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Abstract The quality and functional properties of red ginseng in relation to steaming and drying conditions were evaluated.
Fresh ginseng (5-year roots), cultivated in the Punggi region, were steamed for 2.5, 3.5, or 4.5 hr, and then dried by hot-air
(60-65°C/24 hr and 40°C/34 d), freezing (-80°C/56 hr), and infrared (900 W/62°C/68 hr). Hunter’s yellowness (b-value) and
browning indexes (420 nm) of the samples were higher in the rootlets than in the main roots. Furthermore, these same index
values were found to be high in the order of 3.5, 4.5, and 2.5hr and infrared, hot-air, and freezing for steaming and
subsequent drying, respectively. Analysis of soluble solids, total phenolics, total flavonoids, acidic polysaccharides, and
electron donating abilities of the steamed and dried samples showed that 3.5 hr of steaming with infrared drying was optimal.
However, crude saponin contents were not influenced by steaming and drying conditions. The contents of ginsenoside-Rg,, -
Re, -Rf, and -Rb,, which were the major components in the samples, were reduced with steaming time, while the amounts
of -Rg, and -Rh, increased, reaching the highest levels at 3.5 and 4.5hr in the main roots and rootlets, respectively. The
contents of -Rg; and -Rh, were similar in both the freeze-dried and hot-air dried samples.
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Table 1. Color values and browning index of red ginseng prepared with different steaming time

Steaming time (hr) 2.5 35 45
Parts Root Rootlet Root Rootlet Root Rootlet
L 89.04+0.50* 86.12£0.08° 87.31+0.51° 84.19+3.43¢ 88.38£0.69* 80.67+0.94
Color value" a -0.32+0.04 0.07£0.01° -0.1940.09° 1.0410.05* -0.3710.05¢ 1.01£0.18°
of powder b 14.22+0.20° 17.18£0.34° 18.66+0.59° 20.67+2.24° 15.81£0.37° 21.15+£0.80°
AE  15.00+0.45¢ 19.121£0.32° 19.65+0.75° 26.61 035 16.68+0.70° 25.71+1.23°
L 99.08+0.01° 96.12+0.05° 97.01£0.04¢ 97.900.08° 97.86+0.24% 98.311+0.32°
Color value of a -0.74£0.02° -0.87£0.08 -1.65+0.03¢ -1.66+0.01¢ -0.9510.03 -133+0.17
50%-ethanol extracts b 4.22£0.02° 6.16£0.07¢ 8.8740.02* 8.54+0.06° 592+40.18° 7.16£0.10°
AE 4.07+0.00° 7.16 £0.00° 9.22+0.00* 8.6310.00° 6.10£0.00° 7.16£0.00°
Browning index (0.D. 420 nm) 0.074+0.002°  0.079+£0.001°  0.170£0.004*  0.170£0.001*  0.091£0.001°  0.129+0.000°
UL: Degree of lightness (white +100 <> 0 black).
a: Degree of redness (red +100 <> -80 green).
b: Degree of yellowness (yellow +70 <> -80 blue).
AE: Overall color difference (#/ AL+ Aa® + Ab? ).
*IMeans £ SD (n = 3) within the same row with different superscript letters are significantly different at p <0.01.
Table 2. Color values and browning index of red ginseng with different drying methods
Drying methods Commercial hot-air drying Freeze drying Far-infrared drying
Parts Root Rootlet Root Rootlet Root Rootlet
L - 87.05+1.06° 82.82+0.19° 84.89+0.42° 83.2010.74% 84.831+0.13° 84.02£0.54"
Color value” a -0.15+0.08° 0.53+0.08* -0.021+0.04° 0.324£0.14° 0.52+0.04* 0.44+0.11°
of powder b 18.621+0.20° 20.93+0.24° 18.57+0.39° 21.77+£0.72* 2026+0.27 20.11£0.66°
AE  19.77%0.64° 24.12+£0.31* 20.98+0.57° 24.55+1.02¢ 22.38+0.30° 22.7310.85
L 98.00+0.06° 97.66+0.30° 97.75+0.35° 96.88+0.28, 95.24+0.16° 98.44£0.08°
Color value of a -1.72£0.02° -1.8610.03° -0.62+0.03 -0.65+0.01° 2.54+0.04° -1.72+0.03°
50%-ethanol extracts b 8.87£0.08° 9.15+0.06" 4.96+0.13" 8.1410.11° 13.68 +£0.02° 8.71+0.06°
AE 8.931£0.00° 9.32+0.00° 5.25+0.00 8.4610.00° 14.42+0.00° 8.67+0.00
Browning index (O.D. 420 nm) 0.204£0.002°  0.192£0.002°  0.104£0.001°  0.160+0.001°  0363+0.002"  0.18440.001°

YL: Degree of whiteness (white +100 <> 0 black).
a: Degree of redness (red +100 < -80 green).
b: Degree of yellowness (yellow +70 <> -80 blue).

AE: Overall color difference («/ AL? + Aa” + Ab2 ).

*®Means + SD (n = 3) within the same row with different superscript letters are significantly different at p <0.01.
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Table 3. Soluble solids, total phenolics, total flavonoid, acidic polysaccharide, electron donating ability, and nitrite scavenging ability of

red ginseng prepared with different steaming time

Steaming time (hr) 25 35 45
Parts Main root Rootlet Main root Rootlet Main root Rootlet
Soluble solids (%) 1.390£0.070°  0.865+0.021 0.855+0.007° 0.870+£0.014* 0905+0.021"® 0.820%0.014°
Total phenolics (mg%) 13.062£0.141°  16.81+0.516° 15.706+0.131° 16.567£0.296° 14.51F+0.645° 16.478+0.115
Total flavonoid (mg%, d.b.) 0.100£0.004" 0.106+£0.004° 0.106+£0.008° 0.121£0.004* 0.104+0.003° 0.119%0.001°
Acidic polysaccharide (mg%) ~ 2213+0.029° 3.78940.110°  4.682+0469° 5379+0201° 5275+0.017° 3.393+0.122¢
Electron donating ability (%)  51.910+£0.510° 47.760+0.851° 51.340+1.480™ 49.870+0.690* 53.940+0.800° 50.050 +0.710%
Nitrite pH12 6596321  7040+1.08°  6686+184° 67571143 59.88+0.70°  61.20%1.25°
scavenging pH3.0 6635£3.78° 65121095  5996+131°  63.63£2.00° 6537+172°  5926%+1.16°
ability pH 4.2 58.65£1.19°  57.50+0.62° 56994048  5335+1.16°  5048+=1.10°  51.31%0.42°
0,
) pH 6.0 51.79£1.84°  5555+060°  5339+049°  4748+120°  5332%047°  47.40%0.60°

*9Means + SD (n=3) within the same row with different superscript letters are significantly different at p <0.01.

Table 4. Soluble solids, total phenolics, total flavonoid, acidic polysaccharide, electron donating ability, and nitrite scavenging ability of

red ginseng with different drying methods

Drying methods Commercial hot-air drying Freeze drying Far-infrared drying
Parts Main root Rootlet Main root Rootlet Main root Rootlet
Soluble solids (%) 0.740£0.042*  0.815+0.021°  0.560+£0.014°  0.535+0.035°  0.595+0.106°  0.850+0.424°
Total phenolics (mg%) 8661+£0227° 10.082+0.150° 11.401+0.064° 11.833+0225 11.167+0.100°  10.766=+0.150°
Total flavonoid (mg%) 0.141£0.004®°  0.142+0.003®  0.101£0.003°  0.133£0.003°  0.153+£0.004*°  0.144+0.005
Acidic polysaccharide (mg%) 2.501+0.077°  3.685+0.218% 3342£0.103  4.034+0344*  3.619+0.158*  3.931+0.185%
Electron donating ability (%) 47.640+1.780°  49.900+0.290° 37.640+£1360° 30.28010.950° 49.420+0.580° 38.350+0.860"
Niti PH12 58034+251° 61.980+1.46"  54.409+2.78  49.874+125%  52.900+225%¢  58.501+1.43%
e pH3.0 602504194  62.066+-188°  55.8084237%  65.004+2.54° 53425+ 1.16° 583284021
scavenging ability X . . " .
) pH42 50930+0.73*  51.192+£1.22°  47.146+123 50.619+0.71 46247+049°  46.96140.49
pH6.0 40939+0.64° 45396+0.50°  45.065+0.69" 45800+0.89"  46.742+1.50°  43.666+0.86°

*9Means + SD (n=3) within the same row with different superscript letters are significantly different at p <0.01.
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Table 5. Crude saponin and ginsenoside of red ginseng prepared with different steaming time

Steaming time (hr) 25 35 45
Parts Main root Rootlet Main root Rootlet Main root Rootlet
Crude saponin (%) 3.838£0.025° 8.918+£0.669° 4435£0.510° 9.608%0.569° 3.57610.573°  10.24310.791°
Ry 757379+56.558° 853.046+£2.721° 7785561 1.579% 947.881£17.90°  754.04013.691°  818.692+49.219*

R,  535.766+50.925" 1176.203+107.381* 423.45816.889" 1213.765+0.960°
86.445+1.837"

Ry 99.656+£30.087° 151.900+8.438"

327.671+54.275° 1196.175+£20.948*

119.300£4.163*  75.7352+13.830° 165.616+32.570°

Ry 2483243205  72444£0.172° 14811+0213°  73.532+1227° 20772£2.007°  39.648+2.476°

. o Ry 1185510992° 2445842035 11.779+0.109° 2647010408  9.569+1.747°  27.773+2341°
G“(‘;e‘ﬁgs)‘de R, 64774+6.152  217304£21290° 61.647£0.673 247.53111613°  46.615+£9.248°  249.354+19.340°
&7 R,  73259£6.062° 16504215579 6869714493 196.010£1.650°  56.505£10.896° 201.615£16.516"

R, 1947240943 7557416349 165272011  88.524%0.158  5821%£1.124°  97.119£9.555°

Ry 2189£0065°  15.003E1.565% 85694309  17.787+1.136®  5175£1.041¢  23.121£4951°

Rp  344140.191°  20349+0.537°  9.504+2542°  20.708+1.142*  4.141%£0.184° 243585353

Total 1692.624 + 148.642°2871.322 4 148.818* 1580.082 + 24.232 3051.508 - 15.692° 1406.046+95.965° 2943.501 +0.305°

“Means + SD (n=3) within the same row with different superscript letters are significantly different at p < 0.01.

Table 6. Crude saponin and ginsenoside of red ginseng prepared with different drying methods

Drying methods Commercial hot-air drying Freeze drying Far-infrared drying
Parts Main root Rootlet Main root Rootlet Main root Rootlet
Crude saponin (%) 3.610£0.489° 8.839+0.539° 4.6831£0.438° 8.643 £0.283° 54161+1.763° 8.556+£0.593°
Ry 667.586+28.855° 689.373£5.932°  520.570+0.213°  669.706+67.454* 562400+1.535° 694.118+112.703°

R, 380.578+19.479° 1030.086+6.175°
R, 70.985£9.196°  134.620+1.183*

525.8541148.801°1679.965+£10.494° 361.528+844.537° 844.538+112.703"
82.328+4.931%

89.751£1.541%  79.100£20.590 113.069+26.301®

Ry 922942782  11.396+0.770°  30.791£2.154°  91311+2.1760  37.509+1.639°  44.81140.183°
o Ry, 976910871  23206+0207*  12.459+0.799%  16.660+0.622%  12.724+4.665°  20.235+2.851%
G“(‘Ef;‘ozs)‘de R, 51.637+5412°  219.463£0354  74507+7.139° 150874%1.772°  77.335£20.017° 206.050+9.739°
Ry, 6171815888  170.606+0.622°  81.897+5358° 114.976+0.881°  77.335+£17.327° 151.130+20.123
R, 6.45810.697°  81.633+1.504°  24.714+3267°  51.304+1503°  48380£3.880°  74.308+11.575°
Ry 12.589+1.046™  18967+2.136"  13.625+2.058°  16492+0.859®  7.549+3.651° 8.310+0.530°
R, 879911343  17.949+0.842 9.778+1.930°  14.36410.845" 5513+ 1.730° 8.986 +0.809°

Total 2669.323 +149.137°4860.453+16.911° 2824.804+346.712°5971.115+ 165.270° 2667.287+ 55.833° 4411.235+332.452°

*Means + SD (n =3) within the same row with different superscript letters are significantly different at p <0.01.
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