
11.7. SUGARS, HONEY AND 
CHOCOLATE 



 

Sweeteners: 
- Sucrose (saccharose) 
- Glucose (starch sugar or starch syrup) 
- Invert sugar (equimolar mixture of glucose and fructose)  
- Maltose; lactose; fructose  
- Other sugars and sugar alcohols (polyhydric alcohols)  
- Food-grade oligosaccharides 
 

Considerations in application of sweeteners: 
- Nutritional, physiological and processing properties 
- Cariogenicity as compared to sucrose 
- Economic impact 
- Quality and intensity of the sweet taste 



Solubility of sugars and sugar alcohols in 
water 
(Koivistoinen, 1980) 

The potential of a compound for use as a sweetener 
Physical properties/1 

Viscosity of some sugar solutions 
(Koivistoinen, 1980) 

- Glucose syrup DE40: 78 weight% 
- Glucose syrup DE60: 77 weight% 
- All other sugar solutions: 70 weight% 
 



Sorption of water by sugars at room temperature 
(Koivistoinen, 1980) 

1 saccharose  
2 xylitol  
3 fructose  
4 sorbitol 

very hygroscopic 

Absorb water only at 
higher relative humidities. 

The potential of a compound for use as a sweetener 
Physical properties/2 



Sugar sweetness intensity versus temperature 
(Shallenberger, 1975)  

Taste intensity depend on: 
- aroma 
- pH 
- food texture 
- temperature 
 

- the ratio of other constituents 

E. g. with the same amounts of 
sweetener: 

aqueous 
 solutions  

creams and 
gels 

less sweet more sweet 

β-D-fructopyranose 

α-D-fructofuranose 

The potential of a compound for use as a sweetener 
Sensory properties 

At all temperatures the saccharose 
taste intensity is 100.  
 



Chemical properties 
 

The pH dependency of stability  
 

1. In mildly acidic solutions: 
- Monosaccharides are stable.  
(fructose at pH 3.3; glucose at pH 4.0)  
- Disaccharides hydrolyze to yield monosaccharides.  
 

2. In stronger acidic solutions dehydration reactions prevail. 
 

3. In mildly alkaline solutions 
- Reducing sugars are unstable. 
- Nonreducing disaccharides (e. g. sucrose) have stability maxima. 



Thermal stability  
 

- Sucrose and glucose: up to 100 ºC  (in neutral solutions)  
- Fructose decomposes at 60 ºC  
 
 

Nutritional properties 

Glucose and galactose  

- Sucrose, 
- lactose, 
- maltose and isomaltose type 
oligosaccharides. 

Human organism: 
hydrolysis in the 
gastrointestinal tract.  

Lactase is lacking in some adults. 
actively transported  

All other monosaccharides transported only by diffusion.  



All metabolized monosaccharides can be interconverted. 
 

Only glucose can enter the insulin-regulated and -dependent energy 
metabolism and be utilized by all tissues.  
 

Galactose rapidly transformed into glucose → nutritionally equal to 
glucose.  
 
Oral intake of glucose and galactose  
→ rapid increase in blood sugar levels, 
→ insulin secretion. 
 
Other monosaccharides 
 → primarily metabolized by the liver, 
 → do not directly affect glucose status or insulin release. 



Glycemic Index (GI)  
 

Quantification of the blood sugar raising effect of carbohydrates. 
 

Determination of the  
- duration, 
- extent  
of the increase in blood sugar after consumption of 50 g of carbohydrate 
from food. 
 

Reference value (GI = 100%): the increase in blood sugar after the intake 
of 50 g of glucose. 
 

Maltose  GI = 105 
Sucrose GI = 65 
Lactose GI = 46 
Fructose GI = 23 
 

medbio.info  



HONEY 
 

1. Nectar collecting (honey sac) 
2. Deposition in honeycombs 
(nectar and some of their own substances) 
3. Storage and ripening (cells are closed with a wax lid)  

- thickening (16–19% water content)  
- sucrose hydrolysis → the invert sugar content increases 
- protein absorption  (from plant and bees) 
- acid absorption (from the bee’s body)  
- assimilation of forage minerals, vitamins and aroma substances  
- absorption of enzymes (from the bees’ salivary glands and honey sacs)  

NECTAR HONEY 



COMPOSITION 

A complex mixture.  A concentrated aqueous 
solution of invert sugar. 

carbohydrates 

enzymes 

amino acids 

organic acids 

minerals 

aroma substances 

waxes 

pigments 
pollen grains 



Water 
 

It should be less than 20% (osmophilic yeast). 
 

Yeast fermentation: 
Water content < 17.1% – negligible 
                       17.1–20%  (depends on the count of yeast buds) 
 
Carbohydrates 
 

Predominant sugars 

Di- and oligosaccharides: more than 20 (with maltose predominating)  

fructose (38%) 
glucose (31%) 

DISACCHARID  
COMPOSITION  

botanical origin 

geographical and seasonal effects 



Detection of heat treated honey 

Sucrose hydrolysis 
 during ripening 

Enzymes 

α- and β-amylases  
(diastase) 

α-glucosidase 
(invertase or saccharase) 

+ HMF-content 

glucose oxidase 

glucose 

gluconic acid 

H2O2 
bacteriostatic effect 

the main acid in honey 



Amino acids 
 

- Free amino acids (100 mg/100 g solids)  
- Proline: 50−85% of the amino acid fraction 

Geographical and regional origin 
of honeys 

Free amino acid 
 composition 

STORAGE 
Accompanying phenomena 
 

- Colour darkening 
- Loss of aroma intensity  
- Enzymatic inversion of sucrose  



Hydroxymethyl furfural formation in honey 
versus temperature and time  

(White, 1978) 

 

Detection 
 

The hydroxymethyl furfural 
content increases.  
(pH, storage time, temperature) 
 
Required conditions 
 

- Protection from air moisture 
- T < 10 ºC 

STORAGE 



CHOCOLATE 
 

Raw materials 
 

- Originally: cocoa nibs grinded with sugar.  
 

- Now: cocoa liquor (milled cocoa nib), sucrose, 
cocoa butter, aroma, others (milk ingredients, 
nuts, coffee paste, etc.).  

http://store.gourmetsleuth.com/cocoa-nibs-6oz-P455.aspx 

Cocoa nibs  
Roasted cocoa beans separated 
from their husks and broken in 
to small bits. 

1. Mixing homogeneous, coarse chocolate paste 

2. Refinement 
refining rollers 

finer particles smooth-textured mass 

The process 



Aim: highly aromatic, structurally homogeneous and stable form,  
“melts in the mouth”. 

3. Conching 
Chocolate mass: dry, powdery with 
harsh, sour flavour. 

extra smoothness 
mixed 
grounded 
kneaded 

4. Molding 

flickr.com  



Composition (%) of fermented and air dried cacao beans 

Moisture 5.0 
Fat 54.0 
Crude protein 11.5 
Mono- and oligosaccharides 1.0 
Starch 6.0 
Cellulose 9.0 
Polyhydroxyphenols 6.0 
Ash 2.6 
Caffeine 0.2 
Theobromine 1.2 
Pentosans 1.5 
Carboxylic acids 1.5 



Fat (cocoa butter)  
 

- Rich in palmitic acid (25%) and stearic acid (37%) 
- Relatively hard 
- Narrow melting range (30–40 ºC)  

Triacylglycerols 
contain palmitic, 
oleic and stearic 
acids. 

Melting in the mouth  
a pleasant, cooling sensation. 

Resistance to autoxidation. 

Resistance to microbiological deterioration. 



Carbohydrates 
 
Starch - predominant 
Dietary fibre components  

Sucrose hydrolysis 

pentosans 
galactans 
mucins 
cellulose 

stachyose 
raffinose 
rucrose 
glucose 
fructose 

Soluble carbohydrates 

Aroma formation during 
the roasting process 

Fermentation  
of the beans Reducing sugar pool 



Phenolic Compounds 
 

Chemoprevention  
-Suppress tumor development 
 
-Might counteract cancers even 
in tissues in which carcinogenic 
initiation has already occurred  

Cocoa 
powder 

Green tea Black tea 

Gallic acid 
equivalents (GAE) 

84 mg/g 
 

83 mg/g 62 mg/g 

Epicatechin 
equivalents (ECE) 

77 mg/g 
 

24 mg/g 17 mg/g 

flavan-3-4-diol 

Phenol groups 
 
- Catechins (~ 37%) 
- Anthocyanins (~ 4%) 
- Leucoanthocyanins (~ 58%) 

present in the greatest amount 
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