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PREFACE
 

Mr. A. N. Mphuru, Senior Lecturer in the Faculty of Agriculture,
 

University of Dar es Salaam, Morogoro,Tanzania, spent four months at
 

Kansas State University under a Fullbright-Hayes Fellowship, sponsored
 

by the Council for International Exchange of Scholars. He was hosted
 

at Kansas State University by the Food and Feed Grain Institute under
 

contract AID/ta-C-1162, Technical Assistance in Grain Storage, Process

ing and Marketing and Agribusiness Development.
 

Prior to visiting Kansas State University, Mr. Mphuru had been
 

active in grain storage work in Tanzania. He was principal investigator
 

in a study to investigate the traditional grain storage methods in the
 

rural Morogoro and Iringa Regions of Tanzania in which loss assessment
 

was a major consideration. He also served as Director for the Second
 

Course of the FAO/SIDA/Tanzania Sub-regional Training Center on Storage
 

Pest Control held at the Faculty of Agriculture and Forestry of the
 

University of Dar es Salaam, Morogoro, Tanzania May 26 - July 4, 1975.
 

During the time Mr. Mphuru was at Kansas State University he
 

devoted most of his time to developing a bibliography on losses which
 

occur during harvesting and storage of grains. He also took part in
 

the 1976 AID Grain Storage and Marketing Short Course held at Kansas
 

State University June 21 through August 6, 1976.
 

Over the past several years, considerable emphasis has been placed
 

on increasing the production of the world's food supply to meet the
 

needs of our growing population. Only recently has there been a realiza

tion, on a broad scale, that we need to increase our efforts in the area
 

of harvest and post-harvest food loss reductron as a means of increasing
 

the total available food supply.
 

I.
 



Since the late 1940's, there have been various loss estimates
 

published for various parts of the world. Some of these estimates are
 

based merely on guesses, others on limited observations, and a few on
 

well designed studies.
 

To put the harvest and post-harvest loss picture in proper perspec

tive, there is a need to assess the information that is currently avail

able. This Bibliography is an attempt to bring together in one publi

cation a listing of the available literature on "Losses Which Occur
 

During Harvesting and Storage of Grains." This effort should be of
 

value to others persuing the subject of food losses.
 

John R. Pedersen
 
Food and Feed Grain Institute
 
Kansas State University
 
Manhattan, Kansas
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INTRODUCTION
 

The main efforts towards increased food production havebeen directed
 

towards greater agricultural production through efficient cultivation,us

ing high yielding varieties, fertilizers, insecticides and good crop hus

bandry. The necessity for good storage of the harvest, won with such cost
 

and difficulty, has not received sufficient recognition. The main problem
 

has been due to lack of understanding of the magnitude of losses which
 

occur during harvesting and storage. The nature and magnitude of these
 

losses have been documented by several workers (Freeman, 1952; Herford, 1962;
 

Howe, 1965; Parkin, 1956; Hall, 1970; Tygi and Girish, 1976; Jackson, 1976)
 

and many others.
 

Most of these estimates have either been based on data from controlled
 

experiments or from guesswork and as such have led to an over- or under-esti

mate of the extent of losses which occur under field conditions. Furthermore,
 

most of these estimates give no information or clue on the progress of losses
 

during storage.
 

There are several reasons why reliable qualitative and quantitative
 

assessment of losses are important. Accurate assessment of losses is
 

important and the data can be used: (i) as a tool for directing future
 

research and agricultural planning, (i) as a basis to calculate justifiable
 

expenditure on control, (iii) in estimating damage that justifies control,
 

(iv) in estimating the effectiveness of control measures and (v) as a basis
 

for evaluating harvesting machines and machine components with respect to
 

the damage they cause or produce.
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Although many workers agree that there is a need for loss assessment
 

there is no agreed method of storage loss assessment technique. Similarly,
 

there is no agreed definition of grain "loss" or grain "damage". This is
 

due to the fact that the storage losses are of a multiple nature, including
 

losses in weight, quality, nutritive value, and market value. Each of these
 

types of losses may have different significance that varies with people,
 

time and place and in the face of existing methods, experts would proceed
 

differently in estimating them (Harris, 1972). An agricultural engineer
 

will be mostly interested in losses during combine harvesting, threshing,
 

drying and handling. An entomologist would be mostly interested in losses
 

due to insects while a nutritionist would be mostly interested in losses
 

during processing.
 

Dobrovsky (1965) suggests that in order to overcome this problem,
 

losses or damage should be expressed as an index. An index may be a ratio
 

or another mathematical expression based on several factors and derived
 

through a number of experimental observations whose relative values are
 

assembled and placed in their logical positions in the body of the formulae.
 

The computed damage index would preferably be a numerical expression which
 

would indicate the current status of a given lot of grain. Since Dobrovsky
 

suggested this procedure, very little work has been done along these
 

lines. This bibliography is intended to draw together in one volume what
 

has been published or reported on grain storage losses/damage/estimation
 

and detection. The bibliography is arbitrarily divided into four sections.
 

The first part includes literature pertaining to internal infestation and
 

detection procedures. The second part includes losses due to insects, rodents,
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and birds. The third section covers harvesting, handling, condition

ing and processing losses and the last section covers literature on
 

nutrient, fungal and germination losses.
 





DETECTION AND MICROANALYSIS
 

1. 	Adams, R. E., Wolfe, J. E., Milner, M.,and J.A. Shellenberger, (1953).
 
Aural Detection of Grain Infested Internally with Insects. Science
 
118:163-164.
 

Describes the use of a low noise level audio amplifier, suitable
 
microphone and a loudspeaker for detection of insect infestation
 
in grains.
 

2. 	Amman, A. D.and S.Tunnock (1971). Radiographic Detection of Agathis
 

Punila Parasite of Larch Casebearer. J. Econ. Entomol. 64 (5):
 
1086-1688.
 

3. 	Anon (1950). Sectioning Technique Developed for Hidden Infestation
 
Tests. Northwest.Miller, 244 no. 7 November 1950.
 

4. 	Anon (1950). Determination of Hidden Insect Infestation in Wheat. Univ.
 

of Wichita Foundation Ind. Res. Newsletter 5(2): 1,3,4.
 

5. 	Anon (1955). Official Methods of Analysis. 10th Ed. Assoc. Official
 
Agric. Chem. Washington, D.C.
 

6. Anon 	(1959). United States Standards for Beans, 11 pp., Grain Div.,
 
U.S. Agr. Mktg. Serv., Washington, D.C.
 

7. Anon 	(1959). Sanitation Analysis. Cereal Science Today 4:301-302.
 

8. 	Anon (1965). Methods for the Determination of Infestation of Grain
 
and Damage due to Pests in "State Standards of the USSR Grain
 
and Pulse Crops." Translated by Dr. V. S. Kothekar.
 

9. Anon 	(1971). Magnets Detect Insects. Agric. Res. 20 (5) : 7.
 

Describes a Simple Method of Detecting Internal Insect Infestation
 
using the Principle of Nuclear Magnetic Resonance in which Magnetic
 
Field Attracts Insects.
 

10. 	 Apt, A. C. (1950). A Method for Detecting hidden Infestation in Wheat.
 
Northwest Miller 242, No. 6; May 1950.
 

11. 	 Apt, A. C. (1952). A Rapid Method of Examining Wheat Samples for Infes

tation. Northwest.Miller 247, No. 24; June, 1952.
 

12. 	 Ashman, F. (1966). Inspection Methods for Detecting Insects in Stored
 
Grain. Trop. Stored Prod. Inf. 12 : 481-494.
 

13. 	 Ashman, F., Elias, D. G., Ellison, J. F.,andR. Spratley, 1970. Ashman-

Simon Infestation Detector: an Instrument for Detecting Insects
 
within Food Grains. Trop. Stored Prod. Inf. 19: 15-19.
 

Describes an Instrument which uses the Ninhydrin Technique for
 
Detecting Insect Infestation.
 

14. 	 Bailey, S. W. and J. B. McCabe (1965). The Detection of Immature Stages
 
of Insects within Grains of Wheat. J. Stored Prod. Res. 1:201-202.
 

-5
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A non-destructive method of detecting insects in grains is des
cribed. Mechanical vibrations caused by the activity of the
 
insects are amplified and the signal fed to an appropriate dis
play system.
 

15. 	 Banerjee, S. K.andA. Singh (1968). Radiographic Detection of Seed
 
Abnormalities in some Horticultural Crops. Indian J. Agric. Sci.,
 
39 (1): 27-31.
 

16. 	 Bartchat, F. (1935). The Screening and Chloroform Tests as Aids in
 
the Microscopic Investigation of Fodder Meals. Angew. Chem.,
 
48: 549.
 

Methods are given which isolate, among other things mites, mite
 
eggs, and mite feces; Part of the material floats, and part sinks
 
in the Chloroform.
 

17. 	 Belcher, E. W. (1970). Radiography in tree Seed Analysis has new twist.
 
Tree Planter's Notes 24 (3): 1-5.
 

Describes the new radiographic paper that can produce image that
 
can be viewed with reflected light. This has revolutionized the
 
use of radiograph in insect detection; testing for seed viability;
 
embryo development etc.
 

18. 	 Berryman. A. A. and R.W. Stark (1962). Radiography in Forest Entomology.
 
Ann. Ent. Soc. Amer. 55 (4): 456-466.
 

19. Bhattacharya, A. K. and G.P. Waldbauer (1969). Fecal Uric Acid as
 
an Indication in the Determination of Food Utilization. J. insect.
 
Phys. 15: 1129-1135.
 

20. Bhattacharya, A. K. and G. P. Waldbauer (1969). Quantitative Determina
tion of Uric Acid in Insect Feces by Lithium Carbonate Extraction
 
and the Enzymatic-Spectrophotometric Method. 
Ann. Ent. Soc. Amer.
 
62 (4): 925-927.
 

21. Blumberg, B. L. and C. W. Ballard (1940). 
 Three Methods for Determin
ing "Foreign" Matter in Flour. Food Ind. 12 (1): 36.
 

Chemical and physical tests for flour beetle eggs and excreta are
 
discussed.
 

22. 	 Blumberg, B. L. (1939). Insect Infestation in Drugs and Flour with
 
Special Reference to the Genus Tribolium MS Thesis Columbia Univ.
 
College of Pharmacy.
 

Describes a method of examination of foreign matter in flour
 
which involves sifting, digestive with acid and staining with
 
iodine.
 

23. 	 Blumberg, B. L.and C.W. Ballard (1940). Further Studies on Foreign
 
Matter in Flour.Food. Ind. 12 (8): 27.
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24. 	 Blumberg, B. L. and C. W. Ballard (1940). Three Methods for Deter
mining "Foreign Matter" in Flour. Food Ind. 12 (1): 36.
 

Chemical 	and physical tests for flour beetle eggs and excreta are
 
discussed.
 

25. 	 Blumberg, B. L. and C. W. Ballard (1941). An Acid-Alkali Method for
 
Staining Tribolium Eggs in Flour. Cereal Chem. 18: 355-358.
 

26. 	 Bredemann, G. (1911). The Quantitative Determination of Smut Spores
 
in Flour, Bran and Grain. Landw. Vers. Stat. 75: 134.
 

27. 	 Bredemann, (,.(1915). Determination of the Mildew-Spore Content of
 
Flour, Bran and Grain. Landw. Vers. Stat. 87: 241.
 

28. 	 Brindley, J. A. and H. J. Shipman (1920). Influence of Specific Gra
vity on the Separation of Weevil-Infested Peas. Seed Worl,
 
Chicago, Feb. 28, 1920.
 

Describes the use of sodium chloride solution with specific
 
gravity of 1"20 to 1"26 for separating weevil infested peas.
 

29. 	 Brizi, U. (1908). Detection of Spoiled Maize by Means of the Micro
scope. Ric. Lab. Chi. Agr. r. Scuola Sup. Agr. Milano 3: 159.
 

Describes a technique for observing and identification of mold
 
in maize.
 

30. 	 Bruce, A. W. and M. W. Street (1974). Infra-red C02 Detection of
 
Hidden Insects. J. Georgia Entomol. Soc. 9: 260-265.
 

A method is described which uses an intermittent flow of a carrier
 
gas with alternating intervals for sample collection and sample
 
readout in conjunction with bolus-activated infrared CO2 analyzer.
 

31. 	 Butcher, C. H. (1934). The Microscopy of Food Products. V. Flour
 
Food 3: 415.
 

32. 	 ChiaM B. Y., Miller, G. D., and J. A. Johnson (1973). Measuring
 
Damaged Starch by Polarimetric Method. Cereal Chem. 50: 44-49.
 

A method based on polarimetric determination of starch in cal
cium chloride solution and on the fact that damaged starch is
 
digested more easily by a-amylase is described.
 

33. Chung, D. S. and H. H. Converse (1970). Internal Damage of Wheat
 
Analyzed by Radiographical Examination. Trans. ASAE 13 (3):
 
295-297.
 

34. 	 Coombs, C. W. (1963). A Method of Assessing the Physical Condition
 
of Insect Damaged Grain and its Application to a Faunistic
 
Survey. Bull. Entomol. Res. 54: 23-35,
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35. 	 Cook ,. Wj.and A. W. Steers (1947). Detection of Fecal Matter in
 
Food Products I. Investigations of the qse of Trypsin and Alkaline
 
Phosphatase Activity of Feces as a Measure of Contaminations. J.
 
Assoc. Official Agric. Chem. 30: 168.
 

36. 	 Cotton, R. T. (1962). How to Detect Hidden Insect Infestation in
 
Grain. Northwest Miller 266 (1), Jan 8, 1962.
 

Cotton reviews various techniques available for detecting internal
 
infestation.
 

37. 	 Cotton, R. T. and D. A. Wilbur (1974). Insects In Storage of Cereal
 
Grains and their Products. Am. Assoc. Cereal Chem. Ed. by
 
C. M: Christensen.
 

38. 	de Carvalho, J. P. (1963). Contribution of the Radiographic Method for
 
the Study of Sitotroga aerealella. Agriculture (Lisbon) 19:
 
22-25.
 

39. Dell' Orto, T. H. (1969). A Method of Determining the Presence of
 
Infestation by Larvae of the Grain Moth Sitotroga cerealella in
 
maize. Agriculture t~c 29: 89.
 

A measured sample is boiled for 10-15 minutes in 10% NaOH. After
 
cooling, water is added and the liquid is trained through gauze.
 
Remains of larvae, cocoons, pupa etc. are then counted.
 

40. 	 Dennis, N. M. (1953). A Technique of Grain Orientation for Radiographic
 
Analysis. U.S. Dept. Agr. Bur. Entomol. Plant quarantine ET 256.
 

41. 	 Dennis, N. M. and R. W. Decker (1962). A Method and Machine for
 
Detecting Living Internal Insect Infestation in Wheat. J. Econ.
 
Entomol. 55 (2): 199-203.
 

Describes a chemical indicator technique in which the body fluids
 
of the insects produced a colour reaction with ninhydrin-inpreg
nated filter paper.
 

42. 	 Douglass, J. R. and K. E. Gibson (1956). A Simple Device for Deter
mining Insect Damage to Seeds. USDA Agric. Res. Serv. ARS-33-35.
 

Describes a visual technique of examination utilizing glass
 
mirrors for better vision.
 

43. 	 Dubois, D. (1952). Use of the X-ray in Milling Wheat Selection.
 
Milling Prod. 248 (11): la, 18a.
 

44. Eighme, L. E. (1964). A Laboratory Device for Observing Insects
 
and Mites Involved in Heating of Stored Grain. J. Econ. Entomol.
 
57 (6): 998-999.
 

Describes a technique which measures the temperature changes in
 
infested grain.
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45. Eisenberg, W. V. and K. L. Harris (1942). 
 Method for Detection of
 
Mammalian Urine Stains on cloth bags used as food containers.
 
J. Assoc. Official Agric. Chem. 25: 772..
 

46. Enoch, C. (1929). Determination of Sand in Rice Fodder Flour. 
Chem.
 

Ztg. 53: 891.
 
Describes a technique which involves boiling with 10% NaOH;
 
wash with 1.25% H2SO4 ;.ignite; and weigh.
 

47. Farrell, E. P.and M.Milner (1952). 
 Insect Fragment Problem in the
 
Milling Industry. Contribution No. 219, Department of Flour
 
and Feed Milling Industries, Kansas Agric. Exp. Station, Man
hattan, KS.
 
Describes a technique of removal of insects from wheat by crack
ing, aspirator and entoleter system.
 

48. Farrell,E. P., Milner, M., 
and R. Katz (1954). Separation of Grain
 
by Projection into still air. Northwest.Miller, 252 No. 15,

October 12, 1954.
 

A Method 	of separating infested grains by projecting each grain

at uniform velocity into still air is described.
 

49. 
 Fesus, I. (1972). Detection and estimation of internal pest infesta
tion in seeds by the Application of X-ray Techniques. OEPP/EPPO

Bull. No 3: 65-76.
 

The radiographic process most appropriate to quarantine practice

is presented.
 

50. Frankenfield, J.C. (1948). 
 Staining 	Methods for Detecting Weevil
 
Infestation in Grain. 
U.S. Dept. Agric. Bur. Entomol. Plant
 
Quarantine ET 256.
 

De.icribes the use of Acid Fuchsin dye in staining egg-plugs.
 

51. 	 Gier, H. T. (1949). Differential Stains for Insect Exoskeleton. J.
 
Kansas Entomol. Soc. 22: 79-80.
 

Gives an 	account of the use of Giemsa stain (Azure II 
- Eosin)

for staining the exoskeleton.
 

52. Gier, H. T., 
Wilbur, D. A. and G. D. Miller (1945). A Differential
 
Stain for Identifying Insect Fragments in Flour. 
Milling Prod.
 
14, No. 4, April 1949.
 

The use of Azure I or Azure A or Methylene Azure for staining

insect fragments is described.
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53. 	 Girish, G. K., Gopal, K., and K. Krishnamurthy (1971). Studies on
 
the Detection of Latent Insect Infestation in the Food Grains.
 
Bull. Grain Techn. 9 (4): 265-268.
 

Results on the studies of the development of Sitophilus oryzae
 
using Ashman-Simon infestation detector (Ninihydrin) is des
cribed.
 

54. 	 Girish, A. K., Goyal, R. K., Srivastava, P. K. and K. Krishnamurthy
 
(1972). An Easy Method for.-Detection of the Eggs of Tribolium
 
castaneum and Trogoderma granarium in milled products. Bull.
 
Grain Techn. 10 (2): 97-99.
 

A flotation technique using supersaturated solution of sodium
 
chloride with specific gravity 1.198 followed by centrifugation
 
and microscope observations is described.
 

55. Goosens, H. J. (1949). A Method for Staining Insect Egg Plugs in
 

Wheat. Cereal Chem. 26 (5): 419-420.
 

Goosens describes the staining of egg plugs using gentian violet.
 

56. 	 Graham, H. M., Robertson, 0. T. and D. F. Martin (1964). Radiographic
 
detection of Pink bollworm larvae in cotton seed. J. Econ.
 
Entomol. 57 (3): 419-420.
 

57. 	 Greene, W. S. (undated). A method for the recovery of rodent hairs
 
from flour. Food and Drug Admin. Mimeograph, 10-26-33.
 

Describes the use of salt solution to float insect and rodent
 
filth.
 

58. 	 Greenway, W. T. (1972). A fundamental and a rapid empirical test for
 
dust in corn. Cereal Chem. 49: 151-157.
 

The fundamental procedure employs suction and mannual shaking to
 
evacuate 	all dust from corn and to trap it in distilled water.
 
The dust 	is filtered in to crucible, dried, and weighed to deter
mine % dust.
 

59. 	 Harein, P. K. (1960). Methods of detecting hidden infestations in
 
grain. Pest Control. 28 (2): 35-36.
 

He summarizes the procedures for detecting internal insect infes
tation using staining methods, (acid fitchsin, gentian violet,
 
herberine sulfate), cracking flotation method and simple flo
tation method.
 

60. 	 Hart, J. R. (1970). A flotation method for determining extent of
 
weevil infestation in peas. J. Econ. Entomol. 63: 1060-1062.
 

Damaged peas may be removed from a sample by flotation in a salt
 
solution containing 300g of sodium chloride per litre of water.
 



61. 	 Hart, H. V. and A. M. Heighton (1953). The separation of rodent
 
hairs and insect fragments from oat prod4cts. Analyst 78: 439-440.
 

62. Harris, K. L. (1940). 
 Proposed Rapid method for the separation of
 
insects from wheat flour. Food & Drug Admin. Mimeograph 11-15-40.
 

63. Harris, K. L. (1941). General Principles for the study of insect
 
and rodent filth in cereals. Food and Drug Admin. Mimeograph
 
12-18-41.
 

64. Harris, K. L. (1941). Foreign matter in corn meal. Cereal Chem.
 
18: 655-661.
 

65. 	 Harris, K. L. (1943). Some application of insect separation methods
 
to entomology. Proc. Entomol. Soc. Wash. 45: 1-


Reviews various insect extraction procedures and given current
 
bibliography.
 

66. 	 Harris, K. L. (1946). Annotated bibliography of methods for the
 
examination of foods for filth. J. Assoc. Official Agric. Chem.
 
29: 420-439.
 

67. 	 Harris, K. L. (1950). Identification of insect contaminants of foods
 
by the micromorphology of the insect fragments. J. Assoc. Official
 
Agric. Chem. 33: 898-911.
 

68. 	 Harris, K. L. (1954). Symposium on extraneous materials in foods
 
and drugs. J. Assoc. Official Agric. Chem. 37: 136-137.
 

69. 	 Harris, K. L. (1955). Additional bibliography of methods for the
 
examination of foods for filth 1946-1954. 
 J. Assoc. Official
 
Agric. Chem. 38: 1016-1019.
 

70. 	 Harris, K. L. (1958). Insect infestation of grain and contamination
 
of cereal products. Cereal Sci. Today 3: 12-15.
 

71. 	 Harris, K. L. and R. T. Elliott (1943). Microscopic method for de
tection of insect excreta in flour meal. J. Assoc. Official Agric.
 
Chem. 26: 257-259.
 

72. 	 Harris, K. L. and 0. L. Kurtz (1960). Diagnostic sanitation analyses
 
in food and drug control. Food Technol. 14: 33-36.
 

73. 	 Harris, K. L., Nicholson, J. F., Randolf, L. K. and J. L. Trawick (1952).

An investigation of insect and rodent contamination of wheat flour.
 
J. Assoc. Official Agric. Chem. 35: 115-158.
 

74. 	 Harris, K. L. and H. L. Reynolds (1960). Microscopic-analytical
 
methods in food and drug. Food and drug technical bulletin No. I.
 
U.S. Dept. of Health, Education and Welfare.
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75. 	 Harris, K. L., Trawick, J. L., Nicholson, J. F. and W. Weiss (1953).
 
An investigation of rodent and insect contamination of corn and
 
corn meal. J. Assoc. Official Agric. Chem. 36: 1037-1064.
 

76. 	 Hogan, J. T. et al (1954). X-ray and photomicrogranhic examination
 
of rice. J. Agric. Food Chem. 2 (24): 1235-1239.
 

77. 	 Holling, C. S. (1958). A radiographic technique to identify healthy
 
parasitized and diseased sawfly prepupae within cocoon. Can.
 
Entomol. 90 (1): 59-61.
 

78. 	 Howard, B. J. (1922). A net micrometer for use in making mould
 
counts. J. Assoc. Agric. Chem. 6: 50.
 

79. 	 Howard, B. J. (1939). Estimation of insect excrets in flour. Food
 
and Drug Admin. Mimeograph 1-7-39.
 

80. 	Howe, R. W. and T. A. Oxley (1944). The use of carbon dioxide
 
production as a measure of infestation of grain by insects
 
Bull. Entomol. Res. 35: 11-22.
 

81. 	 Howe, R. W. and T. A. Oxley (1952). Detection of insects by their
 
carbon dioxide production. Dept. of Sci. and Industries Re
search. Pest Infestation Research. H.M.S.O. Publications.
 

82. 	 Hurlock, E. T. (1963). Detection of insects in dried peas. Food
 
Manufacture 38 (7): 367-369.
 

83. 	 Katz, R., Milner, M., and R. M. Lee (1956). X-ray grain inspection
 
apparatus. U.S. Patent 2,737,594.
 

84. 	 Katz, R., Farrell, E. P., and M. Milner (1954). The separation of
 
grain by projection. Cereal Chem. 31 (4): 316-325.
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tecting stored-product moths in a peanut warehouse by using light
 
traps and larvae traps. USDA Marketing Res. Report No. 938.
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wheat VI. Investigations of the x-ray inspection of wheat. J. Assoc.
 
Official Agric. Chem. 36:156-159.
 

116. Nicholson, J. F., Kurtz, 0. L., 
and K. L. Harris (1953). X-ray examina
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Chem Zentr. 1:1284.
 

Flour is treated with alcohol, centrifuged, treated with sodium
 
chloride solution-glycerol solution, stirred and centrifuge eggs
 
to surface.
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ESTIMATE OF LOSSES DUE TO INSECTS
 

RODENTS AND BIRDS
 

164. 	 Adams, J. M. and G. W. Harman (1976). The evaluation of losses in
 
maize stored on a selection of small farms in two areas of Zambia
 
with particular reference to methodology. Tropical Products
 
Institute. (to be published).
 

165. Adams, J. M. (1976). Report on post harvest loss assessment in durable
 
produce, with particular reference to methodology. Paper prepared
 
for the meeting of GASGA, Montpellier, France, 23-25 June 1976.
 

Gives progress report on: data and literature collection on
 
postharvest loss assessment; questionnaire survey to identify all
 
people working on storage loss assessment; laboratory testing some
 
methods to assess losses during storage.
 

166. Adams, J. M. (1976). A guide to the objective and reliable estimation
 
of food losses in small scale farmer storage. Draft paper: to be
 
submitted for publication in Trop. Stored Prod. InF.
 

Noted that losses in storage are of different types and hence the
 
ultimate use of any estimate must be considered when conducting
 
loss assessment. In arriving at the total loss, the pattern of
 
consumption and grain disposal must be taken into account.
 

167. 	 Adams. J. M. (1972). Storage loss assessment techniques: A biologists
 
view. Mimeograph paper lOpp. Tropical Stored Products Institute.
 

The author reviews the important factors involved when planning a
 
project to estimate losses in stored grain at the village level.
 
Both planning and technique methodology are discussed with refer
ence to problems likely to be encountered.
 

168. 	Adesiyun, A. A. (1973). Bird damage to cereals grown in the dry season
 
in some parts of Northern Nigeria. Samaru Agric. Newsl. 15(l):34-37.
 

169. Ahi, 	F. N. (1956). Wings over the Congo. Boston Publishing Company 1956.
 

p. 148.
 

Losses of the order of 20-30% are reported in the Congo basin
 

170. 	Ahmad, M. R. and M. Ahmed (1969). Evaluation of losses caused by bruchids.
 
Pakistan J. Sci. Res. 21:117-122.
 

Under laboratory conditions Callosobruchus maculatus caused a loss
 
in weight of the order of 22'8%, 48"58% and 61P14% in grain, Phaseolus
 
munge, and 	wash respectively after a 4 week storage.
 

171. Anon. (1945). Famine enquiry. Govt of India, Famine Enquiry Commission,
 

1945, Final Rept. pp. 158-164.
 

Noted that the normal losses to crop in India from diseases, pests,
 
vermin, etc. may be placed at 10% of the total produce.
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172. Anon,(1950). Pyrenone prevents grain insect damage to stored wheat.
 
U.S. Industrial Chemical Co. publications.
 

Observed that wheat graded "weevily" had increased from 3.45% in
 
1948 to 4.28% in 1952. With light infestation, (2%), the total loss
 
was about 6¢ per bushel while with heavy infestation (10%).the
 
loss increased to 45¢ per bushel.
 

173, Anon, (1954). Losses from pests --- A new evaluation. NACA News and
 
Pesticide Rev. May-June, 1954 p. 8.
 

In this popular article it is estimated that rats destroy 359 million
 
dollars worth of stored crops and insects cause value decreases of
 
218 million dollars. The total post-harvest losses are put at 38
 
billion annually.
 

174. 	Anon, (1954). Southern PCO Conference told economic importance of rat
 
control. Pest Control 22(3):28, 42.
 

It is indicated that in the U.S.A. the losses due to insects amount
 
to about 4 billion annually. It was estimated that there was two
 
rats to every person on farms and one rat for every five city dwellers.
 

175. Anon, (1954). Losses in Agriculture. U.S.D.A. Bull. A25-20-1.
 

Attempt is made to assemble the information available on the various
 
types of losses to agricultural crops and livestock for the year
 
1942-1951. Corn losses were estimated to be about 51,947,000
 
bushels, wheat losses 58,211,000 bushels and sorghum losses 24,223,000
 
bushels.
 

176. 	Anon, (1958). Report on meeting of specialist on stored food products.
 
Sci. Council for Africa. South of Sahara. Publication no. 31. pp. 200.
 

Work in Congo showed that after one year's storage the loss of weight
 
resulting from insect attack was: for sorghum 50%; for beans 20%;
 
and for groundnuts 15%.
 

177. 	 Anon (1959). African agriculture in Nyasaland (Malawi). Dept. Agric.
 
Zomba, Malawi p. 75.
 

It is estimated that the loss of the order of 20-30% occur annually
 
during storage of grains.
 

178. 	Anon, (1969). "Storage problems in developing countries: The role of
 
storage in world food supplies." World Food Problems No. 9. FAO,
 
Rome.
 

Estimate of losses in USA and India are given. Discusses the short
comings of 	the estimates so far reported. Noted that at farm level
 
a farmer will constantly be withdrawing supplies for his own consump
tion and consideration should be taken into account when one is
 
estimating 	losses.
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179. 	 Anon (1969). Rapport d'activite de la commission d'evaluation des
 
pertes dans les denrees stockees crie a 1'issue du congress de
 
Marseille la protection des cultures tropicales. L'Agron. Tropicale,
 
Paris 24(a):872-876.
 

Describes 	a simple method of estimating losses. The grain is
 
separated into damaged and undamaged categories. The damaged
 
sample is further subdivided according to cause and the loss
 
in weight calculated according to a given formulae.
 

180. 	Anon (1970). Economic losses in Gambian Groundnuts. Trop Stored Prod.
 
Inf. 20:1-2.
 

In Gambia by comparing the weight of insect-damaged and sound grains
 
it was estimated that for the year 1968 the apparent loss in weight
 
was 2,500 tons, while the cash losses were £180,000.
 

181. 	Anon (1970). Sorghum storage survey (MN 1978). Ann. Rept. Dept. Agric.
 
Zambia, p. 141.
 

The survey to assess losses in rural areas showed that at harvest
 
the damage is about 1% which rose to 7% damage in 5 months storage.
 

182. 	 Anon (1971). Maize storage survey (NRDC). Ann. Rept. Res. Branch.
 
Dept Agric.- Zambia, 1970-1971.
 

183. 	 Andrews, W. H. and J. M. Adams (1971). A short review of the informa
tion on the economic of storage losses. TSPC Int. Rep. dupl. 45 pp.
 

A comprehensive account on various projects going on on estimate
 
of losses with particular reference to Africa. For each project
 
an account is given on purpose, sampling procedure, methodology of
 
assessing losses and results.
 

184. 	 Back, E. A. (1919). Conserving corn from weevils in the gulf coast
 
states.
 

Back estimated that weevils destroy 1,260,000 bushels annually, 10%
 
of Florida's crop. In South Carolina the losses were estimated to
 
range from 2% to 75% with an average of 14%.
 

185. 	 Barnett, S. A. (1951). Damage to wheat by enclosed populations of Rattus
 
norvegicus. J. Hyg. (Cambr) 49:22-27.
 

Small enclosed populations of the common rat (10 to 26 rats) each
 
with access to one ton of sacked wheat for 12-28 weeks caused a
 
loss in weight of 4.4% of the wheat. 70.4% of the wheat was fouled.
 

186. Barnett, S. A. (1967). Rats. Sci. Am. 216:79-85.
 

Discusses the biology, ecology and population dynamics of rats and
 
their potential as pests of storage and field crops.
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187. 	 Beckley, V. A. (1948). Protection of grain against weevils. East
 

Afr. Agric. For. J. 14(2):71-76.
 

Records that in Germany in 1948 losses caused by insects was
 

worth 10 mill. R.M. while in Kenya the level of damage could be
 

as high as 50%.
 

188. 	 Brooker, R. H. (1967). Observations on three bruchids associated with
 

cowpea in northern Nigeria. J. Stored Prod. Res. 3: 11-15.
 

Noted that field infestation was about 2%.In laboratory observa

tions one bruchid can cause a 3-5% weight loss in a cowpea seed.
 

The decrease in weight loss per individual insect is lower when
 

there are several larvae per seed.
 

Types of food shortages in Tanzania. Georgr. Rev.
189. Brooke, C. (1967). 

57(3):333-357.
 

(1974). Grain Losses.In%
 190. 	 Brooker, D. B., Arkena, F. B. and C. W. Hall 


Drying Cereal Grains. The Avi Publishing Company Inc., Westport.
 

Estimate losses of 5-50% from the time reaches maturity to the
 

time of their consumption. He categorizes the type of losses
 

into: Field losses, harvesting losses, shelling losses, handling
 

losses, drying losses and storage losses.
 

Weight loss of wheat infested
191. Brower, J. H. and E. W. Tilton (1973). 

with gamma radiated Sitophilus oryzae and Rhyzopertha dominica.
 

J. Stored Prod. Res. 9:37-41.
 

The possible use of radiation to control pests is described. The
 

radiated species caused less damage than normal insects. After
 

5 weeks storage the loss in weight was 3-11% as compared with con
trol.
 

192. 	Bull, J. 0. (1973). Rodents and food spoilage. Chem. Ind. (London)
 

1056-1057.
 

Reviews the type and extent of damage caused by rodents. Noted
 

that there are few accurate estimate of losses. May estimates
 

are guess work; few from experimental work.
 

The yield 	of Lasioderma serricorne
1i1. Bull, J. 0. and M. E. Solomon (1958). 

from a given quantity of food stuffs. Bull. Entomol. Res. 49:193-200.
 

194. Calhoun, J. B. (1962). The ecology and Sociology of the Norway rat.
 
U.S. Public Health Serv. Publication 1008.
 

195. 	Campbell, A. and R. N. Sinha (undated). Damage of wheat by feeding
 

of some stored products beetles. Unpublished manuscript.
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196. 	Caswell, G. H. (1961). The infestation of cowpeas In Western regions

of Nigeria. Trop. Sci. 3(4):154-1.58.
 

197. Caswell, G. H. (1968). 
 The storage of cowpeas in the Northern states
 
of Nigeria. Proc. Agric. Soc. (Nigeria) 5:4-6.
 

Gives results of estimate of losses of cowpeas from monthly samples

from the market. 
 Noted that there was a correlation between the
 
number of bruchids per seed and extent of damage. 
By extrapolation

using this technique he found out that about 24,000 tons are being

lost annually which are worth b 840,000.
 

198. Caswell, G. H. (1973). 
 The impact of infestation on commodities. Trop.

Stored Prod. Inf. 25:19.
 

199. Chahal, B. S. (1973). 
 Avoid grain losses in storage. Progr. Farming
 
9(9):19.
 

200. 	 Chambon, R. and A. Leruth (1954). Monographs des bena Muhona, Te-ritotre
 
de Kongolo-District du Tanganyika. 
 Bull. Agric. Congo:Belge, June 1954.
 
Gives estimates due to various storage pests, 20 to 30%.
 

201. Chester, K. S. (1950). 
 Plant disease losses: Their appraisal and Inter

pretation. Plant Dis. Rep. Suppl. 193:196-208.
 

Discusses in detail the value of reliable crop loss data.
 

202. Chiareppa, L., Chiang, H. C. and R. F. Smith. 
 Plant pests and diseases:
 
Assessment of crop losses. 
 Science 	176:769-773.
 
Reviews 	the value and need for crop loss information.
 

203. Christensen, C. M., Mirocha, C. J. and R. A. Meronuck (1971). 
 Some
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573. 	 Waelti, H. (1965). Reduce shatter losses in your grain sorghum har
vest. Circular 172, Agr. Exp. Sta. South Dakota State Univ., Brook
ings, SD.
 

574. 	 Waelti, H. (1968). Prediction of corn kernel damage. Symposium on
 
grain damage held under the auspices of the ASAE, Iowa State Uni
versity. April, 1968.
 

Describes 	the physical properties of the cob and kernels that affect
 
kernel damage. These factors include moisture, kernel strength, cob
 
moisture, 	kernel age, cob strength, kernel diameter, ear length, ear
 
diameter, 	etc. Multiple regression analysis revealed that kernel
 
detachment force, kernel and cob strength, kernel thickness and M.C.
 
are major 	factors affecting kernel damage.
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575. 	 Waelti, H. and W. H. Buchele (1969). Factors affecting corn kernel
 
damage in combine cylinders. ASAE Trans. 12-55

576. Waelti, H., Turnquist, P. K. and V. E. Matter (1971). Harvesting
 
techniques for reducing grain sorghum losses. Trans. ASAE 14(5):
 
797-800.
 

577. 	 Waelti, H., Turnquist, P. K. and V. E. Matter. (1969)., Harvesting tech
niquies for reducing grain sorghum losses. Paper No. 69-633. ASAE
 
Winter Mtg., Chicago, Illinois. Dec., 1969.
 

578. 	 Walton, F. K. (1968). Popcorn kernel damage. M.S. thesis. Purdue
 
Univ., Lafayette, Indiana.
 

579. Warren, F. S. (1971). Harvest losses in grain corn. Forage Notes
 

(Ottawa) 	17(1):24-25.
 

580. Warren, F., Losses in harvesting grain corn. Can. Agric. 18(4):37-39.
 

581. 	 Webber, C. R. and W. R. Fehr. (1966). Seed yield losses from lodging
 
and combine harvesting in soybeans. Agron. J. 58:287-289.
 

582. 	 Whitehair, N. V., Cleavinger, . A. and J. R. Enix. (1968). Soybean
 
kernel damage. Leaflet E-694. Oklahoma State Univ. Ext., Still
water, Oklahoma.
 

583. Wijandi, S. and Copeland, L. 0. (1974). Effect of origin, M.C.,ma
turitv and mechanical damage on seed and seeding vigor of beans.
 
Agron. J. 66(4):546-548.
 

584. 	 Winter, J. W. and G. H. Foster, (1969). Mechanical damage to grain
 
during handling in commercial facilities. Symposium of grain dam
age held under the auspices of the ASAE. Iowa State University,
 
April, 1968.
 

The project was intended to find the levels of damage during:
 
(i) Elevating and dibcharging
 
(ii) Filling bins
 

(iii) Sprouting into a rail car or ship
 
(iv) Trimming a car or ship
 

Free drop was the most severe treatment tested and caused the worst
 
breakage.
 

585. Young, R. E. (1968). Mechanical damage to soybeans during harvesting.
 
M.S. thesis, Iowa State Univ., Ames, Iowa.
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586. Young, E. and W. F. Buchele (1968). Threshing damage to soybeans.
 
Symposium on grain damage held under the auspices of the ASAE.
 
Iowa State University, April, 1968.
 

Gives a detailed account of the factors affecting bean damage in
 

soya. Noted that damage beans have i lower % germination and are
 
highly susceptible to fungal attack.
 

Noted that the major factors affecting damage were M.C., pod mois
ture.
 





NUTRIENT LOSSES, FUNGAL DAMAGE
 

AND LOSSES IN GERMINATION
 

587. 	 Acker, L. W. (1961). Enzymic reactions in foods of low moisture
 
content. Advan. Food Res. 11:263-330.
 

588. 	Arnold, R. E. (1959). The effect of harvester damage on the ger
mination of barley. J. Agric. Eng. Res. 4(l):24-29.
 

589. Agrawal, N. S., Hodson, A. C. and C. M. Christensen. (1958). Dev
elopment of granary weevils and fungi in columns of wheat. J.
 
Econ. Entomol. 51:701-702.
 

590. 	Anstwick, P. K. C., and G. Ayerst (1963). Toxic products in
 
groundnuts. Groundnut microflora and toxicity. Chem. Ind.
 
(London) 2:51-61.
 

59L Bailey, C. H. and A. H. Gurjar (1918). Respiration of Stored
 

Wheat. J. Agric. Res. 12:685-713.
 

Heating of grain was attributed to biological oxidation of dex
trose and similar sugars6 mainly in the embryo. Respiration in
creased to maximum at 55 C. but enzymes were largely inactivated
 
at 65 C.
 

592 Baker, D. (1961). A colorimetric method for determining fat acid
ity in grain. Cereal Chem. 38:47-50.
 

593. 	 Baker, D. (1961). Fatty acid composition of oil from damaged corn
 
and wheat. Cereal Chem. 39:393-397.
 

The fatty acids in the oil is related to the degree and type of
 
damage present in the grain. From the work above it was found
 
that there was no marked difference among the free acids, released
 
by damage grains.
 

594. 	 Baker, D., M. H. Neustadt and L. Zeleny. (1957). Application of the
 
fat acidity test as an index of grain deterioration. Cereal Chem.
 
34:226-233.
 

A rapid and simple method for determining fat acidity in grain
 
utilizing a grinder-extractor to shorten the extraction time is
 
described. This method gave slightly lower values. The maximum
 
fat acidity values accepted for little or no deterioration are 10
 
for beans, 22 for soybeans, 20-25 for cereals.
 

595. 	Baker, D. Neustadt, M. H. and L. Zeleny (1959). Relationships between
 
values and types of damage in grain. Cereal Chem. 36:308-311.
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596. Barber, S. (1972). Milled rice and changes during aging.IntRice 
Chemistry and Technology. Edited by D. F. Houston. American 
Association of Cereal Chemists. Vol. 6. 

-

Reviews critically vprious types of changes of rice during stor
age. These changes include changes in color, odor, eating quality, 
physiochemical changes, changes in carbohydrates and nitrogenous 
compounds, lipids, enzymes and vitamins. This publication is a 
must for anybody interested in this topic. 

597. Barnes, J. M. 
aflatoxin. 

(1967). Toxic fungi with special reference to 
Trop. Sci. 9:64-74. 

598. Barton, L. V. (1969). 
University Press. 

Bibliography of seeds. New York: Colombia 

599. Bautista, B. M. (1962). A study of methods to detect storage deter
ioration of corn and wheat. M.S. Thesis. Kansas State University. 

600. Bautista, B. M., et.al. (1964). Glutamic acid decarboxylase activity 
as a viability index of artifically dried and stored rice. Cereal 
Chem. 41:188-191. 

601. Bayfield, E. G. and W. W. O'Donnell 
thiamine content of stored wheat. 

(1945). Observations on the 
Food Res. 10:485-488. 

602. Berjak, P. and T. A. Villiers (1972). Ageing in plant embryos II. 
Age induced damage and its repair during early germination. New 
Phytol. 71(l):135-144. 

603. Borker, E.,Insalata, N. E., Levi, C. P. and J. S. Witzeman 
Mycotoxins in feeds and foods. Advan. Appl. Microbiol. 

(1966). 
8:315-351. 

604. Bottomley, R. A., Christensen, C. M. and W. F. Geddes (1950). Grain 
storage studies IX. The influence of various temperatures, humidi
ties and 0 concentration on mold growth and biochemical changes in 
stored yeliow corn. Cereal Chem. 27:271-296. 

Bottomley et. al has demonstrated that there is a marked disap
pearanre of non-reducing sugars in corn stored under conditions 
favoring deterioration i.e. high R. H. etc. under high To and R.H. 
the total water soluble nitrogen and reducing sugars increased. 
Viability decreased. Changes in non-reducing sugars were consid
ered the best index of deterioration. 

605. 	Bottomley, R.A., Christensen, C. M. and W. F. Geddes (1952). Grain
 
storage Studies X. The influence of aeration, time and M. C. on
 
fat acidity, non-reducing sugars and mold flora of yellow corn.
 
Cereal Chem. 29:53-64.
 

Both aerated and sealed corn was stored at humidities of 80
100%. An increase in free fatty acids, a decrease in non-reducing
 
sugars, and a drop in viability were found to be associated with
 
high moisture content.
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606. 	Brett, C. C. and W. W. A. R. Dillion (1941). Loss of vitality during
 
storage of grain treated with organomercury seed disinfectants.
 
J. Agric. 	Sci. '(England) 31: 500-517.
 

Grains treated with mercurial fungicides at the rate of 2 oz. per
 
bushel were not injured when stored for 12 months; but at the end
 
of 24 months the speed of germination was reduced. With a treatment
 
of 3 oz. per bushel, a greater reduction occurred.
 

607. 	Burlison, W. L., vanDoren, C. A. and J. C. Hackleman (1940). Eleven
 
years of soybean investigations. Varieties, seeding, storage.
 
Ill. Agric. Expt. Sta. Bull. 462. pp 121-167.
 

When stored in metal cans soybeans dropped only 2% in germination
 
the first year. Over an 8-year period the germination percentages
 
were 58, 46, 33, 17, 8, 5 and 1.
 

608. 	Carruthers, W. (1911). On the vitality of farm seeds. Roy. Agric.
 
Soc. England Jour. 72:168-183.
 

Under laboratory storage conditions, at Norwood, England, the small
 
grains tested deteriorated slowly over a 5- to 9-year period, fol
lowed by a rapid drop. Longevities were: wheat and barley, 10 yrs;
 
oats, 14 to 16 years; legumes, 10 to 15 years.
 

609. 	Christensen, C. M. (Editor). Storage of Cereals and Their Products.
 
American Assoc. of Cereal Chem. St. Paul, Minnesota. (1974).
 

610. 	Christensen, C. M. and H. H. Kaufman(1974). Microflora. In: Storage of
 
Cereal Grains and their products. 2nd. edition. Edited by Christ
ensen. Am. Assoc. Cereal Chem., St. Paul, Minnesota.
 

611. 	Christensen, C. M. (1955). Grain Storage studies XXI. Viability and
 
moldiness of commercial wheat in relation to incidence of germ dam
age. Cereal Chem. 32:507-518.
 

612. 	Christensen, C. M. and H. H. Kaufman(1969). Grain storage. The role of
 
fungi in quality loss. University of Minnesota Press, 153 pp.
 

613. Cooper, P. J. and P. W. Hammond (1964). Decrease of soluble oil in
 
animal feedstuffs during storage. J. Sci. Food Agric. 15(19):
 
639-645.
 

The oil contents of samples of compound feeding stuff when deter
mined by simple solvent extraction appear to decrease progress
ively as the age of the sample increases. These losses can be sub
stantial,even over short periods.
 

614. 	Crocker, W. and J. F. Groves (1915). A method of prophesying the
 
true duration ot seeds. Nat'l Acad. Sci. Proc. I1 152-155.
 

Loss of viability was attributed tothe precipitation of proteins.
 
Formulae was given for the prediction of longevity.
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615. 	Crocker, W. and L. V. Barton (1957). Physiology of seeds., Waltham,
 
Mass. 1957., 267 pp.
 

A review covering most phases or seed physiology Including nnzatomy,
 
chemical composition, water relations, respiration, germination,
 
dormancy storage and metabolism.
 

616. 	Crocker, W. (1948). Growth of plants: 20 years research at Boyce
 
Thompson Institute. pp. 28-66., New York.
 

A review of a number of reports in regard to seed deterioration.
 
Particular attention is given to seed storage and deterioration.
 
Precipitation of proteins Is advanced as a likely cause of loss
 
of viability.
 

617. Crocker, W. (1938). Life-span of seeds. Bot. Rev. 4:235-274.
 

A review of work related to seed longevity up to 1938, concluded
 
that the most plausible cause of seed deterioration with age is
 
the degeneration of the nucleus, preventing normal mitotic division.
 

618. 	Dadswell, I. W. and W. B. Wragge. (1940). The autolytic digestion of
 
flour in relation to variety and environment. Cereal Chem. 17:584.
 

619. 	Danley, M. M. and K. ..Vetter (1974). Artifically altered corn
 
grain harvested at three moisture levels. I. Dry matter and nito
gen losses and changes in the carbohydrates fractions. J. Anim.
 
Sci. 38(2):417-423.
 

620. 	Darsie, M. L. et. (1954 ). A study of the germinating power of seeds. 
Botanical Gazette 58; 101-136. 

621. 	Davey, P. M. (1961). The acceptability and fitness of maize meal for
 
human consumption. Trop. Sci. 3(4):163-173.
 

622. 	Davies, W. L. (1928). The cause of deterioration of maize and maize
 
meal. Fert. Feed. Stuffs and Farm Supplies Jour. (London) 13:784-785.
 

623. 	!eVay, J. E. A. (1952). A note on the effect of mold growth and In
creased content on the free amino acids on hard red spring wheat.
 
Cereal Chem. 29:309-311.
 

Observed changes in the concentrations of certain individual free
 
amino acids during storage at 19.5, noisture.
 

624. Donelson, J. R. and 4. T. Yamazaki (1969). Note on the application

of the Donelson-Yamazaki damage-starch procedure to high-damage
 
wheat flour and starch. Cereal Chem. 46(5):567-568.
 

625. 	Dua, P. N. Day, E. J. anq C. 0. Grogan (1965). Losses of carotenoids 
in stored comercial and high-carotenoid yellow corn. Zea. mays.
J. Agron. 57(5):501-502. Studies of xanthophyll and carotene levels
 
after 4, 8 and 12 months of storage indicated losses ranging from
 
30% to 70%.
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626. Dubois, M', Geddes, W. F. and 
F. Smith (1960). The carbohydrates of
 
the germinae. X. A quantitative study of the carbohydrates of
 
wheat germ. Cereal Chem. 37:557-568.
 

627. 	 Forgacs, J., and W. T. CarIl (1962). Mycotoxins. Advan. Vet. Sci. 7:
 
273-382.
 

628. Foss, J. 0. 
(1945). Mouldy grain can cause livestock losses. North
 
Dakota Agricultural Experiment Station, Bimonthly Bulletin 7,(6).
 

629. 	Fowler, W. L. (1975). Performance expected from lower germinating

seed. Rep. Minutes meet North Centr. Corn Breed Res. Comm. 
p.15-16.
 

630. 	Fraenkel, G. and M. Blewett (1943). The natural foods and food re
quirements of ....... stored products insects. 
Trans. Roy. Entomol.
 
Soc. (London) 93:457-490.
 

631. Garcia, W. J. and M. J. Wolf, (1972). 
 Polarimetric determination of
 
starch in corn with dimethyl sulfoxide as a solvent. Cereal Chem.
 
49:298-306.
 

Polarimetric starch analyses in which starch is extracted from the
 
corn kernel with 90% dimethyl sulfoxide (DMSO) at room TO is de
scribed.
 

632. 	Geddes, W. F. (1958). The chemistry, microbiology and physics of grain
 
storage. Food Technol. 12(11):7-14.
 

633. 	Gill, N. S. (1969). Deterioration of corn (Zea mays) seed during stor
age. Mississippi State University. Ph.D. Dissertation.
 

634. Girish, G. K., Goyal, R. K., Tomer R. P. S., Srivastava, P. K., and
 
K. Krishnamurthy, (1972). Studies on preservation of foodgrains
 
in rural storage sturctures. Part I. Losses in food grains. Bull.
 
Grain Techn. 10(l):11-21.
 

Studies to determine losses in food stored in underground pits re
vealed decrease in % germination; increase in free fatty acid and
 
increase in damaged beans.
 

635. Glass, R. L. and W. F. Geddes (1960). Grain Storage Studies XXXI.
 
Changes occurring in low molecular weight compounds in deteriorating
 
wheat. Cereal Chem. 37:568-572.
 

636. 	Goldblatt, L. A. (1965). Aflatoxin. Assoc. Food Drug Officials Quar
terly Bull. U.S. 29:58-69.
 

637. Goldblatt, L. A. (1969). (Editor). Aflatoxin -
Scientific background,
 
control, and implications. Academic Press, New York and London.
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638. Groves, J. F. (1917). Temperature and life duration of seeds. 
 Bat.
 
Gaz. 63:169-189.
 

Life expectancy of Turkey Wheat was determined by a formulae based 
on 
the rate of coagulation of proteins at different temperatures and
 
temperature durations. Predicted life of wheat with 9% moisture
 
stored at 	0°C. was 938 years and with 12% 
moisture 393 years.
 

639. Gupta, V. K., Ram, B., Palmer, L. T., and L. H. Joshi (1973). Post
harvest fungal damage to wheat due to rains. 
 Indian Phytrpathol.
 
26(1):156-157.
 

640. Hesseltine, C. W., Shotwell, 0. L., Ellis, J. .1.and 
R. I).Stubhlefield
 
(1966). Aflatoxin formation in Aspergillus flavus. Bacterfol. Rev.
 
30:795-805.
 

641. 	 Hinton, J. J. C. (1953). The distribution of protein in the maize ker
nel in comparison with that in wheat. 
 Cereal Chem. 30:441-445.
 
Using flinty maize it was 
found that 70% of the total protein was
 
found in the endosperm in which conc. gradient exists from the outer
 
to the inner layers.
 

642. Houston, D. F., Strka., R. P., Hunter, I. R. and others. (1957). 
 Changes

in rough rice of different M. C. during storage and controlled Tos.
 
Cereal Chem. 34:444-456.
 

During storage there was an increase in reducing sugars and fat
 
acidity and a decrease in non-reducing sugars. Loss in germination
 
was associated with increases of reducing sugars and fat acidity.
 

643. 	Howe, R. W. (1951). Miscellaneous experiments with grain weevils.
 
Entomologists Monthly Magazine. 88:252-255.
 

Effect of 	insect damage on germination is described. It was observed
 
that heavily infested samples :eached a maximum of 78% germination

while sound kernel reached as high as 90%.
 

644. Howe, R. W. (1963). The prediction of the status of a pest by means of 
a
 
laboratory experiment. World Rev. Pest Control. 
 2(l):30-40.
 

645. Howe, R. W. (1973). 
 Loss o! viability of seeds in storage attributable
 
to infestations of insects and mites. 
Seed Sci. Technol. 1:563-586.
 
Howe provides excellent review on loss of viability of seeds in stor
age attributable to infestations of insects and mites.
 

646. 	Hummel, B. C. W., Cuendet, L. S., Christensen, C. H. and W. F. Geddes
 
(1954). Grain Storage studies. 13: Comparative changes in respira
tion, viability, and chenical composition of moldfree and mold-con
taminated wheat upon storage. Cereal Chem. 
31:143-150.
 
Hold-free grain respired at 
a uniforp 	rate whereas the inoculated

seeds showed a rapid rise. Germination of seed stored 19 days was in
jured by moisture content at 
14.9%, as was also mold-contaminated
 
wheat with M. C. at 14.9%.
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,647. 
Hunter, I. R., Houston, D. F. and E. B. Kester (1951). Development of
 
free fatty acids during storage of brown (husked) rice. Cereal.Chem.
 
28:232-239.
 

Rice was stored 22 wk. with moisture at 3.9, 6.6, 9.5, 11.8, and
 
14.1% at T0s of 00 to 20, 250 and 350 C. Free fatty acids increased
 
as both moisture content and T increased.
 

648. International Seed Testing Association. (1972). Seed bibliography. Proc.
 

Int. Seed Test. Assn. 37(4):1001-1199.
 

Bibliography covering all aspects of seed technology including mor
phology, physiology, chemistry, germination, seed treatment, seed
 
testing, etc.
 

649. International Seed Testing Association (1970). Seed bibliography. 
Proc.
 
Int. Seed Test. Assn. 35(4):831-1053.
 

A bibliography covering all aspects of seed technology.
 

650. 	International Seed Testing Assn.(1971). Seed bibliography. Proc. Int.
 
Seed Test. Assn. 36(4):578-785.
 

651. 	International Seed Testing Assn. (1966). International rules for seed
 
testing. Proc. Int. Seed Test Assn. 31(l):49-91.
 

Describes the standard method used for seed testing.
 

652. 	Irabagon, T. A. (1959). Rice weevil damage to stored corn. J. Econ.
 
Entomol. 52(6):1130-1136.
 

653. 	James, E. (1961). An annotated bibliography on seed storage and deter
ioration. U. S. Dep. Agric. Res. Serv. ARS 34-15-1.
 

Gives an annotated bibliography on seed deterioration - with about
 
500 citations. The bibliography covers different types of seeds
 
including forest tree seeds.
 

654. 	Jones, D. B. and C. E. F. Gersdorff (1941). The effect of storage on
 
the protein of wheat, white flour and whole wheat flour. 
 Cereal
 
Chem. 18:417-434.
 

Jones and Gersdorff observed that prolonged storage of wheat and
 
milled wheat products decreases protein nitrogen and increases free
 
amino acid nitrogen.
 

655. Jones, D. B., Divine, J. P. and C. E. F. Gersdorff (1942). Effect of
 
storage of corn on the chemical properties of its proteins and on
 
its growth promotive value. Cereal Chem. 19:819-830.
 

The results show that there is a decrease in the solubility of the
 
proteins (2)A partial breakdown of the proteins - indicated by a
 
decrease in true protein content (3) a decrease in digestibility.
 
The extent of the alterations were influenced by T , type of 
con
tainer, duration of storage; changes in ground corn were greater

than sound corn. Significant decreases in feeding were also found.
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656. Johnson, A. G. (1948). The role of fungi in the deterioration of grains

in storage. In "Preservation of Grains in Storage" FAO Agricultural
 
Studies. No. 2, pp. 88-91.
 

Estimates 	that about 1% of the world's supply of grain and oilseed
 
is lost due to fungi attack.
 

657. 	 Jotwani, M. G., Sircar, P. and T. D. Yavar (1967). Studies on extent
 
of damage and germination of seeds II. Germination of some legum
inous seeds damaged by Callosobruchus maculatus. Indian J. Ent.
 
29:309-311.
 

658. Jotwani, M. G. and P. Sirca, (1964). Studies on the extent of insect
 
damage and germination of seeds. I. Germination of pea seeds dam
aged by Callosobruchus maculatus. 
 Indian J. 	Entomol. 26:130-133.
 
He noted 	that average weight of seeds damaged by different number
 
of bruchids developing within each seed is reduced by about 2.4,
 
4.5, 6.2, and 7.1 gm. respectively; the loss in wt. being about 12.0,

22.5, 32.0 and 35.5% respectively - the amount of food taken by each
 
grub during its developmental period gets gradually reduced depending
 
in the number of grubs developing in each seed.
 

659. Karper, R. E. (1928). Longevity and viability of Kafir seed. 
J. Amer.
 
Soc. Agron. 20:527. Kafir seed stored under atmospheric conditions
 
at College Station, Texas, lost only 12% viability in 7 years and
 
23% in 10 years.
 

660. Karper, R. E. and D. L. Jones (1936). Longevity and viability of sor
ghum seed. J. Amer. Soc. Agron. 28:330-331. Sorghum seed stored
 
under prevailing conditions at Lubbock. Texas; dropped gradually in
 
germination over a 9 year period, then in the following 10 years

dropped rapidly to 0.5%.
 

661. 	Kik, M. C. (1943). Thiamine in products of commercial rice milling.

Cereal Chem. 20:103-109. Losses of thiamine due to the process of
 
parboiling of rice may be as high as 45%.
 

662. Kondo, M. and T. Okamura (1930). On the influence of various temper
atures in duration of storage and various moistures of rice upon the
 
preservation of germination power of hulled rice. 
 O'Hara Inst. f.
 
Landw. Forsch. Ber. 4:(315)-341.
 

Rice with a moisture content of no more than 12% maintained germina
tion when stored at normal granary temperatures.
 

663. 	Kondo, M. (1926). The storage of rice and change of its physical prop
erties during this period. O'Hara Inst. f. Landw. Forsch. (Kurash
iki, Japan) Bert 3:153-175.
 

Hulled rice stored in straw bags lost its flavor and viability rap
idly.
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664. Kondo, M. and Okamura, T. (1932). Storage of rice. VI. Physical and
 
biochemical studies of hulled rice stored in straw bags. Ber.
 
O'hara Inst. 5:395-406 (Japan). (Chem. Abstr. 27:4284).
 

Losses in thiamine may be as high as 75% when stored in bag depending
 
on physical conditions prevailing during the storage of rice.
 

665. 	Kraybill, H. F. and Shimkin, M. B. (1964). Carcinogenesis related to
 
foods contaminanted by processing and fungal metabolites. Advan.
 
Cancer Res. 8:191-246.
 

666. 	 Krishnaswamy, P. (1952). Storage and germination of millet seeds.
 
Madras Agr. Jour. 39:485-490.
 

8 varieties of millet, including spp. of sorghum Pennisetum, Eleu
sine, Setaria, etc. were dried and stored in sealed bottles. Germ
ination of 70% was maintained for 26 months for sorghum spp. When
 
seed was stored in gunny sacks germination dropped to 4 to 38% in
 
1 years.
 

667. 	 Lichtwardt, R. W. and G. L. Barron (1959). Quantitative deterioration
 
rating scale for shelled maize. Iowa St. College Jour. Sci. 34:
 
139-146.
 

A rating scale is proposed for experimental use for expressing the
 
degree of deterioration in samples of shelled maize. The scale rat
ings are assigned to appropriate combinations of % germination and
 
amount of infection by spp. Aspergillus and Penicillium.
 

668. Lindgren, D. L. and Vincent, L. E. (1962). Fumigation of food commod

ities for 	insect control. Adv. Pest Control Res. 5:85-152.
 

Provides excellent review on the effect of fumigants on the viabil
ity of seed.
 

669. Linko, P. (1960). Zone electrophoresis pattern of free amino acids as
 

an index of storage condition of wheat. Cereal Chem. 38:187-194.
 

Paper Electrophoresis of free amino acids provided a rapid simple
 
and convenient method to detect changes in the free amino acids of
 
wheat during storage. Using 0.025M potassium-hydrogen-phthalate
 
solution (pH 4.0) as a buffer a good resolution of amino acids was
 
obtained. Electrophoresis of good quality wheat was characterized
 
by a high 	glutamic acid peak. Glutamic acid peak decreases with
 
deterioration.
 

670. 	Linko, P. (1961). Quality of stored wheat. Simple and rapid mano
metric method for determining glutamic acid decarboxylase activity
 
as quality index of wheat. J. Agr. Food Chem. 9:310-313.
 

671. Linko, P. (1963). The significance of glutamic acid decarboxylase ac
tivity of wheat in evaluation of storage deterioration and quality.
 
Suomen Komislilehti. 36:93-97.
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672. Linko, P. and L. Sogn. (1960). Relation of viability and storage de

terioration of glutomic acid decarboxylase in wheat. 
Cereal Chem.
 

37:489-499.
 

R. L. Glass, and W. F. Geddes. (1962). Quantitative

673. Lynch, B. T., 


changes occurring in the sugars of wheat deteriorating 
in the pres-


Cereal Chem. 39:256-262.
 ence and absence of molds. 


Changes in sugar content and viability are described.
 

W. F. Geddes (1962). Grain Storage

674. 	Lynch, B. T., Glass, R. L. and 


studies. XXXII. Quantitative changes occurring in the sugars of
 
Cereal
 

wheat deteriorating in the presence and absence of molds. 


Chem. 39:256-262.
 

Aflatoxins and other mycotoxins in agricultural
675. Marth, E. H. (1967). 

J. Milk. Food Technol. 30:192-198.
products. 


(1956). A review of carbohydrates of wheat
 Montgomery R. and Smith F.
676. 	
and other cereal grains. Agr. Food Chem. 4:716-720.
 

B. N. Bose and S. Singh. (1969). Some observations
 
677. Mookherjee, P. B., 


cautella 	in eight
on the damage potential of the almond moth, Cadra 

Indian J. Entomol. (1):1-6.
different 	stored grains. 


Mookherjee found out that the question of damage as a result of con-
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