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Abstract

This study comprehensively investigated the physicochemical properties, nutritional constituents, and antioxidant
activity of ginseng sprouts (GS) according to the roasting process. The fatty acid and mineral contents of GS were
almost unchanged, but the free amino acid contents decreased. Moreover, ginsenoside contents decreased during
the roasting process, whereas total phenolics and flavonoids, Maillard reaction products, phenolic acid and flavonol
contents increased. In particular, the contents of ginsenoside Re, Rbl, and Rd decreased by 41%/18%, 32%/30%,
and 13%/23% (above/below ground), respectively, during roasting. In contrast, the values of Rg3, compound K,
chlorogenic acid, epigallocatechin, and quercetin increased by 167%/229%, 287%/196%, 190%/231%, 370%/229%,
and 250%/387% (above/below ground), respectively. Finally, the antioxidant effects of DPPH and ABTS, the hydroxyl
radical scavenging activity and the ferric reducing/antioxidant power of GS increased during the roasting process.
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Fig. 1. The photograph of different roasting processes of ginseng sprouts.
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mg/gOl|A] 4.80, 4.55 & 9.56 mg/gC 2 A= H|5|| F7}5}
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9 1423 mg/eO2 Z7}51th Park S(1993)2 &% His}
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Table 1. Comparison of physicochemical properties of ginseng sprouts (above and below ground) according to roasting process

Above ground / Roasting time

Below ground / Roasting time

Contents
0 5 10 15 0 5 10 15
pH 5.7240.29*) 5.64+0.28" 5.58+0.28* 5.50+0.28" 5814029 5.7+0.29°  5.58+0.28"  5.55+0.28°
Acidity (%, lactic acid)  3.78+0.19" 2.95+0.15° 2.97+0.15° 3.01£0.15° 3.2240.16° 2.55+0.13°  2.63+0.13°  2.43+0.12°

Reducing sugar (mg/g d.w.) 3.40+0.17° 4.80+0.24° 4.55+0.23°

9.56+0.48"

9.44+047° 8.33+0.42° 16.57+0.83" 14.23+0.71®

DAIl values are presented as the mean+SD of triplicate determinations. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.

oA 4.67% pH7} WolArky Eusteltt. E3l, Bexjzet
22 d7o] 71ES 39S uf pH7T AslElE Y9 vlas
2 7 Hkgo] vrgE o A== AFEHQ carbonyl
compounds®] Z-8o] oJsf Y= 7)Ao o5t Aoz}
sl

F2 Z2[0f] T2 AfAQlatel AR H3}

AR F Aol w2 A4 9t H|1= Table
29} 7ttt AAFELO] ESIX|HPAF & palmitic acid(C16:0),
stearic acid(C18:0) & muyristic acid(C14:0)9] Sl&Fo| =ttt
29 A2 Alo] Z7FEE palmitic acide] e Uz
o 261.8 mg/100 goflA 1587t B3 AoldS o 191.4
mg/100 gO 2 §tefo] ZkAash= AL Bt Stearic acid T
o d=Y W 96.7 mg/100 g0 & RO, 157 5 A2
Al 86.0 mg/100 gO & 3IeFo| Z4AsIATE Lignoceric acid
(C24:0)9] 75 03 A A HE=A] dgtod, #3 A7t
Zeggof wek 4.3 mg/100 g, 6.4 mg/100 g & 7.9 mg/100
gl 2 ZII5It}y. X SHAHAL 5 linoleic acid(C18:2¢)9]
shgo] 7P =8k, B Ao wet & Aol HolA|
oottt Palmitoleic acid(C16:1)9] 7%, B2 A7 A|7to] &
71eE 7.4 mg/100 g, 8.3 mg/100 g, 10.2 mg/100 g ¥
123 mg/100 g2 3$IFo| Z7I519H. a-Linolenic acid
(C18:3n3)9] 742, 02 A2 A] 186.0 mg/100 g°] F=FS =
Fou, B2 A7t JPB=EHA 2959 mg/100 g, 278.1
mg/100 g & 257.8 mg/100 gO & o] Zrlsigion, &
= Aol W& & Aol= gllltk A[HEY] 9 myristic
acide= AEHA] P}k O™, palmitic acid®] 3¢ £ A
ARto] F7Fslo e & AolE HolA] ghtoy, B3 AEE
1527 AP U2 ol 166.5 mg/100 gO & 7Fg 22 =
& B} Arachidic acid(C20:4n6)= R[50 A HEE A
o, B3 Ao wet 6.1 mg/100 g, 6.3 mg/100 g, 7.0
mg/100 g 2 5.4 mg/100 gO & = Xjol= Ho|Zx] aofrt.
ERSAAL F linoleic acid= Fa 22 Al7to] 5713
w2} 05(291.7 mg/100 g), 55(297.8 mg/100 g), 105(302.2

mg/100 g) L 155(312.8 mg/100 g)o.& Fef AA| Z7}5}
9t} Ecosadienoic acid(C20:2)= 1087F #2 8] A] 5.5
mg/100 g0 & 7} =2 FkE Bl ol fo4 Aol B
o]A] ot

Jang 5(2018)2 YA 9] 71Y H2of wE A g
F= BAoleith 11 A}, mORRRAe] fhg 2,935.60
mg%2] oA B3 Ao W 3,164.29 mg%E F
7¥obal, EESAHRALY] FHRF2 YR 39,437.51 mg%olA]
40,733.91 mg%h= F7tolk= A= HAh old & AgE
T B3 A9} B|wolGiS wf AAE S 2L ARt
Al Z9] A4S} 2700 wet Ajo)7t Qs Ao R el
ou, olo] wkE JFe| F4 Ao|7} lrkal Harsielth. &
Ao = EEAMALY] SHES B3 A 25l o Y=
Hlsf| Wopbgar, ERSEAHALY] ek F7toto] Algo] wh
E AL 249 Zo7t = ALoE weErh

2 2|0 2 Ajeldol {aofn|iit W3}
AR E2 Aol whE A 9 A|5HEe] f2of
o]k Table 33t 294tk ZAJH-Q] -, aspartic acid]
Sheo 5B 2O A5 W 162.26 mg/100 g & 71
A UEREeH, 158 53 AEst¥S o 119.34 mg/100
g0 & 7P 2 Sleke H It} Glutamic acid T3F SH &
U= 107.55 mg/100 g9] FO 2 7 =3kom, 10+
2o A7]5}9S wi= 100.01 mg/100 gO& I X}olE Ho]
Z] 2k}, y-Aminobutyric acid @ TjF-E9] H|E<S fElo}
0leAte] B9, F3 ARt S7FERE o] Aashs A
OF Yeiith Fa ofn]ieAte] Aol e wHoh &
= AlRto] 71l wht o] Aashs Ao = YEhTth
A|5HEO] A9 aspartic acid®] ko] YEY W 89.29
mg/100 go] TFS Hgow, 158 EQES u 136.69
mg/100 g0 = FZ AL SIS o dgo] STk
Alanine®] 7%, B9 #2|E 11| Uk W 106.76 mg/100
g9l FFS Hou 1587 H5 AsiE o 3111
mg/100 gO &2 JFgo] Hash= 2 Btk E3F 7|8 H|



The ginsenoside contents and antioxidant activity of ginseng sprouts 77

Table 2. Comprehensive changes of fatty acid contents of ginseng sprouts (above and below ground) according to the roasting process

Above ground / Roasting time (min, 150C)

Below ground / Roasting time (min, 200T)

Contents (mg/100 g)

0 5 10 15 0 5 10 15
Saturated fatty acids
Myristic acid (C14:0) LD s0a soes o ND? ND ND ND
Palmitic acid (C16:0 261.8 250.5 2003 1914 182.4 185.5 184.7 166.5
almitic acid (C16:0) £13.09° 41253 £1002°  +9.57° 19.12% 4928  L924™  1833°
. . 96.7 879 87.0 86.0 89.7 784 782 716
Stearic acid (C18:0) +4.84° +4.40° +435° +4.30° +4.49°  43.00° +3.91° +3.58°
Arachidic acid (C20:0) ND ND ND ND BT - MO P Jot
. , 54 49 6.8 5.5 11.0 11.5 134 10.4
Behenic aicd (C22:0) +0.27° +0.25° +0.34° +0.28° +0.55 +0.58" +0.67° +0.52°
. . _ 43 6.4 7.9 823 7.9 8.6 122
Lignoceric acid (C24:0) ND £022°  £032%  +040° £042°  £040° 043"  +0.61°
Total 369.0 3523 305.5 295.7 2975 289.6 291.9 266.1
Unsaturated fatty acids
Palmitoleic acid (C16:1) P O RO < R ND ND ND ND
o _ 84.8 442 464 855 19.3 244 238 23
Oleic acid (C18:1¢) +424° +221° +232 +2.18° +0.97° +1.22° +1.14° +1.12°
Linoleic acid (C182¢) 2340 242.0 235.6 221.0 291.7 2978 3022 312.8
oleic ac =€ +11.70° +12.10° +11.78 +11.05° +14.59° +14.89° +15.11° +15.64°
Linoleic (C18:33 186.0 295.9 278.1 2578 20.1 209 239 206
o-Linolenic (C18:3n3) £930°  +14.80° 1391  £12.89° +1.0° +1.05° +1.20¢ +1.03¢
Ecosadienoic acid (C20:2) ND ND ND ND T
Arachidonic aci . 3.8 38 49
achidonic acid (C20:4n6) ND ND ND ND 40,19 40,19 4025 ND
Nervonic acid (C24:1n9) ND ND ND ND IR SR AP v
Docosahexaenoic acid 7.2 5.6 49 3.0 5.3 45 8.8 8.1
(C22:6n3) +0.36° +0.28% +0.25% £0.15° +0.27% +0.23° +0.44° +0.41°
Total 519.4 596.0 579.1 541.8 366.2 3785 399.8 3938
Total fatty acids 888.4 9483 884.6 837.5 663.7 668.1 691.7 659.9

DAIl values are presented as the mean+SD of triplicate determinations. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.

IND, not detected.

OPuli*H 3% Fa AF ARl S7HEE g
71-/\0]—h B3t PEO]- threonine, valine, isoleucine 2
lysine 5-2] EL P> olu| L Alo] SRS BS A7to] Zof
52 Fapo] pAshrk

Kim 5(2019)2 €X2|\} Z< 34 £0] amino carbonyl

HES- & 2 Wk of3f fEjotu|Ate] dhgo] IA| A4
B15k3t}y. E3F Van Voekel(2006)2 arginineX}t
lysine®] amino carbonyl ¥Fg-0] 7} WA Tols}H, o|F
U] ofaiAlSo] ¥ksle] A ofulAte] Bl A
Gatickn wisel ol & Aol EASIAT,
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Table 3. Comprehensive changes of free amino acid contents of ginseng sprouts (above and below ground) according to the roasting process

A2ARALRES|A] AsA AIS 2021)

Contents (mg/100 g)

Above ground / Roasting time (min, 150C)

Below ground / Roasting time (min, 200C)

0 5 10 15 0 5 10 15
Non-essential amino acids
. ) 109.64 89.08 40.94 47.30 40.09 4797
Phosphoetanolamine ND ND +5.48° +445 +2.05° +237° +2.00° +2.40°
Proline 40.96 13.37 12.04 9.61 96.89 9.16 7.35 8.14
+2.05 +0.67° +0.60° +0.48% +4.84° +0.46% +0.37¢4 +0.41%
. 0.78 1.04

Hydroxyproline +0.04° ND ND ND 40,05 ND ND ND
S 131.25 162.26 143.86 119.34 89.29 147.15 122.22 136.69
Aspartic acid +6.56% +8.11° +7.19° +5.97° +4.46¢ +7.36° +6.11° +6.83%
Serine 88.74 58.17 52.69 43.01 4938 35.86 29.39 32.96
+4.44° +.91° +2.63° +2.15% +2.47° +1.79¢ +1.47¢ +1.65°

Aspartic acid - NH 187.59 118.71 101.91 82.22 174.17 122.86 99.86 106.21
P 2 +9.38" +5.94° +5.10% +4.11°¢ +8.71° +6.14° +4.99% +5.31%
Glutamic acid 60.25 107.55 100.01 84.47 122.30 133.35 104.11 109.68
+3.01¢ +5.38° +5.00° +4.20° +6.12° +6.67° +5.21° +5.48°

Sarcosine 2.53 3.10 3.25 3.23 4.12 4.01 3.34 4.29
+0.13° +0.16° +0.16° +0.16° +0.21* +0.20° +0.17° +0.21%

Aminoadinic acid 646 4.06 335 274 481 139 1.06 122
p +0.32° +0.20% +0.17° +0.14° +0.24 +0.07 +0.05 +0.06

Glveine 12.96 493 4.85 4.52 15.21 5.69 5.12 585
Y +0.65° +0.25% +0.24% +0.23¢ +0.74° +0.28° +0.26% +0.29°
Alarine 80.40 40.29 41.17 33.09 106.76 34.50 28.44 3111
+4.02° +2.01° +2.06° +1.65% +5.34° +1.73% +1.42¢ +1.56%

N 15.59 2.82 2.35 3.68
Citrulline ND ND ND ND £0 78 £0.14° £0 12° £0.18
. o 53.0 2221 25.96 21.07 6.85 10.50 12.39 20.76
a-Aminobutyric acid 12,65 +111° +1.30° £1.05" +0.34¢ +0.53° 297 £1.04°
. 32.16 44.09 4.90

Cystine ND £161° +2 20" ND £025° ND ND ND
L 2.54 291 2.46 6.44
Cystathionine ND ND ND ND £013° £014° £012° £0.32°
Tyrosine 43.60 21.61 20.10 11.20 116.81 75.08 59.48 7531
b +2.18% +1.08¢ +1.01¢ +0.56° +5.84° +0.53° +2.97° +£3.77°
b-Alanine 25.32 19.22 20.32 8.51 17.44 18.28 16.04 22.64
+1.27° +0.96* +1.02% +0.43¢ +0.87° +0.15° +0.80° +1.13%

B Aminoisobutyric acid 12.42 9.02 8.23 0.97 16.58 10.19 9.15 15.52
Y +0.62° +0.45% +0.41° +0.05¢ +0.83" +3.75% +0.46* +0.78°

- Aminobutvric acid 120.70 53.03 53.54 37.74 151.18 158.18 137.31 177.03
¥ yr +6.04° +2.65¢ +2.68° +1.89° +7.56° +7.91° +6.87° +8.85°
Aminoethanol 20.74 7.51 7.58 3.87 20.43 8.84 6.14 8.87
+1.04° +0.38% +0.39" +0.19¢ +£1.02° +0.44° +0.31° +0.44°

Hvdroxvlvsine 224 1.88 1.76 1.73 2.69 1.99 1.90 1.91
ydroxyly £0.11% +0.09" +0.09° +0.09° £0.13° £0.10 £0.10° £0.10°
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(continued)
Above ground / Roasting time (min, 150C) Below ground / Roasting time (min, 200T)
Contents (mg/100 g)

0 5 10 15 0 5 10 15

Omithine 20.81 18.28 14.71 12.92 52.99 10.55 8.56 3.41
+1.04° +0.91° +0.744 +0.65 +2.65° +0.53¢ +0.43" +0.17¢

I-Methylhistidine ND ND ND ND I Y o COR o AP i

o 0.95 0.53 0.88 0.56 0.65 0.77
3-Methylhistidine +0.05° +0.03¢ ND ND +0.04° +0.03¢ +0.03° £0,04%
Areinine 23436 192.15 144.41 118.32 2,970.83 3,021.35 2,461.01 2,648.84
g +11.72¢ +9.61° +7.22f +5.928 +18.54° +11.07° +13.05° £12.44°
Total 1,146.06 890.04 913.47 687.64 4,086.02  3,864.13 3,159.76  3,470.88

Essential amino acids

Threonine 49.18 28.72 27.10 22.39 54.18 34.07 27.40 29.72
+2 46 +1.44% +1.36® +1.12° +2.71% +1.70% +1.37® +1.49

Valine 80.48 29.14 44.09 34.85 76.56 47.57 39.06 46.00
+4.02° +1.46° +2.20° +1.74° +3.83° +2.38° +1.95° +2.30°

. 20.29 2.50 20.12 16.19 12.19 19.53
Methionine +1.01° +0.13¢ ND ND +1.01° +0.81° +0.61° +0.98°
Isoleucine 54.90 49.11 58.47 47.63 66.40 46.73 37.63 48.13
+2.75% +2.46° +2.92° +2.38° +3.32° +2.34° +1.88° +2.41°

Leucine 55.36 21.38 18.57 12.49 94.85 47.08 36.47 43.15
+2.77° +1.07° +0.93° +0.62" +4.74° +2.35% +1.82¢ +0.16°

Phenvialani 47.57 23.30 20.73 8.75 99.94 69.50 54.29 68.98
cnylalanine £2.38° £1.17¢ £1.04¢ +0.44° £5.00° +£3.48" £2.71° +£3.45
Lvsine 5531 17.16 11.15 9.11 133.02 81.08 64.17 66.66
y +.77° +0.86¢ +0.56° +0.46 +6.65% +4.05° +£3.21° +3.33°
Histidine 19.93 10.64 8.31 6.53 87.28 59.32 45.71 47.72
+1.00¢ +0.53° +0.42f +0.338 +4.36 +2.97° +2.29° +2.39°

Total 383.02 181.95 188.42 141.75 632.35 401.54 316.92 369.89
Total amino acids 1,529.08 1,071.99 1,101.89 829.39 4771837 426567 347668  3,840.77

UND, not detected.
Al values are presented as the meantSD of triplicate determinations. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.

22 A2 WE Aol 271 Wa £ UFE Rk AR BRAS Wl 7 A2
A 8 AN e A A FIE E BRE dehilont, 0 3 158 8 Acksista o 42

& H|I= Table 494 294tk AR 9 Zop 5 ZES] mg/100 g R 497 mg/100 g2=  A0|E HoA] gk
ol 7P w0t AR ZE TS 0, 58, 108 T2, ofd B xR vF AEEHReH, YEF Eo} ”;‘?F
g |58 2o A= 8}032 o 34.67 mg/100 g, 34.85  2.57 mg/100 g FFo g AHo| AL slojr £
mg/100 g, 33.14 mg/100 g Z 34.11 mg/100 gO & & 2}o] 9] ggoll= Rl Alo|E Holx| QkSitt.

£ Holx oy} AohE OﬂA] 23.06 mg/100 g, 22.96
mg/100 g, 21.32 mg/100 g & 23.59 mg/100 gO 2 E-3 A =
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gof] W & 2olE HolA| Yttt 19 3tgo| + HA= 2t
A

“

H“%’" H3}
é} -4 2 Z2]o]] whE % phenolics, & flavonoids

al
7Kg segpon), 4499l A9 0% L 158 8 Aol 420 4l
1A S Fig 29} 24T X435e] % phenolics

mg/100 g Z 3.61 mg/100 gOF 158 BS X A 7Py 4
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Table 4. Comprehensive changes of mineral contents of ginseng sprouts (above and below ground) according to the roasting process

Above ground / Roasting time (min, 150T)

Below ground / Roasting time (min, 200T)

Contents (mg/100 g)

5 10 15 0 5 10 15
Phosphorus (P) 420 4.14 3.80 3.61 426 426 424 497
P +0.21°Y +0.21° +0.19° +0.18° +0.21° +0.21° +0.21° +0.25°
Sulfur (S) 2.56 2.84 2.52 2.73 321 3.69 3.66 418
+0.13 +0.14 +0.1 +0.14¢ +0.16° +0.18° +0.18° +0.21

Kalium (K) 34.67 34.85 33.14 34.11 23.06 22.96 21.32 23.59
+1.73° +1.74° +1.66° +1.71° +1.15° +1.15° +1.07° +1.18°

Calcium (Ca) 2.86 3.06 3.36 3.82 3.42 3.89 3.94 428
+0.14¢ +0.15% +0.17° +0.19° +0.17° +0.19° +0.20° +0.21°

. 1.71 1.69 1.58 1.42 2.76 281 2.69 2.89
Magnesium (Mg) +0.09" +0.08" +0,08" +0.07° +0.14° +0.14" +0.13° £0.14°
ron (Fe) 0.06 0.07 0.07 0.07 0.11 0.10 0.10 0.10
+0.00 +0.00 +0.00 +0.00 +0.01% +0.01* +0.01* +0.01*

Copper (Cu) 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02
Pp £0.00° +0.00? £0.00" £0.00° £0.00° +0.00? £0.00" £0.00°
Zine (Zn) 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02
+0.00* +0.00° +0.00° +0.00° +0.00° +0.00° +0.00* +0.00°

Manganese (Mn) 0.03 0.03 0.03 0.03 0.02. 0.02. 0.02. 0.02.
g +0.00" +0.00* +0.00" +0.007 +0.00" +0.00" +0.00" +0.007
Sodium (Na) 178 160 166 163 261 261 237 2.67
+0.09 +0.08 +0.08 +0.08 +0.13% +0.13* +0.12* +0.13%

Aluminium (Al) 0.12 0.12 0.11 0.10, 0.22 0.23 0.23 021
+0.01 +0.01 +0.01 +0.01 +0.01° +0.01° +0.01* +0.01°

Silicon (Si) 0.56 0.57 0.54 0.56 0.36 0.48 0.40 0.43
+0.03° +0.03° +0.03° +0.03° +0.02° +0.02% +0.02° +0.02°

Total 48.60 49.02 46.86 48.13 40.06 41.08 39.00 43.38

DAIl values are presented as the mean+SD of triplicate determination. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.
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Efdeh. 751 @A) Allo] 27148 gio] Z7lelse.
o, 7} BOA|17F ¥& 1.37 GAE/g, 2.47 GAE/g, 3.13 GAE/g
9l 3,57 GAE/gO 2 UEFITHFig. 2A). % flavonoids T5F
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Fig. 2. Changes of total phenolics and total flavonoid contents and Maillard reaction products of ginseng sprouts according to the roasting
process. (A), total phenolic contents; (B), total flavonoid contents; (C) Mallard reaction products.

All values are presented as the mean+SD of triplicate determinations. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.
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Table 5. Comprehensive changes of ginsenoside contents of ginseng sprouts (above and below ground) according to the roasting process

Above ground / Roasting time (min, 150C) Below ground / Roasting time (min, 200T)
Contents (mg/100 g)
5 10 15 0 5 10 15
Protopanaxtriol types
Ginsenoside Rel 5.90 4.42 4.05 4.06 231 2.23 2.31 1.92
g +0.30°" +0.22% +0.20° +0.20° +0.12° +0.11° +0.12° +0.10°
. . 32.67 21.02 19.97 19.40 5.40 4.56 5.13 4.4
Ginsenoside Re 11.63° +1.05° +1.00° +0.97" +0.27° +0.23¢ +0.26 +0.22¢
. . 0.34 0.34 0.30 0.31 0.96 0.89 0.96 0.79
Ginsenoside Rf £0.02° +0.02° +0.02° +0.02° +0.05° +0.04° +0.05° +0,04°
Ginsenoside F5 1.29 0.87 0.84 0.97 0.24 0.22 0.22 0.21
+0.06" +0.04 +£0.04° +0.05° £0.01¢ £0.01° £0.01° £0.01¢
Ginsenoside F3 s <t S USRI ND? ND ND ND
Ginsenoside Re2 234 235 2.63 3.13 0.64 0.58 0.61 0.47
g +0.12° +0.12° +0.13% +0.16° +0.03¢ +0.03¢ +0.03° +0.02¢
Ginsenoside Rhl 0.45 0.54 0.62 0.62 0.76 0.74 0.71 0.62
+0.02¢ +0.03° +0.03° +0.03° +0.04° +0.04° +0.04° +0.03°
Ginsenoside F1 o, Ry Ry Ryt ND ND ND ND
. 0.39 0.96 1.06 1.35
Protopanaxtriol £0.02° £0.05° £0.05° £0 07 ND ND ND ND
Total 49.92 35.09 34.08 34.86 1231 9.22 9.94 8.43
Protopanaxdiol types
Ginsenoside Rbl 3.63 2.74 2.49 2.48 10.14 9.02 8.57 7.07
+0.18¢ +0.14° +0.12° +0.12° +0.51° +0.45% +0.43° +0.35°
Ginsenoside Re 337 227 221 2.23 485 4.18 3.91 3.26
+0.17° +0.1¢ +0.11¢ +0.11¢ +0.24° +0.21% +0.20° +0.16°
. . 5.68 3.74 3.70 3.70 3.08 2.53 242 2.12
Ginsenoside Rb2 +0.28" +0.19° +0.19° £0.19" +0.15% +0.13° £0.12° +0.11°
. . 0.72 0.45 0.44 0.43 0.48 0.27 0.42 0.38
Ginsenoside Rb3 +0.04° +0.02° +0.02" +0.02" +0.02" +0.01¢ +0.02" +0.02°
Ginsenoside Rd 20.57 15.72 16.33 17.87 1.98 1.62 2.13 141
senoside £1.03° £0.79° +0.82% +0.89° +0.09¢ £0.08° £0.11¢ £0.07"
Gi ‘de R 3.09 7.54 8.52 11.37 1.59 1.42 1.75 1.46
1nsenoside £0.15¢ £0.38° +£0.43° £0.57° +0.08" £0.07¢ +0.09° +0.07¢
Ginsenoside F2 5.23 5.46 6.80 7.55 0.49 0.59 0.90 0.74
+0.26° +0.27° +0.34° +0.38° +0.02¢ +0.03¢ +0.05¢ +0.04°
. . 0.85 0.91 0.98 1.42 0.42 0.61 1.77 0.96
Ginsenoside Rg3 +0.04° +0.05° +0.05° £0.07" +0.02° +0.03¢ +0.09° +0.05°
0.63 0.81 0.98 1.81 0.47 0.76 1.24 0.92
Compound K +0.03' +0.04¢ +0.05° +0.09° +0.028 +0.04° +0.06" +0.05°
. . 0.65 0.66 0.66 0.94 0.12 0.24 0.40 0.33
Ginsenoside Rh2 +0.03" +0.03" +0.03" +0.05° +0.01° +0.01° +0.02° +0,02¢
0.50 0.23 0.30 0.77

Protopanaxdiol £0.03° +001¢ +0.02° £0.04°
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(continued)

Above ground / Roasting time (min, 150C)

Below ground / Roasting time (min, 200C)

Contents (mg/100 g)

0 5 10 15 0 5 10 15
Total 44.92 40.53 43.41 50.57 23.62 21.24 23.51 18.65
Oleanane types
Ginsenoside Ro VI S ct S - S N 115
Total 6.89 3.78 3.50 3.85 1.46 1.79 2.59 2.31
Total ginsenosides 101.73 79.40 80.99 89.28 37.39 32.25 36.04 29.39

DAIl values are presented as the mean+SD of triplicate determination. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.

IND, not detected
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Fig. 3. The typical HPLC chromatogram of ginseng sprouts (above
and below ground) according to the roasting process.
A, 21 ginsenoside standards; B, above ground for 0 min at 150C; C,

above ground for 10 min at ISOC D, below ground for 0 min at 200C
E, below ground for 10 min at 200C.

HolAHA 7]&E 5}"?—:}%94 TFZA Fo] shtH Hojl o
£ RIEE HEE Zes waE

= 7HEIOII 2 Ael&el phenolic acids 2 flavonols

ARRRIAS] 13- A 2]of] me A 9 AJ5H-2] phenolic
acids & flavonols $F52 Table 63} 24Tt A ALY gallic
acid SF2 =Y 1 12.26 mg/100 gol|A] 158 ES o
33.58 mg/100 g0 E-2 X|7lo] Zrlalsz stk —7}0}
St} Chlorogenic acid ¥ ferulic acid9] E,"% AR ES A]
7to| Z7FEE gfo] F7kHt. oo F phenolic acid
s oAl 92 o 20574 mg/100 goﬂ/ﬂ 5E(265. 34
mg/100 g), 105(345.11 mg/100 g), 158 B-o Js1g<
] 388.34 mg/100 g & =7}5Fct. Flavonols _Ql-t]rg =
epigallocatechin®] $FFo] =4 Uephton, A= i 110.17
mg/100 g, 52 wf 204.00 mg/100 g 102Y w 397.13
mg/100 g, 155 T 408.14 mg/100 g0 ?}%to] =759
t}. Quercetin 9}?&%8 1552 22 ATs19S 9 307.98
mg/100 go = FZ A AlRto] Z7IESE °Lf'é‘°] Z7Vst
R, & flavonols %L%E 155 23 A2 A] 813.01 mg/100
go g 7]-7‘]' =Q0tt X51E9] 2 protocatechuic acid2] $F
=fo] B A|7}0] 271 101] u}a} 747+ 2.28 mg/100 g, 4.00
mg/lOO g, 5.62 mg/lOO g ¥ 6.39 mg/100 gO = 3l=F E5t
Z7ok= A& EAT}. Ferulic acid?] T8 92U f 5.09
mg/100 gof|A] 1582 EokS m) 9.82 mg/100 g2 F731%
o}, ¥, t-cinnamic acid®] - F3 Al7to] /1S A
29 0 342 mg/100 oA 1552 EkS of 0.41 mg/100 gO.
2 3o A4S 13U, & phenoile acids 3HFS ¥
204 133.01 mg/100 g, 55 B 1] 144.02 mg/100 g,
103 29k o 196.92 mg/100 g ¥ 155 EQLS- off 206.97



&4

Table 6. Comprehensive changes of phenolic acid and flavonol contents of ginseng sprouts (above and below ground) according to the

roasting process

A2ARALRES|A] AsA AIS 2021)

Contents (mg/100 g)

Above ground / Roasting time (min, 150C)

Below ground / Roasting time (min, 200T)

0 5 10 15 0 5 10 15
Phenolic acids

Gallic acid 12.26 18.90 3227 33.58 5.80 5.38 15.73 21.14
+0.61°" +0.95° +1.61° +1.68" +0.29" +0.27" +0.79¢ +1.06°

Protocatechuic acid 23.34 25.77 22.16 2443 2.28 4.00 5.62 6.39
+1.17° +1.29° 1112 +£1.22° +0.11¢ +0.20° +0.28" +0.32°

Chlorogenic acid 77.89 87.07 132.56 148.17 25.46 42.79 67.27 58.87
g +3.89% +4.35° +6.63° +7.41° +1.27F £2.14¢ +3.36¢ +2.94%

o 15.10 12.46 13.28 13.78 6.23 438 10.79 5.75
p-Hydrobenzoic acid +0.76° +0.62" £0.66°  £0.69% +031° +0.20° +0,54¢ +0.20°
Vanillic acid ND? ND ND ND ND 250 ND st

c - acid 2.11 456 6.15 7.54 4.14 2.62 224 261
pr-oumatic: act +0.11° +0.23° +0.31° +0.38° +0.21° +0.13¢ +0.11¢ +0.13¢
Ferulic acid 4.08 9.95 12.85 13.37 5.09 5.51 6.74 9.82
+0.20° +0.50° +0.64° +0.67° +0.25% +0.28¢ +0.34° +0.49°

Veratric acid 1.22 1.42 1.58 4.48 3.88 3.70 3.42 5.11
+0.06° +0.07° +0.08° +0.22° +0.19° +0.19® +0.17° +0.26°

Benzoic acid 68.00 104.87 123.93 142.53 76.71 72.50 84.70 96.41
+3.40° +5.24° +6.20° +7.13° +3.84% +3.63° +4.24¢ +4.82°

. o 1.74 0.34 0.33 0.46 3.42 0.34 0.41 0.41
+-Cinnamic acid +0.09" +0.02¢ +0,02¢ +0.02° +0.17° +0,02¢ +0.02° +0.02°
Total 205.74 265.34 345.11 388.34 133.01 144.02 196.92 206.97

Flavonols

Epicallocatechin 110.17 204.00 397.13 408.14 131.16 161.95 20231 300.74
PIg +5.51° +10.20° +19.86° +20.41° +6.56° +8.10¢ +10.12° +15.04°
Catechin 16.07 34.44 32.75 37.23 19.58 14.01 14.83 18.02
+0.80° +1.72° +1.64° +1.86" +0.98° +0.70¢ +0.74¢ +0.90°

Enicatechin 15.67 21.17 13.87 13.88 9.69 7.45 8.50 11.21
p +0.78° +1.06 +0.69° +0.69° +0.48° +0.378 +0.43¢ +0.56¢
. . 13.22 15.22 10.98 11.71 14.53 15.69 17.16 2031
Epigallocatechin gallate 4 ¢ +0.76° +0.55" +0.59" +0.73¢ +0.78° +0.86" +1.02°

Vanillin ND ND ND ND ND ND ND ND
Rutin 547 3.51 21.50 14.45 0.80 222 4.74 546
+0.27° +0.18¢ +1.08" +0.72° +0.04 +0.11° +0.24° +0.27°

Catechin callate 9.19 10.86 12.80 9.63 3.91 5.52 8.56 8.66
g +0.46% +0.54° +0.64° +0.48° +0.20" +0.28° +0.43¢ +0.43¢
Quercetin 123.11 211.12 270.28 307.98 53.44 180.52 194.66 206.67
u +6.16° +10.56° +13.51° +15.40° +2.67° +9.03¢ +9.73¢% +10.33°
Narinein 222 4.02 8.99 231 3.85 534 7.29 8.11
2 +0.11° +0.20¢ +0.45° +0.12° +0.19¢ +0.27° +0.36° +0.41°
Narineenin 2.16 2.69 2.85 4.18 4.17 3.82 435 4.62
g +0.11¢ +0.13% +0.14° +0.21%® +0.21%® +0.19° +0.22° +0.23%

. 3.15 2.85 3.17 3.50 2.46 3.16 4.49
Formonoetin +0.16% +0.14° +0.16% +0.18" +0.120 ND +0.16% +0,22°
Total 300.43 509.88 774.32 813.01 243.59 396.52 465.56 588.29

DAII values are presented as the mean+SD of triplicate determination. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.

, not detected.
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mg/100 gO & o] Z715} LY. Flavonols 5 rutin®] T<F
2 AR AR W 0.80 mg/100 goflA] 155 HokS )
5.46 mg/100 gO & Z7}51It}. T3h, quercetin TR 53.44
mg/100 oA 206.67 mg/100 gO & 155 HoRS w ®o
g oHA] U Tt oF 4 =2 TS HI
Cho%} Joo(2012)= Y=ol H|s H3 A& ot o
gallic acid®} chlorogenic acid 5-9] stgo| S5ttt 519
a1, ol HE-2A 2o Q5] ester 23 polyphenol /JE0] &
2|3 phenolics 0.2 FZE]o] gEFo] F71gE A0 R H 1T
k. & 9] 2k FS Alte] 7t whet dEol
S715EaL, olo] AR E/do] F7HE A oE FgHrh
Choi 51(2012)2 o5 FH=E F3 *|2I5}o] phenolics
SHRIES E4o1o=t, & A+23et FASHA gallic acid
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Fig. 4. Changes of antioxidant activities of ginseng sprouts (above and below ground) according to the roasting process.

A, DPPH radical scavenging activity; B, DPPH radical scavenging activity; C, hydroxyl radical scavenging activity; D, ferric reducing/antioxidant

power.

All values are presented as the meantSD of triplicate determination. All values within a column with different superscript letters represent statistically
significant difference from each other at p<0.05 by Duncan’s multiple range test.
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S A2BIHS 1 82.73%2] BAS HAT, A GA] Z
ZF 30.62%, 42.78%, 51.23% 9 59. SI%E 158 EokS o
2 T4 BYrKFig. 4B). Hydroxyl 2tz A4S &

3t oAl = g AAEA T} Eo]o}yﬂ AR @ 2|5
717k 82.81% E 61.51%2 158 B Hesl9e o 714 &
2 &S HIthFig. 4C). FRAP 3Hig2 Z}Al-‘ﬂoﬂ/q 2
EU 1 0.724 opsos mm= HEFFOH, 158 83 AH2ol¥S
T 1.082 opsos nmiz YEFATE. X] S Esh .!;T:,— Pl N Ko
T 0.353 opsos nm@A] 154 B A2I6IZ T 0.715 opsos

2 Z71oFHtH(Fig. 4D).

Kim 5{(2018b)2 w5} 2 120C 2} 180T A Y& &
1-457F 28 A2|5lo] DPPH ¥ ABTS ]z 245 H]
ol 92U © 496.77 mg/mLO] ICs, FFS B0
BgAE] A7to] Z7184E DPPH 40| &4 Yepirt
487 Bg AolYE W 1Cs #to] 2=ER 717t 264.05
mg/mL 9 107.25 mg/mLE YERHTE Kwon 5(2014)2 &

2 Aelol W SYR] ABTS 2oz 4752 Hlwsls
—U% Eo Az ol3] 75.13%2] BAoA 85.66%% THA]

] 271519131 FRAP 3118 94 ——7}0}]‘4—_L Hslglon,
AL}t ARt 7331]‘% H5FELE & phnolics ¥ &
ﬂaV0n01ds_4 glefo] BS xa]slaS _7]-01. 9jom, ol
FAFHA Akl Eﬁ} Z7lsle AL By} ol %
phenolics & 3 flavonoids?} Z+2 polyphenol’d 3F5HE0] &}
AFsh Ao kS Zrhy BkEthKwon 5, 2014).

2 o

2 AFoA= T2 AR AR 019}—}24 54, 3
FHE 9 R B4 WSS HlwsigiY: F2 Ao wet
ARRLS] AR89 SRS A9 Habt gelon
SEotr| Al FERS A4S SHE, B2 XHOH w2}
ginsenosides S-S 74A3H WA = phenolics, % flavonoids,
Z—:}tﬂ%él phenolic acids ¥ flavonols-2 &7}5l9t}. £3],
E2 8] % A ginsenoside Re(R|A: 32.67 — 194 L
A5HE: 5.4 — 4.42 mg/g), Rb1(3.63 — 2.48 4 10.14 —
7.07 mg/g)T+ RA(20.57 — 17.87 = 1.98 — 1.41 mg/g) T
© 7ka3}9l oL}, Re3(0.85 — 1.42 X 0.42 — 0.96 mg/e),
compound K(0.63 — 1.81 & 0.47 — 0.92 mg/g), chloro-
genic acid(77.89 — 148.17 ¥ 25.46 — 58.87 ug/g), epigal-
locatechin(110.17 — 408.14 2 131.16 — 300.74 pg/e)T}
quercetin(123.11 — 307.98 & 53.44 — 206.67 pg/g) Z7}
3}tk 0= DPPH, ABTSS} hydroxyl 2ho)zt AAEA
I} FRAP HlE9] RSt g2 AfaIAtel B A9 5
7otk
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A =

B o 20199 ZEAYTEIetsne] nY A%
A7u] Aol SJate] AFEFH-
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