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INTRODUCTION

Ginseng (Panax ginseng C. A. Meyer) has been used 
for thousands of years as a precious ingredient in Ko-
rean herbal medicine and Chinese medicine and has also 
been used by the general populace. Korean ginseng pro-
duced locally, in particular, has become internationally 
renowned for its superior medicinal properties. Korean 
ginseng is divided into four broad categories based on the 
processing method. For example, first-stage processed 
forms, which maintain their original form, include fresh 
ginseng, red ginseng, white ginseng, and Taegeuk gin-
seng [1]. Products that are processed in the second stage 
include ginseng powder products such as tablets and cap-
sules, as well as drinks, tea, and pouch. Red ginseng, a 
first-stage processed product, is a SooChi herb produced 
using a traditional Korean pharmaceutical technique. In 
general, traditional processing �������������������������of ����������������������galenicals has the ad-
vantages of reduced toxic side effects, improved galeni-
cal effects, enhanced efficacy, easy storage, and better 
taste and smell [2,3]. Traditional processing methods for 
red ginseng include steaming water ginseng followed 

by drying, and numerous chemical transformation 
stages exist, such as saponin modification, amino acid 
transitions, and browning [4]. Particles that are unique 
to red ginseng, including ginsenosides Rg2, Rg3, and the 
Rh-group [5], are secondary products. These saponins 
have shown multiple pharmacological benefits such as 
anticancer effects [6], suppression of cancer cell growth 
[7], decreased blood pressure [8], neuronal cell protec-
tion and improved ability to concentrate [9,10], and 
antithrombotic actions [11,12]. Thus, much research has 
focused on applying red ginseng substances to pharma-
ceutical preparations or food for medicinal or health-
enhancing food products with high value [13]. However, 
most ginseng-processing companies use basic process-
ing methods that are highly reliant on physical process-
ing such as drying, steaming, heating, and extraction 
[14,15]. Although chemical or biological processing 
methods [16,17] are under consideration, their applica-
tion in ginseng industries is currently limited. Thus, 
heat-���������������������������������������������������processing ����������������������������������������research is necessary to develop differ-
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entiated red ginseng substances.
Loess is readily available in Korea and has multiple uses 

because it is nontoxic. The colloid particle of loess in par-
ticular has the ability to agglutinate and absorb suspended 
substances, which makes it ideal for use in heavy metal 
elimination and deodorization [18]. Advantages of loess 
also include humidity control and antifungal activities, 
room temperature-maintaining effects, heat-radiating prop-
erties, and superior radiation of far-infrared light.

This study optimized loess red ginseng production using 
loess that has far-infrared light radiation, toxin absorption, 
and humidity-control properties. First, production methods 
and characteristics of the clay module for loess red ginseng 
production����������������������������������������������� were������������������������������������������ �����������������������������������������analyzed. These �������������������������preliminary data ��������were ap-
plied to the production of loess red ginseng.

MATERIALS AND METHODS

Material
The samples were prepared from 4 year-old water 

ginseng harvested in Geumsan, Chungnam province 
in 2004, and its fine root parts were eliminated before 
use to maintain the shape of the water ginseng and 
enhance the product value. The loess used in this study 
was purchased from Jo-Eun Earth Co. (Hwasun, Korea) 

and had a particle size of 10 μm. Inorganic substances 
were analyzed using inductively coupled plasma lumi-
nescence (inductively coupled plasma atomic emission 
spectrometer; JY-38 plus, Jobin-Yvon, Longjumeau, 
France); the results are shown in Table 1.

Steaming and drying systems
Fig. 1 shows the heat-processing system for red ginseng 

using the loess module. The steaming and drying 
machines were made of stainless steel 304. The steaming 
machine had an internal size of 400 (W)×400 (L)×400 
(H) mm and a shelf size of 300×300×50  mm×2 decks. 
The drying machine system was 400×400×500 mm with a 
shelf size of 300×300×50 mm×2 decks. The amount of water 
ginseng as a percentage of each system’s space volume was 
14.1% and 11.3% in steaming and drying, respectively.

Production of the loess module
Production of the loess module used in the ginseng heat-

treatment processes included water addition at loess 
volumes from 42% to 54% at 2% intervals and two 
cycles of maturation for 1 day to 2 days at high tem-
perature to prevent splitting. Then, the loess dough was 
placed in a mold module (37×30×1.5 cm) to allow the 
dough to form. The loess dried at room temperature 

Table 1. The chemical composition of the loess 

Chemical components

SiO2 Al2O3 MgO CaO TiO2 MnO Na2O Fe2O3 P2O5 Other

Content (%) 55.9±0.2 23.1±0.1 8.5±0.3 1.4±0.9 1.2±0.5 0.2±0.1 0.1±0.2 0.1±0.4 0.1±0.4 9.5±0.9

The data expressed as means±SD of three determinations.

Fig. 1. Schematic of the steaming and drying cabinets for fresh ginseng. (1) Heater, (2) heating coil, (3) gate valve, (4) shelf, (5) heating fan 
blower. 
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for about 10 days and at 860°C for 8 h prior to use. 
The dry contraction differences of the loess module 
were determined using the following equation: Dry 
contraction difference rates (%)=(length after forming–
length after baking)/(length after baking)×100.

Characterization of the loess module 
The absorption and dehydration properties of the 

loess module were analyzed using an incubator at a 
constant heating temperature of 50°C and comparative 
humidity values of 90% and 20%. The loess module 
tester (5×5×1 cm) was weighed and then the loess 
module was enclosed to prevent air exposure so that 
only specific areas were exposed to air. The exposure 
area was calculated after a certain time. The absorption 
and dehydration effects (g-H2O/m2) were studied over 
27 h. The deodorizing ability of the loess module was 
analyzed �������������������������������������������using�������������������������������������� a detector ��������������������������(Gastec Co., Kanagawa, Ja-
pan) in the sample port of the loess module container 
(4×4×1 cm), and 100 mL was sampled. The concentra-
tion of absorbed ammonia gas was measured as a func-
tion of time. A 3LA detector (3M Corporation, St. Paul, 
MN, USA) was used to measure ammonia gas concen-
trations in the ranges of 2.5–200 and 10–1,000 ppm.

Measurement of the degree of swelling of ginseng 
starch

The degree of swelling of ginseng starch was measured 
based on steaming process conditions to determine 
the steaming completion point. The temperature was 
maintained between 50 and 100°C at intervals of 10°C, 
and the processing time was 0 h to 5 h at intervals of 1 h. 
The measurements for the degree of swelling of ginseng 
starch closely followed Scoch’s protocol [19]. Starch 
(500 mg) was placed in a 100 mL beaker; 35 mL of 
distilled water was added and the mixture was heated for 
30 min at each temperature interval from 40°C to 90°C. 
A 40 mL aliquot was centrifuged at �������������������15,000 rpm; the su-
pernatant was dried at 120°C in a dryer and the resulting 
weight was deducted from the sediment weight. The 
ratio of starch weight before and after reaction was 
calculated as a percentage. The method of separating the 
starch of ginseng is shown in Fig. 2.

RESULTS AND DISCUSSION 

Constriction rate of the loess module for moisture 
content

Lee [20] showed that loess is similar to normal earth, 
but when it is heated above 60°C, it radiates 5 to15 

μm of far-infrared light, which is the most beneficial 
wavelength range for humans. However, loess does not 
participate in the pozzolanic reaction, forms cracks due 
to activation, and undergoes an about 6% reduction in 
volume due to particle aggregation after reaction with 
water [21]. Thus, in this experiment, we analyzed the 

Fig. 2. Separation process for ginseng starch. 
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loess module constriction after adding water. Fig. 3 
shows that lower amounts of water stabilized the loess 
module. Water content less than 42 to 44% produced a 
stable loess module, 46% water content produced severe 
cracks, and water content greater than 50% caused a 
volume constriction of greater than 5%. These results 
suggest that water content was the major cause of cracks 
in the loess module. Water in the raw material should 
evaporate during the drying process, leaving numerous 
spaces that eventually form cracks. Thus, constriction of 
the loess module during drying was minimized when the 
water content was 42%. 

Moisture content control by the loess module 
Loess absorbs moisture under high humidity and 

releases moisture under low humidity, likely because 
loess has a clay mineral crystal structure that allows 
free absorption of water and dehydration depending on 
moisture conditions. Thus, loess maintains a constant 
moisture content [22]. We analyzed the moisture control 
capacity of the loess module for red ginseng manufac-
turing. Fig. 4 shows that the highest moisture absorption 
capacity of the loess module was observed at 1 h (140 
g-H2O/m2) over a 27 h period. After 2 h, the moisture 
absorption capacity decreased to 58 g-H2O/m2, and after 
7 h, it decreased to 0 g-H2O/m2. In contrast, dehydration 
increased rapidly over the 27 h period (Fig. 4). After 23 h, 
the dehydration capacity of the loess module was 90 g-
H2O/m2, and thereafter, the dehydration capacity slowly 
increased. These results suggest that the loess module 
designed in this study would prevent excess moisture 
absorption and dehydration during red ginseng manufac-

turing and maintain a constant moisture content. 

Deodorization by the loess module
A characteristic property of loess is deodorization. 

Fig. 5 shows the deodorization capacity of the loess 
module. The removal rate of ammonia by the loess mod-
ule after 20 min was 83% (Fig. 5). The removal rate of 
ammonia rapidly increased from 20 min to 80 min; 90% 
of the ammonia was removed within 60 min and 95% 
was removed after 140 min. These results are similar to 
a previous report that showed a deodorization capacity 
of 100% within 3 min in a refrigerator with an ultravio-
let air purifier [23]. Thus, the deodorization capacity of 
the loess module can be used to deodorize fresh ginseng 
grass and earth smells and contribute to the production 
of high-quality red ginseng.

Fig. 3. Contraction ratio of the loess module with various water con-
tents. 

Fig. 4. Changes in absorption and dehydration in the loess module.

Fig. 5. Removal rate of ammonia with time in the loess module. 
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Swelling of ginseng starch
Kim and Jo [24] reported that swelling of ginseng 

starch was observed at 50°C during the steaming of gin-
seng, and the maximum swelling of ginseng starch was 
observed at 55°C to 60°C because the micelle and crys-
tal structures of ginseng starch were disrupted; thus, it 
turned into a gel. Amylogram data showed that ginseng 
starch began to gel at 61°C, and gelation was complete 
at 88°C [25]. Thus, in this experiment, the swelling of 
ginseng in the traditional red ginseng manufacturing 
process was compared with that in the red ginseng man-
ufacturing process using the loess module. Ginseng was 
steamed at various temperatures from 50°C to 100°C, 
and the swelling of ginseng was determined. As shown 
in Fig. 6, steaming at 50 to 60°C showed no difference 
in swelling between the loess module and traditional 
manufacturing processes. However, the swelling of 
ginseng increased at 60°C in the traditional red ginseng 
manufacturing process, and the swelling rapidly disap-
peared above 90°C. In contrast, the swelling of ginseng 
disappeared above 98°C in the red ginseng manufactur-
ing using the loess module. Thus, red ginseng manufac-
turing using the loess module would be preferred when 
the swelling of ginseng reaches a maximum at 90°C to 
98°C. Our results revealed the characteristics of red gin-
seng swelling in the loess module during the steaming 
process and showed that the loess module is well suited 
for red ginseng manufacturing.

REFERENCES

  1. Park SY, Jung I, Kang TL, Park MK. Difference be-

tween steaming and decocting ginseng. J Ginseng Res 
2001;25:37-40.  

  2. Kitagawa I. Chemical investigation of naturally occurring 
drug materials. Elucidation of scientific basis for tradi-
tional medicines and exploitation of new naturally occur-
ring drugs. Yakugaku Zasshi 1992;112:1-41. 

  3. Nam KY. Contemporary Korean ginseng: chemical con-
stituents and pharmacolgical activity. Daejeon: Korean 
Ginseng & Tobacco Research Institute, 1996.

  4. Soldati F, Tanaka O. Panax ginseng: relation between 
age of plant and content of ginsenosides. Planta Med 
1984;50:351-352.

  5. Yamaguchi H, Tanaka M, Kasai R, Matsuura H, Tanaka O, 
Fuwa T. Analysis of neutral and acidic saponins of culti-
vated ginseng. Yakugaku Zasshi 2008;128:872-875.

  6. Yun TK, Lee YS, Lee YH, Yun HY. Cancer chemopre-
ventive compounds of red ginseng produced from Panax 
ginseng C. A. Meyer. J Ginseng Res 2001;25:107-111.

  7. Keum YS, Park KK, Lee JM, Chun KS, Park JH, Lee SK, 
Kwon H, Surh YJ. Antioxidant and anti-tumor promoting 
activities of the methanol extract of heat-processed gin-
seng. Cancer Lett 2000;150:41-48. 

  8. Jeon BH, Kim HS, Chang SJ. Effect of saponin and non-
saponin of Panax ginseng on the blood pressure in the re-
novascular hypertensive rats. J Ginseng Res 1999;23:81-
87.

  9. Kang SY, Kim ND. The antihypertensive effect of red gin-
seng saponin and the endothelium-derived vascular relax-
ation. Korean J Ginseng Sci 1992;16:175-182.

10. Kim DH, Kwak KH, Lee KJ, Kim SJ, Shin YC, Chun 
BG, Shin KH. Effects of Korea red ginseng total sapo-
nin on repeated unpredictable stress-induced changes of 
proliferation of neural progenitor cells and BDNF mRNA 
expression in adult rat hippocampus. J Ginseng Res 
2004;28:94-103.

11. Kim BH, Lee YG, Park TY, Kim HB, Rhee MH, Cho 
JY. Ginsenoside Rp1, a ginsenoside derivative, blocks 
lipopolysaccharide-induced interleukin-1beta production 
via suppression of the NF-kappaB pathway. Planta Med 
2009;75:321-326. 

12. Choi KT. Botanical characteristics, pharmacological ef-
fects and medicinal components of Korean Panax ginseng 
C. A. Meyer. Acta Pharmacol Sin 2008;29:1109-1118.

13. Kwak YS, Park JD, Yang JW. Present and its prospect of 
red ginseng efficacy research. Food Ind Nutr 2003;8:30-
37. 

14. Kim ST, Youn KS, Kwon JH, Moon KD. Absorption 
characteristics of puffed red ginseng lateral root, red 
ginseng main root and white ginseng lateral root power. 
Korean J Food Preserv 2008;15:30-36.

Fig. 6. Changes in the degree of swelling based on the steaming 
temperature. 



287

Kim  et al.   Loess Red Ginseng Processing Technique 

http://ginsengres.org

15. Ha DC, Ryu GH. Chemical components of red, white 
and extruded root ginseng. J Korean Soc Food Sci Nutr 
2005;34:247-254.

16. Liu Y, Ma H, Zhang JW, Deng MC, Yang L. Influence of 
ginsenoside Rh1 and F1 on human cytochrome p450 en-
zymes. Planta Med 2006;72:126-131.

17. Jeong JH, Wee JJ, Shin JY, Cho JH, Jung DH. Antioxida-
tive effect of crude saponin fraction prepared from culture 
product of Basidiomycota cultured with fresh ginseng as 
substrate. J Food Sci Technol 2005;37:67-72.

18. Kam SK, Hong JY, HU CG, Lee MG. Adsorption charac-
teristics of Cd(II) and Cu(II) by zeolites synthesized from 
hwangto. J Environ Sci 2003;12:817-824. 

19. Whistler RL, Wolfrom ML, BeMiller, JN. Methods in car-
bohydrate chemistry. New York: Academic Press, 1964. 

20. Lee YS. Hwangto remedy. Seoul: Dongbang Media Co., 

1997.
21. Jeong DY. A study microstructure structual characteristics 

for loess soil. J Miner Soc Korea 2006;19:277-289. 
22. Kim PG, Park ME, Sung KY, Jang YN. A study of remov-

al property of harmful algal blooms by Hwangto and ori-
ental mineral medicines. J Miner Soc Korea 2000;13:147-
163.

23. Chun JK, Lee YJ, Kim KM, Lee HW, Jang EY. Sterilizing 
and deodorizing effect of UV-ray air cleaner for refrigera-
tor. Korean J Food Sci Technol 1993;25:174-177. 

24. Kim HJ, Jo JS. Physicochemical properties of Korean 
ginseng root starch. 3. Physical properties of the starch. 
Korean J Ginseng Sci 1984;8:135-152. 

25. Oh HI, Lee SJ, Do JH, Kim SD, Hong SK. Physical and 
chemical characteristics of Panax ginseng starch. Korean 
J Ginseng Sci 1981;5:114-121. 


