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Discrimination of Fresh and Frozen-thawed Beef Based on Ultrasound Imaging

SUN Zongbao WANG Tianzhen ZOU Xiaobo YAN Xiaojing LIANG Liming LIU Xiaoyu
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; Fresh beef is more expensive than frozen-thawed beef for its good quality and taste. Some
unscrupulous traders labeled frozen-thawed beef as fresh beef for sale. The feasibility of using ultrasonic
imaging technology to analyze and identify fresh and frozen-thawed beef was studied. Firstly, the texture,
microstructure and some physical and chemical indexes of the fresh and frozen-thawed beef were collected
to analyze their differences. Secondly, a total of 60 ultrasound images of fresh and frozen-thawed beef
were collected by ultrasound imaging system. Twenty common texture characteristic values defined by
grey level cooccurrence matrix were collected. Then, principal component analysis ( PCA) for data
dimension reduction was used, and linear discriminant analysis ( LDA) and support vector machine
(SVM) were used to discriminate the samples. The result showed that there were significant differences
(P<0.01) in texture index, L* and cooking loss between fresh and frozen-thawed beef. These
differences combined with microstructural images showed that the tissue structure of frozen-thawed beef
was damaged and the internal texture of frozen-thawed beef was poor. The ultrasound images of fresh and
frozen-thawed beef showed significant differences, which could be well explained by the above studies.
The texture features of the ultrasound image of fresh and frozen-thawed beef were significantly different
(P<0.01). Both LDA and SVM had good discriminant results, especially LDA. When principal
component signals were five, the precision rates of train set and test set of LDA were both 100% . The
results showed that it was feasible to distinguish the fresh and frozen-thawed beef by using ultrasound
imaging technology.

Key words: fresh beef; frozen-thawed beef; ultrasound imaging; discriminative model

WAL 2 2 5 1 e, T A A 1R T 9% i oK AR
B T B AT A A 5 R S B4R
HA®ED AR AR S E s s RERART R DR G AR, R A T 2

0 3]
o

il

>

W fr H 3. 2019 -01 —-21 &[0l H . 2019 - 03 - 08

EETE: HFZE AN ZITRITH (2016 YFDO401104 ) Fl VLR g KL A 3 B i TR H

EF B A : VR (1976—) 55 BB, W, B R £r i 5™ i i B2 M7 5 A BT 5T, E-mail : zongbaos@ 163. com

BEEE : A8/ (1974—) 05 0% AR S0, 2 B0 il B RS 2 R TE BRI WF 5, E-mail: zou_xiaobo@ ujs. edu. en



350 & A Bl B ¥ i

2019 4

SREFLIHE D D 6 A R A e B
BT AR TR R, W R TE it
T o bl T oK A K 0 I R 2 0 4 3 B LB
TR 28 1 Bk A 7 M DAY A A B 3
TE AR R AR, AT IRORBE 2R 1 P
BT T A A N T B B S AR &AL T
SEPS R A0 G 2 B0 0 B 2R K R
S, I ELY e 20 Py 22 15 T 850 FE 43 1 RGeS A, 1Y
F 8 400, P B A5 ) o e, R R SR L S B G
T,V S A DAY L) 204 R A P B 0
L AR AT AN TR T WOKE ¥ VR 2 1A U U 7S 2408 e
PR S , DA R AR IR 7 ) 2, 0 2 2 MR R B DL
o PRI A A T VA R A R A P HE AT A A X
Sro TV % BV fE AR R PN B4 7 ¥ G T 3 L DNA
Ve R ARG T R VR v A i ey
T AETEAT 40 RIS B T A VLB e A BT DL A 6 B
TR 58— il 4 THT 0 G 50 o i A 0 7 3

P R A TR T 9 B LA D (R
20 kHz LA B )7 M4 B R K 7 1T 43 i e R S
e RIS R 48 7 . A R R T T e
FUS AL D AR A B B R TR A s
B2 D 2 1 R RS BELE AR () B AR 4B A
) S TR, 43 % A S AT o R R 3 4 A
A TR A 5 4k TR P D R 0 IR o A 7 A 1 R
S 110, 2 TSR R PG 3 3o P4 T X 7 4
JOF) P B 245 R A R VA o P IR AR B AR A S — T
iy R B TR AR, HRT S 2 B TR
B A A A, Sk [ 15 ] i R
AR AN A TG, R 7 A R T S 5k
P S L SR 2 T 0T, o A R AR B R T £ 2 5
BB I RIS T R AR AR AR
AR A PR ARG R . SOk [ 16 ]38 o 4 8 12 25 )y
b AT A R AT S8 R T 6 A0 2 A L B
1%, R IR T T 00 P T S o R VR A T 2V R
SRR AL R R 2k A A R I AT DL A
7 PR TR A7 BN A P AR A . SCiik [ 18]
G S RE T VA G AR R 2 A 5 R S R A
bR S TR R SRS W 2 e R
T RRAG A AR T LA 1 0 S 1A 2 A 7 2 R
i ST AR TR A R G 2 1A o R O S R R
[i] , ke AT LA 3 ek X ¥4 B 5 7 R 2 A R A 1) SR 4
Qb B AT VA S AR 5 2 PR SR 43 T S

AR SC R PR P RAG R SR AR Ve 5 A R 2 1AL Y
R PR, 205 45 TR 5 B0 THOML 285 ) R 4 B4 45
G B P14 25 S5 0 R B DG RE PG A 4 I o A T 4%
(1) £ BRI A Ak, 8 7 2% 0 31 40 T R S A 1 A AL

PRI, o v i 5 i R 2 PR AT S 30 A O e P 1R
FORTEVS S 55 % VR A= A 050 D7 1T A6 LT B 4t B 3
2%,

1 HESHE

L1 BERESE

TG BT AR A 7 L 24 D SRR, 3 A TR RO
FINE 52 75 43 L 36 J5 25 s 2 [ N, P 00 V% i 4 s
KR BVLAEE @, 2R s s, WEILEZE
Je T G 12 PR as G e i A i 5 N, BB AR i
P (800 g ZeAq ) D& 10 43 em x 3 em x 1 em [ A
e, 3t 120 RS . Ho 60 ANFE SR S v 6 Y %
7 dJE BEATINE , 53 A 60 ANKE 4 H A AR AL
SESMUEE T - 18C KA R 7 d JEEUE,
TE4C TR 2 d e dEAT 05 . FE S — 2B ] T B4k
B, 52 T Bl I E AU A ER R, T
el v 6 A VR 2F P SE B X E A, U S R AR 2B Y
P P —J AR v S Y, 59— B AR S R A
PEAT IS
1.2 RBWAHE
L2.1 g

K TA = XT21 B A AL (Fe & SMS 24 w] ) X
FE S AT A I, R B P50 R Sk 3 3k 1R B AL
R4 Iy 1) AT E o IO A% 0 BR B R 20 ~
25°C , M HTEE 2 S mm/s, ML H A 1 mm/s, 5 20 %2
5 mm/s, B4 b 35% , I € (6] B B 8] 5 s J5T 4G 0
4581 TPA — macro F£ 7 73 H7 o
1.2.2 fOUd gt Wi ge

Sl N B SRR 4R P FHC 0.3 em 0. 3 em x
0.6 cm PIFE, A 4% Z2 Wb 4°C [l E 48 h, i
KK, A, IR IR 29 S m, HE (95 AR -
Precge k) WM g6, &3 Ao i DM6000B
B AU AT U0 R L% o
1.2.3 (8 28 FIZ8 2R R 2

¥ ] Hunterlab £ 43 %00 4, W@ AR5 1y LT
a” FOTH (B EE LLRE A B ) o DAl 5 FH A 1
FI AR AR A IEA S o A AR 7S [R) LY 2
EIE 3 W, B E

B— 5 B KR, 20 A K ME A AR i, IE
my, BEAZE RS TEE OA 80°C 1Y K i B A
20 min J5 B ¥ A S R K 400 T P B R K 43,
PR PR, ICH my .

FF R 7 W RN W

my —m,

W= x 100 %

m,

W



%7 PO A5 BE TR A BAR B R 198 o 5 R AR PR S0 O ik 351
m, EEAR R ( Support vector machine, SVM ) £ B | I+ kb 4 41 51 %%
m, 758 J5 R o o R SPSS 23.0 F {447 4 Jr 22 50, R H

1.2.4 EEEIGRE

i S A A R A RS R SRR
FE B S R, R BEIWE 1 iR, RS
FFBALHG UTEX 320 HUHE A8 i i &/ B i ds (%=
& UTEX Scientific Instruments 2\ & ) , B 12 10 mm
FEHE 25.4 mm [ 20 MHz g 3 £ B A5 P 6 fiE 4
( HAx Olympus Corporation 2y &) ) , B i A/D 4 %
K (£ [E Agilent Technologies 2y #] ) , ZHIfE ¥ H
LA LAY (BRI QRS THLAAT R W) L 1t
ML FE R AE L BOE A [RE A RS COR B S Btk AT
22 YR I R T 7 B bk B R P A R S 80T K
B R, th i E TR OB R ROR R S
o BAESBCy kg IR 250 V; ik i 58 5 25 ns;
Jik w3 800 Hz; 1Y £ii 55 dB; 23 HER 0. 1 mm; 47 4
HEE S mm/s . JT A AE G AR [R] /9 2 BOR PR 88 T
Frd A G R A o

1B BB RS
Fig. 1 Ultrasonic imaging system

LGSO s 2 BRRE R 3 ENL 4. s ahiEd

oS EEEE 6 SMBATE 7 B 8 ulEE 9.k

FE
1.2.5 Hdahb

SUHL Y M R A RO AT T B SO

SLAT DL e R A S A 1 B0, AT A 2R Y
PN ABEE o  CRE A R e S e 1 AR I JRE 2% =3 [
A I SCRAE o SR K R AR e vk i IR 7
BB BRFAEA , A 0°.,45° 90°F 135°3L 4 A~y [n]
TR B 3 A B, 3 IO T 1) R R M B
( Angular second moment, ASM) | X} t & ( Contrast,
CON) . #H & 1 & % ( Corrlation, COR ) 1 1% 2= 48
( Homogeneity, HOM ) , 3 3} 2 & 1% 19 4% ( Entropy,
ENT) . % [ 5 FE 5 50 ( Anisotropy ) . F 39 J& Ji
(Average, AVG) Fll Jf 2 ( Variance, VAR) , 15 3| H: i}
20 A or HUFFAE R R, ST o FE o o A ik
( Principal component analysis, PCA ) X} fr 15 &0 B4R 1IE
AR e AT W 4E B4 0 A ST 2k M A0 ) 43 ( Linear
discriminant analysis, LDA ) £ % F1 3% #F W & #L

Matlab 7.0 ¢ {42 HO# 75 151 5 20 31 A d S7 ) 5
RIS

2 HRE5SMW

2.1 FRMMELER

Jo Hi 22 T 5] A 12 ( Texture profile analysis, TPA )
JE J R (SR P A% Sk A U0 N 10 TS 14 REL IR 328 3y, X AR il
HEAT P UC R4 L PR P e R S 0 ik .
W1 AT I I AT A v S AR R A 1 A5 TSR
SRAW R EZT (P <0.01) )5 J2 l 2 dh ik 3
—E ALt B AT, SO TR R PR A SN S5 1Y
N ERZE 5 1o Al VR 28 TR B 32 /N 1 9% i 2 P 1Y Al
JEE X2 T R A R LA ) by KR K
J5 LA B N B 25 5 7K LA Z ol A A UK A AR A T
ik VR I 98 43 DK R AR R SR K TE R [ 2 LA Y
PR KRR 28 AT 35 P S A {7 PA) R D
AN SRR P SRR /N T B AR A, U0 iR R A
PGSR I N BB /D, R 22 R ORILZ S
& E Y B R 25 H B SR BT AN T R RE r, R B
Sy PR TP o R A DY Y B 2 1 Il A
AT REE AR R YR K 1R B SR B R B S B
JRAEE R ER 5 W, 0% VR AR VR I 2F TR R 45 4 2
UM IO R T, RS S A 25 )
5y,

1 ABSHREEHRHNESR
Tab.1 Results of texture indexes of fresh and

frozen-thawed beef
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Fig.2 Microstructure diagrams of fresh and

frozen-thawed beef
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Tab.2 Results of physical and chemical indexes

of fresh and frozen-thawed beef
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Fig.3 Ultrasound images of fresh and frozen-thawed beef
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