Principles of
Mixed Feed Production

i .
i

Components - Processes - Technology




& MIXED FEED
¥ LIBRARY

Jens Kersten * Hans-Rainer Rohde ¢ Ernst Nef

Principles of

Mixed Feed Production

Components * Processes * Technology

Contributors:
Heiko Almann, Dr Christine Chudaske, Heiner Kotscha,

Wolfgang Meissner, Dr Jlrgen Struck

AGRIMEDIA



© 2005 by Agrimedia GmbH
Spithal 4
29468 Bergen/Dumme
Germany
Tel. ++49 - 5845 -9881-10
Fax ++49 - 5845 - 9881-11
mail@agrimedia.com
www.agrimedia.com

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the publisher.

Whilest every effort has been made to ensure that the information contained in this book is
correct neither the authors nor Agrimedia GmbH can accept any responsibilty for any errors or
omissions or for any consequences resulting thereform.

Proof-reading: Dr Vicki Glasgow
Translation: John Speese, Harry Glennie, James Alder (Kosmos srl)

Coverpictures: Buhler; DBU
Layout: Jana Mengel

Printed in Germany, Druckhaus Harms, Grol3 Oesingen

ISBN 3-86037-273-4



Contents

1 Fundamentals of Animal Nutrition ... 13
1.1 The Goals of AnImal NUITHON L..ootiiiiiit ettt eaeaneas 13
1.2 Types-of feeds and additives s s s meisimessmessiss s s s sisrssasssss 14
1.3 Ingredients of feeds. A7

L30T WVALET ettt et 17
1302 INUETEEIIES ettt ee et e eee e eneeeeas 17
1:3:3 MINETALS cicvvvorsismie svssmsysmumives sosss somess shsnssns s s 5545 55554475050 5¥8 ¥4 543150 08 45 o 04504 S5 T 0H EH RIS R RIEE RV ESTIRES 22
1.3:4 Active INETEHIGOLS .vousmisvsiismsmnsarsssnesmmmssssssrim ety e ssaaiata st sn s sam s inis s wivss i sntabess 24
1.4 ENETZY FEQUITCIMENL ...ttt eh et s s s s s e eae e reeaeens 27
141 Basal MetaboliSI ... 27
1.4.2 Maintenance requirement 27
1.4.3 Performance requirement 27
1.5 Energetic evaluation of feedStulTs . ... 28
1.5.1 GroSs ENEIZY ......ccoermceercimiiiiniiiminiisiinsronaisssenisasses .28
1.5.2 Digestible Energy 28
1.5.3 Metabolizable @Nergy ... 28
L T L OSSOSO 29
1.6 Digestive PRYSIOIOBY . ... rovrmeennescmsmrocssssosaisustisisssinhe it s ssissasiins do4ssmins sviss ssess sisesas ssssavesis e sswesss oo vas ovisy 29
106:1, GONETAL iiversssmsmemmassssisumvnssns sussvassss suessesss ssamesinsasissssomisss ciiTsississs S50 3¥300 5783043 04 HER8HSTHEVEFTEEIS 29
1.6.2 DIZESHOM 11 PIZS oottt et es e n e e eeeaeneeens D0
1.6.3 Digestion in cattle (FUMINMANTS ) .oo.eiuiiiiii e 31

) ) TECHNOLOGY
— . & QUALITY

\\\
40-years of experience
in the manufacture of:
pellet mills, pelleting lines, dies and
\ ; = roller-shells secures
\ a / top quality and reliability.

La Meccanica Srl di Reffo via Nicolini, 1 - Loc. Facca 35013 - Cittadeda (PD)

ltaly tel. +39 049 9419000 - tel. uff. export +39 049 9419011 — =

fax +39 049 5072171 - fax uff. export +39 049 9419093 |E m=EEEI_”EE
E-Mail: lameccanica@ameccanica.it - Web Site: www. lameccanica.it

inside e



1.6.4 Digestion 1N the ROTSE ... 33

1.6.5 DIgeStiON 1N POULLTY ..ouiiiiiiiiitiei ettt ettt et e 34

1.7 FEEU COMVETSION ..ottt ettt et e h e et ettt eh et ettt e e et eeeaeeseeinnn 34

2 Impacts on mixed feed production.................... 39
2.1 Legal requirements................ .39

2.2 Quality management ....... .43
2.2.1 Quality management systems (QM SYSIEIMS) c..cccverreeienieienriaresitenuesessesnessesressessnesassseasissnesseres 44
b e A b L s T (O e 48

2.3 Nutrient requirements and formulation of rations for lVesStock ... 61
2.3.1 Cattle feeding .
e B L T | 65
2:3.3POUTY FECULNG :csiuissnvinmsssussssmsssimmsrissnsisia s sumssisssreosrsessves ssisss sou s avesass 506 Sibnavesvasvosssrssionsises 68

2.4 MRt (e QP T AN . cssasinmasnssusvsssivumseassasivmsine ssiwboniss s Vosotss 538 68 SRS 338 55333 UR SRR 6m S ST 620 72
2.4.1 Formulation OPUIMIZATION .....eiuiiit it e ae e 72
2.4.2 1iinear OptimiZation ;. s csesessseseoniesassisssssminiossos oo s5sssms 054004570 6354698 5500 S308HAITT05 0860 45650 02885542 E3RRESS 73
2.4.3 Resolution of ‘a planning €XAMPIE e i i ieisimei atavesses s amssionsiossians 76

3.1.5 Other seeds and fruits and their products and by-products

3.1.6 Green feed and rOUZRa@e ..o
3.7 Dairy By-prodUucts ..o 145
3.1.8 Fish and other marine animals, and their products and by-products ..., 147
3010 IVITIETAS xsuvsnsovaanvnso nsusessssnnons oo s oss s s s v a e ah s ammersns va st s o5 55 558 W05 59650 S URESR TS IS EH3E 04 658 S 0 148
3.2 Individual feeds requiring approval ... 148
3.2.1 Proteins from mMIiCTOOTZANTSIS .euviiiiuiiiiiiieie ettt ettt ettt ettt e 148
3.2.2 Amino:acids and their;salts and analogs ...c.ssussssimimsnsmsmnisisismisissiisismin 149
3:2.3 Non=protein AittoSeEn COMPOUIUS ...svemiivmivimssmsmimmmnmsissossueissesmisssmins sonisveevmsvsnsiisrssasos tbsss 149
3.3. Individual feeds that are forbidden in lvestock nULTON ... 150
33 ANIMAl MEAL .o 150
3.3:2 BloOdIMBAL . ixussvssresonanomisussinms soossissssssonsseissnss s ass sossesass b5 585eytes433408s6 40 RN S48 o3 EmUsmansesiuais 151
4 Additives .. et 155
4.1 General. .o . 155
4.2 Essential additives - vitamins and trace elements .. 156
A 201 VAEAIINIIIS i isuincs ssusanvssassossasanissssesssensugssiasise sosssessssssrens sss osyseasae i sias ans sssisied e i sstsu 3o issas svasvbinsosa 156
422 TTACE CICIMICIILS L.ttt ettt 157
4.3 NON-e8SeNUal AddIUIVES Lottt 158
4.3.1 Performance enhanCers:. .o usssissismisosssisissiusssns usssssssssossssssisssissisiessesssesnaisniessisossassssvisessse 158
4.3.2 Antioxidants.........ccccceeene. 159
4.3.3 Appetite-stimulating SUDSTANCES ..ot 159
4.3.4 Binding agents, anti-caking agents and coagulants ... 159
4.3.5 Emulsifiers, stabilizers, thickening agents and gelling agents.........ocoocooiiiiiiiiiiiniicn. 160
4.3.6 Coloring agents, inCluding PIZMENTS ..ot 160
4.3.7 Additives for prevention of histomoniasis and cOCCIAIOSTS ..ot 160

4.3.8 Preservatives.
4.3.9 Acidity regulators
4.3.10 Water-absorbent SUDSTANCES c....vviiiiiie e e et e e e e raeee e e e 162




3.1 | BNZYIMICS csussssarsnvossasntsinisnsssassssiossios i0550s 55as 84455007553 sia¥oN 343483 4903803443 470555 Hmmravimnstapannsanernsmusessrsanss 162
4.3.12 MicroorganiSms/ProbDiOtICS o i immmmisisissrssersmisnsnisssisisanssiiaiss ssessnsonis sssssusaranessisniossss 163
4.3.13 Radionuclide-binding agents

4.4 Dosing the additives ...

4.5 Premixed feeds. using additives in the production ProCesSS ....oieviviiiereeeeiee e 165
5 Technology of mixed feed production.. ... 169
5.1 Reception and cleaning of the COMPONENLS ...ttt 169
5.2 Storage .. . 175
5:2:] GENOIALiissivisimomusisessosissomvisinnsssasiossssocnsivin s tesiisss s o sas s Susad E YR a e AV eSS e SR R 175
5.2.2 Silo cells 7 high FISE STOTAZE ..ot e 179
5.2.3 FLAL STOTQAEE oottt ettt e ae et s b e e s e e aeee e e s ensenseeraeeseeseenaensensenneas 185
5.2.4 Calculation of the 8iz€ Of the SLOTC .ocviiiiii e e 186
5.2.5 Influences during storage . 188
5.2.6 Adequate storage and ventilation ... 192
5.2.7 Discharge behavior after SLOTAZE ..ottt 196

5.3 Conveying

S3L INIAl CONSIACTALIONS ...ttt st e eaesa e eaeene e 198

5.3.2 MeChaniCal CONMVEYOTS .oiuiiiiiiiiiiiiiieeie ettt ettt e et ene et e s e saeeneens 200

5.3.3 Pneumatic conveying and ventilalion ........ooooioiiiioiie e 209
5.4 Dosing, milling and mixing system. &

5.4.1 Dosing.of AW mMaferial COMPONNIS . voxvisumssssrvsesvssmsssvessonvasssiess o smssin 5 s sihsyasim-aossissssiins 218

5.4.2 Reduction of the raw COMPONENLS L.ttt ens 220

5123 IMEIXTIIE ettt h e ettt a ettt etk e e n e e e et e e neeeneene e e eeneene 244

* Widely recognized as industry’s highest efficiency, highest
performance hammermill line.
* Engineered strength in 19" through 52" models with up to 600
horsepower available.
HAMMERMILL « Utilized in wide variety of applications including wood, paper,
cereal grains, by-products, oil seeds, food products, pet food
and aquatic feeds.

‘ngineered features include positive feed distribution,
reversible tapered shouldered dies, three roll configuration,
integral die hoist, hydraulic disc brake overload protection,
two stage belt drive and hydraulic belt tensioning.

PELLET MILL « Features one of the industry’s highest performance to

productivity ratios

* Exclusive distribution system in combination with circular
design provides unmatched cooling uniformity

* Wide range of models available with capacities up to 100 tons
op <Flo

« Wide variety of applications including animal feeds, pet food,
OOLERS aquatic feed, paper. wood, plastic, meat and bone meal, and

llaked grains

Bliss Industries, Inc.
P.O. Box 910 * Ponca City, Oklahoma U.S.A. 74602
Phone (580) 765-7787 * Fax (580) 762-0111

Internet: http://www.bliss-industries.com ¢ E-mail: sales@bliss-industries.com
Impacting Industries Worldwide.




5.5 Pelleting of mixed feed ... 257

S50 GRNCTAL i 257
5.5.2 Pre-processing of the material to be pelleted ....:ci:u.cussssmumsisisivismmmasioiasaanasssisssssismsas 261

5.5.3 Pelletizing die press (pellet Press) ... 266

5.5.4 FIAt/AiSK I8 PSS et 267

5.5.5 Influences on the pelletiZing PrOCESS c..ooviiiiiiiiii it 267
5.5:6 Setting the TOUEIS ciuammiusimisisimsmssssisisssvoseiiossissssivsamssio s s ssssss sy essssninsiasas sesasenss 1D

5.5.7 After-treatment of the Pellets ..o 278

5.6 The use of expanders and eXrUAETS ........oiiiiiiiiiii e 284
5.6.2 EXUPOACT i :vumaistorssconssronssousyusssssasyssonsronsnssn susrnsaisnsssssssvas ovinss oo s 555 o0 55 s e s KO3 5o v a0 e 6045 SRS 288

5.7 HYZICNE PrOCCUUTES ..ttt ettt b e bt a e 290
5.7.1 Chemical treatment 290

5:7:2 Heat trealimen T cossssss ssiisrossmsrenasnssmasssses s s s e ssi0sassns s visasmssn ssvsss sl s n s s oiass o s esinaoss 290
S8.2 BUTK Material ..o 296
5:8.3 Declaration:of the feed .o miisanmimnsmanismniamonsmsrtomsmsingmmraiissais 300

5.9 PrOCESS COMTOL resvuanesmrosssonssusssiesessvamnssinosssmrsssnssayiss s sy sy sais sy cvgi Sosms s v s0a s XS e g o se sy euis 301
5291 GENMETAL 1.t 301
5.9.2 CONIOL LYPES .t DU

5.9.3 Plant control via:a cONtrol SYSTEIMN s iussssisenssasiississsasssvssasssnisssnassrassssssssssamssssesiasmessasanisas 303
5:94 Ptoduetion CONIOLcomsaiummmnmmsmisinsmmimsimsssmmsis i s st ssisosssisssissiasicn SO0

6 Quality assurance in MIxXed FEeds ..o 309
6.1 Mixed feed qUality ...oooooiiiiiiiiiiccc s O0Y)
6.2 Product controls in the mixed feed plant............coooiiiiiiiii 311
6.3 Feedstuff analysis in an in-house 1aboratory ............ccciiiiiinniniiiiniiinesiireiessnessesssisssesiossesses 319
6.3.2 Sample taking and preparation for analysis ... ... 316
6.3.3 Weender ANALYSIS ..ot 317
6.3.4 Fast-track SYSTEINS  uiewsaivsssusseavsvisessisss osss sossasssimsinismosimmsiessasasisissnsssssiairmansngeamsssss I 2]

6.4 Testing mixer petformance (SYStem (8t) c..cuiaisssammsirs mrssnmes ssssmnsivsasenamssimassem i SO
6.5 FeedStuff MONTOTINE . ...iciiiiiiiiiii et eaenees D20

IIA@X ..ottt et e e et e e e et e enteeeennaaeennneeenaaeenneeeanneeensaeeennes D]



J.Kersten « H.-R.Rohde « E. Nef
Principles of Mixed Feed Production

More money with HYBRIMIN - least cost feed formulation software

WinFumi bigger program for using in feedmills - WINDOWS
Feed 2003 smaller program for using in feed mixing
on the farm and in feed sales promotion - WINDOWS

Standard program will be delivered with different usual raw materials
and nutrient requirements for important animals.
- german, english and other languages -

HYBRIMIN Computer + Programme Tel: ++49 (0)5152/3700 Fax: ++49 (0)5152/51586
P.O. Box 210 * D-31834 Hess. Oldendorf E-Mail: info@ HYBRIMIN.com  www.HYBRIMIN.com




© 2005 by Agrimedia GmbH
Spithal 4
29468 Bergen/Dumme
Germany
Tel.++49 - 5845 - 9881-10
Fax ++49 - 5845 - 9881-11
mail@agrimedia.com
www.agrimedia.com

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the publisher.

Whilest every effort has been made to ensure that the information contained in this book is
correct neither the authors nor Agrimedia GmbH can accept any responsibilty for any errors or
omissions or for any consequences resulting thereform.

Proof-reading: Dr Vicki Glasgow
Translation: John Speese, Harry Glennie, James Alder (Kosmos srl)

Coverpictures: Buhler; DBU
Layout: Jana Mengel

Printed in Germany, Druckhaus Harms, Gro8 Oesingen

ISBN 3-86037-273-4



& MIXED FEED
Y LIBRARY

Jens Kersten * Hans-Rainer Rohde ¢ Ernst Nef

Principles of

Mixed Feed Production

Components * Processes * Technology

Contributors:
Heiko Almann, Dr Christine Chudaske, Heiner Kotscha,

Wolfgang Meissner, Dr Jirgen Struck

AGRIMEDIA



browse,

BOOKSTORE '

www.feed-library.com

%... MIXED FEED
> LIBRARY

Feed Microscopy

LR

Feed Microscopy

Atlas for the microscopic examination of feed containing
vegetable and animal products

Al pic &

Feed microscopy is the fastest and most efficient way to identify im-
purities in ingredients and finished feeds! One must be proficient
though in using the microscope and have reliable literature at hand:
Using this atlas for your lab-analyses will bring you the benefits of
being able to refer to more than 830 detailed drawings! They
show both the morphological and anatomical structures of plants
and plant products. As these characteristics are unchanging, they
constitute a reliable criteria for identity and quality control. The same
can also be said of the assessment of animal feed components, in
which anatomical structures and/or their fragments form the basis
for microscopic diagnosis. The book also helps to identify missing

ingredients.
Fasd Microscopy: Moreover the book explains about:
H. Klein, R. Marquard (eds.) ) )
2005 - hardbound - 310 pp., « the quality control aspects of feed microscopy
ISBN 3-86037-255-6 + technical equipment and sample preparation
149.00$ | 128,00 € - structural charactersitics of

cereals/legumes/starch plants/oilseeds/other vegetative plant
parts

and their by-products

structural characteristics of animal/marine components

and their by-products

structural characterisitics of common impurities and contami-
nants

Intended as a laboratory manual the Atlas serves as a reference book

e in the lab as well as in professional training.
6 o“ \) ¢
g(° ‘,\)‘ 9’5\" A lot of practical information and techniques make this book a
W o® 143 need-to-have guide for every feed mill-laboratory.

All the illustrations in this atlas are hand-drawn in accordance with
the relevant literature and after microscopic checking using au-
thentic materials.

AGRIMEDIA

Agrimedia Publishing - c/o paDepot 6690 Grant Way - Allentown, PA 18106, USA
or
Agrimedia GmbH - Spithal 4 - 29468 Bergen/Dumme - Germany

FAXORDERTO +1-6104710501 or +49-5845-9881 11




Preface

Mixed feed or compound feed is a well-balanced
mixture of raw materials from different sources
producing healthy and nutritious feed meeting
the needs of different livestock. Animal nutri-
tion science and feed companies have achieved
considerable progress over the past years, not
only through raising the quality of animal feed
but also by showing its effects on the properties
of animal products. This new approach reveals
the feed chain as an integral part of the food
chain. It improves transparency and thereby in-
creasing safety for livestock producers, proces-
sors and consumers:
— Maximum customer orientation.
— Customized products.
— Implementation of HACCP principles.
— Quality, safety and tractability of feed mate-
rials.

— Source-directed measures for the control of

contaminants.

— Feed labeling.

— Observance of national
laws and standards.

and international

To produce good and customer-orientated ani-
mal feeds, high-quality raw materials and the
appropriate equipment is needed. The design
and running of a feed production plant and its
individual processes is very complex and re-
quires engineering know-how un-thought of in
the feed industry not many years ago.

Before the raw materials can be processed the
impurities such as pebbles, soil and metals, etc.
must be carefully removed without damaging the
materials themselves e.g. sieving, magnetic se-
parators and similar equipment. The ingredients
can then be ground to the required size using
either hammer mills or roller mills for further
processing. To ensure high-precision blending
of the feed ingredients, volumetric and gravi-
metric proportioning equipment measures and
weighs the materials according to the feed for-
mula. The mixed materials are then heat-treated
by the addition of steam thereby also conditio-

ning it, if needed for the pelleting process. The
finished product is then prepared for shipment to
the customer. Miles and miles of chain, screw,
belt or pneumatic conveying equipment is used
for horizontal and vertical movement of materi-
als from one process to the next.

The purpose of this book is to introduce this
very complex theme and its various aspects to
a wider scope of readers. With this purpose in
mind, emphasis has been placed on a presentati-
on that is as vivid as possible, practical, and enri-
ched with many examples. The book starts with
a concise introduction to the science of animal
feeds and nutrition followed by the impact on
mixed feed production, including legal aspects,
quality management, and mixed feed optimiza-
tion. The third chapter gives a detailed presenta-
tion of individual feeds and ways in which they
may be used. The fourth chapter covers the ad-
ditives that are used in mixed feeds. The fifth
chapter is designed to provide the reader with
comprehensive information concerning the in-
dividual steps and the technology involved in
mixed feed production. It concludes with a sec-
tion on the quality of mixed feeds.

This book is the result of the dedicated efforts
of several authors. The authors of each section
contributed to the success of the book with their
professional expertise. Mr. Lajos Mészaros pre-
pared the excellent photographs of each of the in-
dividual feed types. We especially wish to thank
Dr Vicki Glasgow from Harbro, Scotland, for
proofreading the text. We also owe a great debt
to the many companies who contributed to the
book.

It must also be said here, that the technology
outlined in this book are only examples, which
obviously cannot reflect the diversity of the avai-
lable designs and systems of every manufactu-
rer. However, every effort was made to choose
the most representative and standard construc-
tions.

The editors
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* Widely recognized as industry’s highest efficiency, highest
performance hammermill line.
* Engineered strength in 19" through 52" models with up to 600
horsepower available.
HAMMERMILL « Utilized in wide variety of applications including wood, paper,
cereal grains, by-products, oil seeds, food products, pet food
and aquatic feeds.

‘ngineered features include positive feed distribution,
reversible tapered shouldered dies, three roll configuration,
integral die hoist, hydraulic disc brake overload protection,
two stage belt drive and hydraulic belt tensioning.

PELLET MILL « Features one of the industry’s highest performance to

productivity ratios

* Exclusive distribution system in combination with circular
design provides unmatched cooling uniformity

* Wide range of models available with capacities up to 100 tons
op <Flo

« Wide variety of applications including animal feeds, pet food,
OOLERS aquatic feed, paper. wood, plastic, meat and bone meal, and

llaked grains

Bliss Industries, Inc.
P.O. Box 910 * Ponca City, Oklahoma U.S.A. 74602
Phone (580) 765-7787 * Fax (580) 762-0111

Internet: http://www.bliss-industries.com ¢ E-mail: sales@bliss-industries.com
Impacting Industries Worldwide.
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