creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 21031-200000294703

2

IR O

ol

T 229 ol3Ey 54 E

HFLAZY BE H5H AT

20209 2€ 21¥



a

4 A S Y e

ol

e 2289 0|38y 54

AEXAZY &8 758 AT

202093 2€ 214

¥ 3o w4

o

1}

X 37
A EFF

%4 @



2 A9le] FEAA} =R 9F3T}

20204 29 21¢

g9 ofshn ﬁ%%@

4 A FEAL o] F B |




v
vi

H

T

;Oﬂ

Ny
all

o
-

%o
Nl
o

ol

v
28
—

Nd

o)
all
Pl
_ZT

N

242, ABTS ZFU[ZE 7% 28



%o
i:l
o

ol

H

s

2.4.3.

11

11

ilf

11

pH %7@

2.5.1.

12

o)
__A__l
11

=T

2.5.2.

o
i
ﬂ.o
o)
o
N
_ZT

12

12

13

it

2.7. GC-MS

13

o
of

R I = I 15

2.9.

x
=

B

17

o

ol
T
28
P —
Nd

o)
all
z.e
_ZT

N

19



19

Jo
4

NI

1

ABTS g}t

3.2.

24

26

26

29

29

36

e

40

44

53

VI. 7]:}-,\]_9] g-



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figure

The shape of Panax ginseng C.A. Meyer -

Chemical structure of ginsenosides -

Photograph of red ginseng marc extracts using several
solvents of methanol, ethanol and isopropanol -

Flow diagram for absorption of headspace volatiles -

DPPH radical scavenging activity of red ginseng marc
exitracts ‘accof@ing to SOIv CTIBMEEEEEEE - o ... - sy fooeveeenes

ABTS radical scavenging activity of red ginseng marc
extracts acdOrding to SOIVENt o o oo,

Total phenolic content of red ginseng marc extracts
according to SOIVENE «

Total flavonoid content of red ginseng marc extracts
according to SOIVENE

Aroma profile of red ginseng marc extract and synthetic
red ginseng fragrance -«

14

21

23

25

27



Table 1.

Table 2.

Table 3.

Table 4.

Table b.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

List of Table

Operating conditions of automatic thermal desorber
and GC—MS o

Proximate composition of red ginseng marc powder

Crude saponin contents and yield of red ginseng marc
extract according to SOIVENt -

pH and color of red ginseng marc extract according
t0 solvent - g ant W e

Soluble solids and reducing sugar of red ginseng
marc extract according to SOIVent -«

Terpene compounds of red ginseng marc extract by
headSpace analylsis ™. R .. ol B,

Ester and aldehyde compounds of red ginseng marc
extract by headspace analysis -

Acid, alcohol and furan compounds of red ginseng
marc extract by headspace analysis

Ketone, S—, N—containing and other compounds of
red ginseng marc extract by headspace analysis -

Ranking of preference test -

15

18

20

28

30

32

33

34



Physicochemical Properties of Red Ginseng Marc Extract and

Its Application to Food Ingredients

Jeong Wan Yu

Department of Food Science and Technology, Pukyong National University,

Busan 48513, Korea

Abstract

The purpose of this study is to evaluate the physicochemical properties
and antioxidant activity of extracts from red ginseng marc, a byproduct of
red ginseng processing, and to investigate their application as food materials.
The red ginseng marc was prepared with a particle size of 415 um or less
using sieves after a dry and powdered process. The extraction solvents were
70% ethanol, 70% methanol and 70% isopropanol. After extraction, the
solvent was removed using a rotary evaporator. To measure the antioxidant
activity of the red ginseng marc extracts, DPPH radical—scavenging activity,
ABTS radical—scavenging activity, total phenolic contents(TPC) and total
flavonoid contents (TFC) were measured to compare their antioxidant
activities of red ginseng extracts with different solvents. The
physicochemical properties of the extracts were compared by measuring pH,
colorimeter, and soluble solids. Antioxidant activity was measured in order of
ethanol, isopropanol and methanol extract. In addition, the volatile flavor
components of red ginseng marc extract were analyzed by GC—MS and
aroma characteristics were evaluated by sensory evaluation. Terpene
compounds, known as the main volatile compounds of red ginseng, were
detected in all extracts, and methanol extract showed the highest aroma
preference as a result of sensory test. Through this study, suitable

extraction solvents for red ginseng marc extraction were selected, and the

Vi



physiological activity of the extracts will be applied to food materials such as
food flavoring, to contribute to the enhancement of the usage of red ginseng

byproducts.
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R1 . 3
R
Ginsenosdie Ri1 R2 R3
Rb1 -0-Gle-Gle -H -0-Glc-Gle
Rb2 -0-Glc-Gle -H -O-Glc-Ara(p)
Re -0-Glc-Gle -H -0-Glc-Ara(f)
PPD-type
Rd -0-Gle-Gle -H -0-Glc
Rg3 -0-Gle-Gle -H -OH
Rh2 -0-Glc -H -OH
Re -OH -O-Glc-Rha -0-Gle
Rf -OH -0-Glc-Gle -OH
PPT-type Rgl -OH -0-Glc -0-Gle
Rg2 -OH -O-Glc-Rha -OH
Rh1 -OH -0-Glc -OH

Glc : glucose

Ara(p) : arabinose in pyranose form
Ara(f) : arabinose in furanose form
Rha : rhamnose

Fig. 2. Chemical structure of ginsenosides
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Fig. 3. Photograph of red ginseng marc extracts using several solvents of
methanol, ethanol and isopropanol.
*RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,
respectively.
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Flow controller
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Fig. 4. Flow diagram for absorption of headspace volatiles
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Table 1. Operating conditions of automatic thermal desorber and GC—MS

Parameters Conditions
Primary tube type Triple—bed
Cold trap type Tenax—TA 20 mg
1% Desorption 3507C, 4min
ATD 650 2™ Cryo temp. -30C
(Perkin Elmer, UK) 2" Desorption 3507, 1min
Desorb flow 50.2 mL/min
Inlet split No
Outlet split 11.5mL/min
35C, 10min

GC—-MS (QP2010+)

(Shimazu, Japan)

8C/min—1207C, 10min

Oven temp. 12°C/min—80C, 7min
15°C/min—230°C, 10min
o, W AT1(60m>x0.32mm x 1.0 tm)

Column pressure
Interface temp.
Detector temp.
Mass range
Carrier gas
Mass filter type

15.9 psi
230TC
250TC

20~350 m/z
He (99.9999%)

Quadrupole

15
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Table 2. Proximate composition of red ginseng marc powder

(Unit: %)
Moisture Crude ash Crude protein Crude lipid Carbohydrate
8.10%x0.02 3.18%£0.08 13.71%£0.85 0.87%=0.09 74.15

*Mean+SD (n=3)
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Table 3. Crude saponin contents and yield of red ginseng marc extract
according to solvent

RMEY REE RIE

Total crude saponin (mg) 1.48+0.16"% 3.03+0.267 3.20+0.28°

Red ginseng powder (mg/g) 0.049 0.101 0.107

*Mean+SD (n=3)

U RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,
respectively.

2 a"\leans with different letters in superscripts are significantly different
(P < 0.05) by Duncan's multiple comparison test.
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Fig. 5. DPPH radical scavenging activity of red ginseng marc extract.
RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol
extract respectively. * “Means with different letters in superscripts

are significantly different (P < 0.05) by Duncan's multiple comparison
test.
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Fig. 6. ABTS radical scavenging activity of red ginseng marc extract.
RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol
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Fig. 7. Total phenolic contents of red ginseng marc extract.
RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol
extract respectively. * “Means with different letters in superscripts
are significantly different (P < 0.05) by Duncan's multiple comparison
test.
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Fig. 8. Total flavonoid contents of red ginseng marc extract.
RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol
extract respectively. * “Means with different letters in superscripts
are significantly different (P < 0.05) by Duncan's multiple comparison
test.
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Table 4. pH and Color of red ginseng extract

pH L (lightness) a (redness) b (yellowness)

RMEY 458 * 0.01*Y 30.30 £ 1.21° 10.54 * 0.89* 5.71 * 1.60"
REE  4.27 = 0.02® 34.03 = 0.05*% 3.96 £ 0.12° 9.08 * 0.32°

RIE 4,24 £ 0.01° 32.10 £ 0.08° 3.69 = 0.03" 8.19 £ 0.06"

*Mean+SD (n=3)

U RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,
respectively.

2 a=\Means with different letters in superscripts are significantly different
(P<0.05) by Duncan's multiple comparison test.
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Table 5. Soluble solids and reducing sugar of red ginseng marc extract
according to solvent

Soluble solids (°brix) Reducing sugar (mg/mL)
RME" 4.87+0.06° " 2.08£0.01°
REE 7.37%0.06° 2.27%0.05"
REI 6.03£0.01° 2.16+0.01°

*Mean+SD (n=3)

U RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,
respectively.

2 a=Means with different letters in superscripts are significantly different
(P < 0.05) by Duncan's multiple comparison test.
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Table 6. Terpene compounds of red ginseng marc extract by headspace

analysis
Compounds - : Peak area (x10%)

RME? REE RIE
Terpene (20)
B—Thujone 24.32 -9 66.7 -
Ledene 40.10 - 36.4 -
B—Clovene 41.67 35.8 - 188.8
6—Panasinsine 41.92 - 206.0 -
R—Panasinsene 42.68 214.1 - 318.2
B—Elemene 42.80 249.0 o047.2 404.3
B—Chamigrene 42.98 153.7 449.2 41.5
y—Maaliene 43.02 3 . 1099.8 904.5
(=) ~Isoledene 43.62 38.2 125.1 97.8
R—Caryophyllene 44.15 122.9 100.1 -
trans—B—Farnesene 44.39 128.1 256.6 141.8
Isoledene 4457 273.4 653.2 493.5
a—Gurjunene 44.76 335.5 634.4 446.7
oo—Humulene 45.03 360.0 643.1 467.7
a—Neoclovene 45.18 406.8 802.2 606.6
(=) ~Isolongifolene 45.40 157.8 567.3 129.2
Caryophyllene 45.50 - 263.9 186.3
6—Cadinene 45.93 - 550.8 -
(—Selinene 46.02 389.2 174.6 129.2
a—Guaiene 46.15 - - 219.4

U Retention time

2 RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol
extract, respectively.

¥ Not detected
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Table 7. Ester and aldehyde compounds of red ginseng marc by headspace

analysis
Peak area (x10%)
Compounds RTY P
RME REE RIE
Ester (13)

Ethyl formate 6.65 ¥ 1495.6 -
Methyl acetate 6.94 136.0 - -
Isopropyl formate 8.98 - 481.9 1504.4
Ethyl acetate 10.99 - 405.7 -
Methyl propanoate 1.85 7.3 - -
Methyl pyruvate 15.86 A - -
Ethyl propionate 16.08 = 569.2 -
Triethyl orthoacetate 18.36 = 381 -
Ethyl pyruvate 18.93 - 323.3 -
Dimethyl oxalate 19.58 3516 = -
Ethyl lactate 19.59 . 45.1 -
Diethyl oxalate 24.86 - 86.7 -
Ethyl octanoate 35.52 = 12.8 -
Aldehyde (13)
Isobutanl 7.81 27.7 42.7 -
2—Methyl—2—propenal 8.25 241.0 - -
3—Butanal 12.28 4.4 273.5 -
2—Methylbutanal 13.41 12.2 22.8 128.5
Pentanal 15 42 w 131.3 8.9
Hexanal 19.01 =0y, 124.2 36.1
Heptanal 22.40 47.1 88.2 36.5
Benzaldehyde 24.48 48.2 68.2 58.1
Octanal 26.48 108.3 - 95.7
Phenylacetaldehyde 28.20 - - 10.8
2—Methylhexanal 31.54 - - 6.6
Nonanal 32.16 36.5 46.4 34.9
Decanal 35.78 17.5 19.9 19.0

U Retention time

2 RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,

respectively.
¥ Not detected
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Table 8. Acid, alcohol and furan compounds of red ginseng marc extract by

headspace analysis

Peak area (x10%)

Compounds RTV 2

RME REE RIE
Acid (6)
Acetic acid 10.67  1810.6  2031.5  2536.9
Propionic acid 14.94 44.9 131.3 118.8
Pentanoic acid 18.52 -3 - 6.8
Heptanoic acid 25.34 - 13.4 -
3—Octenoic acid 25.96 - - 7.5
Octanoic acid 34.49 — 95.0 -
Alcohol (9)
2—Methyl—2—propanol 7.88 — = 65.3
4—Methyl—4—penten—2—ol 10.83 20.7 - —
Acetol 12.72 - 277.2 242.2
1-Pentanol 18.06 10.0 22.6 -
3,5—Dimethyl—3—hexanol 22.99 ¥ = 18.9
Trans—2—nonenol 25.64 £ - 12.6
2—Ethylhexanol 28.04 12.9 18.9 —
B—Costol 48.07 5.8 - -
Ginsenol 49.18 10.6 7.4 7.3
Furan (5)
2—Methoxytetrahydrofuran 17.53 15.0 — —
3—Methyl- (3H) —isobenzofiran—1-one 19.28 10.3 - -
Furfural 19.82 52.9 109.7 33.6
2—Ethoxytetrahydrofuran 20.10 — 35.2 -
Furfuryl alcohol 20.71 35.7 266.0 102.7

U Retention time

2 RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,

respectively.
¥ Not detected
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Table 9. Ketone, S—, N—containing and other compounds of red ginseng marc
extract by headspace analysis

Peak area (x10%)

Compounds RTY 5
RME? REE RIE

Ketone (5)

3—Methyl—2—butanone 9.04 -3 33.7 -
1—-Hydroxy—2—propanone 12.56 42.8 - -
1—Hydroxy—2—butanone 17.46 - 20.4 -
Cylcopentanone 21.78 - - 36.3
Methyl heptyl ketone 31.52 - 15.7 -
S—containing compounds (1)

Benzp—dinitride—thio—ketone 40.36 1459.8 1331.6 215.8
N—containing compounds (4)

1—Nitropropane 5.82 = = 212.5
2,5—Dimethyl pyrazine 22.73 L 13.0 -
1—Piperidinecarbonitrile 24.35 = — 16.0
Butanenitrile 29.30 3.2 = -
Others (7)

Methacrolein 8.78 - = 369.4
Acetoin 15.08 9.0 = -
2—Methylpentane 15.98 -2 - 5.3
4,4—Dimethyl—1—pentene 28.05 = - 13.0
Pentadecane 31.00 - - 6.3
Tridecane 16.15 - - 20.0
9—Methyltetracyclo 41.04 _ 795 305

[7.3.1.0(2.7).1(7.11) ] tetradecane

U Retention time

2 RME, REE and RIE means red ginseng marc methanol extract, red
ginseng marc ethanol extract and red ginseng marc isopropanol extract,

respectively.
¥ Not detected
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Red ginseng —o—RME
aroma —=—REE

~ —e—RIE

-~0--SRF

Sweetness
aroma

Preference

Chemical
aroma

Woody
aroma

Sour Smoky
aroma aroma

Fig. 9. Aroma profile of red ginseng marc extract and synthetic red
ginseng fragrance.
RME, REE, RIE and SRF means red ginseng marc methanol extract,
red ginseng marc ethanol extract, red ginseng marc isopropanol
extract and synthetic red ginseng fragrance, respectively.
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Table 10. Ranking of preference test

RMEY REE RIE SRF

1.69£0.75*% 1.92+0.76° Bae +0.51° 2.77+1.24°

* MeanzSD (n=3)

U RME, REE, RIE and SRF means red ginseng marc methanol extract, red
ginseng marc ethanol extract, red ginseng marc isopropanol extract and
synthetic red ginseng fragrance, respectively.

2 a=Means with different letters in superscripts are significantly different
(P < 0.05) by Duncan's multiple comparison test.
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