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PHFRIRFAFE; ZH IR, MR . R
BLOWRBIIR . AHPREE, E ek, W T
fe2Eil )

Titrando 8097%! [ 2y H v i & {X (J7 38 24 A
Fit); Kjeltec™ 23008 A A sh 43 #1{ (FOSS,
72); SH220F A S {H X (RE, ¥Fm); QTS-
255 #4J{X (CNS FARNELL, #E[); 3-550A7%
35" (Ney VULCAN, ZE[H); 3K30% 20 EE % 7
B0 HL(SigmaSPX-320, fE[E); IN612CALIR fH iR
R (YAMATO, HA),

12 LW

FIE L FH KR4 P G 5 ot DA R At ¥ 3 0 T
WA RIS o, # R e (fa 7 i
B R AARRDL - 3.4(g/mL) . MR 15 °C
S AR AT I SR, SR 4% (v
ALY H G RAAT. FERB. AU BEF
WAMNMEH FIELA BRGHRH BT &
feep+5a bl 56 M4l FRMmam+Ebah; 5
M. AP R+ ke . LL&E ks m =
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Tab. 1 The addition of sodium chloride and potassium chloride, sodium malate, white sugar respectively %
s3] i1&?ﬁ%§k1&%ﬁi§bﬂ% (iﬁ I 41) ¢§%ﬂ§fﬁ5’§k1&fém?§bl}% (‘5@ T4H) El@%%’i%@?ﬁﬁtﬂ% (iﬁlﬂéﬂ)
the addition of sodium chloride and the addition of sodium chloride and the addition of sodium chloride and
groups potassium chloride (group 1) sodium malate (group II) white sugar (grouplll)
1 0.0+13.0 0.0+13.0 0.0+13.0
2 1.5+11.5 0.7+12.3 0.5+13.0
3 2.5+10.5 1.4+11.6 1.0+13.0
4 4.0+9.0 2.1+10.9 1.5+13.0
5 5.0+8.0 2.8+10.2 2.0+13.0
6 6.5+6.5 3.5+9.5 2.5+13.0
7 8.0+5.0 4.2+8.8 3.0+13.0
8 9.0+4.0 4.9+8.1 3.5+13.0
v . 8 i AR AL BB R R R A e 2 B b A S *2 BEFEKFEE
M4 Box-BehnkenH.0r i i1 i B, 7E &AL A 5 H Tab.2  Factors and levels %
Ul JR AR ) 52 5 B 1) 2 Al £, 0 A Y R SULEEIE  SERBWEIR SR
E HEII] E\% A /E"\ #h i A 7J( é}/a\ i A E F‘ 7J( ﬁﬁé 1’5‘ %ﬁ ﬂ] lijijs the ad(:it)ion of the ad((]iBit)ion of  the ad(cit)ion of

oA B2 W ) L DA 2R S o Al E A% N R S I
A SBCAEL VU PR, % e 7 T i I A S Al Ak
ISP SRR i 3 o R 79 A5 G o 2 A £ R )
RBCEE, PEHCGEAE BT B (A) . SRR AN
H(B). RAACHEINE(C)y AR, LU G
F R RVRCE PR D R (R . KR
BUE R i A2, HASLEmEEIN, LR,
P {E

1.3 DA &
e % 200 ¥t FRGB 5009.44-2016 { £
m HR AR I SE T s —HL LT 2 i ) T2

potassium chloride  sodium malate  sodium chloride

-1 1.5 1.2 9.0
0 2.5 1.4 10.0
1 35 1.6 11.0

e E R % B GB 5009.91-2017 { &
VB BRI E TR ) BIE o

KoaZegmle I GB/T 9695.15-2008
CEE iRk 3 BN 7 - B4 TRk ) PlE o

JR A 89 ) 2 ¥ FiBrookfield QTS-25J5 ¥4
A, AP/ PR BT 2Rk o Mg A5 44 Ik
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Xy b 2 T BT (TPA), 9042833 5 0.5 mmy/s,
iR [BIHEE0.5 mmy/s, PEFRRER2IR, fil e sSH3K5 g,
TR EE 10K, RBR S % (E 5 R E,

ERR N X R SA(TN)F I E . 5 18
GB 5009.5-2010 £ 2 11 5T /9 I e 2L [ e
A ) UUIE . JEE A NPN)RIAE - R AR
WA s g K% 0.001 g), IMASH:
R A 10% = & L /R, & oo s 2 3%
1 min (10 000 r/min), 4 °CH{E R . SRIG IR LA
5000 r/mingf0>5 min, FFEULIE, LIEWHHH

IEARIE U, BS mLENH AL P AT I AR OF ik T
TNEJIE), WHEERE, K5 A3 Z A0
€, B ()T FUR 4R B (P

Pl NPN
TN

% 100% (1)

Begig  BARm A MEHI S, f
PURX HAATREEE , BEVRE /N 104 4
i R T E B I BB AR, X B AR
R R L B4 DT T BEAT VRS, B
10073, PFHFREI 3T R,

x3 BRETOME

Tab.3 Sensory evaluation criteria

PP FE4R  evaluation index

Fr#E  criteria

JEEVES  sensory evaluation

49 appearance WIPHRSE S, SERHEW, AR 25~20
WA, SEEOEM, CRRRR 19~15
IR, SORAE, CEERR <15
Wk odor TRk 25~20
AR, ToHA SR 19~15
PRI, A Rk <15
Wik taste W, Tk, AiER 25~20
FORRYE(R), AR, A 19~15
FORE(R), FRE, RS <15
i texture g, WG, ST 25~20
LS, WEEMERT, SRR 19~15
RIS, MR, SRtk <15

1.4 BUESHH

ST B R FHExcel 20139174 5, M
Design Expert 8.0.6. SPSS 204K {4 7E47 48 4347 .

2 4

21 SHHESFEUPNFINENTIEERMAE
A

st T AR & R R T o A A 3k 69 R Fiti
B AL RS o, ST AR N Y U
b RN ERER TFHREOBHRME LD, B
I HAP I 1.5%+11.5%F12.5%+10.5%M ., —
AR R R TC A M 25 R (P>0.05), RN
F94.0%+9.0% . 5.0%+8.0%I}, 1A A& Eh
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H T RGN 2H (P<0.05), 4 S AL B
HH4.0%. 5.0%. 6.5%MF, FEMIIKK R, #E
b a R LT B A R R R R T Y
FEARRIR, X FEZE T 5P NaClE & . 1
= A R P LRI L S G Y S e S L P
Bt S Ak B S e ) BRI S BB T R . B
BRI INE R, AR RE I B
AR (P<0.05). MUN Bt 6.5%0, faRA R
TR IR (KT 1) o

xt F Ak & /K0 F R iR K5 B i
BEREHE LA FREAEEE2)., X5
Alifio %5 I FR 438 AT I 5 T PR ) R 9 4 2R 26
1, BF5E A B AL S R AR S Ak B RE AR K 43 %
AR . MR RIK S B SR,
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340 1 1100 o
3.20 12 . 2
. 1% <2
S 5 3.00 | 60 Bk S
I 5 I ] 50 2
2 S 2.80 ] 28 2 g‘
QT°g 2.60 F 130 &
—e— & #hE  salt content 120 7
2.40 | s prriEsy sensory evaluation 10
0.20 — 0
1 2 3 4 5 6 7 8
)
groups

1 SUHSRUARMENTEERSRE.
REIFSHI
Bl o A b 4 1~8 5 R LA ., T
Fig. 1 Effects of addition of potassium chloride and
sodium chloride on salt content and sensory evaluation
of tilapia fillets

In the figure, the abscissas 1-8 indicate the groups of addition to Tab. 1,

the same below

79.50

79.00
7850 | e—e—t ey |
78.00

77.50 |
77.00 |
76.50 |
76.00
75.50 |
75.00

KIS/ %
water content

1 2 3 4 5 6 7 8
45
groups

2 SHHESEUNTIMENTEER
K EEBREME
Fig.2 Effects of addition of potassium chloride and

sodium chloride on water content of tilapia fillets

R B kA AR AL, B AR, KK N
BT AT AL, U (2.5%+10.5%)~(6.5%+
6.5%)}, £ PR K 43 7 B G B 3 PR 22 5 (P>0.05),

ST E K FERAKBIREG TR HH
Jo K fige S FHE PR S T AR g R N, R
P 7K S R 38 FHPIER /R o TR IR ] L 491 S Ak
s AR 0, AR K e SO W
P22 7 (P>0.05)(£4). fERBIMALEE,
()28 1 FUK T8 508 9.70%, BEE AL &
Hom, A TUK SR BOR R R, MR KRR
BT R

st FAE & K e Heh A0 TR O R
H T2 3 1 F AR 1 0 AR P A A kAR AR

x4 [UBSELHATMENER
EABKBRIE BRI

Tab.4  Effects of addition of potassium chloride and
sodium chloride on proteolysis
index of tilapia fillet %
415
PI
groups
1 9.70+0.05"
2 9.53+0.20"
3 9.00+0.03"
4 9.50+0.10"
5 9.22+0.20"
6 9.34+0.31°
7 9.37+0.09"
8 9.41+0.07*

Ee [ AVBUE B R RS 72 7 B (P<0.05), FIF
Notes: values with different letters in the same column have significant
difference(P<0.05), the same below

1k o Bt & S BRI i B, S AL A i =
B, R R EE R U RS T
P, XaREMARNPKTSEA —EMNXR,
Toyohara=5"WiJF 5% & BH £k 7K M il 2 & B A H 1)
WL R EDLIE, AT B0 N A & A AR
b, HLME S fa R 7K o3 i e A 2 T B
FERHER . YELFA N <6.5%HF, AS[R] Lb il
() AL B0 XT £ R Y R RE TG B 2 5 e (P>0.05)
(5. BEMMralm, AT 5] ) &AL 4 X
s TG B PR R I (P>0.05) . AN A He 4 Y SR AL
B0 R 1 RE I A I 2 R (P<0.05), Bl
SALER G I p s, SR &
£ A () PR R B TR T %, Szymcezak
LGRS & B AT AR i A R R REL PR o R
I R B 0 A AR B 7 i 0% S R R REL R
PRI, 51 T 22 7P O i~ B

22 ERBMESSFUNAMEXNTIEE M
PR:0EA )

TSR RE A fabs TR biti
B BR AN N R, S AR S N 2 Y 9
A, R R TR, s
RIAT, SRR B i A i AR
PER I (P<0.05), T4 T 4L d & ~0.7%+
12.3%M11.4%+11.6%1 i1 (A 7% £h & 0 i 3 M 25 5=
(P>0.05)(F13), USRI M & #h i %
K F 2 U8 0 S SR R BN 4 (P<0.05) o Jal M 2 it 1l
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x5 SHESSEURTMEX & RBHIFIE(0=10)

Tab.S Effects of addition of potassium chloride and sodium chloride on texture of tilapia fillets

2093 filifE/g % /mm MEL 8% 2 /mJ
groups hardness elasticity chewiness
1 67.00+3.20° 2.40+0.05" 1.13+0.10™
2 63.67+1.01° 2.38+0.03" 1.02+0.04™
3 60.50+1.76™ 2.37+0.05" 0.98+0.05™
4 57.17+0.93* 2.26+0.01" 0.80+0.02*
5 65.50+2.84° 2.2840.01° 1.010.03™
6 66.33+£1.42° 2.33+0.02" 1.09+0.02"
7 73.83+3.89° 2.43+0.06" 1.19+0.02
8 74.83+1.59° 2.45£0.03" 1.22+0.07°
i R HEAS XUBR 3k F2 PR 7 i AR S 81.80 r
TEM AP B IR OB 5 b, A7 7E 1Y 3 3L ) A .= jgzg
o WA S BRI R T S Bk R R0, 5 B /r“/‘—m
i N \) =} o = N 4 3 ’
B SR RR AN A I G, B P RCE VRS géww-
E AR (P<0.05)(E13), % § 7680 |
75.80
3.50 1100 74.80 e
%?8 - 38 o 1 2 3 4 5 6 7 8
. ) 5
e g 290 70 4 g o
= £ 270 60 & groups
E £ 250 50 7 5
# 2 230 40 T S,
<T‘H s 2.10 —e— 5B salt content 130 ﬁ'—] 8 @ 4 SF%&%P‘] 5%1{%]7‘]/11\\7]uiﬂg5”5%)#
%28 | —m— BV sensory evaluation | %8 § Ky EEMFI
1.50 — 0 Fig. 4 Effects of addition of sodium malate and
23 jﬂ %[JS 6 7 8 sodium chloride on water content of tilapia fillets
roups R o
group ¥ B R RN
B3 EREASELNAMENBEaNSHE, R T8 A R R AR A S A A

RETHHIFME
Fig. 3 Effects of addition of sodium malate and
sodium chloride on salt content and sensory

evaluation of tilapia fillets

ST ER/ Ky S EWHh i N 17K 43
SRR BT, ERRS H L
S T X P 8 7K o B 3 R R TR (P<0.05)
(FE14) o Bt or B o] 0, 2530 50 R 40 s hn 124
0.7%~2.8%F, SR INERREAELL, AR
KA 0 i 2 M 25 57 (P>0.05)
TSR FEORBIEKGH A BIA
Iv) Eb 91 32 SR i i 5 S A B B0 £ R B A K A 4
BOE VR I2 5 (P>0.05)(F6), BEHI- R H 1
e R A1) i o 3 R v e A O 2 R M TR
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b o B G S S R Ak S = s, SR
R, AR R TR LT
P, OXAREMARNKKS SRR —EMNLR,
M IRRENR NG N 1.4% ., 2.1%., 2.8%, 5XF
R N A o N (L PO R R SR A
(P<0.05)(£7). Fdln ol 70, AS[A] o] iy 372 21
i £ 6 0 R U G B 3 M 2 W (P>0.05) . ANTR] L
1] 11 37 R R 4k XoF £ 5 Y NEL R R A R 1 R
(P<0.05), BEAEERMANTIME I, AR
MR B BRSBTS, X T BE AL AN
fRNIAKS SR —EN KR,
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*6 ERBMESHNAIANENTEERELRK SHAbNER i E — TR EUT, ME W
K R B R RE I, f A B kR PN R RE

Tab. 6 Effects of addition of sodium malate and

P BRI AL, RSB S 0 £ X £ R )
BT W R (P>0.05)(1815) . BEE I RDBETR

sodium chloride on proteolysis

index of tilapia fillets %

4150 b s, BN RERE I 2BETHEE T
Broups . B rg R, 4 LA TR IR 0.5% . 1.0% .
1 P01 LSO L {6 R A 5 7 T TRAL(P<0.09)
2 9.80+0.15 (A5),

’ 851014 SEE VR TS L TCNE Vi
4 9.79+0.01° i —E B AT, BEAE BB G A Y
5 9.9540.08" i, RS K A R R B R S RS T
6 10.00:40.08" R A, DR S IR X £ A Y K A A
; 0.06:0.08" EVER IR (P<0.05) 0 BRI AT, 24 IR0 I
g 0055016 TN ]0.5%0, 5ATI AR, @A

KA i o o M 25 7 (P>0.05)(1K16)
£ ERBUSENMNFMENBES K RUNEMN

Tab.7 Effects of addition of sodium malate and sodium chloride on texture of tilapia fillets

2853 filifE/g F%/mm FEL I/ m]
groups hardness elasticity chewiness
1 67.00+3.20" 2.40+0.05° 1.13+0.10°
2 66.55+2.33" 2.39+0.06° 1.09:+£0.05"
3 65.75+2.36° 2.22+0.10° 0.93+0.08™
4 64.88+3.04% 2.25+0.16° 1.02+0.13"
5 54.38+4.21°¢ 2.30+0.11° 1.10+0.11°¢
6 71.134+3.59* 2.28+0.06" 1.19+0.08™
7 77.254+2.50* 2.30+0.16° 1.23+0.07™
8 88.13+5.01% 2.40+0.14" 1.43+0.18°
3.30 194 i FIEER K OKBIEROH R WA
220 | loo 5 LD EIBRE fi M 8 1K A4 O 5 4
< é 3.00 | ] 5 :\52 % 52(P>0.05)(#£8). AWM FARBEI:, 14
wﬁigﬁ 184055 EUTURARTEON.70% B TR
O e i aremen |80 T2 BPUTKEEECC R PR
2.60 L —8— BEIES  sensory evaluation | ;2 % st T AEE R R EIR A TEFACEN IS
250 e AR, B R R, fa
13 A B B K P B ETHIR R R .
groups RN N N 0.5% . 1.0%., 1.5%MF, 5%F R4

A, ERMEEXT R B R B TG 52 52 (P>0.05) .
ASTR) L ) 6 1 R B X R aobE TG 2 M R
(P>0.05); ASIA] LL A3 A9 R0 X 07 B9 REL R 14 A7

5 AUESSAMAMENSEa R SHE.
REIFT SN

Fig. 5 Effects of addition of white sugar and

sodium chloride on salt content and sensory E Je3 A0 (P<0.05), it 2 Bl A 1 4
evaluation of tilapia fillets i, £ R IE R R R R B TR S TR
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79.0
78.5 |
® =
. O
g Fi\&4—¥%f¥4
{r}:[277.5 -
<§*§77.0-
76.5 t
760 L— o
1 2 3 4 5 6 7 8
2H 5
groups

6 BRMESSANIMENTEER
KO EENFI
Fig. 6 Effects of addition of white sugar and
sodium chloride on water content of tilapia fillets

*8 AUESSAMAMENTEERERR
KRR BB RN

Tab. 8 Effects of addition of white sugar and sodium
chloride on proteolysis index of tilapia fillets %
4

groups

PI

1 9.70+0.09"
2 9.41+0.08"
3 9.46+0.18"
4 9.66+0.14"
5 9.60+0.11°
6 9.51+0.18"
7 9.44+0.16"
8 9.50+0.15°

B, WA S AR, N AR
A ) F ¢ S A A BRORN 2 T (2 9) o

24 MEEEACESRRTIBHSERR
HELE S %

) 7 kR IR R AT P Box-Beh-
nken UL BETT L, AE B R ACER LA [, BEHL
AR R ER, AR EA). SRR
AN (B). SEALBIEINE (O A=, DI
il J5 £ R £ R R I A4 A i R B T
7 TH] 52 5 (2 10)

vt S AE AN 3 5 R Ty E T F| i Design
Expert X} ¢ 1052 56 84 47 22 oo 0l 4 [mT )3 43

19?, B ECE RSB IR 2T A H D R
=81.20—4.314 —2.06B — 1.50C — 0.504 B )
+0 884 C+0.38BC — 0.734%>—0.48B%+0.15C>

B,
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X IERCE VE 43 19 [l 05 7 B AT O 2253 0 I i
VR (R 1) FEM N E T 2T, iz mlE
BRI P<0.001, &I K B4 i & K, 2k
IR 535 (P=0.407 5>0.05), =W 5236 45 5 A
RIPLA R AF, AT AR SR 43 B A i £ 19 8
P, K R BRI IE TR GE RE(RAq") T LA
RAF A L5 B, R'=0.957 6, Raqi’=0.903 2,
2 B2 A BB A g Ml S i £ B )RR TR 5
BRI IR A A S AL AN IR I 2 B O R
(o] U 5 e 5% A o ) 07 {1 5% T 1) I 1 R
Yok FIE, PN, R AR ) SR R R R
SALER . SR Al A S AL B N 1 P<0.05, 1
A G AL L 7 SR T kA Al R i X g 1
A REMELW, WIEFERAD, £NEERE AR
SR Y . A>B>C .

Design Expert X {4l & SCI0 45 5, 15 1 BVE
P AE T EACBI RN #2.60% . “FE R R
WME1.30% ., FHALPBIME. 1%, HEEWS
PG (H M88.7347 o

F| FDesign Expertﬁﬁ‘ﬂf%{ 1058 50 B fs A7
Z LA BUR M, 73 3] R 5 R £ 50 [0
IE;p
Y>=2.49—0.0724 —0.13B —0.0065C+0.0484 B

4+0.104 C—0.0014B C + 0.0374° (3)

+0.0.05882—0.12C*

X kY 1A 5 R AT 5 22 40 A M e
PERT 56 (3R 12) 0 FE M N TH 7 2250 B, i ml A A
AIP<0.001, 2B iZ AR R Ik B4 8 3 KF, il
TR i 25 (P=0.435 7>0.05), 30 5256 2% L A
WA R AF, Al LLHIR 3t A0 S50 £ rpoid) 2
M RER) AL IETUE REU(R g TT LATR:
IERERI LA B, R=0.982 4, R,4=0.9598, &
HH 2 155 70 BB 5 - b S £ A b i 5 AR
BLOSERBRANA S ALENIRS B Z KRR [H
VA 5 i 45 A X6 g i E’“I’]E’JE%T&FH?FFI‘"E"
KA, PHUN, MRS R R E R, &
AR FN S L 1R 9 S T i ) P<0.05 13 B SR B
S SR TR B S o T e R AT S T R e AR i

FIEK/N, &4 ZE X 5w i 56 5 10 52 i i
FF: A>B>C.

Design Expert X Ul & 5L g0 45 8, 150 & 5
R T2 SRR N 2.69% . SRR AN
BN 1.32% ., SALEITINE9.5%, H & dhE
WIH 42.85%,

ot S R EAE R AT 5 R AL & H Design
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Tab. 9 Effects of addition of white sugar and sodium chloride on texture of tilapia fillets

205 i 5 /g FME/mm FEL % 4 /mJ

groups hardness elasticity chewiness
1 67.00+3.20" 2.40+0.05° 1.13£0.10"
2 60.75+4.13* 2.42+0.16" 0.85+0.13*
3 67.50+1.78° 2.43+0.05° 1.15+0.05™
4 77.63+6.45" 2.47+0.04* 1.3240.05™
5 79.50+5.20° 2.41+0.03* 1.40+£0.11*
6 91.50+3.36° 2.43+0.02° 1.45+0.07°
7 76.00+4.41° 2.36+0.03* 1.19+0.05™
8 77.25+3.10° 2.42+0.03° 1.20+0.03°

R0 MMEEMCEBER
Tab. 10 Experimental results of Box-Behnken design
AL AL BE &

Mt HREH \ Y

L EEIEA) ;F%E‘ el B
.. InEB) .. 1%

the addition of . the addition of sensory

. the addition of . . salt

potassium dium malat sodium evaluati- ntent
chloride sodi alate chloride on conte
1 -1 -1 0 85.0 2.81
2 1 -1 0 78.0 2.59
3 -1 1 0 83.0 2.49
4 1 1 0 74.0 2.46
5 -1 0 -1 88.0 2.60
6 1 0 -1 77.0 2.23
7 -1 0 1 82.5 2.38
8 1 0 1 75.0 2.43
9 0 -1 -1 85.0 2.58
10 0 1 -1 79.0 2.30
11 0 -1 1 82.0 2.57
12 0 1 1 77.5 2.28
13 0 0 0 82.0 2.51
14 0 0 0 80.0 2.45
15 0 0 0 82.0 2.52
16 0 0 0 80.0 2.49
17 0 ;0 0 82.0 2.49

Expertf /1 %) 528 25 R AT A5, 22 =4
f T P o O P S I A R T LB A% A TR R
Xt A 7 A R 52 00, b v T v gl SR BE I, R
X IO PR 2R 0T W IO L 9 58 W A i A A
K5 Wi TP P A5 R R IR T LS R A TR B

) 22 H AR F AN, A5 e 2 2 B 59 43 1 7 4
DR 2% (A 52 B0 ) G 3, i (R U)ol B o A IR R
B 28 B AR FHH 55 o 55 f 42 R 7 T 8 4 e 34 %]
AR, E7ER, i E 2T 22,
WP A PR 2R (8] 22 BAE HIA 0 7 J8CE VF o3 1 5
Wi 258 /0, BV 0 R S R R 4l S n it 199 32 B A
M S S s s BAEH . ER
AN AR I B ERARE, X5
TP I 20 BT 45 R — 8. SALH RS R R AN
U0 A 28 B A L AR A S AR AR i Y
22 HAE FH B W O TR M R A BE 10 B R 3 ) Y A8
AR A R S i R R, SRR RN
IS A AR S o 19 32 A R ) e R T 3 T
%, VLB DA a0 28 B4R O R R i
SN L (EI8), X 5 R 12T B I 220 A 45 R
—.

A2 A I E 4 Design Expert4X {41 & 5L
5oy AR P EE I M A R T2
% LR B S BR AR ) T B A AR, B R A
T4 SRS H2.6% . SERBR NN
HN1.3%. AT H9.1%. FRPIEG &
}0.5% 0 A TR SR AR R SR () HER T, 7E BL AR
TEE3R, MG B0 R BRI H89,
TR N2.81%, BT AL, FYIL
6 B A W] LR T S bR (E . AR AR LR S T
20, WIE T 8 A 300 5 M il 5 fa i 4l & 1t ol
1.11x10° mg/100 g, X HA 4] H R FH G 1k 40 g ) 11
i, W& N 1.44x10° mg/100 g, 5%t MR ZHAH
o, 4ha AR 7 22.92%, A3 T FRARE & &0
H(13),
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Tab. 11 Analysis of variance for fitted regression model of sensory evaluation

77‘%5&4)? IR A R ¥175 F » ‘ Ez%ri
source of variance sun of squares dr mean square significance
A model 208.79 9 232 17.58 0.000 5 *Hk
A 148.78 1 148.78 112.74 <0.000 1 ok
B 34.03 1 34.03 25.79 0.001 4 o
C 18 1 18 13.64 0.007 7 o
AB 1 1 1 0.76 0.4129
AC 3.06 1 3.06 232 01715
BC 0.56 1 0.56 0.43 0.5347
A® 221 1 2.21 1.68 0.236 4
B 0.95 1 0.95 0.72 0.4242 *

c 0.095 1 0.095 0.072 0.796 5
%% residual 9.24 7 1.32

RAUI  lack of fit 4.44 3 1.48 123 0.407 5
4iii% 7 pure error 4.8 4 1.2

S sum 218.03 16

v #*x P<0.001, ** P<0.01;* P<0.05. K[
Notes: *** P<(0.001, ** P<0.01; *. P<0.05. The same below

12 SREBOPSHENRER

Tab. 12 Analysis of variance for fitted regression model of sensory evaluation of salt content

T7ZERIR Rl H sy B
source of variance sun of squares dr mean square £ r significance
A model 0.30 9 0.033 43.48 <0.000 1 ok
A 0.042 1 0.042 54.87 0.000 1 kk
B 0.13 1 0.13 171.74 <0.000 1 kk
C 3.35E-004 1 3.35E-004 0.44 0.5283
AB 9.33E-003 1 9.33E-003 12.25 0.01 *
AC 0.043 1 0.043 56.41 0.000 1 kk
BC 7.97E-006 1 7.97E-006 0.01 0.9214
A’ 5.63E-003 1 5.63E-003 7.39 0.029 8 *
B’ 0.014 1 0.014 18.43 0.003 6 **
c’ 0.057 1 0.057 74.63 <0.000 1 HHE
Bk7%  residual 5.33E-003 7 7.61E-004
RAUTI lack of fit 2.45E-003 3 8.17E-004 1.13 0.4357
4li{%Z  pure error 2.88E-003 4 7.20E-004
MA sum 0.3 16
3 i+ie Al KBRAE, ARSI Bl 5 i E T 2 R

MR AR B, BlansEfes . &
FUAT, ARERMES A o wE s 2 p Tl Bk SAEES2ERT. Horita®5 P LUAS [ L 4 /Y 58
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Fig. 7 Response surface of interactive effect for every two factors on sensory evaluation
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Fig. 8 Response surface of interactive effect for every two factors on salt content
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Tab. 13 Optimal concentrations for response values

SACEAINE(A)/% SRR INEB)/% SAERINE(C)/%

REVFY

o I, - . o EEhE/Y i 100
HA the addition of the addition of sodium the addition of sensory % W %/(mg/ 9
group . . . . . salt content sodium content
potassium chloride malate sodium chloride evaluation
R 2.6 1.3 9.1 89+1.00 2.81+0.02 1.11x10°
optimization group
ponicri 0 0 13.0 85+1.20 3.05+0.04 1.44x10°

control group
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() B A KU, ik 32 B = b ST B
o SR, B R IS HR T A e —
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Process of optimizing compound salt agent pickled tilapia fillets by
response surface methodology

WU Yanyan ", ZHAO Zhixia ’, LI Laihao', LIN Wanling', DENG Jianchao', YANG Xianging '

(1. Key Lab of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs of the People's Republic of China,
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
2. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: This study aimed to develop a new type of low-salt and healthy compound salt agent for pickled tilapia
(Oreochromis sp.) fillets processing technology. In this paper, the effects of different additions of sodium chloride
and potassium chloride, sodium malate and white sugar on the sensory evaluation, salt content, water content,
proteolysis index and texture of marinated tilapia fillets were investigated by single factor experiment with fresh
tilapia fillets respectively, and optimization of mixing parameters of compound salt agent by Box-Behnken
Response Surface method. Results indicated the effect of potassium chloride, sodium malate, sodium chloride on
the quality of tilapia fillets was significant. The best processing technology of compound salt agent pickled tilapia
fillets were as follows: the addition of potassium chloride was 2.67%, sodium malate was 1.32%, sodium chloride
was 9.1%, white sugar was 0.5%. Under these conditions, the actual sensory evaluation was 89, the actual salt
content was 2.81%, and the relative error of the target prediction value was 2.39%, indicating that the experimental
model could be used to predict the actual value. Preliminary results indicate that compared with the control group,
the sodium content of tilapia fillets decreased by 22.92%, which provided a new fast pickling processing
technology of low salt and low sodium for the processing of tilapia.

Key words: tilapia; compound salt agent; pickle; optimization of process parameters; response surface
methodology
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