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Tab.1 Factors and their levels used by
Box-Behnken design
K S 4t Level and code
[ % Factors

-1 0 1
A fEE & Salt content (%) 3 5 7
B g il 5L 10 s
Salting temperature (‘C)
C MEHImfa] Salting time (h) 24 48 72

Pageit . AbBR, FrAA IR 3 AT, e g5 R LA
SERME bR EZE SR, IR T 2200, DL P<
0.05 H &,

2 HRE5HW

21 BERARE

RIS Eh R TVB-N (iR 8 s, 2 9%
FE ) 2ok R PO R AR R ) B [ X 5
S
211 mEEsxf & AL HEF TVB-N LG # A H
ANEER S ] BRI L6, 10°C&0F T e 48 h,
FAR PR A W 1 TR o

M E 1 AlAEL, BEE L p s, AR e
WA, RN RN 7%, AREHRECE
it 5%, AFFETHSE XTI MR . @R EK;
JEH SRS, AR (R R AE, 2007a),
BT KA R, ARG B, |
Tl B AR B AR, SRR RRZRR S
fife, VRS A IR N, WA AR MR RN AR S
JnEh B b (AR B4R, 2006), ik, fnEh e
AN T Ui g 2 SRR A 3, AT 5 i 228 8 3 &1 o)
B . LR (3%), EhB EHERE, alkEh
AT IREEA TR RS, IR T SRR, EL A TR
Tl FE o B AR i Bl NSRS A BE N, /A TVB-N
5 FRERESE, FEMERE 3%-5%2 8] T FRAE R il
U, ZJabEE mEhEmits, TVB-NE FREB T4,
FRUL, S5 R REREE | B SR AR LR 5 &, VI
FEMEL TR 5%

6 140

137

w
T

AR e
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AR EHE
Salinity of fish/%
'
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TVB-N/(mg/100 g)

3r 132
2 : . . 30
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Fig.1 Effects of salt content on the salinity and TVB-N

value in fish muscle

2.1.2 MeHREN & A4 FA TVB-N LK 38
B BT LT SR 5% A0EL  ZEAS RV T g 48 h,
1 A& k&= TVB-N {ERYZRAL i 2 s
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Fig.2 Effects of salting temperature on the salinity and
TVB-N value in fish muscle

L2 FTLAE Y, Fifi 5 A I B A i, R PR
R TVB-N AR m . X 2R, FHEK
LR B P2y, B AR 1) fa R A8 35 N PR (Delvalle
et al, 1967; Telis et al, 2003), FrLAk, 75— & L
W(5-15°C), A Y 3 b i fif oA I TR i) 42 e i 7
s ME 15-20CHaEp, fmpEEhae TR, u
BH 10—15°C B il 261 [ R 4 165 8] £ A v B 2640 © 203563
AT 5 o5 T, v R TR R 2 i PR Y AR
B, FRLL, BEAEMESDRE TS, ARG TVB-N H
BT, WK 2 aTLIE S, 7ERHIEE N 5-10
CHf, &M TVB-N [EThm iz, 25
gkelTbE, MR AR IR A K, 1M TVB-N {A
MR, FrLLR 1S sl R R MO BT, 2P
i 2 M TR RE SR 10°C

2.1.3 Jed) et ia) xt & P43 240 TVB-N 189 % A
TEMER TR 5% . 10°C4&1F FHEHRISEZIRLI60, AN
it 1 s 1) o £ A SR A TVB-N B R A 3 FfR o
ME 3 ATLE W, R EFEhE A TVB-N H 5
il B 1) LE A O < IR 7 $h i 7 24-48 h FHE iR R,
48 h ZJ5 A& B IR s TVB-N {HAF 48-72 h
W IR, BB 4872 h A £ 1A JE T A% it
T, L R ]RGN B SR N A R ™
(R, 2007), BT LI il i ()00 25 22k 48 o

4.40 62 _
X o0
e % 4.32 54 §
ﬁ% 424 . E
&R £ 4.16 =P EihE >
@ £ 4.08 Salinity of fish 38 &
3 ——TVB-N E

4.00 L L L 30
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Fig.3 Effects of salting time on the salinity and TVB-N
value in fish muscle
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2.2.1 Box-Behnken iX#i% it & 4 % IR 3 HE
3 ZKF B i o7 TR B BRI R 4 17 4, HR,
1250018 S AES, FERSERE 2,

% 2 Box-Behnken i®I&iZit R4 R

Tab.2 Box-Behnken experiment design and results

A hass A B Jis il it £ C Jig i i} 1) RI & it R2 TVB-N {i
Experiment number  Salt content(%) Salting temperature('C)  Salting time(h)  Salinity(%) TVB-N value(mg/100 g)
1 0 0 0 3.86 30.25
2 -1 -1 0 2.24 42.05
3 1 -1 0 5.70 28.42
4 0 0 0 4.02 29.49
5 1 0 1 6.32 36.16
6 1 0 -1 5.09 30.67
7 0 0 0 3.95 31.49
8 0 1 -1 3.59 36.50
9 0 0 0 3.70 31.90
10 0 -1 -1 3.37 35.58
11 -1 0 -1 2.54 44.36
12 0 -1 1 3.57 44.76
13 1 1 0 5.92 32.47
14 0 1 1 3.81 48.31
15 -1 0 1 2.70 52.73
16 -1 1 0 2.93 43.83
17 0 0 0 4.15 30.05
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222 wPERAYEILE R EM S fil Design
Expert 8.0 XT3 2 A EdlE E 47 mIH /34, A5
3R SR F b i 2 A R R 5 R
R1=3.94+1.58A+0.17B+0.23C—0.12AB+0.27AC
+(5.000E-003)BC+0.42A*-0.16B*~0.19C*
3ANHZE 5K TVB-NAEZ 8 IR BE HFE R -
R2=30.64—6.91A+1.29B+4.36C+0.57AB
—-0.72AC+0.66BC+2.87A%+3.18B*+7.47C>
AL T RE R LU Y, XA R Sk TVB-N
(BRI 2428 . AOMER &) > COHE I i 1)) > B
R RE ) o
RS R mIE TR T 20T R 3. AR 3
ATLAE Y, MRS AR P <0.001, ULRARIR
W2, Sikg AR . P 2 R=0.988, I fa
TR 7 £ A 25 0 S AR ] (A R A i — B0k A
KIEZRE RRq=0.972, UiHIRIGLE Y 97.2% % I fr
TE AR Ay 520 o A& HULI 3R AR A T (B 5 SEBRAEAN I
A BIHER RN S, 2005), P=0.290>0.05, JKAUTA
W2, ULUNZE AL RRAE 5T o LS PRTE L . A8 ¢ R A
(CV) S BRBE R () B A5 BE , CV O AIG, B Y 5 2 ik
o PSRRI CV=4.92%, B/, UL %R
REAS ARGy Ml s e LS AL, T LA SR 43 Ar i 17 T 1)

Ak AR 4 T LI Y, TVB-NE IR iAA 5 P < 0.001,
R’=0.984, Ri;=0.964, J{lIH P=0.143 > 0.05, CV=
3.85%, UL FECHE 4B TVB-N {H AR At mT L %
3T e I T P AR A
2.2.3 A& HHT F1IJ1] Design Expert 8.0 &4 %}
22 BRI T IR Z T IRARLA , 45800 R nE 7
ey N anE 4. B S s, WEI 4 FTLLE Y, fndh
2 RIS S FSF T] %) 52 AR P T £ P 2 Eh B B A K i
B INER BT R TR RS 0 T P TR A B, AR B
BT, Kk et S ik E R a8
il Y RS ()5 M 2 /0N o A o o P 45 W A2 oot
(Fougere, 1952; Barat et al, 2003): — 2B WNHEHR
FEAB AN E LAY, S EAaRTPRIKE
25 K o T LA, I 2 I ek 1 12 g R 1) B i) 7 B
S R E S TR, T R R, 2k
STz s, I R WAL o f, R A
R T (KR, 2010)7,

MIE S AT LA Y, Bl indh e A48 L ) TVB-N
(B 5 TRk Bl T i Va3 1) T s 0 o i [ ) 222
£, TVB-N fHZE FFHEH, 358 2W55(2009) 1 B
FEAEHARRT o 4 P ER J U2 0 P A Tl RN 28 T ) A
T, AHEE T A A SIS S A, 2

®3 BRNREMAFTENATESN

Tab.3  Analysis of variance for the fitted quadratic polynomial model of salinity

T3 2R - J5 H i ¥175 F & P& M
Source of variation Sum of squares Degree of freedom Mean squares F value P value Significance

L7 Model 21.85 9 2.43 63.58 <0.001 ok
A 19.91 1 19.91 521.46 <0.001 Hk
B 0.23 1 0.23 6.15 0.042 *
C 0.41 1 0.41 10.73 0.014 *
AB 0.06 1 0.06 1.45 0.268
AC 0.29 1 0.29 7.50 0.029 *
BC 1.00x107* 1 1.000x10~* 2.62x107°  0.961
A’ 0.74 1 0.74 19.41 0.003 ok
B2 0.11 1 0.11 2.75 0.141
C? 0.16 1 0.16 4.11 0.082
5% 2% Residual 0.27 7 0.04 — —
RAUI Lack of fit 0.15 3 0.05 1.78 0.290
%2 Error 0.11 4 0.03 — —
Jevill 22.11 16 — — —
Total R*=0.988 RA4=0.972

* (P<0.05) ** (P<0.01)

* Significant influence (P<0.05); ** Highly significant influence (P<0.01)

1) sKAIE. ARERBEME MG oA 7 rp LA 2 AR bR AL S el R A 5 A 2 A0 3, 2010, 11-15
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&4 BN TVB-NEEBREFENFESN
Tab.4 Analysis of variance for the fitted quadratic polynomial model of TVB-N value

k- 3 P H H ¥y F1{a P1{H 2
Source of variation Sum of squares Degree of freedom Mean squares F value P value Significance
117 Model 891.51 9 99.06 48.86 <0.001 *k
A 381.57 1 381.57 188.23 <0.001 *k
B 13.26 1 13.26 6.54 0.038 *
C 151.82 1 151.82 74.89 <0.001 ok
AB 1.29 1 1.29 0.64 0.452
AC 2.07 1 2.07 1.02 0.346
BC 1.73 1 1.73 0.85 0.386
A? 34.79 1 34.79 17.16 0.004 Hok
B? 42.63 1 42.63 21.03 0.003 ok
c? 234.92 1 234.92 115.89 <0.001 ok
5% 22 Residual 14.19 7 2.03 — —
ST Lack of fit 10.06 3 3.35 3.24 0.143
%7 Error 4.13 4 1.03 — —
il 905.70 16 — — —
Total R*=0.984 Raq=0.964

* (P<0.05) ** (P<0.01)

* Significant influence (P<0.05); ** Highly significant influence (P<0.01)

0 TR UORR B8 1) — A B AR b o B2 = IR e RR A H
TR W 1 A R IR 1 B Y 20 i (R L 48, 2007b), T
LI, BEEMEL BT, TVB-N {HE FREBEHE; 17
v JHEE T 9 A £ PR v B A 0 A K B RN R 1 5 3
Jndk, Brik, TVB-N AH -5 6 R EAH G Mk
1) 2 5T 4 e 7 A 1) e S e 2 A v B A B s B
o T T B %) S A e AR ORI AR B2, T L o] B i)
FEK, TVB-N{ETFRE (FEHR K, 2007b),

2.2.4  Jeh T Z ek R BT 4 Box-
Behnken RIn4i KM ik 27 %, FIH Design
Expert 8.0 XA AR MER T 225500 ndh &
4.44%, WEHIREE 7.44°C, WA 37.92 h, BEAMET
fa &N 3.28%, TVB-N {HN 32.61 mg/100 g, A
T BRI, K BRI T B R 4.5% .
MEHIELEE 7°C . MEHIET ] 38 ho MRAEBIEJG A T 254
fFgeat 5 WEIEE, BEBIELAM AN SEHERN
3.23%, TVB-N{H} 32.35 mg/100 g, 435 5H 5
HH2E 1.5%F01 0.8% , iZ A e 8 AR 47 b Tt 1A 55 45 2R

3 itig

PRI LLEANE B EHYT VLI | K R L
—FPEA BT e, DROHA RN . DRI &ESE MR 2
HPE R EZ . ARk, KT REIRL NI Z 4+
TENTEFAARYIAE, 20145 TKAERSE, 20115 BREFALAE,

2010; FEIEMESE, 2001), JhIEFEIE(CE L5, 2011a;
B DRFESE, 20105 BRMEANSE, 2010) . RPN 4E5E,
2010; E5E9e4E, 2005), TEAZE(H SUREAE, 2011b), 4
Vet (R 4, 2014; B R4, 2014), ILNE SRS
BN T (RS 25, 2004) . AS[AIAEIE B A (1 6 2%
&, 2007) SonHHE F BT E SR R (T 3L 5%, 2012)55 B
FENTEFMFRFE AN B, anfa 2o 2 R i
ZEAA AL N — 7= 1) 7% =Rk R R R
PR ] AL, T PR R ST L N T AR KT 1 4 v A A
HEAAE = SR 1 L 7= M & e 1) E B A A% . PR R T £ )
R, RIS AR A TR s, BrRL, i
Hh B R GIT 1 A1 B i T L A R L TR 22 )
T Ay, R, X A T AR £
[ DA TAES A= 3, P2 B LAk
MEPEZE . T2ASHEN; e A RE . i
Tt 25 o e T A X 2o b O SG E I TR, BRRL, fR
fRHE il T2 % B R 4 1 ) I T2+ B
SCo R RI R T L5 BRI LU L G ) T A
W, fndham i R Y 6% 2 4.5%, FEHIETHIH 48 h
Ai% % 38 h, A EEEH 4.8%MF(INE 3.28%,
TVB-N {E i 52.04 mg/100 g F#{K = 32.61 mg/100 g,
5 H A 2SRRI A L, BB A4 B G il 3k
TR IR g, 4 T B ) (A S A, 2007
WteaE, 2013; HIR5E, 2013).
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Optimization of the Salting Process of Ancherythroculter nigrocauda

HU Wang", CHEN Xiaolei, LI Zhengrong, ZHOU Beibei, BAO Junjie
(Fisheries Institute, Anhui Academy of Agricultural Science, Hefei  230031)

Abstract Ancherythroculter nigrocauda has been popular for the delicate texture of the meat, and is a
proper material of processed food due to its flat shape. Salting is a key step in the processing of
A. nigrocauda. In this study we aimed to optimize the conditions of the salting process, including reducing
the salting time, lowering the salinity and improving the safety of the products, and hence to provide
theoretical guides for the large-scale production. Using A. nigrocauda as the raw material, and the salinity
and the total volatile basic nitrogen (TVB-N) as the indicators, we optimized parameters such as the salt
concentration, the salting temperature and the salting time in single factor experiments. In these
experiments, the salt concentrations were 3%, 5%, 7%, and 9%, the salting temperatures were 5°C, 10°C,
15°C, and 20°C, and the salting time was 24 h, 48 h, 72 h, and 96 h. Then the response surface
methodology (based on the Box-Behnken experimental design principle) was used to optimize the salting
process of A. nigrocauda. The response surface methodology analysis was adopted to build two second
order quadratic equations between the salinity, TVB-N and salting conditions including the salt
concentration, the salting temperature and the salting time. Taking the convenience into consideration, we
set the optimal salting parameters as follows: salt concentration 4.5%, salting temperature 7°C, and salting
time 38 h. Under these conditions, the salinity of the product was 3.23% and the total volatile basic
nitrogen was 32.35 mg/100 g. The validating test showed that the actual results were very close to the
predicted results from the corresponding second-order quadratic equations, thus the model may effectively
predict the salt concentration and the TVB-N values of salted A. nigrocauda products. This technology could
be applied to the large-scale production with reduced salting time, lower salinity, and improved food
safety. Furthermore, it could also be employed in the salting process of other kinds of fresh water fishes.
Key words Ancherythroculter nigrocauda; Salting technology; Response surface methodology;
Optimization
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