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I • INTRODUCTION

Accurate measurements of dielectric properties are essential for fundamental studies and they have been the object of numerous 
publications but their exploitation remains limited, due to the narrow frequency bands used. More recently, the study of 3 
measurement system able to control in real time an automatic machine for bovine carcass deboning has given a new interest to this 
type of measurement. The present work for the dielectric characterisation, uses a broadband upto at least 20GHz, on different bovin® 
tissues. Results have been obtained at the Meat Research Station of INRA, and at Department of Microwaves and Semiconductors 
the IEMN (North Institute of Electronics and Microelectronics).

II - EXPERIMENTAL TECHNIQUES

2.1. MEASUREMENT TECHNIQUE d
The main measuring device used at INRA is a network analyser HP 8753C. It is associated to a coaxial probe in APC7mm standar 
(kit HP 85070A) covering the range from 200MHz to 6GHz. The probe is mounted on a system designed to control the pressure 
applied on the tissue sample under test. At IEMN, the measurement device is an network analyser HP 851 OB covering the range 
45MHz to 26GHz. It is connected to different types of measuring cells: an open coaxial cell from General Radio for lOOMHz 
2GHz, with dimensions: <J>mt = 6.2mm, ®ext = 14.28mm, length of the sample, h=6mm.; a rectangular wave guide cell in 
frequency range 8.2 to 12.4GHz with a section dimension of 22.86mm x 10.16mm and length of the sample, h=10mm. Each deviu^ 
with associated cells, is driven by an online computer connected to the different peripherals. The temperature is regulated at 10 
with a water regulation system.

2.2.STUDIED SAMPLES
Representative samples were taken from one bovine carcass:
muscles Tensor Fascia Latae ( shortened TFL), Rectus Abdominus (RA) and Pectoralis Profundus (PP), and different types of tissues 
as connective tissue of RA (TCRA), tendon (TD), raid kidneys fat (GR). The measurements were carried out at INRA as well a 
IEMN on tissues from the same carcass at 48 hours and 8 days post mortem. The samples were cut using a razor blade (especially 1 
the rectangular guides probes and cells) or with a punch that is unfortunately more destructive (in the case of measurement usiug 
coaxial cells). Good contacts was maintained between sample under test and surfaces of the cells used or surface of probes so to avo 
loses caused by a gap of air or liquid.
Samples are prepared in such a way that two series of measures could be taken: for z*/ (fibres oriented in the direction of 

electrical field, as far as possible) and the other for (fibres oriented in the direction perpendicular to the field).

III - RESULTS AND DISCUSSION

Utilisation of these different probes and cell geometries, prepared from the same tissues, underscore the difficulty to link the resu 
obtained. Before to envisage the dielectric characterisation of different biological tissues, it is essential to put in obviousn6 
influences of some parameters.
3.1. RESULTS ANALYSIS
Repeatability o f results. As example, we present results obtained with TFL on figures la  and lb at t=8 days and T=10° C.
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Figure la: Repeatability of measurements fore'
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Figure lb: Repeatability of measurements fore"

Measurements show shifts or tilts in reproducibility in the order of 10% in the case off e \ and 15% for e".
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ge,; era!!y leSSer f0r SampleS With l0W water COntentS {t=8 days) and for cells where the adjustment of the
‘hree s a i l  * r r f ^ ^  T  C° mpared l°  C03xial Cell)' T°  minimise this disP ™ ,  results should be averaged from at least ee samples (cf. figure la ) which was done for the results in figure 2. 6
^ ^ h m m m t u r e .J h t  effect of sample temperature on dispersion has been studied on muscles between 6 and 15°C
"ear 24rHemieT  PercePtlble above 6GHz, only on £", indicating the beginning of the water relaxation domain, situated
*Hisotrnnv?r te™Perature- This shows that the measurements are not sensitive to temperature which was set at nearly 10°C.
d ifferen ,^/  In.order t0 study anisotropy effects, we have compared results obtained on different types of muscles and at
Wger thaP errors oTm l°  dlreCtlons in relation to fibre orientations, differences of permittivity were small but
Oriented) than w th thTn They ^  ™ re lmPortant with the rectangular cell waves guide (in which samples are perfectly
measure r *  n P °  ( ^  ° f rad‘aU° n effeCts) ° r than with the coaxial cel1 (>" which radial fields does not allow the
Th urement ot £,/)■ For these reasons, we present subsequently only measurements of e* .

^  - A Study on thermal cycle influence (freezing and thawing) on muscles has shown important gaps in the all
dermal tLatment' 0 1 " 8 PrCV1° US ' reaS° n’ measurements were made on samples that have undergone no

p2 STUDY of different tissues

ennittivities of the different tissues are shown in figures 2a and 2b.
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Figure 2a: dielectric constant s' of studied tissues Fjgure 2b: dielectric loss factor £" of studied tissues

(disc!'!,Sh° W 8? °d œVe' lng ° f £' idlfferences less than 5%) between measurements done at IEMN (continuous lines) and at INRA
samp, 1"U° “p 'ne,S) ° n muscle (TFL) and on kidney fat (GR). It is clearly poorer on £” at lower frequencies (<lGHz), when the

lendon (TD1 on v tn l l !  fge CffeCtS P” * ably ° Wing t0 thC Water' F°r conncctlve tissues of rectus abdominus (TCRA) and
Stable for ’the coaxial c e T ï e ^ X T t  T T *  -  P''°be *  "0t SU‘table for thin tissues (as TCRA) and tendon samples (TD) 
M e tr ic  method T  !  r l  to cut. Permittivities were very different between tissues, showing the potential of the
permittivi, d' emerges from thls study ‘hat tissues of bovine carcass can be differentiated by the help of the dielectric 
C a  s ^  mer rementS T " ' m0rC PartiCUlarly ° f  itS real Part «' In «"fcr not to be affected by typical M^weU W agn" 
W i t by Wat<H re!aXatlT  d° main’ th'S measurement has to be made between 500MHz and few GHz. The existence offiiis 
C S T i . S l 7 j T b “ 0,h“ h" ,a,eria)S, W“ h » * »  « » A recognition sens», t a .  c o n s e ,„ e „ Î  «
difficulhes ,h , r 5  emS W C° aXlal lmCS and StnPed lines have bee" realised in this aim. But this imposes
Se"sor h lnterpretatl0n of the measurements, owing to the presence of air or liquid gaps and in applying pressure to the

0r- Studies are under way to eliminate these disadvantages. P P y g  Pressure t0 the

T e r e n c e s

<"<—  «  cdio ,„d

^ 'c r o w a v e P o w lt,  0 9 8 7 ^ 2 9 -3 3  D ‘eleCtrlC ProPertles o f  B eef> Beef  Liver, Chicken and Salmon at frequencies from 100 to 2500 MHz"

*  b '° l0g>Cal a‘ — e frequencies", Proceeding o f  tbe
K  ¡ r r h r i t i  Ad Leb, Un;  and F - W attre'0 t’ "DlSp0S,t,fs de mesure « tu ' de l'humidité des les sols utilisant les propriétés électriques de

°f ̂  " d mcate and fish ln the
S r S e ! c e s P; S  w “  n° n d' StrUCtivecS des ProPnétés diélectriques de tissus biologiques au m oyen de sondes coaxiales
(?) B o n X t ,  !  ’ r  , 7 , ^“  meSUre’ Clerrnont"Ferrand, Octobre 1992, Recueil des comm unications, (1992), 1-43 1-45.
N ativ ité  c’omnl *'grand ?nd A Chapoton ' "Sur une méthode transmission-réflexion à traitement non itératif pour la détermination de la 
i ÿ )  si-26 m naUX d,CleCtnqUeS ’ SEE 3BmeS J°UrnéeS de Caractérisation Microonde e, Matériaux, Brest, Oc“  1994

î t c t T l ^ o v i n ^ ü e  dnudnAca? aP0Ht0n'' 7  ^ 7  “ d ^  Aube* "  "Caractérisation diélectrique de tissus biologiques
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