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Abstract: To optimize the preparation of mixed lion’s head meatballs, the effects of mixing time, molding temperature, and molding time
on various quality attributes, including color, textural characteristics, moisture retention, and sensory quality of pork-fish lion’s head meatballs
were investigated. Response surface methodology (RSM) was employed to determine the optimal preparation parameters. The results revealed
that the quality of mixed lion’s head meatballs displayed significant correlations (P<0.05) with mixing time, molding temperature, and molding
time. Breaking force, distance to rupture, and moisture retention initially increased with increasing mixing time (up to 8 min) and then decreased.
Molding temperature demonstrated a similar trend, where increasing molding temperature initially caused distance to rupture, gel strength, and
hardness to increase until reaching a peak, after which they decreased. However, moisture retention and sensory quality displayed a consistent
increase with molding temperature (plateauing at 90 °C). Further, an initial increase in molding time resulted in higher values for distance to
rupture, gel strength, hardness, cohesion, and chewiness before gradually decreasing. In contrast, moisture retention and sensory qualities
exhibited a sharp initial rise before eventually stabilizing. The maximum values for all these parameters were observed at 16 min of molding
time. By utilizing RSM, the optimal parameters for preparing mixed lion’s head meatballs were determined to be a mixing time of 8 min,
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molding temperature of 91 °C, and molding time of 17 minutes. Meatballs produced with these parameters exhibited excellent texture,

palatability, and a distinct flavor.
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Table 1 Single factor experimental design table for technological conditions

5 )y A& AKF HAn st A AR

1 BtATeE/min 2. 4. 6. 8. 10 AREVEE 90 C, AALETIE] 20 min

2 ARAEBE/C  60. 70. 80. 90. 100 #EATETE 8min, AAETE 20min & E. M. FHKE. BB
3 &AW E/min 8. 12, 16. 20. 24 SEATAT 1) 8 min, ARALRE 90 C

228



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.7

1.3.3 AR @A
CASE & VR R S PO R R R B 143 e A
X H] Box-Behnken F7 9 Lo A 56 58 TR )9 T 40 Hr
FERAFOIN T TZ 28, Wit ik 2.
%< 2 Box—Behnken it EFE 5K F
Table 2 Box-Behnken test factors and levels

BEAF AT /min RALRE/C A BT E] /min
-1 6 80 12
0 8 90 16
1 10 100 20

134 Ayt agm

BEXGITIE, HIRESEh. 2 A IR
TRV AR ERR 25 mm. & 20 mm KR
s, WO B THREKIE N TR & e IR
N5 I P ER TR 3L P0.25S, 453 A Return to Start,
JE4AFE RS 10 mm; 42Jiify (Texture Profile Analysis,

TPA) MlER Rk P/36R, L4tk 50%. HAiths
Bk E . WRRHTEZE 2 mm/s, MHRAEZR 1 mmis, ik
JEEAR 1 mmis, [AIRERTTE] 5s. BRI S A TAT.
1.35 HRragn

%% Kocher 251107k, BAEIEN. HE S
HPR ¥ O JIELE IR 5 mm BRI A R FRE
(My, @), RUZPELACELEESTE 4 000 r/min F3 E O
15 min, EFEEAEHRE M, ¢). %R (1) iHEH
7K.

w =Mz . 100% )
Ml

AF:

W——Fb, %;

Mi——W5F 30 A H SR E, g
My—— B IR R SR F, g
136 REIRHN

3 BRansS &M FLEEIENRE
Table 3 Sensory evaluation criteria of pork/fish composite prepared meatballs
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Table 4 The effect of stirring time on puncture properties of composite prepared meatballs

FEATEE 18] /min BT 119 BEBTIE B /mm B3R EIg-mm
2 253.17+37.49° 5.32+0.43 1 349.44+250.07°
4 285.99+10.08%° 6.17+0.33% 1760.18+79.50%°
6 294.17+38.58% 6.56+1.37% 1.899.63+265.27%
8 300.61+18.51° 7.10+1.54° 2149.77+568.72%
10 260.51+16.44™ 5.78+0.33% 1506.20+135.52"

E AR FERFHLEAGELEEF (P<005), TAR.
=5 MATHHEIXTE & IFERIIFK TPA B2
Table 5 The effect of stirring time on TPA of composite prepared meatballs

FLATE A /min A E Y 003 AR wH g
2 2654.79+185.36°  0.77+0.06° 0.42+0.05°  850.60+104.68°
4 3327.19+262.21%  0.70£0.03" 0.41+0.05°  941.56+91.93°
6 337853+236.26® 0.75+0.05° 0.50£0.05° 1251.13+82.92%
8 3634.79+110.19°  0.78+0.03° 0.49+0.09° 1 364.75+203.93"
10 3114.25+364.90°  0.7520.02* 0.49+0.11° 1121.10+138.08"
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Table 6 The effect of molding temperature on puncture properties of composite prepared meatballs

* 6 EIRE N E SV KSR RORT

AR T BT A1y BT EE B /mm B3R Ig-mm
60 210.50+29.96° 9.38+0.67° 1.962.92+216.30™
70 312.06+71.74° 5.80+0.29° 1807.00+422.14°
80 357.79+38.18° 7.24+1.94% 2 635.83+944.22%
9 353.39+35.49° 8.30+1.82% 2 891.80+507.24°
100 339.99+24.52° 6.02+0.54° 2 043.91+201.62™

Table 7 The effect of molding temperature on TPA of composite prepared meatballs

F 7 MELREXE SVEERINF Sk TPA Y520

AR B C Al e n R PR lg
60 1343.22+¢150.44°  0.71+0.01° 0.55+0.01*  517.04+62.58°
70 2736.37+116.04°  0.74+0.02° 0.45+0.02°  912.06+37.81°
80 4218.28+128.81% 0.77+0.02® 0.47+0.07° 152854+272.05°
90 4400.16+391.43%  0.77+0.03® 0.44+0.06" 1 493.90+317.32%
100 4069.76+177.25°  0.78+0.05* 0.43+0.02° 1 359.73+66.86%
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Table 8 The effect of molding time on puncture properties of composite prepared meatballs

PR B 1] /min V4l BTEE B fmm BAKREIg-mm
8 300.80+16.35° 6.40+2.09% 1.907.89+569.14™
12 298.95+19.34° 8.73+1.47° 2 587.97+300.11%
16 279.16+23.97% 8.15+2.15% 2 260.85+584.47%
20 264.88+11.10° 6.25+0.48% 1656.72+162.53%
24 261.62+8.84° 5.75+0.80° 1508.50+253.69°

9 REIRTEXTE SRR F Sk TPA HYSZME
Table 9 The effect of molding time on TPA of composite prepared meatballs

AL 1] /min A b m R el
8 3114.43+174.13° 0.77#0.01* 0.38+0.02°  895.34+50.05™
12 3470.19+242.02° 0.78+0.05° 0.41+0.05® 1114.56+144.76°
16 3323.29+21550° 0.81+0.15° 0.42+0.05%° 1122.73+219.85%
20 3069.52+159.00° 0.74+0.057 0.46+0.06* 1 041.67+137.03%
24 275759+172.47° 0.75+0.04° 0.40+0.03  821.64+74.00°
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Fig.5 The effect of molding time on water holding capacity of
composite prepared meatballs
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Fig.6 The effect of molding time on sensory quality of
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Table 10 Response surface experimental design scheme and
experimental results of composite prepared meatballs
processing technology

a7 ARA A E RE
BFIE)/min - JRE/C B IE)/min Ig TR

o
=

1 6 80 16 2756.55 5.83
2 10 80 16 225207 6.02
3 6 100 16 263299 6.77
4 10 100 16 257374 653
5 6 90 12 236821 6.58
6 10 90 12 232230 6.37
7 6 90 20 291384 6.98
8 10 90 20 2599.79 6.67
9 8 80 12 194303 5.92
10 8 100 12 271141 6.68
11 8 80 20 272957 6.83
12 8 100 20 213214 647
13 8 90 16 299964 6.98
14 8 90 16 3061.19 7.30
15 8 90 16 313337 7.23
16 8 90 16 3355.72 743
17 8 90 16 308579 7.25

MRPERTH 2.0, 2.2, 2.3 PADKIRSLIGAE B, PPt
FTHSIE (64 8+ 10 min). A4 (80, 90, 100 C).
FAIRSTE] (124 164 20 min) ARG R, RS
e SN N A = R s U | A [ R i AT R S 7o
55, Xgwit AR N 10,

241 oL TEBRBATRRE R0 AT

iz 1] Design Expert 8.0.6.1 #cf4:, LURG R Ay N AR ,
X3 10 iR Ie EdE 2T 2 a R RLA, BRI (V)
ST (XD BAEEE (X)) AR (X3)
() B RE: Y=3 127.14-115.46X,+46.13X,+
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TN, SRR 10, HEEATA, DR VE B
B, BRI P<0.01, RIIZBIALARINEZE KT,
KA P=0.50>0.05, BLEHILG TRER(E s, Hix
FERL () R?=0.95, e HIRIGHHRE 5 [ B A 0L 45 2%

T XoXaw Xoos Xa® GRS AT W2 3 80 (P<<0.01),
Xov X2 XPREEA BE (P<0.05), Xiv Xov XiXo-
Xiv XX WHEFETE B Ve (P>0.05), FHE AT AL,
F (X3) >F (X >F (Xp), B & 7Sk pe

RRAF, A HHHENA AR IR . W7 ZE DL SR FRONGUFF A< 4 Ay BRI 1) > 54T B 8] > RS A3
RN BENEZFHRERSESN
Table 11 Significance test and ANOVA of hardness

RIR P BwE ¥ F1{a PAi R2EH
AR 2.28x10° 9 2.54x10° 13.95 1.10x10°® ok
X, 1.07x10° 1 1.07x10° 5.86 0.05
X, 1.70x10* 1 1.70x10* 0.94 0.37
X; 1.33x10° 1 1.33x10° 7.30 0.03 *
XX 4.96x10* 1 4.96x10* 2.73 0.14
X Xs 1.80x10* 1 1.80x10* 0.99 0.35
XXz 4.66x10° 1 4.66x10° 25.65 1.50x10° ok
X2 1.70x10° 1 1.70x10° 9.32 0.02 *
X 5.85x10° 1 5.85x10° 32.15 8.00x10™ ek
X 5.94x10° 1 5.94x10° 32.64 7.00x10* ok
KERE 1.27x10° 7 1.82x10*
FEDE 5.27x10° 3 1.76x10* 0.94 0.50
iR £ 7.46x10* 4 1.87x10*
BFa 2.41x10° 16
R? 0.95
Ak R? 0.88

i e T ERMBE (P00L); R T EREE (P<0.05).

i ) 2 T R 6 v 2 R R AN A B ) S LA "
FE St o SR PR R o D 7 TP 2R P SR B 1 i R 2t .
M AL PRI R AR, TR BE I SE MR K S5k §
TR S A B ) 52 AR RN, AR 5 U : =), —
SETAF R, ph ] Ta AT, R B T
LR AR, 2RI R AT A A2 EAE o
oP R FEE () S MR R o EH ] 7 TR, 24 R B — e I .
SR SRR, R B IR A TR R T it I 52 LA s
o Bl [ B e o HE) 7 R, 4TI () — 2
SR AR, 2 I SR AN R A 1A 22 EAE
PR (R i, LR R AT R TR ) A ELAE © s
BE . SEARSIGHTIAIMCEE, ARk o
TRAFELE 2 700~3 700 g 70 [l A R IV IR B it 5
JE B AT F AT AN SCKACE T PR R o, S ORAIE ™

B:RALIRIE

18.00

16.00

R fi]

14.00
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AT [

13
CRAR I

RS 056 R SRRV, DR it R S SO
BRI B ML 7 ], mRAE (Y FRERK Bl 7 SEEXEENE A EEN T LR R A R E RS
18, Bl F SR AR I s b b P e e 252 %[E

B RS G RAE (R, BRI 4T i 1)
7 min. AN 90 'C. ARIUESTE] 17 min N L 2
B E AL AR i (3161.699).

Fig.7 The response surface and contour map of composite
prepared meatballs hardness are influenced by three factors
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Table 12 Significance test and ANOVA of sensory scores

KR 75 Fn AWE ¥ FA& P{A 2
AEA 342 9 0.38 9.74 3.30x10° **
X, 0.04 1 0.04 1.04 0.34
X 0.43 1 0.43 10.97 0.01 *
X; 0.25 1 0.25 6.28 0.04 *
XX 0.05 1 0.05 1.19 0.31
XX 2.50x10° 1 2.50x10°® 0.06 0.81
XX 0.31 1 0.31 8.04 0.03 *
X2 0.63 1 0.63 16.24 5.00x10°® >
X 1.33 1 1.33 34.20 6.00x10* %
X 0.17 1 0.17 433 0.08
KRERE 0.27 7 0.04
K IR 0.17 3 0.06 2.05 0.25
Wiz % 0.11 4 0.03
p 3.69 16
R? 0.93
A R? 0.83

E R TERMEFE (P001); “ERTFEFEE (P<0.05).

242 L TEARHSTRE IR AE 5T
DUBE VP N AR, X2 10 RIS EdE it 1T £
JCEEIG, FERETESY (V) SHFTHIE (XD,
BRANEAE (XD BRI (XD B IR[EIE 2.
Y=7.24-0.071X,+0.23X,+0.18X3-0.11.X1.X,-0.025
X1X5-0.28X,X3-0.39X1%-0.56X,%-0.20X57, % 75 2 % i 5
B RBOAT GO b, SER R 12, HER 12 7T
A, DURE PR E A SRR, B P<0.01, &
HZ AR AR B R /Ko LI P=0.25>0.05, %
B A T TRl {E v, FLIRRIRY G RP=0.93, £ WA
el 5 DA BCERR AU SR, AT AR Tt A
PRI . W EDHTRTTEL, X° X xR
YA EREZERI (P<0.01), Xov Xz XoXs XTIE
TAH BZER (P<005), Xiv XiXo. XXz X2 %
JEVE AR E (P>0.05). HIEAH, F (X)
>F (X3) >F (Xp), BRI R A HEIF L&
S TR U 9 S R > P R ) > J5 4 T B ]
B —E i), S m EAEDIR, 2 B R A
P TIS [F)22 ELAE F OB VP2 B S 5k . Fi i S [T
Bl 8b TN, MRS —ER, SELk 2R, KW
JS 2R B ) RO T B 1) 28 A FH X TR V3 AT 5 M ¢
No BB 8c ATAN, 4TI A —E N, Sk AR
R, 2R BH R FE AN AR B ) A8 AR G B PR 431
S, HR AR A A M BRI B .
Bl 8 mI%, WRNAH (V) fFTEMCKAE, RPitS4edh
AR = R E VP s N T2k, B 5%

G SR (B RAED, BISRFIESTIN A] 8 min, J Y
JRE 91 °C. ARIMEE 17 min (N T L2 HEME S
AL E PP e (7.29),

8.00
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1600
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Fig.8 Three factors interacted to influence the response surface
map and contour map of the composite prepared meatballs
sensory evaluation
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