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Abstract : In order to stabilize the price of fresh ginseng by extension of seasonal variation and
marketing structure, and to reduce the cost of production by works of intensive and short term, stu-
dies were carried out. As fresh ginseng of 4 years old by the MA (modified atmosphere storage) and
CA (controlled atmosphere storage) was stored for 12 week at 4°C, samples were collected after
every 1, 2, 3, 4, 6, 8, 12 weeks for processing red ginseng. Chemical characteristics on ginseng steam-
ed red for the quality evaluation are summarized as follows. The composition of free sugar were con-
sisted of fructose, glucose, sucrose, and maltose in fresh ginseng. And small change was revealed in
free sugar composition during the storage period. Glucose and sucrose were largely increased in both
treatments of MA (modified atmosphere storage) and CA (controlled atmosphere storage) after 4
week, wherein maltose was decreased. Fifteen different amino acids were identified, and total
amount of histidine and arginine were over 40%. Phenylalanine was slightly decreased. As the vo-
latile components in control red ginseng, six different ones including triisopropyl benzene were de-
tected. B-1(CO,: 0,: N,=6 : 4 : 90, DF-100) of CA and E-1 (CPP, DF-100) of MA did not shown tri-
isopropyl benzene as the volatile components. And y-muurolene, guaiaene, and beta-patchoulene
were reduced, but the other components showed the trend of increase.

Key words : Controlled atmosphere, modified atmosphere, fresh ginseng, red ginseng, free sugar, am-
ino acid.
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Table 1. Conditions of CA and MA storage for fresh
ginseng

Table 2. Characteristics of packaging material for
MA storage

Composition of gas

Permeability of Permeability of

Material Thickness Wwater vapor Oxygen
(g/m’/day) (cc/m*/day)
HDPE 2510 7,650 520~3,900
CPP 30 i 6,730 500~2,000
OPP 261 4,551 2,500~3,800

Storage Sample C0,:0,: N, Remarks

Al 3:2:95, *DF-100 e
A2 3:2:95, None Prei\I ?&/l;rt{ii\lfes
B-1 6:4:90, *DF-100 ese

CA B_Z 649(), None DI"lOO 05(%
C-1  0:3:97 *DF-100  4CHIC RH
Cc-2 0:3:97, None 90%

Film

D-1 HD-PE, *DF-100 N |
b-2 HD PE” None Pres:rt\\;;?ive

M.A E; ggg’ NI?)E(;IOO DF-100, 0.5%
F-1  OPP,*DF-100 ¢ Ciql()g’ RH
F-2 OPP, None S

A g 54kel] g A x)2]+= Table 17} 7ol #| A+ 2]
gleAwe FEely 1ur) SA4EA] GrE 24
slof Z3} o]l B A& AL 18 kgs 3 kg¥ 67>
B sl nER A Yo sl
BEE AuT= AdREE 24 v]FFDAS] =
whe Aol 7] %] g A Q] DF-100S 0.5% &4
o2 zA|ste] 587 AX AL AN E715 Al
Aste] |2 ARt

2) CA(controlled atmosphere) A& 4 =71

CAAAAA=(Fe] 2 m & 50%x50 cm® CA
Chamber)& ARS8l Al 874k 18 kgs 3 kg
67-2 THsla BER Aol FAefR FEs)
o] CAAAAAol Yl E§7)Ae] 242 AT
7d9- CO.:0,: N2 B85 3:2:95 Bi<= 6:4:
90, C7-= 0:3: 972 3lu Fot2F9-8 £l 2}
Fog 24y AALEE 4CL1CE ¥
L H5E fAs7] $iste] dhwtell Stainless steel
Vatell 2575 A9 Algstadct.

3) MA(modified atmosphere) #3227

MAX AN 389 7164 2AE A4 A8
slod 3709 APET= Eslicl. D= HD-PE
(high density polyethylene film) Z£#31& AHg-3}
41532 E7-= CPP(Cast Polypropylene Film), F#=
OPP(Oriented Polypropylene Film) ZA4=)zlS 2}
7} aRgsted CA(controlled atmosphere) 7ol
of Folgt o g HER Aelet TR :vL-‘vi?'f}
o] 2|84 3 kg2 1 kg¥ 50x50 cm 7] %

o Yu dArIZ WEdski 4Ce BOD In-

_‘

cubator BI 20(JEIO TECH) A &sbaA] xl7
AF sl A B2 ARgsledlen 7~74Tz]—2~
°:1 CA(controlled atmosphere) *17%43} g ut
2 Stamless steel Vatg ¥ 755 A T4 %
slutell W Agdsleic). ol ARE-El EakAle] EA
Tt AF223L Table 29} zkow] 542 Perma-
tran-W. Twin(Mocon, Modern Controls. Inc. Mo-
del DL-100)& AM-8-3}3ic}.
(2) #2igt ¥ E*-?*IEJ 24

°1~m£i2r+
2 lo S wE

3%

Sajre] He)AekS n-butanol F5E(Crude sa-
ponin) A Al b}" = B35 2ol 80% EtOH
gollo] FHE2 Frol HuE AT 4CelA

8,000 rpm & 2097k 1Al Fefste] whid & )~
shar AREe] gk g 50°ColslellA] AAbEFeted
250l £3)8 & millipore filter (pore size 0.45
pm)E oj3star o] oJ AL He e i HPLCRE
BAslgon] v ZTEELS MerckA® chromato-
graphy-& kitZ AH8-stslar o]wje] HPLC| ¥4 =
71-& Table 3%} Zstch.

gk} Aeke Somogyi HH.L2 A

(3) S0l0|=A

Zolr| Ak #A1E Herbert®'e] #hlell F3loich
B2A 8 500 mgs waftell #3le] 6N HCI 20 m/
91 Advkar 2247 H dEdste] 110CellA
2477} ok T H""‘L thg AFAEAA 0.1 M
Citrate buffer(pH 2.2)Z £-8|3}*] membrane filt-

psielet”

Table 3. Operating conditions of HPLC for analysis
of ginsenosides and free sugar

: Analytical HPLC/ALC-244

: Lichrosorb NH2(Merck Co., 10 um
4 mm ID X250 mm)

: Acetonitrile/distilled water/n-butanol

Instrument
Column

Mobile phase

(80:20:10)
Flow rate : 1.0 m/min
Detector : RI-401(differential refractometer)
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Table 4. Operating conditions of high-speed amino
acid analyzer

Column 2.6x150
[on-exchange resin #2619
Analysis cycle time 70 min
Buffer flow rate 0.225 m//min
Ninhydrin flow rate 0.3 m{/min

Column pressure 80~130 kg/cm’
Ninhydrin pressure 15~35 kg/cm’
Buffer change steps 5 steps
Column temperature 53°C

Optimum sample quanity 3n mole 50 p/

N, gas pressure 0.28 kg/cm®

V] - kgl A A ared qlAtsha] ]

Table 5. GLC operating conditions for analysis of vo-
latile flavor compounds in red ginseng pro-
cessed from CA and MA storage on fresh
ginseng

Model : Hewlett-Packard 5890 series 11

Internal standard : 1-tridecene 0.5 mg

Column : Supelcowax 10 fused silica capillary
(30 m*0.25 mm ID, film thickness 0.25 m: Supelco)

Temperature 1 60°C (3 min)-3'C/min-90°C(5 min)
-2°C/min-150°C (5 min)
-3°C/min-240°C

Carrier gas 1N, ca 1.0 ml/min (split ratio 30:1)

er(0.45 pm) 2 A A)7] F- Sep-pak Cis cartridge
Apgaled AHbA 28 AlAZ vhS Al E 20 mg A
slod o}u] e ARE-RAY 7] (Hitachi model 835)F. &
olv| kS Awkslodct

ol opw|iAb xlEEA7|S] EA
42} 7gke}.

(4) A0 CHEA|

Al A= carbazole-sulfuric acid WHYo R

Z71-8- Table

[ 5g of ginseng powder ]
50me of distiled water
Extraction
80T ; 1hr
Centrifugation

| 4T, 10,000rpm, 20min

sup. ppt

2me
8m¢ of EtOH

Centrifugation

4°C, 10,000rom, 10min

Sup. ppt

Disoived in 2n¢ of
distiled water

Dilution(x 64, x32)

Sample

!
Test 0.5m¢
Carbazole {0.1% in EtOH)0.25mé
)

[
Blank 0.5mf
Ethanol 0.25mé
L

C-H,SO4 3mf added

Heating
[ 85T in water bath 5min
Cooling
( room temp. 15min
O.D at 525nm

Fig. 1. Flow chart for determination of acidic po-
lysaccharide .

¢ 525 nmoll

7REF SDE(Likers leerson type Slmultaneous
steam distillation and extraction apparatus) %=x|&
AMgsldct, BabEabA g 20 g& #H3le] 319] flask
o Y3 S5/ 115 71 ohs AR 100, %
289 40C o)Fell A 22175t FE3 vt 3+
4] n-pentane : diethyl ether&<4(1:1, v/v) 50
miE 71kar 2417} F&sla S-3kik JES-S 71s)
of A7) ohg 30ColslollA FE3te] o Al
Asta W% FF 224 1-tridecene 0.5 mgs
7vate] FHA AR BAE A8 R AMESeich
olw) GCe #AZA-L Table 59 ot A 3
71489 BATz e Gas chromatogram
GC/MSZ #43 ¥ PBN Search of Library File
(Chem/ Database/Wiley. 1)¥} tlz&=3te] Falssich.
olu] GC/MSE Hewlett-Packard Co. 5890 GC-HP
5970MSsd 2= Supelcowax 10 GC column$- A58}
At

E= L Un

1. RalEn &g

Sl52 CA(controlled atmosphere) 3 %
MA (modified atmosphere) A & 2 2]l A
2] g-z|dgteke) W3l Table 63 2t} Fructoset
7+ AepdR 3A Fvklee 53] CA AR
B-27ellM & 125 AAA] 20.85 mg/go-2 7HY &
7445 1Yk Glucose® A A7kl A 57 33
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Table 6. Free sugar content of red ginseng processed from the fresh ginseng by CA and MA storage  (Unit : mg/g)
Condition CA storage
Sample Control B-1 B-2
Time (wk) 0 4 8 12 4 8 12
Free sugar
Fructose 1.79 3.71 6.34 9.60 4.47 16.43 20.85
Glucose 3.46 4.40 4.61 6.56 2.96 10.09 10.38
Surcose 24.62 96.04 90.70 89.56 93.75 87.12 77.75
Maltose 67.84 43.54 23.88 23.18 23.88 19.66 15.17
Total 97.71 147.69 125.53 128.90 125.06 133.30 124.15
Condition MA storage
Sample Control E-1 E-2
Time (wk) 0 4 8 12 4 8 12
Free sugar
Fructose 1.79 4.64 17.19 11.70 4.38 15.05 10.18
Glucose 3.46 3.17 6.92 6.56 5.33 7.64 6.85
Surcose 24.62 65.32 83.84 92.99 58.23 84.45 94.67
Maltose 67.84 49.16 18.12 7.02 39.19 12.92 12.64
Total 97.71 122.29 126.07 118.27 107.13 120.06 124.34
= 73goR 94 B-2 Aol 1254 10.38 mg/g 9
2.2 7P A4 el Sucroses A E7] 24.62
mg/gell Al 7 AT 47 AR o) F w8 FhEA R s
E Yehfigl o} maltosess A3 271 67.84 mg/gell 5
2
A AA717Ee] Aol et 2 ARl E Bk ° .
£ I
s pabs 1057 AAAA fructose, glu- 3
cose, sucroset- 2718191 21} maltoses 343153} &
5L Rwgk Azksh AAstedeh 205 4k CO. o
7k, Ny 7 9 R AR e 2 5°CollA 67047 A
o felge 49 YL A% P e R

oA frele] geksrt 7 Aglen CO, 2 N,
AN A 270 A AFE- maltose 3HaFe] #5313
thes Bael o2 A3s vehlich 2 el
maltose T&Fo] 74 72 g4 9] amylaseol] 2
g A Gol AR oL Zloew wekslcl
Sucrose &2 27} sucrose synthetaseol 2]&F
sucrose®] P o2 FA =}

& CA ABTF- T4 Al xsled 47
7hd Felde) ks AR A= Fig 29)
glel gk ASAF Az SANA 6.05%=
74k A Vet 15 o] Fs %0 F Zhavdte] A
A 67712 A3t 11 o] 3= 4% W2l 5 Wi}
Ak A 58 S AL F FHEARAN
R Azste] I TS A A9 F

Weeks
Fig. 2. Reducing sugar content of red ginseng pro-
cessed from the fresh ginseng by CA storage
(B-1).
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o e S Brh 052 AR Al
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tl o]l AA & Aite] TEFRE H A AL ARG



2 MA AAbellA] AA2713 M A7) 7k
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obe| e AkS 1550] FAIF|9 e histidined} ar-
ginine] 7} o] HE ¥ o] glsiet. FA4ke] Fotn|
AR E 6524 mg¥~846.7 mg% W)= A7)
Zkol] wp2 grepsies =4 k9o aspartic acid
CA AAF<l Bl7elA F7PE3s vehligla
phenylalanine2 & ZH4E Btk MA AAolA
= E-17l4 AA717}el w2} arginineo] 34733k
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serine, threonine®| 7}AF o] #ojdicty B 113 7
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Table 8. Changes of acidic polysaccharide contents of
red ginseng processed from fresh ginseng aft-
er CA(B) and MA storage(E) (Unit : %)

Time(wk)

Sample 1 2 3 4 6 8 12
Condition
B-1

541 4.87 5.06 4.99 531 4.83 4.74 4.82
5.41 4.92 5.09 5.03 5.21 4.91 518 5.07

B-2
E-1 541 4.93 5.01 4.89 5.14 5.03 4.92 5.03
E-2 541 510 5.07 4.93 5.11 5.15 4.87 5.07

CA

CA AAT= FollA nE 7Y AA 157l = oF
7k ZhAasict 47 ofA] Frtetan A 125 7
A= A7 & Aol BolA] ¢gkem MA A
Aol A e WSS WolA] W Z R Kol ik
o] ZAMYGAlE Az disle] vl kA
gk 7o HedE )

4. UM SIIME

AH 1257t CA(controlled atmosphere)
MA(modified atmosphere) A& - FAko 2 2| x3}
o] SDE #hlo® &3 sy |4 R Wt
2245 A3k= Fig. 3-5 2 Table 99) 7). Table 9ell
A9} zFo] retention time 17.0 min®] triisopropyl
benzene®| 639 #r1Adwe] HE gl en CA
278l B-17ol A= retention time 18.7 min B-ma-

aliene®] &% A| 243k} y-Muurolene, guaiaene 5

Table 7. Total amino acid composition of the red ginseng processed from fresh ginseng by CA and MA storage

(Unit : mg%)

Sample B-1 D-1 E-1
Time (wk) Control
— 0 4 8 12 4 8 12 4 8 12
Amino acid

Aspartic acid 0.69 1.15 1.16 1.60 1.17 2.45 1.66 1.57 1.62 1.34
Methionine 88.14 93.62 106.23 95.78 81.29 105.39 103.79 105.31 108.71 116.48
Threonine 32.34 32.29 37.50 34.22 30.71 4.150 42.25 35.70 38.33 42.94
Serine 22.45 24.82 29.49 29.30 22.49 30.92 32.71 26.59 28.54 33.74
Glutamic acid 77.14 75.44 92.01 92.50 85.01 10844 112.37 9759 101.41 109.24
Glycine 27.90 28.07 36.04 3391 29.03 39.55 41.72 30.52 34.24 42.54
Alanine 35.04 35.42 40.67 40.42 32.33 42.74 43.40 25.88 37.31 46.27
Valine 26.67 29.06 34.42 30.61 27.21 31.18 37.20 30.41 34.93 41.65
lTosleucine 23.88 25.18 29.94 28.13 23.11 34.32 34.19 28.11 54.35 61.21
Leucine 45.94 45.83 56.25 49.72 43.17 82.04 58.88 51.41 54.35 51.21
Tyrosine 1.47 3.17 3.48 2.27 1.29 2.82 2.18 1.37 2.93 3.34
Phenylalanine 4.94 4.46 4.06 2.07 1.56 3.70 6.43 4,94 4.24 2.97
Lysine 0.08 1.27 1.08 1.74 0.79 0.88 1.03 1.05 0.97 0.85
Histidine 180.53 14296 169.39 167.54 159.29 196.20 171.95 152.70 164.24 172.37
Arginine 133.29 17057 184.23 157.58 114.0 122.83 145.63 17442 15432 134.70

Total 701.24 71352 82595 767.39 65245 84496 83539 777.75 797.56 746.72
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Fig. 3. Gas chromatogram of volatile flavor compounds on red ginseng processed from fresh ginseng.
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Table 9. Changes of volatile compounds on red ginseng processed from fresh ginseng by CA and MA storage

(Unit : ug/g)
. Bl El
Peak No. RT(min) Compound (0 week) (12 week) (12 week)
1 17.0 Triisopropyl benzene 0.75
2 18.2
3 18.7 B-maaliene 1.525 0.675
4 20.0
5 20.2 1.625 0.425
6 21.7 0.675
7 21.9 0.55
8 23.8 B-patchoulene 9.4 1.475 3.675
9 24.7
10 28.1 Y-muurolene 79 1.775 1.90
11 28.3 5.35 1.25 1.325
12 30.7 guaiaene 8.45 2.65 1.575
13 30.9 4-1sopropylidene-1- 0.0148 5.25 4.875
vinyl-o-menth-2-ene
14 32.8 5.975 1.90 1.50
15 33.2 6.525 2.40 1.825
16 335 8.975 3.375 2.20
17 33.9 3.025 1.30 0.975
18 34.5 1.35 0.60
19 35.8 1.40 0.275
20 36.1 0.75 0.625
21 36.7 4-isopropylidene-1- 0.015 6.175 3.325
vinyl-o-menth-8-ene

22 38.3 2.275 1.25 0.475
23 50.0 0.625
24 51.8
25 54.6 2.90 1.55 0.575
26 56.8 2.725 0.85
27 57.3 2.15 1.50 0.40
28 58.5 0.85 0.625
29 59.5 2.075 3.025 0.65
30 59.8 2.475 1.525
31 60.2 2.425 1.95 0.375
32 62.6
33 64.1 0.65 0.375
31 65.3 1.05 0.75
35 69.1 0.725 0.85 0.35

& diz=F 8] CA, MA AHAollA A3 7has
B retention time 36.79] 4-isopropylidene-1-vi-
nyl-o-menth-8-ene 52 JAT S143ES Bk
Iwabuchi® $-& GC/MSE o]&3le] wjite] 7|4
#-E oA 13%2] pyrazineAd 25 FAstI o] &
AEF 3-sec-butyl-2-methoxy-5-methyl-pyrazine®|
Qitel EAA-el grjadfelela B3l er 42
vehe] b 23 250) Zhangts-2 Q4] S5HA
¥% B-patchoulene, (E)-B-farnesene, eremophile-
ne, B-bisabolene 5 #-A}=ko] 2049 sesquiterpene#l
e QAe] T8 AR R FAS) =3

wppEe ko] WEARA FHEE AEE py-

razine 33EE 233 130 A ES BRI 0H
Zhang" 5-& QlAke] Aol 1009152] 371442
< FAE vl sl

B AlgedMEe A7z A 2 ubyel ule}
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