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Abstract: : Objective: A comprehensive evaluation method was utilized to explore for the brittleness quality of Chaoshan
crisp meatballs. Method: Textural profile analysis and puncture test were used to determine the textural property of
Chaoshan crisp meatballs, and sensory evaluation were carried out simultaneously, and the correlation analysis between
sensory and instrumental evaluation was studied. Result: The TPA parameters, including hardness and chewiness, were
significantly correlated with the sensory evaluation parameters about hardness, springiness, brittleness and chewiness
(r=0.554~0.793, P<0.05). The resilience of TPA was significantly correlated with the texture brittleness and organization of
sensory evaluation (#=0.556, 0.625, P<0.05). The breaking force of puncture test was significantly correlated with sensory
evaluation indexes (7=0.595~0.709, P<0.05). Two main components were obtained by PCA (principal component analysis)
of the texture evaluation data, and their cumulative variance contribution rate was 74.5%. Conclusion: Therefore, the
brittleness quality of Chaoshan crisp meatballs could be evaluated comprehensively by the combination of hardness and

chewiness of TPA, breaking force in puncture test and sensory evaluation, which would lay the foundation for constructing
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an objective, accurate and convenient sensory evaluation system for Chaoshan crisp meatballs.

Key words: crisp meatballs; sensory evaluation; correlation; texture profile analysis; puncture test
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Table 1 Experimental design group of meatballs
251 FIHLE (C) FT ] (min) s ] (min)

1 0 2 15
2 0 2 5
3 0 3 10
4 0 1 10
5 10 2 15
6 10 2 5
7 10 3 10
8 10 1 10
9 5 1 5
10 5 1 15
11 5 3 5
12 5 3 15
13 5 2 10
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Table 3 Sensory evaluation criteria of meatballs
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Table 4 Parameter setting of TPA test
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Table 5 Parameter setting of puncture test

25 Puncture test
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fih & 2578 Auto (Force)
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Table 6 The sensory evaluation determination results of experimental sample ( score )
R i S Jhiat NEL MR HEVRE
1 4.042+0.257¢ 4.042+0.257° 4.500£0.369* 4.000+0.369° 4.458+0.334%
2 3.292+0.317° 3.292+0.317° 4.000+0.426° 3.583+0.289¢ 4.271+0.249®
3 4.729+0.249* 4.729+0.249° 4.458+0.396 4.729+0.249° 4.542+0.450°
4 3.542+0.257¢ 3.542+0.257° 4.042+0.396° 3.542+0.334¢ 4.042+0.542%
5 4.000£0.369 4.000+0.369° 4.542+0.45% 4.042+0.542% 4.458+0.144®
6 3.542+0.334¢ 3.542+0.334° 4.229:£0.249" 3.542+0.144¢ 4.000£0.369"
7 4.771£0.249° 4.771£0.249° 4.458+0.257° 4.771£0.249° 4.458+0.257®
8 3.771+0.328¢ 3.771+0.328° 4.000+£0.213¢ 3.771+0.249% 4.042+0.396™
9 3.042+0.334" 3.042+0.334¢ 3.771+0.249¢ 3.458+0.450° 3.77140.328°
10 4.229+0.328" 4.229+0.328° 4.000£0.302° 4.229+0.328" 4.042+0.542%
11 4.313+0.241° 4.313+0.241° 4.000+£0.426° 4.313+0.386" 4.229+0.249°
12 4.91740.195° 4.91740.195° 4.458+0.257° 4.542+0.396" 4.500+£0.213%
13 4.958+0.144° 4.958+0.144* 4.77140.249° 4.583+0.469* 4.542+0.257°

1 FAIARNG FREFOR 22 57 B3, P<0.05; 2 7~%8[H
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Fig.1 Total score of meatballs by sensory evaluation

e ARNE FRRIR 2R B3, P<0.05.
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TPA SHHA B E2 5 (P<0.05), REAEAH ) < ik
AR Z R BT A 1 2550 o FTIR IR AN R 2. A
L F1 5. K8 2 #1106 BRIBIE M LIS TPA F84n 4 k2
P22 (P<0.05), £E4h 3 F1 7 BHEE | NHIEMFE AR T
EMEZE R (P<0.05), FEAh 4 F1 8 #Y TPA 3k PR
PERNE S P P 2E R (P<0.05), A5 FINE gLy
TG i 25 5 (P>0.05), BLBHFTIR IR EXT TPA Ml
ZEIRAT — R SE MR FTHEAF RIS TR L : A5G 3 F 4 H
i B FNOE A W 22 5 (P<0.05), BE &L 7 F0 8.
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Table 7 The TPA test determination results of experimental samples
GG Tz (g) i AR MELIEH: () 15 Pk
1 16898.422+1726.490" 0.911+0.024° 0.726+0.024° 11188.145+1357.850¢ 0.353+0.025"
2 15381.467+1695.810® 0.919+0.024° 0.752+0.014¢ 10632.301+1333.816" 0.367+0.013°
3 18035.108+1096.460° 0.917+0.016" 0.756+0.014¢ 12513.655+890.830¢ 0.368+0.015°
4 16471.789+1184.521° 0.905+0.017° 0.749+0.016° 11177.2124966.649° 0.356+0.012"
5 14526.396+1328.649° 0.931+0.017¢ 0.75540.008° 10206.660+£990.132° 0.361£0.009°
6 19315.832+£914.518° 0.933+0.020° 0.750+0.008° 13506.865+615.086° 0.365+0.010°
7 20783.639+1283.580¢ 0.899+0.033*® 0.738+0.008™ 13792.002+1070.127°¢ 0.351%0.009"
8 17256.937+1049.078" 0.883+0.035* 0.698+0.019° 10638.600+1020.486" 0.319+0.014*
9 14263.736+806.157° 0.890+0.036" 0.703+0.005* 8909.514+348.567° 0.312+0.003*
10 18064.447+1153.708° 0.909+0.016° 0.700+0.014° 11509.671£1006.022¢ 0.319+0.013*
11 18088.298+710.911° 0.899+0.013* 0.734+0.008" 11937.980+606.529¢ 0.348+0.003°
12 21703.194+973.397¢ 0.887+0.023% 0.728+0.004° 14023.530+912.029° 0.353+0.006™
13 21862.636+1433.599¢ 0.910+0.017° 0.726%0.005" 14447.177+1039.166° 0.352+0.012"

FES 9 F 11 BRSNS B2 P25 5 (P<0.05), Ui
BT BRI — T 22806 TPA Il g5 S 52k,
HIRCE TP 45 R — 30 BRI RN R 2H: A5 1 Fn
2 BRI RSN G B 2 M 22 55 (P>0.05), F£5h 5 1 6,
BES 9 FI 10, BES: 11 i1 12 FHCAE BE FIRH A 3
TEZEF (P<0.05), FRUBE P 45 R —3, misittE . ;N
Bk, M HICEE MR, BRI X — T2
SO TPA FehriB il &b S sem ok, 5EVE F5in
M —E
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W4 Ty | S B R v B A TR AR, i3k 8 AT
DA H, AS[R] T 20 2lRE S i 28 ) S 56 S8 8T 5k
225 (P<0.05), REfE BH 5 S W H R i 22 6] S5 A4 1 25
o FIIIREASIRILH: A5 1 FT S, FES 3 1 7 BU%E
W SZ g8 AR JC W 22 5 (P>0.05), FESL 2 F1 6 BR
W24 I ISR Se o e b W35 25 5 (P<0.05), FF
i 4 F 8 BREEMSER T LIS NEE H| SEIGFR R TG i S
2258(P>0.05), Ua TR 25 0 S g8 7 215 W5
M/ FTIR AT RIS TR] 2 RS, 3 A 4, BESh 7 F 8.
e O F 11 14 i 24 J7 FIsE Jiee i B8 A b =5 M 25 54

(P<0.05), fff 24 R 25 TG i 25k 25 5+ (P>0.05) , ¢ 5
10 Al 12 AOZFRIFEARISJC B E 22 7 (P>0.05), Ui
FIIRIF[A]IX — T 25206 i 2 56 ) e 25 SR 5 i)
I I TRIAS R 4. BEdh 1 A 2, BEAh 11 F0 12 89
T8 R I B IR 5 A A S 25 25 57 (P<<0.05), i3
S e E M 2ZE 5 (P>0.05), BEfL 5l 6, BESH 9 FlI
10 [P 27 | S 56 14 T i 35 1 25 57 (P>0.05) , 156 B 7 1l
A ]I — T 2S00 28 | S 5658 S Fa il e 445 55
/)N, SIECE R TPA F5FREZIA—2K

BRI, 3X L T PR FE AR BE 75 8 T SR AU B
PP FEPR, HERR S IRIN 2535 AR B, ATy 2T
PE— A TAH ISR ST
2.3 ARIBIREITE SR RS REXR S

SIS ST R IR A E . A
LRI EVEREEIR S TPA SLISTEhR IR AR ]
WE 2 s, BB PP E T b5 28l SEga e AR SR 2 AH
SR EAnE 3 .

Y5 Pearson AHK R E412%, 0.800~1.000 "M HK
58 AH K, 0.600~0.800 38 #HC, 0.400~0.600 Sk H 45
58 B A 5, 0.200~0.400 A E5AH S, 0~0.200 A7 55 1Y,

8 AR RIS I E SR

Table 8 Puncture test determination results of experimental samples

R WS (e) W Z4HEE 2 (mm) BERERE (g'mm)
1 1309.089+229.720% 11.514+0.767° 15191.770+3589.353%¢
2 1176.886+160.790% 10.285+1.216° 12225.396+3082.054°
3 1428.318+248.392° 11.148+0.793% 15984.885+3336.942¢
4 1141.863+176.347® 10.769+1.220% 12444.032+3271.021°
5 1276.419+99.394% 11.566+0.894° 14766.769+1677.358°
6 1270.960+142.751% 11.583+1.094° 14814.805+2761.875°
7 1461.622+180.563¢ 10.965+1.045" 16145.2424+3291.397¢
8 1240.623+115.085" 11.812+0.833¢ 14727.703+2359.056°
9 1013.845+130.051° 10.733+0.347" 10897.912+1609.359°
10 1135.419+80.788™ 9.482+0.722%® 10795.360+1468.042°
11 1367.589+194.462% 11.726+0.857° 16061.658+2790.737¢
12 1233.750+113.332° 8.644+0.736" 10718.587+1886.098°

1227.238+56.664°

—
w

9.801£1.641™ 12088.463+2403.450°
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