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Abstract: The dielectric constant and dielectric loss factors of green turnip were inrestigated with the coaxial probe method
using a network analyzer in the frequency range of 16 ~ 3 500 MHz. The moisture content and temperature of green turnip
were 15% ~93.20% and (36 + 1) ‘C. A model to study the relationship between dielectric properties and moisture content,
sugar content and density at 915 MHz and 2 450 MHz was then established. The results show that the dielectric constant and
the dielectric loss decrease with the increase of frequency from 16 MHz to 3 500 MHz. The dielectric constant increases with
the increase of moisture content. The dielectric loss increases when the moisture content increases from 15% to 60% , and
then decreases when further increasing the moisture content. The sugar content is negatively correlated with the moisture
content. The binary linear equation can be used to describe the relationship between moisture content, sugar content, density
and dielectric properties. Variance analysis of the model indicate that the determination coefficient of each model is greater
than 0.92 and the P value is less than 0.05. So the model based on the dielectric properties to predict the moisture content,
sugar content and density of green turnip during drying is accurate.
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Fig. 1 Drying Kinetic curve of green turnip
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Fig.2 Effect of frequency on dielectric properties of
green turnip with different moisture content
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Fig. 3 Effect of temperature on dielectric properties of

green turnip with different moisture content in wet
base
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Fig. 4 Relationships between moisture content and di-
electric properties of green turnip in drying
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Fig. 5 Relationship between sugar content, density and
moisture content

WA N TR R S R R SC R A
6 Fi/n. I 6 FIHL: ZEA 915 MHz B, BB
10g/100 g ¥pkITHE] 40 /100 g PkHET, 4 BN
64 P& 61, A BHFER M 25 THE 35, SXIELFXTh
TR AR YRR EE S KA 90% [EF] 60% . b
JEI 40 /100 g PpRITHE] 70 /100 g PRI, A
BN 61 TFRER] 2, A ke R 7 M 35 S 1, Xf5
MBILEKFEIN 60% FFEE] 20% , BT, Ppkhrp 3222
KT RMEE A K. H, TEREEEARIRRT , A B R
AR A1) T2 B R kL K A5 4k, Changrue
G Uk B A RV 8 S P90 A B 45 fl R A 6
Z | Tulasidas 2520 A ] S5 9 3 45 ol R 54
FL R 1) 9 2R DA ) B 0o 0 B AR 54 v
(142G 2R I F 58 25 SR 38 5 A ST B 55 40 e Rt A G
25

80 80
-= ¢£'(915 MHz)
- £/(2450 MHz)
60 F - ¢(915MHz) 460 "
- £"(2450 MH
= &' z) E
e ®
o 4of 140 =
<= =S
20t 120
0 1 1 1 0
0 20 40 60 80 100

W/ (/100 g¥rkh)

6 BENBRIBTEESNBEEHXR
Fig. 6 Relationship between sugar content and dielectric
properties of green turnip in drying

26 BESIBESFENXER

RlE TR T, YRR 22 N BB Eh b a2
fei K A= AR Ak, BRI %8 R BT DS R AE N 45 4 1) 2
e 5 Al SRR SRR 90% FEE 15% I,
JEM 0.99 g/em® TFE 1.22 glem’, XK 0 Er 7k 5 sk
i, B BRoOK AL S 5E K o+ B i i L ER K
BT RTK, Frl SR, X 55p30)1] 4R
X 3HE 22 5 7K 5 4 T ) O 2R DA e O el A 4 P o
TIKRGEER LA RGER—2. KW 7 B, B
P RE NG A, A HUR BB TN, A BT AR R
BRSNS PO H - 1 A E R
1) 5¢ R4 R —EL

80 80
-= ¢'(915MHz) 4 £"(915MHz)

70 o /(2450 MHz) = £(2450 MHz) 170

60 | 460
M_‘
=50 F 50 ®=
de b
o 40 40 E
< 30 F 30
&=

20 420

10 + 10

0 : : : : 0

0.95 1.00 1.05 1.10 1.15 120 1.25

HRE/ (g-em™)

7 BE NMNTRIBPFEESNAERFENXER
Fig. 7 Relationship between density and dielectric prop-
erties of green turnip in drying

2.7 REIMES
2.7.1 ARFE LA e K BRALA
HRE E RO SE , 72 e RSO T, YRR
TR RS2 i K, 3840 Minitab X,
XK Z S0 BB A B AR - Z [ 8 A v
A, 15 E KR 50 HUE B A BTRE IR - 2 B A G
AT | JF X IR AR T EA T 07 22 0 B T 250 3R
B, 4 2500 P<0.05(GE 1), BLHAA Y o B BORIA ) it
FEDI T X5 ACR I R 24 5 1. AR 2 nlfs,



- 68

R R | R () 2 60 1 22 B AR N, #9 K F
0596 , LWL UERIN). 557K 5 oL PR ST
BORl

Wo1s=0.1999 + 0.013 4 &' - 0.009 3 &" )

W5 450=0.2093 + 0.0147¢' - 0.014 5" (3)
R1 SKESNEHFENEERERTESN

Tab.1 Analysis of variance of regression model for mois-
ture content and dielectric properties

Tr =AW FH PfH

&' (f=915 MHz) 758.07 0.000
&" (=915 MHz) 92.79 0.000
&' (f=2 450 MHz) 904.44 0.000
&" (f=2 450 MHz) 99.31 0.000

R2 SAERS5NEESEREEEEN R 55
Tab.2 Analysis of R’ of regression model for moisture
content and dielectric properties

Ji2E/MHz S R (%) R ()
915 95.83% 95.68% 95.44%
2450 97.02% 96.92% 96.65%

272 MEE SN KRR

[ 2.7.1 J5ide, XPWERE S S K3, B 5 iw
A B ERER 2 B T B, A R S &
IR WHE 5 rUE R A JTURE Rl 22 ] Y DG
TERY, FEXOCHAE I ATy 22000, R 3.3% 4 7]
15 HF250 P<0.05, BEBH KR A HUE ORI i
FIURE R X W R B2 2 A0 8 1) 5 I ELAY HE R 0
FAHB R, Ut H R BOGE R I sE i BE R, AR 5.
F 6 15, RZ . R*(JH%%) | R* (FHUM) = () Ay 2= BEAR /N
HAEBKR T 92% , UEBIHEEE 5 5 AR SR B 540 rU
PRI HERR ). BEEE 5 5 /K A0 SRRy

B=84.14-78.08 W )
WHE 554 AU A DI Ry

Bois=70.51 - 1.58¢ + 1.83 &" (5)

Braso=70.19 - 1.48 ' +2.02 " (6)

®3 BAERESBEEMDAERGTESH
Tab.3 Analysis of variance of regression model for mois-
ture content and sugar content

T AR F{H P i
w 916.76 0.000

F4 BEESTRFERDEEREE EST

Tab.4 Analysis of variance of regression model for sugar

REBEBREER B34t Haly

£S5 AKES5REEMNEIFEEN R’
Tab.5 Analysis of R’ of regression model for moisture
content and sugar content
R R (%) R* (F5i)
98.81% 98.71% 98.37%
R 6 MEESNTEIFENEIREELN R S
Tab.6 Analysis of R* of regression model for sugar con-
tent and dielectric properties

S/ MHz R R (%) R (i)
915 98.05% 97.40% 94.74%
2 450 96.77% 95.69% 92.26%

273 BEL5A BRI G X IRAER
[ 2.7.1 Jride, P8RS B, M SR
B A R T Z R Tia A mE , A R R
IR LA T % 5 U B A JBABURE IR 7 =2 ] 11 Sk
BERY, X AR T 2200, ik 7 i fs, 4%
ZR P>0.05, HF 8 1 R* R* (%) R () =
] f 22 R A K, A A 3 7K R 5 0 B ) 56 RN i 2
1y, BARLEAER Y. R 9 AR, KR P<
0.05, H# 10 iy R\ R* (%) | R* (FiM) = ) iy 24
FRAR/N, HERRTF 95%, i HH %5 B 554 s 1) Sk
BERLEAERA Y. %5 BRI Yy
p=13156-08750 W+
1.7580 W2 - 13520 W° (7
7 AKESHENHEIFEE T E S

Tab.7 Analysis of variance of regression model for mois-
ture content and density

LE=3 FiE P1E
w 3.65 0.105
w? 3.51 0.110
w2 5.63 0.055

®8 SKRSHEREREEN R S
Tab.8 Analysis of R’ of regression model for moisture
content and density

R R G R (i)

97.32% 95.98% 90.57%

T S FURRPE Y SRR Sy
pors=1.2081—0.006 8 &' + 0.009 4 &" (8)
paaso=1.2290-0.0099¢ +

0.007 4 &" + 0.000 2 £'e" )

x99 TESTEFENEIEFER T E ST
Tab. 9 Analysis of variance of regression model for den-
sity and dielectric properties

content and dielectric properties ISR FI4 P
g3 Fii PlE &' (f=915 MHz) 238.45 0.000

&' (f=915 MHz) 141.26 0.000 &"(f=915 MHz) 96.14 0.000
&"(f=915 MHz) 50.83 0.000 &' (f=2 450 MHz) 235.59 0.000
&' (f=2 450 MHz) 72.29 0.000 &"(f=2 450 MHz) 35.65 0.001
&" (=2 450 MHz) 18.55 0.005 g'e" (f=2 450 MHz) 27.87 0.002




2019 4 8 A R, 45 ETFAREREREE DT8RN + 69 -

R 10 BESNEBMENEIRERL R 54 FIR) DRI T TN 2 35 o T A 7 Y.
Tab. 10 Analysis of R? of regression model for density and
dielectric properties 100
Hi%/MHz R R (F1%8) R (i) s 80 -
915 97.59% 96.90% 95.12% i_
2450 99.21% 98.81% 97.62% e 7
Eg* a0l $=0.038+0.947x
= R’=0.985 54
28 ETNBEHENEE MISKE BE FTEN o %
Touiul . . . . .
H T HE—RAER ()= (6) R (8) R (9) Jr o m @ w
FRAOTUIACR:, ASCHIR 1.2.5 00 RES SRRV R
915 MHz HI 2450 MHz /N[l &K RE | B BE I (o) B QTSR
I HARRIE. A IS B SEBEAR A R R, A5 100
SR, BT S S A T X . R 8 IR, 2o
B IR KRS SRR e 25 R jt? f; 60}
0.97, KM FIR 2 B/ BRI A SCBFF275 51 = Ll xo
G 7k$ 54 @%@E’J?&Eﬁ@‘ém?ﬁ{ﬂ" ] 7J($7~E—J"ﬁ‘ E 2 -l ra '};:(')_979 33+ R
. IR 9 AlfS, 3 H SRR S TSR Yk
TERE R KT 0.93, MUE R TIRZEES N, Bl A % 20 40 60 80 100
SCHFTEAS BRI 5 3k B 590 e Sk M
OB (R AT ATR. A 10 TR, W MY (b) KU ) PR
IR S EERYE R R KT 0.90, 8 BEAAEISE SR ENXRE

Fig. 8 Relationship between calculated value and meas-
ured value of moisture content

ATEINER 22850/ , DL AR SO 20 09 5 B2 S A e RS

z 80 z 80 Z 80
] ] 1 R -
S 6ot S 6o} 2 6o}
= = =
2 a0t 2 40} 2 a0}
m o o
% 20+ y=-0.201 9+0.950 94x % 20F " y=2.028 2+0.985 2x % 20 - y =0.717 64+0.976 4x
= R’=0.98209 = K R’=0.93098 = R*=0.957 66
E o0 S w0

0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

SN EE AR/ (2/100 gk SN AR/ (2/100 g kL) ST R/ (2/100 g R
(a) MA@ TR R () M=K ) AR R E (c) MK (6) THETMIKRIE
9 BEETEESINENXRE
Fig. 9 Relationship between calculated value and measured value of sugar content
1.25F 1.25F

T‘E “, "’E »

o LISt 5 LISt

= =

o 1.05F o 1.05

& 095 $2-0.01251+1.001 95x & 095 y=-0.053 5+1.037 Lx

. R*=0.907 89 . R*=0.93306
0.85 — : : : 0.85 -— . . :
0.85 0.95 1.05 1.15 1.25 0.85 0.95 1.05 1.15 1.25
T2 LA/ (g-em™) SN B fE/ (grem™)
(a) M= (®) MR R (b) AR ) HER KR

E10 ZEHTHEESINENXRE

Fig. 10 Relationship between calculated value and measured value of density



70

ACAE 60 CHRTHREMT , X FHE b T4t
FEF KR  ERE | B B A RR R A T I L 15
B KRS A U RR I B SCHRAE TR R Wois = 0.1999 +
0.0134¢ - 0.0093¢&", Wa4s0 = 0.2093 + 0.0147¢' —
0.0145¢"; F/KRE W B CHRBIRL ) B =84.14 -
78.08 W3 HHEE S5 A HURFME I SCBABRIA Byys = 70.51-
1.578 ¢ + 1.829¢6", Byuso = 70.19 — 1.484 &' + 2.019¢";
FHEHA BRI R pys = 1.208 1-
0.0068 ¢ + 0.0094¢" 5 pruso = 1.2290 — 0.0099¢' +
0.0074&" +0.0002 &'e". H 21 J5 2538 DA S AL R 5
UEFE B, A e P 000 T e el 2 P ) 5 K L b
BE R AT, P KR TR AT A T

ARSON T B N 7E T A e Ry o T A 7Y
MVEEST , R FF R T B PR SR | P To i Aer 4%
AR T — 2 RIS LA

SE k-

(1] e, FaR, mMRDE, % R IHEE N IESR
PR R R BLF& FJrik [T]. KdgolRlaz, 2012,
18(4) : 140-142.

(2] WRAHE, T30, XHA. ISR IM]. dbat 1k
2Tl Rk, 2007 511-517.

[3] REI, T, kM, % FETFRIEMRAE LA B
FeMER BT SR ). i S AR, 2017,
36 (5) : 466-472.

[4] 3. e AR RLGR ], Rl TR,
2007,23(5) : 284-289.

(5] Xz, B5s, &, % SRRk KR T
PG I B A 5 B A4 0. & dh il g 591 & , 2011,
32(6) : 90-93.

[6] #8358, FF b, AR 43, 3. A s R £ A ST
rEgBFE R R (0], &dh Tolk, 2017, 38 (2) £ 229-232.

(7] JHF, skigLr, Ai0g, 5. BT R A A ARk i G
PRI R BF SRk (1], a5 IT %, 2015,
36(1) : 131-134.

[8] Sk, FTF AR B TR H 7K S ICHAG I A
55 [D]. BHYL: VLA K2, 2016.

(9] FTRWL. FEFAm AR SR ICHRI R A5 (D).
B« Wi Tl K24, 2002.

[10] prmna, SB83c]. ZET A g IRl 22 R ) 5 24 1
WREE A (7], IR AR, 2016, 32(5) :295-301.

REBEBREER B34t Haly

U.Ht-

(11 ] =75 BT, S, 5. 2R s etk 5 s
B G E [T]. ARHUERTSE, 2011, 33 (10) : 111114,

[12] 30, Rl , P aogii, 4. Ji N i 7E & il
TR R L TCR R AR [T, & 5 kB L
Ak, 2005,31(8) : 52-55.

[13] FEB. B # b S Rk A v e A A 5
[D]. WK RIS, 2014,

[ 14 ] Changrue V,Orsat V,Raghavan G S V,et al. Effect of

€l

osmotic dehydration on the dielectric properties of carrots
and strawberries[J]. Journal of Food Engineering, 2008,
88(2) :280-286.

[ 15 ] Funebo T,Ohlson T. Dielectric properties of fruits and
vegetables as a function of temperature and moisture con-
tent[J]. Journal of Microwave Power, 1999,34(1) : 42—
54.

[16 ] SKEH, REERE, F3CHE, 5. AFEE DR E IR0
B deJrk 2, 2010(20) - 57-58.

[17] =A6%, &, WRE, % ARAES bR
WO AT I]. KITHSE, 2017 (12) :27-29.

[18 ] A5t R, i . &7 i TR LS S HOR [M].
Jemt: AR Lt A, 2009 9-12.

[19] REIT, &0, M, 55, LMt (0. &
SRR, 2018,37 (2) : 153-158.

[20] Van D D,Wang D I C,Goldblith S A. Dielectric loss
factor of reconstituted ground beef: The effect of chemi-
cal composition[J]. Food Technology, 1969,23(994) .
84-86.

[21] M, REN, Z&W], 55 ST MM TR RGN
FRERTFE[T]. WAl 74k , 2016, 28 (2) : 345-351.

[22] & UMV, TRILT, 25, BOREA F FRIE 0 PN 78
Bz V], ool B, 2018, 46 (2) : 120-123.

(23] MG, 0. Jh T i R i S SR T 4 o S L]
EnFk#,2018,39(9) : 13-18.

[24 ] KBFE, VFRHAE, Blo , S5, ORI 49 W0 B i e
IR P BEA R M s (0], & Tk BH4, 2017,
38(4) : 58-64.

[25] B30I, Bivise. Bk 10 ~ 4500 MHz 8] (4 EAEE S Y
R ah B R M (1], AR AL~ 4, 2010, 41(3) -
134-138.

[26 ] Tulasidas T N, Raghavan G S V,Van F D V,et al. Di-
electric properties of grapes and sugar solutions at
2.45 GHz[J]. Journal of Microwave Power and Electro-
magnetic Energy, 1995,30(2) : 117-123.

[27] XURH. e A Rrtk e (D], A% WAL RMERHL
R2#,2011.



<71

2019 4F 8 J W, 25 FETFA AR D T TR TR A R
(28] 23O, Bl deprte. ST s etk g aie s & K i 27(1) : 97-103.

[29]

M. Al TREAR , 2012,28 (24) - 272279
Jo BEl A , AR TF U, B TIREE R 2 i £ B )
PRARPE S A B AR A A 0], Wi Rlk 2441, 2015,

[30]

UGG ST il 4R e 2 B 0 A
FE[D]. WA/RIE: RIRIE TR, 2010,
RITHE: W, A4

(L% 34 W)

[3]

[4]

[5]

6]

(7]

[8]

(9]

[10]

[11]

[12]

2010,55(5) : 1102-1109

MRS, IS S U T]. hAEN R, 1996 (2)
68-70.

XUFpAE. P LR B TE R 2010[0]. AR IR 2%
,2011,19(8) : 701-743

Listed N. Mortality after 16 years for participants ran-
domized to the multiple risk factor intervention trial [J].
Circulation, 1996, 94 (5) : 946-951.

Kawa J M, Taylor C G, Przybylski R. Buckwheat con-
centrate reduces serum glucose in streptozotocin-diabetic
rats[J]. Journal of Agricultural and Food Chemistry,
2003,51(25) : 7287-7291.

BN, FRERFEE MR R RET,
2008,33(3) : 78-80.

MR, SRAHC, VIR, 4. 63742 E Hulbi ik
PERIRITSE [I]. DU AERERR 2R, 1990 (Z1) - 1-4.
Kim D W,Hwang I K,Lim S S,et al. Germinated
Buckwheat extract decreases blood pressure and nitroty-
rosine immunoreactivity in aortic endothelial cells in
spontaneously hypertensive rats[J]. Phytotherapy Re-
search,2009,24 (1) : 993-998.

JE/INBR, X, p— 2 RE T R A A BRI RE SR B it b ]
AIBFTE e L], dn Tolk, 2011, 32(10) : 58-61.
VRTINS LG @ N
P ACE S PR A 5T 0], £ dh BHEZ, 2009,
34(4) :175-178.

Li C H, Matsui T, Matsumoto K, et al. Latent production

of angiotensin I-convertiong enzyme inhibitors from

[13]

[14]

[15]

[16]

[17]

[18]

[19]

buckwheat protein[J]. Journal of Peptide Science, 2002,
8(6) :267-274.

MaM S,Bae 1Y, Lee H G, et al. Purification and identi-
fication of angiotensin I-converting enzyme inhibitory
peptide  from  buckwheat (Fagopyrum  esculentum
Moench) [J]. Food Chemistry, 2006, 96 (1) : 36-42.
Koyama M, Naramoto K, Nakajima T, et al. Putification
and identification of antihypertensive peptides from fer-
mented buckwheat sprouts[J]. Journal of Agricultural &
Food Chemistry, 2013, 61 (12) :3013-3021.

Liu CL,Chen Y S, Yang J H, et al. Antioxidant activity
of tartary (Fagopyrum tataricum (L. ) Gaertn. ) and com-
mon (Fagopyrum esculentum Moench) buckwheat sprouts
[J]. Journal of Agricultural & Food Chemistry, 2008,
56(1) : 173-178.

KA, BRI, K. BRI E R R S5 A ],
SERR AW BER, 2006, 28 (1) : 55-58.

SKRZA, TKOKEL, MR, A B TFRAEXS R | (AR &
MR 7], 3R SO RS, 2003 (2) : 120-122.
Ishizawa K, Izawa Y, Ito H, et al. Aldosterone stimulates
vascular smooth muscle cell proliferation via big mito-
gen-activated protein kinase 1 activation[J]. Hyperten-
sion, 2005, 46 (4) : 1046-1052.

Rauch J, O'Neill E, Mack B, et al. Heterogeneous nuclear
ribonucleoprotein H blocks MST2-mediated apoptosis in
cancer cells by regulating A-Raf transcription [J]. Cancer
Research, 2010, 70 (4) : 1679-1688.

EEREE: O 4F



