SNFS Dialogue
Where myths and facts are far apart: sugar,
sugar alcohols and sweeteners
February 6, 2020, 14:00-17:00; Auditorium at Charité, Virchowweg 6, Berlin

On February 6, 2020, SNFS, together with recognized experts, shed light on many questions
around the sweet taste of foods and its impact on human health.
Prof. Dr. Jan Frank, president of SNFS and Professor of Food Biofunctionality at
the University of Hohenheim, welcomed the experts Prof. em. Dr. Hannelore
Daniel (Professor emeritus of Nutrition Physiology, TU Munich), PD Dr. Anne Christin
Meyer-Gerspach (St. Claraspital/St. Clara Forschung AG, Basel), Univ. Lektor Dipl. Ing.
Alfred Mar (Lecturer at BOKU and President of ICC Austria), and the audience to Berlin.
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Glucose and fructose metabolism: the dose makes the poison!
Prof. Daniel presented the current knowledge about the absorption, metabolism, and (patho-)
physiological effects of saccharose, glucose and fructose.
In the media, sugars have been presented as ‚toxic', ‚dangerous', pictured as addictive
‚drugs', and been blamed for the ‚obesity epidemic' and many chronic disorders. „Given the
bad press“, says Prof. Daniel, „it is not surprising that sugar has such a bad reputation.“ But
even after studying in depths and comprehensively the scientific literature, she was puzzled
why all media messages are so one-dimensional as they are.
The disaccharide sucrose (or saccharose) is cleaved during digestion into its two
components, the monosaccharides glucose and fructose, that are then taken up by different
mechanisms into intestinal cells. But even though their concentrations in the intestine are
similar, fasting blood fructose concentrations in humans are only ca. 30 µmol/L, while blood
glucose concentrations are around 5000 µmol/L and thus ca. 166-times higher. A single
dose of 50 g glucose increases blood glucose from 5000 to 8000 µmol/L in 30 minutes, the
same amount of fructose raises blood fructose from 30 to only 500 µmol/L, which is
equivalent to only about half a gram of the 50 g consumed. This rather small increase in
peripheral blood fructose concentrations is as transient as that of glucose and returns to
baseline within 1.5 hours. Can this small increase in fructose concentrations be responsible
for high blood lipids and even cause fatty liver?
Reviewing the literature on numerous animal studies and human trials, Prof. Daniel observed
that the seemingly ‚known' blood lipid increasing effect of fructose is only relevant when
fructose is part of a hypercaloric diet, but does not occur when energy intake is
adequate. Furthermore, in mice, a more than 30-fold variation in the blood lipid-response of
different strains to high-fat/high-sucrose diets can be observed. Of note, mouse models used
in experiments measuring blood and hepatic lipids in response to sugar intake, such as
C57BL/6, are among those reacting most sensitive with increased blood lipids.
This raises the question if mice are an aequate model for humans in studying the effects of
sugars on lipid metabolism. The hepatic expression of fatty acid synthase, the enzyme
responsible for converting sugars to fatty acids, is low in humans and 30-fold higher in
C57BL/6 mice and mouse trials therefore likely overestimate the effects in humans. This is in
agreement with the results from a meta-analysis comparing the impact of fructose
consumption on body weight, fasting and postprandial blood lipids, glycemic control, insulin
sensitivity, blood pressure and more. In this analysis, fructose did only impact these
parameters as part of a hypercaloric diet, but not when energy intake was adequate.
Prof. Daniel concluded that sugar has become a symbol for negative health effects like no
other food ingredient and that this, at least in part, is owed to the negative representation of
sugar - in text and images - in the media. Nearly all scientific studies identified the energy
provided by sugars, not the sugars themselves, as the key problem. Therefore, reducing
sugar intake will only have a positive health impact if energy intake is reduced at the same
time, but not when energy from sugar is replaced with energy from other nutrients.
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The latest in sugar research: sucrose and its potential replacements
PD Dr. phil. II Meyer-Gerspach reviewed the role of sugars and sweeteners on appetite
regulation and metabolic effects.
Appetite regulation is a complex process involving many organs and signalling pathways, in
which the enteroendocrine cells in the intestine play an important role. These cells express
receptors, similar to the taste receptors on our tongues, and can sense sweet compounds
and trigger the secretion of satiety hormones. Also the microbiota, the community of
microorganisms living in our intestine, metabolizes sugars, sugar alcohols, and non-caloric
sweeteners and produces metabolites that can impact appetite regulation.
While sugars (sucrose, glucose, fructose) provide energy (4 kcal/g), sugar alcohols and noncaloric sweeteners provide less or no energy and may thus appear to be an excellent
alternative to reduce the energy intake from sugars. "But there are still plenty of open
questions concerning the impact of sugar substitutes on satiety, satiety hormones, blood
glucose and insulin, reward centers in the brain, and gut microbiota“, says PD Dr. MeyerGerspach.
The differences between sucrose, glucose and fructose in blood glucose and insulin
responses are well known. While sucrose and glucose (single dose of 50 g) acutely increase
blood glucose and insulin, the same amount of fructose has a much lower effect. The
opposite is true for the inflammatory marker C-reactive protein and blood lipids,
which acutely increase upon fructose, but not sucrose or glucose intake. While glucose can
be used by all human cells, fructose is almost entirely metabolized in the liver, and therefore
exhibits different biological effects.
PD Dr. Meyer-Gerspach investigated the satiety hormones GLP-1 and GIP in a human trial
and observed that fructose, opposed to glucose, did not trigger their release. Fructose
furthermore did not activate reward centers in the brain and even worse: seems to stimulate
regions that are rather associated with appetite, which is in line with other recent
publications in this field. Similar effects can be found in the literature for non-caloric artificial
sweeteners, which do not trigger satiety hormone secretion and do not activate reward
centers in the brain.
The sugar alcohols xylitol (2.4 kcal/g) and erythritol (0 kcal/g), on the other hand, provide less
or no energy. In a study with ten lean and ten obese subjects, PD Dr. Meyer-Gerspach
observed that xylitol ingestion leads to a mild and erythritol to no increase in blood glucose
and insulin at all, while both sugar alcohols triggered the secretion of satiety hormones and
slowed gastric emptying similar to glucose. In a follow-up study, she also saw that both
sweeteners activated areas in the brain that are involved in motivation and reward
processing.
PD Dr. Meyer-Gerspach concluded that sugar, when consumed in high amounts and as part
of a hypercaloric diet, may negatively affect health and contribute to obesity and
disturbances in blood lipids, vascular function, and glucose metabolism. She recommends a
reduction in sugar intake, which can be achieved, in part, by replacing it with sugar alcohols
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or non-caloric sweeteners. However, the goal should not be a 1:1 replacement, but rather a
general reduction in the intake of sweetened food.
She also points out that each sweet tasting agent – whether it is a sugar or a sugar substitute
– has its own characteristic metabolic profile. Hence, the effects of their acute and chronic
intake need to be studied in detail for each single substance.

Technology of sugars, sugar alcohols, and non-caloric sweeteners in pastry
University lecturer and ICC Austria president Alfred Mar explained why replacing sugars in
foods, in particular baked goods, is not an easy task.
In light of the increasing awareness in the general public that energy-dense diets may lead to
overweight and obesity and that sugar in foods is a significant source of energy, there is a
general wish to reduce the energy and sugar contents of foods without changing their
sweetness. Sugar alcohols have a similar sweet taste and can thus easily replace sucrose,
but may have laxative effects when frequently consumed. Non-caloric sweeteners, on the
other hand, are often much sweeter and are thus used in much smaller quantities. The
difference in mass needs to be replaced with other ingredients. In beverages, this can easily
be achieved with water. In pastries, however, the missing volume would have to be
substituted by either increasing the content of the other energy-pr ingredients (butter, flour,
eggs etc.) or by adding bulking agents, such as cellulose and other dietary fiber.
Alfred Mar showed recipes for reformulated pastries in which the sugar was replaced by
either sugar alcohols or non-caloric sweeteners and the mass was replaced by either flour
and water or flour and egg. In both cases, the reduction in energy was moderate, ca. 5 %
and ca. 10 %, respectively. In case of the sugar alcohols, which would make up ca. 30 % of
the final product, the warning „excess consumption may have a laxative effect" would need
to be added.
Sugars in pastry have a number of technological functions. In addition to their primary role as
a sweet flavour, they are a source of fermentable energy for yeast, contribute to browning
and crust formation, stabilize foams (e.g. in meringue), and bind water and thus reduce
microbial growth and increase shelf life. Sugar alcohols and non-caloric sweeteners can
easily substitute the sweet flavour, but do not act as nutrients for yeast, contribute to
browning, stabilize foams or increase shelf life.
Reformulation aims to reduce the energy content of foods by at least 30 %. In pastries, this is
difficult to achieve without significantly impairing the sensory and technological quality of the
final product. Alfred Mar therefore concluded his presentation with a very simply
recommendation: „Enjoy the original product with sugar and simply eat a somewhat smaller
portion. A 30 % reduction in energy is thus easily achieved, while the pastry still gives 100 %
of the pleasure."
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Concluding remarks
In the SALUX project, Prof. Frank reported, volunteers complained that yoghurts are
generally too sweet. When given yoghurts with increasing amounts of sugar, however, the
volunteers picked the one with the highest sugar content as the tastiest. Apparently, the
consumer demands sweet products and a first step to reduce sugar intake in the general
population would require changing sweet perception. As a member of the audience
suggested, two weeks of fasting will reset the sweet (and salty) taste, as people often report
that foods are too sweet and salty after fasting for a longer period. This, although desirable,
will be almost impossible to achieve in the general population. Slowly reducing the
sweetness of foods would perhaps be another option, but would require a concerted effort of
all food producers and result in the constant need for new recipes, which is unrealistic.
Prof. Frank closed this very informative SNFS Dialogue and thanked the experts for the
interesting presentations and the audience for the many insightful questions and comments.
He summarized the afternoon as follows:
1. Sugar (sucrose, glucose and fructose) is viewed as the cause of numerous health
problems by many and this is frequently mirrored in the media.
2. The negative health effects of sugars, however, are a consequence of an excessive
intake of energy and the resulting dysregulation of physiological pathways.
3. Sugar, when eaten as part of a balanced and energy-adequate diet, is not unhealthy.
4. Sugar alcohols and non-caloric sweeteners may be interesting alternatives, but their
impact on satiety and physiological processes are in some cases promising, but
largely unknown and much more research is required.
5. Replacing sugars is not an easy task, as sugar serves technological functions that
cannot easily be taken over by sugar alcohols and non-caloric sweeteners.
6. The consumer currently demands sweet foods and reducing the threshold for sweet
perception may be a good strategy for individuals who wish to reduce their sugar
intake.
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