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Abstract
Baicalin was an important effective component in Scutellariae radix, which had extensive pharmacological activities and had been widely

applied in most drugs, but it couldn’t be easily absorbed by humans. However, aglycone baicalein has better pharmacological effects and
high bioavailability but with lower contents in Scutellariae radix. In this study, Aspergillus oryzae was employed as the biotransformation
microorganism. And then the biotransformation of baicalin and the optimization of the carbon source and nitrogen source in the
biotransformation media were conducted. Generally, the best biotransformation media of baicalin by Aspergillus oryzae was optimized as
the combination of 0.0017% arginine, 0.0017% valine, 0.0017% glutamic acid, 0.0017% alanine, 0.0017% histidine, 0.0017% tyrosine
and 0.01% urea, 0.4% KH2PO4, 0.04% CaCl2, and 0.04% MgSO4, pH 6, with a biotransformation efficiency of 88.36%. Compared with
using corncob, bran, glucose, dissoluble starch as carbon source, it was significantly better for the biotransformation of baicalin without
carbon source except the substrate baicalin. The best nitrogen source was the combination of 0.01% urea and six amino acids.
Comprehensively considering biotransformation efficiency and cost, 0.1% urea was also a good inorganic nitrogen source for the
biotransformation of baicalin by Aspergillus oryzae.
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Introduction
As a traditional Chinese medicine, Scutellaria baicalensis has been widely used in China due to the high biological activities
in the root. Both of Baicalin and its aglycone baicalein are the major active components in Scutellaria baicalensis, and have
extensive pharmacological activities due to their anti-inflammatory, anti-virus, anti-metamorphosis, fever relieving and hepar
protecting properties, etc. [1-6]. Comparatively, baicalin is with higher contents in Scutellaria baicalensis but hardly to be
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absorbed by human digestive tract. However, aglycone baicalein is with lower contents but has better pharmacological effects
and high bioavailability [4-9]. So it is necessary to convert baicalin to baicalein in order to improve pharmacological
activities and bioavailability of Scutellaria baicalensis.

Baicalin could be transformed into baicalein by biological, chemical and physical methods. Compared with chemical and
physical methods, biotransformation is an enzyme-catalyzed process with mild reaction conditions, simple operation, strong
effectiveness and selectivity, and environment-friendly. There have been many successful examples of microbial
biotransformation. Rutin can be biotransformed by fungi (Streptomyces griseus and Aspergillus niger) with a transformation
efficiency of 54% [10,11]. Microbial transformations of Artemisinin were also achieved by algae Cunninghamella echinulata
and fungi Aspergillus niger [12]. A number of microorganisms (fungi, bacteria, yeast) can transform limonene to other
compounds [13,14]. Both of baicalin and baicalein was obtained from Scutellaria baicalensis and the transformation
processes was thought to be accompanied by the reaction of hydrolysis [15]. β-Glucuronidase was considered as the most
important enzyme in the microbial biotransformation of baicalin. The activating condition of β-Glucuronidase in the bacteria
Lactobacillus delbrueckii Rh2 was optimized, which was used in biotransformation process of baicalin [16]. Moulds were
usually used in many biotransformation processes due to their rich enzymes, but there is lack of literatures that reported the
biotransformation baicalin to baicalein using moulds.

Moulds were usually used for biotransformation processes due to their rich enzymes. Aspergillus oryzae is a strain with
complex enzymes including protease, amylase, glucoamylase, cellulase, phytase, etc. which has been safely used in the
industry field of food, feed, kojic acid production, wine fermentation for over 1000 years. β-Glucosidase is also an important
enzyme in Aspergillus oryzae and played the major role in the microbial biotransformation of baicalin. Wu et al. studied the
fermentation conditions of Aspergillus oryzae producing β-glucuronidase, and the media with a good yield was obtained [17].
In this study, we explored the effects of different carbon and nigrogen source in the biotransformation media on the
biotransformation of baicalin by Aspergillus oryzae and optimized the carbon and nitrogen source to enhance its
biotransformation efficiency.

Material and Method
Microorganisms and chemicals
Aspergillus oryzae was separated, indentified and stored in our laboratory; Scutellariae radix, the root of Scutellaria
baicalensis, was purchased from a medical shop in Zhanjiang, China; Baicalin and baicalein standards (purity>98%, HPLC
grade) were both purchased from National Engineering Research Center of Chinese medicine solid preparation in NanChang,
China; amino acid such as leucine, cysteine, histidine, aminosuccinic acid, glycine, alanine, tyrosine, valine, proline, cystine,
lysine, methionine, arginine, glutamic acid and urea were all purchased from Sangon company, Shanghai, China; methanol,
H3PO4, KH2PO4, CaCl2, MgSO4, urea and other reagents were all of analytically pure; corncob and soybean powder were
bought from a market in Zhanjiang, China.

Media of microorganism
Three media were employed for the activation, intermediate culture of Aspergillus oryzae and the biotransformation of
baicalin. According to our previous study [18], integrated potato slant-culture medium and liquid integrated potato medium
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were separately and prepared for the activation and intermediate culture. The biotransformation media was refer to the media
reported by Wu et al. [17].

Extract, purification and identification of baicalin
Baicalin was extracted from Scutellariae radix, and then purified. Then, baicalin was identified by TLC (thin-layer
chromatography) analysis, which have been reported in our previous study [18].

The determination of baicalein in the media
Determination of baicalein was conducted by HPLC, as described in our previous study [18]. First, balcalein methonal
solution (100 µg/mL) was prepared for stock solution. And then stock solution was diluted to 10 µg/mL, 20 µg/mL, 30
µg/mL, 40 µg/mL and 50 µg/mL respectively. Each diluted solution (20 µL) of balcalein was measured by HPLC. According
to the peak area of each concentrations of balcalein and its corresponding concentration, the standard curve was drawn and
regression equation was obtained.

The activation of Aspergillus oryzae and biotransformation of baicalin
Aspergillus oryzae was activated in integrated potato slant-culture medium and then transfer to liquid integrated potato
medium for intermediate culture. After that, 1 mL liquid integrated potato medium containing cultured Aspergillus oryzae
was added into 250 mL of the biotransformation media. And then 0.2 g balcalin is added into the biotransformation media for
3 days in a shaker. Biotransformation media (5 mL) was extracted with ether (2 mL × 4) and the organic layers were
combined. The solution was evaporated to dryness to afford yellow solid. The solid was dissolved in methanol (10 mL) and
determined by HPLC contrasted to baicalein standard.

Conversion rate of balcalin was calculated as the following formula:

Optimization of the carbon and nitrogen sources in the biotransformation media of baicalin
The optimization of the carbon and nitrogen sources in the biotransformation media was conducted based on the basic media
of 0.4% KH2PO4, 0.04% CaCl2, and 0.04% MgSO4.
0.1% peptone was employed as nitrogen source of the biotransformation media for optimizing the carbon source. Corncob,
bran, glucose, dissoluble starch was used as the carbon sources of biotransformation media. The effect of carbon sources was
not only investigated through changing the concentration of corncob, but also the carbon species such as 2% bran, 1% bran
and 1% corncob, 2% glucose, 2% dissoluble starch, and even without carbon source.

The carbon source with the highest biotransformation efficiency was employed for the nitrogen optimization of the
biotransformation media. First, the impact of nitrogen sources (peptone, yeast extract, soybean powder, urea, NH4NO3,
(NH4)2SO4 fixed with 0.1% and without nitrogen sources were evaluated. The best nitrogen source was obtained and applied
to figure out the best concentration for the biotransformation. Second, the effects of single amino acid (leucine, histidine,
3
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glycine, tyrosine, proline, cysteine, lysine and arginine, etc.) with concentration of 0.01% were explored. Third, the influence
of the combination with different levels of the amino acid mentioned above and the combination of amino acid mixtures with
different concentrations of urea on the biotransformation of baicalin were also determined.

Results and Discussion
Measurement of baicalein
Baicalein was measured by HPLC. The results showed that there was a good linear relationship between the peak area and
the concentration of baicalein within the concentration from 10 µg/mL to 50 µg/mL. Regression equation was y=58.68 × 23.77, and the R2 was 0.99977.

The optimization of carbon sources in the biotransformation media
Effects of corncob: Corncob was considered as the best carbon source in biotransformation of isoflavone in Aspergillus
oryzae [17]. Accordingly, the effects of different concentration (0%-10% respectively, w: v) of corncob on the
biotransformation of balcalin were studied. The results showed corncob was not good carbon resource in biotransformation
of baicalin in Aspergillus oryzae, which is different from biotransformation process of commonly isoflavones. The highest
biotransformation efficiency was obtained when the biotransformation media had no corncob, with a biotransformation
efficiency of 37.1% (FIG. 1). In order to improve the biotransformation efficiency, other types of carbon resources was
applied as following.

FIG. 1. The effects of corncob with different concentrations on the biotransformation of baicalin.

Effects of carbon sources: The effects of 2% (W:V) carbon sources including bran, combination of equal bran and corncob,
glucose, dissoluble starch and even without carbon source on the biotransformation of baicalin by Aspergillus oryzae was
explored. Generally, the biotransformation efficiency of baicalin was ranged from 0.4% to 37.1% (FIG. 2). As shown from
the FIG. 2, when the media had no carbon source, the biotransformation efficiency is also highest. The results showed that
the best carbon resource is baicalin itself, not external carbon resource. The media had no carbon source, which was used in
following optimization process.
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FIG. 2. The effects of different carbon source on the biotransformation of baicalin.

The optimization of nitrogen sources in the biotransformation media
The biotransformation media for the optimization of the nitrogen sources was on the basis of the result, with 0.4% KH2PO4,
0.04% CaCl2, 0.04% MgSO4, without external carbon source, and with 0.1% nitrogen sources.
Effects of inorganic nitrogen sources: The effects of 0.1% peptone, yeast extract, soybean powder, urea, NH 4NO3,
(NH4)2SO4, and even without nitrogen on the biotransformation of baicalin by Aspergillus oryzae were evaluated. As shown
in FIG. 3, the biotransformation efficiency of baicalin was ranged from 3.71% to 45.49%. Peptone, yeast extract, urea and
soybean powder were good nitrogen source for the biotransformation of baicalin by Aspergillus oryzae, with a
biotransformation efficiency from 31.87% to 45.49%, and urea was the best.

FiG. 3. The effects of different nitrogen source on the biotransformation of baicalin.

Effects of different levels of urea: Among the nitrogen sources studied above, urea was the best nitrogen resource for the
biotransformation of baicalin. Accordingly, the impact of urea with four different levels (0.01%, 0.1%, 0.5% and 1%) on the
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biotransformation of balcalin was determined (FIG. 4). With increasing the concentration of urea, biotransformation
efficiency is first increased and then decreased. HPLC determined that balcalin was almost completely bio transformed when
the concentration of urea is more than 0.5%, but less balcalein was determined with the concentration of urea increasing.
From the literatures, balcalein was easily decomposed and oxidized. The result showed that high concentration of urea
accelerates the decomposition and oxidation of balcalein. In biotransformation process, in order to improve the yield of
balcalein, convertion efficiency of balcalin and protection of balcalein were considered simultaneously. Thus, urea with the
concentration of 0.1% and 0.01% was selected as the nitrogen resource, which was used in following optimization process.

FIG. 4. The effects of different levels of urea on the biotransformation of baicalin.

Effects of organic nitrogen source-amino acid: The effects of 14 species of amino acid were investigated including leucine,
cysteine, histidine, aminosuccinic acid, glycine, alanine, tyrosine, valine, proline, cystine, lysine, methionine, arginine,
glutamic acid, on the biotransformation of baicalin (FIG. 5). When individual amino acid was used as nitrogen source, the
biotransformation efficiency of balcalin was ranged from 9.43% to 27.43%, and their efficiency was lower than the effect of
0.01% urea (with the value 45.77%, FIG. 4). Histidine, alanine, tyrosine, valine, arginine, glutamic acid was shown better
effects in biotransformation of baicalin. And these amine acid and urea were combined, in order to obtain the best nitrogen
resource.
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FIG. 5. The effects of different amino acid on the biotransformation of baicalin.
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Effects of different combinations of urea and amino acid: In this part, the better nitrogen sources for the biotransformation
of baicalin were combined. Keeping the amino acids with the total concentration of 0.01%, 0.1% urea, 0.01% urea and the six
good amino acids (histidine, alanine, tyrosine, valine, arginine, and glutamic acid) were separately combined and their effects
on the biotransformation of baicalin were studied. As shown in FIG. 6, the biotransformation of balcalin was range from
26.11% to 88.36% under these biotransformation conditions, and the best nitrogen source was combined of 0.0017%
arginine, 0.0017% valine, 0.0017% glutamic acid, 0.0017% alanine, 0.0017% histidine, 0.0017% tyrosine and 0.1% urea.
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5、 0.0033%valine+0.0033%alanine+0.0033%tyrosine
6、 0.0017%arginine+0.0017%valine+0.0017%glutamic acid+0.0017%alanine+0.0017%histidine+0.0017%tyrosine
7、 0.0017%arginine+0.0017%valine+0.0017%glutamic acid+0.0017%alanine+0.0017%histidine+0.0017%tyrosine+0.01%urea
8、 0.0017%arginine+0.0017%valine+0.0017%glutamic acid+0.0017%alanine+0.0017%histidine+0.0017%tyrosine+0.1%urea

FIG. 6. The effects of combined inorganic and organic nitrogen source on the biotransformation of baicalin.

Conclusions
β-Glucosidase is also an important enzyme in Aspergillus oryzae and played the major role in the microbial
biotransformation of baicalin. After the optimization of the carbon and nitrogen source in the biotransformation media, the
biotransformation efficiency of baicalin was enhanced to 88.36%. The best biotransformation media was optimized as
0.0017% arginine, 0.0017% valine, 0.0017% glutamic acid, 0.0017% alanine, 0.0017% histidine, 0.0017% tyrosine, 0.01%
urea, 0.4% KH2PO4, 0.04% CaCl2, and 0.04% MgSO4, without external carbon source.
Thus it can be seen that, the combination of inorganic and organic nitrogen was benefit for the improvement of the
biotransformation of baicalin, and inorganic nitrogen had a greater function in the biotransformation than organic amino acid.
Comprehensively considering both of the biotransformation efficiency and the cost, 0.1% urea is also a good nitrogen source
for the biotransformation of baicalin by Aspergillus oryzae because of the high-cost amino acid.
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