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Tab.1 Important parameters of all used amino acids

7 WS SFR SnA
Full name Shorthand MW pl

& ER Arginie Arg 174.20 10.76
AR Lysine Lys 146. 19 9.74
H&Z® Glycine Gly 75.07 5.97
E A iR Methionine Met 149.21 5.84
A B Glutamine Gln 146. 15 5.65
e R Cysteine Cys 121.15 5.05
1% Histidine His 155.00  7.80
{45 iR Tryptophan Trp 204.23 6.20
1R 2 TR Tyrosine Tyr 181.20 5.66
Il ik Proline Pro 115.13 6.30

1.2 XWHE
12,1 BRI 5

PR T2 T KF- 235 PR B 0. 01 mol ) 10 F
AR BIERR , 733 A A 30 mL 28 5K -
JRBEHL T, BEFE 2B AR B R B A
1.2.2 fiiehnk

R 2B 2 e T T Y14 P Y e L A R
WP pA LG 23R R (250 W) A 1 min 3
min A1 5 min , fi1#AUG 57 RI R vKAKIE R HI B
45 H o
1.2.3 S BURpPE R I

SR I Al R 322 4 1) 245 0 A AR T 2 2
BRI IR AT RURRPE o ASCHE AN & Ri7, T 00 & %
GUFERE PG P U 1 b, DIJHBRSE B BR85S
SFRMREE . AR ET R 2R - R -
LB TR RUE A R A A T R HE , A S
BT KA r R T AR, 0 A T 1) A RO
IE FPR ML DR 0.3 ~3 GHzo Rl 5 45 1Y &
SEMRIEWABI A SO mL ARERR b, SREH IR MR 2 THT
LT R Lo B ALY 1.5 cm, P HA Y L 4L
Ry B, BELLPATI0 3 . ILIAT 1.
1.2.4 RN

T AR 3l P R s A it )3
B2 Bias o R SR B O 250 W, i
6] 5 min, H 2 FE P BOLAE 100 mL P JE B8R
R FERE il PR LART PO AR 3 A 2T it R T R
MR o TCSR R IERRIFIRAE 0.1.3.5 min [ 1Y
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Chicago, USA ) 73 3 8] 1) . 25 M 22 57
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Fig.3 Dielectric constant of amino acid solutions during microwave heating

in the frequency range from 0.3 to 3 GHz
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Fig.4 Dielectric loss of amino acid solutions during microwave heating
in the frequency range from 0.3 to 3 GHz
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i B K FNEE G 7K Y A LG LA DG, 1 B K
FRAEAE TR E 5 9 Fl 6 B0 SR O, T 45 5 7Kk Dl
SEIEAASER . £E 915 MHz fi12 450 MHz R, Tyr,
Trp W VR 14 A FEL F58 A B o A B [ g 398 o g B A1
1M} Lys.Arg, His, Cys,Gln Met, Pro.Gly & & )/
P TS I T80 B o A BT[] (1 184 g 38 . AR
PRFEACIE T 55 100 2R FOARAR A 2% , (AR 458 2K it o
TR FIess 5 R, AERSBA A T Bl ik B T

R2 HEMETERERBRHNEREE
Tab.2 Dielectric properties of amino acid solutions at specific frequencies n=3
B Frequency
R P
Al’l’?r‘llj%j%ds Heaﬁll’llé\\t?jlljﬂ/mln ; 915 MHZ . ; 2 450 MHZ P
& & & &

0 92.40 £0.53 19.35 +£0.34 81.60 £0.31 19.36 £0.26

1 92.40 £0.02 20.95 £0.01 81.42 £0.18 20.28 £0.06

Lys 3 92.71 £0.39 21.28 £0.89 81.32 £0.20 21.99 £0.51
5 93.73 +£0.56 24.73 +£0.08 81.45 +£0.49 22.35+0.13

0 89.44 +0.32 17.74 £0.21 79.23 £0. 16 17.90 £0.15

1 89.51 £0.03 18.26 £0.33 80.27 £0.17 18.28 £0.24

Arg 3 89.7140.02  19.59%0.14  79.77%0.03  18.880.13
5 90.97 £0. 15 23.85+0.20 79.02 £0.05 20.88 +0.19

0 84.23 +0.12 10.10 £0.03 78.78 £0.21 14.76 £0.06

His 1 84.25 +£0.11 10.37 £0.09 78.49 £0.05 14.79 £0.25
3 84.34 £0.07 11.41 +0.06 78.59 +0.17 15.59 +0.34

5 85.43 £0.15 13.36 £0.20 78.46 £0.21 17.04 £0.45

0 82.17 £0.33 6.77 +£0.03 76.99 £0. 19 12.23 £0.04

1 83.06 £0.31 6.78 +0.01 77.41 £0.25 14.11 £0. 11

Gin 3 83.72 £0.06 11.3+0.38 77.11 £0.07 15.79 +£0.26
5 84.99 +0.19 16.81 £0.12 77.21 £0.02 19.42 £0.29

0 84.83 £0.19 6.66 +0.16 79.35 £0.08 13.99 £0.12

1 85.02 £0.12 6.72 £0.06 80.71 £0.10 14.32 +0.18

Cys 3 85.61 £0.12 6.73 £0.16 80.91 £0.11 14.84 £0.01
5 87.67 £0.43 6.77 £0.30 80.13 £0.11 14.90 £0.51

0 92.81 £0.08 5.26 +0.10 87.61 £0.30 14.02 £0.24

Cly 1 91.62 £0.15 5.58 £0.05 87.39 £0. 14 14.05 +0.01
: 3 91.52 +£0.58 5.41 £0.01 87.21 £0.29 14.62 £0.25

5 91.15 £0.57 6.33 £0.06 86.67 £0.49 14.56 £0.03

0 85.26 £0.19 8.17 £0.06 78.83 £0.11 14.29 £0.15

Met 1 83.99 +0.06 8.23 +0.05 78.41 +£0.02 14.37 +0.23
3 83.98 +0.13 8.41 +0.16 78.07 £0.07 14.45 £0.19

5 83.66 +0.09 8.44 +0.04 77.94 £0.55 14.57 £0.12

0 84.94 £0.37 5.23 +0.03 80.71 £0.31 13.16 +0.07

Pro 1 84.33 £0.11 5.37 £0.41 81.70 £0.11 13.51 £0.15
3 84.27 £0.27 5.45+£0.03 80.93 £0.20 13.84 £0.15

5 83.43 £0.16 6.19 £0.43 80.82 £0.11 13.58 £0.28

0 75.11 £0.54 3.34 +0.12 74.03 £0. 15 8.65 +0.07

Tyr 1 74.90 £0.06 2.61 £0.22 73.61 £0.38 8.39 +0.08
3 74.89 £0.64 2.46 +0.02 72.89 £0.41 8.07 £0.03

5 73.69 £0.08 2.36 £0.31 72.45 £0.11 7.35+0.19

0 76.58 +£0.26 4.99 £0.05 74.66 £0.24 10.13 +0. 15

1 76.57 £0.23 4.88 +0.14 74.57 £0.73 10.09 £0. 54

Trp 3 68.75 £0.52 4.59 £0.35 66.97 £0.38 8.87 +0.15
5 68.58 £0.08 4.54 £0.09 66.58 +0.08 8.36 £0.01
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Dielectric properties of 10 different amino acid solutions during microwave
heating

XIANG Ping'?, QIU Weiqiang', JIN Yingshan’, FENG Yuhui*, JIN Yinzhe'?

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center of Food Thermal-processing Technology, Shanghai ~ 201306, China; 3. College of Bioscience and Biotechnology,
Yangzhou University, Yangzhou 277600, Jiangsu, China; 4. Jilin Tabacco Industry Co. , Lid, Yaryi 133000, Jilin, China)

Abstract; In order to investigate the dielectric properties of the different amino acid solutions during
microwave heating, the 10 kinds of amino acid solutions [ glycine ( Gly), proline (Pro), cysteine ( Cys),
glutamine (Gln) , lysine (Lys), methionine ( Met) , histidine (His) , arginine ( Arg) , tyrosine ( Tyr) and
tryptophan (Trp) ] were determined by network analyzer and coaxial probe technology. These solutions were
heated for (0, 1, 3, 5 min) using microwave irradiation (250 W). Except for Tyr, the dielectric constant of
other amino acid solutions gradually decreased with the increasing of frequency at the frequency of 0.3 ~3
GHz. During microwave heating, the dielectric loss of Arg and Lys solutions tended to decrease with
increasing frequency, while other amino acid solutions ( except GIn) tended to increase. During the
microwave heating process, the dielectric loss of Gln solution displayed an obvious turning point at 0.9 GHz
(especially under microwave heated for 3 min and 5 min) , which showed a trend of decreasing first and then
increasing. The penetration at 915 MHz was higher than 2 450 MHz. When heating for 3 min, the maximum
penetration depth of Tyr solution at 915 MHz was (180 £0.12) mm, and the maximum penetration depth of
Trp solution at 2 450 MHz was (20 £1.5) mm. The pH of Arg, Lys solutions decreased due to ionizing
during microwave heating. The molecular weight and isoelectric point of amino acids affect the penetration
depth of heterocycle amino acid and aliphatic amino acid solutions, and the correlation between the
penetration depth of amino acid solution and the molecular weight of amino acid (R* >0.90) was higher than
its isoelectric point (R* >0.82). With the increase of heating time, the critical frequencies of heterocyclic
amino acids (Tyr, His, Trp, Pro) solutions decreased, whereas the critical frequencies of aliphatic amino
acids (Met, Lys, Arg, Gly, Gln, Cys) solutions increased (P <0.05).

Key words: amino acid solution; microwave heating; dielectric properties; penetration depth; critical

frequency
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