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SUMMARY

I. Title of Study

Development of a Process for Manufacturing the Best Quality Red

Ginseng

II. Objectives and Importance of the Study

1. Objective of the Study

O Final Objective

Improvement of the Heaven and Earth Grade red ginseng
yield to 15%

Sub-project 1 : Development of processes of sorting and

drying of fresh ginseng for optimum production of red ginseng

1st Year :
- Development of nondestructive inspection technology for fresh
ginseng sorting
- Development of a pilot system for steaming and drying ginseng for
farm use
- Development of an automatic control algorithm for process of
steaming ginseng

- Development of an automatic control algorithm for process of

- 17 -



drying ginseng

2nd Year :
~ Development of nondestructive inspection technology using infrared
ray thermography for fresh ginseng sorting
- Development of control system for temperature and relative
humidity

- Development of schedules for steaming and drying processes

3rd Year :

- Development of an automatic control system for fresh ginseng
sorting
(1) H/W
(2) s/w

- Development of an automatic control system for drying process
(1) H/W
(2) s/w

- Development of special drying technology

- Economical analysis

Sub-project 2 : Study on the physical and chemical model

development for red ginseng manufacturing process

lst Year

- Investigation of mutual interaction of component for

_18-



manufacturing of the Heaven and Earth Grade red ginseng

2nd Year

- Model development for browning and preventing intend white spot
and internal check

- Development of an index for quality forecasting by the ingredient
composition

- Establishment of optimum conditions by the red ginseng

manufacturing process

2. Importance of Study

Due to the improvement of living standard and the increasement of
the aged, the demand on health food is increasing, which is assisting
the lives of the aged. Consequently, the interest and demand on
ginseng known as a miraculous medicine for a long time are increasing
continuously.

Since the fresh ginseng does not have storability, the Korean red
ginseng and White Ginseng were manufactured in order to store and
distribute for a long period. It has been known that the Korean red
ginseng has not only a good effect of a medicine but also a stable
quality under the long term storage,

Because the fresh ginseng is harvested from August to October and
processed within a short period, several manufacturing problems have

been experienced for processing excess quantity. Moreover, the
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manufacturing conditions for superior red ginseng production are very
complex, a process of great difficulty is demanded for it.

In addition, ginseng is the most expensive crop among the
agricultural crops. When it is processed to red ginseng, its price
has ten times difference by the quality factors such as crack, shape,
internal check, and intend white spot. Therefore, development of an
automatic controlled manufacturing system is being demanded, based on
the scientific process analysis,

Even more, since all private manufacturing company was permitted
domestically to manufacture the Korean red ginseng from July 1996, by
March 1998, around 25 companies were producing The Korean red ginseng
and its related products in Korea, In abroad, owing to the reputation
of the Korean red ginseng, it has been marketing with the price which
are three to five times higher than those of foreign products,
Consequently, an automatized technology development is necessary in
order to increase the yield rate of the Korean red ginseng,.

Because the Korean red ginseng is not only a highly value-added
product, but also more popular in abroad than domestic, such as in
South-East Asia, it is on the market with a very high price(ex,
Heaven Grade: ¥2,838,000/600kg). Specially the supply of the Heaven
and Earth Grade red ginseng can not keep up with the demand on those.
According to the statistics of 1994, the yield rate of the Heaven
Grade was 2.5% and it was 7.5% when the Earth Grade was included.
When first grade fresh ginseng was used for manufacturing the Korean

red ginseng, the yield rates of the Heaven Grade and the Earth Grade

_20_.



were 11.56% and 10.67%, respectively. When total yield rate was
considered for both grades, it could not reach to 23%. To make
matters worse, since the quality of fresh ginseng is getting worse,
the yield rates of both grades of red ginseng is decreasing,

Many research works have been conducted mainly by Korean Ginseng
and Tobacco Research Institute to improve the yield rates of Heaven
and Earth Grade, But, those results could not contribute
significantly to improve those yield rates, In the past, most
researchers concentrated their interests on chemical analysis and
changes without considering the physical changes during the
manufacturing process of the Korean red ginseng. Until now, research
efforts to find the physical changes and mass transport principle of
ginseng in steaming process and drying mechanism of ginseng were not
sufficient. Therefore, the basic data is hardly available, that are
for temperature vs properties, temperature vs browning, and strain
distribution in fresh ginseng during steaming and drying processes,

Because the quality of red ginseng is graded not by the chemical
composition but mainly by the physical shape, the development of a
technology 1is necessary, which can prevent the physical defects
occurred during the processes of steaming, first drying, and second

drying.
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IMI. Results of Study and Recommendations for

Application

1. Results of Study

The results of this study could be summarized as the followings:

Sub-project 1 : Development of processes of sorting and

drying of fresh ginseng for optimum production of red ginseng

A. Development of grading technology of fresh ginseng for Heaven

and Earth Grade red ginseng manufacturing

1) A low frequency resonance transducer was more suitable for
ultrasonic grading of fresh ginseng than a high frequency resonance
one. Among the transducers used in this study the transducer of 37kHz
worked better than that of b4kHz,

2) To increase the coupling ratio of transducer to the surface of
ginseng a couple of small diameter transducers were developed. Though
their diameter of 38mm were smaller than the old one’s by 12mm we
still need smaller than the newly developed to improve grading
technology.

3) Among ultrasonic factors possibly used for grading fresh
ginseng, such as peak-to-peak voltage, sound velocity and modulus of

elasticity, sound velocity was found to be the best for the
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industrial use,

4) The ultrasonic sound velocities transmitted along and across the
grain of a fresh cube-shape cut ginseng were 419 and 418m/s,
respectively, while that transmitted across the grain of a natural
one was 369m/s.

5) The ultrasonic signal transmitted along the ginseng grain mostly
consisted of low frequency components and attenuated rapidly while
that across the ginseng grain mostly consisted of high frequency
components and attenuated slowly.

6) Discrepancy between high and low temperatures of the fresh
ginseng monitored by a Infrared Thermography device showed a good
relationship with its moisture content, but not with its physical
properties such as density. Thus this parameter could be used for
predicting the moisture content of the fresh ginseng, but not for
grading the fresh ginseng,

7) The newly developed Automatic Ultrasonic Grading System for
Fresh Ginseng and computer programs are an useful tool to sort fresh
ginsengs into three groups. Each group has to be steamed and dried
with an individual schedule to increase the yield of Heaven and Earth
Grade,

8) The Automatic Ultrasonic Grading System for Fresh Ginseng was
designed to precisely measure the transmit distance, to control the
pressure on a specimen, to calculate the ultrasonic sound velocity
from the transit time and transmit distance, and to finally grade.

9) The ultrasonic velocity criteria for grading fresh ginseng
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obtained in this study were 300-330m/s, 330-360un/s and 360-390m/s.

10) For the fresh ginsengs stored at a room temperature for 3 days
the ultrasonic velocities didn‘t decrease, but for those stored in a
refrigerator for 9days the sound velocities seriously decreased and
for those stored at a room temperature for 3 more days they decreased
much more. It revealed that the ginseng quality can be examined by

measuring the ultrasonic velocity,

B. Development of a drying system for optimum production of red

ginseng

1) A pilot system of steaming and drying ginseng was developed for
basic study on the quantities of energy required, moisture, and
airflow that are needed for manufacturing red ginseng.

2) When the pilot system was tested, it was found that the fresh
ginseng could be steamed successfully by the boiler and heater during
the steaming process, and the temperatures were controlled
satisfactorily during the first and second drying processes.

3) Nine red ginseng were manufactured by the pilot system
developed. Among them, three red ginseng had exterior defects that
were crack or white rind. Among the rest, four red ginseng had
interior defects such as internal check, and intend white spot,
According to these results, it was found that the performance of

steaming system should be improved. Therefore, an autoclave was used
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for steaming experiments. When steaming process was carried by
autoclave, exterior defects such as crack and white rind were
decreased conspicuously. Components of the red ginseng manufactured
by the pilot system were compared with the one manufactured by the
conventional method, and it was found that there was no significant
difference,

4) It was proven that the optimum conditions for steaming process
were steamed at 98°C for five hours by an autoclave,

5) It was found that the optimum drying conditions of first drying
of red ginseng were 70-80TC, 60-70% relative humidity, and airflow
rate of 2m/s,

6) A measurement and control system, which is used for controlling
the internal temperature and relative humidity of dryer, was
developed.

7) An experiment result, which was conducted to find out the
effect of microwave heating during steaming and first drying
processes, showed that it produced inferior results compared with the
conventional method, Consequently it was found that the microwave
heating was not suitable for wmanufacturing process of best quality
red ginseng.

8) An experiment result, which was conducted to find out the
effect of far infrared ray drying just before the first drying
process and after the second one, it was found that the far infrared
drying was not suitable for manufacturing process of best quality red

ginseng,
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9) Based on the experimental results conducted on the first and
the second year of study, a pilot dryer was developed for
manufacturing red ginseng at farm level,

10) The performance of pilot dryer developed was tested. The test
results showed that the designated temperature and relative humidity
were measured and controlled satisfactorily. Using Student-t test of
SAS statistical package, the distribution of inside temperature and
relative humidity of dryer were tested at 5% significant level, and
it was found that their distributions were uniform without any
significant differences,

11) Applying the operational <conditions studied by each
sub-project, the pilot dryer developed for farm use was tested to
find the optimum process conditions for the best quality red ginseng,
and several conditions were found: optimum relative humidity is
60-70% for the first drying process: fresh ginsengs sorted at the
ultrasonic velocity of 330-360m/s yield the best red ginseng most
which has the least internal check and intend white spot spot.
According to the manufacturing tests by the storage period,
manufacturing operation should be carried out within 3 days after
harvesting fresh ginseng in order to produce the best quality red
ginseng.

12) The experimental results showed that the average yield rate of
Heaven and Earth Grade red ginseng manufactured by the processing
system developed, was 18.8% which is relatively excellent and more

than the project’s target yield of 15% Therefore, it would be
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evaluated that the processing technology developed for the best
guality red ginseng is a successful output.
13) The total costs of the processing system developed for

manufacturing the best quality red ginseng was %33, 448, 000.

C. Development of an automation algorithm for red ginseng’s shape

sorting

1) The shape sorting system of Korean red ginseng consists of a
control computer, a color CCD camera(WV-CP4110) for image processing,
an image processing board(DT3153), and an image acquisition unit.

2) The algorithm which can sort the shape of the Korean red ginseng
was developed after examining a practical inspection standard of the
Korean red ginseng énd Korean red ginseng sorting standard(Table 2.1)
and choosing factors, such as the number of head and leg, color,
wvhite rind, yellow rind and external defects, which affect to shape
sorting of Korean red ginseng and can be measured. Then the algorithm
developed was programmed using LabWindows/CVI 5.5,

3) Many image processing skills, such as sliding, stretching,
threshold, binary, and average deviation technique were used to
analyzed the shape sorting factors of Korean red ginseng,

4) In order to find the illumination conditions for Korean red
ginseng's shape sorting systems, illumination box was isolated from

external light and was made in a octagon for providing uniform
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illumination., L, a+, b+ values were measured in two different ways
using MINOLTA CR-300 colorimeter and image acquisition unit in the
same illumination condition, When both results were compared with by
Wilcoxon 2-sample test, they were almost matched each other,

5) The first step for analyzing of the head part is to improve a
contrast by the sliding and stretching method after acquiring an
image and then the Korean red ginseng and its background is separated
by the threshold. The existence and soundness were analyzed by means
of calculating roundness of only head part using color difference
between body and head in the image separated from the back ground,

6) The first step for analyzing the leg part is to improve a
contrast by the sliding and stretching method after acquiring an
image and then the Korean red ginseng and its background is separated
by the threshold. The number of legs was counted by means of
analyzing the Korean red ginseng centerline using Euclidean method
with the image of Korean red ginseng separated from background.

7) For color analyzing of surface, the contrast emphasized red color
was improved by sliding and stretching method after acquiring the
image. The color characteristics of the Korean red ginseng’s surface

was quantified with area and D, calculated by image processing and

the uniformalization of the color was quantified with considering the
factors, such as surface defects, white rind and yellow rind which
are obtained by difference of color,

8) The sorting accuracy rate of the shape sorting system of the

Korean red ginseng was 74.7%. Comparing with 95.8% which is sorting
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average value examined with the naked eye, there was difference of
21.1%. The reason of showing this result is that because image
acquisition range is limited in only one side. If a shape sorting
system using two or more cameras are used, the result may be almost

matched with verification result using naked-eye of inspector,

Sub-project 2 : Development of Physical and Chemical model

for red ginseng manufacturing

1) Quality factors such as color, internal checks and white spots
are known to influence the first and second sorting., For this study
model compounds simulating a red ginseng were made of sugar and
protein. They were steamed at 98C, dried at various temperatures and
times and their colorimetry were compared with a étandard of Heaven
and Earth Grade ginseng to find a few appropriate drying conditions,
The analysis parameters for red ginseng quality were general
ingredients, colorimetry, browning, redness, contents of general and
assistant saponin, internal checks and white spots,

2) The browning of the model compounds increased with the content
of reduction sugars and that a good result was obtained at the
moisture contents of 70%,.

3) The browning of the model compounds also increased with the
content of amino acids and that a good result was obtained at the

moisture contents of 70%.
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4) The ultrasonic velocities of fresh ginsengs distributed from
166.77m/s to 543.86m/s with the average of 294,45m/2, while those of
red ginsengs did from 1406.78m/s to 1878.57m/s with the average of
1304, 34n/s. The relationship between the ultrasonic velocities of the
two ginsengs showed a good linear agreement,

5) The fresh ginsengs were divided into four groups according to
the ultrasonic velocities and two levels of drying temperatures of 55
and 75°C were applied. For L-value of colorimetry Il and III groups
of 5 and 6 year old ginsengs showed brightness as good as the
standard. For a-value of colorimetry II and III groups of 4, 5, 6
year old ginsengs dried at 75C showed redness as good as the
standard. For b-value of colorimetry all gingengs showed as good as
the standard.

6) As the ultrasonic velocities increased the number of internal
checks decreased for all specimens, For 4 year old ginsengs the
drying temperature of 55C was better than that of 75C to reduce the
number of internal checks. For 6 year old ginsengs the diameters of
internal checks were smaller than 0, 5mm,

7) As the ultrasonic velocities increased the distribution of white
spots decreased for all specimens, For 4 and 5 year old ginsengs the
drying temperatures didn’t affect the distribution of white spots.
The distribution of white spots for 6 year old ginsengs was higher
than those for 4 and 5 year old. However the 6 year old ginseng
ultrasonic graded as Il group and dried at 75°C didn’t include any

white spots,
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2. Recommendations for application of study results

Recently Korean Ginseng industry is receiving great challenge from
China and American Continent. Since those countries are producing a
large quantity of ginseng and marketing it with a cheap price, Korean
ginseng industry is facing a precarious position. In this situation,
the only way to overcome challenge is to upgrade ginseng quality and
to ascend its value added through processing.

The red ginseng process system developed in this study not only
provided the basic data for manufacturing the best quality red
ginseng, but also developed a red ginseng manufacturing system which
could be used easily at farm households for red ginseng production,
Therefore, it may be expected that the study results will contribute
a lot to increase the incomes of farm households.

In addition, the red ginseng process system developed will be
applied for patent, then industrialized by transferring the
technology to Hae-Ryuk Corp, that is a specialized agricultural crop
dryer manufacturer. Also a consultation is under consideration to
apply the technology developed to the red ginseng manufacturing
process of The red ginseng Manufacturing Corporation in Buyuor,

Chungnam Province,
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N . EF AP
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Fig. 2-6 Photo for measuring the ultrasonic

velocity of a fresh ginseng.

o
=
P
oo

=
B
rx

d olujdy
Mg 5 253 SEHA (2 2-5)& o] &3to] £4& A2 A

of Z2EZ3 AULEEE SAsYrt. ©EAE transnmitter®  37kHz,

i

receiver® b4kHzE A}§3}ol o S54kHzE'E 2l EAAAH S "L 4 A
exponential HE]E F o]},

B 24T +ael WF 2EWAWEEE E 273 Poh 442 fake
DAY Fedste] A2 winict 2o ALEEE S, AXE o
7hA] WAL BRastoled B FolE el oAty deoju) widge] o
%7l Bl ZANBI g4s

W27t 7 F e

...53_



R 2-7 Aol AHEE A 2EIRIESE

N ) . ReuA <L (n/sec)
S3NZ | F3YA a4 el = FET
4-1 19991021 49 12 319.5 12.1
4-2 19991103 | 4d& 12 345. 4 16.8
4-3 19991127 4 12 307.7 29.9
4-4 19991204 44 12 270.3 26.3
6-1 20000210 6 7 345.9 20.4
6-2 20000213 | 6 7 343.9 22.8
6-3 20000219 | 6W 5 308.1 26.0
6-4 20000222 | 6 5 206. 4 52.5

6 FAoE T2 Aol velyct 6d2 412 BFE A HO T
o] 7H ] (6-12} 6-2)3t WA A}LEa, U A] 582 (6-332 6-4)= IH

o] 9UF L Eust

2
o
)
oX,
22
fo
P
m
(@]
IS
(@)
o
X
o
~
fr
my
rlo
>
e
lo
ft

amplifier& A}&3T},

2) AE7E =239 Ay
Tatel 2&wp F32}A] ko] PUNDITO| 23 ZE=EH PCo o) Atz o=

287 APA Ao A4EH] AEBHE TEIYL Basic AR A4

L~

¢

_54_



FAE HOAOE AR F ARE WHE BAstel Se UNHUE
3

1. Hardware “d ]

HHURE $AE YRAT AR T HAMUZE 03 Hous)
Met 4o b At WA IR thermographye] EUEE A
A ROB E@ol Hrimol Uriuz 2 U&7 PcE AYEol darel B
FEE, HILLE, HALEI} AvEHol Ao wet 2=z ayAu

Alzte] mE SENIE o &t USRS UE, AR E T 3rl

2. software 7§

U, datg 4s(-)eEe w7 ol w3 FFpel
. ZEadeldE of wZel tig Aelnaoldg ABstel WA Ftol

g, ARl 3t FolA AH&at7 & MEIES
nh. AU FolA wiFE W AX Aate] cisteiwt &S el wd

...55_.



stc},

3
i

ol whstd MR HH &

AbEALZE Ade] 4R

s F 4 T T R
/s Hod T OB = ol
o+ ol W W -
N T oo . ® i B
o Y R N
2l Mo W
7 ) o} % W - x|
_ o) g o] Y
S " R S
ee < N = = o
. e = ™ X
w9 o
Tﬁm - Ot LlL m—l HNO ﬂ
o H = M] ~ ER:
B Pwsog ¥ IR
o] = ROy I
F LT = w oo
_ <o B T B o5
H_AI 14 H N o Re =
o A mo X oF T o=
= T - W o))
7 ® T o 3 3
63 — P o= oy 2 K
DR C S
Ll T 7 o BT =
I CUNCIIE R s 5
=r o <H | B S
o o~ T = = oA
3 - Z % B o =
m o W2 Tw up oo g
o ER ) ol 7 T W
T8 T 9 o H > EP
U T S o K
= q4 w1,
R ® m A WX T
P T R B S B

=M

‘Redlmage’' & 3}

=13
158 A%

of s}

Lia=

=5

Fg2gol tiste] 104

A
pm
o™ Default®

1

1l

(o]
¥

RE.

st el
- 56 -

[=]

-

vhal

1.

1

dole & A %}
Zol7 wagel WAAX &AW 172

At 5 51 A dlol¥]l X st Al ZHH ).
tolBl &4 interval

2},
2.
¥},

st =4 6t7] A7 FAF intervalE 53 H

o]
t}.



HOIHAF M2t

Ty 2LIE

Fig, 2-7 Set-up for IR thermographical ginseng monitoring system

_57_



LH
0
10|

5
W]
]
<

RO
W

N

KO
Hr
~J

il

a2 Za=gol

.28 Flowchart,

+

o)

x5

D

E ME

=2

_58_

N
e T 2 HA|
GIOIE I+
Lz 0rE

Fig.2-8 Aol dsjal A4

1L

S| Gl ot Et

<

2T ot

AW ER2E MU




Fig. 2-9 A photo of fresh ginseng grading system

with an IR camera,

Fig. 2-10 A photo of an IR camera and a fresh ginseng.
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Fig. 2-14 Max temperature curves of heated fresh ginseng during cooling.
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Fig. 2-16 Diagram of automatic ultrasonic measuring system for agricultural
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Fig. 2-18 A device for ultrasonic fresh ginseng grading.
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Table 2-9 Specifications of the load cell

Item Specification
Maker CAS(Korea)
Model BCL-30L
Rated load(kg) 30

Rated output(mV/V) 2.0000 mV/V = 10%
Input resistance{ ) 400 = 20
Output resistance( Q) 350 + 3.5
Compensated temp. range(T) -10 ~ 40
Operating tlemp. range( C) -20 ~ 70
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Fig 2-22 Block diagram of ultrasonic generation circuit,

Table 2-10 Specifications of the ultrasonic equipment

Item Specification
Marker & Model C. N. S. ELECTRONICS LTD, PUNDIT
Transit time measurement range 0.1 usec~9999 usec
Accuracy +0.1 usec
Input sensitivity 250 zvolt between bkHz and 1MHz
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Table 3-1 Results of red ginseng manufacturing different by steaming
temperatures
Result 95 98°C 100C 102C
1Sﬁeg é?gsgﬁgde 0 2 1 1
White rind 9 7 6 5
Crack L 0 0 2 3

(where lst & 2nd grade red ginseng means that there is no white rind or crack.)
d71e] Azate] wrel FazrZAol 95T Ffols BRE AY AFolA W
b WS g s 100TC ol Bell A= Bl Aol WAF AT 2L 98T
zd A= Bl golz, WIdALE 95T Hste] &ol=L A&
U dstelch

L #H® ST A3

2718 Ay 2dE EuR 98T FARANA FAADUE AEE

Botolrt. FAXER AHE £RY A3 ¥ 3-23 Zrh

Table 3-2 Results of red ginseng manufacturing by steaming times required

Time
m 3h 4h 5h 6h
1st & 2nd grade
red ginseng 2 2 4 1
White rind 7 7 5 8
Crack 0 0 0 0

(where 1st & 2nd grade red ginseng means that there is no white rind or crack.)
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Table 3-3 Results of red ginseng manufacturing by air velocity during

the first drying

Air velocity
lo/s 2m/s 3m/s 4dn/s
Result
No internal check 1 3 0 0
Internal check 8 6 9 9

A71e] AdAn} ¥4 2n/solA R wAlo] EojEr=
t}. olof whet 1x}AR 4L 2n/sE HA st
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>
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Table 3-4 Results of red ginseng manufacturing by air temperature

during the first drying

Air temperature
50C 60°C 70T 80T
Result
No Superior color 0 1 3 2
internal
check Bad color 5 4 2 3

Zh A RAEE WfFo] WA ¢4 532 HMYg AAE A 50T
o} 60TColME ZAWE7L d o] Fojx|tlrst 70CHE A3 wigo] HES3
WA RE 80Col A 13 A=¥ T4 A= ZHIE Qe 3271 A

Hed uFE Ukt AY WP Fd Fojo AT FFAMFA T4
2718 AARE EUR slo] 13742 HAHAXLEE 70C-80CE FHEHI

A5d &, F= A 4 AdA & Ay

Hag B9 BANZE AAs AZIUoINY £ § 457 A%
S AZHL 44T L5 U AEe % AFSA SAsIopu gy
Eg oy A% A AU AFH 23 £YH ik wrh. o F 95
of ezt Zol Lmst EY A% U AolA 2ol AW gk
1. 2= A& 9 AojrA 2R

Az7) e LEAZ D ANE fiste] 14 3-120 B AARE A
shelet.
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Fig. 3-12 Algorithm for measuring and controlling temperature,

ThermocoupleZ H B 1}& &% 23 L Signal Converter& A3 A/D Board
2 JdYHEct. 93 AT = Pentium-1I 350Mhz Computerolr] A &
et wlaElo] YA #B3kol AE cthEA = A/D Boardo]A Signal
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t}.
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Fig. 3-13 Algorithm for measuring and controlling relative humidity,

FT2E AE§ ThermocoupleZHE & X A1F = Signal Converter
£ 7A A/D BoardZ ¢}t ¥ A3 & Pentium-II 350Mhz Computer
oA AFLE2te UAE Tl FERS ASHA Ha olgA Aud
FEHS B F24 vaEHo JYFE ol AHFE FRTE A H
H A/D BoardolA] solenoid valve® A ¢3to] &¥E 3 solenoid valved)
on/offE& &3] BoilerolA 7|7} wj&Hr}.

UH dYFE ol AYSFE Rt A A = A/D Boardo] A SSRE A
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esdb = exp(16.78Tdb-116.9 / Tdb+237, 3)

RH = 100(ed 7/ esdb)

eswb = wbol| Al X 3}$Z 714}
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Table 3-5 Results of microwave heating before steaming

Time
) 1 min 2 min 3 min 4 min

Condition

Normal state 0 0 0 0
intend white

3 3 3 3

spot
internal check K] 3 3 3

2l Aol A viebyt vpel o] FAMA MicrowavedE 2AlgH A AHAE
BE ol Wiuwizt wfgo] WA=t 53] F4 FolE YHE R AE
2| A g Mslo] Microwave A= F4bzbgo] HA¥tat 2oz wbAE g}

v}, 12} AR A A MicrowaveRZ AFAl H

Az A Ao MicrowavedE Fxp4tell Alztcid g A3t ¥ 1%}

}
AzZzA¥EE 49314, 2 A= ¥ 3-63 Y},
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Table 3-6 Results of microwave heating before first drying

~__Tmel 2 min 3 pin 4 min
condition
Normal state 0 0 0 0
1nt§nd white 3 3 3 3
spot
internal check 3 3 3 3

9] Aztel A urEbxt wiel el 1A Az AW Microwaved XA AT

APAE BE A U3 ol wAHTH Se) Qwt Az w}
oo A¥sh wel Polg UBY AJE QuAZ YAl T vEA

o WiF AZ Rt 2A Jetutch o2yt AR ulFo| Microwave ZA}
AzRe FAYY e WP
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fr
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3 3-7 Results of far infrared ray drying before first drying

Time
o 0.5h 1h 1.5 h 2h
condition
Normal state 0 0 0 0
intend white
2 2 3 3
spot
internal check 3 3 3 3
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Table 3-8 Comparison results of the sun drying, heated-air drying, and
far infrared ray drying during 2nd drying process

State Abnormal state
Normal Inside Bad
. state Inside Inside white color
gg{égg white cavity +Inside
cavity
Sun drying 2 0 1 4 5
Heated-air drying 0 1 3 5 8
Far infrared ray
drying 0 1 3 5 7
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Fig. 3-15 Picture of boiler,
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Fig. 3-16 Main display of measurement and control program for red

ginseng manufacturing process.
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Fig. 3-17 A plane figure of drying system.
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Fig. 3-18 A plane detailed figure of drying system.

Fig. 3-19 Drying system for red ginseng manufacturing.
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Fig. 3-23 Performance curves of drying system at temp of 75C, RH of 80%.
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Table 3-9 Performance of control system for temperature and relative
humidity of drying system,

Average | Maximum | Minimum { Standard | Average | Maximum | Minimum | Standard

Division temp temp temp |deviation RH RH RH deviation
o 74.36C[76.387C(74.03C | 0.54°C | 51.40% | 52.97% | 48.70% | 0.87%
75°C

60% 74,30°C |75.74C|74.03°C| 0.627C | 61.30% | 62.89% |59.15% | 1.07%

e l74.45°C(76.86°C|74.037C | 0.727C | 71.18% | 72.84% | 69.33% | 0.93%

T |75.127C |77.56°C [75.03°C | 0.38C |81.89% | 85, 47% | 78,79% | 1.27%

E ExE 317 flste] D3-24AF 6712 $1A 9
3

=5 FAstect o A x3-109 ¥

Fig. 3-24 Measurement points for temperature and air velocity in

drying chamber.
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Table 3-10 Results of temperature measurement in drying chamber

Measurement
point
Set point 1 2 3 4 5 6
temperature
50°C 50.40°C | 50.40C | 50.37°C | 50.38°C | 49.80°C | 49.60°C
60°C 60.50°C | 60.40°C | 60.37C | 60.38°C | 59.98°C | 59.78C
70T 70.89°C | 70.55°C | 70.21°C | 70.12C | 69.89C | 69.68C

Table 3-11 Results of air velocity measurement in drying chamber

Measurement

point
Set point 1 2 3 4 5 6

air velocity

2 m/s 2.1m/s | 2.1 m/s { 2.1 m/s | 1.7 m/s | 1.8 /s | 2.3 m/s

g, AE
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Earth Grade red ginseng manufactured

by relative humidity.
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by relative humidity,

- 124 -



UMate) Z9(29327) BE Auigmeld 1=s wasielsd o)k
ABE(1985)0] UG SFFACNN)G A4S @ s Hyoly
R whshol BRI JYE Aol YU AL FRFWTh

Huj el B9 (233-28) ArlFE 60%-70%rtolol A 71 A2 £ Wy

HE SN E ARt AzAUA 1Az 452 Az
2R Au 3R] 33yt
=z

o] 1xAzA A AuFE 2L 60-70%

>
lo

THAz AEF 25y 29 APAAE At 3 A3de o

@

2 10 -

o)

pe]

2 gl

s 2 1

3 0 0

_;E> 0 - S ,,,’ A_,,_’i L e ,7[*,, V_k,__,_,,l
2 Under 300 300-330 330-360 360-390 Over 390

Ultrasonic velocity{m/s)
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ultrasonic velocity.
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o
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Fig. 3-31 Number of red ginseng having intend white spot manufactured by
ultrasonic velocity.

oy — - .
300-330 ' 330-360 | 360-390 | Over 390

Ultrasonic velocity(m/s)

Number of red gins
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Fig., 3-32 Number of red ginseng having white rind manufactured by
ultrasonic velocity,
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Fig. 3-33 Number of the Heaven and Earth Grade red ginseng
manufactured by storage period.
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30212} A7 EHolA TUZ 15F, 25 F4 0 E Ayt
FAL 2EZdolRo] 3] 5A7F FAEYUS I F 2% 75T, AUl
£ 65%, F< 2m/s8 2R GEARSIGY, 2xARE 237 gAY

Table 3-12 Results of grading red ginseng manufactured by the process

developed
Grade| Heaven Earth Good Under tgield of
e Heaven
Grade Grade Grade Grade Total nd Earth
red red red red a grade rod
Test ginseng ginseng ginseng ginseng ginseng
1St 0, 0, 0, 0, 0, 0,
experiment| 2(6.6%) | 3(10.0%) | 8(26.6%) | 17(56.6%) |30(100.0%)| 16.6%
znd O, ( 0, 0, 0, 0,
experiment 1(3. 3%) 5(16.6%) | 9(23.3%) | 15(50,0%) {30(100.0%)| 20, 0%
3r‘d () O, 0, O, 0, 10
experiment 2(6.6%) | 4(13.3%) | 8(26.7%) |16(53.3%) |30(100.0%)| 20.0%
Total 5(5.5%) |12(13.3%) | 25(27.7%) | 48(53.3%) 90(100, 0%) 18. 8%

718 Aol Ko HAAL Bda&o] 18.8%% & A HH;
AA 4 F& 1555 A3 st 43 A5 vehdct & AxE B3 A
Al 42l H& S 14.1%0] A 23.7%Atelo] oltviil 95% Al ¥ 4 olvt. XEIF A}
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3 Aee 4FHo= ud Aos waw g

10

B

1—

Aol &3 Aud N3G
th. eEggolHe} AAH FIE

Mol wHAI 8d FeoE2RE 109 Wd7HA AHYE
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AR Mo AJUTE T6UE dto] I AQWEE B3t

FH&S  aAuel wWEHY goER  FHARIHY FuE2
33,448,360¥ 0ltt. FAAZRFTARE AF XY 285 e 2V FAEE
< = 3-129} Zgirh

Table 3-13 Total costs of red ginseng manufacturing equipment

(units : won)

Division [tem Price Subtotal Total
Control PC 1,000, 000
Control PC 2,000, 000
A/D Board 1, 000, 000
Autoclave 1, 500, 000 10, 500, 000
Steaming
and drying Boiler for steaming 1, 350, 000 8, 500, 000
equipment
Dryer 5, 650, 000

ZI|FAHEE 7I2E A= ANSAEE EEste 27 FAN S

|

232 slglom, WENE BAMZEAL $Asey Wey Yy, A7)
M, SRR, AN o AMY UL B 3-149 ).
A7NH AMEAE] AL TAAATAY 15F St 1kgw 78,0008 0]

<

2helal 12 BAE 150gol et 7pg st 302" 7t 351,000%10] "t
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Table 3-14 Total costs of red ginseng manufacturing process

(units : won)

Content . .
Costs Calculation basis Total

Initial investment X 23%
Fixed cost = 10, 500, 000won X0, 23 = 2,415,000
2,415, 000won

Purchase

Cofs r‘tesfl‘qor‘ 30X 76days = 26, 676, 000won

gingseng
Electric 347, 360won
costs Refer to Table 3-15

33, 448, 360

Variable L. : .
cost. | Matntenance | (6150 TERcetnent 0 2| OO0
costs 210, 000won

: Labor costs
leegsizbor =50, 000won/day X 76days =
© 3, 800, 000won

Table 3-15 Electric costs of red ginseng manufacturing process

Power
consumption 65kW/day
per day

65kW X 15day X electricity rates of
August (65. 10won/kW)+basic rates = 88, 220won
65kW X 30day Xelectricity rates of September(49.10won
Costs of total | /kW)tbasic rates =123, 620won
consumption 65kW X 31day Xelectricity rates of
October(49. 10won/kW)+basic rates =135, 520won

total : 347, 360won

Ald 2E

2 A3 Al st Fab HH Yk 4T A=A L] AYHI 4
s BUHE Y. 3 ASE Qof3id tiE 3 Zrh
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7b. e

A FE| = 133Hz, 64MB 586 Pentium A}&-3}¢ict.

L 9 Ael Be gl oced shd et

dA A g R DT3153 2YL AL3lgden, cch v els

WV-CBP410 R -& A}-&35}4lc}.

Table 4-1 Specifications of CCD camera

Zh 2} &

Model Specification
Picture elements 768(H) X 494(V) pixels
Scanning system 2:1 interface
Horizontal resolution 480 lines
S/N ratio 50 dB
Wv-CBP410 Horizontal frequency 15.734 kHz
Vertical frequency 59.94 Hz

Electronic shutter

1/15, 700 sec

Minimum illumination

0.9 lux

Scanning area

4.9(H)%3.7(V) mm
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Table 4-2 Specifications of image processing board

Model Specification
Video input 3 x NTSC/RS-170
Spatial resolution 640 X 480
Resolution 24-bit color

DT3153 Pixel jitter + 6ns typical
Digital 1/0 4 bi-directional 1/0
Frame buffers PC Memory A}&
Image display PC VGA Card A}-&

gL [abWindows/CVI ¢l o} (National Instruments Co, )& 2= 4

o, =23 F 2 I7 4-13 gl

Fig. 4-1 Main menu of the program for the sorting system,
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Fig. 4-4 D values of the poor red ginseng.
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D = 1467.71 D. = 1471,58 D. = 1424.25

D. = 160,27 D. = 469,36 D. = 263.53

D. = 135.23 D = 96.53

Fig., 4-5 Effects of form of red ginseng images on D
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Fig. 4-6 The images of the head part analyzed using image processing
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b) Number of leg : 1

c) Number of leg : 2

d) Number of leg : 3

Fig. 4-7 The images of Korean red ginseng and its centerline,.
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Fig. 4-8 The images of Korean red ginseng showing wrong number of

their legs.
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Fig. 4-9 The D, /area values of the Heaven Grade Ginseng images,
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Fig. 4-11 The D, /area values of the Earth Grade Ginseng images,
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Fig. 4-12 The defects/area values of the Earth Grade Ginseng images.
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Fig. 4-13 The D, /area values of the Good Grade Ginseng images.
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Good grade ginseng defects/area
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Fig. 4-15 The defects/area values of the Good Grade Ginseng images,
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Fig. 4-16 The D, /area values of the Under Grade Ginseng images.
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Under grade ginseng defects/area ‘
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Fig. 5.11 The defects/area values of the under Grade ginseng images.
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Red-Gingeng

Table 4-3 Comparison of manual sorting and machine sorting for Korean

Grade | Heaven Grade | Earth Grade Good Grade Under Grade

Sorting sy (60) (60) (60) (60)
Expert A 96.7%( 58 ) 98.3%( 59 ) | 90.0%( 54 ) | 100.0%( 60 )
Expert B 90.0%( 54 ) | 96.7%( 58 ) | 91.7%( 55 ) | 100.0%( 60 )
Expert C 91.7%( 55 ) | 100.0%( 60 ) | 95.0%( 57 ) | 100.0%( 60 )

Shape sorting
71.7%( 43 ) 88.3%( 53 ) | 63.3%( 38 ) | 75.0%( 45 )
system
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Table 4-4 Comparison results of sorting rate by sorting method

Comparison of sorting rate

100.0 / — o

| - |k 3 T TgER - ;
80.0 ! ! Ak L P
> | i B N
28 ! ! ; 5 ! ;
@ 60.0 | i 2 o P
< ‘ 55 : \
o | 1 — i -
ﬁ 40.0 i s P
20.0 | Lo ‘f i
0.0 : : = S ,
‘Heaven grade | Earth grade | Good grade | Under grade i
e [ - e Bl B A
Dlookobject(%) | 928 | 983 | 922 | 1000 |
oSstem(%) | 717 | 83 | 633 | 75
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Table 5-1 Proximate composition of powders for model ginseng

Food Moisture Protein Fat Carbohydrate Ash
O

(%) (%) (%) (%) (%)
Corn Starch 11.7 1.1 0.2 86.7 0.3
Soy protein

5.2 86.8 2.4 2.7 2.9

isolate

Table 5-2 Formula of powders for model ginseng

Mixed Ratio(w/w%)

formula Soy protein
Corn starch . Cellulose
isolate
S15P5.5(1) 15 5.5 1.5
S20P4, 5(2) 20 4,5 1.5
S25P3.5(3) 25 3.5 1.5
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Table 5-3 Contents of powders and water for model ginseng

Contents(g)
formula Distillized Soy protein
Corn Starch Cellulose
water(mé) isolate
S15P5. 5 233 68.2 25,0 6.8
S20P4. 5 233 76.9 17.3 5.8
S25P3. 5 233 83.3 11.6 5.0

Table 5-4 Formula of model ginseng powders at different steaming

and drying conditions

Steaming Dehydration temperature(T)
Time(h) 60 70
S15P5.5_60_1 S15P5,5_70_1
1 S20P4.5_60_1 S20P4,5_70_1
S25P3.5 60_1 S25P3.5_70_1
Formula
S15P5. 5_60_2 S15P5,5_70_2
2 S20P4.5_60_2 S20P4,5_70_2
S25P3. 5_60_2 S25P3.5_70_2
3. 2 &
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Table 5-5 Hunter value of commercial Heaven, Earth and Good red

ginseng
Hunter value
L a b
Heaven red ginsegn 33.70° 10, 83" 41. 05"
Earth red ginseng 30.10™ 12,227 40, 58"
Good red ginsegn 34.96° 12.04° 42.03°
s 3, 8385 L 2,319

Mean value from 50 replications

a-c, Means in the same column not followed by the same letter are
significantly different(P<0.05)

LSD: Least Significant Difference
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Table 5-6 Difference of Hunter L-values in formulated model
ginseng on various steaming time, dehydration temperature and

dehydration time at 100 of steaming temperature

Dehydration tean time Dehydration Model foods
temp, time
(C) (h) (h) S15P5. 5 S20P4.5 $25P3. 5
0 48. 96" 47.02° 45, 59"
12 33.15% 35.95% 35.96"'
) 24 30. 64 34.34% 36.31°
36 20.18' 32.40™" 30, 47"
48 32.14" 35, 44° 30, 40°
&0 60 33,37 35.00° 37.20°
0 49, 59° 47 44° 45, 36"
12 32.87°° 35, 59% 36.31%
9 24 21.48' 34.29°¢ 32,09’
36 27.82¢ 31.86™ 32.56"
48 34,38 30.13 33, 70"
60 24.09" 33,15 35,75
0 48, 64 48.59° 45,76
12 29, 24'® 37. 50 33, 78"
. 24 12.15 33,17 32,35’
36 11,97 35.37° 25, 20'
48 21, 47" 27.05° 32,02
0 60 35,13 40.37° 44, 30™
0 49, 47° 47.43° 43,20™
12 34.71% 39.31” 35.37"%
5 24 16.27° 35, 40° 34,42
36 24, 38" 30.83" 33, 09"
48 28, 54' 30.88" 35, 62"
60 35,75 - 38.09° 35,37
LSD 2.3477 1.9238 1.3354

Mean value from 3 replications
Means, a-k in the same column not followed by the same letter are
significantly different(P<0.05)

LSD: Least Significant Difference
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Table 5-7 Difference of Hunter a-values in formulated model

ginseng on various steaming time, dehydration temperature and

dehydration time at 100TC of steaming temperature

Dehydration . Dehydration Model foods
Steam time .
temp. time
(C) (h) (h) S15P5.5 S20P4.5 S25P3. 5
0 -1.49° -1,69"™" 1,31
12 -1.25° -2.14" -2. 27"
) 24 -2. 53" -1.44%" -1, 17"
36 0. 09* -0.53™ -0, 817
48 -0.01° -0, 28" -0, 53"
6o 60 -0, 07" -0, 76™ -1,21%
0 -1.79° -1.51" -1.15%¢%
12 -1,11° -2.10™ -1, 89™
5 24 0. 40° -2, 49 -1.65%"
36 0.44° -0.38™ -0, 44
48 -0.07° -0, 24° -0,51%°
60 0.07 -0, 68 -1, 20
0 -2.20° -2.01*" -1.53"®"
12 ~1.46 -2.16' -2.16""
1 24 -0.21° -1,17 -1, 45°¢
36 0.67" -0, 69 -0, 817
48 -0.21° -0,56™° -0, 78"
70 60 0,15 -0, 54™° -1, 17
0 -2.03" -1,99*" -1, 41
12 -1.31° -2.17' -2, 48"
) 24 0,01° 1,127 -1.63"
36 -0, 50° -0, 53" -0, 98>
48 0.51° -0,33° -0.29°
60 013 -0, 95" -1,21%"
LSD 12. 346 0. 5892 0.634

Mean value from 3 replications
Means, a-k in the same column not followed by the same
significantly different(P<0.05)

LSD: Least Significant Difference

- 164 -

letter are



Table 5-8 Difference of Hunter b-values in formulated model
ginseng on various steaming time, Dehydration temperature and

dehydration time at 100 of steaming temperature

Dehydration Dehydration Model food
Steam time
temp, h) time
(0C) (h) S15P5.5 S20P4.5 S25P3.5
0 0, 71" -3.33 4,62
12 4,85 4,57 3.93%
| 24 4,75 4,27 3. 541
36 3.03" 3,33 4.41%
48 6.38°*"® 3.55%"® 4,05
60 60 8.20™ 5,13° 7.07
0 -1, 72 -3.81° -4,32"
12 5.84°® 4, 45°° 2.48%"
24 4.43" 4, 49 2.68'#"
2 36 6.19°%" 3.31% 2.75"%"
48 10.10® 3.04* 3.94%®
60 10, 41% 4. 49 5. 04
0 0,77 -1.59' -2.32
12 5,58 3,63 3,03
: 24 5,09°'% 4.01°" 4.14™
36 4,32 4,43 3.66™"
48 7.26°° 2.03" 6. 44>
70 60 11,07 9, 44° 8.81°
0 -0, 02" -1,68' -4, 00
12 6. 377" 3.62%" 1.29'
) 24 7.01° 4,39% 2,328
36 8.30™ 3,68 3,119
48 12.26° 4,020 5.01°
60 11,43 7,210 6.78"
LSD 2.3976 1.1182 1.5771

Mean value from 3 replications
Means, a-k in the same column not followed by the same letter are
significantly different(P<0.05)

L.SD; Least Significant Difference

- 165 -



MAA L Fotol dot

i

olR 7| ¢

T T | o o o W
P f gyl
T ~ o 3o
®O ! wade s
NN A S
X n ﬁd Wo _.M*/o ﬂ% ﬂ.a X ©
) -}
EFE — ﬂ \m_. —_ P ° ©
[T | o W B o W
[} [Te] E_“: ﬂ&- o< Lo
o ° W ~
S W v N
3 o ™ &) N
c e o - 3 X
Gt —_ EO = = __OL
ﬂ% H ) z.wo — Lrnv ﬂ E) o
T o = e $ . ;
T R 4y T _ oy S
%i_ﬁwawwnMﬂ%@ :
W ° J ey
MR o W= % 9
ENESEEES S N
BN w0 B oy
— e o s o W o = 2
=~ o g 2 N Mg A -y P X 5% g
< T oM o BW E Sy 5
—_ ~ Bo N o= K|
o B o P _ " 3
S W T U oo P m N
£ R WY B P KoF o+ ST
s @ — A N = = g
o5 owm O 0w T B )
& m F oL TR X W W
PTG R T W oox o L %
2O - i ¥oox N B
B oo X Y g B T« " o=
= T Y = N T s L o= D
U TR g _ S o -
A X w53 M s 3 & ot ot
T oM N % T oW ow wog W ° A
(o Ne R Ak = S G

= Y:=Brightness.

— A
20T

X
- 166 -



Reaponge Supace f X2X3 for Y2

Response Suiface of XIX3for Y2
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Table 5-9 Coded levels of ingradient ratios for experimental

treatment and their responses

amino

R(g) M(ml ) ) Actual parameters
Treatment acid
X Xa Xa FHE(g) 4 H(ml) olnkiKg)
1 -1 -1 -1 0.5 65 1
2 -1 ~1 1 0.5 65 2
3 -1 1 -1 0.5 75 1
4 -1 1 1 0.5 75 2
5 1 -1 -1 2 65 1
6 1 -1 1 2 65 2
7 1 1 -1 2 75 1
8 1 1 1 2 75 2
9 0 0 0 1 70 1.5
10 2 0 0 3 70 1.5
11 -2 0 0 0.1 70 1.5
12 0 2 0 1 80 1.5
13 0 ~2 0 1 60 1.5
14 0 0 2 1 70 4.0
15 0 0 -2 1 70 0.5
16 0 0 0 1 70 1.5
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Table 5-10 Statistical model parameter of Hunter L value

type of I sum

Regression DF of squares R-square F-Ratio Prob-F
Linear 3 268. 485930 0.9314 68. 360 0. 0000
Quadratic 3 4,622813 0.0160 1.177 0. 3940
Crossproduct 3 7.296009 0.0253 1. 858 0.2375
Total Regress 9 280. 404752 0.9727 23.798 0. 0005

Table 5-11 Estimated regression coefficient for Hunter L value

Paramoter DF Parameter Standard T for HO: Prob) lT
estimate error parameter

INTERCEPT 1 64. 933438 0. 756814 85,798 0. 0000
X1 1 -1.928438 0.286049 -6.742 0. 0005

X2 1 0. 007187 0. 286049 0.0251 0. 9808

X3 1 -3. 614063 0. 286049 -12. 634 0. 0000
X1xX1 1 0.319375 0. 286049 1.117 0. 3069
X2xX1 1 0. 696875 0. 404534 ~-1.723 0.1357
X2%X2 1 0. 495000 0. 286049 1.730 0.1343
X3xX1 1 0.079375 0. 404534 0.196 0. 8509
X3%X2 1 -0, 648125 0. 404534 -1.602 0.1602
X3%X3 1 0.114375 0. 286049 0.400 0.7031
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Table 5-12 Proximate composition of lab-made raw, steamed and

red ginseng

Food Proximate composition(%)

(;:ii) Moisture Protein Starch Cellulose

4 71.7 4.9 20.5 1.2

Raw ginseng 5 72.7 4,5 20.6 1.3
6 71.8 4.4 20,2 1.5

4 73.06 4.3 18.9 1.1

Steamed ginseng 5 73.76 4,2 19.2 1.2
6 74,02 4.1 18.3 1.3

4 9.8 11.5 67.3 4,6

Red ginseng 55 5 10.2 11.2 65.2 4.5
6 11.0 10.9 68.9 4.0

4 7.5 10.9 66.9 5.3

Red ginseng 75 5 8.5 10.5 65.0 4,2

6 9.1 10.5 67.1 4.3
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Table 5-13 Hunter L, a, b value of red ginseng with various age,

dehydration temperature

Hunter value
Age Dehydration

(Year) temp. (C)

L a b

55 22,595 10,533 42.535"
4

75 16.620° 15. 310° 42, 585"

55 28,985 7.293° 34,038°
5

75 18. 805 14,088 47,095

55 27. 800" 7.655° 34,635
6

75 22,830 12, 523% 46, 625°

LSD 7.4632 3.7129 6.4388

Mean value from 4 replications
a~c, means in the same column not followed by the same letter are
significantly different(P<0.05)

L.SD: Least Significant Difference
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Table 5-14 Browniness(440nm) and Redness(520nm) of red ginseng

with various age, dehydration temperature

Absorbance
Age Dehydration
(Year) temp. (C)
440nm 520nm
55 0.7780° 0.21025
4
75 1.8540° 0. 49075
55 0.6193 0.154255
5
75 1.8693" 0.51975"
55 0.6108° 0.15975°
6
75 2.1065" 0. 53675
LSD 0.4504 0.1227

Mean value from 4 replications

a~b, means in the same column not followed by the same letter are
significantly different(P<0,05)

LSD: Least Significant Difference
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Table 5-15 Contents of crude saponin and total saponin of red

ginseng with various age, dehydration temperature and ultrasonic

velocity
Saponin
Age Dehydration
(year) temp. (T)
Crude saponin(%) Total saponin{%)
55 5. 8200 3. 4452°
4
75 5. 4050° 3.1697%
55 6. 8550™ 2.8679“
5
75 7.1963" 2.9778"
55 7.8213" 2.7191°
6
75 7.5238" 3.1976
LSD 1.525 0.3231

Mean value from 4 replications

a~d, means in the

same column not followed by the same letter are
different(P<0.05)

L.SD: Least Significant Difference
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Fig. 5-6 Schematic diagram of the experimental configuration

used to conduct to measure ultrasonic velocity of ginseng.
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Table 5-16 Hunter L, a, b value of Red ginseng with various age,

dehydration temperature and ultrasonic velocity

Normalizatio
Age Dehydration or " Hunter value
(ultrasonic
(year) temp.(TC) L a b
speed)
0.00~0. 25 19,06™" 13.15™ 48,47
0.25~0.50 24,11 7.95"" 39, 925"

55 [+ K K
0.50~0.75 28. 62 7.18 34,52’

. 0.75~1.00 18. 59" 13.85°° 47,23
0.00~0.25 9, 48" 17.52° 38.39™
0.25~0.50 20.63°' 12, 35" 44, 88°

75 de 18 bedet
0.50~0.75 24.32 11.64 45,00
0.75~1.00 12.05™ 19.73" 42 07°'*"
0.00~0.25 30. 54°° 6. 40" 31,77

5 0.25~0.50 34.08" 7.69'* 31.32¢
0.50~0.75 22,37 7.54"" 41,29

: 0.75~1.00 - - -
0.00~0.25 16. 40™ 15. 69" 47,59
0.25~0.50 24.28% 11.00%" 46.15™

75 th cde ab
0.50~0.75 19. 45 14. 33 48.85
0.75~1.00 15. 09" 15. 33° 45, 79"
0.00~0.25 29, 28" 7.68'% 36, 86"

55 0.25~0.50 32.99% 6.70" 30.37"
0.50~0.75 22.65°% 8.56" 42, 458

6 0.75~1.00 - - -
0.00~0.25 18. 028" 14. 47 49, 40"

7 0.25~0.50 20. 49°'&" 13. 06" 47.58™
0.50~0.75 28.09% 9.50™ 41,94
0.75~1.00 - - -

LSD 4.1377 2.0207 3.8662

Mean value from 3 replications
a~1, means in the same column not followed by the same letter are

significantly different(P<0.05), LSD: Least Significant Difference
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Table 5-17 Browniness(440nm) and Redness(520nm) of Red ginseng

with various Age, Dehydration temperature, Ultrasonic velocity

Normalization

Age Dehydration Absorbance
(Ultrasonic
(year) temp.(T) ) 440nm 520nm
velocity)
0.00~0.25 0.780% 0.215"®
55 0.25~0.50 0.915° 0.255"
0.50~0.75 0.67% 0.187'®
0.75~1.00 0. 747" 0.184
4 0.00~0.25 2.29° 0.617°
- 0.25~0.50 1.650° 0.405™
0.50~0.75 1.787° 0.483"
0.75~1,00 1.750° 0.453"
0.00~0.25 0. 620% 0.152"
- 0.25~0, 50 0. 6478’ 0.166'"
0.50~0.75 0.59“ 0.147°
0.75~1.00 - -
° 0.00~0.25 2.217° 0.593°
- 0.25~0.50 2.300° 0.617°
0.50~0.75 1.707° 0.492°
0.75~1.00 1.253° 0.377*
0.00~0.25 0.611° 0.154*
- 0.25~0,50 0.595% 0.157%
0.50~0.75 0.590' 0.174®
6 0.75~1,00 - -
0.00~0. 25 2.333" 0. 600
0.25~0.50 2.383° 0.619°
0.50~0.75 1.377° 0.328"
___________ 0.75~1.00 -
LSD 0.1875 0.0963

Mean value from 3 replications

a~g, means in the same column not followed by the same letter are

significantly different(P<0.05), LSD: Least Significant Difference
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Table 5-18 Contents of crude saponin of red ginseng with various

age, dehydration temperature and ultrasonic velocity

Normalization

Age Dehydration data
Crude saponin(%)
(year) temp. (T) (Ultrasonic
velocity)
0.00~0.25 4.56
0.25~0.50 3.58
55
0.50~0.75 7.19
4 0.75~1,00 7.95
0.00~0.25 5.03
0.25~0,50 5.86
75
0.50~0.75 5,84
0.75~1.00 4,9
0.00~0, 25 6.98
0.25~0.50 6.01
55
0.50~0.75 7.45
5 0.75~1.00 -
0.00~0.25 7.02
0.25~0.50 7.93
75
0.50~0.75 7.19
0.75~1.00 6.645
0.00~0.25 7.13
0.25~0.50 8.25
55
0.50~0.75 8.775
6 0.75~1.00 -
0.00~0.25 7.21
0.25~0.50 7.225
75
0.50~0.75 8.45
0.75~1.00 -
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Table 5-19 Contents of Total saponin of Red ginseng with various

age, dehydration temperature and ultrasonic velocity

Normalization

Age Dehydration
(Ultrasonic Total saponin(%)
(year) temp. (T)
velocity)
0.00~0.25 3.5333"
55 0.25~0.50 3.4857™
0.50~0.75 3. 0286
0.75~1.00 3.7333°
4 0.00~0.25 2.5476'
- 0.25~0.50 3. 3167
0 0.50~0.75 2.9333°"
0.75~1.00 2.8812%"
0.00~0.25 2.8833""
- 0.25~0.50 2, 7167
0.50~0.75 2.9881"!
. 0.75~1.00 -
0.00~0,25 2.9427%
- 0.25~0.50 2.9476>"
0.50~0.75 3.0119%*
0.75~1.00 3. 0091
0.00~0.25 2.6143"
0.25~0,50 2. 8857
55 0.50~0.75 2.7619°
0.75~1.00 -
6 0.00~0,25 3.4143™
0.25~0.50 2. 99767
s 0.50~0.75 2. 96437
0.75~1.00 -
LSD 0.5948

Mean value from 3 replications

a~f, means in the same column not followed by the same letter

significantly different(P<0.05)

LSD: Least Significant Difference
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Table 5-20 Average of inside-cavity red ginseng with various

age, dehydration temperature and ultrasonic velocity

Age Dehydration N?ZT:i;:::;:n Inside-cavity
(year) temp.(C) speed) 0(;15;1: 0. 5mm 1mm 2mm
0.00~0.25 0.89 0.79 0.22 0.00
0.25~0.50 1.34 0.59 0.34 0.10
% 0.50~0.75 0.59 0.06 0.29 0.35
0.75~1.00 - - - -
4 0.00~0.25 0.00 0.00 0.33 0.00
0.25~0,50 0.25 0.35 0.05 0.00
o 0.50~0.75 0.20 0.20 0.20 0.00
0.75~1.00 - - - -
0.00~0.25 2.5 0.33 0.42 0.33
0.25~0.50 0.92 0.5 0.42 0.00
% 0.50~0.75 0.75 0.00 0.17 0.00
0.75~1.00 - - - -
° 0.00~0.25 1.38 0.54 0.23 0.23
0.25~0.50 1.7 0.9 0.6 0.1
™ 0.50~0.75 0.00 0.00 0.33 0.00
0.75~1.00 0.00 0.00 0.00 0.00
0.00~0.25 0.89 0.78 0.22 0.00
- 0.25~0.50 0.6 0.20 0.20 0.00
0.50~0.75 1.43 0.29 0.00 0.00
0.75~1.00 - - - -
6 0.00~0.25 2.29 0.71 0.00 0.21
7 0.25~0.50 1.7 0. 86 0.29 0.14
0.50~0.75 1.2 0.00 0.2 0.1
0.75~1.00 - - - -
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Table 5-21 Average of inside-white of Red ginseng with various

age, dehydration temperature and ultrasonic velocity

Age Dehydration N?ZTiii::zizn Inside-white
(year) temp.(T) speed) 0(;]5:: 0.5mm 1mm 2mm
0.00~0.25 0.00 0.00 0.22 0.22
o5 0.25~0.50 0.00 0.07 0.31 0.24
0.50~0.75 0.00 0.00 0.18 0.18
0.75~1.00 - - - -
! 0.00~0.25 0.00 0.00 0.00 0.00
75 0.25~0.50 0.00 0.00 0.05 0.20
0.50~0.75 0.00 0.00 0.20 0.00
0.75~1.00 - - - -
0.00~0,25 0.00 0.17 0.25 0.42
0.25~0.50 0.00 0.00 0.17 0.08
% 0.50~0.75 0.00 0.00 0.4 0.00
0.75~1.00 - - - -
° 0.00~0.25 0.00 0.00 0.15 0.23
0.25~0.50 0.00 0.00 0.10 0.10
® 0.50~0.75 0.00 0.00 0.00 0.10
0.75~1.00 0.00 0.00 0.00 0.00
0.00~0.25 0.22 0.44 0.11 0.33
0.25~0.50 0.00 0.00 1.6 0.00
% 0.50~0.75 0.00 0.00 0.71 0.57
0,75~1.00 0.00 0.00 0.14 0.00
: 0.00~0.25 0.00 0.00 0.21 0.14
0.25~0.50 0.00 0.00 0.00 0.00
& 0.50~0.75 0.00 0.00 0.00 0.20
0.75~1.00 - - - -
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i (p<0,. 0001) brownness?] 7 -$ redness&ts= AT A4 076504 2
EyltE -0,74900 8 AAJAE KT (p<0.01). rednesse= Z ALENY
67104 AHHAE RAT} (PC.01). Correlationg &

o

-0.
2} wjo]& A3 A4 (Pearson Correlation Coefficients)= 0.324F2 4 n)

7
T AzzAolM s E 5-230A Rinle} Fo] s5cA22Y Kt A

fAr

BB B AVVAE RYo Lvalued] A a-valueshs 43

3
3

-]

.001), b-value®t: A#ASF -0.992 (p<0.0001), = ApE 3}
L739 (p<0.05)8 A#RABAE Rodrt a-valueo] A E b-value

= ABA S 0.945 (p<0.0001), brownnesst= A3 A4 0.865 (p<0.01),
redness @t AF# A4 0,719 (p<0.05), crude saponin®ts= A3 A4 -0.936

(p<0.001)o A AHFBAAE KXot b-valueo] A= brownness®} 0.7611
(p<0.05), = AW} -0.801 (p<0.01)oll A FHAAE LeEhgich
Browness?] 7% redness?} A Alg 0.9430)4 2 AHAFAE Hgon
(p<0.0001), ZAtEdzbe ABASF  -0.825004 FAAAE  Rcl
(p<0.01). Redness= & AU} FBAF -0.741014 FAAAE Tt

(p<0.05),

3) 5dZ 55T AR ZWU(R 5-24)
5UAS 55TColA] ARAZ HEQ L-valuex b-valued} A #HA S -0.952
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(p<0.0001),

LR ol 2w

o
pes

dAE

Rednessoll A/} ZA}E 13}

T} (p<0.05).

L-value®} a-value$t= AT A4 -0.9260] A4

A=
L

Aol A

Browness?} redness2}= Ar3 A4 0,871

T} (p<0.05).

s

L-value®} a-valuef}= A3 A4 -0.9229]

R4
Tl

of] A
® (p<0.001), b-value2}

AE vEIYR

DA S -0.9750) 4 &
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L

BRIAAE

redness?}= -0.6370] A
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CRat

LtElLl 2l e} (p<0. 05).

ol

a-value®} A#A 4 -0.978 (p<0.0001),

RS
-

Lteliget, L-value

HHUHBAE
b-valuedt= A A4 -0.912 (p<0.001),

brownness ¢}+=
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3
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)

2}

b-value&}

2y

(p<0.01), redness®}:= ATAS -0.913 (p<0.001), =& A}

3
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Lo
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LebU gl
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=
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(p<0.0001) ol A 2 AH/AE VeI AT}, b-valueo] A &= brownness9t&= A4
A4 0.859 (p<0.01), redness@t= @A 0.929 (p<0.001), AP}
= F#AS -0.934 (p<0.001)of A FHBAE LEIU ST Brownnessof A
= redness®} A AL 0.952 (p<0.0001), redness= AFA 4 -0.849
(p<0.01)oll A ABHAES LVIER ST} Redness= ZF AW} A#A S

-0.98201 A JBFAE WERUGTl (p<0.01),

Table 5-22 Correlation coefficients among color intensity,
absorbance and contents of c¢rude and total saponins of

4-year-old red ginseng at 55T drying condition

QP* L a b BR RD S TS
L 1 -0.912"™ 0.408  -0.085 -0.066 0.072 -0. 582
a 1 -0.281  -0.076  -0.111 0.232 0. 524
b 1 0.103  0.259 0.115 0.131
BR 1 0.765"  -0.749™ 0.344
RD 1 -0.671™ 0.471
cS 1 -0.141
TS 1
n =12

*Correlations are significant at P<0.05
“Correlations are significant at P<0.01
"Correlations are significant at P<0,001

*"Correlations are significant at P<0.0001

*QP(Quality Parameter) : Hunter “L”, "a”, “b”: Brownness(440nm, BR):

Redness(520nm, RD); Crude saponin(CS): Total saponin(TS)
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Table 5-23 Correlation coefficients among color intensity,
absorbance and contents of crude and total saponins of

4-year-old red ginseng at 75C drying condition

QP* L a b BR RD CS TS
L 1 -0.901"" -0.992"" -0699  -0531 0.739" 0.149
a 1 0.945™"  0.865™ 0.719°  -0.936™" -0.303
b 1 0.76117 0589  -0.801" -0.193
BR 1 0.943"*"  -0.825"  -0.366
RD 1 -0.741"  -0.435
CS 1 0.459
TS 1
n=9

"Correlations are significant at P<0.05

*Correlations are significant at P<0, 01

" Correlations are significant at P<0.001

*"Correlations are significant at P<0.0001
’QP(Quality Parameter) : Hunter “L”, "a”, “b”: Brownness(440nm, BR):

»

Redness(520nm, RD): Crude saponin(CS):; Total saponin(TS)
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Table 5-24 Correlation coefficients among color intensity,
absorbance and contents of c¢rude and total saponins of

5-year-old red ginseng at 55C drying condition

QP L a b BR RD Cs TS
L 1 -0.198  -0.952™"" 0,449 0.524  -0.671"  -0.055
a 1 0.427  -0.226  0.188  -0.127  -0.296
b 1 -0.464  -0.518  0.612  -0.055
BR 1 0.55 -0.688"  -0.27
RD 1 -0.571  0.112
cS 1 0.511
TS 1
n=29

*Correlations are significant at P<0.05
™Correlations are significant at P<0.01
*Correlations are significant at P<0.001
" Correlations are significant at P<0.0001

*0P(Quality Parameter) : Hunter “L”, “a”, “b”: Browness(440nm, BR);:

’ ’

Redness(520nm, RD); Crude saponin{(CS): Total saponin(TS)
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Table 5-2b Correlation coefficients among color intensity,
absorbance and contents of c¢rude and total saponins of

5-year-old red ginseng at 75C drying condition

QP* L a b BR RD S TS
L 1 -0.926™ -0.461  0.203 0.14 0.613 0.137
a 1 0.478  -0.314  -0.372  -0.725"  0.208
b 1 -0.608  -0.462  -0.136  0.037
BR 1 0.871™  0.191 0.375
RD 1 0.444  -0.533
Cs 1 -0. 257
TS 1
n=9

"Correlations are significant at P<Q.05
"Correlations are significant at P<0.01
"Correlations are significant at P<0,001
"*Correlations are significant at P<0.0001

*QP(Quality Parameter) : Hunter “L”, ”"a”, “b”: Browness{440nm, BR):

Redness(520nm, RD): Crude saponin(CS): Total saponin(TS)
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Table 5-26 Correlation coefficients among color intensity,

absorbance and contents of crude and total saponins of

6-year-old red ginseng at 55 drying condition
QP* L a b BR RD (0] TS
L 1 -0.922" -0.975"" 0.187  -0.637" -0.378  0.125
a 1 0.939™  -0.175  0.626 0. 265 -0.148
b 1 -0.158 0. 569 0.228 -0.164
BR 1 0.158 -0.279 -0. 357
RD 1 0. 473 0.203
CS 1 0. 258
TS 1

n=29

*Correlations are significant at P<0.05

*Correlations are significant at P<0.01

*Correlations are significant at P<0,001

"Correlations are significant at P<0.0001

*QP(Quality Parameter) : Hunter “L”, "a”, "b”; Browness(440nm, BR):

Redness(520nm, RD); Crude saponin(CS): Total saponin(TS)
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Table 5-27 Correlation coefficients among color intensity,
absorbance and contents of c¢rude and total saponins of

6-year-old red ginseng at 75T drying condition

QpP* L a b BR RD S TS
L 1 -0.978"™ -0.912™" -0.847" -0.913" 0.961™"  -0.324
a 1 0.953™"  0.817"  0.901™ -0.971™"  0.411
b 1 0.859™  0.929"™ -0.934™  0.554
BR 1 0.952™"  -0.849"  0.346
RD 1 -0.892"  0.314
cs 1 -0. 428
TS 1
n=79

*Correlations are significant at P<0.05
*Correlations are significant at P<0,01

*Correlations are significant at P<0, 001

™ Correlations are significant at P<0.0001
*QP(Quality Parameter) : Hunter "L”, “a”, ”b”: Brownness(440nm, BR):

Redness(520nm, RD): Crude saponin(CS): Total saponin(TS)
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AL B FA Y (nid-infrared)Alo]o] St Wo=
800 ~ 2500 nm(12,000~4,000cm ')rlole] E&Ajgct, AL A HFMRCHE=
A7} v FA el Hrbe ofulA 7t krh AN E5e F
2 ZFgHM feiEE -CH, -OH, _NHAEY] Expzx5e Agd
(combination band)%} wj-&t](overtone band)ZE L}Elutct, Ao} vj-&ul
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E (Fisher Furnace Model 184A)ol A 500CE 24A17F A F F3How, =24

i a-age 2o 247 A

.J. SENSABAUGH(1992)2] o] ulz} o]&3t Zlogw H
H3leo] 150 mesh sieve® Al®E 100~500mgE Y3 color removing
soln, (Nacl:D, W=80g:250 &3] ¥ MeOH 750m¢-& H7}sto] Wz ¥ o33
th.) 25me-& Hpgict.

72°C ez oAN 108 Jtd, Wz % 2000rpmofA] 108 4l E e o}
<, ppto] Percloricacid(75%-HC104:D. W=300:224(V/V)) 10me7}3}o] 108 =
X gt & 10meE& Y3l 15,000rpmoll A 1582 AR gt F 270 Ay
ol AR 1me2 F3 3ETh(AB)

Ao E 9.5mS Y3 E& tIRFE 600mollA EHEE A3l (Aa), B

o & 9mlE& Y3l lodine soln, 0.5m YL RIS RILE FHES &

EEENL £EE HY¥3 ¢ 9= Soluble Starch 0.1g& wol
perchloric acid 10m¢& H7}sle] £8)81F 1087 WX}, 2F4LZ 100
ME BLIF 100t AZ AT 57) o] ArHe 1, 2
B Lt ZZol A

T} 600nmof A]

, 3, 4, tmt W

£
e

perchloric acid 5m¢& 7%t v} ZHSTE 100

10me%] E2)3lo] KI-I-& 0.5mE H71gh
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ot
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EREES SH YL
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3) FA18E &4

A5 bgg& 550Te] 332 olA FHIAA Y24 b

3l 5}od, Millipore Q system{Waters,

HC1(1:4) 5Sméo] &

usa)ell SIAIZIGLA, && 71ste] 50

me2 g ThE oA (Toyo Filter No.2)2 o 2¥ F, dxAFH EJF=

Al (Varian Spectra Model AA-30, Germanny)Z 2}

ofl A F7EES BEstalrt

Table 5-28 Operating conditions of each elements in atomic absorption

spectro - photometer
Item\ Elements Ca Mg
Wave length (mm) 422.7 285.2
Lamp current (mA) 6.0 3.0
Fuel rate ( £ \\min) 4,1 0.8
Analysis time (sec) 4.0 4.0
Band pass (nm) 0.5 0.5
Fuel N20-CgHa N20-CzHz
Working range(ppm) 1 1
10 10
100 100

spectrophoto-meter U. S, A)E &3 314l
Hol A =4 AAE

2 Standard Normal Variance?} Detrend® ¢l

400 ~2500nm*d

B3 A (FOSS NIR Systemsiit Model 6500
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stglon Zt JELZHEL FHolA Feldle LAE 243l 98 1
2 ol & (1st derivative)F T}A] 22} u]i+(2nd derivative)2 2 AWEZ
= AEsle] doje 4 W ZZte Aol Uiy AFHE HAGsta ol E
n 2] 8] Alzol HEstel O AE AorTh

) BA Al 2 AYYH 7=
A e} NIR dol B 8] TAA RAT S8 sz 2 AdadAd o

3t EAE AL Infrasoft International Software WINISIZE A}-& A AE3}4l

to,
t0
o
e
r—{m
mlm
2
o
o
2
EL
o
=3
i
Hm
o,
o
N
-z
M
]

HeksleE o )
HE S 4 S B ool AgAE A=Y oF REAREAN H

S@ gleong FUs] Fa3 dEE YUk ol F S AR dof
2 2

A AvElg ORg Ry F ¢12}E &4 (Principal Component Analysis) %t
B A FEF X = (PCAl+yl)+(PCA2+y2)+(PCA3+y3) e - (PCAn+yn)o] PCA & &2
Z2HE Y A=e] (Mahalanobis Distance)& W 7}3le] B vt EXE 3|
+ v

ol hEW S XT =[x1, x2, -, xn]7} cPHFAFEZE = 713

slo] mx]2] AMAet ZF FeA(class) H 7o) Mahalanobis A2l S A At}
o 7}A Ftrbg SelAo] &G A IlE= Folti(Mark and Tunnell, 1985;Mark,
1992). ujx1¢] A iHx) ZeA HF2e] Mahalanobis A2 D? 2 t}
A(2-1)2F o] geolgr}.

D? =(xa- xi)T Li-1(x-x1i) (2-1)
ANA, x=ulA) AA x e 913 W
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xiziflsl Sl WEel #x Ay

Ti=ifs Sese BA-FEA B

o] ZHA R ¥ PCAS AW u) yhEslax} s FejAst A4

2 W Fre] Mahalanobis A& 23 wlaste] Meldy 4 gxn, Z
# &7 th4=¢l 7ol Mahalanobis A2l2] o] Frtjz} ¥ Pca
LA Al (2-1)3F Zto] Mahalanobis A 2|8l ¢<42] ¥lo] A7} ¥ PCA
& A9 g}, Mahalanobis 728 ¥& F = Mahalanobis A7t & 3k, &

il
S
ot
%

shdo] AE = ZelAe A4S wWeol Wi ¥bd, Mahalanobis #&|¢

o] g2 22 grel d¥E wWeol k. wEEAAA EA He A W

Hol A =HA U F#AE F, Mahalanobis A 2l7} 2 ZeAzte ut

Hol7] wiwel A (2-2)3 #2 A g4 & pPCAMY yhEsE

(Criterion) & & Al-&3lo] BHHEI|E Zlo] # 471 H&= PCAE A¥slyl
C 1

Criterion(P)= 2 X  -------- (2-2)

i=l j=1 Dij? (P)

o714, Dij(P)=E3PCAoA Iz} ZefA FHHF 7+ Mahalanobis A g

= asaA e Fea 4

jbo} ghgstiizx) st F Edart AGERE wED FA-FTEA Y

o] ZthH Mahalanobis A2l E o] &3 3hEE ML Bayese A Fubyit4of

- 209 -



Ede 4@ BAE HEste Add ol & Wt
AL 482 49 mud F ofvet I Gl A Aol Hel

antxl o g whwer pekrl(Univariate calibration) Krp viHskr Zgkal

S AA Haralel 2t (calibration)® #H Z(prediction)®

©omW calibrationofAdE 2 FEyol uzt vlEAYEINE

_1_4..

(Multiple
Linear Regression:MLR) 3 7|29 A3 EA(Principal Component
Regression:PCR), HE I A ZEA (Partial Least Square Regression

PLSR) B o2 tfdsla glom o]FolA 53] PLSR Wie A7t $4317]
uf ol wol Abgsta glth. o] Wy dntyow vhga Zo| AidHrh

xi=b0 + bl#*til + b2%ti2 + +bhxtih + ei (2-3)

o] 7] 4 tiki iol WHH k scoreolth. Z} F4& vhE I o] LA,
tik=rkl%yil + rk2%yi2 + ........ + rrqryiq(2-4)
x=bo + bl%tl +k=b2%t2 + .. ...... + bn¥th(2-5)

o] 7] A tk=rklsyl + rk2%y2 + ........ + rkgtygelTh. xi= A2 Fol
ABH 71718 ZHA X2 linear combinationolt}. (o]l& &, x=a0 +
al#yl + a2%y2 + aqxyq) 2z} WHe] Xoj& {aj}?] coefficient set®} o] A
Byjol s szt

PLSR W& AWEY P /I gzt £30F st A A
7171 A, BB HEFEE AETTE ol o/ E LFEY 2HE
e A 5 2¥EJHRTY ¢ @2 71SAE 7Rtk PLSRE 7]1&d &
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=
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Uelhls EA A Wgoltl, &, calibration set& ol &3to] AR &
RS AP dA8ste 2ol ARA ] EHAA A8 9
W 2 SEC vh 3t o] AlAtdrh

o, o
¥

o

_ Z:fz 2 ~
SEC = VoK1 (2-7)

o] u] N AHaAle g0l K& factorg] J]4o|r}. PLSRE standard
regressions} 2ol A&7} 28 @Bl AswA U7 WEA AT EL A

g J}A)= factor $E AASE Futo] WRSA = internal

fllo

cross validationg o]-&3}o] ZHFsldct.
SEP(Standard Error of Prediction)s ZA#22] ZAF A WAste Ak

AF Aol i3t o] At

SEP= 21 (Cactual— Cestimated) * (2-8)

n

N

C actual & ZA & APA EEE?L FX0o|i, C estimated= NIRE A4t

" zolth n& AE seto] 4 AA| ot SEPE olm Z4W A

tio

2235} 7) 918t ulA & A& (unknown sample) validation ZZE A] WAL

[+
—_

© fAfolTt.

3. A3 ¢ 2%

7h, Adukd R
Z2abe] guigdE e ¥ 5-29¢9 Zrl, B2 78.77%, FES 13.12%, 2

ox 7.33% 3BL 5 26% Caz} Mg 399.66, 106.50mg/100g0 2 LIE}Y:
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Table 5-29 The proximate composition of Fresh ginseng at cultivated

b6years
Proximate composition
Moisture Crude starch  Crude fiber Ash Ca Mg
1 61.67 19.50 6.45 3.8 225,25 90.02
2 78. 62 13.89 10. 50 5,79 35b8. 70 131.67
3 73.98 13.27 5.01 6.77 475,15 116. 37
4 78.35 10. 82 5.99 6. 65 583.95 104.89
5 63. 64 19.01 3.58 4.13 146. 20 63.16
6 59.18 15.30 6.50 5.81 215,90 40,72
7 63. 80 17.64 4,82 5.58 424,15 118.32
8 80.39 14.60 5.17 5.73 377. 40 128. 38
9 82.92 11.92 5.82 5.49 561.85 94.10
10 77.25 16.91 5,50 5. 84 463, 25 86. 45
11 81.30 13.07 6.32 5.65 413.10 117. 47
12 74,72 17.13 6.63 4,39 331.50 126. 40
13 79.28 17.49 7.47 4,22 318.75 105.91
14 63.16 17.18 4.75 3.62 278.80 102, 51
15 81,01 12.69 7.90 4,28 357,00 95, 20
16 70. 32 19.93 4.43 4,57 336. 60 106. 59
17 74,79 17.39 6.03 5.26 448. 80 96. 56
18 72.03 13.61 6.01 4,94 447,10 91. 46
19 72.73 7.08 5.23 4,73 338. 30 134, 64
20 73.33 13.21 6.03 4,62 307.70 127.76
21 67. 58 14,55 20.20 4,40 377.40 109, 23
22 78.74 14,52 2.34 3.85 379.10 115.60
23 73.09 6.58 6.25 5.45 475,15 107.78
24 75.28 18. 44 4,95 4.19 286. 45 108, 78
25 65. 56 13.15 5.42 5. 47 512,55 125. 89
26 74,51 12.19 7.96 6. 60 490, 45 127.93
27 75.00 8.15 5.98 5,83 371.45 117.43
28 71.96 10.30 4,82 4,57 352,75 103.11
29 77.72 8.06 32.66 7.53 606. 05 125. 80
30 75.30 12.84 7.98 5.92 512.55 127.69
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Fig. 5-8 Absorbance spectra of Fresh ginseng at cultivated 6

years,
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LEFU L, 2040 nmollA] 8 A 4o 7113 N-H band’} 28] 3 2300 nme]
tf o] Aol 7] %l C-H band peak”} A Roln, 1900 nm o]3lo &=
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Fig. 5-9 Second derivative absorbance spectra of Fresh ginseng at

cultivated 6Byears
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Fig. 5-10 Three dimensional display of tea sample from 3 major

principal component analysis axis in Fresh ginseng.
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Fig. 5-11 Relationship between predicted moisture contents acquired

by NIR and lab. analyses in Fresh ginseng at cultivated 6 years,
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Fig. 5-12 Relationship between predicted crude starch contents

acquired by NIR and lab. analyses in Fresh ginseng at cultivated 6

years.
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Fig. b5-13 Relationship between predicted crude ash contents
acquired by NIR and lab. analyses in Fresh ginseng at cultivated 6

years,
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Fig. 5-14 Relationship between predicted crude fiber contents
acquired by NIR and lab. analyses in Fresh ginseng at cultivated 6

years.
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Fig. 5-15 Relationship between predicted calcium(Ca) contents
acquired by NIR and lab. analyses in Fresh ginseng at cultivated 6

years,
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Fig. 5-16 Relationship between predicted magnesium(Mg) contents
acquired by NIR and lab, analyses in Fresh ginseng at cultivated 6

years,
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Table 5-30 Comparison of equation statistics for the prediction of

six variables in Fresh ginseng at cultivated 6 years using ISI

program,
. 5 ) Math
Variable n Mean SEC R SECV 1-VR
Treatment
Moisture
(%) 26 75. 566 1.281 0.918 2,380 0,731 2,10,10,1
Crude starch
(%) 28 14,061 0. 880 0,951 2,478 0. 651 "
Ash (%) 26 5.351 0.277 0.897 0.616 0.421 "
Crude Fiber
(%) 26 6.208 0.659 0.728 0.963 0.343 ”
Ca(mg/100g) 23 409, 937 28.714 . 0.933 100. 584 0.046 "
Mg(mg/100g) 25 112,329 10. 329 0.390 17.596 0.579 "

n: Sample numbers

Mean; Average of samples

R% coefficient of determination of calibration

SEC: Standard error of calibration

SECV: Standard error of cross validation

1-VR: Percentage of variation 1in the reference method values

explained by NIRS,
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BT 0 AG A WHE GT T P LRI FUT AR dF
el A& 3t Ao wel 2= At A& SF 3 ol
o] WS Hot wire method ¥ Probe method2} 3tt}, Heater wire’7} &
t ARY REYY FUT ANERY FYE XY (YA E FTHE o
Thermocouple® & H = A2 Al to] uwhel x|+ o F71gct. whepa,

the Aol met NzY GHEEE 2 4 Atk

. 11'1( tz/ tl)
Yl T,— T

At AR dAEE (( Wm-K)
q @ Aol AA™ (W)

(s)

)

t1 ty 7]'%"‘

T:, T, : i1, t2o-]]k]9,] 25 (K)

2) A 439 e H54
Morita #:(1979)3} Zo] w4 (Specific heat), WX (Bulk density), A&
X % (Thermal conductivity) &0 F oleg] Alof 3] Q&A% (Thernal

diffusivity)& At&3slgict.

[S—

Q
[
> |

>

¢ * Thermal diffusivity

%k : Thermal conductivity
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o  Bulk density

C, : Specific heat at constant pressure(Kcal/kg - C)

3) A& ity vld &3

2t Al &E cutting mill2 #2138t & 180mesh sieved o] &3} T3} A
A AMEE o&3tdct. wldS F 4(1980) Wyl uwizl Hgsigen,
B2 JelA WA 156Ce & 200mE Yth tlg 458 AE A 2E 3Y
3] B@sto] 50T & FRoA stdste] Yol =Ygt thg A& R
2ol Y3 FU F 2EJF Yo RSt AR o 1Y E9

SE ASORRE TE Aol 2ste] ujd & A&}t

C.- Wc(Tm“_ Tz)
Wp * ( Tp_ Tm)

C,=

C, :Specific heat at constant pressure, (Kcal/kgT)
C, :Specific heat of water, (TC)

W, : Weight of water, (g)

W, : Weight of ginseng powder

T, : Temperature of mixture

T;: Initial Temperature of water (TC)

T, :Initial Temperature of sample (TC)

N,

Addol /4 100mE 23 AJ2E Yol

B
o%,
%
#
>
Al
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o RAE P Yol Uehiow, thest geol Axstyrh.

o

M.K.Krokida 4¥(2000)<> mh&, o&¥h, zH=}e] A9 0.36, 0.42, 0.35~0.54

oj® RIsta ed, AR B¢ wwt F¥E UdERR s

3
Sate] wde R 5-333 v 64 a2 0.751% b &ol UE
o <

£o02 Vepyith olu] §2A-& 0.0001S LEIW oM,
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WEE ¥ 5-349} o] UEIYICH Sale] W=
A2 w4t B 7% A vetden, wjdat o] 59

£om Yot 5323 632 ALE A wege urhde
LIS o T T?:!E

Table 5-31 Thermal conductivity in fresh ginseng root at various

cultivated years at room temperature(25T)

unit: W/m- K

Year Thermal conductivity
4 0. 47869"
5 0. 46036°
6 0.53977°
""""""""""""" PR o

Mean value from 30 replications
a-b, Means in the same column not followed by the same letter
are significantly different (P< 0,0001)

LSD: Least Significant Difference
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Table 5-32 Thermal diffusivity in fresh ginseng root at various

cultivated years

unit: 10 e /sec

Cultivated years Thermal diffusivity
4 1.411°
5 1.439°
6 1.474°
L.étD ------ o.o68

Mean value from 30 replications
a-b, Means in the same column not followed by the same letter
are significantly different (P< 0.0001)

LSD: Least Significant Difference

Table 5-33 Specific heat in fresh ginseng root at various

cultivated years at room temperature, (25T)

unit: kcal/kg -
o tvated years Specific heat
! 0.624°
5 0.677"
i 0.751°
L.S.D '“;j;;;; .......

Mean value from 30 replications

a-c, Means in the same column not followed by the same letter
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are significantly different (P< 0,0001)

LSD: Least Significant Difference

Table 5-34 The density in fresh ginseng root at various

cultivated years at room temperature(25T).

unit: kg/nf
Cultivated years Density
4 0.808"
5 1.026
6 1.092°
Ls» Lern

Mean value from 30 replications
a-b, Means in the same column not followed by the same letter
are significantly different (P< 0,0001)

LSD: Least Significant Difference
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