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Abstract; The aim of this paper was to investigate the changes of protein, lipid oxidation and its impact
on water holding capacity of Psoas major, Quadriceps femoris and Longissimus dorsi from yak during 140 d
of frozen storage ( —18°C ). Samples were analyzed at sampling times upon thawing (0, 28, 56, 84 and
140 d) for lipid ( TBARS, hexanal) and protein oxidation products ( a-aminoadipic and vy-glutamic
semialdehydes, a-aminoadipic acid, Schiff bases). During the frozen storage, heme-iron and superoxide
dismutase played an important role in the lipid oxidation process of Longissimus dorsi. Owing to a lower
content of heme-iron and a relatively higher content of superoxide dismutase, Longissimus dorsi had a
lower content of TBARS and hexanal. Frozen storage significantly influenced the oxidative stability of
proteins in Psoas major and Quadriceps femoris. The protein oxidation process of PM and QF was

co-regulated by heme-iron, superoxide dismutase and catalase. Because of the promoting oxidation of
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heme-iron, the content of a-aminoadipic and y-glutamic semialdehydes were also significantly improved.
However, the content of heme-iron in Psoas major was significantly higher than Quadriceps femoris, the
content of a-aminoadipic and vy-glutamic semialdehydes in Psoas major and Quadriceps femoris had no
significant differences due to the higher content of superoxide dismutase and catalase. The content of
oa-aminoadipic acid was relatively higher because of the higher content of heme-iron in Psoas major, but
the content of a-aminoadipic acid in Psoas major was significantly lower than Quadriceps femoris (P <
0.05). Furthermore, the water holding capacity of yak meat was significantly affected by protein
carbonylation reaction during the frozen storage. Owing to the lowest antioxidant enzyme activity and the

highest heme-iron, the water holding capacity of Quadriceps femoris was the worst in three kinds of yak
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meat. The purge of Quadriceps femoris was higher than Longissimus dorsi for 3. 55 times.
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Tab.1 Chemical composition and antioxidant enzyme activities of Psoas major, Quadriceps femoris

and Longissimus dorsi from yak
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Lipid oxidation products in Psoas major, Quadriceps femoris and Longissimus dorsi from yak during frozen storage
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Protein oxidation indexes in Psoas major, Quadriceps femoris and Longissimus dorsi from yak during frozen storage
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Fig.3  Protein oxidation indexes in Psoas major, Quadriceps femoris and Longissimus dorsi from yak during frozen storage

HE B EA S TR P BRIE B AAA Z 51, AAS FR AL
PR s S EA R - AR E 5 Y5 H
il AAS B 5L A I N 43 I 1 A % B8R 8 T 4
ZERgNCT S LY R AL BLTE B R B TR S
(19 JUL s 2T 4 2 11 S A S 2 T P AR g R
YT BE Ve PR I 5 0 [ 32 38 i, A6 T 28 d
WK R, 28 d JE MK R B W T &
(1 3) SRR ], QF v 7y JS Bl 5 56 i J3E 52 1% 34
SR, LD FRAES I (84 ~ 140 d) |, Ay K B %< O 5 JiF 12
ETRRECE 3) . DL g5 5UESE, ¥ VR I . 3 5
YE4F b A R B 1, 9 B S QF (LD AL, PM
BT A A Rid . QF 7EA A 2 T, il BE &
Horb AAA BB SGTE BUBR 1 1 Ay R A2 B, 3 — 7
T, R RS0 ], LD o A 9 O 5 B 25 T e, iX AT
REJEH T AAS —fi Z(FR 5 & AAS — AAS 254y 5 H
2R L S AAS Bl 22 (] AR 1R 3% SR 45 RN i
SR % 25 5 T IR e e S A R
2.5 AEBBAESFABIRAKME

F 2 AT LLE H, QF B9 M Uk TF Wt 28 2 i 3k
1.81% ,43 %1% PM F1 LD [ 2.29 £5 1 3.55 %, X
A REJE WL 2H 2352 B R 45 / i O 1 0 1) 52 i), vl R

Je T B R AL RS RS . URIBAR T,
B A P SRR A5 A O il B 1 A B R R B A I
I FRAAE T L B R A ik , 32k T 52 ) 2 19 o 25 [
S50 LA B3 E S K g 1 B AR AR T R 45 L
W PRKE . Estévez S5t B, X e b2 B M 2
SIS LR 2 2 M R AT RE R A LR A 4k
1K o35 AP A P 22 8] 9 AR A 2 5 BOK 0 I
ge, BROKHE R BTN IS, QF Y 2 0 & R
(48.15% ) 7E 3 MR AFE AP R R M. EA
Jot R S I ATE A 2 5S35 e A U, X
SR E B B> 8 KGR 35S K 1 Z 16 A
(-5 B AR P T B o R 1 R 5 A A
YR IT A R OR R, AAS R RS [ 1
VRIT IR R 3R B3 IEM R (P <0.01) o HAAFIEA
F2 ELENBRELN.ERKIBRKE
Tab.2 Water holding capacity of Psoas major, Quadriceps

femoris and Longissimus dorsi from yak %
25 HR AL
N B2 L Bepusk il AR AL
AT A E  0.79 £0. 15" 1.81£0.18* 0.51 +0.11°¢

HEMER 36.97 +3. 11" 48.15 4. 12 33.96 +3.21"




224

Kok HLOB ¥ R

2015 4

U R BT ARl i LA, Ve R I () K AR A
JEFC e Al SR % 3 o BB R AT R K e
2 i B — E T BE Y B2

3 5

(1) VAR 390 18], i 210 3% 2 A0 41 4y 1 Ak Tl 7
LD )l 52 A A BE AR A 4 35 FE AR T, B AIR A I 21
B DR R A AR A B A R S i LD A
GACE 22l | Ol AR 2R A o

(2) Vi . 35 52 m PMRI QF 28 1 o 04k, 1
LR B A AL | 4 e S I ) A 4 A
BB B S A - R 140 d g, T I 4T R Ak 0 1 R

EAVER ,PM A1 QF Hiiy AAS (GGS & ¥y &3 m,
HAR PM I 21 R Bk 3 S T QF {2 PM A A X
e R AL P B AL B e A Ak B ) 4R R A
PM 55 QF ffy AAS.GGS & i IF o 18 3 Pk 22 55 1 21
R STEERMN PM &G i H ™4 20 AAA H
PM A RH X 458 15 1 68 S A 0 5 Ak 1l 5 4R Ak T B
[ /Rl PM o H ) AAA & @il B IR T QF (P <
0.05),

(3) VML | A 1 28 1 30 0 Al I O A 5 B 0
A R B PR K B SR AR G ) B IR L 2T R kA
XTI QF DRAK M fe 22, HLff R TH WU 2K % J& LD
1) 3. 55 1

& % x Wt

Lund M N, Heinonen M, Baron C P, et al. Protein oxidation in muscle foods; a review [ J ]. Molecular Nutrition and Food

Research, 2011, 55(1): 83 -95.
Estévez M, Ventanas S, Heinonen M, et al. Protein carbonylation and water-holding capacity of pork subjected to frozen storage:
effect of muscle type, premincing, and packaging[ J]. Journal of Agricultural and Food Chemistry, 2011, 59(10) ; 5435 —5443.
Amino Acids, 2003, 25(3): 221 -
Utrera M, Armenteros M, Ventanas S, et al. Pre-freezing raw hams affects quality traits in cooked hams: potential influence of
Utrera M, Rodriiguez-Carpena J G, Morcuende D, et al. Formation of lysine-derived oxidation products and loss of tryptophan
Journal of Agricultural and Food Chemistry, 2012,
Estévez M, Kylli P, Puolanne E, et al. Fluorescence spectroscopy as a novel approach for the assessment of myofibrillar protein
Hornsey H. The colour of cooked cured pork. I.—estimation of the nitric oxide-haem pigments[ J]. Journal of the Science of Food
Freitas S T, Pereira E I P, Gomez A C S, et al. Processing quality of potato tubers produced during autumn and spring and stored
Hernandez P, Zomeno L, Arifio B, et al. Antioxidant, lipolytic and proteolytic enzyme activities in pork meat from different
Mercier Y, Gatellier P, Renerre M. Lipid and protein oxidation in vitro, and antioxidant potential in meat from Charolais cows
Cribb A E, Leeder J S, Spielberg S P. Use of a microplate reader in an assay of glutathione reductase using 5, 5’-dithiobis
Ganhdo R, Estévez M, Morcuende D. Suitability of the TBA method for assessing lipid oxidation in a meat system with added
ZL SR I Xk i Bl AR I R P b AR BOR M [T ] A LR R, 2013, 44(2) .
Chi Hai, Li Xueying, Yang Xianshi, et al. Influences of wine extracted on antioxidant of antarctic krill during storage[ J].

Estévez M, Morcuende D, Ventanas S, et al. Analysis of volatiles in meat from Iberian pigs and lean pigs after refrigeration and

VI, AREE DY, HUHAR. RRA A BRG] R AL AR, 2011, 42(11) ¢ 144 - 147,

Shi Xixiong, Yu Qunli, Tian Jiachun. Changes in main volatile compounds during aging process of yak meat[ J]. Transactions of

B, ZEIuE, PRBE, . AR UNRRWIE K KR Y B E AN GAEE GC/MS pHT (1], AL HLAA4i, 2008, 39(11) : 64 - 75.

Ge Wupeng, Li Yuanrui, Chen Ying, et al. Analysis of volatile aromatic compounds from cow’s and goat’s milk yoghurt by
SPME — GC/MS[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39(11): 64 —75. (in Chinese)

2
3  Requena J, Levine R, Stadtman E. Recent advances in the analysis of oxidized proteins[]J].
226.
4
protein oxidation[ J]. Meat Science, 2012, 92(4) . 596 - 603.
5
during processing of porcine patties with added avocado byproducts [ J].
60(15): 3917 —3926.
Estévez M. Protein carbonyls in meat systems: a review[ J]. Meat Science, 2011, 89(3) . 259 -279.
oxidation in oil-in-water emulsions[ J]. Meat Science, 2008, 80(4): 1290 - 1296.
8
and Agriculture, 1956, 7(8): 534 —540.
9
at different temperatures| J]. Horticultura Brasileira, 2012, 30(1): 91 -98.
10
genotypes[ J]. Meat Science, 2004, 66(3) : 525 - 529.
11
finished on pasture or mixed diet[ J]. Meat Science, 2004, 66(2) ;. 467 —473.
12
(2-nitrobenzoic acid) [ J]. Analytical Biochemistry, 1989, 183(1): 195 - 196.
13
phenolic-rich materials[ J]. Food Chemistry, 2011, 126(2) . 772 -778.
14 R, FEW, HER, &
153 - 158.
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(2) . 153 - 158. (in Chinese)
15
cooking by using SPME — GC —MS[ J]. Journal of Agricultural and Food Chemistry, 2003, 51 (11): 3429 —3435.
16
the Chinese Society for Agricultural Machinery, 2011, 42(11) : 144 —147. (in Chinese)
17
18 Utrera M, Morcuende D, Rodriguez-Carpena J G, et al.

Fluorescent HPLC for the detection of specific protein oxidation


http://dx.doi.org/10.6041/j.issn.1000-1298.2013.02.029
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=20111127&journal_id=jcsam
http://www.j-csam.org/ch/reader/view_abstract.aspx?flag=1&file_no=081115&journal_id=jcsam

% 6 1) RS S URON B A R BT IR 5 AL AN PR K Y R 225

19

20

21

22

23

24
25

26

27

28

29

carbonyls-a-aminoadipic and y-glutamic semialdehydes-in meat systems[J]. Meat Science, 2011, 89(4) : 500 - 506.

HHE, #ix, X0, S $B4 %5 AN S A AT LT]. R HU R, 2012, 43(12) : 146 - 150.

Tian Jiachun, Han Ling, Liu Xin, et al. Ageing mechanism and meat quality during postmortem ageing of yak meat[]].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(12): 146 —150. (in Chinese)

Honikel K O. Reference methods for the assessment of physical characteristics of meat[ J]. Meat Science, 1998, 49(4) . 447 -
457.

Promeyrat A, Daudin J, Astruc T, et al. Kinetics of protein physicochemical changes induced by heating in meat using mimetic
models: (2) effects of fibre type, peroxides and antioxidants[ J]. Food Chemistry, 2013, 138(4) . 2283 -2290.

Renerre M, Dumont F, Gatellier P. Antioxidant enzyme activities in beef in relation to oxidation of lipid and myoglobin[ J]. Meat
Science, 1996, 43(2) . 111 - 121.

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.

Zaritzky N. Handbook of frozen food processing and packaging[ M]. Roca Raton, FL: CRC Press, 2011.3 -38.

Min B, Ahn D. Mechanism of lipid peroxidation in meat and meat products—a review [ J]. Food Science and Biotechnology,
2005, 14(1): 152 - 163.

Villaverde A, Esteivez M. Carbonylation of myofibrillar proteins through the Maillard pathway: effect of reducing sugars and
reaction temperature[ J]. Journal of Agricultural and Food Chemistry, 2013, 61(12) . 3140 -3147.

Utrera M, Esteivez M. Oxidation of myofibrillar proteins and impaired functionality: underlying mechanisms of the carbonylation
pathway[ J]. Journal of Agricultural and Food Chemistry, 2012, 60(32) . 8002 - 8011.

Traore S, Aubry L, Gatellier P, et al. Higher drip loss is associated with protein oxidation[ J]. Meat Science, 2012, 90(4) .
917 -924.

IVERE, e EE w3 5. AR N 2T AL 5 A0 A U TS B AR TS [T ] R AL AE 4R ,2014,45 (1) 191 - 196,
202.

Sun Zhichang, Feng Xiaoqin, Han Ling, et al. Tenderness and apoptotic activity of yak meat during postmortem aging [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(1) :191 —196,202. (in Chinese)

(L#EE 217 IT)
9 JHmEW], EERNE, ERE & FLEEAZEE M DL R RAT]. MR, 2010, 31(1) : 262 -267.

10

12

13

14

15

17

18

Lu Xiaoming, Wang Jingbo, Ren Fazheng, et al. Application of whey protein in food industry: a review[ J]. Food Science, 2010,
31(1): 262 -267. (in Chinese)

WEM, JE)T B, . FLERE A I R AR e SR LT o E FL A Dk, 2002, 30(4) : 18 -21.

Ling Xueping, Pang Guangchang, Xing Wei. Recent development and progress of lactoferrin[ J]. China Dairy Industry, 2002,
30(4): 18 =21. (in Chinese)

Tokle T, McClements D J. Physicochemical properties of lactoferrin stabilized oil-in-water emulsions: effects of pH, salt and
heating[ J]. Food Hydrocolloids, 2011, 25(5) : 976 —982.

Liu F, Sun C, Yang W, et al. Structural characterization and functional evaluation of lactoferrin-polyphenol conjugates formed by
free-radical graft copolymerization[ J]. RSC Advances, 2015,5(20) :15641 - 15651.

Lei F, Liu F, Yuan F, et al. Impact of chitosan-EGCG conjugates on physicochemical stability of B-carotene emulsion[J]. Food
Hydrocolloids, 2014, 39, 163 - 170.

Kitagawa M, Tokiwa Y. Polymerization of vinyl sugar ester using ascorbic acid and hydrogen peroxide as a redox reagent[ J].
Carbohydrate Polymers, 2006, 64(2) . 218 - 223.

You J, Luo Y, Wu J. Conjugation of ovotransferrin with catechin shows improved antioxidant activity[ J]. Journal of Agricultural
and Food Chemistry, 2014, 62(12) . 2581 —2587.

Guo D, Mant C T, Taneja A K, et al. Prediction of peptide retention times in reversed-phase high-performance liquid
chromatography I. Determination of retention coefficients of amino acid residues of model synthetic peptides[ J]. Journal of
Chromatography A, 1986, 359. 499 -518.

Yuan F, Xu D, Qi X, et al. Impact of high hydrostatic pressure on the emulsifying properties of whey protein isolate-chitosan
mixtures[ J]. Food and Bioprocess Technology, 2013, 6(4): 1024 — 1031.

Wang X, Liu F, Liu L, et al. Physicochemical characterisation of B-carotene emulsion stabilised by covalent complexes of

a-lactalbumin with ( - ) -epigallocatechin gallate or chlorogenic acid[ J]. Food Chemistry,2015,173.564 —568.


http://dx.doi.org/10.6041/j.issn.1000-1298.2012.12.027
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.01.030

