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Abstract

Project Code : MRG 5480064
Project Title : Angiotensin I-Converting Enzyme (ACE) Inhibitory Activity,
Antioxidant Activities and Biochemical Changes of Kem-Buk-Nud
during Fermentation
Investigator : Pan Promchote
Department of Agro-Industry, Faculty of Agriculture,
Ubon Ratchathani University

E-mail Address : pan.p@ubu.ac.th

Project Period : 2 years

Kem-Buk-Nud, a fermented fish product with salt and pineapple, is an indigenous
product of North Eastern part of Thailand. Unfortunately, the product is only available locally
for consumption. This might be due to lack of scientific information about nutritional value
and antioxidant activity for health promotion. Therefore, the objectives of this study were to
investigate chemical compositions, Angiotensin |-Converting Enzyme (ACE) inhibitory
activity and antioxidant activities of Kem-Buk-Nud during fermentation period. Protein
degradation related to ACE inhibitory activity and antioxidant activities during fermentation
period was also elucidated. Kem-Buk-Nud was processed by four different manufacturers,
including Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and Ratanasin (R), in Ubon
Ratchathani in order to better assess their contribution. Their chemical compositions were
significantly different (p<0.05). The moisture content, protein, lipid, ash and salt contents of
all Kem-Buk-Nud samples were 69.92-73.19%, 6.19-8.93%, 1.53-2.49%, 9.10-13.75% and
8.24-12.40%, respectively. During Kem-Buk-Nud fermentation, a dramatic decrease in pH
value was observed. This result highly related to the increasing of total acidity. Degree of
protein hydrolysis increased rapidly during 3 months and then was slightly decreased over
the Kem-Buk-Nud fermentation period as well as the trichloroacetic acid (TCA)-soluble
oligopeptide which tended to be decrease after 4 months of fermentation period, indicating
that protein aggregation would be occurred. However, protein was hydrolyzed throughout 6
months of Kem-Buk-Nud fermentation as the increasing of total volatile base nitrogen (TVB-

N) and formaldehyde nitrogen were observed. Kem-Buk-Nud exhibited ACE inhibitory



activity and antioxidant activities over the fermentation period. (1,1-diphenyl-2-picrylhydrazyl
(DPPH.) radical scavenging activity increased while 2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS.+) radical scavenging activity decreased with increasing of Kem-Buk-

Nud fermentation period. However, the higher ABTS.+ radical scavenging activity of all

samples (0.72-0.87 mmole Trolox equivalent/mg protein) were found when compared to
DPPH. radical scavenging activity (0.062-0.173 mmole Trolox equivalent/mg protein). After

4 months of Kem-Buk-Nud fermentation, DPPH. and ABTS.+ radical scavenging activities
tended to be high in L sample rather than in other samples, indicating product with highest
antioxidant activity. Reducing power of Kem-Buk-Nud also increased with increasing
fermentation period whereas a dramatic decrease in chelating activity of all Kem-Buk-Nud
samples was observed after 1 month of fermentation. In addition, ACE inhibitory activity of
samples was highly increased during 2-3 months of fermentation time. These results
indicated that antioxidant activities and ACE inhibitory activity of Kem-Buk-Nud depended
on the degree of protein hydrolyzation during fermentation.

In addition, the role of proteinase activities on protein degradation during fermentation
was studied. Autolysis activity of striped catfish (Pangasius hypophthalmus), a raw material of
Kem-Buk-Nud production, was highest at temperature of 65 °C and both pHs 3-4 and 7-8.
Crude proteinase extracts exhibited the highest activity at 60 °C. Optimum pH of crude
proteinase extracts was found at 3 and 8.5, suggesting the presence of both acid and
alkaline. Activity of crude proteinase extracts decreased with increasing of NaCl
concentration. Crude proteinase extracts was stable for up to 8 h at temperature of 30 and
60 °C and pHs of 3 and 8. Crude proteinase extracts preferentially cleaved Boc-Asp(oBzl)-
Pro-Arg-AMC  (59.49 Units/mg protein) and Suc-Ala-Ala-Pro-Phe-AMC (40.18 Units/mg
protein). In addition, the results found that p-tosyl-Lphenylalanyl-Chloromethylketone (TPCK)
Soybean typsin inhibitor and Luepeptin inhibited activities of crude proteinase extracts more
than 76 %, indicating chymotrypsin and typsin-like characteristics. Suc-Ala-Ala-Pro-Phe-AMC
and Boc-Asp(oBzl)-Pro-Arg-AMC was strongly hydrolyzed by the crude proteinase from Kem-
Buk-Nud throughout 6 months fermentation. Thus, predominant proteinase in the crude

proteinase from Kem-Buk-Nud would be a chymotrypsin-like and trypsin-like proteinase.

Keywords: Kem-Buk-Nud, Angiotensin I-Converting Enzyme (ACE), Antioxidant activity,

Fermented fish product
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Isiiazviusinalustuiaszas ldnanuamuitues Lowry etal. (1951) lagldasazans
ANa331% Bovine serum albumin (BSA) dudSanadadlnindindvinlasnitidaatng 1
nsu Wiunsalasaaalsas@fndutu 5% 9 Sadaas $1uu 10 Sadsas laludludfiaus

A a

50U 11000 rpm 1 w17t valwiuds 30 wdielwanaznan Uwnissfianuisisey 10000
xg 5w ﬁqm%gﬁ 4 pamraldoa JaUSumlUTAua 1835289 Lowry etal. (1951) lag
lassazasanasgiwinladn

1.3.2 USununasiad lad llasiaw (Formaldehyde nitrogen) aauUaiidvad
Nash (1953) 6188149 $1%3% 2.5 N34 LANNTA laTARaIaBaNUTY 5% $1wau 10 afaas
Taludludianuisaisoy 11000 soudew @ win 1 wft Unlusiiuds 30wl nsedrw
N3TANENI0ILEY 41 anaf1ad9t1an 1 50U TINsIUEIwlaLazUSUNoTeAs 1 N NaOH
1%le pH 6-6.5 Usut/Sunasiin 50 dadaas saoiinan mniuiiladiatng 1 dadaas 1o
Acetylacetone reagent 3 Aafaas wanlildnn ﬂwﬁqm%gﬁ 60 aIFLTALTER Wk 15 W1Tl



° v & RS ' o A A a a o
il dulasoldinlnacin TadInIganAuuaI 412 WLl e LS U uAURIIAZANY
Wosuad laduasgruuazldinnandn blank
1.3.3 USunmanafszine lenanue (Total volatile basic nitrogen, TVB-N) @78

3% Conway microdiffusion assay T4618819 2 N3N LANNIAlaTARE LA GANITNTY 4%
1% 8 UadaeY laludludnainut3rsay 11000 Jaudawin wiw 1w vnluiiuds 30
wWNNa lAaNazNak NTaINIRNIZTANBNTANLAT 1 NWILATZRALas LT naanIE LA
R1IRTAVUNRNITHINIUAIN 1% UAzBUALALA0S 1 T8ARAT M9uriIwIaulutaswnauwgl
RIUWIUAINTALWAN LA E9Laz U LaRITINAIT UL BAANAIDENIAS 1 HaRAAT DA 1WADY

6 1 % 1 [ =1 6 AI % 1 ai a a
LfawKENa2at19NU e TaNa1TUaL AR NG Uufigmannil 30 aseusaldod win 100
W7 NI INNIAGE 0.02 N HCI fsamwein TVB-N

TVB-N (mg N/100 g #1881d) = N X14 X (A-B) X V X100
W

N @& normality 789 HCL il lawasm

A &8 U51a3 (§a803) 189 HCL At lawasnanagig

B fa USunas (Nadans) 289 HCL Aldlawasn Blank

V fia USunassinaaseraniuas TCA nlflumaasuadiadng

W fla nunaee19suas (nd)

134 1032AUNILaY IAIzauMstaulaun1IALAINSH Free amino acid
group content (Benjakul and Morrissey, 1997) éula 125 lulasaas iy 0.2125 M
phosphate buffer (pH 8) 3141 2 JaRAT Waz 0.01% TNBS (3.41 mM) 31w 1.0 UaRAaT
R RIRRIV ISR ﬂuﬁqmugﬁ 50 a9@LTALDHE 30 WIN lwNde AN 0.1 M sodium
sulfite $1%47% 2.0 NAAANT ﬁnﬂﬁfuﬁﬂﬁﬁuﬁqmugﬁﬁaamu 15 UN fﬂmm‘:gmﬂﬁuu,aaﬁ
420 wilwauas  WIsuAsunUaINIesg % Lleucine  uazdanziuiunmnsnazily
3 ' % 1 [ % U 1 a 6 . . 3 o
NIRUALALNIHaLA1aE19a28 HCI LTNT% 6 N fawiLaTNey free amino acid 31N1HAA1I T
JxaUMILaY (degree of hydrolysis) @N35289 Adler-Nissen (1979)
a 6 . Y a

1.4 Aeseiauifiuagada:

nlaludludaradngeinta 1.1 AaN52700 11000 JaudawIn Wik 1 wiN
MNIULURIBINAINTITOU 3000 x g NAMWNE 4 asiaaiBus w1 10 wifl nsasdula

MENITAENTBILES 1 ﬁnahuflaﬁLmﬂ:ﬁauﬁ'ﬁﬁmawaﬁmz



141 @A 2,2-Diphenyl-1-picryhydrazyl (DPPH) radical-scavenging
activity ~ @auUada1n Anusha et al. (2008) L@38NAIBEIEITAzALLANLNUATATAIY
dutu 3 dasnsuldsdwdadans antunsuaaesns 50 lulasdas 7u 0.1 mM DPPH
1.95 §asaay Un lunfa 30 mﬁﬁqmwgﬁﬁaa awnfui’w@i'm’ﬁ@@ﬂﬁmmaﬁmﬁummﬁﬁ
517 wilwwas WIsuisunuassza1ou1aIgIn Trolox

1.4.2 191 2-2'-azinod-bis (3-ethyl-benzothiazoline-6-sulfonic acid)
diammonium salt (ABTS) @ 335289 Wiriyaphan et al. (2011) l@3au&1382a18 ABTS (7.4
mM ABTS, 2.6 mM potassium persulfate 1w 10 mM phosphate buffer pH 7.4) Lﬁﬂuﬁ'ﬁ@ 16
s lusnianld aninsa9198138za18 ABTS  dauansazanstwiwed (10 mM  sodium

phosphate-buffered saline (pH 7.4) I lddmIganauuas 0.7010.02 7 734 nm NNTAHHEY
fradIRITAzANBLANT NN NTY 3 Tadniy lUsdw Taddas $1wu 20 lulasdas nu
gn3azany ABTS 138919 1980 lulasaas wweh 30 3wft Asliluiidda 5 wit TAAINNIQANAY
W97l 734 nm WSBuiAsunUaIazANs Trolox HNATI

1.4.3 Reducing Power aauladiivas Ahmadi et al. (2007) PRI

granzanuANUNnaLtNdu 3 Sadnsn lusdiu dadfas 41U 250 UL wawny 0.2 M
Phosphate buffer (pH 6.6) 31121 1.25 JafaAT LAz 1% Potassium ferricyanide 41434 1.25
NaRANT mnﬁ#pﬂmﬁamaﬁqmﬁgﬁ 50 a9FLTALTER Wit 20 W11 LEN10 % TCA 31wIn
1.25 fadaas Uwwdesi 1500 x g 10 W9 LAUEITRZAUEIBIRINMIN 1 TaRAaT AL
naw 1 H888A3 uaz 0.1 % ferric chloride 0.2 A8A&n3 Lm”ﬁ'@mmsgmﬂﬁuLLaoﬁmwsJsm
adu 700 wilwwas wWisufisunussazans Trolox WATZIN
1.4.4 Metal-chelating activity @435 289 Decker and Welch (1990) G884

aIazasLaNINEALTYTY 3 Daansu 1saw T0d8aT $1ww 1 d0dses Ldusih 3.7
{835A5 2 MM Ferrous chloride 0.1 4aAAA3 WAz 5 mM ferrozine 0.2 JafaAs Luf
gaunDiIved 20 WM f@ﬁﬁmi@mﬂﬁuumﬁ 562 1WSsuifisudagnslasldinngs duane %
Metal-chelating activity 1a ﬂi“ﬁﬁ;’fm (1- (Asgp of sample/Asg, of control)) x 100

1.5 MINATLHNIEULI ACE siautladandsues Zhao et al. (2007) and Haiji et al.
(2010) @208 RITRZAULANUNHALTNTY 1 mg/ml 50 ul W&NNU ACE solution (25 mU/ml)
Ui 37 aveniaaiSos win 10 Wil LAy substrate (8.3 mM  Hippuryl-L-histidyl-L-leucine
(HHL) 14 50 mM sodium borate buffer il 0.5 M NaCl 7l pH 8.3) 1w 60 W17l Ngoanqil
37 aseniwaifos 9nuwdy 0.1 M HCI 200 m uazl@uethyl acetate 1.5 mL ansiwinll
UuinIeafl 4000 xg 15 wifi iusawla 1 wasinldszwed 90 asroaifos win 15 wifi
INIwAzaETIaEIRAETN DI 3 W8, f@ﬁﬁ@@ﬂﬁuuaaﬁ 228 WLULUAT AW % inhibition

1.6 SazrSuimniaazilulualat1aduiintaifani 0- 6 a283% HPLC



= a 1 1 = 1 a
2. Ansununaadtan losldsdinadanistagaans lUsauluisninantsuinmInen
WANUNTA
2.1 ﬁﬂﬂﬁﬂﬂkéﬁﬂﬂkxﬂ’]d%ﬁmﬁmaaLauvlsﬁﬂﬂial,ua‘l,uﬂa’]mw laun13@ne1AanIsy
nstdeuaaisallasuazianinvaenladlidusvanitedaanenlfiduiagavlunis
NRALANUNTA
2.1.1 NANTINMILAYFRNLAILDIVDIUANEINY
2141 @nwuavesgmnnddanidessaisdiiadsvesdarainy
ATTRNINITNNTL AL RALALDITaILa Laeitatw lrailisite
UYana1u352849 Geene and Babbitte (1990) lasld@ratnatitadanua 3 N3N UNaa819N
gounnil 0 28 40 50 60 65 70 75 80 WAz 90 IFNLTALTUR LTWIAT 60 UM WAZIALSN
lodlnindnalas3s Lowry et al. (1951) lawldasazag Iinlsdudussnnasgiu
2.1.1.2 ANWINAVBINLDT
ANENATDINLETADNIIAINITNAITLALRALAILa9aIUA laaliy
a9 luanIazautWinasnwLaT 3-11 laanntas 3-8 17 MaLlvaine’s buffer WLaT 8.5-
9.0 0.2 M Tris-HCI buffer 4az Wiaw 9-11 15 0.1 M Glycine-NaOH buffer L& o
Ad‘ 6 a & 2 U = &
qnmgsmLau"l,eﬁuLLamﬂﬁmﬁuqdq@sﬁa"lmnﬂmsmaawa 2.1.1.1 101281 60 WIN NI
AererUsunmladlnindng laeds Lowry et al. (1951) lagldzsazanslnlsduiduans
AR
=1 A
2.1.1.3 @nwNaVDILNAD
AnwNaTadnfadafanIIuNITtauRaLaILasuadlan lagldalnu
£Z U A 2 ) 1 nni 6 a n& v
TRV INRDTOHRY 0-20 % WALYINNNTLN Db qnmﬁ:umauvl,snumeﬂﬁmﬁugaqmﬂmm
MINAaaITe 2.1.1.1 tuan 60 wiA nuuitenziusinaladinndng lasds Lowry et
al. (1951) lagldasazae InlsBuwdussannasgin
2.2 @nAANTINVILa L oN L UTAURINANUIEINULALANLINGG
2.2.1 @nwAanIINvaILaw loilwialanansy
2.2.1.1 nIanataw loilwiailan
o ¢ o X o
anatawloy (crude enzyme) lasnsUukaNLtaUanUEITAZANY
WasWatiwiwas Naw 7.0 Tuaanaiw 1: 2 3nnwuluirdsdnNananiaw kminainuisivay
15,000 x g 71 4 BIANTALTUR W11 20 WIH NTBIRITALANUFIBLFHIVIIVNG WATHIUNTEAN
N39LU83T 4 sIazausInlan laaataw krailds@ine
2.2.1.2 Sz RnanIIuLew kil sa e
a e€a a L2 a £ U [ u“// £ 1
Sierzvnanstuldsainalaslfadudutwiaoas 1 idussasdw Ul

IazanaNgunuWasiWatwWiwas Wiaw 7.0 ﬁqwmgﬁ 60 DIANLTALTOFLTWLIR 20 W



wyananTsuewlmidisasszas TCA Tianzidiunuladlnindindlasds Lowry et al.
(1951)
=S a a A 1 a 6
2.2.1.3 ﬁm:maqm‘vm“mm:wmemm:awaﬂaﬂﬁmauauvlsnu
ldsGumaluitatan
Anmgunndnnunzaudafansamasaljitoveseulsdlugig
amnnd 0 28 40 50 60 65 70 75 80 uaz 90 asaiwaldos UulusnsazaenaswatWines

b U
=

Row 7 uazdnwmerfimunzaulugig 3-11 lasunlussazasiwinesigwdsanute
2.1.1.2 fnmsnagavianssuvasiawladlasldia dwaudusasas 1 1duansesew vud
gunnd 60 asrumaiumduiian 20 kil waafantsuewlmidinasazans TCA Tianzh
USunauladlnindng

a A

22.1.4 ?in'mLaﬁ'mmwmaaqamnmammﬁmauau"lmﬂﬂsﬁma

U

@

1 Fci a =~ U 6 Ad‘ (%
lavtnewlaingungil 30 asanaados droasszasiniwaiuazgungiinlaainnis
naaasta 2.2.1.3 laglfadudutuiosas 1 10wa130960%

=1 = 6 1 a a
2215 @AnwiNatadlaifouaaaliddananysnvadian lamillsdiug
v v = 6 v =\ v v v 3 v 1 [-%
Taoudsanuidutuaadnia 0-3 luais lasldiaduwdudusosas 1 tTwa15096% UuNL
v Qo a H Q o l& v
sIaza1saInaIazasiWiWeSuazgundnwunziun s seuladdsldainnis
NARDI

2.2.2 fdanssuvadtenladldsdiusndunuimdianlunszuawnisndn

analawlodlUsAiug (crude enzyme) lasnstuwauiitalainuansazans
WasWauWiwas Nas 7.0 luaaaiw 1: 2 nnuuduirdsdiansniawloinanusisey
15,000 x g 71 4 2IALTALTEE W1t 20 WIT1 NTBIRITALANBEIBLFARIVIIVNG UAZHIBNTEA W
I . AV e a A o A 2 a &
nvadiuas 4 avazanvaInlan laaatawlodlUsduwanlfiNansanesfanssnaadaw bos
. X
a9%h
=< v & a Aa A o
2.2.2.1 AnwwavadansivgInanssntanlodlysdiuaiNaduun
Uszinnvaslds@uaaangunsnazdlufivhnin el jisef active site vasiaulosd
AnsnavasrssusdiaunloldsfualaslsaradnsonloflusGius
s sgugslUsfinariaanig NszauanudutwaNIn laun pepstatin A, E-64 (trans-
Epoxy succinyl-L-Leucylamido-(4-guanidino) butane), leupeptin, , Phenylmethyl sulfonyl
fluorid (PMSF), p-tosyl-L phenylalanyl-Chloromethylketone (TPCK), Soybean trypsin inhibitor
(STI) uaz Ethylenediamine tetraacetic acid (EDTA) ansuiudiagsngmwnyigigad

wlodldsdiuanaadfanssy JiaszidSunaledlnmdng lasis Lowry et al. (1951) law



[
£

lagisazas Inlsduidusrsnnasgin IMNUREIUI HITAUNN5EUHIAINTIN (Degree
inhibition)
2222  Anmenuiuwizdessassussaszivasonladide
unndszinnvadian s
Ansanuswzdassasaulagldmsssesied Idun Boc-Gin-Ala-
Arg-AMC, Boc-Val-Leu-Lys-AMC, Boc-Asp(oBzl)-Pro-Arg-AMC, Suc-Ala-Pro-Phe-AMC, Z-
Arg-Arg-AMC, Z-Phe-Arg-AMC @838 Barrett and Kirschke (19981) laTzia1n1sisad
ussrasansfldinnafalfasenlalaslafavasiawls lanlden excitation uaz emission
71 380 uaz 460 W lwuAs ANSAL
2.2.2.3 AnNINTINVDILaW kN lUSRIUATTRININTELIRMIRNNLAN
inialagmessualadrsanladaiaamnduiniafszesiainiswmdn 0 1 2 3 4 5
we 6 Lean Unnauarogeliazfon nTaIRWENI1ILNY UazNITANENIILEY 1 9Nt
dialyze @lagddmaIazatutWines Wiew 7 ‘ﬁ'qmﬂgﬁ 4 99eLTRLTUR WK 1 A Live
Ansaindaludaegng 31NTunso9KY ultrafiltration 14 molecular weight cut-off 10, 000 A&
& iudatnslugn retentate Radnsfanssvvasenloildstiuasiiad g aoil
2.2.2.3.1 Stanzdnanssutenlaoinsudu lasn1suan
81382A81ITNAUAIY F1TRILATIZR Boc-Asp(oBzl)-Pro-Arg-AMC (N4 10 uM 31431 100
uL ®13azanstWinas (tris-Hel 50 mM, CaCl2 20 mM, pH 8.2) 31434 800 uL LAZE1I’NA
@188149 10 ug protein/mL 41%7% 100 uL ﬂwﬁqm%gﬁ 37 29FLTALTUR Wt 5 W17
2.2.2.3.2 Alanzinanstutaw bl lalunsUsu lagnsnau
81388 UITNOUAIE FITFILATIEH Suc-Ala-Ala-Pro-Agr-AMC  1UNT% 10 uM 314731 100
uL #13azanuLuWiWes (tris-Hel 100 mM, CaCl, 100 mM, pH 7.8) $1147% 800 uL LAz&1I’NA
@188149 10 ug protein/mL 41%7% 100 uL ﬂwﬁqm%gﬁ 37 29FLTALTOR Wt 5 WIT
2.2.2.3.3 Jia3zhnanssuiewlodatsndu-uaa Hay
R1I8LAN8UIENAUAIY ENTRILATILH Z-Phe-Arg-AMC 1 u%% 10 uM  $1%2% 100 ul
f13aza8LUWINas (sodium citrate 340 mM, EDTA 4 mM, DTT 8 mM, pH 5.5) $112% 800
ul URZEIIRNAAI8EY 10 ug protein/mL 1121 100 ulL ﬂu‘ﬁ'aqmﬂgﬁ 37 a9ALTALTUR
W% 5 WA
2.2.2.3.4 Ailazrnanssuien lasiaiswdu-0 nanansazans
Usznaueie a1I8ILATIZA Z-Arg-Arg-AMC 1UTH% 10 uM $113% 100 uL a1sazaratWines
(K,H,PO, 88 mM, Na,HPO, 12 mM, EDTA 1.33 mM, DTT 8 mM, pH 6.0) 1%43% 800 uL
WRZENINNAA8879 10 ug protein/mL 37%3% 100 uL ﬂwﬁqm%gﬁ 37 avALTalTaR Wik 5
wN



10

78 2.2.2.3.1-4 nunasndungad jTedroanay
stopping solution (methanol: n-butanol: dl water =35:30:35 v/v/iv) {1W% 1.5 UA. 0
fluorescence intensity “7‘1. excitation wavelength of 380 nm and an emission wavelength of
460 nm. @T’Jashaﬂ’mqmm%smimmileilﬁu synthetic substrate WRINLAY stopping
solution L3uULABUAUEINIAIFIH AMC AN 0, 10, 20, 30, 50, 70 uM lugnsazany
DMSO
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Nauafammiwa n1INAaaay

] ¥
i 1 ﬁﬂﬂ"lﬂ%ﬂ‘i‘i&lﬂ"ﬁﬂaElﬁa'lil‘[ﬂia% n13aug9 ACE LLazn'\‘s(?f"mmmaaa‘sz‘l%

1 CY [ o o
FTRIWNITUIBDNITINRANNLANDNWA

I3 ~ [~ o o

29A1UIzNaUNINLANVBILANI NI
=4 ™ ™ ql a d” [-%3 A o U = 1 a
Wutintalasnilunaalagniinguitadanumnaaninly 1 @w Aawn1ININNU

é’uﬂzmLLazmiﬁ;dmwauaﬂum@uﬁ’am?}u AUNIBNLAUWI 3 LHaWAIWAITINNUNY AN

@
o

LANGNITBIFATTIUNFNLAENIZLIUMINR SN IR AN Bz UTINguaAnT iR NEHEaN

v 1 1 a a s a 1 a { l&

4 Molaun uwlan3d (A) wlfiug (K) e18tdn (L) Saudn (R) Sanuuand1enu (A 1) G
= Qq/ : = 1 = 1 J

PRINALARIWIATHUA LA TURUUZIAUAN@19NY wanIMNFEInNEULHa a1 tNRoua

FUUZIALRD ;gwﬁ@lmoiwﬁ’aﬁﬂmﬁm’fnLL@NLﬂumuwaﬂué’@mdmmﬂﬁaULLmﬂ@mﬁ’uvlﬂ

LY

AINN 1 anBsANLNEadrautanss (A) wiiugd (K) enodn (L) wae Saudn (R)

HAMTILATNERB9AU TN UNMILATUBILANLNHANLANNLANGIITERINIe0E9 ey
dadadutnia L SUTunmlusdugiga sasaiandadiatng K A uaz R a1udau (@157971
1) UsinaldsanlmduiniadwnasiuvastsualulasiawaniiaUawazsulzsa
WuindaddTuimldsduiaoaz 6.19-8.93 Uumldsduluiduindaiiodnogluinmd
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NATTIBHAANATITUTU 148 (2548) Satmnaliautindadasdldsduwlitesninfosss 5
Usunanladuluduinsgadusinmensasas 1.53-2.49 wazdidSunnnieagiznineiosas
8.24-12.40 GInaeINIILEAIUSIN N AR BIN WAL E9IBITHVDI 30T UaTAmE: (2549)
FapnuwlSunonnaevasiduiinie 4 unaslaun dvausienss saudn wifndauazenaian
dﬁﬁ@hagluﬁaﬁaﬂaz 9.83-12.64 \euiniasarduamisndnildindeluszauiunarsiia
Wourudaduniaunuwudaduemmindszinnindedniofisuiuiiadeduenis
windszianiniags ﬂ%mmfﬁLLa:mﬁamaoLﬁuﬁnﬁfmLmﬂ@mﬁ'wfuaglj'ﬁ'ué'm']mmf:aﬂm
nuFdzsauazIuininie anududuvanieinadanisiaigresduniduazdnsinig
ANN LAzHINNAGTRT A uAzANNURBANBVBINAAN A BN1TUSINA (Kose and  Hall,
2010) UazNKNAMINAaaInLINYSuanidanuaunuslaoassnudsumnaslunisnaa
SuNiaDIaINaLAwINI8819 K S’fiaﬁﬂ%mmﬁwgaa:ﬁﬂ%mmnﬁagaﬂfjm‘"’sashaé"u
At INRURIAYNIIRDA (p<0.05) Thongthai and Srisutipruti (1989) Waz Phithakpol et al.
(1995) TauasAlsznaumsadvedutintainiUsinmanuiuiosss 57.3-74  1usdu
$ouns 5.9-6.0 LdMTaua: 12.2-14 (ndAslmidnunaslsdiasas 10.9-13.9 Wanasouas 3.4

NIALANANTBHRL 1.0-1.4 ANANVLDWNIA-ANY 4.3-4.6 wazi/Sunnindsss 0.83

masuudaslsfuszninenszuannsvainastaainge

f1 pH  Sudupasdutiniananninandanszning 4.90-5.23 meSumnia
PanuadaNTz1ing 0.91-1.06 (@niwﬁl 1) mm@lﬁ'ﬁﬂﬁ@h pH LL@m@mﬁ'u‘*fuagj'ﬁ'uﬂ%mm
Tusauderinmrinmdwiniwes (buffering agent) LazU5anminaa 9INNANINARBIILLAWIN
widretns K Susunmldsiiudn udddTumnfagadinalien pH gaﬂﬁ@‘i’aaﬂwﬁuﬂ
WeNaMNieN pH LLazaﬁmmﬂwvﬁmmﬁ'o%uagjﬁ'ué’mndaua%’uﬂ:wLLa:m’wmm-éaumm
é’uﬂxmﬁlﬁﬁui’mﬁu #1089 K Wazenagny R ﬁﬂ%mmm@ﬁg\mmqm’jmﬁasha A gz L
At INRUEIATNIENGE WazdInudNeIad K uaz R ﬁé‘mflmué’uﬂzmqaﬂ’hé‘qazméiu
Tadpitchayangkoon et al. (2010) NewisansusulzTadoitalasinadas pH 183
fatslasdainsduiniafidsanswialadesulzsa 3070 Jdn pH dnineaagni
deandmitatadeduisn 50:50 @1 pH vaaLfNtNEAanas aszosIa M IR NIRNT Y
f1 pH AARIBLNITINSINAISURIN 1 Lion Lﬁaamﬂmiﬁﬁmumaafgﬁu‘n?ﬁﬂﬁjaJLLaﬂaﬂ fn
pH a@ad@"hq@LfiaLﬁaJu”ﬂﬁf@ﬁmﬂqmmu”ﬂ 3 1faw (pH 3.81-4.40) LRuTw AN TagnaInIwan
4 \don uazdaudinsfinaaanInan 6 taau vasidoinulSunmnsarinualudaagng
RuiuaaeaszuzaaImMsnin lagtamizludaing A waz L usasliidiwindaetsasnsin
Lﬁ@mt:mumim‘"ﬂmﬂmiwﬁ@ﬂmLLaﬂaﬂI@mﬁuﬂ?ﬁmmdwé’aafhoﬁu (mwﬁ 2) A3

Q. &/ a Qq// 4 o ¥ a a § ~ L
LNND WU I UTNI N TANIRAA LﬁaammﬂmsmmmaoLf‘zjafgauw%ﬁmmmmmmsﬁammﬂu
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a , a 9 a 4 o A
’J@IQ@U%SQ‘J:WA’NﬂS:U’JumSNa(ﬂ I@I gN1INUNALLUR Uuu’]@]']ﬂlualll]zﬁi@sﬁﬂ L']‘jua']illszﬂall

anilulanauazidunsauandnlasuuafiiofiaiiiniauandn (39390 uazAmz, 2527)

M135199 1 a9RUsznaumMdiadivadiautntantads (A) waifng (K) eeLan (L)

LRZIAWEY (R)

andsznaumatadl faghadutinta
A K L R

AT (%) 73.19:0.67° | 69.92+0.22° | 71.36:0.44" | 71.52+0.50°
TU56u (%) 6.54+0.51" 6.630.39° 8.93+0.19° 6.19+0.06°

(24.40£1.90) | (22.05:1.32) | (31.20%0.66) | (21.74£0.21)
i (%) 1.96+0.13" 2.49:0.20° 1.53£0.10 1.92+0.35°

(7.32+0.51) (8.28+0.69) (5.04+0.35) (6.78+1.24)
Lin (%) 9.1640.30° 13.75+0.22° 9.51+0.23" 9.10£0.15°

(34.17+1.14) | (45.72+0.74) | (33.23+0.81) | (31.95:0.54)
NaCl (%) 8.24+0.38" 12.400.93° 8.600.27" 8.44+0.42°
pH 4.90+0.14° 5.230.07 4.97+0.07° 4.93+0.06°
Total acidity 0.92+0.06 1.06+0.04 0.9120.01 1.0£0.10
(% lactic acid)"

WNEIAA AU IUINRUANNBED % FIUURY
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(Glutamic) La&U@n (Aspartic) 1adiw (Lysine) waz@i9u (Leucine) aiuUSunmadiadn
(Cysteine) uazSafiu (Histidine) Jendn 1laRarsonySunmninazdiluaasiduiiniafistig
NILAUMIREN 3 liaudenemsmsalwduintgafinieusminsussusinain wuids
tnwafidTuimnsaezdlusdidu ldun n3laflu (Threonine) 11&u (Valine) lalagdu
(Isoleucine) Leucine WATHATINVBI  Cysteine waziunbslafiu (Methionine) wazlnlsdu
(Tyrosine) iuAfiaazaniiu (Phenylalanine) ganinuTumniaaziiludnduluniadiusiarnns

ANNA FAOWHO  fnuua (a19199 2) indlnduaznsaeziludasznldannnistdesaas

ol lusdtas tiw nlsdu tunlslafin daniaw ladu waznIulaunn flamaud@du



anuaaxyz (Kitts and Weiller, 2003)
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PANININITNAU

Qs =) a { a &/ 1 L
NUTUHAUDINIA ﬂ:&liuﬁLﬂ@]?l%l%i::%’ﬂdﬂ‘itﬂ')%ﬂ']‘iﬁ&lﬂ

n3nozdily LANLINUA FAO/WHO'

(HadnIun/ (Haud) (Jafnvu/

Asulysan) nsulysdn)
0 1 2 3 4 5 6

Aspartic 106.79 | 92.86 97.50 97.86 96.43 107.50 | 109.29

Serine 40.36 44.29 46.79 43.93 43.93 47.86 48.57

Glutamic 154.64 | 133.57 | 114.29 | 144.29 | 143.21 | 159.29 | 163.21

Glycine 60.36 60.71 65.36 60.71 62.14 62.86 80.71

Histidine 21.79 15.00 2214 20.00 20.36 21.07 29.64

Arginine 67.14 64.64 65.71 67.50 67.86 75.00 76.79

Threonine 45.00 38.21 43.21 41.43 41.43 46.07 46.79 40

Alanine 62.14 57.86 68.21 61.43 61.43 65.71 71.07

Proline 30.36 43.93 43.93 45.00 46.79 46.79 60.00

Cysteine 9.64 9.29 7.86 8.57 7.86 9.64 6.43 352

Tryrosine 32.86 33.21 40.36 35.36 37.86 41.43 32.50 603

Valine 49.64 47.50 51.43 50.36 49.29 52.86 53.21 50

Methionine 30.00 26.43 30.00 30.71 30.36 32.86 36.79 352

Lysine 82.14 71.07 78.57 80.00 7714 84.64 85.36 55

Isoleucine 44.29 43.57 47.86 47.14 47.50 51.07 51.07 40

Leucine 73.93 68.57 75.00 75.71 75.36 82.50 85.00 70

Phenylalanine | 32.50 38.21 38.93 40.36 40.71 43.21 4714 603

‘ﬂ&J']EJL‘VWJ

? {53104 Methionine + Cystine

" geinlaaunig (2553)

3 =y . .
1307 Phenylanlanine + Trysosine
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dauh 2 Anwrunuinzadtawlodlidsfinaaanisdagaaraldsanlnszning

Y] [ o o
NITUIBNITIRANNLANUNKA

HA2BIQWNNA pH uazinAadananssaMstasaanadIlasnasnatniallatane
Namsﬁﬂmawﬁﬁmo%amﬁmmLauvl,sﬁﬂﬂsﬁl,uasl,uﬂa’m’nU‘ﬁllﬁﬂuf@]qﬁulums
HAALANUNHALEAIGININT 12-14 WANITANBIAINTINNNTHoEa18GIL09 (Autolysis
activity) maaﬁmmwmwwzlua’mmaaﬁaﬂmﬁqm%gﬁ 0 28 40 50 60 65 70 75 80 Laz 90
DIFLTALTER WU sm"’un’miaﬂamméi"aLaomaoﬂﬁmﬁaﬂa’m’nUﬁmgoq@ﬁqmﬂgﬁ 65
DIALTAL TR LLazﬂ'\iwuﬁﬁmiwmiﬂammyn&ﬁmﬁaﬁqmﬁgﬁ 70 a9ALTaL T FTI9A7
Lﬂuqmﬁgﬁmiﬂayamaﬁﬁau"ﬁwga AINTTNMsHouRANUAILaIaNaIaLNITIALS I
annilgandn 70 asanTalFaguaaIfan1TiFoan1wdI18AuTaUVEY Endogenous
proteases ﬁﬁmssumsziayammﬁLawaaﬂé”mLf‘:aﬂmdmlmy'%wuﬁqmﬁgﬁ 50-65 84¢1
LTRLTUR ifuagﬁU%ﬁﬂmadﬂm (Choi et al, 1999; Yongsawatdigul et al, 2000;
Yongsawatdigul and Piyadhammaviboon, 2004; Mazorra-Manzano, 2008; Yarnpakdee et
al., 2009) HAAINENFAAANAINUNANIINAAIVDY Tadpitchayangkoon and Yongsawatdigul
(2009) s‘fidﬂmmﬁ'ﬂmmmiﬂaUammﬁLawaoﬂéﬁuLf‘taﬂmmwﬁ'qmﬁgﬁ 65-70 847
ERIGHEG Na@”anénmmmﬁuﬂ'uvlﬁthqmﬁnuﬁﬁ 65-70 a9FNLTALTHR Lﬂuqmﬁgﬁﬁmm
Aanssunsdasaanseatasasniuitataans uazuaaslmiinitewlmilUsamalunda

atansneiduldsdiuanziuisnnuanusanle

3.5 -

0.5 -

Autolysis activity (umole/min/mg protein)
N

D T T T T T T 1
0 10 20 30 40 50 60 70 80 90

Temperature ( °C)

NN 12 Nﬂ"llE]\‘iQ‘m%ﬂuﬁ@iaﬁﬁ]ﬂiiuﬂ’]iﬂaElﬂﬂ’]&l@T’)Lﬂd“llﬂGﬂﬂ’Wﬁ’)’m
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' Y & A P A A o A
madagaanunauitalanansi pH 2-10 Ngannil 65 89ALTALTUTLIAIAININD
13 wamnaassnuiszaumIdesamsndiuibadaansddigigaluaniizdendradu
@139 (pH 7-8) Lﬁaqmmauvl,sﬁﬁ“lumjw Alkaline proteinase wanaNBhaInUINUaauians
1 > ni a & =3 a dl 1 aaa Wd‘
HauaadIedgINRIeT 3-4 Gauaastldsfaafianuninsdjisenldnanindunsa
(Acidic proteinase) Visessanguan et al (2001) eI ILsRAIENANLaVaIUaN
=) z 4 ~ { v =) Qq/' 4
Arrowtooth flounder LAadwLhaI91n USRI URNNUANNTDULALTNINTTUNINALET 5.5 LAz 8
1 o = a { U A
\TWLAEINY Klomklao et al (2008) snauianssnvasldsfimannuanusenludanansaunds
WRAINANTINIANI pH 3.5 waz pH 9.0 Iuan1zaSsvaInInanLANLNIaLfani 1-6 @1 pH
28932 UU9z0H IUT79 3.5-4.5 31U Acid proteinase Wazluntnlunisdesaanduiiia

Uanane (nMwn 2)

w
w

(O8]

it
"

=
"

[uny

©
(2]
|

Autolysis (LM tyrosine/min/mg protein)
N

pH

AMNN 13 WaTad pH defanssunstasaansalladsuaslaiains

#aNINNBLINUIINITHauFa18 I UIAUNI N UIIRINLAARILT AN T WY D
A a ¢ a & 9 A & Vo A
inAalaAuunan lIGLANNTWINNTaLaE 0-20 ANAANITNUAILAU LTNAARININAIIToLS 75
AN NTULNRD088E 20 LTWLABINUNTAN®VES Siringan et al.(2006) T1HIMTBNITANR
=) 1 > = 4 v v QI J
2a9RANTTUNILaRALAILaIVaIUa NIz AN N aA NN NT AL NA D I oA uNAaa b3 LNND
o 2 a ' o A o A a o
270 0 1wsaaas 25 GINANIINNTHAURANLALAINAUTE N S sa: 52 LHaNyunNUaN
a €d‘ 1Al A a 1 A
Aanvsnvadtanbringn1nzlidinie Aantsunmstesrauvadlaiznadaanadlszunm
(% d‘ £% £ A a 6 v d! 1 d' v A %
fauaz 50 NeuTNTwinAaloasuaaalsasasas 10 GadwanlnalAssnunIzuIBIT
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L = L L d l:é 3 v a v l&/ Qs a dl v v
RUNLANLNUG 611&manma"lmﬂﬂmulunmmuaﬂmmwzlmmuammmsuﬂmwmelu,

LNAAAINAT?

w
w n o~
1 Il 1

i
(¥ ]
1

=
= "
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o
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1

Autolysis (umole of tyrosine/min/mg protein)
]

o

0.0 2.5 5.0 7.5 10.0 12,5 15.0 17.5 20.0

NaCl concentration {% w/w)

MWN 14 Wasadnfalafuuaas liadananIsunIstassalualtasaadtlalsny

=) -~ 1 o) =) Q v ﬂg’
NaYDIYMRAN pH uazindanananssalusawmaanaainnaiatitadanans
=3 Aa Aa > v j’ U A
msdAnwfanTINvaden loilusdiuaanaannauitadasnelaslsiadwduany
AIG 1 wams‘nmaawudwﬁﬁmsmmiﬂaﬂamwaﬂﬂs@maaﬁ'@meﬁmmmgoq@ﬁ 60
{ = @ % A a = ' a
psaLmaLBas (WA 15) GalndiAnsnugunndn 65 aseuaaidosduiudrgunndvas
AanTIunstasrangalassadnauibalanany (AMWN 12) aseNnuianITunNIstauaaiy
l3duwa9 Crude enzyme nUanszanfigaannd 60 aseusaifus (Siringan et al.,2006)
wananidawuinenladldsdiuasniafifiansiugigan  pH 3 uaz 8.5 (NWA 16) HaNT3
NARBIAINENTAAARDINUNG pH VBININTIANTHBLFRNLAUNEY (MWA 13) TIFIWTD
Na1 bE31N9 Acid waz Alkaline proteinase mﬁ]zl,fluﬂq’uiﬂsﬁl,ua%é'ﬂ‘luﬂﬁ?mLﬁaﬂma’m

NaTadlaasNaan L3 aananITNYaILaw L lUIf iuaNa U NTwINAS 0-3 Tuans

' =

Unfigaennd 60 aseonifos dromsazautwinas pH 3 uaz pH 8.5 lasldiaduwiduas

a a v a o & v o A & P
G AU Wll')']ﬂ"i]ﬂiill"llQGIﬂS@]L%ﬁaﬂﬂNLL%QI%Nﬂ@ﬂGLN@ﬂ?WNLTNT%LﬂﬂQ?ﬁOT%I@ULQW']%Y]
&Nz pH 8.5 AnstulusAumaanananuidutuwinie 3 luansiaanastszunmsanas 54
A A o a a A A A A ' o & a &
quaL‘Ylm_m‘l.lﬂﬁmiillillmLualuaﬂnzvlwwmaa LﬂﬂaNNa@laﬂqiﬂUﬂﬁﬂ"ﬂﬂiiwmaﬁl.auvlfﬁu
A A a A A v v A A c? v 6 .
L%aﬁﬁnﬂiﬂi@]%‘ﬂzLﬂ@lfﬂﬁl,ﬁilaﬂqwLl]aﬂ'J'TllLT&J‘llu"llaﬂLﬂﬂaLWlJ‘ll%@']Elﬂ'i']ﬂg]ﬂ’ﬁm salting

out agdlsiauNan1Iz pH iunsafianssuaadanloldaudrauaiosninnaniae pH 1u
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1 A a o 1 3 £ L% & o 1 1 . . = a 3
M3 "ITGEJ%EI’]’]LE’J%VLGH&TL%LFINUT‘I%@]‘IN%@]E’J%luﬂﬂqll Acid proteinase UANULRDYIADAINUY

U U A 1 1 . .
mewadmaagom’nauvl,ﬁﬁﬂuﬂqu Alkaline proteinase

Activity (nmole of tyrosine/min/mg protein

500
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50

10 20 30 40 50 60 70 80 90

Temperature (° C)

ﬂ’]Wﬁl 15

Namadqmﬁgﬁ@i afanysuldsdiuganaainnanuiisaanzng

Activity (nmole/min/mg protein)

450

400

350
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50

MWN 16 Wauad pH @iaﬁﬁmiiwiﬂs&uaaﬁ'@ﬁnﬂﬂﬁwLﬁaﬂmmﬁﬂﬂwﬁqmﬂgﬁ

60 DIFLTALTER
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=S a a A a ' &a
NRINIIFNBLRD Eliﬂ']W?lﬂGQﬂLﬂﬂull(ﬂaﬂ’ﬂﬂiillT aal,au"lsﬁﬂﬂimua I@] ﬂumau"ls]mw

AN 30 LT 60 BIALTALTHR MIuaTAzA8UWWeES pH 3 Laz pH 8.5 WRAIAININN 18

b U

fnanITusNauTadtaw loNlUsAiuan pH 8.5 fdngeninfl pH 3 saaAdBIALNINARDY
NaTed pH @ananTsuaadlus@iua (Mwh 16) A1nanIINsImIzvadian lodlUsfiuainy
J di a 1 AI J a a Ed‘ a
gedinilagmundnstuiAndnein 30 1w 60 asmiTaldos Aansruvadton bl pH 3 4
A Aa . A a ea . A X A \ A X P
WEHUIANNANINN pH 8.5 AanTInvadion loilaAndnilaseusia M IUNRNTY Lazd

ABARINEARRINTLN 2 T2Lu9 B bsnanutaw bslustumaanaandaanediaiosain

'
=

ANamnnil 60 pIr AL BuaNIN pH 3 WAz pH 8.5 lui1913a1n5UN 8 TAlNd MINaaad

9 U

=i

Re

a 1

AddpImIndaInTsImIvinawuedaw ki pH LAz kuNAaINa12819 8N LAty

1291787 8 Talad AIUuNIEN1Iz pH  uazanmnddnadanisnszduianyinvasiawlad

U 9

Tisduaanaaindaiaing

350 +

—4—pH3 -—E—pHS85

300

250

200

150

100

Activity (nmole/min/mg protein)

50 -

D T T T T T 1
0 0.5 1 1.5 2 2.5 3

NaCl concentration (M)

A A a €. _a a o o & oA
NINN 17 NamadLﬂaaIm@ﬁuﬂaavh(ﬂ@laﬂﬁmiiuiﬂmLuaaﬂ@]ﬁnﬂﬂmmuaﬂmaﬁEI‘LI&J‘YI

9mWnNA 60 B4FLTALTUF pH 8.5 LAz pH 3
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35 -
J'\\ —4—pH3:30C
30 - ;o
—+—pH3:60C
-4--pH8.5:30C
25 -
= -#--pH8.5:60C
£
=9 i
E & 20
Q9 E
Sy
E — 15 |
o
“ 5
E 10 -
5 -
en
0 T T T T T
0 1 2 3 4 5 6 7 ]
Incubation time (h)

w18 wafissnindegnndveslds@iusanaandaianotun pH 3 usz pH 85

aqmvm“ﬁ 30 WAz 60 AIFLTALTYE

Aanssuzasianlmalstmaidunumdranlundaitedaranauazlnnszuinnms
RNNLANLTNIA
naasasussawloilUsamalasldatreldsdiwaanaannauiadanans
Gus3ugalUshiuariiads g Aszauaauituduannm LLﬁzﬂ&l@T’JﬂﬂNﬁQMﬁﬂ“ﬁ 60
BINLTANT LR S‘fidLﬁuqmﬂgﬁ‘ﬁ'mm:amiammamﬁamsmauau"l,sﬁﬁ@”aﬂa'n IMNIUEI Db
2@ UN3TUEIAINTIY (Degree inhibition) LﬁiaﬁflLmﬂﬂi:m'mjaa‘[ﬂsﬁmamumﬁmm@azﬁiu
vninfisa §Asendl Active  site nan1snanaswudtassussiowlmalysdmalungs
Chymotrypsin LAz Trypsin-like proteinase laun TPCK, STI WRe Luepeptin mmmﬂ'uﬂz\‘l
AanssuvastewlsdTUsaualeduinnin 76 % Benjakul et al. (2003) F1ETUNANTEUES
AanysntanlodlusGiualulusduanslanaraldnan P.  macracanthus 118w bosiadnand
sansasudlay STI Jewas 8270 EDTA 3oua 44.69 &1% Pepstatin A uaz E-64 'lai
aunsasussled wadanauaasliAninldsdmanuonldonldsdwmdanaradnves
P. macracanthus %”@agl;luﬂﬁju Serine proteinase L@l Serine proteinase 371N Threadfin-
bream mmsagnﬂ'vﬁ%ﬁw STI uaz Leupeptin e E-64 laifinadamseussianladasnai
(Kinoshita et al., 1990) Serine proteinase Lﬂumjmau‘lsﬁﬁﬁﬁﬂmazmu Serine ﬁl active site
Afunumadlunaia §sm Lauvlsnuﬁlunﬁjwf?l,@ﬁm Chymotrypsin, Thrombin, Subtilisin,
Trypsin Wae Elastase §Aanssulugng pH 7-9 wananniisswuinlsdiuganaantaans
LEAINANNIEUDITIY Pepstatin G9uaasfisnistuginanssuvasanlodafia Acd proteinase
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gd % o 6 @ A a c.i d' 1
NANNINARBIRIAINUFNNBTALAINTINVEILaW LN L USALUaN pH 1Dunsa (ANN 16) &1
mi{fm‘]'\‘u,auvléﬁﬂuﬂﬁiu Serine proteinase Cysteine proteinase L8z Metallo proteinase
leud PMSF E-64 waz EDTA eNN&1AU ANANIIHUHININIINUAILAY MU RNA Laska NN
AITHNANITEUHINANTTNV DLW L3l L USSR URIN AN NAINLHDUAIRINY FINITOLIT ka7

6 s ai a (% dql’ a ' . .
wladnaniuaasfanssnlunduitedaranodulysdiualungy Serine  proteinase

Usznavaae Chymotrypsin-like wae Trypsin-like proteinase

AN 3 NaTaIRIIHULIGaNINTINYAI IUSALuRENAaNNaNLa LA &N

Substrates Final Targeted proteinase Relative activity
concentration (%)

Pepstatin A 1 UM Acid proteinase 69.09116.24

E-64 10 UM Cysteine proteinase 11.701£0.17

Leupeptin 100 UM Trypsin-like and 76.23+2.80
cysteine proteinase

Soybean Trypsin inhibitor 0.02 mg/ml Trypsin-like proteinase 81.36+1.25

TPCK 100 UM Chymotrypsin-like 97.91+£5.03
proteinase

PMSF 1 mM Serine proteinase 20.61+2.38

EDTA 10 mM Metallo proteinase 12.85+2.26

MIAnEANNIIzRamsaseuvaslsdmasnannnduitatananelasldans
FLAT1LA loln Boc-GIn-Ala-Arg-AMC, Boc-Val-Leu-Lys-AMC, Boc-Asp(oBzl)-Pro-Arg-AMC,
Suc-Ala-Pro-Phe-AMC,  Z-Arg-Arg-AMC W&z Z-Phe-Arg-AMC  fian3talds@iuaanaann
ﬂé"mLﬁaﬂaﬂmwﬁmmmmm‘lumm’aﬁamgms@%ﬁuﬁhLmﬂ:ﬁ"ﬁﬁ@@m6] LANGIIN%

R1IFILAIILH Boc-Asp(oBzl)-Pro-Arg-AMC Lﬁ@msziaUamﬂ@mau%ﬁaﬁ'@gaq@ (59.49

Units/mg protein) G9813831031zR I8 TAnus1MI219129968 Trypsin Waz OL-Thrombin
58989N1A08N1TIATIEH  Suc-Ala-Ala-Pro-Phe-AMC  (40.18 Units/mg  protein) 494
AMNINNIEGA  Chymotrypsin Ty me g sasauwan e iaianuinzea Trypsin
Plasmin Cathepsin B Laz Cathepsin L laun Boc-GIn-Ala-Arg-AMC, Boc-Val-Leu-Lys-
AMC, Z-Arg-Arg-AMC  4a% Z-Phe-Arg-AMC anud1au Lia latasgais'le 18.8-24.86
Units/mg protein  HAN3NARBIAINENIREAARINUNANIIANINENTEUSIAAINTTNYE

awlasd (01997 3)  wamInanastuaadliidiuinlus@ualungdu Serine proteinase laiur
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Trypsin-like proteinase OL-Thrombin Waz Chymotrypsin sinasdunuindanlunistasaans
lds@ulunsratiadarans

@397 4 AR lBMIHR AN RN TAIUEILATIZRIRAAS e [ TRInEaNAN
nauLalananengmnnil 60 asrniTaITuE pH 8.5

Specific activity
Substrates Targeted proteinase
(Units/mg protein)

Boc-Gin-Ala-Arg-AMC Trypsin 18.80+£0.19
Boc-Val-Leu-Lys-AMC Plasmin 22.00+2.08
Boc-A Bzl)-Pro-Arg-AMC

oc-Asp(0BzI)-Pro-Arg Trypsin, OL-Thrombin 59.49£5.33
Suc-Ala-Ala-Pro-Phe-AMC Chymotrypsin 40.1811.54
Z-Arg-Arg-AMC Cathepsin B 24.86+2.91
Z-Phe-Arg-AMC Cathepsin L 23.20+0.62

A3ANENNANTINVR e U Lo lUTAUa UL AN NNATERININTILIWANTAND 6 Lhan
lasidanldanyasdu 4 viia léun Boc-Asp(oBzl)-Pro-Arg-AMC, Suc-Ala-Ala-Pro-Phe-AMC,
Z-Arg-Arg-AMC 182 Z-Phe-Arg-AMC lunsnasau wuinaladnsldsduanaanidusniia
RINNIDHRUFANUFITAIAY  Suc-Ala-Ala-Pro-Phe-AMC  1ag Boc-Asp(oBzl)-Pro-Arg-AMC L&

{ & et 1 v s 1 Qq: v
89 (MWA 19) FIHAGINAIROAATBINLNAAINENANINIUNILALAN BRI IAIAUUAZ NI VD
o & a & @ ) @ A A A
858U EIRAINTINVBILEW TN ENANNY AR LTI9FH (AN5190 3 waz 4) Tsanadanudulyl
lddnTUs@ualungs Chymotrypsin uaz Trypsin-like proteinase &1unInuaaIfanIInledlu
=} v 1 = =1 L= Q 1 ' ~ =1 % ™ 1 > a
\ndaeuaz 10 TuEnIminANInte waat9lsian pH saduintalusisnisnandan
. ' A ' o o . T .
BEITNIN pH 4-5 9 AN RNALNNTHNI UV D Chymotrypsin LLaz Trysin-like proteinase
{ o Y \ A = X, tY v a 4 v e !
wldalugag pH 79 Salsziduiidndudaslaiunsiigaiienulduitadaly dau
AINTINMILBUFALENTAIAY Z-Arg-Arg-AMC Lz Z-Phe-Arg-AMC TIuaadHIAaINTINV
iawlasd Cathepsin B uaz Cathepsin L fd1dninfianssuvaslds@iualungy Chymotrypsin
waz Tyrpsin-like proteinase waatndlsAaNLaRlTAAINANITIAILAAIAINTINARDATLHLLIAN

MIRNNLANUNIG 6 LADY



M Suc-Ala-Ala-Pro-Phe-AMC D Boc-Asp(oBzl)-Pro-Arg-AMC
W Z-Phe-Arg-AMC Z-Arg-Arg-AMC

350 - T {[

400

W
o
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L
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[
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(=]
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Specific activity E’mit/mg protein)
=
(=] (=]
(=] (=]

w
(=]
L

0 1 2 3 4 5 6
Fermentatioin (months)

A Aa a o ' <3 v o ' Y A
NINN 19 ﬂﬁ]ﬂii&l"lladLa%vl,‘li&ﬂﬂi(ﬂL%ﬁi%@l’!aﬁlWGLﬂNUﬂu(ﬂitﬁ’J"ldﬂﬁiﬁNﬂ 6 LAY
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asqﬂwams‘nmaa

LWNUNHANI 4 m”’;afjwmmjwﬁmmamiﬁwaaa‘i’am”wqum’mmﬁ fasadsznauna
LARLANENINY LENITNIATUSNI AN NTUTaaY 69.92-73.19 lilsAusasay 6.19-8.93 lusin
Souaz 1.53-2.49 1013088z 9.10-13.45 UAZINAATOUAT 8.24-12.40 IHITHININITZLIUNITAAN

= L= a =Y a ¥ a & U
Lﬁumu@m@mswa@m@LLaﬂmﬂI@ﬂL%agauw%fﬁénamewamsa@awaam pH  Wazng
A & a & o A a ' a A & o
LU WY IS U RN IANIRNAGRDANTITRNN 6 LAaw LAaNITtasaa1ulUIAugIatRu laa1n

a & o ' A v a X A a ' ~
NANTAND WY BITEALUNTE LN DIZOZLIAINNTRNNLANYHINN 0 1D 3 tAaw USN1a1en

v & & a & a & a & , \ A \

g landnua wasuadtaa wazladlniwdnddainadnatnidatiey Nan1stasaane

IﬂiﬁumaoLﬁuﬂ'ﬂﬁf@izwj’mﬂszuauﬂﬁs%w”niﬁwaaa@ﬂﬁaaﬁuauﬂ'ﬁéfma%gaﬁmz

DPPH® uazautians3ond doiRuduaaoanisnan Wuiniadautadweyyadase ABTS'
ARBATEHZIAM TR NLTINA G Ina N T um luaaasi o seaza M IR IR LA W V4T
autianssUlansanaIMenaINInen 1 1aow Wnededautianseuss ACE GHEEVR RN
$oun 41.69-87.56 lauAnAanssumIsULs ACE Lﬁuifugaq@ﬁiwznmmwﬁﬂ 2-3 1haw
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Abstract

Kem-Buk-Nud is an indigenous product of North eastern part of Thailand.
Unfortunately, the product is only available locally for consumption. This might be
due to lack of scientific information about nutritional value for health promotion.
Obijective of this study was to investigate antioxidant activities of Kem-Buk-Nud.

Kem-Buk-Nud was processed by four different manufacturers (A, B, C and D
samples) in Ubon Ratchathani in order to better assess their contribution. Kem-Buk-
Nud made by mixing striped catfish (Pangasius hypophthalmus) with salt and
pineapple before packing in crown-capped glass bottle and then left to ferment
spontaneously in a dark room for up to 3 months. The antioxidant activities (1,1-
diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical scavenging activity, reducing power and chelating
activity) of Kem-Buk-Nud samples were investigated.

Peptide extracted from Kem-Buk-Nud samples exhibited DPPH and ABTS
radical scavenging, reducing power and chelating activity. However, antioxidant
activities of Kem-Buk-Nud from different manufacturers were varied. DPPH and
ABTS radical scavenging activities of C samples were highest (p< 0.05), implying
that these sample had more antioxidative peptide to terminate the radical chain
reaction. Although chelating activity of all samples seemed to decrease with
increasing fermentation period, an increase in reducing power was found. Reducing
power of all samples was 498+15.46 to 522+19.99 umole Trolox equivalent/mg
protein (p> 0.05).

The present study indicated that Kem-Buk-Nud possessed antioxidant
activities and could be used as a functional food ingredient for health promotion.

Keywords: Kem-Buk-Nud, antioxidant, fermented fish
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ABSTRACT

Objective of this study was to investigate antioxidant activities of Kem-Buk-Nud, an DPPH radical scavenging activity was trended to increase while ABTS radical scavenging activity
iIndigenous fermented fish product, which processed by four different manufacturers (A, B, Cand D  was decreased during fermentation. The different fermentation condition of Kem-Buk-Nud contributed to the

samples) in Ubon Ratchathani. Peptide extracted from Kem-Buk-Nud samples exhibited DPPH and  specific oliopeptide or amino acid composition, affecting radical scavenging activities.
ABTS radical scavenging activities, reducing power and chelating activity. DPPH and ABTS radical
scavenging activities of C samples were highest (p< 0.05), implying that these sample had more
antioxidative peptide to terminate the radical chain reaction. Although chelating activity of all samples

trended to decrease with increasing fermentation period, an increase in reducing power was found.

Reducing power of samples were increased about 5 times throughout fermentation period.

INTRODUCTION :
Kem-Buk-Nud is an indigenous product of North eastern part of Thailand. Unfortunately, the product is

only available locally for consumption. This might be due to lack of scientific information about nutritional value

for health promotion. During Kem-Buk-Nud fermentation, fish protein is hydrolyzed during fermentation and

several low molecular weight compounds, such as oligopeptide and amino acids, are formed by ' 760 -

microorganism and/or enzyme activities during fermentation. These low molecular weight compounds may 740 -

offer biological activity potentially used as functional food ingredient, depending on their structural and

sequential properties. It is possible that degree of protein hydrolysis during fermentation may contain some

Information antioxidant activities of Kem-Buk-Nud. 700 -
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Objective of this study was to investigate antioxidant activities of Kem-Buk-Nud.

METHODOLOGY Kem-Buk-Nud samples

Figure 2. ABTS radical scavenging activity of Kem-Buk-Nud during 0 and 3 months of fermentation period.

Kem-Buk-Nud processed by four different manufacturers in Ubon Ratchathani
(A, B, C and D samples) Reducing power

¥

The reducing power of Kem-Buk-Nud samples were increased significantly about 5 times from 99.93
+5.17-116.60+4.17 to 498:15.46-522:19.99 umole Trolox equivalent/mg protein during 3 months of
fermentation (Figure 3), presenting the antioxidant activity which reduces the Fe3*/ferricyanind complex to
ferrous form (You et al., 2009).

Kem-Buk-Nud made by mixing striped catfish (Pangasius hypophthalmus) with salt and pineapple before
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Kem-Buk-Nud samples
Figure 3. Reducing power of Kem-Buk-Nud during 0 and 3 months of fermentation period.
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Chelating activity
Kem-Buk-Nud exhibited chelating activity (Figure 4). However, chelating activity of all samples was

Water soluble peptide of Kem-Buk-Nud was extracted dramatically decreased throughout fermentation period. Acidic and/or basic amino acid, especially carboxyl
' and amino groups in branches of acidic and basic amino acids, respectively, plays an important role in the
chelation by peptides (Saiga, et al.,, 2003). Therefore, the rational explanation for decreasing chelating
Antioxidant activity assay activity would be the decreasing pH during fermentation.
“* DPPH radical scavenging activity (Anusha et al, 2008) 40 -
* ABTS radical scavenging activity (Wiriyaphan et al., 2011) mE0M m3 M
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RESULTS AND DISCUSSION

DPPH and ABTS radical scavenging activities
Peptide extracted from Kem-Buk-Nud samples exhibited DPPH and ABTS radical scavenging activities _
(Figure 1 and 2). DPPH and ABTS radical scavenging activities of C samples were higher than other samples
during 3 months of fermentation (p< 0.05), implying that these sample had more antioxidative peptide to
terminate the radical chain reaction.
100 ~ m0M =3 M
_ O _
A B C D
Kem-Buk-Nud samples
Figure 4. Chelating activity of Kem-Buk-Nud during O and 3 months of fermentation period.
CONCLUSIONS
The present study indicated that Kem-Buk-Nud possessed antioxidant activities throughout 3 months
fermentation . Furthermore, Kem-Buk-Nud could be used as a functional food ingredient for health promotion.
ACKNOWLEGEMENIS
This work was supported by a grant from the Thailand Research Fund (Grant No. MRG5480064). Partial
funding was also obtained from the Office of the Higher Education Commission and Ubon Ratchathani
A B C D

University.
Kem-Buk-Nud samples

R RN
o o1 O
l l l

Chelating activity (%)

O
|

0 O
o O

R N W B 01 O ~
O O O O O O o
| | | | | | |

o
!

DPPH radical scavenging activity
(umole Trolox Eq./mg protein)

SELECTED REEERENCES

Saiga, A., Tanabe, S., and Nishimura, T. 2003. Antioxidant activity of peptides obtained from porcine myofibrillar proteins by protease treatment. J

Figure 1. DPPH radical scavenging activity of Kem-Buk-Nud during 0 and 3 months of fermentation period. Agric Food Chem. 51: 3661-3667. _ __ > _
You, L., Zhao, M., Cui, C., Zhao, H. and Yang, B. 2009. Effect of degree of hydrolysis on the antioxidant activity of loach (Misgurnus

anguillicaudatus) protein lydrolysates. Inn Food Sci Emer Tech. 10: 235-540.



Physicochemical Properties and Antioxidant Activities of Kem-buk-nud,

a Traditional Thai Low Salt-fermented Fish Product, during Fermentation

Pan Promchote!” and Jirawat Yongsawatdikul?

Department of Agro-Industry, Faculty of Agriculture, Ubon Ratchathani University,
Warinchamrap, Ubon Ratchathani, 34190, Thailand
School of Food Technology, Suranaree University of Technology,

Nakhon Ratchasima, 3000, Thailand

*Corresponding author: Dr. Pan Promchote
Department of Agro-Industry, Faculty of Agriculture, Ubon Ratchathani University,
Warinchamrap, Ubon Ratchathani,34190, Thailand
Tel: 66-45-353500 ext 3593 Fax: 66-45-288372

Email. pan.p@ubu.ac.th

42


mailto:pan.p@ubu.ac.th

43

Abstract

Changes in physical properties and antioxidant activities of Kem-buk-nud were
investigated during fermentation for 6 months. During fermentation, a dramatic decrease
in pH value was observed. This result highly related to the increasing of total acidity.
Degree of protein hydrolysis increased rapidly during 3 months and then was slightly
decreased over the fermentation period as well as the trichloroacetic acid (TCA)-soluble
oligopeptide which tended to be decrease after 4 months of fermentation period,
indicating that protein aggregation would be occurred. However, protein was hydrolyzed
throughout 6 months of Kem-buk-nud fermentation as the increasing of total volatile base
nitrogen (TVB-N) and formaldehyde nitrogen were observed. Kem-buk-nud exhibited
antioxidant activities over the fermentation period. DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical scavenging activity increased while ABTS (2,2’-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid) radical scavenging activity decreased with increasing of Kem-buk-nud
fermentation period. However, the higher ABTS"" radical scavenging activity of all
samples (0.72-0.87 mmole Trolox equivalent/mg protein) were found when compared to
DPPH® radical scavenging activity (0.062-0.173 mmole Trolox equivalent/mg protein).
Reducing power of Kem-buk-nud also increased with increasing fermentation period
whereas a dramatic decrease in chelating activity of all samples was observed after 1

month of fermentation.

Keywords: Antioxidant activity, Fermented fish product, Fermentation period,

Indigenous food, Kem-buk-nud
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1. Introduction

Thai traditional fermented foods are mostly produced according to family tradition
and local geographic preference. Fishery fermented products can be categorized
according to main processing techniques and ingredients used (Phitakpol et al., 1995).
Kem-buk-nud is an indigenous fermented fish product of North Eastern part of Thailand
and a well known product of One Tombon One Product (OTOP). Kem-buk-nud is
traditionally prepared from fresh waterfish, striped catfish (Pangasius hypophthalmus),
mixed with salt and pineapple before packing in glass bottle and then left to ferment
spontaneously in a dark room for up to 3 months. Manufactures produce Kem-buk-nud
without inoculation of microorganisms and with different salt concentrations, fish to
pineapple ratio and fermentation period, resulting in products with variable quality
(Tadpitchayangkoon et al., 2010).

Fermentation is believed to enhance the neutraceutical value of fermented foods.
Breakdown of fish protein by either endogenous or microbial proteinase may offer several
low molecular weight compounds, such as oligopeptide and amino acids, with biological
activities potentially used as functional food ingredients for health promotion, depending
on their structural and sequential properties. It is possible that degree of protein
hydrolysis during fermentation may contain some information regarding antioxidant
activities of Kem-buk-nud. In addition, the basic knowledge of changes of protein
degradation during Kem-buk-nud fermentation is presently lacking. Therefore, the aim of
the present study was to investigate the antioxidant activities related to protein

degradation of Kem-buk-nud during fermentation.



45

2. Materials and Methods
2.1 Sampling

Commercial Kem-Buk-Nud was produced through traditional fermentation
technology by four different manufacturers, namely, Mae Aree (A), Mae Kimsur (K), Yae
Lek (L) and Ratanasin (R), in Ubon Ratchathani, Thailand in order to better assess their
contribution. It is traditionally prepared from freshwater fish, striped catfish (Pangasius
hypophthalmus). To make traditional Kem-Buk-Nud, striped catfish (Pangasius
hypophthalmus) fillet was cleaned, mixed with salt and kept overnight. Then the mixture
was mixed with pineapple before packing in crown-capped glass bottle. Samples were
transferred to laboratory within 24 hr. after processing and then left to ferment
spontaneously in a dark box for up to 6 months. Sample was ramdomized sampling for
measuring physicochemical and antioxidant properties every month. Sample was blended
using blender (Waring laboratory, Torrington, CT) set at speed 5 for 1 min and speed 10
for 30 sec and then used for further analysis.
2.2 Physicochemical analysis
2.2.1 Total acidity and pH value

Tritratable acidity was determined by the method of AOAC (2000). The total
acidity was calculated as lactic acid and expressed as % total acidity. pH was measured
using a pH meter (Mettler Toledo, 8630, Switzerland).
2.2.2 Trichloroacetic acid (TCA)-soluble oligopeptide

TCA-soluble oligopeptide concentrations were measured according to the method
described by Yongsawatdigul and Piyadhmmaviboon (2004) with some modification.
Three grams of gel were added to 27 ml of 5 % cold TCA solution. The mixtures were
then homogenized at a speed of 11000 rpm for 1 min and centrifuged at 10,000 x g for 5

min at 4 C. The supernatants were collected and used for TCA-soluble oligopeptide
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concentration using Lowry’s assay (Lowry et al, 1951) with tyrosine as a standard. The
samples were solubilized in 5 % hot sodium dodecylsulfate (SDS) solution (1:9) and
determined for total soluble protein by Lowry’s assay using bovine serum albumin (BSA)
as a standard.
2.2.3 Degree of protein hydrolysis

Degree of hydrolysis (DH) is defined as the percentage of free amino groups
cleaved from protein, which was calculated from ratio of a-amino acid and total a-amino
acid. Benjakul and Morrissey (1997) were used to determine a-amino acid content.
Properly diluted samples (125 ul) were mixed well with 2.0 mL of 0.2125 M phosphate
buffer, pH 8.2, followed by the addition of 1.0 mL of 0.01% TNBS solution. The
mixtures were then placed in a water bath at 50 °C for 30 min in the dark. The reaction
was terminated by adding 2.0 mL of 0.1 M sodium sulfite. The mixtures were cooled
down at ambient temperature for 15 min. The absorbance was measured at 420 nm and R-
amino acid was expressed in terms of L-leucine. Total a-amino acid obtained after acid
hydrolysis. Sample was hydrolyzed using 6 N HCI. The tube with sample mixtures was
flashed with nitrogen gas and sealed tightly with screw-cap. The hydrolysis was run at
100 °C for 24 h. The acid-hydrolyzed sample was filtered through Whatman paper no. 1
to remove the unhydrolyzed debris. The supernatant was neutralized with 6 N NaOH
before a-amino acid determination.
2.2.4 Formaldehyde nitrogen

A sample (2.5 g) was added to 10 ml of 5% trichloroacetic acid and homogenised
with a homogeniser at a speed of 11,000 rpm for 1 min. The homogenate was centrifuged
at 30009 for 15 min and the supernatant was removed. To the pellet, a further 5 ml of 5%
trichloroacetic acid were added and the mixture was homogenised as previously

described. The supernatants were combined and neutralized to pH 6.0-6.5 and the final
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volume was made up to 25 ml using distilled water. The supernatant was then used for
formaldehyde determinations as described by Benjakul et al. (2004). Sample (1 ml) was
mixed with 3 ml of acetylacetone reagent and then incubated at 60 C for 15 min. The
absorbance was measured at 412 nm. The control was conducted in the same manner,
except that distilled water was used instead of sample. The formaldehyde nitrogen was
calculated from formaldehyde standard curve.
2.2.5 Total volatile basic nitrogen, TVB-N

TVB-N was determined according to the procedure of Siang and Kim (1992) with
some modification by using Conway’s microdiffusion Unit. The extract was prepared by
mixing 2 g of the blended sample with 8 ml of 4% TCA and was homogenized properly.
It was left for 30 minutes at ambient temperature. After then it was filtered through filter
paper. Then the sample extract was kept and was labeled. Conway’s units were taken
which had been thoroughly cleaned with a neutral detergent to remove any containment.
To the edge of the outer ring of each unit was applied sealing agent (Vaseline). Using a
micropipette, 1ml of the solution (boric acid with indicator) was pipetted into the inner
ring of each unit. In to the outer ring of each unit, 1 ml of the sample extract was pipetted.
One ml of saturated K,COj3 solution was carefully pipetted into the outer ring of each unit
carefully, to prevent any entering the inner ring, and immediately the units were covered
and closed with clip. The solutions in the units were then mixed gently, to prevent any
solution mixing from one ring to the other. The units were placed in an incubator at 37°C
for 60 minutes. After that, the inner ring solution was titrated with 0.02N HCI. A blank
test was also carried out using 1ml of 1% TCA, instead of sample extract. The TVB-N
values were calculated and expressed in mg/100 g sample.

2.3 Antioxidation activity


http://www.sciencedirect.com/science/article/pii/S0308814604002778#BIB7

48

The blended sample was homogenized at 1100 rpm for 1 min and then centrifuged
at 3000 x g at 4 C forl0 min. Then the supernatant was filtered though a filter paper
(Whatman No. 1). The filtrate was collected for further analysis.

2.3.1 DPPH (2,2-Diphenyl-1-picryhydrazyl) radical scavenging activity

DPPH radical scavenging activity was measured as described by Anusha et al.
(2008). An aliquot of 50 ul sample (3 mg protein/ml) was mixed with 1.95 ml of 0.1 mM
DPPH in 95 % ethanol. The mixture was shaken and left for 30 min at room temperature.
The absorbance was measured at 517 nm using a UV-spectrophotometer. The control was
conducted in the same manner, except that distilled water was used instead of sample.
The DPPH radical scavenging activity was calculated from Trolox standard curve and
expressed as mmol Trolox equivalents (TE)/ mg protein.

2.3.2 ABTS (2-2’-azinod-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammonium salt
radical scavenging activity

ABTS radical scavenging activity was determined as described by Wiriyaphan et
al (2012). ABTS stock solution was prepared by mixing 7.4 mM ABTS ** solution and
2.6 mM potassium persulfate solution, in 10 mM phosphate buffer (pH 7.4), and kept in
the dark for 16 h. Fresh ABTS®" working solution was prepared by mixing ABTS®" stock
solution in 10 mM phosphate buffer (pH 7.4) to attain absorbance of 0.7 + 0.02, at 734
nm. Twenty microlitres of hydrolysate were mixed with 1980 ul of fresh ABTS®*
working solutions. Then, the reaction mixture was kept in the dark for 5 min and
absorbance was monitored at 734 nm. Results were expressed as mmol Trolox
equivalents (TE)/ mg protein.

2.3.3 Reducing power assay
The reducing power was carried out according to the method described by

Ahmadi et al. (2007) with some modification. An aliquot of 250 ul sample was mixed
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with 1.25 ml of 0.2 M phosphate buffer (pH 6.6) and 1.25 ml of potassium ferricyanide.
Sample was incubated at 50 °C for 20 min, followed by addition of 1.25 ml of 10 %
trichloroacetic acid and then centrifuged at 1500 g for 10 min. The supernatant thus
collected (1.0 ml) was well mixed with 1.0 ml of distilled water and 0.2 ml of 0.1 % ferric
chloride. Next it was allowed to stand at the room temperature for 10 min. Color changes
were monitored at 700 nm. The reducing power was calculated from Trolox standard
curve and expressed as mmol Trolox equivalents (TE)/ mg protein.
2.3.4 Metal chelating activity

Metal-chelating activity was preformed according to Decker and Welch (1990).
An aliquot of 1 ml sample was mixed with 3.7 ml of water, 0.1 ml of 2 mM ferrous
chloride and 0.2 ml of 5 mM ferrozine. Sample was incubated at room temperature for 20
min. The absorbance was measured at 562 nm using a UV-spectrophotometer. The
control was conducted in the same manner, except that distilled water was used instead of
sample. The Metal chelating activity was calculated as follows:

Metal chelating activity (%) = [1-(Ass2 Of sample/Asg, of control)] x 100
2.4 Statistical analysis

Degree of variation and significance of difference were analyzed using an analysis
of variance (ANOVA) that was made with General Linear Models (SPSS for window,
version 10.01 SPSS Inc, Chicago, IL, USA). Duncan’s multiple-range test (DMRT) was

applied to determine differences (P<0.05) between treatment means.

3. Results and Discussion
3.1 Total acidity and pH value of commercial Kem-buk-nud during fermentation
Kem-buk-nud used in this study originated from four different manufactures in the

North Southern part of Thailand. The initial pH values of Kem-buk-nud from different
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manufactures were in the range of 4.8-5.3 (Figure 1). The significant difference was
observed in the initial pH of samples between different manufactures (P<0.05). The initial
pH of Kem-buk-nud varied according to fish to pineapple ratio and salt concentration in
the recipes of manufactures. Tadpitchayangkoon et al. (2010) reported that the ratio of
fish to pineapple affected the initial pH of Kem-buk-nud which consequently influenced
enzyme activity during fermentation. A similar trend of pH changes among four
manufacturing technique of A, K, L and R was found. The pH decreased during first
month and then slightly increased after 3 months fermentation and decreased again
thereafter. The change of pH was probably due to produce acid and alkaline volatile base
nitrogen during the fermentation (Xu et al., 2008). The lowing pH was an important
factor in the control spoilage and pathogen (Swetwiwathana et al., 1999). Lactic acid
bacteria (LAB) played an important role in pH reduction (Ostergaard et al., 1998),
representing total acidity of all samples increased throughout the fermentation time
(Figure 1). Sample A and L showed the higher total acidity content when compared to
others. Manufacturers produced Kem-buk-nud with different salt concentration, fish to
pineapple ratio and pre-incubation time of fish with salt before mixing with pineapple and
fermenting. Only the fish to pineapple ratio, not salt percentage, influenced the total
acidity production during Kem-buk-nud fermentation (Tadpitchayangkoon, 2010). Thus
the pH and total acidity influenced by the different manufacturing technique.
3.2 Protein degradation of commercial Kem-buk-nud during fermentation

Degree of protein hydrolysis (DH) indicated the extent of proteolysis or the
percentage of peptide bonds cleaved during processing and fermentation. DH of Kem-
buk-nud increased rapidly during 3 months of fermentation and then slightly decreased
over the fermentation period (Figure 2). The same trend of DH was affected by raw

materials and combined action of proteolytic enzyme endogenously present in the
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materials an those derived from microorganisms involved (Faithong et al, 2010). The
resulting peptides are used as the substrate for the microorganism, which play an
important role in further hydrolysis as well as the unique flavor development (Valysevi
and Rolle, 2002)

Trichloroacetic acid (TCA)-soluble oligopeptide in Kem-buk-nud trended to
increase during fermentation. Among all sample tested, Sample L and A contained more
TCA-soluble oligopeptide than sample K and R (P<0.05, Figure 3). The marked
difference was noticeable at the initial date of fermentation. Difference in TCA-soluble
oligopeptide observed among samples was associated with the differences in initial raw
mix ingredients and proteolysis induced by acidic condition (Matulis et al., 1995;
Visessanguan et al., 2004). These results were thought to reflect the activity of proteinase,
though it could be concluded that they were of microbial or indigenous raw material
origin. The initial hydrolysis of muscle protein is attributed mainly to endogenous
cathepsin and is followed by the action of microbial peptidaes, which further degrade the
protein fragments to small peptide and free amino acids (Molly et al., 1997)

TVB-N content for samples of different manufactures is presented in Figure 3.
TVB-N content showed a similar trend among four samples and increased gradually
during 6 months fermentation. TVB-N, an indicator of fermentation in a protein-rich
food, was high in samples A. It might be due to the difference in manufacturing technique
because there was an autolysis process, producing some volatile base compounds.
Proteolysis is an important biochemical change during the fermentation, influencing both
texture and flavor development through the formation of several low-molecular weight
compounds, mainly peptide, amino acids, aldehydes, organic acids and amins (Roseiro et

al., 2008)
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Formaldehyde nitrogen content plays an important role as the indicator of degree
of aging or putrefaction and optimum taste (Byun et al., 2000). Formaldehyde nitrogen
content exhibited a similar changes trend among samples (Figure 3). The formaldehyde
nitrogen content increased quickly during 2 months fermentation but increased a little
thereafter. The formaldehyde nitrogen content in sample A was higher than others as well
as TVB-N value. However, the increase in formaldehyde nitrogen content of all samples
was found, indicating that protein was hydrolyzed gradually by endogenouse proteinase
throughout fermentation period.

3.3 Antioxidant activity of commercial Kem-buk-nud during fermentation

DPPH radical scavenging activity is shown in Figure 4. DPPH is a stable free
radical with maximum absorbance at 517 nm in ethanol. The radical is scavenged when
DPPH encounters a proton-donating substance, resulting in a decrease in absorbance
(Shimada et al., 1992; Yang et al, 2008). The radical scavenging activity all samples
significantly increased with increasing fermentation time. These results highly related to
the results of protein degradation. The DPPH radical scavenging activity tended to be
high in sample L and A rather than others. While the higher proteolytic activity induced
protein degradation (Figure 3), the antioxidative peptides would be occurred at the same
time. The different fermentation condition of Kem-buk-nud contributed to the specific
oliopeptide or amino acid composition. These results suggested that Kem-buk-nud
fermented more than 3 months possibly had more antioxidative peptides, which could
react with free radicals to terminate the radical chain reaction.

ABTS radical scavenging activity assay is a colorimetric assay that evaluates the
potential of an antioxidant to inhibit the formation of a colored radical cation ABTS®*", a
blue-green chromophore with the characteristic absorption at 734 nm. The ABTS®" is

generated by the oxidation of ABTS with potassium persulphate and reduced in the
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presence of hydrogen-donating antioxidants or of chain breaking antioxidant (Raghavan
et al., 2008). Commercial Kem-buk-nud showed varying ABTS radical scavenging
activity (Figure 5). The activity of K and L samples was increased after 2 months
fermentation while that of A and R was decreased. Peptide produced might be different in
terms of amino acid composition, sequence and chain length. Li et al.(2012) reported the
grass carp hydrolysate prepared using Alcalase with DH ranging from 10-20% had
increased ABTS scavenging activity with increasing DH. However, the decreasing of
activity was found in all samples throughout fermentation period. ABTS activity of Kem-
buk-nud was in the range of 0.72-0.87 mmol TE/g protein which was higher than that of
Jaloo (0.11-0.152 mmol TE/g protein), Koong-som (0.0576-0.0679 mmol TE/g protein)

and Kapi (0.124-0.376 mmol TE/g protein) (Faithong et al., 2010)

The reducing power presents the antioxidants in sample, which reduce the Fe*
[fericyanind complex to the ferrous form (You et al., 2009). The ferrous reducing power
of Kem-buk-nud was increase throughout fermentation period, indicating that the
reducing power was found in Kem-buk-nud during fermentation (Figure 6). The reducing
power of all samples was highly related to the result of DPPH radical scavenging activity
(Figure 4). At the end of fermentation period, the reducing power of all samples was
increased about 7 times from 0.09-0.11 to 0.73-0.79 mmole TE/mg protein. Bougatef et
al (2010) reported that DPPH activity and reducing power depended on the degree of
hydrolysis of protein. The protein degradation of samples was found throughout
fermentation period (Figure 3). The results indicated that the reducing power had
increased with increasing protein degradation.

Metal chelating activity was determined by measurement of the formation of

ferozine complex with ferrous ion. Ferrous ion is a pro-oxidant and can interact with
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hydrogen peroxide in a Fenton reaction to produce reactive oxygen species and hydroxyl
radical, leading to the initiation and/or acceleration of lipid oxidation (Binsan et al.,
2008). This complex is interrupted in the presence of a chelating agent, resulting in the
decreasing of violet color. Most difference between metal chelating activity and ferrous
reducing power were observed. The initial chelating activity of commercial Kem-buk-
nud was varied (Figure 7). It could be observed that when fish meat was subjected to
different pretreatments, the peptides generated showed varying chelating activity, though
the different degree of protein hydrolysis was observed. Therefore, different antioxidant
peptides were produced from the samples with different pretreatments. Khantaphant, et
al. (2011) reported that pretreatment affect the structure of protein, in which hydrolysis
could take place at different position in peptide chains. Metal chelating activity of all
samples likely decreased after starting fermentation. This was possibly due to the changes
of charge in peptides when the decreasing of pH was observed during fermentation.
Yarnpakdee et al. (2014) reported that the metal chelating activity of peptides derived
from Nile tilapia (Oreochromis niloticus) decreased by 15.3-25.9% after pH adjustment
to acidic and alkaline pH. The metal chelating activity of commercial Kem-buk-nud was
decreased throughout fermentation period, indicating that the acidic pH affected the metal

chelating activity in Kem-buk-nut during fermentation.

4. Conclusions

Our study first reported on the physicochemical properties and antioxidant
activities of Kem-buk-nud, a Thailand indigenous low-salt fermented fish product.
Changes in physicochemical properties during naturally prolonged fermentation of Kem-
buk-nud could enhance antioxidant activities throughout the fermentation period. Protein

degradation during fermentation led to the accumulation of short chain peptide which was
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capable of reacting with oxidants. These results suggested that Kem-buk-nud had the
potential to be an important source of natural antioxidants for health promotion. Further
research should be done in order to indentify the peptide fractions responsible for the

antioxidant potential.
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Figure caption

Figure 1 Total acidity and pH value of Kem-buk-nud from four different manufactures,
namely, Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and Ratanasin (R), during
fermentation.

Figure 2 Degree of hydrolysis (%) of Kem-buk-nud from four different manufactures,
namely, Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and Ratanasin (R), during
fermentation.

Figure 3 Total volatile base nitrogen, Formaldehyde nitrogen and TCA-soluble
oligopeptide content of of Kem-buk-nud from four different manufactures,
namely, Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and Ratanasin (R), during
fermentation.

Figure 4 DPPH radical scavenging activity of Kem-buk-nud from four different
manufactures, namely, Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and
Ratanasin (R), during fermentation.

Figure 5 ABTS radical scavenging activity of Kem-buk-nud from four different
manufactures, namely, Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and
Ratanasin (R), during fermentation.

Figure 6 Reducing power of Kem-buk-nud from four different manufactures, namely,
Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and Ratanasin (R), during
fermentation.

Figure 7 Chelating activity of Kem-buk-nud from four different manufactures, namely,
Mae Aree (A), Mae Kimsur (K), Yae Lek (L) and Ratanasin (R), during

fermentation.
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act

9-Buk-Nud is an indigenous product of North eastern part of Thailand. Unfortunately,
iproduct is only available locally for consumption. This might be due to lack of scientific
prmation about nutritional value for health promotion. Objective of this study was to
estigate antioxidant activities of Kem-Buk-Nud. Kem-Buk-Nud was processed by four
ferent manufacturers (A, B, C and D samples) in Ubon Ratchathani in order to better
gss their contribution. Kem-Buk-Nud made by mixing striped catfish (Pangasius
pophthalmus) with salt and pineapple before packing in crown-capped glass bottle and
n left to ferment spontaneously in a dark room for up to 3 months. The antioxidant
fvities (1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azinobis(3-ethylbenzothiazoline-
sulfonic acid) (ABTS) radical scavenging activity, reducing power and chelating activity)
I em-Buk-Nud samples were investigated. Peptide extracted from Kem-Buk-Nud
mples exhibited DPPH and ABTS radical scavenging, reducing power and chelating
fivity. However, antioxidant activities of Kem-Buk-Nud from different manufacturers
re varied. DPPH and ABTS radical scavenging activities of C samples were highest (p<
}5), implying that these sample had more antioxidative peptide to terminate the radical
@in reaction. Although chelating activity of all samples seemed to decrease with
creasing fermentation period, an increase in reducing power was found. Reducing power
fall samples was 498+15.46 to 522+19.99 pmole Trolox equivalent/mg protein (p> 0.05).
he present study indicated that Kem-Buk-Nud possessed antioxidant activities and could
2 used as a functional food ingredient for health promotion.

ords: Kem-Buk-Nud, antioxidant, fermented fish

129

66




	1.ส่วนหน้า
	2.ส่วนเนื้อหา
	3.ภาคผนวก 2.1
	4.ภาคผนวก 2.2
	ภาคผนวก 1
	ภาคผนวก 2

