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Abstract: Fermentation is a technology that enhances biologically active ingredients, improves the
absorption rate and induces the generation of new functional ingredients by the catalytic action
of enzyme systems possessed by microorganisms. In this study, changes in the content of five
kinds of bioactive compounds (deacetylasperulosidic acid, asperulosidic acid, scopolin, asperuloside
and scopoletin) of Morinda citrifolia L. were confirmed by fermentation, and a high-performance
liquid chromatography-photodiode array (HPLC-PDA) analysis method for measuring analytes
was developed and validated. HPLC method for the determination of five bioactive compounds in
Morinda citrifolia L. extracts (MCE) was validated in terms of sensitivity, linearity, selectivity, limit of
detection (LOD) and quantification (LOQ), precision and accuracy. The coefficient of determination
of the calibration curve for bioactive compounds (1.56–100 µg/mL) showed linearity (R2 ≥ 0.9999).
LOD and LOQ were in the range 0.04–0.97 and 0.13–2.95 µg/mL, respectively. The range of intra-
and intraday accuracies values (recovery) were 97.5–121.9% and 98.8–118.1%, respectively, and
precision value (RSDs) of the bioactive compounds were <4%. In addition, changes in the content
of five bioactive compounds in MCE by fermentation were confirmed. These results indicate that
the developed fermentation and analysis method could be applied in the development of potential
functional food ingredients.

Keywords: Morinda citrifolia L.; fermentation; bioactive compound; HPLC; analytical method validation

1. Introduction

Morinda citrifolia L. is found in Polynesia, India and China and has been used as a
traditional folk medicinal plant for about 2000 years ago. Polynesians have used not only
the flesh, but also roots, stems, bark, leaves and flowers to treat wounds [1]. M. citrifolia fruit
also shows astringent or bitter taste when ripe and a strong rancid smell similar to butyric
acid. In addition, the functional ingredients including minerals, vitamins and phenolic
compounds have been studied [2]. Additionally, the efficacy of M. citrifolia on antioxidant,
anti-inflammatory, anticancer, antibacterial, diabetes and cardiovascular disease has been
reported [3–5]. Due to the variety of adaptations and uses of plant structures for various
therapeutic purposes, M. citrifolia has attracted the attention of researchers in food and
pharmaceutical industries, and the possibility as a functional food material has been
raised [2,6].
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M. citrifolia has already been reported to contain more than 160 phytochemicals such as
alkaloids, phenolic and organic acids [7]. Among the alkaloids already identified, proxero-
nine, a precursor of xeronine, was discovered by Heinicke [8]. The proxeronine is converted
to the xeronine in the human intestine by proxeroninase [9]. Xeronine produced in the body
is an essential alkaloid for cell regulation. It regulates the structure and function of proteins
to regenerate damaged cells, activates all functions in the body, and plays an important role
in helping nutrient absorption functions [4]. Iridoids are phytochemicals produced by the
plants self-defense mechanism [10]. Iridoids have many biological functions in human such
as ant-inflammatory, immunomodulatory, hepatoprotective, neuroprotective, cardioprotec-
tive, anticancer, antioxidant, antimicrobic and hypoglycemic [11]. They are found mainly
in the leaves and young stems, but very rarely in fruits [12]. However, M. citrifolia has been
reported to contain a large amount of iridoid compounds, among which deacetylasperu-
losidic acid, asperulosidic acid and asperuloside are major iridoid in M. citrifolia [13,14].
Coumarins play an important role in regulation of plants growth and metabolites [15].
These are also a wide range of biological function such as anti-inflammatory, antioxidant,
antibacterial and anticancer [16–18]. Among these, scopoletin is one of the representative
coumarin derivative in M. citrifolia [19].

Functional foods including designer foods, therapeutic foods, medifoods, medicinal
foods, therapeutic foods, foodceuticals and superfoods are foods manufactured using
bioactive compounds [20]. Functional foods are aimed at reducing the risk of disease
occurrence or maintaining and promoting health through activation of biological func-
tions [21]. Fermentation is a process in which microorganisms decompose organic matter
using enzymes, and involves converting large molecules into small molecules or including
molecular oxidation/reduction mechanisms mediated by selected microorganisms [22].
The purpose of fermentation is to increase the content of active ingredients, improve the
absorption rate and induce the generation of new functional ingredients by inducing struc-
tural changes of natural physiologically active substances through biological methods [23].
Additionally, it is being used to develop foods with enhanced physiological activity as a
method of increasing the functionality of natural materials [24]. In this study, fermentation
was applied to enhance the bioactive compounds and was a suggested possibility for
function foods ingredients.

In order to develop functional foods, it is necessary to scientifically prove the function-
ality and stability of the bioactive compounds they possess. It is also required to standardize
the bioactive compounds present in the food [25]. Standardization is a technology that
can produce consistent quality by minimizing fluctuations in functional ingredients con-
tained in natural substances [26]. Standardization requires technology and information
management used throughout the manufacturing process from the production of raw
materials to the final product development. In general, constant quality is confirmed by
using changes in the marker compound [27]. Therefore, it is necessary to use a recognized
method or a precise analytical method to measure the content of the marker compound,
and the scientific validity and reliability of the analysis method should be verified in order
to establish a reference standard.

In this study, in order to standardize fermented M. citrifolia L. extracts (MCE) as a
health functional food ingredient, we developed and validated a high-performance liquid
chromatography-photodiode array (HPLC-PDA) method. PDA detector is a detector that
uses the principle that the target analyte absorbs light in the UV or visible range, and the
analyte requires a chromophore for detection [28]. Additionally, the PDA detector uses a
photodiode imaging sensor to monitor the entire UV-vis spectrum of the material passing
through the flow cell. Coumarin is a crystalline soluble in ether, chloroform, ethanol
and water. Reverse-phase (RP) HPLC is most commonly used for the identification and
quantification of coumarin [29]. The physical properties of most natural coumarins are
that they are fluorescent in UV light [30]. Sproul et al. [31] reported that the diode array
detection HPLC method is suitable for the analysis of coumarin in various foods. Iridoid
compounds with COOH and COOR substituents in C4 have strong absorption between
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230 and 240 nm due to the chromophore α·β-unsaturated acid, ester and lactone structure
in the molecule [32]. Therefore, the maximum absorption wavelength of five bioactive
compounds in MCE with chromophores was investigated, and a wavelength range for
simultaneous analysis of them was selected. Additionally, the changes in their content
during the fermentation process was measured.

2. Materials and Methods
2.1. Chemicals and Standards

Acetonitrile (ACN; ≥99%) was acquired from J.T. Baker (Philipsburg, NJ, USA) and
formic acid (≥98%; Junsei, Tokyo, Japan) was diluted with distilled water to prepare a
mobile phase with 0.1%. The chemical standards deacetylasperulosidic acid (CAS. 14259-
55-3; ≥98%), asperulosidic acid (CAS. 25368-11-0; ≥98%), scopolin (CAS. 531-44-2; ≥98%),
asperuloside (CAS. 14259-45-1; ≥98%) and scopoletin (CAS. 92-61-5; ≥98%) were obtained
from ChemFaces (Wuhan, Hubei, China). All standards were accurately weighed with an
appropriate weight, and a stock solution was prepared by dissolving in distilled water.

2.2. Sample Preparation

M. citrifolia L. freshly harvested in French Polynesia was provide through NST Bio
Noni Farm Co., Ltd. (Incheon, Korea). M. citrifolia L. was fermented with Lactobacillus brevis
(NST707) using the fermentation system as follows: M. citrifolia L. washed with lukewarm
water was cut into pieces. The samples (100 g) were fermented with 500 mL of water and
2% (8 × 1011 CFU/g) Lactobacillus brevis (NST707) at 30 ◦C for 72 h. At the end of the
fermentation period, the ferment was filtered to eliminate debris and fruit particles. Then
the ferment was freeze-dried to obtain the fermented MCE. Additionally, non-fermented
MCE was obtained by proceeding under the same method with fermented MCE except
for the treatment of Lactobacillus brevis (NST707). The non-fermented MCE and fermented
MCE (25 mg) were mixed with 25 mL of distilled water. The mixture was sonicated for
10 min and filtered using 0.22 µm PVDF filter (Millex-HV, Millipore, Bedford, MA, USA).

2.3. HPLC Instrument Conditions

The chromatography was separated on a Waters 2695 separation module HPLC system
(Waters Co., Milford, MA, USA) coupled with the Waters 996 photodiode array detector,
and equipped with Shiseido Capcell Pak C18 UG120 column (Shiseido, 4.6 mm 250 mm,
5.0 µm, Tokyo, Japan). The temperature of the column was maintained at 30 ◦C, and the
pump was connected to two mobile phases (A: 0.1% formic acid in distilled water; v/v
and B: acetonitrile) with a gradient elution as follows: 0–5 min, maintained at 100% A;
5–30 min, linear from 100 to 65% A; 30–35 min, linear from 60 to 100%. The mobile phase
was filtered with 0.45 µm membrane filter (Whatman, Amersham, UK) and degassed
under vacuum. The injection volume and flow rate were set at 10 µL and 1.0 mL/min,
respectively. The photodiode array detector was monitored for all standards at 254 nm
for quantitative analysis. HPLC system operation and processing were performed using
Waters Empower software.

2.4. Method Validation

International Conference on Harmonization (ICH) suggested guidance and recommen-
dations on how to consider the validation for analytical procedure in 2005 [33]. According
to ICH guidelines, the HPLC method for the determination of five bioactive compounds
(deacetylasperulosidic acid, asperulosidic acid, scopolin, asperuloside and scopoletin) in
MCE was validated in terms of sensitivity, linearity, selectivity, limit of detection (LOD) and
quantification (LOQ), precision and accuracy. The calibration curve was estimated by dilut-
ing the stock solution with distilled water in seven concentration increments ranging from
1.56 to 100 µg/mL for all standards. In the process of the analysis method development
and verification, the calibration curve evaluation shows sensitivity and linearity. The LOD
and LOQ of bioactive compounds were calculated using the slope and standard deviation



Separations 2021, 8, 80 4 of 11

of a calibration curve and determined by signal-to-noise ratios of 3.3 and 10, respectively
as following formula: LOD = 3.3(δ/S); LOQ = 10(δ/S), with δ being the standard deviation
at 6.25 µg/mL and S the slope of the calibration curve. Additionally, matrix-matched
calibration curves were prepared by spiking standards into non-fermented and fermented
MCE to confirm the interference with the matrix peak. For selectivity evaluation of HPLC
method, chromatograms were confirmed to ensure that the ingredients in non-fermented
and fermented MCE did not interfere with the analysis of the target analyte. The precision
and accuracy were determined in two matrices at three different concentration of standards
(12.5, 25 and 50 µg/mL). Furthermore, the results were assessed by intraday (three times
repeated in a day) and interday (three times repeated in three different days).

3. Results
3.1. Method Development

Suitable simultaneous determination of the bioactive compounds of MCE including
deacetylasperulosidic acid, asperulosidic acid, scopolin, asperuloside and scopoletin were
performed by the HPLC-PDA method. They were efficiently set to the separation conditions
using a Shiseido C18 column (4.6 mm × 250 mm, 5.0 µm) maintained at 30 ◦C and a mobile
phase system consisted of formic acid and distilled water gradient conditions. Using
the established assay, bioactive compounds were separated within 35 min (Figure 1a).
The measurement wavelength range was set from 200 to 400 nm, and five standards
were detected up to 256 nm wavelengths, of which 254 nm was used in consideration of
the baseline and the degree of separation with Rs value ≥ 1.60. Method specificity was
determined by comparing PDA spectrums and retention time of five standards as follows
(Figure 1e–f): deacetylasperulosidic acid (λmax = 238 nm; RT = 11.5 min), asperulosidic
acid (λmax = 237 nm; RT = 17.9 min), scopolin (λmax = 277, 290 and 340 nm; RT = 19.1 min),
asperuloside (λmax = 238 nm; RT = 19.6 min) and scopoletin (λmax = 229, 297 nm and 344;
RT = 24.6 min).
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3.2. Method Validation
3.2.1. Selectivity, Linearity, LOD and LOQ

Selectivity of the HPLC method refers to the degree to which a particular component
can be determined without interference from other components in the food matrix of a
complex mixture [34]. As shown Figure 2, the chromatograms of bioactive compounds
spiked in the non-fermented and fermented MCE were efficiently separated with no
interference and coelution peaks using the Capcell Pak C18 column. The linearity of the
established HPLC-PDA method was determined in the 1.56–100 µg/mL for bioactive
compounds. The coefficient of determination (R2) of the bioactive compounds were in
the range of 0.9999–1.0000. As shown Table 1, the LOD and LOQ values of the bioactive
compounds ranged from 0.04 to 0.97 and 0.13 to 2.95 µg/mL, respectively.
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Table 1. Coefficient of determination of the calibration curves, LOD and LOQ of bioactive compounds analysis for
non-fermented and fermented Morinda citrifolia L. extracts.

Analytes Range
(µg/mL) Slope Intercept Coefficient of

Determination (R2)
LOD 1

(µg/mL)
LOQ 2

(µg/mL)

Deacetylasperulosidic acid 1.56–100 4081.36 360.71 1.0000 0.76 2.30
Asperulosidic acid 1.56–100 2716.59 736.72 0.9999 0.26 0.77

Scopolin 1.56–100 6052.10 1032.58 1.0000 0.44 1.34
Asperuloside 1.56–100 2797.46 −167.51 1.0000 0.97 2.95

Scopoletin 1.56–100 7441.30 619.61 1.0000 0.04 0.13
1 LOD is the limit of detection. 2 LOQ is the limit of quantification.

3.2.2. Precision and Accuracy

The recovery results for the bioactive compounds were performed using developed
analytical method by spiking non-fermented and fermented MCE with 12.5, 25 and
50 µg/mL of bioactive compounds (Table 2). The average recoveries in non-fermented
MCE were 103.0–117.7% for deacetylasperulosidic acid, 112.9–118.1% for asperulosidic acid,
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97.5–101.5% for scopolin, 99.7–103.1% for asperuloside and 99.3–102.2% for scopoletin. In
fermented MCE, the average recoveries were 105.2–121.9% for deacetylasperulosidic acid,
100.2–102.6% for asperulosidic acid, 97.5–99.1% for scopolin, 99.5–100.6% for asperuloside
and 100.2–100.9% for scopoletin.

Table 2. Recoveries of bioactive compounds (three different concentrations) in non-fermented and fermented Morinda
citrifolia L. extracts.

Matrix Analytes Concentration
(µg/mL)

Mean ± SD
(µg/mL)

RSD 1

(%)
Recovery

(%)

Non-fermented
Morinda citrifolia L.

Deacetylasperulosidic acid

Intraday
12.5 12.87 ± 0.20 1.53 103.0
25 27.15 ± 0.72 2.66 110.5
50 60.95 ± 2.08 3.41 117.7

Interday
12.5 13.30 ± 0.03 0.21 106.4
25 27.62 ± 0.51 1.85 110.5
50 58.83 ± 2.32 3.95 117.7

Asperulosidic acid

Intraday
12.5 14.27 ± 0.13 0.93 114.1
25 28.23 ± 0.26 0.93 112.9
50 58.75 ± 2.10 3.58 117.5

Interday
12.5 14.15 ± 0.12 0.83 113.2
25 28.49 ± 0.54 1.91 114.0
50 59.05 ± 1.92 3.26 118.1

Scopolin

Intraday
12.5 12.18 ± 0.05 0.40 97.5
25 24.43 ± 0.05 0.20 97.7
50 50.70 ± 1.68 3.31 101.4

Interday
12.5 12.39 ± 0.17 1.35 99.1
25 24.69 ± 0.51 2.08 98.8
50 50.73 ± 1.75 3.44 101.5

Asperuloside

Intraday
12.5 12.46 ± 0.11 0.87 99.7
25 25.06 ± 0.23 0.91 100.2
50 51.73 ± 1.96 3.60 103.1

Interday
12.5 12.46 ± 0.35 2.83 99.7
25 25.13 ± 0.61 2.42 100.5
50 51.57 ± 1.86 3.60 103.1

Scopoletin

Intraday
12.5 12.42 ± 0.07 0.57 99.4
25 24.95 ± 0.01 0.03 99.8
50 51.11 ± 1.07 2.09 102.2

Interday
12.5 12.42 ± 0.18 1.42 99.3
25 25.06 ± 0.33 1.31 100.2
50 50.95 ± 1.03 2.03 101.9

Fermented
Morinda citrifolia L.

Deacetylasperulosidic acid

Intraday
12.5 13.15 ± 0.28 2.13 105.2
25 27.82 ± 0.80 2.87 108.6
50 57.80 ± 0.89 1.54 121.9

Interday
12.5 13.37 ± 0.15 1.10 107.0
25 28.13 ± 0.51 2.06 112.5
50 57.59 ± 1.05 1.82 115.2

Asperulosidic acid

Intraday
12.5 12.71 ± 0.30 2.38 101.7
25 25.22 ± 0.21 0.82 100.9
50 51.10 ± 0.28 0.54 102.2

Interday
12.5 12.52 ± 0.33 2.60 100.2
25 25.44 ± 0.73 2.89 101.7
50 51.30 ± 0.81 1.57 102.6
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Table 2. Cont.

Matrix Analytes Concentration
(µg/mL)

Mean ± SD
(µg/mL)

RSD 1

(%)
Recovery

(%)

Scopolin

Intraday
12.5 12.19 ± 0.08 0.66 97.5
25 24.45 ± 0.04 0.15 97.8
50 49.33 ± 0.30 0.61 98.7

Interday
12.5 12.40 ± 0.24 1.90 99.1
25 24.69 ± 0.51 2.08 98.8
50 50.73 ± 1.75 3.44 99.0

Asperuloside

Intraday
12.5 12.47 ± 0.03 0.27 99.8
25 24.98 ± 0.24 0.97 99.9
50 49.77 ± 0.38 0.76 99.5

Interday
12.5 12.56 ± 0.22 1.78 100.5
25 25.14 ± 0.45 1.80 100.6
50 49.86 ± 0.87 1.74 99.7

Scopoletin

Intraday
12.5 12.57 ± 0.09 0.74 100.6
25 25.12 ± 0.06 0.23 100.5
50 50.47 ± 0.29 0.58 100.9

Interday
12.5 12.55 ± 0.18 1.42 100.4
25 25.06 ± 0.33 1.31 100.2
50 50.40 ± 0.54 1.06 100.8

1 RSD is the relative standard deviation.

The precision of bioactive compounds analysis was determined using the intraday and
interday RSDs. The respective intraday and interday precisions ranges for all standards
are as follows: In non-fermented MCE, from 1.53 to 3.41% and from 0.21 to 3.95% for
deacetylasperulosidic acid; from 0.82 to 3.58% and from 0.83 to 3.26% for asperulosidic
acid; from 0.15 to 3.31% and from 1.35 to 3.44% for scopolin; from 0.27 to 3.60% and from
1.74 to 3.60% for asperuloside; from 0.03 to 2.09% and from 1.06 to 2.03% for scopoletin; in
fermented MCE, from 1.54 to 2.13% and from 1.10 to 2.06% for deacetylasperulosidic acid;
from 0.54 to 2.38% and from 1.57 to 2.89% for asperulosidic acid; from 0.15 to 0.66% and
from 1.90 to 3.44% for scopolin; from 0.27 to 0.97% and from 1.74 to 1.80% for asperuloside;
from 0.23 to 0.74% and from 1.06 to 1.42% for scopoletin.

3.3. Quantitative Analysis of Bioactive Compound in Non-Fermented and Fermented Morinda
citrifolia L. Extracts

The bioactive compounds were analyzed in the non-fermented and fermented MCE
using the developed and validated HPLC-PDA analytical method. Each analyte peak was
identified by comparing the retention time and PDA spectrum of the reference standard.
Using the calibration curves of each standard, the amounts of the bioactive compounds
in the three batches of the non-fermented and fermented MCE were calculated. The
HPLC-PDA based method showed that non-fermented and fermented MCE contained
15.71 ± 0.74 mg/mL of deacetylasperulosidic acid and 15.16 ± 0.38 mg/mL of asperulosidic
acid, and 18.52 ± 0.71 mg/mL of deacetylasperulosidic acid and 1.01 ± 0.07 mg/mL of
scopoletin, respectively (Figure 2 and Table 3). During fermentation, the contents of
deacetylasperulosidic acid and scopoletin increased, while the contents of asperulosidic
acid decreased.
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Table 3. HPLC-PDA determination of bioactive compounds in non-fermented and fermented Morinda citrifolia L. extracts.

Sample Analytes Mean ± SD (mg/g) RSD (%)

Non-fermented Morinda
citrifolia L.

Deacetylasperulosidic acid 15.71 ± 0.74 4.71
Asperulosidic acid 15.16 ± 0.38 2.51

Scopolin N.D. 1 -
Asperuloside N.D. -

scopoletin N.D. -

Fermented Morinda citrifolia L.

Deacetylasperulosidic acid 18.52 ± 0.71 3.83
Asperulosidic acid N.D. -

Scopolin N.D. -
Asperuloside N.D. -

scopoletin 1.01 ± 0.07 7.24
1 ND is the not detected.

4. Discussion

M. citrifolia L. has been used as a traditional medicine and it contains a wide range of
bioactive compounds with proven biological effects [35]. However, M. citrifolia L. fruit has
a bitter taste and distinctive rancid taste, making it unsuitable for fresh consumption [3].
According to a recent study, the fermentation process becomes partly free from the un-
desirable smell [36,37]. However, for the development of functional foods, raw material
standardization experiments through setting and analysis of marker compound are re-
quired [25]. The marker compound is a chemical determined for the purpose of quality
control among the identified components contained in the raw material during the fermen-
tation [38]. In this study, the marker compounds of M. citrifolia L. were selected according to
ingredients that exist specifically or have a differential content variation depending on the
raw material or manufacturing method (specificity) and exhibit functionality depending on
the content and presence in the extract (functionality and representative). In addition, the
stability of the indicator components and an easily accessible analyzer such as HPLC were
considered. The analyzed deacetylasperulosidic acid, asperulosidic acid and asperuloside
are representative iridoid of M. citrifolia L., and their various biological effects have been
reported [39,40]. In addition, scopoletin and its glucoside scopolin were analyzed among
coumarins, which are known to have efficacy in improving immune responses, and aglycon
formed by hydrolysis by fermentation was analyzed to confirm its potential as an indicator
component [41,42].

In this study, a method for the quantification of five bioactive compounds of MCE,
was developed and validated. The analytical method was verified according to the pro-
cedure such as accuracy, precision, specificity, linearity, LOD and LOQ presented in the
ICH guidelines. As a result, the validated HPLC-PDA analysis method is suitable for
the determination of five bioactive compounds in non-fermented and fermented MCE. In
addition, changes in their contents through fermentation were also determined. Fermen-
tation induced changes in the content of bioactive compounds in fermented MCE. The
HPLC-PDA based method showed that non-fermented and fermented MCE contained
15.71 ± 0.74 mg/mL of deacetylasperulosidic acid, 15.16 ± 0.38 mg/mL of asperulo-
sidic acid, 18.52 ± 0.71 mg/mL of deacetylasperulosidic acid and 1.01 ± 0.07 mg/mL of
scopoletin, respectively. Deacetylasperulosidic acid, whose content was increased through
fermentation, is a major active phytochemical constituent of M. citrifolia L. and it has been
reported to be effective on antioxidant [43] and immune response regulation [5]. In addi-
tion, the efficacy of scopoletin on antioxidant [44], anti-inflammatory [45], antiaging [46],
antitumoral [47] and antihypertension [48] has been reported. In addition, it was reported
that the biological effect of M. citrifolia L. was improved through fermentation [35,49].
However, as a result of the analysis of this study, the contents of deacetylasperulosidic acid
and scopoletin slightly increased, but asperulosidic acid was not detected in MCE. Kim
et al. [50] reported that fermentation improved immune balance and increased the content
of deacetylasperulosidic acid and asperulosidic acid in M. citrifolia L. The results of this



Separations 2021, 8, 80 9 of 11

study showed a decrease in asperulosidic acid, which was thought to be a difference in
fermentation strains and fermentation conditions. Additionally, Lee et al. [51] reported
an increase in the scopoletin content of M. citrifolia L. by fermentation. The changes of
the five bioactive compounds analyzed in this study were not consistent with bioactive
effects. This is expected to be a change in bioactive compounds excluding the five selected
species. Thus, future studies should analyze the compounds that play a major role in
enhancing bioactive effects such as an immune response. However, an increase in the
content of deacetylasperulosidic acid and scopoletin indicated the possibility of use as
a marker compound for this fermentation process of M. citrifolia L. Standardization of
fermentation processes and physiological and pathological role of fermented M. citrifolia L.
will also be studied using these as marker compounds.
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