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Abstract[]During the controlled atmosphere storage (CA), fresh ginseng showed good appearence in
quality, and other deteriotation of freshness was not observed until 12 weeks. On the other hand,
MA storage had kept freshness only in treatment of E until 8 weeks. There was no significant difference
between treated and non treated sample with preservatives, and not treated sample was not infected
with various different fungi. Moisture contents and hardness of ginseng in all treatments were not
changed much until 12 weeks, and surface shrinkage did not occur either. But shear stress increased
somewhat in all treatments after 12 weeks. The granule of microstucture in tissue diminished slightly.
The appearent quality of red ginseng was good until 4 weeks of treatment. But as time passed, white
skin and wrinkled skin were generated and darkened in its color. B-1 in CA and E-1 in MA were
found to be the most favorable one. The content of crude saponin did not change significantly during
storage of CA or MA by preservation conditions and period. Though a small increase in saponin content
from 4.92% to 543% was recognized in B-1, which was treated with preservative and 6.0% in B-2,
control, this could rather explain increment of soluble component by butanol. Thus, there was no change
in total contents of ginsenoside pattern and composition of each content. The Rbl content in B-1 and
B-2 were 0.98%, and 0.97%, respectively, whereas that of control was 0.96%. E-1 of MA, treated with
preservative was 5.32% after 12 weeks, but was 5.73% in control, indicating that ginsenosides pattern
was quite similar to that of CA storage.
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Table 1. Conditions of CA and MA storage for fresh
ginseng

Stor- Sam- Composition of

Remarks

age ple gas CO;:0,: N,

CA A1 3:2:95 DF-100* *Natural preserva-
A-2  3:2:95 None tive DF-100 0.5%
B-1 6:4:90, DF-100* immersion 4+ 1T,
B-2 6:4:90, None RH 90%
C-1  0:3:97, DF-100*
C-2 0:3:97, None
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Table 2. Characteristics of packaging material for MA
storage of fresh ginseng

Permeability of Permeability of

Material Thickness water vapor oxygen
(g/m*day) (cc/m*day)
HDPE 25 um 7.650 520~3,900
CPP 30 um 6,730 500~2,000
OPP 25 um 4,551 2,500~ 3.800

Table 3. Instrumental condition for permeability of

water vapor

Temperature & Humidity :@ 40T, 90%

Test cell area 1 50 cm?

Total air flow : 30 mm/min

Test Instrument : Permatran-W. Twin
(Mocon, Modern Controls.
Inc. Model DL-100)
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Ginseng powder

Extracted four times
with 80% MeOH at 75T

Ginseng Extract
Dissolved in Water
Water solution

l Extracted twice with diethyl ether

Ether layer Agueous layer
Extracted four times
with n-BuOH
saturated with water
BulanoJ layer Agueous layer
Washed twice with water
Butanol layer Agueous layer
Evaporated at 55T
in vacuum
Crude saponin Concentration

Dissolved in MeOH
Filtration with 0.45;m

Dissolved in Water
Filtration with 0.45m

membrane filter memibrane filter
HPLC analysis HPLC analysis
for saponin for sugar

Fig. 1. Flow chart for determination of saponins and
sugars in red ginseng powder.
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Table 4. Operating conditions of HPLC for analysis
of ginsenosides and free sugars

. Analytical HPLC/ALC-244

. Lichrosorb NH, (Merck Co., 10 ym, 4
mm 1D X250 mm)
Acetonitrile/distilled  water/n-Butanol
(80:20:10, v/v)

Instrument
Column

Mobile phase :

Flow rate . 1.0 m//min
Chart speed : 0.5 cm/min
Detector . RI-401 (differential refractometer)
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TabJe 5. Changes of moisture content of fresh ginseng during CA and MA storage (Unit : %)
Storage time (week)
Storage condition Sample code

1 2 3 4 6 8 12

CA A-1 70.1 68.2 68.0 67.3 66.4 69.0 69.7 68.5

A-2 70.1 69.4 68.0 68.2 66.7 67.6 68.5 68.5

B-1 70.1 70.0 69.4 68.7 718 67.7 72.3 72.1

B-2 70.1 714 69.2 68.9 68.3 72.8 66.9 65.8

C-1 70.1 70.7 70.4 69.4 70.4 66.1 69.7 70.9

C-2 70.1 70.6 70.4 69.7 70.4 66.1 69.7 70.9

MA D-1 70.1 715 724 719 70.4 69.4 69.7 68.0

D-2 70.1 69.2 68.7 67.9 70.1 67.2 68.6 71.6

E-1 70.1 724 68.7 67.9 70.1 67.2 68.6 716

E-2 70.1 71.9 67.4 69.2 704 67.3 69.5 715

F-1 70.1 68.7 69.2 714 68.2 70.8 70.9 724

F-2 70.1 69.3 70.9 714 70.5 70.3 69.7 69.0
*A-1:C0,:0,:N,—>3:2:95, DF-100, A-2:C0,:0,:N,—3:2:95, None
B-1:C0;:0;:N;—>6:4:90, DF-100, B-2:C0O;:0;:N,—6:4:90, None
C-1:C0,:0;,:N—>0:3:97, DF-100, C-2:C0O,:0;:N,—>0:3:97, None
D-1: HDPE - DF-100, D-2:HDPE - None
E-1:CPP - DF-100, E-2:CPP - None
F-1:0PP - DF-100, F-2:O0OPP - None

Table 6. Changes in hardness of fresh ginseng during CA and MA storage

(Unit : kg/cm?)

Storage condition

Sample code

Storage time (week)

1 2 3 4 6 8 12
CA A-1 543 545 5.60 6.25 6.60 719 593 5.75
A-2 543 5.77 5.95 6.33 5.55 6.08 6.45 6.34
B-1 543 5.25 5.09 6.57 5.99 5.56 597 5.69
B-2 543 5.38 6.10 5.69 5.80 6.02 6.70 545
C1 543 4.97 543 5.26 5.85 5.95 6.12 6.37
C-2 543 4.92 5.62 6.37 5.86 6.11 5.19 525
MA D-1 543 5.21 5.90 5.39 6.09 5.77 5.72 5.67
D-2 543 4.90 5.21 6.56 5.74 543 5.87 5.98
E-1 543 540 5.57 6.50 5.46 5.99 6.37 5.36
E-2 543 5.20 5.88 5.44 5.08 5.53 5.81 5.94
F-1 543 511 4.93 6.19 6.60 6.37 5.99 591
F-2 543 5.15 545 5.59 6.23 544 6.15 542
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Table 7. Changes in shear stress of fresh ginseng during CA and MA storage

AL - whATF - A

22 ]l |

(Unit : kg/cm?)

Storage time (week)
Storage condition Sample code
0 1 2 3 4 6 8 12
CA A-1 6.83 6.29 6.05 7.12 7.12 6.45 6.69 8.60
: A-2 6.83 6.60 6.24 6.03 6.03 7.22 5.99 744
B-1 6.83 6.32 6.30 6.74 6.74 6.72 5.66 824
B-2 6.83 6.14 5.53 5.95 5.95 7.10 6.26 7.31
C-1 6.83 7.61 5.17 541 541 7.14 6.43 8.76
C-2 6.83 6.61 5.23 5.88 5.88 6.76 6.75 8.72
MA D-1 6.83 6.75 5.38 6.06 7.86 6.75 6.79 7.76
D-2 6.83 5.80 5.58 5.63 5.61 5.61 6.41 7.28
E-1 6.83 5.75 6.11 6.74 5.58 6.06 6.04 851
E-2 6.83 5.93 592 5.73 5.25 5.99 6.33 6.94
F-1 6.83 6.55 5.33 6.63 5.09 7.15 6.35 8.06
F-2 6.83 591 5.88 5.88 5.48 5.75 6.02 6.75
Table 8. Proximate analysis of fresh ginseng and red ginseng. (Unit : % dry basis)

Moisture Crude protein  Crude fat. Ash Reducing sugar Total sugar

Fresh ginseng 70.1 14.8 142 4.29 321 55.36

Red ginseng 9.9 13.6 1.94 4.49 11.65 60.12
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Photo 4.

Photo 5. Photo 6.

Photo 1. Microstructure of fresh ginseng, 2. Microstructure of fresh ginseng stored for 4 weeks under CA storage
(B1), 3. Microstructure of fresh ginseng stored for 8 weeks under CA storage (Bl), 4. Microstructure
of fresh ginseng stored for 12 weeks under CA storage (B1), 5. Microstructure of fresh ginseng, 6. Mic-
rostructure of fresh ginseng stored for 4 weeks under CA storage (E1).

Fole AEHe) wol TS Ansh w5 2. SAQ o|sie MY
HEel Aol Yort Be A Aoz ARV UMIE 42 AFY S4F AP T
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Photo 7.

Photo 8.

e elAtets =]

Photo 7. Microstructure of fresh ginseng stored for 8 weeks under CA storage (E1), 8. Microstructure of fresh

ginseng stored for 12 weeks under CA storage (E1).

Table 9. Ginsenoside contents of red ginseng processed from fresh ginseng stored under CA storage

(Unit : %)
Control B-1 B-2
Ginsenoside
0 4 8 12 4 8 12

Rb, 0.96 0.97 097 0.98 1.04 1.02 0.97
Rb; 0.36 0.35 0.37 0.38 0.40 0.39 0.37

Rc 0.38 0.38 0.38 0.39 041 041 0.39

Rd 0.18 0.19 0.22 0.21 0.19 0.20 0.20

Re 0.31 0.37 0.35 0.34 0.36 0.36 0.34
Rg 0.34 0.39 0.37 0.37 0.38 0.37 0.36
Total 2.53 2.69 2.64 2.65 2.60 2.75 2.61
Crude saponin 4.92 5.42 545 543 5.88 6.04 6.00

Table 10. Ginsenoside contents of red

ginseng processed from fresh ginseng stored under MA storage

(Unit : %)
Control E-1 E-2
Ginsenoside

0 4 8 12 4 8 12

Rb, 0.96 1.04 1.07 1.03 1.05 1.04 1.00

Rb, 0.36 0.39 0.35 0.34 0.33 0.35 0.33

Rc 0.38 041 0.36 0.36 0.35 0.39 0.37

Rd 0.18 0.18 0.20 0.24 0.20 0.25 0.23

Re 0.31 0.33 0.32 0.33 0.33 0.35 0.33

Rg 0.34 0.34 0.34 0.35 0.34 0.37 0.35

Total 253 2.69 2.64 2.65 2.60 2.75 2.61

Crude saponin 492 5.18 5.18 5.27 5.64 5.89 5.73
FAHE Y82 S AR o olF AREE A BE#Ee] 701%e4 ¥ Az2E 99%E FAiE
WAR-S AR Ax= Table 83F 7ol Fatel & Ao ZAER| R Bo b, 22 3% 39
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59 durEelME & AolE HeolA| stk
ZTAEA EM 9 ginsenoside THE @ 4Me] CA
g MAAA F 7 A8 Ae77e] 2ARE(crude
saponin)®] #=FHsle}l ginsenoside HEE FAMEF
A= Table 9, 103} el CAX A4 B-17 ¥
B-27¢] A3 Table 99} #o] &]77te] 2T
ginsenoside %ol 4= thd: z}e]7} 31214 ginseno-
side MEE Bl 7|7l wet T Aol ¢l
oo 2AREY gekol A B-19) ¢ 4.92%¢1 4] 591
% W2 o Zol7} sle AR deldoy o)&
AEd 9] WololA] o= §HEFA WdtEole 3 9
BuOH #-&gk Z7lollA o= 705 Ho|v ginseno-

Fig. 2. TLC chromatogram of ginsenoside in red gin-
seng processed from fresh ginseng stored un-
der CA and MA storage. *St: standard.

0:Control 1:A1-12 2:A1-12

3:B1-12 4:B1-12 5:C1-12

6:C1-12 7:D1-12 8:D1-12

9:E1-12 10:E1-12 11:F1-12
12:F1-12

Fig. 3. TLC chromatogram of ginsenoside in red gin-
seng processed from fresh ginseng of different
storage period.

*M.G. : Major ginsenoside, C : Control.

el CA 3t MA A4 o]sieha] w3} 71

side 7JHsFE 9 FAA Bl 253%dA 125
AE 267%2 0.14%9 i F71E Holv 4%
o]¥ 12537k AL Aol gl ALZE viehd B-
18] 3% &7 45717 Wgel|F 125713 ofF
A3 Ao g Ak a3y B-27% 9= B-1¥}
ZAl2y 4 ginsenoside W F7}Eo] i E&
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0] TLCel| 2ig Feiio]2 R Fig 2 % Fig 39}
Zro] zto|7} gl Ao® byt CA % MAA%
o]A] 125 A% saponin patternS HPLCE A,
vlwdk A4 BH Fig 49 o] RFEH dix
ol ulgted Aol W) gle AR e} CA 2

A)

Response

B)

Response

Response

Time (min)

Fig. 4. HPLC chromatograms of ginsenoside in red gi-
nseng processed from fresh ginseng (A), from
fresh ginseng stored for 12 weeks under CA
storage (B) and from fresh ginseng stored for
12 weeks under MA storage (C). CA storage
and MA storage samples were from B; and
E,, respectively.
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