


5.0 Sugar Confectionery Manufacturing

Sugar confectionery refers to a large range of food items, commonly known as sweets. Boiled sweets,
toffees, marshmallows, and fondant are all examples. Sweets are a non-essential commodity, but are
consumed by people from most income groups. The variety of products is enormous, ranging from
cheap, individually-wrapped sweets, to those presented in boxes with sophisticated packaging.

The main ingredient used in the production of sweets is sugar (sucrose). Other sweeteners used
include corn syrup, corn sugar, honey, molasses, maple sugar, and non- calorie sweeteners.
Sweeteners may be used in dry or liquid form.

5.1 Production Stages

By varying the ingredients used, the temperature of boiling, and the method of shaping, it is possible
to make a wide variety of products. In all cases, however, the production stages are as follows:

Preparation
Mixing
Boiling
Cooling
Beating
Shaping
Packing

Boiling
There are three main ways to boil the sugar solution:

e Simple open boiling pan

e Steam jacketed pan

e Vacuum cooker
Steam jacketed pans are often fitted with scrapers and blades which ensures a uniform mixing and
heating process and reduces the possibility of localised over-heating. Vacuum cookers are used
mainly by large manufacturers.
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Cooling
All sweets are cooled slightly before being shaped. Most simply, the boiled mass is poured onto a
table which is made either from metal, stone, or marble to cool the product uniformly.

Beating

Beating is a process which controls the process of crystallisation and produces crystals of a small
size. For example in the production of fudge, the mass is poured onto the table, left to cool, and then
beaten with a wood or metal beater.

Shaping

There are two main ways of shaping sweets: cutting into pieces, or setting in moulds.

Moulds may be as simple as a greased and lined tray. Other moulds can be made from rubber,
plastic, metal, starch, or wood. It is possible to make starch moulds by preparing a tray of cornstarch
(cornflour), not packed too tightly. Impressions are then made in the starch using wooden shapes.
The mixture is poured into the impressions and allowed to set.

Packing

When sweets are stored without proper packaging, especially in areas of high humidity, the sucrose
may crystallize, making the sweet sticky and grainy. Traditional packaging materials such as banana
or sugar-cane leaves are often used to wrap sweets. However, these do not provide sufficient
protection for a long shelf-life because they are not efficient barriers to moisture and cannot be
securely sealed.

Alternatively, individual wraps can be made from waxed paper, aluminium foil, and cellulose film, or a
combination of these. In most cases, the sweets will be wrapped by hand, but for higher production,
semi-automatic wrapping machines are available. For further protection, the individually-wrapped
sweets may be packed in a heat-sealed polythene bag. Sweets can also be packaged in glass jars, or
tins with close fitting lids.

5.2  Additional Process Steps

Many factors affect the production and storage of sweets i.e. the degree of sucrose inversion
explained below, the time and temperature of boiling, the residual moisture content in the
confectionery, and the addition of other ingredients.

Inversion

Sweets containing high concentrations of sugar (sucrose) may crystallise either during manufacture or
on storage. This is commonly referred to as graining, and although this may be desirable for certain
products, such as fondant and fudge, in most other cases it is seen as a quality defect.

Upon heating the sugar solution a certain percentage of the sucrose will break down to form what is
known as 'invert sugar'. This invert sugar inhibits sucrose crystallisation and increases the overall
concentration of sugars in the mixture. This natural process of inversion, however, makes it difficult to
accurately assess the degree of invert sugar that will be produced.

As a way of controlling the amount of inversion, certain ingredients, such as cream of tartar or citric
acid, may be used. Such ingredients accelerate the breakdown of sucrose into invert sugar, and
thereby increase the overall percentage of invert sugar in the solution. A more accurate method of
ensuring the correct balance of invert sugar is to add glucose syrup, as this will directly increase the
proportion of invert sugar in the mixture.
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The amount of invert sugar in the sweet must be controlled, as too much may make the sweet prone
to take up water from the air and become sticky, and too little will be insufficient to prevent
crystallisation of the sucrose. About 10-15% of invert sugar is the amount required to give a non-
crystalline product.

Time and temperature of boiling

The temperature of boiling is very important, as it directly affects the final sugar concentration and
moisture content of the sweet. For a fixed concentration of sugar, each type of sweet has a different
boiling temperature. Variations in boiling temperature can make a difference between a sticky, cloudy
sweet or a dry, clear sweet. An accurate way of measuring the temperature is to use a sugar
thermometer. Other tests can be used to assess the temperature i.e. toffee temperatures can be
estimated by removing a sample, cooling it in water, and examining it when cold. The temperatures
are known by distinctive names such as 'soft ball', 'hard ball' etc., all of which refer to the consistency
of the cold toffee.

Sweet Type Boiling Temperature °C
Fondants 116 - 121

Fudge 116

Caramels and regular toffee 118 - 132

Hard toffee (e.g. butterscotch) | 146 - 154

Hard-boiled sweets 149 - 166

Moisture content

The water left in the sweet will influence its storage behaviour and determine whether the product will
dry out, or pick up, moisture. For sweets containing > 4% moisture, it is likely that the sucrose will
crystallise on storage. The surface of the sweet will absorb water, the sucrose solution will
subsequently weaken, and crystallisation will occur at the surface - later spreading throughout the
sweet.

Added ingredients

The addition of certain ingredients can affect the temperature of boiling. For example, if liquid milk is
used in the production of toffees, the moisture content of the mixture immediately increases, and will
therefore require a longer boiling time in order to reach the desired moisture content.

Added ingredients also have an effect on the shelf-life of the sweet. Toffees, caramels, and fudges,
which contain milk-solids and fat, have a higher viscosity, which controls crystallisation. On the other
hand, the use of fats may make the sweet prone to rancidity, and consequently the shelf-life will be
shortened.
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5.3 Sweet Types

Fondants and creams

Fondant is made by boiling a sugar solution with the
optional addition of glucose syrup. The mixture is
boiled to a temperature in the range of 116-121°C,
cooled, and then beaten in order to control the
crystallisation process and reduce the size of the
crystals. An opaque, white, smooth paste is formed
that can be melted, flavoured and coloured.

Creams are fondants which have been diluted with a weak sugar solution or water. These products
are not very stable due to their high water content, and therefore have a shorter shelf-life than many
other sugar confectionery products. Both fondants and creams are commonly used as soft centres for
chocolates and other sweets.

Gelatine sweets
These sweets include gums, jellies, pastilles, and marshmallows.

Gums are prepared from syrups in
which gum arabic is dissolved, although
substances such as starch, gelatine, or
agar may replace the gum arabic.

The syrup containing the gum is
deposited in starch and the trays are
dried for several days at about 49°C.
After removal and brushing, the gums
are placed on a wire mesh, steamed,
and dried. Soft gums, or pastilles, are
made in a similar way, but after
steaming they are sanded with sugar
and are then dried.

Syrup containing sugar and corn syrup at about 75% concentration may be transformed into a jelly by
adding substances such as gelatine, agar, starch or pectin. Gelatine is obtained from skins and bones
and is specially purified for food use. For making jellies, the gelatine is first soaked in water and then
added to the boiled syrup - it must not be boiled in the syrup or its jelly-forming power is greatly
reduced. Agar is obtained from a particular type of seaweed for use in jellies. It is dissolved in boiling
water; strained through a sieve; and added to a batch, which is then boiled to the correct
concentration. Pectin, the natural jelly-producing substance in fruit, is now an important commercial
article used in powdered form for confectionery purposes. It is extracted from citrus and apple
pomace. Pectin requires particular conditions of acidity and sugar concentration, but gives the best
texture for most jellies. Flavour and colour are always added at the end of the batch.
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Turkish Delight is made from syrup similar to that used for jellies, but starch as the gelling agent gives
the finished product its typical opacity. Adding other gelling agents to the starch gives a better texture
and set. The traditional flavour used in Turkish Delight is attar of roses, originating centuries ago in
Asia.

To produce marshmallows, solutions of egg albumin and gelatine are mixed with a solution of sugar
and corn syrup; beaten vigorously into foam; and flavouring added. Next, the syrup foam is deposited
into starch much dryer than that used for fondants and creams.

Toffee and caramels

These are made from sugar solutions with the addition of
ingredients such as milk-solids and fats. Sweetened
condensed, or evaporated milk is usually employed. Fats may
be either butter or vegetable oil, preferably emulsified with
milk or with milk and some of the syrup before being added to
the whole batch. Emulsifiers such as lecithin or glycerol
monostearate are particularly valuable in continuous
processes.

Because milk and fat are present, the texture is plastic at
normal temperatures. The action of heating the milk-solids, in
conjunction with the sugar ingredients, imparts the typical
flavour and colour - this process is known as caramelisation.
Toffees have a lower moisture content than caramels and
consequently have a harder texture. As the product does not
need to be clear, unrefined sugar such as jaggery or gur can
be used instead of white granular sugar.

The mixed syrup is pumped first into a continuous cooker that reduces the moisture content to its final
level, and then into a temporary holding vessel in which increased caramelisation takes place,
permitting the flavour obtained by the batch process to be matched. The cooked caramel is then
cooled, extruded and cut.

Hard-boiled sweets

When solutions of mixed sugars are boiled, they are
concentrated into a plastic mass that may be flavoured,
coloured and formed into shapes and allowed to harden.

Sugar has the property of forming a type of non-
crystalline ‘glass’ that is the basis of hard boiled
products. Sugar and water are boiled until the
concentration of the solution reaches a high level, and
supersaturation persists upon cooling. This solution
takes a plastic form and on further cooling becomes a
hard, transparent, glassy mass containing < 2%
moisture.

High-boiled sugar solutions are unstable, however, and will readily crystallise unless preventative
steps are taken. Control of modern sugar-boiling processes is precise and crystallisation is prevented
by adding either manufactured invert sugar or corn syrup.

19






6.0 SSP in the Sugar Confectionery Process

6.1 The SSP Advantage

SSP rotary lobe pumps are to be found in various sugar confectionery production stages and offers
significant advantages over other pump technologies such as Progressing Cavity and Gear pumps as
follows:

e Hygienic construction
Non-contacting design of the pumphead with all metallic pumped media wetted components
manufactured in 316L stainless steel on SSP Series S and L pump ranges.
e CIP/SIP ability
Temperatures up to 200°C
e Ability to pump abrasive media
Non-contacting design of the pumphead enhances the pump’s ability to handle abrasive
crystalline slurries, whilst minimising product damage.
e Cost effective easy maintenance
Low running and maintenance costs and easy access to the pumphead minimising downtime,
results in a reduced lifecycle cost (LCC).
e Low shear pumping
Minimal damage to extremely shear sensitive pumped media
e Indefinite dry running capability
Avoiding pump components shedding into pumped media.
e [Easy re-start
Low breakout torque following machine stoppages.
e Compact design
Occupies considerably less floor space than other pump technologies.

Series S3 pump transferring vegetable fat in UK
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A comparison of Rotary Lobe, Progressing Cavity and Gear pump technologies strengths and
weaknesses is given below:

2
s
O
g
Pump Technology [
© o .
S & 8
Strength
Ability to pump abrasive media v v
Compact size v v
Easy maintenance v
Easy re-start v

Low capital investment v v
Low energy consumption

Low shear pumping

Reduced lifecycle cost (versus others compared)
Reduced lifecycle cost (versus Progessing Cavity)
Single seal required v v

AN NN

Weakness
Ability to pump abrasive media v
Capital cost v
Dry running capability

High spares cost

Large size (versus others compared)
Material compatibility

Pulsation v
Pumped media contamination
Two seals required v
Whole life cost v v

AR YN

AN
AN

Bold typeface shows attributes that are considered relevent in this industry.
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6.2

Fondant Process Diagram
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Series S3 pump transferring glucose in UK

24



6.3

Hard Boiled Sweets Process Diagram
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Series S3 pump transferring sorbitol in UK
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7.0 SSP Specification Options
7.1 Accumulator Grease Feed System (Chocolate Sealing)

For many years the pumping of chocolate has provided pump manufacturers with sealing challenges,
failures with packed glands and single mechanical seals being commonplace. The SSP tried and
tested sealing solution over many years is the double R90 mechanical seal having tungsten carbide
faces with FPM ‘o’ rings both inboard and outboard, and a barrier fluid of food compatible (FDA
approved) grease provided by an Accumulator Grease Feed System.

This simple solution pressurises both
seal chambers with FDA approved
grease which lubricates the shaft
seals ensuring they maintain their
sealing integrity by having only a
grease interface film.

This system can only be fitted on SSP
Series S and D pump ranges.

How it works

The system consists of a nitrogen charged diaphragm accumulator feeding grease to the seals via
stainless steel tubes at a pressure higher than the pump operational differential pressure. A pressure
gauge is fitted to a manifold block mounted directly below the accumulator to register and set the
grease pressure in the system. At the rear of the manifold block is an isolating valve used for
controlled de-pressurising of the grease system. A grease nipple is used for priming the system and
adjusting system pressure when in operation.

An optional feature is the fitting of a Pressure Detection System and Alarm.

Pressure Settings

e Accumulator Gas Pressure
e Grease Charge Pressure

e Pressure Switch (if fitted)

Pump Duty Pressure (bar) x 0.75
Pump Duty Pressure (bar) + 4 bar
Pump Duty Pressure (bar) + 1 bar
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7.2 Heating / Cooling Jackets and Saddles

SSP Series S pumps have the option of being fitted with heating/cooling jackets to the rotorcase cover
and/or saddles to the rotorcase. These are primarily used for heating the pumphead so as to maintain
the pumped media viscosity and reduce risk of any crystallisation/solidification. They may also be
used for cooling purposes.

The maximum allowable pressure and temperature of the heating/cooling fluid is 3.5 bar and 150°C

respectively. Heating/cooling jackets and saddles should be in operation approximately 15 minutes
prior to pump start-up and remain in operation 15 minutes after pump shut down.

Saddle

Connections for steam,
hot/cold fluid

Jacket
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8.0 Pump Selection and Application Summary

This section gives information as to pump selection for different pumped media found in the
Confectionery Industry.

It should be noted that the information given in this section is for guidance purposes only -

actual pump selection should be verified by our Technical Support after the provision of full
pumped media and duty details.
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Viscosity applicable in pumg
low = <50 cP

med = 50 - 1000 cP

high = >1000 cF

Confectionery Applications Summary

Pump Speed
low = <100 rpm
med =100 - 350 rpm

high =>350 - max rpm pump speec

Media Viscous Behaviour Type Viscosity Speed Pump Series Sealing Elastomer Compatiblity
BISCUIT CREAM Psuedoplastic high med L, S Single Flust FPM, PTFE
CARAMEL - COLOURING Newtonian low high L, S Single EPDM, FPM, PTFE
CARAMEL - TOFFEE Psuedoplastic high low L, S Single Flust EPDM, FPM, PTFE
CHEWING GUM Psuedoplastic high med L, S Single Flusr PTFE
CHOCOLATE Psuedoplastic high low Double FPM, PTFE
COCOA BUTTER Newtonian med med L, S Single FPM, PTFE
COCOA MASS Psuedoplastic high med Double FPM, PTFE
CONDENSED MILK Psuedoplastic high med L, S Single Flusr EPDM, FPM, PTFE
CORN SYRUP Newtonian med med L, S Single Flust NBR, EPDM, FPM, PTFE
FAT Newtonian low high L, S Single FPM, PTFE
FONDANT Psuedoplastic high low L, S Single Flust EPDM, FPM, PTFE
FUDGE Psuedoplastic high low L, S Single Flusr EPDM, FPM, PTFE
GELATINE Psuedoplastic med med L, S Single Flust EPDM, FPM, PTFE
GLUCOSE Newtonian high med L, S Single Flusr EPDM, FPM, PTFE
HIGH BOILED SUGAR SYRUP Newtonian med med L, S Single Flust EPDM, FPM, PTFE
INVERT SUGAR SYRUP Newtonian med med L, S Single Flusr EPDM, FPM, PTFE
JELLIES Psuedoplastic med med L, S Single Flust EPDM, FPM, PTFE
LIQUORICE Psuedoplastic high low L, S Single Flusr FPM, PTFE
SORBITOL Newtonian med med L, S Single NBR, EPDM, FPM, PTFE

Note: Where single seal is shown for Sealing, it is on the proviso that the pump is cleaned out after each use.
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