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Background: Furosine ( 3-N-2-furoylmethyl-L-lysine, FML) is an amino acid derivative, which is consid-
ered to be an important indicator of the extent of damage (deteriorating the quality of amino acid and
proteins due to a blockage of lysine and a decrease in the digestibility of proteins) during the early stages
of the Maillard reaction. In addition, FML has been proven to be harmful because it is closely related to a
variety of diseases such as diabetes. The qualitative analysis of FML in fresh and processed ginsengs was
confirmed using HPLC-MS.
Methods: An ion-pair reversed-phase LC method was used for the quantitative analysis of FML in various
ginseng samples.
Results: The contents of FML in the ginseng samples were 3.35e42.28 g/kg protein. The lowest value was
observed in the freshly collected ginseng samples, and the highest value was found in the black ginseng
concentrate. Heat treatment and honey addition significantly increased the FML content from 3.35 g/kg
protein to 42.28 g/kg protein.
Conclusion: These results indicate that FML is a promising indicator to estimate the heat treatment
degree and honey addition level during the manufacture of ginseng products. The FML content is also an
important parameter to identity the quality of ginseng products. In addition, the generation and regu-
lation of potentially harmful Maillard reaction products-FML in ginseng processing was also investigated,
providing a solid theoretical foundation and valuable reference for safe ginseng processing.
� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ginseng has been consumed as a dietary supplement and herbal
medicine for thousands of years in China, Korea, and Western
countries [1,2]. The processing of ginseng is known to have an in-
fluence on its bioactive components and pharmacological activ-
ities; therefore, its processing is crucial for ginseng’s dietary and
medical functions [3,4]. During the storage (time, humidity, and
temperature) and processing (steaming, drying, and excipients
addition) of ginseng, reactions between the amino and carbonyl
groups often develop randomly. These reactions are called as the
Maillard reactions (MRs), amino-carbonyl reactions, or nonenzy-
matic model glycation reactions [5,6]. Because abundant carbonyl
and amino compounds (reducing sugars or ginsenosides with
amino acids or proteins) are contained in ginseng, various MRsmay
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occur [7]. MRs in ginseng processing not only produce a large
number of functional components but also generate a small
amount of harmful substances which cannot be ignored [8]. In
2012, planted ginseng was advocated to be “homology of medicine
and food” in China within 5 yr, stimulating higher standards with
respect to the quality and safety of ginsengs [9].

Furosine ( 3-N-2-furoylmethyl-L-lysine, FML) is an amino acid
derivative, generally binding with proteins to generate Amadori
products (N-substituted 1-amino-1-deoxy-2-ketose) such as
fructose-lysine, lactulose-lysine, and maltuloselysine [10]. FML is
one of theMR products (MRPs) fromMRs of lysinewith glucose and
other reducing sugars or ginsenosides. The scheme for the forma-
tion of FML from the Amadori product of glucose is shown in Fig. 1.
In addition, FML is also considered to be an important indicator of
the extent of damage (reducing the quality of amino acid and
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Fig. 1. Scheme for the formation of furosine from the Amadori product of glucose.
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proteins due to a blockage of lysine and a decrease in the di-
gestibility of proteins) during the early stages of MR. Harris et al
[11] reported that FML could degrade slowly to formmany different
advanced glycation end products (AGEs). Partial AGEs have been
proven to be closely related to a variety of diseases, such as dia-
betes, and a high amount of AGEs in human bodies is considered
harmful [11]. AGEs in human bodies are mainly derived from two
pathways, in vivo transformation and in vitro intake, but the in vitro
intake from foods and medicines is the main source. A number of
previous researches have reported on the FML for identifying the
quality or processing and storage effects in foods, such as liquid
nutritional products [12], milk-cereal-based baby foods [13], di-
etary products [8], meat products [14], honey [15], pasta products
[16], milk [17], as well as cookies, crackers, and breakfast cereals
[16]. However, the presence of FML in ginseng products and sug-
gestion to consider FML as an evaluating indicator of quality for
ginseng has not been reported.

In the present study, qualitative and quantitative analysis of FML
in fresh and processed ginsengswas confirmed using HPLC-MS, and
it was found that the FML content in various ginsengs was variable.
The presence of FML in the acid hydrolysates of five kinds of ginseng
samples was confirmed by comparing its retention time and mass
fractions with that of an FML standard using HPLC-MS. The FML
content in various ginseng products was analyzed using an ion-pair
reversed-phase LC method and comparing its retention time and
peak area with the standard. At the same time, the generation and
regulation of potentially harmful MRPs-FML in ginseng processing
was also analyzed, providing a solid theoretical foundation and
valuable reference for safe ginseng processing and also providing a
basis for the development of recommended ginseng dosage.

2. Experimentals

2.1. Materials and methods

Five kinds of different ginseng samples were purchased from
local markets in Ji’an, China and Cheong Kwan Jang, South Korea.
Three of the five were solid samples (fresh, dried raw, and red
ginseng), and the other two were liquors (red ginseng liquor and
black ginseng concentrate). FML standard was purchased from
NeoMPS (Strasbourg, France). Trifluoroacetic acid (TFA) was pur-
chased from Sigma (San Francisco, USA). HPLC-grade acetonitrile
was purchased from Fisher-Scientific (USA). Hydrochloric acid and
other chemicals were of reagent grade.

2.2. Sample preparation

The preparation of the samples follows the traditionally-
adopted procedures [18,19]. Briefly, five kinds of ginseng samples
(3.0 g each) were hydrolyzedwith 6MHCl at 110�C for about 22 h in
a screw-capped Pyrex vial with PTFE-faced septa. The hydrolysates
were filtered with a medium-grade filter paper, and then a 2 mL
portion of the filtrate was applied to a Millipore Sep-Pak C18 car-
tridge (Massachusetts, USA) pre-wetted with 5 mL methanol and
subsequently with 10 mL water. The FML portion was eluted with
3 mL of 3M HCl, and the resulting solutions were collected for
HPLC-MS or HPLC analysis.

2.3. Protein content analysis

The protein content in fresh and processed ginseng was
measured on a Dumas Nitrogen Analyzer (Velp NDA 701-Monza,
Brianza-Italy), according to a previous method with minor modi-
fication [20]. The total nitrogen level was converted to protein
content using a conversion factor of 6.25. Theworking conditions of
NDAwere as follows: O2 gas at 400 mL/min, He gas at 195 mL/min,
combustion reactor at 1030�C, reduction reactor at 650�C, and
pressure at 881.0 mbar.

2.4. Qualitative analysis of FML

To identify the presence of FML in fresh and processed ginseng
samples, HPLC-MS analysis was performed. Qualitative analysis of
FMLwas performed at 25�C using HPLC (Agilent1200, USA) coupled
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with 6310 electric spray-ion trapmass spectrometer (Agilent, USA),
which consisted of a column oven (G1316A), a pump (G1311A), a
degasser (G1322A), and an automatic sampler (G1329A). The
chromatographic separationwas performed on a YMC hydrosphere
C18 column (4.6 � 250 mm, 5 mm, Tokyo, Japan) and the liquid
chromatograph working in electrospray ionization mode under
atmospheric pressure and positive polarity (API-ES positive). Other
HPLC-MS conditions were as follows [7], water/formic acid
(99.6:0.4, v/v) at a flow rate of 0.5 mL/min. The ion mode set at
selectivemonitoring wasm/z 255, corresponding to FML “[MþH]þ”.

2.5. Quantitative analysis of FML

HPLC analysis of FML was performed at 25�C on an HPLC in-
strument (Agilent1200, USA) with a UV detector (G1315D). The
other accessories were as described in section 2.4. An ion-pair
reversed-phase (by adding TFA into the mobile phase)- LC
method was developed for the determination of FML in different
ginseng samples. The sample acid hydrolysates were subjected to
quantitative analysis, which was performed by the external stan-
dard method using a commercial standard of pure FML. Results
were expressed as g/kg protein, and all the analyses were per-
formed in triplicate.
Fig. 2. Selective ion monitoring of furosine by HPLC-MS in a solution of furosine. (A) Furosin
liquor. (F) Black ginseng concentrate.

Fig. 3. (A) Selective ions monitoring of furosine standard by HPLC-MS. (B) Mass spectrum of
the observed furosine fragmentation pattern of red ginseng. (D) The assignment (or interp
The separation of FML was accomplished on a YMC hydrosphere
C18 column (4.6 � 250 mm, 5 mm, Hewlett-Packard) for the HPLC-
MS analysis. Mobile phase consisting of 0.1% TFA in water (A) and
0.1% TFA in acetonitrile (B) was applied with the optimized gradient
elution as follows: 1e21% B at 0e25 min, and 21e1% B at 25e
30 min. Finally, it returned to the initial conditions, setting a bal-
ance time of about 10 min before each test for equilibrium of the
system, which ensures good reproducibility of the method. The
flow rate was maintained at 1 mL/min, and the detection wave-
length was set at 280 nm.

3. Results and discussion

3.1. Quantitative analysis of FML

3.1.1. Identification of FML by HPLC-MS
The comparison of the retention times and mass fragmentation

patterns for the acid hydrolysates of the ginseng samples with
those of the reference FML established the presence of FML in the
ginseng samples. Fig. 2 shows the HPLC-MS chromatographs of the
reference FML and other samples (standard, fresh ginseng, dried
raw ginseng, red ginseng, red ginseng liquor, and black ginseng
concentrate; Figs. 2Ae2F). It reached a good resolution for the
e standard. (B) Fresh ginseng. (C) Dried raw ginseng. (D) Red ginseng. (E) Red ginseng

the observed furosine fragmentation pattern of furosine standard. (C) Mass spectrum of
retation) of the fragmentation.



Fig. 4. UV spectrum of the compound corresponding to the peak at 10.07 min on HPLC
fingerprint. (A) Standard. (B) Red ginseng.
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separation of FML under the HPLC condition. The selective ion
monitoring fraction of mass spectral analysis for the FML standard
(Fig. 3A) and the ginseng samples showed the same fragmentation
patterns of 237, 192, 130, and 84 (Figs. 3B and 3C), and the assign-
ment of the fragmentation pattern is shown in Fig. 3D, demon-
strating the presence of FML in the ginseng samples. These results
Fig. 5. HPLC fingerprint for furosine analysis in ginseng samples. (A) Standard. (B) Fresh gin
concentrate.
were in good agreement with those of the previous report in food
products (pasta, milk, and tigelle bread) [21].

3.1.2. Confirmation of FML by UV scanning
From the retention time of FML at about 10.07 min in ultraviolet

spectrum, the red ginseng had the same UV absorption spectrum
with the FML standard (Figs. 4A and 4B), and the other four ginseng
samples had the same absorption, further confirming that the
chromatographic peak at about 10.07 min corresponds to FML. The
results further support the presence of FML in the ginseng samples.

3.2. Quantitative analysis of FML

3.2.1. HPLC analysis of FML
A series of FML standard solutions (0.1e1 mmol/mL) were

filtered through a nylon purification kit with a pore size of 0.45-mm
cut-off (Massachusetts, USA) and then analyzed by the HPLC-
pulsed amperometric detection system. TFA was added in the
mobile phase, which could delay the retention time of highly polar
FML on the reversed-phase column. A good linearity was obtained
at concentration of FML in the range of 0.3e10 mg/L with an
equation of y ¼ 325230x e 12444.4 (R2 ¼ 0.999). The detection
limit of FML for the method (three signal-to-noise ratio, S/N ¼ 3)
was 0.05 mg/mL, and the quantitation limit was 0.18 mg/mL.

3.2.2. Quantitative analysis of FML in ginseng samples
HPLC results indicated that FML was successfully separated in

different ginseng samples. Quantitative analyses of FML in fresh
and differently processed ginseng products (dried raw ginseng, red
ginseng, red ginseng liquor, and black ginseng concentrate) under
the given HPLC conditions were performed as shown in Fig. 5, and
the data are shown in Table 1. FML was detected in all ginseng
samples at concentrations ranging from 3.35 g/kg protein to
42.28 g/kg protein. These values of FML content indicated that
ginseng protein was glycosylated to a considerable extent
seng. (C) Dried raw ginseng. (D) Red ginseng. (E) Red ginseng liquor. (F) Black ginseng



Table 1
Contents of FML in different ginseng samples (X � SD)

Samples FML content (g/kg protein)

Fresh ginseng 3.35 � 0.18
Dried raw ginseng 10.81 � 0.21
Red ginseng 29.16 � 1.85
Red ginseng liquor 34.91 � 0.96
Black ginseng concentrate 42.28 � 2.78

FML, 3-N-2-furoylmethyl-L-lysine
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compared with other processed foods, such as ultra-high temper-
ature milk [13] (310e603 g/kg protein) or processed cheese [22]
(3.5e366.6 g/kg protein). The FML content in fresh ginseng was
low, but it was relatively high in black ginseng concentrate
(Table 2). The FML content in processed ginseng products can be
variable depending on many factors, such as processing methods,
heating degree, and the excipients; however, fresh ginseng is not
exposed to any of these factors. FML is one of the series of MRPs
from carbonyl and amino compounds, and the processing condi-
tions and the auxiliary materials supplemented to the black
ginseng concentrate are more feasible to MR, thus a higher level of
FML was obtained. The highest content of FML in black ginseng
concentrate showed that even though honey addition to black
ginseng concentrate during the production improved its organo-
leptic properties (flavor and taste), the presence of honey also
favored the MR, and therefore decreased nutritional and medical
values, basically through lysine losses. In addition, the content of
FML in freshly-dried raw ginseng, 1-yr-stored dried raw ginseng,
and 1.5-yr-stored-dried raw ginseng was 10.81 g/kg protein,
12.66 g/kg protein, and 14.78 g/kg protein, respectively, which with
a relatively small change. Monitoring the content of FML during the
processing of red ginseng indicates that the FML generation is slow
during the steaming treatment, thereby giving values of 9.63 g/kg
protein, 13.35 g/kg protein, and 15.69 g/kg protein after 60 min,
90 min, and 120 min, respectively, at 95�C. However, according to
the above results, the main process for the formation of FMLwas air
heating (drying). The FML amount increased markedly during the
air heating process, reaching values of 24.16 g/kg protein, 28.16 g/kg
protein, and 30.78 g/kg protein after 12 h, 24 h, and 36 h, respec-
tively, at 70�C.

3.2.3. Precisions and recoveries
The FML concentrations of fresh ginseng, raw ginseng, red

ginseng, red ginseng liquor, and black ginseng concentrate were
Table 2
Accuracy of the analytical procedure for FML in red ginseng

Samples Original
(mg/mL)

Three
Replicates

Spiked
(mg/mL)

Found
(mg/mL)

Standard
deviation R (%)

Red ginseng 0.21 A1 0.20 0.43 0.58
A2 0.20 0.42
A3 0.20 0.42
B1 0.25 0.56 4.73
B2 0.25 0.49
B3 0.25 0.47
C1 0.30 0.53 1.53
C2 0.30 0.54
C3 0.30 0.52
D1 0.40 0.59 2.08
D2 0.40 0.58
D3 0.40 0.62
E1 0.50 0.77 1.53
E2 0.50 0.76
E3 0.50 0.73

FML, 3-N-2-furoylmethyl-L-lysine
obtained with the precision of the peak area calculation method,
and relative standard deviation values of the FML content were
1.82%, 3.15%, 2.86%, 2.51%, and 2.66% by six parallel measurements,
showing good precision.

To evaluate the accuracy of the method, the recovery of FMLwas
studied by spiking a mixture of standard FML (1e2.5 times of the
sample’s concentrate) into the red ginseng sample. According to the
results shown in Table 2, the standard deviations for three repli-
cates of each spiked sample of FML in red ginseng were less than 5%
and most of them were less than 3%, thus confirming the accuracy
of the detection and the absence of matrix effects.

4. Conclusion

The present study investigated the qualitative and quantitative
analysis of FML in fresh and processed ginseng, and the results
showed that the lowest FML value was observed in the freshly
collected ginseng sample, and the highest FML value was found in
the black ginseng concentrate. In addition, it was found that the
heat treatment and honey addition would increase the FML con-
tent. These results show that the content of FML can be a prom-
ising indicator to estimate the heat and honey addition level
during ginseng processing. Lower temperature and lower level
honey addition should be employed to avoid the generation of
AGEs during the heating process of ginseng and other high
polysaccharides-containing herbal medicines. This research pro-
vides useful information for the generation and regulation of
potentially harmful MRPs in ginseng processing and also offers a
solid theoretical foundation and valuable reference for safe
ginseng processing. In addition, the presence of different values of
FML in various ginseng products for this study can serve as a
reference for the standard doses of the ginseng available doses per
day.
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