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Physicochemical and Sensory Characteristics of Hot Water Extracts of
Codonopsis lanceolata Root Skin and Flesh with Different Heat Treatments

Susie Ahn, Jaecheol Kim, Hyunnho Cho, Sun Young Park, and Keum Taek Hwang*
Department of Food and Nutrition, and Research Institute of Human Ecology, Seoul National University

Abstract In this study, the physicochemical and sensory characteristics of hot water extracts of Codonopsis lanceolata
root skin (RS) and root flesh (RF) subjected to different heat treatments were analyzed to determine whether C. lanceolata
RS can be used as a tea material. C. lanceolata RS and RF were roasted, hot-air dried (HDS and HDF, respectively), or
steamed and hot-air dried (SHDS and SHDF, respectively). The heat-treated samples were extracted with hot water (90°C)
for 90 min. The hot water extracts of RS and RF had lower L-values and higher b-values than the other samples. The
RS extracts had significantly higher polyphenol content and DPPH radical scavenging activities than RF samples. In the
sensory evaluation, the color acceptability of the teas made from CS, HDS, and SHDS were found to be significantly
different from those of the teas made from their respective flesh samples. The results suggest that the hot water extract

of the C. lanceolata RS can be utilized as a tea material.
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Table 1. pH, color values (Hunter L, a and b) and browning index of hot water extracts from Codonopsis lanceolata root skin and flesh

with different heat treatments

Color value o
Sample pH Browning index
L a b
CS 4.59+0.03*¢ 97.22+0.23%A -0.37+0.04*4 8.25+0.08*5C 0.19+0.02*
CF 5.52+0.07*° 08.78+0.18** -0.60£0.08*° 4.05+£0.36*° 0.06+0.00°*
RS 4.5240.03*P 94.98+0.91" -0.71£0.09® 13.28+1.88* 0.18+0.02
RF 5.86:+0.09** 95.53+0.27° -0.70+0.08° 10.58+0.68* 0.20+0.02*
HDS 4.69+0.04*8 96.36+0.12** -0.69+0.03*8 10.04+0.578 0.17+0.04
HDF 5.75+0.02%° 95.39+0.07*° -0.80:£0.06*° 11.12+0.36° 0.13+0.01°
SHDS 5.53+0.03*4 97.07+0.44* -0.44+0.04" 6.78+0.81*¢ 0.21+0.03
SHDF 5.90+0.03** 98.16+1.17° -0.16+0.19* 4.80+0.29%° 0.21£0.06*

CS, control skin; CF, control flesh; RS, roasted skin; RF, roasted flesh; HDS, hot-air dried skin; HDF, hot-air dried flesh, SHDS, steamed and hot-

air dried skin; and SHDF, steamed and hot-air dried flesh

All data represent mean valueststandard deviations of three separate experiments.
*Significant difference between skin and flesh under the same treatment (p<0.05 by #-test).
Different large letters in the same columns indicate significant differences among skin samples (p<0.05 by ANOVA and Duncan’s multiple range

test).

Different small letters in the same columns indicate significant differences among flesh samples (p<0.05 by ANOVA and Duncan’s multiple range

test).

Table 2. Total sugar and reducing sugar contents of hot water
extracts from Codonopsis lanceolata root skin and flesh with
different heat treatments (g/g, dry basis)

Sample Total sugar Reducing sugar
CS 0.62+0.09*® 0.15+0.01*"
CF 0.63+0.15 0.32+0.01**
RS 0.5440.03*8 0.17+0.00%"
RF 0.73+0.08* 0.23+0.02*°

HDS 0.6120.03*? 0.21+0.02*
HDF 0.71£0.09 0.22+0.01°
SHDS 0.67+0.03** 0.10£0.01*¢
SHDF 0.75+0.03* 0.06+0.00*°

CS, control skin; CF, control flesh; RS, roasted skin; RF, roasted flesh;
HDS, hot-air dried skin; HDF, hot-air dried flesh, SHDS, steamed and
hot-air dried skin; and SHDF, steamed and hot-air dried flesh

All data represent mean values+standard deviations of three separate
experiments.

*Significant difference between skin and flesh under the same
treatment (p<0.05 by r-test).

Different large letters in the same columns indicate significant
differences among skin samples (p<0.05 by ANOVA and Duncan’s
multiple range test).

Different small letters in the same columns indicate significant
differences among flesh samples (p<0.05 by ANOVA and Duncan’s
multiple range test).
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Fig. 1. Crude saponin contents of hot water extracts from
Codonopsis lanceolata root skin and flesh with different heat
treatments. CS, control skin; CF, control flesh; RS, roasted skin; RF,
roasted flesh; HDS, hot-air dried skin; HDF, hot-air dried flesh,
SHDS, steamed and hot-air dried skin; and SHDF, steamed and hot-
air dried flesh. All data represent mean values+standard deviations
of three separate experiments. *Significant difference between skin
and flesh under the same treatment (p<0.05 by #-test). Different
small letters indicate significant differences among flesh samples
(»<0.05 by ANOVA and Duncan’s multiple range test).
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Polyphenol
(mg GAE/g extract, dry basis)

Control Roasting

Hot-air drying |[Steaming and hot-
air drying

Fig. 2. Total polyphenol contents of hot water extracts from
Codonopsis lanceolata root skin and flesh with different heat
treatments. CS, control skin; CF, control flesh; RS, roasted skin; RF,
roasted flesh; HDS, hot-air dried skin; HDF, hot-air dried flesh,
SHDS, steamed and hot-air dried skin; and SHDF, steamed and hot-
air dried flesh. All data represent mean values+standard deviations
of three separate experiments. *Significant difference between skin
and flesh under the same treatment (»p<0.05 by #-test). Different large
letters indicate significant differences among skin samples (»p<0.05
by ANOVA and Duncan’s multiple range test). Different small
letters indicate significant differences among flesh samples (»p<0.05
by ANOVA and Duncan’s multiple range test).
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Fig. 3. DPPH radical scavenging activity of hot water extracts
from Codonopsis lanceolata root skin and flesh with different
heat treatments. CS, control skin; CF, control flesh; RS, roasted
skin; RF, roasted flesh; HDS, hot-air dried skin; HDF, hot-air dried
flesh, SHDS, steamed and hot-air dried skin; and SHDF, steamed
and hot-air dried flesh. All data represent mean values+standard
deviations of three separate experiments. *Significant difference
between skin and flesh under the same treatment (p<0.05 by #-test).
Different large letters indicate significant differences among skin
samples (p<0.05 by ANOVA and Duncan’s multiple range test).
Different small letters indicate significant differences among flesh
samples (p<0.05 by ANOVA and Duncan’s multiple range test).
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Fig. 4. ABTS radical scavenging activity of hot water extracts
from Codonopsis lanceolata root skin and flesh with different
heat treatments. CS, control skin; CF, control flesh; RS, roasted
skin; RF, roasted flesh; HDS, hot-air dried skin; HDF, hot-air dried
flesh, SHDS, steamed and hot-air dried skin; and SHDF, steamed
and hot-air dried flesh. All data represent mean values+standard
deviations of three separate experiments. *Significant difference
between skin and flesh under the same treatment (p<0.05 by r-test).
Different small letters indicate significant differences among flesh
samples (p<0.05 by ANOVA and Duncan’s multiple range test).
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Table 3. Sensory scores of teas made from Codonopsis lanceolata root skin and flesh with different heat treatments
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Taste Flavor Taste Color Overall acceptability

CS 4.14+1.41 3.28+1.44 4.45+1.18%5¢ 3.72+1.51

CF 4.00£1.16° 3.31£1.34° 3.59+1.38*° 3.38+1.12°

RS 4.24+1.06 3.62£1.57 4.79+1.0178 3.97+1.27

RF 4.62+1.27" 4.21+1.66° 4.69+1.23% 4.45+1.50°
HDS 4.45+0.99 3.90+1.29% 5.34+0.94%*A 4.38+1.24
HDF 5.00+1.25° 5.03+1.61** 4.59+1.40* 5.00+1.49°
SHDS 4.31+0.81 3.69+1.11 3.97+1.18%¢ 3.97+1.05
SHDF 4.10+0.82° 3.59+1.43% 3.34+1.01*° 3.62+1.12°

The values are hedonic scores (1, extremely dislike; 7, extremely like) (#=29).
CS, control skin; CF, control flesh; RS, roasted skin; RF, roasted flesh; HDS, hot-air dried skin; HDF, hot-air dried flesh, SHDS, steamed and hot-

air dried skin; and SHDF, steamed and hot-air dried flesh

All data represent mean values+standard deviations of three separate experiments.

*Significant difference between skin and flesh under the same treatment (p<0.05 by #-test).

Different large letters in the same columns indicate significant differences among skin samples (p<0.05 by ANOVA and Duncan’s multiple range test).
Ditferent small letters in the same columns indicate significant differences among flesh samples (p<0.05 by ANOVA and Duncan’s multiple range test).
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