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Fig. 1 The names of four parts of
tilapia used in this experiment
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Tab.1 The composition of tilapia

e aR sample position FE M % crude protein A& Wi % crude fat K43 % ash JK43% moisture
HiF anterior 18.2040.11 0.78+0.04 1.77+0.03 79.44+0.07
A middle 18.11£0.02 0.91£0.07 1.61£0.01 79.30+0.04
HEFR tail 18.14+0.34 0.84+0.02 1.64+0.02 79.66+0.20
FE belly 18.2740.05 1.15+£0.20 1.38+0.02 79.28+0.09
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Tab.2 Dielectric propertles for tilapia at four parts
Fi# frequency IRE/C temperature  Fi# anterior 1 middle JEER tail JEER belly
10 66.30+0.87 64.62+4.97 64.32+0.56 64.29+2.10
20 62.874+2.44 62.64+1.28 63.20+0.10 62.58+1.28
30 62.39+0.80 61.87+0.91 61.64+0.79 60.78+1.25
40 61.33+1.61 58.16+0.39 58.93+1.10 57.34+0.44
&' 50 58.9442.90 55.8242.89 56.38+0.04 56.66+0.78
60 56.61+1.89 55.2842.16 54.82+1.48 54.40+1.03
70 53.974+4.54 52.50+0.94 53.00+0.04 51.51+1.73
80 51.27+1.44 50.984+2.05 52.24+2.11 49.86+2.01
90 48.84+2.36 50.384+2.18 50.75+0.65 48.35+1.66

915 MHz
10 20.09+0.37 20.44+0.59 18.04+2.14 17.15+£2.20
20 20.59+0.89 19.84+0.37 18.77+1.56 19.084+2.22
30 22.75+1.19 21.98+2.26 20.79+1.83 20.51+1.94
40 24.80+1.59 21.56+0.92 20.92+1.02 21.48+3.55
&" 50 25.60+1.13 25.72+1.41 22.1740.58 22.36+2.72
60 27.19+1.61 27.48+0.01 26.71+4.05 24.37+1.95
70 26.31+1.04 28.78+2.84 25.65+4.82 24.82+3.62
80 30.1745.32 28.88+0.42 30.27+0.50 26.14+1.59
90 30.8342.58 31.98+2.54 30.94+0.42 26.74+0.74
10 61.43+1.06 59.94+4.79 59.93+0.15 60.41+2.09
20 58.42+2.16 58.66+1.71 58.42+0.38 58.19+0.48
30 58.48+1.02 57.30+£0.95 57.25+0.33 56.10+0.79
40 56.93+2.03 54.09+0.18 52.78+1.96 53.30+0.22
&' 50 54.484+3.28 51.3242.38 52.4240.59 52.2240.86
60 51.81+1.77 49.53+1.32 50.39+0.76 49.62+0.53
70 51.69+9.35 47.70+0.69 48.16+0.16 46.78+1.40
80 45.66+2.10 44.94+1.64 45.56+0.48 44.27+0.79
90 43.61+£1.99 44.18+1.29 44.60+0.94 42.90+0.55
2 450 MHz

10 17.42+0.11 16.15+1.21 16.51+0.88 15.73+0.55
20 16.34+0.36 15.44+0.36 15.59+0.59 15.224+0.97
30 15.944+0.29 15.35+0.19 14.98+0.68 14.57+0.84
40 15.71+0.60 14.93+0.16 14.03+0.49 13.86+1.62
&" 50 15.63+0.74 14.90+1.22 14.08+0.24 13.784+0.98
60 15.67+0.71 15.08+0.60 14.28+0.62 14.07£1.06
70 15.76+2.41 15.13+0.26 14.33+£1.30 13.82+1.47
80 15.76+0.06 14.80+0.96 14.38+1.12 13.70+1.20
90 15.7740.29 14.43+0.67 15.170.41 13.924+0.64
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Fig. 2 The effect of frequency on
the dielectric constant of tilapia

NERER T — s i, A LR R R
I ) 3 0 2 PR N IS B R I A, ) B —
APEE 3)o TEARIF AT, P, AL
I AR WEBE A TR e, PRai e, DB R Y
ThE AL, X RBFEMBCRE T BT 1R
PR, MREE R T, BT E SRS,
TRUFT ISR 0 AR 5% I RAC . S K 32 25U 1B
£ EE A LR S R AT e, R 45 S L B T 22
5, B 478 890 MHz, MiASZE: R 207 2 300
MHz HIP A, XA RBSE H TR B X B Rt
PR R s il B AR B K B S AT
BFUeET KA SR A b, R AR S R
R G A 3 PR R SR AR T R N R . (AR T
PR BIKGrF- W5, TERIBORET, B RERE

AT R . B TR A T8 788, B i
JER T i T o 27 AR A S SR AR, 2140
LERBIREIR, KRR I, B TR
LRGP S AU EE

80~

¥ = 10C
0 . 915 MHz ©20C
I A 30C
5 60 o v 40C
Se t v *50C
el 1 TN 4 60C
f{ % F 02%6 » 70°C
B2 40r ¥ o 80"
BE5 [ Tolex® 80°C
<3 30 ".’Xifﬁss * 90¢C
<ot eeggﬁ 3§ 2450 MHz
20 asilhin
10 ' | \ | L | ' | L | L |
0 500 1000 1500 2000 2500 3000

Ji%/MHz frequency

SR TESOEE3: bg: kP A
Fig. 3 The effect of frequency on
the dielectric loss factor of tilapia
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Tab.3 Radiation penetration depth (cm) for tilapia fillet as a function of temperature at 915 MHz and 2450 MHz

cm
10C 20C 30C 40°C 50C 60°C 70°C 80°C 90°C
915 MHz 2.26 2.14 1.94 1.84 1.69 1.51 1.48 1.34 1.28
2450 MHz 0.93 0.96 0.98 0.99 0.98 0.95 0.93 0.91 0.88
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14 S35 (5 ToNMEL LA 15 L 1] 4 I .
23 KHESEMTIEENESEENZN

NEEBMABMAE KOG auPIE
A R AR R A& 5 PR, B
R TR, B AR f o R
PL 915 MHz A1, /K535t M 3.8590 g/g d.b.fFEE
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F| 1.55, PN 97.49%,TE 70 K T XF A H B 5%
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Tab. 4 Predictive equations for the dielectric properties (¢', £”) of tilapia as a function of
temperature (T) from 10°C to 90°C at 915 MHz and 2450 MHz

[B]J5 FE Y=aTP+bT*+cT+d regression equation

a('C)x10 b('C?Hx10° ¢(C)x 10° dx107! Adi-R?
Y -1.1348 ~2.0600 1.4219 6.6120 0.9965

915MHz
& 0.6495 1.5400 —-0.8574 1.8027 0.9785
d, -0.1406 —0.0424 0.0657 0.2409 0.9904
2 450 MHz Py —-1.2644 -1.5500 0.7870 6.1768 0.9922
& -1.3829 2.0400 -0.9545 1.7662 0.9624
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Fig. 4 Dielectric properties (&', &”) versus
temperature, comparing experimental
data and the predicted curve
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Fig. 5 The effect of moisture content on the
dielectric properties (¢', &") of tilapia at
915 MHz and 2450 MHz (7=30 °C)
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Tab.5 Radiation penetration depth (cm) for tilapia fillet as a function of

moisture content at 915 MHz and 2450 MHz (7=30°C) cm
Kor e ii(ge db) 915 MHz 2450 MHz Ko ii(ge db) 915 MHz 2450 MHz
moisture content moisture content
3.8590 1.94 0.98 0.5478 32.13 25.29
3.1200 1.77 0.84 0.3853 32.25 25.74
2.3822 1.99 1.07 0.2841 38.99 30.90
1.7487 3.20 1.79 0.2128 40.61 32.76
1.3332 15.83 8.25 0.1742 42.19 42.25
1.0361 20.62 13.90 0.1240 46.54 59.10
0.7540 29.85 18.76 0.1161 49.54 64.76

®6 915, 2450MHz THIEEHINEIFEIEE, ) SKTZEXRTUNSE
Tab. 6 Predictive equations for the dielectric properties (¢', €") of tilapia as a function of
moisture content (g/g d.b.) at 915 MHz and 2450 MHz

[FIJT 5 FE Y=aTP+bT*+cT+d regression equation

a(g/g d.b.?) b(g/g d.b.?) c(glg db.) dx10" Adi-R?
915 My P ~20.2001 18.3778 ~2.3849 5.3851 0.9744
& 2.18953 ~11.4509 10.9715 ~1.7267 0.9814
d, ~38.0663 8.8417 -0.5636 50.0834 0.9740
5 450 My e ~15.6158 14.6406 ~1.7972 4.4303 0.9843
e -8.2236 7.7502 ~1.2075 1.5402 0.9748
d, ~74.1988 30.7411 ~4.0052 58.0938 0.8577

Z T, AR B TS T, P2 E,
A LB R B B 1) T o TR AT o B I £ Y 2R TR
JETE 915 MHz B Bl T T 280 T R, 7E 2 450
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(25 B R IE AT TIFSE, S5, P B S iR
JEE T = AR, B K S i BRI T oAb,
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Effects of temperature, frequency, and moisture content on
the dielectric properties of tilapia

ZHANG Bao-yan, YU Hai-yang, CHENG Yu-dong", JIN Yin-zhe
(College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The dielectric properties of tilapia at different parts (anterior, middle, tails, belly), different
temperatures (10-90 °C), different frequencies (300-3 000 MHz ), and different moisture contents (3.8590-
0.1161 g/g d.b. (dry basis)) were determined using the coaxial line method. The dielectric constants of tilapia
among four parts were similar, the greatest difference was 4.91, and the average difference was 2.37. Four
parts of tilapia were the same in variation trend of dielectric loss, but the value of belly was lower than that
of others. This is perhaps the fact that It is maybe the fat content of belly was higher than other parts.
However, due to the differences were small, the effects of components on dielectric loss can be ignored.
For this reason, the average of dielectric properties values(e’, &”) for four parts were employed to
investigate the effect of temperature, frequency, moisture content on tilapia dielectric properties valuse (¢’,
¢"). In addition, the dielectric constant of tilapia decreased with the increase of frequency and temperature,
and decreased along with the decrease of moisture content. However, with the increase of frequency, the
dielectric loss decreased to a minimum (2 300 MHz) and then increased. When the frequency was lower
than 2 300 MHz, dielectric loss increased as the temperature increased, and when the frequency was higher
than 2 300 MHz, it was contrary. The dielectric loss also decreased with the decrease of moisture content.
Moreover, the penetration depth[Frequency: 915, 2 450 MHz; Temperature: 10-90 °C; Moisture content:
3.8590-0.1161 g/g d.b. (dry basis)] of tilapia was calculated, regression analysis was employed to develop
polynomial equations of dielectric properties and penetration depth. The predicted values and the
experimental values were well correlated.
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