Food
Chemistry

ELSEVIER Food Chemistry 69 (2000) 245-257
www.elsevier.com/locate/foodchem
Neotame: discovery, properties, utility
Claude Nofre**, Jean-Marie Tinti®
4114, Cours Albert Thomas, F-69008 Lyon, France
123, Cours Albert Thomas, F-69003 Lyon, France
Received 18 September 1999; received in revised form 25 October 1999; accepted 25 October 1999

Abstract

Neotame (NTM) is a new nonnutritive sweetener. NTM is a derivative of aspartame (APM). NTM has a clean sweet taste and a
good flavour profile. It is a high-potency sweetener; it is 6000-10000 times sweeter than sucrose, and 30-60 times sweeter than
APM. NTM is a noncaloric, noncariogenic sweetener. NTM has an extensive shelf life in dry conditions. In aqueous food systems,
it presents the same functionalities as APM in acidic medium, but it is significantly more stable in neutral medium. Consequently,
NTM should be a useful sweetener in baked goods. NTM is compatible with reducing sugars and aldehyde-based flavouring agents.
It has flavour-enhancing properties. Its relative cost is expected to be lower than sucrose or APM at sweetness equivalence. A
petition was filed in the USA in December 1998 for its approval as a general use sweetener; other regulatory activities are underway
in several countries. © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Neotame (NTM) is a new high-potency nonnutritive
sweetener which is considered as the potential successor
of aspartame (APM). As a close derivative of APM
(Fig. 1), it has the intrinsic qualities of APM which were
at the root of the APM commercial success, notably a
very clean sweet taste, close to sucrose, with no unde-
sirable bitter or metallic off-taste which occur in other
well-known artificial sweeteners. Moreover, neotame
offers additional salient advantages, such as: a status, at
use levels, of a no-calorie sweetener; an increase of sta-
bility in the neutral pH range which strongly improves
or widens the APM applications (e.g. in baked goods); a
chemical inertness towards reducing sugars and aldehy-
dic derivatives allowing its association with reducing
sugars (glucose, fructose, high-fructose corn syrup,
maltose, lactose, etc.) and flavouring agents based on
aldehydic constituents (vanillin, ethyl vanillin, cinna-
maldehyde, benzaldehyde, citral, etc.); an insignificant
release of methanol and phenylalanine into the organ-
ism after NTM intake (with, in particular, no possible
hazard for phenylketonuric subjects); a foreseeable
highly competitive relative cost (cost per sucrose
equivalent) as a result of its high sweetness potency. The
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purpose of this brief account is to answer the three
questions often asked about neotame: How was it dis-
covered? What are its properties? What is its utility?

2. Discovery

In 1991, from extensive structure—activity relationship
studies in the field of high-potency sweetening agents
(particularly by using our own findings in various
sweetener series — Nofre & Tinti, 1983, 1986, 1989,
1990, 1992a,b, Nofre, Tinti & Ouar Chatzopoulos,
1986, 1987), we proposed, at an ECRO Symposium (see
Nofre & Tinti, 1993a), that the human sweetness recep-
tor (HSR) may contain two clearly distinct hydrophobic
binding pockets located ~1 nm apart.

At that time, it was widely accepted that aspartame
(APM) interacts with the HSR through one hydro-
phobic interaction shared between its phenyl ring and a
hydrophobic binding pocket (HBP) of the HSR. On the
basis of the double-HBP hypothesis, we assumed that it
should be possible to reach the putative 2nd-HBP target
through hydrophobic derivatives of APM (Fig. 2a).
From molecular models, we estimated that the best and
simplest way to touch the presumed 2nd HBP from
APM was to bind hydrophobic substituents to its amino
group. After different attempts, we reached the expected
2nd HBP by means of several N-alkyl or N-cycloalkyl
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Fig. 1. Structural formulas of: (a) aspartame (APM) (Schlatter, 1966);
(b) neotame (NTM) (Nofre & Tinti, 1992¢; 1993b).
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Fig. 2. (a) Searching for a second hydrophobic binding pocket (HBP)
in the human sweetness receptor; (b) hitting the second hydrophobic
binding pocket with neotame.

substituents (Table 1). The most efficient substituent
was the 3,3-dimethylbutyl group of neotame (Fig. 2b)
(Nofre & Tinti, 1992¢, 1993b); with this substituent, the
sweetness potency of aspartame, compared to a 2%
sucrose solution, passed from ~170 x sucrose for APM
to ~11 000 x for neotame on a molar basis (from ~200
x to ~10 000 x on a weight basis), which confirmed the
hypothesis of the existence of two independent hydro-
phobic binding pockets in the human sweetness receptor.

The L-phenylalanine methyl ester moiety of neotame
can be replaced by other substituents (Table 2). The two
most powerful substituents are: (i) the L-hexahy-
drophenylalanine methyl ester group (Nofre & Tinti,
1994a, 1995a), a constituent of hexahydroneotame (~13
500 x sucrose on a molar basis, ~12 000 x on a weight

Table 1
Selected structure—activity relationships in compounds of general formula
COOMe

CO—NH™=C=H

i
'

R—NH™C=H  CH,
COOH
Cpd R® Spb Ref.©
| (Me);CCH,CH, 11 000 1
2 (Et),CHCH, 2200 1
3 c-CsHoCH, 1650 1
4 (Me),CHCH,CH, 1400 1
5 C-CgH] 5 1 200 1
6 C-C7H13 1 000 1
7 L‘-C(,Hl 1CH|2 900 1
8 c-CeHy, 900 1
9 (R,S)-(Me),CHCH(Me)CH, 650 2
10 (Me),CHCH, 500 1
11 CH;CH,CH,CH, 400 1
12 CH,CH,CH,CH,CH, 100 2
13 ¢-CsHsCH, 100 2
14 (R,S)-CH,OHCHOHCH, 40 2
15 CH,OHCH, 15 2

4 Abbreviations: Me: methyl; Et: ethyl; ¢: cyclo.

 Sweetness potency (SP) is given on a molar basis relative to a 2%
(58.4 mmol/l) sucrose solution.

¢ References: (1) Nofre and Tinti (1993b); (2) Nofre and Tinti,
unpublished data.

basis) (Fig. 3a); (ii) the S-tert-butyl-L-cysteine methyl
ester group (Nofre & Tinti, 1994b), a constituent of
cybelame (~23 000 x sucrose on a molar basis, ~20 000
x on a weight basis) (Fig. 3b). Cybelame is the sweetest
compound found in the neotame series.

3. Properties

The major characteristics (chemical, physical and
biological properties) of neotame are summarized in
Table 3. A comparison (similarities and differences)
between the main properties of aspartame and neotame
is summed up in Table 4; more detailed features on
aspartame can be found in the following articles, books
or general reviews: Beck (1974, 1978); Crosby & Furia
(1983); DuBois (1991); Kim and DuBois (1991); Marie
(1991); Mazur and Ripper (1979); Ripper, Homler and
Miller (1986); Salminen and Hallikainen (1990); Schiff-
man and Gatlin (1993); Stegink and Filer (1984); Tschanz,
Butchko, Stargel and Kotsonis (1996); Wells (1989).

Neotame (abbreviated NTM) is the generic name for
N-[N-(3,3-dimethylbutyl)-L—a-aspartyl]-L-phenylalanine
1-methyl ester. Its structural formula is given in Fig.1b.
Its molecular formula is C,yH3oN,Os, its molecular
weight 378.47.
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Table 2
Selected structure—activity relationships in compounds of general formula
M
Me CO—NH™C—=H
Me — C — CHz— CHz— NH™C < H z
1 ]
Me (l:Hz
COOH

Cpd Y? z? SP® Ref.©
1 CO,Me CH,SC(Me); 23000 2
2 COZMG CHzL’-CGH] 1 13 500 3
3 CO,Me CH,Ph 11 000 1
4 Et CONHCH(Et)Ph (S) 9500 4
5 iPr CONHCH(CH,0OMe)Ph (R) 5100 4
6 Et CONHCH(CH,OMe)Ph (R) 4900 4
7 CO,Me CH,(4-OH)Ph 4600 1
8 CO,Me CH,0C(Me); 4300 2
9 iPr CONHCH(Et)Ph (S) 3700 4
10 Et CONHCH(Me)Ph (S) 2300 4
11 CO,Et CH,Ph 2300 1
12 CO,iPr CH,Ph 230 5
13 Me CH,Ph 100 5
14 CH,OH  CH,Ph 30 5
15 CO,Me Me 0 5

4 Abbreviations: Me: methyl; Et: ethyl; iPr: isopropyl; Ph: phenyl; ¢:
cyclo.

® Sweetness potency (SP) is given on a molar basis relative to a 2%
(58.4 mmol/l) sucrose solution.

¢ References: (1) Nofre and Tinti (1993b); (2) Nofre and Tinti
(1994b); (3) Nofre and Tinti (1994a, 1995a); (4) Nofre and Tinti
(1997); (5) Nofre and Tinti, unpublished data.

NTM is conveniently prepared from APM and 3,3-
dimethylbutyraldehyde, in a one-step high-yield process,
by reductive N-alkylation (Fig. 4); the method (Nofre &
Tinti, 1995b) consists in treating a methanolic solution of
APM and 3,3-dimethylbutyraldehyde with hydrogen in
the presence of a palladium (Pd/C) or platinum (Pt/C)
hydrogenation catalyst (Nofre & Tinti, 1995b; Prakash,
1997).

NTM is an odourless white crystalline compound
which may be obtained anhydrous or, more usually, as
a hydrate (4.5% hydration water; empirical formula
C,0H30N»05.H>0; formula weight 396.48). The melting
point of the NTM hydrate is 80.9-83.4°C (without
decomposition of the molecule below ~200°C).

The crystal structure of NTM was obtained from sin-
gle crystal X-ray diffraction analysis; the two hydro-
phobic groups of the NTM molecule are superposed in
the crystal in a U-shaped conformation (Fig. 5).

NTM is stable under dry storage conditions; in dry
conditions, its estimated shelf life is several years at
ambient temperature. The monohydrated form is not
hygroscopic.

The solubility in water of NTM is 12.6 g/l (10 g/l for
APM) at 25°C. Its MRS 10% (i.e. the multiple of the
required solubility to match the sweetness intensity of

10% sucrose) is ~740, which means that the NTM
solubility is ~740 times greater than necessary to obtain
a sweetness level matching a 10% sucrose solution (17
mg/l of NTM). By comparison, the MRS 10% of APM
is ~19. Note that the speed of dissolution of NTM in
aqueous systems can be significantly increased by using
NTM in a salt form (e.g. as a phosphate salt) or a
complex form (e.g. with B-cyclodextrin). In anhydrous
ethanol, the NTM solubility is very high (~950 g/l at
25°C), over 250 x that of APM (3.7 g/l at 25°C).

NTM is an amphoteric compound. At 25°C, its pK; is
3.01,1its pK, 8.02 (3.1 and 7.9, respectively, for APM). The
pH of its isoelectric point (minimal charge and, in general,
minimal solubility) is ~5.5 (close to that of APM).

NTM, at use levels, has negligible effects on the visc-
osity (< 5 mPa.s at 5 g/l), surface tension (~65 mN/m
at 0.015 g/l, ~38 mN/m at 5 g/I) and pH (pH 7.01 at
0.15 g/l, 6.25 at 1 g/l, 5.8 at 5 g/l) of its aqueous solu-
tions; its insignificant viscosity should not give rise to
any mixing problems, and the negligible lowering of the
surface tension and pH of its solutions should not lead
to excessive foaming, e.g. in carbonated soft drinks.

In aqueous solution, the stability of NTM varies
strongly with the pH and the temperature (see Fig. 6
and Table 5). Like APM, NTM is relatively stable at pH
from 3 to 5.5. The optimal pH for NTM stability is
~4.5. The degradation of NTM follows a pseudo first-
order kinetics. At pH 4.5, the half-life of NTM is ~30
weeks at 25°C, ~45 days at 40°C, ~40 hours at 80°C in
0.1 M phosphate buffers. At pH 3, the half-life of NTM
is ~11 weeks at 25°C, ~22 days at 40°C, ~24 h at 80°C.
The stability of NTM at 80°C in pH range of 3-5.5
implies that high-temperature short-time (HTST) pro-
cessing is possible with food products sweetened with
NTM; for example, after 30 min at 80°C, NTM percen-
tage remaining in a pH 3 solution is ~98.6%, which
indicates that there is practically no loss of NTM within
30 min at 80°C. At pH 7, the half-life of NTM is ~2
weeks at 25°C, ~3 days at 40°C and ~4 h at 80°C. NTM
has approximately the same stability as APM in the acidic
pH range; in the neutral pH range, NTM is significantly
more stable than APM: at pH 7, e.g., the half-life of NTM
is 124 days, that of APM 36 days at 5°C; at 30°C, 6.6 days
for NTM, 1.5 days for APM; at 70°C, 13 h for NTM, 1 h
for APM.

In aqueous systems, the major decomposition path-
way of NTM is the hydrolysis of the methyl ester group
into dimethylbutylaspartylphenylalanine (DMB-Asp-
Phe) and methanol (MeOH), in both the acidic and the
neutral pH ranges (Fig. 7). For APM (Fig. 8), two major
degradation routes coexist: the first route, identical to
that of NTM, is the result of the hydrolytic scission of the
methyl ester group into aspartylphenylalanine (Asp-Phe)
and MeOH; the second route, which is important mainly
in the neutral pH range, leads, through a cyclization
process, to cycloaspartylphenylalanine [cyclo(Asp-Phe)],
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Table 3
Main characteristics of neotame

Generic name Neotame

Chemical name

Abbreviation NTM

CAS registry number [165450-17-9]

Molecular formula C50H30N»Os5

Molecular weight 378.47

Percentage composition  C 63.47%, H 7.99%, N 7.40%, 0 21.14%

COzMe
Me co-— NH—(f: —H

Structural formula Me—(::—cuz—Cliz—NH—(::—H Li:Hz
Me CH2 CeHs

|

CO2H
Symbolic formula
Preparation
Physical state

DMB-Asp-Phe-OMe

formula weight 396.48)
Melting point
Density, compressibility
Bulk chemical stability

N-[N-(3,3-dimethylbutyl)-L-a-aspartyl]-L-phenylalanine 1-methyl ester
Simplified chemical name Dimethylbutylaspartylphenylalanine methyl ester

Reductive alkylation of APM with 3,3-dimethylbutyraldehyde over Pd/C
White crystalline powder; usually obtained as a monohydrate (H,O~4.5%; empirical formula C,0H3oN,Os.H,0;

80.9-83.4°C (from MeOH aq) without decomposition

0.33 g/cm? (aerated bulk powder); compressibility 47.5% (packed bulk density 0.63 g/cm?)

stable under dry storage conditions; non hygroscopic

Water (g/1): 10.6 (15°C), 12.6 (25°C), 47.5 (60°C); ethyl acetate (g/1): 43.6 (15°C), 77 (25°C), > 1000 (60°C); abs.

Solubility
ethanol (g/1): ~950 (25°C)
pK, values pK(CO,H) 3.01, pK, (NH +) 8.02; isoelectric point: pH 5.5
Specific rotation [0]3—39.8°(c=0.5 in water)
Viscosity at 20 and 40°C < 5 mPa.s (5 g/l)

Surface tension
pH in aq. solution
Solution stability

7.01 (0.15 g/1); 6.25 (1 g/1); 5.8 (5 g/)
weeks at 25°C, 3 days at 40°C, 4 h at 80°C
pH of maximal stability — ~4.5

Degradative pathways

Chemical inertness

at 20°C ~65 mN/m (0.015 g/1), ~38 nN/m (5 g/l)

at pH 3, in 0.1 M phosphate buffers, t;» 11 weeks at 25°C, 22 days at 40°C, 24 h at 80°C; at pH 7, 2.25

In aqueous solution, slow hydrolysis of the ester into DMB-Asp-Phe and MeOH; no cyclization reaction into a
diketopiperazine derivative, contrary to APM
No reaction with reducing sugars (fructose, glucose, high-fructose corn syrup, lactose, maltose, etc.) or with

aldehydic flavouring agents (vanillin, ethyl vanilin, cinnamaldehyde, benzaldehyde, citral, etc.), contrary to APM

Taste quality
Sweetness potency
Flavour enhancement
Taste synergy

Clean sweet taste (close to APM) without bitter or metallic off-taste; temporal profile close to APM

On a weight basis: ~10 000 x sucrose vs 2% sucrose, ~9000 x vs 5% sucrose, ~6000 vs 10% sucrose, ~30-60 x APM
Enhancer of certain natural flavours, such as acidic fruit flavours

No significant synergy with acesulfame-K or saccharin, contrary to APM

Metabolic pathways Approximately half the ingested dose is nonabsorbed and excreted through the faeces, and half is absorbed then
excreted through the urine as de-esterified NTM (DM B-Asp-Phe)

Safety At the estimated 90th percentile of use, the margins of safety for consumers are > 10 000 (vs rabbits), 16 000
(dogs), 20 000 (rats) and 80 000 (mice)

Utility Nonnutritive, noncaloric, noncariogenic sweetener

Caloric value

Typical use levels
cake: 35 mg/kg; chewing gum: 250 mg/kg

Expected relative cost

< 1.2 kJ/g; < 0.0002 kJ per unit of sweetness
Tabletop: 0.9 mg/unit; lemon tea (hot packed): 8 mg/l; yogurt: 15 mg/l; carbonated soft drinks: 17 mg/l; yellow

Lower than sucrose or APM at sweetness equivalence

a diketopiperazine (DKP) derivative (3-benzyl-6-car-
boxymethyl-2,5-dioxopiperazine), and to MeOH (Fig.
8). The absence of a cyclization pathway in the course of
the NTM degradation explains the significant increase
of the NTM stability in the neutral pH range with
regard to APM, which offers possibilities of new appli-
cations not directly accessible to APM (e.g. in baking
applications).

In contrast to the primary amino group of APM, the
secondary amino group of NTM is unable to react,
through condensation reactions, with reducing sugars

and aldehydic derivatives. The unreactiveness of NTM
towards these compounds allows its association (1) with
various reducing carbohydrates (such as glucose, fruc-
tose, high-fructose corn syrup, lactose, maltose, etc.)
without the possibility of undesirable Maillard-type
reactions, and (2) with various flavouring agents or
aromas based on aldehydic components, such as vanillin
or ethyl vanillin (vanilla), cinnamaldehyde (cinnamon),
benzaldehyde (cherry and bitter almond), citral (lemon),
etc. (see Fig. 9), without the possibility of Schiff base
formation, contrary to APM (Fig. 10).
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Comparison between aspartame and neotame

Aspartame

Neotame

Chemical name

Simplified chemical name
Abbreviation

CAS registry number
Molecular formula
Molecular weight
Symbolic formula
Physical state

Bulk chemical stability
Solubility (25°C)
MRS 10%*

pK, values

Solution stability

pH of maximal stability
Major degradants

Incompatibilities

Taste quality
Sweetness potency

Flavour enhancement
Taste synergy
Major metabolities

Limit of use
Utility

Caloric value
Typical use levels

Relative cost

L—a-Aspartyl-L-phenylalanine 1-methyl ester

Aspartylphenylalanine methyl ester

APM

[22839-47-0]

Ci4H1gN,05

294.31

Asp-Phe-OMe

White crystalline powder; usually obtained as a
hemihydrate (HyO~2%; empirical formula
C14H3sN>05.1/2H,0; formula weight 303.32)
Stable under dry storage conditions

H,0: 10 g/l; abs. EtOH: 3.7 g/l

19

pK, 3.1, pK; 7.9; isoelectric point: pH 5.5
Approximately like NTM in the acidic pH range;
less stable than NTM in the neutral pH range
~4.2

Asp-Phe, cyclo(Asp-Phe) and MeOH (which are
metabolized)

Reducing sugars (Maillard reaction), aldehydic
flavouring agents (Schiff base formation)

Clean sweet taste

~180-200 x sucrose on a weight basis

Flavour-enhancing properties
Synergy with acesulfame-K or saccharin
Asp, Phe and MeOH (which are metabolized)

Specific labelling for phenylketonurics
Low-calorie sweetener at use level; noncariogenic
17 kJ/g; 0.085 kJ per unit of sweetness

Tabletop: 37 mg/unit; carbonated soft drinks:
525 mg/l

Approximately equal to sucrose at sweetness
equivalence

N-[N-(3,3-dimethylbutyl)-L—a-aspartyl]-L-
phenylalanine 1-methyl ester
Dimethylbutylaspartylphenylalanine methyl ester
NTM

[165450-17-9]

CoH30N,05

378.47

DMB-Asp-Phe-OMe

White crystalline powder; usually obtained as a
monohydrate (HyO~4.5%; empirical formula
CooH30N,05.H>0; formula weight 396.48)
Stable under dry storage conditions

H,0: 12.6 g/1; abs. EtOH: ~950 g/l

~740

pKy, 3.01, pK, 8.02; isoelectric point: pH 5.5
Approximately like APM in the acidic pH range;
more stable than APM in the neutral pH range
~4.5

DMB-Asp-Phe (excreted in faeces) and MeOH
(metabolized)

No reaction with reducing sugars and aldehydic
flavouring agents

Clean sweet taste close to APM

~6000-10 000 x sucrose, ~30-60 x APM on a
weight basis

Flavour-enhancing properties

No synergy with acesulfame-K or saccharin
DMB-Asp-Phe (excreted in the faeces and in the
urine) and MeOH (metabolized)

No specific labelling for PKU expected
No-calorie sweetener at use level; noncariogenic
< 1.2 kJ/g; <0.0002 kJ per unit of sweetness
Tabletop: 0.9 mg/unit; carbonated soft drinks:
17 mg/l

Expected relative cost should be much lower than
sucrose or APM at sweetness equivalence

2 MRS 10%: multiple of the required solubility to match a sweetness intensity of 10% sucrose.

Me
o

Me
Me\|/ Me
Me\o

o)ﬁ( <
Me

S
|
Me H’N 0

H2
CHO + APM ———> NTM

Pd/C

Fig. 4. Preparation of NTM by reductive N-alkylation with 3,3-dime-
thylbutyraldehyde over palladium black (Nofre & Tinti, 1995b).

N
H”+H H”+H

7N o o/_\o

a b

Fig. 3. The two sweetest compounds of the neotame series: (a) hex-
ahydroneotame (Nofre & Tinti, 1994a, 1995a); (b) cybelame (Nofre &
Tinti, 1994b).

NTM has a clean sweet taste close to that of APM,
without the bitter or metallic notes often associated with
artificial sweeteners (e.g. with acesulfame-K or sac-
charin). Its flavour profile does not significantly differ

from APM under varied conditions (see Fig. 11 for a
comparison of their flavour profiles in two different
systems). Although its sweetness develops gradually like
sucrose, it is perceived with a slight initial lag with
regard to APM and it persists slightly longer (Fig. 12).
Similarly to APM, in complex food systems these tem-
poral effects can be modified, when desired, by associa-
tion with other ingredients, such as polyols, sucrose or
hydroxy acids.

The sweetness potency of NTM when compared with
sucrose (see Fig. 13) is about 10 000 times that of
sucrose on a weight basis (~11 000 x on a molar basis)
relative to a 2% sucrose solution, about 9000 times that
of sucrose on a weight basis (~10 000 x on a molar
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Fig. 5. The U-shaped conformation of the hydrophobic substituents of
NTM in crystalline state as deduced from single crystal X-ray diffraction
analysis. Crystal data: empirical formula C,)H3oN,Os.H,O (the water
molecule of crystallization is not included in the structural model); tem-
perature 20+ 2°C; crystal system: monoclinic; space group P2,-C3 (No. 4)
with a=12.7623(2)A, b=5.6017(1)A, c=15.2934(3)A, B=102.403(1), V' =
1067.83(3)A3, and Z=2{dcycq = 1.233 gem—3; p,(CuK,) =0.75 mm-'}.

Table 5
Stability of NTM as a function of pH (0.1 M phosphate buffers) and
temperature

pH Half-life

pH At 25°C (weeks) At 40°C (days) At 80°C (hours)

2.0 3.73 9.77 14.50
3.0 11.07 22.34 24.09
4.0 22.29 44.19 39.48
4.5 29.75 44.88 39.79
5.0 21.53 37.94 34.18
5.5 16.01 24.28 21.35
6.0 8.90 12.11 11.26
7.0 2.25 2.93 4.13

8.0 0.65 0.72 1.56

9.0 0.22 0.24 0.63

basis) relative to a 5% sucrose solution, and about 6000
times that of sucrose on a weight basis (~6600 x on a
molar basis) relative to a 10% sucrose solution. Note
that a sweetness potency of 10 000 on a weight basis
relative to sucrose means that 1 kg of NTM is equiva-
lent to the sweetness of 10 000 kg (10 metric tons) of
sugar. As the sweetness potency of APM is estimated to
be about 180-200 times that of sucrose on a weight
basis, the potency of NTM is approximately 30-60 times
that of APM on a weight basis in a wide range of appli-
cations. In addition, NTM is much more potent than any
of the commercially available sweeteners (Table 6).

Like APM, NTM intensifies certain food and bev-
erage flavours, particularly, acidic fruit flavours (such as
orange, lemon and grapefruit) and cherry flavour.

35 -~

30 |-

N N
o o
I 1

Half-life (weeks)
a
1

10 |

50 ~

40

w
o

Half-life (days)
n
o

10

50

40

(2]
o

Half-life (hours)
N
o

=y
o

pH

Fig 6. Stability of NTM as a function of pH (in 0.1 M phosphate
buffers) and temperature: (a) at 25°C; (b) at 40°C; (c) at 80°C.

Unlike APM, there is no significant taste synergy of
NTM with acesulfame-K or saccharin.

In humans, after ingestion of NTM, approximately
half of the ingested dose is eliminated through the faeces
as 3,3-dimethylbutylaspartylphenylalanine (DMB-Asp-
Phe), and roughly half is absorbed as intact NTM, which
is afterwards hydrolysed into DMB-Asp-Phe and MeOH:
in the predominant process, DMB-Asp-Phe is eliminated
(half-life about 2 h) in the urine without significant reten-
tion in any tissues; only a minor part is metabolized
through the oxidation of the 3,3-dimethylbutyl moiety
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CO:Me
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NH = C = H CH,

CH; CeHs MeOH

|
COzH

(I:OzH
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7k/\NH>(S2<H (:in
(:JHz (l':sHs

|
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Fig 7. Hydrolytic degradation of NTM into dimethylbutylaspartylphenylalanine (DMB-Asp-Phe) and methanol (MeOH). Note that DMB-Asp-Phe
is not sweet; in consequence, at an advanced stage of conversion, a diminution in sweetness may be noticed, but without development of undesirable
off-tastes, the conversion products being all tasteless. It must be underlined that DM B-Asp-Phe, the major degradant, is also the major metabolite of

NTM in humans.
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Fig. 8. The two major routes of the APM degradation in solution: (a) hydrolysis into aspartylphenylalanine (Asp-Phe) and methanol (MeOH); (b)
cyclization into cycloaspartylphenylalanine (cyclo(Asp-Phe)) with a concomitant release of MeOH. Asp-Phe and cyclo(Asp-Phe) are both tasteless,
which explains the sweetness decrease of aged APM solutions. Note that the cyclization process is, in solution, particularly significant under neutral
or alkaline conditions (above pH 5) or under the influence of heat. In dry conditions, the cyclization reaction is also the preponderant decomposition
process of APM when subjected to temperatures above 150°C (see Homler, 1984).
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Fig. 9. Main aldehydic components of some common flavouring
agents: (a) vanillin (R =CHj3) and ethyl vanillin (R=C,Hs) (vanilla);
(b) cinnamaldehyde (cinnamon); (c) benzaldehyde (cherry and bitter
almond); (d) citral (lemon).

R—CHO + HoN-APM ——> R-CH = NH-APM + H20

Fig. 10. Undesirable imine (Schiff base) formation by reaction
between an aldehydic compound and the unsubstituted amino group
of APM; this reaction is not possible with the N-substituted amino
group of NTM.

into 3,3-dimethylbutyric acid, which is eliminated in the
urine as a carnitine ester in humans (less than 5% of the
NTM intake) (Fig. 14). Note that the metabolic degra-
dation of APM is quite different from that of NTM
(Fig. 15): APM is in fact broken down in the gut (in the
intestinal lumen or mucosal cells) into its three
components — aspartic acid (Asp), phenylalanine (Phe)
and MeOH — which enter the portal circulation and
are metabolized according to the usual biochemical
pathways. In brief, NTM is, for the most part (over
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Fig. 11. Similarities between the flavour profiles of NTM- and APM-
sweetened beverages: (a) in aqueous solutions (NTM 20 mg/l, APM
560 mg/l); (b) in cola soft drinks (NTM 16 mg/l, APM 525 mg/l).

90%), eliminated from the body through the excreta,
while APM is completely metabolized.

As mentioned above, among the major metabolites
and degradants of NTM and APM, methanol is the
only one which is common to NTM and APM. It has
been abundantly shown with APM that MeOH, which
is a common dietary component, is not a safety concern
at usual intake doses of APM. For example, beverages
sweetened with APM to a sweetness level matching 10%
sucrose solution (~525 mg/l) contain the equivalent of
about 56 mg/l of MeOH, which is substantially less than
the MeOH content commonly found in fruit juices or in
vegetable juices (see Fig. 16). With NTM, the potential
MeOH content of NTM-sweetened foods or beverages
will be still lower (about 40 times less) than with APM.
For example, since the NTM hydrate is potentially able
to release, through metabolic or degradative hydrolytic
processes, 8.08% of MeOH on a weight basis, the
potential MeOH content of a beverage formulated with

0

Sweetness intensity
v

Time (seconds)

Fig. 12. Compared sweetness temporal profiles in water of NTM (17
mg/l) and APM (525 mg/l) based on the Liu and MacFie method
(1990). The main parameters of the time-intensity curves are: I
(maximum intensity): 9.2 for APM, 9.0 for NTM; 1,,, (lag time, i.e.
time taken for intensity to rise above baseline): 1.3 for APM, 1.5 for
NTM; 1.« (time to reach maximum intensity): 12.3 for APM, 16.6 for
NTM; fpiateau (plateau time): 6.1 for APM, 2.8 for NTM; #.,q (finish
time, i.e. time when intensity returns to baseline): 80.5 for APM, 94.8
for NTM; AUC,, (total area under the curve): 425 for APM, 491 for
NTM. I, values represent mean intensity units (0-15); fiap, fmax»
Iplateau ANd fenq are expressed in seconds; AUC, is expressed as
intensity units x time. For a comparison of the time-sweetness intensity
curve of APM with those of sucrose and of several other sweeteners, see
Ott, Edwards and Palmer (1991), Ketelsen, Keay and Wiet (1993).

Table 6
Sweetness potency of some selected sweeteners relative to a 2%
sucrose solution on a weight basis

Sweeteners® Sweetness potency
Sucrose 1

Na cyclamate 30

Aspartame 200
Acesulfame-K 250

Na saccharin 400

Sucralose 750

Neotame 10 000

4 Among the potently sweet artificial sweeteners mentioned above,
four are approved in the United States to date, namely, saccharin,
aspartame, acesulfame-K, and sucralose.

17 mg/l of NTM (which corresponds approximately to
the sweetness of a 10% sucrose solution) is 1.37 mg/l;
this amount is insignificant, since it is, e.g., ~46 times
lower than the average MeOH content of one litre of
orange juice, or ~220 times lower than that of 1 1 of
tomato juice (Fig. 16).
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Fig. 13. Approximate sweetness equivalences between sucrose and NTM on a weight basis in water. Note that the relative sweetness potency of
NTM, like that of APM or other intense sweeteners, varies with the concentration: e.g. from this graph, one can estimate that the sweetness of a 2
mg/l NTM solution is approximately equivalent to that of a 20 g/ (2%) sucrose solution (potency ~10 000 x sucrose on a weight basis), that of a 5.5
mg/l NTM solution to that of a 50 g/l (5%) sucrose solution (potency ~9000 x sucrose on a weight basis), and that of a 17 mg/l NTM solution to
that of a 100 g/l (10%) sucrose solution (potency ~6000 x sucrose on a weight basis).
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Fig. 14. Metabolic conversion of NTM: (a) in the major metabolic process (more than 90%), NTM is converted to its de-esterified derivative, DMB-
Asp-Phe, which is excreted in the faeces and in the urine; (b) in a minor process (less than 10%), the 3,3-dimethylbutyl portion of DMB-Asp-Phe is
oxidized to 3,3-dimethylbutyric acid which is excreted in the urine as a carnitine ester (< 5% of the ingested dose).

During its metabolism, APM releases approximately
55% by weight of phenylalanine (Phe) which is nor-
mally metabolized according to the usual metabolic
pathways, except for people suffering from phenylk-
etonuria (PKU), a rare genetic disease (one person in
10 000 approximately) characterized by a deficiency in

the ability to metabolize Phe. As a consequence, excess
consumptions of Phe by PKU sufferers induce higher
plasma levels of this amino acid, altered synthesis of
monoamine neurotransmitters, and other adverse
effects; such patients must, therefore, carefully control
and limit their consumption of Phe from all dietary
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Fig. 16. Total (potential + actual) methanol content of various vege-
table or fruit juices (Wucherpfennig, Dietrich & Bechtel, 1983) com-
pared to that of beverages formulated with APM (525 mg/l) or NTM
(17 mg/l). See also Lindinger, Taucher, Jordan, Hansel and Vogel
(1997) for the endogenous production of methanol after the con-
sumption of fruit.

sources. Despite the low phenylalanine content of
APM-based products compared to meat, milk or other
protein foods (see Table 7), it has been required in many
countries that APM-formulated goods carry a label on
their packaging to inform phenylketonurics that the
product contains phenylalanine. As NTM is formulated
at concentrations approximately 40 times lower than
those of APM, the Phe content of NTM-sweetened
goods is insignificant (7.08 mg/l for 17 mg/l of the NTM
hydrate), much lower than the Phe content of fruit jui-
ces for example (see Fig. 17); furthermore, the amount
of Phe effectively released into the body from 17 mg of
NTM through metabolic pathways is still lower, below
0.7 mg, i.e. ~400 times less than with APM. Conse-
quently, with such negligible amounts, labelling for

Table 7

Phenylalanine (Phe) content of various foods and beverages (Vervack
et al., 1981) compared to the Phe content of beverages sweetened with
APM (525 mg/l) or NTM (17 mg/l)

Foods or beverages Phe content (mg/! or kg)

Meat 7000-10 000
Dairy products and milks 1300-10 000
Breads and cereals 3000—-6000
Vegetables 100-13 000
Fruits 64-4000
APM (525 mg/l) 290

NTM (17 mg/l) 7.082

2 7.08 mg/l corresponds to the Phe amount (41.6%) theoretically
contained in 17 mg of NTM monohydrate. Since over 90% of Phe is
excreted in the faeces and in the urine as DMB-Asp-Phe, below 10%
of the Phe amount (i.e. less than 0.7 mg) is in fact released into the
body (i.e. lower than 4.16% of the NTM initial administered dose).

phenylketonurics should not be necessary for products
containing NTM.

Finally, from an extensive safety programme, it has
been demonstrated that both NTM and its major
metabolite (DMB-Asp-Phe) are safe for the general
population. NTM is not mutagenic, clastogenic, terato-
genic or carcinogenic, and does not produce reproduc-
tive or target organ toxicity. The very low exposure to
NTM, combined with the highly-favourable pharmaco-
kinetic profiles of its molecule and of its major metabo-
lite, leads to extremely high margins of safety for
consumers exposed to NTM. Based on a projected
NTM intake of ~50 pg/kg/day (inferred from the APM
consumption, at the 90th percentile of use), and on a
no-observable-adverse-effect level (NOAEL) of 500 mg/
kg/day in rabbits, 800 in dogs, 1000 in rats and 4000 in
mice, the margins of safety for consumers are greater
than 10 000, 16 000, 20 000 and 80 000, respectively,
with regard to these species. Moreover, NTM is per-
fectly tolerated in humans following studies with very
high oral doses of up to 40 times the estimated 90th
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percentile intake. This comprehensive database demon-
strates the safety of NTM as a general use sweetener.

4. Utility

NTM is a nonnutritive, noncaloric sweetening agent.
Because the caloric value of APM is estimated, as a
dipeptide, to be 17 kJ/g (4 kcal/g), and as NTM is made
up of ~75% by weight of APM, the inferred caloric
value of NTM should be ~12 kJ/g (3 kcal/g); in fact,
since less than 10% by weight of NTM is really meta-
bolized in the body via a minor metabolic route (see
Fig. 14), it follows that the effective caloric value of
NTM should be less than 1.2 kJ/g (< 0.3 kcal/g). As
APM is ~200 times as sweet as sucrose on a weight
basis, its caloric value per unit of sweetness is 0.085 kJ
(0.02 kcal); as NTM is ~6000 times sweeter than
sucrose relative to a 10% sucrose solution, its caloric
value per unit of sweetness should be less than 0.0002 kJ
(< 0.00005 kcal), which is insignificant compared with
the caloric value of sucrose (17 kJ/g). From these caloric
values (17 kJ/g for sucrose, 17 kJ/g for APM, and < 1.2
kJ/g for NTM), it can be easily calculated that the
energy content of a beverage formulated with 100 g/l of
sucrose is 1700 kJ/1; with 525 mg/l of APM, it is 8.92 kJ/
I; with 17 mg/l of NTM, it is < 0.02 kJ/I. In other
words, a drink prepared with APM has an energy con-
tent ~190 x lower than a sucrose-containing drink,
whereas a drink prepared with NTM has an energy
content at least 446 x lower than a drink prepared with
APM and at least 85 000 x lower than a drink prepared
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Fig. 17. Comparison between the phenylalanine (Phe) content (i) of a
beverage formulated with 525 mg/l of APM, (ii) of two typical fruit
juices (values from McCarthy, Orr & Watt, 1968), (iii) of a beverage
formulated with 17 mg/l of NTM (to match the sweetness intensity of
a 10% sucrose solution). Note that the amount of 7.08 mg for the Phe
content of a beverage sweetened with 17 mg/l of NTM corresponds to
the theoretical value, but that the Phe amount effectively liberated into
the body is in fact inferior to 0.7 mg (see footnote of Table 7).

with sucrose. As a result, NTM can be considered as a
no-calorie sweetener at use level.

As micro-organisms in the mouth are not able to
metabolize NTM and produce tooth-decaying acids,
NTM is noncariogenic, like APM.

In Table 8, some characteristic use levels of NTM in
typical applications are reported. As NTM is at least as
stable as APM in the acidic pH range, all the applica-
tions previously proposed for APM in acidic medium
are allowed with NTM (in carbonated soft drinks for
example), either as sole sweetener or combined with one
(or more) sweetener(s) (e.g. with acesulfame-K); as an
example, note the excellent stability of NTM in yogurts
(Fig. 18), which are in the pH range of the maximal
stability of NTM. In neutral pH foodstuffs, NTM is
significantly more stable than APM, which allows its
application in domains not easily accessible to APM,
e.g. in baked goods; note, for example, the excellent
behaviour of NTM in yellow cake, a representative
bakery product (Fig. 19).

As mentioned before, NTM, unlike APM, is compatible
with reducing sugars (such as glucose, fructose, high-
fructose corn syrup, lactose, maltose) and aldehyde-based

Table 8

Suggested neotame use levels in some typical applications

Application Use level
Tabletop sweetener 0.9 mg/unit*
Lemon tea (hot packed) 8 mg/l
Yogurt 15 mg/1
Powdered soft drink 16 mg/1®
Carbonated soft drink 17 mg/1
Cake (yellow cake) 35 mg/kg
Chewing gum 250 mg/kg

2 Equivalent to the sweetness of 2 teaspoons of sugar.
® Final concentration in the reconstituted beverage.
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Fig. 18. NTM stability in strawberry yogurt.
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Fig. 19. NTM stability in yellow cake.

flavouring agents (such as vanilla, cinnamon, cherry,
bitter almond, lemon), which considerably widens the
potential utilities of NTM compared to APM.

On account of the reduced-cost preparation of NTM
from APM (in a one-step, high-yield reaction) and of its
highly-potent sweetness (~6000 x with regard to a 10%
sucrose solution), it is anticipated that the relative cost
of NTM (i.e. the quotient of its wholesale price and its
sweetness potency relative to sucrose on a weight basis)
should be highly attractive, and competitive with the
other sweeteners on the market, including APM and
sucrose.

NTM is worldwide patented (79 countries). In
December 1998, a food additive petition was submitted
to the US Food and Drug Administration (FDA) for
approval of NTM as a general purpose sweetener; this
request is currently undergoing review and is awaiting
FDA approval. Additional filings are in progress in
several countries outside of the USA.

5. Conclusions

NTM outstandingly meets the five basic criteria
requisite for commercial viability of a nonnutritive
sweetener, namely, taste, solubility, stability, safety, and
cost.

NTM provides a clean sweet taste, with a good fla-
vour profile and consumer acceptance; it is a highly
potent sweetener, with a potency, on a weight basis, 30
to 60 times that of APM, and 6000 to 10 000 times that
of sucrose. In aqueous systems, its solubility is several
hundreds of times higher than necessary to match a
10% sucrose solution. NTM has an extensive shelf life
in dry conditions. In aqueous systems, NTM is
approximately as stable as APM in the acidic pH range,
and has, as a result, the same functionalities as APM in
such conditions; NTM is significantly more stable than

APM in the neutral pH range or at transient high tem-
peratures, which considerably widens the potential
applications of NTM (e.g. in baking preparations and
baked products). As a consequence of its very low usage
and of its highly favourable pharmacokinetic profile, its
margins of safety are considerable. Owing to the sim-
plicity of its preparation and to its amazingly high
sweetness potency, it is anticipated that the cost of
NTM will be highly competitive and markedly lower
than that of APM or sucrose at sweetness equivalence.
NTM offers other salient qualities. For example, it
can be considered as a no-calorie sweetener at normal
use levels. It is compatible with a broad range of foods
and food ingredients; for example, unlike APM, it does
not present any problems of interaction with reducing
sugars (such as glucose, fructose, lactose, maltose) or
with aldehyde-based flavouring agents (such as vanilla,
cinnamon, cherry, bitter almond, lemon). It has unique
flavour-enhancing properties. It is noncariogenic.
Owing to its versatile qualities, NTM should provide
a uniquely useful sweetener. It presents a rare combina-
tion of features. These features suggest that, upon
approval, this ingredient should become the sweetener of
choice in the food industry, as did APM two decades ago.
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