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Abstract: In order to explore the changing trend of the quality of meatball products reheated by water-bath cooking, Chaoshan beef balls
were used as the experimental object subjected to reheating with boiling water and cold water, to determine their sensory attributes, nutrient
contents (water, protein, starch), texture, flavor change and microstructure. The results show that with the increase of reheating time, the
moisture content of beef balls increased first and then decreased, accompanied by an increase in protein content. Under the cold-water reheating
conditions, the protein content increased significantly (by 14%~29%), while the starch content remained essentially unchanged. A total of 28
volatile components were identified in beef balls before and after cooking, among which the number and content of sulfur-containing
compounds were the highest. After being reheated in boiling water, beef balls had the highest content of volatile substances (11053.24 pg/kg).
Microstructure analysis showed that the meatballs shrank with their pore size becoming smaller after water-bath cooking. As the cooking time
extended, the pore size became larger and denser. The comparison of the reheating modes revealed that reheating meat balls in boiling water for
5.5 min was the best water-bath cooking method, making the meat balls having a core temperature and highest sensory score, up to 90 °C, with a
moisture content, protein content and starch content of 69.78%, 14.43% and 4.41%, respectively.
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Table 2 The temperature and cooking loss rate of beef balls by water-bath reheating

T X i 18] /min B &, BT R A K F /%
35 1 70.00+9.26 1.37+0.08
4.0 2 77.89+9.87 1.4240.14
. 45 3 79.8249.60 1.8440.10
K B
5.0 4 89.35+2.41 1.90+0.24
55 5 90.90+0.58 1.87+0.14
6.0 6 92.97+0.56 2.02+0.13
75 1 63.59+6.62 1.2840.29
8.0 2 68.79+6.65 1.37+0.41
8.5 3 73.47+5.70 1.79+0.17
IR A
9.0 4 80.34+6.71 2.53+0.21
9.5 5 83.96+6.65 2.54+0.11
10.0 6 87.32+1.04 2.6120.14

®3 KEBEERFANEFREFHSLUE

Table 3 The nutrient content of beef balls by water-bath reheating

A #F X A /min K5 1% FOEE/% RBEE/% BHEE/%
3.5 69.51£0.40°  14.66+0.04>  4.23+£0.46*  5.19+1.20%
4.0 69.02+0.46®  14.89+0.12%  4.02+0.05*°  6.25+0.35°
. 45 68.37+0.15*  15.32+0.19°  4.38+0.02°  5.88+0.59*
D -
5.0 69.93£0.49°  13.57+0.18*  4.60+0.26*  5.00+0.71%
5.5 69.78+0.08°  15.28+0.04°  3.97+0.13%  4.78+0.03%
6.0 69.79+0.18®  14.43+£0.13°  4.41+£0.24*  4.75+0.54%
7.5 69.01£0.20°  17.9240.07°  4.47+0.12°  4.29+0.15°
8.0 68.63+0.18®  17.98+0.04"  4.38+0.03*  4.66+0.23%
. 8.5 69.02+0.58"  17.354£0.26°  4.64+031*  4.67+0.31"
IR B ‘
9.0 69.27+0.13°  18.27+020"  4.33+0.13*  4.25+0.54°
9.5 67.68+0.07°  16.78+0.22%  3.9840.29*  4.3440.43°
10.0 68.72+0.40°°  18.97+0.19%  4.24+0.08°  4.50+0.18%
E: RSB TERRATHALER LR (p<0.05).
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Fig.1 Effect of water-bath reheating time on hardness and

springiness of beef balls

Table 4 TPA of beef balls by water-bath reheating

T4 KEBEARLERH TPA

AKX WE/min - ARE kg 2 MR FhME ik =50
3.5 0.60+0.04*  0.26+£0.04* 0.36+0.05*  200.6+£23.8*  48.77+16.78*  0.14+0.02°
4.0 0.57+0.14*  0.24+0.01° 0.33+0.02° 190.9+29.61*  46.13+18.26*  0.14+0.01°

ok L 45 0.65+0.06"°  0.21+0.02* 0.30+0.02° 198.4+21.35°  41.73+£7.57°  0.12+0.01°

i =4

s 5.0 0.65+0.08%"  0.27+0.04* 0.38+0.03* 239.7+20.07* 63.11+12.87*  0.16+0.10°
5.5 0.77+0.15*  0.30+0.03* 0.41+0.03* 309.8+19.58°  92.63+17.37* 0.17+0.01°
6.0 0.63+0.07%°  0.32+0.06* 0.43+0.06° 274.9+20.98%° 92.38+19.01*  0.20+0.04°
7.5 0.80+0.04°  0.27+0.03* 0.38+0.03* 303.6+28.08°  85.18+24.07> 0.16+0.01°
8.0 0.73+0.07**  0.31+0.08* 0.41+0.08* 301.5£37.41°  94.79+33.92*  0.19+0.05°

Sk LA 8.5 0.65+0.02°%  0.35+0.06* 0.48+0.04*° 308.5+27.80° 109.49+28.38° 0.2440.03°

7] g

M 9.0 0.72+0.05%"  0.31+0.03* 0.42+0.04*° 301.9£34.03° 95.75+23.76*  0.19+0.02°
9.5 0.65+0.04®  0.35+0.09* 0.45+0.12* 303.2+£17.00° 110.61+27.87° 0.22+0.10°
10.0 0.63+0.09%°  0.28+0.05* 0.37+0.06° 240.4+21.57* 69.81+20.24*® 0.15+0.03°

E: PR EFERRARTARERER (p<0.05).
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Table 5 The content and varieties of volatile compounds in beef balls in different boiling mode

F%  HRGEE /min et 4 4k ‘ ﬂﬁ@%@gm? , et £
Omin 47K 10min #7K 6 min
1 11.43 D-ATA 4.96 62.63 139.36
2 12.08 B-F ¥ 342 4.04 47.54
3 1491 5-9 AT A-1-EH 3.98 -
4 19.02 wA M 339.77 380.26 2246.86
5 22.14 (- T &M 9.52 - Wtz (9F)
6 22.49 T&M 14.50 24.19 91.66
7 24.06 A-EEH 3.73 - 18.08
8 24.68 B Xf-ik et 2.69 -
9 11.44 1-F A5 (1-FATH DA THR) - - 154.25
10 18.77 35-ZFHERFk - - 19.11 ]
11 21.92 2,2,3.4-79 F 2 S - - 19.15 (240
12 13.78 T8 85.59 96.02 BmE (14)
13 18.13 X Bk - 7.77
14 16.59 4-H5 R IR T Bk 24.57 10.76 105.12 FAh%k (34F)
15 20.99 TAB - - 179.45
16 6.29 i v S BB 5.89 6.92 32.90
17 7.95 M R A R B 38.56 147.44
18 9.18 ok 7% 7 N ek 23.12 3.78 27.67
19 12.99 e R AR Rk 121278  1347.88 6713.70
20 13.64 (B)-2-% v AL ik 1214.78 76.10 181.82
21 14.74 KM 7 A = s 59.58 59.43 85.51
22 20.98 5-51 312,340, 70.73 80.55 et (1244)
23 16.45 BTN 119.53 102.87 79.53
24 1691 3-THidh-1,2-— e -5- 3R b - 14.41
25 20.24 3-THidh-12-— ik -4- 3R O 154.84 161.58 546.62
26 1691 AR AL M A A 15.36 - 29.97
27 16.45 P 33.31 30.96 45.73
28 10.33 2-iF SR H ek 34.11 - 289.21 RIE (14F)
b8 3 347532 2617.59 11053.24
24 kiR E@%%%,%lmﬁzu@@,%iﬁﬂfw%%
3.8 M, RIKEINE 422 1. FrA b aqh —Iha ks
eI AR R A — RN RN, T Hilk A R, X5 Liping Xu PR 2L

T AE IR 58 FRIZAR TR A€ IO o PRI i PR 2 B2 XU
YIRS M. WEK. EESE. RSk, mEk. SEM
B SRS, A S,

IR I IR AR MRS BT &5 BNk
5 Fe I GC-MS S55R AT LIE Y, fEAHI RIS 4L
Tt AL EY) 28 R, BFEMIE 12 Fh, feke 4 Fi,
BESS 2 Fh, BESR 10, EASS2 M, J7EIESHN, SR
K2 F, AR Rl Hp R PR I S &
YIRS B e, WK S AR A XU

KEFR A R CBE S -
FRNERG, BRI SERN. BRI E
Bk iR A E IR, HEI 2 FulE
PR 3SR AR AR AR I B o LRI 2590 5
(B 0 KUK TTHRAN K . FESORIE T i i B A A
R4 AL B R, AR K S #v A
FAREEEK (96.02 ngkg) » AAFRHILA 1.12
£ o BAEHKE IR AR H . X5 Cambero 55
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Fig.2 Total ion current chromatogram of volatile flavor
compounds in beef balls
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Fig.3 Effect of water-bath reheating time on the
microstructure of beef balls (400x)
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Table 6 The sensory evaluation scores of beef ballsby
water-bath reheating
BB (100 %)
KA K H

1 70.00+£10.00*°  65.00+6.62°
2 70.00+9.54*  65.00+5.70°
3 73.00£11.38*  67.00£6.71%
4 73.33%13.32*  75.65+6.03¢
5
6

76.00£6.00°  73.33+6.65°
76.01£6.06°  71.67+1.04"
E: A SAEFERRATAHZEME R (p<0.05).
PR IK I BT AL B P e 35, Tk
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REVEMEIRTHKER, 2 FERR R RAE.
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