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Figure 3. GC/MS TICs of 10 types of food additive gum bases. The number labels in the chromatograms indicate the number of carbons in the

wax esters estimated from the retention times.

(Fig. 3A), wax esters with carbon numbers ranging from
48 to 52 were detected along with free cholesterols and
sterol esters (Jover et al. 2002; Moldovan et al. 2002b),
while in the chromatogram of beeswax (Fig. 3B), wax
esters with carbon numbers ranging from 40 to 48 were
detected along with hydrocarbons such as Cy;Hsg (Bona-
duce and Colombini 2004; Jiménez et al. 2004). For can-
delilla wax (Fig. 3D), saturated hydrocarbons such as
C31Hgy were the major constituents in accordance with a
previous report (Lawrence et al. 1982; Tonogai et al.
1985). The shellac wax (Fig. 3E) contained wax esters
with carbon numbers ranging from 44 to 50 along with
free alcohols, free fatty acids, and hydrocarbons (Law-

-rence et al. 1982). As shown in Figure 3F-H, carnauba

wax, rice bran wax, and montan wax contained similar
wax esters in terms of their carbon numbers. However,
these results suggest that the three gum bases may be dis-
tinguished by evaluating the TICs for the peaks of other
characteristic constituents such as the alcohol with carbon
numbers 32 in carnauba wax (Lawrence et al. 1982; Ton-
ogai et al. 1985) and hydrocarbons in montan wax (Asa-
no 1977; Lawrence et al. 1982). As previously reported
(Tachibana et al. 1992; Jin et al. 2006), major compo-
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nents of urushi and Japan waxes were found to be trigly-
cerides (Fig. 3I and J). As can be seen in the magnified
chromatograms of urushi and Japan waxes (Fig. 4A and
B, respectively). The ratio of glycerol 1,2-dipalmitate 3-
oleate (PPO) to glycerol tripalmitate (PPP) (table in
Fig. 4C for abbreviation definitions) for urushi wax
(Fig. 4A) is higher than that for the Japan wax (Fig. 4B)
(Tachibana et al. 1992; Jin et al. 2006). Accordingly, these
two gum bases can be distinguished using this ratio.

These results thus demonstrate that food additive gum
bases can be distinguished from the other based on the
TIC patterns obtained using the established direct GC/MS
analysis (without hydrolysis and derivatization) of the
esters in these food additives.

Comparison of the MS chromatograms of
carnauba wax, rice bran wax, and montan
wax

As shown in Figure 3F-H, it was difficult to differentiate
carnauba wax, rice bran wax, and montan wax using the
TICs alone. Therefore, the MS chromatograms were ana-
lyzed. As shown in Figure 5, the MS spectrum of a stan-
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Figure 4. Magnified GC/MS TICs of (A) urushi waxes and (B) Japan waxes. (C) Abbreviations for the triglycerides are listed in the table (C). UR-1,
UR-2, and JA-1 are food additive gum bases, while the other waxes are commercial samples.
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Figure 5. Mass spectra of C40 ester standards (C22:0 alcohol x C18:0 fatty acid, MW = 592) obtained using GC/MS method.

dard of the saturated straight-chain ester, behenyl stea-
rate), obtained using the established GC/MS method con-
tained product ions derived from the fatty acid moiety of
the ester ([R'COO]*, [R'COJ*, and [R']*) and product
ions derived from the alcohol moiety ([R*" and
[RZOCO]*). It was observed that the product ions corre-
sponding to the fatty acid and alcohol moieties of stan-
dard wax esters are generally observed in their MS spectra
under these conditions. These results suggest that analysis
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of the MS spectra obtained using the established method
can provide information on the constitutive fatty acids
and alcohols of the esters.

Therefore, to more clearly distinguish between car-
nauba wax, rice bran wax, and montan wax, the MS
chromatograms of the product ions derived from the
constitutive fatty acids of the esters in these three
waxes were compared. As can be seen in Figure 6,
[RCOOJ" product ions, of the constitutive fatty acids

© 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.
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Figure 6. Mass chromatograms of the fragment ions derived from the constitutive fatty acids of the wax esters in (A) carnauba wax, (B) rice
bran wax, and (C) montan wax via GC/MS analysis. For comparison, the TICs of the waxes are also shown (top of each figure). Number labels in

the TICs indicate the carbon numbers of the wax esters,

Table 1. Estimated composition (%) of the constitutive fatty acids in the C54 and C56 wax esters detected in carnauba wax, rice bran wax, and

montan wax based on the mass chromatograms of their fragment ions.

Compositions (%)

C54 Wax ester

C56 Wax ester

Constitutive fatty acids Carnauba wax Rice bran wax Montan wax Carnauba wax Rice bran wax Montan wax
C16:0 - 1 - - - -

C18:0 — 1 - - - -

C20:0 17 1 - - 0 -

C22:0 61 28 - 1 29 -

C24:0 22 69 19 84 70 10

C26:0 - - - 39 5 - 29

€280 - - 29 - - 40

€30:0 - - 13 - - 15

C32:0 - - - - - 6

- Not detected.

of the esters in the three waxes observed in the MS
chromatograms, included C16:0 (m/z = 257), C18:0 (m/
z = 285), C20:0 (m/z = 313), C22:0 (m/z = 341), C24:0
(m/z = 369), C26:0 (m/z=397), C28:0 (m/z=425),
C30:0 (m/z = 453), and C32:0 (m/z = 481). These prod-
uct ions were reanalyzed considering the data obtained
using the GC/MS method established in this study. As
can be seen in the TICs of the three gum bases

© 2014 The Authors. Food Science & Nutrition published by Wiley Periodicals, Inc.

(Fig. 6), wax esters with carbon numbers ranging from
50 to 56 were detected at retention times of 21—
27 min. In the MS chromatogram of carnauba wax
(Fig. 6A), carbon numbers of the major constitutive
fatty acids of the esters increased with an increase in
the carbon numbers of their corresponding esters. On
the other hand, the esters detected in rice bran wax
consisted of only three fatty acids C16:0, C22:0, and
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C24:0, regardless of the carbon number of the esters
(Fig. 6B). In addition, as can be seen in Figure 6C, the
esters detected in montan wax consisted of fatty acids
with longer chains (C24:0-C32:0) than those of the
esters detected in the other two gum bases. On the
basis of these results, compositions of the constitutive
fatty acids in the C54 and C56 esters in the three gum
bases were then compared (Table 1). As shown in
Table 1, among the three gum bases, composition of
the constitutive fatty acids in the esters with identical
carbon numbers were clearly different. These results
indicate that these three gum bases can be distinguished
by comparing the mass chromatograms and TICs
obtained using the newly developed direct GC/MS
method.

We previously reported (Tada et al. 2007) an analytical
method for the determination of food additive gum bases
using GC/MS after hydrolysis and derivatization, and
identified the major constitutive fatty acids and alcohols
of the gum bases. However, the method does not provide
information on the constitutive fatty acid for each respec-
tive ester in the gum bases. With the present analytical
method, the esters in the gum bases can be directly ana-
lyzed with simultaneous prediction of the constitutive
fatty acids of the corresponding esters using the MS spec-
tra of the ester peaks. In addition, this direct GC/MS
method is simple, clear, and particularly useful for the
rapid analysis of various types of food additive gum bases
without the need for hydrolysis and derivatization of the
esters in the gum bases.
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Evaluation of gardenia yellow using crocetin
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high-speed countercurrent chromatography

Gardenia yellow is globally the most valuable spice and food color. It is generally a mixture
of water-soluble carotenoid glycosyl estexs which consist of crocetin bis(gentiobiosyl) ester
as the main component. Crocetin is a natural carotenoid dicarboxylic acid that may be
a candidate drug for pharmaceutical development, however, it is either present in trace
amounts or is absent in natural gardenia yellow products. We here propose that crocetin
produced by alkaline hydrolysis can be used to qualitatively evaluate gardenia yellow products
using an ultra high performance liquid chromatographic agsay. A useful and efficient
isolation technique for isolating high-purity crocelin from gardenia yellow using high-speed
countercurrent chromatography is described. High-speed countercurrent chromatographic
fractionation followed by an ultra high performance liquid chromatographic assay showed

that trans-crocetin is easily converted to about 15% cis-crocetin (85% trans-crocetin). Crocetin
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in gardenta yellow was quantitatively evaluated. Our approach is based on the hydrolysis
process for converting crocetin glycosyl esters to crocetin before evaluation and isolation
using the ultra high performance liquid chromatographic and high-speed countercurrent

chromatographic methods. The combination of hydrolysis and chromatographic methods
allows evaluation of the purity and quantity of crocetin in gardenia yellow.

Keywords: Crocetin / Gardenia VYellow / High-speed countercurrent

chromatography

DOI 10.1002/jss¢.201400793

1 Introduction

Gardenia yellow, obtained from the fruits of Gardenia au-
gusta Merrill and Gardenia jasminoides Ellis, is used as a
natural food additive in Asia. The yellow pigment mainly
comprises the derivatives of water-soluble carotenoid gly-
cosyl esters, all-trans-crocetin bis(gentiobiosyl) ester (8,8
diapo-iy-carotenedioic acid bis(6-O-B-p-glucopyranosyl-8-6-
glucopyranosyl) ester), called crocin (Fig. 1), Four types
of crocetin glycosyl esters differing in the number of glu-
cose units have been identified in gardenia materials (1}
Moreover, eight frans/cis-crocetin glycosyl esters, includ-
ing all-brans crocin, in gardenia yellow were evaluated by
LC-MS {2]. Recently, many researchers are paying atten-
tion to these crocetin components for their biological charac-
teristics [3, 4]. Specifically, crocetin has the potential effects
that inhibit amyloid-g fibril formation related to Alzheimer’s

[ d Dr. Hiroshi Akiy , Ph.D., National Institute of
Heaslth Sciences; 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501,
Japan

E-mail: akiyama@nihs.ga.jp
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Abbreviations: HSCCC, high-speed countercusrent chro-
matography; PDA, photodiode array detection
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disease [5, 6], and it significantly induces cell cycle arrest
through p53-independent mechanisms accompanied by P21
induction [7). Therefore, it is needed to evaluate crocetin
components from gardenia yellow based on useful and
effective methods. However, trace levels of crocetin exist in
commonly available gardenia yellow products. In addition,
commiercial gardenia yellow contains geniposide, an iridoide
glycoside that may cause negative bicactive effects [8]. There-
fore, we have not been able to evaluate the drug potential of
crocetin due to a lack of highly purified crocetin.

In Japan, two types of gardenia yellow colorant products,
differing in their crocin and crocetin composition, are avail-
able as food additives for processed foods. The Japanese gov-
ernment has set a specification for gardenia yellow in its cur-
rent regulation for food additives [9] and stipulates the purity
test for checking the level of geniposide by HPLC at 238 nm
and the identification test for the characteristics by TLC. TLC
detection requires alkaline hydrolysis of the various crocetin
glycosyl esters, including crocin and crocetin. By the alkaline
hydrolysis process, a wide variety of the crocetin glycosyl es-
ters would be completely converted to crocetin in gardenia
yellow products. This process shows that high-purity, use-
ful quantities of crocetin in gardenia yellow products can
be efficiently isolated, and that crocetin in gardenia yellow
can be quantified and used as the analytical standard in QC.

wwwy.jss-jourmal.com
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Figure 1. Structures of trans- and cis-cracin.

HPLC methods have been used to quantify crocetin in bi-
ological samples for pharmacokinetic studies (10, 11}, and
LC with photodiode array detection (PDA) and ESI-MS have
been used to characterize and quantify crocetin in gardenia
yellow [12}.

The preparative isolation of gardenia yellow components,
such as crocin isomers and other glycosyl esters, impu-
rities and geniposide, have been reported using aqueous
two-phase extraction, colurnn chromatography, macroporous
resin LC, molecularly imprinted polymer SPE, centrifugal
partition chromatography, and high-speed countercurrent
chromatography (HSCCC) [13-20]. However, the isolation
of crocetin from gardenia yellow products has not been
reported due to the complete lack or trace levels of crocetin
in the products. Thus, the specific isolation and quantifica-
tion of crocetin from gardenia yellow products has not been
reported, On the other hand, the HSCCC techniques are re-
ported for the purification of natural chemicals in raw mate-
rals {21-25]. Thus, we innovate a way to use the HSCCC
technique for the purification of crocetin from gardenia
yellow.

In this study, we evaluated gardenia yellow using chro-
matographic techniques based on the hydrolysis conversion
of total crocetin glycosyl esters to crocetin, as outlined in
the Japanese specifications and standards for food additives.
Crocetin was isolated by HSCCC and quantified by UHPLC.
The usefulness of the methodology for standardizing crocetin
quantification is demonstrated.

2 Materials and methods
2.1 Chemicals and reagenis

Gardenia yellow colozant products were obtained from San-Ei
Gen F.F.1L (Osaka, Japan; Gardenia Yellow No. 1) and RIKEN
VITAMIN (Tokyo, Japan, Gardenia Yellow No. 2, 3, 4 for
Japanese types). HPLC-grade water and methanol were ob-
tained from Merck {Darmstadt, Germany). Sodiwum hydroxide
{NaOH), tetrahydrofuran (THF), acetoniirile, DMSO, oxalic
acid, and formic acid were obtained from Sigma-Aldrich {St.
Louis, MO) and Wako Chemical {Osaka, Japan}. Purified wa-
ter was obtained from an Aquarius PWU200 automatic water
digtillation apparatus {Advantec, Tokyo, Japan).

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2.2 Sample preparation

Gardenia yellow solution (0.1 g/5 mL) was prepared by dilut-
ing an aliquot of the solution in water/methanol (50:50, v/v).
For alkaline hydrolysis of gardenia yellow, the product (0.1 g)
was added to 0.02 mol/L NaOH (10 mL), incubated at 50°C
for 30 min, diluting 10 times with DMSO and loading into
the UHPLC system.

2.3 UHPLC instrument and conditions

RP analysis was performed using a Waters Acquily H Class
LC system (Waters, Milford, MA) and an Acquily UPLC BEH
Cig column (1.7 pm, 2.1 x 100 mm) at 40°C. The injection
volume was 5 pl. The mobile phase consisted of solvent
A {0.19% formic acid in water) and solvent B (0,19 formic
acid in methanol) delivered at a flow rate of 0.3 mL/min.
The gradient elution was as follows: 0.0 min [A/B: 80:20},
15 min [A/B: 10:90], 17 min [A/B: 10:90], and 17.1 min [A/B:
80:20]. Elution of the analytes was monitored between 210
and 500 nm.

2.4 UHPLC-TOF-MS instrumentation and conditions

The separated analytes were detected by a LCT Premier XE
TOE-MS (Waters, Milford, MA). In separation, the UHPLC
conditions and instrument described above were employed.
ESI (positive ionization mode) conditions were as follows:
capillary voltage, 3.0 kV; sample cone, 50 V; source temper-
ature, 120°C; desolvation temperature, 350°C. The cone and.
desolvation gas flows were 50 and 650 L/h, respectively, and
were obtained using a nitrogen source. The analytical mode
and dynamic range were the V mode and normal. The aper-
ture 1 voltage was 15 V. The scan mode was used from m/z
100 to 1000.

2.5 HSCCC isolation

Following hydrolysis, the sample solution was prepared us-
ing SPE (OASIS-HLB, 200 mg/G mL, Waters, Milford, MA).
Methanol and water (5 mlL each) were used to condition the
cartridge. Then, double-diluted sample solution (5 mL) with
water (5 ml) was loaded into the cartridge. After washing
with pure water {1 ml), the yellow components were eluted
using methanol (5 mL) and the crude extract in the test tube
was evaporated to dryness at 30°C. These residues were added
to the two mutually equilibrated solvent phases (0.5 mlL each;
see Table 1) in a test tube andde mixed to equilibrate. Af-
ter settling, equal volumes of the upper and lower phases
(100 pL each) were transferred into separate test tubes and
diluted by 10% with methanol. Then, the samples were as-
sayed by UHPLC. The peak area at 14 min (crocetin-1) and
16 min (crocetin-2) at 420 nm in each phase was assessed
and the K value of each component was determined. The K

wwwv.jss-journal.com
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Table 1. The partition coefficient (K} and separation factor («) val-
ues of croceting

Two phase solvent  Ratio Partition K+8D o
system (v coefficient  {a=3)
trans- cis-Grocetin
Crocetin
Hexane/ethyl ac- 067001 003001 42
etate/methanol/ 009001 018:£0.02 21
water 036011 048002 14
074011 1104005 15
176009 1774014 10
752011 7894024 16
Hexane/ethyl ac- 013003  0.36:0.04 28
etate/methanol/ 066::008 074014 11
0.1% acetic 1524032 1.23:£019 12
acid in water 3354020 269006 12
4744014 3112017 15
:5:4: 7864190  9.41:£1.80 1.2
Hexanefethylac- 9155 058::003  0.28::0.0¢ 21
ctate/methanol/  g255 133008 061014 22
0.3% formic 7355 254032 1914019 23
acid in water : 336:£020  1.63::006 21
5574014 188017 30
1494190 3044180 49
8
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Figure 2, UHPLC chromatograms of gardenia yellow. {A} Chro-
matogram of gardenia yellow at 420 nm. {B} Chromatogram of
gardenia yellow at 420 nm after alkaline hydrotysis. {C} Chro-
matogram of gardenia yellow at 250 nm after alkaline hydrolysis.
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Liquid Chromatography 3621
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Figure 3. UHPLC chromatograms of geniposide and gehipin. (A}
Chromatogram of geniposide {reaction time, O min; Fig. 4B). (B}
Chromatogram of genipin (reaction time, 180 min, Fig. 48).

value was calculated as K = (peak response of crocetin-1 or -2
in the upper phase solvent) / (peak response of crocetin-1 or
-2 in the lower phase solvent). The « value was calculated as
a = Ky / K, Ky > K, for crocetin- and 2.

HSCCC was performed using an Easy-Prep CCC (multi-
layer coil planet centrifuge, Kutsuwa, Hiroshima, Japan) with
a 7.6 cm orbital radius that produces a synchronous type-)
planetary motion with a maximum speed of 1500 rpm. This
centrifuge was equipped with three column holders and three
multilayer coiled columns. Each multilayer coiled column on
the holder consists of nine coiled layers of 1.6 mmii, d. polyte-
trafluoroethylene tubing with a capacity of about 120 mL. All
three columns are connected in series to provide a total capac-
ity of about 350 mL. The beta values of the coil range from 0.5
at the internal terminal to 0.75 at the external terminal, The
separated effluent from the tail outlet of the coil-column was
transferred and divided using a splitter valve {Low-pressure
Micro Splitter Vaive, GL Science, Tokyo, Japan). Part of each
sample was delivered to fraction collection and part was used
for PDA monitoring. A micro splitter valve was used to obtain
a flow rate of 0.2 mL/min prior to PDA monitoring.

The volatile phase of the two-phase system composed
of hexane/ethyl acetate/methanol/0.1% formic acid in water
(7:3:5:5) at room temperature was thoroughly equilibrated.
The pliases were separated before use: First, the coiled col-
umn was entirely filled with the upper stationary phase. Sec-
ond, 8.4 mg of dried crude extract was dissolved in 1.0 mL of
‘each phase. Finally, these supernatants were then loaded into
the column. The column was rotated at 1000 rpm, while the
lower mobile phase was pumped into the head of the column
at a flow rate of 1.2 mL/min using an HPLC pump (PU-2080
pump, JASCO, Tokyo, Japan). Then, each fraction (Fractions
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A and B) were manually recovered, evaporated to dryness, and
weighted. The purity was evaluated by the above-described
UHPLC assay that the analytes was monitored between 210
and 500 nm.

3 Resuilts and discussion

3.1 Analysis of gardenia yeliow using the UHPLC
assay

Conditions for quantifying the components of gardenia yel-
low were optimized and included, reaction time, separation,
and detection using the UHPLC conditions described in Sec-
tion 2. Crocin, crocetin glycosyl esters and crocetin are bright
yellow, have a maximum absorbance at about 420 nm, and
the wavelength is commonly used for the analysis of food
additives. Separation of these compounds was optimized us-
ing 0.1% formic acid in water/methanol; a chromatogram
demonstrating clear separation and detection by UHPLC is
shown in Fig. 2A. Crocetin glycosyl esters were converted
to crocetin by alkaline hydrolysis, as shown by the identical
chromatogram in Fig. 2B. Many impurities with retention
times between 1 and 10 min generated after the hydrolysis
process were detected at 250 nm (Fig. 2C}. Geniposide and

300000
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50000 “He144 min  ebr-7.8 min
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0 5 10 15 20 25 30 40
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Figure 4. Reaction-time-dependent change of gardenia yeflow
components based on alkaline hydrolysis. {A) Peak response of
1 {retention time, 7.8 min) and 4 {retention time, 14.4 min) fol-
lowing alkaline hydrolysis. {B) Peak response of geniposide and
genipin following alkaline hydrolysis.
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genipin, the bioactive components in gardenia yellow, were
analyzed under identical conditions at 240 nm (Fig. 3). Thus,
the UHPLC assay can be used to simultaneously evaluate the
major and minor components in gardenia yellow, TOF-MS
was used to identify the crocetin and the glycosyl ester peaks
on the UHPLC chromatogram. Three main components
were identified at 420 nm: trans-crocetin bis(B-p-gentiobiosyl)
ester (brans-crocin) (1; maximum absorption: 442 nm, re-
tention time: 7.8 min), trans-crocetin B-p-gentiobiosyl es-
ter {2; maximum absorption: 434 nm, retention time: 11.2
min) and cis-crocetin bis(R-D-gentiobiosyl) ester (cis-crocin)
(3; maximum absorption: 442 nm, retention time: 11.7 min}
{Fig. 2). These peaks were analyzed by TOF-MS; the m/z val-
ues were m/z 999.283 [M + Na]' for peak 1, m/z 837.522
M + Na* for peak 2 and m/z 999.282 [M + Na|* for
peak 3. Previous study estimated the jonization and retention
time patterns of several trans/cis-crocetin gentiobiosyl and/or
glucosyl esters using similar chromatographic technique and
detection at 430 nm with TOF-MS {2]. Two main contenis
of trans- and cis-crocetin chromatographic peaks were de-
tected at 420 nm following hydrolysis: trans-crocetin {peak 4,
maximum absorption: 422 nm, 14.4 min) and cis-crocetin
{peak 5, maximum absorption: 422 nm, 15.9 min) (Fig, 2).
TOF/MS analysis of both peaks showed m/z 329.441 [M+H]"
ions [2].

3.2 Alkaline hydrolysis of gardenia yellow

Investigation of the conversion from crocetin glycosyl esters
to crocetin showed that sodium hydroxide (NaOH) hydrolyzes
crocetin glycosyl esters at 50°C and plateaus after 30 min,
judging from the peaks at 7.8 {irans-crocin: 1) and 14.4 min
(trans-crocetin: 4) (Fig. 4A). PDA was used to monitor impu-
rity levels, such as geniposide, in these samples. UHPLC was
used to investigate the stability of geniposide under alkaline
conditions at 50°C. The degradation levels of geniposide in
0.02 mol{L NaOH observed at 0, 30, 60, 120, and 180 min,
and shown in Fig. 4B, decreased in a litne-dependent man-
ner and a new peak absorbing at 240 nm appeared at 1.5 min
(Fig, 3B). This new peak was a geniposide hydrolysis product,
genipin (maximum absorption: 238 nm); TOF-MS, provided
an m/z 226,929 M+HJ in positive mode, suggesting that
the presence of geniposide, an impurity in gardenia yellow,
should not be evaluated in alkaline solution, and that hydrol-
ysis is more compatible with evaluating genipin rather than
geniposide [26].

3.3 Isolation of crocetin from crude extract

A pure crocetin standard was required to quantitatively evalu-
ate the components of gardenia yellow. Crocetin was isolated
following the alkaline hydrolysis of gardenia yellow. Follow-
ing hydrolysis, the NaOH in the crocetin solution should be
removed prior to HSCCC isolation and calculation of the K
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value from the two-phase solvent system. In this pracess, SPE
was used for the extraction of hydrolyzed gardenia yellow.
These data indicated that hydrolyzing 0.1 g of food additive
sample {60% for gardenia yellow; 40% for dextrin from San-
Ei Gen F.F.L) provides 8.4 mg of crude extract using the SPE
procedure. The samples were neutralized and analyzed by
HSCCC.

Optimal K and o values were evaluated using the two-
phase solvent system and the UHPLC assay. The results
are shown in Table 1. Based on these results, we selected
the hexane/ethyl acetate/methanol /0.1% formic acid in water
(7:3:5:5) two-phase solvent system for further experiments. In
the absence of formic acid, the « values remains incomplete
{=< 1.5); the addition of acetic acids did not significantly im-
proves the o values of trans and cis-crocetins whereas formic
acid caused a dramatic change of the « values of trans and
cis-croceting. For HSCCC isolation, the two-phase solvent sys-
tem of hexane/ethyl acetate/methanol{0.1% formic acid in
water {7:3:5:5) provided useful K {>1.0) and a {>1.5} val-
ues. Using this two-phase solvent system, the retention of
the stationary phase was 88% in HSCCC column, The to-
tal separation time was about 8 b, and the total elution vol-
ume was 600 mL for the HSCCC system. The HSCCC chro-
matogram (Fig. 5) showed twe fractionated effluent peaks
(fractions A and B); the amounts of peaks fractions A and
B are 2.0 and 1.2 mg, respectively. The A and B fractions
were analyzed by UHPLC; the chromatogram of fraction A
is shown in Fig 6. Under natural conditions (noncontrol
of temperature and protection from light), trans-crocetin is
easily converted to about 15% cis-crocetin. We investigated
the conversion of crocetin isomers in this purified fraction
over a 10 h period and found 85% trans-crocetin and 15%
cis-crocetin using UHPLC fraction, No impurities such as
geniposide, genipin, and others were detected between 210
and 350 nm,

& 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

3.4 Quantitative evaluation of gardenia yellow

We attempted the chromatographic evaluation of gardenia
yellow using UHPLC assay with HSCCC for isolation of cro-
cetin standard. The approach was based on the hydrolysis
conversion of crocetin glycosyl esters to crocetin used in the
Japanese specifications for food additives [9). Gardenia yel-
low products available in Japan were evaluated using our ex-
perimental assay. Using the trans-crocetin calibration curve
y = 549.7% + 7374.6 with r* = 0.998. The concentrations of
trans-crocetin in five gardenta yellow products obtained from
general Japanese markets were determined to be 67.6 (No. 1),
45.5 (No, 2), 57.9 (No. 3), and 60.3% (No. 4) based on the novel
hydrolyzed crocetin values. In addition, the crecetin was not
detected in gardenia yellow {No.1) before hydrolysis (Fig. 2A).

4 Conclusions

Previous studies on crocetin in gardenia yellow focused on its
biological characteristics as a drug candidale. In this study,
we propose that crocetin produced by alkaline hydrolysis can
beused together with UHPLC and HSCCC methods to evalu-
ate and purify crocetin from preducts. A useful and efficient
technique for isolating high-purity crocetin from gardenia
yellow using HSCCC was described, and crocetin in gardenia
yellow was accurately evaluated by using the described UH-
PLC assay. Our approach is based on the accepted hydrolysis
process for converting crocetin glycosyl esters to crocetin, fol-
lowed by evaluation and isolation using UHPLC and HSCCC
methods. trans-Crocetin is easily converted to about 15% cis-
crocetin under general conditions. Except for this, the above
results provide a preliminarily experimental design for the
quantitative evaluation of various gardenia yellow products.
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Abstract

A sequential injection analysis (SIA) system with spectrophotometric detection was developed as an alternative method for
estimating the concentration of lipid hydroperoxides, which are the primary products of the lipid peroxidation process. The lipid
hydroperoxide quantification was based on a ferric thiocyanate method. Benzoyl peroxide was used to produce a standard calibration
curve for the estimating the lipid hydroperoxide concentrations. The linear range was up to 0.5 mmol/L, for benzoyl peroxide
standard, and the limit of detection (3S/N) was 0.015 mmol/L. The relative standard deviation, at 0.3 mmol/L, was 1.3% for 11
injections, and the recoveries were found to be in the range of 97.2-99.5%. The lipid hydroperoxide concentrations in eight edible
oils determined using the proposed SIA system were significantly correlated with peroxide values obtained using a conventional
American Oil Chemists’ Society’s method (r=0.987,n=38, p <0.01).

Keywords Sequential injection analysis, lipid hydroperoxide, ferric thiocyanate method, peroxide vatue

1. Introduction

The quality of a fat or oil is defined and controlled by several
physical and chemical parameters, such as its viscosity, color,
turbidity, iodine value, p-anisidine value, saponification value.
These parameters depend on the source of the oil (e.g., for a
plant oil, the geographic, climatic, and agronomic growth
variables affect the p ters), oil’s prc and storage
conditions. The fatty acid composition and the oxidative stability
of a fat or oil are clearly of utmost importance to its qualities [1].

A fat or oil may be oxidized in different ways, including
through autoxidation, photo-oxidation, thermal oxidation, or
hydrolytic processes. All of these processes lead to the
production of undesirable flavors and of products that are
harmful to health.

The oxidation mechanism for an unsaturated lipid comprises
three steps; initiation, propagation, and termination. Each step
leads to the formation of intermediate and/or final products.
Lipid hydroperoxides, which are the fundamental primary
products of the lipid peroxidation process, can be changed into
secondary products, such as peroxides, aldehydes, ketones,
alcohols, hydrocarbons, esters, furans, and lactones {2-3]. These

lipid peroxidation products are not only poisonous but also

accelerate nutritional damage, increasing the rate at which fats
and oils become rancid during the production, storage, and
marketing processes [3-5].

Some parameters, such as the peroxide value (POV), the acid
value and carbonyl value, can be used to evaluate the degree of
lipid peroxidation in fats and oils. POV is one of the most

“Corresponding author.
E-mail: tomokos@kochi-u.ac.jp

important parameter, affecting the quality of fats and oils, for
determining the amount of lipid hydroperoxides. It is often
expressed in milliequivalents peroxide/kilogram of a fat and oil.

The iodometric titration method is an official method and is
the most widely used method for determining POV [6-7]. It is
based on the redox reaction between hydroperoxides in a fat or
oil saniple and potassium iodide (K1) under the acidic medium to
form released iodine (I,). The released iodine forms a complex
with soluble starch, which acts as an indicator. The iodine is
quantified by titrating with sodium thiosulfate. This method is
simple and sensitive, but its accuracy depends on many
parameters, such as reaction time, light, presence of oxygen, and
temperature. Moreover, it is a batchwise method that requires
rather large amounts of analytical sample and organic solvents
(up to 5 g of a fat and oil sample and 50 mL of solvent per
analysis).

To minimize the deleterious organic solvent, a Fourier
transform infrared (FTIR) spectroscopic method has been
developed to quantify peroxide in various samples, such as palm
olein oil, crude palm oil, crude palm kernel oil, sunflower oil,
olive oil, and rapeseed oil [8-12]. The FTIR method has
significant advantages over the standard American Oil Chemists’
Society’s (AOCS) iodometric titration method in terms of the
consumption of solvent and reagents and its rapidity. A
chemometric approach based on partial least-squares analysis
has been often used with the FTIR technique to construct a
calibration model for predicting the POV in the samples. The
disadvantages of this method are as follows: can be cumbersome,
requires a skillful operator to construct the model, and has a
relatively low degree of specificity.

Automatic systems that offer precise and accurate results,
rapid yielding (giving high sample throughput) based on flow
injection analysis, and several detection methods including
spectrophotometry [2, 4, 5, 13}, fluorometry [3], potentiometry
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with a triiodine electrode [14] and chemiluminescence [15-16],
have been developed for determining the lipid hydroperoxides in
oils and fats. ‘A stable and continuous baseline is necessary when
using a basic flow injection system. Thus, the reagents are
consumed~ continuously, causing large amounts of waste
generation.

In this study, a sequential injection analysis (SIA) system was
developed for determining the lipid hydroperoxides in edible oils.
This system used the well-established reaction; the oxidation of
Fe(Il) to Fe(Ill) by hydroperoxide and/or peroxide in the oil or
fat samples. Subsequently, the colorimetric measurement of
thiocyanate complex was used as the principle reaction [17-22].
In this system, benzoyl peroxide was selected as the standard
peroxide for building the calibration curve that was used to
determine the lipid hydroperoxide, because benzoyl peroxide is
more stable, is easier to handie and reacts more rapidly than
hydrogen peroxide [2].

2. Experimental

2.1 Chemicals

All of the chemical and reagent used in this study were of
analytical grade, and they were used without further purification.
Milli-Q water was purified using Auto Pure WQ501 (Yamato
Scientific Co., Ltd.,, Tokyo, Japan) was used throughout the
experiments.

A stock solution of 20% (w/v) SCN™ was prepared by
dissolving 2 g of ammonjum thiocyanate (Wako Pure Chemical
Industries, Osaka, Japan) in 10 mL of MilliQ water. The working
solution for each experiment was prepared by diluting the stock
solution with MilliQ water to indicated concentration.

A stock solution of 12.5 mmol/L Fe(Il} solution was prepared
by dissolving 24.9 mg of iron(ll) chloride tetrahydrate (Wako
Pure Chemical Industries) in 10 mL of MilliQ water. The
working Fe(I) solution for each experiment was prepared by
diluting the stock solution with 3.5% HCl in 75% ethanol in
proper concentration.

A standard benzoyl peroxide stock solution (10 mmol/L) was
prepared by dissolving 165 mg of benzoyl peroxide
(Sigma-Aldrich, St. Louis, MO, USA) in 99.7% isopropanol in
the 10 mL volumetric flask. The working benzoyl peroxide
solution for each experiment was prepared by diluting the stock
solution with 5 mL of isopropanol to indicated concentrations.

Oven {reactor)
. Sample
Carrier SP. HC Y
7 3 Fe(Il) solution
5
son Detector | WVaste
solution
Waste —y
=
Recorder

Figure 1. Proposed SIA system for determining the lipid
hydroperoxides. Carrier, 80% isopropanol; SP, syringe pump;
HC, holding coil.

2.2 Edible oil samples

Edible oil samples were purchased in local supermarkets and
kept under refrigeration until they were analyzed. Before the
analysis on the developed SIA system, each sample was diluted
to reduce viscosity: 0.2 g of an oil sample was dissolved in 5 mL
of isopropanol, and this solution was then diluted in four times
its volume in isopropanol. The lipid hydroperoxide concentration
in this solution was then determined.
2.3 AOCS official method Cd 8b-90 for the determination of
lipid hydroperoxides

The POV (milliequivalents peroxide/kg: meq/kg) of each
edible oil was determined according to the AOCS official
method Cd 8b-90 [6] in order to compare the results obtained
using our SIA system.

2.4 SIA system for determining the lipid hydroperoxides

A schematic of the proposed SIA system is shown in Figure 1.
The system (MGC JAPAN Co., Ltd., Japan) consisted of a 2500
uL syringe pump, a holding coil (Teflon tube; 1.5 mmid., 1.5 m
long), an eight ports selection valve, a reactor tube (Teflon tube;
0.8 mm i.d. , 4 m long), a mixing coil (Teflon tube; 0.8 mm i.d.,
1 m long), a visible spectrophotometer $-3250 (Soma Optics,
Tokyo, Japan), a recorder (Unicorder U-228; Pantos Nippon
Denshi Kagaku, Kyoto, Japan), a reactor (Reactor 522; Flom,
Tokyo, Japan) and a personal computer. An SIA MPV lite ever
2.55 for auto-pret system (MGC JAPAN Co., Ltd.) was used to
provide the automatic control of this system.

2.5 Analytical process .

Protocol sequence for determining the lipid hydroperoxides in
oil samples are listed in Table 1. The analysis was started by
operation of syringe pump to aspirate 100 pL of air via valve
position 1 to a holding coil, followed by aspirating 40 pl. of
SCN’ solution via valve position 6, 30 pL of Fe(II) solution via
valve position 3, and 100 pL of standard benzoyl peroxide
solution or oil sample via valve position 2, 30 pL of Fe(ll)
solution, and 40 pL of SCN" solution to the holding coil. After
that, the aspirated solutions were dispensed through valve
position 1 to a reactor by reversing a flow of the syringe pump.
Three rounds of flow reversal were used to improve mixing of
between analyte and reagents. The mixed solution was incubated
at 60°C for 40 sec at the reactor. A 150 pL of air and mixed
solution that was held in the line but outside the reactor was
aspirated into a holding coil and dispensed to waste. After that,
150 uL of mixed solution was aspirated into the holding coil and
dispensed toward a detector in order to detect the
Fe(lll)-thiocyanate complex at 500 nm. The residue of mixed
solution in the line was sucked into the holding coil, followed by
dispensing to waste. As a final step, it was necessary to clean the
reactor to remove the remained mixed solution to prevent the
contamination of reaction in a next cycle.

3. Results and Discussion

3.1 Optimization of the SIA system for determining the lipid
hydroperoxides

Lipid hydroperoxide readily oxidizes Fe(II) to Fe(IlI), and this
reaction was used as the principle to qualify the lipid
hydroperoxide. It could be measured colorimetrically as the
thiocyanate complex which has an absorption at 500 nm. Using
the proposed SIA system (Figure 1), the effects of
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Table 1. Protocol sequence of the proposed SIA system for estimating the concentration of lipid hydroperoxides.

Step Operation VZI.IYC Volume Flow rate

position (uL) (uL/sec)
1 Aspiration of air 1 100 50
2 Aspiration of SCN" to holding coil 6 40 50
3 Aspiration of Fe(II) to holding coil 3 30 50
4 Aspiration of standard or sample 2 100 50
5 Aspiration of Fe(II) to holding coil 3 30 50
6 Aspiration of SCN” to holding coil 6 40 50

7 Dispensing aspirated zones to reactor and flow reversal at three times 1 - -
8 Incubation of mixed solution 40 second 1 - -
9% Aspiration of mixed solution to holding coil 1 150 50
10 Dispensing solution to waste 5 Empty 500
11 Aspiration of mixed solution to holding coil 1 150 50
12 Aspiration of carrier to syringe - 2350 500
13 Dispensing solution to detector 4 Empty 50
14**  Aspiration of solution to holding coil 1 500 100
15 Dispensing solution to waste 5 Empty 500
Cleaning step

16 Aspiration of carrier to syringe - 2000 500
17 Dispensing carrier to reactor 1 1,000 100
18**  Aspiration of solution to holding coil 1 2 50
19 Dispensing solution to waste 5 Empty 500

*This discarding step was the aspiration of the solution which was held in the line outside the reactor.
**The discarding step was the aspiration of the solution of the mixture at higher volume than the remaining solution to ensure

complete removal.

different parameters, such as the aspiration sequence, the
number of flow reversal, the concentrations of Fe(II) and
SCN' solution, the aspirated volume of sample, the reaction
temperature, and the reaction time, were investigated.

As shown in Figure 2, three aspiration sequences were
tested for determining the lipid hydroperoxides. As a result,
sequence B was found to provide good sensitivity and
required the shortest time to aspirate all of the reagents onto
the holding coil. Therefore, the aspiration sequence B was
selected for further experiments.

The solution mixing in the system initially occurred in the
holding coil, but the solutions could not mix very well
without additional processes. Between zero to four flow
reversal steps were examined to determine the effectiveness
of the number of flow reversal steps for improving the
mixing of the solutions and increasing the yield of the
product. Consequently, the peak height increased as the
number of flow reversal steps increased, and the best
sensitivity was found using three flow reversal steps. The
signal was somewhat lower using four reversal steps than
using three steps, because the mixed solution was diffused
further in the carrier stream with each additional flow steps.
Therefore, three flow reversal steps were chosen for the
proposed SIA system.

Sample aspiration volumes of 20 — 150 pL were tested
using a 0.5 mmol/L standard benzoyl peroxide, and the peak
height was found to increase as aspiration volume increased.
Using a high sample aspiration volume, the amount of
analyte used was also increased to enhance the
Fe(III)-thiocyanate complex. From economic view, a 100 pL

of sample aspiration volume was selected for further
experiments.

The effect of reaction temperature on the coloration of the
Fe(Ill)-thiocyanate complex was investigated between 50
and 70°C. The coloration of the Fe(1iI)-thiocyanate complex
was found to be influenced by the increasing temperature,
and for our SIA system, 60°C was selected as the reaction
temperature.

The effect of reaction time, in the range of 0 — 60 sec, was
investigated using a reaction temperature of 60°C. The peak
height was found to increase as the incubation time increased
up to 40 sec, and it increased slightly after that time.
Therefore, a reaction time of 40 sec was selected for the
proposed SIA system.

Holding coil Oven (reactor)
—
A Air | oseN | R | Brsample
1004L | 100 pL | 1004 | 100pL
B A | SON | Feil) | Besample | Fe(l) | SCN-
1o0pL | S0uL | s0pL 100 5L sopl | sopl
¢ A | SoN | Besample® [ Fe) | Bsample | Fe(l) | B¥sample | SCN-
1004 | 50pL 25 S04l 50 50 L 50 L

Figure 2. Aspiration sequences for the proposed SIA system.
*B: benzoy! peroxide

In the range of 0.6 — 4.4 mmol/L, the effect of the Fe(II)
concentration on the coloration was investigated using the
experimental conditions that had already been selected, as
described above, except for the SCN™ concentration. The peak

height was found to reach a maximum and remain constant
for the Fe(II) concentrations of over 3.1 mmol/L. Therefore,
3.1 mmol/L of Fe(II) was chosen.

Fe(Il) aspiration volumes of 20 — 80 pL were used to
determine the assay condition using the experimental
conditions that had already been selected, as described above,
except for the SCN” concentration. The results of the study
were expected to determine highest sensitivity that could be
achieved using a low volume of Fe(Il) solution. An Fe(Il)
aspiration volume of 60 uL was concluded to provide the best
sensitivity in terms of the peak height. Over this volume, the
peak height of signal decreased due to the effect of diffusion
in the mixed solution.

Different SCN” concentrations (2 — 8% (w/v)) were also
tested using the experimental conditions that had already
been selected. The peak height was found to increase as the
SCN’ concentration increased up to 6%, and the sensitivity
slightly ameliorated at higher concentrations. Therefore, the
recommended SCN” concentration for determining the lipid
hydroperoxide using our system was 6%.

The effects of aspiration volume of SCN solution was also
tested between 20 and 100 pL. The peak height increased as
the volume of SCN solution was increased up to 60 pL, and
the sensitivity remained constant at higher volume. Therefore,
60 pL of SCN” solution was used for the determination of
lipid hydroperoxides.

3.2. Analytical characteristics

As shown in Figure 3, the response signals, using benzoyl
peroxide as the standard reagent to quantify the lipid
hydroperoxides, were linearly increased over the 0 — 0.5
mmol/L in the proposed system using the selected conditions.
The significant linearity was recognized between the
concentration of benzoyl peroxide and the peak height (r =
0.998, n = 6, p < 0.01). The detection limit (defined as the
concentration giving a signal to noise ratio of 3) was
estimated to be 0.015 mmol/L. The reproducibility of the
method was determined by analyzing a 0.3 mmol/L standard
benzoyl peroxide 11 times. The relative standard deviation
was 1.3%. It was possible to analyze 10 samples per hour (6
min per analysis cycle), including all of the steps (aspiration,
incubation, detection, and cleaning).

3.3. Recoveries

Two kinds of oil samples, rapeseed and olive oils, were
each spiked with 0.1 and 0.2 mmol/L of standard benzoyl
peroxide and analyzed to determine the recoveries using the
developed SIA system (Table 2). The recoveries were 97.2 —
99.5%. This shows that the SIA system provided appropriate
recoveries for determining total lipid hydroperoxides in
edible oils.

3.4. Application to edible oil samples

The proposed SIA system was applied to determine the
lipid hydroperoxides in eight edible oils. Before the analysis
using SIA system, a 0.2 g aliquot of each oil sample was
dissolved in 5 mL of isopropanol, and then it was further
diluted fourfold with isopropancl. The concentrations of lipid
hydroperoxides are presented in Table 3, expressed in mmol
benzoyl peroxide equivalent (eq.) per litter. The POV
(meq/kg) was also determined using the AOCS method in

order to compare the results (Table 3). Consequently, the
results obtained using the SIA system and the AOCS method
were linearly-related with a correlation coefficient of 0.987
(n=8,p<0.00).

0.4 mmol/L,

0.3 mmol/Li§ .

| 02mmol/L ¢
0.1 mmol/LE:

blank

0.07 Abs

o

il ] '
e e TP e
Figure 3. Typical response signals for benzoyl peroxide
obtained using the proposed SIA system.

Table 2. Recovery tests of the lipid hydroperoxides in edible
oils using the proposed SIA system (n = 4).

Lipid hydroperoxide
Edible (mmol benzoyl peroxide eq./L) Recovery
1 0,
oils Found Spiked F ound )
in total
0.152
Rapeseed 0.052 0.1 +0.004 994 3.6
+ 0.001 0.251
0.2 £0.007 99.5+3.6
0.234
ome 0136 %1 wogos  72EAI
+0.002 0.332
0.2 £0.004 98.0+2.1

Table 3. Determination of the lipid hydroperoxides in edible
oils using the proposed SIA system and the AOCS method.

SIA system AQCS method
Edible Lipid h)(ll(;ro:e)roxide =2
oils POV
(mmol benzoyl
peroxide eq./L) (megke)
Rapeseed 0.052 +0.001 1.1£03
Soybean 0.065 +0.001 1.6£0.1
Sesame 0.068 £ 0.001 1.8+£0.6
Olive 0.436 +£0.002 72+0.1
Grape seed 0.119 £ 0.001 22%0.0
Com 0.113 £ 0.002 24+0.1
Perilla 0.426 £ 0.004 8.4+0.1
Flaxseed 0.107 +0.001 1.6+0.3
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4. Conclusion

Lipid hydroperoxides, which are the primary products of
the lipid peroxidation process, could be determined using a
simple, rapid, and automatic SIA system with
spectrophotometric detection. The concentrations of lipid
hydroperoxides determined using the proposed SIA method
correlated well with the POV determined using the AOCS
official method (r = 0.987, n = §, p < 0.01). The proposed
system produces less organic waste than the conventional
methods; the proposed SIA system used 240 uL of reagents
for detection of lipid hydroperoxides and 4000 ulL of career
solution for moving of analyte and cleaning of line, whereas
the ACOS method used approximately 55 mL of reagent per
titration. In addition, the high repmducibility (RSD=1.3%,n
= 11) and high throughput (10 samples per hour) were
obtained in the proposed SIA system. Thus, we concluded
that the SIA system proposed here can be used as an
alternative method for the routine determination of lipid
hydroperoxides in edible oils.
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Acesulfame potassium (AceK), a high-intensity and non-caloric artificial sweetener, is used in various
processed foods as a food additive. In this study, we established and validated a method for determining
the AceK content in various processed foods by solvent extraction and quantitative 'H NMR, using a
certified reference material as the internal standard. In the recovery test, the proposed method gave
satisfactory recoveries (88.4-99.6%) and repeatabilities (0.6-5.6%) for various processed foods. The limit
of quantification was confirmed as 0.13 gkg

~1, which was sufficiently low for the purposes of

Keywords: monitoring AceK levels. In the analysis of commercially processed foods containing AceK, all AceK

Absolute quantification
Processed food
Quantitative NMR
Acesulfame potassium

contents determined by the proposed method were in good agreement with those obtained by a
conventional method based on dialysis and HPLC. Moreover, this method can achieve rapid quantifica-
tion and yields analytical data with traceability to the International System of Units (SI) without the need
for an authentic analyte standard. Therefore, the proposed method is a useful and practical tool for the

determination of AceK in processed foods.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Acesulfame potassium (AceK) is a high-intensity, non-caloric
artificial sweetener with a sweetening strength approximately 200
times that of sucrose. As such, AceK is consumed as a sugar
substitute in order to restrict sugar intake and control blood
glucose levels |11 In addition, this compound is used as a food
additive in more than 100 countries {2} due to its high stability
under acidic conditions and heating. Many countries regulate
the use of AceK according to specific legislation regarding food
additives based on acceptable daily intake (ADI) values (0-15 mg/
kg of body weight per day) established by the Joint Food and
Agriculture Organization of the United Nations (FAO)/World
Health Organization (WHO) Expert Committee on Food Additives
(JECFA) i3}. The maximum usage level of AceK in various foods is
determined by the Codex Committee. In Japan, AceK can currently
be used in specific processed foods such as chewing gum, jam,
ice cream, soft drink, and beverages containing Lactobacillus.
The maximum level is set between 0.35gkg™' and 15gkg~".

Abbreviations: AceK, Ac ium; ADI, daily intake values;
CRM, certified reference material; gNMR, quantitative NMR; 1S, internal standard;
LOQ, limit of quantification
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Accordingly, reliable analytical methods are necessary to monitor
AceK content in processed foods and to assure regulatory
compliance.

Several analytical methods have been applied in the determina-
tion of AceK in foodstuffs such as processed foods and beverages.

chromatograph and HPLC-MS/MS {8}
in the quantification of AceK. In these chromatographic methods, an
authentic standard, such as a certified reference material (CRM)
with a proven identity and purity determined by metrological valid
procedures, is required in order to obtain reliable analytical results,

On the other hand, quantitative NMR (qNMR) is a considerably
powerful tool to quantify analytes without the need for identical
standards, and is considered to be a primary ratio method {9, i1
In particular, quantification using 'H NMR (qHNMR) is widely
applied in the quantification of medicines {11,{2}, beverage com-
ponents {13,14}, and natural products in medicinal plant extracts
due to its high sensitivity and the widespread presence of
"H nuclei in organic molecules In gHNMR, the content or
concentration of the analyte is determined using the ratio between
the integral values of a specific signal of the analyte to that of an
internal standard (IS). The integral values of the analyte and IS are
directly proportional to the number of protons per resonance line
times the molar concentration of the analyte and the IS, respec-
tively. Therefore, the absolute quantitative value of the analyte can
be determined with metrological traceability to the International
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System of Units (SI), if a specific CRM is used as the IS in gHNMR.
Recently, gHNMR with IS, also called AQARI (accurate quantitative
NMR with internal reference substance), was reported |13} We
previously demonstrated that gHNMR using an Sl-traceable refer-
ence material combined with solvent extraction could be utilized
to determine the absolute content of preservatives in processed
foods {2,211

In this study, we developed a novel method for the determina-
tion of AceK in processed food using solvent extraction and
gHNMR. To determine the accuracy and precision, we also applied
and validated the proposed method using various processed foods.
Furthermore, we compared the proposed method to a conven-
tional method Based on dialysis and HPLC.

2. Materials and methods
2.1. Processed food samples

Twelve processed foods without AceK (chewing gum, red bean
paste, candy, jelly, biscuits, ice cream, jam, salad dressing, vege-
table pickled in soybean sauce, sherbet, a soft drink, and a
beverage containing Lactobacillus species) and five processed foods
that specified the use of AceK on the label (candy, two types of
jellies, biscuits, and a soft drink) were purchased from markets in
Tokyo, Japan.

2.2. Chemicals and reagents

Analytical grade AceK (purity: > 98%) and 2,2-dimethyl-2-
silapentane- 5-sulfonate-ds sodium salt (DSS-ds) (Code no. 048-
31071, Lot. EPL1095, purity: 92.2 + 0.7%), the certified reference
material, were obtained from Wako Pure Chemical Industries, Ltd.
DMSO-dg and HPLC grade acetonitrile were obtained from Kanto
Chemical Co., Inc. (Tokyo, Japan). Ultrapure water (purified to
18 MQ cm) using a Millipore (Danvers, MA, USA) Milli-Q water
purification system was used. All other chemicals were of analy-
tical grade and were purchased from Kanto Chemiical Co., Inc.
(Tokyo, Japan) and Wako Pure Chemical Industries, Ltd. (Osaka,
Japan). Hexane saturated with acetonitrile and acetonitrile satu-
rated with hexane were prepared as follows: 500 mL of acetoni-
trile and 500 mL of hexane were transferred to a separating funnel
and were shaken vigorously. After the upper and lower layers were
completely separated, they were used as hexane saturated with
acetonitrile and acetonitrile saturated with hexane, respectively.
Acesulfame was prepared by the acid hydrolysis of AceK as
follows: AceK (8 g) in 5% sulfuric acid (100 mL) was allowed to
sit at room temperature for 15 min. Subsequently, the solution was
partitioned with ethyl acetate (100 mL?) and the ethyl acetate
layer was evaporated to yield acesulfame (6 g). Prepared acesul-
fame was completely characterized using DART-TOFMS and NMR.

2.3. Instruments

'H NMR was measured on a JNM-ECA 600 spectrometer (JEOL
Ltd., Tokyo, Japan). HPLC was performed on a Shimadzu HPLC
system (LC-10A) equipped with an SPD-M10Avp diode array
detector (Shimadzu Corporation, Kyoto, Japan). Homogenization
was carried out using an ULTRA-TURRAX T 25 digital homogenizer
(IKA Works, Wilmington, NC, USA). An XP2U (Mettler-Toledo AG,
Greifensee, Switzerland) ultra-micro balance was used to
weigh the analytical grade AK for qHNMR analysis, and DSS-dg.
A ME235S (Sartorius, Bloomington, MN, USA) semi-micro balance
was used to weigh the processed foods, DSS-dg stock solution, and
DMSO-dg.

2.4. Pretreatment of the processed foods

2.4.1. Solvent extraction

The four processed foods (chewing gum, candy, jelly, and
vegetable pickled in soy bean sauce) were cut into small pieces
before weighing. Portions (5g) of all processed foods were
accurately weighed in glass centrifuge tubes. A saturated solution
of sodium chloride (20 mL), 10 vol% sulfuric acid (4 mL), and
diethy! ether (20 mL) were added, and the mixture was subjected
to high-speed homogenization for approximately 1 min. The
homogenate was centrifuged at 1500g for 5 min, and then the
upper layer was transferred to a clean flask. The residue was
homogenized again with 20 mL of diethyl ether and centrifuged at
1500g for 5min. The upper layers were combined and then
evaporated at 30 °C to yield the gHNMR sample.

For the biscuit, ice cream, jam, and salad dressing, 10 mL of
methanol was added to the extract to remove oil components after
the evaporation of the upper layer, as described above, and then
the samples were centrifuged. Finally, the methanol layer was
transferred to a clean flask and then evaporated to yield the
gHNMR sample.

For chewing gum, 20 mL of hexane saturated acetonitrile and
acetonitrile saturated hexane was added to the extract following
the evaporation of the upper layer, as described above, and then
the sample was centrifuged. Subsequently, the acetonitrile layer
was evaporated to obtain the gHNMR sample.

2.5. Dialysis

The dialysis procedure utilized in this study was the same as
described previously i<} Briefly, the solid processed foods were
cut into small pieces prior to weighing. Accurately weighed
portions (20 g) of all processed foods were packed into cellulose
tubes with 20 mL of 0.01 mol L™ " hydrochléric acid containing 10%

“sodium chloride and set to glass vessel. After the total volume

was adjusted to 200 mL by the addition of 0.01 mol L™! hydro-
chloric acid in a glass vessel, the sample was dialyzed against
0.01 mol L= hydrochloric acid for 48 h. Then, 20 mL of dialysate
and 2 mlL of 0.1 mol L™ tetra-n-propy! ammonium bromide were
transferred to a volumetric flask and the volume was adjusted to
25mlL by the addition of water. Five milliliters of the sample
solution was passed through a Sep-Pak Vac Cis column. After
washing the column with 10 mL of water, the sample was eluted
with 10 mL of 40% methanol. The obtained eluate was passed
through a Bond Elut SAX column for further purification. After
washing the column with 5 mL of 0.5% phosphoric acid and water,
AceK was eluted with 5 mL of 0.3 mol L~ hydrochloric acid. This
eluate was transferred to a volumetric flask, and the volume was
adjusted to 5 mL by the addition of water. The final solution was
filtered with a 0.45 pm syringe filter and used for HPLC analysis.

2.6. gHNMR measurements

2.6.1. gHNMR measurement parameters

qHNMR was measured using previously described parameters
120,211 The data were processed using the qNMR analysis soft-
ware, Alice 2 for qNMR “PURITY” (JEOL RESONANCE Ltd.). The
signal integral value calculated with this software was used for
quantitative analysis. The chemical shift of all data was referenced
to DSS-dg at dy 0.00.

2.7. Preparation of the DSS-dg stock solution and determination
of its concentration

The reference material, DSS-dg (21.91 mg), was dissolved in
100 g of DMSO-dg to obtain the stock solution. The concentration
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of DSS-dg in the stock solution was calculated to be 0.202 mg g™,
based on the purity of DSS-dg (92.2%).

2.8. qHNMR measurement of prepared acesulfame

Three samples of acesulfame (10 mg; prepared as described in
Section 2,2) were accurately weighed using an ultra-micro bal-
ance. Each sample was then placed in a separate vial, and the stock
solution (1 g) was added to each vial to fully dissolve the samples.
Each solution was then transferred to a 5 mm (outer diameter)
NMR tube (Kanto Chemical Co., Inc., Tokyo, Japan) to a height of
4 cm from the bottom of the tube and was subjected to qHNMR
analysis. The purities of acesulfame were calculated using the
following equation:

Iae/Hae  Map/Car

where Iar and Ipss are the signal integral values for the acesulfame
and DSS-dg, respectively. Har and Hpss are the number of protons
for the acesulfame and DSS-dg signals, respectively. Mar and Mpss
are the molecular weights of acesulfame and DSS-ds, respectively.
Car and Cpss are the acesulfame concentration (10 mgg™') and
DSS-ds concentration (0.202 mg g~ ') in the stock solution.

2.9. Recovery test

The recovery was determined by spiking acesulfame in 12
processed foods and obtaining triplicate measurements. The four
levels (0.50, 1.0, 2.5, and 50gkg~") of acesulfame in each
processed food were close to each maximum usage levels of AceK
permitted in Japan. Accordingly, these four levels were used as the

Purity (%) = x 100, &) high concentration levels of each food in this test. After solvent
Inss/Hpss Mpss/Coss extraction of each spiked food sample, the samples were subjected
to qHNMR measurements. The recoveries of each food sample
were calculated using the following equation:
a
Measured concentration
0\\3/,0 0820 Recovery (%) =~ oot g0 @)
287 piiig Spiked concentration
10 2°NK 072 "NH
do B Jdo L
A X A ; -1y _ Iav/Har Mae/Wro
7 [s] Measured concentration (g kg™ ') =L 2 — 0 3
7 s o s ke Ipss/Hpss Mpss/Coss
b W where Wgp is the concentration of the food sample by weight
i (gg~"; 5g food sample/1 g stock solution).
% Table 2
Comparison of gravimetric and experimental values.
solvent residanl
igrest Gravimetric ;4 2.20 5y 6.04
Lad value
‘; (mgg™'y Experimental RSD Relative Experimental RSD Relative
H ‘is value (&%) error value (%) error
: ; ; ; . (mgg™'y (693 (mgg™'y &)
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Fig. 1. Chemical structure of AceK (left) and acesulfame (right) (a) and 'H NMR 0.30 030 01 -08 0.30 00 -09
spectrum of acesulfame in DMSO-ds containing DSS-dg (b). IS, internal standard. 0.61 0.61 02 -08 0.61 05 08
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49 49 03 -06 49 03 -06
Table 1 98 9.8 01 05 98 01 03
Purity of acesulfame determined by qHNMR. 20 20 0.2 08 20 0.2 01
25 25 0.2 03 25 02 05
Signal (6, ppm) Number of protons Purity (%)" RSD (%)
* Each gravimetric and experimental values represent the mean of three
220 3 97.8 01 independent experiments.
6.04 1 97.7 01 " RSD, relative standard deviation.
© Relative error calculated with the following equation: Relative error=
? Values represent the mean of three independent experiments. i value — i ical imetrical value] x 100.
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Fig. 2. Relationship between acesulfame concentration and the ratio of the integral of acesulfame: DSS-dg signals. (a) 8y 2.20 and (b) 6y 6.04.
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2.10. gHNMR measurement of AceK in the processed foods

The extract obtained from the solvent extraction of each of the
processed foods was dissolved in 1g of stock solution and
subjected to qHNMR. In gHNMR, AceK the from respective food
samples was detected as acesulfame owing to the acid hydrolysis
of AceK during extraction. The AceK contents of the food samples
were calculated using the following equation:

Inr/Har_Mar/Wrp
Ipss/Hpss Mpss/Cpss

where 1.233 is the ratio of the molecular weights between AceK
and acesulfame.

Content (gkg ™"y = x 1.233, @

2.11. HPLC measurement

The sample solution obtained by dialysis was subjected to HPLC
analysis at 230 nm using a Capcell pak NH; (4.6 mm i.d. x 250 mm,
particle size 5 pm; Shiseido, Tokyo, Japan) at 40 °C and a flow rate
of 1.5 mL/min with 1% phosphoric acid/acetonitrile (2:3) as the
mobile phase. The AceK contents of the food samples were
calculated using the following equation:

C x 200 x 25
1000 x W x 20°
where C is the concentration of the acesulfame in the sample
solution (ug mL~") and W is the weight of the sample (g).

Content (g kg™ 1) = o)

3. Results and discussion
3.1. gHNMR measurement of acesulfame

To ensure whether gHNMR could be used for quantification of
the AceK content in the processed foods, the acesuifame was first
analyzed using QHNMR, because AceK was converted to acesul-
fame through acid hydrolysis during pre-treatment of processed
foods. As shown in #ig. 1, the "H NMR spectrum displayed the two
characteristic singlet signals of acesulfame due to a methyl group
at &y 2.20 and an olefinic proton at dy; 6.04, in addition to signals of
DSS-dg, the internal standard, at &y 0.00 and residual proton of
DMSO-dg in the stock solution. We considered that these two
signals could be applied in the gHNMR quantification of acesul-
fame, because these signals were well separated from other
signals. Therefore, the absolute purity of acesulfame was deter-
mined from the ratio of the integrated signal intensity of each the
two characteristic signals to the signal of DSS-ds. The results
shown in able | indicate that the purities calculated using the
signal of asesulfame at &y 2.20 were not significantly different
those calculated using the signal at 8y 6.04. These results sug-
gested that the two signals were suitable for the accurate quanti-
fication of asesulfame.

3.2. Linearity

To determine the linearity and the measuring range of the
three signals, acesulfame solutions at nine different concentrations
including 0.15, 0.30, 0.61, 1.2, 2.4, 4.9, 9.8, 20, and 25 mg g~ ' were
prepared and the calibration curves of each signal were subse-
quently plotted based on the linear regression analysis of the ratio
of the integrated signal intensity of each signal to that of DSS-dg
(Y) versus the concentration of acesulfame (X, mgmL~'). As
shown in Fig. 2, clear linear regressions with the coefficient of
determination of 1.0 were obtained in the range of 0.15-25 mg g™
for the signal at 8y 2.20 and 0.30-25 mg g“ for the signal at 8y
6.04, indicating a good linear relation in the method’s response.

In these concentration ranges, relative errors between the experi-
mental values obtained using gHNMR and the gravimetric value of
each signal were also less than 1%, as shown in Table 2.

3.3. Accuracy and precision of the proposed method

To develop a quantitative method for AceK in processed
foods using qHNMR, the method combining extraction method
for pre-treatment and subsequent gHNMR analysis was examined
to determine the AceK in processed foods. Although dialysis is
generally used as a conventional pre-treatment }4.2Z} for the
quantification of AceK in processed foods, it requires 48 h to purify
AceK from processed foods. To avoid this time-consuming process,
we utilized solvent extraction using diethy! ether as the extraction
solvent based on a previous report {20211 -

To assess the intra~-day accuracy and precision of the proposed
quantitative method, we performed the recovery test using the
samples of 12 kinds of the processed foods spiked with known
amounts of acesuifame with triplicate measurements at each level.
fig. 3 shows a representative 'H NMR spectra of acesulfame-
spiked sample extracts and blank sample extracts. In these spectra,
whole or partial overlaps between the signal at Jy 2.02 in

Table 3
Recovery of acesulfame from various processed foods.

Sample 013gkg™! High concentration Jevel

Spiked spiked

Recovery RSD Level Recovery RSI;)

*) @ (gkg™) &) (%)
Chewing gum 97.8 5.6 5.0 88.4 24
Red bean paste 97.7 3.0 25 96.5 13
Candy 96.7 0.8 25 982 24
Jelly 926 16 25 98.0 17
Biscuit 909 27 25 951 34
Ice cream 99.2 0.6 1.0 924 41
Jam 99.3 14 10 99.6 08
Salad dressing 90.4 11 1.0 96.8 17
Vegetable pickled in soybean 96.5 4.8 1.0 98.6 2.7

sauce

Sherbet 971 17 1.0 98.5 15
Soft drink 98.2 09 0.50 94.6 15
Beverage containing 99.0 26 0.50 956 4.0

Lactobacillus species

2 Each recovery value represents the mean of three independent experiments
performed on the same day.
b RSD, intra-day relative standard deviation.

Table 4
Inter-day recoveries, repeatability, and intermediate precisions of acesulfame in
chewing gum, ice cream, and vegetable pickled in soybean sauce.

Sample 013gkg™' High concentration level
spiked
Recovery RSD,’ RSDj, Recovery RSD. RSD;,
& @ (@ @) @y
Chewing gum 943 19 48 86.2 29 29
Ice cream 97.0 29 37 914 44 45
Vegetable pickled in  94.3 37 4.0 939 36 47

soybean sauce

2 Each recovery value represents the mean of results on five different days (two
trials per day).

® RSD,, the relative standard deviation for repeatability.

© RSDyp, the relative standard deviation for intermediate precision.

4 RSD, and RSDj,, are calculated by one-way analysis of variance of the recovery
values obtained on five different days.
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acesulfame and those in other ingredients of the foods were
observed in some samples. These overlaps considerably affected
the accurate quantification of spiked asesulfame, especially at low
concentrations. On the other hand, with the quantification using
the signal at dy 6.04, the signals of other ingredients were minimal
in the range of 8y 5.8~8y 6.2. Therefore, we utilized the signal at 5
6.04 to determine the acesulfame content in all food samples. As
i 3, the recoveries and RSDs of all samples spiked
with the high concentration level ranged from 88.4% to 99.6% and
from 0.8% to 4.1%, respectively. At a concentration of 0.13 gkg™ ",
the recoveries were in the range of 90.4-99.2% with RSDs less than
5.6%. Consequently, the results suggested that the proposed
method was reliable in the determination of AceK in processed
foods.

3.4. Intermediate precision

To evaluate the intermediate precision and accuracy of the
proposed method, we performed the recovery test on five different
days, as described in the section entitled accuracy and precision of
the proposed method. In this test, we selected three food samples
(chewing gum, ice cream, and vegetable pickled in soybean sauce).
As shown in {able 4, the proposed method gave precise inter-
mediate data from all spiked samples, for which the RSD ranged
from 2.9% to 4.8%. In addition, the recoveries of all samples ranged

from 86.2% to 91.7%. As such, the proposed method was highly
reliable and reproducible.

3.5. Limit of quantification of the proposed method

According to previous reports (23,21}, the limit of quantifica-
tion (LOQ) was determined based on the accuracy (recovery),
inter- and intra-day precisions (RSD) in the recovery test, and
signal-to-noise (S/N) ratio of the signal for quantification. The
recoveries for all samples spiked at 0.13 g kg~!, the lowest spiked
concentration, were larger than 90% while their intra- and inter-
day precision were lower than both 6%. In terms of the S/N ratio,
Malz and Jancke reported that an S/N ratio at least 150 was
necessary for gHHNMR measurements with uncertainty of less than
1% 123}, Additionally, we previously demonstrated that the S/N
ratio for quantification should be at least 100 to precisely deter-
mine the level of some preservatives in processed foods {20.211.
this study, the means of the S/N ratios of all samples spiked at
0.13gkg™! of acesulfame were larger than 100. These results
indicate that the proposed method could efficiently determine
acesulfame or salts such as AceK in processed foods at concentra-
tions of at least 0.13 g kg~ ! using the signal at 5 6.04. As such, we
estimated that the LOQ of the proposed method is 0.13 gkg™" in
processed foods. As the maximum usage levels of AceK in
processed foods are in the range of 0.35-15gkg=" in Japan, the
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Fig. 4. "H NMR spectra of sample solutions from commercially produced foods containing AceK. The signals (5y 6.04) marked with asterisks were used for quantification.
The signals at 4 6.04 are highlighted. (a) Candy, (b) Jelly 1, (c) Jelly II, (d) biscuit, and (e) soft drink. IS, internal standard (DSS-dg).
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Table 5
Comparison of AceK contents in commercial foods determined by two methods.

Sample Proposed method (solvent
extraction/qHNMR)

Conventional method
(dialysis/HPLC)

Content (gkg™") RSD (%) Content (gkg™')  RSD (%)

Candy 0.52 0.4 0.50 36
Jelly 1 025 19 0.25 14
Jelly 1t 0.21 13 0.21 9.1
Biscuit 0.22 4.1 0.24 32
Soft drink 0.20 0.4 0.20 3.0

proposed method can be applied for the monitoring of AceK in
processed foods for regulatory purposes.

3.6. Comparison of proposed method and conventional methods
for commercial processed foods

To clarify the applicability of the proposed method for the
quantification of commercial processed foods containing Acek, the
method was applied using candies, jellies, biscuits, and soft drinks
containing AceK and was compared with conventional methods
that use a combination of dialysis and HPLC. 4 shows
representative '"H NMR spectra of the four food samples. We
selected the signal at Sy 6.04 for to determine the amount of
acesulfame potassium in the processed foods, because this signal
was well separated from the interference signals in all processed
foods. As shown in Table 5, no significant differences between the
AceK levels determined using the proposed method and those
determined using the conventional method were found in any
food samples by statistically evaluation (P < 0.05) with the t-test.
Although, the RSDs of the proposed method with Jelly I and
biscuits were slightly larger than those of the conventional
method, the RSDs of all samples were lower than 9.1%. These
results suggested that the proposed method was as reliable as the
conventional method. Therefore, we conclude that the proposed
method is suitable for the determination of AceK in various
processed foods.

4. Conclusion

In this study, we developed and validated a method for the
determination of AceK content in various processed foods using a
combination of solvent extraction and gHNMR. Although quanti-
fication of AceK in cola beverages using 'H NMR with an external
calibration curve was previously reported {74}, this report exem-
plifies the first use of gHNMR to determine AceK levels in various
processed foods. Our study demonstrates the advantages of the
proposed method including high accuracy, intra-day and inter-day
precision, as well as good linearity. Compared with the conven-
tional method, the proposed method exhibited similar capabilities
in the determination of AceK in various samples, but was sig-
nificantly faster at 65 min in comparison to 49 h in the conven-
tional method. The breakdown of the timeline of the conventional
method includes 48 h of dialysis, 50 min of HPLC analysis

including the analysis of the standard to creafe the calibration
curve, followed by 10 min for the determination of AceK. On the
other hand, the proposed method requires an initial solvent
extraction which requires 45 min, while the following gHNMR
analysis accounts for 15 min, and the final determination of AceK
requires 5 min. Moreover, an additional advantage of the proposed
method is that absolute quantification with Si-traceability can be
performed in the determination of AceK in processed foods,
without the need for an authentic and identical analyte standard.
As such, the proposed method is a very useful and efficient tool for
determining AceK content in processed foods. In addition, this
method could potentially be used as an alternative at inspection
centers or quarantine laboratories to assess the suitability of usage
levels and compliance with labeling provisions for quality control,
and to monitor of AceK consumption for consumer safety.
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Abstract

Glycyrrhizic acid (GA), a triterpenoid saponin containing two glucuronic acid (GlcAl and GlcA2) units, is found in the roots

of Glycyrrhiza plants, and has been widely used as a natural sweetener for foods as well as a natural medicine. Purified GA is

commercially available from various manufacturers as an analytical standard or a biochemical reagent. While producers describe

the configurations of GleAl and GlcA2 as o and B-forms, respectively, reports of the structural elucidation of GA have proposed

that both GlcA units are p-form. To clarify this point, commercial GA from various sources was analyzed by 1D and 2D NMR

studies. Results confirmed that the actual configuration of both GlcA units in GA is B-form.

Keywords : glycyrrhizic acid, glucuronic acid, natural sweetener

I Introduction

Glycyrrhizic acid (GA) is a triterpenoid saponin found in
Glycyrrhiza plants such as Glycyrrhiza glabra (licorice), G.
inflata, and G. uralensis. Since GA is 30-50 times sweeter than
sucrose, root extracts of Glyeyrrhiza (known as licorice root
extract) have been used as a natural sweetener for foods”. In
addition, it has been extensively reported that GA has several
pharmacological activities, including anti-inflammatory?,
immunomodulatory®, anti-ulcer” and anti-tumorigenic
effects™ ®. Moreover, licorice root is a well-known oriental and
occidental herbal medicine that is frequently prescribed for the
treatment of various diseases. Purified GA is commercially
available, and is utilized as an authentic standard in natural
medicines and as a research agent for the investigation of
biochemical and pharmaceutical activities.

GA is composed of a triterpenoid aglycone, glycyrrhezinic
acid (GLA), and two glucuronic acid units (GlcAl and GlcA2).
The two GlcA units are connected via a 1 — 2 glycoside
linkage (Fig. 1) and the GlcAl connects to position 3 of the
aglycone GLA via a glycoside linkage. With respect to the
configuration of the two GlcA units, recent papers dealing

Glear  HOZ

Fig. 1. S}ructure of glycyrrhizic acid (GA)

with GA prepared from Glycyrrhiza plants proposed that
both were B—form7' . However, we noted that the labels of
commercial GA and GA salts indicate the configurations of
GlcAl and GIcA2 as a-form and B-form, respectively. In our
investigation of commercial reagent labeling, all commercial
GA and GA salts were labeled as containing the a-form
configuration of GlcAl in their product catalogues. The origin
of the labeling might be an authentic database such as the
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Chemical Abstract Service (CAS) that states that the structure
of GleAl is a-form, e.g., GA (CAS Registry Number: 1405~
86-3), GA ammonium salt (CAS Registry Number: 53956-04-
0), and GA dipotassium salt hydrate (CAS Registry Number:
68797-35-3). These inconsistencies create confusion in
analytical and biochemical investigations using commercial
GA reagents as authentic standards.

In order to clarify the situation, we present the correct
structural determination of commercial GA reagents
purchased from various distributors using high-resolution
NMR analysis.

I Material and Methods

Reagents: Two GA reagents and five GA ammonium
salt reagents were purchased from seven sources as
follows: glycyrrhizic acid standard (Wake Pure Chemical
Industries, Ltd., Osaka, Japan), glycyrrhizic acid (Tokyo
Chemical Industry co., Ltd., Tokyo Japan), glycyrrhizic acid
monoammonium salt (Sigma-Aldrich, MO, USA), glycyrrhizic
acid monoammonium salt standard (Kanto Chemical
Co., Inc., Tokyo, Japan), glycyrrhizic acid ammonium
salt, trihydrate (LKT Labs, Inc., MN, USA), glycyrrhizic
acid ammonium salt (ChromaDex, Inc., CA, USA), and
glycyrrhizie acid monoammeonium salt (Acros Organics, Geel,
Belgium). Commercial catalogues of these sources noted the
configurations of GlcAl and GlcA2 in all reagents as a-form
and f-form, respectively.

NMR study: 1D ('H and *C) and 2D NMR ('H-'H COSY,
3-8 HMQC, B HMBC, and NOESY experiments)
spectra of GA were recorded on JEOL ECA instruments (600
MHz) in CD30D as the solvent at 25°C. The methyl proton
signal at 3.30 ppm in CD30D was referenced on the NMR
measurement.

M Results

Seven commercial GA or GA ammonium salts were
analyzed using NMR in this study. The commercial catalogues
supplied by seven sources indicated the configuration of
GlcAl in GA as a-form, and that of GlcA2 as B-form. To
confirm the configuration of GIcA units in GA, the standard
GA reagent purchased from Wako Pure Chemical Industries
was first analyzed using NMR. The chemical shifts (8u and
3¢) of GA were recorded in CD;OD at 25°C and all signals
were assigned by the analysis of 1D (]H and 13C) and 2D NMR
experiments (‘'H-'H COSY, 'H-*C HMQC, 'H-">C HMBC,
and NOESY experiments). The *C NMR spectrum of GA
showed 42 signals, including a typical ketone signal (8¢ 202.7)

corresponding to C11 on GLA and three carboxyl signals (8¢
180.4, 172.6 and 172.1) corresponding to C30, C6 and C6",

‘respectively (Table 1). The aglycone GLA is known to be an 18

B-H-oleanane-type compound (188-GLA)”. The 18c-epimer

Table 1. Chemical shifts of glycyrrhizic acid (GA) in CD;0D

position 8'H (multiplet, J Hz) RS
GLA
1 0.99 (td, 13.0, 3.5) 402
2.66 (dt, 10.3, 3.5)
1.74 (m)
2 1.81 Em) 270
3 316 (dd, 11.7, 4.4) 90.8
4 40.6
076 (brd, 12.0) 56.5
1.43 (m]
6 1.60 Ebr), 12.0) 184
1.43 (m
7 172 Em; 38
8 46.7
9 2.43 (s) 63.1
10 38.0
11 2027
12 5.56 (s) 1289
13 172.4
14 44.6
1.04 (m
15 1.24 Ebr)d, 14.0) 276
1.87 (m
16 2.14 (((d? 13.8, 4.5) 274
17 33.0
18 2.18(dd, 13.5, 3.5) . 50.0
170 (m;
19 o~ ((m; 24
20 44.9
1.39 (m
2l 1.94 Em; 320
22 1.39 (m) 2H 39.0
23 0.81 () 3H 16.3
24 1.04 (s) 3H 282
25 112 () 3H 17.0
26 112 (s) 3H 19.3
27 142 (s) 3H 238
28 0.82 (s) 3H 202
29 1.16 (s) 3H 2877
30 180.4
GlcAl
I 4.51(d,7.5) 105.3
2 3.50 (t, 9.5) 34.0
3 3.58 (1, 9.8) 774
4 3.54 (t, 9.8) 72.9
5' 3.76 (d, 9.0) 76.3
6' 172.6
GlcA2
B 4.62(d, 17) 106.3
2" 3.28 (m) 76.3
3" 3.38(t,9.8) 772
4" 3.52(t,9.5) 73.1
5 374(d.97) 77.6
6" 172.1




