%UA (Total Viable Count) 1dun yaunsdnvou
Ao a A dA a a A A () a Y
gargia1 yaunsdnreuguugliunais nazgaunidn ludesmsernmalunisnsy aae
IMANA pour plate (Vaanderzant and Splittstoesser, 1992)
- I
a131ANIAZDINIFAYUYD
1. Plate count agar (PCA)

2.peptone water $o8ay 0.1
ad
IBNII

o A A Y] 1 % A A aAaa A 9
L. ¥r50dilan0819 15 nTurisouaanns aﬂquu peptone water I9YQL

A dy o A aa Y o Y Y o [ =
0.1 NaoaresIuIU 135 Haaans LLﬁTﬂ'lﬁlﬁléll'lﬂuIﬂEJﬂWﬂ"UEﬂlﬂuna’l 1 4N

o

2.911M35:999191% 107-10° Tae 1% peptone water 308@2 0.1

@ L]

v Y
3.9AR19619A WPz ANIINT0 2 pd WAz 1.0 dadans (113 1)
dy A dy Y
aslunumz¥e NI
4.1M01%13 PCA Baidsvaommaazlguvgilszuna 45 essuvadod

Y
aﬂummwwL%muazﬂizmm 15-20 Wanang
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[ tial’ Y dy dy (% [ 1 d’ 9 1 d' A
581U LB 111151 A8UFONFNNVAIBEIUATOIANV N1 1A
g a I~ a 09)1 <3 a c?/‘ o [l @ @
MsHUUIIZF TUTHA AN 5 AT NILTNUIRNT 5 59 Hwd1eTziinseTuas
< A 9 v 2 & 2 o
55 e luliemnsideudoudadinou
o 2 yvq v 2 & 1 o
6.a9n9 1A 1o sideudouaadii
1 dy d' = a do’d’ a
7.00M¥eN 35-37 3R v aFed  (Raunsdnsevguvgiliuna1t uag
a A A "y a o o dij 1< o
yaunson lidesmseomalumsniy) ludnvuzahnumziredune 24 42 Tug
v o = dy =
8.9529°0 U3 u Ia latinnaumiz¥yedszana 30- 300 Ialatl 5189 1UHa

a

o3| o ~ 1 Y = aa o l
Lﬂummuiﬂiaummmmamaammmmamq

TaTailnensursoliaaanivoddiedns = aunasvossiulalail x 5zAUANUADIN

p’ 4
A2. M3IN512HYSINauYe Halophilic bacteria (Chaveesuk ef al., 1993)
- s X
ANIUANUATDTINIIAENITYO

1. Trypticase soy agar (TSA)
2.peptone water $o8ay 0.1

3. Imaennanlsa NaCl
ad
35ms

a @ ] a Aaa d’d Y d' di’
1.1nladred19 15 Hadans aalugani peptone water 3080z 0.1 Nlaoaro
o Aa aa Y o Y Y o 1T =
U 135 Fadans uawh linnu laemswentunar 1 win
2. 11359991917 10"-10° Tae 1% peptone water $o8az 0.1
v Y
3. 9AA0819ANUITOINNHIZANINDD 2 0d19ay 1.0 Faaans (H1 3 41)
dy A dy Y
adluaumwizise NaUToLA)
A = Y KX o w =\
4. 1M0IM1T TSA Nl IyReunae l5asesay 10 FaMaavaeumaluasl
Y
gargllsznm 45esmaadea asluanuwizidoauazlszua 1520 daaans
1 tigl’ Y dy dy [ [ [l d’ 9 [l d' A
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