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Effect of cooking loss,tenderness and water distribution of Tan sheep
at different salt addition treatment
WU Liang-liang, LUO Rui-ming", KONG Feng, TIAN Yin,ZHANG He-yu,SU Chun-xia

(College of Agricultural, Ningxia University, Yinchuan 750021, China)

Abstract: The present study was undertaken to investigate the effects of different salt addition treatment on the
cooking loss,tenderness and water distribution of Tan sheep. Cooking loss,shear stress and T, relaxation
properties of water molecules by low-field NMR technology were assayed in the different treatment. The result
showed that the cooking loss and shear stress were significantly decreased(p<0.05) with the increase of salt
content. However ,the difference was not significant(p>0.05) when the salt content was more than 2.5%. LF-
NMR detected four distinct water group : weakly bound water, strongly bound water,immobilized water and free
water. With the increase of salt content,the relaxation time shortened,immobilized water increased and free
water reduced. The brightness of the image increased with the increase of the salt addition through the NMR
results. The correlation analysis showed that the cooking loss was significantly (p<0.05) positive correlated with
T» and T, and the shear stress was positively (p<0.05) correlated with the ratio of T, and T, and negatively
(p<0.05) correlated with the ratio of T The results suggested that the water distribution of Tan sheep had a
significant change with the different treatments of salt addition.

Key words : salt addition; Tan sheep;water distribution;low-field nuclear magnetic resonance;magnetic resonance
imaging
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Fig.1 Effect of different salt addition on cooking loss in
Tan sheep
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Fig.2 Effect of salt addition on shear force in Tan sheep
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Table 1  Effect of different salt addition treatment on Trelaxation time of water (T,) from Tan sheep

TR IR (%) Ty it 2 ) 7] (ms) Tyt 74 15} 18] (ms) Tyt 74 5] ] (ms) Tyt 7% 5} 18] (ms)
0.5 0.45+0.13¢ 1.76+0.28° 97.21+1.38* 168.21+6.92°
1.5 0.44+0.04* 1.65+0.34° 69.10+1.48" 143.78+2.83"
2.5 0.43+0.03" 1.63+0.10° 38.40+0.82¢ 106.49+8.36¢
3.5 0.43+0.00* 1.58+0.06° 38.99+1.45¢ 105.36+2.93¢

VE = 7] — B AN R TR R R BB 2 5 K (p<0.05) s R2[A]

K2 AN[F R ERAS IR AR BEMESE P (V1R I A% il st PR Ve TR RR 7 > FR A

Table 2 Effect of different salt addition treatment on T, peak area fraction of water from Tan sheep

BRI (%) T WETRIRA 71 90 5 (%) THIE IR 1 53 5 (%) T TR 11 20 50 (%) T TR 11 90 2 (%)
0.5 7.62+0.56* 1.24+0.13¢ 86.22+2.62" 3.82+0.66°
L5 7.52+0.03 1.22+0.01° 87.62+4.37" 3.36+0.37"
2.5 7.56+0.24 1.16+0.25¢ 90.66+6.51 1.45+0.28"
3.5 7.56+0.27" 1.18+0.08" 90.78+3.58" 1.2150.16"
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Fig4 The NMR images of different salt addition treatment from
Tan sheep
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Table 3  Correlational analyses of indexes considered in Tan sheep at different salt addition treatment

bR Ty,  Tn Ty ToWETHRE 350 T TR 4350 Tl TR T 20 50 To G AN B o0 4 28880k Byl h

Ty, 0.534 0.630 0.416 -0.710 -0.535 -0.703 0.513 0562  0.521

Ty 0.848 0.899 -0.964 -0.8896 -0.862 0.737 0.867  0.678

Ty 0.957* -0.899 -0.964 -0.948%* 0.923 0.978**%  (.898*

Ty -0.839 -0.635 -0.672 0.960 0.936%  0.763

Ty VA E 5 L 0.863* 0.874 -0.834 -0.989 -0.246
Ty AR T 23 B 0.866 -0.730 -0.966 -0.302
Ty TH A B 4 L -0.983 -0.986 -0.589*
T M A T 43 L 0.960  0.463%*
AR 0.985%

A FOR B E I (p<0.05) , #+ TR B E MR (p<0.0D o
(F 453667 )

20164 5024 325



J@étﬂ@l’&

Scence and Technology of Food Industry

[S] Ghlissi Z, Hakim A, Sila A, et al. Evaluation of efficacy of
natural astaxanthin and vitamin E in prevention of colistin -
induced nephrotoxicity in the rat model[J]. Environmental
toxicology and pharmacology,2014,37(3):960-966.

[6] Ames B N,Shigenaga M K,Hagen T M. Oxidants, antioxidants,
and the degenerative diseases of aging[J]. Proceedings of the
National Academy of Sciences, 1993,90(17):7915-7922.

[7] Komaki A, Karimi S A, Salehi I, et al. The treatment
combination of vitamins E and C and astaxanthin prevents high—
fat diet induced memory deficits in rats[J]. Pharmacology
Biochemistry and Behavior,2015,131:98-103.

[8] Katagiri M,Satoh A,Tsuji S,et al. Effects of astaxanthin-rich
Haematococcus  pluvialis  extract on cognitive function : a
randomised , double-blind , placebo—controlled study|J]. Journal of
clinical biochemistry and nutrition,2012,51(2):102.

[9] Hartree E F. Determination of protein:a modification of the
Lowry method that gives a linear photometric response [J].
Analytical biochemistry, 1972,48(2):422-427.

[10] Dey A,Cederbaum A I. Alcohol and oxidative liver injury
[J]. Hepatology,2006,43(S1):S63-S74.

SIS S SIS SRS S SIS SIS SIS SIS SIS S S SIS S S -

(E#%3257)

R R s AN T P sy 7K ) s PR g T G | 55 ik
KH A /KRS S, BYY) ) st .

Sk

(1] F45. T HAF A HAEE RS DAT)] AARA AL,
2013,29(5):1173-1177.

[2] A7 4. F B3R B SR AL A P 3R K M Kk 4 R (D).
R A ,2012,40(5) :2725-2727.

[B] K F , Ak, A Mol b s R 35 AR & 50 I
Ay Foal]]. AR AL, 2013,29(11) :2595-2600.

[4] &, X m . 325 AR SRR T kR E]] R
b Lk A%, 2012,33(20) : 398-400.

[5] Barbut S, Mittal G S. Effect of salt reduction on the rheological
properties of beef,pork and poultry meat batters[J]. Meat science,
1989(26):177-191.

[6] Sanchez—Alonso I,Moreno P,Careche M. Low field nuclear
magnetic resonance( LF-NMR) relaxometry in hake ( Merluccius
merluccius 1.) muscle after different freezing and storage
conditions[J]. Food Chemistry,2014,153:250-257.

[7] B E, &I, FAE, F. I NMRAF LA R AZ P £ 4
Fok Ay o AL R AR 53R, 2010,26(3) :617-622.

[8] Bertram H C,Kohler A,BOcker U, et al. Heat-induced changes
in myofibrillar protein structures and myowater of two pork
qualities. A combined FT-IR spectroscopy and low—field NMR
relaxometry study|J]. Journal of Agricultural and Food Chemistry,
2006,54(5):1740-1746.

[9] Pearce KL, Rosenvold K, Andersen HJ, et al. Water distribution

and mobility in meat during the conversion of muscle to meat

366 0165 %025

Thonw

[11] Dekanski D, Risti¢ S, Mitrovi¢ D M. Antioxidant effect of
dry olive (Olea europaca L.) leaf extract on ethanol-induced
gastric lesions in rats[J]. Mediterranean Journal of Nutrition and
Metabolism,2009,2(3):205-211.

[12] Zhang Q,Li N,Zhou G,et al. In vivo antioxidant activity of
polysaccharide fraction from Porphyra haitanesis (Rhodephyta)
in aging mice[J]. Pharmacological Research,2003,48(2):151—
155.

[13] & R4, A Bt =, E w1, 5. 20k 69 A2 BACH B AR
[J]. AR H KPR 3EIR,2002,1(2):48-51.

[14] Leeuwenburgh C,Hollander J, Leichtweis S, et al. Adaptations
of glutathione antioxidant system to endurance training are tissue
and muscle fiber specific[J]. American Journal of Physiology—
Regulatory, Integrative and Comparative Physiology, 1997,272
(1):R363-R369.

[15] Abadie —Guedes R, Guedes R C A, Bezerra R S. The
Impairing Effect of Acute Ethanol on Spreading Depression is
Antagonized by Astaxanthin in Rats of 2 Young—Adult Ages[J].
Alcoholism: Clinical and Experimental Research,2012,36 (9):
1563-1567.

1111141111111 - 111111

and ageing and the impacts on fresh meat quality attributes—A
review|J]. Meat Science,2011,89(2):111-124.

[10] #0248, Tk, 30 & B, 5. R s LR B ARFT A A B
JE AL F 35 FUAC IR JR A Fa K 25 55 0 o). B e T AL,
2014,35(4):96-104.

[11] Trout G R, Schmidt G R. Effect of phosphate type and
concentration salt level and method of preparation on the
Binding in restructured beef rolls[J]. Journal of Food Science,
1986(51):1061-1062.

[12] #2 F A4, R, 5. Fd a8 A LxrH i m R
MR a6 B[] e T A, 2008,29(11):133-137.

[13] Baublits R T,Pohlman F W,Brown A H,et al. Effects of
sodium chloride, phosphate type and concentration,and pump
rate on beef biceps femoris quality and sensory characteristics|J].
MeatScience,2005(70) :205-214.

[14] Carneiro C,Marsico E,Ribeiro R,et al. Studies of the effect
of sodium tripolyphosphate on frozen shrimp by physicochemical
analytical methods and Low Field Nuclear Magnetic Resonance
(LF 1H NMR)[J]. LWT-Food Science and Technology,2013,50
(2):401-407.

[15] Chapleau N J, Lamballerie—~Anton M L. Changes in myofibrillar
proteins interactions and rheological properties induced by high—
pressure processing|J]. European Food Research and Technology,
2003,216(6):470-476.

[16] AR, ZWE 2%, A&EAFESH KM, 7. PEZ
Tk RAE,2003:75-76,191-197.

[17] FRIMI, 220K, A a5, RBEAK 3 A2 0k 2 3k 5 M7 LR 28 Fm
R[] e ALE,2009(10) :49-53.





