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Why SUSTAIN? 

SUSTAIN represents a successful collaborative effort between the U.S. food industry and the Agency for 
International Development (A.I.D.) to upgrade food processing in developing countries. Itprovides an ex
cellent model for similar private-public sector joint ventures in health, agriculture and other areas of concern 
to develooing countries. 

Food processing is a major contributor to development. It serves multiple roles. Food processing can in
crease the availab!e iood supply by extending the life of perishable food products. It can improve the nutri
tiona, quality of the diet by making nutritious foods available the year round. It can lead to the growth of 
related enterprises in transportation, storage, distribution and marketing. And, it can produce much needed 
foieign exchange by creating vaiue added products both for export and for internal substitution of imported 
processed foods. 

The U.S. food industry has embraced the concept that freely sharing its expertise and knowledge is of mu
tual benefit to recipient and donor - to the recipient by improving current operations - to the donor by con
tributing to a healthier global future. 

How SUSTAIN Works 

A.I.D. missions and trade associations in developing countries publicize SUSTAIN's goals and activities. 
Executives of U.S. food companies with technical expertise and uverall knowledge of the food industry 
serve as the SUSTAIN Steering Committee, providing guidance and overseeing activities. 

Food related companies in developing countries submit their requests to SUSTAIN through the A.I.D. mis
sion or adesignated organization in their country. SUSTA'N screens all incoming requests and if necessary 
asks for additional information. Appropriate U.S. companies are then invited to respond. 

Sone problems can be readily resolved by providing information. Others require that consultants be sent. 
When a consultant is sent, the usual assignment is for one to three weeks. Upon completion of the assign
ment, the consultant prepares a report describing findings and making recommendations. Depending on 
need, some consultants may return for follow-up visits to ensure that recommendations have been appro
priately implemented. 

SUSTAIN Helps 

Requests are diverse. Help may be needed to solve processing problems, to identify equipment needs and 
sources of new and used equipment, to train personnel in the use of new equipment and new technoicgies, 
to find new uses for indigenous commodities, to establish or improve quality assurance procedures, to con
trol insects and rodents in food processing plants and to improve plant layouts and materials handling. 

In the past, U.S. food companies, large and small, have provided technical assistance in the form of infor
mation, consultants and training to food processors in Africa, Asia, Latin American and the Caribbean. 
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INTRODUCTION
 

In the production of many snack foods, extrusion and flavor technologies are employed. Food 
Extrusion, in short, is the process where a food material is forces to flow, under one or more 
of the various conditions of mixing, heating, and high-pressure shearing, through a tiny opening, 
or die which is designed to fomi or puff-dry the food as it emerges from the die. The 
formulation of extruded snack foods also requires the careful use and addition of flavoring 
mateials, especially those which can withstand these extreme conditions. In Central America 
there is a significant interest on the part of food processors to manufacture nutritious snack 
foods. However, these technologies are not readily available to these processors. Hence, at the 
request of the International Chamber of Commerce in Honduras (INTERCHAM), and subsequent 
collaboration between the Institute for Nutrition in Central America and Panama (INCAP), the 
Guatemalan Association of Food Technologists (AGTA), and SUSTAIN, a seminar entitled "The 
Role of Extrusion and Flavor Technologies in the Production of Nutritious Foods" was organized 
and held in Guatemala, and subsequently in Honduras, from August 3-7, 1992. 

The purpose of these seminars was to provide an opportunity for one - on- one consulting and 
problem-solving through subsequent site - visits. To present the seminars, SUSTAIN sent two 
volunteer consultants: Robert C. Miller of Robert C. Miller Consulting Services, a chemical 
engineer specializing in extrusion technology; and Dr. Ross Sheldon, Managing Director-Europe 
and flavor chemist, with Universal Flavors International, Inc. While in Guatemala, the host 
organizations were INCAP and AGTA. And while in Honduras, the host organizations were 
INCAP and INTERCHAM. 
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ITINERARY
 

"ROLE OF EXTRUSION AND FLAVOR TECHNOLOGIES IN PRODUCING NUTRITIOUS FOODS" 

Seminar & Site Visits: August 3-7, 1992 

Travel Dates: arrive August I/return August 8 

Location & Host Organizations: Guatemala INCAP & AGTA); Honduras (INTERCAHM, AGTA)
 

Participants: SUSTAIN, AGTA, INCAP, local food manufacturers, government, & local universities.
 

Sunday, August 2: Guatemala
 

Morning or Afternoon Meeting of Seminar Speakers (Dr. Miller, Dr. Sheldon, INCAP, AGTA)
 

Monday, August 3: Guatemala
 

Site visits and one-on-one technicai assistance
 

Tuesday, August 4: Guatemala
 

Seminar: "Role of Extrusion and Flavor Technologies in Producing Nutritious Foods"
 

8:30 - 10:45 Extrusion Technology: Dr. Robert Miller 
*What it is and how it works 
eTypes of equipment available 
*Cost factors!Capital investment 
sProduct Protection 

10:45 - 11:15 Coffee Break 

11:15 12:45 Nutritional Value: INCAP/AGTA 
*Impact of processiug nutritional value of ingredients 
*Formulations 
*Fortification 

12:45 -2:15 Lunch 

2:15 - 4:00 Consumer Acceptance Dr. Ross Sheldon 
*Flavor, Texture & Appearance 
*Sensory Evaluation 
*Shelf-life 

4:00 - 4:30 Break 

4:30 - 5:30 Panel Discussion: Challenges in Marketing Nutritious Foods 
INCAP, AGTA, Dr. Miller, Dr. Sheldon 
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ITINERARY (Continued) 

Wednesday, August 5: Guatemala/Honduras 

Morning: travel to Hondura-
Afternoon: site visits 

Thursday, August 6: Honduras 

Seminar: --same as August 4th 

Friday. August 7: Honduras 

Morning: site visits and one-on-one technical assistance. 
Departure (Saturday, August 8) 
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SUMMARY OF PRESENTATIONS
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"ROLE OF EXTRUSION AND FLAVOR TECHNOLOGIES 
IN PRODUCING NUTRITIOUS FOODS" 

EXTRUSION TECHNOLOGY 
Dr. Robert Miller
 

Robert C. Miller Consulting Services
 

Definition of extrusion: extrusion is defined as the out (Latin 'ex') thrust (Latin 'trudere') of a 
material through a restriction by pressure. Modem food extrusion has evolved into a more 
complex operation which can only be defined in general terms: it a continuous process which 
applies the interactions of mechanical geometry, rheology, chemistry and energy in a controlled 
environment of pressure and shear to improve food properties, and to create food products with 
special characteristics. 

I Products Made With Extrusion 
Snacks
 
Breakfast cereals
 
Feeds
 
Pasta 
Candy 
Cookies 
Chocolate 

II Types of Extruders Available 
Screw extruders
 

single screw
 
twin-screw
 
ram (piston)
 
roller
 

M Unit Operations Accomplished with Extrusion 
Mixing 
Cooking 
Forming 
Drying (Through vent or at discharge) 
Puffing 
Stage Opeiations 

IV Product Environment Within Extruder 
Time 
Temperature 
Shear
 
Moisture
 

V Effect of Environment on Product Characteristics 
Overall Characteristics 
Shear Damage 
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VI Classification of Extruders by Product Environment 
Adiabatic Extrudirs 
High-shear Cooking Extruder 

with steam 
Low-shear Low-pressure Extruler 
Low-shear High-pressure Extruder 

VII Energy Inputs to Extrusion Process (Especially important for cooking extrusion) 
Conversion of Mechanical Energy 
Conduction of External Heat 
Convection of Steam 

VIII Classification of Extruc-s by Energy Input 

IX Principles of Operatiorn 
Pressure Generation and Restriction Working Together 
Pressure Generation and Flow 
Shear, Mixing rmd Heat Generation 

X Die Design 
For Restriction 
For Forming 

XI Scale-up 
Adiabatic Operation 
Heat-Transfer Processes 

XII Process Variables--Interactions and Control 

XIII Ancillary Equipment 
Feeders
 
Mixers 
Pre-cookers 
Fryers
 
Dryers/Toasters 
Flavor Coaters 

XIV Cost Factors 
Ingredients (In replacing other operations with extrusion) 
Energy 
Wear and Maintenance 
Capital 

6
 



"ROLE OF EXTRUSION AND FLAVOR TECHNOLOGIES 
IN PRODUCING NUTRITIOUS FOODS" 

CONSUMER ACCEPTANCE 
Dr. Ross Sheldon 

Universal Flavors International, Inc. 

As consumers, we are making daily choices concerning the products we buy. Our decisians are driven 
by product performance and efforts to get the best possible value for the money that is available for us 
to spend. As manufacturers, it is our task to understand market needs and deliver those products which 
respond to consumer needs. It is not too difficult to get someone to buy your product once. However, 
as food manufacturers, our business is based upon repeat sales having an acceptable frequency. We 
clearly must deliver a product which is relevant to the market and has value to the consumer. 

Consumer acceptance is, clearly, ve,-y subjective and difficult to measure. As manufacturers we have to 
find the right balance in order to deliver the right product, at the right time, and at the right price, for 
today's discussion we are going to assume that our marketing department has pointed us in the right
direction. Our task then becomes one of considering technical aspects of how to deliver the right product 
quality. 

When my children ask for a certain type of toothpaste, they are not thinking about fluoride additives to 
prevent cavities. No, they want a particular product because of the way it tastes. Building on this point, 
when was the last time you heard somebody talk about a juice, brown strawberry having a crunchy 
texture? With foods, all of the attributes have to fit and be fully integrated in order to deliver an overall 
sensory effect. With foods, consumers have pre-set opinions as the product's texture, appearance, aroma 
and taste. If the manufacturer does not deliver, the product does not survive. 

We need to spend some time looking at unit process considerations relative to extrusion cooking, flavors 
and their impact upon product quality. There are four primary process variables in extrusion cooking. 

Flavor: When thinking about the application of food extrusion for the preparation of ready to eat cereals 
or other products for that matter, the extrusion cooking is the preferred technology. What seems to be 
a process capable of offering a wide range of advantages, for flavors and other ingredients sensitive to 
rigorous processing, other means of addition have to be pursued. During extrusion cooking, the process 
operates at elevated temperatures and pressure. If the flavoring were added together with he dry
ingredients before extrusion, the result would be a significant loss of flavor impact. Further, the flavor 
would become unbalanced because the various constituents would be lost at different rates. There are a 
number of programs which find ways to reduce in-process flavor loss. Encapsulation is clearly one 
:echnique which is showing promise. 

Color: Like flavor, color is essential to product acceptance. Unlike flavor, color can be efficiently added 
:o the pre-extrusion food mixture. 

rexture: Using ready-to-eat cereal products and snacks as a point of reference, one can easily see the 
"ange of textures which are available in the market. On the one hand, breakfast cereal manufacturers have 
)roducts which can remain crunchy even in a bowl of milk. At the same time, one can find snack 
)roducts with a "melt in your mouth' texture. The full range of texture becomes a function of the 
ngredients, treatments, dough modifiers, and importantly the processing conditions. Again, moisture 
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content, shear force applied and thermal energy and retention time are vital aspects which impact on the 
final texture. 

I think it would be useful to spend some time discussing starch ingredients and general aspects related 
to their chemistry. While all dough ingredients are important, the starch additives are clearly the key
material in determining the final texture. With starch, we are dealing with two basic types of molecules, 
namely amylose and amylopectin. Starch chemistry is complex. No doubt you are well familiar with 
gelatinization procedures. With gelatinization, we are dealing with water absorption by the starch 
molecule. When we look at starch, the following properties apply: density control, strength, shelf-liie 
improvement, flavor, water-holding capacity, and fat-binding. 

Vitamins: Many vitamins are heat labile and are therefore denatured during the thermal pro,ssing during
extrusion. High temperatures increase the rate of vitamin loss. Good retention is possible with careful 
processing. Knowing that some losses will occur, the food mixture can be enriched so that desired RDA 
levels can be obtained in the finished product. 

Consumer Acceptance and Product Modeling: Relyiag upon the excellence of cur sales and marketing
departments, we will assume that they have properly identified the new opportunity for our company and,
second, they have provided us with guidelines the market we intend to penetrate. We need to understand 
how these factors apply: 

Market Acceptance: How is the market now being served? What is the market share of the existing 
brands? 

Unit Cost Objectives: It is the responsibility of marketing to determine the selling price and how much 
they intend to earn in margin per unit. 

Label Claims: Are there any restriction? Is there an opportunity to differentiate ourselves from our 
competition. 

Product Variations - Line extensions: 
textures or combinations of each. 

The introduction of new flavors, new shapes, or maybe new 

The product development project is ac,;omplished through Product Modeling. 
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ROLE OF EXTRUSION AND FLAVOR TECHNOLOGIES
 
IN PRODUCING NUTRITIOUS FOODS
 

NUTRITIONAL VALUE: DEVELOPMENT OF NUTRITIONALLY IMPROVED FOODS
 
Dr. Luiz G. Elias
 

Head, Division of Agricultural and Food Sciences
 
INCAP
 

(Translated from the Spanish by Patrick Wright, SUSTAIN)
 

The development of nutritionally improved foods dates back more than 30 years, wid the initial 
purpose of its creation in developing countries was principally improving the quantity and quality 
of protein from foods of animal origin such as meat, milk and eggs which were not accessible 
to these populations. For the formulation of these foods, proteins of plant origin were developed
they included legumes, oilseeds, cereals and tubers th.A when combined resulted in foods of 
higher nutritional value. 

Previously it was determined that there was a necessity to add other nutrients-with the result 
being a greater contribution to a healthier nutritional state to priority groups within these same 
populations. 

Actually, the interest in the use of formulated foods based on products of vegetable origin has 
increased notably not only for its role in nutritional areas, but also for the association between 
diet and health. In the development of these formulations one has to consider the following 
aspects: a) the disposal of raw material; b) with respect to formulation of these foods, there must 
be a definite rationale for their use; it can be used as the only food, as a dietary supplement, 
directed to specific groups, or to the general population. Related to this is the nutritional quality 
of the products as well as the physical and organoleptic properties; c) the evaluation of the 
intrinsic qualities and properties - nutritional, technological and sanitary - of the product. d) 
finally, processing aspects that invoke studies of technical/economical statistics: such as 
commercialization as a form of presentation, distribution, advertising and others. With respect 
to processing, special attention will be given to the process of co-extrusion, principally that 
which refers to the advantages of this process in the inactivation of anti-nutritional factors 
present in oilseeds and legumes, thus its beneficial effect on the quality of the protein and 
minerals and a minimal damage to the viamin content. 
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HONDURAS 
LIST OF ATTENDEES
 

EXTRUSION TECHNOLOGIES SEMINAR
 

NAME OF ATTENDEE COMPANY POSITION PHnNE/FAX ADDRESS
 
------------------------------------ ------------------------------ ADRS
 

MR. JULIO CASTILLO .AABLANOUITA :QUALITY CONTROL MANAGER 
 43-0821 :AVE. MORAZAN, 17-16 CLL. P.O. Box 32
 
-
 :FAX (504)43-24B6 :LA CEIBA, A 7 CLOANTID. x
------------------------------ --------------------------- ----------------- LCEA, 
 TLTI.
MRS. CECILIA DE ALVARADO- LA BLANQUITA :ENGINEER QUALITY CONTROL
 

------------------------ *-------------

:MS. IVET MARTINEZ LA BLANQUITA :PRODUCTION ENL;NEER
 

:MR. HECTOR CASTRO ALIMENTOS DIXIE, S.A. :PROCESS SUPERVISOR 57-e505 :CARRETERA A _r LIMA.. .. Boy 762 

:FAX(504)52-3442 :SAN PEDRO SULA, HOIDURAS
 

ING. RICARDO VALLE ALIMENTOS DIXIE, S.A. :GENERAL SUPERVISOR 53-2837
 

N.MEVN ARRAAMETSDXE ------------------------------ ---------------------------
SA.--------------------------------------------------- -----------------
ING. MELVIN BARRERA ALIMENTOS DIXIE, S.A. :PRODUCTION SUPERVISOR 

:----------------------------
ING. WILFREDO CARPIO ----------------- ------------------------------------
AIETSDXE .. :RDCINSPRIO
 

.ING. JAVIER NUR1EZ 
 ALIMENTOS DIXIE, S.A. :PRODUCTION SUPERVISOR
 

-------------- ------------------ :---------------------------


fING. ELVIN ESCOTO ALIMENTOS DIXIE, S.A. :QUALITY CONTROL--------------------------- ----------------- ------------------------------------

MR.-------------------------FRANK RODRIGUEZ ALIMENTOS DIXIE, S.A. 


SUPERVISOR ...................
 

------------------------------ :PRODUCTION SUPERVISOR
----------------- _____
 :--------------------------- -------------------------------------


MR. RAMON SAUCEDA ALIMENTOS DIXIE, S.A. :GENERAL MANAGER
 
--------------------------------.-------------------------------


MR. EDGARDO GONZALEZ ALIMENTOS DIXIE, S.A. :MAINTENANCE SUPERVISOR
 

:MR. ASTERIO DIAZ 
 ALIMENTOS DIXIE, S.A. :TECHNIC DEPARTMENT
 

MR. GERMAN VALLADARES ALIMENTOS DIXIE, S.A. :PRODUCTION SUPERVISOR
 

:---------------------------------------------
 :------------------------------------
MR. JOSE GUERRERO KIITOS INDUSTRIAL :GENERAL MANAGER 53-068 3 AVE. 24-25 CL, .. .0. Box o4=
 
:FAX(504) 57-2200 :SAN PEDRO S'j'f
 

: ------------------------------------
DR. RICARDO FUENTES PONCE .REGION SANITARIA NO. 3 :DIRECTOR 52-6944 :CENTRO DE SAUC MIGUEL PAZ BARAHON4
 

::A4/ r.o,d 5q4' 1 , Jt- 52-3099 e-9 CLL. 5-6 AVE. BC. MEDINA
 

DRA. OLIVIA MATUTE -"NUTRITIONDEPARTMENT :DIRECTOR 37-3709 ANTIGUO LOCAL LOTERIA NAZIONAL
 

:CALLE MORELOS. TEGUCIGAL=A
 

ING. ELISEO PINEDA ,EMBLTIDOS SAN MARTIN :PRODUCTION MANAGER 
- - - - - - - - - - - - -- - 52-5896 :VILLA RICA. -HMELECON.=.O. Boxl7co
 

:MR. ANGEL ULLOA -PASTIFICION HONDUREZO :GENERAL MANAGER 53-1506 :ARRETERA A :UERTO CORTES
:FAX(c04) 53-106b :SAN PEDRO SJLA
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HONDURAS 
LIST OF ATTENDEES
 

EXTRUSION TECHNOLOGIES SEMINAR
 

NAME OF ATTENDEE COMPANY 	 POSITION PHONE/FAX ADDRESS
 

_-----------------------------------
:MRS. MARY DE BENDECK PANIFICADORA STA. ANA :GENERAL MANAGER 	 57-2636 9AVE. 10-11 CLL. S.E. Bo. MEDINA
 

------- SAN PEDRO SULA 
:MR. CRISTOBAL SIERRA UMAR DE HONDURAS LABORATORY HEAD 53-4319 :BUFALO CORTES. P.O. Box 259 

:FAX(504) 57-4426 

:MS. ANA BRENDA SALGADO NUMAR DE HONDURAS :PLANT SUPERINTENDENT
 

:MS. ROBERT COHEN IGA LACTANCIA MATERNA 	 57-9869 :Bo. BARRANDILLAS 5-6 AVE. 4CLL S.E.
 

---. O. Box 512, SAN PEDRO SULA
 

MR. ARTURO MURILLO /I N F 0 P NUTRITION AREA HEAD 53-1469 : 3 AVE. S.E. 2do. ANILLO DE CIRC.
 

~~~---------------------------- :--------------------------- -----------------

MR. WILFREDO SALGADO 	 I N F 0 P NUTRITION AREA ASSISTANT :FAX(504) 57-6930
 

EVA--------------

MRS. EVA DE CASTILLO 

MRS. ------------DE CA-----T----LL----	 N-H---------------

U N A H :FOOD TECHNOLOGY AREA :PBX 32-2110 :BOULEVARD A SUYAPA, TEGuZIGALPA
 

DRA. NORA DE CARRASCO U N A H :CHEMICAL CONTROL AREA 31-0644
 
:-------------------------


ING. M@ DEL CARMEN MORENO /BOUITAS FIESTA :QUALITY CONTROL MANAGER 53-3700 :CRR. A PUERTO CORTES, F.C.Box 366
 
FAX(504)53-3405 :SAN PEDRO SULA,
 

~~------------------------------
 ----------------- :-------------------------------------
MR. FEISAL RISHMAWY JPANIFICADORA BIMBO :GENERAL MANAGER 53-3914 :AVE. CIRCUNVALACION, P.Z. Box 448
 

:FAX(504) 52-4083 :SAN PEDRO SULA
 

ING. GERARDO CARRACCIOLI -EMBOTELLADORA DE SULA :PLANT MANAGER 	 53-0027 :AVE.CIRCUNVALACION .O.Sox 133
 

---------------------------------	 :--------------------------------------------- --------------------------------------

ING. GUSTAVO A. FIGUEROA EMBOTELLADORA DE SULA :QUALITY CONTROL MANAGER :FAX(504) 52-2845
 

LIC. LEONEL ROMERO PRODUCTOS CONTINENTAL :GENERAL MANAGER 	 52-8155 8-9 AVE. 9 CLL. S.D. No. 31-A
 

LIC. HILDA FANNY MEJIA I N C A P :NOURISHER 	 38-0358 :TEGUCIGALPA
 

ING. MARIO PINEDA GRIFFIT DE C.A. :GENERAL MANAGER 	 52-7072 18 AVE. 7-B CLL. 44 RIO PIEDRAS
* SAN PEDRO SUL;
 

MRS. GLORIA DE BERTRAND JFOND TECHNOLOGY :NOURISHER 	 52-1924 :FARMACIA POPULAR 7 CLL. 4-5 AVE. #39
 

53-1163 :SAN PEDRO SULA
 

MR. RICARDO CABEZAS -'INDUSTRIAS SULA :MANAGER 57-8668 :KM.6 CARR. A LA LIMA, CALPULES
 

:FAX(504) 57-1681 SAN PEDRO SULA
 

MR. RAUL GOMEZ J P R A F :SUPERVISOR MANAGER 	 38-0901 :EDIF. HONDURAS ELECTRICA. 2do. NIVEL: 

:TEGUCIGALPA
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HONDURAS 
LIST OF ATTENDEES
 

EXTRUSION TECHNOLOGIES SEMINAR
 

------ ----- F-


NAME OF ATTENDEE COMPANY * POSITION PHONE/FAX ADDRESS
 

MRS. SAYDA BURGOS P R A F :MANAGER ASSISTANT 38-1183 	 :EDIF. HONDURAS ELECTRICA, 2d. NIVEL

:TEGUCIGALPA
 

---------------------------- - ---------- :.--------------------------------------


DRA. IRIS URBIZO DE LICONA :CONTROL DE ALYENTOS (MSP) :DIRECTOR 52-6944 :CENTRO DE SALUD MIGUEL PAZ BARAHONA
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FOOD EXTRUSION
 
JACK L. ROSSEN and 

E- FOOD EXTRUSION is a pro,ess in which a food 
material is forced to flow, under one or trore of a 
variety of 'conditions of mixing. heating, and shear, 
through a die which is designed to form and/.r puff-
dry the extrudate. 

The single-screw extruder ws first applied to food 
processing in 1935 for the continuous extrusion of 
pasta products. Since 1935, th'ere has been an increas-
ingly greater use of single-scre.w extrusion in the food 
industry, particularly in thosf! processes which require 
cooking or gelatini7'ation at some sttge, such as in the 
preparation of snacks, cereals, pasta foods, confection-
cry products, pet foods, animal feed, sausage products, 
protein supplements, and meat analogs. 

The functions of food extruders include gelatiniza-
tion/cooking, molecular shearing, mixing, sterilization, 
forming, and puffing/drying. Inherent in the extrusion 
process is a combination of one or more of these func-
tions. It is important t(orealize that the extrusion pro-
cess cannot be separated from the overall process be-
cause a grdat deal (ifinterplay exists between the 
extruder operating coriditions and what happens be-
fore and after extrusi-,n. 
CLASSIFICATIONS OF ZXTRUDERS 

Food extruders cia be classified in two ways-ther-
modynamically anl by the manner in which pressure 
is developed. Fo (nIextruders can be thermodynam-
ically classified i )t the following groups: 

THE AUTHORS ire with Nabisco, Inc., Research Center, 

2111 Route 20' Fair Lawn, N.J. 07410 


ROBERT C. MILLER 

* Autogenous (Nearly Adiabatic) Extruderr generate their 
own heat by conversion of mechanical energy in the 
flow process itself. No attempt is made to introduce 
heat or to cool the unit through the jacket. Puffed 
snack extruders approach this condition. 

0 Isothermal Extruders. Constant temperature is main
tained throughout the extruder by cooling to remove 
heat generated by conversion of mechanical energy. 

* Polytropic Extruders operate between the autogenous 
and isothermal extreme conditions. All food extruders 
are polytropic, but some tend more toward being au
togenous and others more toward being isothermal. 

Although extruders may be called upon to serve a 
variety of functions, they are primarily a type of 
punmip, and like pumps, can be broadly classified, as 
in 'fable 1,according to the manner in which pressure 
is developed: 

* Direct or Positive-Displacement Type. Direct extruders 
include the ram or piston-type extruder and the intk 
meshing twin-screw extruder. The ram extruder has 
found major application in sausage stuffing operation. 
and in extrusion of corn masa to make fried corn chips. 
It is desirable for these applications because virtually 
no shear occurs, and the properties of the extruded 
product are therefore essentially unchanged from those 
of the feed material. It should be emphasized that in 
the extrusion process, the intensity of ,;hear to which 
the food material is subjected and where the shear 

takes place are critical items. 

Intermeshing twin-screw extruders are also of the 

Types of oxtruders 

Direct (positive-displacement) 

Hydraulic or pneumatic ram 
Intermesling twin screw 

Hybrid of direct and indirect 
Non-irermeshing twin screw 

Indirect (viscous-drag) 
Rollrr 


Sinrql! screw 

Table I-CLASSIFICATION and applications of extruders 

Applications 

Protein 
supple-

Pet foods, ments & 
Confec- animal Sausage meat 

General characteristics Snacks Cereals Pasta flonery feed products analogs 

Very low shear, continuous X X X 
Low shear, continuous X 

High shear, continuous X 

Low shear, continuous X X X X 
High shear, continuous X x x X X 
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positive-displacement type, but they subject materials 
to some shear due to viscous drag between the inter-
meshing flights and also subject the materials to a high 
degree of extensive mixing. They find major use in 
compounding operations such as manufacturing chew-
ing gum or chocolate. 

* Indirect or Viscous-Drag Type. This type of extruder 

develops viscous drag and therefore modifies the char
acteristics of the extruded product. There are several 
types of indirect extruders. One type is the roller ex-
truder, which is used to a great extent with very slicky 
materials which do not require high-pressure forming. 
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Fig. I-ELEMENTS of a single-screw extruder 
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Fig. 2-PRESSURE PROFILE of an idealized single-screw 
extruder 

Its primary application is in the confectionery industry. 
Other types are the single-screw extruder, which will 

be described below, and the non-,ntermeshing multiple
screw extruder, which developed from the single-screw 
extruder. The non-intermeshing multiple screw ex
truder operates on the same pumping principles as the 
single-screwsuch asextruder acrossfor specialtions dough sheetingand is used a wide conveyor.applica-

ELEMENTS OF AN EXTRUDER 
The important elements of a single-screw extruder 

are shown in Figure 1. 'I'he food material is fed from 
a holp-r Ilirough Ihe feed throat into the channel of 
the screw. The screw rotates in a barrel which has a 
hardened liner. A miotor drives the screw (hrough a 
gear rcducer, and the backward thrust of the screw is 
absorbed 1y a thrust bearing. 

As Ihe food mierial is conveyed along the screw 
channel, it is siliultaneotislv subjected to nixing, heatand shevar. When it is cose to the discharge end, 

near the (lie, it has [)evil transfornmed intona ther
.Itilasic,viscolastic material at high pressure. Fi

nally, the inat(,rial flows through the die. 

IDEALIZED MODEL AIDS DESIGN 

For several reasons, a well-defined theory has been 
developed for the extrusion of plastics (Bernhardt,1967; Griff, 1968; Schenkel, 1966), but not for the ex

of foods. The properties of foods are far more 
complex than those of plastics and are therefore very 
difflicult to define. For example, food materials do not
simply melt, as do plastics, and irreversible timedependent changes, such as occur (luring gelatinization
of starches, complicate the rheology of foods during 
extrusion. Consequently, there is very little published
information on the rheological and chemical changes 
occurting (luring extrusion of foods. 

Since the rheology of the food material, the geom
etry of thle screw, and the operating variables are very 
much inter-linked, the pronounced lack of data concerning the rheology of foods during extrusion trenen
dously limits the design of extruders.
 

Nevertheless, it is possible to 
overcome these limitations in analyzing extruder operation by using several 
assumptions: 

"t The Prnduct is a Newtonian fluid. 

in The Extruder is isothermal, and therefore no changes
in viscosity result. 

0 The Screw Geometry is simple and constant through
out its length.The Barrel fits tightly over the screw. 

* The Feed Zone is neglected in the analysis. 

By using these assumptions, an idealized model of 
the action of a single-screw extruder can be derived 
(see Fig. 2). Although one can certainly not use thismodel for accurate design, it does permit qualitative 
predictions and offer direction in solving practical
problems in food extrusion. 

Although these assum)tions do not apply directly to 
real food extrusion operations, the general equations
derived from them can be used for predicting the re
sponse of the processing conditions to changes in op
erating variables. For example, the effect of each vari
able on the throughput of an extruder can be evaluated 



by using a combination of experimental data and ideal
ized equations. The analysis can then provide suffi
cient information for a rational decision as to which 
variable should be changed in which direction to 
achieve the desired result. If enough experimental
data are obtained to develop operating curves, the pre
dictions can be quantitative. 

The idealized model of the single-screw extruder 
will be analyzed in the following sections. 

THE 	 FEED ZONE 

The functions of tile feed zone are to compress the 
feed material and convey it to the metering zone. 
Equations for polymer extruder feed zones have been 
developed based on the assumption that the feed ma
terial forms a solid bed which slides along tile screw 
and barrel surfaces in a rigid fashion. Food materials 
do 	not normally form a solid bed, but probably be
have as a hybrid of solid bed and fluid flow in the feed 
section. The analysis of the idealized model, however, 
neglect- this zone. 

THE 	 METERING ZONE 

The metering zone is perhaps the most important 
part of the extruder. Its function is to receive the com-
pressed feed material, homogenize it, and force it 
through the die at constant pressure. Homogenizing is 
accomplished by intensive mixing (shear) and exten
sive mixing of the down-channel and transverse flows. 

The mathematical treatment of this zone assumes 
that the material acts as a true fluid, exhibiting 
strain in shear, with no slip at the screw and barrel 
surface. In many respects, this section of the extruder 
behaves like a centrifugal pump, with the pumping 
capacity inversely related to pumping pressure. 

The mechanism of this pressure effect can be de-
scribed by separating the net extruder flow into two 
separate fictitious components called drag flow, Q,,,
andi pressure flow, Q, (Bernhardt, 1967, p. 173): 

, , Q 	 [1 

* Drag Flow. The forward component is called drag 
flow for reasons that become obvious from Figures 3 
and 4. The velocity of the barrel with respect to the 
screw, v., can be divided into two components. The 
component in the down-channel direction, v4 , is re-
sponsible for drag flow. The cross-channel component, 
v,, does not directly affect flow, but contributes to 
mixing and shear. 

The velocity distribution of the material in the chan
nel in the down-channel direction is also shown in 
Figure 3. The velocity varies from zero at the screw 
surface to v. at the barrel surface which "drags" the 
material down the channel. The drag flow rate is pro-
portional to the average velocity in the channel, and 
is described by the following equation (Bernhardt, 
1968, p. 174) : 

Q, 	 = aN [21 

1 ne
where t = - Uh(1---)sinocos, [3] 

As shown, the drag flow component is dependent
only on screw speed and geometry, and is independent 
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Fig. 	3-DRAG FLOW COMPONENT 
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Fig. 	 4-SUPERPOSITIONING of flow components 

of pressure and viscosity. Generally, however, cooling
the screw tends to retard drag flow and reduce output. 
Heating the screw will increase drag flow. When drag
flow is much larger than pressure flow, the output 
increases.
 

0 Pressure Flow. The pressure flow component can be 

visualized by imagining a non-rotating screw with fluid
flowing backward from the high-pressure dischargeend. As in any fluid flow situation, the rate of flow is 
proportional to the driving force (pressure gradient)
along the screw, and inversely proportional to the re



Food Extrusion . . . 

sistance (viscosity and screw geometry). An equation
relating these variables is (Bernhardt, 1968, p. 175):

.8 P 
Q. = [4] 

/1/ 

where P/1 is the pressure gradient. The size and 
shape factors for screw geometry are contained within 
fl (Bernhardt, 1968, p. 174): 

1 ne 
- 7TDh'(1---)sin'o [5
12 t 

For any extruder screw, 13 is constant, and the pres-
sure flow depends only on P and . 

e Net Flow. The velocity distribution of the net flow 
can be pictired by superposition of the individual 
distributions as shown in Figure 4. In this example, a 
large pressure flow hns created a negritive velocity 
area near ihe screw. In relit'y, this "lI:iclkward" floSw 
creates eddy currents which contlribule to mixing and
shear. 

THE DIE 
The pressure in our ideal exltrulr reaches a hinx-

imum at the end of the screw, and then drops to zero 

as the material passes through the die. The flow rate 
through the die is a function of viscosity, die geometry
(resistance), and pressure drop (driving force), as 
shown in the following equation (Bernhardt, 1968, 
p. 249): 

P 
Q, = k- [6]

14 
where k is the (lie constant, a function of die geometry.

Die constants for various simple shapes are shownin Figure 5; (lie constants for complex shapes are best 
deterlmined experimentally. " Ce k values are partic
ularly sensil e Io changes in the smallest linear di-
IiIensioln of tlie (lie cross-section. For example, small 
clilnges in ihe diamllneter of a circular (lie or thickness 
of a slit (lie will result in lIrge changes in flow rate, 
'is.:isity, anl/or pressuire. 

SCREW AND DIE COMBINED 
So far. we have considered ihe extruder and (lie asn 

separnte entities, but mathematically, they are con
nvcted )y Ilie pressupre ind flow rate terms. The ex
trtier generates a pressure suflicient to force a quantity 

-Text continued on page 52 

OVERCOMING OPERATING PROBLEMS
 

The following discussion is intended to answer fre-
quently asked questions about extruder operation. 

WHAT CAUSES SURGING? 
Surging is one of the most common and difficult 

problems to solve in extrusion. Typical causes and 
solutions are as follows: 

" Erratic Drive: Check uniformity of screw speed. 
* Erratic Feed: Starved extruders require very uni-

form feeding, since the throughput is determined 
by the feed rate and the low residence time pro-
vides very little damping effect. 

* Poor Mixing: Zones of material exhibiting varn-
ations in rheological properties, density, etc., can 
cause drastic changes in extruder perfoimance. Seg-
regation in holding tanks for feed materials can 
cause surge.- of long duration,

0 Temperature Variations: Fluctuations in heating/ 
cooling systems should be minimized. Automatic 
temperature control systems should be stable to 
avoid this problem. 

* Incipient Slip In the Barrel or Die: Surging due to 
periodic slip at the barrel surface can be eliminated 
by reducing screw speed, redesigning the extruder 
to reduce shear stresses, or grooving the barrel. 
Formula adjustments can also be made to increase 
adhesiveness and reduce lubricity,

Slip can also be a problem at the die. When the 
product breaks away from the die surfaces and 
changes from true fluid flow to a plug flow condi-
tion, the pressure drops and flow increases. The 
plug flow condition can become cyclic. This type
of surging can be eliminated or reduced by using
longer die lands (higher pressure), more die holes 

(lower shear stresses), rougher die surfaces, and/or 
greater product adhesion (accomplished by formula 
adjustment). 

* Poorly Designed Feed Sections: Reluctance to flow 
in the feed section or variations in pressure at ihe 
screw entrance can cause large fluctuations in ex
truder output pressure. Feed paddles and force 
feeders can be useful for uniformly packing feed 
material into the screw but if improperly designed 
can themselves cause fluctuations. The extruder 
screw can also exhibit problems if the feed section 
does not deliver sufficient flow to fill the down
stream channel. This can be overcome by operat
ing at higher pressures to avoid starvel zones in 
the screw. 

0 Dead Spots: Stagnation points in the equipment
often cause intermittent discharge of material which
has become overheated or otherwise changed in 
physical properties. Starved extruders are espe
cially sensitive to surging due to dead spots. All 
wetted surfaces in the equipment -hould be stream
lined. 

HOW CAN AIR ENTRAPMENT BE AVOIDED? 
Bridging and poor feeding should be eliminated 

to avoid the formation of air pockets (opacity and 
ubbid Co r esion sr ep ock e lp by co m 

bubbling). Compression screws can help by cor
pressing the material enough to force air backward 
through the feed section and out the hopper.
WHAT CAUSES DIE PLUGGING? 

Dies normally plug because the particle size of 
the feed material is too great, the operating pres

7/k
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sure too low, or dead spots allow large pieces of
overcooked material to enter the stream and lodge
in the die. Some corrective actions are: frequent(lie cleaning, streamlining the equipment, andscreening of feed niaterial, 

HOW CAN MIXING BE IMPROVED? 

Intwti(,n ingloI~ (,s. 1ni aw , fl w , id she irss lre . h :ik lldI nc eas ngth a~r( 1 fl w, sh e rwill in 'e .e m ixingr hm l itl lhe( vwle se or[ otiltw tl 
hix pn s ei e m (].oth r e inces .a t i hle.in ( ,r r l, 

mix nglwnstre ofl tlietru ercan be u iseda s r)nd aes
(Indowslf rtahm ex r u~er an a s o e u e d . 

HOW CAN COOKING BE INCREASED? 

Cooking can be increased by increasing the power
input per unit product output rate, increasing external heating, or holding the hot product from the
extruder in a chamber between the extruder and
die to increase the cooking residence time. 

WHAT CAUSES PRODUCT FLOW VARIATIONS? 

Multi-orifice dies, which are prevalently used in
pasta. snack, and creal xtrusion processes,subject 	 areto problems of prcdluct non-uniformity for 
a 	variety of reason.-,:a Oriie Size. Small v':rinlionsq in orifice size can ca:u se la rgv , va riatio~ns in flo w rale . ' l h er efo rv, fo~r 

s i flow.a gv ri l fvrn i l hta s sh hlhlh: tti\'e(w 'll(eho ld,. Thi s is ' r iener'tl rl e w ,res I tteshp r e d o l.h~df t of~ n (- ':nsifl~ rnt rl~st lr di 	 l ri h l ii, 
* 	 Temperature. Poor tenlle-1ture distribution in 
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Frq. 6--OPERATING LINES for extruder and die 

Fig. 5-DIE CONSTANTS (Source: Bernhardt, i968, p. 249) 

the (lie will create higher viscosities in the cooler
regions of the (lie and, correspondingly, lower flow 
rates through orifices in these regions.

• Location of Orifices. Oft'hen, multi-orifice divs aremade with ai virctilar nl 	 (i~ge€f hoh,.sniori'l with 	 y1 respect to (ie extrudher axis. hl lhore 
cases die-h ,h, lnlin .eprv,stres arv Ihe Forsarne. 
som e a howvv 'vr, non-sy e ric .1 a lpplicliow , 	 nni ra n gven iv ii s o rv u .sed . If u nco rrec h,(l , th is w ill re sill( ill ho -lo-h1oh, lpre.sstllp v:ri'fio ls ."11d . conse
tu tvllly , v "aria tion s ill flo w r'fe . So me so lu tions to 
lis p lv in('are: increasing, the space betw e~en the 
e x tr u d e r an d] (lie to pa r l ia lly equ a liz e t h e dlie -h tole 
entrance pressure, and adjusting individual orifice
(lie constants to correct for the pressure differences. 

e Die Plugging. (See above.) 

WHAT CAUSES "SPLITTING" OF EXTRUDED PRODUCT? 
Ib)ngitudinal die lines and splitting or"extrudled

product are commonly caused hy burrs in the (lip 
surface or hard pieces of material prtially Iblock
ing Ihe flow p~ath. They can also be caused Ibyvery
hig~h flow rates or poor streamlining, which doesallow a smo)oth flow pattern 	 not 

to develop. 

WHAT CAUSES LATERAL STRIATIONS? 

li~aerl slriation.s ill extrudedl("rsed by floor flow p ilveni 
prod(ucts can be

dev(,h im it, and/lor
s u : r s r s t s i h i r f c x e d n h 
hes s reIngth of flip lproduct. Reduction of shear 

sl 	rsses I,. d i e d eqig i. flo w ro le red u c tion , o r fortla ch :ang es Io s l r en gthe n (lie p ro d uc t (,.I n ol i n. 
Inale tis. 
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of material through a resisting die. In an operating imate equation for the power, Z, of the idealized exextruder, the extrusion pressure, P, is also the P in the truder (Bernhardt, 1968, p. 201):
die equation, and the Q for the die is the same as Q., irD nein he extruder. Z = ID'N'(-., -- -- L) / [7]

A good way of visualizing extruder and die inter
actions is to plot flow rate (Q.., or Q) as a function

of pressure, P. In Figure 6, we have plotted Q ,°, Q.. This equation shows the efect of the clearance, 8, be-Q,, and Q,. Since Q, is independont of P, the slope tween the barrel wall and the flight tips. The term
of its plot is zero, and tile ordinate is calculated from I,. is the viscosity of the material in this clearance.
Equation 2. In cooking extruders, the clearance term is very im-Q, is zero at zero pressure increases linearly, asshown in Equation 4. Q.., isandandsimply siemif Q., portant since these machines generate a great deal ofheat due to shear, especially in the typical groovedshw nEuain4 ..,i ipl h u barrels.
 
and Q, (note that Q, has n negative vaiue). The olp
erliing pressure tlnd flow 
 rat, of Ihe 'xtruder nao VARIOUS DESIGNS DEVELOPED
 
roitn( l i fh(, inlimc-r. tion of o,., (exlt'rtdvr oleraling
linlet inl 0..... V'niious designs oif extruders have lwen developed

'lilv, Ilvitihgst, if the graphlical solulion ilil, that to provide different product characteristics. Extruded,,xl-riinihtil dlal inuvI.e iolhtd directly ,on ;le putTd cereals and snacks require high-temperature,
gil'il mi flitil Iho eIfect of cluinte. in v:trinlilhs imw, shorlt-lim, cooking at the proper moisture level forIl, quickly show\'n. optiuna pIuling. Extruilers for these products gen.

eie heat r.ipidly in the product by operating at highPOWER REQUIREMENTS :.wvds and usual y ruin "starved" so that a low res-
Thl echlianicll enttrgy slpjlied to the screw is dis. ihli'ti, tilli is as.sured. 

sipnitodi in two wa*ys. sone Of Ih, power is iisedl to IExtrudlers desigined to coo5k doughy (higher mioisconvey the material throtuigh thv chitnil ti increasing turn) matlerials provide a longer, gentler cook by op
prtestsure. bltl most of Ihlvpower is oiv'orted Io heat Isei'iting :1 lower slxads: ihey are usually externally
by viscous dissipation. The following is i approx- hetehd and have deeply grooved barrels. Extruders 

Table 2-TYPICAL OPERATING DATA for five types of sin-1e-screw extruders commonly used in the food industry 

Typical operating data 

High. 
pressure Low-shear High-shear 

Pasta torming cooking Collet cookingMeasurement Description extruder extruder extruder extruder etruder 

Feed moisture (M) Illutrates product characteristics and moisture loss 22 25 28 II 15

Product moisture %tle ti to Ilst.ing 
 22 25 25 2 4 
Prhodct temperatlre (F) The ersperatutre reached withi tihe extrLder; when 125 175 300 390 300 

flshling occirs, the temperatire drops to the boil-
Inq point as the product flows tPrough the die, 
with a corresponding Icss of moisture 

D/h Represents the relative flight depths of the extruders 6 4.5 7-15 9 7 

Number of parallel screw channels (leads)n 1-2 1 1 2-4 1-3 
N (rpm) Screw speed 45030 40 60 300 
Applied shear rate (sec') A function of D/h and N, used as a rough measure 9.5 9.5 22--47 140 165 

of the intensity of shear applied to the product; 
other factors such as pressure gradient and leakage
flow, especially in a grooved barrel, strongly affect 
the actual shear rate 

Z1.1./Q ( hp \ The total motor hcrsepower per unit flow rate re- 0.03 0.07 0.07 0.12 0.22Z lb/hr ./ quired to operate the extruder 
hp That portion of Z....,/Q which is dissipated as heat 0.01 0.02 0.01 0.06 0.07 

Slb/hr I to the food as it goes through the extruder 
H. (BTU/Ib) Z..,/Q expressed in the:mal units 25 50 25 160 175 
H. (BTU/Ib) Heat added to (4-) or removed from -) the food by 0 0 +75 0 -60 

application of external heating or cooling 

Hi.ts, (BTU/Ib) The total energy received by the product (H,.,.,
H.+ H.); related to product temperature and mois
ture loss 25 50 100 160 115 



used for forming high-moisture materials-often called 
forming extruders-are designed to run cool by min-
imizing heat gene.-'ti'cn through barrel and screw de-
sign and external cooling, and to generate the high 
pressures required for shaping. 

Grooves are used in the barrels of forming exiruders 
to aid in processing. Although grooves normally re-
duce flow rate by increasing heat generation (lower
viscosity) and allowing leakage (backward flow) over 
the flight tips, barrels can be grooved to avoid slip at 
the barrel surface. Slip occurs when the shear stresses 
at the barrel surface exceed adhesion of the food mate-
rial to the ba;rel, greatly reducing the drag flow. This 
condition can be identiW,d by a sudden drop in flow 
rate and increase in product temperature, and can be 
overcotne by ,ooving the barrels to help the material
"stick" to tile hirrel surface. 

Spiral grooves (rifling) are used in some extruders 
to retard or advance the material in the extruder, de-
pending o tihe direction or ihe spiral. iarrels for low 
n,idhice lime extruhers; ofetI use spirals which lend 
to iiost' tihmaterial forwardl to furlher reduce tihe 
te.ith l ilce iii'. 

SPECIFIC TYPES OF EXTRUDERS 


Five types of single-sc-ew extruders commonly used 
iu the food int.wlry are lescrilbedI below, aind typical
operatilg data are presented in Table 2. 

a The Pasta Extruder is used for forming macaroni and 
similar products from a dough. Of the five extruder 
types, it is the closest to the idealized extruder in that 
it has a smooth barre! and no solid conveying section 
(dough feed), and usually has a constant screw ge
ometry. It is also the closest to an isothermal extruder 
since it effects the lowest temperature rise. 

0 The High-Pressure Forming Extruder is used for com-

pressing and shaping a pregelatiniTed dough feed into 
producl. which normally reqiire furlh,r processing/
such itshtel.fail frying sncks mid gun plling ce 
neals .. 'Tll(, of extruder is sililair toovern(itin thi.s 
thlitlofhelastiv extrude, x its bairrel isexeptr.tllIhat 

nor imilly grooved. Thew grooves irequire additional 

powtr mnd incretst, ti tenl;4'riture aind liillllt oi 

heat dissipated to tie food. 

* The Low-Shear Cooking Extruder is used as a contin-

uous cooker for high-moisture dough/feeds. 'his is a 

flexible unit and has a wide variety of applications.

The cooked product must be further processed by 
forming, drying, etc. The applied shear is higher than
that of the forming extruder, but due to the low vis-
cosity (high moisture), most of the energy required
for cooking is applied by external heating, despite the 
fact that deep!y grooved barrels and compression 
screws (variable D/h or pitch) are normally used. 

* The Collet Extruder cools, puffs, and forms dry gran-
ular feeds such as corn meal to produce puffed snack 
products such as corn curls. This is a very high shear, 
short residence time extruder. A high rate of energy 
dissipation is produced by high applied shear rate, 
deeply grooved barrels, and high visclsily (low lnois-

ild high I(ure), Thll t' p enl i illilirl ie ('it'llss vi-
oleitl Ihthllig of the i11oisttire, cle. lating it lled, (dryv 

I Al ough this ui nhhe the ndviantigehlas of 
ris(iiiriing lilt le I.vlt-or ln -exntriis itn p rocess ing, it is 
quite iillexiilde rind iroiduces itTilrrt w range of p rol-

ucts from a narrow range of ingredients. This and 
the high-shear cooking extruder are the furthest from 
the idealized extruder. Large temperature rises, rheo
logical changes, starved operation, and variations in 
screw and barrel designs make analysis diflicult. 

e The High-Shear Cooking Extruder is similar in )per
ation to the collet extruder except that the residence 
time is greater and excess heat is removed by cooling
the barrel. It is more flexible than thl collet extruder 
in that it can produce many products such as puffed
cereals, snacks, and dry pet foods from a wide range
of dry ingredients arid mixes. The high applied shear 
rate and long residence time provide good mixing
within the extruder, so that water may be injected in 
the feed section to provide optimum process moisture. 

Since the feed moisture is generally higher than for 
the collet extruder, a higher product moisture re
mains after flashing (product exp:|nsion , which often 
requires l;st extrusion drying. The product t('nilr
attire : i II.. ,re lower than those for the collet 
exltiher and are cointrolled by varying the ap)lied 
she-ar rnt, feed mtriltir,,. nd cooling rate. 

H'l'she diffiienucs reqult in a longer-time, lower-
S IlPlSer tire ('41k and less violent expansion than [lie 
collhI ,txlruditer provides. 'I' products are usually 
browner anutharder in texture than those of the collet 
extruder and have more flavor development. 

NOMENCLATURE 

D Diameterflght land ofwidthe Axial (inside. barrel 
h Screw channel depth
 
h4 Height of slot die
 
k Die constant
 

Distance measured axially in die direction 
N DiScewspeedleg(rpm) 
ri Number of parallel screw channels (leadsl 
P Pressure 
Qj Grag flow component 
Qoi. Flow through die
 
Q.., Net extruder flow
 
Q, Pressure flow component
R Radius of cylindrical die
 
R, Inside radius of annular die
 
R. Outside radius of annular die
 
t Screw lead (t=rDtano) or pitch
 
Vb Velocity of barrel relative to screw 
v, Down channel component of vb 
w, Width of slot die 
Z Power 
a Geometry parameter for drag flow equation 
# Geometry parameter for pressure flow equation5 Clearance between screw and barrel 

eViscosity
 

Ai. Viscosity at flight tip
 
0 Screw helix angle
 

REFrERENCES 
i,rlIhll .'..titl7."lTnX ,-il,,f "hrnhiopl w, Materih - Iein

hod I'ii, i,i,;,.(rls. N,',%York. 
',r,.. w Y,'rk. 

Ntl,.-,,k,.I . ( I. i 'Tlici ".tnil.in Te,,Iiolor ,,rid ry." 

itCr A.%.v. in "'l,,,'iii- nIi.iri "r'hh , l I ,iiIlixk 
" Tlti 


Ai,,,rit,,,i I.h r I',1. i.., New York.
 



CFW
 
Cereal Foods World® 

Continuous Cooking
 
of Breakfast Cereals
 

Robert C. Miller 
Consulting Engineer 
Auburn, NY 



Continuous Cooking
 
of Breakfast Cereals
 
Robert C. Miller 
Consulting Engi eer 

Auburn, NY 


Cooking is a necessary first step in 
every breakfast cereal process for the 
generation of desirable flavor, texture 
and nutrition. Continuous cooking 
methods have become increasingly 
important in cereal manufacturing, due 
mainly to the significant economic 
advantages accruing from decreased 
energy and floor space requirements. In 
many cases, product quality can also be 
improved through better process uni-
formity and control, and by the 
elimination ofstaination points required
for older batch methods to make them 
compatible with other continuous 
operations in the overall process. 

Looking over the range of methods 
used to cook cereals, we find that they fall 
into seven categories: 

I) Boiling Water Cookers 
2) Steam Cookers 
3) Low-shear High-pressure Extruders 
4) Low-shear Low-pressure Cookers 
5) Adiabatic Extruders 
6) High-shear Extruders 
7) High-shear Extruders with Steam 

Pre-cookers 

Three different energy sources are 
available to provide heat needed to cook 
the product (Figure I): . 

I. Conduction: heat transferred 
through the cooker surfaces from an 
external source, 

2. Convection (of steam): heat 
transferred to the product by direct 
contact with steam. This adds both 

moisture and heat to the product. 


'Adapted for CEREAL Foons WORLD" from 

material prepared by the author for inclusion 

in a forthcoming book to be published by 
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3.Conversion (of mechanical energy): 
heat generated by agitiation or shearing
of the product by the cooker surfaces, 
Virtually all of the mechanical energy 
applied to the product Sy external 
motors is converted to heat in the 
product. lhe amount of energy used by 
the motors depends on product viscosity, 
cooker geometry and speed of agitation. 

Since cooking energy derives frai 
three sources, anycombination of energy
inputs may be represented as apoint on a 
triangular diagram (I). As shown in 
Figure 2. each of the cooking processes 
operates within a range of energy inputs, 
indicatcd by tones in the graph. 

At one extreme, 100% conversion 
(lower rign* apex), we find the adiabatic 
extruder which generates all of its heat 
through shear (2). To be effective, this 
requires operation at low moisture (8-
14%). Cenerally, processing moisture 
increases with distance from this apex, 
reachinga maximum ofabout 50% at the 
opposite side of the triangle (100% 
convection to 100% conduction). IVoints 
along this line represent various propor-
tions of ronvection and conduction with 
no input from conversion of mechan-
ical energy. 

Boiling water cooking uses very little 
mechanical energy-only enough to 
agitate the low-viscosity mixture. Energy 
may be supplied by any combination of 
convection (by injection of steam directly
into the water) or conduction of heat via 
jackets surrounding the cooking vessel. 

Similarly, steam cookers use only a 
small amount of mechanical energy--
enough to convey and agitate the 
product, which is loosely packed to 
permit steam penetration and offers little 
resistance. Most of the encrgy comes 
from convection, but a small amount of 
conduction is possible, so that tie 
operating range of steam cooking 

extends toward the center of the diagram.
Low-shear low-pressure cookers 

transfer energy to the product mostly by 
conduction from external jackets, andsometimes from cored agitators designed 
to circulale heat transfer fluids. In these 
systems, mechanical energy contributes a 

small but significant amount of heat to 
the product, due to the need for efficient 
and uniform heat transfer at these 
surfaces through shearand mixing. Since 
the processdoes not compact the product
greatly, it is possible to use some 
convection heating, so the operating 
range covers an area extending into the 
,enter of the diagram. 

Other low-shear processes are operated 
at high pressure by restricting flow at the 
cooker exit. These cookers generate more 
heat by conversion of mechanical energy 
needed to convey the product against the 
pressure gradient, and are not compatible 
withsteaminjectionduetothecompacted 
nature of the product. 

Iligh-shear extruders are perhaps the 
most flexible of the available cooking 
processes in that they can operate with a 
wide range of energy inputs. It ispossible 
to run these extruders adiabatically, but a 
substantial amount of energy may be 
transferred to the product by conduction 
or convection. The process usually 
proceeds in stages, beginning with a 
"starved" feed section (the screw isrun at 
a higher speed than necessary to convey 
the material) whi,,, is followed by screw 
segments designed specifically to provide 
any degree of shear desired, or to create 
other starved sections where the product 
is susceptible to steam absorption. 
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Fig. 1. Generic contlnuous cooker and 
energy flow diagram. 



Conduction may by accomplished with 
electrical heaters, jackets, or cored 
screws. 

Staged processing permits use of 
numerous different operations in series 
with added flexibility and opportunity 
for optimization of any particular 
product. This principle is frequently 
further extended by preceding the high-
shear cooker with a continuous steam 
pre-cooker which can increase produc-
tivity, improve product quality, and 
decrease operating costs. The operating 
range of the high-shear extruder with 
steam pre-cooker isintermediate between 
steam cooking and plain high-shear 
extrusion, and is effective in the 
intermediate to high moisture range, 

Continuously Cooked Cereal 
Products 

Finished breakfast cereal products 
may be classified by the kinds of 
processing necessary to create their 
special properties, and fall into the 
follo%%ing categories: 

I Flaked Ready-lo-cat (iRI F.,('creals 
2. IPuffed R I F ('ereals 

a. (ill P.ulled 
b. 0)en lPulled 
c. I)irect Expanded 

3. Shredded R FE Cereals 
4. Hot Cereals 

Flaked cereals are traditionally made 
from grits or whole grains-along with 
flavor additi,,es such as mait syrup-in 
batch steam cookers, which are still il 
common use. In using the continuons, 
method, an extruded pellet is proutced 

to duplicate the cooked grit properties in 
the flaking operation. This requires the 
use of a forming process which is usually 
a separate step following cooking, but 
may be integrated into the cooker by 
creating a distinct process zone fo. this 
purpose. Use of extruded pellets in the 
place of cooked gr~ts has had some 
success in duplicatingtraditional prodLicts 
and offers economic, control, and 
formulation advantages which may lead 
to eventual replacement of the batch 
methods. 

Much the same can be said about gun-
puffed, oven-puffed, aid shredded 
cereals, which began as processed whole 
grains or grits (3). These also require 
discrete pieces for further processing 
after cooking. Extrusion of pellets in a 
post-cooking forming step can provide 
the necessary properties for these 
operations. 

Direct expansion, on the other hand. 
develops most of the final product 
features within the cooking step. lrc-
cooked or instan~i7ed cereals similarl 
undergo nos(if their structural develop-
mnent in the cooking process. %hich may 
also use the dincit expan.)ion tecltlue. 

Process Conditions 
(Gclatini/ation-like lay chemical 

reaction-is not instantaneous, but 
requires time to proceed. Published 
experimental results (4, 5)show that the 
reaction rate is a function of the 
concentration of ungelatinized starch, 
which decreases with timc. fhe rate is 
also I ftiiction of tenperature., ptedicted 
by the classical Ai lienius law (6). 

With sonic modification (4. 5. 7), this 

oo% 
CONVECTION 

STEAM 

COOKERS 


SOILING WATER IGH-SHEAR EXTRUDERS 
COOKERS WITH STEAM PRE-COOKERS 

HIGH-SHEAR 
EXTRUDERS 

too o 
CONDUCTION / WIEI 

LOW- SHEAR A 
LOW-PRESSURE EXTRUDERS 

COOKERS LOW-SHEAR 

MIGH-PRESSURE 
COOKERS 

Fig. 2. Three-component energy diagram for cereal cooking processes with typical
operating ranges. At any point, the energy derived from each source Isproportional to lts 
nearness to each apex. The sides opposite each apex represent all combinations of the 
other two sources, with no contribution from the first source. 
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5as been found to closely reflect the 
actual gelatinization rate, explainingand 
quantifying the accelerative eifect of 
temperature on cooking. From these 
results, the time needed to reach adesired 
degree of cook is related to cooking 
temnerature by: 

t .I (c ) I (i'1 

k,
 
where: t = cooking time (to reach the
 

desired degree of
 
gelatinization)
 

k,= reaction rate constant
 
E = activation energy (also
 

constant for a particular
 
reaction)
 

R = ideal gas law constant
 
F = cooking temperature
 

(absolute. K or 10
 

Although the constant%for ltquation I 
hae been experimentally determined tor 
a range of cereal grais 14), in most 
breaklast cereal cooking processes. 
cereal formulas are too complex to allow 
their (irect use. Will experiinental data 
on ;in%particular formula and process. 
hotcs er. the torn of equation I is useflil 
bt intcrpretation and extrapolation of 
Jesuits. 

I be of practical sie, continuous
 
cooking processes must operate at
 
elevated temperatures which reduce
 
cooking time. Actual cooking method%
 
follow this trend closely, ranging from
 
more Ihia one hour ill hoiling stater at
 

Ilt)" U to ot a latew seconds at lip tin I ()' 
U ili adiabalic extrilders. 

W;atcr is;a reactant inigelatini/ation, 

and ;also allects the process tiiiie gcla
tini/ation proceeds mote easiy in the 
presence of exces,;; lloisiurc. Inicereal 
cooking, low moistlre processes ate 
asocialted %itill high shear streses. 
how\ver. which increase the reaction ratc 
by inechanically disi ntegrating the starch 
graniles. iitigatig the low-moisturc 
effect (7). It should also be noted that 
water activity, not ierely water content, 
is important. Hygroscopic ingredients 
such as salt and sugar compete with 
starch for moisture, reducing the 
effective concentration available for 
gelatinization, and requiring the use of 
higher temperatures or longer tinies to 
achieve the same results. 

The actual time needed to cook ccical 
Products is generally a function of both 
moisture (interacting with shear) and 
temperature. Using these variables. a 
three-dimensional graph may be con
structed to show all possible cereal 
cooking conditi-.ns. The typical range of 
conditions for each of the seven cooking 
processes is shown as an area otnthe 
overall operating surlace in Figure 3. 

The operatingsurfaceisalsoconenient 
for illustrating the range of product
characteristics from the cooking processes 
(Figure 4). Tlhese are also generally 

-4 

http:conditi-.ns


functions of time. temperature and 
moisture. Low-moisture, short-time 
cooking requires the high-st temperature, 
and results in a dry, puffed product, 
tvpicalofadiabaticextrusion. Increasing 
the moisture and time decreases the 
temperature requirement, permitting 
puffing, but at a higher moisture-typical 
of high-shear extruders with or without 
steam pre-cookers. The high-shear 
cooker with steam pre-ceoker can also 
produce a granular cooked product 
similar to that of steam cooking when 
operatihg under less severe conditions for 
a longer time. Steam cooking alone 
produces a ,ranular product from a 
whole-grain or granular feed, and boiling 
waler is generali usful for whole grains, 
requiring a long cook litme at high 
ni.ittilite il1d low lcmllli-taltile. I (is 

%lit s. l\ptiessulrc pll'(tie c."sC.otsi llltlil1g 

to a legiev in ilpelating coiilliirts s.ilhus 
lilt- higli-sheil exililtei , p Idce a1 
gi itourti p1 oiutil. lligl-shlii h igh-
pieslilre esttltct. Illidllct'e i de'.e. 

ntoi l Ilrtihclt hich olh'tti nl bllt,
iii..lls 
oel\,lintitld S tri 5allo bul likt a it 
good plluledlstiticlilie 

Continuous Cooking Equipment 

Boiling Water Systems 
I he use of hoiling ssater in CoittinlOus 

coorking steleis ha% int beconie ;an 
ilpOli taint linctliod dile pliniarily to tile 
hong reidence limes and ;a,;sociated laige 
equipmtent sites iieeded. Also, the 
ad\antages of continuous operation do 
not easily apply to boiling stater cooking. 
%hich has been used primarily for whole 
grain1 applications arid where starch 
degradation must be absolutely mini-
mired. such as for shredded wheat. 

Whole grain boiling usally requires a 
long holding tinme (111ca, t weral hour%)I 
after cooking, Ii' equilibrate Ilodthct 
mloistl1l0 \itthin g ain. Ibi% ist tile 
comiupa'tille ssit hibntch cook 11g.not iiarlyv' 

used il these Ilodncts. Net\etlielc%,. 
there ha beei %oiea'tisitv (8) in 
driellrpiig cotliiiuotir boiling plocesses, 
fi 'ilecill! put po4ses. 

Sleamn Cookers 
As ill lhecaseol boiling\taltet cooker,. 

tile tuse il COutilUtOtts steattt Cooking as it 
complete proces; i%severely limited by 
residetce time considerations. P',. otie 
component of an integrated cooking 
,sltein. however, continuous steam 
cookiig has become an important 
methfd. When used to precede high-
shear cooking extrusion. steam cooking 
can improve productivity by adding 
another source of enerp 3 .thus generating 
more energy than the extruder alone 
could proside. It can also reduce energy 
cw-t,; by teplacitg epCeisise titcclinrticatl 
eticlg. (ltoili elcclicit\ ) \itll chealper 
ilul in l heal. 0h titote sigrilicaince itothe 
pll 't ate tit ellects ol longer icsidence 
lin , aid Itlucel sh ar. Repiacing 

mechanical energy with steam generates 
hea: with less starch damage, and the 
longer residence lime allows moisture to 
penetrate the product more evenly for a 
more uniform and complete cook. 
Typical steam pre-cooker residence times 
are from one to several minutes, followed 
byan extrusion time of up le one minute. 

Several styles of precooker are 
available. Sprout-Blauer (Sprout-laitter. 
Inc.. Muncy. PA) uses pressurized Ficam 
(about 10 N/sq cm or 15 psig) to raise 
product temperature to about 1150 C 
(2400 F) in a resideiice time of about two 
minutes before it is fed to the extruder. 
where the temperature is further 
increased to its maximum value by
conversion of mechanical energy. A 
singlle.-,,halt paddle mixer is used to 
agitate ltP oduct lor el ter es poslle to 
tle %slcallaind it iorusel" it to,,ald the 
exttitiC',.. 

Wtenget tWeliget KNIisiiactliiig. hi1C., 
sallmtill, KS) ili t a siti a i 01li l less 
inle'n.t' pile-t'o king ;tll' 5\h5 le ;Itfli.-
Illiicitteatti lilie; the tenllclllte to/ 

ll ll t (10'C ill loUl title ininutle l'.mtil e 
Cli usior. Mshle nmore steal hi:r\ he 

iie oue- i su 
Iie s\ stem used by Anderson (Ander-

son International Corp.. Cleselanid. 011) 
conitiies precooking aid extrusion hv 
prceding the Ilighted portiou (l tile 
,'cle \%ith a large tlean injection ;ection 
colitaining iixing blades. I heir design 
ties in a "grey aiea" hetween extruder 
steam iejection and precooking. but is 
closer to precooking in its effect on the 
product-little mechanical energy is 
absorbed until the product is coneyed 
into the fliglited part of tire shaft. 
Although the residence time in the steam 
section is less than that of the separate
units at about I5 sec)nd, (9t. the .team is 
efficicntl.\ h%lilt, diett transler 
to tlie ,udel, s 

Low-Shear High-Pressure Cookers 
00s. the itle:In the Carl\ . iolttli/itng 

exti 1siolr as it nie:lts of cookiiw lootl/ 
beganl toassunie %igirilicatice. paiti1culail 
ill hIll ktallst cel ll locessing I le . ceal 
coltluailieg becale pioilecls in atlartilng 
etluilrlicll origittal'v inlierrired or 
ela iiics oi plastics In. rI act htiliig(It)). 

F:alv siccesses il the li Il \tce achiced 
iin a MIo-tIage pt ocess of cookiig aid 
lrmtig. both done by low-shear single-

,screwestiudets(l:igiire.S a tielh d still 
in comtmon use. In neer systeus. Ihis is 
sometimes accomplished in distinctly 
separate zones on the same extruder 
shaft. 

I oss -shear high-presure cool in. uses 
relatiscl Iloss ' crc .peed% to generate 
less than about t)0 see of applied shear. 
Aeli:igc %le alte 111:s be calculated 
:rpll'.llt iiatelv by alplil\ ing tIl etltation 
i olitil (II) \0iti siltpli. ing assUill.,f-

lions as tollo\ss : the product is ;a it.:ii 
(Ne\toiian) Iluid ii an t intilar space 

between an inner rotating cylindrica 
surface (the screw root) and an oute 
concentric stationary surface (the harre 
surface): 

,= 8rrN r In.__ (2 
(R: - r,)' r, 

which, in tie case of a thin mnuluw 
(shallow screw flight) may be further 
simplified to: 

= - R + r(
R - (3 

These expressions may be used ti 

" 
,,.-' . -

Or 

/ 

I / 

' 

Fig. 3. Range of cereal cooking conditions: 
Time, Temprature, and Moisture, with 
typical ranges of cooking process styles. 

ie 
Itili/cf 

,'.- . 

Fig 4 Product characteristics from 
different regions In the range of cooking 
process conditions. 

h F" 

_____. ,. , 

4i 
Barrel 

Fig. S. Single-screw extruder screw 
geometry. 
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estimate the product shear at any point 
along the extruder length for rough 
comparative purposes. (For a more 
rigorous calculation, the actual _.Jeo-
logical properties of Ite product. 
extruder geometry and Olcrating con-
ditions must he taken into account.) 

[he f:ed material is usuallya dough or 
wet (about 30% moisture) granular mix 
which ischoke fed, meaning that the feed 
hopper is kept full and the feed rate is 
determined by the ability of the screw to 
draw material from the hopper. In the 
Bonnot syvstem (The Bonnot Co., Kent 
01). a long screw and barrel (1./ 1), or 
screw diameter to length ratio, of about 
20) is used t:. generate extrusion pressure 
arid to pro ,ide sufficient surface area for 
elficient heat transfer from the sur-
rounding steam jackets. Most of tie 
cooking energy is supplied by this 
conductive heating, but a substantial 
amount (about 30, ) is generated by 

- 41-H 

Fig. 6. Intermeshlng counter-rotating 
extruder screws, 

conversion of mechanical energy. 
Mechanical energy is required for 
mixing, good heat transferand homogen-
ia~ion ol the product, and is created by 
high-pressure operation (several hundred 
N/sq cm or psi) cause(] by discharging 
the product through a small oiifice ol die. 

[he iHonnot type exluder also 
normally utilizes a compression screwy 
(up to 9:1 reduction ill channel voluiire) 
with variations in both sctew%pitch and 
chalrne] depth. [his is useful inelimiinating 
air in the product by squeezng it out of 
the feed hopper, but is more imiportant iii 
generating the desired pressure profile 
which typically reaches a mnaximuni 
Nhfore the die. Grooed barrels are also 
the norii. These serve two functions: 
reduction of slippage at the hat rel surflce 
and increase of back-flow riser tre flight 
tips Mihcro shear and heat transfer 
are nraxiniurr. 

By borrowing again fror tie plastics 

- -.--.J 

Fig. 7. Intermeshlng co-rolalIng extruder 
screws. 

industry, another type of low-shear 
extruder has be~en adapted to cereal 
cooking-tie cour:ter-rotating twi.-screw 
machine (Figure 6). The principle of this 
extruder differs in several important 
ways from that of the single-screw. It is 
more of a positive-displacernent pump 
and therefore does not riecessarily 
generate much heat by conversion of 
mechanical energy. "he flow patterns 
developed in the intersecting screw 
channels nevertheless create sufficient 
mixing for good heat transfer so that 
conduction heating isefficient. Enormous 
pressure can he generated if desired. 
even with low viscosity materials, which 
is particularly useful for high moisture 
cooking. When shear is desired, it must 
he generated ill a separate process. 
lextruder (Textruder Engineering A(;. 
1Portugali RayN iord Autoinatioi Co.. 
Nor ssalk. CF) accomiplishles this wsith 
tapered arid straight screw models by 
suppl) ing a follow-up ullit coisistiig of a 
sirrgle-sce, extrusion stage or a special 
shear disk unit. Similar equipment is 
a,ailable froi Cincinnati Milacron 
(Cincinnati Milacron. Cincinnati. 0IL). 

[win-screw extruders of both the 
counter-rotating and co-rotating variety 
(discussed next)I may also be used] f'or 
high-shear cooking. 

A great deal of attention is now being 
paid to the latest style of ex.ru.dion 
cooker, the co-rotating intermeshing 



tin-screw type, also adapted from the 
plastics industry (Figure 7). It has seen 
widespread use for foods only in the last 
decade. Seeral companies offer similar 
equipment. including Clextral (Clextral, 
Inc., Odessa, FL). who made the earliest 
significant penetration into the food 
industry. Clextral was followed quickly 
by others (Werner & Pfleiderer, Inc.. 
Ramsey. NJ and Baker Perkins FES. 
Inc.. (;rand Rapids. NIl). who had also 
been suppliers of plastics machinery, 
Responding to competitive pressure, 
other food extruder companies, including 
Wenger and Buhler (Buhler Miag. Ite.. 
Minneapolis. MN). have introduced 
their own versions of the co-rotating 
tmin-screw extruder. 

The co-rotating twin is the most 
versatile (arid expensive) style of extruder 
available, in that it can operate over a 
range of conditions including those of 
most of the other more specialized 
machines. depending on the particular 
screws and operating variables selected. 
A self-wkiping action bet ,,een the 
intersecting screws makes it %er,effectie 
as a heat exchanger so that conductive 
heating in the low-shear mode can he 
used elficiently. In this mode, where 
screws are selected to limit shear, the 
residence time distribution is quite 
narrow (meaning that the product 
receives more uniform processing), 
although still wider than that of tie 

counter-rotating twin (12, 13, 14). It is 
difficult to differentiate between high and 
low shear operation in the co-rotating 
twin except by an arbitrary standard. 
since there is a continuum of possible 
conditions as more shear is added with 
revcrc pitch screwsand inixing elements 
and with incieasing screw speed, which is 
variable over a wide range tip to abont 
400 rpm. 

As a pre-forming high-moislure 
cooker, howeser. theco-rotating nmchine 
does the same job as the low-shear, high-
pressure cooking extruder. It requires a 
post-cooking step which can be a single 
or t.,in-screw extruder. a forming stage 
within thecooker, orsome other forming 
step [or the cooked, plastic (high 
moisture) material. 

Low-Shear Low-Pressure Cookers 
Seeral kinds of equipment have been 

developed for continuous cooking under 
low-shear and low-pressure conditions 
for minimun starch degradation. " his is 
an assorted category with no common 
underlying principles beyond the main 
goal. Ihe following examples illustrate 
sone of tile approaches which satisfy the 
stated niceds. 

Mapitnpianti (MAPA, Heat and 
Control. Inc.. Iancaster, PA) has 
developed aLooking process based nn an 
extended macaroni extruder design. It 
uses asingle-screw extruder with a series 

of compression stages which redistribute 
the flow for improved heat transfer in the 
ahscnce of high shear or pressure 
development. The product is not 
compacted, and remains in a granular 
stale throughout the process, making it 
suitable for incorporation of other 
ingredients after cooking and before 
forming. MAPA supplies a modular 
process line sshich includes an inter
mediatem ixingi tempering stage. To 
maintain the desired granular structure. 
the product is not forced through a die. 
bitt emerges through an essentially open 
discharge after the last compression 
stage. Small. stationary blades at the 
discharge are used to break up 
agglomerates. 

A different approach is used in the 
Readco cooker ( teledyne Inc.. Readco 
Division. York. PA). which is based on 
the co-rotating twin-screw extruder 
principle, but with exaggerated geo
metrical proportions. Since this cooker 
was developed as acontinuous mixer, the 
screw flights are very deep aind taper off 
to a very thin cross-section at their tips. 

lfficient 1-.ythemixing is achieved 
transler of nialerial hetween the screws. 
I his does not con1sune a great deal of 
mechanical energy. but is conducive to 
good heat transfer from the jacketed 
barrel and. in larger sizes, from cored 
screws. lite machine is not capable of 
generating high pressure, and discharges 



through a large opening which is usually 
fitted with a swinging gate to control 
resistance. This in turn controls residence 
time and mechanical energy consump-
tion-important factors in determining 
the degree of cook. Alternately, the 
cooker can discharge directly into a 
single-screw extruder mounted perpen-
dicularly to the cooker axis to form the 
product or generate pressure when 
desired. 

A third approach to low-pressure 
cooking has been taken in the unique 
Buss-Condux design (Buss-Condux. 
Inc.. Elk Grove Village, IL), which had a 
similar origin in continuous mixing. This 
design uses asingle cut-flight screw which 
intermeshes with blade-shaped stators 
extending inward from the barrel. The 
screw not only rotates, but reciprocates 
axially so that the stators are wiped on 
both upstream and downstream surfaces 
by the screw segments, which are in turn 
also wiped. In many respects, this 
mechanism accomplishes the same ends 
as the co-rotating twin-screw extruder. 
with similar advantages in heat transfer 
efficiency. Like the Readco machine, 

COOKING -

FEED STEAM 

however, it cannot generate high 
pressure, and must he linked to other 
processes to complete the system. 

Adiabatic Extruders 
Adiabaticextrusion combines cooking, 

forming, puffing and partial drying in 
one high-temperature short-tine process, 
It is a specialized method limited 
to direct-expanded products. %kithvery 
high shear rates generating all of the 
cooking heat. This kind of extrudei 
is available from Dorsey-McComb 
(Dorsey-McComb. Inc., Denver, CO), 
among others, 

High-Shear Extruders 
Iligh-shear extrusion is tie most 

verrsatile of the cooking processes; wide 
ranges of operating conditions and 
product characteristicsare made possible 
by the various energy input options, 
Commercial extruders, in single and 
twin-screw styles, have some or all of the 
features shown in the generalized 
extruder drawing. Figure 8. 

Cereal ingredients in an uncompacted 
state have a density of about .43 to .O 
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g/crn' (15). Unless made into a high 
moisture dough with fluid properties. 
this low-density is maintained in freeding 
devices where the material must be 
capable of flowing freely. Once inside the 
cooking process, the feed is subjected to 
pressure and shear, which compact it to a 
density of around 1.2 to 1.6 g/cm' , 

depending on moisture and formulation 
(16, 17). 

To accommodate low feed density. 
feed screws must be of long pitch. with 
high volumetric capacity. Twin-screw 
feeding is aggravated by poor con%eving 
efficiency in the feed throat. In foll' 
developed flow, material shifts back and 
forth between the intermeshing screws. 
This pattern takes a finite time to reach 
equilibrium, however, so that in the feed 
section. on-: screw -the one which pulls 
thefeeddownward- runs -full." while lie 
other is more or less empty for the time 
required for product transfer between 
screws. This results in a volumetric 
efficiency as low as 50% for the first 
increment of screw length in the feed 
section. 

Since the feed material in high-shear 
cooking is usually granular, the feed 
section is normally run "starved" to 
permit easy flow into the extruder throat. 
The feed rate is externally controlled and 

maintained at a point below the
volumetric screw capacity. further 

reducing conveying efficiency. 
Once past the feed throat, at a point

where flow patterns have been developed 
within the surrounding barrel, tile sciew 
pitch is reduced to start compressing and 
intensively mixing the feed. In oime 
processes. special mixing elements are 

S 	 used for this purpose. They ina% consist 
ofcut flight or reverse-pitch screws or-- in 
thie twin-screw extruder -- lobe or disk
shaped kneaders. lhe mixing section is 
useful for intimate blending of solids. 
which may he fed as separate streams into 
the feed section. and for incorporation of 
liquid streams, which are commonly 
injected through the barrel at this point. 
This configuration issometimes repeatedat other points along the barrel in staged 
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Fig. 8. Generalized high-shear cooking extrusion process with Integral forming section. 
Center: Schematic pressure profile cor aponding to sections of the high-shear extruder, 
with mechanical functions of screw elements. Bottom: Schematic temperature prolile of 
extruder with zones of energy output. 
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other ingredients after some processing 
-as been cempleted-a useful way of 

heat-sensitive components such 

as flavorings.
Conductive heating or cooling may lie 

employed in the feed and mixing 
sections. Cooling can help to develop 
flow patterns for pressure generation and 
can condense any water vapor flowing 
back from tile high temperature cooking 
ection. a particular problem in single

screw extrusion where steam rising 
through the feed throat can interfere with 
feeding and create a mess. Where these 

do not exist, the cooking 
process may he given a head start by 
adding sonic heat to the mixing zone. 

The screw channel iscommonly full at 
the mixing zone exit, creating a barrier to 



backward vapor flow. Where desired, a through a restrictive or;fice. If thefull channel is purposely created by the product emerges from the process in itsselection of screws, mixing elements or superheated state, it rapidly flashes offflow restrictors to cause the material to enough moisture to cool it down tobuild up as pressure rises. With a barrier equilibrium with the atmosfhere. [hisin place, steam may be injected through effect may lieincreased by flashing tilethe barrel to accomplish the first cooking product off into a vacuum, accomplished
stage. (As noted under Steam Cookers, by tie use of a vent port throulgh thethis is done in a separate operation in barrel wall. Venting requires that Ihtid some systems, and not at all in others.) pressure be reduced to 7ero to pres cutThe degree of heating possible with steam flowing into tie vent. This is assued bycooking is limited by the allowable creating another starved section with
moisture gain in the product (for low- long-pitch screws, and is more easilymoisture extrusion it is not appropriate). done with twin-screw extruders. whiciland by practical limitations on steam have heiler pumping characteristics. ilpressure (for short residence-time cases where rapid cooling is not needed,continuous cooking, a temperature of and ,,here product expansion is to he180' C (350* F) would require a steam avoided. conductive crnoling mapressure of at least 100 N/sq cm or 1.50 applied after cooking.

psig). As a first stage, however, it is an Barrel vents may 
 also he used for
efficient way of rapidly and unifornly feeding additional ingredients to tile
increasing product temperature without svstei after cooking is completed. Illisisthe danger of scorching: steam "seeks especially useful for tie addition of heat-
out" and condenses on tie coolest 
 sensitive naterials, and is normally usedportions of the product, and also it is not only when followed by an integral cooled
subject to tie scale-tip limitations of heat 
 forming section. 

exchange surfaces. To insure intimate 

and effective steam/product contacting, Conclusions 

however, a sufficient open volume must 
 With all of tileoptions available, how
be 	provided within the barrel. 'his is does one choose a cooking process? I liedone by creating another starved section first criterion is that of product
using long pitch screws, 
 identily-starting from tihe desiredThe final cooking stage is atdone produJo configuration, several options

elevated pressure and 
 under high shear, may be 	eliminated as inappropriate.which serves two functions -generation Thereafter, theof 	heat by conersionofof mechanical economy and 

choice becomes one ofquality. Econoinic evaln-

energy, and improvement of heat transfer 
 ation may be accomplished to a degree byefficiency. In the final cooking stage. theory (selecting the cheapest form of 
conductive heating may be applied from energy for a particular geographical area,a jacketed barrel (steam or heat transfer for example) to further narrow the field,fluids) or elect ric heating elements Alas, alter this point, further winnowing(resistance or induction) but is limited by of the options depends oilexperience.
heat transfer rates. The final temperature normally requiring tests with variousrise is therefore normally accomplished methods to dcterrmine their effect oilby conversion of mechanical energy. particular product charactetistics. Forlun-

Pressure in the final cokig stage is ately. inoist equipriient nmanufacturers
maintained by forcing the p-r:duct to exit have excellent pilot plant facilities for 

Robert C. Miller, P. E. eerRobert C. Miller is a consulting engineer 
specializing in extrusion processing methods 
and extruded food products. A licensed 
professional engineer, he received his degree in 
chemical engineering at Newark CollegeEngineering (NJIT). 	 of 

Engieerig (NIT).14.Miller has been developing new industrial 
applications of food extrusion since 1965,
particularly in the R & D laboratories of Nabisco 
Brands and Borden Foods and as an independent
consultant. His experience also Includes other 
areas of food technology, including fruit andvegetable processing while at the New York 
State Agricultural Experiment Station (Cornell 
University). Miller is the author of numerous
research papers and articles and has been
awarded a number of patents for food processing 
methods.17.
He is member of AIChE, IFT, ASAE, R Soeleg.& 	 D 
As'Jociates for Military Food and PackagingSystems, and VITA. 

this purpose, and call also provide some 
direction in obtaining the hest results 
with their processes (along with a litany
of their superiority over everyone else in 
tie field). 

In interpreting tileinformation thus 
gathered, it is important to think interms 
(if tlie product environment ineach case,
and how that environment affects tile 
product reg;r(llessof superlicialmeciatn
ical (ifferences. rhere is mire than one 
way to skini a cat or to puff a groat. 
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Buss AG LIR 100 00 03 1'we 45 1CH-4133 rrattein LR 200 0 -I 
100 W0 19 510-700 0115 I 200 250 19 2-40(0 0 0 0 

Tel.416l8256111 LR300 0 (-1))Teler: LR 400 2W I 300 1. Is968080 0. 120M00 C0Fax :.41 61 8256 6 9 9 0 ) ,- I 280 1 400 120 15 IIXX1.I 0 0 0l t ( O r O 

Cincinnati Milacron CONICALLaxenburg StraBe 246 CM 45-F ) () 11 I1 20 0 45-9 P41 .1200 0 0A-1232 Wien, Austria C] : 80-SC F 0 C) I W 0 1l43 ,I M-12 M 0 0 
Tel -4322261006
TelexlJISI8CMAWA CMT 35-F 0 0 0 os 1 9 0 .7-7550 20-80 C 0Far: -4J 222 610068 

Clextral BC 160 
B. 10. 42702 Firminy Cedex 

0 (0 I'ricenn I 41M-2060 Q 200 387 11-20 4000-1400( 0 0 0Bc105 0 0 0( 1 138-645 10 132 421 10-31 800-7000 0 0 0France BC 92
Tel .3377403131 BC 82 

0 0 0 3 1 98.453 O I15 444 9-30 4-4000 0 00 0 0 o 1 71310 0 102 444 9-30 200-2500 0 0 0Telex: 330,102F
Fax-+33 77 403123 BC 72 0 0 (1 48-226 0 go 485 7-31 1m-1600 0 0 0BC 45 0 00 3 5-66 10 55.5 614 9-32 40.500 00 0 0 

BC21 00 0 0 () 25 682 12-36 5-60 0 0 0 

Kovan Engineering DYSON 
10 A lexander Drive K 160 0) I) I 5 5 0Burwood, Melbourne 0 IN 0 
Victoria, Australia 
Tel:.61 18084300 
Fax:+61 8888479 x e c h 

wExtrunTech E750
 
"7h~e o~e eoe~&o ocat&&C&0& loea~t 41t!"oz e 'tk 

We at Extru-Tech, Inc. see our E750 Cooking Extruder as being a production "tool' that excels in three specific areas: 
(1) Product Versatility

With only minor adjustments to barrel components and die C 
 The E750, which is rated up toplate, the E750 can control density and meet desired product 14,000 lbs./hr (6350 kg) depend.speclflcatiuns for a variety of extruded products. This Ing on type of product being
allows for efficient production of aquatic feeds witheither "sinking", "slow-sinking", or "floating" charac. extruded, knowno is worldwideteristics, and also for many small animal pelfood appll.catins. ,,cleny.for its Iperformance and eficatons. Isone of four cooking

extruders manufactured by
(2) Product auality Exru-Tech. 
Because the E750 can control product character- -
istics, such as percent cook, product expansion,
 
and product shape, superior product quality can
 
easily be achieved.
 

(3) Low Maintenance/Less Energy
Due to preconditioning of feedstock prior to process.

Ing, the E750 incurs less maintenance cos! on barrel
 
components and also enables the machine 
to be
 
more energy efficient.
 

"Extru-Tech, Inc. offers a wide variety of service functions includinq vechnical

service, plant layout/deslgn, and research facilities used for product de 'elopment.
 
'*Extru-Tech, Inc.'s commitment to single supplier responsibility can be seen by their ablll:y to offer other system 
components such as drying/cooling units, fat application systems, pneumatic conveying equipment, etc. 

Corp. Office: Export Division:P.O Box 8, 100 Airport Road P 0. Box 4000. Olathe. KS 66062. USASabetha, KS 66534. USA EXTRU-TECH, INC. 913-829-0242. TELEX 417095.
913-284"2153/913"284"2178 or I/,_I/ EXTRUTECHINTUO or FAX 913-829-0311 
FAX 913-284-31431 
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00 0 4 0 0 " i 0 0 0000 extrasder 0h 

0 00 0 0 300 0 0 0 0 00 0 

A.ll 00 00hs •"2Ong( 0 0( ( 000'. 0 ) 0 ]!CrI, Snk, Aol. P/F.Con. 0h Rrn O ,.20 o.5 0 3m 700 25 0 0) 0 0 ) 0 ) 0 0)0 

zo-l .00 0 All 0 0 28 200
0-100 '22 0 

15 0 0 0 0 0 0 0 0 .00 0 0 0 Si.ard R&D. R fP/r0 lenth 0 , 2 80 20 0 4-6 0 (0 0 0 0 0 0 0 0 (0 0 O 0 Xpening of heo n,tu, 1r ' rr ,. CCrl.o n ,Sk RAmio .th s(h40-100 200 0 0 0 2 200 4 0 0 0 0 0 0 0 0 0 0O O O b rrel doutte 

4000.0 03O0 0 280 200 220 00000000O OO O O OeO ,,i.th eI 1 O fh 
40 2.00 0 0 0 280 200 0.75 0 0 0 0 0 0 0( O0(3 O ) O ( IinsO 00O 
... 0.30 0 0.5 0:0 180 80o 0370 0 00 0 00 000 0 0 00( 

200 U l&0 07 0 0 0 U 0 0 0 0 0 lanlenrol and 

.Nam-Sung Twin-Screw Extruder 

BRITAIN'S TOP SELLING

AUTOMATIC PAPER Thinking of a
 

SYSTEMS about price? I I ' 

come to us 

,. L;. 1zthe We supplyl41...275 t most 

inkd t tw~ Snk200 C) X Xextruder ~IkII economic /rwith 
doa 31 twin-screwcapacity 

• 0 ) 40of over 
S0500kg/ hourNow used extensively in Asa The first Korean-built twin-screw cooker extruder 

Pacepacker LdChurch Lane 2WKorea / developed with joint technicalsupport from theFood Research Institute 
Braintree ... .. . . .. . .. .
 . . .. ... .... ..
90-100a22CM 0 20NAM SUNG INDUSIRIAL CO LTDEga C 5RX 200 21Room No 205, General Assembly CentreTeephone: (44) 0376 49555 Fax: (44) 0376 29515 007-3 Daechi-Dongetqyentf 

Gangnam.Ku nelK2; 2 556gI4RSeoul, South Korea ra,.82 2 500 
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P"ice are grit a.%agideentV ~ ~ .-S ('000) 0 IMZC 22 14 &0 

Eder Extrusion Co CM 45-F 0 0 0 0 2o0 I 20 0 4590 835 91 g0-200 0 
LAndstettenall CM 80-SCF 0 C) 0 0 400 1 1 O0 1-5 671 101 400-1200 0 
Austria CMT 35-F 0 C) 0 0 100 I 9 0 37-75 487 105 20-80 0 

Fax.43 2758 2929 
2Engineered Systems & E 20 O O (3 4q 1 200 ( 205X.500 U ( 0 

Equipment inc (ESE)
 
Caney Industrial Park E 12 0 0D t 125 ( 10-O U0 0

1lwy 166. POBox 250 E ( 1C) 1wI0C 8-t200 

Caney. Kansas 67333 
 E5 0 0 ( 140 1 Rj ) 300.500 U )
USA Fax- 13163318727 

Extrusion Technology Lid MB 1001 0 0 0 2q 2 8 0 1.,3 5qO 827m PMn0 O 
rO Box 55510
 
Northlands 2116
 
Soulh Africa
 
tax- 27 18837961 

Extru-Tech International Inc E - 325 0 0 0 Prlceotin 1 22 00 81 &3-12 50-540 00 0 0
 
2111E. Santa Fe r |uest

Suite 122, PO Box 4000 F-525 0 93 00 133 63-12 50-2000 0 C0 0
 
Olathe, Kansas 66062 E-750 0 0 ) 150 O 0 190 74-12.6 
 0-20o 0 0 0 0
 
USA E-925 0 0 0 
 186 00 235 79-156 1W0-1 00 0 
TI: +913 829 0242
 
Fax: +913 829 0311
 

Fudex Sri F2B 60 0 0 0 200 1 32 00w6( 30 00
 
V Reisera 17 w
 
Settimo Tse (TO) F2B 90 C0000 O0 o go r r001 

Italy F2B 105 0 O 1 Oi) t V 00 (Tel*39 I 80142,, F2B 135 0 C 0 0 400 t 210 00 135 3 20 . d 0 C 
Fax: -39 !8014208 

Her iann Berslorff GmbFI ZE 25 0 0 0 0 0 'riceon s C0( 25 440 18-47 2030 0 0
 

rostliach 629 relue"t
 
D-3000 Hannover ZE 40A 0 0 0 0 0 30 0 0 43 440 13-48 100-150 0 ') 0 ()

Germany ZE 60A 0 C) 0 I 95 0 0 64 400 13-48 350-.o 0 D0 0 O

Tel .4.9511502 ZE75A D 0 0 0 1 16t 0O Is5,o 13-48 7,00-mi 0 0 0 0D 
TIe, 921348

Far .49511561916 ZE 90A 0 0 0 0 I 3v 00 o 3N 13-4 1200.150 0 () r )
 

ZE 130A 0 000 140 13-1 0 
__ _ __ _ ZE 180A 0 000 1 14000 192 250 13-48 -%000-19" OD C D 

t 850'% .4 400.50M 00 0 

Inater Internatlonal INOTEX 
Parc Industriel D'Incarville Z 30E 0 

B.P. 116 Z300E 0 0 Priceon 1 225 0 2 M0 56 WO.-TnM 0 0 0 
27100 Le Val de Reuil 200 0 0 reques, 1 20 0 172 660 58-&7 2o00-.V, 0 0 0France 125 0 0 0 1 90 0 134 660 4.5-932 810-1.50 0 0

Telex:2 4271! 100 00 0 1 75 0 134 660 45-932 600.000 0Telex:180775t 

Faxr.32 405275 50 00 0 I 37 0 92 660 5-9 20o-550o 0 

Japan Steel Works Ltd TEX-L 0 000U O) 77 t o~sO 30C) 200 U[]

Ilirn,hima Plant 2
 
1-6-1 Funakoshi Minami TEX 32F 00 00 o 1o I 55 00 32 450 [ MO '
 

Aki-Ku.liroshima TEX38F 0 0 210 75 38
0 00 I 003 450 0 w* 
Japan- TEX 69F I 30 005 400 EC)r , 81 5040 27 TEX 52F 00 00 0 290 2 • aO 0 0 0 Q 7 0 1 4.5 0 0 69 350 40 15w • 0 0 

TEX82F 00 0 0 0 40 7500 2 260 1 1 O 
TEX95F 00 0 0 0 F,4o 150 00 95 240 16 10 EO • 
TEX 128F 00 00 0 1 620 I 300 00 128 270 1 1 CO 
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Jasma-Malador AS 
PO Box 2050EX97-0rqt32
Glentev'ej 5-7 

DK-6705 Esbjerg 

Denmark 

Tel:+45 75140333 

Telex54177FEMEM VK
 

Kowa Kogyo Lid 

6-16. Oimazoto 

Minami 4

Higashinari-Ku
Osaka 537 
Japan 
Tel: ,-16 9760037rox +81 6 9751256 

Millbank Technology LtdP Box 12 453 

Auckland 6 
New Zealand 
Tel:+64 95251105

Telex: 30943 PACNETI
eleNZ330 

Fox,+64 95251106 

'e 917 l 

.2 

U i 

EX 917 O 

EX971 
Convertible 
EX 920 ) 

KEI 65-15, 
20 & 25 

0 C0 

KEI 45-15,
25 &30 
KEI 115-15, 
22, 26 & 30KEI87-15, 

00 

00 

00 

20 & 25 

MILTEC 
500 0 

501 
1000 
1001 

0 

Inotec 
International 

EXTRUDERS: 
Simple 	 .varietyCompact~rI 

Economic . 
Efficient ..and c 'evsay wrd 

an lof a 

v, yof hapers... I•0 
EXTRUDED FEEDS: 

Detoxified 

Improved digestibility


Increased nutritive value 

INOTEX LOW-COST EXTRUSION COOKERS 
+ DIEVET NUTRITION TECENOLOGY 

= A COMPREHENSIVE PACKAGE DEAL 


. 

For ffuriher informioln, as for the Inotex brochure:INOTEC INTERNATIONALmakt 
Pare Industriel D'lncariil Willow Lodge 

27t00 Le Val do Revil.P,,. Warlon. Preston 

FRANCE OR Lancs. PR4 IBDTel: 32 40 27 11 UNITED KINGDOM 

Teiex: 180775F Te:0772634456 


Fax: 32 40 52 75 Far: 0772 634782 
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Snack Food Seasoning Systems
from Bush Boake Allen 
A range of Seasoning Systems suitable for a wide
 

of snacks including:

Potato Crisps/Chips* Popcorn # DirectlyExpanded Saks 

Snack Pellets/HaIf-Products 0 Nuts-coated/niarinaded/ 
dr'-roasted* Pot Snacks 0 Savours Biscuits * Ethnic Snacks 

Bush Boake Allen has: 
A global presence in the snack food market 

* An iti rnational team of creative seasoning 
technologists 

a Access to a comprehensive raw materiAl base, 
wherever possible using natural ingredients 

9 Small scale extruder and ancillary equipment to
 
evaluate customers' own bases and to l)rovide
 
presentation samples
 

Technical/Marketing presentations featuring 
flavoured snacks as concepts relevant to particular

ak t 

& Bush Boake Allen LtdNatural Products Division 

Blackhorse Lane, London E17 5QP. UK. 
Tel: 081-531-4211 Fax: 081-527-6351 

ASSO('IAIT) ('OMI'ANIrS. T'rCINI('AI, (rNrh' .S. A(EN'S' 
%V(0 it 1) WVI D F, 
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1.5 0 107 18 22(0 150 3 0. 0 010 0 0 0 0 0 Au onRndo 

at eSrorr5 09R;taComputerO9 220 ISt0 O C)0 (1 O O monitnnng 

60- 0.75') 0 3-7 ( ) 0 399 350 0750 U 000 000 000 Cn AnIl,I'/F.00 $n. , l 
3n0 1 0 0 0e0l0 020 .1 0 3-10720 3000 50 0 0 0 p u0n 

601.5-2oO 0 -8 0 0 39 305 I5U 0 0 0 0 0 0 0 

I300 

Variable main Cr , Snk, P/F, Ris,60 .75 0 r)I 30 9 350 0 0 0 0 0 0 0 shultspel. Con, Aralil.eternal Oth C0h
 

0.J O 370-520 1 ISO 3 0 0 00 0 O Oproesslng15 .1 0 550-750 0 2W 3 0 0 0 0 0 0 0 Ch 
1021.5 0 550-750 1 3 0 0 0e0 00 p0e-steam

I ondillonln 
8 

The Finishing Touch ... 

I reAEROGLI DE®'S,j New Medallion 50 
Conveyor Driers 
And Coolers 

Precision Drying and Cooling New Features Include: 
of Extruded Products For: Digital, Programmable Controls e 


U Continucis Belt Cleaning
* Pet Foods Stainless Cnstruction 
* Cereals U Fines Removal Systems
 

Snack Foods A 

* Fish Foods 

" Pasta 
P.O. Box Aeroglide - Ralelgh. North Carolina 27626-0505 USA Ae r id C ra i(919) 851-2000 - telex: 579421 .Fax: (919)851-6029 1. Corporation
Cable Aerogllde Ralelgh USA 
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Nam Sung Agribusiness Ltd FESTINAPavan-
 0C
Room No. 205 General FX - 100p 
(3) 0 (D Price on 111 0 100 30M 12-2V 20M) 0Asmbly Center -62 Eaipat 05e02ut
 01007.3 Daechi-Dong 490 62 40 12020(m CCangnam-Ku FX -40C- o111004 40 2020 00Seoul.Korea SINGLES 

Tel: 8?2 556 9142 NS - 130 

Telex:K2882 KEYAGRO G 7I2 0 

i 
.. 

- 100. 7h 130 I50 12-15 10
0 0 550 7-85 0-40 0Fax: .82 2556 9950NS-10lkll.1e p11 17 0 5 -5 104O0 
Pavan- Mapimpianti SPA G 20 0) 0 o0 h niW
Via Europa 251 I n 4 005 10 1-11-2
35015 Galliera Veneta G 100 c 0 270 15 0 0 90 101 15-18 90-120Padova F400 ) CA 
Italy 45 00 130 100 15-17 25(-,50 00500 1 75 00 60 100 12-15 4oo- 00 
Telex:430877"M. PI G 702 0 0 0Far: +39495969794 C 1000 0 0 0) 'e.4 (i-

60) 1 110 00 180 100 1113 6o- O )720 1 110 0 0 2.00 100 11-13 850-1000 0(1
F20 0 0 170 55 .1 9 2M0F 100 00r 6 5 0 1 o IfnI) 0(F300 0 01Il,111.1li, 20 1i 0 % 16 W6001)F500 0 0 4 1600 10 q Vs0F 700 0 0 420 1 0 0 10 q0 12 7 O M 0 o 
F1000 0 0 530 1 O 195 M 11 lO O O 

Plant Flowline Lid SYSTEM 
Thurlby, BourneLincolnshire PEI 00A,UK 100 0 0 12 . 45Tel: 0 o0 0 1.5-2.5 100.I.0 0 )+44778 393888 
Sprout-Bauer IncLShernanStreet 
 TME 2000 0 ricon 4 168 0 203 280 8 7260-9070 0
 
Muncy,PA 17756, LSA 
 TME 1500 0 0 ) 
 r 4 175.0 197-Tel: l7175468211 TME 450 O 0 0 514 13.3- 7.00. 0 o O O
Telex: 841411. Far:+1 71755114C 

4 (4 O 114 . 58 zsok O Alnormation also from:Sprout-1uer Arts PtlyLtd.227 irrnesslli hu y.DN runong, Victoria 3175,Ajistraia.Tel. 61 37941555. tat. .613 7932.900Textruder Engineering AG
 
PO Box 1040 SINGLE O on 50 0
0 Price 1 OP-1001 Lisbon, Portugal TWIN 0 
 01 
 116 0 120 0 0 )
Tel: .35113526163
 
Telex:18870. Fax: 1351 1523944
 

Ulrich Walter GmbH PIKO- 180 0 0 0 0 Pdeon 1 132 0Bollenhdhe4 PIKO- 220 180 160- I-Mmax _%0D-2 0 0 0 K)0 000D -4020 M et t ma nn, Ge rma ny I 20 0 22 1685max2MYMM 0 0 002 0 O 221 6 m x <( l l O O O .
Tel: 9104 12054 PIKO-270 0 000 1 250 0 270 4110 1700 35,00-M9000 0 )Telex: 8581230
 
Fax: +49 2104 14030
 

Wenger Manufacturing Inc TX- 195 0 (7) 0 0 Pricean 1 4,0714 Main Street TX - 138 0 195 350 13.5- '700-60( C)0 )0 0 0 0 1 20 0 0 IM 450 28.5 400 0 1-)
Sabetha,PO Box 130Kansas 66534 TX-52 0 00 0 25USA 00 52 5A50 10.5-43.5R145 

Tel +Iq132842133 X-185 
0 225 0 215 275 14.5 6000l40 00 K) 

X-25 0 M (A 215 y - 4oXo.XT 0 0 0 

X-235 . 0 

190Fax: .1913 284 3771 11-1
0130 0 "-925 10.1900 )0 0 

X-20 0 I21 0 o 550 &9.25 9s-4900 00t(1 
75 

M0 
Ttn-sc , winexruAr TF-138 1 () 0 0(2 lseem F-200 0 1 in 0 13. 100 () Q )


Ciam,,,.1m,- I 60
F-25 0 235 40 750-400 00 )20 130 Ina 100-6W0 0 0 
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CONSUMER ACCEPTANCE
 

By Dr. Ross Sheldon
 
Managing Director-Europe, Universal Flavors, International, Inc.
 

As consumers, we are making daily choices concerning the products
 

we buy. Our decisions are driven by product performance and
 

efforts to get the best possible value for the money that is
 

available for us to spend.
 

As manufacturers, it is our task to understand market trends and
 

deliver those products which respond to consumer needs. It is
 

not too difficult to get someone to buy your product once.
 

However, as food manufacturers, our business is based upon repeat
 

sales having an acceptable frequency. We clearly must deliver
 

product which is relevant to the market and has value to the
 

consumer.
 

I have been asked to lead this discussion on Consumer Acceptance
 

and, as I do, we all need to recognize that, you and I, are our
 

own best experts for those things we prefer. However, as we
 

begin to consider the preferences of groups, we need to
 

understand that large populations are separated by many
 

differences such as age, environment and experience. Consumer
 

Acceptance is, clearly, very subjective and difficult to measure.
 

As manufacturers, we have to find the right balance in order to
 

deliver the right product, at the right time, and at the right
 

price.
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For today's discussion, we are going to assume that our marketing
 

department has pointed us in the right direction. Our task then
 

becomes one of considering the technical aspects of how to
 

deliver the right product quality.
 

SLIDE 1
 

In terms of an outline, I would like us to consider, the
 

following areas. First, we need to take a quick inventory of the
 

key product attributes which are important to product acceptance.
 

Next, we need to re-visit oome of the unit proceas considerations
 

discussed by Mr. Miller earlier today and consider how these
 

process parameters impact product quality relative to our
 

ingredient selections. Third, recognizing the significant
 

investments made by our companies in the area of research and
 

development, we need to discuss product modeling. In this
 

context, it is important to ensure our technical efforts are 

correctly focused on the targets we believe are relevant to the 

market. Finally, I will close with some brief comments shelf

life.
 

What began over 50 years ago as a process to produce macaroni and
 

Ready-To-Eat (RTE) cereals, today's food extrusion has become a
 

High Temperature Short Time (HTST) bio-reactor capable of
 

transforming a wide variety of raw materials into modified
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intermediates and finished products.
 

SLIDE 2
 

Slide 2 is a brief list of common products in the market produced
 

by extrusion technoloy. While incomplete, this list is enough
 

to provide some good focus on those key product attributes which
 

are important to consumer acceptance.
 

SLIDE 3
 

While the above attributes are somewhat obvious, these product
 

dimensions nonetheless form the basis of our attention in the
 

area of new product development. When my children ask for a
 

certain type of toothpaste, they are not thinking about fluoride
 

additives for to prevent cavities. No, they want a particular
 

product because of the way it tastes. Building on this point,
 

when was the last time you heard somebody talk about a juicy,
 

brown strawberry having a crunchy texture? With foods, all of
 

the attributes have to fit and be fully integrated in order to
 

deliver an overall sensory effect. Unlike a fragrance, we are
 

not dealing with fantasy. With foods, consumers have pre-set
 

opinions as to the product's texture, appearance, aroma, and
 

taste. If the manufacturer does not deliver, the product does
 

not survive.
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Process Variables
 

Returning to an objective we set for ourselves, we need to spend
 

some time looking at unit process considerations relative to
 

their impact upon product quality. Working from Mr. Miller's
 

earlier comments, there are four primary process variables in
 

extrusion cooking.
 

SLIDE 4
 

These variables have a major role relative to our list of key
 

product attributes.
 

Flavor. When thinking about the application of food extrusion
 

for the preparation of RTE cereals or other products for that
 

matter, the extrusion cooking is the preferred technology. The
 

process accepts both starch and protein ingredients, it is able
 

to create highly expanded products, it can produce products
 

having a wide variety of shapes and textures, the process can
 

cook and form in one step and it can process ingredients having
 

low moisture. Nevertheless, what seems to be a process capable
 

of offering a wide range of advantages; for flavors and other
 

ingredients sensitive to rigorous processing, other means of
 

addition have to be pursued.
 

SLIDE 5
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I believe this next slide can be useful in helping us understand
 

the circumstances related to flavor. First, flavorings whether
 

formulated or, as in this case, a natural essential oil, are
 

complex mixtures of organic compounds. The flavor profile is
 

dependent upon a very specific qualitative and quantitive balance
 

of these many ingredients. For this particular essential oil,
 

the early part of the gas chromatogram is dominated by a high
 

level of volatile terpene hydrocarbons. Later, in the run, one
 

observes the elution of some of the higher boiling constituents.
 

During extrusion cooking, the process operates at elevated
 

temperatures and pressure. If the flavoring were added together
 

with the dry ingredients before extrusion, the result would be a
 

significant loss of material with a corresponding loss of flavor
 

impact. Further, in addition to a loss of intensity, the flavor
 

would become unbalanced because the various constituents would be
 

lost at a different rate-. Again, flavor is a function of a
 

unique qualitative and quantitative balance of its various
 

ingredients. In addition to losses due to volatility, processing
 

conditionn are often ideal for the flavoring to react with the
 

food mixture with, again, the result being reduced flavor
 

strength.
 

To further develop this point, let me refer briefly to some
 

work by Dr. Krukar. First, during extrusion, the food product
 

/N. 
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normally reaches its highest temperature just before it emerges
 

from the die, where elevated pressures prevent flashing and the
 

loss of water. Once the product leaves the die, flashing is
 

immediate due to the pressure drop. The physical effect at the
 

die head is basically a steam flavor distillation process whereby
 

the water is flashed off and the volatile constituents from the
 

finished product co-distill with the water. Recalling earlier
 

work, Krukar noted a 7% level of HVP in a pre-extrusion food mix
 

resulted in a very weak meaty flavor. While increasing the level
 

to 15% yielded an acceptabln finished product, the cost made the
 

solution uneconomical.
 

Understanding the obvious advantages of being able to add the
 

flavoring to the food mixture prior to extrusion, research
 

efforts ar4 in place to address the problem of flavor loss. The
 

next slide lists three areas of research which are being pursued.
 

SLIDE 6
 

Briefly, a number of programs are in place to find ways to reduce
 

in-process flavor loss. Encapsulation is clearly one technique
 

which is showing promise. In this case, researchers are
 

encapsulating materials in hard fats so that the release is by
 

heat instead of the traditional means of solubility in water.
 

With entrainment, reference is being made to the use of what
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might be described as a "micro-cystalline" sponge. In this case,
 

you have a very porous, micro-crystalline bead. The flavor
 

enters the pores of the particle and, because of its structure,
 

rate of flavor loss is reduced.
 

Finally, in situ flavor development is nothing more than the
 

application of standard reaction flavor technologies to prepare
 

meat and other savory flavors. With a food extruder, you have a
 

High Temperature Short Time (HTST) bio-reactor. By adding flavor
 

intermediates and precursors to the food mixture and using the
 

heat inherent to the process, flavor develops during processing.
 

Non-enzymatic browning or the Maillard Reaction is a primary
 

example.
 

Enrobing or surface coating is the most cammon method for the
 

addition of flavor. A typical enrober is shown on the next
 

slide.
 

SLIDE 7
 

The flavor solution is put into the slurry tanks. Liquid
 

solutions are sprayed onto the finished products. Dry flavoring
 

mixes can be topically dusted on the surface. A typical coating
 

formulation is shown on the next slide.
 

SLIDE 8
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Color. Like flavor, color is essential to product acceptance.
 

Unlike flavor, color can be efficiently added to the pre

extrusion food mixture. In some published work conducted by
 

Kinnis-nn of our Warner Jenkinson Division, Certified FD&C Food
 

Colors together with a number of natural and uncertified color
 

additives were evaluated under a number of extrusion parameters.
 

In general, the results were as follows:
 

1. 	 While fading was noted with some dyes, successful results
 

were obtained across a wide range of color additives and
 

test conditions.
 

2. 	 Under selected conditions, proteins, reducing sugars and
 

metal ions were shown to react with dyes and cause fading.
 

In general, with proper testing and ingredient selection, the
 

right combination of conditions can be identified in order to
 

realize a successful result.
 

Texture. As with the other attributes affecting consumer 

acceptance, this discussion can only address principles in a 

general manner. Texture is clearly one of the mopt important 

aspects affecting consumer acceptance. Using RTE cereal products 

and snacks as a point of reference, one can easily see the range 

of textures which are available in the market. On the one hand, 
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breakfast cereal manufacturers have products which can remain
 

crunchy even in a bowl of milk. At the same time, one can find
 

snack products with a "melt in your mouth" texture. In the later
 

case, for example, puffed snacks are made by taking low moisture
 

doughs, perhaps less than 15% moisture, and processing them using
 

high steam and high temperature. In this manner, the starch
 

undergoes significant damage thus allowing the structure to
 

literally dissolve in your mouth as the product is consumed.
 

The full range of textures becomes a function of the ingredients,
 

ingredient treatments, dough modifies and, importantly, the
 

processing conditions. Again, moisture content , mechanical
 

energy in terms of shear we apply, thermal energy and the
 

residence or retention time are vital aspects which impact on the
 

final texture.
 

While time does not permit an extended discussion of protein,
 

lipid and carbohydrate interactions, I think it would be useful
 

to spend some time discussing starch ingredients and geraral
 

aspects related to their chemistry. While all dough ingredients
 

are important, the starch additives are clearly the key material
 

in determining the final texture.
 

During the next few minutes, I would like to outline some basic
 

considerations important to the selection of starch additives.
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As I 	am sure you will appreciate, the subject is complex. As a
 

start, any development process must be prepared to pursue some
 

extensive experimentation so that you can fully understand the
 

full 	spectrum of ingredient interactions relative to the
 

extrusion operating conditions.
 

SLIDE 9
 

The next slide lists the common sources of starch, both from
 

cereal and root crops. The selection depends upon desired
 

properties and, of course, cost and availability.
 

1. 	 Corn. Commonly used in extrusion because of cost and the
 

ability to expand well unler low and high moisture extrusion
 

conditions.
 

2. 	 Oat. Good source of cereal protein.
 

3. 	 Rice. Expensive, BUT, low in protein and fat. White color.
 

Good expansion properties.
 

With starch, we are dealing with two basic types of starch
 

molecules, namely, amylose and amylopectin. Both types are
 

biopolymers of D-glucose. With amylose, one has a linear polymer
 

linked through 1:4 bonds. With amylopectin, we are dealing with
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a highly branched, amorphous polymer containing both 1:4 and 1:6
 

bonds. The 1:6 bonds represent about 4-5% of total. The
 

molecules are large with the exact size depending upon the source
 

and maturity of the plant. For example, with amylose, we could
 

be dealing with a polymer which could contain thousands of
 

glucose units. Amylopectin molecules are known to have molecular
 

weight in excess of 100 million. Amylopectins are the largest
 

molecules known to occur in nature.
 

Cereal grains tend to have high amylopectin levels, generally 70%
 

with the 30% balance being amylose. Through the selection of
 

your starch raw materials, one can achieve a specific ratio which
 

will impact the textural pvoperties of the finished product. For
 

example, high amylopectin levels promote expansion or "puffing"
 

thus giving a very light and fragile product. Amylose contents
 

tend to make the product harder and contribute to the overall
 

firmness.
 

Starch chamistry is extremely complex. No doubt you are well
 

familiar with gelatinization procedures. With gelatinization, we
 

are dealing with water absorption by the starch molecule.
 

Gelatinization is a necessary first step before amyloytic enzymes
 

can attack the starch molecule. Importantly, amylopections are
 

difficult to gelatinize and so one must be sensitive to water
 

levels, hydration time and temperature.
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A few points . . .. 

1. 	 In their raw or native state, the configuration of the
 

starch molecule is held together by internal hydrogen bonds.
 

2. 	 In water, the granules swell to a size 25-30 times larger
 

than their dry state. When dried, the structure returns to
 

its original state.
 

3. 	 As more heat and water are added, amylose begins to diffuse
 

from the granule. Once this happens, recrystallization to
 

the original state is no longer possible.
 

4. 	 When starches re-crystallize to new structure, the process
 

is called retrogradation. Again, such activity will have an
 

effect or the finished product quality.
 

To summarize, the next slide helps put the question of
 

functionality into perspective.
 

SLIDE 10
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When 	we look at starch, the following properties would apply:
 

1. 	 Density Control - high amylose levels or the use of
 

chemically modified starches will lead to a more dense
 

product. Starches high in amylopectin can produce highly
 

expanded products.
 

2. 	 Strength - modified starches can be used to increase the
 

products strength and reduce breakage.
 

3. 	 Shelf-Life Improv, nent - modified starches can be used to
 

reduce the rate of moisture uptake.
 

4. 	 Flavor - High amylopectin starches are generally bland which
 

is an advantage for future flavor addition.
 

5. 	 Water-Holding Capacity - Highly modified starches can be
 

used to reduce water activity in semi-moist 'oods.
 

6. 	 Fat Binding - Modified starches can be used to trap a blind
 

fat in extruded meat products.
 

In the context of this slide, frequent mention was made
 

concerning the use of chemically modified starch additives. In
 

these cases, starches are treated with different reagents like
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phosphorous oxychloride, sodium trimetaphosphate or
 

epichlorohydrin. The result of such treatments involves chemical
 

cross linking within the starch molecule and thereby the creation
 

of different types of functionality.
 

Vitamins. Many vitamins are heat labile and are therefore
 

denatured during the thermal processing encountered during
 

extrusion. High temperatures increase the rate of vitamin loss.
 

Even though food products are often heated to temperatures in
 

excess of 180 0C during processing, the residence time at these
 

elevated temperatures is short, normally less than 10
 

seconds. Using standard principles from chemical reaction
 

kinetics, one quickly can see that even very heat sensitive
 

products can survive high temperature processing as long as the
 

length of exposure is kept to a minimum.
 

Good retention is possible with careful processing. Knowing \.hat
 

soma losses will occur, the food mixture can be enriched so that
 

desired RDA levels can be obtained in the finished product.
 

Vitamins and minerals can also be added after extrusion in the
 

enrober.
 

As a way of concluding this section on ingredients and unit
 

process considerations, let me summarize using the following
 

slide:
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SLIDE 11
 

With starch, by varying water levels, shear rates and
 

temperature, one would realize the following effects:
 

- Starch gelatinization. Increase with high water and high 

heat. 

- As gelatinization occurs, there is increased susceptibility 

to enzymatic hydrolysis thus improving the nutritive value. 

- Minor dext-:inization refers to the general hydrolysis of the 

starch molecule. 

With protein,
 

- The process heat inactivates protease inhibitors present in 

raw vegetable proteins. These inhibitors would prevent
 

complete protein digestion. Examples would include
 

hemagluttinins in beans or gossypol in cottonseed, etc.
 

- Protein denaturation with the net result being improved 

digestibility. The changes would also help texture
 

development.
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With lipids, we have an ingredient class which is relatively
 

stable during thermal treatments. Nevertheless, these
 

ingredients can also be altered as well.
 

Accelerated oxidation due to heat. Control with
 

antioxidants.
 

- Isomerization which could affect nutrient valle. 

In conclusion, the extrusion cooking process has many variables.
 

Experimental designs testing ingredients and process conditions
 

are necessary in order to fully optimize the final result.
 

Consumer Acceptance.
 

Our section on consumer acceptance needs to begin with a few
 

assumptions since the discussion will concentrate on product
 

development techniques needed to measure consumer acceptance.
 

Therefore, relying upon the excellence of our sales and marketing
 

departments, we will assume they have properly identified the new
 

opportunity for our company and, second, they have provided us
 

with guidelines covering the market we intend to penetrate.
 

SLIDE 12
 

((7
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While the slide probably states the obvious, it is surprising how
 

often development programs begin without having the benefit of
 

complete ma:..et information. For example, if we are entering an
 

established market, we need to understand how these factors
 

apply.
 

1. 	 Market Acceptance. How is the market now being served?
 

What is the market share of the existing brands? What is
 

the preference ranking of each product? Note: If we know
 

how the public perceives each product, we can figure why.
 

2. 	 Unit Cost Objectives. In terms of profitability, we will
 

leave those details to our experts in the marketing area.
 

However, it is their responsibility to determine the selling
 

price and how much they intend to earn in margin per unit.
 

From that, we car calculate our upper limit on ingredient
 

cost. This makes a significant impact on the ingredients
 

available to us to select.
 

There is no victory in developing a product our company
 

cannot afford to sell.
 

3. 	 Label Claims. Are there special label claims that need tc
 

be made? Are there any label restrictions? For example,
 

low sodium, all natural, or no cholesterol. Is there an
 

opportunity to differentiate ourselves from the competition?
 

Again, we may want to make a no cholesterol claim or
 

perhaps, we may want to develop a product which is fortified
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with vitamins so that we can make a 100 RDA claim.
 

4. 	 Product Variations - Line Extensions. This later point,
 

anticipates the possibility of making new line extensions.
 

Perhaps, the introduction of new flavors, new shapes, or
 

maybe even new textures or combinations of each.
 

Let's consider an example of how some standard techniques can be
 

applied in support of a product development program. Remembering
 

an earlier claim, if our marketing department can rank the
 

various products in order of market acceptance, we should be able
 

to understand the reasons why.
 

Using a potato snack as an example, let us work through a product
 

development exercise which is intendnd to give our technologists
 

the necessary information to complete the development project
 

satisfactorily. The process can begin in many ways. The more
 

complex the task; the more the need to do an effective job of
 

Product Modeling. In this context, one way to approach Product
 

Modeling is to follow the steps summarized on the next slide.
 

ELIDE 13
 

In this process, consumer panels or focus groups representative
 

of the market are selected in order to develop an understanding
 

of the target product. We do not want to be using individuals
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who a e over 50 years old, if we are producing a product intended
 

for children or young adults. Next, we want these individuals to
 

describe the product using words which are meaningful to them.
 

While one should not force our own terminology on the focus
 

group, it is essential that the group leader understand exactly
 

what the consumer panel is meaning when a certain term is used.
 

While the process may be perceived as very subjective, as you
 

work with your focus group, it is not too difficult to properly
 

characterize a product with a reasonable degree of thoroughness.
 

Once the group has completed it's task, the marketing and
 

technical staffs begin their work. Let's suppose, the focus
 

group identified 20 different attributes which could be used to
 

describe the product. Get them to talk about what is really
 

important. If only 6 to 8 were regarded as important, keep the
 

process simple and work only with these criteria.
 

Returning to our potato snack example, let's suppose our focus
 

group has determined that the following six product attributes
 

are essential in order to properly characterize our target
 

product.
 

SLIDE 14
 



Page Twenty
 

The attributes are relatively straight-forward and, certainly,
 

there may be more that we could use at a later date. As you will
 

note, there will be some important relationships existing between
 

the various criteria. For example, products exhibiting high
 

levels of hardness would be expected to exhibit a correspondingly
 

high tendency to fracture. Such products would be in direct
 

contrast to samples which would be soft and, even, rubbery in
 

texture. Additionally, experiments evaluating extended cook time
 

might be expected to yield products having high levels of color,
 

flavor and, even, oiliness.
 

Having selected the attributes consumers consider important, the
 

laboratory must internalize these parameters and use them
 

throughout the course of their development work. The focus group
 

was dealing with a subjective characterization of the product.
 

The laboratory must now take these descriptive measures and use
 

them quantitatively. 
One useful technique is called Quantitative
 

Descriptive Analysis or QDA. This procedure was developed by
 

Drs. Joel Sidel and Herb Stone of the Tragon Corporation. In
 

general, the technique is applied in the following manner.
 

First, all product evaluation is done using the key product
 

attributes selented by the focus group as the frame of reference.
 

A sample evaluation form similar to the one shown on the slide
 

could be developed for all product measurements.
 

V1A
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SLIDE 15
 

Next, the laboratory needs i.: organize a trained panel. Since we
 

are trying to quantify our product measurements and understand
 

differences, the product training phase is critical. In
 

practice, the panelists work together and they look at products
 

which would have a broad range of saltiness, hardness, etc. They
 

agree on what would be a reasonable ranking of such samples.
 

These product standards are held or periodically re-made so that
 

the panel can continually re-train itself and have, a constant
 

reminder of criteria which .has been established. Once the
 

training has been completed, the panelists are able to evaluate
 

market samples and, importantly, internal samples generated
 

during the course of the development work. (Further discuss how
 

form can be used.)
 

As data are generated, the following kinds of profiles can be
 

developed.
 

SLIDE 16
 

In the case shown, three competitive products within our target
 

market have been profiled using the attributes our focus qroup
 

said were key prcduct measures. The differences are obvious. In
 

terms of development, our product development scientists can
 

( L, 
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either work to match a particular parameter or adjust it to
 

another level which may be preferred by the consumer.
 

Importantly, this work is descriptive and quantitative in nature.
 

It does not measure consumer acceptance. Therefore, at selected
 

times, consumer preference tests need to be conducted so that we
 

can measure our progress.
 

Key Ouestions
 

1. 	 Have we matched the market leader so that there is no
 

significant difference in consumer acceptance? Or
 

Have 	we been able to optimize an important attribute giving
 

a level of acceptance superior to the market leader?
 

While a gross over-simplification, the development process is an
 

exercise to understand what is important and, then, to develop a
 

product which will match or, hopefully, surpass the competition.
 

In summary, the necessary steps can be viewed in the following
 

manner. (Discuss Slide)
 

SLIDE 17
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Shelf-life is a final area of considcration. First, when we
 

consider shelf-life limitations or the causes of product failure,
 

we are dealing with degradation which is either microbial or
 

chemical in nature. With extruded foods, the incidence of
 

bacterial spoilage is insignificant because of two very basic
 

reasons. First, the normal HTST thermal treatments inherent to
 

the process are sufficient to properly process the food mixture
 

and eliminate unwanted micro-organisms. Second, the water
 

activity or free water content typical of extruded foods is
 

generally very low. The combination of both factors makes
 

bacterial spoilage an insignificant problem.
 

In general, shelf-life issues will develop because of some form
 

of chemical or physical degradation. Either we encounter a
 

problem related to oxidative rancidity or perhaps we are dealing
 

1ih a product which is hygroscopic and has a tendency for
 

moisture pick-up. In each of these cases, the approach is the
 

same because the answer will come as we address the barrier
 

properties of the package. Importantly, depending on the
 

product, we will need to build-in barrier properties which
 

protect against light, oxygen and moisture. If we are dealing
 

with a high fat product, one can also pack the product using an
 

inert gas headspace.
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Typical film options are shown on the next slide.
 

SLIDE 18
 

Packaging converter experts can literally take your requirements
 

and develop a special film suitable to the product's needs. For
 

such work the following parameters would be important.
 

* Distribution time and conditions
 

* Cost objective
 

* Barrier property
 

* Printability
 

* Process compatible etc.
 

(Closing remarks)
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° Consumer Acceptance Attributes 
, Unit Process Considerations 
"Product Modeling 
* Shelf-Life Overview 



Extruded Food Products
 

* Ready-To-Eat Cereals 
"Snack Foods 
" Croutons 
" Pet Foods 
* Textured Vegetable Protein 
- Pasta Products 



Primary Product
 
Attributes Affecting
 

Consumer Acceptance
 
"Flavor
 

"Color
 
"Texture
 
• Size and Shape
 
* Nutrition 
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Key Process Variables
 
Having an Impact on
 

Product Quality
 
* Moisture 
* Mechanical Energy
 
*Thermal Energy 
* Retention Time 
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New Flavor Technologies
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Starch Sources
 

Cereal Crops 
"Barley * Rye 
"Corn • Sorghum 
"Oat *Triticale 
• Rice e Wheat 

Root Crops 
• Tapioca * Poiato 



Starch Functionality 
* Density Control 
"Strength 
" Shelf-Life Improvement 
" Moisture Uptake 
* Flavor 
* Water-Holding Capacity 
" Fat Binding 

C. Feldburg, 1969 
P. Smith, 1971 



Extrusion Effects on Formulation Ingredients
 

Ingredient: Starch 

Effect: Gelatinizatic= 

Susceptibility to 
Enzymatic Hydrolysis 

Viscosity
DVelopment 

Water SolubilityandAbsorption 

Minor Dextrinization 

Increased Digestibility 

Starch -
Lipid Complexinp 

G.J. Rokey, 1990 

Protein 

Control of Protease 
Inhibitors 

Denaturation of 

ProteinOxidativeIncreased Digestibility 

Texturization 
Rearrangement 

of 
Polymer Bonds 

Protein -
Lipid Complexing 

Lipid 

Starch/Protein 
Complexes 

Enzymatic Control 

Rancidity 

Isomerization 



Market Information
 

"Market Practice and Trends
 
" Unit Cost Objectives 

" Label Claims 

° New Product Opportunities
 



Product Modeling
 

Focus Groups * Untrained consumer panels 
a Panels representative of target 

consumer 
e Descriptive analysis - qualitative 

lnLernal Development 	 * Trained panels 
e Characterize target market 
* Descriptive analysis -	quantitative 

Preference Testing 	 * Untrained consumer panels 
* Measure product acceptability 



Key Product
 
Attributes
 

* Saltiness * Potato flavor 
"Oiliness oYellow color 

" Hardness Fracturability 



Product Evaluation Worksheet 

Product: , 
Reference: 
Date: 

Low High 
Saltiness __ 

Oiliness _

_ 

Potato flavor i
 
Yellow color 
 . 
Fracturability
 
Hardness _
 



Descriptive Analysis 

baitiness Oiliness Potato Flavor 

Leading 
Brand 

Or____________ 

Regional Brand
 

Private Label
 

Hardness Fracturability Yellow Color 

Leading Brand
 
- Regional Brand
 

- Private Label
 



Product Development Program
 

Market Research 	 Understand how the marke. is being
served. Identify market needs 
and future opportunities. 

Focus Groups 	 Characterize product attributes 
important to product acceptance. 

Descriptive Analysis 	 Using trained panals, apply a 
descriptive sensory terminology to 
characterize market and 
development samples. 

Acceptance Testing 	 Monitor development process 
through the use of an Acceptance
Testing Program with consumers. 



Packaging Materials
 
Key Performance Parameters
 

'Gauge e Opacity 
*Slip e Tensile strength 
• Water vapor v Tear strength

transmission 
*Oxygen * Seal strength

transmission 
*Haze o Impact strength
* Gloss o Heat seal range
 



Packaging Film Options* 

* Cellophane e Polybutylene 
* Celluose Acetate * Polyester 
- Nitriles • Polyethylene 
* Nylon * Polypropylene
 

*Partial listing 
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SEMINARIO EN TECNOLOGIA DE EXTRUSION Y SABORIZANTES EN LA
 
PRODUCCION I)E ALIMENTOS
 

VALOR NUTRICIONAL
 

DESAA(ROLIO DE ALIMENTOS NUTRICIONALMENTE MEJORADOS
 

Drp. L.uiz G. IL_..as .r,-j.f.
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IIS I 1.1,
 

El desarrol].o do al.irlentos nutricionalrente nejoradcos data de 

hace r1!s de 30 al s, y ol. prop6sito inicial de su fabricaci6n en" 

los paises on desarrcllao fue principalrente '1 de suministra' la 

cantidad y calidad proteinica de los alimentos de oritlen animal
 

como la carne, la leche y los htLevos que no eran accesibles a estas 

poblaciones. Para la elaboraci6n de estos alimentos se emplearon
 

proteinas 
de origen vegetal, como las oleaginosas, leguminosas,
 

cereales, tub~rculos 
y raices que combinadas dan como resultado 

alinentos de alto valor nutritivo. 

osterio'rmente se determin6 la necesidad de ag'rega'r otros
 

nutrientes como las calorlas, las vitaminas y los minerales, con el 

prop6sito de contribuir a un rejor estado nutricional de grupos 

prioritarios de estas mismas poblaciones. Actualnlente, el inte'r~s 

por el uso de 
alimentos formulados a base de productos de origen 

vegetal ha aurnentado notablemente no solo po'r su rol en los 

aspectos nutricionales, sino tambi6n por la asociaci6n de la dieta 

con la salud. El desar'rollo de estas formulaciones, tiene que 

considerar los siguientes aspectos: a. La disponibilidad de la 

materiapr irma, que de preferencia sea local y de buena calidad; b. 

Con respecto a la formulaci, n de estos alimentos hay que definir el 
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minirno 'Ia~a *n el contenido de las vita:inas. 



On-site Visits by Drs. Miller and Sheldon 

Almentos Dixie de Honduras 
P.O. Box 762 
San Pedro Sula 
Honduras 

Manager: Lic. Ranon Sauceda-Gral 

Boquitas Fiestas, S.A> de C.V. 
Carr. a Puerto Cortes 
P.O. Box 366 
San Sula 
Honduras 
Manager: Lic. Marco Odilon Avila 

Industrias Sula, S. de R.L. 
Km. 6 Carr. La Lima 
P.O. Box 374 
San Pedro Sula 
Honduras 

Manager: Mr. Ricardo Cabezas 

Panificadora Bimbo 
P.O. Box 448 
San Pedro Sula 
Honduras 

Manager: Ing. Feizal Rishmawy-Gral 

And Henry Fransen & Co. 



Robert C. Miller, P.E. 
R.D. 2, Box 413 

Auburn, 	New York 13021 
315/252-0740 

Experience 
Principal, Robert C.Miller Consulting Services 
Chemical Engineer: Registered P.E., License 20860 (N.J.) 1980-Present 

- Provide technical and manageri;-' assistance to food and feed processors, food equipment
manufacturers, engineering coinpanies and legal firms in Europe, Asia and the United States,
including several Fortune 500 companies 

- Client services include plant start-up supervision, equipment design and selection,market analysis, process/product development and improvement, process analysis and
problem solving, training oi plant and technical personnel, presentation of technical 
seminars, and expert testimony. 

- Areas of expertise include snacks, cereals, bread, pet food, gasohol, TVP, cocoa, and
general food equipment applications with emphasis on extrusion technology. 

- My independent research has led to the development and sale of innovative equipment
designs and new techniques for food process analysis. 

Faculty 1985-Present 
American Association of Cereal Chemists, St. Paul, MN
 
The Center for Professional Advancement, East Brunswick, NJ
 
Advisor 
 1985-Present 
Institute of Food Science, Cornell University, Ithaca, NY 
Center for Advanced Food Technology, Rutgers University, New Brunswick, NJ 

Project Leader - Borden Foods Research Centre, Syracuse, NY 1977-80 
- Managed corporate R&D Program for snacks and related products 

Research Specialist - NY State Agricultural Experiment Station, Cornell University,

Geneva, NY 
 1974-77 

"Researched fruit and vegetable processes
 
Managed food science pilot plant operations
 

Consulting Engineer - Lotte Ltd., Tokyo, Japan 1976 

Senior Engineer - Nabisco, Inc. Research Center, Fair Lawn, NJ 1967-74 
"Managed breakfast cereal and snack R&D groups
"Conducted engineering study of baking process 
"Researched confectionery processes 

Project Engineer - American Chicle Co. Div. A,arner-Lambert. New York, NY 1965-67 

Publications 
"Effects of Tapered Screw Elements in Twin-Screw Cooking Extrusion," Rutgers University
Symposium on Extrusion and Rheology of Foods, July 30-August 3, 1.£90 (to be published) * 
"Twin-Screw Cooking Extrusion: Dynamics of Steam Injection," IFT Annual Meeting. June 17-20. 
1990 (to be published) 
,in: Food E:.:tLrusi.on Scieoco .. nd Tc'lchno]ogy, ,'!Eirce. Dekker, No*.; Yor' 
1992.
 



0 ications 
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Breakfast Cereals and How They Are Made (Contributing Author), AACC, 1990 
"Extrusion Cooking for Attribute Engineering: Extrusion Hardware, Software and Wetware," 
Activity Report of the of the R&D Associates 41(1):60, 1989 
"Continuous Cocking of Bteakfast Cereals," Cereal Foods World 33(3):284, 1988 
"Extrusion Cooking: Process Analysis by Transient Response to Lipid Injection," IFT Paper 
124, 45th Annual Meeting, June 10, 1985 
"Extrusion Cooking of Pet Foods," Cereal Foods World 30(5):323, 1985 
"Low Moisture Extrusion: Effects of Cooking Moisture on Product Characteristics," Journal of 
Food Science 50(1):249, 1985 
"Effect of Wear on Twin-Screw Extruder Performance," Food Technology 38(2):56, 1984 
"Some Factors Affecting the Extraction of Apple Juice in a Screw Press," Special Report 27, 
Cornell University, 1978
 
"Cenirifugal Clarification of Apple Juice," Special Report 27, nomell University, 1978
 
"The Effect of Steam Stripping of Grape Juice Prior to Fermentation," American Journal of 
Enology &Viticulture 28(4):231, 1977 
"Food Extrusion," Food Technology 27(8):46, 1973 
In Progress 
"Fluid Flow in Variable, Tapered, Annular Cross-sections, and Rheology of Apple Pomace"
 
"Food Extrusion: Discovery and Development"
 
"Twin-Screw Extrusion at Cornell University"
 
Advances In Baking Technology (Contributing Author), Blackie & Son.
 

Presentations 
"The Extruder: Cornerstone of Western Civilization," Institute of Food Technologists - Regional 
Chapters: Long Island, February 2, 1S87; Central NY, April 16, 1987 
"Recent Developments in Food Extrusion," Cornell University Seminar, October 7, 1986 
"Effect of Wear on Twin-Screw Extruder Performance," BDL-Kongress, M6nchengladbach, 
F.R.G., November 4, 1983 (See Lebensmitteltechnik, December, 1983) 

U.S. Patents 
3,851,084 - Method of Producing Laminated Comestible Products
 

3,861,844 - Apparatus for Prcducing Irregularly Shaped Expanded Food Products
 
4,022,918 - Method for Producing Irregularly Shaped Expanded Food Products
 

Education 
Newark College of Engineering (NJIT), Newark, NJ - B.S. Chemical Engineering, 1965 
Graduate Studies - Newark College of Engineefing, 1969-70 
AIChE Professional Development Certificate, 1985 & 1990 

Professional Memberships 
American Institute of Chemical Engineers 
Institute of Food Technologists 
American Society of Agricultural Engineers 

R&D Associates for Military Food & Packaging Systems
 
Volunteers in Technical Assistance
 
Technology Club of Syracuse
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* AUNIVWAL,-oQ6. COMPANY 

FAX CORRESPONDENCE
 
FAX NO.: 1-202o628-6726
 

TO: 	 Dr. Elizabeth Turrscr
 
Program Director
 
Project SUSTAIN
 

FROMi 	 Dr. 
Ross H. Sheldon
 

DATEB 4:June 1992
 

Dear Dr. Turner&
 

An requested, I bclieve the following notes should be enough in order
 
to construct a short paragraph.
 

Z d ation
 

BS 1965 	University of California 
- Davis

MS 1967 	 Oregon State university

PhD 1969 	Oregon State University
 

Food Science was the major for each of the above degrees. Heavy
emphasis in Organic 	Chemistry, Research Interest: 
 Natural product
chemistry; Flavor research; Instrumental analysis techniques on a
 
micro-scale.
 

Work Experionce
 

1969-1975; 1978-1983 
 SCM Organic Chemicals, Jacksonville, FL
 

Position Held: 	 Senior Scientist, R & D Manager - Essential Oils,

Business Manager - Rsqential Oil, Director of
Marketing
 

1975-1978 
 The Pillsbury Company, Minneapolis, MN
 

Position Held: Section Head 
- Flavor & Sensory
 

Primary Activity: Managed the applied flavor and the sensory

evaluation laboratories in cupport of product

development activities.
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UNIVERSAL FLAVORS INTERNATIONAL INC.
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1983-Present Universal Flavor Corporation, Indianapolis, IN
 

Positions Held: Vice President - Sales & Marketing;
 
Managing Director - Asia Pacific;
 
Managing Director - Europe
 

Current Activity: Manage Universal Flavors four European companies.
 
Locations In: England, Belgium, Italy, and
 
France. Responsibility covers all commercial
 
activities for Europe and the Middle East.
 

I hope the above is sufficient.
 

Regarding yesterday's discussion and your fax, I havA given your 14
 
July 	matter some serious thouoht. RegrAtfully, I must decline.
 
First, the Panelist Slots for your Session #4 (Group I & 4) are not
 
applicable to my background or our company's interests. Returning to
 
the Policy Reform presentation for Session #3, I must confess to some
 
interest. At the cama time, what I would have to cay would require
 
far less time than 90 minutes. Briefly, in my opinion, your audience
 
needs to consider some sort of induotrial model and the
 
business/logiattcal elements which are needed in order to make the
 
exercise successful (profitablel). Tho proposed policy reforms would
 
then be the means by which ths barriers to profitability are removed:
 
For example, some possibilities would include:
 

* 	 Tax cre it policy to encourage investment.
 
* 	 DUty/customs provisions to facilitate the import of raw
 

materials.
 
* 	 Financial policies which would permit the repatriation of
 

profits.
 
* 	 Access to hard currency in order to purchase needed
 

materials not available in the local market.
 
* 	 Local logistics and services necessary to support a local
 

enterprise.
 

The above list could go on. On balance, the participants noed to
 
understand that business seeking to invest will be held accountable
 
for some favorable level of return. The question needing to be
 
answered is: What policies could be developed which would provide the
 
necessary incentives to encourage outside participation?
 

Thank you for the conaideration I have received. I will be looking
 

forward the August program in Central America.
 

sincerely,
 

Ross X. Sheldon 

RHO/ad 
hanaging Director - Europe 
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ELIZABETH TURNER
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realizado en la Cludad de Guatemala el dia cuatro de agosto de 
mil novecientos noventa y dos. 

Dado en la Ciudad de Guatemala a los cuatro dias del mes de agosto 
de mil noveclentos noventa y dos. 

Dr. LuLz G. Wa, Jefe izbeth Tuner Lic. CA cDonld 
Diviai6n do Ciondsa Directora idenre 
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CONFERENCISTAS INVITADOS
 

LB.fNS11U'O DE NUTICION DE CENTRO AW4CA Y PANAMA 
ONCAP/OPs) 

Dr. Robert Miller LA ASOCIACION GUATEMALTECA DE TECNOLOGOS EN AIMENTOS 
Cawoco do M Amewtw Assedo4 on of Germal Ctmnlfs. (AGTA) 
SL Paul, WIV yAseordel Insiffute ofFood Sdence,
Cornel UvWwety, Wma NY Y EL PROYECTO SUSTAIN 
Geiwe do Robert C. Aller ConulingSeniies 

Dr. Ross Sheldon" Presednil ed Sernktcmor. 

Wcepresidente do Ventas y Memadeo,

DirectorEjecutvo de Europa y Asia do Uiversal Flavow Coiporlon.
 

Dr. Lulz G. Elias TECNOLOGIA DE 
• ,.=, ° ,no =, ,o=o. EXTRUSION "'V 

Jefe do la OMs16n do Clenclas Agtfcolas y do Ahmentos dol INCAP/OPS E R SO 
SABORIZANTES 

Ing. illty Estrada EN LA PRODUCCION 
=..u~o=.o. ,.,. . = Consultor en WlArea do Ciendas Age! colas do INCAf4VPS DE ALlM ENTOSD LM N O 

. Los Dres. Sheldon y Miler otrecerin consuftorlas gratuitas a empresas Intere
sadas el dia kjne$ 3 do agosto on las reas do extrusl6ny saborizantes. Informa
c6n Ing. Luis Eduardo Reyes/ INCAP Tots.: 72372 a] 7. oxtonsl6n 3261 

NOTA: I 
Las consultoulas estar~n lritada poe el terpo yel n6mero do erpresas solid-

Project SITAIN 
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TECNOLOGIA DE EXTUSION YSABORIZANTES
 
EN LA PRODUCCION DE AUMENTOS
 

POGRAMA 

Tecnologia do Extiu.6n: Dr. Robert Miler 

0 &,Ou6es? y 4C6mo tr Am?
 
0 Protecc6n del producto

* Costo d procosl / Capital do Inversl6n 
0 Tipos de extrusores dlsporlbies 

Vaor Nuftrc l: Dir. Luf G. Elk 

* Concepto 
" Impacto del proceso an el valor nutriclonal de los ingredientes 
" Fortlflcacl6n 
" F: rmlacones 

Disponilblidod do rnotedas 
pdrmas on la produccl6r do 
almowntos nuffivos. Ing. W Estroda 

Aceplocl6n del Consunidor Dr. Ros Sheiddon 

* 	 Sabor, textira y aparlendca 

SVlda do anaqul 


* Evaluaci6n sensoral 

PAW: Conforenclss lnv ado loCAPNAGTA 

*Rtos on ol Mercadso do Aiffr~uwo Nutrtvos 

FECHA: Mattes 4 de agosto de 1.992 

LUGAR: Hotel Camino Real, Ciudad do Guatemala.
Guatemala. C. 

HORA: 8:30 a 18:00 horas 

INVERSION: 

Socios AGTA 0. 300.00No Soclos 0. 350.00 
Estudlantes 0. 275.00 
Extranjeros S. 80.00 

PREINSCRIPCION: 

OSMOSIS
 
Sra. Vivian de Garcia
19 calle 12-52, zona 10 
Tel.: 33 53 35 y 68 14 93 
Fax: 33 53 56 

Este rismo seninado se Ilevard a cabo en San Pedro Sub., Honduras. ol 
die 6 do agosto de 1,992. Para mros informad6n comunicarse con la Sra. Ana 
Katir do Medina / INTERCHAM Tel.: (504) 57-4994 Fax: (504) 32-2483 

http:Extiu.6n

