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Effects of Thawing Methods on Protein Oxidation, Protein
Functional Properties and Freshness of Yak Meat

WANG Linlin'  CHEN Lianhong' LI Lugian' LI Jian> DU Rongsheng’ CAI Zijian'
(1. College of Food Science and Technology, Southwest Minzu University, Chengdu 610041, China
2. College of Animal Science and Veterinary Medicine, Southwest Minzu University, Chengdu 610041, China
3. College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; The frozen Longissimus dorsi (LD ) of yak meat were taken as the experimental objects to
investigate the effects of different thawing methods on the protein oxidation, functional properties and
freshness of yak meat. The results showed that the myofibrillar protein carbonyl groups were the highest of
9. 80 nmol/mg, surface hydrophobicity was the highest of 48. 53 g and the total sulfhydryl groups were
the lowest of 41. 73 nmol/mg and Ca’* -ATPase activity was the lowest of 0. 245 U/mg protein in the air
thawing yak meat, which was significantly different from other thawing methods (p <0.05), indicating
that the meat protein oxidation was the heaviest after air thawing. And the other thawing methods resulting
in protein oxidation in descending order were refrigerated thawing, hydrostatic thawing, microwave
thawing, and room temperature thawing. The protein solubility was 109. 28 mg/g, MP solubility was
69. 16 mg/g and EAI was 31.51 m*/g in the air thawing yak meat, all of which were significantly lower
than those of other thawing methods (p <0.05) , indicating that air thawing was most unfavorable to meat
proteolysis and emulsification. Meanwhile, the lipid peroxidation of refrigerated thawed yak meat was the
lowest as well as the TVB-N of microwave thawed yak meat was the lowest. There was a significant
correlation between protein oxidation and lipid oxidation in thawed yak meat, and also between protein
solubility and emulsifying ability (p <0.01). These ahove results indicated that the air thawing was most

detrimental to the quality of thawed yak meat, followed by thawing at room temperature. However,
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refrigerated thawing, microwave thawing and hydrostatic thawing respectively can delay the onset of meat

quality decline process effectively in different levels, and can maintain the defrosted meat quality to some

extent. The findings can provide data support and theory reference for illustrating the mechanism of

different thawing methods on defrosted meat quality in the future.

Key words: frozen yak meat; thawing method;

properties; freshness
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Fig.2  Effects of different thawing methods on protein solubility of yak meat
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Fig.3 Effects of different thawing methods on protein emulsifying properties of yak meat
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I BT H A i 7R 05 50, B A5 R 5 POV (AR X
IO, i P AV it A O P i 4P 8 5 At T IR
A T L5 WL DY 2058 AR B L

x1 FAEBEAXNESAHEER M
Tab.1 Effects of different thawing methods on freshness of yak meat

. i 5 7 3%
K2 pna VA 2y
K (G853 g =R =5
POV {fi/( mmol-kg ") (11.00 £0.50)®  (12.75£0.75)* (9.00 +£0.50)° (12.50 £0.50)*  (10.25+0.25)"

TBARS {li/(mg-kg ")
TVB-N Bttt/ (mg- (100 g) ~")
B AR )%/ (1gCFU-g ")

(0.253 £0.022)°
(13.77 £0.09)*
(4.50 +0.09)*

(0.412 £0.018)"
(9.29 £0.04)°
(4.35+0.01)"

(0.378 £0.015)"
(12.32 £0.40)"
(4.53+£0.08)"

(0.183 +0.018)¢
(11.47 £0.43)"
(4.45+0.08)°

(0.503 £0.063)°
(14.38 £0.29)*
(4.50 +0.09)*

A B A 5 B4 22 5 8.3 ( <0.05)

BB TEIEMOS b, P AR B e A A
Wy e 7 AR 0 DL B 2 A R T A R
TVB-N %75, E 5 T RN AR H e FEEE o i
FATHL, =S SMURES A TVB-N & & fm, i
IR 14,38 mg/ (100 g) , 5 # /K fi R 4E 4 A TVB-N
TR E 2R, RS T HAL 3 R g K )
(p <0.05) ; G U fif R HE 4+ A TVB-N & & i ik, 4
9.29 mg/ (100 g) , 15 B 28 G UE ik UK Jim JFE 2 PR O fief B
B A i o AR, DB TR AT R R A S R A AR P R
REEN T — R AE R, B AR T UL P 2% 1 T AR 8
S, AT GO VR P B S, TR, 2 AN [ i R T
A PR J5 HE 2R R TR VR A B A B A2 LT TVB-N
R AL R R A R TR SR T
Wi e /b AR LA 7 A R 5 B A IR TR T B B
2 22 S, Ul W A R DRI R A LA P AR A
O A T A G 0 G e R R e A Ty ™ I AU
IR bR AR B — s AR T, TR LA 08B
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fiff VR TR A FE R A DG PR X BT AN 26 2 iR . HH
Fe 2 TIH L MR VRAE LR TN OMP BB T R R ORI E S
BB PR JEE JR WK L Ca® " -ATPase i 1 52 4% i 3
FuAH O, I 5 2 1 B K M 5 % . TBARS B 2 4% B 3%
TEAHIE (p < 0.01) 5 S %50 3 o 2t B8 R VR J3E 5 3% T i
JKPEFE £ . TBARS {H . TVB-N Jit & b 52 A% b 2 11 4
e (p<0.01); £ 1B K PEFEEE Ca’ " -ATPase 7%
£ TBARS {F 22 [A] th 77 #E B | 35 40 O (p <0.01) 5
Ca’" -ATPase 1% 55 TBARS {H 2 [a] 77 76 % 2 & 111
M (p <0.01) , 7 (1 T A 048 br 5 2R (1 D g 4
PE R VE BB A OGRS B3 o DA 25 R U0 I i v
b FRAE A P S B B G ) B T AR I, R At —
B HUE T A TR ST, Bk e/ 3R T B K
Ji Ca®" -ATPase 3% £ T &, e & S BUIL P 5L TR F%
H 2 F R A8 AR AR BT 48 Ak 45 47 TBARS B 22 [H] 1
AEAER 35 AH O (p <0.01) , BEBA i R ot B2 P JULIA
B TR B SRR RIS, LD A 17 o 78 AS W 9 A L e
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fift , H.P 5 Z 18] i REAT AE— 5 B e ARG 28 o AT
AR FEAR S B A X 2 1A B0 ik 14 52 i A b 2K 0
TXF TBARS {H 152, 32 B 4 F1 o AL Al o 44k

ZIAFAE—E B , n] BESR R o S A 7™ A ) o g
AN S LR E A R A RO AR T Bk
TR BARHLR A A 1R

x2 BELBELAEEFAXEIN

Tab.2 Correlation analysis of various indexes of thawing yak meat

MERE DA e Ca®*- SEY \p ¥4 TBARS TVBN ik
ECE B EER RER K ATPase o HH EAL ESI POV {f . o
e e - e WIRE R B {H Bt B
BB Rk P R R 1
BB BERRIE - 0. 665 ** 1
T B K P48 4L 0.921"* -0.766** 1
Ca®*-ATPase JG#  -0.785"" 0.808 ™ -0.749 ** 1
AR AR -0.286 0.370  -0.246  0.429 1
MP ¥ fift -0.402  0.596  -0.404 0.578  0.920 " 1
U35 B 1 A -0.058 -0.027 0.027  0.120  0.852**  0.580 1
EAL -0.088  0.244  0.043  0.355 0.873** 0.825*" 0.717*" 1
ESI 0.185  -0.004 0.199  0.100  0.841** 0.702** 0.813* 0.819* 1
POV {} 0.383  -0.005 0.276  -0.301 0.463  0.488  0.312  0.406 0.650" 1
TBARS {} 0.938** -0.688** 0.887** -0.900"" -0.389 -0.499 -0.143 -0.219 0.044  0.426 1
TVB-N i It 0.156  —0.745** 0.309  -0.425 -0.173 -0.415 0.194  -0.166 -0.121 -0.405 0.126 1
[EH-3%0 -0.067 -0.344 -0.094 -0.276 -0.076 -0.199 0.108  -0.129 -0.103 -0.256 -0.064  0.624 1
VE:x FORBEMK (p<0.05) , o FoRBL B EMK (p<0.01)
A W REE S MP B B2 LI 8 s e 3 &R
=A

EATL ESI 2Z [B] £ 75 ) . % 1EAH XL (p <0.01) ;5 [A]
iF, MP %5 i B 5 EALEST 2 8] 47 76 i 35 1F 46 56
P (p <0.01) , VLB 8 1 BV i M 5 JL D) g A 1% EAL
I EST Z [ f7 76 B3 e R, A WF 8 3R W 2 1 1
Vs MR UL MP 3 fife M X UL IR 0% o T A P A o
Wi, FLZE (B EAL R EST JUA 78 HL AL 1 & B 1% il
ARSI A RER B R LK AR (I R S EAT,
ESI 2 [8] th 77 76 A% 5 3% 1F A 56 (p <0.01) , H EAI
55 ESI 2 [a) A7 76 i 3 AR G (p <0.01) , 2L I
SR UL E AR TR A ALk A B R,
BV R RN B s b S AR L L AR M A AL A AR
P TR LRI T 5 B, B AR ik B H
O i P8 o L LAk e o RS VR R DR AT R Y
BT R B INE S 2R A RS S 3k il
LA IR B 1 JRE B B i, A 7 Lk T i A SR A
FUR S R .

(1) ¥ R ifp VR 6 24 PR 2 P Joi L A 2 e R, L
YRR A R VR A itk O R = L e O, 2 UM R A
PR R AR B fe O T ORI R B A T A
A AP i, OO TR i VR N = R R, U
URI AN T LA A 5 i 3 A, B MP ) L AR TS
YA FLAL AR E P R g AN A

(2) 55 HoAt g VR 75 2XAH LE, v LA VR AT AE — 5
T JRE I 9 2 ik VR DA T o A A 9 e A B i R A
(19 JE WA T A B e MR A MR R A T, R AL
IR Jot A =22 T A7 A2 — E 1 fie 2 ARG &, S
VA fige B X FLFLALRE A B3R

(3) 5525 Uik v A= i O O SR EL, 4 R
VR BRI AR VR 7 Sige U T A A () 2 T A AR AE 22 5 |
L P A o A T e i A, SR A A o 4R fk
R R A T T A — i R R AR A R A B

& % x Wt

[1] TANON M C, CALVELO A. Freezing rate effects on the drip loss of frozen beef[ J]. Meat Science, 1980, 4(1): 1 - 14.
LI B, SUN D. Novel methods for rapid freezing and thawing of foods: a review[ J]. Journal of Food Engineering, 2002, 54

(3): 175 - 182.

[3] SHAFIEIPOUR A, SAMI M. The effect of different thawing methods on chemical properties of frozen pink shrimp ( Penaeus
duorarum) [ J]. Journal of Veterinary Internal Medicine, 2015, 9(1): 1 -6.

[4] XIAXF, KONG B H, LIU J, et al. Influence of different thawing methods on physicochemical changes and protein oxidation of
porcine longissimus muscle[ J]. LWT—Food Science Technology, 2012, 46(1) : 280 —286.

[S] ZEmfl, MRBUE, RN, 5. RRISEE DR PG B R [ T]. A i 52 Tolk, 2020, 46(23) : 124 - 131
LI Luqgian, YAN Qige, HA Yujie, et al. Effects of different thawing methods on the quality characteristics of yak meat[ J].
Food and Fermentation Industries, 2020, 46(23): 124 —131. (in Chinese)



%5 1) EHRIE 25 i R T SO RE A A EE SR T BB R BORT S Y 5 T 349

[6]

[13]

[14]

[15]

[33]

PRIS , BERe, REETT, S URRDGREAR IR 6 OUL A RIS SRR RS2 [T/ 0L ). A0l HLAA4R , 2015, 46(10) @ 290 —297.
CHEN Cheng, HAN Ling, YU Qunli, et al. Impact of freeze-thaw cycles on color, microstructure and protein degradation of yak
meat[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(10) : 290 —297. http://www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? file_no =20151039&flag = 1. DOI.10. 6041/j. issn. 1000-1298. 2015. 10. 039. (in
Chinese)
SOYER A, OZALP B, DALMIS U, et al. Effects of freezing temperature and duration of frozen storage on lipid and protein
oxidation in chicken meat[ J]. Food Chemistry, 2010, 120(4) . 1025 - 1030.
SALES L A, RODRIGUES L M, SILVA D R G, et al. Effect of freezing/irradiation/thawing processes and subsequent aging on
tenderness, color, and oxidative properties of beef[ J]. Meat Science, 2020, 163 108078.
XIONG Y L, PARK D, OOIZUMI T. Variation in the cross-linking pattern of porcine myofibrillar protein exposed to three
oxidative environments[ J]. Journal of Agricultural and Food Chemistry, 2009, 57(1): 153 - 159.
BAO Y, BOEREN S, ERTBJERG P. Mpyofibrillar protein oxidation affects filament charges, aggregation and water holding
[J]. Meat Science, 2018, 135(1);: 102 —108.
TR, BRI, R, SE. AN AR R O 1 0 P S £ Y BRI S e [T ] TR Tl R AR CHARFRLE M)
2019, 40(3): 56 -62.
B2, KLU, SPARAR . MR 75 20N oy [0 iR g S T A Ak 2 e B s i [T ] & Bba, 2014, 35(4) ; 243 -247.
HOU Xiaorong, MI Honghbo, MAO Linchun, et al. Influence of thawing methods on physico-chemical changes of Chinese
shrimp ( Fenneropenaeus chinensis) [ J]. Food Science, 2014, 35(4): 243 -247. (in Chinese)
RN . VR el R vpnds £ 1 U 0 2 T B X LAY B IR B WFSE [ D] BN - BRTL R4, 2015,
JIANG Qingqing. Studies on the oxidation of lipid and protein as well as muscle quality changes of Trichiurus haumela during
freezing and thawing[ D]. Hangzhou: Zhejiang University, 2015. (in Chinese)
KIM H W, KIM J H, SEO ] K, et al. Effects of aging/freezing sequence and freezing rate on meat quality and oxidative
stability of pork loins[ J]. Meat Science, 2018, 139(1): 162 - 170.
ERA, RGN, KRG, 55 MR 0 BUR Y T R 3R B AR W R BT S kR (T, i Tk B, 2019, 40
(16): 363 —368.
LEVINE R L, WILLIAMS J A, STADTMAN E R, et al. Carbonyl assays for determination of oxidatively modified proteins
[J]. Methods in Enzymology, 1994, 233. 346 - 357.
SRINIVASAN S, HULTIN H O. Chemical, physical, and functional properties of cod proteins modified by a nonenzymic free-
radical-generating system[ J]. Journal of Agricultural and Food Chemistry, 1997, 45(2) . 310 - 320.
CHELH I, GATELLIER P, SANTE-LHOUTELLIER V. Technical note: a simplified procedure for myofibril hydrophobicity
determination[ J ]. Meat Science, 2006, 74(4) . 681 —683.
JOO ST, KAUFFMAN R G, KIM B C, et al. The relationship of sarcoplasmic and myofibrillar protein solubility to color and
water-holding capacity in porcine longissimus muscle[ J]. Meat Science, 1999, 52(3): 291 —297.
PEARCE K, KINSELLA J. Emulsifying properties of proteins; evaluation of a turbidimetric technique [ J]. Journal of
Agricultural and Food Chemistry, 1978, 26(3) . 716 —723.
AGYARE K, ADDO K, XIONG Y. Emulsifying and foaming properties of transglutaminase-treated wheat gluten hydrolysateas
influenced by pH, temperature and salt[ J]. Food Hydrocolloids, 2009, 23(1): 72 - 81.
BHATTACHARYA D, KANDEEPAN G, VISHNURAJ M R. Protein oxidation in meat and meat products—a review [ J].
Journal of Meat Science and Technology, 2016, 4(2) . 44 - 52.
OZEN B O, SOYER A. Effect of plant extracts on lipid and protein oxidation of mackerel ( Scomber scombrus) mince during
frozen storage[ J]. Journal of Food Science and Technology, 2018, 55(1) : 120 - 127.
SRICHR AT ST , BRBY 55 525 HEAR K 4303 AR AR AL S 3K TERE C R A SE L1/ OL ] A A= 4 ,2019,50(10) ;343 - 351.
GUO Zhaobin, YU Qunli, CHEN Cheng, et al. Relationship between water distribution change and water retention properties of
yak meat during postmortem aging[ J/OL ]. Transactions of the Chinese Society for Agricultural Machinery,2019,50 (10):
343 - 351. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20191040&flag = 1. DOI; 10. 6041/j.
issn. 1000-1298.2019. 10.040. (in Chinese)
MARCOS B, KERRY J P, MULLEN A M. High pressure induced changes on sarcoplasmic protein fraction and quality
indicators[ J]. Meat Science, 2010, 85(1) :115 -120.
SILVA V D M, SILVESTRE M P C. Functional properties of bovine blood plasma intended for use as a functional ingredient in
human food[ J]. LWT—Food Science and Technology, 2003, 36(7) : 709 - 718.
A, OO, IR, S5 R T SR A R I T AR v VUL AT £ 2 P R BT A2 AR [ 1] £ R Rk ,2015,36(23) ¢ 105 ~ 110.
LEEM A, KIM T K, HWANG K E, et al. Kimchi extracts as inhibitors of color deterioration and lipid oxidation in raw ground
pork meat during refrigerated storage[ J]. Journal of the Science of Food and Agriculture, 2019, 99(6) : 2735 —2742.
Bl A, EE, S SRR T 2O R VR B PR AL M BT A R XU B SE e (D], R A o A
4%, 2019, 10(8) : 2181 -2189.
KUSWANDI B, LARASATI T S, ABDULLAH A, et al. Real-time monitoring of shrimp spoilage using on-package sticker
sensor based on natural dye of curcumin[ J]. Food Analytical Methods, 2012, 5(4) . 881 —889.
DELLES R M, XIONG Y L. The effect of protein oxidation on hydration and water-binding in pork packaged in an oxygen-
enriched atmosphere[ J]. Meat Science, 2014, 97(2) . 181 - 188.
UK, BRI, 25, . IR WUR AT 4 8 1 S fe S L aS M FN T REVE B2 [T]. &R Ak aE, 2018, 39(5) .
40 - 46.
ZHAO Bing, ZHANG Shunliang, LI Su, et al. Effect of lipid oxidation on myofibrillar protein oxidation, structure and
functional characteristics[ J]. Food Science, 2018, 39(5) : 40 -46. (in Chinese)
NG VRIS SRR A R O AR R A BT RE M LD ). EER: PE R R, 2013,
SUN Jinhui. The effect of frozen storage, freeze-thaw cycles and thawing methods on the quality of rabbit meat [ D].
Chongging: Southwest University, 2013. (in Chinese)



