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Preface

When we were asked by the publisher to put together a book on current
practices in pasta and semolina manufacture there was no hesitation on our
part. It appeared to us that there had not been such a book for too long and
we hope that we have achieved our aim. We felt that for some time now
there has been a need for a book which examined the latest technologies in
a practical way. To this end we have obtained contributions from some of
the manufacturers at the leading edge of technological development in
semolina milling and pasta manufacture.
In keeping with our aim of producing a practical guide to this industry, in
addition to the general information given, some of the chapters also include
trouble shooting sections.
Occasional reference is made in the text to particular manufacturers’
names and items of equipment. In no case should any such reference be
taken to imply endorsement by the authors over any similar product.
We have tried to cover all aspects of the production process, from farm to
factory gate and our contributors from many different parts of the industry
have made this an interesting and challenging task. We thank them all.

R.C. Kill
K. Turnbull
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1 Introduction
R.C. Kill

Just a few steps from the cascades of the Trevi Fountain in Rome, which is
always so full of noise and life, is the Piazza Scandenberg. This is a rather
quiet corner slightly off the tourist beat but in it you can find the world’s
first museum devoted to pasta, the National Museum of Pasta Foods.
It is entirely appropriate that this should be in the capital city of Italy.
Although there are opinions that pasta originated far from Italy, perhaps in
China, it is to Italy that Westerners owe a debt of gratitude for the development of this simple but versatile food.
The museum is unusual, informative and entertaining, and well worth a
visit for anyone interested in pasta. My visit provided some useful information for this introduction and I am grateful for the hospitality of the staff
there.

1.1 WHAT IS PASTA?
The word ‘pasta’ is the Italian for ‘dough’. The usual basic ingredients are
wheat flour or semolina and water. Alternatives include potato flour (used
in gnocci) and maize flour (in gluten-free product). Additional ingredients
include egg, natural colourants such as spinach, tomato and in the case of
some product for the USA, vitamins.
Essentially, though, most pasta in the Italian style is made from semolina
from hard wheat and water. It is therefore a very simple food. This is
especially so when it is made in the kitchen or restaurant and served after
cooking within a short time of being made. The art of pasta making as
described in this book takes us far from the kitchen and into highly
sophisticated industrial techniques. The result of all that sophistication is
still a very simple product with few ingredients. The techniques are applied
to produce firstly a large range of shapes and sizes of the product and
secondly a stable, dry product that has a long shelf life.
It is true that there is a growing market for so-called ‘fresh’ pasta, i.e.
pasta that has not been dried. However the convenience, quality and
cheapness of dry pasta for the retailer and consumer make this sector of the
market by far the largest. Indeed some argue that it is difficult to justify the
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cost of fresh pasta to the consumer when the manufacturer has not had to
bear the cost of drying and where the product yield is significantly greater
because it contains far more water.
It is with dry pasta that the bulk of the market lies and this book is
devoted to the modern technology of the production of this Italian-style
pasta.

1.2 PASTA’S PAST
A good deal has been written and discussed in the past about the origins of
pasta. In particular Italian authors are keen to point out that despite indications of the possible birthplace being China, very early evidence of pasta
can be traced to Italian soil in the form of the Etruscan civilisation, several
centuries BC. Speculation on pasta and its conception even include Italian
mythological stories (Agnesi, 1996). They are fun, but it seems to this
author for it not to be beyond the wit of humankind to have invented this
fundamentally simple food several times over at several locations. This is
particularly possible since the usual ingredients - milled wheat or other
cereal and water - are almost universally available and have been since our
early history.
It is not intended to say much more of the history of pasta in this book,
although there are three points all concerning the development of pasta in
Italy that are worth noting.
Many centuries after the origins of pasta, by the sixteenth century, pasta
makers in Italy were well established and organised into trade associations.
There were rules already established about trading and recipes. Today the
industry in Italy is highly regulated. For example, manufacturers there are
not permitted to produce from anything other than durum wheat unless a
special licence is obtained (this is true even of ‘wholewheat’ durum pasta).
These constraints in Italy may have helped to perpetuate the belief elsewhere that good quality pasta may only be made from durum wheat.
Pasta making in Italy had become something of a Neapolitan speciality
by the nineteenth century and it was in Naples that production began to be
fully commercialised and industrialised. Drying of pasta as a way of preserving began. This author has always held the romantic notion that the
traditional, mechanised drying techniques, still sometimes in use today,
were a means of capturing a little of Naples in a cabinet, reproducing the
washing line drying of the early street sellers in the Neapolitan air.
The interiors of today’s high-speed dryers little resemble that sultry
climate, with temperatures as high as 90°C. However the development of
these leviathan plants with outputs of many tonnes of product per hour
began with this early industrialisation.
It was also probably in the 1800s that the marriage of pasta with tomatoes
in cooking occurred. Southern Italy is also ideal for the growing of
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tomatoes. The two together provided for countless culinary possibilities and
today the two complementary industries are a feature of this area.

1.3 PASTANOW
Pasta today is a food which is accepted and used all over the world at
varying degrees of importance (see section 1.4 below). It is also a sophisticated industry which now utilises advanced technologies to maximise
efficiency (see Figs 1.1and 1.2), output and quality. In contrast with some
areas of the food industry (bread would be a good example) it is a tribute to
the technicians and engineers involved in these advances that they have
managed to make production of this food cheap and plentiful at no cost to
the quality.

Fig. 1.1 View of part of extruder and drier of a modern plant

4

PASTA AND SEMOLINA TECHNOLOGY

Fig. 1.2 View of extrusion of short cut pasta in a modern pasta plant

It is not possible to discuss pasta without also discussing durum wheat.
Their stories are naturally now intertwined. When asked what were the
three critical points in making good pasta a manufacturer once replied ‘raw
material, raw material, raw material’. We hope to be a little more informative here but can understand what he meant.
Why is durum wheat so important to pasta? Its essential characteristics
are its hardness, its gluten quality and its colour. It is quite possible to make
pasta products from other wheats, especially other hard wheats. Furthermore, perfectly good and legitimate products are made from mixtures of
durum and soft wheats at up to 25% soft wheat. However there is an
unmatchable eating quality to durum wheat product and the ingredient has
become a byword for the best quality pasta.
Because durum wheat commands a premium price over other wheats
(see below), in recent years the authenticity of the raw material has become
a very important issue. The adulteration of pasta with common or soft
wheats is all too easily possible. In Chapter 2 there is a detailed discussion of
durum wheat and the history of its development. There is also some new
insight into the important issue of authenticity and some fascinating and
groundbreaking techniques for the analysis of pasta.
Pasta in the Italian style is almost universally made from the milled
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product of durum wheat: semolina. Semolina milling is a specialised part of
the wheat milling industry. Particle size and uniformity of particle size are
especially important for ease of mixing with water, extrusion and final
quality after drying. The absence of specks, dark or light, is also critical for
visual, and sometimes physical quality. In Chapter 3 there is a presentation
of semolina milling, its history and the very latest techniques.
Durum wheat is grown only in certain parts of the world (see Fig. 1.3),
unlike common wheat which can be grown much more widely. The total
production varies and estimates for 1999 are for a global crop of about 28.5
million tonnes, a decrease of 6 million tonnes on the previous year. A t the
time of writing the demand is likely to exceed that figure, whereas in previous years supply has exceeded demand. Not surprisingly for a crop of this
nature the price can fluctuate greatly year on year, however there is always
a premium over the price of common wheat (van Lit, 1999).

Fig. 1.3 World durum production (van Lit, 1999).

The Mediterranean region produces 55-60% while the North American
continent produces about 30% of the world’s output. A t the same time
however the North American continent accounts for 80-90% of the world’s
exports. The Mediterranean area accounts for 50% of the world’s imports.
If raw material is the first critical point in making good quality pasta, the
second is the mixing and production of the dough. Semolina is mixed with
the other principal ‘ingredient’ - water - and the quality of both is
important. The quotation marks are used here because although a significant amount of water is added to the semolina at this stage, when pasta is
dried it is taken down to a moisture content similar to that of the original
raw material. Hence water need not appear on ingredient lists, in the EU at
least.
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Once the dough is made pasta may be produced in one of two ways. It
may be simply rolled out into sheets. The thickness of these sheets can be
easily varied and then they may be cut into, for example, lasagne sheets or
fettuccini strips, or they may be stamped into special shapes such as bows
(farfalle) or they may be used to produce filled pasta shapes such as
tortellini.
While there are numerous and diverse ways in which sheeted pasta may
be used, by far a wider diversity of shapes can be produced courtesy of
extrusion techniques. By extruding pasta dough at high pressure through a
die not only are the possibilities for shapes almost unlimited, the visual
quality of the pasta itself is greatly enhanced.
As elsewhere, the mixing and extrusion stages are tightly controlled
techniques. In Chapter 4 detail is provided on the theory of mixing and
extrusion and on modern techniques and advances in this area.
As mentioned above, this is a simple food with the minimum of ingredients. Thanks to the diversity of shapes possible with extruded pasta there
are any number of products, preparations and meals that can be made with
pasta. The forms available range from the traditional long spaghetti products and short cut shapes such as penne to the novelty lines for canning
pasta. As a result pasta occupies positions in both adult-oriented cuisine
and in children’s markets where the latest cinema hit or dinosaurs may yet
rule.
The design and production of the dies responsible for all these shapes
requires a blend of art and craft, and in a very enlightening and entertaining
piece Chapter 5 takes us into the world of pasta die design.
Perhaps the most important advances in the past decade have been in the
next critical point in modern pasta making: drying. Ten years ago it was
normal for spaghetti drying to take 20 hours or more. At the time the
technology was not available to speed this process up and to understand
why one must appreciate the difficulties involved in drying this product
without drying faults such as internal cracking (still often referred to as
‘checking’). Chapter 6 presents the background and theories of drying pasta
and brings us up to date with the current technology.
Today a drying time of 3 hours for short cut pasta shapes is possible and
this has been brought about by the use of elevated temperatures, reaching
90°C and above. Apart from the obvious advantages of the shorter times
involved, it appears that product quality has also benefitted from the new
techniques.
Mention was made above of the minimal ingredients used in pasta
manufacture. In fact, in addition to the essential presence of semolina, pasta
has for many years been coloured by the addition of tomato or spinach. This
enables manufacturers to produce a greater variety of products, including
tricolore, a red, plain and green mixture coincidentally reminiscent of the
Italian flag.
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Traditionally in the kitchen egg is typically added to pasta and so too in
manufacturing egg pasta is very important. The presence of egg andlor egg
albumen adds both strength and colour to the product.
Fortified pasta, made by adding vitamin mixes, is a relatively important
variety, mainly for the US market. The presence of vitamins not only adds
to the nutritive value of the product, but in the case of riboflavin will also
improve colour by giving a yellow tone.
There is a small market for wholewheat pasta. Pasta made from wholewheat is quite different in appearance and texture and naturally has a
higher fibre content. In Italy it is considered sufficiently different from plain
pasta to be not ‘durum wheat’ pasta, even though it is generally made from
such, and pasta makers there require a licence to produce it just as they do
when they are including soft wheats in their mix. In Chapter 7 some details
on these additional ingredients are presented.
There are many issues of concern when considering the quality of pasta at
all stages of production. These include both quality and safety issues.
Examples include drying faults, microbiological load and infestation. In our
final chapter, Chapter 8, we address these issues and present plans to
minimise quality and safety problems.

1.4 THE MARKET FOR PASTA
Today there is a market for Italian-style pasta all over the world. It may be
no surprise that the Italians themselves continue to consume the most per
person, but the amount consumed in such diverse countries as Venezuela,
Tunisia, Switzerland and Chile is considerable (see Table 1.1).
Figures published over 30 years ago show how much consumption per
head in the United Kingdom has increased; in Italy, which still tops the
league, there appears to have been a slight decrease per capita.
In the USA a recent survey carried out by the National Pasta Association
there has indicated that consumption per head has increased in recent
years. The reasons given by consumers are that it is a healthy food that is
easy to store at home and is quick and easy to prepare. Sadly for the US
manufacturers this increase seems to be supplied by slightly higher imports,
mainly from Italy, with a little from Turkey.
In the UK the growth in the market for dry pasta has slowed considerably
and is now at about 2% per annum. The market for fresh pasta, although
much smaller, is growing at 10% per annum. While the growth may be
levelling off, pasta has been accepted by consumers in the UK as a normal
part of the diet over the past 20 years and this is underlined by the rapid
growth in sales of prepared pasta sauces (currently growing at 18%).Indeed
they have probably helped to establish this untraditional food for UK
consumers.
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Table 1.1 Estimates of national consumption of pasta
(sources: Unione Industriali Pasta Italiani; Hummel, 1966).

Country

Italy
Venezuela
Tunisia
Switzerland
Chile
USA
Greece
Peru
France
Russia
Argentina
Portugal
Canada
Sweden
Germany
Turkey
Bolivia
Spain
The Netherlands
Belgium/Luxembourg
Austria
Brazil
Israel
Former Yugloslavia
Finland
Australia
Libya
United Kingdom
Mexico
Costa Rica
Denmark
Japan
Egypt
Ireland
China

Kg pasta per person
1998

1966

28.5
12.7
11.7
9.6
9.0
9.0
8.5
8.0
7.3
7.0
6.8
6.5
6.3
5.5
5.4
5.2
4.8
4.5
4.4
4.3
4.0
4.0
4.0
4.0
3.2
2.5
2.5
2.5
2.3
2.0
2.0
1.7
1.2
1.o
0.8

30-35

3.7

6.3

0.4

Another significant factor in the UK is the very large market for canned
pasta. This includes the largely children-oriented market for ‘hoops’ and
various theme-based shapes. These tend to be canned in sweet sauces to
attract youngsters. On the other hand there is also a significant market still
for canned filled pasta such as ravioli, which tends to be aimed at both
adults and children.

9
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If you speak to most Italians, while they are happy to manufacture
canned products for the UK and other markets, they would rather not
partake themselves. The eating qualities of these products are too far
removed from the authentic product. Nevertheless in markets that have
needed to be educated in the joys of eating 'real' pasta these canned products may have played a part in creating awareness and the acceptability of
the authentic product.

Table 1.2 Nutrition values for types of pasta.a

Type of pasta
Plain

Vitamin
enriched

Egg pasta

Cooked
spaghettib
104
3.6
0.7
22.2
1.2

Nutrients
Calories (kcal)
Protein (9)
Fat (9)
Carbohydrate (9)
Dietary fibre (9)

342b
12b
1.8b
74b
2.gb

346'
10'
1.5'
52'
3.0'

370
12.8
1.6
74
4.2

380
343'
14
14'
4.2
3.0'
75
65'
4.7
4.0'

Minerals
Calcium (rng)
Iron (rng)
Magnesium (rng)
Phosphorus (rng)
Potassium (rng)
Sodium (rng)
Zinc (rng)
Copper (rns)
Manganese (rng)

25b
2.lb
56b
190b
250b
3b
Trace'
1.5b
0.32b
0.9b

17.5
3.8
47
149
161
7
1.2
0.2
0.7

29
4.5
60
214
233
21
1.6
0.3
0.7

Vitamins
Ascorbic acid (rng)
Thiamin (rng)
Riboflavin (rng)
Niacin (rng)
Pantothenic acid (rng)
Vitamin B6 (pg)
Folacin (pg)
Vitamin B T 2(pg)
Vitamin A (iu)
Cholesterol (rng)

Ob

0.22b
0.3 1
3.1
0.3
0.17b
34b
Ob
Ob
Ob

aAll information per 100 g product.
Sources: bHolland eta/. (1991); 'UK retail packs
All other data: USDA (1989).
Tr = trace

0
1
0.44
7.5
0.43
0.1
17.5
0
0
0

0
1
0.5
8
0.7
0.1
30
0.4
61
94

20'

7
0.5
15
44
24
Tr
0.5
0.1
0.3

0
0.01
0.01
0.5
Tr
0.02
4
0
0
0
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1.5 NUTRITION VALUE
Pasta has come a long way from the days when it was erroneously considered by consumers (in the UK at least) to be a ‘fattening food’. Today it
is perceived as one of the ‘healthy options’. Table 1.2 gives some information on the typical nutrition values for three types of pasta. It can be seen
that in fact pasta is a relatively low fat product, especially looking at plain
pasta cooked and ready to serve.
Like most cereals, pasta is essentially high in carbohydrate and most of its
energy value derives from this and its protein content.
The figures for vitamin-enriched pasta given in Table 1.2 are for a particular sample. Some fortified pasta available in the US contains 25% of
their recommended daily intake of folate (folacin). As such it is being
promoted as a good source of this vitamin, particularly for pregnant women
(US National Pasta Association, 1998).
Obviously pasta is rarely a meal in itself and the nutrition value of any
meal will also depend upon what is served with it. In fact, because pasta is so
supremely versatile as a base to a meal it is easily possible to serve it in ways
to satisfy both our notions of ‘healthy eating’ and our appetites for interesting and tasty food.
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2 Durum Wheat
G. Wiseman

2.1 THE ORIGINS OF WHEAT
The wheat plant, and the unique properties of the grain that it produces,
have been known for many thousands of years. The passage of time and the
biological diversity of the plant have resulted in the absolute origin of the
ancestors of the modern wheat being the subject of much debate. Most
researchers in this field believe that the common ancestors of all modern
wheats originated in the Near/Middle East, most probably in the area
known as the Fertile Crescent, a mountainous region in the upper reaches
of the Euphrates and Tigris rivers. Early studies found wild species of wheat
in the area that is now Israel in 1855, and wild wheats were also discovered
later in Palestine (Aaronsohn, 1913), unequivocally establishing the wild
species to the region.
Primitive man was obviously aware of the nutritional qualities of these
early wheat types, the cultivation of which was instrumental in establishing
settlements. This evolutionary step led to a more complex lifestyle and the
subsequent development of civilisation in the area. The charred remains of
wheat and the imprints of grains within baked clay have been recovered
from a number of archaeological sites in the Middle East, along with
primitive grinding stones that were used to produce crude flours.
The slow drying conditions prevalent in the desert conditions of the
Middle East have resulted in the recovery of well-preserved grains from
archaeological sites in the area and have enabled detailed scanning
microscopy studies of the grain to be made (Palmer, 1995). Radiocarbon
dating has been used to establish that species of wheat were being cultivated
around 8400-7500 BC in areas that are now part of Iraq, and in Syria
(Nishikawa & Nagao, 1977). It is however very probable that the domestication of wheat may extend even further back in history (Aykroyd &
Doughty, 1970), and evidence suggests that durum wheat was being grown
by the Egyptians around 4000ec (Harrison, 1934). Also, it has been
speculated (Dorofeev & Jakubnizer, 1973) that durum was grown around
the same period in the area that is now the Ukraine. The Great Russian
Plain appears to have been used for the cultivation of many of the current
food crops by Mesolithic tribes around 11000-8000 BC (Dorofeev et al.,
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1982). Grains from numerous species including wheat, barley, oats and rye
have been obtained from deposits in the Caucasus dating from 6000 BC
(Lisitsina, 1978).
During the development of wheat, humans have played an important role
in the selection of plant material suitable for further cultivation, the choice
of which has been based upon their own particular requirements regarding
ease of harvest, grain yield and threshing ability. The earliest requirements
during the domestication process were for the plants to retain their spikes,
assisting the process of grain collection. Wild forms of wheat are somewhat
prone to lose their spikes due to brittleness as they near maturity. These
spikes tend to break into smaller spikelets, containing one or two seeds, as
part of the plant’s dissemination mechanism. The selection of plants based
upon seed (kernel) size has always been important due to the nutritional
advantages to be gained from the additional contents of the seeds.
Threshing quality has been a relatively new selection criterion. Wild
species, together with the earliest forms of domesticated wheat, have a
kernel (caryopsis) that is tightly covered with a glume that it retains during
the threshing process. Selection pressure encouraged the growth of plants
that produced kernels that were readily freed from the glumes. Both bread
wheat and durum wheat now grow ‘naked’ and appear free of glumes,
making their subsequent usage a simpler process.

2.2 THE CLASSIFICATION AND EVOLUTION OF
MODERN WHEATS
All wild and cultivated wheats are members of the genus Triticum, and
economically they are probably the most important group within the large
grass family, the Gramineae [Poaceae] and the Hordeae tribe. To demonstrate their diversity, a selection of wheat types with widely differing
morphologies is shown (Fig. 2.1). All members have one or more flowered
spikes that are sessile and form true spikes.
Linneus suggested the initial classification of wheat in 1753. His classification was based upon physiological and morphological differences
between the wheats. However since Linneus there have been a number of
proposed classifications of the genus Triticum. The cytogenetic work of
Sakamura (1918) led to a proposed classification of wheat based on the
number of chromosomes present in each of the morphologically distinct
types. The cytogenetic and cytological studies showed that wheats could be
divided into three distinct groups. Each group was distinguished by the fact
that each of its somatic cells contained 14 chromosomes (as seven pairs) or
multiples of 14 chromosomes.
The simplest group, genetically at least, are the diploid wheats that have
two sets of seven chromosomes (14 chromosomes in total); this group has
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Fig. 2.1 Left to right: T. cornpacturn (club wheat), T. sphearococcurn (Indian shot wheat), T.
tirnopheevi, T. aestivurn (cornrnon/bread wheat), T. dururn (macaroni wheat), T. dicoccurn
(Ernrner wheat), T. turgidurn (rivet), T. spelta, T. rnonococcurn (Binkorn).

T. ~ O ~ O C O C C(einkorn
U ~
wheat) as a member. The chromosomes present
in these species are categorised into a genome (designated A in T. monococcum).
The second group is the tetraploid wheats, two important members being
T. durum (durum or macaroni wheat) and T. dicoccum. The tetraploid
wheats have four sets of seven chromosomes (28 chromosomes in total). In
this case the four sets of chromosomes are categorised into two genomes
(designated A and B in T. durum).
The third group, containing amongst others the economically important
bread wheats (T. aestivum), are the hexaploid wheats. Each member has six
sets of seven chromosomes (42 chromosomes in total), the chromosomes
being categorised into three genomes (designated A, B and D in T. aestivum). Since the discovery of the chromosomal grouping a number of further classifications have been subsequently proposed based on
morphological, genetic, cytological, biochemical and evolutionary data
(MacKey, 1954,1966,1975; Peterson, 1965).
The study of the complex relationships between the various species of
Triticum (both wild and domesticated) invariably has involved wild grasses
that are members of the genus Aegilops, and which appear to have made
significant contributions to the evolution of wheat. Although the subject is
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still debated, an ancestor of the genus Aegilops is generally attributed as
being the donor of two of the important genomes (B (G genome in T.
timopheevi) and D) found in modern wheat species. A simplified form of
the wheat genealogical tree is presented in Fig. 2.2 and outlines the considered origins of the most important modern wheat types and the relationships that are thought to exist between the wheats and their common
ancestors. The proposed branch of the genealogical tree detailing the
development of T. araraticum to T. timopheevi and T. zhukovakyi has been

Fig. 2.2 The development of modern wheats.
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omitted. A fuller account of the proposed ancestry is given by Bozzini
(1988).
The plant that we would now recognise as wheat is believed to have
arisen as the product of a ‘fortuitous’ cross that is considered to have
occurred at least 10 000 years ago. The hybridisation seems to have involved
a wild goat grass (Aegilopsspp.) and an ancient (uncultivated) wild species
of einkorn (T. urartulT. boeoticurn). The new tetraploid species, emmer
wheat (T. dicoccoides), has four sets of seven chromosomes (28 in total).
This spontaneous doubling of the chromosomes is thought to be an extremely rare occurrence and gave the new species a range of new properties
with a significant biological advantage. Instead of being a ‘sterile’ hybrid it
was able to produce the normal pollen and egg cells required for seed
production. It was this emmer wheat that formed the basis of early agriculture together with, yet to a lesser extent, cultivated einkorn (T. monoCOCCUrn)

.

T. rnonococcurn has been the most cultivated of the diploid wheats and
probably derived as a result of the cultivation of T. urartulT. boeoticurn. T.
rnonococcurn is both genetically and morphologically different from its
proposed ancestors T. urartulT. boeoticurn although all are diploid and
possess the A genome. T. rnonococcurn has been utilised for about 10000
years and produces larger kernels than its ancestor T. boeoticurn, although
the yield is generally poor. T. rnonococcurn is still grown in a small number
of remote regions in Turkey and the Balkans.
The domestication of einkorn wheat was pivotal to the development of
modern wheats in the Near East. Molecular biology techniques including
the analysis of restriction fragment length polymorphisms (FWLPs) (Heun
et al., 1997) have been employed to examine the changes that have occurred
in the D N A sequences of the wheats in the intervening time. These
methods have allowed the relative ‘closeness’ of the wheat types to be
assessed and the indications are that a wild group of T. rnonococcurnlT.
boeoticurn lines from the Karacadag Mountains in southeast Turkey are
most likely the progenitors of cultivated einkorn varieties. This conclusion
is supported also by evidence taken from the nearby archaeological excavations of early agricultural settlements.
There is little doubt that wild forms of tetraploid wheat abounded in the
Near East long before humans began to realise the benefits that could be
derived from it. The tetraploid wheats would have gained the preference of
the early farmers in the process of domestication as they provided a greater
number of larger kernels per spike than the diploid species. It seems likely
that more than a single ‘fortuitous’ hybridisation occurred to produce the
early tetraploid wheats as two domesticated forms (T. araraticurn and T.
dicoccoides)were in early cultivation, T. araraticurn being the ancestor of T.
tirnopheevi that possesses the G rather than the more common B genome.
T. tirnopheevi, however, appears to have had limited success and seems to
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have been restricted in its geographical spread. It is however still grown
today in small amounts, mostly within the former Soviet Union.
In contrast T. dicoccoides, which is the other domesticated tetraploid
wheat, spread to the greater Mediterranean region and North Africa. Later
T. turgidum and T. durum, both being significantly improved forms of T.
dicoccoides, spread across the Mediterranean area to North Africa, the
Middle East and eventually to Europe. T. turgidum seems to have adapted
to the wetter continental climate predominating in Europe; it also yields a
starchy endosperm. T. durum in contrast appears to have adapted to semiarid conditions, and produces a very vitreous endosperm.
A large number of subspecies exist within the tetraploid wheats. The
reason for this is thought to be the selection pressure associated with the
continuous cultivation of T. dicoccoides which has yielded a wide range of
morphologically distinct wheat types, all of which are fertile and can
intercross. Included in this diverse group are T. carthlicum, T. turanicum, T.
polonicum and T. paleocolchicum. The phylogeny and domestication of
tetraploid wheat species have been investigated recently through the variations that have occurred within their nuclear DNA, as revealed by FWLP
analysis (Mori et al., 1997). A range of wheat types representing cultivated
tetraploid wheat, wild emmer wheat (T. dicoccoides), wild Timopheevi
wheat (T. araraticum) and common wheat (T.aestivum) were analysed. All
the cultivated species, except for T. dicoccum and T. paleocolchicum, were
grouped into a distinct cluster in the phylogenetic trees. The large genetic
diversity that was found in the non-free threshing species T. dicoccum
strongly supports the archaeological evidence that T. dicoccum was the
earliest domesticated tetraploid wheat.
The success of the cultivated forms of emmer (T. dicoccum) stemmed
from the properties of the seed head. In general the wild species had fragile
ears with tough husks, making them both difficult to harvest and subsequently difficult to thresh and separate from the chaff. The cultivated
emmer wheats appear to have been subjected, whether intentionally or not,
to selective pressures that discriminated in favour of the wheat that had
more durable seed heads, which stayed on the stem during harvesting and
were easier to thresh.
Following the domestication of T. dicoccoides a range of emmer-related
wheats subsequently emerged which included the rivet wheat (T.turgidum)
that was widely used for thatching purposes in England during the thirteenth and fourteenth centuries and that persisted in common cultivation
until around 1940. During this period the main development was that of T.
durum, an adapted form of T. dicoccum thriving in the semi-arid environment adjacent to the Mediterranean, producing a granular flour or semolina that is essentially devoid of fine flour particles. The kernels of T.
durum, being white (amber) or brownish red in colour, are suited to the
manufacture of pasta and related products, couscous and certain specialised
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breadmaking applications. T. durum, eventually crossed the Atlantic, being
introduced into Argentina in the sixteenth century, however it failed to
develop into a major crop until relatively recent times (Vallegra, 1973).
While it is believed that T. durum was introduced initially into America
from Russia in 1864 (Dorofeev & Jakubnizer, 1973), cultivation only began
around the turn of the century when the crop was reintroduced from Russia
by M.A. Carlton. The history of T. durum as a major economic crop in
Canada is even shorter, being introduced after the rust epidemic of 1916.
Although T. durum was initially of Mediterranean origin the species has
now spread around the world to countries as diverse as Bulgaria, India,
Tunisia, Chile, Australia and the Pacific Islands and attempts to extend the
growth range by increasing disease, frost and stress tolerance continue.
Currently the major T. durum growing areas include Canada, USA, Australia, the Commonwealth of Independent States (CIS), Southern Europe
and India. A list of the major producing areas together with the current T.
durum cultivars (subject to the availability of information) is presented in
the Appendix at the end of this chapter.
In addition to the developments occurring to the T. durum and rivet (T.
turgidurn) populations during these early periods, a number of significant
changes were happening to the emmer-related wheats that were spreading
throughout Europe. This progression also involved a further chromosomal
transfer and led ultimately to the emergence of the hexaploid wheats. The
principal member of this group is the common or bread wheat (T. aestiv u m ) , of which there are a number of subspecies (T. spelta, T. macha, T.
vavilovi, T. vulgare, T. compactum and T. sphaerococcum). The process
once more arose by hybridisation, most probably between cultivated
emmer wheat (T. turgidurn) and a wild goat grass. The net result of the
hybridisation was to introduce a further set of seven chromosomes, which
once more doubled to produce a plant with a total of 42 chromosomes. It is
reasonably certain that the donor of the extra chromosomes was the goat
grass, A. squarrosa (called T. tauschii in North America). These seven
chromosomes are collectively known as the D genome and represent a
major advance in terms of wheat development with particular regard to its
bread-making quality and the technological properties of the flour. These
seven chromosomes carry alleles that encode for a group of proteins known
as the glutenins. It is these proteins that produce the viscoelastic properties
typically associated with bread dough. Therefore they can have a major
effect on the resulting bread quality.
The bread wheats that resulted from this ‘fortuitous’ cross spread
throughout Europe and Asia, beginning during prehistoric times, and soon
took over from the emmer-type wheats in Central Europe, with T. aestivum
probably arriving in Britain during the Iron Age. The spread of bread wheat
to both Australia and America took place in relatively recent times. A.
squarrosa is noted for its ability to adapt to a range of environments and it
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appears that it has passed on this advantageous trait to T. aestivum. The
economic benefits and adaptability associated with T. aestivum are recognised throughout the world, with wheat being cultivated in all regions with
the obvious exception of the equatorial belt where the temperatures are too
severe. It has been noted (Percival, 1921) that a wheat crop is being harvested somewhere in the world during each month of the year.
While the evolution of the main hexaploid species of wheat has been
described, it should not be overlooked that another relatively minor hexaploid wheat exists with a totally different genetic background. This wheat
is T. zhukovskyi (genome AAG) which is considered to be the product of
another ‘fortuitous’ hybridisation involving T. timopheevi and T. monococcum.

2.3 QUALITY AND GRAIN SHAPE
T. durum is generally regarded as being a larger grain with a more elongated shape than the more common T. aestivum, which is usually smaller
and more ovate in shape. T. durum has a particularly hard endosperm that
yields coarse yellow semolina upon milling. T. aestivum, by contrast, is more
easily milled with a starchy floury endosperm. A large number of variations
occur in the characteristics associated with wheat grain structure that, when
combined, often give particular species or even individual cultivars distinguishing features.
The most important grain characteristics have been thoroughly considered (Hervey-Murray, 1980), and Fig. 2.3 demonstrates the main wheat
grain characteristics. There are often marked differences in the colour of
the grains, and T. aestivum in particular can exhibit varying degrees of
redness. The three genomes (AABBDD) of T. aestivum carry three genes
for redness and are located on the long arms of chromosomes 3A, 3B and
3D (Flintham & Gale, 1995). Hence T. aestivum can express up to three
levels of redness whereas the tetraploid T. durum can express only two.
However in commercial cultivars of T. durum these genes are not expressed, resulting in the amber colour that is desirable and indicative of high
quality. This amber grain colour is equivalent to the white grain phenotype
in T. aestivum and is associated with poor pre-harvest sprouting resistance
in both cases.
One of the primary checks on the authenticity and quality of durum grain
is visual examination at the point of delivery, and it is worth considering
factors that may cause the grain shape to be different from that expected. A
principal cause of altered grain morphology is the environment. Stressed
growing conditions can often produce withered grains with an altered
morphology, making it more difficult to distinguish between T. durum and
any contaminating T. aestivum. While the trait responsible for the ‘classical’
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Fig. 2.3 Wheat grain characteristics (reproduced with permission from Hervey-Murray,
1980).
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elliptical nature of T. dururn is genetically closely linked to drought tolerance, for milling purposes a more ovate grain shape is preferable due to the
greater flour yield produced. This economic pressure has, in some areas,
prompted the development of ovate T. dururn cultivars (Fig. 2.4) which are
tetraploid and have no detectable D genome present. In contrast, some
cultivars of T. aestivurn when grown under ideal conditions produce large
plump grains that with a vitreous endosperm can often be mistaken for T.
dururn.

Fig. 2.4 Spherococcoid form of the Siberian T. dururn cultivar Altaiskaja Niva

When considering the matter of contamination one of the most important
factors is the geographical origin of the wheat. In this respect the crops
produced in the more temperate areas of North America and Western
Europe are essentially a monoculture and as such are very well characterised. However it is important to recognise that this is not the case in all
T. dururn growing regions of the world. T. dururn is traditionally grown in
the Middle East which, apart from being drought stressed also cultivates
large areas of other wheats such as T. dicoccurn, adding to the variations
possible as far as authenticitylcontamination is concerned. In many of the
regions that have less well-developed farming systems the majority of the
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crop will have originated from favoured cultivars that are often uncharacterised and saved from one year to the next. This can result in the proliferation of uncharacterised material that is prone to selective
environmental pressures, especially if the seed is saved for a number of
growing seasons. The net result of this is to make these areas appear to be
more prone to contamination problems. In extreme cases these problems
can be compounded when cultivars of T. durum and T. aestivum are grown
in close proximity to each other. While both crops are essentially selfpollinating, hybridisation between the two species can take place. In such
cases the wheat plants, spikes and the grain have significantly altered
morphologies (Fig. 2.5). The hybridisation process, however, appears to be
favoured in the case of spring T. durum cultivars by dry and arid conditions,
which enable the flowers to open fully and by so doing increase the likelihood of pollination by T. aestivum if it is growing nearby. In most situations this natural hybridisation process would have little effect on the
quality of the final crop. However in situations where economic reasons
dictate that the seed is saved year after year without recourse to fresh stock,
problems may arise. High levels of impurity may not have a large impact on
the sale of the crop locally, yet if such material were to be sold internationally, authenticity issues could be raised.

Fig. 2.5 ‘Spontaneous hybrid’ in a field of T. durum cultivar Kharkov 46 growing in the Altai
region of Siberia.
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2.3.1 Factors used to assess quality
As far as the quality and acceptability of T. dururn for processing into pasta
are concerned, the main factors that are normally considered are as follows
(Feillet & Dexter, 1996).

2.3.1.1 Visual scrutiny
Visual scrutiny is an important part of wheat assessment and forms the best
means of detecting any foreign material in the sample. While undesirable,
any non-durum component will reduce the value to the miller and may
introduce unwanted characteristics such as specks to the semolina. Dark
specks will also contaminate the semolina if toxigenic ergot bodies are not
removed from the mill feed. The physical condition of the wheat is always
the prime consideration. T. dururn is usually graded subject to a visual
examination to assess the amount of damaged grains present.

2.3.1.2 Test weight
Along with visual assessment and as an intrinsic part of the grading system,
the test weight of the grain will be determined. The weight per unit volume
(test weight) is often regarded as an important characteristic when determining potential semolina quality, and a minimum test weight may form
part of the grain specification by a miller and has been shown to be a good
prediction of semolina milling potential (Dexter et al., 1987, 1991). This is
an effective method for excluding poorly filled or damaged grains, which
will also impart a higher level of specks in the finished semolina.

2.3.1.3 Blackpoint
Visual examination will also determine if the sample contains grains with
blackpoint, a condition caused by a number of fungi including Alternaria
altenata. This common disease turns the kernel dark brown to black and
results in dark specks appearing in the semolina.

2.3.1.4 Vitreousness
The vitreousness of the T. dururn grain is also an important quality characteristic. The best grades of T. dururn have grains that exhibit high levels of
vitreousness and are very hard from the point of view of milling. Grains that
are fully non-vitreous (also called starchy, floury or mealy) are significantly
softer to mill and contain an endosperm that is starchy, producing white
spots in the semolina and pasta. However grains with areas of mealiness
within them appear to be little different in terms of milling hardness from
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the fully vitreous grains. Such grains produce a higher proportion of finer
flour during milling and are believed to have a lower protein content than
the vitreous grains (Matveff, 1963). The exact effect that such grains have
upon the final semolina/pasta quality is the subject of debate (Bolling &
Zwingelberg, 1972).

2.3.1.5 Sprouted grains
The usual undesirable characteristic of the presence of sprouted grains in
bread-making wheat appears to be of less importance for the pasta-making
potential of T. durum. Tradition suggests that sprouted grains will produce
a poor quality pasta but the evidence suggests that this is true only in severe
examples and that sprouted grains do not generally affect pasta quality
(Combe et al., 1988; Dexter et al., 1990).

2.3.1.6

Contamination with other wheats

Contamination of T. durum with bread or common wheat T. aestivum
reduces the semolina quality essentially by introducing finer particles
(flour) to the semolina. The proteins encoded by the D genome present in
T. aestivum include a number of albumins and globulins, which due to their
solubility in water decrease the semolina’s cooking quality by making the
resulting pasta more sticky.

2.3.1.7 Protein quality and quantity
The quality and content of the endogenous protein in a sample of T. durum
are probably the most important characteristic as far as pasta-making
quality is concerned, hence it often forms a part of the wheat specification.
While the absolute protein content is important, the functionality of the
gluten proteins present is also of prime consideration, the gluten strength
being a major factor in the quality of the cooked pasta.

2.4 PASTA AND LEGISLATION
A significant percentage of pasta products manufactured and sold within
the European Community (EC) are made from pure durum wheat (T.
durum Desf) semolina. The pastas that are made from pure durum wheat
are considered to be better products than those manufactured from hexaploid wheat, or mixtures of the two species. The manufacture of pastas
from common wheat or admixtures of the wheat types, without adequate
labelling, is usually considered as adulteration. Italian law (Gazzetta Ufficiale, 1967) currently prohibits the manufacture of pasta containing T.
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aestivum for sale in Italy but interestingly enough not for subsequent
export.
Several European countries including Italy, France and Spain take the
view that the incorporation of any common wheat in such pasta is effectively adulteration. Such products have been made for many years in a
number of countries including Hungary and Russia where the manufacture
of pasta from common wheat (T.aestivum) and eggs represented a means of
preserving valuable ingredients that were plentiful in the summer months.
The pasta produced in this way becomes very sticky once it is cooked.
This practice is not as widespread as it used to be and is declining as
consumers desire products that are simpler to cook and have better organoleptic properties. European legislation (Official Journal ofthe European
Community, 1994) and International Standards (International Standard,
1994) take the view that pasta manufactured from durum wheat which is
intended for export outside the E U may contain a maximum of 3% common wheat, to allow for cross-contamination during the agricultural process. More recently the European Community has suggested that all pasta
products should be appropriately labelled to show the extent of the inclusion of each wheat species in the product.
The United Kingdom does not have specific regulations regarding the
composition of pasta. Both the Food Safety Act (HMSO, 1990) and the
Food Labelling Regulations (HMSO, 1984) make it clear that it is an
offence to misdescribe a product or to offer it for sale in a misleading way,
hence the presence of common wheat in a pasta product must be declared
on the product label. The requirement for correct labelling has recently
assumed further importance within the EC as the accurate descriptions of
products is the basis for their classification in the Common Customs and
Tariff system and hence are used to apply for export refunds under the
terms of the Common Agricultural Policy.
It has been the case for many years that common wheat has traded at a
substantially lower price than durum wheat and this has acted as an
incentive to those adulterating pasta for financial gain. This situation is
always subject to rapid change fluctuating with the availability and quality
of the durum crop. Given the current world grain prices there is little
prospect of this situation changing in the foreseeable future. As a direct
result of these circumstances a number of analytical methods have been
devised to check pasta products and to verify the claims that are made by
the manufacturers, and by doing so enforcing the food legislation of the EC.

2.5 VERIFICATION OF AUTHENTICITY
A number of different analytical methods are available currently to address
the problem of detecting the presence of T. aestivum in T. durum pastas,
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most of which rely upon detecting the products of the D genome which is
specific to hexaploid wheat and absent from T. durum. These methods
usually involve the extraction of water or alcohol soluble proteins (albumins or gliadins) prior to their separation by either isoelectric focusing
(IEF) or by polyacrylamide gel electrophoresis (PAGE). Albumins
(Resmini, 1968; Resmini & D e Bernardi, 1976) fractionated by IEF have
for many years formed the basis of the official Italian test method (Gazzetta
Ufficiale, 1980).
Contamination can also be detected by P AGE of specific water-extractable enzymes such as polyphenol oxidases (Feillet & Kobrehel, 1972,1974)
and esterases (Cooke et al., 1986). Alcohol-extractable low mobility agliadins (Burgoon et al., 1985; Kobrehel et al., 1985) which are encoded by
the D genome of non-durum wheats, when fractionated by PAGE, have
also been shown to be effective at detecting contamination. Other methods
include the analysis of the secondary metabolite sitosteryl palmitate by
either thin layer chromatography (TLC) (Gilles & Youngs, 1964; Berry et
al., 1968), or more recently by reverse phase high performance liquid
chromatography (RP-HPLC) (Sarwar & McDonald, 1993).
The analysis of fatty acid sterol esters by TLC following petroleum
ether extraction is the current recommended method for the detection
of T. aestivum adulteration of pasta within the EC (Anon, 1979).
Immmunochemical assays based upon either water-soluble proteins
(Piazzi & Cantagalli, 1969; Piazzi et al., 1972) or alcohol-soluble proteins (McCarthy et al., 1992) have also been investigated. In particular,
antibodies to friabilin, a low molecular weight protein associated with
grain softness, has been used to assess T. aestivum adulteration (Greenwell et al., 1992; Mackay & Stimson, 1993; Autran, 1995). Investigations have been made using RP-HPLC to detect and quantify the
presence of T. aestivum contamination in T. durum semolina, based on
the fractionation and quantification of a group of yl(3-gliadins (McCarthy et al., 1990). This method has recently been extended to include
the analysis of pasta products dried at low and elevated temperatures
(Autran et al., 1994; Barnwell et al., 1994). Specific albumins present in
T. aestivum have also been detected in semolina using RP-HPLC (de
Noni, 1994).
The presence of individual grains of T. aestivum in durum shipments can
be routinely screened using a tyrosinase test, where a dark brown colour is
developed due to the higher polyphenoloxidase activity present in T.
aestivum (Mahoney & Ramsey, 1992). Digital image analysis of grains has
also been applied to the detection of contaminating T. aestivum with some
success (Neuman et al., 1987), however the method is highly dependent on
the geometrical features of the grain and their interaction with
environmental factors (Symons & Fulcher, 1988a,b). There is evidence that
some T. durum and T. aestivum cultivars grown in particularly arid and

26

PASTA AND SEMOLINA TECHNOLOGY

stressed environments do not adhere to the accepted geometrical
parameters (G. Wiseman, unpublished observations).
The principal limitation of the aforementioned methods involving protein extraction is that of denaturation (Feillet & Kobrehel, 1972), occurring
as a result of the drying processes during pasta manufacture. The denaturing effect of heat upon the proteins assumes an increased importance
as pasta producers are tending to move to higher temperatures to effect
quicker drying of the product. Such processing renders the enzymes
inactive and hence the enzymatic detection methods ineffective.
Denaturation of many of the alternative proteins used as markers of T.
aestivum contamination also occurs. The denaturation of the ylp-gliadins
causes band broadening and a shift in elution time when subjected to
HPLC, making accurate quantification of the contamination problematical
(Aktan & Khan, 1992).
The presence of salt-soluble albumins and globulins in ethanolic extracts
used in RP-HPLC have also been shown to adversely affect the quantification of specific gliadin species (Galleschi et al., 1993). The alcohol-soluble
a-gliadins, however, due to their lack of cysteine residues, are considerably
more heat stable and survive moderate thermal processing. While these
proteins survive as markers of contamination, little is known about their
subsequent quantification other than that their apparent recovery from
high temperature processed pasta is decreased and that the intensity of
staining changes following thermal processing (Aktan & Khan, 1992), thus
making accurate quantification difficult.
A further factor that adds to the difficulties encountered is the littlestudied effect of the environment on the expression of the proteins used as
markers of contamination. It has been noted (Wrigley & Shepherd, 1973)
that the albumins and globulins (Piazzi & Cantagalli, 1969; Piazzi et al.,
1972) can be affected by the environmental growth conditions of the wheat,
raising questions concerning the plausibility of the results. While the effect
of the environmental growth conditions on other groups of wheat proteins
is little studied, there is evidence (Blumenthal et al., 1993) that this factor
may be more important than was thought previously. The consequential
effect on quantitative studies is therefore unknown.
The recently published report on the authenticity of dried durum wheat
pasta carried out in the UK (HMSO, 1995) has shown that using two
analytical techniques (acid-PAGE (Fig. 2.6) and HPLC), only one of the
249 samples collected from around the UK was misdescribed. This sample
was found to exceed the 8% T. aestivum level set as the limit of authenticity
for the purposes of the survey. While the result is in many ways reassuring
and indicates that there is not a major problem in this area, it must be
interpreted with a degree of caution because of the limitations of the
analytical methods employed. The upper limit chosen for this study (8%) is
an acknowledgement of the problems encountered within the analysis. The
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Fig. 2.6 Acid-PAGE of proteins extracted from pasta. (1) Neodur (T. dururn) single grain. (2)
Soissons (T. aestivurn) single grain. (3) Pasta made from 97% Neodur: 3% Soissons dried at
50°C. (4) Pasta made from 97% Neodur: 3% Soissons dried at 80°C. (5) Pasta made from 97%
Neodur: 3% Soissons dried at 104°C. (6) Pasta made from 95% Neodur: 5% Soissons dried at
50°C. (7) Pasta made from 95% Neodur: 5% Soissons dried at 80°C. (8) Pasta made from 95%
Neodur: 5% Soissonsdried at 104°C. (9)Alternative5% T. aestivurnstandard. (10) Pastamade
from 90% Neodur: 10% Soissons dried at 50°C. (1 1) Pasta made from 90% Neodur: 10%
Soissons dried at 80°C. (12) Pasta made from 90% Neodur : 10% Soissons dried at 104°C. (13)
Alternative 10% T. aestivurn standard. (14) Neodur (T. dururn) single grain.

limit of detection of the T. aestivurn-specific a-gliadins is about 2-3 % with
an accuracy of about 2%.
The problem is compounded due to differential processing conditions.
The precise effect of thermal processing upon the analyses is at the present
time unquantifiable, and for the purposes of the survey a set of ‘control’
pastas processed at 80°C were used to quantify the adulteration levels.
However it should be realised that this represented a median position and
would result in the undermeasurement of adulteration in pastas dried at
higher temperatures. Conversely, adulteration in pastas dried using somewhat lower temperatures would be overestimated. It would therefore be
desirable to improve these tolerances and to have lower margins of error
within the analyses. In particular, it would be desirable if the results derived
by the method of analysis were unaffected by thermal processing. This
would then enable the detection of instances where the 3% adulteration
level was exceeded.
The limitations of the current methods of analyses are generally recognised by the industry throughout Europe. Two recent reviews including that
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of a 4-year European study (Autran, 1995; Feillet & Laignelet, 1996) have
investigated the current trends in this area and in particular the problems
introduced by the high-temperature drying of pasta. As far as the available
methods are concerned, there still seems to be a problem with regard to
quantifying T. aestivum adulteration. The conclusions were that only three
of the tests (electrophoresis of the a-gliadins, RP-HPLC of a y-gliadin
fraction, and the immunochemical test for friabilin) were ‘workable’ and
that all the methods had problems in determining the proportion of T.
aestivum present.
The main areas of current activity that use proteins as markers of adulteration are the immunochemical detection of T. aestivum and in particular
the continued attempted commercialisation of the antibody methods.
Polyclonal antibodies were raised against unheated and heated T. aestivumspecific y- and a-gliadins (Stevenson et al., 1994) with a view to detecting
their presence in pasta products. However following the use of the protein
friabilin to detect T. aestivum semolina and the European Patent application by RhGne-Poulenc Diagnostics, a number of rapid test kits were
developed (Boney, 1998). RhGne-Poulenc Diagnostics Technologies have
since launched three antibody-based tests (Pastascan, Durotest S (for use
with semolina) and Durotest P (for use with pasta; Autran et al., 1994). All
are based upon detection of friabilin. Pastascan and Durotest S use ‘dipstick’ technology to produce a quick qualitative result indicating the presence or absence of T. aestivum. Durotest P, however, is designed to give a
quantitative result. Cortecs Diagnostics, in collaboration with Nottingham
Trent University, have also released a test kit based on the detection of a T.
aestivum-specific y-gliadin. Information regarding this kit is very limited
but their literature suggests a limit of detection of about 1%.As yet no
information is available concerning the reproducibility, accuracy or precision of these tests.
A further point that needs to be addressed for all protein-based detection
methods is that little is known about the expression of particular wheat
genes, and the effect that growth conditions have on the expression of the
protein encoded. Recent results (G. Wiseman, unpublished observations)
have shown that lines of T. aestivum are in existence which, although they
have been shown to contain the D genome, appear not to express the agliadins, making them undetectable by many of the present detection
methods. Therefore it would seem vital that investigations be carried out to
determine if the expression of marker proteins varies from one T. aestivum
cultivar to another. While such research may not be required for empirical
study, it is essential when a greater precision is needed and in situations
where small changes could have large implications for particular manufacturers, importers or retailers who may be adjudged to have ‘adulterated’
pasta following such an analysis. The problems and uncertainties associated
with the quantification of specific proteins are a major motivation to
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establishing a quantitative method based on a single copy of a specific DNA
sequence.

2.6 MOLECULAR TECHNIQUES TO IDENTIFY
ADULTERATION
2.6.1 The polymerase chain reaction
It is not the intention to present here a full description of the polymerase
chain reaction (PCR). This sensitive and highly specific D NA amplification
technique (Bryan et al., 1998) has been used to amplify specific D genome
D N A sequences (Dgas44) and hence detect the presence of contaminating
T. aestivum in dried pasta products. A thorough review of this powerful
technique can be found in Erlich (1989). It is sufficient here to summarise
the technique as a method that allows the amplification of specific fragments of DNA. It does, however, presume that some detail is known about
the sequence of bases that comprise the fragment of interest.
As the name suggests the amplification reaction is cyclic in nature. A
small amount of ‘target’ or ‘template’ D N A is first isolated from the
material of interest, this target D N A is heated in a thermocycling apparatus
to 95”C,allowing the two strands of the D N A to separate or denature. Once
this has been achieved the sample is cooled rapidly to a predetermined
temperature, the annealing temperature (approximately 60°C).
A t this point small oligonucleotides known as ‘primers’ - single strands of
D N A which have complementary sequences to specific base sequences at
each end of the D N A to be amplified - hybridise to the target DNA. The
hybridised oligonucleotides are then extended to produce a longer oligonucleotide by the action of D N A polymerase 1 (often referred to as Taq
polymerase, due to its isolation from the organism Thermus aquaticus). The
reaction mixture in which this process occurs contains the bases required to
synthesise fresh DNA, and other reagents such as an appropriate buffer and
Mg2+.
This extension occurs using the primers bound to each of the two original
strands of target D N A in both directions. During the extension phase of the
reaction the D N A polymerase ‘reads’ the base sequence present in the
target D N A and responds by extending the new strand by a single complementary base. This extension reaction is carried out at 72”C, at the end
of this first cycle the amount of target D N A in the reaction has doubled.
The cycle is then repeated up to 40 times to produce sufficient D NA to
visualise and characterise by virtue of its size using agarose gel electrophoresis. The PCR product synthesised is often referred to as the amplicon.
Due to the problems associated with the detection of durum wheat
adulteration using protein-based methods of analysis, it is logical to address
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the detection and quantification of T. aestivum contamination in T. durum
pastas through the presence of the primary source of the current ‘markers’,
i.e. the D N A sequences comprising the D genome present in hexaploid
wheat but absent from T. durum. The use of PCR to detect T. aestivum in
pasta has also been advocated by workers in Germany (Waiblinger &
Pietsh, 1997). This would surmount the present problems associated with
protein denaturation and also the perceived problem of the differential
expression of particular proteins as a function of environmental growth
conditions.
Previous studies in wheat have demonstrated the use of molecular
biological techniques, such as PCR or D N A hybridisation, to detect or
discriminate between D N A sequences in the wheat genome (D’Ovidio &
Anderson, 1994; McNeil et al., 1994). A recent paper (Bryan et al., 1998) has
described the use of a D genome-specific repetitive D NA sequence
(Dgas44) for the detection of the presence of bread wheat in deliberately
adulterated pasta samples, and details the isolation of DNA of sufficient
quality for PCR or D N A hybridisation analysis using processed pasta
samples.
During this research, a range of primers were investigated, some of which
were specific and only amplified sequences from the D genome. Others,
despite previous reports (McNeil et al., 1994), were found to be less specific
and amplified sequences from the three genomes present in hexaploid
wheat. It was thought that this may be due to the repetitive nature of the
Dgas44 sequence and that, in reality, a small number of Dgas44 sequences
were present in both the A and B genomes of hexaploid wheat, and because
of the low copy number present in these genomes had remained undetected. The study showed that while several primer combinations would
selectively amplify a D genome-specific fragment within the Dgas44
repetitive sequence, the best combination of primers produced a 287 bp
amplicon.
An important aspect of the research was the manufacture of ‘control’
pastas made from accredited samples of T. durum (cultivar Nkodur) and T.
aestivum (cultivar Soissons) and which had been dried using a range of
drying profiles. This was to ensure that the methods were applicable to the
widely differing processing conditions used by commercial manufacturers.
It also allowed an assessment of the effect that thermal processing had on
the analytical results. It is recognised widely that the drying profile can
adversely affect the results obtained from the analysis of proteins either by
HPLC or electrophoresis.
The PCR results showed that while a reasonable visual relationship
existed between the amount of PCR product and the initial ‘D genome’
concentration (the adulteration level), it was difficult to conclude that the
relationship was in any way defined. This feature is due mainly to the
logarithmic nature of PCR and to its inherent characteristics. It was
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observed also that the amplicon signal (as visualised by ethidium bromide
staining) decreased somewhat with the increasing temperatures of the
drying profiles. An explanation for this adverse effect is that the higher
temperatures promote additional degradation of the DNA. This effectively
decreases the concentration of the target sequences that are available for
amplification by PCR. The results obtained from 0, 1, 2, 3, 5 and 10%
adulterated pasta, dried at 50°C and 80°C, are shown in Fig. 2.7. It can be
seen that the method can detect the presence of contaminating D genome
in pasta down to about the 1%level.

Fig. 2.7 Agarose gel electrophoresis of the 287 bp amplicon produced by PCR from the D
genome-specific Dgas sequence present in adulterated pastas dried at 50 and 80°C.

Recent research in the author's laboratory has improved this published
method (Bryan et al., 1998), and has centred upon the accurate quantification of the amounts of contaminating D genome present in adulterated
pasta using advanced PCR-based methods. Even more recently, the use of
the multiple-copy sequence Dgas44 has given way to a single-copy
sequence. This has proved to be a more applicable method for the accurate
quantification of the D genome and has formed the basis of the author's
current research. This work utilises recent innovation where the PCR has
been modified using the Taqman chemistry to enable instrumentation to
follow the progress of the PCR cycle by cycle.
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2.6.2 Quantitative PCR and the ‘Taqman’ chemistry
The logarithmic nature of PCR has presented workers with a number of
problems when the matter of PCR product quantification is considered.
The PCR reaction, while often extremely effective, is never 100% efficient
due to kinetic and potential inhibitors being present in the reaction. Classical ‘end-point’ analysis of the amplicon by electrophoretic separation in
agarose gels fails to differentiate between original target DNA concentrations, especially if 35 to 40 cycles of PCR are performed and the system is
exhibiting saturation kinetics. This situation is demonstrated in Fig. 2.8.

Fig. 2.8 ‘Real-time’ PCR showing the effect of DNA template concentration and cycle
number upon amplicon production (reproduced with permission from Perkin-Elmer Applied
Biosystems literature).

DNA template concentrations have been varied by a factor of lo3 and the
subsequent PCR products followed as a function of cycle number. As
expected, the highest template concentration produces enough detectable
amplicon in the smallest number of PCR cycles. The product can be seen to
be accumulating in subsequent cycles, reaching a plateau due to limiting
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deoxynucleotides and inhibition kinetics. The lower template concentrations do not produce enough amplicon to be detected until later cycles, yet
they too show the same pattern of accumulation and the later inhibition.
Should the reactions only be examined after 40 cycles (i.e. end-point
determination), approximately the same amount of amplicon will be found.
This situation is a perfectly acceptable and practical method for empirical
‘qualitative’ determinations but is useless for discriminating between the
initial template concentrations necessary for quantitative assays.
There have been a number of attempts to solve this difficult problem,
including competitive PCR involving the effective titration of the amplicon
with a shortened form of the amplicon added to the PCR prior to amplification. A recent review (Larrick, 1997) has examined the many attempts
to answer this important question. Methods investigated include the kinetic
quantitative ELISA-PCR and HPLC linked with chemiluminescence,
digoxigenin labelling or colorimetric detection of the amplicon. These
methods have been applied particularly to the analysis of mitochondria1
ribonucleic acid (mRNA) but problems are encountered with validation
and the choice of internal standard.
To overcome these problems and to follow the reaction in ‘real time’, a
number of modifications have been incorporated into PCR to produce a
homologous phase assay based on the 5‘-3‘ exonuclease activity of Taq
polymerase. This method follows the release of a fluorescent reporter
molecule during the extension phase of the PCR. The reporter fluorescence
increases in proportion to the production of the specific amplicon and is
measured within the reaction tube every 6 seconds.
It is generally agreed that the Taqman method is the best current method,
mainly due to its wide dynamic range, the underlying robustness of kinetic
PCR together with the advantages of homologous phase assays. Unfortunately the ‘real-time’ version of the Taqman chemistry can only be performed in a specialised instrument (ABI 7700) at considerable cost. The
system does, however, have the added advantage that the detection of the
amplicon is performed within the PCR tube so negating the more usual step
of removing PCR products for characterisation by agarose gel electrophoresis. The elimination of this step helps prevent carry-over
contamination.

2.6.3 Fluorogenic 5’-3’ exonuclease assay (Taqman)
In performing a Taqman assay, the basic principles of the PCR mechanism
remain essentially unchanged. The 5’-3’ exonuclease assay (Fig. 2.9) is
made possible as a result of several unique features of both Taq polymerase
and the design of a fluorogenic probe that is included in the PCR.
Firstly, AmpliTaq polymerase has 5‘-3‘ endonucleolytic activity (Lawyer
et al., 1989: Holland et al., 1991; Lyamichev et al., 1993). This allows the
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Fig. 2.9 Specific DNA sequence detection. A stepwise representation of the 5’-3’ endonucleolytic activity of Taq polymerase (DNA polymerase) acting on a fluorogenic probe during
one extension phase of PCR. R = reporter; Q = quencher (reproduced with permission from
Perkin-Elmer Applied Biosystems literature).

direct detection of PCR product following the release of a fluorescent
reporter during the PCR (Lee et al., 1993). The probe is an oligonucleotide
that has a fluorescent reporter molecule (i.e. FAM-6-carboxy-fluorescein)
covalently bound to the 5‘ end. The fluorescent reporter is quenched by
TAMRA (6-carboxy-tetramethylrhodamine) which is attached, at its 3‘
end, via a nucleotide that has a modified linker-arm. In addition the oligonucleotide is phosphorylated at the 3’ end to prevent extension of the
probe during PCR. In the intact form of the probe, the proximity of the
TAMRA quencher dye to the fluorescent reporter (FAM) results in suppression of the reporter fluorescence due to energy transfer (Forster, 1948;
Lakowicz, 1983).
However, during PCR in the presence of the specific target sequence, the
probe specifically anneals between the forward and reverse primer sites.
The nucleolytic activity of the AmpliTaq D N A polymerase then cleaves the
probe during the extension phase of PCR. This occurs only when the probe
has hybridised to the specific target sequence. The DNA polymerase will
not cleave the probe in free solution. Following cleavage, the shortened
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probe then dissociates itself from the target sequence, allowing polymerisation to continue.
These events take place during each cycle of the PCR and do not affect
the exponential accumulation of the amplicon. The cleavage of the probe
between the FAM reporter dye and the TAMRA quencher dye results in an
increased fluorescence that is proportional to the amount of accumulated
amplicon. The important point during the PCR is when the fluorescent
signal becomes statistically resolved from the background measurement this has been designated the cycle threshold (Ct).
The overall specificity of the assay results from the requirement of the
enzyme for sequence complementarity between the probe and the target in
order for cleavage to occur. Hence fluorescence is only detected when the
specific target sequence is present and amplification of the specific
sequence, as defined by the forward and reverse primers, occurs. No
fluorescence is generated by non-specific amplification.
Having established that the Dgas44 sequence could be used qualitatively
to detect the presence of contaminating T. aestivum, the method was
extended to incorporate the Taqman technology. A n example of the results
obtained is shown (Fig. 2.10). The method is particularly sensitive in the 05 % adulteration range. However this is the range that requires better
analytical methods, particularly with regard to the enforcement of the 3 %
legal limit of adulteration.
While attempts to rationalise the price of wheat within Europe have
failed the price of T. aestivum remains significantly below that of T. durum,
due in part to lower yields and the occasional harvest failure. Hence

Fig. 2.10 Fluorescence curves (in triplicate) generated from the detection of the D genomespecific sequence present in 0, 1, 2 and 3% adulterated pastas. The cycle threshold (Ct) is the
point when the generated fluorescence differs from the baseline by a statistically significant
amount.
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profound financial gains can be made by unscrupulous suppliers and
manufacturers, even when relatively low adulteration levels are involved.
This becomes particularly true if profit margins become squeezed. Also, as
world markets become more open and products enter into the major
markets from non-traditional sources, it will become necessary to ensure
that all products conform to the unified legal requirements, thus allowing
trading to take place on a fair and equal basis.
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APPENDIX: CURRENT COMMERCIAL T. DURUM
VARIETIES
Cultivars are listed in order of commercial importance (wherever possible) unless
stated otherwise.
Australia
Wollaroi
Yallaroi (being phased out)
Kamilaroi (being phased out)
Tamaroi
Austria
Lloyd
Isadur
Topvor

Azerbaijan (all varieties are autumn
planted)
Tartar
Tartar 2
Karakilcik
Sirasian
Altun
Alinca
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Canada (alphabetical list)
AC Avonlea
AC Melita
AC Morse
AC Navigator
Hercules
Kyle
Mendora
Pelissier
Plenty
Sceptre
Wakooma
Wascana
France
Varieties reconunended b y the industry
Armet
Auroc
Brindur
Duriac
Exeldur
Exodur
Lloyd
Neodur
Orjaune
Primadur
Tetradur
Other varieties usable in mixtures
Aramon
Arcalis
Ardente
Arstar
Brunadur
Excalibur
Galadur
1x0s
Nefer
Germany
Lloyd
Bidur
Orgaune - high yield but poor quality
Greece (alphabetical list)
Ares
Arietol
Athos
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Cosmodur
Kronos
Mexa
Mexicali 81
Minos
Rocio
Selas
Sifnos
Simeto
Skiti
Skyros
Sperhios
Stagira
Syros
Vitron
Yavaros
Zenit
Hungary (alphabetical list)
Winter durums
GK Basa
GK Betadur
GK Minaret
GK Novodur
GK Tiszadur
Martondur 1
Martondur 2
Odmadur 1
Odmadur 2
Radur (originally from Germany)
Spring durums
Lajtadur (originally from Austria)
Multidur (originally from France)
Semperdur (originally from Austria)
India (alphabetical list)
Central Zone
HI 8381
Raj 1555
North-West Peninsular Zone
PBW 34
PDW 215
PDW 233
WH896
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Peninsular Zone
Raj 1555
H D 4502
Italy
Zenit
Sempto
Neodur
Cosmodur
(+ about 60 other varieties)
Morocco
Karim
Marzak
Oumrbia
Massa

SpaidPortugal
Simeto
Don Pedro
Nuno Yavaros
Vitron
Jabato
Gallareta
Anton
Regallo
Mexa
Sula
Roqueno
Aldura
Penafiel
Benadur
Tresor
Angre
Durbel
(+ another 35 lesser, but certified,
varieties, often farm saved)
Turkey
Kunduru 1149 (selection from
Landrace)
Diyarbakir 81
Cakmak 79
Gediz 75
Dicle 74
Ege 88
Kar akilcik (Landr ace)
Sorgul (Landrace)

Kiziltan 91
Cesit 1252
Salihli 92
Sahman (Landrace)
Altintac 95
Berkmen 469 (selection from Landrace)

USA
North Dakota
Renville
Monroe
Kyle
Rugby
Munich
Vic
Plenty
Ben
Mendora
Fjord
Ward
Laker
Sceptre
Lloyd
AC Melita
ArizondCalifornia (desert durum)
Kronos (accounts for 75% of desert
durum grown in region)
Cortez
WB 881
Kofa
Yavaros 79
WB Turbo
Minos
Duraking
Ria
Durex
Former Yugoslavia
Windur
Durumko (facultative type planted
October to March)
Dusan (spring)
Fidela (spring)
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3 Advances in Durum Milling

3.1 INTRODUCTION
In Chapter 2 we learned about the origin of durum wheat and how it differs
from common wheat. These differences have given durum wheat unique
characteristics, the most significant of which is the vitreous nature of the
endosperm. This characteristic, together with the ever-changing requirements of the pasta maker, means that durum semolina milling is now significantly different from common wheat milling and is also undergoing a
revolution in terms of technique employed.
This chapter explores the basic objectives of durum milling and then
introduces some new milling concepts promoted by experts in this field.

3.2 BASIC SEMOLINA REQUIREMENTS
K. Turnbull
The basic objective of semolina milling is the maximisation of yield at a
given quality. The definition of semolina quality has changed over the past
few years and as a result the milling systems have had to adapt. However
the guiding principles and quality control parameters have remained
virtually unchanged and can be divided into those which are fundamental to
the wheat milled, such as protein amount, protein quality and enzymatic
activity, and those which are a result of the milling process. These are
discussed below.

3.2.1 Ash
A wheat berry is made up of three basic constituents: the germ, the endosperm and the protective bran skins (see Fig. 3.9, later). A perfect milling
process would ideally separate out the endosperm in the form of semolina
without any contamination from the bran or germ. This, however, is
impossible and the level of such contamination in semolina is measured by
determining its ash content (see Chapter 8, section 8.3.1.1 for methods).
The ash content of endosperm taken from the centre of the grain can be as
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low as 0.6%, compared with durum flour taken from the area of the grain
adjoining the aleurone layer of the bran skin which can be as high as 1.5%.
It is, therefore, straightforward to see that the lower the ash figure the more
pure the semolina and, for a given yield, the lower the ash figure the more
efficient the milling process. Do not forget, however, that different wheats
have different inherent ash contents, so true comparisons can only be made
on semolina produced from wheats of similar origin.

3.2.2 Particle size
The basic principle here is that the more even the particle size the more
even the hydration of the semolina in the pasta mixer. There is, however, no
ideal particle size as this requirement relates closely to the method of
mixing employed by the pasta maker. The tradition was for a coarse
semolina but now modern pasta-making techniques require finer particles
that hydrate quicker. Finer, floury particles at one time were associated
with poor quality pasta but if milled correctly, particle size ranges, akin to
flour, are now used successfully, giving high quality pasta at increased
milling yield and faster mixing speeds.

3.2.3 Speck count
The types of specks found in semolina can be divided into two types. Black
and dominant specks are the result of inadequate wheat cleaning. They tend
to be few in number and stand out clearly in the semolina and resultant
pasta. Brown specks are smaller and less visible. Their effect, if numerous, is
an overall dulling of the colour of pasta both in the dry and cooked form.
They are predominantly the result of poor mill performance and flow
design (see Chapter 8, section 8.3.1.6).

3.2.4 Colour
It is often assumed that a bright-coloured semolina produces a brightcoloured pasta. This is not always the case, particularly as the perceived
colour of semolina is related to the shape of the semolina particles, and the
way in which light is reflected from them, as well as the inherent colour of
the wheat endosperm. It is therefore possible to have two semolinas of
different particle size that look different in colour, as a raw material, but
when converted to pasta are very similar in colour. The subject of colour in
pasta is explored further in Chapters 5 and 8.
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3.2.5 Moisture
The final moisture content of semolina results from three different influences. First is the need to maximise mill gain by incorporating as much
water as possible. Second is the ideal moisture content for optimal milling
performance and product handling. Third is the overriding safety requirement not to exceed a moisture level where mould growth or other microbiological problems could occur.
Meeting a customer specification is therefore a combination of the
correct selection and gristing of durum wheat and the correct cleaning and
milling of that wheat.

3.3 MODERN DURUM WHEAT CLEANING PLANTS
T. Kuenzli
3.3.1 Introduction
In the past, grain suppliers have constantly improved the quality of their
products in terms of more uniformity, reduced impurities and less crosscontamination. In the future, due to public demand, growers will have to
reduce the amount of pesticides and fertilisers. It is to be expected that
more impurities will be delivered to the semolina miller’s doorstep. A very
efficient cleaning plant (Fig. 3.1) is, therefore, a must in a quality-orientated flour mill. Further, it has to be expected that the wheat protein levels
and protein quality might drop considerably as a result of using fewer
fertilisers. An accurate wheat blending system is required to overcome
this.

3.3.2 Wheat cleaning principles
The purpose of wheat cleaning is to:
ensure that only the desired kernels reach the first grinding roll
improve hygiene of the finished products
achieve optimal mellowness of each kernel
increase flour extraction
protect the equipment
reduce wear and tear
extend the lifetime of the grinding rolls
prevent clogging of bin and machine outlets, gravity spouts and conveying elements.
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Therefore the cleaning plant has to perform the following tasks:

(1) removal of impurities
(2) cleaning of the grain surface
(3) tempering of the wheat.
3.3.2.1 Removal of impurities
Depending on the type of grain, its origin, the method of cultivation and
harvesting, the type of transport and the storage system, the wheat received
at the mill contains a variety of impurities. To ensure that only the desired
grain kernels reach the first grinding roll in the mill, the following impurities
have to be removed:
0
0
0
0
0

metal parts
foreign grain
small seeds
shrivelled grain, sand, stones and mud lumps
unthreshed grain, husks, straw, etc.

In order to isolate and remove the above impurities, the grain has to be
classified by means of
0
0

0

0

magnetisation - to remove ferrous parts
size - to remove foreign material larger and smaller than the grain
cleaned
shape - to remove long and round foreign kernels as well as broken,
infested or shrivelled kernels
weight - to remove foreign material heavier and lighter than the grain
cleaned.

In durum milling plants it is necessary to determine whether classification
by hardness or elasticity is also required. Table separators, or so-called
Paddy separators, achieve separation of kernels due to different specific
weights on the one hand and hardness, elasticity and outer surface condition on the other.
3.3.2.2

Cleaning of the grain surface

To reach maximum possible hygiene of the grain the surface has to be
cleaned. This task is taken over by scourers andlor impact machines, also
loosening materials such as hulls and husks, dust and sand, insect fragments
and rodent droppings which are adhering to the grain kernels. Subsequent
aspiration channels then remove these impurities from the product stream
by means of an air current.
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3.3.2.3 Tempering

Durum wheat is conditioned to reach optimal mellowness of the kernels
and loosen the bran layers. This gives the best possible grinding parameters
to obtain the best possible semolina that exhibits consistent and pure
quality, correct and constant moisture, and maximum extraction rate. The
conditioning is influenced by:
wheat variety
kernel hardness
raw wheat moisture level
required moisture level at the first break roll
grain and water temperature.

3.3.3 Cleaning plant (see Fig. 3.1)
The cleaning plant can be subdivided into:

(1) First cleaning
(2) Water addition/tempering
(3) Second cleaning.
3.3.3.1 First cleaning
This is based on all the duties outlined before one can draw up many
different cleaning plant layouts. The order in which the grain runs through
the machine may be altered depending on the quantities of each impurity,
the space available, etc. The following product flow can be taken as a
standard guide.
The product stream is either metered by flow balancers, differential
proportioning scales or hopper scales. Today’s differential proportioning
scales, equipped with three heavy duty load cells, have the distinct advantage of an absolutely constant product stream paired with high accuracy on
the total product metered. They ensure even flow throughout the cleaning
plant and impart optimal conditions for the best performance of the subsequent cleaning machines.
To prevent damage to subsequent machines, a magnetic separator should
be installed before the first cleaning machine. Whether it is a self-cleaning
drum type magnetic separator, a plate magnet or a spout magnet depends
on the available space and the money available.
The main machine of this type of modern cleaning plant is a multipurpose cleaning device (see Fig. 3.2). This machine is employed to perform
duties which, in recent years, were performed by four different machines. It
separates impurities, which are larger or smaller, heavier or lighter than
wheat. In addition it classifies the wheat into a heavy (60-80%) and a mixed
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Fig. 3.2 Cornbi cleaner MTKB (Buhler)

product fraction (20-40%) fraction. The product enters the machine at the
top via a gravity fall retarder. The upper section of the machine is called the
separator section as it replaces the old-type mill separator. Impurities larger
and smaller than the wheat are removed in this section.
After this the wheat flows into the gravity selection section. This section
operates in the negative pressure range. Inlet and outlets are designed to
prevent uneven airflow. This gravity selection section consists of two
superimposed screens. The grain entering this section is classified by weight
on the upper sieve. The lighter kernels are lifted off the screen by the air
stream and are therefore prevented from falling through the screen openings flowing directly to the end of the screen. The heavy kernels fall through
the openings of the upper screen onto the lower screen where stones and
impurities heavier than the grain are removed. A built-in aspiration channel
removes fine and very light particles. This type of machine can be equipped
with an air recirculation system.
Due to the excellent classification by weight, all foreign materials that are
not removed by this device remain with the mixed fraction. Therefore, in
most cases, the heavy product does not have to be retreated and goes
directly to the dampening section. The mixed fraction can then be sorted by
disc separators andlor indented cylinder separators and thoroughly
scoured.
If divide semolinas, with low ash contents and no blackspot contamina-

50

PASTA AND SEMOLINA TECHNOLOGY

tion, are required, small and black seed as well as black oats have to be
removed by employing disc separators or indented cylinder separators. As a
rule, long grains are best removed with disc separators whereas round seeds
are best removed with indented cylinders.
The latest development in scourers allows more control than with
previous machines and as such they now scour as much as is desired rather
than as much as is possible (see Fig. 3.3). This type of machine is extremely
compact and robust. The rotor is no longer equipped with beaters, but with
eight bolted-on sections of special cast iron. The sections have different
surfaces, either with knobs or grooves, which aid the conveying of the grain
towards the outlet. The stator is equipped with three mating sections of
special cast iron and three sections covered with stainless steel mesh. The
scouring action is influenced by the interaction between the kernels, and the
friction between the kernels and the different surfaces. The simple, maintenance-friendly design guarantees quick access to wear parts, fast replacement of screens and easy operation.
The fines removed during scouring fall through the wire mesh, and are
collected in the outlet hopper. Loose hulls and fine dust still adhering to the

Fig. 3.3 Scourer MHXS (Buhler)
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kernels are removed in the aspiration channel attached to the scourer
outlet.
3.3.3.2 Water additionltempering

The latest development in this section is the use of microwave measuring
(see Fig. 3.4). This newly adopted principle ensures accurate measurements
without the employment of hazardous y radiation and overcomes problems
associated with the well-known capacitance measuring principles. The
microwave method allows the measuring of the damp wheat immediately
after the dampener, but it is also possible to measure the moisture of the dry
wheat (before dampening).

Fig. 3.4 Automatic moisture controller MYFB (Buhler)

From the microwave oven we know that microwaves only work on products with a water content. Microwaves have no reaction on dry products.
Therefore this method eliminates the significant disadvantages of other
measuring methods. It does not matter whether the water is on the surface
or distributed evenly in the product. Water molecules absorb and reflect
microwaves. It is possible to measure either the reflection or the
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transmission of microwaves. Due to the fact that the water is on the surface
of freshly dampened wheat, research shows that only the transmission
method provides accurate results.
The wheat fills the measuring chamber, which has a screw feeder operating at a constant speed with discharge capacity far lower than the
throughput of wheat. Therefore the measuring chamber is kept absolutely
full as the wheat overflows and bypasses the measuring chamber flowing
straight to the outlet.
The entire chamber, including the screw feeder, is suspended on a load
cell and equipped with a temperature sensor. As the measuring chamber is
always full, the weight measured by the load cell is directly related to the
density of the product. Some of the microwaves generated by the source are
sent through the product where they are partly absorbed. The remainder
are sent directly to the receiver. The difference between the partly absorbed
and the directly sent microwaves is directly related to the moisture content
of the wheat.
The microwave power applied is lower than the allowed leakage power of
a conventional household microwave oven. This rules out any modification
of the product passing through the measuring unit and any hazardous
exposure to the environment.
The control unit evaluates the signals of the microwave transmission by
product temperature and density and determines the moisture content of
the product, compares it with the keyed-in target values, and controls the
water addition to the dampener. The control unit can store different recipes
as certain wheat varieties and freshly harvested wheat react differently. The
recipes can be selected either directly on the unit or by a host computer. U p
to four measuring units can be connected to one control unit. In a fully
automated plant one control unit can, therefore, manage all dampening
systems of the plant.
The latest design in intensive dampeners (see Fig. 3.5) offers:
0
0
0
0

optimal water distribution
optimal water penetration/absorption
minimal broken wheat
minimal wear and tear.

Optimal water distribution is achieved due to several forces acting on each
kernel, such as:
0
0

0
0

friction forces generated by the rubbing of kernel against kernel
acceleration forces generated by the rotors moving the grain around the
chamber
centrifugal forces generated by the turns in the corner areas
forces generated by the air stream.
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Fig. 3.5 Tri-rotor dampener MOZK (Buhler)

The result is no free water after the product leaves the dampener. Hence
good hygiene standards are achieved in all subsequent conveyors and bins.
The wheat is fed to the damping chamber by means of a paddle conveying
section. The water is added to this paddle conveyor. Three rotors equipped
with flat paddles turn the wheat around the chamber. The excellent water
distribution and the long retention time in this type of system allow the
addition of up to 7% of water in one step.
3.3.3.3

Second cleaning

The second cleaning, in some European countries, is referred to as the
‘white cleaning’, and is equipped with a scourerlaspiration section. The use
of a sterilator is only required if high hygiene standards with regard to insect
fragments, bacteria and filth count have to be achieved, e.g. in the case of
semolina used for baby food. The installation of a short dampening screw
prior to the 1Bk surge bin is recommended.
U p to 0.5% of water can be added at this stage, to toughen the bran and1
or adjust the moisture content of the finished products. The 1Bk surge bin
should keep the wheat for 15-20 minutes only.
The product stream to the 1Bk roll is metered by a differential
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proportioning scale or an automatic hopper scale. The same advantages of a
differential proportioning scale, as previously mentioned for the dirty
wheat weigher, apply also for the 1Bk weigher.
The last machine of the cleaning plant is a magnet to protect the grinding
rolls. In a fully automated plant it might be of advantage to install a selfcleaning drum-type magnet. However these types of magnets are quite
expensive. It is now possible to automatically monitor the intensity of spout
magnets and trigger an alarm to remind the plant operator that the magnet
should be cleaned.

3.3.4 Removal of ergot
In recent years the amount of ergot found in grain has increased in some
areas to levels that are not admissible for either human or animal consumption. The optimal separation of ergot and the total removal of seeds
have to be achieved when the grain is to be used for wholemeal flours,
breakfast cereals and baby food. In order to achieve this, traditional
cleaning plants have to be equipped with further machines which sort out in
accordance to specific weight. The European Standards indicate that, by
law, up to only 0.05% of ergot is admissible for human consumption.
Swedish law, however, exceeds the E U standards and indicates only 0.02%
of ergot to be admissible for human consumption. To achieve these figures,
especially with application for rye, big problems have arisen in recent years.
Unfortunately the use of the well-known cleaning machines, such as
separators, trieurs, gravity tables, light grain separators or table separators,
do not always achieve the lawful values. In such cases colour sorting
machines have to be included, replacing light grain and table separators.
In order to achieve the allowed 0.05% ergot content, all of the product
stream has to pass through the colour sorter. The colour sorter is the last
machine in the cleaning plant. Hence most of the impurities have already
been removed. The main components of colour sorting machines are:
The feeder unit, which regulates the throughput capacity and spreads
the kernels, allowing the optic to thoroughly test the product streams.
The optic electronic testing device, which checks the kernels and decides whether they are good or bad. The main features of this testing
device are, adequate illumination, suitable background, a sensitive optic
and the electronic control. The light reflection is the basis for the optoelectronic measurement. In most cases a monochromatic measuring
principle is applied. This means that only the difference between bright
and dark is monitored and not the actual colour.
A blow-out separation system with a very fine air jet is employed to
remove the bad grain kernels.
Field results show that with colour sorting machines the ergot quantity in
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rye can be reduced to a level of below 0.05%, even if up to 4.1% ergot was
found prior to cleaning.

3.3.5 Summary
Modern cleaning plants offer high efficiency as a result of
reduced space requirements
reduced aspiration air requirements, hence reduced filter surface
reduced number of motors
reduced power requirements
less gravity spouting, exhaust ducting and electrical wiring
easy fine tuning of machines
monitoring of fewer machines
reduced number of lubrication points
fast accessibility to wear parts
good sanitation due to simple and functional design of the machines.
Modern cleaning plants are not only modern because of new machinery
but also because they are built with the environment in mind, as they offer
less power consumption, less air consumption and also reduced building
requirements.
There is still no such thing as a standard cleaning plant, as too many
factors influence the layout of cleaning plants. Modern equipment, however, allows the replacement of existing equipment together with increased
capacity and performance of plants, without having to enlarge filter and fan
sizes, while using the same building space as before.
Today it is possible to drastically reduce investment and operational
costs, and have an environmentally friendly plant and hopefully, therefore,
ensure an economical and successful operation in the mill.

3.4 PARTICLE SIZE REQUIREMENTS OF SEMOLINA
FOR PASTA PRODUCTION
T. Kuenzli
3.4.1 General considerations
New insights into the processing of durum semolina in the pasta industry,
in conjunction with new process technologies, have had a considerable
influence on the specification that the semolina must meet. Whereas the
particle size of durum semolina was between 630 and 125 pm over several
decades, finer semolina with particle sizes below 355 pm is now being
processed along with a flour fraction. This is particularly true of pasta
factories with their own semolina production facilities which, for many
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years, have already switched their mills to finer semolina. This trend was
influenced on the one hand by the insight that the finer raw material
required a shorter mixing time, and on the other hand by new pasta production lines based on new technologies that required finer semolina as a
raw material.
Was this the reason why durum milling technology, unlike flour milling,
changed only at a very slow pace? No doubt one decisive reason was that
the pasta-making industry had to observe the limited fines content of
semolina that was allowed by law in some countries. The maximum
accepted was generally a mere 1-2% flour (defined as < 150 pm). This flour
fraction was sometimes produced by the abrasion of the product in the final
sifter alone. Another reason arose from semolina grades such as SSSE,
middling 1and middling 2 or SSSF, where the upper and lower particle size
limits are prescribed and which are still demanded by some traditional
semolina users.

3.4.2 Traditional semolina particle size
As Table 3.1 shows, semolina of grade SSSE - also called special - has a
particle size distribution ranging from 630 to 200pm, with some users
specifying an upper limit of 500 pm. Since product with a particle size below
200 pm is also produced during grinding, semolina of finer particle size, also
called middling (dunst), is produced. This product is frequently extracted in
the particle size range between 400 and 125 pm and marketed as a secondgrade product. Besides these semolina types, a straight run semolina/flour
mix with a particle size distribution ranging from 425 to 125pm is also
common.
Table 3.1 Traditional semolina particle size.a

Percentage of each particle size present in each grade of semolina
Particle size (pm)

Semolina I
(Special)b
(range
630-200 pm)

630-500

7

500-400

43

400-3 15

40

12

2

36

3 15-200

9

54

23

52

200-1 25

1

32

73

8

125-0
Data based on 68% semolina extraction

Semolina II
(Dunst I)b
(range
400-1 25 pm)

Semolina 111
(Dunst Il)b
(range
3 15-1 25 pm)

1

Straight run
semolina (DM)
(range
425-1 25 pm)

3
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3.4.2.1 Quality parameters
All of these semolina grades are characterised by their limited fines
proportion (< 125 pm). Why was this fines fraction so objectionable? It
appears that, in the past, pasta makers feared non-durum flour
contamination in semolina. Whether this fear was justified or not, it is
understandable, since the analytical techniques for detecting soft wheat in
durum products were still in their infancy at that time.
Additional quality parameters to be mentioned include (see also Chapter
8):
0
0
0
0
0
0

moisture
ash content
speckcount
gluten quality
gluten quantity
falling number.

Over decades these quality parameter specifications guided and determined durum milling technology and were indirectly responsible for the
extensive range of equipment required by a semolina mill, which from a
miller’s point of view was exaggerated. Alone, the requirement that
semolina was to be produced without any flour fraction, yet with maximum
yield, forced milling engineers to design sophisticated mill flow sheets with
the associated extensive machinery.
3.4.2.2

Mixing times of semolinas with different particle size distributions

The fact that finer durum semolina results in quicker and better water
absorption and, therefore, in a shorter mixing time giving a homogeneous
dough is extensively discussed in Manser and Biihler (1985), who compare
the mixing times of semolina with different particle size distributions.
Table 3.2 shows, with impressive clarity, that an improvement of the
water absorption rate by semolina grades below 350 pm allows the mixing
time to be reduced. These semolinas are easier to process, enable translucent and homogeneous end products to be easily obtained and are,
therefore, to be preferred over coarser particle size distributions.
3.4.2.3

Semolina size reduction in the pasta factory

Some pasta factories have exploited these insights by incorporating their
own semolina reduction systems in their plants in order to reduce all of the
coarse semolina purchased from external millers. This has created the
paradoxical situation of mills undertaking considerable efforts to produce
the required semolina fractions without a flour fraction and the pasta
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Table 3.2 Water absorption of semolina at different particle sizes (Manser & Buhler, 1985).

Particle size (pm)

Mixing time required for absorption (min)

630-125
525-1 25
525-0
350-125
350-0
250-0

15
15
15
10
10
5

makers reducing them in their factories into fine products containing an
associated quantity of flour. It appears legitimate to ask where the logic was
in all this work?
3.4.2.4

Semolina size reduction in the mill

Pasta factories with their own semolina production facilities adjusted the
flow sheets of their mills to meet this new requirement. As there is direct
communication between the semolina producer and the semolina user in
this case, the semolina grade to be selected is usually quickly found, thereby
considerably simplifying production in the mill as well as in the pasta
factory.
Mills offering their products on the open market are forced to take
customers’ needs and requests into consideration (see Table 3.3).
Table 3.3 Future requirements on particle size of semolina.

Finished products
Particle size (pm)

Straight run semolina
(DM)
Type 355

Type 250

400-355
355-0

Many pasta producers are slow to change over to finer products. As a
consequence, many mills must continue to produce and supply semolina
across the entire particle size range, i.e. including those with a traditional
particle size distribution. As a result, changes to the existing mill flow sheets
can only be effected to a limited extent. The production of fine semolina in
this type of mill can only be solved by adding further size reduction stages,
i.e. by installing more equipment.
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In a large number of mills, such separate size reduction systems were
installed after the grinding section. This required the incorporation of
additional roller mills and plansifters along with the necessary conveyors.
The space required for these additional machines is usually available only
to a limited extent, making compromises necessary during installation, so
that the roller mills have to be installed on the ground floor or the spouting
floor.

3.4.3 Semolina requirements for modern extrusion systems
There is now a new breed of pasta press (e.g. the Biihler Polimatik) (see
Chapter 4) which incorporates a new mixing concept and requires semolina
products with a particle size below 250pm. This makes it necessary yet
again for mills to adjust to a new technology and to reorganise their
operations. Existing semolina reduction systems, in most cases, will no
longer be sufficient and will have to be expanded. This is an area where the
application of a roller mill with eight rolls (see Fig. 3.6), twin grinding
passages, and without intermediate sifting, proves to be an inexpensive and
space-saving solution from both the technical and the technological points
of view. Some of the features of this type of roll system include:

Fig. 3.6

Eight-roller mill MDDL (Buhler).
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horizontal rolls
two roll packs mounted one above the other
back-up detector between the two roll packs
pneumatic servo-controlled feeder system
automatic grinding gap adjustment as option
available with roll lengths of 800-1250 mm.

3.4.3.1 Advantages of the eight-roller mill system
This roller mill permits grinding of a material in two stages without intermediate sifting. This grinding principle offers the following advantages (see
Fig. 3.7):
0
0

0
0
0

fewer pneumatic lifts due to the elimination of an intermediate lift
smaller air volume requirement and lower power requirement of the
pneumatics
less sifting area at the twin reduction stages
less space needed for the roller mills and sifter
lower building cost.

Fig. 3.7 Cross-section of eight-roller mill MDDL (Buhler)
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Application of the eight-roller mill system

The eight-roller mill constitutes an optimal solution, in particular when size
reduction systems have to be added or expanded and the available space is
restricted. When existing four-roller mills are replaced by eight-roller mills,
the roll length can be doubled within the identical space without the need
for changing existing pneumatic lifts or sifter passages.
Figure 3.8 illustrates a reduction passage with double grinding. This flow
sheet allows the semolina particle size distributions currently available on
the market to be produced. These also include traditional semolina without
flour fraction. The flour produced in these semolina grades, with their low
ash content, is separately extracted and can be stored in bins for subsequent
admixing to fine semolina or for direct marketing, as required.

Fig. 3.8 Reduction passage with double grinding

3.4.4 Addition of durum flour
3.4.4.1 General considerations
Fine semolina with particle sizes less than 355 pm is generally produced
with a flour fraction. As the flour fraction in this product does not affect the
quality of the semolina, it is possible to add low-ash flours which are not
accepted by the market in traditional semolina, to the fine semolina in
mixing installations.
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3.4.4.2

Batch blending and mixing

As the quality of fine semolina does not depend on the particle size, but
essentially on the extraction, the quality can therefore be varied by changing the extraction level, as measured by the ash content. Flour extracted
from the coarse semolina production process and separately stored in the
storage bins can be added to the fine semolina as required. This task has
been solved in various plants by using batch scales and mixers. They allow
flours to be admixed to the accuracy of percentage points. A t the same time
this installation serves for mixing different fine semolina grades and for
checking the weight of the product conveyed to the outloading bins.
The advantages offered by batch blending and mixing installations
include preparation of small and medium batches to a high accuracy,
establishment of consumption and production statistics, economical
achievement of customer requirement and greater operating flexibility.
3.4.4.3 Continuous blending

In many cases, the overall height needed for installing a batch mixing plant
is not available. A n alternative is offered by the installation of a continuous
blending system based on flowmeters. Operation of this type of unit is
based on the differential weighing principle, and the unit is applied to the
accurate gravimetric blending of different ingredients.
The main features of a continuous blending system are:
0

0
0
0
0
0

blends exactly as specified by the formula and consisting of straight run
and speciality flour ingredients
preferable for medium and large production lots (> 10 tomes)
applicable for capacities up to 40 tonneslhour
low overall height requirement
low specific energy consumption (< 1.5kWh1tonne)
possible integration into existing installations.

3.4.5 New durum mill concept
3.4.5.1 Flow sheet
The flow sheets of durum mills, designed exclusively for the production of
fine semolina, can be considerably simplified. Mills of this type look more
like a flour mill with an extended purifying section. The essential difference
from a conventional durum mill lies in the fact that the finished product
(semolina) is not extracted from the purifiers but from the plansifters. The
labour-intensive monitoring of the purifiers and the checking of their
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product by the operators becomes unnecessary. This makes it possible for
operation of such an installation by less-skilled personnel.
Changes in the wheat mix and the quality of the mix have only a limited
influence on the result of grinding. This is in sharp contrast to a traditional
durum mill, where even the slightest deviation in the wheat mix, or its
quality, has immediate effects on the quality of the milled product.
Because the wheat quality only has a slight influence on the results of
grinding, the wheat cleaning section can also be simplified. It is no longer
necessary to include a separate stage for eliminating light grain by gravity
separator or to apply a table separator. The tempering times for durum
wheats are between 16 and 24 hours.

3.4.5.2

Monitoringlquality assurance

The simplicity of this new generation of durum mills allows these facilities
to be operated unattended over prolonged periods of time. For automatic
checking of the products, it is possible to incorporate a near infra red (NIR)
measuring unit (such as the Biihler MYRA system). The NIR unit allows
continuous measurement of protein, moisture and ash content, and particle
size distribution.

3.4.5.3

Features of the new generation of durum mills

The durum mills built in various countries for the production of fine
semolina are running with excellent results. Their advantages include:
0
0

0
0
0
0
0

reduced investment cost
easier operation and monitoring of the installation
less-skilled personnel required
reduced sensitivity to variations in wheat quality
possibility of simplifying end product storage systems
unattended operation over extended periods of time
possibility of continuous monitoring of semolina quality by an on-line
NIR unit.

3.4.5.4

Summary

There are various approaches to the design of processes for obtaining fine
semolina products. Even if the future trend in the pasta-making industry to
use fine semolina determines the market, there will still be users who do not
wish to break with tradition. In order to survive in the market, the objective
of every mill must be to cater for the special requests of its customers. In
other words, the mills alone do not determine semolina production technology, it is mainly the market that sets the parameters. The task of
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semolina producers is to perceive market trends at an early stage and to
adjust their production plants accordingly.
Mills attached to a pasta factory can be designed with a flow sheet tailored to the production of fine semolina. This results in a considerable
reduction of the machinery needed in the cleaning and grinding sections.
The flow sheet of such a mill is simpler and differs considerably from a
traditional durum processing flow sheet. Qualified personnel are only
needed to a limited extent for running the mill. Monitoring and operation of
such a mill is possible with almost no personnel. The investment costs as
well as operating costs are lower than for conventional durum mills.

3.5 THE APPLICATION OF A DEBRANNING
PROCESS TO DURUM WHEAT MILLING
M. Willis and J. Giles
3.5.1 Introduction
3.5.1.1 The development of debranning
During the twentieth century durum milling technology has progressed so
that, with the use of sophisticated cleaning, tempering and milling equipment, consistent high quality and high extraction semolina can be produced.
The changes have been ‘progressive’ and we might describe it as a refining
of a technology to meet the end users’ requirements.
Until recently the durum miller had no choice but to follow the conventional wisdom of the experts in this field, the result being complex flow
sheets using extensive roller mill, sifter and purifier surface to clean the
product. With the advent of viable wheat debranning technology, whereby
bran layers can be sequentially removed from the wheat berry prior to
milling, the subsequent durum milling process can be simplified.
Debranning involves the removal of the bran layers after cleaning, and
before milling, in order to optimise the yield of the process and gain other
processing and product benefits.
Wheat debranning was developed by Satake using technology adapted
from the debranning of rice. In this process milling the bran is removed
prior to polishing, using a system of friction and abrasion machines. For
durum milling the technology is used to strip away the bran layers. This
enables the use of a simpler mill flow sheet with the consequent capital and
processing benefits.
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The technical challenge

Although there are 14 species of wheat within the genus Triticurn, they fall
into only three basic groups, all of which share some important characteristics. One of these is the ‘crease’. The crease is where the outer skin of the
berry, or kernel, turns in on itself. Until recently this was a sufficient
deterrent to developing a viable wheat debranning process.
Another characteristic is the structure of the skin in the form of several
bran layers, which can be separated with varying degrees of difficulty (see
Fig. 3.9). The bran layers collectively make up 13 to 15% by weight of the
wheat kernel; the germ represents up to 2.5% by weight of the wheat
kernel. The layers of bran from the outer to the inner layer are epidermis,
hypodermis, endocarp (consisting of cross and tube cells), testa (seed coat),
nucellar and aleurone layer.

Fig. 3.9 Wheat kernel and bran layers

3.5.1.3

The challenge of debranning wheat

The original debranning systems for wheat used horizontal processing
machines in a multi-stage (typically four) arrangement and achieved good
technical results, while suffering from the disadvantages of low capacity,
complexity, high power consumption and capital cost. The latest version of
this type of process resulted from the need to overcome this challenge by

66

PASTA AND SEMOLINA TECHNOLOGY

developing equipment and systems dedicated to the efficient processing of
wheat.
The principal concept uses the same bran removing techniques that have
been developed to such a high level of refinement for rice milling, and their
application to wheat milling. It is intended that the wheat bran layer (apart
from that which is in the crease) is removed from the kernels before the
break system, rather than during the break system. After debranning, as
there is little or no bran covering the endosperm, the break system can be
shortened. A t the same time the kernel easily fractures into larger components with a smaller particle range than is typical in conventional durum
milling. The resultant advantages are discussed later.
Having adapted the principle of debranning to wheat, the system needed
refining to overcome the unique physical structure of wheat. Research work
has demonstrated that an indiscriminate attack on the testa (seed coat) can
easily produce irregular results with a significant loss of endosperm, thereby
reducing semolina and flour extraction and protein. The latest machines are
able to ‘sequentially strip’ the bran layers, giving a degree of control to the
process that the commercial durum miller requires.
It is very important to understand that although the main criteria for
judging debranning performance is the percentage removal rate, this is a
quantitative measurement and does not indicate the quality of the
debranning action. In order to judge the quality, one needs to assess how
well the process is maximising the removal of the external bran layers from
the wheat kernel and minimising abrading down into the wheat kernel’s
aleurone layer and endosperm.
Durum wheat has a light-colour bran skin and the inner bran skin layers
are virtually transparent, allowing the yellow pigmentation of the endosperm to be seen when the wheat is partially debranned. This can make
visual judgement quite difficult to assess for an operator who is not familiar
with the process. This ‘challenge’ has been overcome by the development of
a special staining process, whereby the efficiency of the process can be
monitored.

3.5.2 Wheat preparation
3.5.2.1 Wheat cleaning system (see also section 3.3)
Prior to debranning the wheat must be cleaned. The wheat cleaning system
follows the same principles as for a conventional mill. It will include:
Separation by size

Milling separators, intake sieves, drum sieves, etc., remove dust, small
impurities, large impurities and unthreshed grain.
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Separation by terminal velocity
Aspirators remove dust, chaff and other light particles.

Separation by specific gravity
Stoners, gravity selectors and classifiers remove stones and segregate wheat
into concentrated clean and dirty wheat streams prior to other cleaning
equipment.

Separation by natural peculiarity
Magnets, metal detectors, colour sorters, etc., remove ferrous metal by
magnetism, separate by colour, etc.

Separation by shape
Disc separators, cylinder separators and precision graders separate grains
by virtue of their different shape to wheat kernels.
The selection of this equipment will depend on the type and quality of the
wheat being processed, exactly as it would with a conventional mill.
Because the debranning system is a very intensive scouring process there is
no need to have scouring machinery in the wheat cleaning system.
Machines such as intensive scourers or entoleter scourers are not required.
3.5.2.2 Water addition for tempering
Accurate and consistent water addition is a fundamental requirement for all
efficient milling systems. In debranning systems it has even greater
significance, since advantage can be taken of the characteristics of its
penetration to assist the process. Water is readily absorbed by the outer
bran layers but is inhibited when it reaches the testa, which has an oil
content providing a temporary ‘raincoat’ effect. This assists natural
separation of the four outer pericarp layers.
Prior to debranning the wheat must be tempered to achieve the optimum
moisture content. The design of the tempering system is the same as for
conventional mills. Normally a single-stage tempering system is used with
an accurate water addition system. If exceptionally dry wheat is being
processed, e.g. desert durum, then there may be two tempering stages. The
initial stage will bring the wheat up to a nominal target of between 12 and
14% moisture. The second stage will utilise an accurate water addition
system that can incorporate a kernel washer, hydrator and a ‘feedback’
moisture control system, to bring the wheat up to normal milling moisture.
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The length of tempering time is the same as it would be for a conventional milling system and is dependent on the characteristics of the wheat
being processed.
3.5.2.3 Kernel washer and hydrator (see Fig. 3.10)
Since the debranning process does not remove the crease bran, it is beneficial to clean this area prior to further processing.
The kernel washer subjects the dry cleaned wheat to intensive wet
cleaning by means of a high pressure jet of water in a screened chamber.
The clean discharged wheat then enters the hydrator that performs the
functions of mixing and distribution, together with accelerated penetration.
The hydrator comprises a horizontal chamber, supported by flexible
mountings, inside which there is a rotating shaft with mixing paddles. A
vibration is induced into the entire assembly, which has the effect of

Fig. 3.10 Satake hydrator and kernel washer
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reducing the surface tension of the moisture and accelerating the moisture
penetration through the natural fissures in the kernels.
To prevent any build-up of material within the kernel washing section the
system is fitted with cleaning water jets that are cyclically activated. An
exhaust system extracts excess moisture. This water is separated from the
exhaust air in a cyclone and is recycled. The system will automatically
‘purge clean’ itself when wheat grists feeding the system are changed.

3.5.3 The debranning system
3.5.3.1 Overview
The debranning system discussed below has three basic elements.

Pre-conditioning
A small amount of water is mixed into the grain. This conditions the outer
bran skins so the debranning machine can easily remove them.

Debranning
A vertical debranning machine is used to scour the moist outer bran skin
layers off the kernels.

By-product handling
This uses an exhaust system to draw the bran away from the debranner. It
may contain a drying system to reduce the moisture content of the bran
before it is mixed back into the normal bran streams coming from the mill.

3.5.3.2

Pre-conditioning equipment

Principle of operation
To enable effective debranning, moisture is added to the grain prior to the
debranning machine. The moisture addition rate will be between 0.5 and
2.5% of the wheat feed rate. The grain is held in a bin for 1 4min prior to
debranning. This allows the water to penetrate the bran skins as far as the
testa. As mentioned earlier, the testa layer has a high oil content and
impedes the migration of water into the centre of the grain kernel. The
concentration of water at the boundary between the testa and the outer
bran skins reduces the cohesion between the layers, making it easier to
remove the outer bran skin layers.
The exact settings for the water addition rate and the holding time in the
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bin are set by the operator to suit the type of wheat being processed. The
settings are dependent on the physical hardness of the wheat, the thickness
of the bran layers and how well the outer bran is bound to inner bran layers.
The general guidelines that have been observed are that, typically, durum
wheats can be debranned using a low water addition (0.5-1.0%) and a short
holding time (1-2 min).

Moisture addition equipment
A wheat flow rate monitorlcontroller, tempering mixer and semi-automatic
water flow rate control system are required.
The wheat feed rate must be monitored or controlled by a device that can
send an ‘actual feed rate’ signal back to the control system. A weigher can
be used but a gravimetric feeder is preferred as its output is constant. The
‘tips’ from a weigher must be regulated to avoid onloff surges of wheat
arriving at the inlet to the tempering mixer. Any feeder that provides a
constant regulated flow and an ‘actual kglhour’ output signal rate is
suitable.
The moisture needs to be evenly distributed on the surface of each grain
kernel. A simple damping conveyor is not suitable. The best distribution of
water is achieved in purpose-built mixers. The hydrator shown in Fig. 3.10
has a vibrating chamber in which a shaft with paddle blades rotates. The
paddle blades ensure an even moisture distribution and the vibration of the
main chamber speeds water absorption into the grain.
The water addition rate needs to be controlled but does not require a
complex system that varies the water addition dependent on the wheat
moisture. Once the operator has set a water flow percentage the control
system will adjust the water flow rate, dependent on the wheat flow rate.
For example water addition is set to 2% and wheat flow rate is 10000 kgl
hour:
10000 x 2% = 200kg/hour water

The weight of water can be taken as 1kg per litre. So:
200 kg/hour

= 200 litres/hour

There will be flow detectors on the inlet to the hydrator. When wheat flow
is detected the control system will start the addition of water.
The holding bin is manufactured from stainless steel for hygiene and
corrosion resistance. It is mounted on load cells and has a first-in-first-out
(FIFO) outlet that goes to a vari-speed screw discharger. The load cells
provide a level signal to the control system so it can compute the actual
holding time in the bin. If the level in the bin is increasing above the target
the control system speeds up the vari-speed discharger. If the level falls
below the target the vari-speed discharger is slowed down (see Fig. 3.11).
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Fig. 3.11
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Pre-debranning bin

Pre-conditioning bin control
The desired holding time may be entered into the control system as minutes
or kilograms. If the requirement is in minutes then the control system will
calculate the weight of wheat that needs to be kept in the bin to give the
desired holding time. If the input is in kilograms the operator needs to
calculate the optimum quantity to be held in the bin as follows:
Actual wheat feed rate = 10 000 kg/hour
Desired holding time = 2min
10000
~2=333kg
60
Wheat expands during the first few minutes following the addition of water.
To prevent this from causing a blockage in the bin outlet and hopper the
control system will not start the water addition until the bin contains a
preset level of dry wheat.
Dry wheat flows more readily than freshly damped wheat. The speed of
the screw discharger is set to deliver the correct quantity of freshly damped
wheat. To prevent the screw discharger from over-feeding the debranning
machine with dry wheat, it is started at a slow speed just before the target
level in the bin is reached.
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The dry wheat is discharged at low speed. When the actual level in the bin
reaches the target level all the dry wheat will have been discharged and the
vari-speed screw conveyor then speeds up to its normal operating speed.
To maintain the target level in the bin the control system will speed up or
slow down the vari-speed screw discharger. Because the feed rate into the
bin is constant the degree of speeding up or slowing down is very small. A
change of f 2% of normal speed is usually adequate to maintain a constant
level. When the target level is reached and the discharger has run at normal
speed for 1min the control system activates the auto-weight control on the
debranning machine. This regulates the debranning action to ensure a
consistent debranning effect is maintained within the operating speed range
of the vari-speed screw discharger.
3.5.3.3

Vertical debranning machine

Principle of operation
Wheat enters the top of the debranning machine. A rotating scroll distributes the wheat evenly around the top of the abrasion chamber. The
wheat travels down between rotating carborundum wheels and a hexagonal
slotted screen.
Four adjustable resistance bars are mounted vertically inside the abrasion chamber (Fig. 3.12). These are set so there is a 5 4 mm gap between the
face of the bars and the surface of the abrasive wheels. As the wheat spirals
down inside the chamber it must squeeze between the resistance bars and
the abrasive wheel. This agitates the wheat flow and creates a ‘tumbling’
action inside the chamber, ensuring that the surface of all the grains is
equally exposed to the action of the abrasive wheels and the slotted screen.
The abrasion chamber has a suction exhaust. Air is drawn down the
hollow section of the main shaft. The shaft has holes in it so the air is drawn
through the abrasion working zone and out through the slotted screen. The
bran is carried away in the exhaust air stream.
On the outlet from the abrasion chamber is a weighted flap. This sets the
degree of debranning action by holding wheat inside the abrasion chamber.
The operator adjusts the weights to achieve the correct degree of debranning. The purpose of the abrasion chamber is to remove the outer bran skin
layers and a substantial amount of the testa layer. If the action is set too
light then the wheat has a ‘polished’ appearance. This polished appearance
is the oily testa layer. Ideally the wheat surface should look rough with
obvious patches of the endosperm core and aleurone layer showing
through. If the debranning action is too high then some of the grains will
have been abraded down into the endosperm and the cheeks of the kernel,
either side of the crease, may be abraded away.
The wheat then falls into a small screw conveyor that transports it into
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Fig. 3.12 Cross-section through abrasion chamber (PeriTec Process)

the bottom of the friction chamber (Fig. 3.13). Inside the friction chamber is
a cast-steel cylinder with two vertical agitator bars on it. It rotates within
another slotted screen. The action in the friction chamber is lighter than
that which occurs in the abrasion chamber. Its purpose is to remove the
remaining inner bran layers. If the abrasion section has not been set to cut
into the testa then the lighter action of the friction chamber will have little
effect. The tough, oily testa layer must be disrupted to allow the friction
section to work effectively. The wheat rubbing against the slotted screen
creates the action of the friction chamber.
Another weighted flap on the outlet from the friction chamber is used to
set the degree of action. The weight setting of this flap has much less effect
on the overall power consumed by the machine in comparison with the
setting of the abrasion chamber outlet flap.
To ensure there is sufficient air passing through the friction section a
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Fig. 3.13 Friction chamber (PeriTec Process).

separate fan is used to blow air into the centre of the chamber. This air is
drawn out through the screen carrying away the bran removed.

Autoweight system
The outlet flap of the abrasion section is fitted with an automatic regulator.
The machine is set up to get the desired debranning effect. The amps
consumed by the main drive motor are then entered into the control system
as the target debranning level. The automatic regulator will adjust the
pressure on the abrasion section outlet flap in order to maintain a consistent
level of consumed amps of the main drive motor. This compensates for
slight fluctuations in the feed rate caused by the vari-speed screw discharger
and for differences in the nature of the wheat. The operator will need to set
the ‘fixed’ weights so the full range of movement of the regulator weight is
sufficient to keep the consumed amps on target.
The control system will automatically drive the regulator to its minimum
pressure position whenever feed to the debranning machine runs off. On
start-up the autoweight system is not activated until the target level in the
pre-conditioning bin has been reached and the dry wheat has been discharged from the hopper.
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By-product handling

The exhaust from the abrasion and friction chambers may be kept separate
or mixed together. If the bran is being mixed into the bran or offal streams
from the mill then a single, common exhaust is used. The exhausts are kept
separate if there is a special market for the individual brans.
The bran from the abrasion section looks like bran from a mill that has
been through a bran-cutting roll. It has a low density, high moisture content,
an exceptionally high dietary fibre content and can be a speciality product.
The bran from the friction chamber looks more like an offal stream from
the tail end of a mill. It can be remixed into high-extraction brown flour
mixes. The analysis in Table 3.4 is typical of debranned durum brans.
Table 3.4

Particle sizes of by-products of the abrasion and friction chambers.

Particle size (pm)

% DBa

Comment

Abrasion section removing 5.0%
865
1.27
Bran, barley and oat husks, germ particles, few wheat
fragments
580
0.87
Wheatfeed - no recoverable fragments or flour
33 0
1.02
Wheatfeed - no recoverable fragments or flour
150
1.58
Wheatfeed - no recoverable fragments or flour
< 150
0.26
Crease dust
(Total
5.0)
Friction section removing 3.0%
865
0.47

580
33 0
150
< 150
(Total
a

0.47
0.53
1.28
0.25
3.0)

Bran, barley and oat husks, germ particles, few wheat
fragments
Wheatfeed - no recoverable fragments or flour
Wheatfeed - no recoverable fragments or flour
Wheatfeed - no recoverable fragments or flour
Very low-grade, dark-coloured flour

Percentage based on the feed to the debranner

Some fractions of the by-products may contain wheat fragments. Typically, small fragments of germ and the tips of wheat kernels are broken off
by the screens in the debranning machine. These may be recovered using a
special horizontal catch cyclone (Fig. 3.14). The cyclone only removes the
heavy fragments and all the light bran is carried on the exhaust air into the
primary cyclone. The recovered fragments are typically 0.05-0.4% of the
total wheat capacity being processed and are fed back into the mill (see Fig.
3.14).
The bran from the abrasion section contains most of the water that was
added prior to the debranner. It can have a moisture content between 18
and 25%, dependent on the amount of water added. The friction section
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Fig. 3.14 Wheat fragments catch cyclone (PeriTec Process)

bran moisture is typically 14-16 %. If it is mixed with the bran streams from
the mill it will raise the overall bran moisture. For example:
Total bran from mill = 6% at 13.8% moisture
Abrasion bran = 5% at 20% moisture
Friction bran = 3 % at 15% moisture
16 x 13.8 =220.8
5 x 20 =100.0
3 x 15 = 45.0
(24
365.8 in total)
365.8 t 24 = 15.24
Resulting bran = 24% at 15.24% moisture
The moisture content of the bran from the debranner can be reduced in a
drying lift (Fig. 3.15). The warm air from the friction cyclone can be reused
as a drying lift for the abrasion bran. This may be adequate in situations
where all the brans are being mixed together. Alternatively, the air for the
drying lift can be drawn through an air heater. If the bran is to be pelleted
on a pellet press then there is no need to employ any form of drying as
pelleting adds moisture to the bran prior to the press.

3.5.4 Milling debranned wheat
When non-debranned wheat begins to enter the first break (1Bk) roller mill
the fluting cuts into the wheat and drags it into the nip of the roll. The action
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Fig. 3.15
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Debranning bran drying lift (PeriTec Process)

of the fluting and roller mill differential tears the wheat grain into pieces
(Fig. 3.16). If the fluting is very badly worn the wheat is simply flattened; the
strength of the bran layers still binds the whole kernel together.
Debranned wheat is not surrounded in a protective shell of bran skin and
hence it is structurally weaker. The wheat grains actually shatter into
fragments as the roll compresses it, before it reaches the narrowest section
of the nip gap. The fluting acts as a pocket in which large fragments of
semolina are hidden. To maximise the amount of coarse semolina particles
produced, a coarser fluting of 6 or 8 fluteshch is therefore used.
Because the wheat shatters, rather than being torn apart, the 1Bk roller
mill uses less power per tonne of wheat processed than a conventional 1Bk.
The bran in the crease of the wheat is relatively strong and stays together.
The endosperm around the crease bran is broken and falls away, leaving the
crease bran intact. A higher break release is therefore achieved on a debranned 1Bk roll in comparison with a conventional semolina mill. It is
typically 5 5 6 0 % through 18W (1177 pm) whereas a conventional durum
mill is typically 25% through. Much of the material released is similar to a
very coarse semolina feed in a conventional mill. It is sent directly to roller
mill passages where it is reduced in preparation for purification.
It is at this point that the significance of debranning becomes evident in a
durum mill. A large quantity of clean, coarse semolina is quickly available
from these first sizings passages. Once purified it can be sent directly to rolls
for finished product granulation control.
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Debranned wheat fracturing in 1Bk roller mill nip

The feed rates to the primary passages coming from first break fine
(lBkF), sizings 1and sizings 2 are higher than from a conventional mill. The
release of a large amount of clean, coarse semolina so early in the mill flow
diagram allows a higher percentage of semolina to be released. As there is
less low-quality stock to be processed there are fewer tail-end passages
required. This reduces the possibility of contaminating the finished product
with low-quality, specky semolina streams from the tail end of the mill.
As 6-9% of the bran may be removed in debranning there are fewer
break passages required. The break system is now only cleaning the bran
from inside the crease of the grain. Table 3.5 and Fig. 3.17 show how a
debranned wheat produces far more primary product on 1Bk than a conventional mill.
The conventional flow is not able to produce the granulation range of
good quality semolina on 1Bk that a debranned flow can. The debranned
wheat produces a higher amount of semolina (38.5 versus 18%) in the
particle size range 310-760 pm. There is less crushing action in the nip of the
roll so less semolina gets reduced to middlings and flour smaller than
310 pm (5.5 versus 7%).
Notice that the large amount of very coarse semolina released from
debranned wheat that is sent to 1BkF and sizing 1C (650-1170 pm) is 31.5%.
The 1BkF is a special passage that reduces the coarsest semolina to a
particle size that is suitable for purification.
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Table 3.5

Product
2Bk (over 18W)
1 BkF (over 26W)
Sizings 1C (over 30W)
Sizings 1F (over 36W)
Purifier 1 (over 44W)
Purifier 2 (over 60W)
Grader (over 9N)
Flour (thro' 9N)

Size (prn)

Debranned

Conventional

1170
760
650
550
445
310
150
Less than 150

40
16
15.5
13
6
4
5
0.5

75
Not applicable
Not applicable
10
Not applicable
8
6
1.o

2Bk, second break; IBkF, first break fine; N, nylon sieve; W, wire sieve

*Fig. 3.17 Percentages of 1Bk fractions released

3.5.5 The characteristics of debranned wheat
3.5.5.1 Ash and falling number
Debranning equipment strips away the outer bran layers, typically 8-9% of
the total kernel weight. This significantly reduces the ash level of the grain
feeding the milling process. Where percentage ash content is used as a
measured parameter of the finished product quality, then the less work the
mill has to do to produce a low ash product the better.
The data in Table 3.6 are reproduced from trials carried out on
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Table 3.6 Characteristics of Spanish durum wheat before and after debranning

Sample 1
Before DBa
After DBa
Test weight (kg/hl)
Kernel weight (mg)
Protein (%)
SDS-sedimentation (ml)
Ash (%)
Yellow pigment (ppm)
Falling number
a-Amylase (units/g)
Particle size index (%)
Milling yield (%)
Semolina yield (%)

77.5
36.7
12.4
23.0
1.43
5.5
470
5.5
38
73.2
64.3

80.8
34.4
12.6
26
1.20
5.5
515
5.5
39
79.1
69.9

Sample 2
Before DBa
After DBa
77.4
36.6
12.4
25
1.42
5.2
465
5.5
39
73.6
65.1

81 . I
35.3
12.6
27
1.18
5.2
540
5.2
38
79.4
70.0

aDB, debranning

debranned (preprocessed) Spanish durum wheat at the Grain Research
Laboratory in Winnipeg in 1994. The data are expressed on a 13.5%
moisture basis. The yields are based as a proportion of grain feeding the test
mill on a constant moisture basis.
Similar degrees of ash reductions are seen on other durum wheats when
debranned, as shown in Table 3.7.
Table 3.7 Ash content reduction on debranning in Greek durum
and CWAD 1 wheat.

Before DBa

After DBa

Greek durum
Test weight (kg/hl)
Ash (% dry basis)

81.2
1.97

82.8
1.38

CWAD 1
Test weight (kg/hl)
Ash (% dry basis)

82.7
1.73

84.3
1.55

aDB, debranning

The reductions in ash and increase in falling number improve as the grain
passes between the first passes, through the abrasion chamber, then the
friction chambers of the debranning machine, as shown in Table 3.8.
Debranning reduces the ash content of wheat because it removes the
outer bran layers, which have a high ash content. The falling number value
of the wheat is also improved. The figures in Table 3.8 are from a
debranning mill processing Greek durum wheat. These results are shown
graphically in Fig. 3.18.
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Table 3.8 Ash reduction and falling number increase for Greek durum wheat through different sections of the debranning machine.

Product

Moisture
(%.)

Ash
14% basis

Ash
dry basis

Falling
number

Clean, tempered wheat

16.6

1.740

2.023

392

After abrasion section

16.7a

1.506

1.751

396

After friction section

16.4

1.335

1.552

43 5

Difference: clean wheat
versus after abrasion section

-0.2

-

0.405

-0.471

+43

aThere is a fraction increase in moisture content due to the preconditioning of the wheat immediately prior
to the debranning machine.

Fig. 3.18 Change in wheat ash and falling number due to debranning (Greek durum)

3.5.5.2

Semolina a s h what is the significance?

Ash of milled products has been the yardstick by which the efficiency of
their extraction has been measured for many years. Since the natural ash
content of the wheat and the extraction rates of semolina are correlated, the
miller must reduce extraction rates to meet a low ash semolina specification
if the raw material has a high ash.
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Research work both in Australia and the UK indicates that the highest
ash concentrations in wheat are found in the aleurone layer of the bran, but
it is also well known that the aleurone layer contains significant percentages
of the proteins that contribute towards the viscoelastic properties of the
gluten, properties which the pasta manufacturer needs to maintain. A t the
same time it must be remembered that the aleurone of durum wheat is
virtually colourless, invisible to the human eye as a contaminant of semolina, and undetectable by new techniques, such as image analysis. It can
only be detected by the classical ash test.
The industry associates specks in semolina (see Chapter 8) with a poor
quality product. Specks are perceived to be black or brown, contamination
coming from seeds or the pericarpkesta layers of the bran. These are
detectable and measurable by eye and image analysis, and until recently
have been associated with high ash levels in the semolina. However, it is
possible to have a high ash content due to the inclusion of colourless
aleurone particles, but the visual appearance of the semolina is unaffected.
There is some evidence that the protein quality and quantity of the aleurone
layer is beneficial to pasta production.
The inclusion of debranning into a modern durum mill gives the miller
the advantage of removal of potential semolina contaminants before milling plus the benefit of selected aleurone inclusion so that ash levels can be
accurately controlled. There is no doubt that the inclusion of aleurone layer
in the finished product is beneficial nutritionally, as emphasised by Table
3.9.
Table 3.9 Distribution of nutrients in the wheat kernel (from Lintas & Fabriani, 1988)

Nutrient
Protein
Minerals
Thiamine
Riboflavin
Niacin
Vitamin B6
Pantothenic acid

Endosperma

Aleurone
IayeP

Scutelluma

Germa

Pericarp and
testaa

72
20
3
32
12
6
43

15
61
32
37
82
61
41

5.0
8
62
14
1
12
4

4.0
4
2
12
1
9
4

4
7
1
5
4
12
8

aFigures are percentages of the nutrient provided by each layer.

3.5.5.3 Germ removal with debranning
The high oil content of the germ (embryo) in wheat requires that it is
separated out from the semolina to avoid rancidity. The debranning
machine will release a good proportion of the germ in the liftings from the
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Abrasion section. That which remains is more accessible from the 1Bk
release without its protective bran layers.
3.5.5.4

The removal of microbiological and other contamination with
debranning

Debranning at removal levels of up to 6% has proved effective in removing
blackpoint from European durum wheat prior to milling. Once the infected
kernels are broken open in a conventional mill it is increasingly difficult to
isolate the fungus-infected particles to remove the discoloration. Treatment
prior to milling is effective unless the discoloration is deep in the wheat
crease.
Soft wheats infected with vomitoxin have also been treated effectively in
Canada. A bran removal rate of 11.5% reduced the vomitoxin levels from
4.6 to 1.2ppm, a reduction in the level of contamination of 74%.
The concerns of the food industry about food purity are encouraging
cereal process engineers to seek ways of ensuring ‘total cleaning’ prior to
milling. Washing grain with pressurised water in a kernel washer is believed
to have considerable benefits, especially if used with debranned wheat.

3.5.6 The flow diagram of a mill for debranned durum wheat
(Fig. 3.19)

The conventional mill functions are described as breaking, detaching and
size reduction of the semolina. Breaking opens up the kernel by indiscriminately cutting into the grain centre through the seed coat to release
bran, semolina and flour. Detaching or ‘scratching’ is designed to process
those particles of combined seed coat and endosperm to further release
semolina. Size reduction of the semolina is necessary to meet the requirements of the finished product. As with any milling flow diagram, the
complexity of durum diagrams is capacity - and product quality - dependent, but conventionally the three components described above must be
embodied.
With debranned wheat the traditional breaking function is unnecessary,
allowing the 1Bk roller mills to begin the sizing operation. Detaching is
required for the crease bran material, but as there is less of this stock type in
the system the machine settings can be used more effectively. The granulation range to purifiers can be kept to a minimum and, with less bran in the
system, their operation can be optimised.
The size reduction function remains. It will have more surface allocation
at the head end of the flow than a conventional flow, due to the availability
of good, coarse, clean semolina early on in the system, and proportionally
less at the tail end of the milling system.
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4 Pasta Mixing and Extrusion
P.R. Dawe

4.1 INTRODUCTION AND BACKGROUND
K.W. Johnston
4.1.1 The basic aim of the process
The transformation of semolina into a coherent pasta shape with the
potential to deliver the required eating texture is achieved in the process of
wetting, mixing and finally extrusion. When successfully carried out, the
pasta shape has a network of protein that encapsulates the starch granules,
and this structure is moulded into a coherent whole with an absolute
minimum of voids, cracks and faults.

4.1.2 The scientific basis of mixing and extrusion
Semolina has two components that are of key importance in pasta manufacture and in the preparation of pasta in the kitchen: the gluten proteins
and starch. It can be argued that all steps from wheat milling to digestion of
the prepared pasta are controlled or at least strongly influenced by the
interaction of these components with their environment.
The gluten in durum wheat is present in wedge-shaped structures
between the ovoid starch granules. When dry, the gluten is a flinty or glassy
material, but the addition of a moderate amount of water allows changes in
its physical and chemical nature. Gluten becomes rubbery and elastic in
character and it acquires the ability to form strands and sheets through
inter-molecular bonds. These properties are fundamental to its role as the
continuous matrix which traps and encapsulates starch in pasta and holds
the product shape during manufacture and cooking. Heating of hydrated
gluten leads to the irreversible formation of protein-protein crosslinks
which, when properly controlled, stabilise the structure and eating texture
of the final pasta. The physical aspects of gluten behaviour can be described
by various physical tests and rationalised with respect to models which are
well established in the field of food and synthetic polymers.
Some 85% of the solids in semolina are wheat starch. While cold (below
about 55"C),starch behaves, as a first approximation, as an inert filler which
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has a strictly limited capacity to absorb water. Upon heating, starch loses its
rigid structural integrity and can absorb an almost unlimited amount of
water. Water absorption is accompanied by a rise in viscosity caused by
swelling of the granule and by a release of soluble material from the
granule.
The concept of glass-rubber transitions is particularly helpful in understanding the physical control of pasta manufacture and will be used in this
and other sections to provide a structural explanation for the behaviour of
raw materials (see Slade & Levine (1991) and Blanshard (1995) for a
general discussion of glass transitions in foods, and Kalichevsky et al.
(1992a,b) and Kokini et al. (1994) for data on starch and gluten). The glass
transition formalism uses a diagram to plot the limit of glassy behaviour as a
function of temperature and of moisture content (Fig. 4.1). If the gluten in
semolina is at a moisture content of 10% and at a temperature of about
25°C prior to wetting and extrusion, it will behave as a glassy material as
shown in Fig. 4.1.

Fig. 4.1 Glass transitions of starch and gluten.

This means that its viscosity is so high (glass viscosity is assumed to be of
the order of 1014Pa) that it does not flow under normal conditions and that
it behaves as a brittle material which will snap if deformed beyond a certain
limit. A more usual moisture content of 13-15% at the same temperature
will result in gluten which has just undergone the glass transition and has
some of the rheological characteristics of a rubbery material. As water is
added during wetting and the gluten moisture content rises to around 33 %,
it will behave as a flexible material with the ability to flow under applied
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stress. This is the state in which it can encapsulate starch and be moulded to
form the required pasta shape.
If placed in a large excess of water (say 10 times the semolina weight),
semolina will swell to about twice its original volume. The rate of swelling
will depend on the particle size of the semolina. Fine semolina has a larger
surface area per unit volume than has coarse semolina. As water uptake
occurs across the particle surface, fine semolina will swell more quickly than
coarse semolina (Fig. 4.2). The final extent of swelling will, however, be the
same for both semolina types. All ingredients, irrespective of type, will
show this dependence of swelling rate on particle size. Moderate rises in
temperature increase the rate of moisture migration provided water does
not leave the system through evaporation from the surface of the semolina.
The role of the wetting operation in the high-speed mixer is to distribute the
added water uniformly over the surface of all semolina particles. The main
mixer serves to hold the wetted material to allow sufficient hydration of the
semolina core, while also allowing any major moisture differences between
particles to be reduced.

Fig. 4.2

Effect of particle size on hydration time

If the feed to the mixer contains different ingredients, as for the manufacture of spinach pasta, then so called ‘competition’ for water can arise. In
general, the more an ingredient can swell, the more rapidly it will imbibe
water. Ingredients such as spinach powder, tomato powder and egg powder
are soluble in water to a greater or lesser extent. For example, spinach
powder contains sugars and salts that will dissolve fully under normal
manufacturing conditions. It also contains dried cell wall fragments from
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the spinach leaf that will swell considerably, but are not soluble. The dissolved substances have a complex effect in subsequent manufacturing
operations. In some cases, they deny water from swelling ingredients, but in
others, they have no perceptible effect.
Under manufacturing conditions, the amount of water added at the mixer
is limited and full hydration of the swelling ingredients is never obtained.
Dissolution of soluble ingredients, in contrast, will always be complete by
the end of extrusion.
As the wet mix passes from the mixer into the vacuum screw and to the
extruder, it is formed into a dough in which the application of mechanical
work causes adjacent protein particles to fuse and a continuous gluten
network to form. The rise in dough temperature which accompanies this has
to be controlled to prevent subsequent faults in the pasta. As dough is
heated, its viscosity and elasticity decline until a temperature of about 55°C
is reached (Fig. 4.3). Beyond this temperature the dough becomes more
viscous as a result initially of crosslinking between proteins and, as the
temperature rises further, of swelling of starch. The gross manifestation of
excessively high dough temperature is a rise in motor current and of die
pressure.
On a molecular scale, wheat protein is affected by heat. Unlike many
manmade materials, it becomes stiffer if heated above certain systemspecific temperatures. The classic example of the effect of heat on protein is
boiling an egg. After the egg has been cooked, the white forms a gel and
there is no way of returning it to the viscous, stringy state it was in prior to
cooking. Proteins in durum semolina behave in a similar way to an egg

Fig. 4.3 Effect of temperature on pasta dough
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white. A t room temperature, wet gluten is an extremely elastic material,
rather like chewing gum. As the temperature rises above about 55"C, the
gluten becomes increasingly tough and stiff as it irreversibly forms a gel.
This transformation is extremely undesirable in the extruder. Any protein gel formed in the barrel will be broken by passage through the die and
will appear in the finished product as fragments of broken gel (very much as
chopping an egg gives you fragments of gelled egg white). These fragments
disrupt the longer distance network which is necessary for strong pasta and
for entrapment of the starch granules. If close to the surface, they are
particularly noticeable because they prevent a smooth surface from being
formed.
In practice, maximum dough temperatures are held below 55°C to allow a
margin of safety should local hot spots exist, or short term transient temperature fluctuations be experienced.

4.2 PRACTICAL DOSING, MIXING AND EXTRUSION
W. Dintheer
4.2.1 Introduction
Pasta quality is essentially determined by the three influencing factors: raw
materials, product formula and production process (Fig. 4.4)
The main raw materials, semolina and middlings made from durum
wheat or soft wheat respectively, should have a consistent particle size

Fig. 4.4 Quality
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distribution with a high protein quantity andlor quality. The pigment must
be stable with little tendency to yellow-brownish discoloration.
Coarse semolinas are difficult to process into homogeneous doughs,
mainly because of the longer time it takes for the water to penetrate into
individual grains of semolina (see section 4.1). Fine semolinas and flours
absorb water quickly and are easy to process into a homogeneous dough
(see Fig. 4.2).
As a consequence, whatever the particular particle size of the material,
the particle size distribution should be as narrow as possible. In other
words, coarse and fine semolinas and flours should not be processed
together, otherwise the smaller particles will absorb the available feedwater
more quickly than coarser particles. This would either considerably
increase the mixing time, or make it impossible to obtain a homogeneous
mix. The result would be ‘white specks’ in the end product. In order to
eliminate them, the kneading action would have to be more intense during
extrusion, generating more heat and thereby affecting the cooking quality
of the end product.
During dough preparation, water in a proportion of about 18-25% of the
dry raw materials is added, to achieve a freshly formed dough containing an
average of about 30-32% moisture. The finished product has a final water
content of about 12.5% of the mass of the product.
For forming or extrusion-pressing the dough, three basic approaches are
possible:

(1) Small scale, batch mixers and extruders.
(2) A continuous process with screw presses. Here, no preliminary
kneading of the material into a homogeneous dough takes place. A
crumby dough mass is produced in troughs equipped with mixing
paddles. This mass is then slowly conveyed by screws to the press
head. This homogenisation of the crumby dough is achieved by the
high pressures of about 80 to 120 bar in the extrusion screw chamber
before the die (see Fig. 4.5).
(3) Continuous mixinglkneading process by means of co-rotating twin
screws. Dry raw materials and the added liquid ingredients are mixed
and kneaded within approximately 20 seconds into a homogeneous
dough. The homogenised, kneaded and moist-plastic dough is extruded through the die in a continuous stream. A t the discharge of the
die, a blower immediately dries the surface of the dough strands in
order to eliminate their stickiness. Just below the die there may be
rotating knives which cut the preshaped strands to the desired length.
It is also understood that there are other developments of a similar nature
involving counter-rotating screws.
The shaped and cut pasta thus obtained must then be fully dried to
produce a durable product. The drying of the product progresses from the
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Fig. 4.5

Continuous screw press.

outside surface to the centre. During this process the surface should not dry
too rapidly relative to the core of the pasta, otherwise stress will be created
which can lead to cracks in the finished product. Surface drying of the pasta
after discharge from the press head generally reduces the water content by
about 1-2% by weight.

4.2.2 Dosing of the raw materials
Feeders deliver the semolina, middlings andlor flour as well as water andlor
egg slurry to the pasta extrusion press in predetermined adjustable quantities and proportions. In view of the material characteristics of starch and
gluten, a number of conditions arise which must be met when blending the
dry and liquid ingredients, namely:
0

0
0

0

The feed rate of the raw materials must be as regular and constant as
possible.
The liquid feed rate must be as regular as possible.
Variations in the proportions of the liquids with respect to the solids
should be prevented as far as possible.
The water should be dispensed as uniformly as possible throughout the
material beginning at the feed process. The objective is to dampen the
gluten as early as possible, commencing the formation of the gluten net
structure.

The following feeder systems are used in the pasta industry.
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4.2.2.1 Volumetric screw feeders (Fig. 4.6)
Volumetric feeders consist of a combination of screw feeders for semolina
and diverse feeders for the liquids. The following combinations are commonly used for feeding of the solids and the liquids respectively:
Screw and piston pump
Screw and bucket wheel.

Fig. 4.6

Continuous volumetric screw feeder.

Both combinations have something in common. The semolina and water
are measured volumetrically and not gravimetrically, and they are discharged and fed at a continuous rate. The capacity is always determined by
the rpm of the screws, pumps and bucket wheels.
One drawback of volumetric feeding of granular solids is the fact that the
capacity depends on the density of the material which in turn is dependent
on the quality of the material, that is, on its fineness.
The necessary feed rate of semolina, middlings or flour in a given case
can only be determined on the basis of calibration curves and in conjunction
with the screw speed. The same applies for the feed rate of the liquid
ingredients such as water and egg slurry.
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4.2.2.2 Continuous belt weighers

Working principle
A section of the material on the conveyor belt is weighed. The belt speed is
automatically controlled on the basis of the required material throughput.
The actual value of the material throughput is permanently compared with
the desired value. Any difference between the two signals immediately
changes the belt speed to adjust the feed rate.
A preliminary feeder is applied for handling materials that are difficult to
discharge by belt conveyor. In order to ensure an approximately constant
belt loading, the feed rate of the preliminary feeder is controlled
proportionally to the belt speed (Fig. 4.7).

Fig. 4.7 Continuous belt weigherwith flowmeter. (1) Automatic controller; (2) continuous belt
weigher; (3) preliminary feeder; (4) surge hopper; (A) automatic controller; (B) thyristor
amplifier; (C) DC motor; (D) flowmeter; (E) metering pump.

For the metering of liquids, the feeder is designed as a multi-ingredient
feeder with a master control scale and sequential control system. The feed
rate of the master control scale is set in kg/h, whereas the desired value for
the liquids addition rate is set directly as a percentage per 100g of semolina.
The automatic controller of the volumetric water metering system
compares the external or internal signal of the desired value with the actual
value signal of the flowmeter. Any deviation from the desired value
requires a correction of the pump delivery rate. The selected ratio remains
constant even if the capacity of the master control scale for dry ingredients
is readjusted (mastedslave operation). The individual controllers can,
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however, also be run as independent units and constitute the basis for
automation of the process. Continuous belt weighers require very careful
maintenance, and in particular sanitation, in order to ensure trouble-free
operation.
4.2.2.3 Continuous gravimetric feeders
The automation of pasta production plants, and therefore also of dough
preparation, has led to the replacement of volumetric feeders with continuous gravimetric feeders. These gravimetric feeders do not pose any
problems in weighing coarse semolinas, middlings and flour.

Differential proportioning scales for bulk materials (loss-in-weight
feeders)
The differential proportioning scale includes a feeder which is an integral
part of the weighing system. The discharge of material is accurately checked
by an electronic control loop on the basis of the weight difference per time
unit. The automatic controller governs the discharger so that the weight
reduction per time unit equals the desired value selected in kg/hour. This
weighing system eliminates the necessity of regular calibration or zerotaring and is insensitive to the action of dust or to temperature variations
(see Fig. 4.8).

Fig. 4.8 Flow rate controller. MFVB
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To ensure constant accurate operation of differential proportioning
scales for bulk materials, the feed rates of the surge hopper or feeder ahead
of the system must be oversized. During the refilling of the weigh hopper
accurate weighing is not possible. The feeder goes into a volumetric mode,
maintaining the screw speed. The interval must be kept as short as possible
to maintain accuracy. The weighing system determines the size of a scale.
As regards the liquids metering system, it is suggested that, in order to
reduce cleaning or changing time, separate pumps are used for water and
other ingredients like egg slurry.

4.2.3 Mixing
The first stage in pasta forming includes the dampening of dry raw materials
with liquid ingredients.
With the hourly capacities of pasta production systems continuously
rising, great importance must be attached to optimum dampening of the
semolina within a very short time. The objective is optimum dampening just
after the feeder and before the mixer. Figure 4.9 shows a plan for a highspeed mixer.

Fig. 4.9

High-speed mixer

The dampening zone is installed ahead of the mixer. The high-speed
mixer brings the semolina and flour into contact with the added water or
egg slurry by means of centrifugal forces and then intermixes them
thoroughly. The dough mix discharged from the machine is free-flowing
and has a very uniform moisture content. In other words, the feedwater or
other added liquids are optimally dispersed throughout the entire gluten.
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Dampening with a high-speed mixer offers the following advantages:
0

0

0

Optimum dampening of semolina, middlings and flour, and as a result
good wetting of the gluten proteins as a basis for obtaining a homogeneous dough.
Easy cleaning - the rotor of the high-speed mixer can be exchanged
quickly and easily (for reasons of sanitation).
The raw material fed to the mixing trough is granular and binds SO-90%
of the water on the surfaces of the individual particles. This results in
considerably reduced dough adhesion to the walls, shaft and paddles of
the mixing trough.

When the raw material is extruded into pasta, the first phase - the
addition of all raw ingredients and mixing - does not involve any kneading
of the ingredients into homogeneous doughs. Only a crumby dough is
produced in the mixing troughs. Depending on the feeder system and the
size of the milled wheat particles, different agglomerate sizes will be
obtained. In the presence of excessive water, the semolina and flour
particles will tend to ‘lump together’, and if the quantity of water is insufficient, these particles will tend to remain dry.
Figure 4.10 shows the mixing time as a function of the moisture distribution in a crumby dough with direct addition of the raw material
ingredients durum, middlings and water into the mixing trough. This is
called drip feeding. The moisture distribution in the crumby dough after a
mixing time of 5 min shows the following picture with regard to the individual particle size ranges. The dough crumbs with a size of over 3000 pm

Fig. 4.10 Particle size and moisturedistribution in the mix. Dough moistureadjuster is30.5%
H20; raw material moisture is 13.5% H20; raw material temperature is 20°C; feeding water
temperature is 40°C.
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have a moisture content of 35.5% HzO. The moisture content of the smaller
particles diminishes at a virtually linear rate down to a water content of
26.5% for mixed materials with a particle size of less than 500 pm.
Figure 4.11 shows the protein structure of the dough agglomerates
created in the high-speed mixer after 10 seconds. The linking of the protein,
that is, the gluten framework, can clearly be seen. However the degree of
fineness is also important. With more gluten proteins available for dampening on the material surface, gluten swelling due to water absorption will
take place more rapidly which, in addition, promotes dough development
and dough resilience. Raw materials with a high gluten content therefore
offer further advantages for dough preparation in addition to those offered
by a fine particle size.

Fig. 4.11

Protein structure in dough after high-speed mixing.

After a mixing time of lOmin, as compared with 5min, we can already
detect a tendency towards moisture compensation. The water content of
the coarser, moister dough agglomerates has been reduced in favour of the
finer, drier particles. With a mixing time of 15min, the moisture differential
is equalised from a little over 9% after a retention time of 5 min to less than
4%.
Figure 4.12 shows the different dampening degree of middlings 1 at a
given capacity and a given material moisture content of 31%. On the left is
the sample where the dry and liquid ingredients were mixed without a highspeed mixer during a mixing time of 5min. The difference in the distribution of the moisture is evident. On the right is the dampened and mixed
sample made from durum middlings 1 and water, following processing in
the high-speed mixer with a retention time of 10 sec. In the high-speed
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Fig. 4.12 Dampening of durum middlings in a high-speed mixer.

mixer, the water particles are optimally distributed over the entire surface
of the material, resulting in the swelling of the gluten over the whole
dampened surface. During this short dampening and mixing stage at about
500 rpm of the motor, which has a diameter of 150mm, the optimum water
distribution combined with the mechanical treatment cause the gluten
proteins to become linked, which in turn leads to the creation of agglomerates, that is; dough.
4.2.3.1 Influence of the water temperature on the dampening of middlings
or flour
The influence of water temperature on the dough development process and
extrusion is significant. When the raw material middlings dunst 1 is
dampened in a dough mixer, the following dough temperature development
takes place (Fig. 4.13). The graph shows the course of the temperature in
the semolina-water mix with a constant semolina temperature and water
quality. The lower curve (solid line) is based on the calculated values, and
the upper curve (dotted line) shows the dough temperatures actually
measured after a mixing time of 10 min and a mixer shaft speed of 60 rpm.
The product temperature, due to increases in water temperature, rises at
a linear rate. The higher measure temperature input of 43-46.5"F (6.28.l.C) is the result of mechanical treatment during the mixing process. The
same tendency was observed also with finer raw materials such as middling
2 and first-grade (white) flour. On 'optimal parameters' the influence of the
kneading temperature was demonstrated by means of farinographs (Manser 1981). The water absorption rate and the dough development time were
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Fig. 4.13 Water temperature and dough development

influenced positively in the range between 104 and 122°F (40 and 50°C).
The same applies for the temperature of the water used in dough preparation.
Figure 4.14 shows the influence of the feedwater temperature during
dampening on the gluten and its characteristics, taking the example of
middling 1. It appears that the quantity of washed-out gluten is not influenced to any significant extent, whether dry or wet. On the other hand, with
feedwater temperatures above 140°F (60°C), a partial change in the gluten
characteristics must be expected.

Fig. 4.14 Water temperature and gluten quality
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4.2.3.2 Dough preparation using the co-rotating screw principle
Figure 4.15 represents the mixing and kneading principle of the dough
preparation process with co-rotating screws. Its basic design consists of twin
screw shafts rotating in the same direction. The product in the mixer on the
one hand rotates in ‘eights’ around the two screws, and at the same time
rotates within itself. This results in optimum intermixing, kneading and
protein framework creation of the dough. The working mode of screws
rotating in the same direction provides the advantage of preventing
calendering flows between the screw ridges and roots. In other words, the
screws float on all sides in the product.

Fig. 4.15

End section of kneading process with co-rotating screws.

The actual screw configuration creates an interaction between the
conveying screws, the polygon discs and the kneading elements, which in an
initial stage moisten, mix and knead the dry raw materials and the added
liquid with optimum intensity. This is followed in the second phase by
homogenisation, gluten development and simultaneous gluten framework
creation. Unlike current mixers with mixing times of up to 20 min, optimum
dough processing and development is achieved in the co-rotating screw
system during a mere 20 seconds’ retention time. The product flows as a
result of forced conveying action.
Figure 4.16 shows the temperature curve of the products during the
mixing and kneading process. Control of the mixerlkneader temperature is
of great importance in dough preparation. Dough preparation and development depends on the temperature and the quantity of liquid. If this input
of physical work and thermal energy is effected under controlled conditions
and very rapidly, the available gluten proteins are being bound into the
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Temperature profile of dough during mixing and kneading

framework through the hydrogen sulphide groups. Depending on the
particular raw material, a temperature range between 35 and 40°C is
considered ideal after the dough preparation process.
This method of dough preparation can quickly form a good protein
framework if the following conditions are taken into consideration:
0

0

Use of raw materials with a regular particle size, ideally smaller than
350 pm.
Use of a closed system with positive conveying action and appropriate
mixing and kneading devices.

4.2.4 Extrusion
In order to give the pasta its desired shape, the dough in its plastic state
must be forced through an appropriate die at relatively high pressure. In the
case of continuous extrusion presses, this pressure is generated by a screw.
This very important phase of extrusion has a decisive influence on the
quality of the end product and is subsumed under the term ‘rheology of the
extrusion screw’. This refers to the physical and technological behaviour of
the dough.
4.2.4.1 Rheology of the extrusion screw
The mixing of the raw materials - durum semolina and water - creates a
protein framework in the dough which depends on the protein content and
quality of the semolina and on the retention time in the mixer.
In order to give the end product a certain resistance to overcooking and
to retain its desired nutritional value, this protein framework should be
spared as much as possible and should under no circumstances be
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destroyed. This is only possible if kneading of the dough in the screw is
gentle, in particular in the pressure zone. The screw profiles and speeds
used today are designed to meet these requirements.
4.2.4.2 Kneading and pressure build-up
The kneading process mainly takes place in the pressure zone of the screw
and ahead of the die (see Fig. 4.17). Kneading is completed when the
material is discharged from the die.

Fig. 4.17 Cross-section of press screw.

Kneading is understood to mean the homogenisation of the mixed
material under pressure, with the protein framework that was already
created during the mixing process being further reinforced. Pressure alone
does not have any damaging effect on the protein framework. On the other
hand, the shear forces occurring mainly during extrusion have a negative
influence on the material and should therefore be prevented as far as
possible. Such shear forces usually occur when the dough is forced to flow
over sharp edges of plate holes, die inserts, etc.
The screws used for pasta production basically have two zones, the dough
intake and pressure build-up zone, and the actual pressure and kneading
zone. Due to the toughness (viscosity) of a dough with a water content of
approximately 30%, a pressure between 80 and 120bar must be generated
for shaping the pasta by the press screw, depending on the die resistance.
This pressure is indicated by a pressure gauge.
The dough pressure depends on a number of different factors:
dough moisture
die resistance
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die protection device
filter plate
dough temperature.

The influence of the dough moisture is widely known. The pressure drops as
the dough moisture rises, and vice versa. There are certain upper and lower
limits to the moisture range. Dough with an excessive moisture content
results in a sticky product, in particular in the first drying phase. If the
dough is too dry, a temperature rise is created by the increased extrusion
pressure, normally resulting in a degradation of quality and colour (white
specks). Figure 4.18 shows the relationship between extrusion pressure and
the firmness of the resultant spaghetti.

Fig. 4.18

Firmness of extruded spaghetti

The die resistance depends on the ratio between the clear die area (f) and
the total die area (F), given as f F , and on the discharge speed (in m/min).
The ranges stated often depend on the particular design and must be taken
into account by the die manufacturer.

Die protection device
The wire meshes used today for protecting the die offer less resistance than
perforated screens and tend to have a positive effect on the dough texture,
thanks to their additional kneading action.
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Dough temperature

The dough temperature is influenced by a number of factors:
0
0
0

semolina temperature
feedwater temperature
heat generated by friction in mixers and extrusion screws (see Fig. 4.19).

Fig. 4.19 Temperature profile: mixing/kneading to extrusion

In order to obtain a consistent pasta quality, these parameters should be
maintained as constant as possible throughout the year.
The dough temperature changes the viscosity and consequently the flow
behaviour of the dough. The dough temperature has a negative effect when
temperature differences exist within the dough mass. Tests have shown a
temperature increase of 1°Cin the dough has the same effect as an increase
in the dough moisture by 1%.
During the extrusion process, heat is generated in the dough by pressure
and friction. To a certain extent this heat is welcome and also necessary for
extrusion. However, attention must be paid to the surplus heat generated
during dough preparation. Excessive dough heating during the extrusion
phase will, as mentioned, have a negative effect on the gluten framework
and on the cooking quality of the finished product.
Basically it can be said that a dough temperature (measured after the die)
of more than 50-52°C will cause the cooking quality to deteriorate. For
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these reasons it is very important to keep the dough temperature within
certain limits, or in other words to ensure efficient dissipation of any
excessive heat.
By installing a suitable cooling system around the pressure section of the
extrusion press, it is possible to dissipate some excessive heat by means of
cooling water (Fig. 4.20). In order to achieve the most regular temperature
distribution possible in the dough, a large volume of water is pumped
through the cooling jacket, using a separate circulation pump. The temperature of the circulating water should be between 27 and 32°C.

Fig. 4.20 Cylinder cooling diagram for single-screw press
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4.2.4.4 Influence of the condition of the extrusion screw and of the
cylinder on the pasta quality and discharge from the die
The critical factor concerning the condition of the extrusion screw and
cylinder is the clearance between these two components created by wear, in
particular in the pressure zone. Typical indicators of excessive clearances
are a lower capacity at a given screw speed and a poorer discharge pattern.
The latter is a consequence of irregular heating caused by higher shear
forces and friction in the dough.
In the case of short goods lines, large differences in product length occur
when the material is cut at the die. The cooking quality is degraded by the
increased dough slippage between the pressure side of the screw and the
cylinder wall and the resultant heating of the dough. In addition, in the case
of heavy screw and cylinder wear, crooked paste may be produced. This is a
consequence of the partial destruction of the protein framework. We know
from experience that a clearance of about 0.059-0.078 inches (1.5-2 mm)
between the screw and the cylinder will produce a perceptible capacity
decrease and cause product degradation.
4.2.4.5

Vacuum systems and the influence of evacuation

Ever since the pasta production industry has been working with continuous
screw presses, a number of different vacuum systems have been developed.
The systems common today are the screw vacuum system, also called V-9,
for single-screw presses and the trough vacuum system for multi-screw
presses. Other press manufacturers have developed the full-trough vacuum
system, where the mixing of the raw materials is done under vacuum.
In the case of single-screw presses (see Fig. 4.21), the evacuation of air
from the dough occurs at the material transfer point from the vacuum screw
to the main screw, in a so-called vacuum chamber. The variable-speed
vacuum screw to some extent allows the capacity to be adjusted. The dough
in the vacuum screw forms the seal towards the negative pressure generated
by the pump.
In the case of the trough vacuum system of the double-screw press (see
Fig. 4.22), the mixed material is fed through a rotary airlock valve into the
trough. The trough is evacuated by means of a vacuum pump. The seal rings
arranged at the screw end and the dough pillow above the die prevent loss
of vacuum, allowing the dough to be extruded in the main cylinder without
the presence of air bubbles. The characteristic feature of both systems is the
fact that the material is mixed under atmospheric conditions, allowing the
mixing troughs to remain easily accessible.
The influence of air evacuation on the quality of the end product is
mainly of a visual nature. Due to the extraction of the small air bubbles
from the dough, the end product obtains a certain transparency which gives
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Fig. 4.21 The main components of a single-screw pasta press

the pasta a natural yellow colour. The vacuum commonly used in today’s
pasta presses lies in the range of 0.8-0.9 bar.
Figure 4.23 shows dough development and protein framework creation in
the individual process zones of the extrusion press with the co-rotating
screw principle. As soon as the first mixing phase starts, the biochemical
processes are activated, resulting in a stretching of the thread-like protein
molecules as the temperature steadily increases. At the same time new
interlinked protein frameworks are established via the disulphide (SS) and
sulphydril (SH) groups. The kneading intensity is determined by the speed
of the mixerlkneader shafts and by their configuration, with the loading
degree of the mixer being monitored and controlled by sensors.
The dough temperature is also monitored at the end of the kneading
process to avoid excessive dough temperatures, which would result in the
destruction of the gluten matrix and failure to create adequate protein links.
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Fig. 4.22 The main components of a double-screw pasta press.

The extrusion process takes place under vacuum and using a traditional
single-shaft screw. Vacuum also influences the last third of the kneading
process. The dough mass that has undergone working is increasingly
exposed to the vacuum in this area.
The short mixing times and the vacuum have another positive effect, as
they reduce the enzymatic and oxidative decomposition reactions. These
biochemical processes are even made entirely impossible thanks to the very
short dough preparation times, resulting in higher values for the yellow
pigments as compared with traditional systems. In order to ensure that the
viscoelastic properties of the colloid mass named dough can fully develop,
the 1ength:diameter ratio selected for the extrusion screw is 11, i.e. the
screw length has been extended. The two microsections in Fig. 4.23 show
the protein frameworks after the kneader in the transition zone to the
extrusion screw and the shaped, fresh spaghetti products after the die. The
linking and framework creation of the protein, i.e. of the gluten matrix, has
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Polymatik dough and protein framework development.

been completed. The gluten structure of both products is interlinked and
structured as in the traditional process.
4.2.4.6

Vacuum defects

Negative pressures of less than 0.7bar are sufficient to produce lower
transparency and therefore colour degradation. The very numerous small
air bubbles trapped in the dough already become visible after predrying.
Unlike burns, vacuum defects are visible all over the pasta shape. The
question of how vacuum defects influence the cooking quality has, to our
knowledge, not been examined in depth, since such products are in any case
impossible to sell in today’s markets.
4.2.4.7

Retention times

Figure 4.24 shows the retention (dwell) times in the mixedkneader, with the
dough having been coloured with a red food colouring agent to illustrate the
example. The red index value of 100% is neatly reached after 20 seconds.
The same results were reached during shutdown with the red mix.
Unlike the traditional mixing troughs normally encountered today, the
processing and retention times in the dough preparation zone of the newstyle extrusion press are clearly defined as a result of the positive conveying
action. Thus all particles undergo the identical treatment during the same
time. These clearly defined retention times allow the formulas of a wide
variety of doughs to be changed within a very short time. However, the
most important point is the reprocessing of wet rework product in long
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Fig. 4.24 Retention time of dough in mixer.

goods production. The well defined processing times guarantee a homogeneous inclusion of each rework product particle in the new dough mass.
Figure 4.25 shows the residence times across the entire extrusion process
with a production capacity of 1250kglh short goods (end products). The die
diameter was 520 mm.
As a result of the optimally short dough preparation time allowed by the
new process, the retention times are also correspondingly reduced
throughout the shaping process. The above-mentioned processing times in

Fig. 4.25

Residence time of dough in short goods extrusion
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the mixerlkneader system during dough preparation also have a positive
effect here. The positive aspects are shorter product changes, clearly
defined product transitions, and simpler pasta shape changes with minimised product losses.

4.2.5 Aspects of hygiene
The introduction of the I S 0 9000-9004 quality systems and the European
food hygiene directives require producers not only to check the produced
foodstuffs at the end of the production process, but also to establish a
concept for the systematic analysis of weak areas throughout the production process. Today this is accomplished by means of the Hazard Analysis
and Critical Control Points HACCP programme (see Chapter 8). The
critical points or areas identified must be checked at regular intervals and
be documented. This also applies to the plant and equipment used for
production and their materials of construction, which must be given
consideration too by equipment manufacturers.
The sanitation standards demanded have become fully accepted by both
equipment manufacturers and food processors. Food manufacturers must
give consideration to this situation today. For these reasons, the subject of
sanitation has become a prime concern in every company striving to market
products that meet the required standard in every respect.
Hygiene or sanitation is a necessary element of every quality management system. Cleaning is part of the hygiene programme of every food
processor, being performed according to the specific equipment installed in
the production plant.
The systematic testing and checking of the equipment and of the finished
products involves the following three factors, which every modern producer
will take into account:
hygiene
quality
successlreputation.
Cleanliness is an absolute precondition for the production of pasta. Regular
cleaning of installations, equipment and surroundings is essential to ensure
microbiological safety and an appropriate shelf life of the products made.
The new generation of pasta extrusion presses offers dramatically
simpler and more thorough cleaning. For the first time ever in the history of
pasta-making, a ‘clean in place’ (CIP) system can be applied for cleaning
the extrusion press.
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4.2.6 CIP process stages
4.2.6.1

Flushing of residual dough

Figure 4.26 shows the function diagram of the first process stage, which
involves the flushing of coarse dough residues. The CIP system has a pump
capacity of 50 m3/hour, which conveys the water at high velocity through the
3-inch piping and through the installation. In the first cleaning stage, the
water is pumped through the system in the direction of material flow in
order to flush out any remaining large dough pieces. These residues are
retained by a strainer so that they will not burden the washing water.

Fig. 4.26

Flushing of residual dough.

The duration of this first cleaning stage is programmed for 5min.
Following this operation, the strainer is briefly removed, cleaned and
reinstalled for the next cleaning stage.

4.2.6.2

Flushing with washing water

The second step accomplishes the cleaning of the mixerlkneader, the
extrusion screw, and vacuum line. Cold washing water is used (see Fig.
4.27).
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Flushing with washing water.

The purpose of this stage is primarily to flush all starch-containing dough
remains from the process sections of the extrusion press. The entire washing
process takes place in the reverse direction of flushing and of the flow of
material during production. The mixerlkneader shafts and the extrusion
screw rotate at low speeds, which are preprogrammed for cleaning. In
conjunction with the flow in the opposite direction, this produces whirls and
turbulences of the washing water in the critical regions such as the extrusion
barrel and the kneading and homogenising elements of the kneader. This
produces optimal flushing out of all dough residues. This second cleaning
stage is programmed for 20 min.
Following this cleaning operation, the contaminated water (only about
300 litres) is disposed of as waste water. The water tank is then flushed and
replenished with fresh water.
4.2.6.3

Alakali treatment

Figure 4.28 illustrates the third cleaning phase with alkali treatment, which
takes place in the same way as flushing with washing water. In order to
achieve optimal cleaning efficiency in all respects, the alkali bath is heated
to approximately 75-80°C. At these temperatures and with the cleaning
agent in the alkaline region, the proteins are swollen and the microorganism
count is reduced. The alkali cleaning stage has been programmed for
20 min.
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Fig. 4.28 Alkali treatment.

The alkali bath can be used a number of times. However for each additional application it must be tested for its p H value, and its concentration
must be readjusted to ensure that the necessary cleaning action is reliably
achieved.

4.2.6.4

Flushing with fresh water

Final flushing with fresh water is accomplished in the same way as alkali
treatment (see Fig. 4.29). All alkali bath residues must be flushed out of the
product contact zones of the extrusion press.
A t the end of this cleaning stage, the cleaning process and the installation
undergo an acceptance procedure by trained laboratory staff. The last
flushing water is analysed to determine its freedom from microorganisms,
and in the product contact zones of the extrusion press, so-called proofing
tests are performed to also confirm the freedom from microorganisms. This
fourth cleaning stage is programmed for 15min.
Some alkali solution is added to the last, still clean fresh water after all
analysis samples have been taken in order to ensure that the fresh water
used as initial washing water during the next cleaning operation is
essentially sterile. This minimises water consumption and optimises its
utilization.
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Flushing with fresh water.

4.2.7 Conclusion
To maintain set quality standards a number of parameters on the press need
to be monitored continuously.
The dough temperature, the moisture content and the dough pressure are
the most important parameters on the press and have a direct influence on
the cooking quality of pasta. Parameters like particle size of the raw
materials, mixing time, etc., will influence the quality in respect of visual
appearance such as the colour. Needless to say, an automatic control of the
press parameters helps to control the pasta quality.

4.2.8 Trouble-shootinghourcesof faults
Fault

Cause

Solution

Fast mixer drive failure

Fast mixer blocked

Remove screw and clean

V-9 screw, front cog is
squeezed out (in the case of
single-screw press)

V-9 screw speed too high or
main screw speed too low

Correct screw speed

Pasta mix pressure too high

Pasta mix too dry or output
too high

Increase liquid supply

Pasta mix pressure too low

Pasta mix too wet

Reduce liquid supply
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Filter cartridge blocked
Vacuum lid seal loose
Shaft seal vacuum trough
and/or press screw seal
loose
Vacuum pump fault
Vacuum transmission line

Separate instructions
Check vacuum network

Strong vacuum pressure
fluctuations in the case of
single-screw press

Pasta mix too moist

Reduce liquid supply

Poor die discharge

Cylinder cooling

Check cylinder cooling
control loop flow temperature
Control loop or mixing valve
Check die protection

Dosing water temperature
Die protection blocked or
incorrectly inserted
Wear and tear of cylinder
screw
Poor die discharge

Heating of head not turned
Off
Screw speed too high

Mould not clean after
washing
Die cases defective
Pasta mix pressure incorrect

Reduce cartridge
Possibly replace seal
Replace seal

Check looseness of the
screw
Check shut-off valve
In the case of screw presses,
V-9 and main screw, check
speed
Wash die again
Replace die cases
See above

Pasta mix pressure too high
when starting up

Head insufficiently preheated
Die too cold
Pasta mix too dry

Preheat head
Preheat die
Increase liquid supply

Product sticks to cutting knife

Pasta mix too wet
Die ventilation insufficient,
too cold or too moist

Reduce liquid supply
Check die ventilation

White lines on product after
discharge from die

Heating of head not turned
Off
Die excessively preheated

Turn off heating of head

Cutting knife not sharpened
Incorrect number of knives
Knife shaft speed too high
Cutting knives incorrectly
installed
Pasta mix too dry
Cutting surface of the die too
coarse

Only use sharpened knives
Increase number of knives
Reducespeed
Insert knives correctly in knife
holder
Increase liquid supply
Equalise cutting surface of
the die

Excessive cutting dust

Reduce head preheating
time (time lag)

118

PASTA AND SEMOLINA TECHNOLOGY

REFERENCES AND FURTHER READING
Blanshard, J.M.V. (1995) The glass transition, its nature and significance in food
processing. In: Physico-Chemical Aspects of Food Processing (ed. Beckett, S.T.),
pp. 16-48. Blackie Academic and Professional, London.
Kalichevsky, M.T. Jaroskiewicz, E.M., Ablett, S., Blanshard, J.M.V. & Lillford, P.J.
(1992a) The glass transition of amylopectin measured by DSC, DMTA, and
NMR. Carbohydrate Polymers, 18,77-88.
Kalichevsky, M.T., Jaroskiewicz, E.M. & Blanshard, J.M.V. (1992b) A study of the
glass transition of gluten. 1. Gluten and gluten-sugar mixtures. International
Journal of Biological Macromolecules, 14, 267-273.
Kokini, J.L. et a1 (1994) Glutenin and gliadin glass transition diagrams. Trends in
Food Science and Technology, 5,281.
Manser, J. (1981) Optimal parameters for the production of pasta described by
means of the example of long goods. Buhler Internal Publication.
Sciter, W. CIP in the pasta industry. Buhler Internal Publication.
Slade, L. & Levine, H. (1991) A food polymer science approach to structureproperty relationships in aqueous food systems: non-equilibrium behaviour of
carbohydrate-water systems. In: Water Relationships in Foods, Advances in the
1980s and Trends f o r the 1990s (eds Levine, H. & Slade, L.), pp. 29-101.

Pasta and Semolina Technology
Edited by R.C. Kill, K. Turnbull
Copyright © 2001 by Blackwell Science Ltd

5 Pasta Shape Design
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5.1 INTRODUCTION
We have seen in the preceding chapters how, in the classical case, the
extruder converts a solid mass from a powder to a plastic state. It is the
function of the extrusion barrel and rotating screw to develop the wheat
proteins in such a way as to envelop the starch in a gluten matrix.
The pressure built up within the extrusion barrel is a consequence of
the conveyed mass being confronted by an unforgiving, yet permeable,
object - namely, the die. It is the purpose of the die(s) to convert this
uninspiring mass into a highly desirable shaped format. A cursory
glance at the market place, let alone the myriad of standard shapes (in
excess of 400) which adorn the catalogues of the major manufacturers,
goes little way to understanding the skills involved and the complexity
of both the design and construction of the dies making this remarkable
and versatile food.
With pasta origins going back thousands of years, it is only in relatively
recent times (twentieth century) that design engineering and constructional
skills have enabled marketeers and product developers to exploit the full
potential.
In this chapter, consideration is given to shapes originating from socalled long and short goods lines, sheeted and sheetedlstamped products.
Whilst historically pasta was made as a result of a rolling and cutting
process, this chapter is restricted to products formed from continuous
extruders.

5.2 PRINCIPLES OF DIE DESIGN
There are numerous factors that will impact on the importance of each of
the principles lying behind the design of a die. In the main, however, it
may be simplistically stated that there is one overriding requirement;
namely the customerlend consumer’s expectation from the product. We
will see below how these interactive factors determine the product
characteristics.
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5.2.1 Materials of construction
As we have seen, the development of the dough in a cold extruder is a
relatively gentle process with the need to maintain the temperature in an
ideal range of 40-45"C, thus avoiding adverse damage to the starch-inprotein matrix. The materials of construction reflect this need at what is
potentially the point of maximum shear. It is for this reason that one of the
first materials used in die construction was copper, which exhibits excellent
thermal conductivity while being both ductile and malleable. The lack of
strength of copper (relative to the materials used today) to the forces of
extrusion pressure was offset by the much smaller extrusion heads used in
the early days of manufacture. A t this time, inserted dies had not been
invented and the die body itself was machined to produce the shapes.
Development progressed to the use of bronze, this having much greater
strength than copper, while still providing good conductivity. Bronze is an
alloy consisting, in the main, of two parts of copper to one part of zinc. As
with copper the first dies were non-inserted. However the greater strength
of this material led directly to the concept of inserted dies. As with the die
body, the inserts were also constructed of bronze alloy. The introduction of
inserts had the great advantage of relative ease of replacement of worn-out
or damaged components.
The further evolution of die construction resulted in the use of Teflon at
the discharge point of the inserts, both on the outer and, where applicable,
inner components. The main benefit to the use of Teflon was colour
enhancement; additionally, extruder throughput increased. Due to the
abrasive nature of durum semolina, insert wear is increased when Teflon is
applied. As we will see, a highly complex design of shapes or those in which
there are large differential flow rates through the insert do not lend
themselves well to this application.
Contrary to the beliefs of some, stainless steel is not a material well suited
to die and insert construction and is not therefore widely found. Although
the resistance to wear is good, the thermal diffusion exhibited is poor in the
context of pasta manufacture. As a consequence, overheating is more likely
to occur with damage to the protein network, resulting in inferior cooking
qualities. As the extruder capacities have become larger, then naturally this
has required physically larger dies. This places even greater demands on the
strength of the dies, and as a consequence presses requiring 520 mm dies (or
larger) also become extremely heavy and unwieldy to use. Bronze aluminium (BRAL) has provided a good solution to this problem. Although its
weight is similar to bronze, it has a mechanical resistance close to that of
stainless steel, shows less wear than bronze and is stronger. Chemically,
BRAL approximates to four parts of copper to one part of aluminium,
together with some minor elements; consequently its thermal diffusivity
makes it suitable for pasta extrusion.
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Irrespective of which material of construction is used, it is normal practice for die manufacturers to buy this themselves in the form of ingots. The
die block is cast as a blank (Fig. 5.1) at a foundry. The block is then
machined, by the die manufacturer, to hold the detailed insert and to
provide the correct line, volume and rate of flow of dough to the die face.
The materials for insert construction (both metal and Teflon) are purchased
as cylindrical rods; some 3.5 m long (Figs 5.2 and 5.3), the first machining
stage being to automatically cut to the desired length.

Fig. 5.1 Die blank (courtesy of Niccolai Trafile).

The basic components of the assembled die - the body, insert and
retaining rings - are shown in the sectionalised two-start spiral die (Fig. 5.4).
Multiple-insert apertures have been developed as a means of increasing:
the extrusion-free area
the extruder capacityloutput
reducing the speed of extrusion through each aperture.
These issues will be elaborated on in section 5.2.2.
The constructions outlined above apply to dies for use on so-called long
and short goods lines (e.g. long spaghetti and pasta shapes, respectively).
Such dies may conveniently be regarded as extrusion dies. As we will see
later, machining is via mechanical means.
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Insert rods (courtesy of Landucci)

The final and important feature of the materials used for many dies is a
surface treatment to ensure good cutting at the die face and to avoid wear at
this point. Typically this is a hard chrome coating which is deposited by
electrolysis. This important treatment is normally carried out by independent specialist companies who, being in great demand, can significantly add
a hidden time element to the total construction.
Another kind of die is more normally referred to as a stamp and is used
for the manufacture of pasta Bologna shapes (e.g. bow tiedfarfalle, etc.). In
this case, spark erosion is the precision machining vehicle. Unlike dies for
long and short pasta shapes, a high-specification stainless steel is essential.
This reflects the fact that such shapes are manufactured from a pasta sheet
(extruded from a die with construction as above) and formed/cut-out
remotely from the extrusion die face. The question of thermal diffusivity,
normally of great importance to dies, is therefore of limited relevance. The
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Fig. 5.3 Teflon rods (courtesy of Landucci).

key factors concern the strengthlrigidity of construction and the need to
maintain very close tolerances between the male and female components of
the stamp. To avoid confusion, these may conveniently be referred to as
stamping dies.

5.2.2 General technical design criteria
Undoubtedly, the first goal in the design and construction is a highly
detailed specification of the product’s needs. Although this may seem to be
stating the obvious, the importance will be better understood when one
considers that die inserts, while measurable by the pasta maker in 0.05 mm
increments, are machined at tolerances of 0.01mm. Taking merely the
thickness in isolation, as any pasta manufacturer knows, visually
indiscernible and barely measurable fractions of a millimetre will have a
radical effect on the cooking time. As an illustration to those not normally
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Fig. 5.4 Sectionalised two-start spiral assembly (courtesy of Landucci)

associated with the finer technical detail, Fig. 5.5 shows the standard socalled pin gauge which measures in 0.05 mm steps, from 0.45 to 1.50mm,
emphasising the working tolerances.
In defining the product specification, it is first necessary to consider the
customer expectation and the market. The basic parameters for the dry
shape and die design specification will be governed by the absorption (and
in some cases, rate of absorption) during hydration and thus the cooked
piece size. The key design parameters will therefore revolve around the
swelling characteristics of the product and its effect on the visual expectation regarding shape retentionhdentification, the textural and other

Fig. 5.5

Pin gauge
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organoleptic characteristics and the shape’s ability to hold sauces. Above
all, the prepared product must be visually appealing. The design requirements will also be greatly influenced by the capacity of the customer’s
extrusion and drying plant, in so far as these affect the overall dimensions of
the die(s) and inserts.
The first issue for consideration is the flow rate differential of the dough
across the back of the die block. Flow rate is influenced by the rheological
properties of the pasta dough. Since viscosity is greatly influenced by
temperature, even with technologically advanced extruders, there is a clear
distinction between materials subjected to differing shear conditions. In the
case of dies used for short goods pasta, the speed of flow through the die is
greatest at the innermost and outermost zones, with the intermediate areas
showing the lowest rate of extrusion. A similar situation arises with long
goods, with the ends of the die(s) and centre between two abutting dies
showing a similar effect. The typical flow pattern of the latter is as shown in
Fig 5.6. Those areas exhibiting the highest rates of flow are in essence those
subjected to the highest temperature.

Fig. 5.6 Long goods extrusion flow pattern (courtesy of Landucci)

It is normally considered that the ideal extrusion speed should fall within
the range of 2 4 m/min (Dalbon, 1996). It is particularly important that in
the design of inserts, not only are the rates of extrusion substantially evened
out, but the optimal shape may be achieved under such sympathetic conditions. High rates of extrusion may lead to heat damage to the protein
matrix, resulting in inferior cooked performance. Additionally, high rates
can also lead to excessive wear in the die inserts, particularly with shapes
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such as shells. In achieving the goal of the pasta manufacturer, for the
highest possible output per hour consistent with optimal quality, it is with
the skill of the die producer to strike the ideal balance. Not only may the
visual and organoleptic qualities of the product be adversely affected by
poor extrusion control, but also the packing density of the dry product may
fluctuate giving poor pack presentation at the point of sale.
The position is even more complex with the extrusion of long goods. We
have already seen in Chapter 4 how the design of the extrusion head is
fundamental to the provision of substantially even rates of flow to the
rectangular die. Any flow variations will be exaggerated due to the length of
the pasta at the point of cutting and the need for the so-called ‘trimmings’
(which are returned to the wet mixer) to be limited to less than 15%,if they
are not to have an adverse effect on product qualities.
In meeting these criteria, it will be appreciated that a product such as
spaghetti places great demands on the insert construction. With other long
products such as wavy-edged noodles (e.g. festonate semplici and the more
complex double wavy-edged festonate doppie), vermicelli, macaroni and
the recent, highly innovatory, 3-minute cook spaghetti (which gives a perceived product as standard spaghetti), the design and construction are even
more complex.
It is normal practice for pre-die screens to protect the back of the die
from large particles of raw material that might otherwise cause insert
blockage, pin displacement (see section 5.2.3) or even, in the worst case, pin
breakage. In some cases, these sieves may be located on a compensating
plate, and this in turn is located on the back of the die.
Compensating plates are basically drilled metal plates, having a series of
differently sized holes to either restrict or permit more or less flow of dough
through to selected areas of the die back. Operationally these are not
particularly desirable since they are associated with an increase in back
pressure.

5.2.3 Insert components
The insert is at the very heart of the die when it comes to the fine subtleties
of determining the essential characteristics of the product. Figure 5.7 shows
a complete insert for the making of Abissini rigati (a small shell). Notice in
particular that this insert has two apertures on each insert block. This
maximises the potential throughput and the high extrusion-free area
enables a sympathetically low rate of extrusion in order to achieve high
capacity. As mentioned earlier, this prevents excessively high shear on the
forming product (in particular in the centre peak, where extrusion is at its
fastest), which might otherwise adversely affect cooking qualities, as well as
accelerating insert wear. It is to be noted that the final forming of the shape
is through Teflon.
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Fig. 5.7 Assembled insert and product (courtesy of Niccolai Trafile)

Figure 5.8 shows all the component parts for this assembly; each of these
components is seen from the entry side (i.e. prior to forming). From the left,
the conically shaped feed holes (at the very back of the insert) direct the
dough, concentrating at the central peak, mentioned above. A t the base of
this cone shape may be seen machined slots which enable the dough to
disperse in an equilibration chamber, immediately prior to the Teflon. The
actual shell shape is machined out of the Teflon, as shown in the centre.
This potentially vulnerable disc of precision machined Teflon is then faced
with the front of the insert and is thus sandwiched between the two
phosphorbronze components, the whole being held together (in this case)
by set screws. It should be understood that each of the three main parts are
a precision fit within one another. Screws are not always required for this
assembly.
Although the illustration does not clearly show it, at the base of the
conical machining, there remains an internal lip of metal, which protects the
underlying Teflon from excessive abrasion by the dough at this point. In the
absence of such protection, the Teflon would be expected to exceed wear
tolerances within some 15-30 tonnes of production.
Figure 5.9 shows the reverse side of each of these components, from the
exit side. This shows well how all parts locate precisely. Figure 5.10 shows
the computer-aided design (CAD) sectional drawing.
It will be appreciated that the so-called die or insert aperture is, in this
case, non-uniform due to the need for a ridged or corrugated product. Not
only do the ridges provide an attractive feature in the product, but they also
give the shape greater ridgity than would otherwise be achieved with such a
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Fig. 5.8 Insert components of Fig. 5.7 from the entry side (courtesy of Niccolai Trafile)

thin shape. The insert shown has a maximum thickness of 0.92mm; at the
thinnest point in the valley, it measures 0.68 mm, giving a cooking time, in
water, of around 6 min.

5.2.4 The design of pasta theme shapes
It is often said that anything is possible on paper. This saying is never more
appropriate than when it comes to turning artistic and creative sketches into
a workable format that will:
enable the machining of appropriate inserts exhibiting the necessary
mechanical strength and integrity fundamental to the design needs
permit uniform extrusion and drying
exhibit adequate product strength, with minimal damage
deliver the customer expectations
where the design is subject to copyright, portray the characteristic
features of that property, thus permitting approval for commercial use.
Where applicable this is the first hurdle to overcome.
This concept is particularly well developed within the UK where, for nearly
25 years, there has been a dynamic market, targeted at young children, with
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Fig. 5.9 Insert components of Fig. 5.7 from the exit side (courtesy of Niccolai Trafile)

shapes linked to specific themes, and more specifically, canned in tomato
sauce. The theme may be linked to a film or video release, an event, book or
television favourite characters, etc. Many are strongly branded and
household names such as H.J. Heinz Co. Ltd., H.L. Foods Ltd. (includes HP
brand), and formerly Nest16 Co. Ltd. have, over the years, been associated
with children’s favourites such as Thomas the Tank Engine, Barbie, Power
Rangers, Godzilla, Disney, etc. Pasta in such applications is radically
different from that produced for the dry retail market, but the principles of
design are fundamentally the same, albeit more demanding of the pasta.
As we will see, such designs tend to be in the format of skeletal shapes. By
this it is meant that the characteristic features are shown in an outline,
rather than solid form. The following illustration is a step-by-step conversion from an illustration of a musical instrument to the finished pasta, for
both a dry retail and canned application.
Figure 5.11 is the typical starting point (in this case a graphic illustration
of a violin), which clearly shows the key features necessary to make it fully
recognisable at the ultimate point of consumption. Notice that this drawing
shows part of the shape in perspective. As stated above, anything is possible
on paper, but while this visually works in a two-dimensional form, this is no
longer the case once it is converted into a three-dimensional pasta shape.
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Fig. 5.10 CAD drawing for Fig. 5.7 insert (courtesy of Niccolai Trafile).

The first stage in design is to scan the artistic starting point of the project
brief into the computer, and then clean the image of the artist’s impression
(Fig. 5.12).
In the illustration provided, the extreme of length of the shape is 95 mm.
In order to achieve a shape suitable for a dry retail application it is
necessary to reduce this to approximately 35 mm; for a canning application,
the demands are much greater, with the size being reduced to a maximum
of 18-20 mm.
For a retail product, the wall thickness will approximate to 1.1mm in
order to provide adequate strength. With the further reduction in size for
canning, the wall thickness must be reduced to permit the necessary detail
while operating within the defined limits of so-called pin size. The pin is that
part of the metal forming the shape on the insert. In terms of machining and
to ensure minimal risk of pin displacement or damage, it is normal practice
to restrict the minimum size to approximately 3.0 square mm.
It is essential that in the technical shape design all lines are drawn at the
correct thickness, relative to the overall size, and irrespective of whether
the drawing is by freehand or on a computer screen. Figure 5.13 shows the
image reduced down to a size that approximates to that required for a retail
shape. It now becomes apparent that certain of the features will need to be
amended or deleted:
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Fig. 5.11 Graphic illustration of musical instrument.

The bow is impractical since this would be a single line representation,
prone to distortion and breakage
The individual strings and the holes in the sound box cannot be achieved.
Figure 5.14 shows the simplified and workable version for this shape for
retail.
If this drawing is scaled down further to a target maximum dimension of
20mm (as for canning), the illustration suggests this to be acceptable but
the lines now become too thin (Fig. 5.15). On correcting this to l.Omm, the
shape no longer meets the criteria for pin size (Fig. 5.16) and requires
amending to the final form shown in Fig. 5.17. Figures 5.18 and 5.19 (not to
scale) show the inserts on the die and the dry retail pasta shapes.
In a further working example, Figs 5.20,5.21 and 5.22 show (courtesy of
H.J. Heinz) a space theme, with an illustrative laboratory die, the canned
Heinz Invaders as marketed, and the processed pasta shapes after canning.
These shapes are a particularly good example of how well simple, geometric
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Fig. 5.12 Cleaned image of artistic impression (to actual size)

Fig. 5.13 Figure 5.12 reduced to target
external dimensions (to actual size).

Fig. 5.14 Simplified workable drawing for
retail pasta (to actual size).

designs can perform, with clear points of distinction between them. The
more complex the shapes become, the more important it is to have
differential external geometric format (e.g. broadly rectangular, square,
circular, triangular, etc.). A mix of animate and inanimate objects is
generally desirable.
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Fig. 5.15 Size reduction for canning (to actual size)

Fig. 5.16 Modification to Fig. 5.15
(to actual size).

Fig. 5.18 Laboratory die

Fig. 5.17 Final working drawing for pasta
shape for canning (to actual size).

134

PASTA AND SEMOLINA TECHNOLOGY

Fig. 5.19 Dry retail shapes

Flg. 5.20 Laboratory die for can theme shape (courtesy of H.J. Heinz and Niccolai Trafile)
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Fig. 5.21 Theme product as marketed (courtesy of H.J. Heinz).

This design work to technical drawings is best carried out on a C AD
system, although it is a personal preference as to whether one uses a
creativelartistic package or one more appropriate to engineering design.
Irrespective, once a satisfactory drawing has been achieved, these data are
best provided to the die manufacturer in a vector graphic format. In
essence, this drawing does no more than provide the die face image; the
study and the engineering drawings provide the information to achieve the
correct flow through the die insert and out of the die face, in a uniform
manner. Note, in particular, that dependent on where the inserts are to be
located on the die, the position may necessitate subtle and almost indiscernible differences in order to achieve a balanced flow.

5.2.5 CAD-CAM as applied to dies
Since the earliest days of pasta shape innovation, the machine operator has
been fundamental to the design and construction of dies. The skills of these
craftsmen cannot be overstated, but the demands placed on us all by today’s
global economies, together with the development of highly sophisticated
computerised systems, has resulted in computer-aided design-computeraided manufacture (CAD-CAM) stations being employed in the past 10-15
years. With such technology available, it is possible for the rapid designing
of new shapes and directly supplying the programs for the CAM constructional system. For a number of the key tasks, therefore, the die manufacturer is no longer dependent on the availability of skilled workers but
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Fig. 5.22 Pasta theme shapes ready for canning (courtesy of H.J. Heinz)

has the facility to operate the machines for 24 hours a day, fully monitored,
with the greatest degree of consistency.
We have already considered many of the key aspects in die design. The
computer study on the CAM results in all the technical detail required for
the specific need. It should be understood, that there may well be 20-25
programs for the different workings on the same machine for an individual
insert construction, such as with a shell.
These programs are transferred directly from the computer to the CAM
system, which machines the inserts. As is illustrated in Fig. 5.23, the insert
and Teflon blanks are assembled manually into mounting and clamping
plates. With the smaller, semi-automatic machines it is still necessary for
these plates to be manually replaced once each is completed. These are,
however, well suited to some highly specialised tasks.
A huge step forward has been made with the introduction of fully
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Fig. 5.23 Assembly of insert blanks (courtesy of Landucci).

automatic working centres. It is still necessary for the preparatory mounting
plates to be manually assembled, in units of three, thus forming a so-called
pallet. Thereafter the computer data determine the location of the pallet,
the plate alignment and the selection of the machining tools. Figures 5.24
and 5.25 show the key features of this equipment.
Figure 5.26 shows a typical machining head together with an assembled
cutter. As mentioned, the cutting tools are selected and fitted automatically, a typical range being illustrated in Fig. 5.27. There are typically
200 machining tools, although this may increase to 400 with larger
machines. A t the end of the machining process, the plates are removed from
the pallets, which are then passed through a washing machine to remove
swarf and machining oil. Final assembly in the die still remains a highly
specialised and skilled manual process (Fig. 5.28).
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Fig. 5.24 Automatic work centre (courtesy of Landucci).

5.3 VISUAL ENHANCEMENT AND FUNCTIONALITY
We have seen that cold extrusion lends itself to a bewildering range of
ingenious and marketable shapes for all kinds of application. Quite apart
from their aesthetic appeal, there are a number of additional tools available
to the die manufacturer, which go beyond enhancement and add significantly to the pasta’s functionality both during cooking and on the plate.
Of particular importance are the formation of ridges, waves and the use of
special cutters.

5.3.1 Ridged pasta - pasta rigati
For the purposes of this section, we shall restrict ourselves to the question of
functionality. The addition of ridges is an important vehicle for adding
physical strength to the pasta, both at the point of extrusion and to ensure
good shape retention in the product as consumed. If we consider tubularshaped products such as mezzani or ziti, or the even larger diameter zitoni
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Fig. 5.25 Computer control of automatic work centre (courtesy of Landucci)

and rigatoni, the eating qualities are greatly influenced by the type of ridges
that are generally applied to the outside of the tube. The cooking time is
primarily going to be governed by the wall thickness; to a lesser extent, the
bore diameter will also have a bearing dependent on the ease with which
the cooking water can access the inner part of the tube.
A major factor, however, is the format of the ridges themselves. Figure
5.29 shows a laboratory die based on the typical format with non-uniform
thickness of ziti rigati (outside diameter 8.5 mm, thickness to the ridge
1.05mm and thickness in the valley 0.65 mm). Such a product shows great
rigidity and will retain its shape even when grossly overcooked. As the
insert wears, however, the valley thickness progressively increases, ultimately leading to a loss of ridge identity. Such a product is also technically
more difficult to dry to low moisture (<7.5%) when used in a dry meal/
snack application.
An alternative design is shown in Fig. 5.30 where, on the same diameter
and with the same number of ridges, the construction is to a uniform
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Fig. 5.26 Cutter machine head (automatic work centre) (courtesy of Landucci)

aperture of 0.80 mm, resulting in a product cooking within the same time as
that above. Visually such a product shows good aesthetic characteristics;
technically wear will tend to be uniform and there are no drying conflicts in
the design. The product will not, however, exhibit such a good cooking
tolerance as the more conventional structure. Figure 5.31 shows a CAD
design detail of two different formats.
As a generalisation, the shorter the cooking time, the greater the constraints placed on the diameter of tubular products and the greater the part
rigati have to play.

5.3.2 Wavy construction - festonate
Although by no means exclusively applied to noodle products, waves to one
or both edges show major commercial as well as technical benefits in terms
Of
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Fig. 5.27 Range of automatic machine cutters (courtesy of Landucci)

Fig. 5.28 Final die assembly (courtesy of Landucci)
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Fig. 5.29 Laboratory die for ziti rigati, standard construction (courtesy of Niccolai Trafile).

Fig. 5.30 Laboratory die for ziti rigati, uniform construction (courtesy of Niccolai Trafile).

PASTA SHAPE DESIGN

143

Fig. 5.31 CAD drawing for ziti rigati (courtesy of Landucci).

0

0

0

bulking-up of the dry product giving an improved perceived value for
money at the point of sale
substantially reducing the tendency for flat products to stick to themselves or the saucepan during cooking (noodles undoubtedly pose more
cooking problems)
visually enhanced product, on the plate, with the tendency for compacting eliminated.

This principle may be successfully applied to both long and short cut
products. In the case of the former there are many variants (mainly in terms
of ribbon width) for both the single wavy edge (festonate semplici) and that
with both edges waved (festonate doppie). Fig. 5.32 (lisce festonate) is an
example of a short cut noodle exhibiting all three features referred to
above. Examination of the front face of the insert (Fig. 5.33) belies the
characteristics of what is clearly a noodle die; the in-feed side of the insert
(Fig. 5.34) clearly shows the mode of wave formation.

5.3.3 Special cutters
As we have seen, the majority of short cut shapes are formed and cut off
directly at the die face. Despite the intricacy of die design and the controlled positive flow in a cold extruder, small differential rates of flow across
the die face will inevitably result in some variation in dough passage
through the die. The longer the product to be made, the more this difference is exaggerated. In addition, as mentioned previously, there will be a
tendency for product extruded from the innermost ring of inserts to curve as
mirror images to those formed on the outermost ring. Where this is
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Fig. 5.32 Lisce festonate.

Fig. 5.33 Laboratory die face for lisce festonate (courtesy of Niccolai Trafile)
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Fig. 5.34 Laboratory die back for lisce festonate (courtesy of Niccolai Trafile)

particularly undesirable and there is a need for a substantially straight
product, so-called remote cutters can be used.
The classic example of this application is in the formation of penne-type
products. In this case the remote cutting from the die also facilitates the
typical, oblique cut. Various devices have been developed over the years,
although the earliest required the manual feeding (of the extruded tubes of
dough) into the cutter tubes. Such systems still exist, but these are only
practicable on die sizes up to 300mm in diameter. In the case of penne, the
angled cut is achieved by means of a cutting cone, fitted with integral
blades.
The majority of such products provide an angle of cut approximating to
35, 40 or 45". An important consideration when determining this angle is
that as it is decreased to 30" or below, then the product has a greater
tendency towards a sharp point. This can lead to hang-up points in the
production conveying system, damage to the product and the risk of
puncturing the packaging film. Moreover, the cutting surface area increases
to the point at which distortion (during cutting) can become a problem for
product quality.
In addition to the relatively simple device above, a composite construction of die, combined with the cutting cone and cutter, is highly effective.
Such a system is made by Niccolai Trafile spa, with their Trafila Speciale
(Fig. 5.35). The most modern devices incorporate automatic alignment of
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Fig. 5.35 Trafila Speciale (courtesy of Niccolai Trafile)

the remote cutter, to the die face, facilitating universal cutters not only for
penne-type products but also for more conventional short cut pasta. Such a
system was patented by Landucci in 1978.
Figure 5.36 shows the Landucci cutting conelcutter, together with the
aeration tubes. Figures 5.37,5.38 and 5.39 show the component parts of the
Niccolai equivalent Cartrapen 500.
The plastic aeration tubes serve the important function of surface drying
of the freshly extruded pasta and prevent sweating and sticking within the
tubes, which facilitates the desired straightness and remote cut. There is a
specific relationship between the diameter of the pasta and that of the
tubes, the ideal clearance being 2.75 mm all around the pasta shape.
The implication of this is that an individual cutting cone is required for
each and every product. This is not the case, but as the clearances increase,
so the risks of ragged cutting occur. Conversely, too small a clearance risks
blocking of the aeration tubes. Although penne-cut products tend to be
based on round (in section) tubes, the less common square tube (quadri)
also lends itself to this approach but presents less obvious problems of its
own. Contrary to what might be thought, such a product is not fed through a
square hole aeration tube; the part twisting and turning associated with
remote cutting would inevitably result in the snagging and blocking of the
tubes.
Paradoxically, the solution to this lies in the proverbial ‘square peg in a
round hole’. It still has to be appreciated, however, that the twisting
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Fig. 5.36 Automatic cutting cone for penne (courtesy of Landucci)

Fig.5.37 Components of Cartrapen 500 (courtesy of Niccolai Trafile).
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Fig. 5.38 Components of Cartrapen 500 (courtesy of Niccolai Trafile).

Fig. 5.39 Components of Cartrapen 500 (courtesy of Niccolai Trafile).
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referred to above does mean that a penne-cut quadri will not always be cut
through precisely the same plane, resulting in some piece-to-piece visual
differences.

5.4 SHEETED PASTA
In section 5.3, we considered the benefits of remote cutting. Where sheeting
technology is used, this is also reliant on shape formation away from the die
face. In this case, the cutter is in effect also the total shape former.
Whilst there are a number of different sheeting die formats, for the
purposes of this section we are restricting them to circular dies with a
continuous and regular/circular contoured aperture. Opening of the sheet,
such that it is presented in a flat and ripple-free form to the shapedcutter, is
more problematical than may be imagined. Factors such as the height of the
extruder head, the angles and form of the opening triangle, and absence of
atmospheric draughts are crucial to sheet stability. Figure 5.40 shows an
effective set-up, as used by Biihler on their TPAE press, installed in their
laboratory. This extruder which has a 300 mm head and is rated at 350 kg/
hour, gives an excellent flat sheet not less than 850 mm wide.
Such a sheet may be shredded to produce short cut noodles, folded or
even presented to a Nidi machine for noodle nesting. However the greatest
scope for innovatory shape design lies in what is referred to in the trade as
pasta Bologna. Figure 5.41 shows the typical scope of this most sophisticated of technologies. A specific feature of this machine is that the shapes
are stamped out while leaving an open lattice of reworkable material which
is fed back to the feed stock of pasta dough.
The efficiency of stamping is dependent on the shape and can range from
as low as 38% to as high as 72%. Shape design is therefore fundamental to
the machine efficiency. Simple shapes such as plain discs, squares, triangles,
etc., are created from a single action of cutting only.
The introduction of a profile and/or embossing of the surface requires
two actions - forming and cutting. These are effected in sequence, although
at the operational speed of the machine they are perceived as one. The most
complex, involving three actions, are shapes such as farfalle (bow ties)
where there is the additional step of pinching the shape together. The
number of actions will affect the speed at which the machine can run, with
the limit being 400 strokes/min. Triple action shapes such as farfalle will
more typically run at 260 punches/min. The shape efficiency, combined with
the sheet thickness, will have an overriding effect on output of the finished
product (Table 5.1).
The stamps are constructed from C70 stainless steel. Unlike extrusion
dies, these are formed by spark erosion, with operating clearances of
0.02 mm. The components are self-centring and insert punches may be
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Fig. 5.40 Sheeting of pasta dough (courtesy of Buhler)

readily changed. Permissible wear tolerances are 0.07 mm. Figure 5.42
shows the typical component parts of a three-action stamp, namely forming,
cutting and pinching. This Landucci stamp shows, from top to bottom, the
male component separated from the female component within which is the
integral pinching mechanism. The product from this stamp is shown lower
right. Figure 5.43 shows a 600mm farfalle stamp fitted to a Niccolai pasta
Bologna machine.

5.5 DIE-RELATED FAULTS AND THEIR
RECTIFICATION
There are a number of common faults that can fundamentally detract from
the consumer expectation of the product shape.
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Fig. 5.41 A range of pasta Bologna shapes (courtesy of Buhler)
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Fig. 5.42 Disassembled pasta Bologna stamp and product (courtesy of Landucci)

The occurrence of splits may be due to problems of particle size of the
semolina, although correct selection of the pre-die filter screens should go a
long way towards protecting against this. Nevertheless, as we have seen, the
pin sizes of intricate dies may mean that some parts are susceptible to being
displaced (off-centred), which in an extreme case can lead to splits arising
or even total breakdown of a component part, resulting in complete loss of
shape.
Differential flow rates through an insert may also arise from pin displacement or as a consequence of variable dough rheology, particularly at
the innermost and outermost rows of inserts. This leads to so-called wedging, where the two cut faces of the product no longer approximate to
parallel. Traditionally, this would have been compensated for through the
use of different pre-die screendfilters, or even the use of compensating
plates, behind the dies, with variable-size feeding holes to either speed up or
slow down the flow. The latest techniques build compensation into the
inserts themselves. Thus while the intermediate rows of inserts on a circular
die may show similar size feed holes at the back, those located at the outer
and inner zones exhibit differential sizing to provide localised compensation. As we have seen earlier, the innermost component of the insert is
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Fig. 5.43 600rnrn pasta Bologna stamper (courtesy of Niccolai Trafile).

precisely machined to provide the products needs, and this will be influenced by its ultimate location on the die.
‘Nesting’ is a phenomenon particularly associated with shells, where
there is a tendency for one shell to enter another (in part or totally),
resulting in the final dried product containing poorly cooking product. In
the main this is determined by the geometry of the shape and can be
minimised in the original shape design. In the worst case, such product will
become inextricably but loosely linked or even firmly adhered together
during drying; such product can be expected to give hard and undercooked
pasta for serving.
We have considered earlier the issue of wear and insert tolerance.
Different shapes will exhibit very different wear rates, as will the different
constructional materials. Just as shells can be susceptible to nesting, so they
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are also prone to higher wear rates than many other shapes. If we take, for
example, a Teflon quick-cooking (say 5 min), medium, corrugated shell,
then the much higher flow rate of dough, through the insert’s central plane,
will lead to rapid wear at this point, with loss of the corrugations (ridges),
thickening of the shape (perhaps leading to post-drier cracking) and a
cooking performance exceeding that required. To the layman, the shell is a
simple shape; in reality this is not the case and it is prone to many problems
in design and functionality.
Some of the most basic faults that can arise are eliminated through the
application of good housekeeping (including common sense) and die
maintenance. At the heart of this lies the die wash machine. This piece of
equipment was once of a simple design and there was a tendency for a
somewhat arbitrary washing pattern. Nowadays it is a highly sophisticated
piece of equipment. Figures 5.44 and 5.45 show the Landucci Micropi
machine holding four circular dies (with the lid raised) and a close-up
section of a shells die with the nozzles washing manifold. The requirements
for the different shapes and their feedholes are predetermined, the data fed
into the microprocessor and the programme ensures that the most efficient
washing area and cycles are used.
Such a system will pump at up to 60 bar pressure, but it is normal practice
to restrict to 45 bar, particularly where Teflon is used, if damage is to be
avoided

Fig. 5.44 Short goods dies in die wash (courtesy of Landucci)
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Fig. 5.45 Die wash machine spray nozzle (courtesy of Landucci)
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6 Pasta Drying

6.1 INTRODUCTION AND BACKGROUND
K.W. Johnston
6.1.1 The basic aim of the process
Unless it is to be sold with a short shelf life as a fresh product, pasta has to
be further processed to ensure microbiological and biochemical stability.
The usual way of achieving this is to dry the pasta to a moisture content (or
water activity) at which microbiological growth is impossible. The dehydration process has to be carefully controlled to prevent cracking of the
pasta, a fault that is caused by an excessive moisture content gradient
between the core and the surface of the product. Cracking is normally
evident one or two days after drying as the moisture distribution in the
product becomes uniform.

6.1.2 The scientific basis of pasta drying
Moisture is removed from the surface of the pasta by a stream of hot air.
This creates a moisture content gradient within the pasta and moisture will
diffuse as a liquid from the centre to the surface of the product along this
gradient. Whilst there are a large number of interactions in the drying
process, movement of moisture is limited primarily by liquid diffusion
within the pasta, which is a slow process. The time for the moisture in a
sheet of pasta to equilibrate (i.e. for all moisture differences within the
pasta to even out) can be estimated from:
Time = (size)’/diffusivity
where ‘size’ is half the sheet’s thickness. For a 1mm thick sheet of finished
pasta with a typical diffusivity of 0.6 x
m’/s this gives a time of 11.6
hours. Fortunately hotter and/or wetter pasta has a much higher diffusivity
(for example, 5.4 x
m’/second at 70°C and > 27% moisture), making
pasta drying feasible within reasonable times. Rapid dehydration inevitably
means a greater moisture content gradient between surface and core, and
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greater potential for cracking. Rapid drying methods have been developed
that avoid the risk of cracking.
If attempts are made to dry too quickly, a large moisture difference will
exist between the inside and outside of the pasta. As pasta shrinks on losing
moisture, the dry outside region will try to contract onto the wet core.
Hence the outside of the pasta will be under tension and the core under
compression (Fig. 6.1). While the pasta is still hot and before it enters the
glassy state, it can relax these stresses by deforming permanently. By the
end of drying and cooling, when the average moisture content in the pasta
has reached its final desired value, the pasta will be largely stress-free but
will have a stretched surface that is too dry and a compressed core that is
too wet. The glass transition curves for starch and gluten can be used to
recognise when pasta is in a glassy state and unable to change shape
progressively in response to the removal of moisture (see Fig. 4.1).

Fig. 6.1

Development of stresses during pasta drying.

As the pasta approaches the boundary of the glassy region, it becomes
stiffer. If the matrix stiffness is too high before sufficient moisture has been
removed, the risk of cracking will be high. The progress of any commercial
drying process can be plotted on the moisture content versus temperature
plot and the average condition of the pasta relative to the glassy state
established. It has to be remembered that the surface of the product will be
closer to the glassy state than the average predicts, and the core will be
more rubbery.
The moisture difference remaining after drying and cooling is
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unsustainable and will even out over the first few days of storage as the core
loses moisture to the outside regions. As a consequence, the core will try to
shrink while the outside is trying to expand. As the product is now too cold
and dry to accommodate these dimensional changes, the final product ends
up with stresses locked inside it. If they exceed the strength of the pasta at
any point then cracking will occur.
The strength of the pasta will depend on the quantity and quality of the
protein and the state of the starch (gelatinisedhngelatinised, glassyhbbery, etc.). The time before cracking appears will depend on the equilibration time at the storage temperature being used and the relative
humidity (which will control the extent of any further moisture losses).
Product geometry can affect cracking in two ways. First, when dealing
with products of different thicknesses, the timescale of drying needs to be
adjusted to attain the same degree of moisture equilibration, i.e. in proportion to the thickness squared. Second, product shapes need to avoid
regions which can concentrate stresses locally so the product cracks, even
though the average stress level is acceptable. Tight radii and re-entrant
corners can easily give local five- to ten-fold increases in stresses. Products
with widely differing wall thicknesses are particularly prone to cracking as
such walls will shrink at different rates.
Temperature control in drying can also be used to affect two further key
properties of pasta:
0
0

texture after rehydration and cooking
colour.

Heat setting the protein in the high-temperature drier will create a permanent protein network around the starch granules of enhanced strength
and integrity. This will prevent the starch granules from transferring to the
cooking water and this will improve the firmness and 'bite' of the pasta after
cooking.
Unlike many man-made materials, wheat protein becomes stiffer if
heated above certain system-specific temperatures. As described elsewhere
in this book, the classic example of the effect of heat on protein is boiling an
egg. After the egg has been cooked, the white forms a gel and there is no
way of returning it to the viscous, stringy state it was in prior to cooking.
Proteins in durum semolina behave in a similar way to an egg white. At
room temperature, wet gluten is an extremely elastic material, rather like
chewing gum. As the temperature of gluten rises above about 55"C, the
gluten becomes a tough but stiff and chewy gel rather like cooked meat.
This transformation will occur in high-temperature drying. It is desirable
as it represents the formation of a permanent network entrapping the starch
granules. This transformation would be extremely undesirable in the
extruder. Any protein gel formed in the barrel would be broken by passage
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through the die and would appear in the finished product as fragments of
broken gel (very much as chopping an egg gives you fragments of gelled egg
white). These fragments would disrupt the longer distance network that is
necessary for strong pasta and for entrapment of the starch granules. If
close to the surface, they would be particularly noticeable because they
would prevent a smooth surface from being formed.
Protein crosslinking is promoted by the application of heat and is a form
of protein denaturation. Denaturation is any physical or chemical process
that changes the structure of a protein. Denaturation may be seen as a
dramatic change such as heat setting, or as less obvious changes such as the
loss of solubility or the loss of enzyme activity.
Wheat contains soluble proteins and enzymes. Enzymes are biological
catalysts, molecules that enable chemical reactions to take place under
much milder conditions than normally possible. One of the more heatsensitive enzymes in wheat is called lipoxygenase. It is responsible for
bleaching the natural orange carotenoid pigments in the grain when small
amounts of water and oxygen are present. This enzyme will be rendered
inactive by heating to temperatures approaching 70°C, and its inactivation
will help to preserve the yellow pigment in pasta in processing. Excessive
temperature during drying is, however, undesirable as it will result in brown
discoloration of the pasta.

6.2 NEW DRYING TECHNOLOGY AND ITS
INFLUENCE ON THE FINAL PRODUCT QUALITY
W. Dintheer
6.2.1 Introduction
Times change quickly and while high-temperature drying of pasta (at
around 75°C) has found general acceptance, a new drying technology
applying ultra-high temperatures (HHT) is gaining pre-eminence in pastadrying technology. This in the face of the proposition once coined: 'Drying
temperatures should be selected as high as necessary and not as high as
possible.'
The main objectives in pursuing this technology can be summarised as
follows:
0

0

0

To be able to use raw materials and raw material blends of modest
origin and still to achieve end products of high quality.
To continue to produce pasta from top-quality raw durum without
degradation of quality or even with a further increase of quality.
It must be possible to duplicate the product qualities which to date
have been manufactured by means of the established high-temperature
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process. A n end product which up to now has been accepted by the
market and which is appropriate to the company image can be exactly
duplicated when state-of-the-art equipment and technology are
applied.
Above all, such state-of-the-art production lines - based on this new
technology and featuring compact, stainless, easy-to-maintain and
electronically controlled drying equipment - must offer their owners a
maximum return on their investment.

6.2.2 Historical development of pasta drying
In the first place, is it possible and wise at all to follow this trend of
applying ever-higher drying temperatures, even if they do offer certain
advantages, and drawbacks which have to be accepted along with the
benefits, compared with convential drying processes? To answer the
question as to whether it is correct to apply even higher temperatures, we
must first look at the curve of historical development of the drying temperatures and times.
Only a few years ago drying temperatures were typically around 50°C
and drying times were between 14 and 20 hours (NT drying). The
introduction of high-temperature (HT) drying with temperatures of
approximately 75°C and drying times of 7-10 hours was accompanied by
some difficulties when it was applied to long goods, as drawbacks and nonfeasibility were prognosticated from various quarters, as had been done
whenever the drying method was changed. This had already been the case
at the changeover from static to continuous drying and later on also from
‘standard’-temperature (NT) to high-temperature (HT) drying. Now, only a
few years after its introduction, this latter method is the technical and
technological standard.
Little wonder that doubts were voiced when drying lines with drying
temperatures around 100°C (HHT) were introduced.
Figure 6.2 shows a typical curve of the drying temperature and the drying
time featuring static drying, NT drying and H T drying. It appears to be
obvious that by logically continuing the curve in the direction of yet higher
temperatures and even shorter drying times, one has arrived at a new stage
in drying technology. The temperatures occurring here are approximately
80 to 120°C (HHT drying).
These temperatures refer to the dry-bulb temperature of the ambient air
and are applied only during part of the drying process. We will not consider
the associated values of the essential air humidity but it must be pointed out
that, at drying temperatures above 100°C,AT must be high enough for the
wet-bulb temperature and in particular product temperature to be below or
maximum at 100°C, in terms of traditional drying.
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Fig. 6.2 Typical curve of drying temperature versus drying time

6.2.3 Effects of HHT drying: main criteria
The main points of this section, on the effects of H H T drying compared
with NT and H T drying, are based on the results of two examinations of the
Food Engineering Department of the Federal Institute of Technology in
Zurich. The results have been proven in the meantime with the industrial
production of pasta using H H T drying technology worldwide. The following criteria were tested:
0
0
0
0

behaviour of lysine in dry and cooked goods
determination of egg content (not egg quality)
product colour
behaviour of vitamins in vitamin-enriched pasta.

These are essentially also the contested points of H H T drying. Furthermore, we will look into the organolepticlsensory characteristics, which are
generally uncontested and considered to be highly positive. Another
uncontested point is the bacteriological and sanitary advantages of H H T
drying.

6.2.4 Optimum HHT drying diagram
Basically it is possible to destroy all the essential quality characteristics of a
pasta product regardless of the raw materials on which it is based and the
temperatures - standard (NT), high (HT) or ultra-high (HHT) - at which it
has been dried. On the other hand, there are few drying diagrams that will
yield an optimum end product on the basis of one certain raw material.
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When applying ultra-high drying temperatures, the aim is to select and
control the temperature, humidity, time, product temperature and product
moisture profiles so that a high-quality end product will be obtained which for each criterion tested - will have characteristics equivalent to or better
than those of an HT-dried product made of the same raw materials. The
basic drying curves for the product moisture closely resemble one another
in all of the drying diagrams (see Fig. 6.8 later).
Figure 6.3 shows the basic curve of the product moisture from approximately 30% to approximately 12% for NT, H T and H H T drying; rapid
water extraction within a relatively short time, then relatively long final
drying and stabilisation time. In order to have firm control over the quality
of the product with these short drying times and to be able to optimise this
quality, a number of zones with controllable climates are required. The
optimum process was determined theoretically and empirically from the
tested diagrams in Figs 6.4 and 6.5.

Fig. 6.3

Basic curve of product moisture.

Figure 6.4 shows the different tested temperaturehime profiles of the
short goods drying diagrams whose results were compared. Figure 6.5
shows the different tested temperaturehime profiles of the long goods
drying diagrams whose results were compared. The results entered in the
comparisons in Figs 6.6 and 6.7 are exclusively drawn from the optimum
H H T diagram, i.e. the H H T diagram with the most positive influence on the
stated criteria. Figure 6.6 shows the optimum temperaturehime profile for
the H H T drying of long goods. Figure 6.7 shows the optimum temperature/
time profile for the H H T drying of short goods.
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In the case of long goods drying there are seven to ten electronically
controlled drying and cooling zones. For short goods lines this number is
four to six. The important point to be observed in designing the line is to
ensure that the diagrams of the selected H H T drying system can be flexibly
chosen. Thus, depending on the zone in which the highest drying temperature is selected (i.e. after which drying time), one or the other desired
influence on the end product can be more or less promoted, e.g. the colour,
cooking characteristics, etc. Besides, this feature is also important for the
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Fig. 6.6 Optimum HHT long goods drying diagram

closest possible duplication of products already featured in one’s range of
products.
Final drying and stabilisation take place within shorter drying times but
at drying temperatures which are slightly higher than in established H T
drying. The rehumidification zone between the final dryer and the cooler
reduces the moisture difference between the core and the outside of the
products to a minimum. This additional stabilisation, mainly used on long
goods, reduces possible stress and allows very accurate achievement of the

Fig. 6.7 Optimum HHT short goods drying diagram.
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Fig. 6.8 HHT drying diagram showing product moisture

set final moisture content. Then the product reaches the last selected zone,
the actual cooling zone, in which the product temperature is reduced to just
slightly above ambient temperature.
The substantially shorter drying time of the H H T drying process results
in reduced production times when compared with a production process
applying conventional H T drying. The time savings are as follows:
Long goods - approximately 5-8 hours
Short goods - approximately 3-6 hours
Compared with a production process relying on ‘standard temperature
drying’ (NT), which is still frequently applied today, the savings in drying
times are even greater. Assuming continuous operation throughout the
week, production time can be extended by this time gain, which amounts to
a considerable weekly capacity increase, not to mention the significantly
smaller overall dimensions of the H H T lines and thus a considerably higher
production rate per unit of production space. In practice, the appearance of
typical H H T lines is as shown in Figs 6.9 and 6.10.

6.2.5 Effects of drying on the quality of the final products
6.2.5.1 Behaviour of lysine in HHT-dried pasta
Figure 6.11 shows the presence of the assimilable lysine in NT-, HT- and
HHT-dried pasta. The trend shows that the assimilable lysine (and
methionine) of HHT-dried pasta is even higher than for HT-dried pasta.
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Fig. 6.9
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Long goods line Polyrnatik TPXO-210/520, capacity 1500 kg/hour

It is therefore important, in particular in H T diagrams, not to raise the
temperatures as the drying temperature would then be too high for too long
a time, resulting in a considerable reduction of the assimilable lysine.
Pasta dried in that way would not only have lower lysine values but because of the increased Maillard reaction - would also have a strong
brownish colour, i.e. its colour would change for the worse. The analysis of
many products showed that the Maillard reaction and the associated colour
change occurring during the drying of pasta very closely follow the denaturing of lysine.
6.2.5.2 Product colour
As mentioned earlier, the product colour can be greatly influenced by
means of the drying diagram. Table 6.1 shows the pigment content of p-
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Fig. 6.10 Long goods line with stick stacker TAGA, capacity 3400 kg/hour.

Fig. 6.11 Tendency of lysine in different drying diagrams.
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Pigment content

Product

p-Carotene (mg/kg pasta)
Spaghetti (LW)

100% durum
100% durum four eggs

Elbows

NT 50°C

HT 75°C

HHT 95°C

HHT 95°C

6.92
9.98

6.91
9.95

7.06
10.33

7.18
9.76

carotene (in mg/kg) of pasta. HHT-dried product - whether based on
durum, durum and four eggs, durum and seven eggs or durum and soft
wheat - has generally higher values than NT- or HT-dried product.
Table 6.2 shows the ‘yellowness’ measured, which is higher for all tested
H H T samples than for the analogous NT and H T samples.
Table 6.2 Yellowness LAB system

Product

Yellowness
Spaghetti (LW)

100% fine durum semolina
100% durum four eggs
100% durum seven eggs
80% fine durum semolina
20% soft wheat

}

Elbows

NT 50°C

HT 75°C

HHT 95°C

HHT 100°C

64.443
68.687
72.407

65.884
74.337
73.023

69.063
75.395
74.174

75.176
81.386
80.664

57.741

60.782

64.341

When the optimum H H T drying diagram is applied, the colour of the end
product based on a given raw material will be slightly more yellow and more
brilliant than NT- or HT-dried product, but by no means browner, which
also follows from the above-mentioned fact that the influence of the
Maillard reaction and blocking of lysine is smaller with H H T drying. Should
it prove desirable to duplicate the colours of a product dried according to an
NT or H T diagram, this can as already mentioned be accomplished easily by
means of the flexible H H T diagram.
6.2.5.3 Behaviour of vitamins
H H T drying produces equal or better results with regard to vitamin losses
than NT or H T drying. The values of the three vitamins used for revitaminisation (thiamine, riboflavin and niacin) are not negatively affected.
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Vitamins A, D and B6 show smaller losses when dried by H H T systems
than by NT or H T drying.
(3-Carotene (provitamin A) is not negatively affected by the new drying
technology. Chromoplasts in the form of (3-carotene and lycopene are
positively influenced by H H T drying.
6.2.5.4

Organoleptichensory characteristics of HHT-dried pasta

Table 6.3 shows the well-known MEW value of the Instron test. Instron
tests are only conducted with long goods. The MEW values of HHT-dried
pasta are on the average only slightly higher after 12 min cooking time than
those of HT-dried goods. However the HHT-dried final product has a
higher cooking tolerance, i.e. it is more resistant to overcooking.
Table 6.3

lnstron test

Spaghetti, diameter 1.70mm dry

100% durum semolina
100% durum four eggs
100% durum seven eggs
80% fine durum semolina
20% soft wheat

I

MEW value N, cooking time 12 min
NT 50°C

HT 75°C

HHT 95°C

0.8633
1.3029
1.5462

0.9608
1.3445
1.5295

0.9212
1.3462
1.6004

0.8325

0.9381

1.0162

Table 6.4 shows the slightly lower value of HHT-dried pasta, indicating a
lower degree of surface sliminess.
Table 6.4

lnstron test.

Spaghetti, diameter 1.70mm dry

100% durum semolina
100% durum four eggs
100% durum seven eggs
80% fine durum semolina
20% soft wheat

I

L value (mm), cooking time 12 min
NT 50°C

HT 75°C

HHT 95°C

0.6375
0.4825
0.4358

0.6245
0.5000
0.4208

0.6133
0.4625
0.4258

0.6783

0.6400

0.6083

Table 6.5 shows the cooking loss expressed as a percentage. On average it
is lower for HHT-dried pasta than for the other samples. This also is a
function of the lower L value of the Instron test with long goods.
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Table 6.5 Cooking test

Product

100% durum semolina
100% durum four eggs
100% durum seven eggs
80% fine durum semolina
20% soft wheat

Cooking loss (%), spaghetti (LW)
NT 50°C

HT 75°C

HHT 95°C

8.0
7.1
6.7

7.0
6.1
6.1

6.9
6.4
6.1

8.3

7.7

6.9

The results of the Instron test show that the simulated chewing characteristics of optimally HHT-dried pasta are between those of products
dried by NT and H T methods. The surface strength of the product after
12 min cooking time is better and the pasta is less slimy than in the case of
products dried at lower temperatures, with a lower rate of solids lost to the
cooking water.
The sensory assessment of H H T dried products, as compared to NT- and
HT-dried pasta, produces results in favour of HHT-dried products, taking
the average of all the tested criteria of the short and long goods. No changes
in the taste of optimally HHT-dried products have been detected.
The temperatures applied with H H T drying also result in a bacteriologically safer final end product.

6.2.6 Conclusion
To date, optimum H H T drying has yielded the best results ever achieved
with regard to the quality of the finished products. This technology can
justifiably be considered as the state-of-the-art technology of today. The
machines applied for this technology must meet strict requirements. In
particular, the following criteria must be satisfied:
0
0
0

totally stainless execution
very low maintenance design
absolute mechanical dependability as basis for computerised control of
the dryers and of the entire production lines.
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6.2.7 Trouble-shooting: drying process
Fault

Cause

Solution

After shaking pre-dryer
product sticks together

Insufficient die ventilation
Atmospheric environment in
shaking pre-dryer too moist
Outgoing or circulating air
ventilators not running
Retention time too long
Additional heating not
working

Check die ventilation
Reduce % humidity

Product sticks in bucket
elevator

Product too dry when it
emerges from drying zone

Pasta mix too moist from the
press
Output from the press too
high
Climatic fault in the shaking
pre-d ryer
Heating in bucket elevator
does not function
Moisture measurement
incorrect
Throughput time too long
Press output too low recipe

Sample removal incorrect
Temperature/moisture
regulation software fault
Drying temperature in a
drying zone too high,
command/actual value

Product too moist when it
emerges from the drying
zone

Valve does not close
Incorrect command value in
recipe
Control or software fault
Moisture measurement
incorrect
Circulating air ventilators
have failed, speed
Throughput time too fast
Fresh and exhaust air
ventilators have failed
Flaps do not open
Heating insufficient, pump
has failed, valve does not
open
Climatic values in recipe
incorrect
Press output too high
Pasta mix from the press too
moist

Check ventilators and turn
them on
Reduce throughput time
Check heating
Correct pasta mix moisture
Reduce output
Check climatic values
Check heating and flow pipe,
de-aerate heating
Check and calibrate
moisture-measuring device
Reduce throughput time
Compare press output with
command/actual value of
recipe
(See Chapter 4)
Check control of atmospheric
environment
Check valve
Check command value
Check control of atmospheric
environment
Check and calibrate
moisture-measurement
device
Check motors and speed
Reduce throughput time
Check fresh and exhaust air
system
Flap drive, rods
Check heating system,
pump, speed, valve drive
Check actuakommand
value against recipe
Reduce press output
Reduce pasta mix moisture
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Drying temperature is not
reached in a drying zone
(command/actual value)

Flow temperature of heating
too low
Valve does not open
Pump does not work
Stop valve or manual throttle
closed
Air in heating system
Filter dirty
Insufficient humidity in drying
zone
Internal stop valves in front of
the heater are closed
Circulating air ventilators
have failed
Incorrect command value in
the recipe

% relative humidity is not
reached in a drying zone, is
too low

Fresh/exhaust air system is
not functioning correctly,
flaps do not close or are
loose
Press output too low
Product gap, changing the
format (temporary)
Drying temperature too high
Casing plates or doors not
closed
Control or software fault
Command value in recipe
incorrect

% relative humidity in a
drying zone is too high

Fresh/exhaust air system is
not functioning correctly,
flaps do not open
Press output too high
Drying temperature too low
Control or software fault
Command value in recipe
incorrect

Check command/actual of
flow temperature
Check release valve
Throughput program
Open stop valve and manual
throttle valve
De-aerate system and
eliminate cause
Clean filter
Investigate cause
Check all stop valves
lnvetigate cause and
eliminate fault
Correct command value in
the recipe
Check fresh/exhaust air
system and eliminate fault

Increase press output
Wait for product gap: end and
re-evaluate
Check actuakommand
value of recipe and heating
Close casing plates or doors
Check control of atmospheric
environment
Correct command value
Check fresh/exhaust air
system
Reduce output
Check drying temperature in
recipe
Check control of atmospheric
environment
Correct command value
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Product temperature too
high, too warm

Insufficient cold water flow
temperature
Cold water pump has failed
Monobloc, air filter blocked
Circulating air ventilator has
failed
Control or software fault
Command value in recipe
incorrect

Humidity level not reached,
too low

Steam pressure lacking or
insufficient
Actuakommand value for
temperature too high

Check flow temperature
Check cold water pump
Clean air filter
Check circulating air
ventilator
Check control of atmospheric
environment
Check command value in
recipe
Check steam generator
Check actuakommand
value for temperature
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7 Additional Ingredients
R.C. Kill

7.1 SPINACH
Spinach has been used for many years as an ingredient in pasta making. It is
added usually in powdered form. The colour is strong and little is required
to produce a green colour in the final product (commonly 2%). However
there is little flavour imparted and the addition of spinach must be seen as
principally an agent of natural colour. It will also have a slight effect on the
nutritional value of the product. For example the iron content of dry
spinach powder is approximately 240 mg per 100 g.
Spinach powder is produced by drying spinach extract in drying towers
down to a moisture content of maximum 5 % . Other details of a typical
specification for spinach powder suitable for use in pasta manufacture are
given in Tables 7.1 and 7.2.
Table 7.1 Typical compositional specification for dried spinach powder.

Item

g / l 00 g

Moisture
Protein
Ash
Fat (by acid hydrolysis)
Available carbohydrate
Dietary fibre (Englyst)
Sodium
Potassium
Calcium
Iron

5.0 max.
28
17
5.5
33
14
0.2
7.9
1.2
0.244

The spinach powder is added at the mixing stage along with the semolina
and water and the normal mixing time is sufficient to fully disperse it and
give a uniform green colour to the finished product.
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Table 7.2 Typical microbiological specification for dried spinach powder.

Microbe

Target (per g)

Maximum (per g)

Total viable count (TVC)
Yeasts and moulds
Coliforms
E. coli
Salmonella
Staphylococcus aureus

<I5000
< 100
< 10
< 10
Absent in 259
< 10

100 000
100
10
10
Absent
10

Particle size: retained on 500 pm sieve

Zero

Grit (%)

1.O max.

7.2 TOMATO
Tomato has been used in much the same way as spinach, primarily to give
colour to the finished product. Like spinach, the colour is quite potent and
only a little is required for the finished product. In this case up to 4% may
be added. Dry tomato powder is obtainable from areas such as Portugal and
a typical working specification is given in Tables 7.3 and 7.4.
Unlike spinach-coloured pasta, tomato is rarely used in isolation. There is
not a significant market for red pasta other than in mixes of plain, green and
red (tricolore).
Tomato is also sometimes added in liquid form as purke, otherwise the
principle is the same as the addition of spinach.
Table 7.3 Typical compositional specification for dried tomato powder

Item

g/lOO g

Moisture
Acidity
Salt
Sugars

5.0 max
5-8
Zero
52

7.3 EGG
The addition of egg to pasta differs from the previous ingredients in
that it imparts more than simply a change in colour, although it does
make the pasta more yellow. The texture of ‘egg pasta’ is stronger
than plain pasta and the mouth-feel different. Also there is a more significant change in the nutrition value of the product. The finished
product has a premium and is sold at a higher price than plain pasta.
Table 1.2 shows a comparison of the nutrition values of typical plain
and egg pastas.
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Table 7.4 Typical microbiological specification for dried tomato powder

Microbe

Maximum (perg)

WC
Yeasts and moulds
Coliforms
Salmonella
Staphylococcus aureus
Anaerobic spores

50 000
100
Absent
Absent
10
Absent

Particle size: retained on 500 pm sieve

Zero

Egg may be added in either liquid or dry form. Liquid egg is the preferred
choice for finished product quality. However, there must obviously be
safeguards in place for proper control of microorganisms. The raw material
must be in pasteurised form and may be brought in in stainless steel tanks or
in reusable, collapsible ‘palletainers’. Care must be taken in the hygiene of
the delivery systems to the mixer. Serious problems have occurred in the
past because of pipelines not being cleaned properly, in one case because of
a dead space in a pipe. See also Chapter 8. An example of such a container
in use in a pasta factory is given in Fig 7.1.
There are fewer problems with dried egg and for this reason it is also
commonly used. The raw material has a longer storage life and there are
fewer risks associated with it.
Typical raw material specifications for both liquid and dried whole egg
and egg albumen are given in Tables 7.5-7.8.
The quantity of egg added is traditionally to give a finished product with
four eggs per kilogram of pasta. In terms of liquid egg this is usually 160 g/kg
of product.

7.4 VITAMINS
In the USA there is a significant market for fortified, or vitamin-added,
pasta. While this market is not as significant elsewhere, countries such as
Italy produce such product for export to the USA.
The vitamins are added as a dry mixture and are usually obtained as premixes from the supply companies. Table 7.9 shows a typical composition of
a vitamin pre-mix, which would be added at a rate of 1kgltonne of semolina.
The effect of the addition can be seen in the compositional figures given
in Table 1.2. It is interesting to note that according to the information in this
table, the levels of most of these vitamins are higher from the natural levels
in egg pasta than in such fortified pasta.
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Fig. 7.1 Typical container for the delivery of liquid whole egg to a pasta mixer.

Table 7.5 Typical compositional specification for pasteurised liquid egg.

Item

Specification

Shelf life
Total solids (by refractometer)
PH
a-Amylase

6 days at 5°C
23.5-26%
7.3-7.9
5 min.

Table 7.6 Typical microbiological specification for pasteurised liquid egg

Microbe

Maximum (per g)

TVC
Enterobacteriaceae
E. coli
S. aureus
Bacillus cereus
Salmonella

8000
10
Absent
100
100
Absent
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Table 7.7 Typical compositional specification for dried whole egg and desugared egg
albumen.

Item

Dried whole egg

Desugared egg albumen

Moisture
PH
Haenni value
Oil
Protein
Nitrites
Nitrates

5% max
8.0-9.0
20 min.
41%
48%
10 mglkg max
15 mglkg max

8% max
6.5-8.5
26.5
1%
82%
5 mglkg max
5 mglkg max

Table 7.8 Typical microbiological specification for dried whole egg and desugared egg
albumen.

Microbe

TVC
Coliforms
Salmonella
S. aureus
E. coli
Yeasts and moulds

Maximum (per g)
Dried whole egg

Desugared egg albumen

6000
10
Absent
Absent
Absent
10

1000
10
Absent
Absent
Absent
10

Table 7.9 Typical specification for a vitamin mix for pasta

Item

gIlO0 g

Vitamin B,
Vitamin B2
Vitamin PP
Folic acid
Iron

1.oo
0.60
6.00
0.27
1.60
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8 Quality Assurance in a Dry Pasta
Factory
K. Turnbull

8.1 INTRODUCTION
In the food industry today, the word ‘quality’ can have many different
interpretations dependent on the area to which it is applied. Whereas 20
years ago the quality of pasta referred to such topics as visual appearance
and cooking characteristics, now the term has also to encompass the ‘safety’
and the ‘legality’ of the product including the factory environment and even
the packaging used to wrap the product.
The quality assurance manager of a dry pasta factory has to have a wide
range of knowledge covering topics related to food in general, and to pasta
production in detail. A n understanding of food law both within the country
of production and the country of sale is essential. Even in a trading zone like
the E U , where barriers to trade between member states are supposed to be
non-existent, problems can arise for the importer or exporter who does not
understand the laws of each country and the different emphasis placed upon
them.
This chapter is designed to be a simple guide for a quality assurance
manager in a dry pasta factory and aims to address all of the aforementioned topics in a logical and straightforward way. The contents are drawn
from 20 years’ experience of working in a medium-sized pasta company
within the E U with production sites located in two member states. The
pasta produced in these sites is destined for retail, catering and industrial
outlets.
As the subject of semolina production has been dealt with earlier, this
chapter commences with the receipt of semolina into the factory silo. It
works through the extrusion and drying process and concludes with views
on the quality assurance of the finished product.

8.2 THE USE OF HACCP
The use of the Hazard Analysis Critical Control Point (HACCP) technique
has been established in the food industry for more than 15 years and is now
enshrined in European law as a necessary requirement for the logical
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assessment of risk in any food production system. The HACCP technique is
adequately described in detail in the Campden Guide and should now be
the basis of all quality assurance systems for the food industry. The technique should always be applied to each production linelsystem and
although generalised HACCP guides, such as that recently produced by
Unione Industriali Pasta Italiani (UNIPI), are useful, there is no substitute
for the detailed examination and understanding of each process under your
control.
The technique can also be applied to other broader aspects of product
control such as product quality and legality where, although consumer
safety is not at risk, other important parameters can be better controlled if
their precise cause is better understood. For example, a HACCP on pasta
colour reveals a number of control points through the process which can
have a bearing on the final outcome.
Table 8.1 gives an indication of the process stages and examples of the
control points that should be considered. The identification and control of
these points should lead to an improved and more consistent product
quality.
Table 8.1

Using HACCP technique to develop quality control points.

Process step

Control points

Growth of durum wheat

Variety selection
Climate
Agronomic practices
Weather at harvest

Milling

Cleaning efficiency
Conditioning system
Mill efficiency

Semolina storage

Time between milling and extrusion

Pasta extrusion

Time in mixer
Vacuum level and where applied
Mix moisture

Pasta drying

Drying profile

A quality assurance manager would be well advised to learn and apply
the HACCP technique as often as is practical, not only using expertise from
within their own production environment, but also including specialists for
each particular area of study. In this way the analysis produced will be of
benefit to the business as a whole and can also be used as a training exercise
for all those involved.

QUALITY ASSURANCE IN A DRY PASTA FACTORY
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8.3 THE QUALITY ASSURANCE OF RAW
MATERIALS
Under the E U Miscellaneous Additives in Food Directive (95/2/EC), dry
retail pasta sold to the consumer (unless for special dietary requirements) is
not allowed to contain any additives. Thus, only ingredients that characterise the product can be used in its manufacture.
The two basic ingredients used to make 90% of dry pasta are durum
semolina and water. However, in many parts of the world pasta is regularly
manufactured wholly or in part from non-durum-based and even nonwheat-based cereals. (The origins of pasta type products based on the ‘local
cereal’ are an important source of diversity in this group of food products.)
Over the years other minor ingredients (see Chapter 7) have also become
associated with pasta such as spinach powder, tomato powder and egg
(liquid or powder). These ingredients bring with them additional quality
assurance problems peculiar to their origins, and in the case of egg can
dramatically change the risks associated with the production of safe pasta.
The increased interest in organic products and fully traceable raw
materials also puts increased emphasis on a good understanding and
assessment of all ingredients. The quality, safety and legality of each should
be examined.

8.3.1 Durum semolina
As seen in previous chapters, durum semolina is the product of the hygienic
milling of sound, good quality durum wheat. To verify the quality of the
semolina delivered to a pasta factory, two approaches are necessary. The
first is a detailed and regular audit of the supplying mill and the second is a
comprehensive assessment of the product on delivery and prior to use. In
both areas a good grasp of the key quality parameters is essential.
As long as millers and pasta makers have traded together there have
always been heated discussions over the measurement of semolina quality.
It is disappointing that even now there is no standard European measure of
semolina quality, and even when a parameter is generally accepted as useful
there is still often discrepancy over the precise methodology used in its
measurement. As a general rule each parameter should not be judged
purely by itself but used as part of a ‘picture of quality’ made up of a
number of tests. In addition, particularly when comparing results from
different sources, the precise methodology used in deriving the result
should be known, together with an understanding of the way in which the
results are declared, e.g. dry weight basis (dwb) or ‘as is’.
Table 8.2 summarises the checks recommended on semolina and their
influence on the quality, safety and legality of the product. Each criterion,
generally accepted as key for the production of pasta, is discussed below.
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Table 8.2 Summary of semolina quality criteria

Parameter
Ash
Moisture
Protein quantity
Protein quality
Colour
Speck count
Particle size
a-Amylase
Microbiology
Pesticides
Mycotoxins
Heavy metals
Non-durum adulteration
Insect infestation

Quality

Safety

Legality
* (in some countries)
* (in some countries)

* (in some countries)

* (different tests)
* (legislation TBA)

8.3.1.1 Ash
The ash content of semolina is simply a measure of the mineral material
remaining when all the organic material has been removed by combustion
at very high temperature. It is a guide to the extraction level taken by the
miller during the milling of the durum wheat. Semolina with the lowest ash
content comes from the centre of the grain and is the first product of the
milling process. As the process continues, endosperm from nearer to the
bran skins is extracted and parts of the mineral-rich aleurone layer are
incorporated into the semolina. As this incorporation continues the ash
level of the product increases.
The level of ash is determined by weighing what remains after the full
combustion of a sample of semolina at a given temperature. Results are
normally expressed on a dry weight basis. Rapid techniques do exist with
the latest near infra-red (NIR) systems giving accurate results within
seconds (Fig. 8.1).
Typically, good quality pasta will be made from durum semolina with an
ash level of less than 0.9 dwb. Pasta made from semolina with an ash
content between 0.9% and 1.1%dwb will be darker in colour and taste
more ‘wheaty’. Product manufactured above 1.1% will be very dark with a
very strong flavour and, due to the high level of durum flour incorporated
into such products, will have a poorer texture. Table 8.3 illustrates the
effects of ash content on semolina colour.
Ash is therefore a very useful measure of semolina quality but there are a
number of anomalies that can, and do, occur and should be taken into
account.
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Fig. 8.1 Percon lnframatic 8620 (Calibre Control Ltd).
Table 8.3 Semolina colour levels with variable ash content.

Semolina ash content
(% dwb)

< 0.9
0.9-1 1
> 1.1

Semolina L* value

Semolina b* value

89
86
84

27
23
19

Different durum wheat varieties and different agronomic techniques can
produce wheats of different ash content. This can produce semolinas of
similar extraction and other quality characteristics, but with different ash
contents. An unscrupulous miller might add non-durum flour (which has a
low ash content) to durum semolina to bring the ash figure down. This trick
can, of course, be checked for by other techniques (see Chapter 2).
Some modern milling techniques such as the ‘debranning’ systems
described earlier (Chapter 3) can produce semolina of good colour at high
ash levels.
As can be seen, therefore, the measurement of ash is a useful indicator of
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the milling process and although mineral content itself cannot be seen in the
final product it is an indicator of the milling process and of possible consequences in the final pasta product.

8.3.1.2 Moisture content
The measurement of moisture content in semolina is important not only for
reasons of safety but also because it allows the pasta plant operator to
optimise the production line. The moisture content of wheats from different
origins will vary from as low as 8 % (for some arid crop areas) up to 14% (in
more temperate growing areas). The miller will typically condition and mill
the wheats to produce a semolina moisture content of about 14-15%.
Semolinas with moisture contents below this will normally command a
premium, while those above will have a higher water activity and thus a
shorter storage life.
The measurement of moisture content is based on loss in weight of a
sample of semolina over a given time period in an air oven set at constant
temperature. There are many rapid methods now available with their speed
and accuracy reflected in the cost. Some techniques such as NIR combine a
number of rapid tests in one machine, e.g. moisture, ash, protein (see Fig.
8.1).
The method of measurement should be agreed between miller and pasta
maker and with the sophisticated conditioning systems now employed in
most mills a specification range of no more than 1%should be necessary.

8.3.1.3 Protein content
The protein content of semolina is an important guide to its quality. Generally, the higher the protein level the stronger will be the pasta, giving a
better texture and less leaching of starch during cooking. There are
numerous exceptions to this rule and once again this parameter can only be
used as part of the ‘total quality picture’ discussed earlier.
Either the Kjeldahl or the Dumas method is normally used to measure
protein in semolina. Results are typically expressed on a dry weight basis.
Both these techniques measure the total nitrogen in the sample and then, in
the case of cereal products, the result is multiplied by 5.7 to give the percentage protein.
Other rapid techniques for protein measurement such as NIR spectroscopy (see Fig. 8.1) are very useful but should be calibrated regularly
against the above standards to ensure accuracy.
Typical values for protein in durum semolina would be in the range 11%
dwb, up to as high as 16% for some specialist products. Once the optimum
level for each pasta product is established, this can then be specified to the
miller to ensure a tight specification on the incoming semolina.
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Protein quality

Having enough protein present in a semolina is one thing, but is it of the
correct quality? This is a question that has been posed over many years and
the number of techniques used to measure protein quality are nearly as
numerous as there are pasta makers in Italy. However, most measurements
surround the area of ‘gluten amount’ and ‘gluten strength’. Gluten is the
proteinaceous material left after washing semolina in water to remove the
starch and soluble proteins.
Experienced quality assurance operators will be able to judge the quality
of gluten by the feel of it after it has been washed out from the semolina.
This subjective judgement can be formalised into a more meaningful and
comparative technique by the use of a scoring system. The FEX system is
such an example, where the operator rates the gluten under the headings of
firmness, elasticity and extensibility. Obviously such a technique requires a
high degree of training and operator collaboration before results can be
verified.
Other subjective methods seen in various pasta factories around the
world include:
0

0

rolling the gluten into a sausage, stretching it along a ruler to a set
length, and then taking a final measurement after it has relaxed
rolling the gluten into a ball, sticking the ball onto a nail on the wall and
recording the time it takes to drop off.

While amusing to watch, these methods all give useful guides and are
probably sufficient in a small pasta factory. However, in the modern highcapacity plants, better, less subjective systems are required.
A more empirical technique developed in the 1980s and early 1990s is the
Perten Glutomatic system (Fig. 8.2). In many ways this is an automated
‘feel’ test and manages to remove many of the inaccuracies that can occur in
the more subjective assessments. First, the gluten is washed out under
standard conditions (including pH), weighed (‘wet gluten’) and then
centrifuged through a perforated sieve for a set length of time. The material
retained on the sieve is then reweighed and the result expressed as a percentage of the total. This ‘gluten index’ is therefore a guide to the strength
of the gluten.
Second, the gluten is sandwiched between hot plates for a set period and
reweighed to give a ‘dry gluten’ figure. In addition, an examination of the
dried ‘biscuit’ can give other useful pointers for colour and strength. The
three figures of wet gluten, dry gluten and gluten index are reproducible
and give the plant operator a good guide to gluten quality. Durum millers
also use this test so specifications can be set up to control this parameter
with the minimum degree of difficulty.
Beyond the Glutomatic, other protein quality assessment methods are
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Fig. 8.2 Perten Glutornatic 2200 and Centrifuge 2015 (Calibre Control Ltd)

more complicated and expensive. Techniques for semolina assessment
(including protein quality) have been developed on standard flour testing
equipment such as the Chopin Alveograph (Fig. 8.3) and the Brabender
Farinograph. These tests are useful and, providing both the factory and the
supplying mill also have the equipment, can form part of a meaningful
specification.
Occasionally, and perhaps more so in the future, pasta will be made from
a single variety of durum wheat. To check whether a miller has used just one
variety in the semolina, electrophoretic techniques will need to be
employed. These techniques have been simplified over the years and could
be set up in a factory or mill, but an external laboratory is still the preferred
place for this type of less frequent analysis.
8.3.1.5

Colour

The colour of semolina is a very difficult parameter to measure and specify.
It should be remembered that the apparent colour of a sample of semolina
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Fig. 8.3 Chopin Alveograph (Calibre Control Ltd)

is a function of a number of physical characteristics such as particle size,
particle shape and flour content, as well as the functionally more important
parameters of (3-carotene level and bran contamination. This can be seen
when comparing semolinas from two different mills, both milling the same
grist at the same extraction level. The semolinas often appear different in
colour but when converted into pasta the resultant products are identical.
Thus any method of colour assessment on semolina must remove the effect
of these physical differences and concentrate on those that will influence
the final colour of the pasta.
Once again a test that is easy to use and cheap enough to be employed
both at the mill and factory is ideal. Measurement of the (3-carotene level by
wet chemistry is possible but does take time and does not give the full
picture.
In the last 10 years improvements in colour measurement have generally
been adopted by the pasta industry. Spectrophoretic techniques expressing
the colour of the semolina or pasta by using the tri-stimulus values L*, a*
and b* (or an adaptation of it) have been widely used. The L* value records
how bright the sample is; the b* how yellow; and the a* how redlbrown the
sample is. The a* value shows good correlation with bran contamination,
whereas the L* and b* reflect how bright and yellow the final cooked pasta
will be. A good example of a comparatively cheap and easy-to-use machine
is the Minolta Chroma Meter, which has a special measuring head for
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particulates designed to remove the variability created by particle size etc.
Another company advanced in this field is Hunterlab.
In summary, colour measurement is a rapidly developing area and once
again there is no standard test regime used by the pasta industry. A tristimulus technique appears the most reliable at present but as new techniques become available other systems may be more accurate. The latest
hand-held spectrophotometers may be an example of such an improvement.
8.3.1.6

Speck count

Specks in semolina are a frequently debated point between miller and pasta
maker. Once again their occurrence is a function of a number of different
parameters, including;
0
0
0
0

wheat quality
wheat cleaning efficiency
milling efficiency
extraction taken by the miller.

The measurement of specks in semolina has always been difficult to
define. It is generally accepted that there are two types:

(1) Black and dominant specks are the result of poor wheat quality and
inadequate screening. These specks are generally small in number,
black in colour and stand out clearly in any sample. They also stand
out clearly in the finished pasta product.
Brown
points are the result of poor milling and high extraction. These
(2)
specks are more numerous but harder to see. Their effect in pasta is to
dull down the overall appearance giving a grey effect to a normally
bright product.
Measurement of the black and dominant specks is relatively easy and is
normally carried out using a dry sample of pasta placed under a calibrated
glass plate. The number of specks per unit area, e.g. per 100cm2, is then
counted and recorded. Typical results will be in single figures.
Brown specks are much harder to observe and count. A plate technique
as above can be used, but as the number of brown specks often exceeds 100
in a similar area, results are much more subjective. Staining techniques can
be used to give a clearer picture.
For a meaningful specification on this parameter, precise methodology
must be agreed between supplier and user with frequent challenge tests
carried out on standards to check results.
Science is again coming to the rescue in this area with the introduction of
speck count machines by a number of analytical companies. Once
calibrated these devices can give very accurate figures (Fig. 8.4). The
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Fig. 8.4 Semolina scan using a Maztech Image Analyser (Calibre Control Ltd)

machines are currently expensive and are best sited in the mill, either online or as a quality control tool to highlight milling problems.
8.3.1.7 Particle size
The range of particle size in semolina will have an effect on the evenness of
hydration during mixing. Over the last 20 years the average particle size of
semolina for pasta manufacture has decreased as machinery manufacturers
have striven to reduce the mixing time required. Today a product closer to
flour is now recommended for some equipment.
Whatever particle size is appropriate for your equipment, the ideal
semolina particle size will lie in a very narrow range. Semolina that contains
a large amount of flour or, in the other extreme, large particles will not
hydrate evenly, and the resulting pasta may show white specks and exhibit
excessive starch release on cooking.
The measurement of particle size range of a semolina is generally carried
out on a motorised nest of sieves of different sizes for a defined period of
time. Once again there is no standard technique employed across the
industry and this can lead to disagreements between miller and pasta
maker. Ideally the mill will have exactly the same type of sieving machine as
the factory and the sieves will be calibrated and certified on an annual basis.
The sieves should also be checked regularly for damage, which can
dramatically change the result.
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The way in which a bag or road tanker is sampled is critical, as stratification can occur during packing and transportation from the mill.
The results of an analysis are typically expressed as a percentage of
overtails and throughs of the various sieves. The sieves used would normally be in the range of 500, 425, 300 and 150pm. The throughs of the
bottom sieve define the amount of flour present in the semolina.
As semolinas become finer other tests will become more important.
These will try and quantify the amount of starch damage caused during
milling. This may be judged to be a more important parameter than particle
size in the years to come.

8.3.1.8

a-Amylase level

If the durum wheat from which the semolina is milled has been subjected to
adverse weather conditions (either high humidity or high rainfall) then it is
possible that it will have begun to germinate (sprout) prior to milling. The
process of sprouting releases an enzyme (a-amylase) from the germ into the
endosperm to break down the starch into sugar for easy assimilation as it
begins to grow. If high amounts of this sugar are present in the semolina
problems may occur in a number of areas, but particularly in finished
product where stickiness can result. Very high levels will also cause
extrusion problems.
The simplest way to measure the a-amylase activity is by using the
Hagberg device (Fig. 8.5). This machine, which has been used in flour
milling for decades, measures the time it takes for a plunger to drop through
a suspension of the semolina and water held in a test tube at 100°C. The
quicker the time taken the lower the amount of starch present and, therefore, the higher the amount of a-amylase activity. The result, expressed in
seconds, is known as the Hagberg falling number. Results below 250
seconds are known to give problems in pasta production.
There are other ways of measuring this parameter but the Hagberg
falling number technique is a recognised system around the world and most
mills have the device. As the machines are expensive this is one test on
which it is worth trusting the miller to ensure that your specification is met.
As the problem is caused by wet weather at harvest, the phenomenon is
more often seen in durum wheat from Northern Europe and North
America rather than wheat from the Mediterranean countries. It is a true
seasonal problem and will probably only be an issue one year in seven.
8.3.1.9

Microbiology

Semolina supplied to a pasta factory, unless specified differently, will not be
heat treated and as such the microbiological flora in the wheat will be
reflected in the product. Most durum mills will be equipped with scouring
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Fig. 8.5 Perten (Hagberg) falling number equipment (Calibre Control Ltd)

devices that remove a considerable amount of crease dirt prior to milling.
This, together with a chlorinated damping system and the milling process
itself, will reduce overall numbers but will not remove harmful pathogenic
species if they are present. It is therefore possible for pathogens present in
badly stored wheat to pass through the milling process and enter the pastamaking process.
While modern high-temperature drying will remove most pathogens,
there remains the risk of infections in the mixers and extruders, which could
cause problems for overall plant hygiene. It is therefore sensible to have a
regular check on incoming semolina, not only to spot potential pathogens
but also to examine trends in microflora that may point to problems in mill
hygiene or semolina storage.
To this end a microbiological audit of incoming semolina is recommended which regularly examines deliveries from each supplying mill.
Parameters to check include total viable count, and yeast and mould levels,
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together with coliforms, and any specific pathogens that may be of concern.
e.g. Salmonella spp. and Staphylococcus aureus.
Whether these tests are done on site or externally is down to the level of
testing undertaken, and customer requirements. Either way, the microbiology laboratory should be fully accredited to an agreed national or
international standard.

8.3.1.10 Other potential contaminants
With each passing year the food processor is alerted to potential contaminants which could affect the safety of his product. In pasta these are
generally microcontaminants which may originate in the semolina. Such
contaminants include pesticides, mycotoxins and heavy metals. The
emphasis for testing must be on the miller, but the pasta quality assurance
manager has to demonstrate due diligence in checking their part of the
food chain. As such they should carry out a regular, if infrequent, audit of
these areas as well as ensuring their supplier is doing a more detailed
check.
The techniques for analysis in this area are complicated and
expensive and best performed in an external laboratory. The methods
used must be appropriate and accredited to a suitable national or
international standard.
The acceptable levels for these various contaminants are not yet clearly
prescribed in law and may differ from continent to continent. However,
building up a history of regular checks is useful in demonstrating a sensible
approach to the subject and helping to reassure the customer.

8.3.1.11 Non-durum contamination
The adulteration of pasta products labelled as being ‘made from durum
wheat’ with any other type of wheat is illegal. There is a generally accepted
tolerance level of 3 % which originates from various international standards
and allows for adventitious contamination in the food chain. The emphasis
for control and assurance of durum wheat integrity lies primarily with the
miller, but the regular examination of incoming semolina and finished
product will give reassurance and demonstrates due dilligence if problems
arise. This subject is examined more fully in Chapter 2.
Methodology for checking adulteration differs depending on where in
the production process the sample is taken. In 1999 the British Pasta
Products Association funded a project that examined all available methods
and made recommendation as to the most suitable to use at each stage of
the process.
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8.3.1.12 Insect infestation
Insect contamination in incoming semolina is an important consideration in
the overall quality assessment of raw materials for a pasta factory. For many
years it was accepted that a low level of infestation was inevitable and the
ubiquitous use of the ‘filth test’ to assess the level of insect and rodent
fragments was used to specify tolerable levels.
This attitude is now unacceptable and a pasta maker should demand that
the incoming semolina is free of all infestation. Specifying such a requirement is straightforward but satisfying yourself that it has been met is much
more difficult.
The obvious place to start is with the supplying mill ensuring that the
highest possible standards of hygiene are employed in grain inspection,
grain storage, milling, product storage and transportation. The use by the
mill of ‘infestation destroyers’ (entoleters) at key points in the process
should also be considered, as these machines are able to destroy insect eggs
as well as larvae and adults (see Fig. 8.6)
A t the pasta factory, vehicle inspection on receipt and effective and
detailed pest control audits and treatments will highlight problems, and this,
together with effective traceability, will effectively isolate the source mill
and allow follow-up action to take place.

8.3.2 Water
Does the quality of water make a difference to the quality of dry pasta
produced? This is a question that has interested pasta makers since the
early days of mechanised pasta production. Many factories in Italy take
water from their own boreholes and insist that the quality of pasta is
enhanced by the presence or absence of key minerals. Leading machinery
manufacturers vary in their opinion, although most would advise against
the use of very hard water in their equipment.
Logically, the water used in pasta making is only in the presence of the
semolina for a short time. The semolina will typically have a moisture
content of about 15%.This figure is raised to about 30% during mixing and
then dried back to about 12% in the final product. On this basis one could
argue that the water used to condition wheat during milling will have more
of an effect on pasta quality than that used to aid extrusion.
Whatever is the final choice for the quality of water to be used in the
factory, it will need to be monitored to ensure that it maintains the specified
parameters and that it is safe and free from microbiological and chemical
contaminants. The level of checking that will need to be done depends,
once again, on the level of risk in the supply. If the supply is from the local
water company then they can normally be relied upon to provide a highquality potable water backed up by regular analysis, of which you can
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Fig. 8.6 Typical stored product insects of grain and semolina storage areas (Zeneca crop
protection).

request a copy. In this case a weekly microbiological check on total viable
count (TVC) and coliforms will provide evidence of any problems which
may occur.
However, if the supply is from a local well or bore hole then more checks
will be needed and a more detailed HACCP on the extraction system would
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be sensible. If this system also employs its own water treatment plant, with
the addition of chlorine, then more work will be needed to ensure its safety.
It is also advisable to have a detailed routing of the water system of the
factory, particularly if the site is old, so that potential problem areas (e.g.
lead pipes) can be identified and removed.

8.3.3 Egg
Egg ingredients bring with them their own risks, which should be understood before embarking on their use. Egg is generally supplied in either a
liquid state, a frozen state or as a dry powder. In all cases the products will
normally have been pasteurised and will be microbiologically safe within
the stated shelf life, providing the correct storage conditions are maint aine d .
Whichever type of egg ingredient you choose, a good relationship with
the supplier is essential, together with a very regular audit of the supplying
unit. It is vital that the supplier informs you of any problems with the
process or product as soon as they occur. Failure or delay on the supplier’s
part could result in large amounts of unusable pasta being produced.
In the case of dried or frozen egg a positive release system can be
employed until your own microbiological and other quality checks have
been performed. However, with liquid egg you will be using a raw material
for which the microbiological results will not be available until the pasta has
been processed.
The key quality requirements for egg for pasta production (see also
Chapter 7) are:
0
0
0
0

total solids
colour
PH
microbiological standards.

Once again these are best provided by the supplier but backed up by the
occasional check by your own quality assurance department to ensure
compliance.

8.3.4 Other raw materials
The other minor raw materials used for the production of dried pasta are, in
the main, dried ingredients, such as dried tomato or spinach powder.
Knowledge of how the dried products are made is required, together with a
supplier audit, to ensure that the associated risks are recognised. Failure to
do so can lead to problems, as in the case of one producer of spinach pasta
who produced a batch of product contaminated by sand from the spinach
grinding process.
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The dried ingredient specification will need to take into account seasonal
variations as well as ensuring quality and safety. A positive release system
can be used to ensure that your own checks have been performed before use
in the factory.
Typical items to specify on tomato powder are:
PH
% moisture
% sugars
colour.
Typical items to specify on spinach powder are:
% moisture
% ash
% grit

colour.
Other ingredients such as flavours and exotic colours should be dealt with
on a case-by-case basis and should not be assumed to be similar to an
existing raw material (see also Chapter 7).

8.4 QUALITY ASSURANCE OF THE PROCESS
A sound knowledge of the raw materials used in pasta production is
instrumental in the development of control, over the quality of the pastamaking process. This chapter does not assume that the quality assurance
manager is responsible for the production of good pasta, but there is no
doubt that the routine examination and recording of quality attributes at
key points in the process will highlight potential problems and prevent, or at
least minimise, the production of ‘out of specification’ product. The quality
assurance and process management can, and should, work together to
produce good quality pasta at the cheapest price.
This section goes through a typical pasta manufacturing plant, highlighting areas of control from both a quality and safety perspective.

8.4.1 Receipt and storage of raw materials
8.4.1.1 Semolina
Most pasta factories receive and handle semolina in bulk. Normally
this is delivered in bulk tanks of up to 25 tomes. A typical procedure
for bulk delivery would require a sample of semolina to be taken from
the tanker prior to tipping and examined for the various parameters
listed in section 8.3.1. In addition, the delivery should be inspected for
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signs of insect infestation, particularly mill moth and other stored product insects (SPI).
In very small pasta factories semolina may still be delivered in bags, but
once again a similar quality assessment to that discussed above can be
adopted. Only in totally integrated sites, where the mill is adjacent to the
pasta lines, does the approach to quality assurance differ. If this is the case
then the whole site should be regarded as one, with key control points being
laid down and understood by all. This can be difficult, with the aim of the
milling section to maximise semolina yield sometimes being at odds with
the requirements of the pasta makers.
The methods of bulk semolina storage show a surprising degree of variation. Silo storage is normally used but their construction can be radically
different, with each type having its own problems and advantages. The
choice of silo construction is influenced by a number of factors, including
climate, location and cost. Broadly they can be divided into two types of
structure, ‘external’ and ‘internal’.
External silos (see Fig. 8.7) need to be designed and built to withstand the
extremes of weather likely for a particular climate. Generally this means
they must be totally waterproof and should be protected against corrosion
or rust. In addition, condensation caused by differential temperatures
between the semolina and the external environment can lead to mould

Fig. 8.7 External flour/semolina silo (Braby)
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growth, product ‘hang-ups’ and even internal corrosion. In some climates
insulated or double-walled silos may be needed to avoid this and to keep
the semolina at a workable temperature for pasta manufacture.
‘Blowing-in points’ need to be capped when not in use (preferably
locked). Initial pipework should be protected by a coarse grid and in-line
magnet to prevent foreign body ingress that may be present in the tank. The
addition of a magnet post-silo is also recommended.
Generally infestation is less of a problem in external silos, but dust filters
and silo bases do provide excellent harbourage for insects.
Once the basics of protection are installed the quality assurance role will
be one of inspection and the key areas to examine are listed below. The
frequency of examination will depend on a number of factors and should be
derived over time and by risk assessment.
External silo checklist
(1) Check of in-line magnets pre- and post-silo
(2) Examination of silo bases for signs of corrosion and insect
harbourage
(3) Examination of silo filters and silo tops for signs of infestation
(4) Internal examination of silo for signs of infestation, mould and
possible corrosion
Internal silos tend to be constructed of cheaper materials and do not need
to be weatherproof. Often the main component will be painted mild steel
but cheaper plastic materials are now effectively employed for some
smaller silos. Internal silos are generally housed in large weatherproof
buildings, which protect the storage area from the weather. They do,
however, create problems of their own which require the attention of the
quality assurance inspector.
The main problems of internal silos (see Fig. 8.8) surround the possibility
of infestation from insects, rodents and birds. Insect infestation generally
enters the silo area within the delivered product as adults, larvae or eggs.
The two main types are moth species and various crawling insects, such as
flour beetle or grain weevils (see Fig. 8.6). Once an infestation is established
it can quickly spread from within the silo to the external area, particularly if
the silo room is dusty. Rodents and birds enter the silo room from outside to
find shelter and food. Their prevention is all about proofing and applying
suitable pest control procedures.
The prevention of foreign body contamination is as for external silos
above. In internal silo rooms the keys to control lie in:
A sound well-proofed building
A rigorously controlled raw material from audited suppliers
A detailed and effective cleaning policy.
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Fig. 8.8 Internal semolina silo.

Once these are in place the quality assurance responsibilities are as
follows:
Internal silo checklist
(1) Check of in-line magnets pre- and post-silo
(2) Examination of silo room for signs of insect harbourage and other
pests
( 3 ) Examination of silo filters and silo tops for signs of infestation
(4) Examination of silo room for any proofing requirements
( 5 ) Internal examination of silos for signs of infestation
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In all cases it is advisable to carry out a detailed cleaning and inspection of
semolina silos on an annual basis. During this inspection dust filters and
other possible areas of stagnation, such as fluidised beds and breather pipes,
should be stripped down, maintained and thoroughly cleaned.

8.4.1.2 Water
In the majority of pasta-manufacturing sites, water is taken directly into the
process from the mains or a bore hole. If holding tanks are in use then they
should be regularly inspected, cleaned and sanitised. Unfortunately in most
sites these tend to be hidden away in inaccessible places and can be overlooked. A simple rule to follow is:
0
0
0

Check the water coming into your site
Understand the routes it follows and the potential risks
Periodically check the water going into the mixers to satisfy yourself
your controls are working.

8.4.1.3 Minor raw materials
These are normally delivered to the site in bags and the usual procedure is
to accept the materials based on a ‘certificate of conformance’ backed up by
random analysis by your own team. However, as stated in section 8.2, the
degree of risk associated with each raw material should be assessed by using
the HACCP technique. It is always sensible to put these types of material
on ‘positive release’, i.e. not to be used for production until all the necessary
laboratory and paperwork checks have been completed.
Storage of these ingredients will once again be dependent on your
assessment of risk, but as they are generally bagged the normal place is a
dry, well-proofed room close to the silo or dry mixing area (see also Chapter
7).

8.4.2 The blending and dry mixing of raw materials
In many cases pasta will be made by blending two types of semolina
together to give the required end product quality. In the case of bagged
semolina this job is carried out easily. However, as most pasta factories
convey semolina by blowline, blending becomes a more complex operation.
It is also normal to run two silos of the same grade together to reduce the
risk of quality variation and uneven particle size distribution, particularly if
a silo is close to emptying (typically what flour is present in the semolina
will flow slower and as a result its concentration will increase as the silo
empties).
The required accuracy of blending is determined by the task in hand.

QUALITY ASSURANCE IN A DRY PASTA FACTORY

203

Thus if the factory is blending to achieve a specific ash content, then the
accuracy demanded is much greater than if two silos are just being run out
together. If high-accuracy blending is required, then the equipment needed
for the task has to be more sophisticated (see also Chapter 3). In increasing
order of accuracy, and cost, the following methods of blending are typical:

(1) In-line blending through variable speed rotary dischargers.
Because of the volumetric nature of this method, together with
uneven silo discharge rates, this type of blending can be very
inaccurate (up to f 20% accuracy).
( 2 ) In-line flow meters. Depending on the type of device this type of
control can be quite accurate (up to f 5 % accuracy).
( 3 ) In-line weighers. The most accurate and most expensive systems,
giving both ease of operation and excellent control.
Whatever the system employed, the quality assurance department will be
required to assess the results of the blend. Better to do it here than after the
pasta has been produced. Therefore the laboratory staff need to work
closely with the silo operator.
Dry mixing of semolina with other dry materials such as spinach powder
is normally carried out on a semi-automatic basis with preweighed quantities of the minor ingredient added by hand to a preweighed amount of
semolina delivered by blowline from the silo. Errors that can occur include
inaccurate weighing, inaccurate mixing (particularly when operators use
too short a mixing time), and the entry of foreign bodies through poor
control at the minor ingredient tipping point. It should also be noted that
certain dry ingredients, such as tomato powder, are hydroscopic. They will
pick up water and may ball up if the atmosphere is humid. Once the risks for
your particular system have been established then the quality assurance
role becomes one of monitoring the control points.
The dry mixing plant is an ideal harbourage for stored product insects
and should be inspected and cleaned out thoroughly after each use.

8.4.3 Transfer of dry ingredients to the wet mixer
Following receipt and blending, the next stage in the pasta-making process
requires the dry raw materials to be delivered to the wet mixer system prior
to extrusion. This is normally done, once again, by air, into either a small
header or line bin or directly to the mixer via a small cyclone. In the case of
the header bin, some form of weighing system, such as a belt weigher or loss
in weight feeder, would normally follow.
Somewhere within this process it is now common practice for a sieving
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device to be located. These are either a plansifter or a rotary device (see
Fig. 8.9) with the mesh sized at about 1.5mm. The overtails of this sieve
provide the quality assurance operator with good information about the
quality of the raw materials that are being used, and as such they should be
monitored regularly. Not only will this sieve remove large semolina particles and clumps which would affect the mixing process, but it also removes
any foreign bodies, including insects, either delivered with the semolina or
picked up in the silo. It is worth remembering that if insect eggs are
delivered within the semolina then they will be hatching after about 2-3
days, and these overtails will be the first place where they will be seen.
Good traceability is also important to allow contamination to be traced
back to source. It is also recommended that in-line magnets be installed at
this point and regularly checked to pick up any sign of metal contamination.

Fig. 8.9

Rotary sifter KEK-650.

When transferring semolina from cold external silos into a warm production area condensation can often occur in the pipework leading to, and
surrounding, the mixing area. If not prevented this condensation can lead to
mould growth, both inside and outside the pipework or holding bins. In
addition, microbial infections can develop in any dead areas of pipes or
conveyors. This problem is generally controlled by the use of insulating
material at key points of contact.
A safe and hygienic sampling point should be placed within the dry
ingredient flow as close as possible to the first mixer. This will give the
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quality assurance department access to the raw material on a frequent basis,
allowing precise comparison with finished product. It is also useful for plant
operators when establishing precise changes from one grade of semolina to
another.
The use of a weigher at this mixing stage is recommended by some
machinery manufacturers to ensure accurate dosing of raw material and
water. These weighing devices come in a number of different designs. They
all need to be regularly calibrated and cleaned to ensure accuracy and to
prevent product build-up leading to insect infestation.

8.4.4 The wet mixing process
The objective of the wet mixing process is the even hydration and warming
of the semolina particles to a moisture content and temperature appropriate for extrusion. The methods used to achieve this end vary, depending
on the type of equipment being used, and each manufacturer will recommend their own system as superior. Apart from the Biihler Polimatik (see
Chapter 4), nearly all continuous mixing systems employ a two-stage
approach.
The first stage is a short-time (2min) high-speed mixer designed to
separate the semolina particles and ensure each piece is coated in water.
The second stage consists of a main mixer (sometimes under vacuum)
which tumbles the resultant crumb for a period of about 20min while the
water is fully absorbed. This hydration period ensures that the gluten and
starch are able to move freely during the extrusion phase, thus allowing the
formation of the gluten matrix required for good pasta production.
The setting up of the water addition and mixing phase should be the
responsibility of the process operator, but the quality assurance department
may well be asked to help in the measurement of key control parameters.
These parameters are:
0
0
0
0
0

semolina temperature
semolina moisture
water temperature
mix moisture
mix temperature.

In modern plants the temperatures are measured automatically and the
moisture content is calculated based on accurate water addition and the
semolina input moisture.
Pasta production is a cold extrusion process (below 60°C), and at no stage
should the semolina be subjected to excessive heat which will 'cook' the
product, i.e. the gluten should not be denatured or the starch gelatinised.
Gluten denaturation can occur at above 53°C and starch will gelatinise in
excess water at temperatures around 60°C.
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The mixing area is also the only point in the pasta-making process where
the product is at ‘medium’ risk of microbial infection. Semolina is not a
sterilised or pasteurised product, so any pathogenic organisms present on
the wheat in storage can find their way into the semolina and could start to
grow in the presence of water and heat. The pasta mixer does provide a
suitable area for such growth, and infections can occur in dead areas,
particularly if adequate moisture is present. The more hygienic designs of
the modern mixer, together with air extraction systems (or vacuum) on the
main mixer, prevent condensation and dust, which helps to alleviate this
problem. However, these risks need to be understood by the quality
assurance department and control systems brought into place to monitor
the microbiological status of the pasta line. In addition, the mixing section
should be regularly stripped down, cleaned and sanitised.
The mixing stage of pasta production is a critical part of the process. Time
is needed for the correct hydration of protein and starch if good pasta is to
be produced. Unfortunately the enzymatic reactions that lead to colour
breakdown also commence with the addition of water and heat. Thus a
balance is necessary to optimise the quality of the final product. The
reduction in semolina particle size, the application of vacuum to the main
mixer and the Biihler Polimatik system are all designed to speed up this
mixing process and help give a superior quality finished product.

8.4.5 Transfer to the extrusion barrel and application of
vacuum
The distance between the mixer and the extruder varies with the type of
equipment used and the number of barrels installed. The movement of the
fully hydrated crumb from the main mixer to the rear of the barrel can be
either by gravity or by transverse screw. Typically, vacuum is applied at this
point so the crumb generally passes through an airtight seal, such as a rotary
air lock or mushroom-ended worm.
Failure to apply a vacuum, or to achieve an adequate vacuum at this
point, will quickly lead to a deterioration in product quality as air pockets
remain entrapped in the product matrix during drying, leading to white
flecking and lack of strength in the finished product. Once again the running of the vacuum system is the responsibility of the press operator.
However, the quality assurance inspector should be able to spot the early
signs of ‘low-vacuum’ product (ideally after the predrier) and alert the press
operator accordingly. Most modern machinery is fitted with alarms, should
the vacuum drop or fail, but sometimes these systems can be misled, e.g. by
a blocked filter recording a full vacuum when the product is seeing none.
There is less risk of microbial infection in these areas as, although they
are often quite warm, they are generally arid. If dead areas exist the product
found in them is often hard and dry. The rotary seal, particularly on early
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models, does pose a risk and should be stripped down, cleaned and sanitised
regularly.

8.4.6 Extrusion and cutting
The objective of the extrusion part of pasta making is to create the shape of
the product and impart the necessary internal structure that will satisfy the
visual and organoleptic expectations of the eventual consumer.
The three elements of extrusion are the compression of the mix in the
barrel, the extrusion through the die and, in short goods, the cutter speed.
For good pasta to be made these elements must be in balance with the
various control parameters on the extruder, adjusted to promote the best
quality of extrusion for the particular die and cutter in use.
On leaving the mixing and vacuum system, the fully hydrated and airless
crumb enters the extrusion barrel and is passed towards the die by the single
screw. As the back pressure increases the material is compressed until it
stops moving like a powder and starts to flow like a plastic. From this point
until the material (extrudate) is extruded through the die it is subjected to a
high degree of work. The work allows the gluten strands to join together
around the starch granules, forming the necessary tight matrix. This ‘work’
input also generates heat, which must be removed to prevent gluten
denaturation. A cooling jacket maintained at a constant input temperature
by the use of cooled water is used to remove the heat from the extrudate.
The design and speed of rotation of the screw (worm), the rifling on the
barrel wall and the end flight design all play a part in the degree of mixing
and the shear force to which the material is subjected as it moves toward the
die. These in turn influence the speed of extrusion across the die face, the
length control of the extrudate and the formation of the shape (on short
goods). The correct choice of cutting system and the number of blades
selected are also key in producing the optimum product.
The extrusion process is the key work of the press operator, with the role
of quality assurance being to advise on the fitness for purpose of the
extruded product. The key control points during extrusion are:
0
0
0
0
0
0
0

mix moisture
level of vacuum
pressure pre-die
cooling water exit temperature
temperature pre-die
cutter speed
extrudate appearance and length variability.

In most modern presses, many of these parameters are measured automatically and alarmed, if variations differ outside the norm. However, for
the case of the final point, product appearance and knowledge of the
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finished product specification is important, particularly if a parameter, such
as length control, is significant to the eventual customer.
Good control of length variation across the die is generally regarded as
more important in pasta products destined for onward processing, such as
canning or sachet meals. As die diameters have increased, length variation
has also increased even under optimum extrusion conditions. To overcome
this problem the use of ‘pre-dies’, ‘compensating plates’ and ‘double-layer’
sieves has become more commonplace but has added complexity to die
selection and preparation.
The advice of the quality assurance department at this point needs to be
quick and clear to reduce wastage and achieve fitness for purpose. Independent computer systems are now available to help in this area. Bespoke
software can give precise visual representation of the required product and,
with the correct interface, provide accurate measuring systems that provide
valuable advice to the press operator on length control. Both average length
and length variation should be recorded and the conversion of this data into
a graphical (histogram) format can often help pinpoint extrusion irregularities quickly. The measuring of extruded product is best performed on
product as it leaves the shaker predrier, where it is more accessible and easy
to handle.
Other quality assurance jobs at the point of extrusion include the visual
inspection of product to check for insert damage and ragged cut-off caused
by cutter wear. Samples for microbiological testing can also be taken at this
point because the plant does not need to be shut down and the results are
not altered by the heat damage that occurs during drying.

8.4.7 Drying
The main objective of pasta drying is to reduce the moisture content of the
whole product down to a level that leaves it microbiologically stable when
stored under ambient conditions. However, other secondary objectives,
particularly with the correct use of modern drying techniques, are important and include colour and texture optimisation for a given semolina
quality.
The temperatures used in pasta drying have increased dramatically over
the last few years and new techniques and equipment are constantly coming
onto the market. Thirty years ago the highest temperatures available were
in the area of 60”C, now dryers are in operation which have an air temperature of over 120°C.This can lead to confusion, particularly in a factory
where a number of different lines coexist, each with a different drying
regime in operation.
However from a quality assurance point of view the principles of drying
pasta have remained relatively untouched and the control points that arise
are applicable in most drying scenarios. Once again they can be divided into
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those which have an influence on the safety of the product and those which
affect its quality.
The key safety control point is the product moisture content after drying
and cooling. The target level is based on the water activity of the product.
This should be below the point that will support any microbiological
growth. Published literature demonstrates that some hydrophytic moulds
can survive down to a water activity (a,) of 0.65. In pasta this equates to a
moisture content of about 12.6% , hence the generally accepted maximum
moisture content for dry pasta is set at 12.5% or below. A t this moisture
content pasta will not be affected by microbiological attack provided it is
stored under conditions which will prevent it from picking up moisture. For
pasta destined for incorporation into dry sachet meals or dehydrated soups
the moisture content of the pasta may often need to be much lower to match
the water activity requirements of the other ingredients.
It is also important to note that the moisture content of pasta can vary
both within the piece and throughout a given sample, so the checking of
moisture should be carried out carefully with a full knowledge of the
potential pitfalls. The incorrect drying of pasta could result in the outside of
the product being very dry and the inside being still comparably moist.
During drying the protein and starch matrix is set and any differential
moisture content can lead to stresses within the product, causing cracking.
Occasionally a fault in a pasta line (such as a non-functional fan) could
mean that the pasta is dried unevenly across the belt or cane. If not spotted
this can result in product being packed which, although having an average
moisture content below 12.5%, has some pieces at 11%and some at 14%.
There are many techniques used in the measurement of moisture content
of both dried and partially dried pasta, but generally these are calibrated
against a standard ‘loss in weight on drying’ method. This reference method
normally requires the pasta to be carefully ground and weighed before
drying in an air oven set at 130°Cfor 90 min. The loss in weight after drying
is expressed as the percentage moisture.
Most pasta factories will use this method to calibrate other faster
methods that are used near-line. These faster techniques have improved
dramatically over the past 10 years and now include NIR and nuclear
magnetic resonance (NMR) analysis, as well as capacitance and other lossin-weight devices. The main feature of these methods is speed, and the
purchase of specific instruments can be justified on the rapid prevention of
faulty product and the speedy optimisation of the drying curve. Until
recently these techniques were limited to the dried product, but their range
has been increased and it is now possible to purchase a machine which will
give accurate moisture contents on samples taken from all points in the line,
including semolina and the wet mixer.
The role of the quality assurance inspector in the area of moisture control
is to assist the plant operator to set up the line correctly and monitor its
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performance by supplying fast and reliable information applicable to each
production line and product requirement.
It is possible that within the next few years pasta lines will be equipped
with on-line moisture control, using devices which will measure the product
moisture as it passes a probe. If problems occur these devices will either
alert the operator, who will adjust the line accordingly, or they will feed
back to the central computer that will adjust the line set-up and correct the
fault automatically.
As the drying temperatures used in pasta manufacture have increased,
the level of bacterial kill has also improved. Pasta dried at about 60°C will
typically have a total viable count of 100 000 coloniedg (similar to the
ingredient semolina) whereas pasta dried at 90°C will have a count below
100 coloniedg. This kill occurs early in the drying process when there is still
water available. These higher temperatures also reduce the presence of
pathogenic bacteria such as Salmonella, which can survive at lower temperatures. It is therefore good practice to ensure that if high temperatures
are to be used during drying that they are employed early. Many species of
bacteria can survive the pasta-drying process, as can some toxins, so the
correct control of raw material and presdextruder hygiene must always be
paramount.
The visual and organoleptic attributes of pasta are affected by the way in
which it is dried. In the early days of dry pasta production the raw material
was key in achieving a desired colour and texture. Nowadays, however, the
correct use of drying can improve the performance of much poorer quality
raw materials, giving satisfactory product at a reduced cost.
The reason for the improvements in texture lies in the increased crosslinking of proteins at higher temperatures, which improves bite and prevents starch release. This subject is explored more fully in Chapter 4. There
is some debate that very high drying temperatures can have a negative
effect on the nutritional profile of the product by the degradation of certain
amino acids.
Colour improvements are achieved in two ways. First there is the rapid
removal of lipoxygenase enzymes by high temperatures in the first stages of
drying, which otherwise would break down the (3-carotene present in the
pasta. Second, the Maillard reaction (sugar/protein interaction) can be
exploited to give a slightly deeper yellow colour than would otherwise be
achieved, particularly on Teflon products, which may be a desirable
characteristic on certain products or for certain customers.
The final stage of pasta drying is the cooler section where, as explained in
Chapter 4, the pasta passes through the glass transition zone and the
structure is set. While the humidity control in this section is less important,
the actual temperature of the air is vital and should try and bring the
product down to as close to the ambient temperature as possible. In most
cases this means that refrigerated air must be used. If ambient conditions
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are achieved then the product can be packed quickly without risk of condensation. If not then the pasta must be allowed further time to cool before
packing commences.
The installation and regular checking of a powerful magnet at this point
provides a useful control point and can highlight potential line degradation
or poor maintenance.

8.4.8 Pasta storage
Once pasta has been dried and cooled correctly it is a relatively inert
material, but it must be handled carefully to ensure the best possible quality
on packing.
Long pasta is generally stored in a humidity-controlled ‘stacking unit’
which holds the product in the correct condition necessary for cutting and
packing. These units do allow flexibility of control, and as such need to be
correctly managed to prevent quality problems arising. Often products of
different specification are held in a silo at the same time and the correct
order of discharge must be followed. Faulty product should not be allowed
to remain in a silo for a long period of time, particularly if it is high in
moisture. Quality assurance personnel need to be vigilant in these areas to
prevent packing and quality problems.
In large factories, short goods pasta is generally stored in a silo system
(see Fig. 8.10) holding many tonnes of product. These systems are now
generally automatic and can be easily forgotten about. However, care must
be taken to prevent product degradation and contamination pre-packing.
The design of a short goods silo or block of silos has become a compromise between efficient product flow and the various aspects of product
quality. Originally these silos were typically made of wood, which allowed
the pasta to cool gently without causing condensation. Because of hygiene
considerations the wood was then lined with plastic, or in some cases
replaced by ferrous metal or stainless steel. This overcame the hygiene
problem but it then became essential that the product be effectively cooled
prior to bin entry.
To prevent damage to the pasta, bin entries from conveyors are often
lined with cushioning material. If not cleaned and replaced regularly this
material can break and contaminate the product and can also be a
harbourage for insects.
Pasta silos are generally fitted with ‘spirals’ (see Fig. 8.11) to prevent
damage to pasta as the silo fills. These are very effective but can often lead
to mixed product when certain shapes are trapped on the edge of the metal
sides.
The failure to empty a silo totally can also lead to mixed product, as can
the failure to regularly check silo tops and conveyor belts, feeding both to
and from the silo, for spillage.
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Fig. 8.10 Pasta storage silo (Cusinato)

To prevent problems occurring in these areas a regular quality assurance
inspection is essential, together with good maintenance and cleaning
schedules.

8.4.9 Pasta sieving (on short goods)
The final stage, prior to packing, is the sieve. The objective of this phase
varies, dependent on the type of products produced. For retail shapes the
objective is to remove clumps and doubles and small pieces created in the
drying process. For ingredient customers a more careful sieving is required,
designed to remove (as far as possible) other pasta shapes as well as the
more normal contaminants.
Sieve manufacturers use a variety of techniques, although a rotary device
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Bin 'spiral' for pasta (Cusinato)

is the most typical. The correct choice of screens is critical, as well as ideally
following a small shape with a large one to aid their removal.
A regular inspection by a quality assurance inspector of the overtails bin
can give early warning of dryer or storage problems. The installation and
regular inspection of a magnet at this point is also a useful control point in
spotting potential equipment failure.

8.5

THE QUALITY ASSURANCE OF THE FINISHED
PRODUCT

The emphasis of this chapter is on the role of the quality assurance
department in the manufacturing process and the need for a close liaison
between quality assurance personnel and the process team running the
plant. If this co-operation works effectively, the need to check the finished
product should be virtually unnecessary. However, even in the best run
plants, additional checks have to be performed to ensure compliance with
product specification and safety. In addition the quality assurance department will probably be responsible for the calibration of all test equipment
and plant hygiene auditing.
All quality assurance records should be effectively maintained, but in the
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case of finished product checks that will demonstrate compliance with
specification and safety, the records need to be precise and give full
traceability back to the manufactured product. If the test is not recorded, or
cannot be found, the work carried out will have been in vain. Once again
the areas to be examined can be divided into product safety and quality.

8.5.1 Safety checks
8.5.1.1 Moisture content
The key safety criterion in dried pasta is moisture content. Failure to
achieve a reduction to 12.5% will leave the product open to microbial
attack. A regime to check the finished product off all lines on a very regular
basis is essential to ensure the production of safe product. The methods
used for checking the moisture content of product are detailed in section
8.4.7. Once again the calibration of whichever rapid technique is employed
to a recognised standard is essential to demonstrate overall control.

8.5.1.2 Microbiology
The risks of microbiological problems in correctly dried pasta are low,
particularly with the use of modern high-temperature dryers. However,
they are not non-existent, and problems which exist in the raw materials or
in the process (as described in section 8.4.4) can result in either the presence
of pathogenic bacteria or their toxin in the dry pasta. It is therefore
necessary to carry out a regular microbiological examination of finished
pasta, both to spot the presence of harmful bacteria and to examine trends
on, for example, total viable count or moulds which might be indicative of
problems occurring in the process or the environment.
An example of this was a sharp increase noted in total viable count on
three pasta lines in one factory at the same time. Subsequent investigations
eventually revealed a fault in an air conditioning system using untreated
and recycled water.
It is now generally accepted that product from a dry pasta line should be
examined on a regular basis for the following:
total viable count
yeasts and moulds
coliforms
Staphylococcus aureus
Bacillus cereus
Clostridium perfringens.
A random check for Salmonella is also sensible, particularly if lowtemperature lines are still employed or egg pasta is produced.
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8.5.1.3 Contaminants
These include pesticides, mycotoxins and heavy metals and are discussed in
section 8.3.1.10.

8.5.1.4

Non-durum adulteration

Falsely labelling a pasta product as being 'only made from durum wheat'
when it is contaminated by other non-durum material is illegal and records
must be in place to demonstrate regular testing of raw materials and
finished product (see section 8.3.1.11 and Chapter 2). As the dry pasta has
been subjected to temperatures in excess of 65"C, methods that attempt to
take the thermal history of the product into account should be used.

8.5.2 Quality checks (dry product)
Dry pasta is often judged by the customer on its visual appearance. This is a
combination of attributes that include shape, length control, colour and
other defects. Where possible it is sensible to have empirical methods for
determining specification limits. Where such techniques are impossible,
other more subjective means of assessment must be used. In these cases
operator training is essential to achieve repeatability.

8.5.2.1 Colour
The measurement of colour in dry pasta is very shape dependent. For
example, spaghetti colour is relatively straightforward to measure, as a
sample can produce a uniform surface to allow a reasonably accurate
measurement with a colorimeter. Work conducted in the mid-1980s on
spaghetti compared the tri-stimulus values L* and b* of a number of different samples to scores from a human panel and produced a colour score
chart (Fig. 8.12). This chart has proved robust over a number of years and is
still used in a number of pasta companies around the world.
The measurement of colour in pasta shapes has proved more difficult to
quantify precisely as their three-dimensional nature prohibits the taking of
accurate readings. Where specifications do exist either they are based on
the colour potential of the semolina to be used, or the colour of the shape is
assessed by reference to a colour standard or chart.
More recently techniques are being developed using colour imaging on
calibrated computer screens. Although in their infancy, these techniques
show potential for the on-line control of colour with feedback loops
directed towards either semolina quality or line control.

216

PASTA AND SEMOLINA TECHNOLOGY

Fig. 8.12 Spaghetti colour map

8.5.2.2 Length control (short goods)
For retail pasta a general visual assessment of length is normally sufficient.
However for certain ingredient pasta, much tighter specifications are often
required to meet the demands of additional processes. As stated previously
(see section 8.4), the best place to control length is at the press but the final
assessment is often necessary to demonstrate compliance with specification.
A level of sampling is needed to satisfy the customer that variations will not
occur in intervening product. This level can be determined mathematically
but it is often easier to check a recognised batch of product, such as a
sample every tonne or pallet.
A normal specification for this type of product would give a target mean
length around which an acceptable range is allowed. Methods for measuring length variation vary from a simple micrometer to more complicated
computerised imaging systems which can assess the length of a 30-piece
sample in a few seconds. Avoid specifications that demand total compliance
for every piece of pasta, e.g. 100% of pieces to fall between x and y is
impossible to achieve.
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8.5.2.3 Die wear
All retail pasta and most ingredient pasta is sold with a guide to cooking
time. The biggest single element in determining how long a pasta product
takes to cook is the thickness of the die. When purchasing a die this parameter is often specified to the die maker, who gauges the size of the
extrusion orifice accordingly. With time this orifice wears and the resulting
pasta wall thickness increases (see Chapter 5).
A n increase in wall thickness of 0.1mm could result in an increase in
1min on the cooking time. Die wear occurs fastest on complicated shapes
with a high degree of curvature, such as shells. It is therefore a quality
assurance requirement to monitor wall thickness on a regular basis, e.g.
every run, and report when a measurement approaches the specified limit.
By recording the tonnage produced through each die at the same time, it
becomes easy to predict when new inserts are required and, therefore,
allows better planning.
8.5.2.4

Cracking

With modern computer-controlled high-temperature dryers the risk of
cracking in pasta is much reduced. However, it still does occur and quality
assurance needs to be constantly vigilant to prevent cracked product
reaching the customer. The reasons for cracking are numerous and can as
easily be due to excessive die wear or a change in raw material quality as a
failure of the process. In some cases it can take up to 3 days to develop, so
random samples of pasta from the warehouse or from retained samples
should be examined routinely to spot any problems developing. There are
now humidity-controlled cabinets available that can accelerate the
occurrence of cracking in faulty product and can be used if a problem is
suspected.
In its severest form cracked pasta will simply fall apart when cooked, but
lower levels can simply be unattractive visually. The level of acceptability
depends on the specification and can be measured by a simple visual
separation and weighing.
8.5.2.5

Breakage

Breakage, as opposed to cracking, is generally caused by poor mechanical
handling, either in the line or more normally during storage and packing.
Some delicate shapes are obviously more prone to breakage than others,
and the handling systems may need to be adapted to prevent a problem of
this nature occurring. Some breakage is inevitable, and even if kept to a low
level in the factory, further breakage will occur as pasta is moved through
its distribution chain. Its measurement is relatively simple and is normally
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expressed as a percentage. The normal level allowed in most specifications
is below 2% but this may be increased for delicate products.
8.5.2.6

Other visual defects

These generally occur at the point of extrusion but their exact level may not
be fully recognised until the finished product is examined in detail. They
include:
wedging (where a piece of pasta is extruded unevenly)
poor cut-off (where the cut end of a piece is uneven or closed)
damaged insert (where the plastic liner or pin in a die insert produces a
malformed piece).
These are all preventable with care and can be easily measured if required.

8.5.3

Quality assessment (cooked product)

Probably one of the hardest areas in the quality assessment of cooked pasta
is the definition of ‘good’ quality. Spaghetti of 1.8 mm diameter would be
cooked for about 8 min in Southern Italy compared to about 11min in the
UK or the Netherlands. The difference in performance, both on the plate
and in the mouth, of this product, under these different cooking times, will
be dramatic. It is therefore essential that all pasta be assessed against a
specified cooking time, ideally matched to the anticipated market.
Beauty is in the eye of the beholder, and the quality assurance manager is
probably best to rely heavily on the requirements of the customer rather
than passing their own judgement on a product. This is particularly the case
for pasta that is to be used as an ingredient where criteria such as resistance
to an additional process, like canning or freezing, significantly alter the
requirements of the product.
As with most organoleptic assessment of food, the quality assurance of
cooked pasta is often very subjective and is carried out by various members
of the quality assurance department and factory management. It is relatively simple to formalise this type of approach and add a scoring system to
allow comparison with different batches. More advanced companies use
trained tasters and even employ regular ‘focus groups’ selected from their
marketplace to ensure their checks and product are in tune with the
requirements of the consumer.
8.5.3.1 Visual assessment
The appearance of pasta on the plate is a useful guide to the overall quality
and is a mixture of the colour and sheen of the product. Good colour in a
dried product is not necessarily imposed on the cooked product as the
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translucency caused by the Teflon die is removed. The sheen is related to
the amount of excess starch released during the cooking phase. When
agreeing a specification in this area a reference sample, acceptable to the
customer, is useful and avoids dispute if problems arise.

8.5.3.2 Starch release during cooking
A simple technique to assess this parameter is to view the cooking water
after the required cooking time. The more cloudy it is the more starch has
dissolved from the protein matrix. More accurate methods employ a chemical or physical assessment of the amount of starch lost from the pasta.
These empirical methods correlate closely with other more subjective
assessments, such as mouth feel and surface appearance.
Microscopy can also be used to examine the surface of cooked pasta.
Using the correct staining techniques both gluten degradation and surface
starch release are clearly visible and allow comparison between different
semolinas or drying curves with relative ease.

8.5.3.3 Texture
This quality feature, more than any other, is related to both the cooking
time and the length of time between cooking and assessment. These
parameters must be clearly defined if any specification in this area is to be
meaningful. Texture (mouth feel) can be broken down into three areas:
firmness, elasticity and stickiness.
Firmness is the initial resistance to penetration offered by the pasta as it
is bitten.
Elasticity is the way in which the pasta breaks down in the mouth on
further chewing.
Stickiness is the overall mouth feel of the pasta together with any
residual starch left in the mouth after swallowing.
These parameters can be assessed by the use of various texture-measuring
devices, such as the TA-XT2i or the Instron, but the calibration work
needed to correlate their results with taste panels is immense and product
specific. Figure 8.13 shows spaghetti texture being measured using the TAXT2i.
A trained sensory panel remains the best assessment for cooked pasta,
particularly if it is independent of the producer and allowed to develop its
own attributes. It can also assess other difficult parameters such as aroma
and flavour.
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Fig. 8.13 Measurement of spaghetti texture using the TA-XT2i (Stable Micro Systems)

8.5.3.4 Aroma and flavour
Once again these are very subjective areas to measure and control. Some
devices for assessing smell and taste do exist, but the subtleties of pasta
aroma, etc., are very difficult to quantify and are best left to a trained taste
panel.
From a quality assurance point of view, the regular tasting of pasta
against a standard or control sample will pick up variation in base flavours
and also highlight any erroneous taints or off-flavours that are caused by
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raw material or product contamination. Using this tasting to detect flavour
changes caused by storage conditions, etc., can also be useful.
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