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HEREAG R BEER R - EEARERT
B -40 °C B ERER A - BEBRE AT AR
B RE BN SENE o R
Fy Merck %, Sigma 8% 2 ST R EREE -

= TR
(—) ERRE

WS BREK T RS % » AUBR SR =R ¢

1 280 R RERE 2. FREA: AR
FEAR - EXSBEIRER 5 3. HHEfRK ' BE
HREIPHER AR Fr - TWIHREERIR I - R
25 %10 %% 15 % (wiw) ZREEBT (RAE
BEABESRISRZ LR 1:1.5)  HEER 5 °C
ZHBRAET - FRE— KA —K » WEAPRIREE
28 WHIMHCR KM -

(Z) BIERE

ERRC AR DEREN AR L BER
PIERAEY - #EAZEE (MAURER AFR1295 »
Germany) + SEfTREMRERA - HPMEMARS - R -
RHRERAEZZERLMENERZRE
(Deng et al., 1974; Monagle et al., 1974; Chan et al.,
1975) » itk » BCEARERFTHE FERIRAY R f:
KB RERR - RN BB
BRREREETNT - —ER%iE 65 °C &E
15 min G8 AJKZRISHY 65 °C 1248k » RH & 100 %
BB T 15 min) - RBIRIHERN 72°C> 40 %
RH - {51 15 ~ 45 min (HHS [RE#) ; B5—hiE
65°C » 40 % RH f5{& 15 min » 484 72°C+ 40 %
RH LR 15 ~ 45 min (LHS BEIEEAR) 5 1R AL
&6 ~ 10 mm ZIIEBBEF (beech chip,
RAUCHER GOLD® JRETTENMAIER & SOHNE,
Germany) - FES{EEEERBEF - 250 30~ 45~ 60
min $RE - HATEARRVERE - WMt - (LERERMRAEY)
FIHE ML - SR R RRA R 2
BB -20 °C » {* 7 RPGETTEREMST

= oA
(—) EE=E8

FREKY 5 g BRALFAHHRT - FOIR{LRR-RLEL 600
°C &AL 6 /NRFR - BS o IMAEBET/RISHT

Hhig AR - DIFBHE (Toyo Adventec No. 5A, Japan)
% KHEBCESE 100 ml ; BULEHE 10 ml »
20 ml EEETF K - Ll AgNO; #iE. (T,
1979) HI5ELZ -

(Z) KD

FETE%T 2 g SRRGLENSAM T - R 105 °C #f
it S ERE > BERBROCERHEHE
Kok -

(=) pH

I 5 g KRB AIGE LSS > 1 45 ml KEE
Frk > #EBE (Stomacker Lab-Blender 80 Tekmar®
Company, USA) 38 1 min» [ pH & (Eutech
pHScan 3BNC, Singapore) Jfll'EZ °

(0) FEMEBERRE (Volatile basic nitrogen,
VBN)

FPREREE ST AEREE (BHER
HrREHE)R, 1980) + DURRBREC (Conway’s) fY(EIR
BEAEL -

(A) WELZEL® (2-thiobarbituric acid

value, TBA value)

218 Tarladgis er al. (1960) By HERIELZ -
FEHY 10g FARAFSEL T » A 50 ml EKEETFK
Ll 8 & (Stomacker Lab-Blender 80 Tekmar®
Company, USA) 38 1 min- JB9EEEA 300 ml
=T BEL 50 ml BB T KEEITERBREA
=i MDA 2.5 ml 4N HCL S8 EA =
78 74 ¥ ® (Antiform A Emulsion; Sigma
A-6457) - FEENAEFTZRM - IEEXT 45 m] ZKEHEHR
LR F/RERE 50 ml> Y S ml ZAERNEE
s A 5 ml TBA 3% (0.02 M 2-thiobarbituric
acid in 90 % glacial acetic acid) » fERRRAEZE  IkT
% Bk 35 min » BULSAR » DISOE
Y& B &t (MultiSpec-1501, Shimadzu Company,
Japan) JIEER 532 nm TRYRSEHE - B
(DLZHF /KB SGETHIE) BIBOBEAER
#ELL 7.8 - Hils TBA f& » BAI R mg of
malonaldehyde/ kg of meat -



Mk JRIMTI A 83

(V) BREZAE
Ll (Minolta CM-3500d Spectrophoto-
meter, Japan) HIl%E FASREERZ L* ~ a* ~ bMH » %

MRS AE - FEAR 10 mm - FA 10°
Degs °

(1) B (Toughness) BRBLEM
(Cohesiveness) ZBIE

23# Jittinandana er al. (2002) 5T
iE o R EFER R EREHERYIR 4com B
LB DItk flcEsE (Sun Scientific CR-200D »
Japan) BO&EIREMESE R No. 1| MBIIERE (¢=10
mm) » FEFTIHIBEAES (Chewing test) » 5L, 24
cm/min FEEETHEE - BHERE RANREBEE C—¥
HEITRX RN - TR RS —XBRZRAE » 8
firks g SERM R XBHEEEZILE (%) -

V) BRIM4EEEE (Aerobic plate count ;
APC) FESEES (Psychrophilic
plate count ; PPC) ZRITE

HY 10 g A ERITELEST » 90 ml EHE
< BB RE TR (pH=7.2 ; N5 0.85% NaCl) » LI
B (Bagmixer®400, interscience, France) $'5 1
min * HLUDKE < BEEEBGETT 10 5351
B AR 107 T 107 AR 1 ml - R
AHEEFHBHEEH (Petrifilm™ Aerobic count
plate, 3M Co., USA) » fF—WiBfSldsfE4 5 8
Hr g B 35 °C Rl 58 48 + 2 hr HUH
ATEHBRE BET APC - BANRFTER 10 °C
RS 7 X RS EHERS - e
PPC -

() KBRIEEE (Coliform) FIABRIRE
(Escherichia coli) ZIE

% 10 g ARRBENIIER S - 10 90 ml 25
REARER (PH=7.2 9& 0.85% NaCl) » LU
& (Bagmixer®400, interscience, France) 3% 1
min » LW | ml SEEKBEEINRS
(Petrifilm™ E. coli count plate  3M Co., USA): &
—EER IR 2 o B 35 °C A% 24
hr > EHEFEMER BT R A B RIS R AR
B a5 B HERH -

(+) =R

ARSI A RS B R Lo BUIRE E S, - AT
FINHEGTEZ -
IR (%) = (BRGHE) + (FUBE) x 100 %

(+—) BaEmsT

HONREARRAF L2 3 - RELFFER ' H
QTR - FATRRESEREA 75 °C #
7K {534 8 min - DISERRURRERACH (o (e
HEITRESY - WHEBM RS RME LA 23R - AIH
SEYIERAT 4 om RZTW AL - HREEEGE -20 °C
B RERFER 0 B TRIEEL - DLER ST
ERREROaEE PR - SFEEFEPLE
RN T3RERT 20 £ - FF4 =0k 9 4/ (EE
E, 1991 I T RIFHEE > ST REK 19%
FEHAEEK -

+>) BIBDH

SRESHIRL. SAS BRiEfEiTR A HT (one
way ANOVA) » B Duncan's %38 Bk T2
EMahT -

MR

— ~ EREEFAARnE B

2 FREARTHA S SRR AN
HIFEY » T RNRIER 5 %~ 10% K 15 % WA
W HAMSEAYBMLAD Fig 1 BR - AR
PR AT AR - A A S BITREE
ERYE R RRY I T R D (@ < 0.05) » BE—RIN
WIMBARRE X - AHEHHAN HEHEHA
ANEESERESREMERAANRES
(p <0.05) » ERZAFIFEEH AR E HI R 2R
(p>0.05) ; T ERBARABE S - BIFARRR
REBSEMEE  BIER 5% 10 %Kk 15% HNE
HAR TR EES RS I RE/R 139 +
0.20 % » 2.18 £ 0.42 % J% 3.59 + 0.59 % ; XpRHEMA
1.53+ 020 % * 2.63+ 034 % % 3.72+047 % 15
Be e B HE B I F Y 2.13 £ 0.02 % 4.41 £ 0.32 %
B 6.76 £ 0.28 % ; i BRI HESRIfAA 2.64 =
0.09%°4.80+0.15% J% 7.10+ 0.07 % =& 2R
HHEZR p<0.05)-
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Fig. 1 Changes in NaCl content of Pacific saury

during brining. A: round, gilled; B: semi-dressed; C+:
semi-dressed and split from the back, with vertebrae;
C-: semi-dressed and split from the back, without
vertebrae.

TamBEN fTE R EEh - AP —TEaR
EIRIRE - AR pH (Fig. 2) SIARIIRARTEME (0>
0.05)» B 5%~ 10 % Jz 15 % HyREEm+ -
2 R AN pH A HIR 24 6.05+0.0606.15 %
0.03 J2 6.01 + 0.04 ; R 6.02+ 0.08  6.10 +
0.10 Jz 5.97 + 0.08 ; TFFIMAUT 6.08 = 0.09 » 6.14 =
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Fig. 2 Changes in pH of Pacific saury during brining.
A: round, gilled; B: semi-dressed; C: semi-dressed and
split from the back.

0.09 K 6.08 + 0.08; VBN (Fig. 3) ¥JEERYD (p<
0.05) » 54 VBN » I5BRUY (5 % 1 6.07 £ 0.51
mg %’ 10 % F53.97+0.89 mg % » 15 % J 539 +
0.11 mg %) FEEERZAM G % 15 9.79 = 0.86
mg% 10% J% 880+ 1.51mg% 15% F 11.58
+ 1.84 mg %) FIEEREM G % B 9.26 + 0.38
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mg % 10% % 8.03+£0.95mg % 15% 1 11.15+
1.50 mg %) RFERURE (p < 0.05) ; FAPNHY TBA {8
(Fig. 4) BRT MM 10 %AEAIEISE 2 Rg2
A (5.56 + 328 mg/kg) RIKBRBEE (5.90 + 1.56
mg/kg) WEREM(E <0.05) 5h HER iR
BEEER (@>0.05)-

PB4V BMERE TSR Table 1 - £ PIRVIESR,
LRS- EEPAAMRRE D BN B
BRI R A RRERT R G - B fsoe
RERMED | MRS HENER L BT
HHRTRER 5 % ABSRn AR Al
BEES KRR RS IR A
FIRIGIRE -
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Fig. 3 Changes in volatile basic nitrogen (VBN) values
of Pacific saury during brining. A: round, gilled; B:
semi-dressed; C: semi-dressed and split from the back.
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Fig. 4 Changes in 2-thiobarbituric acid (TBA) values
of Pacific saury during brining. A: round, gilled; B:
semi-dressed; C: semi-dressed and split from the back.

ZRABEHR SRR NS EER R
TR S A IR R =
AT ER E RS » BT R  Ae
PRI AR SN AN R AR T A R 258 T
BRI R AR E SN AR B
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Table 1 Changes in aerobic plate count (APC), psychrophilic plate count (PPC), coliforms, and E. coli of Pacific
saury during brining
Brine Treatment Brining time APC PPC Coliform E. coli
(%) (day) (log,, cfu/g) (log,, cfu/g) (log,, cfu/g) (log;, cfu/g)
5 Raw 0 2.66+£0.19 2.63+0.20 - —
Round fish, gilled 1 1.45+0.21 2.81+0.25 - -
2 1.74+0.18 2.2610.28 — -
Semi-dressed 1 1.52+0.43 2.69+0.24 - -
2 2.34+0.15 2.75x0.29 - -
Semi-dressed and split 1 3.00+0.20 2.61+0.11 1.12+0.63 -
from the back 2 3.11+0.30 3.60+0.10 1.28+0.27 -
10 Raw 0 1.02+0.56 —* - -
Round fish, gilled ! 1.500.17 - - -
2 <1 — — -
Semi-dressed L <1 - - -
2 1.06+0.39 - - -
Semi-dressed and split 1 2.83+0.29 <1 - -
from the back 2 3.01+0.06 — - —
15 Raw 0 1.96+0.27 <1 - -
Round fish, gilled 1 <1 - - -
2 <1 — - -
Semi-dressed 1 <1 - - -
2 <1 - - -
Semi-dressed and split 1 2.50+0.09 1.40+0.50 - -
from the back 2 2.34+0.33 <1 - -

*no growth detected on the plates.

R I REE S (p < 0.05) - HHS £ LHS
FRREHER Z R R (p>0.05) » Bk
SER 2RIE HHS BEEHE 62.50 £ 1.73 % LHS
BEREA R 62.11 +2.25 % ; {548 30 ~ 60 min HARY »

HHS 1 LHS RE#HEER < Y pH F1 VBN 9HERH
FE#=E (p>0.05); 8= 60 min F§ - HHS REH
i pH B 6.13 +0.09 » VBN k 16.66 + 1.41 mg % ;

LHS FEEI#HM pH 5 6.10 = 0.04 » VBN %% 15.75 +
1.31 mg % - HHS GREHAY TBA R 30 f1
45 min ¥ » 4350k 6.47 = 0.41 mg/kg F16.03
1.29 mg/kg » $EERH (p <0.05) LHS fREMH (&2
5% 3.82 + 1.00 mg/kg #13.71 + 1.62 mg/kg) »
i » 2% 60 min Ff - HHS F1 LHS REREHEAR

fHRY TBA EMEREZR (p > 0.05) FIER 525+
0.60 mg/kg » $%&F ky 4.99 + 1.06 mg/kg -

Jfam iR - RNMERREHENK
2 H L*-a* R b* EHEIERR Fig. 6 Fimx -
PEE B ERF MM L* HEFTE @ <
0.05) » 1%4® 30 ~ 60 min Hf » HHS F1 LHS F5
MR MR ER (p>0.05) HL* HY
Bk 68.87 + 3.80 F168.77 + 1.88; {H2 a* {HF] b*
{EEIREERIN (p <0.05) - HHS FRIEFHNELE 30 -
45 J% 60 min B > a* {H5TRE -0.69+043~1.11x
1.27 B 1.14 £ 0.50 SE2EF (p <0.05) LHS pEE
$H (53Rt 0.68+0.74+3.54 = 1.57 7 3.13 £ 0.95) -
HHS BREHEAY b* {EFMELE 30 ~ 45 B 60 min B -
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Fig. 5 Changes in moisture, pH, volatile basic nitrogen (VBN), and 2-thiobarbituric acid (TBA) values of Pacific
saury during the smoking process. R: raw fish, semi-dressed; B: brined with 10% brine for 1 day; HHS (—e—):
smoking at 65 °C and 100% RH for 15 min followed by smoking at 72 °C and 40% RH for 45 min; LHS (—0O—);
smoking at 65 °C and 40% RH for 15 min followed by smoking at 72 °C and 40% RH for 45 min.
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Fig. 6 Changes in L* a* and b* -4 ' I '
values of Pacific saury during the R B 30 45 60
smoking process. R: raw fish,
semi-dressed; B: brined with 10%
brine for 1 day; HHS (—e@—):
smoking at 65 °C and 100% RH %
for 15 min followed by smoking at >
72 °C and 40% RH for 45 min; =
LHS (~—O—): smoking at 65 °C and
40% RH for 15 min followed by 0 ' ' '
smoking at 72 °C and 40% RH for R B 30 45 60

45 min. Smoking time (min)
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Smoked, 45 min
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Fig. 7 Appearance of raw and smoked Pacific saury. HHS: smoking at 65 °C and 100% RH for 15 min followed by
smoking at 72 °C and 40% RH for 45 min; LHS: smoking at 65 °C and 40% RH for 15 min followed by smoking at

72 °C and 40% RH for 45 min.
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Fig. 8 Changes in toughness and cohesiveness of
Pacific saury during the smoking process. R: raw fish,
semi-dressed; B: brined with 10% brine for 1 day; HHS
(—®—): smoking at 65 °C and 100% RH for 15 min
followed by smoking at 72 °C and 40% RH for 45 min;
LHS (—O—): smoking at 65 °C and 40% RH for 15 min
followed by smoking at 72 °C and 40% RH for 45 min.

53R 13.11 £ 1,70~ 22.76 + 3.30 J% 23.31 £3.90 »
BFER (p < 0.05) LHS pREIH (4r7lk 25.52 +
2.03 ~ 33.46 + 2.67 % 31.23 + 1.85) - GiHRIESIE
HEHZESEBE (Fig 7) - EERHEE - AN
R LTERAD Fig 8 - INERVBEE (toughness)
FoEEEM: (cohesiveness) HREEIM (p < 0.05) ;

%1% 30 ~ 60 min ¥ + HHS #1 LHS miREIHZE
ZERSRE 2R (p> 0.05) f&4E 60 min - HHS 5
FRAHAURE R, 64.33 + 9.87 g BEEEMER 47.98 +
3.94 % » LHS [RIHHAYBEET R 73.33 + 3.51 g » &%
MR 4017+ 1.64 % o

AR EBYIR Table 2 » FEBST K
HWHIFRMEEEH - B EEY - KBRERFRK
REEH - BEREVEFREEEBIIELRE
BB Y 5 BV - AR HHS R
FHHIER LHS GREHH - st -

FABIEERE « E#y% « P48 30 min~ 45 min B 60
min % FE By SAIKCE » HHS pRREsHEy 85.58 % -
88.32 % ~ 79.83 % -~ 78.08 % K 76.33 % ; LHS &
FEAH Ry 85.58 % ~ 87.90 % ~ 79.58 % ~ 78.23 % K
76.20 % - B RICRIGNY - ERR L REA R
EAARTEHTEC HHS #1 LHS R A2 5
WeRAEM -
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Table 2 Changes in aerobic plate count (APC), psychrophilic plate count (PPC), coliforms, and E. coli of

Pacific saury during smoking

Smoking time APC PPC Coliform E. coli
(min) (log,, cfu/g) (log,, cfu/g) (log,, cfu/g) (log,, cfu/g)

HHS' R = - - -
B* 1.10+0.35 <1 - -

30 <1 - - -

45 <1 - - —

60 - - - -

LHS? R - <1 - -
B 1.52+0.31 1.061£0.10 - -

30 - - - -

45 - - - -

60 - - - -

'Smoking at 65 °C and 100% RH for 15 min followed by smoking at 72 °C and 40% RH for 45 min.
Smoking at 65 °C and 40% RH for 15 min followed by smoking at 72 °C and 40% RH for 45 min.

3Raw fish, semi-dressed.
“Brined with 10% brine for one day.
*No growth detected on the plates.

7NE (Bl HHS ~ LHS @R 5 =04 HUtE R
30 ~ 45 Jz 60 min) 4K - FAEEERIFR - HE
HFFRSR (Fig. 9) 18500 BR'T HHS 71 LHS pEs
FHPERR 30 min BRFAYSMBIES (SH1R 530 +
1.95%15.05 + 1.47) BEZ{ER (p<0.05) HixaH
Zoh B ~ B = EEE S FrE
AR LRI SR 22 R (p > 0.05)

EEN |

B AN R R TR R MR R A T AU TR
R ERDER - R R B SRR
HXRFR - R - R AREY - SRS
A - hgUBE O ENBERAERE - ERERAELE
o BEHEELBMERLKIEM (Baat e d,
2003) - EFEBERE NI T INEL ~ Hakk - LR
FHRBAFHR - HEMEET T EAERK
2 LERHRRIRR - KT R TRs
b (Fig. 8) 3 - ERTEGRAANVEHEN B - B
BEOBESMEER - EREER AR - AR
BRAKMER (Fig 5 HUBEELBRHER

(Sigurgisladottir et al., 2000) FrEE ; HARKZH
8L (Fig. 5) HERILIEY - BIERRMEERR
BIKIER » BEHELBCRIERA EEEE - #ER
RTE R B CAERT 15 min FRREENEAEIE {5
EREKHIRY BAREERK » I AR A
B2 5 B B A BHAR /K 3 BURRYSBCR A S » 1
Rl W A AR EE SRR S M2 5 HHS # %
76.33 % » LHS 1k 76.20 % » LR IEHERRAYISTE
L £ BRI R A KR BB A B R
bR - FEAVEFISTENRERAIRSEIER - I
JRGAIERGRHRL (EF, 1997) - AEEEHE - 1
PRI EE AL HARARYME - L* B TR T 2* {EAD
b* {EIN (Fig. 6) » #EH FEZ2IRERE N AR
THIFTEEAERYBCR » #R1 HHS 1 LHS GREHHRY SN
B8EAE (Fig. 7) - HHS RREHAVRAR HREE
# 0 1 LHS FREFHAME RO - ERREREAR
[EIFTEL - 51 15 min » HHS GREGHAGIRRES - T LHS
FREHAROIREE » FRCARGHEERERA 7k 7 & B HER S
fEL (Fig. 5) + {(HRAESMER LUFEHRARE -

{LER PSRRI - AARY pH iR e g
BB R TR MR EARARY ML (Figs. 2, 5) WIHER
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Fig. 9 Sensory scores of smoked Pacific saury. Means within a figure bearing the same letter do not significantly
differ (p > 0.05). HHS (m):smoking at 65 °C and 100% RH for 15 min followed by smoking at 72 °C and 40% RH for
45 min; LHS (O):smoking at 65 °C and 40% RH for 15 min followed by smoking at 72 °C and 40% RH for 45 min.

ANTEERRN RSB 2 R ES RS
HERESHRYE - FE RS (Kasahara and Nishibori,
1979a, b) » WX KA BZAIRERE » DIBIRB AR A
% » LA ARIE R A NRY pH BRRE T IE - 48 VBN
FEERHEFIRER D (Fig. 3) » XIASEBHFA A VBN
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Studies on the Processing of Smoked Pacific Saury (Cololabis saira)

Chang-Yang Peng’, Hsueh-Chen Tsai, Chia-Chi Chang and Hsiao-Ling Yang

Coastal and Offshore Resource Research Center, Fisheries Research Institute

ABSTRACT

Frozen Pacific saury (Cololabis saira) were thawed, brined, and smoked. Raw fish were pretreated with
three treatments including round (gilled), semi-dressed, and semi-dressed and split from the back. The samples
were soaked in 5%, 10%, or 15% brine for 2 d at 5 °C. The NaCl content of the flesh significantly increased on
the first day, and thereafter continued to slowly increase. During the brining process, the pH value of the flesh
remained unchanged; however volatile basic nitrogen (VBN) decreased, and the 2-thiobarbituric acid (TBA)
value increased. This shows that there was little change in the aerobic plate counts (APCs), psychrophilic plate
counts (PPCs), coliforms, and Escherichia coli during brining.

The semi-dressed fish were immersed in 10% brine at 5 °C for 1 d, and then smoked. The smoking process
included two methods: steam smoking (100% RH) at 65 °C for 15 min followed by smoking at 72 °C and 40%
RH for 15~45 min (HHS); and smoking at 65 °C and 40% RH for 15 min followed by smoking at 72 °C and
40% RH for 15~45 min (LHS). During the smoking process, the moisture contents of both samples decreased,
while the pH and VBN remained almost constant, and the TBA value increased. The L* value of the ventral skin
of smoked Pacific saury decreased, while the a* and b* values increased. The appearance turned
yellowish-brown after smoking. The toughness and cohesiveness of the flesh of smoked Pacific saury increased.
Neither APC, PPC, coliforms, nor E. coli were detected. With the exception of the appearance, the flavor, texture,
and acceptability of both products did not significantly differ (p > 0.05) according to the results of a sensory
evaluation. These results show that the suitable smoking conditions for smoked Pacific saury are smoking at 65
°C and 40% RH for 15 min followed by smoking at 72 °C and 40% RH for 30 min.

Key words: pacific saury, Cololabis saira, brining, smoking, acceptability
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