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Optimization of smoked processing of tilapia through response
surface method
BAO Yu-ting, WANG Wei-min", CHEN Su-hua,ZHONG Si-yan, YAO Wen-ting, ZHANG Ke

(College of Food Science and Technology, Guangdong Ocean University, Zhanjiang 524088, China

Abstract: The liquid smoked process of frozen tilapia was studied in this paper. The sensory evaluation and the
measurement of color,textural,acidity and water—holding capacity were used as indexs. A central composite
experiment of three factors and three levels,including the additive amount of smoked liquid, liquid smoke time,
drying time was designed based on the results of single factor experiments. And the results were analyzed by
response surface methodology with Design—Expert 8.0 software. The results showed that the optimum liquid
smoked process conditions of smoked tilapia were eucalyptus smoked liquid additive amount of 6% ,liquid
smoke time of 66min,drying time of 68min. The comprehensive mark was 42.25 point which obtained by the
parallel verified experiment used the optimum process.
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Table 3 Effect of dry temperature on smoked tilapia chromatism

TR B

O L* a* b

40 45.87+2.17°  6.19£030°  26.30+4.59°
50 46.06+2.60° 6.77+0.75°  23.46+1.47
60 49.09+3.60"  6.84:£1.84° 25782349
70 49.18+2.77"  6.42+0.85°  31.2422.52"
80 46.73£1.52° 9.28+1.09"  31.56+2.30"
90 50.58+3.33"  14.57+0.96"  39.65+3.86"
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Table 4 Effect of dry time on smoked tilapia chromatism

T4 ] oA
(min) L# a* bh*
0 51.66+2.93" 3.44+0.30° 24.53+2.02°
20 59.39+0.53° 4.82+0.59" 27.40+2.48"
40 55.08+3.07" 6.15£0.60° 30.77+2.27°
60 53.87+3.37" 7.05+0.64" 31.62+3.15°
80 52.55+2.62" 8.08+1.30" 30.15+1.90"
100 45.62+2.74" 8.73x1.10" 31.142.75°
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Table 5 Effect of cooking temperture on

smoked tilapia chromatism

A B %H

O L* a* bh*

50 56.64+3.78" 5.84+1.10" 22.61+0.92" '
60 63.50+2.49" 5.60+1.19" 23.86+1.45"
70 65.04+2.94" 5.14+0.91" 22.86+1.70"
80 63.34+1.44" 6.81+1.88" 22.61+1.10"
90 62.07+4.41" 6.95+1.27" 23.58+1.27*
100 60.72+4.82" 7.34+0.62° 24.63+0.74"
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Table 6 The important degree of various factors
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Table 7 Box—Behnken design matrix and the

experimental results

T b C_ BEWHOD
] 0 0 0 40.25
5 0 I 1 36.05
3 O 0 | 30.75
4 O I 0 31.25
g o . - 25.50
6 0 0 0 39.25
. " 0 0 40.15
g | 1 0 35.50
9 0 1 -1 35.50
10 . 0 1 31.25
. 0 1 1 36.50
12 : 0 1 34.50
13 1 -1 0 3225
14 . -1 0 24.75
- | 0 -1 31.50

#8 I RBEEM

Table 8 The significance text of regression coefficients

kI BhmE FRR B FE p BEH
FEEER 9 294.54 3273 10.09 0.0102  *
A 1 31.01  31.01 9.56 0.0271 #
B | 46.56 46.56 1435 0.0128  *
G | 2831 2831 873 0.0317 *
AB | 264 264 081 04083
AC | 1.56  1.56 048 0.5186
BC | 2730 2730 842 0.0338  *
A2 | 98.56 98.56 30.38 0.0027  **
B? | 5273 5273 1626 0.0100
c | 2725 2725 840 0.0339  *
R 5 1622 324
AR T 3 1561 520 17.16 0.0556
iRz 2 0.61 030
sl 14 310.76

T p<0.05 B3, 4+ p<0.01 gt i 3%
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Fig.10  Interaction effect of the liquid smoke additions, smoking
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Table 9  The resulis of texture index of enema

B B

ey — — .

Rl il FE (N) N (Ratio) S (mm) TEEREHE OO MELIER 1 (mDD
BB 1.57+0.25 0.27+0.04 2.53+0.33 0.43+0.06 1.09+0.20
WED AR 1.77+0.38 0.23+0.09 1.83+0.41 0.41+0.07 1.07£0.18
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Table 10 The result of physical and chemical compositions

AL AR b AW A WS

IKAr £t (g 100g) 72.29+1.46 68.48+0.84
HE A (/100 21.86+0.42 21.47+0.30
Ji 5 75 Bk (o/100g) 5.17+0.97 4.83:0.94
15 R L (pH) 6.65+0.01 6.48+0.09
TVB-N (mg/100g) 16.31+0.16 13.32+0.18
TBA (mg/100g) 2.17+0.15 1.02+0.08

P2 1 1A 228 ] LA o VR 0 1 20 A L

N B%, RN E LR B a* (b E N, 7R €1 BE A A5

JEE AL $53 399 00 5 33K A DR] D 9K R 9 1 1 R Py A R ) o
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ERE
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Table 11 The results of tilapia chromatism L* a*.b*

R L* a* b
FELEM 54.81+4.55 3.12+0.83  24.94+1.36
WEY R 4458+3.79  9.94+1.79  30.18+2.24

3 4

{E LR 2 A B A, R Design—Expert 8.0%5 {4
BEAT T 3BT, SR FE i T v ek i R P AR ) L g
T T 2 A ECERR, W T B E T
2 At D MR T R N i 6% I T IS (7] 66min | - 1
[6]68min, 7E 1 1" 246 f1F 45 213 7 2 A 8 1) 8% B V1
43 N42.254), SChRi 5 BARH AR ZEES5% N, W T
I R B A R R S R A S e Ky, ) S PR AR PR AT 4R
B, At T E AR i T B R e it 4T T R
A R TR 8 o B € 22 1 R 5, 25 85 JHE I o b O bR
A (DB 43/344-2007) A= bR, AF 52 B 159 3 2

Vol .36,No. 14,2015
A 10 (1) 2% TR BRI 7 G HebR it

| 1] Margatetepohlmann, Alexander Hitzel. Influence of different
smoke generation on the contents of polyeyclic aromatic
hydrocarbons (PAH) and phenolic substances in Frankfurter—
type sausages[J]. Food Control, 2013 (34) : 347-355.
|2] Vincent Varlet, Carole Prost. ThierrySerotVolatile aldehydes in
smoked fish: Analysismethods, occurrence and mechanisms  of
formation[]]. Food Chemistry, 2007 (105 : 1536-1556.
3] GLira, KWBarros Silva, BCFigueiredo, et al. Impact of
smoking on the lipid fraction and nutritional value of seabobshrimp
[1]. LWT=Food Science and Technology,2014(58) : 183-187.
(4] AR A, of B AR IM]. 55 R dbat. o B MOk AR A,
2002:4-5.
(5] W/ ife, BR/NE. TR MR 22 8 M HOAR o) L B (D). M)
FH, 2013 (30 : 52-59.
(6] BRI, E ST, 2R R0, 45 W M ARAE K™ 0 e
FEFI]. £ iR, 2007, 28 (D : 569-571.
(7] e, FHe L ARIEGE, 55, W EECAR M) WET A,
2011 (D :54-57.
[8] 4L, # 3 4E, filfmete, 4. —FCEUE Y & S E B
il #& 77 i *[H, 21.201110280315[P]. 2013-07-14.
[9] < AL, X /ANEE, (THL, 25, I ED & 2 R i e EEi i
T 2] &8 TkRHE, 2012,33 30 :238-242.
[10] S #0252 o i 000 O 0 2 B 3= i DRames B A 0 5
[D]. 77 &y s o EEEE A2, 2008.
[11] Huff-Lonergan E, Lonergan S M. Mechanisms of water—
holding capacity of meat: The role of postmortem biochemical
and structural changes[]]. Meat Science, 2005, 71 (1) : 194-204.
[12] Juan Miguel Rodriguez Patino, Ana M R Pilosof. Protein—
polysaccharide  interactions at  fluid  interfaces[J]. Food
Hydrocolloids, 2011(25) : 1925-1937.
[13] H 3. frhh DA RS 5 WA M), b5t Jb5 Tk i
i #:, 1993:370-372.
[14] GBIT 14772-2008. €% it FORHLAE W5 (10052 [S). e AR E
00 ] R 2 i A 5 ) 4 2008,
[15] GB 5009.5-2010. £t 8 (1R (02 [S). e AR E A
[# LA, 2010.
[16] SC/T 3032-2007. 7K™ fil s A 1 B 52 [S). B4k
N BILANE £k, 2007.
[17] DaghjornSkipnes, Merete Lund Ostby, Mare EHendrickx.
Amethod for characterizing cooking loss and water holding
capacity in heat treated cod (Gadusnorhua) muscle[J]. Food
Engineering, 2007 (80) : 1078-1085..
[18] Yeo H, Shibamoto T. Effects of moisture content on the
Mailard browning model system upon microwave irradiation []].
Agricultural and Food Chemistry, 1991,39(10) : 1860-1862.
[19] R AR EAUR I i Tk P R &
a5 WL 2000 (5) £ 29-30.
[20] 7% WY L. = v A /A 2y i B Sk Tl it 0 3 7 R P A 2 n
Tt A B B MAID]. RJR: 1L PER 2, 2013

(F ¥ 528671

soisi s ian 281



I R = b

Science and Technology of Food Industry

H18.72%~19.04% , “V ¥ {8 9 18.85% , 15 FL i Tl {FL
A EE, FLA X R 75 N0.32% , 25 AN i (p=0.4354>
0.05) , U W P2 A5 20 7 T e R v 12 H ot A B2 SR P2
HA—wEmgbrfa 3830,
3 &g

DL SR 7453 23 Dy 415 b, B v )92 THT 49 B 3 o 19
Box—Behnken 52 36 ¥ 11, X $& L T2 2 & R k4T 1 41
BT, 159 21 7 AT ASIRAR P (PR IBGIR L ORELE RO (]
PUAS B 3R A T ml AR AR L AR i e g Ml R I
il Bz AL A5 St AT T 55 43 B, 49 20 FINAZ 1E dee A
T AR AT I BRI BE 1.5% , 42 LI, BE 82°C L i k)
L32: I ml/g $2 BN (8] 99min, 72 e 2614 F #E 175 41
AT 288, BRI FE N 18.85%, AR 15 22 250.32%, i
T2 AR GE I il B2 SRR A IR A A S B AT AT,
A A 7= i A B2 SR B PR G T — 5 A BRI

2% ik

(1] PR SCh , PR . ket A S0 B O ot Ay 12 2 8 T 2R A B 3
f [ R ARV ). mE RO RS2 4R: B AR RL SRR, 2014, 37
(D :141-146.
(2] 3 H T, SE0RF. PR B0 A SRR BT = = BB ). B
Il 7 A, 2014, 43 (3) £ 127-128.
|3] Huang R L, Gao M, Guo H, et al. Enhanced ethanol production
from pomelo peel waste by integrated hydrothermal treatment,
multienzyme formulation, and fed-batch operation[]]. Journal of
Agricultural and Food Chemistry, 2014, 62 (20) : 4643-4651.
[4] Prakash Maran |, Sivakumar V, Thirugnanasambandham K, et

al. Optimization of microwave assisted extraction of pectin from

orange peel[]]. Carbohydrate Polymers,2013,97 (2 : 703-709.

L S L S R R . RS B R U . R R R R S e

(EHE5HI28101)

(21] iR Bk, S0 %, PR, 80 6 LY ATPRE A fo s P B 7E1).
i LAk AL, 1999,20(3) : 11-13.

[22] RGMvan der Sman. Moisture transport during cooking of
meat: An analysis based on Flory =Rehner theory [J]. Meat
Seience, 2007 (76) : 730-738.

(23] 78 A L. e A G I S A 2 Ak LB 0 IR &R BF A2 (D).
P P K5, 2006.

[24] SCHEEDER M, CASUTT M, ROULIN M, et al. Fatty acid

T Z#H R

[5] SR IHH, BEWRES , ol B 0, 45, B P e B AR MU T 20 W odd
S it R B REIELT]. frdh Tk, 2014, 35 (3) 1 44-47.

[6] FH B, Sk, e, 46, il B R IBERAR PR IR AW FEL)). &
i LAk, 2014, 35 (8) :313-317.

[7] SKITAE, DRWEFS , TR I, 55, W R P I L Z AR 63
(). fr ki, 2013,38 (1) :232-235.

[8] FA AR, PRt A, 5 i fih Kz B 3 Wk 75 Al B iR I T 2
WFFTLI]. & #3857 fe 24l 2012, 26 (4) - 57-63.

(9] ALLe , ST, MR, 55, (b Rl AS 5B 8 o bl 5 DR 2
Aoty B B AG EE BT FT(D). b 23 2 S im A 25 BE L 2010, 21
(2 : 183-186.

[10] HKHHEE , 0 FEHE, D=3, 5. 0 7 T O Ao i 7 el 2
Ut B2 R A i Tk RHE, 2009 (12) £ 250-253.
[11] Z=3RA, (T, 2L, 55, wa 7 ik AT P R AT i
Bl SRR FE(I]. £ TR, 2013, 34 (4 :267-269.

[12] s, Z5F, SRR i 7 T b v O AR R R A e 2R
BEIPEH T 2. i TolkARHE, 2014, 35(16) : 270-273.
[13] Minjares—Fuentes R, Femenia A, Garau M C, et al. Ultrasound—
assisted extraction of pectins from grape pomace using citric
acid: A responsge surface methodology approach|]]. Carbohydrate
Polymers, 2014, 106 (7) : 179-189.

[14] Kulkarni 8 G, Vijayanand P. Effect of extraction conditions
on the quality characteristics of pectin from passion fruit peel
(Passiflora edulis I. flavicarpa LJ [J]. LWT -Food Science and
Technology,2010,43 (7) : 1026-1031.

[15] Chen H, Fu X, Luo Z. Properties and extraction of pectin—
enriched materials from sugar beet pulp by ultrasonic —assisted

treatment combined with suberitical water[]]. Food Chemistry,

2014, 168 (2) : 302-310.

L e S R S S . e . B S L . S A e B S

composition, cooking loss and texture of beel patties from meat of
bulls fed different fats[J]. Meat Science, 2001, 58(3) : 321-328.
[25] XURE. A [ AR A S fr o 28 s o) B R o v T L 2
FED]. WL AR RS, 2011,

[26] HHEC. B 2 i o5 0 T VLA o) e A v A T P ) ) T
D] #L: TR R, 2014,

[27] DB 43/344-2007. i i 6 30 75 bR fE[S). 99 - 99 g 0 R ik
HA 5, 2007.

I G AT R A 3
WWW.Spgyk jcom

14



