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Abstract : This paper describes the determination of bulk density and the discrimination of internal
structure of red ginseng by nuclear magnetic resonance (NMR). The 102 red ginseng roots were
tested for bulk density. The NMR properties measured by NMR parameters such as spin-lattice re-
laxation time (T)) and spin-spin relaxation time (T.) were determined using the low field proton
NMR analyzer. Bulk density of red ginseng root showed a highly negative significant correlation (r=
-0.8934) with the value of T,, but a highly positive significant correlation (r=0.7672 and 0.5909)
with the value of Txu (short T.) and T (long T.), respectively. Multiple regression equation, Y=
-0.0069 - T:1+0.3044 - T»-0.0156 - T1-0.6368, using the MNR parameter values of 80 red ginseng
roots can effectively predict the bulk density of 22 red ginseng roots with the correlation coefficient
of 0.9396 and the standard error of 0.086. The differences in the internal structure of normal and in-
side white part of red ginseng were easily found by the signal intensity of NMR image based on
magnetic properties of proton nucleus.
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Table 1. Distribution of NMR parameters obtained from red ginseng roots followed by bulk density

Bulk densit Range 1.3< 1.2~1.3 1.0~12 0.8~1.0 0.8>
(“/ ;;“S‘ ¥ Mean 1.350 1.252 1.089 0.892 0.661
g/cm S.D. 0.034 0.032 0.058 0.073 0.098
Number of root 31 25 21 10 15
Mean 109.6 124.5 141.0 167.8 180.0
S.D. 14.86 8.07 11.75 14.11 13.40
T, (msec) Max. 136.3 137.8 158.6 186.4 2145
Min. 82.3 109.3 125.6 141.0 158.0
Mean 10.87 10.60 10.43 10.18 10.08
T S.D. 0.29 0.21 0.22 0.28 0.13
u (Hsec) Max. 11.28 10.99 10.74 10.64 10.26
Min. 10.22 10.07 10.01 9.92 9.76
Mean 36.86 33.54 31.33 28.19 28.01
S.D. 5.79 4.46 4.16 3.86 2.92
T, (usec) Max. 4952 44.23 37.95 36.51 33.83
Min. 26.07 25.58 25.40 24.64 23.70

Table 2. The correlation between bulk density and
NMR parameters for red ginseng roots

Variabl Regression Correlation Standard
ariables Equation Coefficient  Error
T, (msec) Y=-0.0078X+2.1837 -0.8934™*  0.1108
T, (psec) Y=0.5112X-4.2570  0.7672**  0.1582
T, (usec) Y=0.0257X+0.2828  0.5909**  0.1989

**Significant at p=0.01
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Fig. 1. The correlation between bhulk density and
NMR T, relaxation time for red ginseng roots.
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Fig. 2. The correlation between observed and
predicted bulk density by multiple regression
equation in 22 red ginseng roots.
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Table 3. The results of multiple regression analysis between bulk density and NMR parameters (T, T and T,)

in 80 red ginseng roots

Multiple regression equation

Correlation Standard error

Y{(bulk density)=-0.0069 - T,+0.3044 - T

-0.0156 - T»-0.6368

0.9021** 0.1086

** Significant at p=0.01
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(A) Normal
Fig. 3. NMR images of cross section of internal struc-
ture in normal and abnormal red ginseng roots.

(B) Abnormal
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