


1 Contents |

B O AUEHOTE o p o » nomone mon omomomoe s 8

Preface . . .

Preface to the French edition . . « « v & & 4 &+« o v o+ v i v v w e

BOPCiOrd o v e e e s s e e oes s s o ow s s e & owielfs B oW ¥ BRI A E G

Note V . . . . s
INTRODUCTION : Spoilage mechanisms of grains and seeds in the post-harvest
ecosystem, the resulting losses and strategies for the defense of stocks,
By Tola MEBEER + oo nen s o @ w-win & ¥ SR @ 8 ¥ @ISR T 4 8 & ntu
1. The post-harvest ecosystem and the biophysicochemical properties
that characterize it . . . . . ¢ ¢ ¢ ¢ ¢ o ¢ 0 0 0 e e e e 0 e e e e
1.1 Grains after harvesting : a system of living organtsms in unstable
biological equilibrium - 1.2 Physical grain properties affecting storage
phenomena = 1.3 Technological and nutritional qualities to be preserved
2. Physicochemical spoilage mechanisms . . . . . . Ve e e e s
2.1 Causes of spoilage — 2.2 Environmental factors - 2 3 Interactions
between environmental factorsand the causes of spoilage — 2.4 Technolo-
gieal consequences of spoi.lage
3. Strategy for the reduction of post-harvest losses . . . . . . . . .
3.1 Definition of the "sanitary condition" of grains - 3.2 Spoilage cri-
teria — 3.3 Estimation of probable storage life — 3.4 Storability assess-—
ment of a recently collected batch and quality evaluation policy
4. Technical measures applicable to grain and seed storage . . . . . .
4.1 Storage of grains in an oxygenated atmosphere (aerated non-airtight
stle) - 4.2 Grain storage in airtight silos
Comeluslons: » o « & o n & & ot e oA % B R G W w @i e W
Appendices . . v w i W e W ow e B oY ow @ el E B & o8 ow e w s W E D

1 HISTORICAL EVOLUTION OF STORAGE TECHNIQUES AND POLICIES, bg F. Sigaut .

1, Introduction . . . . . . v ¢ o v 4 4 v e e v e e e e e e e e e e s

2. Techniques . . . . o
2.1 Stored products - 2 2 Preparatzon of products for ﬂtaraqe N Z.V
Conservation of products during their storage - 2. 4 Preservation of
stored products

3. Storage, production and society . . . . e e e e e e e e e
3.1 Storage and technical system - 3.2 9toragﬂ ard pﬂjb’ﬁaﬂ environment :
pests, cultivated plants - 3.3 Storage and physical environmment : climate,
ehance - 3.4 Storage and society : scarcities and "surplus granaries" -
3.5 Storage and society : history and prenistory

COHETERTOMNS: & voz con s @ 3 &1 W g Se W ¥ M W e e ® F B B GRE fd s S # e Br 00 A R

XXI
XXII
XXIIT
XXIV

18

33

46

b2
59

65

65
66

76

83



PART | - PHYSICAL PROPERTIES OF GRAINS « + « « v =« « « « v v v v o .

2 INTERACTIONS BETWEEN WATER AND THE CONSTITUENTS OF GRAINS, SEEDS AND BY-
PRODUCTS,. by Tk MUBEOH & s v 5 v woimi o o o e o o s ma v s

1. Water content and water activity . . . . . . . . . © e e e e s
1.1 Water content (H:,0 %), quantitative factor - 1. ZTne tngrmoaynamzc
concept of Water Activity - 1.3 Correlation between ay and water content :

the Zsothermal sorption-desorption curve

2. Nature of the interactions responsible for the affinity between water
and foods . . . 7 P a8 @ E 5 W RS R E E b W% ¥ W
2.1 The water molecule - 2 2 Interactions on tke molecular scale - 8.3 Qn
the macromolecular seale — 2.4 Lipids

3. Characteristics and properties of sorption-desorption isothermcurves .
3.1 Macromolecules (amorphous or partly ordered structures) - 3.2 Small
erystalline molecules — 3.3 Sorption curves of mixtures ; additivity and
potential interactions - 3.4 Mathematical modeling of sorption isotherms -
3.5 Kinetics of the sorption phenomenon

4. Functional properties of absorbed water . . . . mone o w s
4.1 Solvent power of water — 4.2 The f?eezaszzﬁy of water - 4.3 Mobility
of water molecules — 4.4 Density of adsorbed water - 4.5 Calorimetric

properties - 4.6 Quantitative comparison of the différent forms of water

Conclusion .+ = « ¢ + + o o ¢ 4 0 2 e 4 oe e e e e e e e e s e s e e oaw
Appendix 1 . i v 0 0w e e v e e e e e s e e e e e e s e s e e

1. Concept of the activity of water (ay) - 2. Water activity and vapor
pressure - 3. Activity of water in a solution - 4. Water activity, osmotic
pressure and capillary pressure - 5. Relation between ay and temperature

Appendix ‘2 . o e @ e el W e W e e G R e B A s R e E A e e G @
Appendiz 3 : iw e w5 ¢ Biw iR o B el s s e W N o4 B o8 WA

3 HEAT AND MOISTURE TRANSFER IN GRAINS, CONSEQUENCES FOR AERATION AND

STORAGE, by L. Bowrnas . . . e e e e e e e e e e e
1. General comments « « + « + & & o« & 4 & & s 8 8 b s w s & ¥ sl ow s s
2. Transfer of heat and moisture between grains and air . . . . . . . . .

3. Study of a simplified model of heat and moisture transfer in an aerated bin
4. Comments on these results . . « ¢ & v o & o o v = o s = o+ o+ » =
5. Adaptation of this model to the practical problems of grain storage

Conclusions. . o o « = & o s e el w e w ow e w B e e ow el wlw s o w e e

4 PRESSURE DROPS DUE TO UNIDIMENSIONAL AIR FLOW THROUGH GRAIN MASSES, CONSE-
QUENCES IN AERATION, by S. Swour . . . . ©E o T

1. Pressure drnp due to the grain : P ek E . P E oS
1.1 Influence of the type of grains — 1.2 Infouence of bulk dgnstu -
3 Influence of air speed - 1.4 Influence of grain height

2. Measurement of pressure drops . . R T S I 3
2.1 Experimental set-up - 2.2 Methodology - 2 3 Measurements perfomed =
2.4 Flow equation and discusion of results — 2.5 Estimation of unit pres-
sure drops for different bulk densities
3. Consequences in ventilation . . . WROE B BRI B 6
.1 Pressure drops due to the air aﬂstrzbutton system - 3.2 Pressure
arops due to the air diffusion system in the grain - 3.3 The tetal pres-
sure drop of an installation — 3.4 Choice of fan

Appendix : Correspondence between units . . .« « + « & « ¢ « = s 0 oo+ . .

5 THERMAL PROPERTIES OF GRAINS, PRODUCTION OF HEAT AND CO., by S. Stour .

1. Factors acting on the production of heat and carbon dioxide . . . . .

87

89
90

93

106

117

121
130

134
136

160

160
160
163
166
167
168

170
170

177

179

187

189
189



1.1 Aetion of tanperature - 1.2 Aetion of moisture - 1.3 Influence of
time of harvesting - 1.4 Bin a’orﬁge with mierofloral development

2. Formulae for carbon dioxide release . . « « « « « &« & « & 4 & o & = & 191

3. Temperature variation of a poorly ventilated grain mass . . . « A8
3.1 First from - 3.2 Second form - 3.3 Time multiplication coej}%atents
for different moisture contents

4. Numerical data for the release of heat and carbon dioxide . . . . . . 195

S5: Applications & & o ¢ /@iaa @ ¥ W W E & @ Sie e W E @ RV W Hu A w0 197
5.1 Maize - 5.2 Wheat - 5.3 Maize

6:Concluadfona: 5 3 5 8 65,2 % 5 %S & 5 3 s @ Ws ¥ 5 S RAESE 5 5 8 8 198

ParT Il - BroLOGY OF GRAINS AND SEEDS IN THE POST-HARVEST ECOSYSTEM 203

6 SEEDS, ORGANS OF SURVIVAL, by D. Céme . . . . « . v « « « « o« o v« « « . 205
1. Organs of resxstance 5 & MVE RN G B RE VR R A B ow M 205
1.1 Seed structure — 1.2 Bzclagg OI dry Seeds 8 suspended life = 1,3

Special case of seeds which do not tolerate desiccation

2 Beed sUFVAVAL 5 ¢ s v E oy B v Wy 2 EoR e s ¥ v B s & o« w208
2.1 Lifespan of seeds - 2.2 Origin of seed death - 2.3 Prolongation of
viability - 2.4 Tests of viability and vigor

3. Dormancies . . . : 213

3.1 Diverse types of uarmzncy - 3 2 Przngzpai characterwstzas uf Jarwnnfy
3.3 Elimination of dormancy

b, Conclusons .« u v o w i a W v & & E N G W W ¥ e SR ¥ W w Tel el s W B 221

7 GENERAL CHARACTERISTICS OF THE MICROFLORA OF GRAINS AND SEEDS AND THE
PRINCIPAL RESULTING SPOILAGES, by 0. Richard-Mofard . . . . . . . . ... 226

1. Microorganisms . . . . V¥ @ o EEwE ¥ o€ g 227

1.1 Bacterial flora - 1.2 The mobds = 1 5 The geasus

2. Elements of microbial physiology and biochemistry . . 235

2.1 Biological oxidations. Respiratory types — 2.2 Carbohydrate kreaxdown

2.3 Lipid breakdown - 2.4 Protein breakdowm - 2.5 Anabolic reactions.

Microbial biosyntheses

Conclusions . . « « « ¢ 4o o 4o 4 4 o 4 4 4 4 4 s s e e w a e e e e e e 240
8 ECOLOGY OF THE MICROFLORA OF GRAINS AND SEEDS, by J. Pelhate . . . . . . 244

1. Floristic succession . . S 8 s wn s o8 o 20

1.1 Inventory methods - 1.2 Statzc aspect of the fIcra : floristic succes-

atons

D Dynamic series . . . S R AR ¥ SIAN WY R R nies 38 5 25l

2.1 Demomstation of a normal JIoristic succession — 2.2 Ecological deter—-
minigm - 2.3 Practical applications

9 EFFECTS OF GRAIN "STABILIZATION" PROCESSES, by J. Poisson and B. Cahagnien 263

1. Influence of the initial quality of the grains on the grow:h of their
microflora . . 263
1,1 Impurities — Mechan**au damage = I 2 Earﬁy fhngab attack - 1 S Grazn
ripeness - 1.4 Contamination of material and storage areas

2. Control of microorganismal growth by regulation of environmental condi-
tions . . . 266
2.1 TradltzonaL techntques = Azr sforage = 2 2 Modzfied atmosphere storage

3. Chemical and physical treatments . « « 4+ « » + o + = « « « 4o « s &+ « » 271
3 1 Physical treatments - irradiation — 3.2 Chemical treatments

POt usions o o o % & o ove mo o W @ W T N s & & % tw ve A w5 om o ge w o = oo (PG



10

1

12

13

CLASSIFICATION AND CHEMICAL CHARACTERISTICS OF FUNGAL TOXINS IN GRAINS
AND SEEDS, by C. Frayssinet . P

1. Aflatoxins . . .
1.1 Discovery and produczng stratns - 1 2 Structure = I Physpﬂochemica?
properties — 1.4 Metabolism - 1.5 Toxieity - 1.6 Contamlnattor

2. Epoxytrichothecenes . . .
2.1 Chemical structure — 2.2 Physzcochemteal propertzes = 2 3 Tomzc pro—
pertzes - 2.4 Immnosupressive capacity — 2.5 "Refusal factor' and vomi-
toxin - £.6 Actiom mechanism of trichothecenes = 2.7 Contamination

3. Zearalenone . T
.1 Structure — 3.2 Bzologtca? propeptaes - .3 Contamination

Cr\]

. Ochratoxins . :
1 Producing strains and structuve — 4.2 Physmﬂochemac ppopertzes =
3 Toxic properties - 4.4 Contamination

. Patulin § .
1 Structure and productng strazns =8 2 Toxzc propepttes = 6 E‘f@ﬁts
on humans - 6.4 Contaminations

_{'
4.
4,
5. Citrinin .
6
6.

7. Sterigmatocystine . . v ¥
7.1 Physteochemical — 7.2 Structuwe = 7 3 Metabob7°m = 7 4 Tomtczty = 7 5
Contamination

MICROBIOLOGY OF SEEDS IN RELATION TO CONDITIONING : ITS INFLUENCE ON
GERMINATIVE CAPACITY, by J. Pelhate . . . T

Introduction
Biological qxauzty of seads - Spozlage SperDf7OPa

1. Ecological beuav1or of seed mycoflora s VG m W W W TH
1 Ecological complex : seed + mycoflora - 1. 2 Spermoybora dynamies

'3

2. Spoilage of stored seeds . . . . .

2.1 Demomstration = 2.2 Spoilage erfbc*q

3. Application to integrated control . . . . . . « & . L L0000
3.1 Seed health test - 3.2 Ecological control of conditioning - 3.3 Genetic
improvement = 3.4 Treatment of seeds

Conclusions .

MICROBIOLOGY OF MOIST GRAINS, by J. Pethate .

. Delayed drying of damp grains ‘
.1 Treatment of grain by chemiecal stabtlzzers = 1 2 Atftzght stopﬂge

1
1
2. Slow drying of grains

2.1 Air storage, without aGtiU@ uentzlattcn - 2 2 Drytng by aorcttor
3

3.

. Storage of mcist grains & W
1 Storage of untreated grains - 3 2 SzEage Of ground grazn

Conclusions .

TOXIGENESIS AS A FUNCTION OF THE ECOLOGICAL CONDITIONS OF THE GRAIN/MICRO-
ORGANISMS SYSTEM, by J. Le Bars e

1. Origin of toxins resulting from the development of molds .
1.1 Prineipal elaboration mechanisme of zootoxic metabolites - 1.2
Biogenetie origin of mycotoxins

2. Toxigenesis : general data . .
2.1 Intrinsic factors - 2.2 thrbnszc jbctows

3. Natural occurrence of mycotoxlns in grains and seeds .
3.1 Aflatoxins - 3.2 Zearalenone - 3.3 Ochratoxin A - 3.4 Other my“otoxtnﬂ

Conclusions .

290
290

293

297

299

301
302

304

310
310

314

318

321

328
328

330

338

342

347
347

350

357

359



15

INSECTS, by F. Fleunrat-Lessand

1. Introduction . W e T e
1.1 General comments — 1. 2 Extent 0# Zosses due +o Lnsects - 1 3 Sources
of contamination

. General features of graln and seed insects .

1 General comments - 2.2 Schematic morphology and tnuernal organzzatzon
.3 General characteristics and growth cycles of the principal orders -

4 Appearance of insect damage and summory identifﬁeation

b Do bo M

Description and biology of injurious species .
.1 Grain Coleoptera — 3.2 Grain Lepidoptera

C.\l w

GRAIN MITES, GENERAL CHARACTERISTICS AND CONSEQUENCES OF THEIR PRESENCE
IN STOCKS, by F. Fleuwrat-lessand

1. General characterlstics of the mites of stocks .
1.1 Anatomy — 1.2 General biology

2. Principal injurious speﬂles

2.1 Saprophytic mites — 2.2 E?edatory or parabttte mmtes
3

4

. Risks linked to pullulations of mites

. Conclusions

VERTEBRATE PESTS OF STORED GRAINS AND SEEDS, by G. Grolleau and P. Gramet

General introduction .

I
2. Rodent depredators of stocks .

2.1 Preliminary remarks 2.2 Nature and economic tmportan"e o; theahnuge
2.3 The species - 2.4 Control techniques — 2.5 Practical implementation
of control measures

3. General conclusions . . .

ParT [I] - ANALYTICAL METHODS FOR THE INTRINSIC TEST]NG OF GRAINS

17

13

19

AND SEEDS IN THE POST-HARVEST SYSTEM

INSPECTION OF GRAINS AND SEEDS AT THE ELEVATOR, by C. Mauze .

1. General examination - organoleptic characteristics .
1.1 Applications — 1.2 Method

2 Mass per hectoliter
i Definatioﬂs = Bud Appltcatton = 2 Méthods = 2 4 Sagntficance of the
results - 2.5 Mass per hectoliter and storage

3, Determination of besatz (1mpur1tles) s 3
3.1 Definitions - 3.2 Application - 3.3 Méhtods = S 4 lnpurzties and
storage

4., Other storage analyses . .
4.1 Hagberg test - 4.2 Aczdzty “4.5 Germinatzon test

5. Conclusions

SAMPLING OF GRAINS AND SEEDS, METHODS AND MEANS, by M.F. Beaux

1. Theoretical objectives .

1.1 Some definitions — 1.2 Wkat i8 a gaod eample 9 = I 3 How to obtatn a
good sample ?

2. Practical realization
2.1 Sampling - 2.2 Dividing

3. Opt for mechanical systems .

STANDARD METHODS FOR THE MEASUREMENT OF MOISTURE CONTENT OF GRAINS AND
SEEDS, by J.L. Multon and G. Marntin .

367
367

369

378

409
409

411

414
415

417

417
419

432

435

437
437

438

440

444

445

446
446

448

453

454



20

21

22

23

1. Standardization of reference methods for the determination of moisture
BOMEEIFE & i v i 5 5 BB S8 B B BB B E G 0 woum s a4 s s e e W 3 o aw

2. Principles of the reference methods in the case of grains and seeds .
2.1 The problem of grinding and pre-drying - 2.2 Standardization reference
methods - 2.3 Approximate methods

3. Repeatability of moisture measurement methods : theoretical calcula-
tions and experimental evaluation . . . . . . 4 . . . 4 . w444 4w ..

4. Reproducibility . . . . . L L L L L. o e e e e e e e e e e e

RAPID MOISTURE MEASUREMENT UPON RECEPTION AT THE STORAGE AGENCY, by
G.. Mantiin ond Tl MUEEOW < & v ovwin o v & 5 2 % 5 £ 6% o o & 5 &%

1. The different types of moisture meters . . . P s W E W s we oo
1.1 High-temperature drying methods - 1.2 Iﬂstrumenta whic h measure a
physical quantity

2. Regulations and endorsed instruments . . . & e = .
2.1 General principles of the regulations - 2, 2 Endorued tnstrumenta
3. The limits of current rapid methods . . . . « v « + + & « v 4 4 o o .
Conclusdon®s » « wiw w6 5 © @ W W 5 & 8 BAEE 8 8 S EE 5 5 5 moay e

QUANTITATIVE AND QUALITATIVE MICROBIOLOGICAL ANALYSES (BACTERIA, YEASTS,

MOLDS), by B. Cahagnien and J. POABAOR . « o v v v v v v e e e e e
L, Saipllfifl « o oueomo; o m o osom ooome o B owoer B e & ¥ E W R W B B W ED Rl B
2. Enumeration methods . . . . 5 i 8 % i S phEa 4

2.1 "Direct observation' methods of fungal flora - 2 2 bnumeratton after
suspension of grain microorganisms (molds, yeasts, bacteria)

3. Methods for the estimation of the fungal biomass of grains . . . 3
3.1 Assay of a specific fungal constituent - 3.2 Detection of the bvomuss
by immmofluorescence - 3.3 Detection of the biomass by spectrofluorimetry

4. Determination of a specifically microbial, lelOglCal or metabolic
activity, or a product thereof. . . . . . . P
4.1 Production of volatile compounds - 4.2 Release of fht ty acids

CONCIUEEONE wicwisir 0 # & s i & & @i W% % & S5 W 4 5 & S S04 & ¥ 3

DETERMINATION OF INSECT INFESTATION, by F. Fleuraf-lessand . . . . . . .

L IntrodutEon’ « & « oo w5 6 & W s % & 0 R 5 8 5 ome o on w

2. The taking of samples for entomological analysis . . . o e
2.1 Brief reminder of definitions - 2.2 Primciples of samplzng - 2 3
General 1nf@statton survey - 2.4 Detection and measurement of insect
infestation in a grain mass, sampling procedure

3. Methods for the detection of insects in an elementary sample . . . ., .
3.1 Detection of free forms : initial visible infestation - 3.2 Detection
of hidden forms

ColeLsions w5 3 ¥ e s @ s & & B/ Al 6 ¥ A IS5 8 5 80l 8r s u w = e

DETECTION OF PESTICIDE RESIDUES, by M. Hastcoet . . . . . . . . . . ..

1. Sources of contamination . . . ]
1.1 Crop treatment - 1.2 Storage treaLMﬂnbs - 1 5 bradlcatton treatments
the fumigants

2. Assaymethods . & . . 0 L L u v b e e e e e e e e e e e e e e

3. Sampling and sample storage . . . B e T w0 B m e Ve B ® W CE EE W &
3.1 Extraction - 3.2 Purification - 3. 3 ASSthng

4. Multidetection method applicable to organcchlorine (0C) and organophos-
phorus (OP) pestlcldes e e e e e . v B
4.1 Principle — 4.2 Equipment - 4.3 Soluents and reagents = 4.4 Experi-
mental procedure

455
459

463

466
467

469

474
475

477
478
479

487

490

491

495

495
495

502

512

516
516

518
518

521



24

5. Multidetection method applicable to halogenated organic fumigants -
6. Hydrogen phosphide assay - 7. Inorganic bromide assay

8. Conclusions

DETECTION AND ASSAY OF TOXINS IN GRAINS AND SEEDS, bj (8 Fmagas&an and
B. Cahagnier SN W ke & s e . -

1. Aflatoxins .

1.1 Sample preparation - e £y ?apza mZHOtJLuIMP?EPQd - ;3 iechnlque appll—
cable to simple foods - 1.4 Use of High performance liquid chromatography
(HPLC) - 1.5 Rapid method for the detection of aflatoxin in maize

2. Zearalenone assays . . BT EEEYE LR R e
2.1 EPPLEY'S technique (1968) - .2 Technique due to MIROCHA, SCHAUERHAMER
and PATHRE (1974) - 2.3 Use of High pressure liquid chromatography (HFLC)
3. Assays of epoxytrichothecenes §

3.1 Biological test based on dermatonecrotta pwoperttes = 3 2 T?chrzque
of ROMER, BOLING and Mz DONALD (1978)

. Desoxynivalenol or vomitoxin (MIROCHA's technique) . .
1 Extraction — 4.2 Purification of the extract - 4.3 Chromatoanap%g on
thin layer of siliea gel - 4.4 Gas chromatography

1 Teﬁnn1que of SCOTT and KENNFDY (19?5) = 5 2 TﬁLn Layﬂr cPromaLog aphy

4
4.
a
5. Patulin assay
5.
5.3 Use of high performance liquid chromatography
6

. Assay of ochratoxins . .

6.1 Preparation of standard 5uLu*Lan5 - 6.2 Emtraction - 6.3 Purificotion
of ochratoxins - 6.4 TLC

7. Assay of sterlgmatocystlne o ¥ PN W W W W e R
7.1 Preparation of standard soiutzons - 7 2 Ex trac:ion - 7.3 Preliminary
TLC —= 7.4 Colum puptfvcatzon

8. Remarks

ParT [V - POST-HARVEST TECHNOLOGIES

25

26

GRAIN HANDLING IN STORAGE AGENCIES, by G. Renaud

. A handling machine is not isolated in the world

. French experience in silos and handling

Techniques connected with handling and their evolution .

I Sacks - Bulk cars = Trucks - Tipping devices - Shovels - 4. 2 prtyzng
devices for flat—bottomed storage bins - 4.3 Weighing of grain - 4.4 The
eleaning of grains - 4.5 Problems posed by dust - Remouval of waste — 4.6
Problems of remote control and centralisation — 4.7 Grain storage - Air
delivery - Silo—thermometry

1
2
3. What handling machinery ?.
4,
4.

5. Handling devices .

8.1 Gravity handling - 5. 2 HOPLzonta7 handling = 5 3 Vertzcai nandlﬁng o
5.4 Oblique handling — 5.5 Pneumatic transport — 5.6 Harbor cranes (trave-
ling gantries) for the loading and wnloading of grain ships - 6.7 Loading
of grain cars by shuttle belt conveyor

THE DRYING OF GRAINS, PRINCIPLES, EQUIPMENT, ENERGY SAVINGS AND FIRE
SAFETY, by J.C. Lasseran e e e e e e e e e

Introduction

1. General principles of drying .
W1 Dryzng technique and agrzcaLtural products - I 8 Cﬁaractertstzcs of
matze grain - 1.3 Simplified theory of the drying of grains

2 Technical characteristics of driers .
2.1 In-bin drying - 2.2 Closed-circuilt grain-— Pectrouuatton dPlLPS - 2 3
-ontznous flow driers - 2.4 Drying fhele and heater-blower units

524
525

527
528

535

538

543

546

547

548

551

553

553
555
564
564

579

606

606
607

633



27

28

29

30

VT

3. Energy savings in the drying of graimn . . . . « . « « « o o . . -
3.1 Thermal balance sheet for comventional driers - 3.2 Existing energy-
saving procedures — .3 A new energy, the biomass

4, Fire safety at drying installations . . . « « « « & « & o ¢ & & & .o
4.1 Fires — 4.2 Fire prevention

THE AERATION OF GRAINS AND THE MEASUREMENT OF GRAIN TEMPERATURE IN STORAGE
BINS (SILO-THERMOMETRY), by J.C. Lasseran . . . . « « « o « v« v v« &
Tntroduction : Definition of aeration of grains . . . . . . . . . . . . .
1. General data on grain aeratlon o . . 3 & v

1.1 Theoretical aspects — 1.2 Study of the phenomena of cooLGa and dryzna
of grain by aeration - 1.3 Drying ceration or ventilation — 1. 4 Adaptation
of solar energy to ventilation

2. Bases for calculations related to aeration installations . . . . . . ..
2.1 Air flow as g function of gratn type and moisture content - 2.2 Fans
2.3 Pressure drops

3. Setting up aeration installations . . . . . o .G W W E W

3.1 Total air flow — 3.2 Air distribution systems-— ..Z Special cases of
diffiecult aeration
4.
4

The measurement of grain temperature in storage bins (silo-thermometry).
1 General principle — 4.2 Equipment - 4.3 Use of silo-thermometry

5. Management of cooling by aeration . . . . . . . . . . . e 4 .
5.1 Reminders of fundamental notions about aeration — 5.2 Hattonal mana-=
gement of aeration — 5.3 Aeration tests

MODIFIED ATMOSPHERE STORAGE OF GRAINS, by J. Shejbal and J.N, de Boistambert .

1: Introductdon « o« 5 & & wiricw & & wiw i % % F ¥ G0 OE G w W W& Ne e @

2. Airthight storage . . . o v & & » & & 0 & &+ & 4 0 & b a4 W a4 W

2.1 Principles and scope - 2.2 Underground stores — 2.3 Above—ground stores

3. Controlled atmosphere storage . . . .+ AR LR
3.1 Principles and scope — 3.2 Storage stpuctures, desinfestation and
preservation techniques

4, Economics of modified atmosphere storage of grains . . . . . . . . . .

THE TECHNOLOGY OF SILO CONSTRUCTION IN EUROPE, by M. Reimbert and A, Recmbent

Introduction - Historical perpective . . . « & ¢ ¢ ¢« v @ & v 4 0 0w 4.
Principal categories of silos . . + + v v v 4 4 v e e e 4 e . .

WALLS UF TYPE "a" : Permitting air eirculation through the walls

WALLS OF TYPE "b" : Resistant to raimwater . . i B % & :

WALLS OF TYPE "e" : Impermeable to water and air or gas R T
WALLS OF TYPE "d" : The face of the walls in contact with the ensiled

4

material is accepted as constructed v E o .

WALLS OF TYPE "e" : With perfectly smooth anernal surface 5 & e
WALLS OF TYPE "f'" : Thermally insulated . « . « « « « « v & « « o = =
WALLS OF TYPE "g" : Coated s 5 ;

Vertical silos and horizontal silos . . . & + + = ¢« + & ¢+« o 4.
Various precautions . . . . . o . o 0 4w w w e ae e e e e e e e e e

Calenlatlons & w i 5 3§ @& @ a & & ¥ e @i s % ® &N e W W & &

DETOXIFICATION OF STOCKS INTENDED FOR ANIMAL FEED, by G. Vincben

1. Totroductlon . 7 & 5 5 ¢ & % 4 & & § & @ @ o & & % & & 9 &

2. Technique for the decontamination of agricultural products polluted
by aflatoxin . . . i 3 2 % ERO
&.1 Decontamination OI the peanut = 2 2 Decontﬂmznatt@n of maize

3. Conclusions . ¢ v 4 v v e e e e e e e e e e e e e e e e s

646

656

664

664
666

701

717

730

735

749

749
750

756

768

778
778

778
780
783
798

807
808
309
810

811
812
813

818

818

819

328



31

32

33

CHEMICAL CONTROL OF STORED FOODSTUFF INSECTS, by R. Plewrnct . . . . . . .

1. Removal of insects and protection of cereals . . . + « « + + + & + &
1.1 The use of contact insecticides - 1.2 Treatment by fumigation - 1.3
Chotce of treatment process

2, Purging storage bins of insects . . . . . . . . \ . N
2.1 Elementary precautions - 2.2 Treatment using contact 1%8@@*1c1des =
2.3 Fumigation treatments

THE CHARACTERISTICS OF GRAIN DUST AND THE PREVENTION OF GRAIN DUST EXPLO-
SIONS ‘IN SILOS, By d. BuAT o v v ¢ v w wimiw o o wwims o & o m o= e

1. Grain dust in processing and storage centers . . - . )
1.1 Dust concentration — 1.2 Average gtze of parttclas 3 totai surfbce
aéra ; velocity at which the dust 1s captured ; settling time - 1.3
Chemical composition — 1.4 The physical characteristics of grain dust -
1.5 The rheological properties of grain dust — 1.6 The microbial flora

of grain dust in silos

2. Explosive power of grain dust . . . . . AR B T SR i
2.1 Ignition temperature - 2.2 The minimum energy required to tgntte
grain dust - 2.3 Minimum explosive concentration = 2.4 The minimum eaplo-
sive mass - 2.5 The risk of explosion due to various dusts

3. Grain dust explosions S om0 B e HEE W6 R OE e E 8 o
3.1 The course of a dust explo vion - 3.2 Eetimating the risks of dust
explosions according to the type of dust — .3 Vartoue causes for the
triggering of grain dust explosions - 3.4 Is the electrostatic triggering
of grain dust explostons a real risk 7

4, Reducing the effects of grain dust explosions . . .
4.1 Reducing the formation of dust - 4.2 Prevention of oxplostons by phy—

sicohemical methods — 4.3 How to control insects thaL generate grain dust -

4.4 Equipment for the control of grain dust — 4.5 Improving the equipment
for the collection of dust and imporving the quality of air in grain sto—
rage factlities — 4.6 Transporting and stocking dust

5. Improvement of safety in gra1n processing . . . . . e

5.1 Prevention of expﬂosmons using thermographic detecttcn - 5.2 Liﬁ%tlng
damage in the course of silo explosions by weakening resistance pointe —
5.3 Improvement of silo equipment to emnsure personnel safety — 5.4 Causes
of grain silo explosions - 5.5 Detecting and eliminating grain dust explo-
sions — 5.6 Strategies for improving safety in grain processing — 6.7
Standards for monitoring the air in grain siles and for reducing (or even
eliminating) grain dust explosions

6. Government measures to prevent grain dust explosions in the U.S. . . .
6.1 U.5.D.A. safety recommendations - 6.2 U S.D.A. analysis of damage from
orain dust explosions - 6.3 U.5.D.A. and 0.5.H.A. research programs

7. Uses of grain dust in the united states . . s W @ ¥ O 5
7.1 Grain dust used in cattle feed - 7.2 Inctneratzon of grain dust - ? 3
Use of grain dust for compost - 7.4 Bioconversion of gratn dust

8. Do silo explosions constitute a special risk in the unites states? . .
8.1 Grain processing in American silos — 8.2 Remark

9. Conclusions : Directions for further research to reduce the risks of
silo explosions in France . . . . . & & & ¢« « 4+ 4w s a e s e e s o-

THE PREVENTION OF ACCIDENTS IN STORAGE INSTALLATIONS, by J.l. Poichotte .

1. Accidents involving falls, engulfment or asphyxia . . . . ‘ & E
1.1 The causes of aceidente — 1.2 Arrangements for ew5ur1ng the normal
flow of materials - 1.3 Material arrangements for preventing staff from
entering storage recipients - 1.4 Instructions for performing work inside
material accumilators

2. Risks of accidents upon the reception of grain . . . . . . . . . . . .

Y. Blectrdoal vPisks . o oo 2 = mos e B F B BEE A Y OF Sm W O §& s
Use of portable material

832
832

840

843
844

846

852

859

863

868

870

871

872

881
881

885
886



PART V - INFLUENCE OF DRYING AND STORAGE CONDITIONS ON THE TECHNO-
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