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Fig.1 Schematic description of electrical current flow circulation
through meat sample at low frequencies and high frequencies
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Fig.2 Electrica Fricke model
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Fig.3 Schematic description of bio-impedance
spectroscopy system for measuring meat quality
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Fig4 Self-madetwo-needle steel electrodes
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Fig.5 Sef-madesix-needle stedl electrodes
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Fig.6 Self-made four-needle graphite electrodes
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Fig.7 Diagram of polarity conversion circuit
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Tablel Cadibrated parameters of gain and phase detector

FHAE RQ Hi%¥ CInF B 1 kKHz
200.1 211
200.1 339 1. 5. 10, 20, 50. 100 flI
10014 211 250 kHz 7 M
10014 339
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8 Fizm: HCE AH RV B () NaCl ¥, 0 S NBedr,
h T R 7K 53 78 RN TR P T R T, R R e
TR 10, 35 AL B 2 Bl 43 1) 2738 SRS AR\
PR, EARIRERE (1 h) W, R 7 AR
RSN 20 OIAT T AR o 32 FH AR 5 R 25 CVCcoefficient
of variation, CV=ArfEZEFIME) KRR A —FE 5 2
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Fig.8 Experimental setup for evaluating stability
of the electrodes and measurement system
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Table2 Stability results at different frequences using
four-needle graphite electrodes

A
kHz

RO I

0.1 1935 1935 1942 1921 1921 1928 1928 1914 044
02 1821 1821 1834 1814 1814 1821 1821 1808 0.39
03 1769 1775 1782 1769 1769 1769 1769 1763  0.30
05 1719 1725 1732 1725 1725 1725 1725 1719 021

1 1671 167.7 1683 167.7 1671 167.7 1671 1671 0.25

5 1595 160.0 160.6 160.6 160.0 160.0 160.0 160.0  0.21
10 157.8 157.8 1583 1583 1583 1583 1583 1583  0.15

K 3PnA B N ENET AR AR E VEII A R . CV
L BEAE AR 1G5 A s W BRI e B AR
thiah—3, CV - FIMEN 8.33%, TEAIH 1 kHz LA -4
I A R CV<6%.
F 3 FAWME RN EE
Table3 Stability results at different frequences using
six-needle steel electrodes

A
kHz

RO S

0.1 1725 1725 1689 1259 1241 129.6 1357 1382 13.82
0.2 150.6 155.0 109.1 121.0 120.2 123.7 1268 1286 11.30
03 1422 1453 1075 1180 118.0 120.2 1223 1237 9.58
05 1333 1343 1049 1151 1151 1164 1176 1155 7.80
1 1237 1228 1016 1115 1115 1123 1127 1119 579
5 1115 1087 929 1005 1008 101.2 1027 1023 512
10 1068 1019 893 956 959 959 976 976 4.89

XPLe 20 3RS 2 fighie: 1) BEER R4 L,
W R A Re g Ae e PIAT HBUER I s 2) A S5 bldae
PRI BTN H bl .
3.2.2  RGABRMAENK

H 54~ RC BHAKE T R G de e b AT Ik . 727 —
BT (20C) MWREAMBRATT 3 Kills, 53855
Ri, Re, CI&EAE, L4 3 M EAEFR] T 5 M
PR N = e A e R K 4~6 i LUE
KPR B = o, R g2 & 145 BRI H

Rt t: 5 MR Re ML, CV<0.92%; 5
AR R I AL, 193] CV<<1.01%; 5 M C [l
=, CV<0.92%.
F 4 20CHEIRE ReNEENTRAH
Table4 Coefficients of variation of Re value for different
Cole-Cole circuit models at 20°C

NS RIQ
e W ERER
1 2 3

1 211.67 213.60 213.60 0.52

2 202.07 201.26 202.00 0.22

3 201.88 199.50 198.26 0.92

4 198.78 198.65 197.16 0.45

5 97.07 97.37 97.20 0.15

FR5 20CHEEBEE R NEENTERE
Table5 Coefficients of variation of Ri value for different
Cole-Cole circuit models at 20°C

418 kL RO
e WA e
1 2 3

1 128.99 130.67 130.67 0.75

2 107.16 106.69 107.10 0.24

3 102.28 100.86 100.30 101

4 99.77 99.69 98.88 0.50

5 51.33 51.46 51.40 0.12

%6 20CHEHEE CHNEAEANTERY
Table6 Coefficients of variation of C value for different
Cole-Cole circuit moddlsat 20C

L% CinF
e WA e
1 2 3

1 2.30 2.34 2.34 0.92

2 5.02 5.05 5.03 0.23

3 10.49 10.39 10.45 0.49

4 3353 33.56 33.83 0.48

5 40.34 40.24 40.29 0.13

[FIi, 7E 5. 20, 30°C 3 AMANIFIELAE %) 5 ANFH A
BT T E, H4 WA KR % ICC Cintra class
correlation) JRE IS A EENE, 2 1ICC>60%I, *
RHEE AR, jcC T RRh

52
ICC=— S 5 1
6 +05
A §E— IR Ty %25 82 AN TR BE T I = A

W77 2
gZBMEK 7~9 Fizn, Re. R 1 C 4 NAHIC RIS
iER T 65%LL k.
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Table7 Intra-class correlation coefficient (ICC) of Re value for 5 - - 150 200 550
different temperature in Cole-Cole circuit models
e o -10
5C 201C 30C ° < W
a -
1 209.77 209.82 272.78 = 0
2 203.81 201.03 229.43 = 25 —
3 205.13 201.70 210.47 72.52 30 IFIRRRTEL/
4 19359 198.24 200.73 e - ?2
5 96.90 97.76 97.53 a0 L =
. A - BT 1 o i = ﬁ"_f‘ £,
£8 TEEETREA R SEN 1CC a. BILHTRE S5 B PR o T P A e
Table8 Intra-class correlation coefficient (ICC) of Ri value for 130
different temperature in Cole-Cole circuit models 120 B TH] /b
— : 1o { —a g
" AP RO LR 100 — 12
B ICC/o < o
5C 20°C 30C 0 £ g0 | 24
1 150.00 128.54 97.58 = 5
2 117.50 106.75 94.62 60
3 106.74 102.28 95.34 65.10 jg I - :
4 101.40 99.59 100.35
0 50 100 150 200 250
5 51.79 51.82 50.28

#9 TREIEETHRE CNEER ICC
Table9 Intra-class correlation coefficient (ICC) of C vaue for
different temperature in Cole-Cole circuit models

N M2 CInF 9 A R
B - - - ICCI%
5C 20C 30C
1 216 233 253
2 476 5.10 535
3 1014 1050 1059 94.71
4 35.39 33.60 33.30
5 39.09 41.08 4084
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Fig.9 Variation tendency of bio-impendence spectrawith the
change of meat freshness at room temperature in 24 hours
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Development of portable bio-impedance spectroscopy system for
measuring porcine meat quality

Ding Qiang’, Wang Zhongyi*, Huang Lan'*, He Jianxin', Zhang Genwei', Gao Jian!, Wan Qing?
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. College of Water Conservancy and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Based on the principle of bio-impedance spectroscopy, a hon-destructive portable bio-impedance prototype
system for measuring meat quality was developed. The system consisted of a signal generator unit and a detection unit.
The former unit could output sinusoidal signal with automatic frequencies scanning, which is range from 0.1 kHz to
250 kHz. The detection unit included detection electrodes and a gain and phase detector. In this work, the performance of
six-needle steel electrodes and four-needle graphite electrodes in detecting bio-impedance was compared. Also,
coefficients of variability (CVs) were applied to assess the stability of the system. Experiment showed that the
coefficient of variation (CV) of the system was less than 6% if the frequency was above 1 kHz. Intra class correlation
(ICC) procedures were applied to assess the reliability of the system due to temperature variability. Values of Ri, Re, Cin
the system model were reliable with intra class correlations of more than 65%. Furthermore, pork samples were selected
to investigate relation between bio-impedance spectroscopy and meat quality attributes, i.e. meat freshness. Results
showed that bio-impendence value, rea part value of bio-impendence, imaginary part value of bio-impendence and
characteristics frequency of pork decreased with the change of meat freshness.

Key words:. electrodes, meats, measurements, bio-impedance spectroscopy, meat freshness



