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LF-NMR Studies of Variations of Different Water States during Controlled Freezing Point Storage of Beef

XU Qian', ZHU Qiu-jin***", YE Chun', WANG Wen-xiu'
550025, China;
Key Laboratory of Agricultural and Animal Products Store and Processing of Guizhou Province, Guiyang

550600, China)

(1. College of Life Science, Guizhou University, Guiyang

3. National Beef Processing Technology Research and Detection Sub-centre, Huishui

Abstract: The aim of this study to apply low field NMR to investigate regular variations of different relaxation parameters
of water in vacuum packaged beef and non-vacuum packaged beef during controlled freezing point storage. NMR relaxation
data indicated that there were three different types of water in fresh beef, namely bound water, free water and immobilized
water with relaxation times of 7,,, 7,, and 7,; (x-axis), respectively. Correlation anaysis of three relaxation parameters and
meat quality indices was conducted by measuring pearson correlation coefficients. Our results showed that the correlations
between the studied relaxation parameters and meat quality indices were strong in non-vacuum packaged beef but not strong
in acuum packaged beef. Free water had the biggest influce on meat quality during controlled freezing point storage of beef.
The relaxation parameter of free water may hold great promise for potential applications to study quality indices of non-
vacuum packaged beef.
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Fig.2 The transverse relaxation time (7,) of fresh beef

2 PR 30 1) KA PN A G B S 70% . INF 1] LA
FH, RGN, BEE R ) BN, e
B A I T, (58 8 3% 2 40(P>0.05), “FIMEAE
2~5msZ (i), PAFh U N IN T3 e E49ms 22 45 T
Ak, UL B R R G, A R TR g A KRR 5
BRI 45 45 P B SR AR /N B AT e AR

PR L2 2= P 1) T (38 22 7 16 25 (P <<0.05), Hrp
T AL 25 0 2 1A T fH 1~ 9 B I AR ) £ B K (2 35 1 T
(P<0.05), ZJi9~11d% ¥ FFP<0.05), 11~17d
BUAEFEP>0.05), ZEIFHEETRE, MNE19KR
FFif, 7E100~1000ms 1306 B N BT, Ty k.
YOI TG (K 2R RCE I T 10, IR B K 0 Bl
Sk, BDECKE A B . )58 E BT ah1e g
FHEZREAMN R BN W T fE 505K
BN — BAPAE, T fEmdlm A8k 8 #(P<0.05), {HM
HEAGR .

£1  HRTEEEHEE REAEYS
Table1 Temporal evolution of 7, during controlled freezing point
storage of beef
NP VP
e T/
T,/ms Ty/ms Ty/ms Ty/ms T/ms T/ms

| 349H087" 497707 175.8912449%  349+087 49770 175.89+2449"
30 30310147 4977407 19220%15.01% 2614079 4977H0° 22098+1737°
5 206£061"  4977H0°  2009210™ 3342089 49.77+0° 1922041511
7 296+060"  4977E0° 20092407 3204025 4977H0°  17475%0°
9 316+0.69"  4977H0° 220981737 2564043 4977+0°  231.01%(°
11 2264078 4977H0° 19220115.11% 3074043 49770 167.17+13.14°
13 3662121" 497740°  2009210™ 4444035 4977H0° 21226+3248™
15 368%125° 497740° 20223+2815°  3431106°  4977£0°  23L01%0°
17 2712069" 497740°  17475E0°  4102070°  4977£0° 1922041511
19 2752056" 49.77+0° — 3251071 4977£0° 2109541737
21 4TAE121 49.7740° — 4215139 4977H0" 183.48+15.11°
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Table2 Temporal evolution of peak areas of 7, during controlled freezing point storage of beef

& NP i . VP i A .

il T T, I R T T, T, R
1 18.0 £3.32"  768.66+10.33° 31.35+5.89"  818.36+17.33" 18.00+3.32°  768.66+10.33° 31.35+5.89° 818.36+17.33"
3 17.60+4.40°  776.20+16.78" 39.50+£7.90°  829.54+18.21° 15.60+3.90"  785.50+£9.87" 47.37+4.54" 830.10£10.23"
5 16.43+3.45"  759.30+13.98° 53.30+£8.18"  829.79+10.24™ 15.20+4.87¢  764.50+8.51" 47.70+£5.21° 827.65+11.68"
7 18.30+4.12°  776.30+7.54"  38.70+-4.54°  834.07+13.43" 19.50+6.98" 778.20-11.12° 24.80+3.43* 817.57+10.82"
9 23.40%+3.90°  745.90+9.81" 64.40+9.77°  820.12+10.56" 13.10+3.45"  774.70+9.02° 17.10+4.29'  805.02+9.29"
11 18.30£4.56  757.10£11.53"  42.90+7.30° 812.25+11.31""  18.40+2.32° 778.40+5.83° 12.10+3.31 809.08+8.72°
13 20.30+5.78°  767.50+£9.57° 25.87+5.83"  806.70+9.87" 21.70+4.21°  780.60+£9.10° 15.40+£2.72'  808.44+9.65"
15 26.30+3.86"  755.508.69°  28.40+3.54% 810.524+10.01""  21.90%+3.67° 761.30%8.12° 19.80%3.56" 803.70+9.23
17 25.10+4.03°  745.20+13.34" 5874289 772.55+8.23% 12.53+2.90"  726.10+11.34" 29.50+4.12°  807.07+8.76"
19 18.00+4.21"  784.5046.29° 0} 787.13+7.87° 16.35+1.45°  742.90+7.89% 28.40+3.22" 806.91+9.19"
21 18.65+1.34°  717.20+8.21 0 749.03+9.23° 15.20+42.11°  708.60+8.17 29.2043.90° 809.27410.90°
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Table3 Temporal evolution of pH and drip loss during controlled
freezing point storage of beef
[ NP VP
I wl/d pH KIK 1% pH RIK 1%
1 5.8140.05"  3290+£1.03“  581£0.05 32.90+1.04"
3 495+0.02° 34224178 5.14+0.02° 33.17£0.79°*"
5 496+0.04°  3348+1.70°  4.98+0.01" 35.64+1.32"
7 488+0.02"  3573+£0.03"  4.95+0.01" 35.82+1.56"
9 494+0.01°  40.13+1.64°  5.124+0.02° 32.46+1.43
11 494+0.02°  37.19+£135"™  526+0.03" 31.28+1.72"
13 496+0.01° 3807151  5.05+£0.01" 34.74+1.05""
15 5.84+0.04° 352+1.21% 5.14+0.01°  35.47+0.27™
17 6.09+0.04  34.69+0.69™  526+0.01° 36.88+0.37°
19 6.374+0.02"  30.56+0.65°  531+0.01°  36.92+0.90°
21 6.62+0.03" 26394123  552+0.02° 40.28+1.29"
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Table4 Correlation between NMR relaxation parameters and meat quality indices
WiH NP VP NP VP
i
T(ms)  Tp(ms) T,,(ms) T,5(ms) TR T WA T 0emAl T 0mE DM T

pH{E 0.4437 —0.8079 0.1897 —0.3775 —0.8628
NP

RIKF —0.4889 0.8409 0.3648 0.2651 0.7016

pH1H 0.2155 —0.3521 —0.1350 —0.4131 0.0111
VP

KIKH 0.6090  —0.0669 —0.1504  —0.8364 0.2141
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