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Abstract

A 10 MHz pulsed 'H NMR system (NMS110) was used to measure moisture contents (MC) of red-pepper
powder nondestructively using FID and Spin Echo pulse techniques. To determine the best FID pulse al-
gorithm, 3 time-windows were selected. The FID algorithm showed the most accuracy at the case of 0.05~0.1
ms time window. Prediction models for MC measurement using FID and spin echo signals were developed.
The model using the FID signal had SEC of 1.20% and SEP of 1.40%. The model using the spin echo signal
had SEC of 1.27% and SEP of 1.60%. This result proved that the low resolution pulsed NMR system could
be used for nondestructive MC measurement of red-pepper powder.
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Fig. 1. "H NMR moisture sensor.
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Fig. 2. Typical FID signal.
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Table 1. Chemical composition of red-pepper powder
(unit: %)
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Table 2. Comparison of sample window to predict MC
of red-pepper powder
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Fig. 4. Calibration model for the FID signals.
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Fig. 5. Prediction model for moisture measurement.

.

10
% 28

AN AFE F 20709 &S MY g A
24§ sidstg et g 2o A Al 0.970]
213 SECE 1.20%0]91ew, 1 A3+ Fig. 49 #tt,

3 RdE AEsr] Askd 190 MEL o] 85
o HE& AAlstart. Fig 5S¢ 45 2948 Jehlizn
Ren, QL BRE B3lod 3§ P& NMS110E
o] g3je] 233 Axg wlwsta elvk HZol gt
AR A e 096019 31, HF 2 AHSEPRE 1.40%01 1kt

17] AE it SH AL 570 Al Zol] tidfe] H
& e E u 102 o)WY} &% 298 AR
10 MHz NMR & o| &3Pd 93 z3ke] n7}%ol of
A notHH o g F3o] THeTFE & U
Qon, JEEE Fol7] 9% 4 dualFe HA
9 R &8 g Fe Mol HoFE & 5 3

Ay, )

Spin Echo A ZE 0|23 &g =3

Spin Echo 413 & o]&3le] n3otRe] &S
Z3317] Al 25709 AES A Aeldet. MEY A
A Trg HYE 10%58 30%% 29, g8 3
Hlw3 peA B¥aid.

A AE F 1209 A E A3l g8 54
2dg st N3 2de] APASE 0.930)
A3 SECE 127%19eH, 7 Ao Fig. 63} 2t}

Z2Hnd g H4F37) sl 13719 A= o] 83}
o AEE AABIET Fg 7& #H5 298 Yehulx
on, QEHE Bl 5 TrE&3} NMSI0E
ol g3l AT ATE wlwsln Ut HFol hEk
AAATE 0900|123, AS 2 2HSEP)E 1.65%°] ATt

[56] S F A S ' | . J S,
10 12 14 18 18 0 2 24 2% 28
2F Y BT E(%)

Fig. 6. Calibration model for Spin Echo signals.



46 AN EZ

T

b
=
&
L]

10 & e 4 - H O OO S —"

10 12 14 16 18 20 22 24 26 28
QE FHETE(%)
Fig. 7. Prediction model for moisture measurement.

Spin Echo B 27 & o] &3l F4&E FH st
A dele Al 57 A5 dated HiES FHad e
u 15% ot} Spin Echool 2%t 24 & FIDHT}
2 3% 7} @bt Spin Echo 71 o] FID 7)< 4|
& 23 el Ewrt P& o|f Spin Echo?] A5
EgE 2] Aavh AR EE A skl WE
olm], A7y MME Bl Fo] HAHE ¢
d % g HRe vgdrt.

2 %

&= ?i?é NMS110% o] 83t $t48 24 darg]
= H“‘% 4R FE ol g31e] n3HF

& 3%
gyalEe 7}]%_8]—7] -1»]"6]—0:] FID <} Spm Echo AEE
ol gl on ztztol ey 4P S ol 2 A

2 FID 137208 B3ka 2 7214 B & 34

g A 148 A 1% (1997)

o ¥ Hr1E SF) g+ 24 77ho] 0.05~0.
1 msQl F3ho] th& F7tel vl grg S3e AY
71 Egton, AR AS = 0.883, SEPE= 1.32%G ).

3. 439 &3 F3E ol 83 FID A EE Y53}
Fch 2070e] MEE o] &3l Frg 3 2dL
ks n, 19709 MES o) 83l RdS HE3%
o} A% ﬁlrt 0.96, SEP:= 1.40%%]t}.

4. Spin Echo 3 & #E3lo 12709 A4S
3o} g 4 Bd £ Adsia 13709 4
&3t 2dE AFsHch. AAAFE 090, SEP=
1.65%%c}.

4 438 st E o 10 MHz NMRE ©| £3}
W ErlRe] g g AAe g FF o] JEdE
o F Uden, FHe FE=E EolVl A
Hardware ¥ el & dig d37F 33 Al%d 4o
ol

ol &

L o

=
AE_O_]
=

2 #

2391991 i F B HAle] ofF BunFeo &
A B4 MALEY =8 *1%CH5-}E. ek,
HAE. 1991. n3o] EF % 4AHAM A2EY vind

dhatete] =8 B sw A,

2490, 1993. Faa7] gH Y2 & o &8¢ B9 F FiE
FFE AR MLE AT 7124Y. IS AES
2] 18(3): 252-261.

i%‘/ Az 199. @3Fd7 A, d2E7|TFFEY

=%

Di No]a, A. and E. Brosio. 1983. Bound and free water de-
termination by pulsed nuclear magnetic resonance. J.
Food Technol. 18: 125-128.

Miller, B. L., M. S. Lee, J. W. Hughes and Y. Pomeranz.
1981. Measuring high moisture content of cereal grains
by pulsed nuclear magnetic resonance. Cereal Chem.
57(2): 126-129.

Toller, E. W. and Y. C. Hung. 1992. Low resolution pulsed
magnetic resonance for measuring moisture in selected
grains and kernels. J. Agric. Engng. Res. 53: 195-208.

Brusewitz, G. H. and M. L. Stone. 1987. Wheat moisture by
NMR. Transactions of the ASAE 30(3): 1086-1090.

Chung, J. H. and L. R. Verma. 1991. Measurement of Rice
Moisture During Drying Using Resistance-Type Sensors.
Applied Engineering in Agriculture 7(5): 630-635.

%2
o
X,

R
+



