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SUMMARY STATEMENT

Changes that occurged in maize infested with the maize weevil under con-
stant conditions of 80°F and 65% 5% relative humidity were observed over
36 weeks storage. Dry matter weight loss in infested maize was 3.7% at the
end of 9 months storage, and 0.7% in non-infested maize.

A major objective was to evaluate the effectiveness of various methods
and tests to measure quantitative and qualitative losses in maize due to
insect infextation.

Numbers of insects from probe samples of 200 pound lots of maize were not
a reliable indication of damage when compared to X-ray examination of samples.

Non-infested lots of maize did not pick up moisture from the atmosphere
under the constant environmental conditions. Large numbers of insects in
infested lots of maize resulted in moisture increases, however, considerable
damage occurred before moistyre changes were detected.

No temperature changes due to insects in the infested maize were detected.
Seed germination in infested samples decreased, however, whether the decrease
was caused by insects or by molds was not determined.

Chemical tests of maize quality did not show maize damage. Fat acidity
values remained below the maximum for sound maize and glutamic acid decarboxy-
lase activity decreased (a sign of deterioration) in sound maize.

Proximate analyses (percent fiber, ash, protein and fat) remained unchanged
despite observed damage and measured loss in quantity.

Research in this general area is continuing.



PREFACE .

TABLE OF CONTENTS

INTRODUCT I ON * e o 0 . . e . . LI . L )

REVIEW OF LITERATURE . . . o ¢« ¢ & ¢ ¢ & o+ &

TYPES OF LOSSES . ¢« ¢« v ¢ ¢ o ¢ o o s o

Quantitative . « + ¢« + &+ ¢+ o 4 o
Qualitati\le. . . . [] . . . . . ] ] .

DETERIORATIVE AGENTS . « . « ¢« ¢ « « +

INBECES + ¢ o ¢ o o o ¢ o o s o o »

Fungi « o @ . . .« . * . o . s e @

METHODS TO MEASURE STORAGE DAMAGE . . . .

Methods of detecting internal insect
Temperature . « + &+ o o o o o s » o
Fungal invasion . . . . . . .« . . .
Fat acidity value (FAV) . . . . ..
Germination. « + ¢« + ¢ ¢« ¢ o o 0 .

Glutamic acid decarboxylase activity

MATERIALS AND METHODS . . « « « « « o « « o &
GRAIN . . ¢ ¢ ¢ v v ¢ s o o o o o o s o o
STORAGE CONTAINERS . .+ ¢ o ¢ ¢ & « v « &
STORAGE ENVIRONMENT . « « ¢ o« ¢ o o o o« &
INSECTS « v ¢ ¢ ¢ ¢ ¢ o 4 o o o o o o o
SAMPLING . + o ¢ o ¢ ¢ o o o o o o o o s
ANALYSES . ¢ v ¢ ¢ ¢ o o ¢ o o o o o o

Temperature . . + + o o o o o+ o o

Gfoss Wéight . L] L ] . L] L] L] . L] . . ’.

Page

iii

N o0

O W o O 0 oo o



<

Ingect counts . « o7l

Molsture cOntent . « o+ o s o o o o o o o 0 o0 0w 11

DUBE o oo oo nve o o ee e wie sie aiee s e ee e e 11
Density .o o oo v oo e 0 e e 0 e e e e e bl el
.eraf..,.*...,.,. L T T IITINA »12
Cermination « « « o o o oo s e e e e s e e e e e 12

MOLd COUNES .o o .o o o o o o .6 o o o s s sis wia oo 0 12

‘Fat acidity value (FAV) . . . « « « o o « e e e a0 e 12
‘Glutanic dcid decarboxylase activity (GADA) . . . . . 13
'Proximate analyses F .‘. . e 14
RESULTS AND DISCUSSION S T T L L 15
/INBECEt COUNEB o o o s o0 e o6 o & o s o o o o o o o o o 15
T T I T
Moisture COntent « « o o o o o o o s o 0 00w e e e 0 19
TEMPETAtUT® o+ o + o o o o s o o o & o o o 0 0 0 o s 21
DUSE = o o o o o 4 m o s o o o 0 e e s e e e ; “ .. 21
DENSIEY « o o o 0 o s s e e s e v e e e s s e e e e 23
fGermination o e e e e e e e e e e e e e e e e e 23
Glutamic acid decarboxylase activity (GADA) . . v s o o . 26
iFat acidity value (FAV). o o o o v o 0 o o v oo v o 0o 2
Proximate analyses } L ; .28
;;Mold counts R .‘. c e e e e e .. 28
‘ioss of weight B T I RN R R TR PO JC N 33

LITERATURECITEDC}A;'.;Ovt_.io...lllll'l.ll 39

APPENDIX.-- . o,‘o'o .‘ u o s s+ & aa s e 2 a0 e 2 e s s o 43



114

PREFACE

This report has been prepared from a thesis reseérch project carried
out by Mr. Miguel A. Mora while attending Kansas State University on a Univer-
sity of Costa Rica scholarship. The research was supported in part under
contract AID/ta-C-1162.
- The research reported here is preliminary work toward developing methods
for assessing damage and losses to grain in storage. Basic information
developed in this study will be used to formulate plans for conducting grain

loss studies in developing countries, especially at the farm level.



INTRODUCTION

Since grain production is seasonal but consumption is continuous,
grain produced must be stored for variable lengths of time before used.
During storage, grain is subjected to qualitative and quantitative
losses due to several agents including insects, fungi, rodents, and mites.

Quantitative grain storage losses have been estimated to be
from 3 to 50% (39). The figures often are not well documented but may be
high in specific situations (24, 34). Estimates of annual weight loss
caused by insects in all food stuff generally vary from 5 to 10% (50).

Assessment of quality loss is difficult because of the various
definitions of quality (39); the concept of quality changes with specific
situations. Methods for quality loss estimation are in need of improve-
ment. |

This study was to determine quantitative and qualitative losses
caused by maize weevils to corn stored under controlled conditions, and
to test the effectiveness of several methods to measure insect and

fungi damage.
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REVIEW OR“LITERATURE

- TYPES: OF ; LOSSES: :«

v . There-are two:main: types: of:-losses:: -quantitative.and qualitative.
Quantitativerloss‘occursiwhbn&pgrtiofatheégrain;actuallyldisappearsku;
1+ Qualitativerloss refers to::lowering ofi commercial or: nutritional quality

of grain (19, 39).-

Quantitative

“Loss in weight:is one:of:the ‘more direct damages: caused by
pests.: Even though: insects: are :small;, under certain conditions, large
fpopulatioﬁs can-.cause: considerable. weight loss (50, 53). Production
of'353000:weevils,ﬁay result in 1 kg loss of wheat (30).

Real quantity of material eaten or destroyed may be obscured
by ghanges~in‘moisture content (28, 39). Howe (27) gave an example in
which infested peanuts lost 5% in dry matter and dust weight but in
commercial channels- the estimated-weight loss was only 0.1% because

changes in moist.re and dust were not considered.

Qualitative

Insects and fungi may reduce germination of stored grain in
several ways: their activities can increase temperatures to levels
which kill the germ (18), by direct consumption of germ by insects (9),
bylconsumption of seed's reserves (21), and by fungal invasion of the
meé?o:(18, 42). Loss of germination is especially important in storage

.of;gréin-fOr‘seed purposes and in the case of barley for malting (15).

 Quality'of grain for food or feed use is usually not materially affectec
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by rediced germination, however, subsequent storability of the'grain
may be affected (14).

Insects and fungi lower commercial quality of grain in several
ways (52); by presence of live and dead insects, and insect damaged
kernels; discoloration, black germs, and musty odors caused by fungi;
heat damage and damage caused by high témperatures generated by insects
and/or fungi; lower density; presence of mycotoxins.

Heavy insect infestation may lower protein content especially '
when the damage is concentrated in the germ (33). However, an apparent
protein increase may be found when only starchy content of grain is
consumed or by contamination with nitrogenous compounds, as urine and

saliva of insects (33).

DETERIORATIVE AGENTS

Insects
Insects are a major problem in sanitation and quality control
of stored grain (22). They not only consume or contaminate large
quantities of grain but also can produce conditions favorable for
development of fungi by increasing the temperature and moisture of the
grain. They also disseminate fungal spores and bacteria (18, 22, 31, 49).
Among stored-product insects, the weevils (Sitophilus spp.),

lesser grain borer (Rhyzopertha dominica (FAB.)), and angoumois ‘grain"

moth(Sitotrogs cerealella (OLIV.)) afevhéét‘démaging."These'insects

‘déVelop ‘inside grain kernels (22). True weevils are widely distributed

f.f$ﬁ6ihg€ insects and ihclude:the'graharyVﬁééﬁil“(Sitophiiusfgraﬁafiuéf{f.)),
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rice; weevil, (. oryzae:(L.)),;and.maize weevil, (S..zeamaize, (MOTSCH.)), (27} .

Extent of insect damage to stored grain is directly related to.
populations which in turn are influenced by. temperature, moisture,
andufbddwsupplyﬁﬁls,ﬂ21).«}

i‘,.;,‘,,,.Mmsture content requirements vary, for different insects.
Weevils reproduce rapidly,at 13% moisture content. and higher. (22).
Others, such as the lesser grain borer can develop populationsat lower
moisture contents, |

!:w'Ipsects infesting grain lay very few eggs at temperatures below

15.69C but. at 21°C or higher can reproduce at high rates (15, 22). Most
storage insects stop reproducing at 350C and at this temperature adults
are short lived (22).

Insect infestétion is usually accompanied or followed by fungal
invasion (1, 16, 40). As part of their metabolic processes, insects
break down food into water and carbon dioxide along with the release
of energy. Moisture produced plus moisture migration due to heat

liberated by insects can result in creation of environments favorable

for mold development (15, 22).

Euggitagg‘qowucopgidgged>g major cause of grain deterioration (18).
guggi,fngqxon;grg;nwhaye been classified as field and storage
fugg§ﬁgriy;;ii;Jﬁased on moisture requirgmentg,(lSl.
.51, Field fungi invade graiﬁ Befdre h;rfé§tfqnécrqquige_mgisture
cbntent in equilibrium with 90% r.h. or highqg,i1Z;P1§A}45),,;Inkﬁggqals

such as wheat corn, r1ce, ‘barley . and, sorghum. 90% .r.h. results in .an,

equ1libr1um mo1sture content (EMC) of about 20-25% (41, 42).
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Damage caused by field fungi has usually occurred by harvest
time before moisture content is below 20-22% (18). Field fungi gradually
die if grain is stored at moisture content in equilibrium with 70% r.h,
or lower but in very dry grain they survive for extended periods of time.

There are two major genera of storage fungi: Aspergillus and
Penicillium (17, 18, 45).

Minimum relative humidity for growth of storage fungi is 65-68%
(18, 20, 41, 42) which produces an EMC of approximately 13% in wheat,
corn and sorghum.(18, 19). Relative humidity is considered more important
as an iﬁdicator of water availability for microorganisms than moisture
content (6, 32).

Optimum temperature for storage fungi varies with species but

is usually about 30 to 329C (18).

METHODS TO MEASURE STORAGE DAMAGE

In assessing quality of stored grain, information about insect

infestation and fungal invasion helps to indicate potential deterioration.

Methods of detecting internal insect infestation

One of the problems in reporting the presence of insects and
insect-damaged kernels is that internal infestation is not readily
detected by visual examination.

Several techniques are used to detect internal insect infestations,
and include: ' égg 'plug staining, flotation methods, cracking flotation
methods, X-ray examination, ninhydrin reaction: and: others (4, 21,23, 38).

X-ray techhique is one of the most reliable methods but expensive (26).



“Temp erature s i

Activity, of insects::and;molds..can cause.a considerable rise.in.
temperature:in;grain ;(22) .., When moisture. content is 15% or: less
. sinsects: can: cause, \'dry-grain heating!. in which temperature may increase
up;to 42-43°C. ., At moisture, content.higher, than.15%,  microorganisms
grow very well and may cause ''wet-grain heating",with_tempergtg;pR X
increases up to .62-63°C (22). . For this reason,.any. abnormally high

temperature could indicate the presence of insects and/or fungi.

Fungal invasion

Abundance and kind of fungi may indicate: 1) conditions under
which grain. has been stored, 2) possible damage it may have suffered,

and 3) potential storability (18).

Fat acidity value (FAV)

One of the best chemical indexes of grain deterioration by fungi
is FAV (14). Fungal degradation of fats and oils produces fatty acids
as intermediate products. The amount of fatty acids can be expressed
as FAV and used as a measure ofudeteriorgtion and storability of grain

(18,-55).

Germination
»Viability of. grain may.be reduced.by insgggsuapaffungi; Percent
germination, can be used.as:an. index;of damage caused by.these:deter-:. ,

iorative agents.(18,:29,.:33,.44).
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Glutamic acid décarboxylase activity (GADA)

Increase in storage time produces a gradual decreé;e in GADA
values (37). This analysis is considered a good index of storage
deterioration (36, 37). Linko (35) developed a rapid manometric method
for GADA determination, using Sandstedt and Blish pressuremeters (46).

GADA results have shown significant high correlation with other

tests such as germination and FAV (11, 12, 36, 37).
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GRAlef

ﬁApproximately ‘600 lb (272 kg) of yellow dent corn were: obtained

tfro the U. S Grarn Marketrng Research Center, U S Department of:;

5Agr1culture, Manhattan, Kansas.:: Corn?was kept at 10°F ( 23; 3°C) for
‘one week and later fumlgated w1th Phostoxn@ to el1m1nate any poss:.ble;

ex1st1ng 1nsect 1nfestat1on

STORAGE CONTAINERS |
'. ’ Three lots of corn of about 200 lb (90 7 kg) were placed 1n
{each of three 32- gallon plast1c (garbage type) drums (F1g 1)

| les of drums were prOV1ded with 5 holes of 4.5 cm diam., one
“in the center and 4 at card1na1 p01nts about 7 cii on center from the
edge._ Two larger holes, 12 cm d1am., were placed one on each side
;of the 11d handle Larger holes were covered w1th 80-mesh brass gauze
iand filter paper to av01d out51de 1nfestat1on. The smaller holes were
'used for samp11ng and were closed w1th rubber stoppers. The larger
Jholes were to allow a1r 1nterchange between the corn in the drums and

}thepout51de-atmosphere.

STORAGE ENVIRONMENT

L Before 1nfest1ng, the \orn Was. Conditioned s WeeKs '1n:TNe:Toom. .

used dur1ng the experlment, and '8 0 * 1°F (26 7°C)

jINSBCTS

Two of the 3 drums were each 1nfested w1th 400 adult ma1ze
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1a')- as'used to take 2

Sect1ons of the probe

were separated W1th'rubber stoppers to allow separat1on of each sample

into 3 parts representing tOp, center, and bottom levels of the corn

contained in eac W,After countlng 1nsects, samples were composited

by level for each:dru
ANALYSES

' Temperature

Four therm1sters (48) were attachediatﬁZOJcm*1ntervals to a

metallic bag probe to form a temperature prob On thermlster was at

Before’and after each sampllng, ‘the drums w1th cornrwere welgh

LuS1ng; ,uflks,,soo 1b capaqity, platform scale.‘ Accurdcy’ of;the‘ﬁ



-10-

Drums, sampling probe, and platform'scéié<

#Figy l.a. Upper

Temperature probe and telethermometer, "

‘b Lower
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scale is estimated to be * ¥ 1b,

»iInsectscount:

sLive hnd%dead}adultvweeviISnand moths:from:each probe were:~: .

counted by levels within drums.

Moisture content

Samples were exposed to the laboratory atmosphere for a minimum
time while insect counts were made and then placed imnediately in-tightly-
closed ‘quart jars. -Samples were then placed in plastic bags, mixed, weighed
and small+samples for moisture content -determination placed in baby.
food jars. Moisture tests‘were made by drying 10 to 15 g of whole corn
kernels in an air-oven at 103°C for 72 hours (3). Moisture percentages

were .calculatedon'a wet basis.

Dust

After removing moisture samples, the remaining corn was shaken::
‘on.aNo.10,-U.S;A; Standard Testing Sieve (openings 2 mm) .and »the

material passing through'expressed :as:grams:of.dust/kg: -

Density .
Wy %;After?dust:was?removed”adensitysoriweighteperxunithOIUme was

determined.r The funnel ‘on ia- standard test weight apparatus .was:; used LS,

“0. evenly fill a 300-m1 container. After filling, excess corn was
.craped from the top of the container using a standard procedure (51)

.orn remaining 1n the cpntainer was weighed and reported as‘pounds/bushei
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X- ray, mold count and germination analyses were made from a
‘.cemmon'loo-g sample. A sample of approximately 125 g was separatedau51ng
.abBeerner grain divider and:100 gwweighed«andTradipgraphed using a
General: Electric Grain Inspection Unit.
| Radiographs were'examined usiag an X-ray viewer and hand lens.

ReSUIts‘werevreperted as insect damaged kernels/100 g.

&Gérminatieﬂﬁﬁaif
;?mwv_&ﬁ%éPereentagewofiyiablewseedsxwas determinedeby preparing:itwos.
50- kernelureplicates on ‘wet: paper: towels wrapped with aluminum:foil .
toaretain moisture.::‘The 100+kernels! were obtained from:the 100-g:
xegaytsqmple?aaf
Percent germinated seeds was determined:after one:week.at .200C.

fSeeds were considered germinated if a sound root or coleoptile was produced.

;Méid&ibﬁnts~vw

.%ﬁﬁKindsfandﬁnumbersfof fuaﬁi“inVadiﬂg%cornssamples.were&determined
{in 50 seeds. Corn: was surface d151nfected in:2%: NaOCl for:1: m1nutefk.w
jand rlnsed w1th sterile d1stilled water prior to plating them on MS,T
ﬁculture medium (malt agar with 4% NaCl and 200 ppm Tergitol/1).
/'r -Plates were'incubated ‘at: 25°C for one week or until:fingi grew
ienough to: be identified.k Results are given in:percentage of .seeds:: o

invaded~byreach"kind of«fangus

.-Pat Acidity. Value i(FAV). ;

‘Since tests for FAV require 10% m.c. or lower (9) corn left
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after sampling for X-ray was dried overnight at 329C.::Corn:was-ground
on a“Thomas"Wiley Laboratory Mill, Model 4 with.1l-mm sieve'just before
running:FAV and glutamic acid:decarboxylase activity:tests.

“:FAV's*were ‘determined in 2 ways: by titration of a benzene
extract with 0.0401 N KOH solution (1 ml 0.0356 N KOH = 2 mg KOH) - (3)*
and colorimetrically (3, 8).

Fatty acids from 50 g of freshly ground corn were extracted
with 50 ml of benzene by shaking for 30 minutes in a mechanical device.
The extract was filtered using suction and 15 ml of filtrate titrated
with KOH. Ten ml of the remaining filtrate were placed in a test tube
with 2 ml of cupric acetate solution, mixed, filtered, and transmittance
at 640 mu read using a Bausch § Lomb Spectronic 20. Transmittance
percent was converted to FAV by comparison with a standard curve
prepared using oleic acid (3).

Results of both methods were expressed as mg of KOH required to

neutralized free fatty acids from 100 g of dry grain.

Glutamic Acid Decarboxylase Activity (GADA)

Thirty-gram sampleé of freshly ground corn were placed in
Sandstedt and Blish pressuremeters (46) and 15 ml of 0.1 M glutamic
acid solution in 0.067 M phosphate buffer, added. Pressuremeters with
samples were placed in a water bath at 300C, After an equilibration
period vaioﬂminutés, systems were closed and pressure produced by
qéfﬁdﬁ%&iokidéllibgrgt;on during 30 minugesfr9¢6fdéd.' That figuré

téi_Jﬁid épb?tpd value for GADA.

thy ;}agfﬁte co1ored‘withfdfy§§§;¥?161§ﬁ wa§fu§éd}hgﬁﬁéhbﬁéffié;ﬁ




}f'fEi‘dﬂméﬁé.»;analys'e's'}fj’fj‘;

— 5Proximéte{anﬁlise§g(m°i$;9f§;QQnﬁégt;ggrud¢3ptbteiniggrgdeﬁ o
£iber, 'fa'.‘sk". sand; aSh)"&re d°“°iﬂ the, Depa’ftment Of%'g,rain Science;scrr
| and IndUStry Anal‘yﬁcﬂ; Seﬁi¢°~1,2_K1fab‘9‘raf‘1191:)’-;r ,écc“é“?ai_.“gan;tvo«..;standard |

“methods.
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RESULTS AND DISCUSSION
Data are presented graphically in the text (Figs, 2-12) and

in tabular form in the Appendix (Tables 1-8).

Insect counts (Fig. 2, table 1)

No 1nsects were expected or found in the control drum during
wthe 36-week sampling period.

Infested drums were expected to give results similar to one
T,another, however, a secondary infestation of Angoumois grain moth

R

(Sitotroga cerealella (0.)) in drum II may have affected the results.

Very few insects were recovered by probe sampling before
20 weeks of storage. At this point, numbers of insects began to increase,
especially in the bottom portion of infested drums. At 24 weeks there
were abgnt 60 insects/kg in the bottom samples of each infested drum.
No furtherAincrease appeared in drum I but insect counts in the bottom
‘ of drum II continued to increase until infestation reached 130 insects/kg
éé 36 weeks. No moths were found 1n bottom samples and only a few in
the t top and center samples of drum II.

Total numbers of insects in top and center samples were also
higher in drum II than drum I. At 36 weeks, insect counts were 8 and .
18/kg . in* top and center of drum I and 28 and 45 1nsects/kg in top-and -
center of drum II respectively.

Pingale (39), in a review of literature, mentioned that Sitthllus

.;;spp, need at least 12% m, .¢. for reproduction and that rate of ovip051tion

o ncreases as relatlve hum1d1ty increases from 70%. The opt1mum range for

fffdeveIOpment was found to be 13.5 to 17.6% m.c. with 14, 75% m.c, as optlmum.
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‘@ 0 e e® o g o0 0 000

Time - weeks

~Number-of insects in .corn. infes;gd;withzSit@nilus zeamalze . ,.:
stored at 68% r.h. and 80°F (26.7°C) during 36 weeks.
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Drums were ma1nta1ned in a room at 80°F (26.7°C), a temperature appro-
prlate for insect development and optimum for weevils (22) It is
-assumed that the relatively low startlng moisture content (12 3 to
:12 6%) and natural low initial rate of populatlon 1ncrease were, in
;art, respon51b1e for the small numbers of insects recorded in the first
16 weeks of sampllng.v After 16 weeks, moisture content began to. 1ncrease
but never exceeded 14.8% during the experiment. |

Even though initial infestation was about 5 1nsects/kg (400
weevils in 90.7 kg), lower ‘concentrations were found in the samples up

to 8 and 12 weeks storage. This indicated that probe sampllng may fail

to give representative sampling for insects.

X-ray (Fig. 3, table 2)
X-ray results do not coincide with insect counts. Although
‘1nsect counts (Flg. 2) did not increase much before 16 weeks, X rays
showed that weevils were doing considerable damage at 8 and 12 weeks.
Numher of insect-damaged kernels, at 36 weeks, detected by X ray,
tend to be s}milar (61 to 70 damaged kernels/100 g) in infested drums
at all levels. mxs,mentioned, numbers of insects at 36 weeks‘varied

with infested drums and levels.

. Number of insects counted per kilogram did/not;increase much

g

in'drum ‘I- after 24 weeks but X-ray results ‘showed ‘a steady increase .

in number of damaged kernels during the ent1re exper1ment

‘f,In drum 1I, insect counts at 36 weeks were greater at the
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Results indicated that insect counts are not good;1nd1cators

of the actual damage done in grain., X-ray Tresults.are better.

wM01sture content (Fig..4, table 3)

PR

Mo1sture content of control samples remained essentially unchanged
- except -for-an' increase of--0.4% 1n-the-topwsamplesafter,36wweeks. T%ls
was probably due to moisture absorption from the atmosphere. |
The moisture increase of less than 0.5% after 36 weeks indicated
,thatvif 'shelled corn is reasonably dry prior to storage, noisture
dﬁgarptibh from the etnosphere is not likely to be great under constant
temperature conditions, Day/night tempereture changes in'most storage
situations might induce air circulation within the drums which could
alter this condition.
Moisture in infested drums began to increase after 16 weeks.
Bottom samples in drums I and II had increased by 2.4 and 2.0% m.c.,
respectrvelv,‘at'36 weeks. Top and center samples of infested drums
increased by 1.2 and 1.4% m.c; in drum'I-and 1.1 and 1.3% in drum II,
respectlvely.
‘ Increase in m01sture content was expected a, 2, 16) due to
water release during metabollc activities of insects. Moisture content
1ncreased more in bottom samples where 1nsect and mold counts were

Ry - ;

hlgher. 'Since "hot spots" did not develop, measurable mo1sture migratio

was not expected to occur.
Increased morsture content might be used to detect heavy insect

Lnfestatlon, however, under actual conditions, gra1n is generally

le relat1ve humldlties and temperature both of wh1ch

ﬂkn o1sture content. ,
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Tempefetﬁred:

o No apprec1ab1e changes in’ gra1n temperature (from 80°F) were o
recorded dur1ng 36 weeks observat1on. The insect populatlons probablye
were not large enough to produce heat that could-not- d1ss1pate from

‘ the bulk of graln.
| W1th the quant1ty ofégraln and level of 1nfestat10n reported
‘here it was not possible to detect‘rnsect infestation based on changes

.
§

of temperature even though considerable damage and loss wes experienced.

weffine

Caika ‘\;}% i SR . ek e g i

Dust (Flg 5, table 4).’

After 12 weeks' storage and at 4-week intervals, material passing
through Nb.\lo U S.A. Standard Testing Sieve was weighed from compos1te
samples and reported ds ‘"dust!'. Most of this fine mater1a1 was found
in bottom portions of infested drums and increased with tlme of storage
end insect population. Maximum dust found was 3.3 and 4.; g/kg in
bottoms of drums I and II, respectively. Maximum dust in?top and center
ofjdrum I was 0.8 g/kg and in drum II, 1.2 and-.1.3 g/kg for top and
center samples, respectlvely
No~measurable' amounts of -dust-were-obtained.from.control samples..
‘Dust 1n'the bottom of 1nfestedrdrums seems' to have created .a

l

better envrronment for ‘insect" development since it was here that the

Bronsw1jk and S1nha (14) also found

maJo’ity of 1nsects were, found

ust could'ie”used as‘an 1nd1cat1on of 1nsect;presence but in .

'mean1ngfu1;,representative samples;wou1d¢have~to;bi
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I‘1g., 5. +;Dust ;weight.in; corn'mfested .with Sitophiluszeamalze
stored at’ 6896 T. h ‘ and 80°F (26 7°C) durmg 36 weeks.
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aall th dway»to ‘the bottom of the container. It is dlfficult to. introduce

'rain with large quantitles of dust.“&In practical
“51tuat1ons, thls maylleed to non-representative samples obtalned from
Jonly the upper portlons of contalners.

Presence of dust in the sampllng probe was one of the first

signs of insect»actiyity noticec

ens1tz (F1g. ,,table 5)

E“elght per unit volume ‘results were quite variable, probably

duefto the relatlvely small: samples (about 225g) used to, determine

"test we1ght" (pounds/bushel) In general, however, dens1ty of control
samples rema1ned unchanged and density of samples from 1nfested drums
decreased with-increased insect damage.

Ayenege decrease in density of infested samples,:at 36 weeks,
was 2.25 1b/bu (range 2.0 tgugl§w&h?hni,;«- M

Calculated loss offneightwbased on density, was null in the
control 3.7% in drum I and 3. 4% in drum II at 36 weeks.? These results

\x
cé

approxlmate we1ght losses found by direct weighing of drums (Fig. 12).

’ff Den51ty determlned on successive samples from a g1ven lot of

"
'&;_'( & "n

corn, could be used to measure grain loss if: 1) samples are large

-

enough to give a good est1mate of density, 2) m01sture changes are

fasewm iy o i Aieh ..,4,.:.».‘1«..4,»‘ D e g5

compensated and 3) insect 1nfestation 1s heavy

Germinat1on (Fig. 7, table 6)

Seed V1eb111ty of control ‘samples remained almost' unchanged

Germinatlon of;bo tom ,amples dpireased"from ove_;QO% _Ho,E
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’rums decreased from over 90~toj80% germ1nat1on.‘

hanges 1n 1nsect

'ounts (F1g. 2) than actual damage revealed‘by X ray (F1g 3) V1ab111ty

1150 seems ‘to follow changes in Aspeﬁg;llus gﬁaucus counts /(Fig. 10)

ut: not counts of other fung1.“;w

:lutamic acid decarboxylase activity (GAUA) - .(Fig. 8, table 7))

ey

chulig

-

e MéhhA values rema1ned constant at about 260-265 dur1ng 20 weeks
in_ the control 16 weeks in drum I and 12 weeks in drum II After 20
veeks, GADA decreased slowly in all levels of the control‘to an average
af 221 at 36 weeks. In drum I GADA values decreased to an.average of
178 at 36 weeks with only a slightly lower value ;n the . bottom sample.
aADA~decrease in drum II-was; simllar to-that-in. drum I except that the

bottom sample at 36 weeks was- cons:derably lower (117 mm) than top

(185 mm) or center (183 mm) samples. |

3 oo

e The GADA test was not a good test to detect insect damage,

especrally w1th low 1evels~of infestation.

Fat acldity value (FAVl

With methods used to determine FAV, no values h1gher than 22

i}ir

e g

;were found FAV below 22 is considered'no alwfor sound corn (9)

B S.".

o FAV results do not correlate well w1th insect damage (10)
funless “this damage is very high and accompanied by h1gh mold counts (34)

lAsperglllus g_aucus counts:(F1g;'10)'were highwln somey36-week samples;

SLF ; {,ﬁ-

_however, A, glaucus invades'grain at relatively;low moistur ”content

:(ca 14%) and does not have a good correlation w1th FAV (13)
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FAV should not be con51dered“a\:ood'1nd1cator tofdetermine

Carmiasy ket

“insect damage 1n‘gra1n stored under the test*conditions.

L L, oy ‘f!.,u:w:.x ,.’ff.“i':»/a( R A
»Pr0ximate analyses CTable 8)
Pt ARl

No differences in prox1mate ana1y51s results were found with

i

time, between drums or between levels of drums.

EI

mp051t‘on of corn for the length of the

bt

O

‘/nm v w;-.s

,erperlment was: crude nrotein 10. 3% crude f1ber 2. 2% crude fat 3.6%,

)xvl ¢~w,mw
t

‘and ash 1.5%.

1to2h11us spp “feed almost exclusively in the endosperm and.

4 :changes in. the relative comp051t10n of corn might be
qexpected with. infestation levels reported here. Numbers(of damagec
kernels were probably not large enough to influence proport1onal compo-
51tion of samples. Even though relative comp051t10n of corn did not
?chan§621quantitatiVe“losses5were“produced'by“insectS'(Fig. 12).

Proximate analy51s is not a good method to reveal 1nsect

......

1nfestat10n or grain. deterioration‘under theltest conditlons. A

Mold' counts (Figs. 9 10 and 11)

G

.g o Most abundant f1e1d fungi were Cephalosporium and Fusarium spp.

At ‘the beginning of the experiment 58 to 72% of the kernels were invaded

by f1eld fungi. As storage time 1ncreased f1e1d fung1 decreased until

P S LI TN
{ (LAt

oy qr!z_»A» e e

only 6 to 14% were 1nvaded at 36 weeks;
No major differences in- numbers of kernels 1nvaded Wlth field
Lrvmmd “*e found between levels: or drums.~ ‘

i

enicillium and Aspergillusf lau

funpi found during the experiment Wlth only -a few: Kernels nvaded w1th
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;f nige and A. candldus..

A.,flavﬁs'”

In~genera1 Penicrlllum counts (Fig. 11) were 20% or less and .

except*for bottom samples of 1nfested drums the‘h v

as a endency for'

a, decrease w1th t1me. Bottom samples of 1nfested drums tended to

o "1 o ,d"‘ ,,v !'

malntain axconstant level of Pen1c1111um 1nvasron probably because

the‘moisture content here was h1gher than 1n the other levels.pf

;4*'A glaucus counts ‘(Fig:-10) were never h1gher than 6% 1n the

control samples. . After 24 weeks A. glaucus 1ncreased 1n the bottom

portlons of 1nfested drums. glaucus counts remalned at 15 and 20%

in bottom samples of drums - I and II respectlvely, at 24 28 and 32

,)f‘ Ty ..1

weeks of storage. At 36’ weeks 1nvadedvkernels 1ncreased to 64 and 544
respectlvely In- center samples A. glaucus remained below 10% for 32
weeks and then increased to 24 and 22% in drum'I and II respectlvely.
There was no increase of- 1nvaded kernels in top samples of . infested
drums.

At the beg1nn1ng of the experiment, a few seeds (less than 4%)
were'rnvaded by A. flavus, A. niggr, and A candldus As storage time
1ncreased A, flavus and A. niggr.dled but A candidus was isolated

from 8 to 12% of seeds from bottom samples of infested drums at 36

weeks*l At thxs t1me A. candrdus was also found in top and center

:
3 -
yoa

< e ..,.! :

The fact that some Pen1c1111um,“i flavus A nlger, and A

e [ %
e . g [ ‘, f'n'

candldus were found at the beg1nn1ng of the experlment could 1nd1cate
R T T

samples of infested drums (less than 4%).

that the corn may have been stored at a mo1sture content above 16%

or that seeds were 1nvaded 1n the f1e1d

expected to decrease because‘they_all”require over 15% m.c.;to;develo;
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jand average moisture contents in the tests were always below 14 7%.
A. candldus in corn needs a minimum of 15% m.c. to grow (20),

however it was found in samples with averages below 13. 2 and 14.6% m.c.
Probably individual kernels, especially those infested with insects,
had much hrgher moisture content than the average for the sample.
A. glaucus requires a minimum. m01sture content of 14% in corn
}%(20), thus the high A. glaucus counts’found here.. .
Mold counts can not be used to evaluate direct insect damage
bdt give useful information about secondary effects of insect activity,

such as -increased moisture content and temperature which create con-

ditions for.fungal deterioration of grain.

Loss of weight (Fig. .12)

Data for weight loss are somewhat variable possibly due to the
type and accuracy of scaie-used to weigh‘the drums.

Dry matter weight loss at'36‘weeks was calculated to be 0.7%
in the control, 4.4% in drum I and 3.0% in drum II

This is one of the most direct methods to measure quantltatlve
lossessdue " to 1nsect infestation. However, it would usually not be

practical in actual farm storage.

In comnercral storage, where grains are recelved and de11vered
m{' -M-/muﬂ bibgared € ”‘J i
;on a welght basis and. records are maintained, estlmates of storage
losses can be made if. records are properly 1nterpreted i.e, if m01sture,

; dust and other factors are considered.
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Changgs produced in corn infested with the maize weevil (Sitophilus -

zeama1ze MUISCH. ) and stored at 80“F (26.7vC) and 65 % 5% r.h. were.

h 3
o

3 ‘-
v TR ey PR TR !
e Ol 3 &

_ monitored durlng 36 weeks storage.

Ly
‘,‘lu-w‘,‘

\ maJor objectlve 'was - to est1mate the effectiveness of various’
tests'to measure quantitative and qualitative losses in corn due to

.1nsect damage.

Number of 1nsect damaged kernels, as revealed by X ray after

36 weeks of storage, were s1m11ar at top, center and bottom samp11ng

N - ., o ‘\

levels in infested drums. Most 1nsects in probe samples were found

in bottom portlons of 1nfested drums. There were more 1nsects in

Wt e ERINEW:

l‘vé

center than top sectlons of these drums. In early sampllng, few

i .
»i‘ ¥ .'

insects were detected however X ray showed damage present Thus 1nsect

R0 DR S ',In'"'-‘- }'f.')i"’,.‘»:. P s "" R et .1.‘-1-' 'l“r

counts from probe sampllng were not enough to estlmate 1nsect damage.

, f"<":\\ ,(v..‘,

St 5 . . S . :
At"'.‘ Ay “ L y “‘ ¢ e l;'x:x

remalned almost unchanged (average of 12 4%) dur1ng the 36 weeks. Asa

P & ;' . B P - . E ',c.
’l.r B RS AN N T 7 LY B SR NG ‘1‘_‘ ,av;:_.; I

a result of 1nsect act1v1ty, morsture content 1ncreased to an average

drums, respectzvely, after 36 weeks. Moisture ontent 1tse1f d1d not

@ AAv, e

1nd1cate insect damage. Progre551ve increase 1n.m01sture content may

1nd1cate the presence of deter1orative f ctors however, considerablek
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Temperature of:infested and%control corn dur1n }the 36 weeks fd

of. storage rema1ned s1m11ar to that of the storage room (80°F) Under

,,,,x ey

1ndicator of 1nsect populat1on or damage.

Den51ty results (pounds/bushel) were var1ab1e but a steady

Test we1ght may be a good
S .:::.,é’”m

method to measure quantltatlve 1nsect damage 1f a series of ‘samples

L
ir l«s“, Thow

are taken from a lot of gra1n.

ik a6 .,;u‘”

. V1ab111ty of control samples decreased only sllghtly dur1ng

,.;,7_ § i I

thelexperlment Bottom samples of 1nfested corn decreased from over

i S ¥

90% to about SO% germ1nat1on 1n 36 weeks.' Germ1nat1on decreased as

insect and Asperg;llus glaucus counts 1ncreased however, whether :

"1:11»

the germ1nat1on decrease was caused by 1nsects or molds was not determrnea.

1 ..]"
.M SR v_}
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i

saﬁplés;Of»iﬁfested‘dfuﬁs bu£gdecredsed‘in'a11 dther samples. é}

gléuéus counts were closely related to moisture content, increasing

mainly in bottom samples of infestéd drums where moisture was higher.
Mold counts did not indicate insect damage but gave useful

information about the general condition of the grain.
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Insect counts 1n corn 1nfested w1th S1toph11us zeamaize MOTSCH.\

and stored at 68% relatlve hum1d1ty and 26 70C for 36 weeks..;fv
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, iStbrage time - wegksf

28

36

' Drum II

Top

Center

Bottom

Top
Center

Bottom

0 2 s 7

27

15
10
34

- 61

11

16

62

54

16

70

20

59

25
44
119

18
62

28
45

130

* Total number qf insects (live and dead)/kg
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Table 2. X-ray results:(Noiliofiinsectdamagedikernels/1005g, .7 uih?

_Storage time - weeks

A3y

R s » T Cooai Lo B, ‘:‘.;‘, Lol elad qul L i.*'_‘;'i:'fi?"fm:i
Drun I Top o o0 2 ‘4 7 12 20 30 49 62
S L S ST SIS S SR S A
Center 0 1 1 13 22 16 22 33 52 66
Bottom O 6 8 26 30 37 32 44 61 70

4w N PRI R : : . : : : ‘
bowd A [ [P . . W e Cat i L SAE

pram1I Top O 1 5 5 5 13 23 41 58 63
Center 0 3 10 1.0 23 22 2 42 57 6l
Bottom O 4 37 37 33 34 42 40 50 59
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Table 3. Motstirescontenty (percent yet: basis) 1.

Storage t1me Z week e

Control
3 {Jr .

[0
e] bl

by
e LM

: fr f = ,‘.‘“\ b

T'p 17 4 12 5

[ ‘; '\‘

-Center 1° 5 12 4

Ris

Bottom 12 4 12 5

: '\- P Y .

| TQP, 12 4 12.4

‘F«y

o Center 12 5 12 4

L {
\.

?Bottom "12.3 12. 4 :

i

pr' 12 371276

' Center 12 5 12 S

‘~”§ottom_ 12,6 12a5

12.5

,‘ -

12 3

e
PN

1205°

12.5

12;6

A12 3 12 5

[ i

12.5 12.7

12.3 12.6

12757125

12.4 12.7

12.5 13.0

f

12 5‘ 12;41;

12.5 13.2

'12 6 12 4 12 5 12 5

12 6

12.8

13,2

7 12,6 13.2 13.5

12, 4 125 12,4 12,0

a”\"v

)12 z 12,3 12.2

e I.I B

.6 12,4 12.8 13.2

EEER IO
13.3 13.9 14.5
AEM S

1272771279 771372°
12.6 13.1 13.5

13.4 13.9 14.3

13.6

e
13.9

14.7

"13.4

13.8

14.6




- .Table 4.
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Dust weight (throughs’of No. 10/$ieve)::Grans/kgy -

Storage time ~:weeks

12 16 20" 24 .:28 32 36

g o et et 12 a3 e e

icontrol ¥

Top™ ¢ 0L % 0.4°% 0.677°0.7.90.6% 038 0.6:7

Center: 0.2 050 0.7.9:0,7 0.6+ 0.7 <08

‘Bottom® 1.8+ 2i4'° 2,7..°2,9 52,7 3.3 «2.9:¢

Spram IT-¥°

Top* 0.7:% 0:2°: 0,47 0.7 0.5 1.2 1,27

:Center: 0:5: 0.7 1,2 .1,1' 0.9 1.3 :1:i2

‘Bottom: 1.8 3.1 3,3 3.7 4.0 4,1 3.9



Table S:. ‘Density(testiweight); ,2oimds/biishel:

87,9 1,.57.8' 2574 ¢ 581y 58.1; 21458
Center ©57.94 7.7 458,04 5810, 58:5; 58.37:057.8 57.8

‘Bottom ©58.1758.2:.157.65 5748 5749, 58.6:,457.9 58.2
Drum T Top.i #57.7 #.57.50.557.5 1 58.0: 56:2: 56.7;:V55.3] 55030

(téﬁf??;¢258;0r5u57.9£,557.5,£ 57.0; 57.0; 56,8:4:56.7 55.9

Bottom :57.81.57.5.£56.3 5519 55.6; 56:4:156.0 55.4
;Drgm{II_‘”pr ~ 57.8 57.6 57.6 56.4 56.2 56.8 55,2 55.4
| ‘Center 58,0 57.8 57,1 56.2 55.8 56.8 55.6 55.5

Bottom 58.0 '57.;‘9 56,3 56.0 55.8 56.9 55.7 56.0



‘Table 6. Germination!/l(Percent). -

iContreli Topt | Ti94 495 90 92 941 195 489 861 87

C'E?f'tef 9 96 9091 1 L 94 784 tg6T 88

Bbt’%dm‘"f?f-?’?'*5"3‘,';"';:9;5'vt',?;"-'.’fzf‘ 92 93 94 86 uui8YI 87 88

Di‘um G ¢ Top ‘4597 97 94 94 94 79y g7 8T 86 783
. Cefiter"i92 @5 91 93 92 60 188 :»/83° 83 86

Bottom %194 97 93 89 93 086 (080wri77 69 45

“Drum IT' Tép  ©F04 192 9L 95 5. 193 479 780 81wl
Center 198 #§6 '97: 90 90 89 :479-1833 82 74

Bottom %496 ©97 920 91 91 480 477:wi68i 69 54



Table'7." Glutamic acid decarboxylase:activity: (GADA) i

s Control " Top 65 263 | 256 1247 23

256 266 - 260 260 247 1237
260 262 262' /263 250 ;2361 230 222

7263 258 240 ©230...208: 199 182

8 265 266 248 230,188 181 170

264258 251 :246  200: 186 ;185

e s e a6

61 260 244 /245,199, 184 183

:5 Center 4265 1263 26(
4266 - 245 246 236,190 167 117

% tm of C0,/30g/30 minutes +.100
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Table 8. Proximate analysis: Percent. 1Méistur¢ free basis.

‘ AVefég$j6f7fhé5£ﬁiee;samplipg levels.

Storage time - weeks

0 4 8 12 16 20 24 28 32 36

C.’Protein Control 10.4 10.3 10.4 10,2 10.3 10.2 10.2 10.2 10.3 10.%
Drum I .10.4 10.3 10.2 10.1 10.2 10,2 10.2 10.3 10.3 10.3

Drum II 10.3 10.3 10.2 10,2 10.3 10.2 10.2 10.2 10.1 10.3

Ash Control 1.7 1.5 1.5 1,5 1.5 1.6 1.5 1.5 1.5 1.6
Drum I 1,7 1.5 1.5 1,5 1,5 1.6 1.5 1.5 1.5 1.6

Prum II 1,7 1.5 1.5 1,5 1.5 1.6 1.5 1.5 1.5 1.6

C. Fat Control 3.5 3.4 3,5 37 3.6 3.7 36 37 3.9 3.3
prum I 3.7 3.3 34 38 3.6 3.7 35 3.8 3.6 3.4

Drum II 3.4 38 35 38 36 3.8 36 3.7 3.7 3.3

C. PRiber Control 2.3 2.1 2,1 2,1 2.2 2.1 2,2 2,1 2.2 2.2
Drum I 2.5 2.1 2.2 2,1 2.2 2.1 2,2 2.1 2.1 2.3

Drum II 2.2 2.1 2.1 2,1 2.1 2,0 2.2 2.2 2.1 2.2





