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Abstract

A HPLC method was developed to assess the enhanced bioactivity of bioconverted Mori Folium (MF) extract and to
apply a quality-control system. Liquid-liquid extraction was applied to observe changes in chemical composition
through enzymatic bioconversion. The ethyl acetate layer was used for quality control of the anti-diabetic functional
MF product. A high-performance liquid chromatography method was developed to analyze five marker
compounds (syringaldehyde, trans-caffeic acid, morin 3-O-β-D-glucopyranoside, astragalin, and moracin M 3′-O-β-
glucopyranoside) within 60 min. Optimized sample preparation was sonication for 44 min and a water-to-material
ratio of 102.5 mL/g by response surface methodology. Comparing MF water extract, trans-caffeic acid and
syringaldehyde contents were increased 1.89 times and 2.70 times at Viscozyme-bioconverted material by applying
the developed method. This HPLC method can be used to control the quality of bioconverted MF based on
suitable bioactive markers and also applied to develop anti-diabetic functional foods containing Mori Folium.
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Introduction
Mulberry (Morus alba L.) leaves have been frequently
used in medicinal herbal medicines and functional foods in
Korea and China and are referred to by their Latin name of
Mori folium (MF) (He et al. 2018). MF contains various
bioactive compounds, including phenolic compounds, cou-
marins, terpenoids, melatonin, γ-aminobutyric acid, and al-
kaloids such as 1-deoxynojirimycin, deoxyuridine, and
polysaccharides (Pothinuch et al. 2017; Yang and Han

2006). It has been reported that MF and its extracts have
hypoglycemic effects and display antityrosinase, antidia-
betic, and antioxidant activities (Yang et al. 2017). The vari-
ous bioactive constituents in the root, fruit, and extracts of
MF were recently reported to have antihyperlipidemic
(Thirugnanasambandham et al. 2015), antidiabetic (Jha
et al. 2013), antiobesity (Chang et al. 2016), neuroprotective
(Seo et al. 2015), antimicrobial (Sohn et al. 2004), anti-
inflammatory (Eo et al. 2014), antitumor, and antiathero-
sclerotic activity (Cho et al. 2017; Huang et al. 2014).
Bioconversion, also referred to as biotransformation, is

an interesting food and pharmaceutical processing
method that can enhance the bioactivity of a material
and its extracts (Anson et al. 2009). Microorganisms and
enzymes are used in bioconversion processes. However,
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commercial enzymes (e.g., Viscozyme L. [EC 3.2.1.6]) are
used in bioconversion processes in the food industry in
preference to microorganisms because they have several
advantages in terms of processing convenience, cost-
efficiency with respect to equipment requirements, and a
reduced need for government safety inspections (Guan
and Yao 2008). In recent studies, β-glucosidase was used
to improve the antioxidative activity of MF and its ex-
tracts (Ying et al. 2011). MF water extracts can be bio-
converted by Viscozyme L. and α-glucosidase to
improve antioxidative activity (Chen et al. 2015; Kim
and Jang 2010). Bioactivity studies of MF have been con-
ducted to assess the application of MF and its extracts
to the treatment and prevention of diseases (Oku et al.
2006; Zhang et al. 2008). Numerous studies have
attempted to develop a functional food using MF and
MF extracts (Liu et al. 2009). Especially, our previous
study proved enhanced antidiabetic activity of MF by
bioconversion (Jung et al. 2019).
Many analytical studies of MF and its extracts have

been conducted using high-performance liquid chroma-
tography (HPLC) and liquid chromatography–mass
spectrometry (LC-MS) (Zhang et al. 2008). The chemical
composition of MF has been analyzed, and the major ac-
tive compounds, such as rutin, quercetin, isoquercitrin,
and other flavonoids, have been identified by HPLC and
capillary electrophoresis (Tallini et al. 2015; Ying et al.
2011). MF polysaccharides have been analyzed by high-
pressure size exclusion chromatography and HPLC to
determine their relationships with antidiabetic activity
(Zhang et al. 2014). Pharmacokinetic studies of the anti-
diabetic properties of rutin and quercetin have been per-
formed by reversed-phase HPLC and ultra-performance
liquid chromatography coupled to electrospray ionization
quadrupole time of fight mass spectrometry (Jha et al.
2013).
However, there is no consensus analytical method and

marker compound for quality control of enzyme-
bioconverted MF to apply antidiabetes. Therefore, this
study aimed to develop an analytical method using
HPLC for quality control of the bioconverted MF ex-
tract, and to determine key compounds related to the
improved antidiabetic activity compared to the MF water
extract.

Materials and methods
Chemicals and samples
Syringaldehyde and trans-caffeic acid were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Other stand-
ard compounds (morin 3-O-β-D-glucopyranoside, mora-
cin M 3′-O-β-glucopyranoside, and astragalin) were
provided by Professor Young Ho Kim of the College of
Pharmacy, Chungnam National University (Daejeon,
South Korea). All standards had a purity higher than

95%, and their chemical structures are shown in Fig. 1.
Methanol, ethyl acetate (EtOAc), and acetonitrile (HPLC
grade) were purchased from Honeywell Burdick & Jackson
(Muskegon, MI, USA). Formic acid (HPLC grade) was
purchased from Sigma-Aldrich. The other chemicals used
guaranteed reagent (GR) grade. Ultrapure water was man-
ufactured by a Milli-Q water purification system (Shinhan,
Daejeon, South Korea).

Analytical sample preparation
Sample preparation was modified from Zhang et al.
(2008). All samples were dried, finely ground in a food
mixer (HMF-3080SS; Hanil, Seoul, Korea), and passed
through a 20 mesh sieve. A 0.2 g sample of the resulting
powder was extracted with different volumes of various
solvents by sonication (35 kHz, 118.5W) using an ultra-
sonicator (SD-D250H, Sungdong, Seoul, Korea). In the
extraction process, sonication was used to ensure an effi-
cient extraction from MF (Vichasilp et al. 2009; Ying
et al. 2011). The sample extraction conditions were opti-
mized by response surface methodology (RSM). The
water extract was centrifuged at 3500 rpm for 5 min
using a centrifuge (Smart R17; Hanil, Daejeon, Korea).
The separated supernatant was combined with 20mL of
EtOAc for liquid-liquid extraction (LLE). The LLE
process was repeated twice. All EtOAc layers were col-
lected and evaporated at 40 °C, and then, 2 mL of metha-
nol was added to dissolve the residue. This solution
passed through a 0.22-μm syringe filter, and 10 μL was
used in the HPLC analysis.

Standard preparation and the calibration curve
The standard stock solutions of trans-caffeic acid (1 mg/
mL), syringaldehyde (1 mg/mL), morin 3-O-β-D-gluco-
pyranoside (1 mg/mL), moracin M 3′-O-β-glucopyrano-
side (0.1 mg/mL), and astragalin (0.15 mg/mL) were
prepared individually using methanol and kept at 4 °C
prior to use. For the calibration curve, five different con-
centrations of each compound were used as follows: 1.3,
12.5, 25.0, 50.0, and 100.0 μg/mL for trans-caffeic acid,
syringaldehyde, and morin 3-O-β-D-glucopyranoside;
0.1, 1.3, 2.5, 5.0, and 10.0 μg/mL for moracin M 3′-O-β-
glucopyranoside; and 1.8, 3.6, 7.3, 14.5, and 29.0 μg/mL
for astragalin. All standard solutions were passed
through a 0.22-μm syringe filter before analysis by
HPLC.

HPLC analytical method
The HPLC instrument was a Shimadzu LC-20A HPLC
system (Shimadzu, Kyoto, Japan) equipped with a CBM-
20A communication bus module, SPD-20A UV-visible
detector, LC-20 AD pump, SIL-20A auto sampler, and
CTO-20A column oven. The HPLC analysis was per-
formed on an Optimapak C18 column (250 × 4.6 mm,
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5 μm; RStech Corp., Daejeon, Korea) with a mobile
phase of 0.1% formic acid in water (A) and 0.1% formic
acid in acetonitrile (B) under the following gradient con-
ditions: 5~20% B at 0~120 min and 20~61% B at
120~145min. An UV detection wavelength of 320 nm,
column temperature of 25 °C, and flow rate of 0.7 mL/
min were used. The injection volume of standards and
samples was 10 μL.

Analysis by HPLC coupled with diode array detection
(DAD), electrospray ionization (ESI) and tandem MS
(HPLC-DAD-ESI-MS/MS)
Identification of the major compounds in MF was per-
formed by an LCMS-8040 system (Shimadzu) equipped
with a CBM-20A communication bus module, SPD-
M20A photodiode array detector, LC-20 AD pump, SIL-
20A auto sampler, CTO-20A column oven, and an ESI
source in positive and negative mode. The HPLC-DAD
analysis of the main compounds was conducted in an
Optimapak C18 column (250 × 4.6 mm, 5 μm; RStech
Corp.), with a mobile phase of 0.1% formic acid in water
(A) and 0.1% formic acid in acetonitrile (B) under the
same conditions as in the HPLC analysis. The main
compounds within the MF were monitored in the range
of UV 190~400 nm (split, 1.2 nm). The LC–MS analysis

was performed at an interface voltage of 4.5 kV, and the
ESI interface was − 3.0 kV. The other conditions were a
drying gas flow of 15 L/min, nebulizing gas flow of 3 L/
min, desolation line temperature of 250 °C, and heat
block temperature of 400 °C at a flow rate of 0.7 mL/
min.

Method validation
The chromatographic method was validated in terms of
specificity, linearity, intra-/inter-day precision and accur-
acy, and recovery. The specificity of each peak in the
sample was examined by comparing UV spectra at three
points per peak. Linearity was verified by the determin-
ation coefficient (r2) of the calibration curve between the
peak area and the standard concentration. The limits of
detection (LODs) and limits of quantification (LOQs) of
each component were calculated as 3.3 and 10 times the
signal-to-noise (S/N), respectively. The precision and ac-
curacy of each compound were assessed in triplicate at
three different concentrations (low, middle, and high),
over the range of the calibration curve five times a day
for the intra-day assessment, and over 5 continuous days
for the inter-day assessment. Recovery was determined
in triplicate by spiking three concentrations (80%, 100%,
and 120%) of each compound and applying the following

Fig. 1 Chemical structures of five major compounds in MF water extract and bioconverted MF: a trans-caffeic acid, b syringaldehyde, c morin 3-
O-β-D-glucopyranoside, d moracin M 3′-O-β-glucopyranoside, and e astragalin
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equation: recovery (%) = (a “found” concentration)/(a
theoretical concentration) × 100%.

Optimization of analytical sample preparation conditions
For analytical sample preparation, extraction solvents
(water, 50% methanol, and 100% methanol), sonication
time (15~60 min), and the solvent-to-material ratio (50,
75, 100, and 125 mL/g) were verified. The sample prep-
aration conditions for bioconverted MF were optimized
by the RSM based on a central composite design (CCD)
using the sonication time and solvent-to-material ratio.
The experiment was designed, and statistical analyses
performed, using a trial version (ver. 10.0) of the Design-
Expert software (Stat-Ease Inc., Minneapolis, MN, USA).
The optimized conditions were identified for sample
preparation by comparing the value predicted by RSM
and the experimental result.
Finally, the total experimental procedure is illustrated

in Fig. 2 for better understanding.

Results and discussion
Selection of marker compounds by pattern analysis
The bioconverted MF extracts were compared to MF
water extracts for the selection of marker compounds as a
quality-control measure. When an MF water extract was
compared to a bioconverted MF extract, it was difficult to
determine if changes in the MF chromatogram pattern
were due to bioconversion or matrix effects. The HPLC
patterns of the two extracts were very similar without LLE
(Supplementary Figure 1). From previous studies, it was
considered that the fatty acids and carbohydrates in MF
could have affected the analysis. The dried MF had a
carbohydrate content of 9.70 to 39.70% and a fatty acid
content of 2.09 to 6.90%, values which can increase viscos-
ity, thus causing compounds to agglomerate (Ustundag
and Ozdogan 2015). Fatty acids and carbohydrates can re-
duce the separation efficiency and compound selectivity

by decreasing the interactions between a compound and
the stationary phase (Le et al. 2017). Thus, LLE was ap-
plied for sample extraction to improve the detection of
major compounds, and EtOAc was used according to
Zhang et al. (2008). After the LLE process was applied to
MF, an intense increase in each peak of the main compo-
nents of the bioconverted MF extracts on the chromato-
gram was clearly observed in the EtOAc layer (Fig. 3).
In the resulting HPLC pattern analysis, eight peaks

(compounds 1–8) were increased or decreased by the
bioconversion of MF extracts. Considering the detection
sensitivity, five peaks (compounds 1–5) among the
marker compounds were selected.

Identification of five compounds by LC-MS/MS
The UV and MS spectrums of five selected compounds
(compounds 1–5) were compared using standards specific
for each compound. The maximum absorption wavelength
(λmax) of each compound was as follows: UV 217, 234, and
323 nm for compound 1; UV 209, 226, and 309 nm for
compound 2; UV 201, 255, and 354 nm for compound 3;
UV 315 nm for compound 4; and UV 214, 264, and 341 nm
for compound 5. The best UV wavelength for the detection
of the five components (compounds 1–5) was UV 320 nm,
considering the UV λmax of each compound. The precursor
ions of compounds 1–5 were assigned by LC-MS analysis,
as follows: [M-H]−, m/z = 178.95 for compound 1; [M +
H]+, m/z = 183.05 for compound 2; [M + H]+, m/z =
465.05 for compound 3; [M-H]−, m/z = 449.15 for com-
pound 4; and [M + H]+, m/z = 449.10 for compound 5.
The five selected candidate markers were identified by

HPLC-DAD-ESI-MS/MS according to retention time,
UV-spectrum, molecular weight, and MS/MS fragment
ion data in comparison to each standard. The five se-
lected compounds were identified as trans-caffeic acid,
syringaldehyde, morin 3-O-β-D-glucopyranoside, mora-
cin M-3′-O-β-glucopyranoside, and astragalin (Table 1).

Fig. 2 The experimental procedure for quality control of untreated and bioconverted MF related to anti-diabetes
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Marker candidates were detected in both water extract
and bioconverted MF. The bioactivities of selected marker
candidates were verified to confirm the marker com-
pounds and explain the enhanced bioavailability of bio-
converted MF extract. Syringaldehyde (0.73 μg/g) is an
antidiabetic compound (Huang et al. 2012). Trans-caffeic
acid (0.58 μg/g) is a secondary abundant ingredient in bio-
converted MF extract, and its known bioactivities are
growth-stimulatory, antitumor, and antidiabetic activities
(Dhungyal et al. 2014; Tyszka et al. 2017; Vendrig and
Buffel 1961). Morin 3-O-β-D-glucopyranoside has anti-

cancer, allelopathic, antifungal, and antioxidant activ-
ities (Jin et al. 2014). Moracin M 3′-O-β-glucopyra-
noside has moderate tyrosinase inhibitory activities
(Kang et al. 2011). Astragalin, an antioxidant, is a
representative compound of Morus alba leaves (Choi
et al. 2013). In consideration of their peak detection
sensitivity and antidiabetic activity, syringaldehyde
and trans-caffeic acid were suggested as marker
compounds for the quality control of bioconverted
MF extract when applying a commercial antidiabetic
extract.

Fig. 3 HPLC chromatograms of a standard mixture, b MF water extract, and c bioconverted MF; 1, trans-caffeic acid; 2, syringaldehyde; 3, morin
3-O-β-D-glucopyranoside; 4, moracin M 3′-O-β-glucopyranoside; and 5, astragalin

Table 1 Peak identification of five marker candidates in bioconverted MF extract by HPLC-DAD-ESI-MS/MS

Compound No. Retention
time (min)

UV λ (nm) Molecular
weight

Molecular
formula

MS1 (m/z) MS2 (Rel. Int. %) Identification CE (V)

1 17.67 217,323 180 C9H8O4 [M-H]− (178.95) 134.80 (100%), 133.90 (15%) Trans-caffeic acid 17.0

2 30.51 217,309 182 C7H6O4 [M + H]+ (183.05) 155.15 (38%), 123.10 (100%),
95.05 (71%), 77.00 (84%),
65.10 (23%)

Syringaldehyde − 12.0

3 41.24 212,253,351 464 C21H20O12 [M + H]+ (465.05) 303.00 (100%) Morin-O-β-D-
glucopyranoside

− 12.0

4 44.27 219,316 404 C20H20O9 [M + HCOO]− (449.15) 403.05 (50%), 240.90 (100%) Moracin M-3′-O-β-
glucopyranoside

20.0

5 53.57 214,265,339 448 C21 H20O11 [M + H]+ (449.10) 284.90 (29%), 283.95 (100%),
254.90 (70%), 226.95 (69%)

Astragalin − 13.0
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Optimization of the analytical method
After selecting the marker compounds, the HPLC
method was optimized to increase analytical efficiency
by improving the shape of the selected peaks and analyt-
ical time. First, the effect of including an acidic modifier
in the mobile phase was verified for the selected peaks
using 0.1% formic acid. Peak tailing was reduced, and
the symmetry of the peak improved, by adding the acidic
modifier; 0.1% formic acid was added to both mobile
solvents (Supplementary Figure 2). Many small peaks
appeared and disappeared by adding 0.1% formic acid.
In details, the peak at 61 min disappeared, and the high-
est peak at 53 min newly found by adding 0.1% formic
acid. The gradient condition of the mobile phase was
then adjusted to reduce the total analytical time, with
consideration of peak separation for the five marker
compounds (Supplementary Figure 3). The best gradient
condition was 15 to 20 B % at 0–45 min and 20 to 45 B
% at 45–60 min. Total analytical time was reduced to 60
min when pattern analysis was used for optimization.

Optimization of sample preparation by RSM
In the pattern analysis, it was difficult to determine the
compounds that were changed in the bioconverted MF
extract compared to the MF water extract in the HPLC
pattern analysis. This was likely due to the matrix effects
in the results arising from the more complicated com-
position of the MF following bioconversion. Therefore,
LLE was essentially used to verify the improvement in
bioactive compounds, and for quality control of the bio-
converted MF extract.
Using the information obtained from the HPLC pat-

tern analysis, analytical sample preparation was im-
proved by optimizing the extraction solvent, extraction
process, extraction time, and solvent-material ratio. The
key factors in sample preparation are the extraction time
and solvent-material ratio, which were optimized by
RSM.
Water was used as the extraction solvent because its

extraction efficiency for the five marker compounds was
higher than that of the other solvents (Supplementary
Figure 4). Thirteen RSM runs were performed to obtain
the response values for three levels of a CCD (Table 2).
The dependent variable was the peak area (Y) of the five
main compounds determined by quantitative HPLC-
DAD-ESI-MS-MS. The optimal conditions for analytical
sample preparation were predicted to be an extraction
time of 44.25 min and a solvent-to-material ratio of
102.50 mL/mg (Fig. 4). The suitability of the RSM was
confirmed by a fitness and p value as 2482.23 and 0.001,
respectively (Supplementary Table 1). To apply these
conditions in actual experiments, the predicted values
were modified slightly to 44 min and 105 mL/mg, re-
spectively. When an actual experiment was performed

using the modified values of the RSM model, the experi-
mental result showed a 98% match to that predicted by
the model (Supplementary Table 2). This indicates that
the optimal conditions obtained in this study can be ap-
plied to the analytical sample preparation process, for
quality control and manufacture of a bioconverted MF
extract with antidiabetic properties. In summary, the op-
timized sample preparation process for bioconverted MF
extract is as follows: A 0.2 g sample of the powder is ex-
tracted with 20.5 mL of water in a conical flask by sonic-
ation for 44 min and then centrifuged (3500 rpm for 5
min). The supernatant from this mixture is mixed with
the same value of EtOAc for LLE, which is repeated
three times. All EtOAc partitions are merged and evapo-
rated and then methanol (2 mL) is added to dissolve the
residue. The final solution is filtered through a 0.22-μm
syringe filter and used as the analytical sample.

Method validation
When the UV spectra of three points on each peak in
the sample were compared, all spectra of the peak were
exactly matched. It indicated that the separated peaks
had sufficient specificity, with no contamination by other
components (Supplementary Figure 5). The coefficient
of determination for linearities (R2) of the five marker
compounds were greater than 0.9994; therefore, it was
confirmed that the peak area increased in relation to the
analyte concentration over the selected concentration
range. The LOD and LOQ of the marker compounds
were 0.010~0.135 and 0.029~0.411 μg/mL, respectively
(Supplementary Table 3). The precision and accuracy
for marker compounds determined by intra- and inter-

Table 2 The central composite design matrix for optimal
sample preparation

Run Independent variables Peak area

X1 extraction
time (min)

X2 solvent-to-material
ratio (mL/g)

Y(*106)

1 45 (0) 100 (0) 16.3

2 45 (0) 100 (0) 16.4

3 45 (0) 100 (0) 16.3

4 45 (0) 100 (0) 16.3

5 30 (− 1) 100 (0) 15.5

6 60 (1) 125 (1) 14.4

7 30 (− 1) 75 (− 1) 12.8

8 45 (0) 75 (− 1) 14.0

9 60 (1) 75 (− 1) 13.7

10 45 (0) 100 (0) 16.3

11 60 (1) 100 (0) 15.8

12 45 (0) 125 (1) 14.8

13 45 (0) 125 (1) 15.3
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day analysis were below 2.0% RSD and 98.6 to 103.8%,
respectively (Supplementary Table 4).
The repeatability of the developed method was good,

with RSD values less than 1.30%. The quantitation and
relative retention time results are given in Supplemen-
tary Table 5. When each standard was spiked in the bio-
converted MF sample, the recovery of the marker
compounds ranged from 97.97 to 103.56%, with an RSD
less than 3% (Supplementary Table 6). Considering the
repeatability and recovery results, it was confirmed that
the analytical method developed in this study had suffi-
cient reproducibility. The validation data indicated the
appropriateness of the developed method with regard to
the method validation guidelines of the Ministry of Food
and Drug Safety, South Korea (KFDA), US Food and

Drug Administration (FDA), and International Council
for Harmonisation (ICH).

Content of major compounds
The MF extract was bioconverted by Viscozyme to en-
hance its antidiabetic function. However, quantitative
variation in the bioconverted MF was not readily easily
observed, and quality control was difficult. Therefore,
LLE was applied, and the EA fraction was used for qual-
ity control of the bioconverted MF extract. Based on the
quantitative analysis data for the five marker com-
pounds, their concentrations in the bioconverted MF ex-
tract followed the order of syringaldehyde (0.73 μg/g) >
trans-caffeic acid (0.58 μg/g) > morin 3-O-β-D-glucopyr-
anoside (0.48 μg/g) > astragalin (0.17 μg/g) > moracin M

Fig. 4 Optimal extraction conditions of five major compounds for bioconverted MF extract by RSM

Kim et al. Journal of Analytical Science and Technology            (2021) 12:2 Page 7 of 9



3′-O-β-glucopyranoside (0.05 μg/g). In comparison to
the MF water extract, trans-caffeic acid and syringalde-
hyde were increased by 1.89 and 2.7 times, respectively,
in the bioconverted MF extract. In contrast, morin 3-O-
β-D-glucopyranoside, moracin M 3′-O-β-glucopyrano-
side, and astragalin were decreased by 0.88, 0.58, and
0.52 times, respectively (Table 3). These results support
our previous experiment that bioconverted MF showed
better antidiabetic action than unaltered MF in mice
(Jung et al. 2019). Thus, the key compounds of enhanced
antidiabetic effect were considered syringaldehyde and
trans-caffeic acid, and they should be used for maker
compounds for quality control.
Based on the quantitative monitoring data, the average

concentrations of syringaldehyde and trans-caffeic acid
were 0.73 ± 0.01 and 0.58 ± 0.02 μg/g, respectively, and
their RSDs were 1.69 and 2.83%, respectively. Therefore,
the criteria used to determine the commercial suitability
of bioconverted MF for treating diabetes was suggested
to be a syringaldehyde concentration of 0.58 μg/g and
trans-caffeic acid concentration of 0.46 μg/g in 80.0%,
based on all of the data for each marker.

Conclusion
The purpose of this study was to determine the key ac-
tive compounds that explain why a bioconverted MF ex-
tract has enhanced antidiabetic properties relative to an
MF water extract. A HPLC pattern analysis revealed that
LLE is necessary to observe changes in the levels of
compounds in an enzyme-processed MF extract because
it reduces matrix effects. Five compounds were selected
as marker compound candidates (syringaldehyde, trans-
caffeic acid, morin 3-O-β-D-glucopyranoside, astragalin,
and moracin M 3′-O-β-glucopyranoside) for quality
control of the bioconverted MF extract because they
showed antidiabetic functions. A HPLC method was de-
veloped using the five candidate compounds, and they
were analyzed within 60min. The new method was well
validated, and sample preparation was optimized by
RSM. Among the five marker compounds, the concen-
tration of two compounds (syringaldehyde and trans-
caffeic acid) known to have antidiabetic properties were
increased in the bioconverted MF extract processed by

Viscozyme. The new HPLC method and the marker
compounds will enable the development of antidiabetic
functional foods, and quality control of commercial MF
extracts obtained by bioconversion using enzymes (e.g.,
Viscozyme).
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