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AWFFe L EESE (Thunnus albacares) N TEIEVIM G A RIRRE » FEK RS T 2850 R
AP TRERS - ERRT HME S TR T M - DR SRl Y M B E - S A AimA 3 /5 (viw)
FRELKIEE LR INEESE Alcalase i1 Flavourzyme 7Kf# 4 Fz 6 hr » DIEESR/KfEAH . IR AEES
EA B S LRI - DL Alcalase 7Kfi# 2 hr 5 Flavourzyme 7Kfi# 4 hr 7Kf#W (A2F4)
BEISE R AAEE - B SRIN LB RN I S M B AL RB 2 (VBN) ~ =FAfiZ (TMA) BiZK =R 8 =R
PEHIRH > HDL A2F4 s 0 SERERA] A2F4 —EBHEGTES/K R TN B HURRIDIRE M < s
ERFIERRE » DAL E R i A e R - Ry 15% J¢ 30% 2 A2F4 > H7fH 10% 2%
s RIS IO R R I B e > A 35 °C TR 90 K > ERHURMERSSIEE - IO L
BRI a~b BRI pH EEEE TR B2 2R SME VBN f1 TMA FERFERER MR -
AEMEETE YRR 24R 18 LA 75 R MEABIERA S ER 60 KEmmEREE NEF-
FFEILL L 15% BEsFadEuie 30% B AR AR - IEEEE IR S & B S 21K
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25% MFTE R Pl - 10 - 15% MU ~ gl
K 5-10% IMEASERIEY) (FRELRE, 1990) - 58
6 Bl EE VIR 2 4 T DAL ARG (B 1 o 2 DL R
JEEEE » HhI &R S B EEENR S @R 6
SR A ERE TR = B E Y < M IN(EE - [FIRE
e b BN TRk -

AT AL 2 IR R L
— HigE T2 2 UR G ARERER &K
REETERERIZE 2D 6 - 12 { H (Brillantes and
Samonsorn, 2001) = DAL & A SRR AT A 2%
FIFHEIEEY - AE H 7 (S e ety F Ve s ]
o AR IR EAE - HERREREE S
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SeHE LI EEAG (Thunnus albacares) I TREIZEY)
M & W R R > EHE Alcalase J
Flavourzyme {FRy/K s gL &5 N ISR - 55
Fh B BGIR £ f F DA SR 2 /R BG4 > P
JE1G & FEU A7 fiA P 5 e 7 T A e i A 1 B
AW AR EMR A I S TR - SRR I A b
ELAH R B S FR A ML LIS i fa LS A
B R B v T -

FORHEL 7

— ~ HlghrrEEH
(—) #RRIREARIAZIE

BB PO E Ao EEEE R AR A A -
FaRSr AU ~ U SRR - B
EIMEAANL - DIEEHREERE - 58 1kg»
DIRBEREFEE vk B E = - BN -20 °C
e > BEAIRTSEE 4 °C kARG -

FIOK A B R AN B S R RRs 1T 5 /N
FErem R O ARSI KERHIER
mn CEERT AR A RIS » B E 2R -

PEsERE R Alcalase (JEE Bacillus licheniformis)
B Flavourzyme (JRE Aspergillus oryzae) - iEH
TRINE SER A IR A F] > 3559 Ry Novo Nordisk
A/S, Denmark o

(D) =REHNSAKERZ RS

27 Aristotelis et al. (2011) 1 Udomsil et al.
(2011) Y71 » 3EEE Alcalase J Flavourzyme
TE Ry /K B AR N & P ISR - B 100 g fRBR TR
UM EIBERIM AN - A 3 588 (viw) 2K
g7k - UERITE 2 min - BREEKSBRE
(Firstek Scientific Shaker Bath B205, Taiwan) 1T
/KM - Ry 130 rpm - S RIS A RIN1L
BEREIMNRIN 2 RGBSR Alcalase J¢
Flavouzyme 77K » SR 25 IS8 il F F il
& 65°C J¢ 50°C HETT/E - EERe R HRIN
1t. (Autolysis) 4 hr Hl 6 hr (AU 4 ; AU 6) ; &
VRIS 5L 0.25% Alcalase 7kfi# 2 hr 4% »
L 0.5% Flavourzyme 7Kfi# 2 hr (A2F2) ; 55—fH
HIBL 0.25% Alcalase 7Kfi# 2 hr £ » HLL 0.5%

Flavourzyme 7Kkfi# 4 hr (A2F4) - fRFE K ELLL
80 °C Wh/KISINEN 20 min BERERIE - 1o AlHE
LRI KRR FEH DU N S B AR P AL R /K
FRAGREE - S AT IE E RS AR ~ A - FREERE A
IR~ HBE AL RE A (VBN) ~ = HIfi%
(TMA)~F1 pH {E55 - PERIRRBIMEAMA 3 5
HERAZREE/K - $9E - BB LRI AEEUK -

(=) HRMEABSREDRE

(NSRS SE

HGE & H KRR B2 Al ok
(Aspergillus oryzae) » i 30 °C T 2 - 3
REKRL L RMEMAEE M o SIUKGERIRE
# 8hr HYKE » LIAYE % (Tominautoclave TM-
RNERHR AR B  /NRRIEL 10 1 (wiw)
RE  EFRAFEHEES S RSB A
BRI 30°C K58 3-4 K gHETIE
RN MR B BB R B -

2. falEnhi s RERE

£ Yoshikawa et al. (2010) 1971 @ 5=
fEfE I SRR - 73 BIIA 15% (Wiv) ke 30%
(w/v) NaCl » 48 10% (w/v) 248 - $IHH R
mMEEE > BEMHAZHEM 05%
Tetragenococcus halophilus (BCRC 12550)F1 0.5%
Zygosaccharomyces rouxii (BCRC 21486) » ZSIIEE
95 2.9 x107cfu/ml Bd 1.0 x 10°cfu/ml » F§
& 35 °C NEgEE 90 K - BEEHR ¢ (1) 15%
NaCl # @ ¥ BRI 15% NaCl ~ 10% T528
¥ (BoRFy LSC #) BRI 15% NaCl~
10% 2850 ~ a8y (o Ry LSM #H) s
(2)30% NaCl #H : S HEfH E7RIT 30% NaCl~ 10%
SRR (BURFs HSC #l) - BRI 30%
NaCl ~ 10% T 2K% ~ EEMAEY (FERk
HSM #) -

ZERESS 0~ 15~30~45-60~75~90 K47
BIPRER - BRI e SR 5 - BRERIR L
6,000 rpm/4 °C Ly 20 min » BAREEIEA »
TRAFIY 4°C» L7087 - THEBHE : Loa,b {H
pH B ~ B ~ "YATERETZY) - R~ HEEREA ~
AREA ~ MEREA ~ MEKHE - VBN ~ TMA ~ FI
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RHARIEG S o A PRAR RSB T L PR B DL
90 °C Jkia3tEFT 30 min FRE - AMRAI sl
L5 P S BRI i @

S Y IWaRes
(=) pHE

Huikin 20 ml - DIEE¥ERs9 2% » BH pH
HIZEHE (Suntex SP-2300) JHIE °

(Z) B

RBIZATHE CNS 423 » JH5% N 5006 2 F7ik
WISE < B 1 ml BRI DLEEEF/KESR S 100 ml
#% > B 20ml fIA 0.5 ml 2% $&FE8H (KoCrOy)
FEREI - LA 01N fiffEER (AgNOs) ¥R E 2
prsta Il o FOERPTIMRE 2 WEEIRE B (VD)
Fez2 A ATEFEZ =TT (VO) » NaCl (%) =F x
(V1-V0) x 0.00585 x 100/20 x 1/kEmEAE & x
100% ; 0.00585 RFIFZEF 0.1 N fgEEsR A
.2 NaCl &&85F K 01N fFesRAgE JIfE-

(=) BBEERESR (formaldehyde nitrogen, FN)

WREFFEERR (1975) ZHI5E 5N Eas < HY
et 5 ml > DIEBEF/KERZE 100 ml > ZFRHL
25ml PL 0.1N SEELEmFa%E pH £ 8.5 Fl
AJeHRIF pHB.S &2 37% HEEAH 10mb RE
BE% L 0.1 N S5 LIS ERI%E pH 8.5
FLSRH AR (ml) > FEBRBEGHEART: HEE
BEZE, (/100 ml)=0.0014 x F x a x (100/W) x
(100/25) 5 a BkEfhLL 0.1 N @S bsmissE 2 H
& W AERERSFEE (ml) 5 F By 0.1N &%
{bsiz AEEJIE 5 0.0014 Fylg=Ft 0.1 N &4
{LSNFTMEE o & -

]

([0) &EER (ammonia nitrogen, AN)

ik A.0.A.C.(1998) J5iZ:M& IEE - Bk S
15ml> DL 1IN S5E(binFa%E pH 2 9.5 L 5
ml fIA 0.025 M (pH 9.5) Z BHERSRARE R 1
ml > DI IRZRBREE BT R8> WELL 4% TRR
A 2 MHEAEREZ 20 ml ERAE Rt
Wil > FLL 0.1 N SR b e BAcE: - A8
ZATHEAXATT: ARBA (/100 m))=0.0014 x

F x (a-b) x 100/A ; a 8322294 0.1 N EE 1k
2 FEb RS 01N §81/tine HE;
A LR FEEE (ml) s F A% 0.1N S&E bR
ZREE S 5 0.0014 REES 0.1N HAILE
FitE 2 &= -

S
4
=
o
&
s
il
&
o
il

e (2010) ZHIE L > /KR (%) =H
FEREZ /RS, < 100% o

& Kjedahl % (A.0.A.C,2000) HI5ELZ °

U\ ansitEy

IREIZAFHE CNS 423 » 255 N 5006 Jjik -
{0 FERE T3 T THIE - BEHIRRER 5 &
R VS VEIETEY) -

() BRMEERER (volatile basic
nitrogen, VBN)

IREIZATAE CNS 1451 - JHEE N 6029 Jiik
W TR » $RAIBEEURINL (Conway's) B fiRHL
EAETHIE -

(+) =B& (Trimethylamine, TMA)

/¢ Hasagawa (1987) J7iEHIE - BY 1 ml
TCA R ERREURILINE » WZEFEA
10% WHESR O 1 ml > ZhEH0A 1 ml BRATRR
BRSPS IR S5 — M1 > Y 1 ml 10% AT
ABRERMANE BT saomEa %R » Bt 37°C
W 60min > FELL 0.02 N EEFEEE A R
WHEEMALOHE I - ZZHL 1 ml 2 7%
TCA HUGAHK @ i EEEHEH TMA && -
FHEARAT : TMA (mg/100 g) = (V- Vo) x N x
14 x 50/W = 100 5 Vi ByfEihiH 0.02 N EEfERE
Ho(ml) 5 Vo ReZZHAH 0.02 N EEEG I E &
(ml) s N Az 0.02 N EEEGIRIE 5 50 RIRER
% 50ml: W RBERGME (g) -
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(+—) BERAAR

ff Churchetal. (1983) [y/5ik » (E AR
FH{E (o-phthaldialdehyde, OPA) 436 B 1 3]
SE/KREEY)H o- R ELTREH & - OPA J¢ 2-&li
Z % (B-mercaptoethanol) &rEl—fki% (Primary
amines) [z JE H E %  (l-alkylthio-2-
alkylisoindole) 7EJ%E 340 nm FIRIKOG(E - OPA
ARBIECE A0 © B 0.1 M DURHBRERTAIR 25
ml ~ 20% SDS 2.5 ml -~ OPA (40 mg o-
phthaldialdehyde ¥/ 1 ml HIEE) 1 ml ~ B-
mercaptoethanol 100 ul » JE &% DIEBEF/KER
F 50 ml SR HEEIIRTE © HL 100 pl KGEE
BRI A 4ml 2 OPA A - £95R
BAFFE 2min & 2 340nm NHIEBOEHE
5L Leucine-Glycine BI/EAEHERRHE - DIFER
BRI S & -

(+) #ERR

ZENEWE (2010) J5i% B 1ml 49
MEARRESLEE TCA ARALHHHIR > TIA 2N G5
{E$h 0.2 ml ~ BUFIRRIE S SHIAI 0.3 ml Je B
PR PRV L ml > Y 40 °C EDEIE 45 min
% MA 25% ¥REIK 0.1 ml % > BOUFFE
30 min DU IEIE » ALAFAERERZE S ml -
2 4°C~ 3,000 rpm FEEL S min o BRHY EER
HE 0.22 pm GOKPEREE - BIW]iEA HPLC 73
T o TR -

1. HPLC #&#Y : Jasco pump PU-2089, Jasco

UV detector UV-2075 (Japan)
2. 53#7&E 3 © Purospher STAR RP-18e (5 pum,
4 mm x 125 mm, Merck KGaA, Germany)

3. BEIMH - A WORHIER B Rk

4. BRIEIRME -
] (min) A & (%) B i (%)
0 50 50
19 90 10
20 50 50
30 50 50

5. Vi © 0.6 ml/min

6. B - 40°C
7. HEREE 10l

8. WIEWE © 254 nm
+=)Lab &

iDL 24 (Minolta spectrophotometer
CM-3500d, USA) I L~a I b f - He L
HAREZE (lightness; L value) ; 1F a {HICERHAL
B F (redness; +a value) ~ & a {EHAAERKOE
(greenness; -a value) ~ IF b HRAEKREHOE
(yellowness; +b value) & b {HXERE@ME
(blueness; -b value) » 3fi DUEEHE I IE » IR IELZ
FEE PR, X=94.79 Y =99.99 ~ Z=107.27 -

=~ MEHa

BB L SPSS 22.0 (statistical products &
services solution) Z= 5 i i B v 38 S B o0 A
(one-way analysis of variance) - 3f; DB 5 [ 251,
HIES (Duncan’s multiple range test) JHI5E %% E
FHH 725 > BEE/KHERGE Ry p<0.05 -

i SR B A G

— ~ JEOR RS Z ST

AR LU i I TRl A L 1 A R I
B KT AERAN Table 1 FoR > 7Ky
Ry 64.34% HEEE AR 16.89% K
12.62% > IR Ry 0.92% - (RS Fl < HH
PIERE B AR EEPIEREARE  BE K &
KNSR HP REESEAE B - B
Wi ~ WEPIE SABHESR TR (R, 2012) 5 1
NERIEHAREZFEEH (Glutenin) - Hifk/k1{b
AR 10% BIKEE - AR R
MR (BESF, 2007) > #ORNIFEERIAR K
IINEVER BRI -

=~ fERAIN & KRR < B0 he AL ER
kg3 53
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Table 1 Proximate composition (%) of yellowfin tuna dark muscle, soybean and roasted wheat powder

Sample Moisture Crude protein Crude fat Ash Carbohydrate

Ygll(iwfin tulna 64.34 + 0.30' 16.89 £ 0.25 12.62 £ 0.35 0.92 +0.03 5.24 +0.75
ark-muscle (47.37 £0.92)*  (35.39 £1.13) (2.57 £0.10) (14.68 + 2.00)
Soybean 32.47 £0.26 18.63 £ 0.02 4.26 +0.07 33.92 +0.39

10.73 £0.24

powder (36.37 +0.37) (20.87 £0.04) (4.77 = 0.06) (37.99 + 0.35)
Roasted wheat o 13.81£0.18 1.64 +0.10 1.89 +0.02 74.46 +0.23
powder e (15.04 + 0.20) (1.79 £ 0.11) (2.06 £ 0.02) (81.11 £0.22)

'Expressed as mean + standard deviation (n=3).

’Expressed as

dry basis.

Table 2 The contents (mg/100 ml) of total nitrogen (TN), formaldehyde nitrogen (FN), hydrolysis ratio (%), peptides,
volatile basic nitrogen (VBN), trimethylamine (TMA) and pH value of hydrolysates of yellowfin tuna dark muscle

Sample N FN Hyfargloys“ Peptides VBN TMA pH

Control  103+7¢ 2.0+1.0° 20+05  159+5"  290+0.10° 0.69=0.15° 6.50 + 0.01°
AU4  153+8  36+4" 23813  716+57°  9.00+0.40° 2.77+0.30° 6.53£0.01°
AU6  165+15°  39+4> 235+0.6° 727+73°  822+040° 277+0.15° 6.56+0.01°
A2F2  433£18" 1372120 31.6+2.9° 337459 12,63 040" 3.46+0.30° 6.44 = 0.01¢
A2F4 461320 139+10° 30.1+0.3° 4,704+209° 12.63=0.30° 3.46+0.30° 6.49 = 0.01°¢

'Expressed as mean + standard deviation (n=3).

Means followed by the same superscript within each column are not significantly different ( p<0.05).

(—) BN ESAKRIRZIER
B

FN ’7K

i SPRPNSE R o = PURTIIL =i
JKfE - WIREEIS I E B A SR R /K R
IR - [RIRERE i T R VBRI IR - DUE G 1%
A PG IR » B Table 2 BAIRISHZ
AL BT 0 s S B R Y PRI < R & R
103 mg/100 ml ; FN & &k 2.0 mg/100 ml » jfj
Fa N 7K R R B 2 E RIH AL B MR SR (R B
o B A R RS R LM FN > H
Hh S AR S i B e v » FLAR 2 R el 4.3 -
4.6 £ » FN HiEiE 60 £ (p<0.05) - LAl REH
R /KIRTE R - PRI AN VA R R B AR iR
AT » AT IR i 2 & AHE L 2 EEE
FE KR (p<0.05) -

(D) HREE

M o-phthaldialdehyde 5} Bil/]\43 T~ ik

(M.W. < 6,000 Dalton) MI&ZEEEY o JZEXIE
(Church et al., 1983) » "JHI bk ba /K gy v
INGEFHERR S & - REIRAN Table2 AR MEAKS
BAEFEHRIR S 159 mg/100 ml 5 PURH 7K i 8 s
716 - 4,704 mg/100 ml » H A H I LEGZ RN
BRIk - HEIK & R /K R PRI AL R T b
b Hrp AR IR IR IR & E R = E
AL A PERIAE - HAEAE A2F2 Jy 3,374
mg/100 ml » [fj A2F4 HiJE5E 4,704 mg/100 ml »

(=) VBN~ TMA Ed pH &

VBN H1 TMA & &5 FIR/KEE S DA R
AT E TR A AR B L E S o3
ifiEE4: VBN B TMA » Blfa 5B 2 258 28 E
B - FREIE AL R A E R AEHERE VBN
BT 100 g JEAE 15 mg LUT 5 (@B i M EAE
25mg LUF o AGAESRS AN Table 2 Fi7R » VBN 7
PSR 2.90 mg/100 g PURH KR R 8.22 -
12.63 mg/100 ml - BEZEIRINFHZ VBN #H3
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Changes in (a) pH value and (b) soluble solid content (°Brix) of fish sauce samples produced from yellowfin

tuna dark muscle with different salt concentrations and halophilus microorganism during fermentation for 90 days.

LSC: low salt control, LSM: low salt microorganism, HSC: high salt control, HSM: high salt microorganism.

=R E A - EER 25 mg/100 g fRE
fH ° 5540 B AEERBURE TMA HlER
=HIEHE - [HANZ TMA SE45EE 6mg/100g
R R 3SR (Sikorski et al., 1990) » AEH
TMA FEPEHIRH Ry 0.69 mg/100 g 5 PUH/KE Ry
2.77-3.46 mg/100 ml - BEABSRHF MR 25 - th
BEHY 6 mg/100 g - pH {EAEEHIFHIE Ry 6.50 5

BRI ARy 6.44 - 6.56° HZIH{LAHIY pH
{EFEE /KRR AL Rl By BT 6.56 5 (HIESRIR
DRy pH (BRI 2 BIUSERERE T #ES - i R
A AN 86 f 0 & H K BBy I A e R
(Histidine) » A3 _EEfE iAW (Biochemical
buffer) YA FIA R RIZGEE) (ke
HIFFHL) % SEULA pH ERSREGE TR - i
K pH ST 6.44-6.56 - EERFHRGIR &
E AR (Konosu and Yamaguchi, 1982) -

8 3 T SRR I AT A e R 1 L Rk
e N ISR i XawN A S is
Tk 6 16 H LA L - SRR R e T /KR EE AR R
G BRI B rE SR - R A SR
TEAT I B T I M D5 B Rk by - G AR AR
JEARBRIAT - HREEIT - &~ WSRENS
S o KIE > ARE DL EREERAEE  PERKE
TEEEIR R 159 mg/100 g ;5 Tfij Alcalase 7KfiE 2 hr
#% > HiIOA Flavouzyme fER] 4hr (A2F4 #H) w|]
i 4,704 mg/100 g » L FERAE SRR (A2F4)
HHLZ KRR A B 1 R PR I o O - USRS

WAEAIREZ ~ IR R /KR - DU s

TS FRF ] -

=~ Bl A YK RIS F T e
{LERR ST Z 5T

(—) pH & - ESERAB BB

K& /KRR (A2F4) » Z3RIIIA 15%
(w/v) K 30% (w/v)NaCl » $#fE 10% (w/v) 528
R by IR o T E BE R R S AN 0.5%
Tetragenococcus halophilus (BCRC 12550) #l1
0.5% Zygosaccharomyces rouxii (BCRC 21486) £
MY - B RERE —REE 15% 4
HABLESHIEAYEOR - (HH VBN B TMA {5A]
FE MR T _E 7T - IR R BRE T m R R 2
BAHIHIRERAITER] - #ESEah L 30% RiEry
JREAE AT T LRI © ST R I fi A WA T 1%
FERE R BN HIBRIIE TR TH BRI A R
J8653 » S RlgE A BRI AR e B SRR Y pH
B RRE - EETEBIPEAIRCR - HEHS R Fig. la
HURE B G L& Y S pH B %
At - BEEEFIHING - 15% NaCl # (B LSC ~ LSM
#1) pH Bk 6.04 > i 30% NaCl #H (H[ HSC ~
HSM #H) pH ks 5.80 - 5.83 ; AEEE 15 Ki
B 15% NaCl # pH {EAIE TREE 5.24 1
30% NaCl #H pH {ElgEy EFFZE 5.83-586 0 2



wEEEAEI CRIEYI S AR s 71

FPREMEGIN L R - VIS pH HEZEET
e S ARSI TS pH BT 4.94 -
541 0 £F & BB | &% i 2 8 & (Codex
Alimentarius Commission, CAC) ¥ E f g it
Z pH EAHER 4.5 AR IRELE (2006) &
FESAEEL » HHR L 15% NaCl AL » HEHF A
By 15% NaCl .2 B35 A FI AR B G S
Wk BEIER » A IR e S iR mT e R
MAEYAE R EARZIE RSN pH H
e —fi% TRl BRI B =R Ry 16 -20%:
B Er R 20% BE o SRR g 2R
FIRERER A RS2 I » R < B R E N 52
2 HELERRIRI (5L,2006) - Sanchez
(2008) 7N F1 F2 15 e £ i B 1 L 1 BT
HEREEHEE Ry 10 - 18% » SR Al RE &
BRI AE R [RIRF A R 1 - BB o
15% NaCl #HEZ 30% NaCl #H .2 572 i il
PR 13% K2 23% » HHRIMERRZE 4L L pH
E LB HER] 15% NaCl & B is# &
i A FLRR TR S e R BRI AR I

Beddows et al. (1979) f5H faBE i mT A 1 [E
%1 (soluble solid content) F=EE3K H & HE 7K
i R BRI L B B8 (free amino acid, FAA)
KNy FHERK BRI > RTYA TR & BRI
B R B A2 R - S YA TR Y
1K > ArTgE 2 Bl E R TS - H Fig. 1b
RIS 15 KA WUHAERI "I EETZY)
BN . R BAEE ETHEBYE R 75 RER
TR - FE AR SRR - AR EY) & &L
15% NaCl #HEH 30% NaCl #H > H LR
i I G A W 2 o PR R £

(D) BR - PERER - 2R - RIRER

2B

i

#aZ\ (total nitrogen, TN) R ELHEREA S IF
MEAREZ > H g AR RS IR A TR A S

TS - TELEHlERR BB B AR Git
2001) - FEriE AR REFHVEHES &
B - QSRS E T - SR tlls - 40 Fig. 2
Fis > PORH AR T S A 28 R S A e T
W > MR 45 RAPSERTINILR 60 K&

e {HR P EARNE NS Hfr1l 15% NaCl
fH (LSC~ LSM) ZHEZ R - A REBE
M EASE AR > BB R R SR
20% Wy > I E < BRI (Trang et al,
2005) - R E BRI > SEME A A
R > SHE 30% NaCl (HSC ~ HSM) B2 i
AE R 15% RmEHIK -

—e— LSC
1200 o— LSM
= —v— HSC
8 —&— HSM
f=—1
< 1000
&
E
S
§° 800
£
=
>
= 600
0 20 40 60 80 100

Fermentation time (day)
Fig. 2 Changes in total nitrogen (mg/100 ml) of fish
sauce samples produced from yellowfin tuna dark
muscle with different salt concentrations and
halophilus microorganism during fermentation for 90
days.

B RAZRITE S A
HLEY) ;s TR RE RSN IR 53 e A i Ut
Jife EL P i 2% 1 & 28 (Chaveesuk et al., 1994;
Lopetcharat et al., 2001) » £2LL NH; B NHs™ fk
REIF R A - MRS (Amines) J& NHs fiip
MR HARRE D By - ARREE AR
2GR TS (¥, 2010) < H Fig. 3a B
Fig. 3b BUR HRREE N AREENEER: 15 KA
SPGB 2% EFHIRE AR - HE 60 K
Bt NeE - Hp XL 15% NaCl #Hiz faig
BHEE SR 30% NaCl FREIH - HEMIR A Ry fa s
SRR 16% DUT  BA S R4 (Ul
FERR R ) WA R EAE S E (B
&%, 1976) -

1€ Fig. 4 ZHEFASH]  MAERER & E 1L
EHFHRERE AL » DUfH A B i e R e
15 R R GE - (Z B Y % » EEELRIEA
LI BB E AR - B B R A K Y
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Fig. 3 Changes in (a) formaldehyde nitrogen (mg/100 ml) and (b) ammonia nitrogen (mg/100 ml) of fish sauce
samples produced from yellowfin tuna dark muscle with different salt concentrations and halophilus microorganism
during fermentation for 90 days.
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Fig. 4 Changes in amino nitrogen (mg/100 ml) of fish Yaylayan et al. (1992) Hi3gH &Y rysEFoE -

sauce samples produced from yellowfin tuna dark
muscle with different salt concentrations and
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Table 3 Changes in histamine content (mg/100 g) of fish sauce produced from yellowfin tuna dark muscle with
different salt concentrations and halophilus microorganism during fermentation for 90 days

15% NaCl 30% NaCl
Fermentation day
LSC HSC HSM
0 - - -
30 7.82 +0.25% 8.53 + 0.08 - -
60 19.02 = 1.06™ 20.25 + 0.77* - -
90 12.39 + 0.02"® 16.54 + 0.30°4 - -

"Not detectable.

Means followed by the same superscript within each row (A-C) are not significantly different (p<0.05)
Means followed by the same superscript within each column (a-c) are not significantly different (p<0.05)

H 851 2 8 ST B PRk B 2 - [ABES 30 RIRF Ky
7.82-8.53mg/100 g » 60 KEBEREHE (19.02-
20.25 mg/100 g) - TR AR BE IR By 12.39 -
16.54 mg/100 g {H{MERIIEA (20 mg/100 g)~
CAC (40 mg/100 g) K& (50 mg/100 g) ¥4
4 i AH A 2 BR & B GE - Besas and Dizon
(2012) WFFELL s BEAE PR =0 N EgEE 7 K
BEat 10% ~ 17.5% ~ 25% R [RIESE E EHHRR L B
i 5 B BURARRIE & R R B i
1 > R 10% B HR S EERE
FDA (50 ppm) ZPREAFHE » SO HHIREA
R 17% IR RIIHIREAR G < B4

5381 Udomsil et al. (2011) ffF5efig itz
fE 10% T. halophilus BEE; - BElZ 180 KAEMHE

BUA VN5 - Shozen et al. (2012) LIHIEES
EfR A KEE  BEFEEL T. halophilus BEE A0S
T AS 224 REHREDR nTHIHIRE RS 2 - (BT
e i B D A 0 R ELAH R 5 Bl R
REE A > R RTREE YA VIR R A R - T
Fotert BB 2t » AR AT S i
B RO A V). S B SRR TR IR I F R (A
FERE) > DUREHE T. halophilus A== Ml Rk
i A R AR -

E i B R BRI > H PRI R
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Studies on the Preparation of Fish Sauce from Yellowfin Tuna
(Thunnus albacares) Dark Muscle By-product

Ko-Liang Kuo!, Han-Ting Yang?, Chyuan-Yuan Shiau? and Huey-Jine Chai'"

!Seafood Technology Division, Fisheries Research Institute

2Department of Food Science, National Taiwan Ocean University

ABSTRACT

To increase the added value of tuna dark muscle by-product by altering its inclusion in fish sauce, the by-
product was hydrolyzed as a raw material and then fermented with soy-wheat koji and salt-tolerant microorganisms.
Yellowfin tuna (Thunnus albacares) contains 64.34% moisture, 16.89% protein, 12.62% fat, and 0.92% ash. In
this study, 3 volumes (v/w) of distilled water were added to tuna dark muscle through autolysis or enzymatic
hydrolysis with the protease (alcalase and flavourzyme), and then hydrolyzed for 4 or 6 hours, respectively. The
enzymatic hydrolysis group had much higher peptide levels than the autolysis and control groups did; the alcalase
2 and flavourzyme 4 (A2F4) hydrolysis group demonstrated the greatest increase. The volatile basic nitrogen
(VBN), trimethylamine (TMA), and hydrolysis ratio of autolysis or enzymatic hydrolysis are higher than the
control group, and A2F4 was the highest. The VBN levels in all the groups were lower than the aquatic product
quality limit standard of 25 mg/100 g. According to these results, the A2F4 hydrolysate produced using two-stage
complex enzymes can greatly improve taste and functional components such as amino acids and peptides. Thus,
this hydrolysate was selected as a raw material for the further fermentation of fish sauce. The salinity of the
hydrolysate from the dark muscle was adjusted to 15% and 30%, the hydrolysate was inoculated with 10% soy-
wheat koji, and then salt-tolerant microorganisms were added for fermentation at 35 °C for 90 days. The results
showed that with prolonged brewing, the L values of the four fish sauces decreased, but the a and b values increased.
The pH value slowly declined, and no significant change was observed in salt content. Furthermore, the VBN and
TMA values increased with fermentation time, while the soluble solid content increased rapidly until Day 15 and
then increased slowly until Day 75. The total nitrogen and amino nitrogen contents increased gradually until Day
60 and then decreased slowly thereafter. The total nitrogen and amino nitrogen of the 15% NaCl product met the
fish sauce standards of the Codex Alimentarius Commission (CAC). Overall, the 15% NaCl fish sauce contained
a higher amount of total nitrogen and amino nitrogen than did the 30% NaCl product. The histamine contents of
the four products were lower than the 40 mg/100 g CAC standard. The addition of salt-tolerant microorganisms
during fermentation showed no significant effect on the quality of the fish sauce products. The results revealed

that inoculation with soy-wheat koji is a feasible method for making fish sauce from tuna dark muscle by-product.

Key words: Thunnus albacares, dark muscle, enzyme, fermentation, fish sauce
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