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Abstract

Contents of compounds in Rehmanniae Radix change
depending on the number of steaming and drying and
the drying method. In this study, as an impregnation
method for dried Rehmanniae Radix, takju impregna-
tion and cheongju impregnation were carried out and
steaming and drying were repeated for 9 times. The
changes of 5-HMF and catalpol contents were analyzed
according to the number of repetition times to investi-
gate which stage of steaming and drying is preferable.
Also, total nitrogen, crude fat, ash, and crude fiber were
measured to analyze changes in general components.
5-HMF was not detected in dried Rehmanniae Radix. As
aresult of repetitive steaming and drying, the content of
5-HMF increased only slightly from 1 to 4-times steam-
ing and drying but increased significantly from 5-times.
The catalpol in dried Rehmanniae Radix was not detect-
ed after 5 times of steaming and drying. Sucrose, malt-
ose, and glucose were included in dried Rehmanniae
Radix before steaming and drying. However, after the
process in both Takju impregnation and Cheongju im-
pregnation, galactose and fructose tended to decrease
after production and sucrose and glucose tended to
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decrease after the increase. In this study condition,
6-times and more steaming and drying were appro-
priate process which met the content criteria (not less
than 0.1%) of the Korean Pharmacopoeia (8th edition)
for 5-HME an index component for quality control of
Rehmanniae Radix Preparata.

1. Introduction

The botanical names of Scrophulariaceae include
Rehmannia glutinosa Libosch, Rehmannia glutinosa
Libosch var. purpurea Makino, Rehmannia, glutinosa
Libosch var. hueichingensis(Chao et Schih), Hsiao,
etc[1-2]. Rehmanniae radix is a perennial plant and
the length of its aerial part is approximately 20-30cm.
The length of roots is about 30cm. The part right be-
low where sclerophyll comes out is thin but becomes
thicker and thicker as it goes down, but it gets thinner
again near the end. Its diverse varieties have different
shades including lemon yellow, dark yellow, and red
yellow. The outer part of the cross-section is creamy-
white, while the inside is ivory-white. In South Korea,
the domestic growing method for Rehmanniae radix
changed from native species to clone selection in 1999.
The domestic variety of Rehmanniae radix has many
thick roots and has a high content of active ingredients
and a high processing yield into Rehmanniae radix
preparata. The major ingredients of Rehmanniae radix
include B-sitosterol, mannitol, catalpol, stimastenol,
camphesterol, rehmannin, alkaloids, fatty acid, glu-
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cose, vitamin A. The pharmacological action is the dilata-
tion and contraction of blood vessels and the acceleration
of blood coagulation.

It is used for symptoms including cardiac diuresis, blood
sugar drop. antipyretic, and a disease symptomized by
thirst. Raw Rehmanniae radix is harvested in spring or fall
and can be used without any processing. After cleaning
it with water, peel it off with a bamboo knife or a plastic
brush and dry it at a temperature condition of 40-50°C to
produce dried Rehmanniae radix. The weight of dried Re-
hmanniae radix is approximately 25-30% of raw Rehman-
niae radix. Depending on drying methods, Rehmanniae
radix can be classified as raw Rehmanniae radix, dried
Rehmanniae radix, or Rehmanniae radix preparata. Re-
hmanniae radix preparata is produced by steaming and
drying raw Rehmanniae radix and dried Rehmanniae ra-
dix and is used for clinical purposes[3]. According to the
7th revised edition of the Korean Pharmacopoeia, dried
Rehmanniae radix preparata is required to have the con-
tent of 5-hydroxymethyl-2-furaldehyde (CsHsOs: 126.11) at
higher than 0.1%, and is subject to quality management.
The production method of Rehmanniae radix preparata
is to immerse cleanly-washed Rehmanniae radix in wine,
take it out, steam it, and dry it under the sun, and the pro-
cess of steaming and drying is repeated for nine times.
Unlike raw or dry Rehmanniae radix’s fever alleviating and
hemostatic effects, Rehmanniae radix preparata has tonic
and calming effects. Therefore, depending on processing
methods, its pharmacological action and compounds can
be changed[4-5]. Among experimental studies on Reh-
manniae radix, a study by Jeong (2001) reported that Re-
hmanniae radix preparata plays an important role in the
early differentiation of bone marrow cells[6], and another
study by Chang et al. (2007) reported that since Rehmanni-
ae radix preparata has the effect of improving the survival
rate of GC-1 cell, the male gem cell, it can be used for treat-
ment of male infertility[7]. Also, a study by Lee et al. [8] re-
ported that Rehmanniae radix preparata that are steamed
for nine times and dried for nine times can normalize an
increased blood-lipid content rate induced by hyperlipi-
demia and reduce the number of free radicals increased
by hyperlipidemia.

Although there has been much interest in and many stud-
ies and research findings on various effects of Rehmanniae
radix preparata on physiological activation, there have been
not enough studies to exactly show how steaming and dry-
ing temperatures can affect the variation of contents[9-10].
Therefore, this study used dried Rehmanniae radix and
repeated the process of steaming and drying at a precise
temperature under Cheongju- and Talju- impregnation
conditions[11] to find out the substance changes in the com-
pounds such as 5-HMF(5-hydroxymethylfurfural), Catal-
pol, free sugar, crude fat, crude protein, crude fiber, harmful
substances including Benzopyrene etc., and to identify con-
tent changes caused by steaming and drying[12-14]. Also,
the drying temperature was set at 50°C in order to minimize
the production of harmful substances and the variation of
contents due to high-temperature drying.

2. Materials and Methods

Materials and Reagents

In this study, dried Rehmanniae Radix (Rehmanniae
Radix Libosch, Kyoungbang Pharmacy, Incheon, South
Korea) available at the market were used as samples, and
the moisture content of the samples were measured to
be within 10-11%. The samples were taken out after be-
ing immersed in Takju (alcohol 5%) or Cheongju (alcohol
15%) for 24 hours, and they were steamed in an electric
steamer (Tefal VC-102670) at a temperature of 98~100°C
and dried at a temperature of 50°C. The samples were
compared with the control group of R.radix preparata
(Kyoungbang Pharmacy, Incheon Korea) available at the
market. Considering that they were natural products, we
cut the specimens into 3cm and mixed them well in order
to reduce possible deviation errors, and 3kg of the sample
was used under each condition.

General compositional analysis

The general compounds of each powder prepared as sam-
ples by each round of streaming and drying were analyz-
ed in accordance with the Korean Food Standards Codex.
The moisture measurement was conducted using 1.1.1.1.
Loss on Drying Test Method of 1.1.1. Moisture Test Meth-
od, Chapter 9 General Test Method in accordance with the
Korean Food Standards Codex.

The content of ash was measured in accordance with 1.1.2
Ash Test Method of Chapter 7 General Test Method, the
Food Standards Codex of the KFDA (September, 2013).
The crude fat analysis was conducted in accordance with
the crude fat analysis method of the Korean Food Stand-
ards Codex of the KFDA (September, 2013). The crude fib-
er analysis was carried out using the crude fiber test meth-
od of the Korean Food Standards Codex of the KFDA. The
free sugar content was carried out using the sugar quality
test method of the Korean Food Standards Codex of the
KFDA (2009). 5g of the sample was melted into 25ml of
distilled water and then agitated in the water bath at 30°C.
After that, it was centrifuged at 3,000 rpm for 30 minutes,
and acetonitrile was added to the supernatant to pre-
pare 50mL of the mixture. After passing the supernatant
into 0.45 pm membrane filter, it was analyzed using the
HPLC, and Galactose, Glucose, Fructose, Sucrose, Malt-
ose and Lactose(Sigma, St. Louis, MO, USA) were used as
the standard substances. Carbohydrate analysis column
(4.6x250 mm, Waters, MA, USA) was used, and the col-
umn temperature was set at 30°C. And the detection was
carried out with the RID detector, and the flow rate was 1.0
mL/min and the injection quantity was 20 pe[15].

5-HMF and Catalpol Analysis

After weighing approximately 0.1g of uniformed Reh-
manniae Radix powder, it was melted into 40mL of 30%
Methanol, and the mixture was centrifuged after ultra-
sonic extraction. After passing it through Syringe filter
(0.2 um), it was used as the test solution and was ana-
lyzed with HPLC/UV Detector. The HPLC was Alliance
2695 HPLC system, Waters, USA; the ultrasonic cleaner
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was SD- 200H (Seong Dong Ultrasonics, Korea); the cen-
trifugal separator was Legand Mach 1.6R (Thermo, Ger-
many); 50ml tubes were used; the agitation was done at
4000r/min. For the preparation of the standard solutions,
adequate amounts of Catalpol(Sigma, Cat.No. 50839) and
5-HMF(Sigma,Cat.No. H40807) were diluted with Metha-
nol and used [16].

Benzola)pyrene Analysis

For the analysis on Benzo(a)pyrene, samples were pre-
treated and the analysis was carried out using the UPLC/
FLD in accordance with the KFDA’s Practical Guidelines
for Analytical Methods of Benzo(a)pyrene (December
2008 and June 2011) and Benzo(a)pyrene Standards and
Test Methods for Herbal Medicine (KFDA Notification No.
2009-13, April 12, 2009).

3. Results and Discussion
Analysis Results of Free Sugar

In this study, we used the traditional method of immers-
ing dried Rehmanniae Radix in either Cheongju or Takju
and steaming and drying and measured the contents of 6
kinds of free sugar depending on the repetition times of
steaming and drying, and the results are as seen Fig. 1-6.
For the dried Rehmanniae Radix available at the market,
there was no detection of Galactose and Lactose, but trac-
es of Fructose and Maltose were detected. For Cheongju
immersion and steaming and drying, the contents of Ga-
lactose, Glucose and Fructose showed a sharp increase
between the first round and third round of steaming and
drying. In contrast, the content of Maltose showed a rel-
atively smaller increase, but as the steaming and drying
was repeated more, the content of Maltose was decreased
sharply. There was no detection Cheongju-immersed
samples after the 5th round and in Takju-immersed sam-
ples after the 7th round. The content of Sucorse showed
an increase after the second round of steaming and dry-
ing but a steep decline until the fourth round. The con-
tent of Galactose showed a significant increase after the
first round of steaming and drying but a decrease after
the third round. The contents of Glucose and Fructose
showed a significant increase until the fourth round of
steaming and drying but demonstrated little variation af-
ter the fifth round. The early content of Sucrose was the
highest level, but the content of Glucose and Fructose
showed an significantly increasing tendency as the pro-
cess of steaming and drying was repeated more, and nine
times steaming and nine times drying, they remained in
large quantities in both Cheongju-immersed samples and
Takju-immersed samples.

Compared to the samples steamed and dried after be-
ing immersed in Takju, those steamed and dried using
Cheongju immersion showed increases in the contents of
Galactose, Glucose and Sucrose but little increase in the
content Maltose. The content of Sucrose showed an in-
significant variation after the fifth round of steaming and
drying. Depending on immersion methods and the repe-
tition of steaming & drying, the contents of Glucose and

Fructose showed significant increases. If we compare the
contents of free sugar between Cheongju-immersed sam-
ples and Takju-immersed samples, those immersed in
Cheongju showed a relatively higher content of free sugar
after the seventh round of steaming and drying than those
immersed in Takju.

Analysis Results on 5-HMF and Catalpol

In case of the dried Rehmanniae Radix distributed at the
market, the content of Catalpol, a marker compound for
Rehmanniae Radix, was found to be approximately 18
mg/g. As seen in Fig. 8, as the treatment temperature and
time were increased, the content of Catalpol showed a rap-
idly decreasing tendency. After the fifth round of steaming
and drying, Catalpol was not detected in both Cheong-
ju-immersed samples and Takju-immersed samples. The
study by Song et al. (2007) reported that in the event of
steaming and drying at a high temperature of 110~120°C,
the content of Catalpol showed a steep decline after the
fourth round, whereas in the event of drying at 50°C after
being steamed at 98~100°C, the content was reduced by
half after the first round[4].

An experiment by Jeong, et al reported[17] that the half-
life period of Catalpol was found to be after the fifth round
of steaming and drying, which could be ascribed to steam-
ing temperature. A decrease in Catapol content and an in-
crease in 5-HMF content occurred at high temperatures.
The dependence on temperature and time may be seen
as the dependence on chemical reaction rather than en-
zymatic reaction. And, in order to increase the content of
5-HME it might be needed to consider increasing the con-
tent of sugar or applying the active titration temperature
of glycolytic ferment additionally. The 50HMF content, a
marker substance for Rehmanniae Radix endorsed by the
KFDA, showed variations depending on the repetition fre-
quency of steaming and drying as seen in Fig. 7.

After the first round of steaming and drying, 5-HMF was
detected in both Takju-immersed samples and Cheong-
ju-immersed samples. After the sixth round when there
was no detection of Catalpol, the content of 5-HMF was
found to be higher than 0.1%, which is the content stand-
ard of the Korean Pharmacopoeia. There was no signifi-
cant difference between Takju-immersed samples and
Cheongju-immersed samples in terms of the content
and pattern of 5-HMF production and drying but showed
a rapid increase between the fifth and seventh round of
steaming and drying but a slow increase after the seventh
round, which proved the validity of the traditional 9 times
steaming and 9 times drying method. The results of this
study were similar to the study by Jeong et al.[6], which
carried out a controlled trial of Takju and distilled water.
For your reference, Rehmanniae radix preparata distrib-
uted at the market was found to have the 5-HMF content
of 1.16 mg/g, which was similar to the results of this study
after the sixth round of steaming and drying, which met
the content standard of the KFDA, but it was still lower
than this study’s content of approximately 3mg/g after the
ninth round of steaming and drying.

The results of changes in 5-HMF content that was pro-
duced due to a decrease in the concentration of free sugar
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seemed to be directly related to the study by Shin Sujeong
et al. on the production of 5-HMF due to dehydration in
fructose or glucose.

The heating-induced production of 5-HMF can occur not
only in Rehmanniae radix preparata but also in garlic, and
the content’s increasing tendency depending on heating
time was similar to Rehmanniae radix preparata, and the
decreasing pattern of Sucrose during the production of 5-
HMF was also similar[18].

Benzola)pyrene Analysis

In the oriental medicine system of repeating the process
of steaming and drying, natural drying has been used as
the traditional drying method after steaming. In recent
years, extreme temperature conditions are often set for
the purpose of drying within a short time. If the drying
temperature condition is too extreme, Benzo(a)pyrene,
a carcinogenic substance belonging to the polycyclic ar-
omatic hydrocarbons (PAHs) group, can be produced.
This substance is a crystalline solid which is produced by
incomplete combustion at high temperatures. And it is
present in coal tar, automobile exhaust gas, smoke from
incinerated waste at inappropriate incineration facilities,
tobacco smoke, etc., and due to environmental pollution,
it is also present in uncooked or unprocessed food such
as agricultural products, fish and shellfish. When food is
cooked or processed using direct heat or smoke, carbohy-
drates, proteins, lipids, etc. can be dissolved or produced.
The currently permitted Benzo(a)pyrene content is “5 pg/
kg or less” in case of Rehmanniae radix or Rehmanniae
radix preparata ( "Benzo(a)pyrene Standards and Test
Methods for Herbal Medicine , KFDA Notification No.
2009-13, April 13, 2009).

Benzo(a)pyrene was not detected in the entire test group
of Rehmanniae radix and also in the Rehmanniae radix
preparata and dried Rehmanniae radix that were pur-
chased from the market. Steaming at 98°C and drying
at 50°C turned out to be a condition that had a very low
chance of producing Benzo(a)pyrene, and, as expected,
Benzo(a)pyrene was not produced (Table 1).

Changes in Ash, Crude Fat, Crude Protein,
Crude Fiber Content

As the steaming and drying process was repeated more,
the content of ash did not show a significant change but
the content of crude fiber showed an increasing tenden-
cy from 6.5% to 10.1%, while the content of crude protein
increased from 8.1% to 9.9%. This is presumed to be due
to the fact that the processes of Cheongju- or Takju-im-
mersion, steaming and drying were repeated more, some
fat-soluble and water-soluble compounds were elut-
ed and, therefore, compounds with relatively insoluble
material property remained. Especially after 3-4 rounds
of steaming and drying, the content of crude fat did not
show any increase in Cheongju-immersed samples but
an increase in Takju-immersed samples. This is presumed
to be due to that because Cheongju had a higher alcohol

content than Takju, Cheongju-immersed samples did
not show an increase in the content of crude fat after the
steaming and drying process.

4. Conclusion

In the study, we carried out an analysis on changes in the
content of Rehmanniae radix depending on each round
of steaming and drying after immersing dried Rehman-
niae radix in Takju and Cheongju, and the results are as
follows. The contents of Galactose, Glucose and Fructose
showed a rapid increase between the first round and the
third round. In contrast, the contents of Maltose and Su-
crose showed a sharp decline as the steaming and drying
process was repeated more. Cheongju-immersed sam-
ples had no detection of Maltose after the fifth round,
while Takju- immersed samples no detection of Maltose
after the seventh round. In terms of the contents of Galac-
tose and Glucose, Cheongju-immersed samples showed
a slowdown in the decline of concentration after the fifth
round, whereas Takju-immersed samples showed a slow
concentration decrease after the seventh round.

The content of free sugar in Cheongju-immersed samples
showed a constant level of concentration after the fifth
round of steaming and drying, while Takju-immersed
samples showed a constant tendency after the seventh
round. As the steaming and drying was repeated more,
the content of Catalpol showed a rapid decrease. The con-
tent of Catalpol was reduced by half in Takju-immersed
samples and Cheongju-immersed samples only after the
first round of steaming and drying but showed a slow de-
cline from the second round to the fifth round. In order
to increase the content of 5-HMEF, it is necessary either
to increase the content of sugar or to consider the active
titration temperature for glycolytic ferment additionally.
After the sixth round of steaming and drying where there
was no detection of Catalpol, the content of 5-HMF was
higher than the 0.1% content standard of the Korean Phar-
macopoeia.

Although the content and pattern of 5-HMF did not show
any significant difference between Takju-immersed sam-
ples and Cheongju-immersed samples, it showed a rapid
increase between 5 to 7 rounds of steaming and drying.
After the seventh round, it showed a relatively slower in-
crease, which proved the validity of the traditional 9 times
steaming and 9 times drying method. This is presumed
to be due to the fact that as the processes of impregna-
tion, steaming and drying are repeated more, some of
the oil-soluble and water-soluble compounds were elut-
ed and therefore, compounds with a relatively insoluble
material property remained. These results can be useful
foundation data for the validity of processing methods for
Rehmanniae radix, and more in- depth and systematic
studies need to be conducted on this issue.
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Table 1 Comparison of 5-HME, Catalpol, Benzo(a)pyrene contents between the market-distributed dried Rehmanniae
radix and Rehmanniae radix preparata.

5-HMF Catalpol Benzopyrene
Sample
(mg/g) (mg/g) (mg/g)
Dried Rehmanniae radix available at the
N/D 19.29 N/D
market 1
Dried Rehmanniae radix available at the
N/D 17.87 N/D
market 2(Control)
Rehmanniae radix preparata available at the
1.16 N/D N/D
market 1
After 9 times of Takju impregnation, steaming
. 2.99 N/D N/D
and drying
After 9 times of Cheongju impregnation,
) ) 2.74 N/D N/D
steaming and drying
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