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World Produktion Volume of Sweeteners (2003)
expressed in sugar equivalents

~1 Mrd €

Intense Sweeteners

11,6 Million Tons
._."'nr-"'fl} Intense sweetener Tons
~ Saccharin 32.700
10 M rd € Cyclamate 29.300
Aspartame 13.200
Stan'_'-h Swesteners Acesulfame K 2.500
Stevioside 1.000
and Sugar Alcchols Glycyrrhizin 1.000
- Sucralose 300
1?-6 hﬂhﬂn T'DHS Other Sweeteners 45
1 Dﬂ_l:.r"u Total 80.045
Polyol Tons
Isomalt 15.000
Lactitol 15,000
Maltitol 15.000 ~30 Mrd :€
Mannit 10.000 Sugar
Sorbit 650,000 - ;
Xylitol 10.000 142.6 NMilhon Tons
Total 715,000 53%
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Disadvantages of starch sweeteners and
polvols

1. High caloric value
As people become more health conscious
and count calories demand for starch
sweeteners may suffer.

2. Dental care
As with sugar starch sweeteners are
implicated in tooth decay.

3 Laxative effects of polyols

In some cases the high volumes required in
food production have a laxative effect
when consuming the particular products.
Regular consumption however, can lead to
adaption and increased tolerance.

Disadvantages of Intensive Sweeteners

Health
Some  intensive  sweeteners  are
suspected of having an adverse effect on
health; while in most cases this will only
be true if the intensive sweetener is
consumed in excess, health warnings are
sometimes obligatory on product labels:
aspartame, saccharine

Taste
Sweetness 1s a subjective phenomenon.
perceived differently from individual to
individual. Different intensive
sweeteners produce different taste
sensations, not all of them desirable, and
some leave an unpleasant aftertaste.

Sweetener EU USA Canada Japan Australia
Saccharin Allowed Allowed Not allowed | Allowed Allowed
Aspartame Allowed Allowed Allowed Allowed Allowed
Acesulfame K Allowed Limited Allowed Not allowed Allowed
Cvclamate Allowed Not allowed Limuted Not allowed Allowed
NHDC Allowed GRAS Not allowed | Allowed Allowed
Thaumatine Allowed GRAS Allowed Allowed Allowed
Stevioside * Not allowed Dietary Dietary Allowed Dietary
Supplement Supplement Supplement
Glycvrrhizine Not Allowed Mot allowed Not allowed | Allowed Not allowed
Alitame Not Allowed Allowed Allowed Allowed Allowed
Sucralose Allowed Allowed Allowed Allowed Allowed
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Multiple sensations but only 5 basic

ualities g
: DfE -

4 1. Salty (NacCl)
2. Sour (Protons)
/ _ 3. Sweet (chemically diverse)
gustation < 4. Bitter (chemically diverse)
+ 5. Umami! (Na-glutamate)
_ 6. Fat? (fatty acids ?)
olfaction |_ 7. water?  (H,0)
+
Flavour < temperature/
mouthfeel mechanical
sensation
+
Irritation

\_



aste modalities

D/ E—

Modality  Function Hedonic  Substance Threshold (mol/l)
Bitter Warning Aversive Quinine sulfate  0.000008
Nicotin 0.000016
Sour Warning Aversive T HCI 0.0009
Attractive Citrate 0.0023
Sweet Calorie Attractive Sucrose 0.01
detector Glucose 0.08
Salty Osmo- Attractive NacCl 0.01
regulation
Umami Calorie Attractive Na-glutamate 0.01
detector
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Peripheral taste anatomy
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Peripheral taste quality coding Dy[:

umami

Nerve fibers  Ganglion  Nerve fibers

salty
bitter sour
sweet (-:D\\d Q [@) to NTS

receptor | presynaptic
cells §

ATP
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Tomchik et al, J. Neurosci, 2007; Huang et al, PNAS, 2007; DeFazio et al, J. Neurosci, 2006



T1R Receptors

TAS1R1 TAS1R2 TASI1RS3
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Functional expression assay of TleD
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Molecular modeling of TIR2-T1R3 In
combination with mutational analysis

ae oxtracellular
surface

Max & Meyerhof, 2008,
Taste receptors,
The Senses (in press)

Winnig et al, 2007, BMC Struct Biol



Experimentel approach to identify the
binding site for NHDC

nechesperidin dihydrochalcone
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Effects of mutations in human T1R3 after coexpression with
wild typeT1R2 on responses to neohesperidin dihydrochalcone
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The binding site for NHDC at humn T1R2-T1R3

DI/E—

TM4 TM3

.Af “m

'!5__ I._..--,.1 ) = kN ..IJ'...'IZ.!H'!'?Q'-‘-'
AN\ &
] ﬁ"‘ﬂ"f iAo N
(R | A AT
el VU2 '.p"/’\

Winnig et al, 2007, BMC Struct Biol



Ligand Interaction sites of the sweet taste receptor

DI/E—

HO HO
\‘ HO\ o CH,OH cHcl
0 / (8] (] s} 0
OH HQO OH oH 0
HO Q HO CH o CH,C1
OH OH OH OH OH OH

Sucrose Glucose Sucralose

Brazzein

Oo\ Lactisole

G

[l
QNH iONa Cyclamate

Li et al, PNAS, 2002

Zhao et al, Cell ,2003

Xu et al, PNAS, 2004

Jiang et al, JBC, 2004

Jiang et al, JBC, 2005

Winning et al, BMC Neurosci, 2005

Neohesperidin Dihydrochalcone ™~ 1 ™ Winnig et al, BMC Struct Biol, 2007

3]

.
GID
(=]

Monellin



Receptor mechanisms highlight
sensory problems of sulfonyl amide sweeteners
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Receptor mechanisms explain
gustatory perception

Taste intensity

Dl
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Kuhn et al, J Neuroscience, 2004
Galindo-Guspinera, Winnig et al, Nature, 2006



Screening assays for taste-active compounds
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Thank you for your attention !
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