Table I. Instruments and acquisition parameters,

MERCURY400 (VARIAN)
Spectrometer and ECA500 (JEOL)
Probe 5 mm indirect detection probe
Spectral width 2.5-12.5 ppm
Data points 64 000
Flip angle 45
Pulse delay 308 (>5+T))
Scan times 8
Sample spin 15Hz
Prcbe temperature 25°C
Solvent Mixture of methanol-d,

and acetone-dg (1:1)
Potassium hydrogen phthalate (PHP)
Oxyethylene group
(EO) = 3.40-3.85ppm
4 protons of PHP =7.46~7.66 ppm
+8.18-8.38 ppm

‘Internal standard
Range of integral signal

probes, with methanol-d,:acetone-dg (1:1) and 0.3%
(wiv) PHP as an NMR solvent. The spectra were
referenced internally to TMS by 'H-NMR. The
samples and internal standard were weighed on a
LIBROR AEG-80SM (Shimadzu, Kyoto, Japan)
electronic balance to an accuracy of £0.01 mg.

Preparation of samples and NMR measurement
conditions

The polysorbate samples were prepared as follows,
PHP was crushed into a powder in a mortar and
dried for 1h at 120°C. After cooling in a desiccator,
the powder (300mg) was dissolved in 100ml of
methanol-d4:acetone-dg (1:1) with ultrasonic agita-
tion for 30 min. This stock solution was used as the
NMR solvent and included an internal standard.
A 50-mg polysorbate sample was then dissolved in
3ml of the NMR solvent described above, and
0.6m! of the sample solution was placed into a
S-mm NMR mbe (Kusano Science Co. Ltd,
Tokyo). The 'H-NMR spectra were recorded on
MERCURY400 and ECA500 spectrometers oper-
ating at 400 and 500 MHz, respectively. Typical
'H-NMR parameters for the quantitative analyses
are listed in Table 1. The free induction decay (FID)
signals of the samples from the MERCURY400 and
ECAS500 spectrometers were loaded onto a Windows
XP-based personal computer (PC) equipped with
the Alice 2 Version 5 (JEOL) NMR data-processing
and analytical softiware. Fourier transformations of
the FID signals were carried out with this software
using the default parameters; window func-
tion =exponential, BF=0.12Hz, zero filling=1,
T1=T2=0%, T3 =90%, T4=100%. After phase
adjustments and baseline corrections of the NMR
spectra were performed using the same algorithms in
the automatic mode of Alice 2, the signal intensities
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of the EOs and internal standard protons were
measured, respectively.

Results and discussion
Identification of EO signals in polysorbates

Polysorbate molecules contain approximately
20 moles of EO according to the JECFA definition.
However, recently reported matrix-assisted laser
desorption/ionization time-of-flight mass spectro-
metry (MALDI-TOF MS) spectra showed that
polysorbates include numerous other chemical
species, including polyethylenes, unesterified, mono-
esterified, and diesterified polyoxyethylene sorbitans,
and isosorbides (Frison-Norrie and Spoms 2001).
Furthermore, analysis by liquid chromatography
(LC)-mass spectrometry (MS) confirmed that
polysorbates contain not only polyoxyethylene
sorbitan fatty acid esters but also numerous
intermediates, such as polyoxyethylene sorbitan
and isosorbitan, and the monoesters and diesters of
fatty acids (Vu Dang et al. 2006). These studies
have confirmed that polysorbates comprise many
types of chemical isomers. This molecular diversity
makes it difficult to determine the EO contents of
polysorbates. However, we hypothesized that the EO
contents of polysorbates could be measured rapidly
and simply by qNMR if the signals could be
identified on 'H-NMR spectra, regardless of
whether they contained numerous chemical isomers.

Thus, in order to identify the EO signals
in polysorbates, we compared the 'H-NMR
spectra of polysorbate 20, sorbitan monolaurate,
and poly(ethylene glycol) distearate. The
partial structures of sorbitan monolaurate and
poly(ethylene glycol) distearate, which comprised
a sorbitol anhydride core and poly(ethylene
glycol), were similar to those of polysorbate 20
(Figures 2 and 3). The sorbitan monolaurate and
poly(ethylene glycol) distearate spectra revealed
fatty-acid moiety signals with 8y values ranging
from 0.9 to 2.4 ppm, similar to those of polysorbate
20. The triplet signal at yc. 0.9 ppm, the major
broad signal and multiplet signal at §gyc. 1.3ppm
and 1.6 ppm, and the triplet signal at éyc. 2.4ppm
were identified as the terminal CH3—, —-CH,—, and
~CH,C=0- groups of the fatty acids, respectively.
Most of the EO signals in poly(ethylene glycol)
distearate were observed between 8y values of 3.40
and ¢ 3.85ppm. One of the -CH,0O- groups
appeared to have been shifted downfield to 8gec.
4.2 ppm, near to the residual proton of methanol-d,
at égc. 4.4ppm. A HMBC experiment revealed
that the proton at dyc. 4.2ppm was correlated to
the carbonyl carbon of the fatty acid at
8¢ 173.4ppm. Thus, the proton signal was assigned
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Sorbitan monolaurate

Poly(ethylena glycol) distearate

Figure 2. Structures of sorbitan monolaurate and poly(ethylene glycol) distearate.

Poly(ethylens
glycol) distearate

Sorbitan
monolaurate

Polysorbate 20
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Figure 3. Comparison of NMR spectra of polysorbate 20, sorbitan monolaurate and poly(ethylene glycol) distearate. '"H-NMR spectra
were obtained using the ECA500 system (500 MHz; JEOL) uader the conditions shown in Table 1.

to the ~CH,O- group adjacent to the fatty acid side
chain. In the sorbitan monolaurate spectrum,
various minor proton signals were observed from
8y values of ¢. 3.4-5.0ppm; these were atributed
to the sorbitan moiety in sorbitan monolaurate,
which consists of a mixture of cyclic sorbitol-
derived ethers (such as sorbitan, isosorbite, and
other isomers). These signals were also observed on
the spectrum of polysorbate 20. However, the
signals were broad and negligibly smaller than
that of sorbitan monolaurate, as polysorbate 20
has the diversity of molecule more than sorbitan
monolaurate. The polysorbate 20 signals ranging
from 8y 0.9 to 2.4 ppm that were attributed to the
fatty-acid moiety were similar to those of sorbitan
monostearate. and poly(ethylene glycol) distearate.
Polysorbate 60, 65, and 80 also showed the signals
of fatty acid as same as sorbitan ‘monolaurate, buit
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the olefinic protons were only observed at
S 5.3ppm on the spectrum of polysorbate 80
consisting of an unsaturated fatty acid (data not
shown). The EO signals were assigned to a large
envelop between 8y 3.40 and 3.85ppm, and at
81 4.20 ppm, which overlapped with the negligible
small broad signals seen for the mixture of sorbitan,
isosorbite, and other isomers moieties between oy
values of ¢. 3.4 and 5.0ppm. The EO signals of
polysorbates 60, 65, and 80 also appeared within
these ranges (data not shown), This was due to the
fact that polysorbates basically comprise the same
‘units; sorbitol anhydrides core, EO chains, and
fatty acids. Although proton signals of the —-CH,0-
group adjacent to the fatty acid at dye. 4.20 ppm
were observed, and the signals of the sorbitol
anhydrides core were overlapped on EO signals,
they were negligible and did not effect the
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Figure 4. "H-NMR spectrum of polysorbate 20. The spectrum was obtained using the ECAS00 system (500 MHz; JEOL). PHP
was added as an internal standard. Signals of the four protons on the benzene ring of PHP were observed at 8 values of 7.46-7.66 ppm and
8.18-8.38 ppm. Most of the EO signals of polysorbate 20 were observed in a large envelope between 5y 3.40 and 3.85 ppm.

determination of the EO contents. Thus, in the
current research, we used the EQ signals between
8y 3.40 and 3.85ppm to determine the EO
contents of polysorbates by NMR.

Determination of EO contents in polysorbates 20, 60,
65, and 80

Several reports have described the applications of
gNMR to determine specific types of chemical
compound, such as natural products, impurities,
and polymers (Stefanova et al. 1988; Paula 2001; Jake
et al. 2002; Wells et al. 2002; Paula et al. 2005).
Recently, a practical set of parameters for QNMR has
been discussed (Saito et al. 2004). Furthermore,
gNMR using an internal standard has been suggested
as a new way of determining the contents of
surfactants with a relatively high throughput (IKoike
etal. 2004a, 2004b, 2005). T'o minimize quantitative
errors, we used the QqNMR conditions described
by Koike and colleagues, as listed in Table I.
In particular, the flip angle was set to 45°, and the
spectral width was set at a value sufficient for the peak
of interest to fall within 80% of its centre, because the
signal intensities decreased towards both edges of the
spectral window. The number of data points was set
at 64 000 to enhance the resolution. The pulse delay
was set at up to 30s, as high-precision NMR can-only
be achieved when the pulse delay time is greater than
the quintuple spin-lattice relaxation time (>5 * 7).
As gNMR is based on the fact that the signal
intensities of a given resonance are directly propor-
tional to the molar quantity of the nucleus within the
sample, the EO signal intensity of polysorbates and
four protons on the benzene ring of PHP were used to
determine the EQ contents. The total time taken to
obtain one FID using these parameters was <10 min.
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The weight percentage of the EO groups was
calculated according to Equation 1.

BO(w/w%)
(7eo/Hro % Mro/ Wiampte)

= x 100.
(Zerandard/Flsandard X Myandard/ Watandard)

1)

Here, Igo is the signal intensity of the EO group;
Hgg is the number of protons of the EQ group
(four); Mgo is the partial molecular weight of the EO
group (44); Wiampie is the weight (mg) of the sample
in 3 ml of NMR solvent including PHP as an internal
standard; Icanqard is the total signal intensity of PHP;
Hiandara is the number of protons on the benzene
ring of PHP (four); M, ndard is the molecular weight
of PHP (204); and W, ndara is the weight (mg) of
PHP in 3 m! of NMR solvent.

We initially confirmed that the gNMR showed
linearity between the intensity of the EO signal and
the amount of polysorbate 20. Various amounts of
the reagent-grade polysorbate 20 sample were
analysed by 'H-NMR under the conditions
described in the Materials and methods and
Table I. The NMR spectrum of polysorbate 20
with the internal standard is shown in Figure 4. The
four protons of the PHP benzene ring were observed
as two double-doublet signals at 8y values of
7.46-7.66ppm and 8.18-8.38 ppm, respectively.
The ratio of the EO signal intensity was calculated
as follows: intensity of EO/total intensities of
four protons on PHP benzene ring. The relationship
between EO/PHP and the amount of
polysorbate 20 was linear (R®=0.9996) in the
range of 12.5-100 mg of polysorbate 20 in 3ml of
NMR solvent. Based on these results, we concluded
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Table 1. Determination of EO contents in palysorbates by QNMR.*

MERCURY (400 MHz, VARIAN) ECAS500 (500 MHz, JEOL)
Sample name Entry EO (%) sD Encey EO (%) SD
Polysorbate 20 (polyoxyethylene (20) 1 73.0 1 72.2
sorbitan monolaurate)
2 71.8 2 71.8
3 73.2 3 72.3
q n.7 4 72.5
5 71.9 5 71.6
6 729
7 72.0
8 72,7
9 73.7
AV 723 0.7 AV 72.4 0.6
Polysorbate 60 (polyoxyethylene (20) 1 67.7 1 67.4
sorbitan monostearate)
2 65.3 2 67.7
3 68.9 3 67.5
4 67.8 4 67.9
5 66.9 5 68.6
AV 67.3 1.3 AV 67.8 0.5
Polysorbate 65 (polyoxyethylene(20) 1 49.1 1 49.8
sorbitan tristearate)
2 49.8
3 49.5
4 49.8
5 48.7
AV 49.4 0.5
Polysorbate 80 (polyoxyethylene (20) 1 65.0 1 67.0
sorbitan monooleate)
2 65.5
3 66.2
4 64.8
5 65.1
AV 65.3 0.6

*Reagent-grade polysorbates were purchased from Wako Pure Chemical Industries, Ltd. “Entry” means that the same sample was

measured repeatedly on different days.

that QNMR could quantitatively determine the EO
contents of polysorbates.

In order to verify whether gNMR could accurately
determine the EO contents of polysorbates,
two different NMR insuwuments (MERCURY
and ECA500, with magnetic field strengths of
400 and S500MHz, respectively) were used
to repeatedly measure the EO contents of reagent
grade polysorbates 20, 60, 65, and 80, which
are generally used as standards. The results are
shown in Table II. Reproducible results were
obrained from each sample using the MERCURY
system. Furthermore, the results obtained by the two
NMR instruments did not differ significantly (stan-
dard deviations =0.5-1.3%). These findings con-
firmed that it was possible to determine the EO
contents of polysorbates using this approach regard-
less of the NMR instrument employed.

Finally, to confirm the validity of gNMR,
we determined the EO contents of the commercially
synthesized polysorbates 20, 60, 65, and 80, which
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met the specifications of the JECFA. All of the EO
contents of the polysorbates were within the limits
described in the Compendium of Food Addinve and
Flavoring Agent Specifications (JECFA (internet])
(Table III). The QNMR method for determining
the EO contents of polysorbates demonstrated in
this paper thus represents a simple and rapid
alternative to the classic titration method recom-
mended by the JECFA, which does not require
specific chemical reactions or sophisticated appara-
tus. Moreover, the QNMR method made it possible
to distinguish between Polysorbates 60 and 80,
which have the same stipulated value, by comparison
with the 'H-NMR spectra, as polysorbate 80
consisting of an unsaturated fatty acid only showed
the signals of olefinic protons at 8y 5.3 ppm. It is
theoretically possible to determine the ratio of a
substituted group in any molecule, or the quality of
any compound, using the proposed qNMR method
with an internal standard, provided that the
target proton signals can be separated from those
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Table III. EO contents in commercial polysorbates determined using qNMR.*

Name Stipulated value Brand EO (%) SD
Polysorbate 20 (polyoxyethylene (20) 70.0-74.0% A 71.2
sorbitan monolaurate)
B 73.0
C 70.3
D 71.0
E 71.5
AV 71.4 1.0
Polysorbate 60 (polyoxyethylene (20) 65.0~-69.5% A 66.9
sorbitan monostearate)
B 65.4
C 68.0
D 68.1
E 67.2
AV 67.1 1.1
Polysorbate 65 (polyoxyethylene (20) 46.0-50.0% A 48.3
sorbitan triscearate)
B 46.0
C -
D 47.2
E 48.1
AV 47.4 1.1
Polysorbate 80 (polyoxyethylene (20) 65.0-69.5% A 67.4
sorbitan monooleate)
B 65.1
(o 69.3
D 66.7
B 68.0
AV 67.1 1.6

“Brands A-E were purchased from five manufacturers. Brand C does not supply polysorbate 65.

of non-target groups and impurities. We are
currently investigating the potential for this
technique to determine various other compounds
and polymers.

Conclusions

This research demonstrated that the EO contents of
commercial polysorbates 20, 60, 65, and 80 could be
readily determined using gNMR with an internal
standard. Clear NMR data for the polysorbates were
obtained from simple sample preparations.
Two different NMR instruments validated the
proposed method, and no significant differences
were observed among the results. Moreover, the
data obtained for commercial polysorbates 20, 60,
65, and 80 were in good agreement with the JECFA
guidelines.

Itis generally difficult to determine the amounts of
substituted groups within polymers owing to their
great diversity in molecular weights and structures.
Classical methods require time-consuming prepara-
tion to set up the apparatus, and technically skilled
operators. Furthermore, as there are no alternative
methods to validate the results, they have to be
accepted without verification. Our proposed gNMR
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is a rapid and simple analysis that provides the
structural information of target compounds together.
These advantages will reduce dramatically the time
and manpower cost required, even if the NMR
spectrometer and the solvents are expensive. gNMR
is thus a valuable additional and/or alternatdve
method, with a broad range of applications in
quantitative analysis.
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Abstract

Foodstuffs are exposed to transient or repeating high temperature in manufacturing and distcibuting processes. It will be important to
establish a simulation method for estimation of the effect of high temperature on the {nteraction between food additives and food
constituents.

The interaction in 2 solution of sorbic acid widely used as a preservative with amino acids was examined by the momentary heating
using an electric oven (microwave heater) or the standing at room temperature. Residual sorbic acid in the reaction mixture was deter-
mined by HPLC with UV detection at 254 nm,

Cysteine was most reactive with sorbic acid among 9 amino acids tested in the present study. The sorbic acid in the mixed solution
with cysteine decreased in time- 'and dose-dependent manner of coexisting cysteine under the standing at room temperature.

However, the decrease of sorbic acid in the mixture with cysteine was strongly inhibited by previous momentary heating by micro-
wave irradiation to the solution. The effect of the momentary heating was suspected to be preferentially on cysteine side in the mixed

solution.

Key words: sorbic acid; amino acid; cysteine; microwave irradiation; food additive

|. Introduction ated several carbonyl compounds etc!?, Wedzicha et.al.? and
Khandelwal et.al. also reported that SOA reacted gently with
Foodstuffs temporarily suffer from transient and/or repealing thiols or cysteine (Cys) in aqueous solution at 80°C, pH 3.7-5.7
high temperature exposures in sterilizing pracess, distributing forming labile adducts or 3-hexenoic acid derivative susceptible
stage or cooking. It will be significant to establish the simulation to hydrolysis. The reactivities of SOA with sulfhydryl groups in
method for a short peciod of time on the quality change of a food proteins and with amines as well as interaction of SOA with anti-
additive itself or the interaction between food additives and food oxidizing agents, transition metals, salts, sugars, glycerol, ascor-
constituents by high temperature exposures. The residual sorbic bic acid, nitrous acid etc were reviewed by Scotter et al.#). In the
acid (SOA) under the momentary heating using an electric oven present study, we investigated the interaction of widely used re-
(microwave heater) and the standing at room temperature was active substance SOA with amino acids, with respect to the qual-
examined on transient or repeating high temperature exposures ity change of a food additive on the function of high temperature
between SOA and amino acids. SOA is widely used as a preser- in the presence of common foed constituents.

vative in many processed foods such as cheese, fish meat pastes,
smoked products, bean jams, pickles, fruit wines, lactic acid drinks
and so on, and amino acids are most common food constituents. il. Materials and Methods
SOA is stable in dry powder or crystal state for a long period at
room temperature!). However, SOA has been shown todevelop. 1. Electric oven (Microwave heater)
auto-oxidation in solution or in foods during storage and liber- The fixed irradiation type “Imaflex MO-0341"" (Imanishi-

Cormesponding author: Takanori Mine, Dept. of Hygienic Chemistry, Fac. of Pharmaceutical Sciences, Mukogawa Women’s University
11-68, Kyuban-cho, Koshien, Nishinomiya
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kinzoku industry Co. Ltd.) was used.

voltage: 100 V, high frequency output: 400 W, oscillating fre-

quency: 2450 MHz, rating power consumption: 800 W, and

Size of the heating chamber : width 245 mm, depth 247 mm

and height 168 mm.

Microwave irradiation starts readily by closing the oven door
after setting the irradiation time and putting a sample bottle on a
plate. The irradiation finishes immediately by pushing a stop
button, If a stop watch is used, the irradiation control of a second
unit will be possible.

2. Reagents

SOA (Wako Pure Chemicals Industry: guaranteed grade), L-
Amino acids: glycine (Gly), alanine (Ala), valine (Val), leu-
cine (Leu), isoleucine (Ile), serine (Ser), tryptophane (Try),
cysteine hydrochloride/monohydrate (Cys) and methionine
(Met) (MP Biomedicals, LLC), Methanol (Wako Pure Chemi-
cals Industry: liquid chromatography grade), Phosphoric acid
(Wako Pure Chemicals Industry: guaranteed grade), the ultra
pure water prepared in the laboratory was used as purified wa-

ter.

3. Preparation of standard solutions and combined
solutions _

SOA standard solution [1,000 zg/mL}

100 mg of SOA was dissolved in 10 mL of methanol, filling
up to 160 mL with purified water.

Amino acid standard solution [1,000 xzg/mL]}

Each amino acid standard solution was prepared with purified
water to the same concentration of 1,000 2 g/mL

Combined solutions of SOA [100 zg/mL] and Cys [100

pa/mL] or each amino acid (1,000 ug/mL}

Combined solutions of SOA and Cys were adjusted to contain
100 x g/mL of SOA and Cys. Similarly, adjusted to contain 100
4 g/aL of SOA and 1,000 ;2 g/mL of each amino acid.

4. High performance liquid chromatograph with a UV

detector

- Pump: Shimadzu Corporation, LC-9A

- UV Detector: Shimadzu Corporation, SPD-6A

- Data processor: Shimadzu Corporation, C-R6A Chromatopak
integrator

- Column oven: Chromato Science Co. Ltd., CS-300B

- Column: JASCO Corporation, Crest Pack C18S (5 2 m) 4.6
mmID.X15¢cm :

- Mobile phase: 50 %(v/v) Aqueous methanol contained 0.05
%(v/v) phosphoric acid

- Flow rate: 0.5 mL/min.

- Detection wave length: 254 nm

- Column oven temperature: 30C

- Injection volume: 10 L
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5. Momentary heating

Heating by the electric oven was performed for 3 mL of puri-
fied water or test solutions poured in a brown hard-glass bottle
(inner volume: 15 mL, outer diameter: 22 mm, height: 50 mm).
Test solutions were allowed to stand in the dark at room tem-
perature either just after the microwave irradiation for 30 sec-
onds or without the microwave irradiation. The residual SOA of
both test solutions were determined by HPLC by means of the
calibration curve obtained by linearly diluted SOA standard so-
lution.

lll. Results and Discussion

1. Momentary heating of the solution by microwave

Fig. 1. shows the temperature of the purified water in the bottle
immediately after microwave irradiation for 10 to 35 seconds in
the clectric oven.

N
|

|

|

|

Temperature of solution{ C)
a
[
|

10 15 20 25 30 3s
Irradiation by microwawe(seconds)

Fig. 1. Momentary heating of the solution by microwave
Each circle represents the mean value of three trials.

The temperature of the water raised from 24°C to 82°C in 35
seconds, Since the concentration by evaporation of the solution
in a bottle was suspected over B0C, the irradiation time was fixed
to 30 seconds.

2. Residual SOA in the amino acid combined solu-
tions

Table 1. summarizes the residual percent of SOA in the com-
bined solution of SOA and each amino acid kept in the dark at
room temperature for 3 weeks without the microwave irradia-
tion.

As shown in Table 1. the residual SOA was the lowest in the
combination with Cys among the nine amino acids tested in the
present experiment. Therefore, subsequent experiments were car-
ried out for the combination of SOA and Cys.
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Table 1. Residual sorbic acid (%) in the mixed solution of sor-
bic acid and each amino acid

mixed solution after Iweeks CV% (n=3)
SOA 99.9 0.26
SOA+Gly 95.5 1.00
SOA+Ala 953 092
SOA+Val 98.7 0.06
SOA+Leu 97.0 0.88
SOA+Ile 97.9 0.36
SOA+Ser 93.7 1.60
SOA+Try 101.3 0.10
SOA4+Cys 43.0 2.33
SOA+Met 98.0 0.26

Residual sorbic acid (%) is the sorbic acid concentration that remains in
the mixed solution after three weeks as 100% at the preparation. The
mixed solutlon contains 100 « g/mL of SOA and 1,000 u g/mL of each
amino acid and the pH of these solutions is as follows: SOA(pH3.85),
SOA+Gly(pH4.11), SOA+Ala(pH4.09), SOA+Val(pH4.06),
SOA+Leu(pH4.08), SOA+[1e(pH4.08), SOA+Ser(pH4.08),
SOA+Try(pH4.05), SOA+Cys(pH2.42), SOA+Met(pH4.03). After three
weeks, SOA in the solution was analyzed by HPLC,

3. Residual SOA in the Cys combined solution stand-
ing at room temperature

Fig. 2. indicates that SOA decreased in time dependent man-
ner about the all of samples.

Furthermore, the decreasing of SOA was suggested to be de-
pending on the dose of coexisting Cys . With respect to the con-
centration ratio of SOA to Cys was 1:1 for the sample (A) or (C),
and 1:10 for the sample (B) or (D) respectively.

Interestingly, this time- and Cys dose-dependent decrease of
the SOA was delayed by the previous microwave irradiation for
30 seconds (C and D).

-
e
T
B

Rosldua) sorbic acid (¥)

20

3 1 1 1
a L\ 2 3
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Fig. 2. Residual sorbic acid (%) under cysteine coexistence
Each symbol represents the single analysis value.
The mixed solutions of SOA 100 4 g/mL and Cys 100 x« g/mL
are A,Cand E.
The mixed solution of SOA 100z g/mL and Cys 1,000 u g/
mL are B, Dand F.
A and B were kept at room temperature after preparation.
C and D were on standing at room temperature after the mo-
mentary heating.
E and F were adjusted to contain the above concentration of
SOA and Cys, where Cys solutions were momentary heated
immediately before preparation of the mixed solutions.

4. Effect of the momentary heating on the residual
SOA

The effect of momentary microwave heating on the delay of
decrease of SOA in combined solution with Cys was examined
by reconstruction of the solution for combination of SOA and
Cys. Cys solution was irradiated by microwave for 30 seconds
immediately before mixing with SOA solution. The mixed solu-
tion was adjusted to attain the same concentrations of the reagents
to the sample (A) and (B). Thus, sample (E) and (F) were kept in
the dark at rocom temperature. As shown in Fig. 2. both (E) and
(F) samples maintained SOA more than 80% after 3 weeks.

In the present study, it was indicated that SOA in aqueous so-
lution could interact with Cys in the form of changing the chemi-
cal structure which cccurred at room temperature in time- and
Cys dose-dependent manner detectable by HPLC. Previous mo-
mentary heating of the mixed solution by microwave irradiation
could hinder the interaction. The microwave irradiation might
affect preferentially on Cys rather than on SOA.

The interaction of food additives with food constituents lead-
ing to structural changes in both components should be consid-
ered carefully as to the sufficient function of the additives and
safety of the foods. The structural change of SOA as a result of
the interaction with Cys was suspected to be reflecting either
decomposition of SOA or formation of other substances in the
solution. Both of the structural changes would spoil the function
of SOA in foods containing Cys. On the other hand, it was found
that momentary heating by microwave could control the interac-
tion of SOA and Cys in the solution. Details of the interaction
and mechanisms of the control are being investigated.

IV. References

1) Thakur, B.R., Singh, R.K. and Arya, §.S.,: Chemistry of
sorbate a basic perspective. Food Reviews Intern., 10(1),
71-91(1994)

2) Wedzicha, B.L., Brook, M.A.,: Reaction of acid with nu-
cleophiles: preliminary studies. Food Chem., 31, 29-
40(1989)

3) Khandelwal, G.D., Wedzicha, B.L.,: Derivatives of sorbic
acid-thiol adducts, Food Chem., 37, 159-169(1990)

4) Scotter, M.J., Castle, L.,: Chemical interactions between
additives in foodstuffs; a review. Food Add. - Contam.,
21(2), 93-124(2004)

Acknowledgments

This work was supported by a Grant for Scientific Research
Exgense for Health, Labor and Welfare Programs from the Japa-
nese Government.



26 Jpn. J. Food Chem., Vol. 14(1), 2007

BRANBELSHEBEE TOREEERELLVIVECRET I /BORS

—BFL IV TORBMBREETIHBEDHR LT —
(2006¢E10A L1 B ZAF)
(20072 A 19H 2H)

#ZZAHERR. AHSR

RN TR 28
F—D— K YNEVERT B ATV BFL Y S KRR

@ =

KRR ENFEN HHAARH S VWRABICBNT. —BEH2VEANELOBRBRZ LRI 25H41H )  HERE
1L ) KRB EGOLELELARENY LUORSWF L VHEEHAMRI 132, 4B.BFL I (¥4 7 0l
#B) 2 AVv-BENA L SERE CORTHOMEIERAI>WT. ARIENWE L TR #bhI VI BRERIKST

ELTRELEBENLESFD—2THET I /BIZOVWTRI L.

R L9BBDT I /BODhC YV Y REDHEEERAMROIFAECH DRV AFL y CHo e FITYNME Y
BEVAFA YOBMMALSRKBLEEHBRLALIA VVY Y BOBRERZBMNAZDE) IEIo oD LA
B MBI E D VAT A4 v BENEEMI{EEEEFI BRI LTV LD LEREBREA VI VBRI L ARARNCORE

WRETFRAEEILDRBIBNHESFRTILEDOH S LATRE NI,

AL T663-8179 BFHPFEAABMI68 RANMKFRFRFVAECFNRT BFH

92




Rk 19 FEHE

BRERHMLEY O B EHREO/ERIZED S
| FEHE

YRk 20 4£ 3 A
¥4 BAFHIES
MaEELE BRI B



H /8

MAERE

LI

A. HIEBRH

B. #EFE

C. MABRBIVEE
. HEFHEOREL

. BBERE

© 00 O O

. BERBHIESH TRBRERESHOREL
. ERHTE DARY MATF—F IZET B IEFRFRE

. BERBRE

. SHROBRE

N I o > B & 1 I - o R

. EEERE LB ESBEOITE

D. #&w

BHyiz

E. BREAHEEES

BEXRY R b

AT R

12

12

12

14

14

15

17

18



WK 19 FEEA T BRI FRFEMNE
(R BEMLE O B EHHE OIERRIZBE D 5 HZERT5E)

HRERE

RGERMLEDIX. BE, AT 4,500 LEBFEREHh, BREETIIZD>HD
13,000 {LEMEFEA LTS, —F I bDLEMZ OV T ORBITRAE CORRE
AERITRABIREICEIBESNTVWS 93 KB 2BRiTIE, BR3IA L LTREFCIT
NI TS 450 (LEH), REMEFELEYRER L LTH 1, 600 {LE¥D JECFA
BabHD, LHL22L JECFARBIITEMERELTLORBLEZbDOLIIEXT. &
THEEOATHBILEINTLES TR LD LHEZ b oo TS, :

BABFRTELSTRFER I6EELVENCBVTHEL TWAREEFEHLAEMDOERES
By ELH, BRMNCBBHICHBRARYT 2 Z L2 BRI, BEEFHREFRCBVTE
EHEAMO B ERBIERIC T 5 AR RS EDTE 1,

TR 16 FEOHMATIE. BREFMLEHITHIELWEEDOSH Y mbowr:ﬁﬁﬂf% L
R, BENREGSEMLEMICHLELE ShAHKRERBELHBBIC I VT FANRZHE
FELWEHR L, Wk 17THE, 18 FEEIX, ¥R WEIIEBLEREEERECRS
TEHELN-ERERZEIZ. ERFERE 10kg U LDLEHDORBREIC OV TRENEL
Teo ZTTREBBHEBICHTIREEEEZ R UL TEEHRBEREEH] 2BRORD, F
B 16 EFEDOHATHER L-HEE CRBEINIHEIIH LT, ZORMRESVWIERESE
TOFENBYTHE LR LT, BE. 342 HEDLABITHOVWTHBERBICE SV H
ERBREFMY LD,

LA L. EEXTORFNL, FR 14 FORET —F TIXEERBRRE T+ 2ERDS
BORRVEER, fER LB CRE—MICEBRYRET S = & NEE2 & BRD R
BIFETIZ Lo T, Thbb, EEMEL, BREAUADHRIFRD 2
e, LHNLAR - MREBRETERVRE., HFE»OERINIRBRENRELT
WaEE, HE - BITRSBEENE ERBEREHOERECHERELIKREVRA, B
HEROBRARI MTF—EREELRVWRBRETH S,

ZIZT, BEORKET—FNE L BBICETAHMEREZEDHEDIC, ST LIHAE
MNBEGEERHL TRBEERELZIToM. Tk, TR ISEEFHAEZEREICBWTEA
REOHDIRLFFMEED R BEITER 14 FEDM 2,800 5 2,164 IZBP LTEY ., &
FOEARBIZESWERBRELVWHIBALDL, XEEXVRIMBLLTID 2,164



EEREAL. ThbIH L CERELEM L.

FOWRER, BLOBBIRSWVWT, VLT —F BRI LN TERE, ThEEITER
CEILT & 0 $< 0 BICHT 3 5BRE ST 575 B R RO BB L2170,
REEEEAT ALAMOSERE. Bif. LE - BRSESERICOVT, HEOREL
EiTote. BEEEETHLAMOSREEIC SV CIIERERL R, bRFA LA DRSS
AN TOBERE LN LAMIT OV, TBEGAE] CLEEEELTHILEL
Teo BRMIC SV TR L ABROTET — 5 BB EEO SRS L <R L, B
BRBREDLAWICR-T, T AT A, T & — LI T8 1 UF). 7AFE ME.
5y MU TEME 10 00T PRABHIESTERMEL5x5 2 s L, LECR
FRPBEEICOVT O ERECRERT —F B bR d, BNEVEESERSH
b DI ONTIE, EEERREEHEBRELTI L& L,

BBRBOBERY T — ¥ REELRNE BICOWTH, R 18 £ & W My fiE
AR R AR A TIET & EAMERIT. X7 MLOREEF—# DAREED T
%, R 204 2 ARTES KB O*FRHRAGEREBABINDITEST,

EROE 5 CEBEAOS, BREDER, BISSEERIEHORE L2V, &EER
552 [LABIC W THEBL AR L. 370 {LAMIC A HUE 2 BE Lk,



XL®HIZ

INFETICAFEFRHIESTIIRESEFMLADOERNESLE BB L, BEARZHE
BILREEGBFFEFEHELE L TRL RIREZIToT& =, RHBFEHLEH ORI
DWTHERS FELVUTORROL &Iz, —HOREHELRIT-o 1=,

FpL 5 FE T, YRRORLBFMPATEERE 78 & B OBFEHLEYOHKIT OV T,
JECFA. FCC B LA AEKRFFHF BB & DHBIFEL2ITo 7=, ZOTEMETIZ. K
HECHBAFTIZOWTIIFCC L BBLREASMRBhTWAZ L 28ELREY,

SERR 10 2 CiX, JECFA Compendium Addendum 5  TIZIR#EH X h TWB BRD A RE
AEIZBWT (F8H RT3 21 RBOEAREBEEHEEL. PTHLRAKOEV 28 &H
DEBNEL JECFARK L DR EITo7z, ZOREBEHETIX. 7AT7 e FERIHF MU
DRRICERELEZZTROT WV OEERITIE. KIS OFRMLEHDZRIEILX JECFA Bk
NIZHBZ &R BELE?,

YRR 13 FFEETiX. KE (FDA. FEMA. FCC), BRM (EU) 3 X U'EIBRHEES (JECFA) DR
BA~DEXHICE L CHBRELZITo7, ZOMETIE. BRMNB I TRETORKIIHS
BETIERL, TLLTHERSIOBNTREINLZLOTHY . FEROR2MHITI GNP &
HEOMFIZL VBB TEBLNIZEZIF THIZEHELEY,

TR 14 BB L UTR 15 FEOHE TR, RREMLABOIZLAY (RREMHA
EER TRICIED 78 S B L) ICAMBRBRRVWERROT T, bRETEBRIERLT
WARSEFHELEMOEAER L UBAKBOERBIZOVWTRE L, ZORERETIE, &
ABROZVERFMELEMITIIBEBRRE IR TV R, EFREOLRWELETEHLEY
DEITIHBARBED DN TV Rl &, T, BREBREINTWARELERHMES
BTHLTOHHRBREBICOWVWTHDBRR, FE. MERR (BT LLE - BE - B2 -
BR) 2Y. RSFMPDLEESE 7THRIER (4%) ORSBHELABICRESA TV AR
BEBZ2THAELTVWALOBIZEALRNI L ARELEY S,

FER 16 FETIE. BARCBWTHESEH L TV 3 RHFRMEEDOBERBREICY -
V., BRREMELAICEATARBEBIZOVWTRI 2TV, {LEBOWHE, BE» LY
ELEBEZBENTE I ERRELLS,

VR 1TFEETIX, FR U FECERE L ZREFMLEDEAEB L URAKEERES
—ZOH)s, AR A 245 & B OREHREARTICOVWTHRERR Lz, ¥R 16 F£E
DI FETIER L7 ¥l 2 8 L TEIMLEMITLELFKRER 2BE T2 L RAIFICER
BIEB O T8 ERBERIEE] 21EY 129 BB LA OV THEERBICESWEEE
BEEBRDE &R, 2B, ARREBCY-VREERD Y LR 17T EETHRERETE ok
572116 HBIZOWTIE, REETCOREMETRMTEIZLLLED,

AR 18 FETIX, R 1T EEOHMATHIBERETAZ LN TER»o72 116 HEIC



% T, ERFEREN 10kg PAED 308 & B OG5 424 (LEMIT OV THBILOTREFE %
fTo7z, BERBRIERBHOBERTIEBICH LER 14 FERE CIHEMBFRR LTV
BT HOWTHRELZITV. COFREERZEICEHORE L 21TV AR5 BEHEA
BIZOWTHRENE LT, FORKR, 213 BB EEBICESWEEEHEREERD T
LODTENTERR, FCBRTREV OMPOREREREINELY,

REET, FRIBFEICBWTHRE L Lba®icma T, ERERE 10kg R O{L
EMEXH L Ui, BFNIY - TXFER 18 FEDOEREREREY BV THEAEED
Holc2,164 MBEZEEL THEEROBRELITO L L BT, ZORERKREEICEE
BREERBHORE LEZITOI L E L,

(H@EE TS A LBRES L THE
EU : European Union BKMEA
FCC  : Food Chemicals Codex XERMILEMERBE
KEIIZBWT FCC IXEMRRHADH A RBE TR, BESBL LTRIAE
hWTHY, IERTEI3FTRMELEYBTRTHEBEIN TS DO TR
FDA : Food and Drug Administration XERREXKLE
FEMA : Flavor and Extract Manufactures’ Association of the United States
KRERLEFHLES
JECFA : Joint FAO/WHO Expert Committee on Food Additives
FAO/WHO S RIRAFMYEMRERS
JFFMA : Japan Flavor and Fragrance Materials Association
AAEHIES
NEE  RANIYLES
EERRHT : B ATBHE AEFXE NS IT T



A. BIEBER

EERMICHA SN TV S REFMLEDIIEEOAEIC L NITH 4,500 RETHY . &K
BETIIER IS EEOEEFHRFFETCOREICL S L 2,164 ZREDHEAEENDH B,
INOEBEBMLEYOMBEELZE T 2 ABEREEILTWA0IX, EEMICHT
LbEPEORGEEEBITRRABIRE —ICHEFIEEINTVWS 93 & B & FCC I D 454 &
BOARTH S,

AHETIR, BREHELEDORBREE S ERL—BRABTHIZLEBHNLETS, =
DT i, BRERMGICHTIEZEENUTh TV RS BIRBWTERORLEZ BT
2b0L LTRERBRFZRTENY TRAERZI LT B/IS LD EEDRS,

B. #fzE 5

KRFRTIE, TR 18 FEOHETEBERECE AN o7 R E B L CERERE 10ke
KO BIZOWTHBI{LOBRINZ{To 7=,
ERILORN IR T OEY Th 5,

1. FEHEOREL

1) HBEICRIT B RIBEADOREIT & 3
2) REGBOBERMAOREL

3) MERFrPa—LDOREL

¢ 2. REEWE

1) BEFEORYN

2) MEOEHLER

3. BEXABHIESE ITRARIERBHOREL
4. ERBIL DR MAF—# 2T 3 HRFE
5. BEHKRR

6. SHOBE



C. IREHERBIVELE

1. FAHEOREL

YRR 1T FEOEEZBRERARIO. TNETER 4 FERECELNHARERE
EIIRSFEMLADICH L BEHBORELRH L TE A, RETE KBTS0
FEZKEBIZTEY, 342 RAICEEES-TVD, ZOTETCREAEEFBHRENED 6 £
FT. $RTOBRBFHCHBEZRET I ORRAETHS Z LB FRISNE, —FH. FR
IBEEDERAERERETIE. EAEROHIFTHMLEMREEKIL 2, 164 T, ¥R U EE
FRETOH 2,800 LB LTHEY., RIEPHEHBORELVLELELZLN, £ZT
BHIHETEAMODIFRELRERT IOUTOL S ITHAHBEORE L 21T 7,

1) BRIIZB T DMBERADORRET & xR
SRR 18 FEOHAZRICEIT 2HBBEORTN L. ROO~O®D & 5 2HE RS KE
RTHD . TRLORMCEMEEL TS LRS- TN, |
FZCHEEEITOREIINL, UToLSitHmTdz e L,

DESE. RTRALUAOBRIER L2 EHEIPLAE - EREFETERVAEBIC

DUNT

HEEE TORFICBV T, SEBEVGB L LTRREBEXORE (FAr
RbEw - BEE) . BLURKGFEECKMAIEMEER L ERIBRICBIT 3EIERY
DERIEFET DNV GEESEELE, ZhbDREIR. RT4AUNORSERIN 2
WehR—DE&EHTH->TH, ABRRE. Sk, BROBEICIV 4
RERFOFWREENRDH Y. BEOCBETRBIEREHTIIEE., BRRBREBET I &
NTERMoE,

FZT, IRHDAYICEL TREBETLAUNOBRIERORRZ LEROEHE
BNTAMLERDHBLEL. INOLOEREEAI-DICHREERETILERD S
LEER LT,

BRECI>THHEBROFETERWVWHBIR SV TR, BERAICBWVTENR L IR
TAHARMSFHBBREZINTWRWED, REOEXIEMNZ TIFaZ L E L,
OFBMBEERE» O ITHEH CERINIFRELRELNRVEBIZOWT

TR 4 EEORBT—ZIZBVW TR, HECERTROAERENTH, EXELK
EHEDOKINP L UEA L BEAOKFARAR, =XFVERLTALTE FRIZRBW
THEB CERINIBEORBERN WA LIZL Y, BEHABORENEE 2H
Bhdhoiz,

FIT, ZhbDEREBIDICRBEERETILERD B LR LI, £k,
AEIZBVWTREROAFPCEEFER2LRTAIILE T, IV ERRFEREZRDSHZ



il Al B
OFMERBICHEOBENFEL., LORRERATINORESEFLNAZVGEI
2\ T
R 4 FEORBT —ZICBVWTRTEABRA L THHIZHEL LT, RBEOHL
ERRESThTVIRBHBHEEL, BEHRERETHONEELRBERDH T,
FIT, ZRHOHEBBFRIZE Y BLVWHhE2ERT IO, ABOBAER2TIZ
L L,
@FtERIES JECFA OB L B> TWHHBIZONT
INETHIHBREDOR YIS MR T S 723, JECFA R FCC DEHBERENRH DHFAR
X, ThOEDBAMLMKLTEL, LML, AIERGEOEVWEZEZERLTHLIND
DR L BAMRRNRVBEE R bok 2 L TRERVE LTEERERSS, “h
HOFBICOWTIIER 14 FEREOHRET — TRV BRVHAEZERTI =D, #
BOBRERZITOIZLE LK,
OFEXREOFRMEEN B THRIERBHOEEIIHARE LI KEVEBIZONT
FEEEE S TORN CIIRBEDIBICOWT S B THRBRIERBH 21EY . SR T
o2 T&M, LOALIEELTWAHRBEOFIZIEHDOBIIEDLRVLORH S, HEESE
ETCIIHERCBITROBBICBVTESORE LY 0.002 BEEWH DI OWTIREE
LTWedd, ThI ) HAREXEVESIE. BERRERETTIRER VL LTE
o
FEEOBRIHIBVTIE, BEEHRLIMBERERRITIZLICEREZBE, #
BROFBRES» LMESRIBOENZ L FREBTERHEIE. HERELERA LEKR
ETHIELEL,
ORERREBRL LT, BRARI MF—ENREELRVEEIZOWT
THhHDEEHTONTIE, EEICS| & BRI L OERFRICE Y X7 b
NTF—ZDAREEDDZ L L, MEEORMTREL Ro TWEBEERIH» D
BRENDBEIIZOVTIE, BIRRNTE L LE,

2) BB OBEIRMOREL

¥k 18 FEOEREREEBRENL. BRHFMLEMOERER LUCHEAM B ICELH
Rbohi, PR U EEIERANGEIhTWER 2,800 B0 5 bR ISEELFERAX
NTWemBIXL, 822 RiIZBA L, e, ¥R 4 FERETIIERELTWRP-
256 cu B OF - 2ERABBE S,

2T, BFOERERICHLZEETARERET I LEEREBE, HRAEEE
R4 FEEOERAREND, PR ISEEDFAMKB~EETII L L LI,

2B, BERNOBEBMNEIINECORBELERL, ¥ HFEOEREDEZ VIR
& L7, YT, XEFOERARIFLM L IXTFK 14 FEOIRMNEZTRT,



3) IERVa—VOREL

INETOREMBIIMZ &THY, SEREXELTRHEZETZHEBIXL 100 R&T
5B, TNOE I HETRIKRTTHDIZIE. 1 FMHT-0#600 BBIZOVTHRIL
RIhERLRNZ L RS, |

LA L, BEETOREPL, ¥R 4 EORET— 2 TIREERBREBIC+oRER
BELATHWRVEBER, ERLULEHTRE—MCHEBERET I 2 LAEELRLE
BORPOTHEETHIILLGDoTND, Thbh, S8EBMMEL . BFREUNDRSY
FHRLRVED, EFHFNOAE - HRAEZFETERVAE., HEFELLERINDHK
EARFZELTWSMEE, HE - BITESARMEES B ERBIERBHOERIZHRELL
REWVHB, BRERROBBAXRS M TF—IBFEELLRVWRBERETH B,

T, B THEERT B30I, SHERMTIHBTRTEHLT, XA
KORBRMELEET 5L & L, L, BESO/EEZERT 50, 2 EICH ®
TEETDIZLEL, UTOLIRHRR I Va2 —LERELE,

« R 19 4EEE : ERABIERL 1, 159 i1 E TOK 700 & B ORBHFRINE L Sikkmst

- EHK 20 GEBE : EREIENL 1, 160 ALLARR DK 750 & B B L UNERR 18 EEFARER

TRZE CH B SRR S e B DU SRR & R

- SRR 21 R EE  RESBICET A RKRRE

B, FEEICOE 200 FELULEICHERBRET S ZL2BEL L,

2. BRERE
1) WEFEOKRE

FH 4 EEORETH. BENRLZ32RB2ERLAEMRLEA LTV, =
DHFRTIR, BEZEOABRZVDOLRELT, BAORI-RBIETS [EREE
LI L TEARK ORBIBCEARVEEAR Dok, 20k, KEEDOTHE T,
SHZLICER 1S EEFEAREEREICESE, BEASSE A L ENR L ®
TAHRIEELE,

$7r, MEECABERELAVIEIRELLER (LR, SRRE. BARBRY.
AR BEMEE»LKR T L E Lk,

HfAr - BIESRE (BESE) o0 TE, VA MLLBRILAANTEIZAF VU ERE
BA LR, BA - BEA. ERE - HERER PER LS VWEE IREAME SRS
FBILRLORNELR L, SLHERAIOEREBEID, BT UM DR
EENBHAITIE. TOLEML LERCET SHBOTAM LRI,

LT, AEICERT LEERROREAF & EARDOANEEEELR LY,



