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Abstract

This study is to demostrate how the low molecular ginsenosides can be produced from low grade fresh ginsengs
by low CO, emission processes. Since it was known to apply the low carbon dioxide emission processes to the gin-
seng processing companies due to requiring high temperature extractions in low grade fresh ginseng. Several types
of low CO, emission processes were empolyed in this experiment such as microwave, ultrasound, ultra-high pressure
extraction process that can be more eaisly scaled up to ginseng processing industries. From microwave extraction
process, 1.290 mg/g of total low molecule ginsenosides (sum of Rg2, Rg3 and Rh2) were obtained while 1.442 mg/
g and 1.258 mg/g were estimated from ultrasonification and ultra high pressure extraction processes, respectively.
Total carbon dioxide production (TCO,) from each process was also calculated as 0.1437, 0.0862, 0.1014 TCO, for
microwave, ultrasound and ultra-high pressure extraction process, respectively. It was found that the ultrasonification
process was most effective extraction method in processing the low quality ginsengs since this process generated
the lowest CO, emission while the highest low molecular ginsenosides were produced. This result could be caused
by that the energy from ultrasonification most efficiently penetrates since the minimum energy from this process was
about 146.2 kcal while C-O glycoside binding energy of ginsenosides was ca. 76.5 kcal, and the minimum energy

from two other processes were lowere than this.
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A 2 &go] Hovte fﬁ%ﬂ PEH 3L UTk(Singh et
al., 1984; Benishin, 1992; Li, 1992). &A%t o] 2|3k 2 &
A} FAA AL 259 R, Rg3 Rh2, CK &= &4tellA] H]
F AEo] =, durAQl Qlstelyt itell= A T3t
IR 93 ohE Q4 AFEUQ Rgld RblE
A=Al = FEf R EA)6taL ATHHa & Ryu, 2005). @
ZA EF AR ZA=Abe]= Rg2, Re3, Rh2, CK &
A7) flel e Qe F4ko = AgteiAt HES Sl
7120 A B vl R-Eold= Reldt Rblse] AL
A AA| =A| =8 7HEE] sofyt Soh(Park et al,
2006; Doh et al., 2010).
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2 F% 34, Wk FHLS B AZ] 2ol e
AA Aol = T2E $3IA717] S8 AlE-o] "t 314

at7] fleirs B
E2 255 AT fFAs oF 671 &
o] A dth(Yang et al., 2006; Hong et al., 2007). &=
& FE2 Tl DA AmAbe| =9 o] A A

= AR o] = L}E‘r.
1980 thell &
woll A AAA o= C029J H &= T‘fﬂlﬂ} ¥ oFo] W
o] Aukd =4 34 olghs AR TS Ao,
CO O] }\g}\}o] ;<17LQJ_ gpﬂ;ao _1_24_4 Hul—o] Oﬂ?—E]

3 tH(Lee, 2011; Han et al., 2011).
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YR A2H| % (TOE) = AF 2B keal / 10° keal
AA] AL 1 kwh B & 293 = 2,150 keal
A7) AHE g EAS = 0.215
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7k Aeka FAHE AEE 3k MM Aol = SRS
Z2A317] 98 AT A Z=ZutEaH I HPLC 500
series, BIO-TEK instrument, Italy)E A& 315921, HPLCS
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Table 1. Comparison of consumption energy and economic evaluation by several kinds of CO, reduction processes.

Extraction conditions (Water solution)

Process” consumption energy (kwh) Extraction yield (%, w/w)
Temperature (°C) Watt (W) Time (h)
WE 100 200 12 2.40 10.5
0.1 0.17 10.2
ME 100 1700 0.3 0.51 12.5
0.5 0.85 11.9
0.5 0.17 13.2
UE 60 340 1 0.34 15.5
1.5 0.51 16.7
0.1 0.20 12.5
HPE 40 2000 0.3 0.60 14.8
0.5 1.00 13.2

YWE: Water Extraction, ME: Microwave Extraction, UE: Ultrasonification Extraction, HPE: High Pressure Extraction.
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CO2 emission (TCO2)

Control ME(0.1h) ME(0.3h) ME(0.5h) UE(0.5h) UE(lh) UE(L.5h) HPE(0.1h) HPE(0.3 h) HPE(0.5 h)

Low CO2 Emission processes

Fig. 1. Comparison of amounts of CO, emission from several
extraction processes for low quality fresh ginseng. (Control: low
quality fresh ginseng extracted by water extraction at 100°C for
12 h, ME: low quality fresh ginseng extracted by microwave
extraction at 100°C for 0.1 to 0.5 h, UE: low quality fresh
ginseng extracted by ultrasonification extraction at 60°C for 0.5
to 1.5 h, HPE: low quality fresh ginseng extracted by high
pressure extraction at 40°C for 0.1 to 0.5 h.
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Fig. 2. HPLC chromatograms of WE(A), HPE(B), ME(C) and
UE(D) treated ginseng powder (WE: Water Extraction, HPE:
High Pressure Extraction, ME: Microwave Extraction, UE:
Ultrasonification Extraction).
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Table 2. Ginsenoside contents of low quality fresh ginseng by low CO, emission process.

Ginseng ginsenosides (mg/g)

Condition Small molecules Large molecules
process” (}‘Be R2 Rg3 Rh2 CK Re Rbl Re Rb2 Rd

WE 12 0.34840.012 0.175£0.031 N.D? N.D 1.95940.222 1.543£0.110 0.83240.129 0.740+0.142 0.052+0.023 0.138+0.072
0.1 0.261+0.002 N.D N.D N.D 1.059+0.046 1.012£0.125 0.233+0.052 0.219+0.045 0.047+0.003 0.119+0.032

ME 03 0.533%0.011 0.312£0.075 N.D N.D 1.139+0.107 1.208+0.094 0.317+0.098 0.421£0.053 0.087+0.007 0.132+0.034
0.5 0.913+0.031 0.342+0.024 0.035+0.003 N.D 1.129+0.099 1.230+0.059 0.308+0.037 0.255+0.087 0.049£0.012 0.259+0.021
0.5 0.295+0.026 N.D N.D N.D 1.028+0.087 1.176+0.166 0.278+0.043 0.102+0.034 N.D 0.10840.006

UE 1 0.616£0.064 0.246+0.009 N.D N.D 1.21140.068 1.199+0.084 0.437+0.083 0.241£0.038 0.031+0.009 0.115+0.033
1.5 1.12740.012 0.285+0.005 0.030+0.003 N.D 1.320£0.047 1.287+0.053 0.86940.038 0.442+0.087 0.02140.008 0.128+0.021
0.1 0.796+0.016 0.044+0.002 0.018+0.006 N.D 1.084+0.097 1.239+0.027 0.270£0.056 0.239+0.057 N.D 0.05110.006

HPE 0.3 0.87140.034 0.255+0.012 0.13240.028 N.D 1.241£0.116 1.210+0.086 0.344+0.032 0.231£0.021 N.D 0.10320.009

0.5 1.059+0.049 0.346%0.043 0.139+0.059 N.D 1.252+0.109 1.312+0.157 0.562+0.051 0.252+0.020 0.045+0.013 0.137%0.021

DWE: Water Extraction, ME: Microwave Extraction, UE: Ultrasonification Extraction, HPE: High Pressure Extraction.

YN.D: Not Detected
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Table 3. Conversion pattern of low molecules of ginsenosides from large molecules by several low CO, emission processes.

Condition Total small molecules Total large molecules S
. . . . Conversion yield (%)
process” Time (h) ginsenosides (mg/g) ginsenosides (mg/g)
WE 12 0.5230 5.2640 -
0.1 0.2610 2.6890 49.90
ME 0.3 0.8450 3.3040 161.56
0.5 1.2900 3.2300 246.65
0.5 0.2950 2.6920 56.40
UE 1 0.8620 3.2340 164.81
1.5 1.4420 4.0670 27571
0.1 0.8580 2.8830 164.05
HPE 0.3 1.2580 3.1290 240.53
0.5 1.5440 3.5600 295.21

Y'WE: Water Extraction, ME: Microwave Extraction, UE: Ultrasonification Extraction, HPE: High Pressure Extraction.
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Fig. 3. Chemical structures of ginsenosides and their related
compounds.
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0.3 h.
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