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Abstract

This study investigated the functional properties of lateral roots of red ginseng following roasting treatment. The
ten different conditions, based on the central composite design for roasting parameters, were pre-established according
to roasting temperature(140~2407C) and time(5~25 min). The functional characteristics were monitored using
response surface methodology, whereby polynomial equations and comrelation coefficients were investigated between
roasting conditions. The functional properties of the samples were affected more by roasting time than temperature.
The optimal roasting condition ranges for maximizing the functional qualities of lateral roots of red ginseng were
predicted to be a roasting temperature of 194.5-210.9C, and a roasting time of 13.8-20.0 min
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Table 1. Levels of roasting temperature and time for lateral root
of red ginseng based on central composite design

Level
-2 -1 0 t 2
X;  Roasting temp. (C) 140 165 190 215 240
X,  Roasting time (min) 5 10 15 20 25
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Table 2. Experimental data on soluble solid, total phenolics, electron donating ability, nitrite scavenging activity and acidic polysaccharide
of roasted lateral root of red ginseng by central composite design for response surface analysis

Exp Roasting condition Soluble solid ~ Total phenolics  Electron donating Nitrite scavenging activity (%)  Acidic polysaccharide

No.”  Roasting femp.(C) Rossting time(min) (%, d.b) (mg%, d.b.) ability (%) pH 12 pH 3.0 (mg%, db.)
1 215 20 1.37:0.12” 67.25+0.19 61.00+1.46 83.83+138  78.09+1.89 39140.39
2 215 10 0.88+0.09 85.07+0.04 52.74+0.91 80.79+143  T74.13£255 2.8310.10
3 165 20 0.90+0.08 88.25£0.02 30.54£1.25 72574349 72.93+1.36 2.18+0.38
4 165 10 0.73+0.06 89.81+0.34 54.06+1.36 66.46+13.33  62.11+3.66 3.04+0.24
3 190 15 0.88+0.08 82.17+0.06 53.3410.68 67.02£250  69.0742.57 3.38+0.41
6 190 15 1.08+0.08 81.05+0.16 52.51+0.52 58.7619.85 64.4914.73 3.42+0.10
7 240 15 0.932£0.05 69.42+0.10 75.8440.37 7024+196  69.78+3.28 2621024
8 140 15 0.90+0.02 89.51+0.12 29.97+0.63 3547£7.82  60.78+1.18 2.66:0.17
9 190 25 0.80£0.02 70.68+0.49 73.3140.54 60.02+1.91 62.99+0.78 3.11+0.12
10 190 5 0.81+0.02 88.69+0.24 27.90+0.74 21.48+4.15  49.67+6.32 2.83+0.09

UThe number of experimental conditions by central composite design.

eans £ S.D. (n=3).
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Table 3. Experimental data on crude saponin and ginsenoside contents of roasted lateral root of red ginseng by central composite design

for response surface analysis

Exp] Crude saponin Ginsenoside contents (mg%, d.b.)
No. ) (%a db) Rg; Re Rf Rh! Rb; Rec Rb; Rd Rg3 Rh2 Total
1 4451068"  74096:4726 709.79+1083 60391849 32.60+1501 4031:7.54 9370:897 904233 3137216 27.124355 14.18+320 18404416792
2 4217019  82991:4955 60037£503  4801+550 3781641 3798:1.77 T272:669 59324707 29.62:242 19102066 1127t1.64 1746.10+34.87
3 3781062  941.68+7445 6108414533 593247.18 54024357 37.28+433 751542428 4796+3.50 30402844 21.33£2.66 1000£1.73 1896.95:12.83
4 506:002  827.8014081 72231576 4318663 27.15+11.07 415241752 66.09+1661 356572387 35304841 12.17+291 10.11+0.32 18424745609
b 4701034 712294360 6772043072 81.86123.23 36.68+9.11 3896+794 6969110 950811095 48754436 11.84+0.70 9.63:080 1781962971
6 4894014 8746312972 708.12+6.60  84.1849.19 42.10+16.06 403341556 71.62+827 10163430 41.78+12.11 1083292 1191+2.07 1987.10+1625
7 407:035  60341+12.83 695.32444.63 92224593 31431566 2051:4.32 78741339 7094+1208 31.01+5.54 31.06+342 19.57+042 1674.19+60.27
8 3871033  606.86124.77 639.86:39.05 6939+14.06 24.13+532 1742+2.87 64.06+181 53.02:1004 3031420 11712074 998157 1526.73t93.78
9 38341044  685.63£37.77 732.00:6400 6801485 16771611 39584529 7245:934 64941779 32798354 15324145 1117141 17387313352
10 364:044 6133541714 5224445304 71404851 3656128  42.66+4.65 4672+1757 47.88+4.68 4046+1523 11144030 11.01+145 1443.59+68.36
"The number of experimental conditions was based on the ceniral composite design.
Meanst SD. (n=3).
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Fig. 1. Contour maps for the effect of roasting conditions on soluble solid(A), total phenolics(B), electron donating ability(C), nitrite
scavenging ability {pH 1.2(D) and 3.0(E)}, and acidic polysaccharide(F) of lateral root of red ginseng.
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Table 4. The second order polynomials for soluble solid, total phenolics, electron donating ability, nitrite scavenging activity, and ac1d1c
polysaccharide of lateral root of red ginseng by roasting conditions

Response Second order polynomal equations R’ Pro>F
Soluble solid Yis=1.811242-0.0006278X,-0.074635X,-0.000002357X,+0.000628 X X;-0.001 144X, 0.4199 0.7201
Total phenolics Yre=38.437950-0.196427X;-0.611184X,+0.000385X,°-0.003538X X;-0.001073X, 0.2281 0.9272
Electron donating ability Yepa=144.677995-0.667072X;-10.357210X,+0.000307X;+0.063560X 1 X;-0.015329X,” 0.7422 0.2196
Nitrite scavenging pH1.2 Yai2=-319.536247+2.849151X1+11.052263X2-0.006421X 12-0.006142X 1X2-0.0281610X22 0.6465 0.3670
ability pH3.0 Yrao=-83.770252+0.899255X +7.117930X,-0.001517X,-0.013712X X;-0.127405X;" 0.7194 02531
Acidic polysaccharide Y 1p=1.879305+0,057203X,-0.604076X,-0.00029 1 X, +0.003876X X;-0.003982X,’ 0.7964 0.1458

Table S. The second order polynomials for crude saponin and ginsenoside of lateral root of red ginseng by roasting conditions

Response Second order polynomial equations R’ Pro>F
Crude saponin Youe = - 0968646 + 0.082500X; - 0.270525%; - 0.000336X,” + 0.003064X,X; - 0.010759%;" 0.8635 0.0688
Rg Yra = - 3841.033170 + 39.438221X, + 133.740894X; - 0.089583X," - 0.4054600X,X; - 1.796005X; 0.5754 0.4823
Re Yre = 1321.316453 - 2.923515X; - 58.158494X; - 0.008975)(12 + 0.441800X,X; - 0.627645)(32 0.7747 0.1742
Rf Yre = 72400381 - 0.525410X, + 3.519079X, + 0.0'02131)(12 - 0.007510X,X; - 0.05766«4)(22 0.1760 0.9602
Rh, Yru = -356.966123 + 2.939236X; + 16.102555X; - 0.005168X; - 0.064160X,X; - 0.140361X,’ 0.5728 0.48064
Rb, Yror = - 237257404 + 3.152966X; - 2.769040X; - 0.008784)(12 + (0.013540X, X, + 0.001954)(22 0.9320 0.0189
Re Yre = 32.361307 + 0.095169X, + 0.912748X; - 0.000712)(12 + 0.023820X,X; - 0.136007)(32 0.8399 0.0947
Rb, Yree = - 298.017532 + 3.953620X; - 2.738413X; - 0.012802X," + 0.078670X,X; - 0.375727)(22 0.8106 0.1283
Rd Yes = -165.132587 + 2.009479X; + 2.856360X, - 0.005210X,” - 0.004720X,X; - 0.070596X," 0.5545 0.5160
Rgs Yres = 91790479 - 1.079126X; + 0.771390X; + 0.003381)(12 - 0.002280X:X, + 0.002921%," (0.7733 0.1761
Rh, Yoo = 72.192337 - 00.638170X; - 1.229575X; + 0.001656X," + 0.006030X,X, + 0.004537)(;22 0.9110 0.0316
Total Yrow = - 3308.345857 + 46.422471X; +93.007502X; - 0.124066)(12 + 0.07930X,X; - 3.194593)(22 0.7605 0.1936
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Fig. 2. Contour maps for the effect of roasting conditions on crude saponin(A) and ginsenoside {Rb;(B), Rh:(C) and total(D)} of lateral
root of red ginseng.
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Table 6. Predicted levels of roasting conditions for the maximum
responses of soluble solid, total phenolics, electron donating
ability, nitrite scavenging activity and acidic polysaccharide of
lateral root of red ginseng by the ridge analysis

Response R PooF X X;  Maximum Morphology
Soluble solid 04199 07201 23003 2099 120  Saddle point
Total phenolics 02281 09272 23250 2027 1741  Saddle point
Electron donafing o797 02196 283 2142 9034 Saddle point

ability
Nirite ~ pH12 06465 03670 21236 1724 8031  Max.

scavenging
ability pH3.0 0.7194 02531 22475 1584 7370 Max.

Acidic

polysaccharide 0.7964 0.1458 22317 2248 401

Saddle point

Table 7. Predicted levels of roasting conditions for the maximum
responses of crude saponin and ginsenoside of lateral root of red
ginseng by the ridge analysis

2

Response R ProoF X, X;  Maximum Morphology
Crude saponin  0.8655 0.0688 18737 14.15 483  Maximum
Rgi 05754 04823 17998 1723  869.02 Maximum
Re 0.7747 0.1742 22546 2205  814.78 Saddle point
Rf 01760 09602 24000 1496  81.85 Saddle point
Rby 05728 04864 25507 187 47.14  Saddle point
Rb 09320 00189 18376  5.08 44.14  Saddle point
Re 0.8399 00947 23164 2053 9088 Saddle point
Rb, 08106 01283 20938 1816 9404  Maximum
Rd 05545 05160 18691 1421 4225  Maximum
Rg; 07733 0.1761 23960 1626 3175  Minimum
Rh, 09110 00316 23809 1774 1924 Saddle point
Total 07605 0.1936 19250 1694 194938  Maximum

RSAIZE 1421 B)E 27 290k FATAA L
ol FoAeE ate] A Al = Res 3 Rhpys _,ﬁq-g
T %5*17 o] SRS 11 3hedo] S8 A
UEFARL DL, 53] Rhp= Q4o 7HFEAEA] AAEE & “7J
Z9] sh1E R°E 0911002 o2 HAHLe oAb oz
SRS B ke 1924 mg%h(FE-S-2 = 23809,
FE2AIZ 1774 By o7 o 2= ThEg. 2(C)) ol a9
A2l T ela) A4tz o] 221 triterpenoid <]
dammarane %)l A] C-200]] Z &= o] A 9,15 G e
Aol di3l Hlo] A A ginsenoside Rgze] ko] =71y
™, 3l C-32] OH7]9| Sophorose =, glucose(1—-2)glucose
Agro)] )3l glycosidic bond 3+ G Ra) Hol A A w
Alo] = Rhpo] e Thd S718E Zlo 2 defx] SIth2l).
ol te] F 10%2] A Ate| =8 et FEKiotal ginsenoside)
of thgh vk EHe] ¢ HI32% 19250 & B84zt

334 #1538 A3Z (2008)

1694 ¥ 4 o HPHE XY= WHFHEHOE YESNT
(Fig. 2(D)).

Table 8. Regression analysis for regression model of soluble solid,
total phenolics, electron donating ability, nitrite scavenging
activity, and acidic polysaccharide of lateral root of red ginseng
by roasting conditions

F-Ratio”
Roasting Nitrite scavenging -
condition 301111%16 hTOti# (]jilenc;ttrutirgl ability IACId}llzﬁd
SOI1 CNolLICS g Sacc e
P ability  pH 12 pH 3.0 P
Roasting o5 029 289 L1310 5,06+
temp.
Roasting o1 017 144 160 255 351
fime

Significant at 10% level ; “significant at 5% level ;  significant at 1% level.

Table 9. Regression analysis for regression model of crude
saponin and ginsenoside of lateral root of red ginseng by roasting
conditions

F-Raiio”

Rstng
mnmsacgﬁlelReRthlel R Ry Rl Ry R Tud

Rusting e, 577 158 1% 019 143 38 18 38 159 36 1290 231
Rosting tire 795 L11 448 006 161 046 516 413 051 06 061 345

VSignificant at 10% level; “significant at 5% level, ~ significant at 1% level.

240

215 1

190 1

Roasting temp.(TC)

165 7

1M ey
8

Roasting time {min)

Fig. 3 Superimposed contour maps of optimized conditions for
soluble solid, acidic polysaccharide, crude saponin, and ginsenoside
(Rh; and total) of lateral root of red ginseng by roasting conditions.

=H HF2xA o=

FeAgRt Ao FE5E0 iRk 88 AZE
(0.93%), AP T A $HeH2.994%), ZALE THE(4.649%),
ZA|mAbo] = Rhy (1130 mg%) B &5 XAl =Abo] =
k(1792 mg%)©l] thgl contour map< superimposingd}cd
A Faxd WS dSsiivhFg. 3). L 29 714
AR, AMITHEA g, FAEY S 9 Ry ZAeAlO]
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