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Fig.3 Distribution of water transverse relaxation time (73) of mutton
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Table 1 Changes of moisture state and content in mutton based on the transverse relaxation time of water protons

M) B JE/°C %] EF I /min & 25 5K Mayy/% B LK My/% T 5 ks K My/% B &K My/%
250 0 1.17 £ 1.35¢ 2.53 £0.94 96.30 + 0.41* 0.00 + 0.00*
2 2.94 £0.12' 0.00 + 0.00° 92.75 £ 0.13* 4.31 +0.05°
4 1.04 £ 0.04" 1.74 £ 0.25" 96.57 + 0.30a 0.65 +0.45
6 3.44 + 0.60" 0.64 = 0.07° 92.21 +0.88¢ 3.71 £0.13
8 3.61 £0.33° 0.35 +0.02* 94.94 + 1.47" 1.10 = 0.03'
10 4.01 £0.07 0.00 = 0.00° 92.82+0.17 3.17+£0.16#
12 4.14 £ 0.05 0.00 = 0.00° 93.31 £ 0.15° 2.55+0.10"
14 5.50 £ 0.05" 0.00 + 0.00° 88.61 +0.16¢ 5.89+0.11
16 5.70 £ 0.33" 0.48 +0.00 89.11 £ 0.79' 4.71 £0.78¢
18 4.53 +0.08° 0.00 + 0.00° 84.26 + 0.06" 11.21 £ 0.02

20 6.87 +0.86° 0.00 £ 0.00° 88.42 + 0.84¢ 4.71 £ 0.20°
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B R1BE/C M) B 1) /min & 25 &K Moy/% 58 45K My/% R PR K My/% B &K My/%

220 0 3.08 £ 0.61¢ 0.29 + 0.00* 96.63 +0.16" 0.00 = 0.00¢
2 3.03 £0.19" 0.00 + 0.00' 96.97 + 0.19* 0.00 + 0.00#
4 3.37+£0.27¢ 0.20 = 0.13¢ 96.43 + 0.00° 0.00 + 0.00#
6 4.04 £ 0.38" 0.54 = 0.06 88.08 £ 0.12" 7.34 £ 0.46"
8 4.72 +0.17¢ 0.00 + 0.00' 90.97 + 0.24¢ 4.31 +0.12°
10 5.42 +0.30" 0.39 +0.19" 86.53 + 0.45' 7.66 +0.27"
12 5.12 £0.22¢ 0.41 £ 0.00™ 90.11 £ 0.08' 4.36 +0.10°
14 5.63 £0.78" 0.54 + 0.00 91.39 £ 0.39¢ 2.44 £0.10°
16 6.28+0.17" 0.36 + 0.02° 90.34 + 0.35" 3.02+£0.17°
18 6.57 £ 0.46" 0.00 + 0.00' 89.18 +0.42¢ 4.25 +0.34°
20 7.24 £0.18" 0.00 + 0.00' 89.19 + 0.39¢ 3.57 £0.24°

190 0 3.08 £ 0.61¢ 0.29 £ 0.00' 96.63 = 0.16* 0.00 + 0.00"
2 2.38 £ 0.60¢ 0.71 + 0.00™ 96.81 = 0.16 0.10 £ 0.07"
4 2.60 + 0.83" 0.85 + 0.55° 91.95 +0.37° 4.60 = 0.06°
6 4.10 + 0.50" 0.45 + 0.00° 87.44 + 0.58 8.01 £0.39°
8 3.14 £ 0.05' 0.44 +£0.01° 92.62 +0.28" 3.80 £0.16°
10 4.10 = 0.40" 0.61 £0.10* 89.21 +0.29° 6.08 £0.07"
12 3.47 £0.62° 0.74 + 0.06™ 91.58 = 1.07° 4.21 +0.39
14 4.45 +0.48 0.48 = 0.00° 92.08 + 0.46° 2.99 +0.93'
16 5.47 £ 0.00 0.00 + 0.00# 91.85 + 0.00° 2.68 + 0.00¢
18 4.85 +£0.48° 0.53 £ 0.00* 90.62 + 0.22¢ 4.00 £0.19*
20 5.94 £ 0.64° 0.00 = 0.00# 89.63 £ 0.61° 443 +£0.11°
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Table 2 Changing on relaxation time 7, of LF-NMR on mutton

BB E/C B BT ] /min

o, 3% B ) (Ty)

e H B ) ()

BT ] (Ts)

Fo BB 1) (Tsy)

250 0 0.42 £0.01" 2.34 +0.08° 98.38 + 1.36' 0.00 + 0.00#
2 3.05+£0.26" 0.00 = 0.00° 124.24 + 4.58¢ 1559.63 + 18.95"
4 0.79 + 0.06# 5.56 £0.23" 391.37 = 0.00 2012.92 + 0.00*
6 1.78 £ 0.12¢ 2.82 +0.08" 223.61 £ 0.61° 813.63 £ 10.24¢
8 1.06 + 0.09' 2.19 £ 0.00° 285.33 +0.00 976.48 +30.51°
10 3.39£0.02 0.00 = 0.00° 258.55 = 0.00° 586.73 +7.13¢
12 2.06 +0.28° 0.00 + 0.00' 226.21 £ 5.74° 351.38 + 6.90"
14 1.75 £ 0.35¢ 0.00 = 0.00° 192.81 = 0.00' 527.29 £4.71°
16 1.60 = 0.07° 1.16 + 0.00° 109.59 £ 6.11" 430.73 £7.51¢
18 1.83 £0.23¢ 0.00 = 0.00° 91.89 + 0.00° 349.18 + 0.00"
20 1.88 +0.20¢ 0.00 + 0.00' 93.86 + 0.00' 236.14 £ 0.00'

220 0 2.20 £ 0.04 1.73 £ 0.00* 93.43 = 0.00e 0.00 = 0.00#
2 1.66 +0.12" 0.00 + 0.00' 86.50 + 0.00' 0.00 + 0.00#
4 1.59 £0.13" 1.31 £ 0.47" 697.46 = 0.00° 0.00 = 0.00#
6 0.95 + 0.08' 1.82 +0.28" 142.67 + 0.00™ 1442.01 + 74.70°
8 2.32+0.32° 0.00 = 0.00° 143.07 £ 0.70" 412.20 + 46.14°
10 1.08 £ 0.57* 0.86 + 0.76" 136.88 + 12.13¢ 724.95 + 56.99°
12 1.66 + 0.58" 0.39 £0.67° 122.87 = 0.00* 434.96 + 46.14°
14 1.66 + 0.58" 0.50 +0.87* 67.54 + 0.00¢ 584.77 £ 9.94¢
16 1.00 = 0.44 0.59 £ 0.51* 49.46 = 0.61" 718.57 +73.25¢
18 1.44 £0.11 0.00 + 0.00' 51.09 + 0.00" 784.53 +25.44"
20 1.38 £ 0.11°* 0.00 = 0.00° 43.63 + 0.00' 340.66 + 32.14

190 0 2.20 £ 0.04 1.73 £ 0.00* 93.43 + 0.00# 0.00 + 0.00
2 1.70 £ 0.16™ 1.53 £ 0.00" 130.45 = 0.00' 3073.13 +£49.01°
4 1.29 +0.18* 247 +0.29° 218.68 + 0.00 1090.32 + 10.59¢
6 1.21 +£0.34* 1.90 + 0.00¢ 191.60 = 0.00" 921.54 + 13.55"
8 2.04 £0.26 2.82 £0.43" 162.42 + 0.00° 1783.88 + 16.90"
10 0.99 = 0.00° 1.77 £ 0.23* 143.07 £ 0.70* 951.04 £9.71°
12 1.14 = 0.00° 3.02 £0.43" 141.27 + 0.00° 1611.20 +21.11¢
14 1.06 +0.11° 1.62 £0.167 141.74 £2.22% 303.18 + 0.74'
16 2.30 £ 0.00 0.00 + 0.00# 90.67 + 0.00" 251.12 £ 0.00°
18 1.58 + 0.44" 1.51 £ 0.00 90.67 = 0.00" 498.62 + 7.34"
20 2.00 + 0.00" 0.00 + 0.00# 66.23 £ 5.69' 856.96 + 0.00¢
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Table 3 Hydrogen proton density imaging of mutton at different roasting time
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Moisture Distribution and Migration Law of Mutton during the Roasting Process

Wang Yongrui', Xue Meifang?, Luo Ruiming?, Wang Songlei*
(“College of Agriculture, Ningxia University, Yinchuan 750021
*College of Food and Wine, Ningxia University, Yinchuan 750021)

Abstract In this paper, Ningxia Yanchi Tan sheep was used as the material, and the LF-NMR detection technology
was used to analyze the moisture distribution and migration laws of the mutton during the roasting process at three roast-
ing temperatures. The results showed that the moisture content of mutton was gradually reduced at the three roasting tem-
peratures, and the moisture content was about 55% after roasting for 20 minutes. The L" value of mutton increased at
the beginning of roasting process and then decreased with the extension of the roasting time, the @' value showed a first
decline and then tended to balance, and the " value increased at the beginning of roasting process and then tended to
balance. At the same time, the combined water content of the three roasting temperatures showed a gradual upward
trend, and the non—flowing water content all showed a downward trend. The free water content did not significantly differ
during the roasting process (P<0.05). The non—flowing water and free water migration corresponding to the relaxation time
of mutton under different roasting times were obvious, indicating that the fluidity of water becomes smaller, and the wa-
ter with high degree of freedom gradually transfers to the water with low degree of freedom. The brightness of the hydro-
gen proton density image of mutton at the three roasting temperatures showed a decreasing trend with the extension of
roasting time, and the roasting temperature of 250 “C was the most obvious, indicating that its internal moisture content
decreased the fastest. The total area of low—field nuclear magnetic resonance peaks and the moisture content of mutton in
the roasting process showed a significant linear relationship (P<0.05). Sensory evaluation found that roasting for 12, 14
and 18 minutes can be used as the best flavor time for mutton roasting at 250, 220 and 190 °C, respectively.

Keywords low field nuclear magnetic resonance; roast mutton; moisture migration; color change; sensory evaluation



