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About sugar: Although cane sugar (sucrose) had been known since ancient times, it only 

became a sweet competitor of honey since the time of the crusades. The Spanish and the 

Portuguese started cultivating sugar cane on a large scale in South-America in the early 

sixteen hundreds. Nevertheless, it remained an item of luxury until the 18
th

 century. Apart 

from its pleasant sweet taste, sucrose possesses other important properties. It is a strong 

flavour enhancer, in sufficient concentration it acts as a preservative and, last but not least, it 

is a high-caloric foodstuff [energy content 4 calories (17 kilojoules) per gram]. Sucrose has 

become a major ingredient in many of our foodstuffs and drinks, such as cookies, cakes, 

desserts, ice cream, soft drinks and countless others. Sucrose, a disaccharide, is readily 

converted in the small intestine into its constituent monosaccharides glucose and fructose. 

Both monosaccharides are absorbed (fructose less readily) in the blood and transported to the 

liver, where they are converted by a series of enzymatic reactions into ATP (adenosine 

triphosphate), the universal energy source for the human body. When this energy is not 

readily used, other materials are formed for energy storage. In the first instance this is 

glycogen, which is stored mainly in the liver and in muscles. Studies with laboratory animals 

have shown that excessive sucrose intake gives rise to an increased production of  

triglycerides (fats), which are stored in the adipose tissue. Contrary to what many sources try 

to make us believe, sucrose is in itself not a bad or unhealthy substance. It is only when large 

amounts of it are consumed and insufficient exercise is carried out, that problems arise.  

 

Are you obese? Well, it’s easy to find out. Just divide your body weight in Kg by the square 

of your length in meters. That gives you the BMI (body mass index). If this is over 30, you 

are considered to be obese. If, let’s say, you are 1m 76 tall and you put 80 Kg on the scale, 

your BMI is 26 and you are not obese. A little overweight perhaps (BMI 25 – 30), but not 

obese.    

                
 

 

About weight watching: Obesity, declared a disease by the American Medical Association, 

constitutes a health-threat to about one third of the Western population . It is caused by a 

combination of high caloric food intake and low physical activity. Because, in the Western 

world, about half of the energy intake from food is from sugars, the search for alternative, low 

caloric, sweeteners as a substitute is a logical development. 

                 

The Romans already used lead acetate, which they found at the bottom of their wine vessels, 

as a sweetener. This is, however, certainly not a suitable replacement for sucrose. Prolonged 
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use causes lead poisoning and may well have contributed to the downfall of the Roman 

Empire.  

 

          
 

 

The discovery of the first seemingly non-toxic sweetener, saccharin, was in fact not made 

until late in the nineteenth century. 

Saccharin  

 Saccharin was discovered serendipitously by Constantin Fahlberg in the year 1879. He was 

working in the lab of the famous chemist Ira Remsen at Johns Hopkins University in 

Baltimore (USA), when he noticed a sweet taste on his fingers after recrystallizing a new 

product that he had synthesized. In 1884, after moving to New York, and without telling his 

former research director, Fahlberg applied for patents on this compound, which he named 

saccharin. Fahlberg made good money with his invention,  leaving an angry and disillusioned 

Ira Remsen behind. 

                                            

        Saccharin 

In 1901, saccharin became the first commercial chemical produced by the Monsanto 

Company. In 1963 the Coca-Cola company started marketing its first low calorie Coke with 

saccharin added as an artificial sweetener (not Diet Coke, which came much later). 

Saccharin is 300 times sweeter than sugar, so only tiny amounts are needed. To facilitate 

dosing these small amounts, saccharin, as well as other high-intensity sweeteners, are usually 

diluted with other, relatively inexpensive, products such as polydextrose (1 cal/gram) and/or 

maltodextrin (3.8 cal/gram), when making tablets to sweeten our cups of coffee or tea. 

Unfortunately, saccharin does have one serious disadvantage: it produces a rather pronounced 

bitter and metallic aftertaste. Saccharin is still widely used, but mostly in combination with 

other sweeteners, such as cyclamate and aspartame, which serve to cover its bad aftertaste. 



 

The safety of this synthetic sweetener has been a controversial issue for more than a hundred 

years, but finally, in a December 2010 release, the United States EPA (Environmental 

Protection Agency) stated that saccharin is no longer considered a potential hazard to human 

health. 

 

Cyclamate 

 
Cyclamate, the sodium salt of cyclohexylsulfamic acid, is about 30 times sweeter than sugar 

and thereby the least powerful of the high-intensity sweeteners. Again, it was discovered by a 

fortunate accident. In 1937, a graduate student at the University of Illinois, when working on 

the synthesis of new antipyretics (anti-fever medicine), put down his cigarette on the 

laboratory bench and when he picked it up he noticed the sweet taste. Cyclamate has an 

unpleasant aftertaste and therefore it is only used in combination with other sweeteners. A 

mixture of cyclamate and saccharin in a ratio of 10:1 is commonly used and is said to mask 

most of the off-tastes of both. Cyclamate is also a flavor enhancer, in particular for fruits. It is 

less expensive than most other sweeteners and quite thermally stable. 

                                         

                                                 Cyclamate 

 

Cyclamate was banned in the United States in 1969, after a study with rats had shown a high 

incidence of bladder cancer. Because the doses used in this study were extremely high, the 

validity to human exposure is questionable. Nevertheless, requests by the Abbott Laboratories 

to the FDA (the US Food- and Drug Administration) to lift the ban on Cyclamate were turned 

down. This has to do with the so-called Delany Clause. This, now highly controversial, piece 

of legislation is a 1958 amendment to the U.S. Food, Drugs and Cosmetic Act of 1938. It 

prohibits the use in food of any chemical that has been found to induce cancer in animals. 

Cyclamate, however, continues to be used in Europe (E952) and in more than 50 countries 

worldwide.  

 

Aspartame 

 

A breakthrough in artificial sweeteners came in 1965, when aspartame was discovered – also 

accidently - by James M. Schlatter while carrying out research on potential anti-ulcer drugs at 

G.D. Searle & Company (later purchased by Monsanto). The compound is 200 times sweeter 

than sugar and does not have the metallic aftertaste of saccharin. The perception of the sweet 

taste occurs later than with sucrose and the sweetness has a tendency to linger, which is felt 

by many to be a disadvantage. Like saccharin, aspartame is not thermally stable, which limits 

its application. Its use in soft drinks, however, proved very successful and twenty years after 

its discovery aspartame had developed into a billion dollar a year business. 

The health and safety aspects of aspartame have been fully investigated and discussed at great 

length. Aspartame is the methyl ester of the dipeptide aspartyl-phenylalanine. In the human 

body, this dipeptide ester is rapidly hydrolysed into methanol and the amino acids aspartic 

acid and phenylalanine. Both of these amino acids are commonly found in the proteins in our 
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food and in general our bodies are well able to handle them. Unfortunately, people with the 

rare disease phenylketonuria (PKU) do not support phenylalanine and an appropriate warning 

must be displayed on all packaging labels. Although methanol in high concentrations is a 

strong poison, the body can handle small amounts of this simple alcohol well. A 12 ounce can 

(350 ml) of soda sweetened with aspartame produces about 0.025 grams of methanol. Similar 

harmless concentrations are found in common fruit juices (orange, apple, tomato).  

For household uses, aspartame is commonly diluted with as much as 97 % of maltodextrin, 

which introduces some extra calories. 

It can be concluded that, despite many internet sites that say otherwise, aspartame is a 

completely safe food additive for most people at the concentrations at which it is commonly 

used. The FDA has cleared it even for pregnant women. 

 

Neotame 

After twenty years of research, the NutraSweet Company patented a new sweetener, neotame, 

similar in structure to aspartame, but with improved properties regarding sweetening power, 

thermal stability, flavour enhancing and metabolic degradation. 

                 

               Aspartame     Neotame 

 

As can be seen in the above diagrams, the structures of aspartame and neotame are quite 

similar. The important difference is that in neotame the free amino group of the aspartic acid 

residue is substituted with a bulky group. This not only makes the product a much stronger 

sweetener, but it also affects its metabolism. Because of the big amino substituent, neotame is 

not hydrolysed to phenylalanine and it is safe, also for patients with PKU.  

The sweetening power of neotame is said to be, depending on the application, an incredible  

7.000 – 13.000 times that of sucrose. It has no associated bitter aftertaste and is said to 

possess, unlike aspartame, distinct flavour enhancing properties.  

The FDA (the US Food- and Drug Administration) applies an extensive process for evaluating 

the safety of new food additives. Neotame was approved for general use by the FDA in July 

2002. It has also been approved for use in the European Union (E 961).  
Somewhat surprisingly, neotame, with its immense non-caloric sweetening power, is not yet 

widely used. Major low-caloric soft drinks, such as Coca Cola light, Coca Cola Zero and 

Pepsi light are still sweetened using aspartame and acesulfame K.  

  

Acesulfame K 

In 1967, shortly after the discovery of aspartame, another artificial sweetener was discovered 

(again accidently) in the laboratories of Hoechst AG in Germany. Acesulfame K (K stands for 

potassium) is, like aspartame, 200 times sweeter than sucrose. Like cyclamate, it is heat 

stable, so that it can be used in baked goods. It has a bitter, metallic, aftertaste, although less 
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so than saccharin. It is almost always used in conjunction with other sweeteners. Acesulfame 

K is not metabolized or stored in the body and is therefore calorie free. 

                                                         

                                                            Acesulfame K 

 

Acesulfame K has been approved for use in the USA and also in Europe (E950). Although 

more than 50 studies have confirmed the safety of acesulfame K, the outcome of a couple of 

experiments with laboratory animals has given rise to some concern. Chronic administration 

to mice over a period of 40 days resulted in a small effect on neurometabolic function and a 

dose-dependent stimulation of insulin secretion was observed in rats. Further research into the 

product´s safety has therefore been recommended. 

 

Coca Cola and its low calorie varieties.  

   
 

A 330 ml can of Coca Cola contains 139 calories, 7 % of the guideline daily amount (GDA), 

corresponding to the energy burned off by walking or cycling for half an hour. By contrast, 

Coca Cola light and Coca Cola Zero contain less than half a calorie.  

Coca Cola light was introduced in 1982, in a period where fitness and health were in the 

centre of public, especially female, attention. This low calorie drink rapidly became the 

second most consumed soda, despite the fact that its taste markedly differed from the original. 

Only 23 years later, in 2005, Coca Cola Zero was introduced, with a marketing campaign 

especially directed to young males. The taste of Coca Cola Zero was created to be as similar 

as possible to the sucrose based original. Both low-calorie drinks are sweetened by the same  

sweetening agents, aspartame and acesulfame K, in almost identical quantity.  

 

Sucralose 
 

Sucralose was discovered by chemists at the University of London, working for the British 

sugar manufacturing company Tate & Lyle. Sucralose is a non-caloric synthetic sweetener, 

obtained by the selective chlorination of sucrose, in which three of the eight hydroxyl groups 

of sucrose are replaced by chlorine. The result is a compound structurally very similar to 
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sucrose, but with largely improved properties regarding sweetness, caloric value and heat 

resistance.  

It has a very similar taste, but a sweetening power some 600 times higher than sucrose. 

 

          
 

    structural formula of sucrose  structural formula of sucralose 

 

80% of ingested sucralose leaves the body unchanged in the faeces. The remaining 20% is 

hydrolysed into two chlorinated monosaccharides, which are excreted in the urine. Sucralose 

does not affect blood glucose and/or insulin levels and can therefore be used by people with 

diabetes. The compound is highly temperature resistant, allowing it to be used in baked foods.  

 

In collaboration with Mc Neil Company (a subsidiary of Johnson & Johnson) in the U.S., 

a sweetener by the name of Splenda based on sucralose was developed.  

Mc Neil Company is allowed to call Splenda a ´No-Calorie sweetener´ because the FDA 

allows the label ZERO calories when a product contains less than 5 calories per serving. 

Sucralose was approved as a sweetening agent by the FDA in 1998. Since January 2004, 

sucralose has also been permitted in the EU (E955). Splenda has now captured nearly two-

thirds of the estimated $ 1.5 billion U.S. artificial sweetener market, taking a significant 

market share from its rival aspartame. 

Although the idea of ingesting a polychlorinated compound is not appealing to many people, 

as it reminds them of DDT and dioxin, sucralose is doing extremely well and has found more 

than 3,000 applications in food, beverages and other consumer products. 

 

Low-intensity sweeteners 

  
An interesting group of sweeteners is made up by the so-called sugar alcohols. They occur in 

nature, especially in fruits, and can be produced in bulk by catalytic reduction of the 

corresponding monosaccharides with hydrogen. In this way, glucose is converted into 

sorbitol, xylose into xylitol, mannose into mannitol and erythrose into erythritol.  

 

Sorbitol ((E420) is a nutritive sweetener. It provides 2.6 cal/gram and has 60% of the 

sweetening power of sucrose. Sorbitol is a good humectant and is applied to maintain a moist 

texture in foodstuffs that have a tendency to dry out.  

 

                                  Sorbitol 

Xylitol (E967) Because of its ability to complex calcium ions, it is actually beneficial for 

dental health, reducing caries by a substantial amount.  
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Mannitol (E421) is widely used in the food industry. It has about 50% of the sweetness of 

sucrose and provides 1.6 cal/gram of energy. It has a pleasant sweet taste and has found use 

e.g. as dusting powder for chewing gum. 

Erythritol (E968) has 2/3 of the sweetening power of sucrose and is the only sugar alcohol 

that is practically non-caloric (only 0.24 cal/gram). The reason is that 90% of consumed 

erythritol is absorbed in the small intestine and excreted unchanged in the urine.  

Several alternative sweeteners have been developed in which erythritol is used as the bulk 

carrier for high-intensity sweeteners, in particular stevia and monk fruit. These last two high-

intensity sweeteners are from natural origin and will now be discussed. 

 

Stevia 

                                     

The leaves of the plant Stevia rebaundiana Bertoni contain a number of glycosides of the 

compound steviol (glycosides are derivatives with simple sugars, such as glucose or 

rhamnose). Steviol is a tetracyclic diterpenoid (C20) containing both a carboxyl- and a 

hydroxyl group. Both groups can form glycosides, of which ten are known. The most 

important are stevioside (ca. 6 % of the total glucosides) and rebaudioside A (ca. 3 %). Both 

compounds are about 300 times sweeter than sucrose. Rebaudioside A has the least bitterness 

of any of the steviol glycosides. Procedures have been described to obtain rebaudioside A in 

pure form on a commercial scale. The onset of the sweet taste comes later and lingers longer 

for stevia than for sucrose.  

 

                                                                      Steviol 
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The plant originates from Paraguay and Brazil. The leaves have been traditionally used by the 

Guaraní people in Paraguay for more than a thousand years to sweeten local teas. 
 

The advantages of stevia are manifold: It is non-toxic, free of calories, non-fermenting and 

thermostable. It also has taste-enhancing properties, is safe for diabetics and PKU patients, 

not addictive and has virtually no after taste.  Stevia is metabolized in the digestive tract: 

rebaudioside A is metabolized into stevioside, which in turn is broken down into glucose and 

steviol. The glucose released in this process is used by bacteria in the colon and not absorbed 

into the bloodstream. Steviol cannot be further digested and is excreted. Currently, stevia is 

the most applied sweetener in Japan and Korea. Commercial production is not limited to 

South-America, but now also includes the USA, Israel, Japan and China. In the Netherlands, 

DSM is developing a process for the production of Stevia glycosides by fermentation. 

Only quite recently, on December 2, 2011, steviol glycosides were approved as food additives 

within the EU, after a well-documented application had been submitted in 2007 by the 

European Stevia Association (Eustas). It is now rapidly conquering the European market. To 

facilitate dosage, stevia is often mixed with the bulk ingredient maltodextrin. This gives the 

product a few calories (about 2 calories per teaspoon), which is still 90% less than sucrose. 

(maltodextrin is an inexpensive, nearly tasteless, starch-derived, food additive (3.8 cal/gram). 

Monk fruit (Luo Han Guo) 

Nature provides us with many sweet tasting fruits. One that recently has become quite famous 

is the fruit called luo han guo from the perennial vine Siraitia grosvenorii. It is also called 

monk fruit, after the group of Chinese Buddhist monks who described its healing properties in 

the 13
th

 century. The plants grow mainly in the Southern Chinese province of Guangxi, 

mostly on the steep mountain sides near Guilin. 

The incredibly sweet taste of the fruits is not caused by its sugars, but by the presence of a 

group of triterpene glycosides, called mogrosides. They make up about 1% of the flesh of the 

fresh fruit. A powder containing about 80 % of mogrocides can be obtained by solvent 

extraction. Some mogrosides do not only have a sweet, but also a bitter taste. The major sweet 

tasting component is mogrocide 5 (V), which is up to 400 times as sweet as sugar. 

In 1995, Procter & Gamble obtained a patent for manufacturing a low-caloric sweetener from 

luo han go that was devoid of interfering aromas. 

 

              
 Luo Han Guo (monk fruit)    Mogroside V 

BioVittoria, which produces monk fruit products under license from P & G, is planning to 

increase its Fruit-Sweetness
TM

 production from the present 60 tons to more than 250 

tons/year.  



 

BioVittoria uses a validated high accuracy HPLC (high performance liquid chromatography) 

method to determine the mogroside 5 content of its products. The creamy white, non-calorific 

sweetener is approximately 150 times sweeter than sugar.  

 

In the US, the FDA (Food- and Drug Administration) status of monk fruit is GRAS 

(Generally Recognized As Safe). GRAS status is essential if an ingredient is to be used in 

foods and beverages in the US. It is non-cariogenic (does not promote tooth decay) and can be 

safely used by diabetics and PKU patients. It is both Kosher and Halal certified and the future 

looks bright for Fruit-Sweetness
TM

 and similar products derived from monk fruit. Several of 

these have recently appeared on the market. The London based firm Tate & Lyle has 

contracted a partnership with Bio Vittoria and has become a worldwide distributor. Their own 

brand is “Purefruit” and they provide Mc Neil, the producer of Splenda, with the monk fruit 

mogrosides for “Nectresse”, which is bulked with erythritol, sugar and molasses. All these 

monk fruit derived products contain less than 5 calories per serving, allowing them to be sold 

in the US as “zero calories” table top sweeteners. 

The following table summarizes some important properties of the low-calorie sweeteners 

discussed:  

 

Sweetener             Sweetness     After taste        Taste   Thermal Flavour     Natural      

         X sucrose           lingers         stability enhancing Product     

Saccharin   300 strong, metallic yes      poor   no no 

Cyclamate     30 unpleasant yes     good   yes no 

Aspartame   200 no yes     poor   no no 

Neotame 7000 no yes     good   yes no 

Acesulfame K   200 metallic yes     good   no no 

Sucralose   600 no no     good   yes no 

Stevia 

(rebaudioside A) 

  300 slight, bitter 
 

Yes     good   yes yes 

Monk fruit 
(mogroside 5) 

150-400 slight, bitter 
(no) 

yes     good   yes yes 

 
 

In conclusion it can be said that, after a serendipitous start, the artificial sweetener 

development became a serious research endeavor and continues to progress.  

The possible stimulation of insulin secretion by high-intensity sweeteners, thereby lowering 

the blood glucose level and stimulating the appetite, is an area of general concern, as this 

would induce people to increase, instead of lower, their caloric intake.  

 

One possible candidate for the near future is brazzein, a sweet tasting protein found in the 

West African climbing plant Oubli. It can be produced on a commercial scale by a 

fermentation process. It has, however, not yet obtained GRAS status. 

It can be expected that the classical synthetic sweeteners (saccharin, cyclamate, acesulfame K 

and aspartame) will be gradually phased out and replaced by the synthetic sweeteners 

neotame and sucralose, and the naturally occurring glycosides in stevia and monk fruit. The 

future is looking particularly bright for the latter two sweeteners, as many people prefer to 

ingest products that are found in nature rather than synthesized chemicals. In Coca Cola life, 

the latest addition to the CoCa Cola family, one third of the sucrose (and its calories) has 

been replaced by stevia extract! 

                                                                                        


