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Table 1 Table of sensory evaluation of beef tenderness

s WA b IR L
erial A . . - Sensory evaluation score of
ssessment items Evaluation criteria

number beef sample

1 BB GPTE S— LIHFR BT R, A 0~5 4

2 SRR 1 X ) R U PR R O A2 T Y £ 0 BE RO, A3l 0~5 4y

3 PAIRE it AR R R 2 PAIE 1 AR ORI W I S AR R, (R e 0~5 4y

4 NELIES Ji5 PRV R R 2 2D PAITEE IR J5 1E 1 TR B bR 2 R BE T, e 0~5 %)

5 TG WELIES 21T W B T 65 £ ) TR 5 1IN R T o 10 B (R ABR A, 2 v 0~5 4y

HE 1 BHFRFEREE IR E 8. BEWE
<54, FWBEEI N1, NE; Wﬁﬁié f
5~10 7pEEEN, WSR2, NG BEIFE
MAE=10~15 al N, SRS 3, N
BB VEE B E=15~20 BN, FRBESESN 4,
P REVE RS =20 45, FWBESER RN 5, A
W . HIAS BB AR B S5
1.3.3 fAAGEE

W N B4 AT, AR RS
P R R FE M, BT DA F R B B PH g 256 B 0T 44 A
BEAT A7 L NELIE o

AMEEEE A E N £ A 4N EHERNES),
X 4 ANEHESME B FHEm. FHH B,
TG SV AN i =) PR o/ B GO M1 iR 82N 10 r PR ST = o= R N
%ﬂ PR HIBE), XFERRE 2 ANIERIA Z (E]

AR o[RS, i IE 60~120 r/min, TJZE 36 W )
%ﬂ%ﬂ PRAL RS I PH I ) S R Ty A LB
FERRLE R, AT s SR
1.3.4  JiAgpusm)

B RABGERE “TPA (texture profile analysis) 7 i
i, ek SEAR RN 0.02 Ny R N 0.06 cm/s.
RN B SR BURREE . ERMEL B R
1 AIE I P S D B TR A

1 P RREIA BRI 73 B0, TA44 B3k (B4
BN 4mm) , BT FESE RS AR R R 8] 7
M. IERSE e WETEE: 2 mm/s; M0
B Smm/s; WJEEEE: Smm/s; iR 1 10N; #SLAE
FEAR AR BN A BS - 7 mm; TR ARAEARE 55 1 ORIFI )2 2 s

21 BeARREAR (E [F— 3 2RI A HEA
FeAric, 1 B PRENE 1R, EE 2 HApIrHRE 2 IR,
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E]l
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T A HE 20 AR AMHIS S R, AR e —BRE A
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U — B AIRE L SLBIURE I 2F PR AT B AR
Rt R R IO, X T LS 24 AE R
IR T A B AR R . X 60 Skl 3/ R L2 AT i
R, 433 60 A TEHL AR H & . B, #.
PAVER . ARIE. #bE. R VERTUE A B B R R A
24

2 FER5S55H

2.1 GABERETESER
Xt 60 F RIS AT ICE VFE, RRALARED 3
WHCFIME, FEARIE RS PR S5 ), 455
* 3.
T3 HFABEREITESFR

Table 3 Beef tenderness grading by sensory evaluation
R A RTE
Tenderness degree Sample number
4
7
25
21
3
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MEE 3 ATRAEH, 60 ik b, WA 1 HHH
4, BN 2 R T Sk, WUEON S A 3 Sk, HR
ARy 3 FM 4 P XU, AR R Bl AE
g b, R E B EEBU D W, R B0 A U 55
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SN, R P S A ) — TR E S L N A8 5 2 PAVERCRE R DR PR IR, BB R, B3k i
Bt AR S5 05 AR E S 5P Y SPSS Statistics 8fF MURFIES BB A AR S K _E TR o X AR
BATHR M, SR WE 4. P A 1R i R S AN TR R 5 20 1) 24 AL UL 21 4 2 1 F) AL

M 4 5, FRRRIREYE S NMESEZ  RERRES. NINA4ER . G4 H50 & 8 &R Y
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Table 4 Correlation coefficient of beef texture characteristic parameters and beef tenderness

vl it Wy PR M B b e NELIEG
Viscous force Stickiness Elastic Elastic force Cohesiveness Resilience Gumminess Chewiness
-
Beef 0.346 0.096 -0.920 -0.939 -0.771 -0.776 -0.815 -0.882
tenderness

2.2.2 Aty ACAHEAE T FARMAEESKS AR RO AR AR . PR E SRR 1
5 RAHT ML SRMEACRE. ROy SRR RHMRME. RAETE

HedE 60 Sk 56 /4= AR ALAS AL A LW ATELIEE 20 R P AR i 55 ML U O KPR 8 T 2 o
EUID AR MEL VBRI L B 435 SRR () RS R P S8, U SPSS 202,33 R RARR FAFM AL S 4 AR RS R AL
Statistics B RAGLIE ShrEZE, 45RWHRK 5. WE 5 H FREESEHN 1. 3. 5 IBAREIE S50 PE R
®, MRS AMESES R, FRBARES s Bk 6~8.

x5 BEBIETERESFEINFRAEMEHEN

Table 5 Changes of texture parameters of beef during course of chewing

A PRI £ Fitk I PR PR bk JBE 1 LI 14
Jr4tgh  Viscous force/N  Stickiness/(N'm™>)  Elastic force/N Length of elastic Cohesiveness Springiness Gumminess Chewiness
Beef ; ; ; ; ;
TN ML Ve o NH N o THE L Vg L G 1L g TN
NS IH g3 1H Mg K IH g IH g3 IH g3 IH g3 NS
(tieergzg N 20 % NS 20 ¥ A g 20 ¥ N 20 % NS 20 % NS 20 % NN 20 % N 20 ¥

1 0.12+  0.08+ 0.02+ 0.02+ 0.25+ 0.15£  6.80+ 550+ 036+ 036+ 247+ 1.89+ 210+ 032+ 653+ 0.79+
0.00 0.00 0.03 0.00 0.01 0.00 0.02 0.07 0.03 0.01 0.05 0.10 0.14 0.01 0.09 0.05

5 0.10+  0.11% 0.08+ 0.08+ 0.24+ 0.13+  6.68t 517+ 033+ 036+ 232+ 222+ 218 022+ 630+ 057+
0.00 0.05 0.00 0.00 0.02 0.00 0.07 0.05 0.01 0.01 0.16 0.16 0.78 0.06 0.05 0.05

3 0.07+  0.04+ 0.11+ 0.06+ 0.22+ 0.12£ 640+ 497+ 030+ 028+ 211+ 1.98+ 219+ 0.14+ 629+ 042+
0.00 0.00 0.00 0.01 0.01 0.02 0.12 0.06 0.01 0.08 0.07 0.18 0.05 0.01 0.14 0.18

4 0.05+  0.05t 0.13+ 0.04+ 0.20+ 0.13£  6.29+  5.04+ 025000 023+ 2.09+ 200+ 250+ 0.18+ 530+ 041
0.00 0.00 0.00 0.00 0.00 0.01 0.09 0.08 ’ 0.02 0.14 0.52 0.02 0.01 0.02 0.13

5 0.05+ 0.05t 0.09+ 0.03+ 0.20+ 0.04+ 587+  3.50+  0.15+  0.14+ 2.02+ 148t 3.0l 0.07+ 1567+ 0.30+
0.00 0.00 0.01 0.01 0.07 0.01 0.09 0.12 0.07 0.07 0.16 0.04 0.07 0.02 0.70 0.11

*o6 FAMEFRA | HEBIETRMTFESENTR

Table 6 Change of texture properties parameter during chewing process when beef tender degree is 1

Gl mA o mE K s Bt I Rt Pt
times Viscous force/N Stickiness/(N-m™) Length of elastic ~ Elastic force/N Springiness Chewiness Gumminess Cohesiveness
0 0.26+0.05 0.25+0.07 12.45+0.93 0.36+0.21 8.32+7.89 6.50+1.64 1.99+1.02 0.28+0.14
2 0.16+0.03 0.10+0.03 9.48+4.30 0.22+0.04 8.21+7.15 3.30£1.79 1.09£0.52 0.35+0.18
4 0.10+0.07 0.10+0.00 9.36+0.89 0.22+0.00 8.05+7.56 3.00+1.31 0.89+0.21 0.40+0.00
6 0.10+0.03 0.10+0.00 8.94+3.11 0.17+0.06 3.21+2.19 2.40+1.41 0.36+0.10 0.44+0.12
8 0.10+0.00 0.05+0.01 8.86+4.38 0.10+0.05 2.59+1.01 0.70+0.50 0.34+0.12 0.48+0.19
10 0.07+0.05 0.05+0.00 8.76+3.59 0.15+0.08 2.07+0.12 0.45+0.23 0.23+0.20 0.48+0.02
12 0.07+0.04 0.05+0.00 7.7246.03 0.14+0.00 2.30+1.48 0.45+0.07 0.20+0.00 0.48+0.02
14 0.05+0.00 — 7.46+5.27 0.13+0.03 2.62+1.09 0.20+0.11 0.13+0.12 0.48+0.22
16 0.05+0.01 — 6.89+4.77 0.08+0.03 2.14+£0.26 0.30+0.10 0.13+£0.04 0.51+0.12
18 0.05+0.00 0.05+0.01 5.79+3.21 0.06+0.01 1.95+0.74 0.35+0.21 0.10+0.01 0.62+0.06

20 0.05+0.00 0.05+0.00 4.41+£3.53 0.05+0.02 1.98+1.00 0.20+0.00 0.15+0.10 0.65+0.09
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Table 7 Change of texture properties parameter during chewing process when beef tender degree is 3
mgcy ke LK w7 it R et Rt
Chewing times Viscous SthklnSSS Length of the elastic Elastic Springiness Chewiness Gumminess Cohesiveness
force/N /(N-m™) force/N

0 0.10+0.07 0.30+0.13 10.01+4.21 0.25+0.04 4.88+1.48 7.68+5.32 2.50+0.71 0.47+0.04

2 0.09+0.02 0.20+0.06 9.46+2.37 0.22+0.11 4.67+1.02 4.66+2.32 1.30+1.10 0.48+0.23

4 0.05+0.03 0.10+0.01 8.88+1.24 0.2240.06 4.52+1.73 1.56+1.48 0.4440.13 0.50+0.19

6 0.03+0.02 0.06+0.02 8.33+0.70 0.16+0.05 2.96+1.88 0.43+0.20 0.43+0.30 0.53+0.14

8 0.03+0.02 0.03+0.01 7.77+1.80 0.22+0.07 2.52+0.74 1.16+£0.58 0.38+0.17 0.58+0.42

10 0.03+0.00 — 7.56+2.24 0.16+0.01 2.11+£2.07 1.66x1.21 0.33+0.11 0.60+0.01

12 0.01+0.00 — 7.22+1.68 0.13+0.09 2.27+1.90 0.60+0.28 0.24+0.04 0.60+0.06

14 0.01+0.00 — 6.50+0.87 0.11+0.05 1.78+1.37 0.36+0.15 0.21+0.08 0.60+0.25

16 0.01+0.00 — 6.43+0.56 0.16+0.04 1.74+1.65 0.56+0.15 0.20+0.05 0.61+0.08

18 0.01+0.00 — 6.20+1.31 0.19+0.06 1.68+1.44 1.70+1.03 0.18+0.12 0.65+0.08

20 0.01+0.00 — 5.68£2.15 0.18+0.07 1.66£1.22 0.60+0.20 0.15+0.03 0.67+0.23

xR 8 HAMEFRA S HEEEERFREAFESHENTL
Table 8 Change of texture properties parameter during chewing process when beef tender degree is 5
Ll e N Fhte PR 7 Pt NEL G2 e MR

Chewing times  Viscous force/N Stickiness/(Nm™) Length of elastic  Elastic force/N Springiness Chewiness Gumminess Cohesiveness

0 0.10£0.05 0.1540.01 13.10+0.07 0.20+0.00 8.09+0.56 0.30+0.14 2.924+0.04 0.10+£0.07

2 0.09+0.03 0.15+0.05 12.27+2.05 0.20+0.00 2.82+0.72 0.30+0.14 0.03+0.01 0.23+0.02

4 0.07+0.03 0.10+0.04 11.88+0.68 0.10+0.07 1.87+0.46 0.26+0.05 0.13+0.01 0.33+0.03

6 0.05+0.03 0.10+0.00 10.71+0.67 0.05+0.01 6.16+0.43 0.19+0.01 0.23+0.03 0.45+0.02

8 0.05+0.03 0.10+0.00 9.994+0.45 0.05+0.01 0.45+0.21 0.17+0.10 0.15+0.14 0.52+0.00

10 0.05+0.02 0.05+0.01 9.78+1.63 0.05+0.00 2.33+0.31 0.10+0.04 0.15+0.14 0.63+0.00

12 0.05+0.01 — 8.23+2.46 0.12+0.01 1.89+0.09 0.05+0.01 0.04+0.00 0.67+0.01

14 0.05+0.00 — 7.97+0.71 0.09+0.01 2.62+0.09 0.05+0.01 0.12+0.10 0.71+0.02

16 0.05+0.00 0.05+0.01 7.63+£0.43 0.03£0.02 1.15+0.14 0.06+0.02 0.14+0.09 0.87+0.05

18 0.05+0.00 0.05+0.02 7.16+£0.79 0.05+0.04 3.92+0.12 0.05+0.03 0.06+0.04 0.89+0.15

20 — — 6.54+0.36 0.02+0.01 0.48+0.04 — 0.02+0.00 0.93+0.02

MR 6~8 IR, FE2F WIS SO IR N, &M
ZoNH g R PRI R B, TAERHIE 4 K2R TSR Rk
FELIEG 2 U5, BB T RRZENRE; SRR, #7E
ZEUHIR R R s TSR MEAE I I 6 VRS PRI B, IX
WHEL 6 KHW A, IR R KRR RE 10859
NH RO 8 UJE RPN, WA IfELHE 8 IR
JR A UL fERE g R b, AR AR TEEUE T R,
WA R

3 RTINS AEEFRREHESIIE

A 40 K6 A= BB AL i 1 5 A R 2 B0 ot
LR VR E S5 RO INGRFEA, DL SR S by 1
Matlab ] BP M8, RBF [ 445801 [ 414155 el
Z W28 A0, DL 20 ARG A AR UL AR b 1) B A 4
ZHRAE RN TAEAS, 16 35 fe U0 b 28 I 23 A5 R0 0 24 PR RS
LRHATIFE o
3.1 BHATEFHEMETNEEIDE

HAHLIZE LS (self organizing neural network) &
TCHIME I 2%, BN EIRYE L 2450 5 3 i N G
IR PR AR, ORRA BUE S, el R AR
Gty JE AT 22 3] . B S R AN R
IEHLIERE, MY 385 = B E T8 S N = )
M N2, B e A — MG T BN SE S R, IR
L6 53R 22 T S ) S AU A R T e e ST

FRR, Bn, RIERME TR N E R 250,
HAS A SRR RN ZRE S E (R ZE) 4
R 2 JERPIR R SEARERIIE g S S 2 N 4 SR B
N HWINE: 8, WHE: 5, KA. 40, WHERFEAS.
20, FCVFIRZE: 1x10°. FIF] Matlab F4%E [ LM%
AFE =25 OFE ST 3 HL N2 K QM 25| k@M 2545 H
g o BAEI MR 1 iR,

PR 45

[ BN RIS B PR H |

[ BATARESE ]
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Y
| S5 o B {5 AT ‘
HAESFIUT S M0
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o028 01 LA H1 Ry o
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Flow chart of self-organizing neural network model
classification

Fig.1
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3.2 BP #HZMEINRELAHE

BP #1410 — R iR 22 AR R I G 2 2
RO 2%, 2N B 2 AP I E A 2 — . BP #h4e
ML BINE . ad E M2 =8 4% . BP M
HSPWENNE: 8 RBEE: 17; b E: 55 &
/J\Ulléi;}\l%i 0.1; ij]j&%%ﬁ 0.7; Sigmoid 72%@[ 0.9;
VFRZE: 13107 BREARE: 1000,
3.3 RBF £ ML TUMIR B AH3E

RBF 114 W %% [ 4% [ JE ek B 22 2521, — ik
RE BT IO HT R P, w] DRSO BT AT R AR 2 R 2,

HAEREIRE S 850 E AR —BUEL LR,
DREIINF, NG FME S AT, AR A 17
RBF #ZM4Ie—f B =245 e 4 m sk, Bl: %
NE. BEBEMEHZEPS, 258 NRNE: 8 &
FIE: 17 Bil)Z: 55 FEAANG 605 RFIRE: 13107
Fo)E: 0.8 WESH: 0.8; WEAFEA: 20,
3.4 HEZMEIERIISIE

FI R 3 Fhfeh 22 0 £ B BEALVF 52 53 4 20 Sk2F
PIHR LSO , 1X 20 SR ORE S IS 250 O RS
PEREERE, TPES R IR 9.

®9 AEHEMHZERIEIFEER

Table 9 Verification result of different neural network model

ARG B HATES L

FRBUEERPE  HERAGE R BT R
T ZhR Self-organizing Judgment of
No. Beef tenderness competitive neural  self-organizing

rating results network model

BP neural network

competitive neural

BP M M4 4HA  BP &M 4HA RBF #1445 RBF #14 M 4445 7Y

e H 4R e Fr 45 R
Judgment of BP RBF neural network Judgment of RBF

model prediction neural network model prediction neural network

prediction results network model results model results model
1 4 4 T 3 F 3 F
2 3 3 T 3 T 3 T
3 3 3 T 3 T 3 T
4 4 4 T 4 T 4 T
5 4 4 T 4 T 4 T
6 3 3 T 2 F 2 F
7 1 1 T 2 F 2 F
8 3 3 T 3 T 3 T
9 4 4 T 4 T 4 T
10 2 1 F 1 F 1 F
11 3 3 T 4 F 4 F
12 3 3 T 3 T 3 T
13 1 1 T 1 T 1 T
14 2 2 T 3 F 2 T
15 4 4 T 4 T 3 F
16 3 3 T 4 F 4 F
17 4 3 F 3 F 3 F
18 4 4 T 4 T 4 T
19 3 3 T 3 T 3 T
20 5 5 T 5 T 5 T
TEST 90 60 60
W T NIEHG, FONESR.
Note: T was ture, F was fault.
M 9 13, F B SR 2R I 265 ) 2 PRI S 45 Gt 4 2 B

FTINS TR, 10 517 5 RTINS 1%, HERZEN 90%.
[FIES FH BP P4 28 6] 2 PRI S5 b AT VI g 57, 15
65.75. 105, 11 5. 145, 16 5. 17 ST
FER, HERZEN 60%. ] RBF MIHHTHI, 1 5. 6
5,75, 105, 11 5. 155, 16 5. 17 SR
R, HERIZRN 60%. FTLASE], BP %%, RBF M1
DU RS S5 0 HE B S 35 A i B A b 48 X 4% () HE A R
. BT LIS F ) 2H 2R3 20 I 2 )1 5 B T 2 PR B A 2%
HAH LM AN EIE N — P B S B BEA, BeTE
VI GRad 2 o6 2 PR RS S AT B0 A 3 2, DU T AT,
HEE/N, JFFHEHLAMEMNELL BP #1424, RBF
P P2 B8 iy TR R, AT DA — e F2 B b oe IR
ity e 22 R 245 () B A

D RRE S AR S AU G KB #0.
B R BN S A R KT
NBE PRI T AR 1 2 PR R S A SR PR
RIS RBE 7. B R, B0, dRiE. TH
WEPE L R B A R R B T PR, AR R
I 5 ML B O B 22 T v

2) N G5 S A 4 0 25455 78 Xof 2 PR R 45 gt
AT VIR TR, T30 25 SR TH A 2k 21 90%, 1 BP 4%
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Evaluation method of beef tender ness based on texture properties and
self-organizing neural network model

Wang Xiaodan', Liu Aiyang®, Sun Yonghai®, Wang Ying?, Han Yunxiu®, Wang Hongmei*
(1. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China;
2. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Tenderness is one of the important assessment indices of beef quality. Traditional assessment methods, such as the
sensory evaluation method and the Warner-Bratzler shear force method, have artificial error at different degrees. One steak
from the mid-region of each longissimus dorsi (LD) was collected from each of 60 cattle as the testing sample. The age of
cattle (400-550 kg) was from 30 to 36 months, and the cattle were fattened for more than 6 months on the same farm. After
starving for 24 h, the live cattle were weighed, showered, stunned, killed, and letting blood for 56 min. After electrical
stimulation, the 4 limbs and head of each animal were cut off, and the body of cattle was split into halves, cooled at 4°C for
24 h, and then the carcasses were divided. The LDs were weighed, placed into plastic bags individually, vacuum-sealed,
packed on ice, and transported to the laboratory. Each steak was cut into 10 cmx10 cmx10 cm samples, but the intermuscular
fat and connective tissues were deleted. The samples were rinsed in water to remove surface contamination, then placed into
plastic bags individually in a 75-80°C water bath, and cooked for 15 min after the internal temperature of meat reached 70°C.
Then the samples were cooled to room temperature (20°C). The 20 evaluators were healthy and dentally tidy adults with the
age from 20 to 25 years old, without thirst or hunger. Each evaluator chewed the samples from each steak. After cooking, the
samples within an LD were divided into 3 groups so as to run the experiments in triplicate. The samples freshly chewed for
0-20 times were measured using a Brookfield CT3 texture analyzer (Brookfield Engineering Laboratories, INC. Middleboro,
Massachusetts, USA). With a two-cycle texture profile analysis (TPA) model and a TA44 probe (cylinder diameter = 4 mm),
the size of testing surface of each sample was 10 mm x 10 mm x 10 mm. A Hold Time-pressure and keeping model was used
throughout. The instrument settings were: pre-test speed of 2 mm/s, test speed of 5 mm/s, posttest speed of 5 mm/s, trigger
force of 10 g, distance of probe movement on the sample of 7 mm, and hold time after downward movement of the probe of 2 s.
For those samples, viscous force, stickiness, elastic force, elastic length, cohesiveness, resilience, gumminess, chewiness and
other texture properties were measured using the texture analyzer. The correlations were analyzed between the parameters and
beef tenderness level. The main texture properties decreased with the increase of beef tenderness grade, and the texture
properties value also showed a downward trend with chewing more times. Combined with the sensory evaluation method, the
BP (back propagation) network model, the RBF (radical basis function) network model and the self-organizing competition
network model were built, and all the training errors were 1x10°. Another steak from the mid-region of each LD collected
from each of 20 cattle was selected as verification sample. Then the 3 network models were compared, and the self-organizing
competition network model was the most accurate model with an accuracy rate of 90%, which showed that this method can
accurately assess the level of beef tenderness.

K ey wor ds. meats; models; texture; tenderness; neural network model
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