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MEMORANDUM
DATE: September 11, 1986
TO: F. Kotsonis

M. Steffens/

CcC: J. Witt

FROM: P. Lai

SUBJECT: Aspartame in Carbonated Beverages

Attached 1is the report on the "Study of Aspartame in
Carbonated Beverages." The report was submitted mainly for
distribution to our major soft drink customers.

The report covers 52 weeks of the study and summarizes
the conversion of aspartame under a number of pH and
temperature conditions under simulated retail market condi-
tions.

If you require any further information, please don’t

hesitate to contact me at extension 8190.

Peter Lai
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STABILITY OF ASPARTAME IN BEVERAGES

ABSTRACT

A study was conducted to monitor the stability of
aspartame in simulated beverages in relation to the pH
range(2.53 - 4.35), the temperature range (5 - 40°¢)
and effect of flavor.

This report describes the analytical methodologies
used for monitoring the conversion products, the
results of analytical data and the summary of mass
balance data through 52 weeks of the study.

A compiete mass balance has been achieved. The
effects of pH and temperature of the medium were
observed. The flavor did not affect the stability in
the test range.
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STUDY OBJECTIVE

Aspartame (N-L-a-aspartyl-L-phenylalanine, l-methyl ester) is a
non-nutritive sweetener manufactured by The Nutrasweet Co.
Currently aspartame (marketed as NutraSweet) is used as a tabletop
sweetener, in a variety of food products, and in carbonated soft
drinks. To determine what effect typical market beverage con-
ditions have on the integrity of aspartame («-APM), a stability
study was initiated which was intended to simulate retail beverage
market conditions covering a reasonable range of pH, temperature
and time.

The primary goals of the study were to develop analytical methods
with sufficient sensitivity to quantitate «-APM and its related
conversion products when present at 0.1% of the initial APM con-
centration; achieve mass balance for the original «-APM through
quantitative analysis of «-APM and its known conversion products;
and to determine that there is no significant formation of any
other compounds.

In addition, it was hoped that we could determine the «-APM chemi-
cal conversion pathway, and any trends regarding the kinetics of
a—APM conversion.

This report summarizes the information generated through 52 weeks
of the study.



Stability of APM in Beverages
page 2

'~ SCOPE OF THE STUDY

The mock beverages were prepared, carbonated, and bottled in 10
ounce clear flint bottles. Samples were then stored in temperature
controlled environmental cabinets at 5°, 20°, 30° and 40°. The
sampling points were chosen by use of the Arrhenius principle
based on a pseudo first order kinetic conversion model.

Listed below are the concentrations of the various components used
in the preparation of the simulated beverage samples.

Study No. 8202 8203 8213 8214 8215

pH 3.52% 2.55 3.19 3.48 4.37
Aspartame*** 0.50** 0.50 0.50 0.50 0.50
80% Phosphoric Acid - 0.83 0.83 - -

Citric Acid 0.96 - - 0.96 0.96
sodium Citrate 0.28  —-  0.46  0.28  1.20
Sodium Benzoate 0.20 - 0.20 0.20 0.20

(Preservative)

Lemon-Lime Flavor - - - 0.95 -—

* - pH values listed are the pH values at time zero.

**— Concentration of each component given in units of grams/liter.

*** — The approximate initial concentration of o-APM.
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SAMPLE ANALYSIS

The concentration of APM and its major conversion products was
determined quantitatively as indicated in the following table.

Compound Assay
By
1. o—APM N-L-a-aspartyl-L-phenylalanine, l-methyl ester HPLC
2. o«a-AP N-L-a-aspartyl-L-phenylalanine HPLC
3. B-APM N-L-B-aspartyl-L-phenylalanine, l-methyl ester HPLC
4. PB-AP N-L-B-aspartyl-L-phenylalanine HPLC
5. L-Phe L-phenylalanine HPLC
6. PM L-phenylalanine methyl ester HPLC
7. DKP Diketopiperazine of oa-APM HPLC
8. PA N—L—phenylalanyl—L—aspartic acid HPLC
9. L-Asp L—aspartic.acid | AAA
10. MeOH Methanol GC
AAA = Amino Acid Analysis
GC = Gas Chromatography

HPLC = High Performance Liquid Chromatography

Thin Layer Chromatography was used as a back-up technique for the
other methods.

These compounds were all available for use as standards and had
been determined to be of sufficient purity for this study. (See
Appendix 1 for appropriate structures.)



Stability of APM in Beverages
page 4

METHOD DEVELOPMENT ACTIVITIES

Due to the nature of the compounds of interest and the current
state of analytical technology, it was apparent that High Perform-
ance Liquid Chromatography (HPLC) was the method of choice for the
quantitation of most of the components. HPLC has been proven to
be a highly sensitive technique (assuming appropriate detection
response), and affords the necessary selectivity and flexibility
to quantitatively monitor many compounds with similar structure
and properties.

For the volatile compound, MeOH, gas chromatography (GC) was uti-
lized; L-Asp was quantitated by amino acid analysis because of its
lack of a chromophore in the UV range. Thin Layer Chromatography
(TLC) was used as a back-up technique.

In order to achieve a satisfactory mass balance, a series of steps
were taken to ensure that the methods have the capability to moni-
tor each compound of interest with sufficient accuracy and sensi-
tivity. Additionally, the method has to be rugged in order to
minimize day-to-day variations between samplings.

A pilot study'was conducted prior to the initiation of the stabil-
ity study in order to determine that 100% mass balance (on a molar
basis) was achievable, and that the presence of any components in
the beverage matrices would not interfere with the accuracy of the
assay.

The 4-week pilot study consisted of four sets of carbonated solu-
tions. The samples included pH 2.5 phosphate buffer samples with
and without aspartame, and pH 3.4 citrate buffer samples with
lemon-lime flavor also with and without aspartame. The buffer
solutions without APM were analyzed as blanks to ascertain whether
there would be any detectable matrix interferences. The initial
concentration of «-APM was 500 mcg/mL.
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The samples were analyzed initially and then placed in 5° (for

~ study control purposes) and 40°C environmental cabinets. Analysis
was performed weekly for 4 weeks. Results of the pre-study veri-
fied the appropriateness of the methods in that mass balance (on a
molar basis) was achieved in the samples and that no chromato-
graphic interference was observed.

ANALYTICAL METHOD CHARACTERIZATION

The validation statistics for the quantitative methods are sum-
marized below. The HPLC and GC validations were based on the
analysis of twelve samples (2 analysts x 6 independent sample
preparations and analyses). The validation of the amino acid
analysis method was based on analysis of eighteen samples (3
analysts x 6 samples).

Assay Compound Recovery Standard MDQ* *
(Accuracy) Deviation
(Precision)

HPLC a-APM 100.5% 1.4% 0.4 mcg/mL
B8-APM 100.2% 1.9% 0.3 mcg/nL
a—AP 100.2% 1.4% 0.2 mcg/mL

- B-AP 100.8% 1.2% 0.1 mcg/mL
. DKP 100.4% 1.5% 0.1 mcg/mL
L-Phe 102.1% 2.4% 0.1 mcg/mL
PM 101.3% 1.8% 0.3 mcg/mL
PA 99.1% 0.9% 0.1 mcg/mL
GC MeOH 104.2% 4.3% 0.8 ppm
AAA L-Asp 99.0% 0.7% 0.04 mcg/mL

** MDQ = minimum detectable quantity. Estimate was based on the
response calculation at two times the noise level.
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The methods were shown to be specific in that there was no obser-
ved interference from the matrix or any of the other APM related
compounds. The following is a chromatogram of the standard mix and
a representative chromatogram of one of the initial samples.

Monitoring of the physical characteristics of the samples was also
performed. All samples were checked for color, odor, particulation
and sedimentation. Bottles were also checked visually. No percep-
tible changes were noted.

HPLC Chromatogram

L-PHE

«=-AP
a-APH

J L

0 S 10 15 20 25 30 33 40 43 S0
MINUTES
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DATA PRESENTATION

At each time and temperature in
sampled and two HPLC injections
six measurements were obtained.
tion limit,

it was set to zero.

each study, three bottles were
were made from each. Therefore
If a measurement was below detec-

In the modeling and graphs, the

average of the six measurements was used. The amount of L-Phe-

containing material is calculated on these averages.

These averages are listed in Appendix 2, first as concentrations
(micromoles per mL) and then

«—-APM. Representative graphs
3.52) and 8214 (pH 3.48 with
presented in the following pages.

as a mole percentage of the initial
of the data from studies 8202 (pH
lemon-lime flavor) at 5° and 20°C are

The calculation for micromoles

was made using the measured concentration of each compound as
(mcg/mL) and the respective molecular weights (see Appendix 3).
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7 of APM initially present
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MOLE BALANCE ASSESSMENT

The analysis examines both the actual amount of L-Phe-containing
material and this amount relative to the initial amount (mole
balance closure). The amount of L-Phe-containing material is
defined to be the sum (in units of micromoles/milliliter) of the
following compounds: o~APM, «a-AP, B-APM, B-AP, DKP, PM, L-Phe and
PA.

The mole balance closure at a given time and temperature condition
for a given study is defined as:

amount of L-Phe-containing material

100 x
initial amount of L-Phe-containing material

The mole balance closure is a traditional and well-understood
measure of quantification of material, and it is useful because
its reference point of 100% is independent of amounts or concen-
trations that may vary from study to study or laboratory to
laboratory.

The mole balance closures ranged from 96 percent to 104 percent,
over all five stability studies. The ranges and average closures

for each study are as follows:

Number of

Time - Mole Balance Closure (percent)
Study Temperature
Number Points Minimum Average Maximum
8202 25 97.8 100.5 103.3
8203 26 97.9 100.8 102.2
8213 25 96.8 . 99.8 102.5
8214 24 96.6 100.0 104.4

8215 22 95.9 99.8 103.9
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The following table lists the initial, minimum, average and maxi-
mum values of the amount of L-Phe-containing material, along with

the coefficient of variation.

Number of

Time-~ Amount of L-Phe-containing material (umol)
Study Temperature
Number Points»* Minimum Average Maximum Initial
8202 24 1.680 1.728 1.776 1.724
8203 25 1.654 1,703 1.731 1.705
8213 24 1.681 1.734 1.780 1.747
8214 23 1.671 1.728 1.805 1.737
8215 21 1.674 1.745 1.818 1.754

* - Because the mole balance is reported for only post-initial
conditions, while the L-Phe-containing material is reported for
each sampling point, the numbers of time and temperature combina-
tions are one greater for each stability study than those in the
previous table.
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CONCLUSIONS

In all cases, the mass balance calculated on the initial molar
concentration of «-APM was acceptable (96-104% of the theoreti-
cal). Therefore, we are able to account for essentially all of
the «-APM through the quantitation of the components we have indi-
cated. This includes samples in which less than 10% of the initial
a-APM is remaining.

Trends in the rate of «-APM conversion followed the expected pat-
tern, in that the rate increased with an increase in temperature
and a decrease in pH. This is limited to the range tested. 1t is
important to note that studies 8202 and 8214 (pH 3.5 with and
without lemon-lime flavor) exhibited the same rate of conversion
and the same pattern of conversion product formation. This indi-
cates that flavor does not have any effect on the integrity of APM

in these solutions.
The following chart indicates the conversion pathway by which
a-APM ultimately reaches its constituent amino acids L-Aspartic

Acid and L-Phenylalanine. The data generated by this stability
study supports this pathway.

APPENDIX

APPENDIX 1 - Structures

APPENDIX 2 - Table of mole percents and concentrations
APPENDIX 3 - Molecular weights
APPENDIX 4 - Conversion pathway
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APPENDIX 1 - Structures



Structures

O, _OH
O .OH
o o
o
N ~ OH
vH CH, NH
NH, o NH, o

L,L-alpha-APM

L,L-alpha-AP
HO\")\/U\NH oL CH, HONNH OH
o o 0 o
L,L-beta-APM L,L-beta-AP
OH
H,N H;N O\CHJ
(0]
o
L-Phe L-PM
B ¢ ] o
NH o OH
o HN NH OH
3 NH, o
L,L-PA
L,L-DKP of APM
o
) OH
OH CH3OH
0

L-ASP MeOH
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APPENDIX 2 - Table of mole percents and concentrations
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APPENDIX 3 - Molecular weights
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Molecular Weights

Compound " Molecular Weight

a-APM 294.3
a-AP 280.3
B-APM 294.3
B~AP 280.3
L-Phe ' 165.2
PM 179.2
DKP 262.3
PA - 280.3
L-Asp 133

MeOH 32
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APPENDIX 4 - Conversion pathway
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