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Experiment on Relationships among Physiological Maturity,
Features of Beef Muscle Fiber and Beef Tenderness

CHEN Kunjie JI Fangfang XU Jiaqi
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract ; The physiological maturity of cow (cow age) is considered to be an important indicator of beef
quality classification. For development of beef quality grading standard and the automatic beef grading
system, a quantitative relationship between the age and tenderness of beef plays an vital role which has to
be established. To research the relationships among cow age, features of beef muscle fiber and beef
tenderness, and four different groups of longissimus dorsi beef with different ages were selected, after
been sliced up and stained, the microscopic images of the ribeye regions sample were collected by
microscopic machine. Then the diameter, circumference and density of each muscle fiber were measured
by using image processing. After determining the shear force of each beef sample by using a texture
analyzer, the change of diameter, perimeter and density of beef fiber with age were analyzed, the
relationship between the diameter, perimeter as well as density and the shear force were then established,
respectively. The experiment result revealed that the diameter and circumference of beef fiber were
increased , while the muscle fiber density was linearly decreased with the increase of age of the cow (P <
0.05). At the same time, it was also observed that the shear force of beef was significantly increased
with the increase of diameter and perimeter of muscle fiber and the decrease of muscle fiber density (P <
0.05). It was concluded that the age of cattle had significant influence on the diameter, perimeter
density of muscle fiber and shear force of beef. There was a significant correlation between the age of
cow, the microparameters of beef muscle fiber and tenderness of beef, the relationship between them can
be described with a linear model clearly.
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Fig. 1 Preprocessing of micrographs
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Fig.4 Scatter plot of muscle fiber diameter and shear stress
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Tab.2 Muscle fiber perimeter values and variance

analysis of different physiological ages pm
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AR TR W B 5 R R3O, R B

PRI A A B ) 3 I A A P Y AR 2
JULET 4E B WSS # 22 A S 35 1 7R Ak, 3 R 728 A s
FECF W BTV Iy bl 2 A, DT X A ARG 2
SR ——— W R B R RS LA 4
WS H =z 8] LT 4E RO 2505 3590 ) Z T A7
WM A R DG 2R, DRI 0, T A3 o X JUL T 4 1 0 2 K
AR 5 ) 2 AR 2 DA B D) 7, S BUXE A 1A AR PR
S JEE 1 T A E o

3 5

(1) A=t % A4 A WLET 4k EAR A B35 12 e, B
AW B OR, A8 N JULET 4E B AR 2 5 T BE A UL



380

g ok BB ¥ R

2018 4

LRYEELAR BN, 2F A BT U] 0 R 2Pk R K

(2) 4 i 2. 35 B2 i F LT 48 R I, R A4 e
A3 O, 28 I LET 4 Jil < 2k 3 5 4 Y LT 4
KA, #f T 20k R BT U 2 R

(3) 4 A LT 2 %5 5 32 A4 e O R T S 5, B 3

AR, P LR 4 3% B 78 25 T W 5 BT 28
R T W A 1A 5T b S b

(4) 40 - 1O JULET 40 MO0 2 K% = 1) 9 41 g
2 A E 5 M, )2 056 2 , AT 1L
W 2 PR A

10
11

13

14
15

19

2 £ x #

American Meat Science Association, National Live Stock and Meat Board. Research guidelines for cookery, sensory evaluation and
instrumental tenderness measurements of fresh meat[ M ]. Chicago: American Meat Science Association and National Live Stock
and Meat Board, 1995.
BRATZLER L J. Palatability factors and evaluation J F Price & B S Schweigert[J].
1974 ,13(4) . 328 - 340.
TAYLOR R G. Meat tenderness : theory and practice[ C ] // Proceedings of the 49th International Congress of Meat and Science and
Technology, 2003 56 — 66.
DAVIS G W, SMITH G C, CARPENTER Z L, et al. Tenderness variations among beef steaks from carcasses of the same USDA
quality grade[ J]. Journal of Animal Science, 1979,49(1): 103 - 114.
CENA P, JAIME I, BELTRAN J A. Postmortem shortening of lamb longissimus oxidative and glycolytic fibers[ J].
Muscle Foods, 1992,3(3) . 253 -260.
KLONT R E, BROCKS L, EIKELENBOOM G. Muscle fibre type and meat quality[ J]. Meat Science, 1998,49( Supp. ) : 219 —229.
75 kA, WS, S P EW TSRS AR EA A MBI ELT]. TEEBCEBE,2011(3) : 219 -222.
NIU Lei, ZHANG Zhisheng, LI Haipeng, et al. Quality valuation of the different sites of simmentalcattle [ J]. China Animal
Husbandry & Veterinary Medicine,2011(3) : 219 =222. (in Chinese)
FEHOR, PhEE S, R, 55 Hrg A DU A SRR sE [T]. P20 ,2011(2) : 36 - 38.
FEROR, At 2% 20, 4. b E P TR R AR TR UL Y AL A R AL AR DR LT ] b B R L2011 (1) ¢ 246 - 249.
REN Qiubin, ZHENG Shixue, LI Haipeng, et al. Studies on the histological characteristics and physicochemical properties of
Chinese simmental’s forelimb muscles[ J]. China Animal Husbandry & Veterinary Medicine ,2011(1) : 246 —249. (in Chinese)
NIFEEE, AR, ST A A S ARG R [T]. EAMEHCY : 58 ,1983(3): 51 -54.
BERK, INER,KAME, & REBENNAL SRS ABOCRMITE )], FHEESR 1998, 29(6) : 486 —492.
ZENG Yongqging, SUN Yumin, ZHANG Wanfu, et al. Studies on relationship of muscle histological characteristics to meat quality
Acta Veterinaria et Zootechnica Sinica, 1998, 29(6) : 486 —492. (in Chinese)
R, R, AR, . AR LB LR AR KL A BT S LET AR LR 2L A S [T ] 1 R DR 22 4k, 2001,
19(3) . 252 - 255.
WU De,YANG Feng, ZHOU Anguo, et al. Effect of Meishan consanguinity in crossbred pigs on meat quality and muscle fiber
character[ J]. Journal of Sichuan Agricultural University, 2001, 19(3): 252 - 255. (in Chinese)
KA, A, B0, . AR AR FRAWBERT]. WOl K224 ,2002, 20(1) ; 47 -48.
ZHU Li, LI Xuewei, LI Fangqiong, et al. Study on the growth of muscle fiber[ J]. Journal of Sichuan Agricultural University,
2002, 20(1): 47 —48. (in Chinese)
FEROE, EAR, LI, S BTIRRAE MO AR A BT LT ] 3R 4% ,2003(3) « 24 - 25.
W, REAE, HHE,F. D TRERN MRS AR IET]. ZKEED,2004, 25(1) ¢ 17 -19.
TAN Yuping, WU Maisheng, YI Jianjun, et al. Determination of meat quality characters and composition of Shaziling pig[J].
Ecology of Domestic Animal, 2004, 25(1): 17 =19. (in Chinese)
IV EE. L E LN AU R e (). PR RIE S Be a4l - BARBF R, 1991(3) « 48 - 54.
SUN Zhulong. Study on the histological character of muscle in Tibetan goat[ J]. Journal of Southwest University for Nationalities :
Natural Science, 1991(3): 48 —54. (in Chinese)
RAEA, BREE, BRyidt, 5. b B 0o b 5 XS R UL P 2H 21 2 4 s RO Y BT R LA AT [T ]
9(4):52-58.
WU Xinsheng, CHEN Guohong, CHEN Kuanwei, et al. Comparison on histologic characteristics of muscle and muscle quality in
Chinese native chickens[ J]. Journal of Jiangsu Agricultural College, 1998, 9(4): 52 - 58. (iin Chinese)
EWNG, XV eIy, LT E IS RIS AR R R LT]. PG R4 , 1994, 16(3) : 284 -287.
WANG Yaming, LIU Longfang. The relation between muscular histological character and meat quality of Yushan swine in Jiangxi
province[ J]. Acta Agriculturae Universitis Jiangxiensis, 1994, 16(3) ; 284 —287. (in Chinese)
WIUHT, IRk, SR RO LA U R S AT R LT ], WAl K2 2% 40,1984, 10(3) = 265 - 272.
SHEN Yuanxin, XU Jichu. The relationship between the muscle tissue characteristics of Jinhua swine and its hybrid and its meat

quality[ J]. Acta Agriculturae Universitatis Zhejiangensis, 1984, 10(3): 265 —272. (in Chinese)

The Science of Meat and Meat Products,

Journal of

of Laiwu swine[ J].

LA R A B4k, 1998,



%5 1 PRI 45 . Az B HE X A P LT 2B A5 AL 5 RS 2% R a8 B 5 381

20

21

22
23
24

25

26
27

28

29

PRES ERFY ARREST, S5 VR RE A PR 6 OUL 4SS B A0 2R 1 R R RS2 [ T/0L ] Ak BLAK 2% 4R ,2015,46 (10) :290 -
297. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20151039 &journal_id = jesam. DOI:10.
6041/j. issn. 1000-1298.2015. 10. 039.

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. (in Chinese)

M, BhOCHE. JURREA DL BV TS (904R) [J]. PURE RIEEBe 2 4. HARFHA AR, 1990(3) « 31 - 36.

SUN Zhulong, ZHONG Guanghui. Study on the histological characters of muscle in Jiulong yak [ J]. Journal of Southwest
University Nationalities; Natural Science, 1990(3) : 31 —36. (in Chinese)

W, PhZE, FEHOR, 5. OGERES A4 H LR R o5t [T]. R E a3 ,2001, 3(5): 34 -35.

A R SR AT P R E BT I E ¥ NY/T 1180—2006[ ST. Jt 5t o [ 4l ittt ,2006.

GWeHs, FOEE AR R A AES A AV A S s [T]. Rl ,2006,27 (12) (114 - 117.

TANG Xiaoyan, ZHOU Guanghong, XU Xinglian. Study on effect of marbling and physiological maturity degree on meat quality of
crosshred yellow cattle[ J]. Food Science,2006,27(12) :114 —117. (in Chinese)

WA SE G R  R W E, S R NERdE AR FNES SR e S WO A DG ERE SR [ T]. BB ,2012,33(13) 1126 - 129.

CHEN Qiliang, PENG Zengqi, SHEN Mingxia, et al. Correlation between beef tenderness and fiber diameter or connective tissue
content[ J|]. Food Science, 2012,33(13) :126 —129. (in Chinese)

SUIE AR, FERE. R0 A P 5 0 PR R R ORE B e 07k (D] DR & W R ,2013,34(8) : 19 - 20.

A, EHEF HH. S0 A R IRE Y R R R LRI [T ). 40 E OB ,2000(2) 235 - 40.

ZHAO Gaiming, WANG Yanling, TIAN Wei. Factors and their mechanism influencing beef tenderness[ J]. Animal Science
Abroad,2000(2) :35 -40. (in Chinese)

F BTG SN O AT AR SURAE 9 A PR OB R RE U O L OFSE LD ] B At B AU RO KA 2011

WANG Wei. Study of the intelligent predition method of beef tendrness based on image texture teatures and the marble
characteristics[ D ]. Nanjing: Nanjing Agricultural University,2011. (in Chinese)

FERHME, R B R B S G e A LR e A VAR PR LT ] IZEAF ST ,2013,27(6) <10 - 13.

YI Qingyan, DONG Yuying, LI Guanhao, et al. Muscle fiber characteristics of beef samples of Yanbian yellow cattle from different
quality grades[ J]. Meat Research, 2013,27(6) :10 —13. (in Chinese)



