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Technology Development for Improving Qualities of

Korean White Ginseng in foreign market
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SUMMARY

I. Title

Technology Development for Improving Qualities of Korean White

Ginseng in Foreign Market

II. Objectives and Significance

This study was conducted to develop the anti-browning treatments and
packaging methods that could maintain the freshness of white ginseng, to
develop distribution technology of white ginseng containing the higher
moisture content as new types of products, and to establish the shelf-life

of Korean white ginseng in order to sustain consumer’s confidence

M. Contents of Study

1. Present State of Preparation and Distribution for Korean White
Ginseng

2. Distribution Technology of White Ginseng Containing High Moisture
Content

3. Quality Characteristics and Shelf-life of White Ginseng

4. Quality Improvement of White Ginseng



5. Overall Distribution Technology of White Ginseng

IV. Results and Recommendation

1. Present state of preparation and distribution for Korean white
ginseng

The Domestic market and field of white ginseng required to develop
the followings. Long term storage technology to maintain the freshness
of ginseng, rapid drying method, development of anti-browning method
to replace the briquet dehydration method, upward adjustment of
moisture content standard, establishment of objective moisture testing
method applicable in field and establishment of reasonable shelf-life,

revision of grading standard

2. Distribution Technology of White Ginseng Containing High
Moisture Content
Drying and absorption characteristics of white ginseng were
investigated by moisture content. In addition, the storage characteristics
of white ginseng with moisture content 13%, 15% and 209 were
investigated. Preparation and distribution of white ginseng with high
moisture content, 209 was concluded to be possible. The current inner
package which was influenced by open-air humidity, however, should be

replaced.

3. Quality Characteristics and Shelf-life of White Ginseng



This study was conducted to establish the shelf life of white
ginseng. Quality characteristics of white ginseng with the different
producing area, growing age, and variety were investigated. And then,
accelerated—test was conducted at the temperature of 20C, 30C and 5
0C and relative humidity of 75% and 85%. In result, shelf life was 426
days at 20C, 75%RH, 321 days at 30T, 75%RH, and 534 days at

year—average-temperature, 12C.

4, Quality Improvement of White Ginseng
Anti-browning method and packaging techniques were combined to
improve the quality of white ginseng. Dipping treatment of ginseng into
the mixed solution with cystein(0.6) and citric acid(0.8) at the normal
temperature for 5 min. showed the significant anti-browning effect. Gas
flushing package was more effective in reduction of weight loss and

enhancement of sensory characteristics than vacuum or normal package.

5. Overall Distribution Technology of White Ginseng
Anti-browning treatment could extend the shelf life about 1.5 times
and improve the sensory characteristics of white ginseng. Appropriate
moisture content in white ginseng containing high moisture was 209%.
The more moisture content caused serious decay. When preparation of
white ginseng with 209 moisture content, 80% of time for the
preparation and 309 of energy consumption could be saved. In addition,

sensory characteristics and convenience in use could be improved.
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Fig. 2-1. Changes in air temperature, ginseng temperature
and relative humidity inside of dryer during hot-air forced

drying of peeled ginseng at 45°C
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Fig. 2-2. Changes in moisture content during hot air-forced
drying of ginsengs with different harvest periods
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Fig. 2-4. Changes in shrinkage rate during hot air-forced

drying of ginsengs with different harvest periods
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Table 2-1. Changes in surface color of ginseng harvested at
spring season during hot-air drying

Drying Time Hunter Hunter Hunter AE
(hrs) L-value a-value b-value
0 70.74 -0.99 12.84 0
7 71.8 -0.49 15.59 2.989331
12 72.11 -0.31 15.68 3.225663
22 74.68 0.46 18.86 7.33938
52 78.72 0.75 20.41 11.13611
90 74.53 0.81 21.69 9.794213

Table 2-2. Changes in surface color of ginseng harvested at autumn
season during hot-air drying

Drying L a b
hours
0 87.36£2.15 -1.68+0.32 16.27+1.82
3 85.79£2.95 -1.07+0.37 18.65+2.49
6 87.15£2.26 -0.70+0.33 19.72+2.59
9 86.55£2.09 -0.31+0.40 20.11+£14.09
12 86.05%2.06 -0.07+0.45 20.45+2.45
15 84.95+2.17 0.07+0.46 20.16+2.32
18 84.07£2.50 0.14+0.48 19.92+2.24
21 83.21£2.60 0.27+0.38 19.97+1.99
24 82.23%2.80 0.28+0.44 20.07£1.96
31 82.01£2.95 0.30+0.46 20.53+1.78
36 81.75%2.62 0.28+0.48 20.40+1.86
43 81.72+2.59 0.44+0.55 20.53+2.19
48 81.05£2.71 0.47+0.60 20.67+£2.22
66 80.88+3.18 0.50+0.58 20.54+2.05
89.5 80.09+3.16 0.36+0.52 20.14+1.95
108 79.18£2.82 0.68+0.50 20.14+2.29
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Fig. 2-7. Changes in total surface color difference of ginseng
during hot air-forced drying
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Fig. 2-8. Changes in consumed electric power acording to
moisture content of white ginseng during hot-air drying at
45°C

ly=15.2615*exp(-0.0543455*x)+299.339*exp(-0.532193*x), y=electric power(S,Kw), x=moisture contents(S,%)
Rsqr = 0.98414482

2y=295.834*exp(-0.735182*x)+16.8149*exp(-0.0381323*x), y=electric power(F,Kw), x=moisture contents(F,%)
Rsqr = 0.99593359
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Fig. 2-9. Changes in moisture content during storage of white
ginseng with 10% moisture content at various humidites and

temperatures
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Fig. 2-10. Changes in moisture content during storage of white
ginseng with 14% moisture content at various humidites and
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Fig. 2-11. Changes in moisture content during storage of
white ginseng with 17% moisture content at various hu-
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Fig. 2-14. Isotherm curve of
white ginseng with different
moisture contents at 40°C

Table. 2-3. Monolayer value of white ginseng with

different moisture contents

Monolayer value(g water/g

Moisture .
content Temp.(C) solid)
BET
10 0.0487
109 20 0.0479
40 0.0419
10 0.0419
17% 20 0.0511
40 0.0413
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Fig. 2-16. Changes in moisture content during storage of white
ginseng with different moisture content at 20°C
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Fig. 2-17. Changes in firmness during storage of white ginseng
with difference moisture content at 20°C
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Fig. 2-18. Changes in Hunter L-value during storage of white
ginseng with different moisture content at 20°C
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Table. 2-4. Changes in sensory characteristics during storage of
white ginseng with different moisture content at 20T

Storage Appearance Color
days 20% 15% 13% 20% 15% 13%

0 9.00 9.00 9.00 9.00 9.00 9.00
30 8.50+1.05 817+0.98 8.17+0.98 | 850+1.05 8.17+1.33 8.17£1.17
60 8.17+£0.98 7.83+0.41 8.33+0.52 | 8.00+0.15 7.67+0.52 8.00+0.63
90 8.29+0.49 8.00+2.82 7.71+0.95 | 8.29+0.76 7.86+0.90 7.43+0.79
120 7.86+0.38 557+0.53 7.86+0.69 | 8.29+0.76 7.29+0.49 7.86+1.07
150 7.43+0.79 7.14+0.69 7.71+0.49 | 7.43+0.79 7.00+0.82 7.71+0.49
180  7.33£0.52 6.67+0.52 7.50+0.55 | 7.17£0.41 6.67+0.52 7.50+0.55

210 6.79+0.76 6.07+£0.79 7.29+0.49 | 7.43+0.53 6.29+0.95 7.57+0.53
240 6.64+0.38 5.64+1.07 7.43+0.79 | 7.07+0.61 6.14+0.90 7.29+0.76
270 6.79+0.49 6.36+0.38 7.07+0.53 | 7.14+0.69 6.21+0.49 6.79+0.49
300  6.69+0.39 5.63+0.69 6.75+0.53 | 7.06£0.61 6.13+0.69 6.88+0.53
340 6.13+0.10 575049 6.63+0.49 | 6.75+0.76  6.00+0.90 6.75+0.53
380  5.82+0.53 5.86+0.48 6.14+0.69 | 6.43+0.53 5.64+0.85 6.64+0.69
420 5.21+0.70 564+0.69 5.24+2.55 | 6.29+0.49 5.21+0.70 5.73+2.54
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(Continued)

Storage Flavor Overall acceptability
days 20% 15%% 13% 20% 15%% 13%
0 9.00 9.00 9.00 9.00 9.00 9.00

30 8.50+0.63 8.83+0.75 8.17=0.75| 8.67£0.82 8.33£1.21 &8.17+1.10
60 8.00£0.84 7.50£0.55 8.17£0.75| 8.00£0.00 7.83+0.41 8.00+0.63
90 8.36+0.38 8.29+0.49 7.57+£0.53 | 8.29£0.49 7.57£0.53 7.14+0.69
120 8.50£0.58 7.57£0.53 8.14+1.07 | 8.00+0.15 7.43+0.53 7.71+0.95
150 7791049 7.43+0.53 7.29£0.49 | 7.43£0.53 7.00£0.28 7.57+0.53
180 6.83£0.82 6.83£0.75 6.331£0.52 | 7.33£0.52 6.50+£0.55 7.50+0.55
210 6.71+0.76 7.00+0.58 6.64£0.38 | 6.64£0.69 5.93£0.98 7.43+0.53
240 6.86£0.69 6.14£1.35 6.50+£0.82 | 6.71£0.39 5.86£0.85 7.00+0.58
270 6.86+0.69 6.43+0.98 6.64£0.69 | 6.71£0.39 6.29£0.57 7.21+0.39
300 7.00£0.58 5.63£1.51 6.50+1.72 | 6.69+£0.39 5.56£0.81 7.00+1.07
340 6.38+0.58 5.75+1.38 6.38+1.27 | 6.25£0.58 5.38+1.15 6.88+0.90
380 6.50+0.27 5.57£0.79 5.86+1.49 | 5.89+0.48 5.43+0.61 6.86+0.85
420 6.00+£0.50 5.57+0.53 5.651.84 | 5.86+0.48 5.50£0.58 5.19+2.26
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At

Table 3-1. Proximate composition of white ginseng

SO o G e G Sapated
1 9.7 3.3 2.1 16.5 5.3
2° 9.6 41 2.9 18.7 4.6
3 10.0 3.1 2.1 16.3 2.5
4 9.3 4.2 2.5 19.2 2.8
5) 9.0 3.0 2.6 194 3.1
6 6.9 3.7 2.8 20.8 2.3
7 9.1 3.6 2.6 16.2 2.9
8 9.1 4.3 2.3 176 3.0
9 11.0 4.0 1.8 16.7 2.2
10 12.0 3.9 2.0 17.0 2.5
11 9.9 41 24 18.8 2.7
12 11.4 4.2 2.0 159 3.1

Avg. 9.8 3.8 2.3 178 3.1

a-
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Table 3-2. Moisture and crude ash of white ginseng according to
producing districts, types and growing year

unit: 2%
A FF WS AT R R (A S5 |92 |E1g] TR | 33
4 | 15 | 984 | 361 4 1301926375
4 | 25 | 798 | 348 4 | 25 10281 3.96
5 | 15 | 741 | 392 4 120 |9.09 | 337
A | 5 | 20 | 774 | 393 4 115|954 | 3.32
5 | 25 | 762 | 379 5 | 25932 360
6 | 10 | 824 | 370 a5 |20 | 874 | 3.94
6 | 15 | 899 | 3.68 5 | 15 | 842 | 3.34
T | 4 | 15 1130 | 365 | = 6 | 25| 805|376
T 20 [ 853 | 349 | 6 | 15 | 846 | 3.86
Gl 4 | 25 1933 | 379 6 | 10 | 894 | 3.52
4 | 50 | 9.09 | 3.80 6 | 8 1948|394
=4 | 5 | 25 | 743 | 368 a4 |75 10211 3.62
5 | 50 | 887 | 371 714 |50 983393
R
Ak 14, 5| - 684 | 531 5 4 | 30 | 955 | 346
4 | 25| 884 | 376 n Ak 45| - [10.07| 4.96
4 120 921 | 402 4 |15 [1047] 3.23
4 115 1920 | 394 [ =4t 4 130 (975 | 398
Ax | 5 | 25 | 946 | 3.79 4 150 1921|371
5 | 25 | 946 | 361
) 5 | 20 |10.03| 4.33
5 | 15 | 929 | 359
biR=RE)
A;ﬁ 4 | 15 1019 374
2| 4 | 50 | 829 | 391
mak | 4 | - | 786 | 518
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Table 3-3. Fatty acids of white ginseng according to producing
districts, types and growing year

. AL 24
WA | FR |ae | 8s

- C14:0 |C16:0 |C16:1 |C18:0 |C18:1 |C18:2 |C18:3 |C20:0 |C20:1 |C22:0 |C22:1

4 15 0.1] 179 1.6 0.0 8.0] 66.4 3.9 0.0 0.0 0.0 2.2

4 25 0.0] 17.2 14 1.1 76| 675 3.8 0.0 0.0 0.0 1.5

5 15 0.0] 16.9 1.9 1.0 8.2] 654 3.9 0.0 0.6 0.0 2.1

) At 5 20 0.0] 17.6 0.3 1.0 0.8] 73.1 4.1 0.0 0.8 0.0 2.2

5 25 0.1] 16.9 1.6 1.0 76| 66.0 3.8 0.0 0.6 0.0 2.4

6 10 0.1] 15.7 1.9 0.0 77 67.7 4.1 0.0 0.7 0.0 2.1

=] 6 15 0.4] 48.6 5.5 0.0] 23.8 0.0] 12.0 0.8 2.6 0.0 6.3

4 15 0.2] 178 2.1 1.0 8.7 62.6 3.7 0.0 0.8 0.0 3.0

IR 4 20 0.0 194 1.6 1.3 9.5[ 625 3.7 0.0 0.0 0.0 2.0

4 25 0.2] 18.0 1.8 1.1 85| 64.3 4.0 0.0 0.0 0.0 2.1

4 50 0.2] 16.6 1.4 1.2 76| 66.1 4.4 0.0 0.8 0.0 1.8

4t 5 25 0.1] 16.8 1.7 1.1 78| 66.0 3.8 0.0 0.7 0.0 2.0

5 50 0.2] 16.5 14 1.1 71| 66.6 4.3 0.0 0.8 0.0 1.9

s 4,5 - 0.1f 186 0.9 1.4 7.1{ 64.8 4.6 0.0 1.0 0.0 1.5

4 25 0.5| 476 4.6 3.0] 22.2 0.0] 13.6 0.0 3.6 0.0 5.0

4 20 1.0 0.0 9.4 6.0] 42.2 0.0] 24.2 0.0 5.5 0.0] 118

S 4 15 0.0] 16.9 1.6 0.0 72| 68.6 4.4 0.0 0.0 0.0 1.2

e 5 25 0.0] 16.8 1.5 0.9 6.7] 68.8 4.2 0.0 0.0 0.0 1.2

3 5 20 0.3] 53.3 3.9 3.2] 188 0.0] 13.0 0.0 3.2 0.0 4.2

5 15 0.1] 16.8 14 0.9 6.7] 68.6 4.3 0.0 0.0 0.0 1.2

g FMA 4 15 0.5[ 514 4.6 0.0 22.7 0.0] 10.6 0.8 2.7 0.0 6.8

=4t 4 50 0.6] 60.7] 4.8 0.0] 234 0.0 0.0 0.9 3.2 0.0 6.4

v A 4 - 05| 21.9 1.1 2.0 6.8] 53.7 4.4 1.9 0.0 4.9 2.8

4 30 0.0] 24.2 1.4 0.0 6.7 62.2 4.4 0.0 0.0 0.0 1.2

4 25 0.0] 179 1.5 1.1 73| 66.8 5.2 0.0 0.0 0.0 0.1

4 20 0.0] 19.1 1.5 1.3 79| 64.0] 45 0.0 0.0 0.0 1.8

4 15 0.0] 199 1.5 0.0 78| 665 4.2 0.0 0.0 0.0 0.1

5 25 0.1] 18.0 14 0.0 75| 66.4 4.2 0.0 0.7 0.0 1.8

EAEN 5 20 0.2] 194 1.5 1.2 7.8] 63.0 4.4 0.0 0.7 0.0 1.8

5 15 0.2] 19.6 2.1 1.1 8.7 61.6 4.1 0.0 0.6 0.0 2.0

Ak 6 25 0.0] 175 14 1.2 79| 66.1 4.2 0.0 0.0 0.0 1.6

6 15 0.1] 17.0 1.7 0.0 84| 66.1 4.3 0.0 0.8 0.0 1.6

6 10 0.2] 15.6 1.7 0.0 6.8] 68.3 5.1 0.0 0.8 0.0 1.6

6 3 0.1] 18.7 2.0 0.0 8.7 635] 43 0.0 0.0 0.0 2.6

. 4 75 0.2] 188 1.0 0.0 72] 66.0] 4.7 0.0 0.8 0.0 1.3

o 4 50 0.2] 19.7 1.3 0.0 6.7 653] 44 0.0 0.7 0.0 1.7

vy 4 30 03] 20.3 1.8 0.0 9.1] 614 3.0 0.0 1.0 0.0 3.1

o] 4 45 - 0.6[ 20.2 1.1 1.6 6.6] 62.3 4.9 0.7 0.0 0.0 2.1

4 15 0.1] 19.0 15 1.2 79| 64.3 3.3 0.0 0.8 0.0 2.0

ZIQH[ =4t 4 30 0.1f 184 1.2 0.0 8.1] 65.5 4.6 0.0 0.7 0.0 1.3

4 50 0.1] 22.3 1.2 0.0 75| 62.5 4.0 0.0 0.7 0.0 1.6

B 0.2[ 22.0 2.0 09| 10.1] 559 5.3 0.1 0.9 0.1 2.5

C14:0 ; mystric, C16:0 ; palmitic, C16:1 ; palmitoleic, C18:0 ; stearic, C18:1 ; oleic, C'
C18:3 ; linolelaidic, C20:0 ; arachidic, C20:1 ; eicosenoic, C22:0 ; behenic, C22:1 ; erucic acid
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Table 3-4. Saponin composition of white ginseng according to
producing districts, types and growing year

Ginsenoside g/100g of dry weight (%) Total  Crude
Rgl Rf Re Rd R RbZ Rbl Toml o™ Sapomin
24P 094 064 1.13 0.05 025 074 082 456 4.19 2.25
24H 1.46 060 0.60 0.05 024 023 105 423 4.34 3.81
24K 1.31 047 057 019 037 037 072 401 4.66 3.45
215P 141 043 058 0.07 018 014 053 334 3.49 1.48
Z25H 1.09 036 084 0.07 016 049 053 354 4.35 1.61
25K 1.12 041 095 007 016 052 056 3.79 3.99 2.68
216P 137 045 065 010 026 024 080 3.87 4.51 6.66
26K 1.35 039 047 006 026 019 052 324 6.06 3.42
4P 1.30 045 0.67 015 026 0.17 059 3.59 3.85 4.28
=4H 0.64 021 043 004 004 005 0.25 1.66 5.78 1.72
4K 120 039 077 019 035 033 0.86 4.09 6.70 2.98
4] 146 041 0.76 0.09 025 027 0.75 4.00 4.56 1.58
4P 133 048 086 006 043 032 083 431 6.72 4.27
J4H 128 048 070 0.1 028 021 067 373 7.59 2.26
4K 1.17 041 066 0.08 027 025 0.22 3.06 6.56 2.66
v4pP 133 0.74 341 068 160 141 201 11.17 11.80 10.77
u4H 157 093 398 093 217 1.71 221 1349 1327 9.73
4K 068 0.76 406 071 207 165 224 1218 11.18 11.90
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Table 3-5. Changes of sensory characteristics during storage of
white ginseng at 20C and different relative humidities

Storage Appearance Color
days 75%RH 85%RH 75%RH 85%RH
30 8.71+0.49 8.71+0.49 8.86+0.38 8.86+0.38
60 8.71+0.49 8.33£0.49 8.57+0.53 8.57+0.79
90 8.21+0.76 7.71£0.76 8.14£0.50 8.00+0.58
120 7.71+0.49 7.57+0.79 8.00+0.58 7.07+0.53
180 6.71+0.49 6.57+0.53 7.29+0.49 6.29+0.49
240 6.13+0.52 6.00+0.76 6.13+0.83 5.50+0.53
310 5.33+£0.52 5.17+0.41 5.63+0.89 5.33+0.41
380 5.17+0.41 5.17£0.52 5.51+0.41 5.00+0.55
440 5.17+0.52 4.67+0.75 5.00+0.63 4.50+0.63
Flavor Overall acceptability
Storage
days 75%RH 85%RH 75%RH 85%RH
30 8.86+0.38 8.57+0.53 8.86+0.38 8.86+0.38
60 8.71+0.49 8.57+0.79 8.71+0.49 8.67+0.37
90 8.71+0.49 8.43£0.53 8.21+0.76 7.86+0.69
120 8.71+0.49 8.00+0.58 7.71+0.49 7.43+0.53
180 8.57+0.98 7.29+0.95 7.29+0.49 6.43+0.53
240 8.63+0.52 7.00+0.53 6.13+0.83 6.00+0.76
310 8.83+0.41 6.83+0.75 6.00+0.63 5.17+0.52
380 7.83+0.41 6.67+0.41 5.75+0.42 5.00£0.55
440 7.50+0.55 6.50+0.55 5.00+0.41 4.50+0.63
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Table 3-6. Changes of sensory characteristics during storage of
white ginseng at 30C and different relative humidities

Storage Appearance Color
days 5% RH 85%RH 75%RH 85%RH
20 8.71+£0.49 8.14+1.07 8.86+0.38 8.71+0.76
40 8.29+0.49 8.00+0.83 8.71+0.00 8.43+0.98
60 8.17+0.48 7.00£1.26 8.53+0.47 8.3310.82
80 7.50+0.55 6.67+0.52 7.50+0.84 8.00+0.55
100 6.88+0.64 6.00+0.43 7.13+0.64 7.38+0.64
120 6.63+0.64 5.63£0.52 7.13+0.64 6.50+0.53
140 6.86+0.69 5.36+0.69 6.81+0.82 5.86+0.38
180 6.57+0.53 5.29+0.49 6.29+0.53 5.50+0.50
240 6.00+£0.53 4.75+0.46 5.84+0.52 4.88+0.52
310 5.83+0.75 4.67+0.75 5.33+0.41 4.50+0.84
380 5.17£0.52 4.42+0.66 5.00+£0.63 4.08+0.49
Storage Flavor Overall acceptability
days 5% RH 85%RH 5% RH 85%RH
20 8.86+0.38 8.71+0.49 8.86+0.38 8.57+0.79
40 8.71£0.79 8.50£0.46 8.57£0.79 8.29£0.95
60 8.71£0.79 8.20+1.37 8.50+2.07 8.20+0.47
80 8.97+0.79 8.17+0.82 7.50£0.55 8.17£0.41
100 8.53+0.76 7.75£0.89 7.40+0.76 7.38+0.35
120 8.00£0.89 7.25+0.46 7.13+0.64 6.94+0.50
140 7.80£0.58 7.21£0.49 6.50+0.58 6.00£0.72
180 7.57+0.79 7.00£1.15 6.07+0.53 5.50+0.05
240 7.25£0.71 6.63+1.19 5.75£0.46 4.75£0.71
310 7.17£0.75 6.67+0.82 5.33£0.75 4.33+0.98
380 7.17£0.82 6.33+0.75 4.83+0.75 4.33£0.75
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Table 3-7. Changes of sensory characteristics during storage of
white ginseng at 50C and different relative humidities

Storage Appearance Color
days 75%RH 85%RH 75%RH 85%RH
12 6.67+1.00 4.89+1.17 6.44+1.01 4.44+1.67
20 4.56£0.88 3.67£1.94 4.78+0.97 3.33£2.00
30 4.83+1.10 4.00£2.53 4.83£1.30 3.67£2.66
40 5.17£0.45 2.83+1.17 4.83+0.71 3.00+£1.26
45 4.29+0.75 1.86+0.90 4.14+0.89 1.57+0.79
50 4.50+1.40 2.63+1.30 4.38+1.38 2.63+1.41
5’5) 4.50+0.98 2.63+0.92 4.25+0.95 2.63+0.52
60 3.33£0.55 2.50£1.05 2.8310.45 1.50+0.55
Storage Flavor Overall acceptability
days 75%RH 85%RH 75%RH 85%RH
12 5.67£0.87 5.33+1.32 6.78+0.97 5.00£1.22
20 5.56+1.24 4.89£1.62 5.22£0.97 4.00£1.87
30 4.83+1.48 4.83+2.23 5.00£1.10 4.17+2.40
40 4.50+0.45 3.33+0.52 4.67+0.45 2.83+1.17
45 5.29+1.63 3.29+1.98 4.14+0.89 1.86+0.90
50 4.63+1.25 3.88+2.23 4.50+1.40 2.88+1.13
555) 4.75£1.46 4.13£1.46 4.50£0.53 3.00£0.53
60 4.00£1.10 3.00£2.10 3.00£1.00 2.00+£1.26
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Table 3-8. Correlation of white ginseng between sensory score and
storage periods

Stor?lge Quality . Correlation equation Corrglgtion
Condition  Characteristics coefficient
50-85 overall acceptability Y= -0.05449x - 1.75953 0.76129

color Y= -0.04899x + 4.74429 0.73054

appearance Y= -0.04858x + 5.00706 0.74701

flavor Y= -0.04127x + 1.89552 0.70127

50-75 overall acceptability Y=-0.06281x - 0.87657 0.92101
color Y= -0.06152x + 7.033918 0.88900

appearance Y= -0.051521x + 6.881918 0.85078

flavor Y= -0.041404x + 2.2235165 0.76657

30-85 overall acceptability Y= -0.01370x + 8.66700 0.90006
color Y= -0.01399x + 8.68434 0.90240

appearance Y= -0.00999x + 7.50845 0.78375

flavor Y= -0.00658x + 8.49072 0.86131

30-75 overall acceptability Y=-0.01134x + 8.67074 0.91317
color Y= -0.01101x + 8.68245 0.91109

appearance Y= -0.00899x + 8.32848 0.87658

flavor Y= -0.01101x + 8.68245 0.87287

20-85 overall acceptability Y= -0.01053x + 8.87667 0.95858
color Y= -0.01065x + 8.75805 0.92059

appearance Y= -0.00999x + 8.70937 0.95779

flavor Y= --0.00559x + 8.68873 0.91654

20-75 overall acceptability Y= -0.00940x + 9.00543 0.95952
color Y= -0.00984x + 9.03742 0.96431

appearance Y= -0.00993x + 8.91486 0.93487

flavor Y= -0.00263x + 9.02542 0.64451

X, storage time (day), y; Sensory characteristics
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Table 3-9. Correlation of
quality characteristics

white ginseng between sensory score and

Storage Quality Correlation equation Correlation
Condition Characteristics coefficient
50-85 firmness Y= -0.42994x + 8.43031 0.26201

L-value Y= 4.86643x + 42.6387 0.84359

a-value Y= -1.15553x + 25.6700 0.72351

b-value Y= 1.70175x + 23.70332 0.88972

weight loss Y= 0.12293x - 2.95845 0.30159

50-75 firmness Y=-0.16913x + 8.9846 0.05894
L-value Y= -2.75081x + 50.4958 062274

a-value Y= -1.23608x + 13.4949 0.85141

b-value Y= -0.76067x + 35.58056 0.42049

weight loss Y= -0.18736x - 2.59104 0.25360

30-85 firmness Y= 0.56222x + 3.29307 0.27579
L-value Y= 1.40200x + 63.18765 0.63092

a-value Y= -0.67649x + 8.38529 0.70080

b-value Y= -1.00206x + 36.04508 0.74433

weight loss Y= -1.00206x + 26.85508 0.744332

30-75 firmness Y= 0.68268x + 3.48453 0.35646
L-value Y= 0.58172x + 70.6555 0.20794

a-value Y= -0.33366x + 5.42529 0.28644

b-value Y= -0.65203x + 32.53728 0.42202

weight loss Y= -0.65203x + 23.34728 0.42202

20-85 firmness Y= 1.63003x - 2.75739 0.80491
L-value Y= 0.71127x + 70.9069 0.29117

a-value Y= -0.37933x + 5.31766 0.47078

b-value Y= -0.61088x + 31.61801 0.55514

weight loss Y= -1.35783x + 14.56442 0.83829

20-75 firmness Y= 1.10153x + 0.31152 0.64200
L-value Y= 0.40177x + 73.89992 0.22297

a-value Y= -0.15531x + 3.40647 0.33945

b-value Y= -0.46255x + 30.26990 0.51085

weight loss Y= 1.75629x + 13.76603 0.52336

X; Sensory score, y; quality index
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Table 4-1. Effects of different anti-browning agents on changes of
surface color of white ginseng

Concent- Dipping Hunter value

Materials ration(%) time(min) L a b
Control - - 74.70+3.65 * 2.01+1.39"" 25.09+3.19° "¢
0.4 2 78.38+2.82° 7" 0.49+0.50"™ 21.17+1.58°%
5 76.32+2.204"  153+0.79"" 21.02+1.40%
10 76.30+4.13%°" 0.27+0.21'% 21.60+3.41%°¢
0.6 2 79.75+2.30°™¢ 0.08+0.84"™ 21.17+2.95°%
Cysteine 5 78.14+3.71°°" 0.22+0.84'% 23.44+2.60° ¢
10 81.12+2.60%™ -0.16+055"  20.33+1.16* "¢
0.8 2 78.30+2.53* " 0.34+0.53"™ 20.97+3.03°
5 81.53+2.28" -0.09+0.67'" 20.45+2.16%
10 7958+2.18 ¢ -0.40+0.26™ 19.82+2.76%
0.4 2 76.99+2.17°"  0.92+048% °  24.82+4.08" ¢
5 76.07+2.9777  1.04+0.88"%  24.71+3.08" ¢
10 7515+2.137  0.98+050"F  22.37+2.32%7°
0.6 2 75.97+3.307 1.44+0.95"" 21.80+2.15% ¢
Citric acid 5 81.83+1.90° 0.06+0.43"™ 20.15+1.42%
10 7873+2.04"1 081405927 22.14+4.61* ¢
0.8 2 79.76+0.99™  0.58+0.58" * 20.24+1.53%
5 79.43+1.687¢  0.58+0.83" % 20.90+2.59%
10 77.92+391°71 094409927 22.04+2.98" ¢
05 2 782142487 0.79+0.88* % 21.46+3.05" ¢
5 75.56+4.034 7 1.55+0.78"" 21.90+1.70°"¢
Potassium 10 75.82+4.93%7 1.49+0.927 21.24+1.54°%
sorbate 1.0 2 75.0044.77°7  1.56+0.947" 21.96+2.84" ¢
5 76.80+2.26°" 15240517 21.85+2.34%7¢
10 7788+2.17*"  1.47+0.78" 22.78+0.79% ¢
05 2 7450+256" % 2.45+0.41" 27.24+1.63" ¢
5 74.79+2.17°F 4.09+0.85" 26.93+1.38" ¢
10 73.08+3.06° " 8.13+2.17% 25.64+3.40° ¢
Ascorbic 1.0 2 73.24¢1.06i:‘f 6.59+0.75' 27.18i1.64*:
_ 5 71.76+3.15" 6.58+1.02° 27.27+2.96™
acid 10 69.69+2.725 ! 7.57+0.86™ 26.96+1.36°
15 2 70.58+2.86% 9.19+2.65° 23.41+2.22%
5 70.40+2.43" 10.33+1.58¢ 19.85+0.73"
10 69.67+5.12' 8.80+1.58 22.53+3.17°™
75 1 77.14+2.94" 2.12+0.77" 23.20+3.35" ¢
EtOH 2 77.73+2.67" 1.34+0.64 22.10+1.42%
5 74.24+2.73" 2.45+0.64™ 22.58+2.497 ¢
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Table 4-2. Changes of surface color after drying of white ginseng
treated by a mixture of different anti-browning agents

Dipping Hunter value
Materials Con. time
(%) i L a b
(min.)

Control 76.87+3.92° 1.23+0.78  22.14+4.07%
Citric acid 0.6 2 80.46+2.15° 0.56+0.60"¢  20.38+3.11%"
0.8 2 78.94+2.16° 0.37+0.96™ 23.22+3.94%
5 76.17+2.12 1.40£0.79"  20.94+2.72%

Cysteine 0.8 2 77.86+2.94% 1.73+1.07 23.75+3.43°
5 79.95+3.40° 0.02+0.65" 19.56+1.59"
a bed abc

Cysteine 06 2 79.06+1.68 0.65+0.63 21.13+3.22
+ + 5 79.63+2.45° 0.18+0.39¢ 21.67+2.41%>
Citric acid 06 10 7838303  053:0.71™ 212142119
a bed abc

Cysteine 0.6 2 80.35+2.85 0.67+1.26 20.86+2.53
+ + 5 79.74+3.12° 0.50+0.53™4  20.04+1.95™
Citric acid 0.8 10 80.09+345°  0.46+095™¢  19.83+2.69™
a d abc

Cysteine 08 2 80.90+2.51 0.14+0.95 21.07+3.15
+ + 5 78.80+3.58" 0.32+0.46°  21.74+357"
Citric acid 0.6 10 7965+3.01°  -0.06+1.04  19.78+2.73"
a cd c

Cysteine 08 2 78.33+3.90 0.38+0.68 19.34+1.98
+ + 5 80.33+1.31° 0.22+0.45" 21.96+1.50"
Citric acid 0.6 10 81444284°  -023:046° 20744327

- 102 -



H, Potassium sorbateol] Xt wWake] Lk 75.00~78212A] cysteineo]L;
citric acidell Hls] F3& xolE UERU A= oY, ascorbic acid®] Lzt
69.67~7479 % EtOH® 7424~7714XR Y 5%k @35 YERYATL
Potassium sorbate, ascorbic acid % EtOH+= A A7t Hko] whepa 2w
Hx o] g3o] Zol7F yehupx] &e Ao g Mol cysteined} citric acidE
A ol webd fFolAor AWAAgdrt Frlsks Ao® Helh. =
5] wiakol AMst 285 AAsty] 913 cysteine> 0.6~0.8%°] &Il A

04%Htt =2 235 YEFA AL citric acide 0.8% 5 =olA 7 -3 4

oz Table 4-2°14+= GUd=4E At AdoA ZAAAA LA 5
Ao g7 ZFALH cysteine citric acidE X2 2@ st EdEdS A3
oo
o x5 Hlauste] vebd Aot

Potsium sorbate™ U722t Alzpe] ZAWWAAFNA T7|3He] i

W@ F ot 1zt WA LA PAFHTE ATAR} Yo
o]
1

Warel AzTgel A4S e ZRAAEHE BEEL AL 7

-1 A =2

E]O

A1 71 Fl(huddle effects)o.2 LH A ot 2 ZAIoAE T Ay

&k wakel] MM thEg ok EF Fo Al AolE YEhAn. tixTUt
AZ Z Lol 768721 Ao wrale] cysteined} citric acide] &3 g =
78.33~81.44°] WA Lats detlar low, ddA e oA 53 a3

E YE citric acid®} cysteine] A 25+ ZHZ} 76.17~80.46, 77.86~79.06%]

- 103 -



Table 4-3. Effects of heating during anti-browning treatment on
surface color after drying of white ginseng

Dipping Dipping Hunter value

) Conc. ]
Materials (%) Temp. time L b
“(C)  (min) a
Control Control 75.18+291°7" 1.83+0.53"7¢ 24.49+2.33" ¢
2 76.07+6.76° " 1.18+1.88" % 21.98+2.39"!
30 5 77.25+152°7° 0.64+0.6277" 21.89+2.65° 7!
10 76.89+357°7° 0.64+0.92"" 2398+3.23" "
Cysteine 0.8 2 79.23+381™ -0.21+053" 20.03+1.17"
+ + 40 5 752544777 036+1.38""  20.15+2.31™
Citric acid 0.8 10 74.33+2.33°77 092+41.18°" 24.86+2.68" ¢
1 77.09+395" ¢ 0.64+0.919" 24.58+0.79" ¢
60 2 7559+2.75" 71 1.23+0.84* 7% 26.15+2.28"
5 69.18+5.51%  1.99+1.67™ 24.50+2.67"°
Cysteine 0.6 2 73.57i2.10d;g 0.94+0.47° " 23.83i1.95‘;~%’
+ + 30 5 80.30+2.30™  -0.39+0.44" 22.01+2.29"7
Citric acid 0.8 10 77.37+2.66" ¢ 0.07+0.48™ 22.02+2.2597
2 7693+5.00° ¢ 0.80+1.02° " 23.30+2.86" "
40 5 80.95+2.71*  -0.21+0.76"  19.50+2.50"
Cysteine 00 10 76.05+177°°° 024068 22.01+2.30°"
T 08 1 76611.31° ¢ 0.63+0.60" ' 25.29+0.77™
Citric acid 60 2 7346£4.15°7% 150£1.41%" 25444349
5 7314%2.1977f  221+0.65"  28.44+1.03"
30 2 7646+25277° 1.13+055° % 19.45+1.54"
5 77.93+452°7¢ 0.84+056°7 20.93+2.74"
10 76.89+4.25°° 057+059°""  18.79+1.18
Citric acid 06 0 2 7610:254"" 049:053""  2041+1.88"
' 5  77.23+1.64°7° 081406371 2055+2.35%7"
10 79.01+3.99™ 0.21+0.53""  20.20+1.09"
60 2 745544387 1.89+0.89" ¢ 23.79+3.27" ¢
5 71.06+4.18%  225+1.00" 24.03+1.98" "
Citric acid 0.6 - 2 72656117 243+027° 25.94+2.17™
Cysteine 0.6
- - - 2 76244183 7° 1.27+055" % 23.15+254"°"
Citric acid 0.8
Cysteine 0.8 ‘ ,
- - - 2 7543+055" 7" 056+0.19°7" 22.46+1.46°"
Citric acid 0.8
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Table 4-4. Effects of anti-browning treatment on surface color after
drying of white ginseng

Conc. Dipping Dipping Hunter value
Temp. time
(%) (C) (min.) L a b
Control - - - 7887+2.06° -0.08+0.77%  23.47+2.61°
0.8 30 2 82.74+1.83" -1.74+069" 22.08+2.07%"
+
Cysteine (g 40 2 82.59+2.61° -1.88+051" 22.36+2.41%
+
Citric 06 - 5 82.73+1.55" -1.84+0.39°  20.70+1.99
acid ' N N -
+ 30 5 82.34+2.05" -1.76+0.48" 21.36+1.93"
0.8 A0 5 8L13+262° -165:053° 21.02+2.44%
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7 \[E 2 40:60, 60:40, 80: 20, 100:0% 0w, o] ] At H AFe

40:0.001:59.999¢] Bl &= FHAAIZ 50CAA 7t=F/F 2 =A4E=E 7

Weight loss(%)

A7 dAbstea Bl AATbsel EFUFAE 40:0.01:

12 41 —@— 40%CO2
—O— 60%C02
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—— 0.01%CO
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o]
1

40 80

Storage days

Fig. 4-1. Changes of weight loss during storage of white
ginseng packed with different gas composition at 50°C
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Fig. 4-3. Changes of firmness during storage of white ginseng
packed with different gas composition at 50°C
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Fig. 4-4. Changes in firmness during storage of white ginseng
packed with different gas composition at 30°C
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Fig. 4-5. Changes of Hunter L-value during storage of white

ginseng packed with different gas composition at 50°C
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Fig. 4-6. Changes in Hunter L-value during storage of white
ginseng packed with different gas composition at 30°C
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Fig. 4-10. Changes of Hunter b-value during storage of white
ginseng packed with different gas composition at 30°C
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Table 4-5. Changes of sensory characteristics during storage of
white ginseng packed with different gas composition at 50T

Characte- Storage Gas composition

ritics days P40 P60 P80 P100 PO1 P001

15  5751.04 575:0.71 6.13+1.36 550£1.77 575:1.16 5.38+1.36
95 501+1.01 5204120 510+093 500+1.62 500+142 4.60+1.33
35 450£071 5104055 520:084 4.60+089 480+1.10 450+1.00
45 410:098 480125 490069 410069 450058 4.40+1.40
Azze;r_ 50 4004129 450153 430+138 440+1.07 4704125 4.20+1.25
55 390+140 460127 4204100 4304138 4204076 4.40+1.13
60  357+1.27 443127 4144107 429076 423+140 4.29+160
65 3864157 457172 4214049 407079 4004183 4.14+107

70  3.63£1.27 4.38+0.49 4.08+0.98 3.88+1.35 3.88+1.00 4.13+0.90

15 588+0.99 6.13+0.99 6.3841.19 575+1.04 550+1.31 5.63+1.36

25  530£1.48 6.00£1.12 5.80+1.39 5.60+1.74 4.90+1.67 5.10£1.05

35  5.00£0.71 5.50£0.00 5.60£0.55 5.00+£0.71 4.50+0.71 5.00£0.71

45  4.60+1.40 5.00+1.41 5.00+1.41 4.60£1.35 4.60+1.27 4.50£1.15

Color 50  450+1.29 4.30+1.25 4.50+1.40 4.30+1.11 4.60£0.79 4.60+0.98

55 4.20+0.95 4.00+0.82 4.50+1.00 4.00+1.53 4.20+1.11 4.40+1.27

60  3.86+1.57 3.86+1.21 4.36+1.07 4.07£0.79 4.07+1.27 4.14+1.21

65  3.29+1.11 3.86+1.46 457+1.40 4.07+1.81 3.93+0.75 3.86+1.07

70 3.25%£1.07 3.50£1.21 3.88+0.90 3.83+0.76 3.63+0.76 3.63+0.95
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( Continued )

Characte- Storage

ritics

Gas composition

days P40 P60 P&0 P100 PO1 PO01
15 7.00+1.07 7.38+0.74 7.88+0.83 7.63£1.06 7.50+0.93 7.75+1.04
25  6.770+1.32 6.10+1.76 6.40£1.51 6.60+1.27 6.60£1.50 6.00+1.66
35  6.60£0.89 6.40+1.14 6.00£0.71 6.10+0.89 6.30+1.14 5.70+1.38
45 590£1.57 5.60+1.27 5.60+1.21 530+1.11 5.30+1.25 5.30£1.25
Flavor 50  540£0.53 5.10£0.69 5.40+0.53 5.10+£0.69 5.30+0.95 5.00£0.58
55 540£1.13 510£0.69 5.30+1.11 4.70+1.25 4.60+1.27 5.00£0.82
60  529£0.95 514£1.21 4.86+1.35 4.50+0.58 4.71+0.98 4.71+1.11
65  4.86+1.46 4.43+1.62 4.43+1.62 4.43+1.62 4.43+1.26 4.57+1.51
70  4.25%1.11 4.00£1.35 4.13+1.41 4.25+1.21 4.13+1.15 3.75%0.95
15 575+0.89 6.25+0.89 6.50+1.07 6.13£0.99 5.88+1.46 5.63+1.36
25  51041.32 590+1.13 6.30+0.83 5.60+1.42 5.30+1.72 5.40+1.36
35  450£0.71 5.50+0.71 5.70+0.84 5.10+1.14 4.60+1.52 4.70+1.48
45 420160 4.80£1.60 4.90+0.90 4.30+1.25 4.30+1.25 4.60+£1.57
Overall 50  4.20£1.38 4.60£1.27 4.90+1.51 4.30+0.90 4.30+1.13 4.10£1.51
55 4.10£1.21 4.30£1.50 4.90+1.07 4.40+1.46 4.10+1.35 4.00+1.00
60  4.07£1.51 4.21+£1.11 4.50+1.53 4.29+0.76 4.71+1.11 4.14+1.35
65  4.00£1.00 4.29+1.25 4.21+1.38 4.29+0.76 4.00+1.26 3.79%0.76
70  3.38+1.25 4.00+1.21 4.00£1.15 4.00+0.98 3.57£1.00 3.89+0.79
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Table 4-6. Changes of sensory characteristics during storage of
white ginseng packed with different gas composition at 30T

Characte Storage Gas composition
-ritics days P40 P60 P80 P100 P01 PO01
25 811093 839+£1.45 8.17+x150 7.83+1.32 7.83+1.22 8.00£1.32
45 8.00£0.82 7.64+1.21 8.07+1.62 793+1.13 793+1.13 7.29+1.60
65  7.63£0.74 750+1.31 7.50+1.69 7.50+1.60 7.75+1.28 7.38+1.13
85  7.40+0.89 7.40+152 7.60+055 7.20x0.84 7.40+1.14 6.80+1.64
100 6.775%£0.46 6.50+1.07 6.38+1.06 6.13+0.83 6.38+0.74 6.50+0.53
115  6.43£053 6.50+0.58 6.36+0.90 6.14+0.69 6.29+0.76 6.14+1.07
Appear- 130  6.57+0.79 6.43+0.79 657+1.27 6.14+1.07 6.000.82 6.07£0.53
ance 145 6.33£052 6.33£0.75 6.17+0.75 6.00+0.84 6.00+0.63 6.03£0.52
160  6.13£0.52 6.13£0.35 6.33+0.83 6.00+0.93 5.88+0.83 6.13£0.92
180  6.36£0.38 6.31+0.38 6.21+0.76 6.03+1.27 5.86+0.90 5.93+0.53
210  5.93+053 6.36+0.38 6.21+0.76 5.79+0.95 564+0.69 5.79+0.76
240  5.88+0.92 6.13+0.74 563+0.83 5.63+0.83 550+0.53 5.75+0.89
300 5.36+1.07 571+1.11 550+0.82 5.43%1.13 5.36%£0.38 5.36+0.69
360 5.20+1.38 5.62+0.80 5.17+1.17 550+055 5.28+1.20 5.00£0.89
25 8.00+£0.87 8.17x0.71 8.02+0.97 8.28+097 828+£1.30 8&.22+1.30
45 7.86+£090 7.64+1.35 8.07x151 8.07+1.27 814+1.21 8.21+1.50
65 7.75+1.16 763£1.06 7.75+1.39 7.50+151 7.88+0.64 7.63+£0.99
85 750£1.22 740+1.34 7.70£0.84 7.50+0.71 7.60%1.14 7.40+1.82
100 6.88+0.64 7.13+092 7.50£1.07 7.00x1.07 7.13£0.64 7.08+0.52
115 6.43£0.53 6.94+0.38 7.00£0.58 6.57+0.53 6.79£0.76 6.79+0.76
130 6.43£098 6.71+095 6.75£0.98 6.50+0.82 6.57£0.79 6.79+0.49
145 6.00£0.63 6.33£0.75 6.17+0.52 6.17+£1.03 5.88+0.82 6.33+0.41
160 6.00£0.46 6.25%£0.71 6.00£0.53 6.25+0.71 6.00£0.76 5.88+0.64
180 5.93+0.53 6.07+0.53 5.93+0.79 6.00+0.82 5.93£0.53 5.71+0.49
210 5.97+£0.53 5.86+0.38 5.93+0.98 5.93+0.79 6.00£0.58 5.50+0.58
240 5.25+0.71 5.63+0.35 5.88£0.64 5.63+0.83 6.00£0.53 5.75+0.71
300 5.36x1.07 514+1.21 571x1.11 5.64+1.07 5.86£1.35 557+0.79
360 5.08+0.92 5.17+0.75 525099 525055 517£052 5.25+0.88

Color

- 123 -



( Continued )

Characte- Storage

Gas composition

ritics days P40 P60 PS80 P100 P01 P001
%5 822+120 828:097 800+1.80 817+1.32 822+083 8.16+1.51
45 814+121 8294125 829+0.95 7.79+095 7.93+1.40 7.79+1.50
65 775149 7754128 7884146 7.75+1.04 7.38+052 7.25+1.04
8 7404167 7.20+1.10 7.201.64 7.10:089 7.20+1.48 6.80+1.64
100 763£1.30 7.38+1.06 7.13+1.13 7.13£0.92 7.00:0.76 6.88+1.25
115 743053 757+053 7.14+038 7.0740.53 7.00:0.82 6.64+0.69
v 130 T43+053 7714005 743:098 693:053 7004058 643098
145 7.17£041 717+0.75 7.00+1.10 7.0040.63 6.83+0.75 6.33+0.75
160 7.13+0.83 688035 688+099 6.75+0.71 6.75+0.71 6.38+0.92
180 6.29+0.76 6.64+0.69 6.64+0.69 6.86+0.69 650082 6.30+0.82
210 6.14:038 6.71:049 671049 686+0.69 6.57+053 6.29+0.49
240  6.63:092 6.38:052 6.38+052 650£0.53 6.13+0.64 6.38+0.52
300 629+170 6.14+121 6.14+1.77 614135 6.00+163 593+1.27
360  6.33:052 650+1.05 6.33+1.03 6.00+1.10 567+121 550+0.63
%5 809+1.05 824+1.13 8224083 824101 800+1.00 822+1.39
45 7864090 800+1.15 803140 807+098 7.79+1.25 7.71+1.50
65  750£1.07 7504093 7.63+1.46 7.75+1.04 7.500.93 7.38+1.13
8  740+0.89 7.20+1.10 7.40£0.89 7.00£0.00 7.10+1.67 7.10+1.67
100 7.13£0.74 7004093 675+0.89 6.75+0.71 650£0.76 6.88+0.83
Overg 115 6935053 664£038 6.64£0.69 6711076 629076 6.64:0.69
130 657079 643053 657+0.98 650+0.82 6214049 6.43+053
accepla” 5 633052 650000 617+1.03 6.00£105 6.17:075 6.00£055
P 160 6136074 6506053 6.33:0.64 6.25:046 6.00:053 6.00:0.64
180 6.00£0.00 621£049 6.07+053 6.09+0.95 586:090 5.86+0.38
210 593:053 6.06+0.38 6.07+0.79 593+0.79 5.64+0.69 564+0.38
240  563:0.64 550+053 5.63+0.64 575+0.71 5.88+0.35 558+0.74
300 543+151 557+151 543+1.40 536+1.07 521+1.11 543+0.79
360  5.17+0.75 525+0.88 5.33+0.68 524049 5.17+0.75 5.25+0.63
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Fig. 4-11. Changes of weight loss during storage of white
ginseng with different packaging methods at 50°C
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Fig. 4-12. Chages of weight loss during storage of white
ginseng packed with different packaging methods at 30°C
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Fig. 4-15. Changes of Hunter L-value during storage of white
ginseng packed with different packaging methods at 50°C
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Fig. 4-16. Changes of Hunter L-value during storage of white
ginseng packed with different packaging methods at 30°C
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Fig. 4-17. Changes of Hunter a-value during storage of white
ginseng packed with different packaging methods at 50°C
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Fig. 4-18. Changes of Hunter a-value during storage of white
ginseng packed with different packaging methods at 30°C
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Fig. 4-19. Changes of Hunter b-value during storage of white
ginseng packed with different packaging methods at 50°C

20014 H+= vpel o]l A4 3609 E<QF 50T Ao Afe]l Wl T
Z7F%4=7F ek oy} Hunter a-value Bt w9 53 F7h4 ol o,
> Hunter b-value®] ol QIA A ¥t & Ax7]9 2857
oA A 3609 F 30.35~3324°] Fro® EFWHIEY] Aolw A kS W

W oolueh 4 Fo EWA Msks A FEelh

- 135 -



36

§8ez
0032
XX oT
© = L
88> <%
T
< ©
(3p) N

anjeA-q Jajuny

100 150 200 250 300 350

50

Storage days

Fig. 4-20. Changes of Hunter b-value during storage of white
ginseng packed with different packaging methods at 30°C
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Table 4-7. Changes of sensory characteristics during storage of
white ginseng packed with different packaging methods at 50C

Storage Appearance Color
davs  Airtight Vaoum 6004002 80PACO2 | Air-tight Vacum 600602 8094002

15 600006 SBHNB 5HBH71 613t1.FH | 600£120 600076 6131099 635119
S0 560113 521D 510096 | 58016 540+l 6004112 5039
4901080 4904114 5108055 5204034 | 5004071 510084 5304000 560D
4104121 4504107 480415 4901069 | 401138 490+115  500+1.41 500141

5
H
5H
0 4106005 390+121 4504153 430413 | 4604107 4501082 4304125 4504140
%5 300D 30 460+127 4204100 | 390107 410+1.H5 400082 450+1.00
60 370160 357151 443#127 4144107 | 304082 357127 36121 436107
6  343t151 32110 457172 4214049 | 343+1.13 343+127 36+l 4574140
70 350£113 35090 433049 40808 | 313H060 350D 3504121 38090
Storage HFlavor Overall acceptahility

days  Air-tight Vacuum 602002 80202 | Air-tight Vacum 602002 8024002

15 6334092 60008 73RH074 TR0 | 6331113 61308 625108 650£1.07
510+162 5404142 61016 640+151 | 530£1.30 590+127 590+113 630083
00104 5404114 640tL14 6004071 | 510408 540+1.34 5301071 50H0HA

404157 4904146 960£1.27 560121 | 4A%B+157 4904121 480+160  490+090

5
3
H
0D 4601053 410£1.07 5101069 5404053 | 450+115 460£1.27 4604127 490+1.51
O 4101000 401098 5101069 530+111 | 420+111 4804129 430+130  490£1.07
60 4114170 407172 5144121 4&6+l3H | 4004115 4364121 4214111 4504153
6 448308 4308 4434162 443+162 | 4008141 4D+ D 40415 42143

0 413076 376138 40413 413141 | 3631060 433098 400+121 4004115
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Table 4-8. Changes of sensory characteristics during storage of
white ginseng packed with different packaging methods at 30T

Color
Days ! ce

Air-tight Vacuum 602002 8020002 | Air-tight Vacuum 609002t 80002

25 [ 839145 8174150 833+1.12 834+145 | 817071 8024097 839+145 817173

H | 7641121 807£162 8144121 B07+151 | 7641136 807151 793113 78613

6 | 790+131 70169 783083 763130 | 763tL06 TotL39 7631092 788083

B | 7401152 7608056 740+l TE0£152 | 740+1.34 701034 730+164 730+L79

100 | 63041.07 633t1.06 7331092 7901093 | 713:092 750+£1.07 730151 7.25t1.16

115 [ 6304058 6368090 679076 671049 | 6H+038 7001058 693053 7.00+082

130 | 643109 657127 6291049 657409 | 671:0%H 6751098 6431098 6.64+0.69

145 | 633105 617:0/75 614£1.06 633105 | 633075 6171052 633052 650+055

160 | 6134035 633083 6144120 633£1.13 | 625071 6001053 638+1.19 6.13+1.06

180 | 6311038 6211076 621109 6274079 | 607033 5931079 6211049 6.07+0.79

210 | 636038 6211076 6360358 6291049 | 5861038 5930983 6001082 6.00+0.58

=

613074 563083 600093 6244071 | 5631036 5B83+064 583099 57514

S

5714111 5501082 6.07+127 6244071 | 514121 571+1.11 5571079 575t1.04

z

562+080 517117 583093 586121 | 5178075 52509 5501088 550129
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(Continued)

Flavor Overall acceptability

Days
Air-tight Vacuum 6024002 &09CO2 | Air-tight Vacuum 6024002 8024002

25 | 8504158 478+1.8 8283+097 800+L&0 | 824+1.13 822+0.83 830+1H 836+1.42

45 |829:0/6 814121 829+1.25 829+09% | 800£1.15 8053+140 800082 791+1.11

6 | 783£164 813tl46 T otl28 783146 | 7A01093 763t146 T ot1.04  Tot1.2B

& | 760£1.82 70114 720+110 720164 | 7208110 740080 T.R0:1.82  7.80+1.64

100 | 738309 7801076 7.38+1.06 713+1.13 | 700£093 6/01089 713113 7.90+£1.07

115 | 7574113 7431053 7574053 7144033 | 6641038 6641069 693053 6.36+0.69

130 | 74309 7574053 771109 743t093 | 6431053 6574098 643033 643+0.53

145 | 717075 730£055 717075 700110 | 6301000 617+1.03 6331098 63305

160 6758089 6831074 6831035 683099 | 650053 6331064 625t1.16 625+0.89

10 6791049 6641090 6641060 664069 | 6211049 6071053 6291076 6141033

210 |630+058 636069 6711049 671049 | 606038 607079 614069 6294049

240 | 650106 625074 638+052 6331052 | 580053 563064 57089  6.0010.76

300 | 6071076 625109% 614+1.21 614+£1.77 | 557+151 543+1.40 550+1.15 6.00+0.76

360 58318l 58602 630106 6.33tL03 | 5254088 533063 55005 557+1.40

2 60%9F 80%°] ZFAEA, WAlol A= 60%e] TFAEY, TS EAA =
80%9] 7kaEAol 7HE = B7EES v 2y BedHolA e 2
W g Aol7l AdAlqoer Ax @2 Aor zAE o] PRI

fel AR Aol el al7] oj e e,
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nx7] #= Ax7] =

LR = S i o
3.64 1.22 0.73 0.86 0.70 0.43

T} sd T sE | | sEH sHE T TEF
0.15 0.176 0.15 0.20 0.17 0.22

AR S o T B I B e o ol e
FET 1018 9.01 8.62 4.20 4.03 2.13

a9 5-3. 833y dFAx7] HF F5HA(m/sec)

X 5-1. 93 dx F FEHF A

712 A1 7k hrs)

0 6

9

12 &% o] (3hrs) 27 40

FARA 785 36502 46413 50.807 43.543 57937 63.094
A2 737 26507 38210 43.735 34.454 52.664 58777

¥ 5-2. WY Ax F FHAY W3

2]

Coor WA

0 0

6

9 12 27 4

Lvaue 7 &91410 &717+1.27
AT KRB QA6
arvalue T 183048 100034
AT -1BH05 1504030
Dvdue DFET 1694149 162341.33
A2l 12514121 1353190
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B2AH0.H
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1874161

HHHLB 30121 811137 0187
LD HBO0LH BB S8L.RH0H
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043+043 0401064 045:0%5 1.16:063
194618 04718 0B+L'P 21754198
1976174 2018t1.86 2070116 22.09+1.34
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Fig. 5-4. Changes of weight loss during storage of white
ginseng with anti-browning treatment at different temp.
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Fig. 5-5. Changes of Hunter L-value during storage of white
ginseng with anti-browning treatment at different temp.
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Fig. 5-6. Changes of Hunter a-value during storage of white
ginseng with anti-browning treatment at different temp.
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Fig. 5-7. Changes of Hunter b-value during storage of white
ginseng with anti-browning treatment at different temp.
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Table 5-3. Changes of sensory characteristics during storage of
white ginseng treated with anti-browning agents at different
temperatures

Terp S o Control Treatment

(O days | AT 0 Favor  Overall | 2P
ance ance

2 D [8B£1H 8FH6L07 821+1.60 820+1.21 | 8714115 843H098 843t1.36 864+1.21

Color Havor  Overall

112 |8001082 786048 836069 8074061 | 8574061 807104 857079 8304057
10 | 736000 7071019 7718076 7368038 | 7.5/+038 7711049 8291076 7961049

) 15 [815t131 760600 8214076 8204058 | 864+1.07 8431098 821105 8564048
21 | 738143 T17L21 78049 727103 | 8331121 767075 142066 705
D | 6641069 60008 61410680 643104 | 6711039 6361048 630050 66063

52 |530tlb 4Bl 525061 517080 | 630 6308 570tlH 633+1.03

0 48075 4308 48070 431070 | 530X 431075 500126 500063

50 3 |70 72042 75061 TA30T73 | 717117 V061 742066 167070
7 1625071 6001071 7131083 613t052 | 630408 6564056 763092 700080
11 |563t151 5131074 600093 544108 | 583+092 5311073 633151 5800
15 [50/06]1 4860689 63606 5144049 | 5431053 543053 636069 57094039
21 48075 425:0/6 60010834 4331070 |533t1.08 4924080 600106 542+080

430084 4508 533117 4674103 | 467108 4671121 567117 500409

3008l 3571053 44300 3714049 | 37106 36060 414+1.07 4004032

s
H | 371H0BD 37/057 432+1.27 4214039 | 3BL2 3711076 432+1.13 414060
42
52

481080 3671052 IR0 4004034 | 4000653 417107 4171075 4331052
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Table 5-4. Correlation of white ginseng with anti-browning
treatment between sensory score and storage period.

Sample  Storage Quality ) ) Correlation
condition Temp.(C)  Characteristics Correlation equation coefficient

Control 50 appearance Y= -0.08067x + 7.11252 0.72188

color Y= -0.08500x + 6.99611 0.70298

flavor Y= -0.08439x + 7.98642 0.87052

overall acceptability Y= -0.08098x + 7.18901 0.72690

40 appearance Y= -0.06188x + 8.94077 0.98877

color Y= -0.06842x + 8.75772 0.97411

flavor Y= -0.06414x + 8.89824 0.95579

overall acceptability Y= -0.06327x + 8.85183 0.96081

20 appearance Y= -0.00944x + 8.86139 0.90979

color Y= -0.01154x + 8.92795 0.95077

flavor Y= -0.00639x + 8.79576 0.68920

overall acceptability Y= -0.00925x + 8.86517 0.88576

Treatment 50 appearance Y= -0.08523x + 7.38102 0.79847

color Y= -0.08530x + 7.35147 0.72972

flavor Y= -0.08479x + 8.12326 0.90772

overall acceptability Y= -0.08412x + 7.62325 0.80466

40 appearance Y= -0.05617x + 9.19688 0.95430

color Y= -0.05889x + 8.99764 0.95014

flavor Y= -0.05831x + 8.85578 0.97611

overall acceptability Y= -0.05752x + 9.10360 0.97887

20 appearance Y= -0.00796x + 9.05538 0.77796

color Y= -0.00774x + 8.87816 0.94411

flavor Y= -0.00337x + 8.82137 0.56384

overall acceptability Y= -0.00586x + 8.96190 0.88043

X; Storage time(day), Y; Sensory characteristics
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Table 5-5. Correlation of white ginseng with anti-browning
treatment between sensory score and quality characteristics.
Sample  Storage Quality ] ) Correlation
condition Temp.(C) Characteristics Correlation equation coefficient
Control 50 L-value Y= 1.33288x + 64.28074 0.69951
a-value Y= -0.40548x + 5.89753 0.46361
b-value Y= -0.85721x + 36.82955 0.87737
weight loss Y= -2.34513x + 20.72394 0.92871
40 L-value Y= 1.34470x + 65.37324 0.95128
a-value Y= 0.50247x + 5.67288 0.90780
b-value Y= -1.63195x + 36.54264 0.87789
weight loss Y= -1.44977x + 12.58906 0.98096
20 L-value Y= 0.53810x + 71.91674 0.73847
a-value Y= -0.17877x + 3.07292 0.52123
b-value Y= -1.27005x + 33.46613 0.67834
weight loss Y= -0.23993x + 1.37302 0.85512
Treatment 50 L-value Y= 1.92772x + 62.29041 0.92388
a-value Y= -0.64685x + 6.95753 0.89675
b-value Y= -1.61907x + 36.33405 0.85819
weight loss Y= -2.35661x + 20.02136 0.94858
40 L-value Y= 1.42411x + 65.79741 0.88174
a-value Y= -056732x + 6.29154 0.91825
b-value Y= -1.60647x + 35.93602 0.69505
weight loss Y= -1.59761x + 13.24923 0.83941
20 L-value Y= 0.90514x + 70.26653 0.11837
a-value Y= -0.46019x - 2.86129 0.63914
b-value Y= -1.37465x + 42.30033 0.75185
weight loss Y= 0.57867x — 5.84265 0.92663

X; Sensory score, Y, Quality index
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Table 5-6. Zero order kinetic data of weight loss at different
treatment and storage temperatures

Sample Storage
P temperature Reaction rate(k, day ') Q1o
condition .
()
50 0.25139
Control 40 0.09754 2.57730
20 -0.00275
50 0.24531
Treatment 40 0.09569 2.56359
20 -0.00472

- 153 -



Table 5-7. Q1o value and shelf-life of white ginseng measured
by sensory score at different temperatures

Storage Control Treatment
Temp.(C)| Shelf-life Qio Shelf-life Qio
20 340.375 501.054
2.489 2.717
40 54.921 (2.414) 67.883 (2.590)
2.339 2.462
50 23.483 27.567
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Fig. 5-8. Changes of weight loss during storage of white

ginseng with different moisture content at different temp.
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Fig. 5-10. Changes in CO, concentration during storage of

white ginseng with different moisture content at different
temperatures
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Fig. 5-11. Changes of Hunter L-value during storage of white
ginseng with different moisture content at different temp.
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Fig. 5-12. Changes of Hunter a-value during storage of white
ginseng with different moisture content at different temp.
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Fig. 5-13. Changes of Hunter b-value during storage of white
ginseng with different moisture content at different temp.
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Table 5-8. Changes of sensory characteristics during storage of
white ginseng with high moisture content

Moisture Temp. Storage Appear—
(%) (C) days ance

20 42 8071034 8.00+0.82 800+058 843+0.98 &8.00+0.87

112 7504041 7.43+053 836+048 857053 7.57+0.45

150 7144024 7.29+049 8.07+0.19 829+0.49 7.43+0.53

40 7 800076 881075 869+059 813+0.99 881+0.53

15 771076 786+0.38 829+049 &71+1.11 793+0.73
21 6.75+1.54 653+0.92 7.42+049 792+1.02 6.75+1.08
34 5424080 533+0.82 6.83£1.17 650+055 5.33£1.21
42 407+093 4.07£1.17 529+0.76 586+1.35 4.36+0.94
48 4001058 3861069 4.71+049 557+0.53 3.86+0.69
3
3
7

Color Flavor Firmness Overall

20%

400089 4.03+092 4.42+080 567+1.37 3.67+0.82
6.83£1.17 683098 6.00+0.63 6.33+0.82 592+1.11
0.20t1.04 483+064 5.00+1.07 575£1.04 4.81+0.53

11 475167 4831035 444+090 538+1.06 4.44+0.73
15 343079 3.0010.82 471+0.76 529+1.50 3.86+0.69
21 300+141 2.00+063 2.33+1.03 383+2.14 267+1.03
10 15 829+0/76 857093 886+1.35 850+1.05 829+0.76
21 7004089 750+0.84 7.83+1.47 792+1.11 7.250+1.05

A 433+082 7331052 6.33+1.37 767082 4.33+0.52

20 7 8.00+0.76 825+0.89 875191 838+1.06 825+1.28
15 657098 714069 857190 7.57+1.13 6.79+1.15

35 21 408£1.36 6178098 5.83+1.47 730084 4.75+1.33
A 2001063 5671052 383075 6.90+1.38 2.33+£0.82
35 3 7424120 817075 817+2.14 883t1.17 767+1.63

6.00£093 7.33£1.30 783146 7.13+1.36 6.81+0.84
11 4131064 7.25+1.04 525£1.28 7.00+0.93 4.83+0.64
15 2571098 629+049 2.00£1.00 471+095 2.29+0.95
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