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Effect of mineral excipients on processing 
traditional Chinese medicines: an insight 
into the components, pharmacodynamics 
and mechanism
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Abstract 

Traditional Chinese medicines are an important class of natural products mainly derives from animals, plants and 
minerals, most of which need to be improved and processed before clinical use due to their own hard texture, impuri-
ties or toxicity. As an important part of solid excipients, mineral excipients that contain some metal elements play 
indispensable and unique roles in the pretreatment process of traditional Chinese medicine. However, deficiency 
of holistic understanding of the effect of mineral excipients hinders their application and development. This article 
reviews several mineral excipients including alumen, talci pulvis, soil, soda lime, halloysitum rubrum and cinnabaris 
systemically. Their processing significance on traditional Chinese medicines were revealed from components, phar-
macodynamics and mechanism aspects. Furthermore, prospect and problems including processing technologies, 
quality standards of mineral excipients and processing mechanism were put forward. This review supply comprehen-
sive information for better and scientific usage of mineral excipients in processing traditional Chinese medicines.

Keywords: Mineral excipients, Processing, Traditional Chinese medicine (TCM), Components, Pharmacodynamics, 
Mechanism
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Introduction
Traditional Chinese medicines (TCM) are an important 
class of natural products mainly derives from animals, 
plants and minerals, most of which need to be improved and 
processed before clinical use due to their own hard texture, 
impurities or toxicity, and the pretreatment process is called 
Chinese medicine processing. In the process of processing, 

the active ingredients such as alkaloids, glycosides, volatile 
oils, tannins, organic acids, proteins, amino acids, sugars 
and inorganic compounds will be affected. Generally, the 
processing methods of TCM are mainly divided into clean-
ing, cutting, heating, and adding excipients. Cleaning is used 
to remove the impurities and non-medicinal parts. Cut-
ting contributes to the decoction of effective components 
through changing the shape of medicinal materials. Heating 
is applied to changing the texture and efficacy, correcting 
the bias, improving the decoction of effective ingredients as 
well as reducing toxicity and side effects through the proce-
dures of frying, calcining, steaming, boiling, etc. [1]. Adding 
excipients could not only change the nature, flavor, action 
and meridian tropism of crude drugs, but also enhance the 
efficacy and reduce or diminish the toxicity and side effects. 
Among which, the application of excipients that possesses a 
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long history has reflected the flexibility of clinical medica-
tion. And the role in processing medicinal materials is also 
variable accompanied by the difference between varieties, 
properties and functions of excipients.

Overall, processing excipients could be divided into 
liquid excipients and solid excipients. Yellow rice wine, 
vinegar, salt-water and refined honey are the commonly 
used liquid ones. Yellow rice wine could promote the 
upward direction, enhance the effect of blood-activating 
and stasis-resolving medicinal in invigorating blood cir-
culation, moderate the cold and cool of some herbs with 
cold-nature [2].Vinegar could reinforce the effect of liver-
soothing, dissipating blood stasis and relieving pain of 
TCM synergistically. Besides, several TCM processed 
with salt-water could conduct the drug to the kidney 
meridian and strengthen the efficacy on lower-jiao dis-
eases. Refined honey could change drugs become sweet 
and sluggish, enhance the effects of benefiting Qi, mois-
tening lung, relieving a cough and stopping pain and dys-
entery. In addition, ginger juice, licorice juice, black bean 
juice, bile, lanolin and sesame oil that are used for specific 
herbs also belongs to the categories of liquid excipients. 
As for solid excipients, rice could generally reduce the 
odor and toxicity of animal drugs and increase the role of 
some tonic drugs in improving the interior and benefiting 
Qi. Bran could absorb excessive volatile oil and reduce 
irritation of herbs. Sand helps the medicine to be friabil-
ity due to homogeneous heating and reduces the toxicity 
as well. Except for the above commonly used ones, some 
mineral excipients that not only acts as medicinal materi-
als but also enhance the therapeutic effect and reduce the 
toxicity were also applied in the process of TCM.

In the Chinese Pharmacopoeia (ChP, 2020 edition), 
4 kinds of TCM that processed with mineral excipients 
has been included. Pinelliae Rhizoma Praeparatum Cum 
Alumine (Qingbanxia), Pinelliae  Rhizoma  praepara-
tum  cum  Zingibere  et  Alumine (Jiangbanxia), and Rhi-
zoma Pinelliae Praeparatum (Fabanxia) that derive from 
the raw Pinellia ternate (Thunb.) Breit. were processed 
with alumen, ginger juice and soda lime as adjuvant 
materials, respectively. Arisaematis rhizoma prepara-
tum (Zhitiannanxing) that derives from the Arisaema 
erubescens (Wall.) Schott, Arisaema heterophyllum Bl. 
or Arisaema amurense Maxim. is processed with alu-
men. Besides, Typhonii Rhizoma (Baifuzi) and Hirudo 
(Shuizhi) that were separately processed with alumen 
and talci pulvis has also been included as one of the main 
processing methods, although relative standards have not 
formed. Meanwhile, some provinces have promulgated 
their own standards. For example, Atractylodis Macro-
cephalae Rhizome (Baizhu) and Paeoniae Radix Alba 
(Baishao) that stir-fried with soil have been included in 
the standard for preparation of Chinese herbal pieces 

in Beijing (2008 edition). Coicis Semen (Yiyiren) stir-
fried with soil has been included in the standard for cut 
crude drug of TCM in Yunnan Province (2005 edition). 
Moreover, several processed products including Angeli-
cae Sinensis Radix (Danggui) stir-fried with soil, Ophi-
opogonis Radix (Maidong) mixed with Cinnabaris had 
also been included in provincial processing specification, 
even though there is still no formal standards to follow 
(Table  1). The aforementioned information suggests the 
essential role of mineral excipients in the field of TCM 
processing. However, their research status and process-
ing mechanism has not been systematic summarized, 
which hinders their application and development.

In this paper, the application of several mineral excipi-
ents in the processing of TCM is reviewed by sorting out 
the existing literature reports (Fig. 1, Table 1). Their pro-
cessing significance on TCM were revealed from com-
ponents, pharmacodynamics and mechanism aspects, 
which provides references for better usage of TCM.

Effect of mineral excipients on the processing of TCM
Alumen
Alumen is a kind of sulfate mineral alumen stone, which 
is processed and refined from alunite. It can be used as 
an external medicine to exert the effects of detoxification, 
insecticidal, moisturizing and relieving itching as well 
as oral administration for diseases such as bleeding and 
diarrhea. Apart from the above  physical  and  biological 
actions as a TCM, the alumen itself is often used as a pro-
cessing excipient to reduce toxicity and increase efficacy. 
Banxia, Baifuzi and Tiannanxing are typical TCM pro-
cessed with alumen (Fig. 2).

The processing method of Banxia and Tiannanxing 
with alumen could be traced back to the Song Dynasty. 
The former has been recorded in many classical medi-
cal books in China, such as Taipinghuiminhejijufang(《
太平惠民和剂局方》), Shengjizonglu(《聖濟總錄》) 
and Baoqingbencaozhezhong(《宝庆本草折衷》), 
while the latter was first documented by Shengjizonglu 
[3–5]. Besides, standards for the processed products of 
Baifuzi with alumen have been included in the ChP and 
26 provincial processing specifications, which is gradu-
ally developed on the basis of previous licorice and gin-
ger processing. So far, boiling or steaming Baifuzi with 
alumen or ginger has become the universal processing 
means [6].

Pinelliae Rhizoma
Pinelliae Rhizoma, commonly known as ’Ban-xia’ in 
Chinese, is botanically from the dried tuber of Pinellia 
ternata (Thunb.) Breit., which has been used to remove 
dampness and dissipate phlegm, reduce adverse reac-
tions, stop vomiting as well as eliminate swelling and 
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Fig. 1 Effect of mineral excipients on processing TCM

Fig. 2 Effect of Alumen on the processing of TCM
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scattered nodules. Furthermore, it is also a famous 
poisonous plant, and its toxicity is attributed to alka-
loids and toxic proteins. Lectin is the most important 
toxic component of Banxia. And it has been confirmed 
to have obvious toxic damage to many organs, such as 
liver, digestive tract, kidney and heart. Interestingly, 
when verifying the toxic effect of Banxia on stomach 
and digestive tract, some researchers found that 50 mg/
mL of Banxia could inhibit gastric nerve activity in 
rats, while it did not show any inhibitory effect when 
processed with ginger juice. Moreover, it also exhibits 
obvious reproductive toxicity, which lead to the ter-
mination of pregnancy and fetal deformity or death. 
Animal experiments showed that intragastric admin-
istration of Banxia powder (9 g/kg) and Banxia decoc-
tion (30 g/kg) could increase early embryo mortality by 
85.7% and 50.0%, respectively [7–9]. Similarly, Banxia 
no longer causes vomiting and hoarseness in experi-
mental animals after the processing with alumen [10].

As one of the classic herbs processed by alumen, the 
contents of alkaloids, organic acids, nucleotides, poly-
saccharides, proteins, amino acids and inorganic ele-
ments in Banxia were mainly changed. Ephedrine, a 
major alkaloid constituent that relieves cough and 
asthma, its content increases after processing due to 
nonvolatile and stabilization of ephedrine salt formed 
by the action of acidic alumen water [10–12]. In addi-
tion, there are also cases where the content of alkaloid 
is lower than that of raw one by different processing 
technology [10, 13]. For example, a significant decrease 
in the content was observed in other alkaloids including 
guanosine, uridine and adenosine compared with the 
crude product, which may be related to the breaking 
and decomposition of glycosidic bond by dissolving in 
water and alumen [10, 11, 13–16]. Moreover, changes of 
these three alkaloid components could affect the expec-
torant effect of Banxia. Meanwhile, content of organic 
acid such as succinic acid in processed Banxia was usu-
ally higher than that of raw products [11]. While it was 
also reported that their content was slightly lower or 
similar to that of the raw one. The main reason was that 
the total organic acid was dissolved in water, and the 
difference would occur owing to the different process-
ing parameters [10].

Detoxification is also one of the main purposes of 
Banxia processing, calcium oxalate needle crystal with 
special crystalline and lectin protein are main toxic 
components in it. After being processed with alumen, 
the toxic needle crystal dissolved and corroded, and the 
agglutinin protein degraded and denatured, so the toxic-
ity is reduced [10, 14, 17–23]. However, the lectin protein 
is also an effective component of Banxia with anti-tumor 

effect [14]. Thus, explore how to moderately processing 
Banxia with alumen has important implications.

The content of amino acids in processed Banxia was 
higher than that in the raw one [13]. It was also reported 
that the quantity and species of amino acids, sugars, fatty 
acids and phytosterols had no change, while the content 
was much lower than that of crude drugs [24]. The sugar 
content decreased significantly because of its dissolution 
in water. In addition, the strong acid action of aluminum 
can degrade triacylglycerol into diacylglycerol, mono-
acylglycerol and glycerol [24]. Some trace elements also 
changed, the content of zinc, magnesium and iron in 
inorganic elements increased sharply accompanied by 
the introduction of nickel at the same time [10, 13]. Some 
studies still pointed out that the reducing sugar content 
of Qingbanxia is higher than that of the raw one, con-
versely, the total sugar content is lower [10].

Comparative investigation of curative effect and alu-
minum residue after alum processing is also worthy of 
attention. The content of succinic acid and alkaloids 
increased after the preparation of Banxia by alumen, 
which was beneficial to improve several therapeutic 
effects, such as antitussive, antiasthmatic, anti-ulcer, etc. 
[11]. And alumen itself has the effect of dispelling wind 
phlegm, which helps enhance the therapeutic effect of 
Banxia. Besides, decrease of some proteins, polysaccha-
rides and nucleotides can also affect the anticancer effect 
of Banxia, but the irritant toxicity of raw one is signifi-
cantly reduced after being processed with alumen. It has 
been reported that there is aluminum residue after alum 
processing in Banxia. However, some aluminum ions 
are converted into stable small toxic granular aluminum 
due to the intense boiling conditions, which reduces the 
direct toxicity of aluminum in Banxia to human body 
[25] (Table 2).

Arisaematis Rhizoma
Arisaematis Rhizoma, commonly known as ‘Tian-nan-
xing’ in Chinese, is botanically from the dried tuber of 
Arisaema erubescens (Wall.) Schott, Arisaema hetero-
phyllum  Bl. or Arisaema amurense  Maxim., which has 
the effect of dispersing knot and detumescence. While 
Tiannanxing is usually used to dry dampness and resolve 
phlegm, dispel wind and stop spasm as well as disperse 
knot and detumescence. However, its obvious toxicity 
was recorded in ancient books and reported by modern 
research. Dong et  al. used the metabonomics method 
to reveal its nephrotoxicity mechanism. After intragas-
tric administration of rat Tiannanxing (0, 0.5 and 1  g/
kg body weight) for 30  days, the levels of serum urea 
nitrogen and creatinine were significantly increased. Sig-
nificant changes of metabolites in blood and urine were 
also observed [108]. Similarly, another study revealed 
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m

an
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od
y 
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or
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an
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in
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ea

se
 

th
e 

ca
lc

iu
m

 c
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te
nt

 in
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od
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al

-
ci

um
 io

n 
is
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 c
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la
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, w
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ch
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ld
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e 
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io
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 c
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an
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si
de

 th
e 
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e 
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t o
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y,
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(3

) T
al

c 
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n 
he
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nl

y 
an

d 
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 lo

t o
f c
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m
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an
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w
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er

[6
3,

 6
4]

Sw
im
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la

dd
er

(↑
) p

ro
te

in
, 3

,4
,5

-t
rim

et
ho

xy
to

lu
en

e,
 

vo
la

til
e 

co
ns

tit
ue

nt
s 

(α
-g

ur
ul

en
e,

 
be

nz
op

he
no

ne
, g

ua
ia

ce
ne

, p
ris

-
ta

ne
, 2

-d
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yl
te
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en
e 
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id

e,
 

6,
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,1
4-

tr
iy
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-p

en
ta

de
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no
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)
(↓
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ol

at
ile

 c
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st
itu

en
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 (2
-d

ec
en

na
l, 

m
yr

is
tic

 a
ld

eh
yd

e,
 c

ed
re

ne
, n

er
ol

id
ol

, 
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pt
ad

ie
ne

, 2
-p

en
ta
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no
ne
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ad

ec
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e,
 c
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nt
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an
e,
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ut
yl
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la

te
,1
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ad
ec

en
e,
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l p
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m
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)
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e 
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ra
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y 
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 p
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[5
5,

 6
5]
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riu

m
 E

le
ph

at
is

(↑
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m
in

o 
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id
H

ea
tin

g 
m

ak
es

 th
e 
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ep

ha
nt

 s
ki

n 
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in
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an

d 
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is
p,

 w
hi
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 c
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-
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ve

 to
 th

e 
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ep
ar

at
io

n

[6
6]

D
og

 te
st
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nd
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en
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(↑
) a
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oh

ol
 e

xt
ra

ct
 (↓

) a
m

in
o 
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e 
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e 
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p 
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 c
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en
t t

o 
pr

ep
ar

e 
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d 
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y;

 c
or

re
ct

 o
do

r a
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e

[6
7]

H
ed

ge
ho

g 
sk

in
(↓

) a
lc

oh
ol

 e
xt

ra
ct

, a
m

in
o 

ac
id

[6
8]

Pu
er

ar
ia

e 
Lo
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ta

e 
Ra

di
x

(↑
) t

ot
al

 fl
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on
oi

ds
(↑

) s
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ee
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in
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a
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 c
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 (3
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, c
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yo
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-
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e,

 p
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l p
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 c
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, g
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10
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et
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l-2
-p

en
ta

de
ca

no
ne
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oc

ta
de

ca
ne

 e
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xi
de
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uc
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to
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5]
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er

et
im

a
(↑

) s
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an
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ria
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ea
t-
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ea

rin
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 d
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re
tic

Sy
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s
[6

1]

A
ng

el
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ae
 S

in
en

si
s 

Ra
di

x
(↑

) c
on

ife
r f

er
ul

at
e,

1-
et

ho
xy

pr
op

an
e,

2,
6-

di
m

et
hy

l b
en

ze
ne

 
an

th
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ce
ne

, o
rg

an
ic

 a
ci

d 
(c

hl
or

og
en

ic
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id

, f
or

m
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 a
ci

d,
 a

ce
tic

 a
ci

d)
, v

ol
at

ile
 

co
ns

tit
ue

nt
s 

(b
ut

yr
al

de
hy

de
, 1

R-
α-

 
pi

ne
ne

, 1
S-

α-
pi

ne
ne

, o
ct

yl
 a

ld
e-

hy
de

, 6
-b

ut
yl

-1
,4

- c
yc

lo
he

pt
ad

ie
ne

, 
6-

he
nd

ec
an

on
e,

 2
-m

et
ho

xy
lp

he
no

l, 
( +

)-a
ro

m
ad

en
dr

en
e,

 1
,4

-c
yc

lo
he

xa
di

-
en

e-
1,

2-
ca

rb
ox

yl
ic

 a
ci

d,
 3

,4
-d

im
et

hy
l-

ep
ox

yp
he
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lb

ut
yr

at
e)

(↓
) p

ol
ys

ac
ch

ar
id

e,
 fe

ru
lic

 a
ci

d,
 

vo
la

til
e 

co
ns

tit
ue

nt
s 

(li
gu

st
ili

de
 I,

 H
, A

, 
th

uj
op

se
ne

, n
-b

ut
yl

ph
th

al
id

e,
 α

- a
nd

 
β-

 c
ed

re
ne

, n
-b

ut
yl

id
en

ep
ht

ha
lid

e,
 

el
em

en
e,

 α
-C

ha
m

ig
re

ne
, α

-b
ul

ne
so

l, 
β-

ch
am

ig
re

ne
, (

 +
)-l

ed
en

e,
 

α-
bi

sa
bo

le
ne

, (
 +

)-
cu

pa
re

ne
, 

( +
)-α

-lo
ng

ip
in

en
e,

 (-
)-s

pa
in

ul
en

ol
, 

E-
 a

nd
 Z

- l
ig

us
til

id
e)

(↑
) h

ep
at

op
ro

te
ct

iv
e 

ac
tiv

ity
,

an
ti-

in
fla

m
m

at
io

n,
 a

nt
id

ia
rr

he
a,

 
sp

le
en

-t
on

ify
in

g
(↓

) i
nt

es
tin

al
 ir

rit
at

io
n

(1
) T

he
 d

ec
re

as
e 

in
 s

ug
ar

 is
 a

tt
rib

ut
ed

 
to

 th
e 

hi
gh

 te
m

pe
ra

tu
re

 th
at

 c
au

se
s 

it 
to

 c
ar

bo
ni

ze
;

(2
) D

es
tr

uc
tio

n 
of

 ti
ss

ue
 s

tr
uc

tu
re

 a
nd

 
th

e 
lo

ss
 o

f v
ol

at
ile

 o
il;

(3
) C

on
te

nt
 o

f f
er

ul
ic

 a
ci

d 
w

as
 

de
cr

ea
se

d 
w

ith
 th

e 
in

cr
ea

se
 o

f 
te

m
pe

ra
tu

re
;

(4
) I

nc
re

as
ed

 s
ol

ub
ili

ty
 o

f c
hl

or
og

en
ic

 
ac

id
 a

nd
 c

hl
or

og
en

ic
 a

ci
d 

at
 h

ig
h 

te
m

pe
ra

tu
re

;
(5

) H
ig

h 
te

m
pe

ra
tu

re
 c

ou
ld

 d
es

tr
oy

 
en

zy
m

e 
ac

tiv
ity

 a
nd

 in
cr

ea
se

 th
e 

co
nt

en
t o

f p
in

e 
fe

ru
lic

 a
ci

d 
es

te
r. 

H
ow

ev
er

, d
ec

om
po

se
 c

ou
ld

 a
ls

o 
be

 
ha

pp
en

 u
nd

er
 to

o 
hi

gh
 te

m
pe

ra
tu

re
;

(6
) S

en
ky

un
ol

id
e 

I, 
se

nk
yu

no
lid

e 
H

 
an

d 
n-

bu
te

ny
lp

ht
ha

lid
e 

ar
e 

un
st

ab
le

 
at

 h
ig

h 
te

m
pe

ra
tu

re

[7
5–

77
, 1

11
, 1

12
]

A
tr

ac
ty

lo
di

s 
M

ac
ro

ce
ph

al
ae

 R
hi

zo
m

e
(↑

) a
tr

ac
ty

le
no

lid
e 

I,I
I, 

III
, e

le
m

en
e,

 
pa

lm
iti

c 
ac

id
,

lin
ol

ei
c 

ac
id

, w
at

er
 s

ol
ub

le
 s

ug
ar

s 
an

d 
al

co
ho

l e
xt

ra
ct

 (↓
) v

ol
at

ile
 o

il 
(a

tr
ac

ty
-

lo
ne

, g
er

an
io

ne
, e

tc
.)

(↑
) s

pl
ee

n-
to

ni
fy

in
g,

 a
nt

id
ia

rr
he

a 
(↓

) 
irr

ita
tio

n
(1

) A
tr

ac
ty

lo
ne

 w
as

 o
xi

di
ze

d 
to

 a
tr

ac
-

ty
lo

de
s 

by
 a

ir 
co

nt
ac

t o
xi

da
tio

n;
(2

) F
ry

in
g 

m
ad

e 
th

e 
tis

su
e 

lo
os

e 
an

d 
th

e 
vo

la
til

e 
oi

l w
as

 lo
st

; (
3)

 V
ol

at
ile

 o
ils

 
w

er
e 

ab
so

rb
ed

 b
y 

so
il

[7
8–

80
]

Pa
eo

ni
ae

 R
ad

ix
 A

lb
a

(↑
) p

ae
on

ifl
or

in
, a

lb
ifl

or
in

, b
en

zo
ic

 
ac

id
, g

al
lic

 a
ci

d 
(↓

) p
ae

on
ifl

or
in

(↑
) a

nt
io

xi
da

tio
n,

 s
pl

ee
n-

to
ni

fy
in

g,
 

an
tid

ia
rr

he
a

(1
) P

ae
on

ifl
or

in
 w

as
 d

ec
om

po
se

d 
in

to
 

pa
eo

ni
flo

rin
 u

nd
er

 h
ig

h 
te

m
pe

ra
tu

re
;

(2
) H

ea
tin

g 
ch

an
ge

s 
co

nt
en

t a
nd

 
st

ru
ct

ur
e 

of
 th

e 
w

at
er

; (
3)

 T
ra

ce
 e

le
-

m
en

ts
 in

 th
e 

so
il 

pl
ay

ed
 a

 s
yn

er
gi

st
ic

 
ro

le

[8
1,

 8
2]
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D
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sc
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ea
e 

Rh
iz

om
e

(↑
) e

xt
ra

ct
 (w

at
er

-s
ol

ub
le

, a
lc

oh
ol

-
so

lu
bl

e)
 (↓

) a
lla

nt
oi

n,
 p

ol
ys

ac
ch

ar
id

e,
 

ph
os

ph
ol

ip
id

s

(↑
) s

pl
ee

n-
to

ni
fy

in
g,

 a
nt

id
ia

rr
he

a
(1

) L
os

s 
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 p
ol

ys
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ch
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e,

 p
ho

sp
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-
lip

id
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nd
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;
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) S
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er

ge
tic

 e
ffe

ct
 o

f s
oi

l

[8
0,

 8
5]

So
il

Co
ic

is
 S

em
en

(↑
) t

rig
ly

ce
rid

es
(↑

) s
pl

ee
n-

to
ni

fy
in

g,
 a

nt
id

ia
rr

he
a
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) F

ry
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g 
m
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e 
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 o
il 
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 c
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le
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en
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 C
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ra
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le
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en
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at
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 d
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) p
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 p
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 c
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 c
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 b
re

ak
 

an
d 

ab
so

rp
tio

n 
in

 s
al

t w
at

er
, w

hi
ch

 
en

ha
nc

e 
th

e 
eff

ec
t o

f t
on

ify
in

g 
liv

er
 

an
d 

ki
dn

ey
(2

) S
oi

l c
ou

ld
 s

tr
en

gt
he

n 
th

e 
sp

le
en

-
st

re
ng

th
en

in
g 

an
d 

he
m

os
ta

si
s 

eff
ec

t

[8
7]

Pi
ne

lli
ae

 R
hi

zo
m

a
(↑

) t
ra

ce
 e

le
m

en
ts

(Z
in

c,
 n

ic
ke

l) 
(↓
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 c
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neurotoxic effects of Tiannanxing when given ICR mice 
for 3  days. However, it is worth noting that Tiannanx-
ing that processed with alumen and ginger juice or bile 
not only reduced the neurotoxic effect but also enhanced 
the neuropharmacological effect [26]. After processing, 
the contents of amino acids and alkaloids are lower than 
that of raw products, which is similar to that of Banxia 
[27]. The content of inorganic elements zinc and calcium 
is lower than that of raw product, in return, the iron ele-
ment obtained higher content, which indicates the intro-
duce or loss of inorganic elements by processing [27]. At 
the same time, the agglutinin protein is degraded accom-
panied by the dissolution of toxic calcium oxalate needle 
crystal due to acid alumen water, and alumen is hydro-
lyzed into aluminum hydroxide to form gelatin, which 
reduce its toxicity by adsorption of toxic component 
owing to the electric charge [21–23, 28, 29].

Typhonii Rhizoma
Typhonii Rhizoma,  commonly known as ‘Bai-fu-zi’ in 
Chinese, is botanically from the dried tuber of Typho-
nium giganteum Engl, which has been used to dispel 
wind and phlegm, calm convulsion, detoxification and 
relieve pain. However, its significant toxicity could not 
be ignored. Wang et al. treated RAW264.7 cells with dif-
ferent doses of Banxia lectin and found that inflamma-
tory cytokines increased in a dose-dependent manner. 
Moreover, strong toxic effects related to inflammation 
were produced by long-term stimulation [30]. Com-
pared with the raw materials, the contents of alkaloids, 
total saponins, nucleosides and other components of 
Baifuzi were changed after the process. Besides, new 
organic substances were generated, which promoted and 
strengthened the therapeutic effect of processed product. 
Significantly, the process of producing 5-hydroxymethyl-
furfural (5-HMF) by alumen water and heating could be 
attributed to the sugar thermal degradation and Mail-
lard reaction of the sugars and amino acids of Baifuzi 
itself under the action of temperature and PH. Although 
5-HMF has some toxic and side effects, it also possesses 
the effects of anti-oxidation and  improving hemorheol-
ogy, which increases the efficacy of Baifuzi in treating 
headache and vertigo of phlegm syncope. And 5-HMF 
was further transferred into bis (5-formylfuryl) ether by 
dehydration and condensation, which had antiviral, anti-
oxidant and inhibitory effects on Mycobacterium tuber-
culosis. Meanwhile, the formation of above two organics 
has close association with the heating time and alumen 
consumption [31, 32].

The agglutinin protein contained in Baifuzi was 
degraded and denatured after being processed in alumen 
water [21, 22]. In addition, the loss of water-soluble free 
amino acids is relatively larger in the processing, the total 

amino acid content decreased by about 30% compared 
with the crude product, and the liposoluble components 
content increased, which was related to the alum fixation 
of protein and the promotion of lipid synthesis [32–35]. 
Meanwhile, the content of total alkaloids decreased 
greatly, which may be caused by the formation of solu-
ble salt between acid alumen water and alkaloids [34, 36, 
37]. Nucleosides, a class of biomolecules easily dissolved 
in water, their content was lower than that of raw product 
[34, 36]. Besides, the content of total flavonoids and sapo-
nins decreased slightly, while that of polysaccharides did 
not decrease significantly [36]. It is the same as Banxia 
processed with alumen, the aluminum content in Baifuzi 
processed with alumen is hundreds of times higher than 
that in raw one, which is due to the large amount of alu-
minum ions introduced from alumen [32, 34].

Others
Generally, alumen is mainly used for processing 
plants of the genus Araceae for reducing their toxic-
ity. Apart from  the  three typical medicinal materi-
als described above, the toxicity of Alocasia Macrorrhiza 
(Haiyu), the dried tuber of Alocasia macrorrhiza (L.) 
Schott, is also reduced due to the processing of alu-
men, while its antipyretic effect is weakened as well [38]. 
Cordate Pinellia Tuber (Dishuizhu), the dried tuber of 
araceae plant Pinellia cordata N. E. Br., another kind of 
Araceae plants, whose number of components with low 
polarity and chemical composition changed little after 
being processed by alumen. However, its high polar com-
ponents decreased significantly due to promotion disso-
lution of small molecular compound with high polarity 
by the aluminium potassium sulphate in alumen [39].

Gardeniae Fructus (Zhizi), originate from the dry 
ripe fruit of Gardenia jasminoides Ellis, has also been 
reported to be processed with alumen. According to 
Tang’s study, the content of active ingredients such as 
total iridoid glycosides, geniposide, crocin I and crocin II 
extracted from Zhizi with six edges had been increased 
significantly after being boiled in alumen water [40]. Cor-
respondingly, their curative effect was enhanced as well. 
However, there is some evidence that these ingredients 
will be reduced after being processed with alumen [41]. 
The divergence could be attributed to the different vari-
eties or processing conditions. And all this has impor-
tant significance to the improvement of the processing 
technology for the retention of active ingredients. In the 
literature and traditional processing methods of Zhizi, 
alumen water boilling has also been used to kill enzyme 
and reserve glycosides [41]. Furthermore, alumen could 
enhance the coloring of natural pigment, while the pig-
ments of Zhizi could be widely used in food and textile 
industry [42]. Therefore, this method could reduce the 
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environmental disruption to the quality of Zhizi due to 
the component loss caused by storage time.

Talci pulvis
Talci pulvis is widely used as a TCM, which possess 
the effect of diuresis, clearing away heat and detoxifi-
cation, collecting dampness as well as astringent sores. 
Likewise, talci pulvis also plays an important role in 
the processing of TCM from three aspects. First, toxic 
and side effects of several toxic and irritating herbs 
including Roudoukou, Strychni Semen (Maqianzi), 
Aristolochia Manshuriensis (Guanmutong), Shuizhi 
and Bufonis Venenum (Chansu) could be reduced. Sec-
ond, a synergistic action could be observed in some 
medicinal materials when processed with talci pulvis, 
such as Galli Gigerii Endothelium Corneum (Jineijin), 
Ejiao, Pheretima (Dilong). Third, some animal medici-
nal materials including swim bladder, corium elephatis 
and hedgehog skin were usually processed by talci pul-
vis in order to change the content of active ingredients 
and make the texture crisp and convenient for prepa-
ration (Fig. 3).

The application of talci pulvis in processing has been 
gradually developed according to the clinical require-
ment, although there were no relative records in 
ancient times. Most notably, the processing method of 
Hirudo with talci pulvis has been included in the ChP, 
National Standard for preparation of Chinese Materia 
Medica and the processing specifications of Guangxi, 
Henan, Heilongjiang, Jiangxi and other provinces. 

While that of Ejiao was recorded in the processing 
specifications of Hunan and Jiangxi Province [43, 44].

Myristicae Semen
Myristicae Semen, commonly known as ‘Rou-dou-kou’ in 
Chinese, is botanically from the seed kernel of Myristica 
fragrans Houtt. As a kind of major active component in 
Roudoukou, volatile oils bring us not only antibacterial, 
anti-inflammatory, anti-oxidation and other therapeu-
tic effects but also intestinal sliding and toxic irritation. 
Although the raw material shows a variety of pharma-
cological activities, overdose can also lead to varying 
degrees of toxicity. Several literatures have reported that 
its toxic dose is 5 g, but some researchers have found that 
the 1–2 mg/kg of Roudoukou is enough to cause neuro-
toxicity. In addition, its hepatotoxicity, carcinogenicity 
and cytotoxicity that is closely related to its main active 
components (myristicin, safrole, engenol, elemicin, etc.) 
has also been reported [45]. Therefore, proper process-
ing is beneficial for retaining its efficacy and reducing its 
stimulation. Among the constituents which contained in 
Roudoukou, monoterpenoids and aromatic compounds 
rank the first two place. Monoterpenoids were degraded 
or volatilized due to the high temperature with talci pul-
vis processing, while the content of aromatic compounds 
increased. In addition, destroyed hydroxyl structure and 
conversion into monoterpenes without oxygen atoms 
may lead to the decrease of efficacy [46]. As for the vola-
tile oils, the content of myristicin, eugenol, isoeugenol, 
safrol and methyl eugenol was increased after being pro-
cessed with talci pulvis [46, 47]. Among them, myristicin 

Fig. 3 Effect of Talci Pulvis on the processing of traditional Chinese Medicine
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exhibited resistance against hepatic lipid peroxidation 
but hallucinogenic, eugenol and isoeugenol possessed 
antioxidant activity, safrol and methyl eugenol had car-
cinogenic and genotoxic effects. However, some studies 
showed that the content of myristicin decreased after 
processing with talci pulvis and that of safrol changed 
irregularly, which may be attribute to the variation in 
processing time and temperature [48, 49]. If the pro-
cessing time was too short, the content of myristicin 
has instead increased [49]. The results indicated that the 
processing conditions showed great effect on its curative 
effect and toxicity.

Moreover, the property of talci pulvis is not consist-
ent with the antidiarrheal effect of Roudoukou, so the 
efficacy, toxicity and other factors should be considered 
before we decide whether to use talci pulvis to process 
Roudoukou. It has been reported that the content of vol-
atile oils in Roudoukou showed a trend of "first decreased 
and then rose" along with decreased particle size and 
increased dosage of talci pulvis [47]. These phenomena 
may be related to the heat transfer rate, particle size of 
powder, adsorption and other factors. While the stabil-
ity of dehydroisoeugenol is less affected by these factors 
[47]. In addition to the effect on volatile oils, content of 
some inorganic elements such as Fe, Mn, Zn, Cu, Ca, 
Mg, Cr, Ni, Co and Po were also increased [50]. Briefly, 
appropriate processing conditions with talci pulvis could 
reduce the irritation and increase the content of effec-
tive components of Roudoukou, reasonable and unified 
processing technology that ensures the therapeutic effect 
need further study.

Toxic herbs
Some herbs containing toxic components were usually 
processed with talci pulvis for detoxification. Metal ele-
ments are widely regarded as toxic ingredients of Shu-
izhi, Pb, Cd and Hg contained therein were decreased 
after processing [51]. Hirudin, a major active ingredient 
of Shuizhi that affects its thrombolytic effect, its content 
was also reduced [51–53]. Instead, the content of amino 
acid in processed Shuizhi was obviously higher than 
that in raw products because proteins were more likely 
decomposed into small peptide and free amino acid at 
high temperature [51, 53, 54]. There are other studies 
showed that hypoxanthine increased significantly after 
processing [51, 53, 54]. Besides, some trace elements 
were also affected, the content of Ca and Mg increased, 
while that of Zn, Mn, Cu and Fe decreased [51]. Mean-
while, some volatile components were lost along with the 
produce of new ones [51, 55].

It is noteworthy that although the toxicity of Shuizhi is 
reduced due to the processing of talci pulvis, the efficacy 
of Shuizhi and some other toxic TCM were also affected 

accordingly. For example, bufogenin and resibufogenin 
in Chansu, strychnine and brucine in Maqianzi, which 
are all active but toxic, could be reduced after processed 
with talci pulvis [56–59]. Guanmutong, a controversial 
medicinal material with severe nephrotoxicity, had been 
removed from the ChP, because of its toxic component 
aristolochic acid A, which can be destroyed about 40% 
by the high temperature processing of talci pulvis [60]. 
Therefore, the appropriate technology for reducing the 
toxicity and retaining the efficacy when processing toxic 
herbs with talci pulvis should be given in the future 
research.

Others
In addition to reducing toxicity, enhancing the efficacy is 
also a mechanism of talci pulvis application. For exam-
ple, a synergistic role could be observed when Jineijin 
and Pheretima was used for stranguria, heat-clearing 
and diuretic, respectively [61, 62]. The reason why Jinei-
jin is used for digestion after processed with talci pulvis 
is probably related to the increase of protease activity, 
but the amylase activity is lower than that of raw prod-
uct [62]. It can be inferred that processed Jineijin is more 
suitable for the indigestion that caused by eating too 
much food with high protein content. Besides, the con-
tent of total and essential amino acids in Ejiao increased 
apparently after processing with talci pulvis, along with 
its enhanced hemostatic and blood-enriching effect [63]. 
The mechanism may be associated with the magnesium 
silicate contained in talci pulvis, which not only promote 
the produce of a large amount of colloidal protein and 
calcium salt but also enhance the present convergent, 
absorption, promoting blood coagulation and reducing 
bleeding effect [64].

When talci pulvis is used as a processing auxiliary 
material, it acts as an intermediate heat transfer body 
with strong fluidity and fine powder, which is suitable 
for processing animal medicinal materials with strong 
toughness. The smashing rate and protein content of the 
swim bladder are closely related to the dosage of talci 
pulvis. Generally, more talci pulvis is associated with 
fuller swim bladder glue swell, higher grinding efficiency 
and more preserved protein [65]. After processing, some 
new volatile components such as 3,4,5-trimethoxytolu-
ene, α-gurulene, 3-methyl biphenyl and caryophyllene 
oxide were produced by the swim bladder and hawksbill 
shell along with the loss of volatile components 2-decen-
nal, myristic aldehyde, cedarene and valenciennes [55]. 
Moreover, the content of amino acids in corium elephatis 
increased after processing, while that in dog testes and 
penis and hedgehog skin decreased, which was related 
to heating time and temperature [66–68]. It is also note-
worthy that these animal medicinal materials are not 
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commonly used in clinical in view of wildlife conserva-
tion, although included in some local standards. In gen-
eral, we used this method to process animal medicinal 
materials mainly because we can mask the disagree-
able odors and make them crisp for decocting the active 
ingredients. There are also other examples that processed 
with talci pulvis. For example, the effect on invigorating 
spleen and relieving diarrhea of Puerariae Lobatae Radix 
(Gegen) is strengthened after processing with talci pulvis. 
The phenomenon is mainly resulted from the increased 
content of total flavonoids [69]. Moreover, processing 
these herbs with talci pulvis remain one of the most pop-
ular approaches recorded in some provincial processing 
standards, although have not yet been included in ChP.

Soil
In traditional Chinese medicine processing, the soil could 
be used as medicine to stop bleeding, nausea and diar-
rhea. Normally, the soil we use is the burnt loess in the 
stove where farmers burn firewood. We call it “Zao-xin-
tu”, also known as “Fu-long-gan”. Many alternatives are 
virtually used due to its rareness. After being roasted in 
the soil, many medicinal materials possessed the func-
tions of soothing the stomach, stopping vomiting and 
diarrhea as well as reducing gastrointestinal irritation. 
The main reason is that the mineral and inorganic salts 

of the soil could be decomposed into a variety of basic 
oxides after being heated and refined at high tempera-
ture, which neutralized gastric acid and play a role of heat 
conduction as well [70]. In general, drugs with spleen-
tonifying and antidiarrheal effects need to be stir-fried 
with soil, such as Danggui, Baizhu, Baishao, Yiyiren, 
Dioscoreae Rhizoma (Shanyao) and so on (Fig. 4).

Products of Danggui, Baizhu, Baishao, and Yiyiren 
that stir-fried with soil were recorded in historical docu-
ment Bencaohaili(《本草害利》), Depeibencao(《得配
本草》) [71], Qianjinyifang (《千金翼方》) [72], Ben-
caomengquan(《本草蒙筌》) [73] and Bencaocongxin(
《本草从新》) [74], respectively. And they were also 
included in the ChP and some local regulations as shown 
in Table 1.

Angelicae Sinensis Radix
Angelicae Sinensis Radix, commonly known as ‘Dang-
gui’ in Chinese, is botanically from the dried root of 
umbelliferae plant Angelica sinensis (Oliv.) Diels. It could 
be used to nourish blood, promote blood circulation, 
regulate menstruation, relieve pain, moisten intestines 
and defecation. Volatile oils served as a kind of its major 
active component. After stir frying, the volatile compo-
nents of Danggui, such as ligustilide, senkyunolide I, sen-
kyunolide H and senkyunolide A, were destroyed and 

Fig. 4 Effect of Soil on the processing of traditional Chinese Medicine
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lost due to high temperature [75]. Yet it’s worth noting 
that part of the efficacy was weakened by the reduction of 
volatile oils when compared with crude herbs, irritation 
of medicinal materials was also alleviated. Besides, the 
content of chlorogenic acid increased due to its improved 
solubility in organic solvent at high temperature, while 
that of ferulic acid decreased on account of the thermal 
instability [75]. As for coniferyl ferulate, whose con-
tent was increased because the activity of its degrading 
enzyme was destroyed with the increase of temperature 
[75].

Angelica  sinensis  polysaccharide, a kind of water-
soluble macromolecular component, has the effects of 
improving blood system, promoting immunity, anti-
tumor and anti-radiation. After processing, the content 
of water-soluble sugar, reducing sugar and polysaccharide 
in Danggui was lower than that in raw product because 
of carbonization by high temperature, but the decrease 
was not significant [76]. In addition, formic acid, acetic 
acid and 1-ethoxypropane showed a relative upward ten-
dency, while N-butylphthalide and N-butenylphthalide 
decreased significantly [77]. Some studies showed that 
the content of volatile oil in Danggui decreased signifi-
cantly after being processed with soil, which could alle-
viate the irritant intestines, reduce the toxic and side 
effects, and improve its spleen-tonifying, antidiarrhea, 
anti-inflammation and hepatoprotective activity [78, 79].

Atractylodis Macrocephalae Rhizoma
Atractylodis Macrocephalae Rhizoma, commonly known 
as ‘Bai-zhu’ in Chinese, is botanically from the dried rhi-
zome of compositae plant Atractylodes macrocephala 
Koidz., which could strengthen spleen, replenish Qi, dry 
dampness and promote diuresis. Atractylenolides, atrac-
tylone, volatile oils and polysaccharides are the major 
active components of it. After processing with soil, the 
content of atractylenolide I, II and III increased, while 
that of atractylone decreased [78]. The main reason is 
that Baizhu became loose after crushing, atractylone was 
oxidized into atractylenolide I, III and biatractylolide 
by contacting with oxygen, and atractylenolide III was 
further transformed into atractylenolide II during the 
heating dehydration process [79, 80]. Meanwhile, the 
decrease of atractylone contributed to reduced stimula-
tion [79]. The content of polysaccharide, the main com-
ponent of invigorating the spleen and stopping diarrhea, 
had no significant change, while the content of water-sol-
uble sugar increased significantly. Similarly, other com-
ponents such as elemene, palmitic acid and linoleic acid 
increased significantly [78].

Paeoniae Radix Alba
Paeoniae Radix Alba, commonly known as ‘Bai-shao’ 
in Chinese, is botanically from the dried root of ranun-
culaceae plant Paeonia lactiflora Pall..It could be used 
to nourish blood and regulate menstruation, astringe 
Yin and stops weating, soften liver and relieve pain as 
well as stabilize liver yang. Paeoniflorin and albiflorin, 
two major ingredients of Baishao recorded in ChP, were 
slightly increased after being fried in soil [80]. There 
were other studies, though, which reported the content 
of paeoniflorin was lower than that of raw products 
[81, 82]. The phenomenon was caused partly by the 
decomposition of paeoniflorin into albiflorin under the 
catalysis of high temperature conditions and auxiliary 
ingredients [81]. Therefore, different processing con-
ditions lead to the different contents of active ingredi-
ents. Recently, some scholars compared the antioxidant 
capacity of raw and processed products of Baishao. The 
antioxidant capacity of processed one is stronger in 
view of the increased gallic acid and benzoic acid after 
soil processing [82]. Likewise, spleen-strengthening 
and anti-diarrhea effect of Baishao was also enhanced. 
This is a result for the one side from the assist of the 
effective components by the trace elements in soil, and 
for the other side from the its own hemostasis and anti-
vomiting characteristics of soil during cooling and anti-
diarrhea process [80].

Others
Process with soil usually changes the active ingredi-
ents and enhance the curative effect of some TCM with 
spleen-strengthening activity. Take Yiyiren as an exam-
ple, its dissolution of oil components and the content 
of triglyceride was increased due to the looser texture 
after the process with soil [80]. Moreover, the relative 
increased lactones and changed the oil composition was 
also observed owing to the absorption effect of soil. As 
for Lablab Semen Album (Baibiandou), the content of 
protein and free amino acid were increased accompa-
nied by the decrease of total phospholipid and lectin after 
process [83]. Accordingly, its effect on regulating gastro-
intestinal hormone level, strengthening spleen and stop-
ping diarrhea was enhanced. There are also some reports 
of Chenpi that have been processed with soil, whose con-
tent of hesperidin was increased [84]. However, content 
of polysaccharide, allantoin and phospholipid of Shan-
yao decreased because of the high temperature [80, 85]. 
Apart from the above cases, trace elements in Atracty-
lodis Rhizoma (Cangzhu) were also changed. The levels 
of Fe, Cr, Ti, Al and TL increased by 2 ~ 4 times, while 
that of Cu, Na, Mg, Sr, Ba, Cd and Li decreased by 2–3 
times [86]. Besides, the content of aromatic compounds 
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in Roudoukou changed greatly, except for the decreased 
myristate and increased safrole, a new component 
α-asarone was produced accordingly [46]. Besides, soil 
process could make the rubber filament of Eucommiae 
Cortex (Duzhong) easier to break and improve the pecu-
liar smell of GGEC [87, 88].

Soda lime
Soda lime is a mixture of calcium hydroxide, sodium 
hydroxide or potassium hydroxide, which could also be 
used as pharmaceutical excipients that reduces toxic 
components in the processing of TCM. The medicinal 
materials processed with soda lime are Guanmutong, 
Banxia and other araceae plants (Fig. 5). The processing 
of Banxia with soda lime water can be traced back to the 
Ming Dynasty, which is recorded for the first time in the 
Yaoxingcuping(《药性粗评》). In addition, they were 
also mentioned in Yaoxinghuiyuan(《药性会元》) and 
Bencaogangmushiyi(《本草纲目拾遗》) [5]. At present, 
the pharmaceutical standard of soda lime water-process-
ing Banxia has been included in the ChP. The processing 

method of Tiannanxing with soda lime water can be 
found in the work Xianshoulishangxuduanmifang(《仙
授理伤续断秘方》) of the Tang Dynasty[89]. SS pro-
cessed with soda lime water is a folk method. When used 
in Yangjiang area, the toxicity of it can be greatly reduced 
[90].

The detoxification mechanism of processing Banxia by 
soda lime water was similar to that of processing it with 
alumen. Moreover, the alkaloids and proteins, two kinds 
of effective and toxic components in Banxia, were also 
decreased [10, 91]. The change of trace elements is illus-
trated by the increase of Zn content and production of 
new element Ni [10]. Miao medicine Arisaema Rhizoma-
tum (Banjielian), which is the dried tuber of araceae plant 
Arisaema rhizomatum C.E.C. Fischer. When processed 
by soaking or steaming in soda lime water, the content 
of total flavonoids in Banjielian decreased significantly, 
while that was increased when dry soda lime was used 
[92].

Dishuizhu has strong irritation to the mucous mem-
brane of eyes, throat, intestines and stomach, so its 

Fig. 5 Effect of Soda Lime on the processing of traditional Chinese Medicine
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processed products are used in clinic for its lower toxic-
ity and resistance. After processed with soda lime water, 
the number and content of the chemical components in 
Dishuizhu were both affected, and the decreased content 
of total alkaloids, uridine and adenosine in which is most 
obviously [39]. The reason for the results may be that 
toxic components were mainly small molecules of acidic 
components and could be removed by the neutralization 
with soda lime water. In alkaline solution, meanwhile, the 
loss of uridine and adenosine is large [39].

As we mentioned above, aristolochic acid A is the toxic 
component of Guanmutong, which was usually pro-
cessed with talci pulvis. Significantly, its toxicity could 
also be reduced by boiling or steaming with soda lime 
water in view of the reaction with strong alkali supported 
by soda lime water [60]. Soda lime water can also reduce 
the toxicity of other herbs, such as Paridis Rhizoma 
(Chonglou), Haiyu, and Maqianzi. However, their detoxi-
fication mechanism is still unclear, which needs further 
study [93, 94]. Promoting the formation of active ingre-
dients is another processing mechanism of soda lime 
water. Indigotin, an active component of Indigo Naturalis 
(Qingdai) was formed and enriched by the promotion of 
soda lime water through providing alkaline environment, 
 CO2 and carrier [94].

Some literatures also mentioned the enhanced antidi-
arrheal and anti-inflammatory effect of guava leaf and 
holly leaf and reduced toxicity of Huechys (Hongniangzi) 
by processed with soda lime. Besides, soda lime could 
also prolong the storage life of Dilong by providing strong 
alkaline and hygroscopic environment [95].

Halloysitum Rubrum
Halloysitum rubrum is a silicate mineral, which has the 
effect of astringent intestines, hemostasis, myogenesis 
and sores, and is often used as a processing excipient for 
soil frying in the process of TCM processing [96].

Roudoukou could be processed by halloysitum rubrum 
for both reducing the side effects of diarrhea caused by 
absorption of oil and increasing the antidiarrheal effect 
[97]. Likewise, immunity, anti-oxidation, anti-inflamma-
tory and anti-cancer effects of Baizhu were also enhanced 
by halloysitum rubrum for the increased effective com-
ponents atractylenolide III and polysaccharide, especially 
the atractylenolide III, whose content was about 3–4 
times higher than the raw product [98].

Cinnabaris
Cinnabaris is a kind of sulfide mineral medicine, which 
has the effects of clearing the heart, calming the mind, 
brightening the eyes and deintoxication, but is toxic. Cin-
nabaris is usually prepared by elutriation to reduce the 
content of sulfur and calcium, so as to reduce toxicity and 

improve cleanliness. Although the toxicity of cinnabaris 
is reduced after processing, it is rarely used as an excipi-
ent when processing TCM due to the dosage that need 
to be controlled. The method of processing Maidong with 
cinnabaris was recorded in the reading of Bencaobiandu (
《本草便读》) in the Qing Dynasty, and the use of cin-
nabaris mixed Maidong appeared in Wujutongyian(《
吴鞠通医案》) and Bencaohaili(《本草害利》) for the 
first time[99]. There is little discussion on the tracing 
of ancient books on processing Yuanzhi with cinnaba-
ris, but some documents mention that this processing 
method has been used since ancient times and is still in 
use at present [100, 101].

Generally, it could be used to process some TCM with 
anti-anxiety and psychotherapeutic activity on the prem-
ise of paying attention to the usage and dosage. Studies 
had shown that, after processing, the content of cyclose-
negenin in Yuanzhi was 6 times higher than that of the 
raw product, while that of senegenic acid and senegenin 
was basically unchanged [102]. Some studies have ques-
tioned the method of processing Maidong with cinna-
baris [103], mainly because of its toxicity and decreased 
total flavonoids after process [104]. Overall, the process-
ing technology of cinnabaris used for preparing TCM 
should be further standardized in order to ensure the 
efficacy and reduce the side effects, which realize its full 
synergy potential.

Future perspective
To sum up, mineral excipients play an irreplaceable role 
in the processing of TCM. Among them, alumen and 
soda lime mainly work at reducing the toxicity of the 
main drug, but the effective components will also be 
affected, and thus bring weaker curative effect than that 
of raw products. Talci pulvis are usually used for process-
ing some medicinal materials containing volatile oils, 
which relieve gastrointestinal irritation under the prem-
ise of ensuring the efficacy and degrade the toxic com-
ponents of some toxic medicinal materials under high 
temperature. In addition, some animal medicinal materi-
als could also be deodorized and flavored after process-
ing with talci pulvis, which make their texture crispy and 
convenient for dispensing. Soil possessed anti-emetic, 
astringent and hemostatic effects for gastric. It is gen-
erally used as auxiliary materials to process herbs with 
spleen-strengthening and antidiarrhoeal effects and the 
mechanism was related to enhancing the efficacy and 
alleviating the irritation through changing the content 
and composition of volatile oils in herbs. Halloysitum 
rubrum, as an alternative to the soil, exhibited astringent 
intestines and antidiarrheal activity by reducing the oil 
content of medicinal materials. Cinnabaris is an auxiliary 
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increased. When used as food, however, whether 
their soil fried products with increased efficacy could 
be used and how to define the quality standards need 
in-depth discussion.

Conclusion
The processing of TCM has received more and more 
attention with the development of analytical technology 
and toxicological research. As an important part of the 
processing field, the mineral excipients have played an 
essential and indispensable role in TCMs application. In 
this review, the significance of mineral excipients includ-
ing alumen, talci pulvis, soil, soda lime, halloysitum 
rubrum and cinnabaris on TCMs has been summarized 
from the insight into the components, pharmacodynam-
ics and mechanism, which not only supply comprehen-
sive information on how to balance the necessity and 
relative merits and disadvantages of mineral excipients 
in clinical application, but also provide a reference for 
exploring better processing excipients and technology so 
as to reserve the efficacy as well as reduce toxic and side 
substances to the human body.
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material that enhances the heart-clearing and sedative 
effect of herbs and should be used cautiously due to its 
toxicity. However, due to their own particularity and 
affect by various factors, investigated in many aspects 
including processing technologies, quality standards of 
mineral excipients and processing mechanism need fur-
ther study and discuss.

a. Standardization of processing methods

 The processing methods including processing tem-
perature, time, acid–base environment and dosage of 
excipients need to be standardized, so that the effec-
tive components of medicinal materials could be fully 
retained without increase or decrease inconsistently, 
which greatly ensures the effectiveness of medicinal 
materials. Besides, the toxic components of many 
drugs are also active ingredients. How to retain the 
maximum effectiveness and reduce the harmfulness 
as much as possible needs to start from the process-
ing technology for unified specification. Standardiza-
tion of processing technology can better control the 
quality standard of processed medicinal materials.

b. Quality control of mineral excipients
 Some mineral excipients such as cinnabaris are 

toxic or harmful to the human body.  Hg2+, HgCl, 
Hg  (CH2COOH)2 and other trace elements such as 
Ba, Sb are the main toxic components of cinnabaris 
[105]. Their metabolism is slow and easy to cause 
heavy metal accumulation, resulting in liver and kid-
ney injury. Moreover, aluminum accumulation of alu-
men will affect the development of bone cells [106] 
and could even lead to visual, memory and other 
neurological disorders like Alzheimer’s disease [107]. 
Thus, their content, purity and dosage are necessary 
to control when used as excipients, which help to 
reduce the loss of effective ingredients and residues 
of harmful substances.

c. In-depth study on processing mechanism
 For now, the variety in the content and composi-

tion of active ingredients from many herbs before 
and after excipients processing is still unclear 
with inferred results. Significantly, the mechanism 
research should be combined with pharmacologi-
cal research in order to explore which are the active 
ingredients, how to reduce component loss and tox-
icity as well as better processing technologies.

d. Study on the processing of medicine food homology 
plants

 Some medicine food homology plants including 
Shanyao, Yiyiren and Baizhu were usually fried with 
soil. After processing, their spleen-strengthening 
and antidiarrhoeal effects on stomach had been 
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