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Abstract

The present study was carried out to investigate the physicochemical properties of hot water extracts of red ginseng
powder prepared by two-stage hot air drying method using steamed ginseng and steaming liquid for 2.5 h under
high-temperature and high-pressure autoclave condition. The total polyphenols, total flavonoids, total sugar, acid
polysaccharides and crude saponin in hot water extracts from red ginseng powder were analyzed and determined,
and the flavor components of ginseng were measured using color difference meter and an electronic tongue. The
total polyphenol, total flavonoid, total polysaccharide, and acid polysaccharide of the red ginseng hot water extract
obtained by autoclaving (ARG) were 9.06 mg GAE/g, 3.38 mg NE/g, 35.22 g/100 g, and 10.90 g/100 g, respectively.
The final contents of the total polyphenols, total flavonoids, crude saponin were higher than those determined using
other red ginseng methods; the time required for steamed red ginseng production reduced. The total ginsenoside
content of ginseng including Rb1 was 10.69 mg/g, which is the lowest ARG. The processing conditions affected
the conversion to ginsenosides unique to red ginseng. Red ginseng and steaming liquid obtained from the autoclave
are expected to be in need for non-food materials and products as well as foods by improving the flavor components

through conversion of red ginseng components into low molecular weight.
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Table 1. The basic characteristics of different part of 6-year old
ginseng

Characteristics Rhizome  Main root  Lateral root  Fine root
Weight (g) 205:0.11" 1695082  327:0.14 061003
Lengh (mm) 2161098 912415 747323 7144321

Diameter (mm) 1L1:037  198:0.83  4.1:018 168008

"Values are meantSD (n=10).
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Table 2. Functional components of hot water extracts from 6-year old ginseng with different treatments

Characteristics Total polyphenol Total flavonoid Total sugar Acidic polysaccharide Crude saponin
(mgGAE/g) (mgNE/g) (g/100 g) (g/100 g) (/100 g)
WG 4.80+0.177Y 2.17+0.06" 36.34+1.28° 19.73+091° 7.94£0.12°
SWG 3.19+0.08° 1.09+0.06° 28.25+1.17° 16430.45° 10.79+0.41°
NSWG 5.10£0.15° 1.72+0.06° 34.17+0.79° 10.57+0.38° 6.94+0.16°
SRG 5.79+0.11° 1.92+0.08* 33.73+1.04° 2152+1.05° 8.31+0.09%
RCRG 52140.15° 1.11+0.04¢ 33.59+0.93" 11.59+047 8.79+0.18
ARG 9.60+0.41* 3.38+0.22° 35.22+0.84° 10.900.24¢ 10.220.16*

, white ginseng; , skin parts of white ginseng; white ng without skin; , Ted ginsen, steaming with a steamer; A e, steamin
WG, white ginseng; SWG, skin f white ginseng; NSWG white ginseng without skin, SRG, red ginseng by ing with RCRG, red ginseng by ing

with a rice cooker; ARG, red ginseng by steaming with a autoclave.
DValues are meantSD (n=3).

IValues with different superscript within the same column are significantly different (p<0.05).
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Fig. 1. HPLC chromatogram of collected steaming liquid (A) and hot water extract (B) of ARG from 6-year old ginseng with a autoclave.

Chromatographic separation was accomplished using a gradient solvent system with acetonitrile-water; HPLC, high-performnce liquid chromatography; ARG, steaming liquid treated
dried red ginseng by steaming with a autoclave; Rgl, ginsenoside Rgl; Rf, ginsenoside Rf; Rbl, ginsenoside Rbl; Rg2, ginsenoside Rg2; Re, ginsenoside Re; Rb2, ginsenoside

Rb2; Rd, ginsenoside

Rd.

Table 3. Ginsenosides contents of hot water extracts from 6-year old ginseng with different treatments

Ginsenosides (mg/g)

Characteristics

Rgl Re Rf Rbl Rg2 Re Rb2 Rd Total

WwG" 2.59 571 L1 033 42 278 147 075 18.96
SWG 3.60 13.03 2.09 1.16 8.80 6.94 335 1.07 40.04
NSWG 3.06 357 140 0.00 3.55 0.62 0.78 0.28 13.26
SRG 2.13 495 120 0.56 6.08 3.4 2.84 0.61 2151
RCRG 338 6.35 1.67 0.50 7.81 378 235 0.66 26.50
ARG 0.79 0.86 1.35 1.52 2.59 1.92 0.83 0.83 10.69

WG, white ginseng; SWG, skin parts of white ginseng; NSWG white ginseng without skin; SRG, red ginseng by steaming with a steamer; RCRG, red ginseng by steaming
with a rice cooker; ARG, red ginseng by steaming with a autoclave.
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Table 4. Color properties of hot water extracts from 6-year old
ginseng with different treatments

Characteristics Lightness Redness Yellowness  Color difference
(9] @ ) (AE)
WG 828882707 0.07:001°  422:081° 13762022
SWG 8159£138"  027:003 639003  15.76:0.18°
NSWG  7943:142°  071:004"  582001°  17.56:0.17°
SRG 8128£139"  0.10:001° 5751006 1579033
RCRG  8L47:168"  020:0.02°  526:001°  15442026°
ARG 738912600  179:017°  16.6810.10°  27.80:0.49"

WG, white ginseng; SWG, skin parts of white ginseng; NSWG white ginseng without
skin; SRG, red ginseng by steaming with a steamer; RCRG, red ginseng by steaming
with a rice cooker; ARG, red ginseng by steaming with a autoclave.

MValues are meantSD (n=3).

Values with different superscript within the same column are significantly different
(p<0.05).
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Table 5. Pearson correlation coefficients between various characteristics values of hot water extracts from 6-year old ginseng with different

treatments
Total polyphenol Total flavonoid Total sugar Acidic polysaccharides ~ Crude saponin Color difference (AE)

Total polyphenol 1.000 0.792"" 0322 0.135 0.024 0.800°

Total flavonoid 1.000 0.390 0.013 0.010 0.637

Total sugar 1.000 0.002 0.343 0.048

Acidic polysaccharides 1.000 0.003 0.300
Crude saponin 1.000 0.168

Color difference (AE) 1.000

""Values represents p<0.05.
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Fig. 2. Score plots of principal component analysis (PCA) for hot water extracts from 6-year old ginseng with different treatments by

electronic tongue analysis.

WG, white ginseng; SWG, skin parts of white ginseng; NSWG white ginseng without skin; SRG, red ginseng by steaming with a steamer; RCRG, red ginseng by steaming

with a rice cooker; ARG, red ginseng by steaming with a autoclave.
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Fig. 3. Radar fingerprints of electronic tongue sensors for hot water
extracts from 6 year old ginseng with different treatment.

WG, white ginseng; SWG, skin parts of white ginseng; NSWG white ginseng without
skin, SRG, red ginseng by steaming with a steamer; RCRG, red ginseng by steaming
with a rice cooker; ARG, red ginseng by steaming with a autoclave; SRS, sourness;
GPS, metallic; STS, saltiness; UMS, umami; SPS, spiciness; SWS, sweetness; BRS,
bitterness.
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