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Abstract

This study was conducted to measure the moisture content of wheat flour and red-pepper powder using RF capac-
itance in the range of 0.5 to 30 MHz. The capacitance of parallel plate type sample holder filled with each of wheat
flour and red-pepper powder of which moisture content range were 5.93~17.07%w.b. and 10.87~27.36%w.b., respec-
tively was measured by Q-meter(HP4342). To eliminate the effect of bulk density on moisture content measurement of
samples, the regression model including capacitance(C,) and moisture density(p_, moisture content(decimal)xbulk

density) was developed as follows.

Model: C=axp_+a,xp_ +a,

At 5 MHz, the coefficients of determination of the model for wheat flour and red-pepper powder were 0.9903 and
0.9373, respectively. The standard errors between measured and predicted moisture content of wheat flour and red-
pepper powder by above model were 0.302% and 0.801%, respectively.

Key words: RF capacitance, moisture content, moisture density, wheat flour, red-pepper powder, bulk density

N OB

ZE HFF Y TR A% 4 R A
ozt AN 7Y T8 FEUA Y £2
AEFY 7 F24 7P & 9% "iAE 890F9
shieltt. XA dolld £24FY FEIF] FYFA
B FEHR Foll 828 F(cakingo] W3 AlF
o] FAE A geohie 2HRl] AF g A
B=E A FAI FER] 2 Folsart €
EH EUNFY 71NN dad Az AgdA oA
S FEEF] = 9 F3L AT AW
EENE 77141 B84 Foiol wi=A] dasts A

A 4F 7R 290] THesidY. B AEEE
o] Alslel met 4Fe) FREFE 2kl Y
T e 71ed it B3| 87HT it 43 A
T+ HFe FEIFE 3 F e V7€) Bel A
g5} glont Se] A Ao Tl SEs e

. BEATE A vu|g 4R

Corresponding author : Ki-Bok Kim, Department of Agri-
cultural Engineering, Seoul National University, Suwon 441-
744, Korea

104

A 2371 7N LeRleR red 35
7] 918} 2 AL F9RA} ol AR e
AARY e Fde e gl gt Wt
© &S 27T S0 W res Y=
2 FRAEHoIE Ft} ol FAE FE FYUE A
FozA FRFvrel Az ze A FAHR A
23 glon] ) AFe] BA4o] =4 Beot =] w
Foll F) Al BA B shFFolol sh= de] sl

EHER o2 g As ifAdTE 1 MHzS] &



350 JALFE o187 WIS IR FEUF S0 AF A7) 105

A 739 34%9] FEolA 2.95~3.30, 24.2%
Ae 751~12.11 AxolH, 18 MHz8] &3Fue] 73
£ 34%2) TrEolA 2.67~295, 4.2%NM = 4.85~
6852 EIH T )20 (Sokhansanj$} Nelson, 1988) ©]
H3 AT 20)E ol B5le] HlaE Ye He
o} FEE A&sn A& 9 = Jlod, HEH
qNZ FE 3 A=pr| FH, vlolI2 N 5& ol 8%
FEZR7150 feldithe 344 7K Ao a3y
AR FALL FUF, AFY £F, 25, EUE F
of & JES ooz ojFs G4 Ao} s &
Fol Qiot. =] AL ZFE TP THE L AEF
o i Frd 2 KASA S B3] ojn] B
A7t o] A govt 1FTIR] g ATe AL §l
= L2 XA A

Nelson(1984)2 11.67 GHz8} &R FurolA &g
8.5%~14.7%] A< 3 L7FFe g FAY s 3
FAEAE 2P5] F458E 438 & Je FAR
4-¢ AEsch AELE "9 051~1.22 glom’lA
o] FANTE 1.93~447, $384L 0.11~098 HY
%t} Sokhansanj$} Nelson(1988)2 £ =] o4&
(B4~242%)° 3t 1, 18, 300, 2450 MHz2] 243
ol gt AEEE mE {H5EE I

T}, Kraszewski®} Nelson(1991)& wlo|A 20 Fua

9.0GHzAIA Y (10.7%-204%)) th3} vlo|a=zw} 74)9)
apasle) ¥ o83l AHEY o] FAF Ue| T
& 2hEe et e A&gtd daghe] ek
026%ch T U9 3¢ 78 28197
2t £ FF IFHe) vpo|az FHEHE T
B o 5 MHze| FHFE olgdhs FHEFY 28
9l gg 2AAXNE MR eH =tfH(1998)2 10
MHz pulsed NMR 71 ol&3l] 137129 g8
I ALYFFE ZAE 5 Je YHE AL

olde} TN FAE B AFE] fAEL WHEHe
A7) Fuee £EEF B9 P2 UERA HE
2 SR ue fiee HilE 3y gree
AR & A €} g2 B d7e FUEe 1
Z3} HALHFE o183 g ZHYAE ML) 9
T NZATFEN WY ITIFE R Flo o]
E A& g78 SEUFY 240 JYN TS
AP BN el A8 AEEEY P 1A
A Al AT 2 g L Ngst
7] 918t YA

e N Uy

A2
£ a7l AFgE ETHFL A5 552 2E

9} I71RE TYsle AMREY o 13wiFe 1%
foza EXRES A7 AAY F 639 EHAA
28]9] AEFEE AX AEERE Hol AETIA ¥
7tE9} 37k 27 §4&L 47 593%wb.ot
10.78%w.b. % t}.

WEY Y Aeudha sAAEANY s
855 7]714E dx1d Y4 7| (ELZONE 280PC,
Particle Data Inc., USA)E ©] &3t E43ct. AHS
B YAEA7 e YRk 27l e A7AYE 38
o AlZYAte] A7 HEglolg R JA F
o] Hug o Ry sIFEl, 1ol Fdehe AEE
Age] Z7)E Yehles 717124 045~150 pmH 914
Y77} 2R 7Ves DM AT e HEkE
o} ¥ZWA7L 7z 2754 pm, 6915 pmE YERES.
n 7%7Ee ASE Tylerd EZASAE AMES1S
uF 52339 A7 4= 2 e SeEaRay
1983-1984:ASAE $319)2 ©] 88t 7|37 47 &
7S EFHAE 7zt 78 A3} 40635 umed 280.08
umz JEFstth

A Frg 2L EUAEY AL A3 FF
FE N A% dAskeE A8 caking N2 WAIE
7] 918l =8 271 2EHE F3AETi o 1
Fd 59 Yol AEI} 88 AALHA FFIAE
sigon L7129 P8 HIE 5.93~17.07%w.b.olAM
1155, I27129] 7S 10.87~27.36%wboA 9rE
9] &g JIAEE 2FS

Ay A8 FAAESY -8 ¢ AELAR FF,
YE+= Table 1914 BHeuish 2o,

BEEHFE 43S T/ A% I3 o E 104C,
240 7ke) At 37 LBAZRUFHBAE FARTHE,
1991)0] ®e] AMEEY A EF T o= WHE AHE
o Ao AF HEo IEIZ Qe AA FEIFR
o & AIJE YehiA Eoh@AAT o5, 1987).
el B d7oMe AT LES o83k 60°CY) &
=AM 5709 LFulE AZE7) 22 2 g8 A
BE W of 40N AR E B e A
AsHh

FH, AALF A AR 2= FHLE 27
~28CE HA 34}

TEHY S8 MEEC A BHUSY HIYAAH

FESE 238 Y2 e 130} EElE o8
o] Bjo] Lo|g HYPHFWY TS Fig 15 Zo] 4
Al - AZeiact. FHe) AL vy FUT AAPES
FAE e EFuEe Ao S8 Ars
2 cm, £ 4125 cm’E A FsIh Al AR
BEEo] FAA F71Y 7399 ol&3 FAHLTF



106 AjAEgst A3 A 2E (1999

Table 1. Moisture contents, bulk densities and particle size of samples

Wheat flour Red-pepper powder
M“j‘;f;;“’)“‘e“‘ Bulk density (g/em’) Pa‘?;fl)sm ?5%?? Bulk density (g/em®) T m(‘;i;)s‘zc
5.93 06012 07248 0.7758 1078 06012 0.6933 0.7297
7.19 05964 07442  0.8630 1240 05794 07079  0.7442
8.78 0.5867 0.6836 0.7685 1461 06521 07176  0.7903
9.54 06012 06909 08291 1604 06303 07175 0.7855
11.50 0.5842 0.6594 0.7297 27.54 1757 05915 06448 07200  406.35
12.23 04921 06545 0.7588  +6915 1862 05552 06061 06764 T 280.08
13.13 0.5867 0.6861 0.7467 1971 05673 0.6279 06715
14.77 05333 0.6521 0.7055 2257 04848 05600 0.5988
15.57 0.5479 0.6836 0.7782 2736 04655 05527 0.5988
16.08 05503 0.6557 0.7418
17.07 05212 06764 0.7976
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Fig, 1, Parallel plate type sample holder.
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Table 2. Capacitance of sample holder in frequency range
of 0.5 to 30 MHz

Frequency

05 1 5 10 20 30
(MHz)
Capacitance

144 146 144 143 146 147
(P
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Fig. 2. RF capacitance measurement of sample holder fil-
led with samples using Q-meter.
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Fig. 3. Plot of moisture content vs. capacitance of sample
holder filded with wheat flour and red-pepper power at
several frequencies. (a): Wheat flour, (b): Red-pepper pow-
der.
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Fig. 4. Bulk density dependance of sample holder fllled
with samples at indicated moisture contents at 5 MHz. (a):
Wheat flour, (b): Red-pepper powder.

A A&AQl Fule 7hHo] BrVsseR 05, 1, 5, 10,
20, 30 MHz®) 67] %o 2 3RS 24 3At

dn % &

g oHE MEEcie BN

AEFEU AR AHEYE HE YR A%
0.492~0.602 glem’, AF7HE2 734 0465~0.652g/
em’e] FEOE KA UL TR Wzl e HE
EFojo] LTS B3 A3 Fig. 3004 Eeue) 2
o] 7} 2AF AN ol Wt Frisle A%E
ezl 2y 548 SRS e 4 3350
o whe FALHE T AYS UehiA g A
o2 ENEAT

MRS R HHBY
AEFUY AR AHEUE tE FHLFHe



108 ' RJAEZS A3d A2F (1999)

Fig. 49] 5 MHz8] 73904 R vis} Z2o] Y&
el Agor AEUErt F71e) wet sk
7A%E Jdepided olgjd Adks AEY AEUES}
F7HFE FolZ AA ol A AHG 7 Fo)
3713 HEZ2 £E9 Fri 0E f3e9 Wit
A vzl WiEeln). ol3g A Ay AeE
H2E FAFATAN KARE AE JepiGlen 278
es HAA8F 5L 4% AA4FHNE, 1997)¢
Al AR 3RS depR Sle Ao EAEUAT
by 3F PALFE ol8T FTFY e &
ol ol2E AETUE JFL NisA] BHAFH T}
T ¢ & AUtk

i &3 26 W

ol}e] 8UEHN ELHFe 1Fv AH LT
&g Elohe} Alge] B ¥} & 9%
€ tlAle AR BEYH #§5E SHRYY NP
ol2iF AMEURS] FP B A vkt ol
Frad AEERY Fo= HEHE FEIEGEES
33t 1998 AM8Sl] wrg 54 2l gl
ot

Ell

(a)
. /

(1Y) 0.087% 0.088 ans 0

(b)

185

125
005 0.08 an 01 017
Moisture densitv(s/ce?)
Fig. 5. Relationship between capacitance of the sample
holder and moisture density of wheat flour and red-pepper
powder at 5 MHz.
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Table 3. Regression analysis expressing between the capacitance of sample holder and moisture density of samples
Regression coefficient )
Item(MHz) Frequency(MHz) 2 , R RMSE
Wheat flour 05 1803.121 -134.449 16.174 0.9710 0.751
1 437.569 19.513 18.872 0.9805 0.333
5 922.967 -17.095 14.634 0.9903 0.347
10 1086.782 -42.344 16.716 0.9762 0.558
20 1152.307 -94.359 23.132 0.9535 0.568
30 884.269 48315 20.777 0.9778 0.386
Red-pepper powder 0.5 3038.563 -123.546 2.633 0.9316 3.683
1 2203.117 -154.329 17.944 0.9236 2.388
5 1350.661 -74.944 11.863 0.9373 1.438
10 1882.485 -111.155 13.681 0.8972 2,570
20 1200.057 -85.734 18.972 0.8983 1.509
30 1868.938 -240.410 26.562 0.8969 1.514
All samples 05 4465.200 -519.763 28317 0.9063 3.295
1 2666.448 -313.978 29.841 0.8784 2.243
5 2154.513 216413 22.606 0.8925 2.031
10 1293.150 -110.823 18.270 0.7943 2.050
20 1296.345 -140.238 24.929 0.8021 1.617
30 1307.917 -147.660 24.780 0.7605 1.752
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Fig. 6. Relation between measured moisture content and
predicted moisture content by equation (5). (a): Wheat flour,
(b): Red-pepper powder.
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