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Abstract 

Background: Microbial fermentation has been widely applied in traditional Chinese medicine (TCM) for thousands 
of years in China. Various beneficial effects of fermentation for applications in TCM or herbals have been reported, 
such as enhanced anti-ovarian cancer, antioxidative activity, and neuroprotective effects. Ge-Gen-Qin-Lian decoc-
tion (GQD), a classic TCM formula, has been used to treat type 2 diabetes mellitus in China. In this study, GQD was 
fermented with Saccharomyces cerevisiae, and the antidiabetic activities and overall chemical profiles of raw and 
fermented GQD (FGQD) were systematically compared.

Methods: First, the antidiabetic effects of GQD and FGQD on high-fat diet and streptozotocin (STZ)-induced diabetic 
rats were compared. Then, high-performance liquid chromatography Q Exactive MS was applied for rapid characteri-
zation of the chemical components of GQD. Additionally, we proposed an integrated chromatographic technique 
based untargeted metabolomics identifying differential chemical markers between GQD and FGQD and targeted 
analysis determining the fermenting-induced quantitative variation tendencies of chemical marker strategy for overall 
chemical profiling of raw and fermented GQD.

Results: Both GQD and FGQD displayed effects against HFD and STZ-induced diabetes, and FGQD showed a bet-
ter recovery trend associated with profound changes in the serum lipoprotein profile and body weight gain. In 
addition, 133 compounds were characterized from GQD. It was demonstrated that the integrated strategy holisti-
cally illuminated 30 chemical markers contributed to the separation of GQD and FGQD, and further elucidated the 
fermenting-induced chemical transformation mechanisms and inherent chemical connections of secondary metabo-
lites. Although there were no new secondary metabolites in FGQD compared with GQD, the amounts of secondary 
metabolites, which were mostly deglycosylated, were redistributed in FGQD.

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/
publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Open Access

Chinese Medicine

*Correspondence:  qinxm@sxu.edu.cn; sxhpe@163.com 
†Yan Yan and Chenhui Du contributed equally to this work
1 Modern Research Center for Traditional Chinese Medicine of Shanxi 
University, No. 92, Wucheng Road, Taiyuan 030006, Shanxi, China
2 School of Traditional Chinese Materia Medica, Shanxi University 
of Chinese Medicine, No. 121, Daxue Street, Taiyuan 030619, Shanxi, China
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-2120-4662
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13020-018-0208-7&domain=pdf


Page 2 of 18Yan et al. Chin Med           (2018) 13:54 

Background
Herbal fermentation, which began approximately 
4000  years ago in China, is used to produce secondary 
metabolites from plants in bulk by utilizing the metabolic 
pathways of microorganisms [1]. Fermented medici-
nal plants and traditional Chinese medicine (TCM) are 
attracting increasing attention in East Asia, especially 
in Taiwan and Korea. During the fermentation of TCM, 
certain glycosides are deglycosylated into small, hydro-
phobic molecules that may be more efficacious than the 
original herbal medicines due to increased absorption 
and bioavailability of the active components in the body 
[2–5]. Fermented medicinal plants and traditional herbal 
medicine have been shown to exhibit enhanced anti-
ovarian cancer activity, antioxidative activity, and neu-
roprotective effects compared to the raw formulas [6–9]. 
The yeast Saccharomyces cerevisiae (SC) is the most 
widely used organism for fermentation and has been suc-
cessfully used for the biotransformation of TCM formula 
[4, 5, 10].

Although various beneficial effects of fermentation 
applied to TCM or medicinal plants have been reported, 
systematic comparisons of the pharmacological actions 
and overall chemical profiles of raw and fermented TCM 
formulas are scarce. TCM is a complex system compris-
ing hundreds of different compounds. Thus, the most 
critical difficulty is distinguishing and matching herbal 
biotransformed secondary metabolites in complex micro-
organism matrixes. Metabolomics, a novel approach for 
rapidly identifying the global metabolic composition of 
biological systems, has been widely used for the over-
all chemical characterization of herbal medicines [11]. 
Thus, metabolomics analysis could be used to study the 
effects of fermentation on TCM. In general, the purpose 
of untargeted metabolomics is to identify statistically 
significant differences based on unbiased differential 
analysis of as many signals as possible [12]. By contrast, 
targeted quantitative metabolomics is intended mainly 
to accurately determine metabolites in various samples 
by comparison with authentic compounds to improve 
the repeatability, comparability and reproducibility of 
data [13]. Liquid chromatography coupled with mass 
spectrometry (LC–MS)-based untargeted metabolomic 
approach can provide global profiles of abundant (up to 
hundreds of ) secondary metabolites by determining their 

presence, amount and occasionally their structures [14, 
15] and has been successfully used to study the effects of 
processing on herbal drugs, such as Rehmanniae Radix 
and Fructus corni [15, 16].

Ge-Gen-Qin-Lian decoction (GQD), a well-known 
TCM formula, was first recorded in “Treatise on Febrile 
Diseases” compiled by Zhong-jing Zhang of the Han 
Dynasty (202 BC-220 AD). GQD consists of four herbs, 
Pueraria Lobatae Radix, Scutellariae Radix, Coptidis Rhi-
zoma, and Glycyrrhizae Radix et Rhizoma Praeparata 
cum Melle, in a weight ratio of 8:3:3:2. Extensive chemi-
cal studies have shown that flavones (free form and glyco-
sides), flavanones, alkaloids and triterpene saponins are 
the major compounds in GQD [17, 18]. Modern pharma-
cological studies have revealed that GQD has antidiabetic 
effects in vivo and in vitro [19–22]. GQD is also clinically 
used to treat type 2 diabetes mellitus (T2DM) [23].

Since GQD and SC have a long history and extensive 
range of use, their safety and efficacy are demonstrated 
and widely accepted by the public. Here, GQD was fer-
mented using SC, and the antidiabetic effects of GQD 
and fermented GQD (FGQD) on high-fat diet (HFD) 
and streptozotocin (STZ)-induced diabetic rats were 
compared. An integrated strategy based on untargeted 
and targeted metabolomic analysis was proposed for the 
overall chemical profiling of raw and fermented GQD. 
Finally, the correlations of the biological and chemical 
differences are discussed.

Methods
Information on experimental design and resources
The information regarding the experimental design, sta-
tistics, and resources used in this study is attached in the 
minimum standards of reporting checklist (Additional 
file 1).

Chemicals, materials and reagents
Acetonitrile (HPLC and MS grade) and methanol (HPLC 
grade) were purchased from Tedia (Fairfield, USA) and 
Hanbon (Nanjing, China), respectively. Formic acid (ana-
lytical grade) was provided by Aladdin Chemistry Co. Ltd 
(Shanghai, China). De-ionized water was prepared in-
house by a Milli-Q water purification system (Millipore, 
MA, USA). Other chemicals and reagents were analytical 
grade. The chemical reference substances (purity > 98%, 

Conclusion: The anti-diabetic activities of GQD could be improved by applying fermentation technology. Moreover, 
the proposed strategy could serve as a powerful tool for systematically exploring the chemical profiles of raw and 
fermented formulas.

Keywords: Ge-Gen-Qin-Lian decoction, Fermentation, Untargeted metabolomics, Targeted analysis, Antidiabetic 
effects
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HPLC–DAD) of 3′-hydroxypuerarin, puerarin, daidzin, 
daidzein, baicalin, wogonoside, baicalein, wogonin, cop-
tisine, berberine, palmatine, magnoflorine, genistin, gen-
istein, ononin and formononetin were purchased from 
Chengdu Wei ke-qi Bio-Technology Co., Ltd. (Chengdu, 
China). Liquiritin, isoliquiritin, liquiritigenin, isoliquir-
itigenin and glycyrrhizic acid were purchased from 
Chunqiu Bio-Technology Co., Ltd. (Nanjing, China). 
Scutellarein (purity > 98%, HPLC–DAD) was isolated, 
purified and identified in our lab.

Puerariae Lobatae Radix (Gegen), Scutellariae Radix 
(Huangqin), Coptidis Rhizoma (Huanglian) and Glycyr-
rhizae Radix et Rhizoma Praepapata Cum Melle (Zhigan-
cao) were purchased from Wan Min pharmacy (Taiyuan, 
China) and authenticated by Associate Professor Chen-
hui Du, according to the standard of the Chinese Phar-
macopeia (2015 edition). Voucher specimens were 
deposited in the Modern Research Center for Traditional 
Chinese Medicine of Shanxi University. SC (CICC 1205) 
was purchased from the China Center of Industrial Cul-
ture Collection (CICC).

Preparation of GQD and FGQD extracts
Herb pieces of 3200  g (Gegen:Huangqin:Huanglian:Gan
cao = 8:3:3:2) were immersed in a 10-fold volume of dis-
tilled water (w/v) for 0.5 h and then extracted by refluxing 
two times (40 min, 30 min). For each extract, the decoc-
tion was filtered through eight layers of gauze to remove 
the herbal residue. The two filtrates were combined, con-
densed under reduced pressure with a rotary evaporator 
at 70 °C and evaporated to dryness (yield: 28.6%).

Freeze-dried spores of SC were recovered in 25  mL 
of potato dextrose (PD) medium and then incubated at 
28 °C on a rotary shaker at 180×g for 24 h. A 20-mL vol-
ume of GQD (0.5  g  mL−1, crude drug per g  mL−1) was 
mixed with 30  mL of distilled water in a 250-mL flask. 
The substrates of GQD were subjected to autoclaving at 
121 °C for 20 min, then shook evenly and allowed to cool 
naturally. The sterilized substrates of GQD were inocu-
lated with 2% (v/v) recovered SC and incubated at 28 °C 
in a shaking incubator (180×g). GQD samples were fer-
mented for 48 h and then evaporated to dryness.

The concentrations of GQD and FGQD were approxi-
mately 2 g mL−1 (crude drug per g mL−1) for the animal 
experiments. In addition, the GQD and FGQD extracts 
for LC and LC–MS analysis were also prepared using the 
same protocol mentioned above in triplicate.

Animal handing and biochemical parameters related 
to T2DM measurement
Male Sprague–Dawley rats (200–220 g) were purchased 
from Beijing Vital River Laboratories Co., Ltd. (SCXK 
(Jing) 2014-0013, Beijing, China). The rats were housed 

at a controlled room temperature of 23 ± 2 °C, 55 ± 10% 
humidity and a 12-h dark–light cycle for 10  days with 
free access to food and water. Then, 70 rats were ran-
domly divided into two groups: the normal control 
group (NC, n = 10) and the diabetic rats group (n = 60). 
The NC group was fed a regular diet. The diabetic rats 
group was fed a high-sugar and HFD containing 5% 
sucrose, 10% lard, 5% yolk powder, 1% cholesterol, 
0.1% sodium cholate and 78.9% regular diet. After 
4  weeks of dietary intervention, the diabetic rats were 
fasted for 24 h and then received STZ (35 mg kg−1) dis-
solved in citrate buffer (0.1  M, pH 4.5) by intraperito-
neal injection. The rats in the NC group received an 
equivalent volume of citrate buffer vehicle. One week 
after injection, fasting blood glucose (FBG) levels were 
determined using a drop of blood from the tail vein. 
Rats with FBG level above 11.1  mM were randomly 
subdivided into four groups (n = 13 for each group): 
the diabetic model group (DM) and three treatment 
groups. The treatment groups were fed 0.67  mg  kg−1 
of metformin hydrochloride (HM), 20 g  kg−1 of GQD, 
or 20 g kg−1 of FGQD (crude drug per g kg−1 of body 
weight) every day for 8  weeks. Body weights were 
recorded every week, and FBG levels were measured 
every 2 weeks throughout the experiment.

At the end of the experimental period, the rats were 
sacrificed under anaesthesia, and blood was imme-
diately collected. Total serum cholesterol (TC), tri-
glycerides (TG), high-density lipoprotein cholesterol 
(HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) levels were measured by an ELISA kit (Nan-
jing jiancheng Bioengineering Institute, Nanjing, 
China). The fast serum insulin (FINS) concentration 
was measured using commercial kits (Wa Lan Biotech-
nology, Shanghai, China). The insulin sensitivity index 
(ISI) was calculated according to FBG and FINS. The 
following formula for ISI was used: Ln (1/FBG * FINS) 
[24]. Homeostasis model assessment-insulin resistance 
(HOMA-IR) was calculated to measure the insulin sen-
sitivity of the rats fed the experimental diets using the 
following formula: [FINS × FBG] 22.5−1 [25].

Statistical analysis
Data are expressed as the mean ± S.D. All grouped data 
were statistically analysed with SPSS 13.0. Statistical 
significances between means were determined using 
one-way ANOVA followed by the LSD test of variance 
homogeneity and Dunnett’s T3 test of variance hetero-
geneity after the normal distribution test. Unless oth-
erwise specified, a value of p < 0.05 was selected for 
discriminating significant differences throughout.
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Preparation of standard and sample solutions for HPLC–MS 
and HPLC analysis
For HPLC quantification, a mixed stock solution of ten 
reference substances was prepared at concentrations 
ranging from 1.0 to 2.5  mg  mL−1 in 70% methanol. A 
standard working solution of the mixtures was obtained 
by diluting the stock solutions to the desired concentra-
tions. All solutions were stored at 4 °C before use.

To obtain sufficient chemical ingredients in the GQD 
and FGQD extracts, dried extracts (0.1 g) were accurately 
weighted and separately extracted in 25 mL of 70% meth-
anol (v/v) for 30  min by ultrasonication. After adjust-
ment to the initial weight with methanol, 1 µL and 10 µL 
of the supernatant solution (obtained by centrifuging at 
13,000×g for 10 min) were subjected to LC–MS and LC 
analysis, respectively. To validate the stability of the sam-
ple preparation and instrument, a pooled sample of all 
samples was prepared as quality control samples (QCs) 
for LC–MS. QCs were injected six times before the batch 
process and injected one time every 12 samples during 
the analysis process.

Untargeted metabolomics analysis by HPLC Q Exactive MS
An HPLC Ultimate™ 3000 instrument coupled with 
a Q Exactive MS (Thermo Scientific, Bremen, Ger-
many) was used for untargeted metabolomics in this 
study. Chromatographic separation was performed on 
an Agilent Poroshell 120 EC-C18 column (3 × 100  mm, 
2.7 µm, Agilent, CA, USA). The mobile phase consisted 
of water containing 0.1% (v/v) formic acid (A) and ace-
tonitrile (B). The following gradient was used: 0–10 min, 
5% B to 17% B; 10–12 min, 17% B; 12–14 min, 17% B to 
22% B; 14–19 min, 22% B; 19–29 min, 22% B to 32% B; 
29–30  min, 32% B to 50% B; 30–34  min, 50% B to 90% 
B. The column was equilibrated for 5 min prior to each 
analysis. The flow rate was 0.3 mL min−1, and the column 
temperature was maintained at 30  °C. The mass spec-
trometer was operated in both positive and negative ESI 
full MS–dd-MS/MS acquisition mode with the use of 
the following parameter settings: spray voltage, 3.5  kV; 
sheath gas: 35 arbitrary units; auxiliary gas: 10 arbitrary 
units; capillary temperature: 320  °C; S lens RF level: 55; 
heater temperature: 300 °C. Full scan data were recorded 
for ions with m/z 100–1500 at a resolution of 70,000 
(FWHM defined at m/z 200) in profile format. The auto-
matic gain control (AGC) target values were set at 1 × e6 
and 3 × e6 ions, respectively. The injection time was set 
to 250 ms in  ESI− mode and 100 ms in  ESI+ mode. The 
MS/MS event was triggered when the given precursor 
ion was detected in an isolation window of m/z 2.0. The 
stepped normalized collision energies (NCE) of the ana-
lytes were 10, 30 and 50.

Targeted quantification analysis by HPLC
Targeted metabolite quantification was performed on a 
Waters ACQUITY UPLC H-Class system (Milford, MA, 
USA). Samples were separated on an Agela-MP  C18 col-
umn (2.1  mm × 250  mm, 5  μm, Agela, Tianjin, China) 
maintained at 30  °C. The binary mobile phase consisted 
of water containing 0.1% formic acid (A) and acetoni-
trile (B) at a flow rate of 1.0  mL  min−1. The optimized 
gradient elution program was set as follows: 5–20% B 
(0–25 min), 20% B (25–30 min), 20–22% B (30–35 min), 
22–40% B (35–55 min), 40–63% B (55–65 min), 63–80% 
B (65–70 min). The UV signals from two separate chan-
nels of 254 nm and 276 nm were recorded.

Data processing and analysis
Data from the HPLC Q Exactive MS acquisition and 
processing were used for chemical profile analysis using 
Xcalibur™ 2.2 (Thermo Fisher). The untargeted metabo-
lomics analysis was conducted by using Compound Dis-
covery (version 1.2.1, Thermo SCIEX), and the detailed 
workflow is shown in Additional file  2: Figure S1. The 
multivariate data matrix was introduced into SIMCA-P 
(Version 13.0, Umetrics AB, Umea, Sweden) software for 
“unsupervised” principal component analysis (PCA) and 
“supervised” orthogonal projection to latent structure-
discriminant analysis (OPLS-DA). All variables were UV-
scaled for PCA and Pareto-scaled for OPLS-DA.

Results
Antidiabetic effect
As shown in Fig. 1, the body weight of the diabetic rats 
decreased significantly compared with the NC group 
after STZ injection (p < 0.01). HM reversed the diabe-
tes-induced body weight decrease from the 6th week 
(p < 0.05), whereas FGQD significantly reversed the body 
weight decrease from the 7th and 8th weeks (p < 0.01, 
p < 0.05). However, no significant (p > 0.05) effect was 
observed for the GQD group, suggesting that GQD had 

Fig. 1 Effects of HM, GQD and FGQD on the body weight of 
T2DM rats. **p  < 0.01 DM vs NC; #p  < 0.05 HM vs DM; △p  < 0.05; 
△△p  < 0.01 FGQD vs DM
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no significant effect on weight gain. As shown in Addi-
tional file  2: Figure S2, the FBG level was significantly 
increased in the diabetic rats compared to the NC group 
(p < 0.01) and was decreased in all drug-treated groups 
from the 4th week (p < 0.01, p < 0.05) after the injection 
of STZ. Although no significant difference was observed 
among the drug-treated groups (p > 0.05), the diabetic 
rats in FGQD showed a better trend of recovery. Rats 
in the model group had significantly higher levels of 
TC and TG (p < 0.01) than those in the NC group, and 
these levels were reduced in all drug-treatment groups 
(p < 0.01) (Fig. 2). Notably, the levels of TC and TG were 
significantly lower in the FGQD group than in the GQD 
group (p < 0.01) (Fig. 2). In addition, the treatments with 
HM and FGQD reversed the up-regulation of LDL and 
down-regulation of HDL in the diabetics rats group to 
the control level, whereas no significant (p > 0.05) effect 
was observed for GQD (Fig.  2). As shown in Table  1, 
the diabetic rats showed significant increases in FINS 
and HOMA-IR (p < 0.01) and a decrease in ISI (p < 0.01) 
compared with the NC group. After 8  weeks of drug 

administration, the levels of FINS, ISI and HOMA-IR 
were reversed compared with the DM group (p < 0.01). In 
addition, a notable difference in FINS level was observed 
in the FGQD group (p < 0.01) compared with the GQD 
group. In short, the body weight gain and the regula-
tion of the levels of FINS, TC, TG, LDL and HDL in the 
FGQD group were significantly better than those in the 
GQD group (p < 0.01), but there were no significant dif-
ferences in FBG, ISI and HOMA-IR levels between GQD 
and FGQD. These results suggested that FGQD had bet-
ter therapeutic effect against diabetes than GQD.

Characterization of the chemical constituents in the GQD 
extract
Since herbal medicines are generally taken as a decoc-
tion, we focused on boiled water extracts of GQD and 
their fermentation. The structural characterization of 
compounds in GQD is an essential step in identifying and 
matching those compounds with their secondary metab-
olites obtained through biotransformation. All known 
compounds were identified by comparison with chemi-
cal standards. For unknown compounds, structures were 
tentatively characterized based on retention time and MS 
spectra by referring to the previous literature. Finally, 
assignments of all compounds were further conducted by 
comparing the corresponding extracted ion chromatog-
raphy (EIC) of GQD with those of the individual herbs. 
In total, 133 compounds were rapidly identified or tenta-
tively characterized; these compounds were divided into 
six structural types. The detailed information, including 
retention times, accurate m/z, ppm errors, characteristic 
fragment ions, identified names and formulas, are sum-
marized in Table 2, Additional file 2: Figure S3. Notably, 
two compounds were identified for the first time in GQD: 
6-d-xylose-genistin and kuzubutenolide A.

Isoflavone glycosides
In total, 17 isoflavone C-glycosides and 15 isoflavone 
O-glycosides were identified as the dominant compounds 
from Gengen in GQD (Additional file 2: Figure S4A). P6, 
P11, P18, P26 and P34 were unambiguously identified by 
comparison with reference compounds. According to the 
MS/MS analysis of these authentic compounds, isofla-
vone O-glycosides (P18, P26 and P34) showed dominant 
aglycone ions at m/z 255, 271 and 269, respectively, due 
to the loss of a glucose group (162 Da). By contrast, iso-
flavone C-glycosides (P6 and P11) were hardly cleaved 
under the same conditions and shared the common 
principal fission pattern of successive or simultaneous 
losses of CO, CHO and  CH2O groups caused by cleav-
age of the C-ring. Consequently, the major fragmentation 
behaviours were summarized and then applied as rules to 

Fig. 2 Effects of HM, GQD and FGQD on the serum lipid profile in 
T2DM rats. **p  < 0.01 DM vs NC; #p  < 0.05, ##p  < 0.01 HM vs DM; 
☆☆p  < 0.01 GQD vs DM; △△p  < 0.01 FGQD vs DM; ▲▲p  < 0.01 
FGQD vs GQD

Table 1 Effects of HM, GQD and FGQD on FINS, ISI 
and HOMA-IR of T2DM rats

NC normal control, DM diabetic model, HM metformin hydrochloride, ISI 
insulin sensitivity index, FINS fast serum insulin, HOMA-IR homeostasis model 
assessment-insulin resistance, T2DM type 2 diabetes mellitus

**p < 0.01 DM vs NC; #p < 0.05, ##p < 0.01 HM vs DM; ☆☆p < 0.01 GQD vs DM; 
△△p < 0.01 FGQD vs DM; ▲▲p < 0.01 FGQD vs GQD

Group FINS (mIU/L) ISI HOMA-IR

NC 4.92 ± 0.74 − 3.38 ± 0.24 1.33 ± 0.30

DM 9.88 ± 0.58** − 5.24 ± 0.22** 8.59 ± 1.75**

HM 7.17 ± 0.54## − 4.47 ± 0.36## 3.98 ± 1.07##

GQD 6.78 ± 0.35☆☆ − 4.52 ± 0.23☆☆ 4.18 ± 0.95☆☆

FGQD 5.86 ± 0.55△△▲▲ − 4.26 ± 0.18△△ 3.20 ± 0.60△
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elucidate the structures of the other 27 unknown com-
pounds with the same basic skeleton [18, 26, 27]. Among 
them, P25 showed a precursor ion with m/z 565.15509 
and further fragmented into the characteristic ion at 
m/z 271, corresponding to [M+H–xyl/api–glu]+. More 
importantly, P25 was tentatively deduced as 6-d-xylose-
genistin in GQD for the first time.

Flavone glycosides
The occurrence of flavone O-glucuronides is less com-
mon in plants. Previously published studies have thor-
oughly summarized the fragmentation pathways of 
flavonoids O-glucuronides in Huangqin [28]. As charac-
teristic components, a total of 12 flavone O-glucuronides 
(S6, S16, S19, S22, S24, S26, S27, S28, S29, S30, S31 and 
S32) all from Huangqin were identified and tentatively 
characterized in GQD (Additional file  2: Figure S4B) 
[28–33]. Moreover, S2, S4, S5, S7, S10, S11 and S12 were 
tentatively characterized as flavone C-glycosides. In addi-
tion, S8, S13, S18 and S23 were excluded from flavone 
O-glucuronides by analysing the MS/MS spectra and 
then were finally identified as flavone O-glycosides [33].

In addition, six flavanones glycosides and five chal-
cones glycosides were putatively characterized in GQD 
(Additional file 2: Figure S4C). Among them, G3 and G8 
were identified as liquiritin and isoliquiritin, respectively, 
by comparison with reference standards, and the others 
from Gancao were characterized by analysing their MS/
MS spectra [32, 34]. In addition, S21 was characterized as 
a flavanone glycoside from Huangqin.

Free flavones
In total, 30 free flavones were tentatively assigned and 
could be further divided into isoflavones (8), flavones 
(16), flavanones (3) and chalcones (3) in GQD (Additional 
file 2: Figure S4D). P35, P40 and P41 were confirmed by 
comparison with reference standards. P37 and P39 from 
Gegen and G22, G24 and G25 from Gancao were tenta-
tively characterized as isoflavone aglycones by analysing 
the MS/MS spectra [2, 32]. In addition, the flavones com-
prised 16 compounds from Huangqin. Baicalein (S37) 
produced characteristic ions with m/z 251, 241 and 223 
by loss of  H2O and CO. Wogonin (S40), a methoxylated 
flavonoid, presented a deprotonated ion [M−H]− at m/z 
283.06140 and characteristic fragment ions with m/z 268 
and 239. In addition, a low signal intensity ion with m/z 
163 (0,2A−) through Retro-Diels–Alder (RDA) cleavage 
was observed. Thus, the other 14 flavones in the com-
plex mixtures were characterized based on the literature 
[28, 33]. In negative ion mode, liquiritigenin (G12) and 
isoliquiritigenin (G16), a pair of isomers, showed frag-
mentation patterns associated with RDA cleavage at m/z 
135 or 119. Thus, S1, S20, G10 and G23 were tentatively 

characterized according to the above mentioned MS 
behaviours [28].

Alkaloids
A total of 23 alkaloids from Huanglian were character-
ized based on positive ion mode mass spectra (Additional 
file  2: Figure S4E). Three benzylisoquinoline alkaloids, 
i.e., coptisine, palmatine and berberine, were identified 
by comparison with their authentic standards and the 
production of one or multiple common small fragments 
such as  H2O,  CH3 and  C2H6N, respectively. Based on 
these rules, C6, C8, C9, C10, C11, C12, C13, C15, C16, 
C21 and C23 were observed and further tentatively char-
acterized by analysing characteristic ions [35, 36]. Mag-
noflorine, an aporphinoid alkaloid, exhibited a precursor 
ion at m/z 342.16996 and characteristic ions at m/z 297, 
265, 250 and 237. Similarly, C4 and C5 were tentatively 
identified as aporphinoid alkaloids. The others (C1, C3, 
C7, C17, C20 and C22) were characterized by compari-
son to the literature [27].

Triterpene saponins
Triterpene saponins were the other characteristic con-
stituents from Gancao. In total, six triterpene saponins 
were putatively identified (Additional file 2: Figure S4C). 
Glycyrrhizic acid (G17 or G18) presented an [M−H]− 
ion with m/z 821.39655 and characteristic fragment ions 
at m/z 351 and 193 [32]. G13, G14, G15, G19 and G20 
showed characteristic ions similar to those of glycyrrhizic 
acid and were tentatively characterized according to the 
literature [18].

Others
In addition to the major compounds described above, 
atypical structures were also found in GQD (Additional 
file  2: Figure S4C). P22 and P33, which belong to aro-
matic glycosides, were identified as pueroside A and 
sophoroside A or their isomers [26]. P27 showed an 
[M+H]+ ion at m/z 461.14017 with  MS2 characteristic 
peaks at m/z 299, 281, 253 and 239 and was tentatively 
identified as kuzubutenolide A in GQD for the first time 
[37]. In addition, S9 and S14 were tentatively identified 
as isomers of acteoside and isoacteoside [12, 38], and P38 
and G21 were also tentatively characterized by compari-
son with the literature [33].

Multivariate statistical analysis
To identify chemical markers distinguishing GQD and 
FGQD samples, the negative and positive ion mode 
data detected by HPLC Q Exactive MS were simultane-
ously used for global analysis. Visual inspection of the 
chromatograms for GQD and FGQD indicated that the 
fermentation process induced obviously different peak 
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intensities; that is, FGQD contained more daidzein, liq-
uiritigenin, genistein, and biochanin A and less daidzin 
and liquiritin than GQD (Fig.  3). Multivariate statistical 
analysis was subsequently applied to further reveal the 
minor differences between GQD and FGQD. In the 
PCA score plot (Additional file  2: Figure S5A, B) gen-
erated by PC1 (46.2%) and PC2 (17.9%) for positive ion 
mode and PC1 (51.1%) and PC2 (17.9%) in negative ion 
mode, clear separation can be observed between GQD 

and FGQD. Then, OPLS-DA was further performed to 
process the secondary metabolome data between the 
GQD and FGQD groups by S-plot and VIP-value analy-
sis. The model fit parameters were 0.999 for  R2Y (cum) 
and 0.971 for  Q2 (cum) for positive ion mode and 0.999 
for  R2Y (cum) and 0.987 for  Q2 (cum) for negative ion 
mode, respectively, suggesting that the OPLS-DA model 
exhibited good fitness and predictability. In the S-plots, 
each point represented an ion  tR-m/z pair, whereas the 

Fig. 3 Typical basic peak ion chromatograms obtained by HPLC Q Exactive MS. a GQD; b FGQD. All chromatograms were obtained in negative ion 
mode
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distances of the pair points from the mean centre indi-
cate the contribution of the variables in discriminating 
the GQD and FGQD groups (Fig. 4a, b). The VIP-value 
threshold cut-off of the variables was set to one, and thus 
83 and 117 variables were finally screened in LC/MS 
 (ESI+) and LC/MS  (ESI−), respectively. Among them, 25 
variables were identified in both ion modes. Three vari-
ables and two variables were identified in negative ion 
mode and positive ion mode, respectively. Thus, 30 com-
pounds that had different intensities between GQD and 
FGQD were detected.

To maximize the understanding of the effect of fer-
mentation on GQD, the mean peak areas and the t-test 
results for the significant differences in the 30 com-
pounds from GQD and FGQD are shown in Figs.  5, 6. 
As shown in Fig.  5a1, the mean peak areas of free fla-
vones (P35, P37, P40 and G12) were larger in FGQD 
than in GQD (p < 0.001), whereas the mean peak areas of 
their corresponding O-glycosides (P5, P18, P20, P26, G2 
and G3) were smaller in FGQD than in GQD (p < 0.001, 
p < 0.05), indicating that O-glycoside hydrolysis occurred 
during fermentation processing (Fig.  5a2). P23 could 
also be transformed to P35 by O-glycoside hydrolysis. 
In addition, P10 and P34 contained abundant hydroxyl 
and methyl and were deduced to possibly produce P18 
by dehydroxylation or demethylation. Actually, a marked 

decline in the level of P34 was also observed (p < 0.01) 
(Fig. 5a1), however, its corresponding aglycone P41 was 
not obviously altered in FGQD, which might be due to 
a dynamic equilibrium between their formation (from 
O-glycoside hydrolysis) and further transformation (e.g., 
demethylation). By contrast, C-glucosides appeared to 
be more difficult to transform by SC, since five C-gluco-
sides (P6, P11, P13, P14 and P24) were detected in FGQD 
(Fig.  5b1). Their significant increasing trend was prob-
ably caused by the hydrolysis of low contents of puera-
rin C-glucoside-O-glucoside derivatives, such as P1, P2, 
P3, P4, P8, P12 and P15 (Fig. 5b2). O-C glycoside bonds 
have been reported to be the main effective target of 
β-glucosidase [13], in agreement with our results that 
puerarin (P11) and its derivatives were difficult to hydro-
lyse by β-glucosidase.

As shown in Fig.  6a1, the remarkable increase in the 
level of flavone aglycone (S43) was potentially due to 
hydrolysis of the corresponding flavone O-glucuronide 
(S28), which contains a 6-OCH3 group (p < 0.001). S31, 
which contains an 8-OCH3 group, was more difficult to 
transform by hydrolysis by SC but was easier to produce 
from S25 by dehydroxylation (Fig.  6a2). Although a dif-
ferent strain of yeast was used, the current findings are 
still in agreement with those in a previous study [39]. 
Notably, the increasing trend of S37 is likely partially 

Fig. 4 OPLS-DA score plots (a, c) and S-plots (b, d) between GQD and FGQD. a and c present data in positive ion mode; b and d present data in 
negative ion mode
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a2

b2

Fig. 5 Proposed fermentation-induced chemical transformation mechanisms. a1 Flavone O-glycosides and aglycones; b1 isoflavone C-glycosides; 
a2 proposed biotransformed pathways of flavone O-glycosides and aglycones; b2 proposed biotransformed pathways of isoflavone C-glycosides. 
Solid arrows: prone to happen; dotted arrows: speculated/less likely to happen.  Indicates an elevation of the compound content;  Indicates a 
decrease in the compound content (***p < 0.001, *p < 0.05 GQD vs FGQD)
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responsible for the hydrolysis reactions of the corre-
sponding compound (S19) (Fig.  6a2). A previous study 
demonstrated that Escherichia (E.) coli β-glucuronidases 
could hydrolyse glucuronic acid at the 7-position if the 
structure contains a 6-OH group [39]. Other metabolic 
reactions for flavone-O-glucuronides, including demeth-
ylation and dehydroxylation, were also deduced.

Due to the lack of a free hydroxyl group, alkaloids are 
demethylated to form free hydroxyl groups by SC [36]. In 
this study, a significant increase in demethyleneberberine 
(C9) was observed in FGQD compared to GQD (p < 0.05), 

which probably contributed to the demethylation of C19 
during fermentation processing (Fig. 6b1, b2). There were 
no significant differences in the other benzylisoquinoline 
alkaloids between GQD and FGQD (p > 0.05), thus indi-
cating that the contents of these molecules remained sta-
ble during the fermentation process.

Targeted quantification analysis
As mentioned above, the untargeted metabolomic 
studies indicated that isoflavone O-glycosides, flavone 
O-glycosides, flavone O-glucuronides and alkaloids were 

a2

b2

a1 b1

Fig. 6 Proposed fermentation-induced chemical transformation mechanisms. a1 Flavone O-glucuronides; b1 alkaloids; a2 proposed 
biotransformed pathways of flavone O-glucuronides; b2 proposed biotransformed pathways of alkaloids. Solid arrows: prone to happen; dotted 
arrows: speculated/less likely to happen.  Indicates an elevation of the compound content;  Indicates a decrease in the compound content 
(***p < 0.001, *p < 0.05 GQD vs FGQD)
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potential chemical markers for distinguishing GQD and 
FGQD. Thus, three O-glycosides (daidzin, baicalin and 
liquiritin), one C-glycoside (puerarin), three flavones 
(daidzein, liquiritigenin, and baicalein), and three alka-
loids (coptisine, berberine and palmatine) were quanti-
tatively determined as examples to illustrate the effects 
of processing (Additional file  2: Figure S3, Table  S1). 
Their content changes in GQD and FGQD are sum-
marized in Table  3. As expected, fermentation process-
ing significantly depleted liquiritin (O-glycoside) from 
0.80 ± 0.06  mg  g−1 to 0.48 ± 0.02  mg  g−1 (p < 0.05), 
whereas daidzin was not even detectable in FGQD 
(p < 0.001) after fermentation with SC. Interestingly, 
the concentrations of daidzein and liquiritigenin (free 
flavones) in FGQD were greatly enhanced (p < 0.001, 
p < 0.05, respectively). In addition, an obvious increase 
in the level of puerarin (isoflavone C-glycoside) was 
observed until the end of fermentation. Regarding alka-
loids, the contents of coptisine, palmatine and berberine 
remained relatively stable (p > 0.05). Moreover, there was 
a slight increasing trend for baicalin (flavone O-glucuron-
ide), whereas no significant difference was found between 
GQD and FGQD. Interestingly, the quantitative results 
revealed an increasing trend for baicalein (p > 0.05) did 
not correspond to the results of the untargeted studies, 
which showed a significant increase in the content of bai-
calein in FGQD compared with GQD (p < 0.05).

Discussion
GQD is a well-known TCM formula that has been 
reported to display anti-diabetic properties in the clinic 
[20]. In the present study, we investigated the efficiency 
of FGQD and confirmed that fermentation actually 
enhanced the anti-diabetic activities of GQD in  vivo 
in diabetic rats induced by HFD and STZ. The present 

results suggested that GQD had no significant effect on 
weight gain, in agreement with a previous study [19], 
whereas FGQD showed a significant reversed trend. In 
addition, our study indicated that the level of FBG was 
conspicuously decreased, accompanied by decreases in 
serum TG, TC, LDL-C and FINS and increased HDL-C 
after GQD treatment, consistent with previous work [21]. 
FGQD exerted greater regulatory effects on the levels of 
TC, TG, LDL-C, HDL-C and FINS compared to GQD. 
Thus, both GQD and FGQD displayed effects against 
HFD and STZ-induced diabetes, and FGQD showed a 
better recovery trend associated with profound changes 
in the serum lipoprotein profile and body weight gain. 
These findings further suggest that fermentation can 
play a key role in the search for therapeutically useful 
drugs. Given the pharmacologically decisive roles of the 
involved ingredients, chemical transformations might 
significantly contribute to the therapeutic differences 
between GQD and FGQD. Thus, the chemical profiles of 
GQD and FGQD were further systematically compared 
using the proposed integrated strategy based on untar-
geted and targeted metabolomic analysis.

In this study, 133 secondary metabolites analysed using 
UPLC-Q Exactive MS were identified and characterized 
by comparison with standard references and the litera-
ture. Then, untargeted metabolomics was performed to 
find statistically significant differences between GQD and 
FGQD groups via OPLS-DA S-plot and VIP-value analy-
sis. The OPLS method is a modification of the PLS method 
with a multivariate pre-processing filter called orthogonal 
signal correction (OSC). The OSC filter removes uncor-
related signals to provide information on the within-class 
variation [40]. Overall, 30 potential chemical markers 
contributed to the separation of GQD and FGQD, and the 
mechanisms of the processing-induced chemical transfor-
mation of the secondary metabolites were further eluci-
dated. Although there were no new secondary metabolites 
in FGQD compared with GQD, the amounts of these sec-
ondary metabolites were redistributed in FGQD. Degly-
cosylation reaction by stepwise cleavage of the sugar 
moieties was considered the main metabolic pathway. 
Other chemical reactions, i.e., dehydration, demethylation 
and reduction, were also potentially implicated in the pro-
cessing. These chemical transformations should mainly 
contribute to the fluctuation in the contents of isoflavone 
O-glycosides and flavone O-glucuronides due to process-
ing. These results for the in  vitro biotransformation of 
GQD by SC demonstrated that the fermentation of TCM 
formulas is a complex process.

Due to the lack of reference standards for quantita-
tion and poor baseline separation, only ten representa-
tive compounds with high contents were subjected to 
targeted analysis to illustrate the effects of processing. 

Table 3 Contents of 10 chemical markers in GQD 
and FGQD by SC (mg g−1, n = 3)

The content is expressed in units of mg/g. n.d. indicates under the LOQ. *p < 0.05, 
***p < 0.001 FGQD vs GQD

Compound 0 h 48 h

Puerarin 20.30 ± 0.05 23.57 ± 0.02*

Daidzin 3.67 ± 0.08 n.d.***

Daidzein 0.50 ± 0.02 3.80 ± 0.01***

Liquiritin 0.80 ± 0.06 0.48 ± 0.02*

Liquiritigenin 0.17 ± 0.05 0.50 ± 0.01*

Coptisine 2.23 ± 0.12 2.68 ± 0.003

Palmatine 2.01 ± 0.03 2.36 ± 0.15

Berberine 7.70 ± 0.03 8.10 ± 0.02

Baicalin 10.80 ± 0.02 11.85 ± 0.01

Baicalein 1.26 ± 0.04 1.27 ± 0.03
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For puerarin, daidzin, daidzein, liquiritin and liquir-
itigenin, the results of the targeted quantification were 
consistent with those obtained in the untargeted stud-
ies, thus demonstrating that the hydrolysis of O-gly-
cosides occurred due to the effect of β-glucosidase of 
SC [2, 41, 42] and further supporting speculation that 
C-glucoside is more difficult to transform via biotrans-
formation with SC. In addition, the variation trends 
of coptisine, berberine, palmatine and baicalin in the 
targeted quantification corresponded with the results 
of the untargeted metabolomics, suggesting that mul-
tiple reactions might simultaneously occur, resulting 
in a dynamic equilibrium (Figs. 5, 6). Interestingly, the 
increasing trend of baicalein in the targeted analysis 
was highly different from the significant increase in 
baicalein observed in the untargeted analysis. Thus, 
we conclude that baicalein is altered slightly due to the 
dynamic equilibrium between flavone O-glucuronides 
and their derivatives. According to these results, our 
integrated strategy was useful for screening, matching 
and identifying the metabolites of FGQD.

Increasing evidence has indicated that the ten tar-
geted compounds detected in raw and fermented GQD 
have various regulatory actions against T2DM. The anti-
diabetic effects of Gegen isoflavones have been dem-
onstrated in several studies [43–46]. A previous study 
showed that both puerarin and daidzein from Gegen 
could reduce FBG and improve ISI and hyperlipidaemia 
in diabetic mice or rats [43–45], whereas daidzin showed 
an opposite effect by stimulating glucose uptake [46]. 
In addition, it was reported that daidzein can improve 
plasma TC, TG and HDL-C concentrations in db/db 
mice [43]. Gaur reported that liquiritigenin from Gancao 
could be used as a possible lead for the control of FBG 
levels [47]. Several studies have shown that daidzein and 
liquiritigenin, which are small, hydrophobic molecules, 
are absorbed faster and in higher amounts than their 
glucosides, daidzin and liquiritin, in humans [44]. Thus, 
the increasing trends of flavone aglycones (daidzein and 
liquiritigenin) and isoflavone C-glycosides (puerarin), as 
well as other homologous compounds, might be helpful 
for explaining the greater anti-diabetic effects of FGQD, 
which occur partially via regulation of the levels of ISI, 
TC, TG, and HDL. Moreover, baicalin and baicalein from 
Huangqin have been demonstrated to exhibit excellent 
anti-diabetic activities [48–50]. Berberine, palmatine 
and coptisine have also been reported to exert antidia-
betic effects involved in improving insulin resistance and 
secretion and promoting glucose consumption in 3T3-
L1 murine pre-adipocytes cells [51–53]. Thus, the stable 
contents of baicalin, baicalein, coptisine, berberine and 
palmatine, which showed obvious antidiabetic effects, as 
well as other compounds in FGQD, may contribute to the 

observed anti-diabetic effects. Taken together, these find-
ings will help enhance our understanding of the greater 
anti-diabetic effects of FGQD.

Conclusions
In the present study, the antidiabetic effects and chemi-
cal profiles between GQD and FGQD were systematically 
compared. The anti-diabetic effects of FGQD were more 
potent than those of GQD, suggesting that the anti-dia-
betic activities of TCM formulas might be improved by 
applying fermentation technology. Moreover, the inte-
gration of chromatographic technique-based untargeted 
metabolomics and targeted analysis can be considered a 
useful approach for systematically exploring the chemical 
profiles of raw and fermented formulas. The increasing 
activities might be ascribed to the main constituents of 
transformation between GQD and FGQD. To ensure the 
therapeutic effects and safety of FGQD, the role of fer-
mentation in processing should be further studied.
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