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Starch & Sweetener Process Flow Chart in Principle 
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History. The discovery of the New World gave rise 
to the import and use of sugar extracted from sugar 
cane, grown especially in the West Indies. The 
Napoleon Wars caused a temporarily import 
stoppage and may indirectly have provoked G. 
Kirchhoff to invent the process of making a sugar 
substitute from starch. In 1811 he published a 
method for acid hydrolisation of starch and that 
process has since been modified and improved to 
produce one of the most versatile sweeteners on the 
market today. 
 
The Second World War caused a shortage of 
sweeteners, which brought about a new leap ahead 
with the invention of the continuous glucose 
converter by Karl Kroyer of Denmark. Members of 
The International Starch Group were deeply 
involved in inventions and development based on 
the new technique and in the industrial introduction 
of enzymes for glucose hydrolysis, direct hydrolysis 
of starch raw materials, and in new products as 
Total Sugar. 
 
Chemistry. Glucose is formed in plants from 
carbon dioxide absorbed from the air using sunlight 
as energy source. Part of the glucose is polymerised 
into long chains of glucose and stored as starch in 
granules as a reserve. In spring starch is broken 
down again to support new growth. 
 
This break down of starch can be imitated in our 
factories by applying acid or enzymes to cooked 
starch. The ways we do it cause the starch to 
hydrolyse into a variety of mixtures of glucose and 

intermediates. The way these various 
mixtures are characterised is by their 
DE number. DE is the abbreviated form 
of Dextrose Equivalent. This analytical 
procedure measures reducing end 
groups and attaches a DE of 100 to pure 
glucose (glucose = dextrose) and a DE 
of 0 to pure starch.   
 
Only glucose solution of high DE can 
crystallise easily and yield a product in 
powder or granular form. A most 
popular crystallised product is dextrose 
monohydrate with applications in 
medicine and used in chewing tablets by 
people doing sport. Dextrose 
monohydrate is pure glucose. A less 
purified product known as Total Sugar 
is produced by instant crystallising 97 
DE syrup leaving no hydrol (mother 
liquor) to dispose of.  
 
Standard Acid converted 42 DE 
Syrup. Lowering the DE, the syrup 
gradually loses its tendency to 
crystallise. Below approximately 45 DE 
the syrup can be evaporated into a 
stable, non-crystallising, and auto sterile 
liquid. These qualities are one of the 
reasons behind the success and wide 
spread use of the standard 42 DE syrup.  
Starch is hydrolysed by acid or enzymes 
to 40 - 42 DE and evaporated to a 
viscous liquid with a dry matter of 80% 
- 84%.  
 
This standard product has a bland sweet 
taste, and stores and ships well in drums 
or tank lorries. It finds applications in 
canned fruit preserves, ice cream, 
bakery products, jam, candy, and all 
kinds of confectionery. The relative 
sweetness of 42 DE to sucrose is 40 - 
45%. 
 
High quality starch is supplied either as 
slurry from a starch factory or slurry of 
approximately 21 oBe prepared from 
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ordinary native dried starch. Acid, preferably 
hydrochloric acid (HCl), is added to the slurry in 
order to acidify it before cooking. The acidified 
slurry is heated to the desired temperature and the 
liquefaction temperature is kept for a few minutes. 
The temperature in the holding zone controls the 
degree of liquefaction (hydrolysis). The acid is 
neutralised and the hydrolysate is flashed down to 
atmospherical pressure. The crude hydrolysate is 
refined by means of activated carbon in order to 
remove discoloration from the interaction of protein 
and other starch constituents during hydrolysation. 
The purified hydrolysate passes a check filter and 
the water clear hydrolysate is evaporated until the 
dry substance reaches 80 - 84 %. From the 
evaporator the final product can be drummed off. 
Dependent on raw material and end-product 
requirements, various filtration steps and ion 
exchange for deionisation etc. may be added to the 
process. 

 
Enzymes as catalysts. The acid catalyst allows the 
manufacture of intermediate conversion products 
ranging from 35 - 55 DE. Intermediate and higher 
conversion products for special purposes can also 
be made by substituting acid with enzymes. This is 

typically done in a two-step process. 
For the first step, the liquefaction, 
thermo-stable α-amylase, or acid is 
used. After cooling and pH adjustment, 
a saccharification enzyme such as 
amyloglucosidase is applied. Except for 
a different holding time and 
temperature, the processes are in 
principles identical, regardless of 
catalyst. However, enzymes and acid 
break down starch differently, resulting 
in different sugar composition for 
identical DE. It is possible to work 
around this problem and even produce 
the classic 42 DE syrup by an all-
enzyme process only. With enzymes it 
is possible to produce syrups with DE 
from 28 up to 98 as well as high 
maltose syrups. Glucose syrups may be 
grouped according to the degree of 
conversion: 
 
Conversion DE 
Low 20-35 
Intermediate 35-55 
High 55-70 
Very high 70-100 
 
Typical composition of glucose syrups: 
 
DE 28 38 42 63 98 
Catalyst1 A/E A A A/E E 
Glucose 5 12 18 37 96 
Maltose 8 10 13 34 2 
Maltotriose 16 10 12 16 1 
Higher sugars 71 68 57 13 1 

1) A=Acid E=Enzyme 
 
High DE syrups are intermediates for 
fructose syrup, sorbitol, and many 
fermentation products. They find uses in 
beverages, foods, etc. Glucose syrup 
and maltose syrup are referred to as 
wort syrups in breweries, where they 
substitute malt improving capacity, 
adjusting protein, taste, mouthfeel, etc. 
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HFSS. High Fructose Starch-based Syrups are 
produced from refined, very high DE glucose 
syrups. An enzymatic process using isomerase 
immobilised on a resin facilitates the conversion of 
glucose to fructose. By using more resin columns in 
parallel the enzyme activity is completely 
exhausted before a refill. 
 
The isomerase catalyses the formation of 42% 
fructose in balance with 53% glucose, 3% maltose 
and 2 % tri- and higher saccharides. This syrup - 
isomerose1 - may be refined and evaporated as such 
and it is an excellent all-purpose sweetener.  
 
In order to obtain a more perfect match with 
sucrose based "liquid sugar" (cane and beet sugar), 
the fructose content has to be increased to 55% by 
enrichment. A stream of HFSS-42 is fractioned. 
Previous attempts to do this by crystallisation have 
never achieved industrial acceptance. The 
fractioning is done more elegantly by 
chromatography. By automatically switching the 
injection point, an endless ring column is simulated 
and the HFSS-42 is fractioned into fructose and 
glucose. Water or condensate is used to eluate the 
column. The fructose fraction containing 90% 
fructose is back-mixed with the HFSS-42 to make 
                                                 
1 Isomerose is synonymous with HFSS 

up an HFSS-55 syrup. In this way a 
perfect match with traditional sucrose 
based "liquid sugar" is obtained. The 
concentration of dextrose is typically 
41%, maltose and higher saccharides 
4%. The HFSS-55 finds widespread use 
as sweetener replacing cane or beet 
sugar in soft drinks. 
 
The fructose fraction from the 
chromatographic column can of course 
be refined and evaporated to syrup 
separately as HFSS-90 syrup finding 
applications in low calorie foods.  
 
Demineralisation throughout the HFSS-
process and precautions against de-
crosslinking by oxygen extends the 
lifetime of the resins. An HFSS-section 
should preferably run continuously non-
stop. 
 
 

 
Viscosity of syrups declines with conversion type:   

Acid > Acid/Enzyme > Enzyme / Enzyme. 
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THE DANISH INVENTOR OF THE 
CONTINUOUS GLUCOSE PROCESS 

 

 
 
 
During and after the Second World 
War Karl Kroyer was challenged by 
the shortage of supplies. Sweets were 
among the goods in shortage and he 
studied his grandmother’s encyclo-
paedia to learn how to make it. The 
described procedure was a batch 
autoclave process. The 
encyclopaedia, however, was old and 
the process outdated, he imagined. He 
believed that "nowadays" a machine 
takes starch in one end and glucose 
out the other. He got a prototype 
converter made and it proved 
successfully at the Ceres Breweries 
and hundreds of converters have since 
then been distributed worldwide.  
 

Karl Kroyer attracted young people to 
his research and engineering centre 
in Aarhus, Denmark and in this 
innovative environment International 
Starch has its roots. Members of the 
International Starch Institute staff 
invented a method of making Total 
Sugar from "Liquid Dextrose" and we 
were deeply involved in the 
introduction of enzymes in the glucose 
process, the Direct Hydrolysis of 
Corn etc. 
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Starch & Glucose Dictionary 
 

Acid conversion Starch hydrolysis with acid as the catalyst 

 
Acid treated 
starch 

Granular starch slightly hydrolysed with acid at low temperature  

Acetylated starch Granular starch ester with a CH3CO-group introduced at low temperature 
Adjunct  Malt substitute. Adjunct syrup is used as a brewing supplement and booster. 
Amylase Amylase is an enzyme breaking down starch at random. For the liquefaction an a-

amylase of bacterial origin is used. For high maltose syrups a β-amylase is applied for 
saccharification  

Amyloglucosi-
dase (AMG) 

Enzyme cutting off glucose from the non-reducing end of starch. AMG cuts both 1-4 
and 1-6 bonds and enables the manufacture of up to 98 DE syrups. 

Amylopectin One quarter of most starches is amylopectin - a branched glucose polymer with 
typically one 1-6 glucosidic bond for every 12 glucose units. Amylopectin contains as 
much as 5,000 glucose units per molecule. 

Amylose The major constituent of starch is amylose - a linear glucose polymer with alpha 1-4 
glucosidic bonds only. 

BAN Brand name of bacterial α-amylase hydrolysing 1,4-α-glucosidic linkages at random. 
Baumé (oBe) Viscosity is measured in Baumé: oBe = 145 - 145/specific gravity at 60 oF. The 

commercial Baumé = oBe + 1 is used within the glucose industry. 
Brix (oBx) Percentage (w/w) of a sucrose solution.  
Carbohydrate Monosaccahrides or natural organic substance giving monosaccharides by hydrolysis 

e.g. starch, sugars, cellulose, glucose, fructose, and maltose. 
Carbon treatment Activated carbon is used for decolorization and purification of hydrolysates. 
Cationic starch Granular cationic starch ether used in papermaking due to its affinity to cellulose 

fibres  
Chemical gain The increase of dry substance in a hydrolysate compared to starch. 
Chromatography Method for industrial separation of glucose and fructose on a resin-filled column. 
Conversion Synonym of conversion hydrolysis or hydrolysis.  
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Converter Apparatus for the hydrolysis of starch, e.g. The continuous Karl Kroyer Converter.  
Crystallisation In concentrated high DE syrups glucose crystals are formed and precipitated. 
DE Dextrose Equivalent expresses the number of aldehyde groups - reducing ends - 

relative to pure glucose of same concentration 
Derivative Another term for chemically modified starch e.g. oxidised starch. 
Dextrin Industrial dextrin is granular starch with molecules reorganised by roasting causing 

the granules to be cold water soluble. Depending on the degree of roasting dextrins are 
grouped as White Dextrin, Yellow Dextrin and British gum. 

Dextrose Synonym for glucose. Within the industry dextrose is used to describe 100 % pure 
glucose 

Dextrozyme Brand name of a pullulanase and AMG mixture 
DP Degree of Polymerisation is the average number of monosaccharides in a polymer. 
Disaccaharide Carbohydrate with two monosaccharides per molecule, e.g. sucrose, maltose. Sucrose 

is a disaccharide with one glucose and one fructose per molecule. 
DS Dry Substance 
DX Dextrose 
Enzyme Three groups of enzyme catalysts are used in the glucose industry: (1) Alpha-amylase 

for liquefaction, (2) Amyloglucosidase for sachharification and (3) isomerase for 
conversion of glucose to fructose. 

Enzyme 
conversion 

A two-step hydrolysis: Liquefaction with α-amylase and saccharification with 
amyloglucosidase. 

Evaporation The purified hydrolysate is concentrated by evaporation as a final step. 

 
Fructose Alpha-D-fructose is an isomer of alpha-D-glucose. Standard fructose syrup contains as 

much as 42% fructose and enriched syrups as much as 55%. High concentration of 
fructose is achieved by chromatography. 

Fungamyl Brand name of fungal amylase hydrolyzing 1,4-α-glucosidic linkages in formation of 
substantial amounts of maltose. 

Gari Processed fermented cassava food. 
Gelatinisation Cooking starch. 
Glucose  Monosaccharide, C6H12O6 existing as α - and β-glucose with an optical rotation of 

+105.2o respectively +20,3o. The synonym dextrose refers to the positive direction of 
rotation (dextra = right) 

Glucose syrup A liquid starch hydrolysate of mono- di- and higher saccharides.  
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Granular starch Starch is formed in plants as tiny granules preserved in starches modified at low 
temperatures. 

High Fructose 
Syrup 

A liquid starch hydrolysate with a high content of fructose - typically 42, 55 or 90% 
fructose 

HFCS High Fructose Corn Syrup is identical to HFSS. 
HFSS High Fructose Starch-based Syrup. HFSS-42 contains 42% fructose and is an all-

purpose sweetener. HFSS-55 contains 55% fructose and substitutes sucrose. HFSS-90 
contains 90% fructose. 

HM High Maltose 
Hydrol Mother liquor left by crystallisation of dextrose from glucose syrup. 
Hydrolysis Break down of starch to glucose and smaller polymers by cutting glucosidic bonds with 

simultaneously uptake of water. Industrial hydrolysis is a two-step operation: 
liquefaction and saccharification. 

Invert sugar Hydrolysed sucrose 
Ion exchange Deionization of the hydrolysate in columns of ion exchange resins. 
Isomerase Enzyme rearranging glucose into fructose. The process reaches a feasible equilibrium 

with 42% fructose, 53% glucose and 5% higher sugars. 
Isomerisation Restructuring of glucose to fructose 
Jet cooker Apparatus for continuous gelatinisation of starch by direct steam injection 
Liquefaction Partial hydrolysis of cooked starch followed by a viscosity reduction. Depending on the 

catalyst the DE of the liquefied starch is 15 - 25. 
Liquid sugar Commercial syrup made by hydrolysing sucrose (invert sugar) or by inverting glucose 

enzymatic. 
Maltose A disaccharide of glucose. β-amylase is used for maltose rich syrups.  
Maltose syrup Starch syrup high in maltose, typically 45-50% in ordinary conversion syrup and 65-

80% in high maltose syrup. 
Mannitol Isomer of sorbitol 
Modification Modification is a process, in which native starch is modified by physical and chemical 

means to suit various industrial applications, e.g. esterification. 
Monosaccharide The smallest unit obtained by hydrolysis of carbohydrates, e. g. glucose, and fructose. 

Glucose is the monosaccharide obtained by hydrolysis of starch. 
Native starch Native starches designate starch in its natural unmodified form no modification, e.g. 

native starch from potato, cassava, maize, rice, and wheat. 
Oligosaccharide Carbohydrate giving 2 - 6 monosaccharides by hydrolysis 
Oxidized starch Granular starch with carboxyl groups introduced by oxygenation 
Polysaccharide Carbohydrate giving more than 6 monosaccharides by hydrolysis, e.g. amylopectin, 

amylose, cellulose. 
Precoat filtration Hydrolysate filtration on a filter precoated with filter aid and activated carbon. .Plate 

and rotating drum filter are used. 
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Pregelatinised Pregelatinised starch = cooked and dried starch. 
Promozyme Brand name of pullulanase reducing oligosaccharides after liquefaction 
Pullulanase Pullulan 6-glucanohyrolase catalysing the hydrolysis of 1,6-alpha linkages in pullulan 

and amylopectin 
Retrogradation Starch crystallisation. Linear chains of starch are able to form crystalline structures - 

crystallites - causing staling in bread and milky appearance or syneresis in starch gels.  
Saccharification Hydrolysis of starch into higher DE syrups after liquefaction. 
Sorbitol Hexitol - a sugar alcohol - obtained by hydrogenation of glucose. 
Sucrose Ordinary sugar- cane- or beet sugar - is a disaccharide of glucose and fructose. 

Synonyms: Saccharose, sugar. 
Starch A polymer of glucose found as a reserve in most plants. Another glucose polymer found 

in plants is cellulose. Compared to cellulose, starch is made up of alpha glucosidic 
bonds, which cause helix-shaped molecules, while cellulose builds with beta glucosidic 
bonds giving straight molecules and a fibrous structure. In plants starch is organised 
in 1-140 μm granules. 

Sweetzyme Brand name of immobilized glucose isomerase 
Syneresis The free setting of water from a starch gel caused by retrogradation. 
Termamyl Brand name of heat-stable α-amylase hydrolyzing 1,4-alpha-glucosidic linkages at 

random. 
Thin-boiling 
starch 

Acid treated and oxidized starches with low paste viscosity used in paper and textile 

Total sugar Crystallized High DE syrup (Liquid Dextrose). 
Microphoto > 

 

 
Wort syrup Glucose or maltose syrup used as a carbohydrate source in breweries for increasing 

capacity, adjusting protein content, taste, mouthfeel etc. 
 
 

Disclaimer. The information contained in this publication is to the best of our knowledge reliable. Users should, 
however, conduct their own tests to determine the suitability of our products and recommendations for their own 
specific purposes. Statements contained herein should not be considered as a warranty of any kind, expressed or 
implied, and no liability is accepted for the infringement of any patents. 
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