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ABSTRACT

Al-Farisi, Basil A. Azí2. M.Sc., The University of Manitoba, October,

1982. Changes in the Rheoloeical and Chemical Propertíes of a Canadian

lJestern Hard Red SÞríng lJheat Cultivar Neepawa During Storage. Major

Professor; B.L. Dronzek.

The rheological and chemical properËies of stored CanadÍan Írestern

hard red spring wheat (Neepawa) from the L979 and, 1980 crops (freshly

harvested) at 12, 16 and 187. moisture contents, stored at different

temperatures (30, 40 and 50o C) for various periods (10, 20 and 30 days)

were investigated. In order to control the storage conditions of the

wheat samples, sealed containers !ûere used to control the moísture level

while a controlled environment cabinet and an air oven were used Ëo con-

trol the temperatures.

The samples at. high moisture leve1s stored at high temperatures

for long periods of time developed fungal infestations, which resulËed

in changes ín Èhe organoleptic properties such as color and odor. Stor-

age at three t.emperaÈures, as well as storage times, had little effect on

the percentage of recovered flour, bran and shorts for the wheat stored

at Èhe three moisture levels. The proximate compositions of sËored

wheat flour samples were directly related to Ëhe sËorage condltions.

Ash content, starch damage and free amino acid composition showed

marked changes compared to the control, especially in the samples at

high moísture levels and high temperatures stored for a long period of

time. On the oÈher hand, proteín content and amino acid composition

ürere unaffected by the storage conditions. The sËorage condítions
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adversely affected the rheological behavior of stored wheat dough as

measured by the farinograph, extensigraph and amylograph; the effecËs

tùere pronounced when Ëhe storage conditions such as temperature, moisËure

and storage period íncreased. The samples stored at high moisture levels

and high temperaËures for long periods of time showed a marked decrease

in sedimentation value, percent of weË gluËen, as well as a significant

decrease in loaf volume.
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I. INTRODUCTION

Man has been storing grain and its producÈs since the stone Age

period. over the years, ¡nan has learned by trial and error that grain

can be stored for long períods of time without damage or deterioration.

Grain storage condiËions are very ímportant in order to avoid

deteríoration of the grain and its products. parpia (Lg76) reported

that the Food and Agriculture Organiza|íon estimated that 5% of aI1 food

grain harvested are losË prior to consumption. Post-harvest losses of

up to 507" of the total production have been observed quÍte often in
countries like India, where inadequate storage facilities have existed.

storage aims to preserve grain with minimal loss in weight and

quality of grain. Losses in quantity and quality of stored grain are

caused principally by fungi, insecÈs and rodents. rn this sËud.y, atten-
Èion will be focused on the physical and chemical changes which occur

during post-harvest sËorage and the effect of these changes on the quality
on the stored grain crop.

studies on the changes which occurred during storage have, in many

cases, produced somewhaÈ conflicting resulÈs. Mccarla et al. (1939)

in tests at room temPerature and Cuendet et aL. (Lg54) in tests at slightly
higher temPeratures have reported flour deterioration occurring wiËhin

3 months or less of storage. on the other hand, saunders et al. (Lg2L)

reported mi-nor deteríoration in quality of flour which had been stored
for up to L4 years. Greer et al. (L954) reported that canned flour was

still ín a good condition after 2l years of storage at 10 to 20o c.



All grain and milled products undergo a variety of changes through-

out post-harvest storage regardless of how Ëhey are stored. These changes

can be beneficial when storage conditions are favourable. However, some

deËeriorat,ion ín quality can occur under adverse storage conditions

(Bushuk and Lee 1978).

This thesis was initiated to study the effect of different storage

conditions on the Canadian lrlestern hard red spring wheat cultivar,

Neepawa (If!Éc"r aesËivum g. S!.. vulgare) for two different crop years.

The wheat leas stored at three moisÈure levels, 12, 16 and I8%, at three

different temperatures, 30, 40 and 50o C and for various periods of Èime

(10, 20 and 30 days). The objectives of Ëhis thesis were to examine

the changes in rheological and chemical properÈies of the sÊored wheat

as affected by different sËorage conditions.



II. LITERATIIRI REVIET^I

A. Phvsical Propertiês of the Stored Grain

L. MoisÈure

Air which moves from a high temperature region to a low temPerature

region gives up moisture to maintain its relative humidity. In exËreme

cases, the air which comes into contact r^rith a cold surface may be cooLed

below the dew-point. The result is water condensing onto the wall of Ëhe

storage bin or on the surface of the graín. This water causes the rela-

tive hunidity in Èhe region to rise and hence increases the risk of grain

deterioration. In addition, when grain which contains a high moisture

1evel is exposed to the air, the moisËure moves from the grain to the air

until there is an equilibrium between the grain moisture and the atmos-

phere (H411 L970, Burrell 1974, Bushuk and Lee L978).

Moisture is the key to safe storage of grain and their products. Grain

at 1olr moisture content in equilibrium with 70% relative humidity can be

stored for a Long period of tine Írith little deterioration (Hunt and Pixton

L974). !ühen the moisture conËent exceeds this critícal level, sËorage

fungi begin to grow. ThÍs results in an increased rate of respiration in

the stored grain whích may cause excessíve heating. Sinha and l{allace

(1965) termed this excessive heatíng damp grain heaÈing. Hâl-l (1970) and

Hunt and Pixton (Lg74) reported that different tyPes of grain in sËorage

had a specific critical moisture leve1 which infLuenced the growth of the

storage fungi which in turn influenced the chemical deterioration of the
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graín. the safe moisture content for storage Ís grain in equilibrium

wiËln 70% rel-at,ive humidity. Above 75% reLatÍve huuidity fungi develop

rapidly, cause heating of stored graín, followed by subsequent deteriora-

tion of the grain and loss ín quality.

Smith (L969) cited tlr.at 40% of the total volume between the stored grain

¡oas air space. The grain was also characterízed by a lov¡ thermal conduc-

tivity with an ability to exchange moisture wiËh the air within the grains

and with the aír around the graÍn.

Absorbed qtater, due to the moisture levels and relative humídity

of the storage grain, may be held loosely in the grain by capillary

forces and could play an importanÈ role in storage. Another type of

hTater is adsorbed v¡ater which ís held firrnly by molecuLar attracËion and

is not as important in stored grain (Smíth L969, Trisvyatskíi L969,

Hunt and Pixton L974)

2. Temperature

Grain is an excellent insulator. Therefore, grain temperature

changes very slowly. Snith (1969) and BurreLL (L974) reported Ëhat the

thermal insulatíon characteristics of the grain were five to 10 times

better than a similar bulk of concrete. If cold grain is stored in bins

in winter, the grain remaÍns cold throughout most of the suuuoer and its

temperaËure will rise only a few degrees. Due to the low thermal conduc-

tiviÈy of grain, the temperature effects on Èhe outside of the grain mass

in sËorage are sLowly transmitted to the centre. On the other hand, the

temperature of the grain at the centre of the bulk nay rise due to the

presence of insect, mícroorganism and dockage.

During the various stages of insect. f.ife cycles, insects require and

consume food and oxygen producing carbon dioxide, rüater and heaË" The



heat produced by the insect cause a Localízed íncrease in temperature

which is called I'hot spotrr. This can also l-ead to migration of moísture

to the cooler upper grain surface resulting in a condensation near the

cool surface. This in turn promoteé grain sprouting and mold growth.

3. Flow ProperÈv

In additÍon to the factors whÍch cause I'hot spot" during storage,

Ëhere is in grain a flow property factor. This property depends on the

naËuraL segregation of the grain during the movement and handling, which

in turn depends on the gravity, the specífÍc weight and the heterogeneity

of the grain. The flow property factor can create undesirable storage

conditions such as sponËaneous heaËing and caking.

Trísvyatskii (1969) explained this phenomenon and reported that

when grain is loaded into an elevator, the sound and heavy grains having

a high specífic weight, falls verÈically and rapidly towards the bottom

of the bin. On the other hand, the srnall, shriveLled grain, ínsects

and spores having a low specific weight fall slower and are thrown by

air currents against the bin walls.

As a result of natural segregation, therefore, sectors of grain

are formed in the bin which differ from each other to some exÈent in

compositÍon. Shrivelled grains, dust, micro-organísms and insects

accumulate mainly along the bin r¿alls where the moisture leve1 and tempera-

ture are normally above the mean of the whole batch. This condiËion

facilitates micro-organism and insect growth (Bushuk,and Lee L978).

ÎrÍsvyatskii (L969) reported that when grains of different specific

weÍghts are discharged from a bin by gravity, the grains wiËh a high

specific weight moved out from the central part of the bin first. This

graín is repl-aced by grain wiËh a lower specific weight, micro-organisms



and insects which were previously found along the bin walls.

4. Respiration

During storage, grain respires and produces moisture (water) and

carbon dioxide. Hummel eÈ 41. (1954) and Trisvyatskíi (1969) observed

that there are two kÍnds of respirat.ions: aerobic and anaerobic. In

aerobic respiration Ëhe sugars (hexoses) are completely oxidized to form

carbon dioxide, vùater and energy. This respíration predominates in normal

grain sËorage where there is an excess of aír. Aerobic respiration is

shown by the following formula:

Cø HtZ 06 + 602+6 COZ + 6 Ii2O f energy

In anaerobic respiratÍon, grain ís sËored under unfavourable condi-

tions and a lack of oxygen. During respiratíon, the sugars are decomposed

to form the oxídized organic product, such as ethyl alcohol, as shown by

the following formula:

Cø HtZ O6* 2 CO2 + 2C2H5OH f energY

Trisvyatskií (1969) reported that most of the energy produced during

respiration is liberated. This energy produces heat which is released

into the surrounding space. The heat, formed by the stored grain, may

as a result of poor thermal conductivity be retained. ConsequenËly, this

heat may be one of the causes of sPontaneous heating (a hot spoË) in

stored grain.

B. Rheoloeícal Properties

It is generall-y accepted ttÉt the rheological properties of dough

are very important for the baking performance of a product and its final

quality. Charm (L962) defined rheology as the branch of physics dealíng

with forces and deformations, their relaËionship and interrelationships



rviÈh time. Proteins play a very important role in determining the rheo-

1-ogical propertíes of the dough. About 85"/" of. Èhe proteins in wheat flour

consist of the gluten components, 9Líadin and glutenin (Bushuk L977).

These fractions differ markedLy in their physical properties. Gliadin is

extensibLe and inelastic, whereas glutenin is elastic Uut relatively

inexËensible. The gLuten of a good breadmaking flour contaíns g1íadin

and g1uÈenin in approximately equal amounËs. GluËen is the insoluble

protein material remaining after the water solubles and sËarch are washed

out of dough in a stream of rüater. Gluten content in flour is a measure

of breadmaking potential. (Bushuk 1977).

Flour strengËh refers to wheaË protein or flour protein and encom-

passes both protein qualíty and quantity. On the basis of flour strength,

wheats can be classified into Ëwo major tyPes, namely hard (strong) and

soft (weak) types of wheat (Pyler L967). Hard wheat flours have relatively

high protein content, high water absorpËion and forms an elasËic gluËen

with good gas retaining properties. Soft wheat flours, on the other hand,

have a lower protein contenÈ and yield a gluten which is less elastic.

This type of flour is general-ly better suited for baked goods such as

biscuits and cakes (WheaË FLour Institute L97L).

Protein quality criteria are related prirnarily to the gluten protein.

Quality ís appraised largely by subjecting the flour to several physical

testíng devices which rrnasure various rheological propertíes. The tests

are performed usuaLly on flour !ùater doughs and are widely employed in

quality measurements. These Èests characÈerize the gluten protein of the.

proteín by measuring such factors as extensibí1ity and resistance to

extension of dough at. rest, hydration time, maximum development time and

tolerance or resistance to breakdown at a predetermined consisËency during
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mechanicaL mixing (Pratt Jr. L97L).

Larmour et al. (1961-) stored flour and farína (coarse flour) for

5 years in a variety of packaging nâterial and storage conditions.

Dried flour (8% moisture content) showed a minimum change in farinograph

properties during storage, while the normal flour (L4.5% moisture contenË)

showed marked changes in farínograph propertíes after 3 and 5 years of

storage. On the other hand, the extensigraph indices for Èhe dried sample

sÈored in standard packs showed some evÍdence of an accelerated, apparently

irregular, rate of change in dough properÈies. The increase in resisËance

to extension accompanying storage was slightly more rapid for Ëhe dried

samples rather than for the normal moisËure flour and farina.

Yonegama et al. (L97Oa, b) measured the SH content of freshly milled

fLour stored for 90 days at 3Oo C Ín air and in nítrogen. The flour

stored in air showed a marked decrease in SH contenË, while the flour

stored under nitrogen showedamuch smaller decrease in SIi content. This,

in turn, seemed to directly affect the changes in rheological propertíes

of the dough and hence the breadmaking quality.

ltestermarck-Rosendahl and Ylimaki (1978) and I.Ies termarck-Rosendahl

(1973) stored for 5 and 7 days, winter and spring wheat, which was harvested

at moisture contents between 18.6 and 38.07.. Under such storage conditíons,

spontaneous heating developed. The farinograph tests on these samples

showed a very short dough development time for the winter r¡heat stored

at 37.57. moisture contenË for 2 days. On the other hand, the spring wheaË

stored at 37.5% moisture content showed a narked decrease in develoPment

time following 2 days of storage. The extensigraph ProPerËies declined

in the winter wheat following 3 days of storage while Ín the spring wheat

the extensigraph propertíes decl-ined following 1 day of sÈorage.



BeLl et al. (L979) found that there rüere no detectable changes in

rheological or baking propertíes of flours milled from Engl-ish ('f{eak'),

Canadian ('Strong') and mixed English and Canadian wheat ('If,ediun')

hel-d at -20o C tor 66 monthsr storage wÍth the exception that the free

lipid acidity increased s1ightly. However, at ambient temPerature, the

deterioration in baking quality of the sËored flours was highly dependent

on the nature of the bakíng tesË used.

Shuey and Tipples (1980) cited that Lange (unpublished data) found

a direct relationship between storage tíme at different ËemperaËures and

the loss in malt activity. After 11 weeksr storage at 22.70 C the Loss

in maLt activity was estimated at 36%, Also, they reported thaË as

the storage temperaËure increased, Ëhe rate of loss in malt activity

increased, i.e. at 23.90 C storage temPerature, a 2% pet week loss in

malt activity occurred; at 35o C a L!"/" loss per week and at 460 C a 25%

Loss per week in malt activity.

C. Chemical Changes Duríng the Storage

l-. Protein and Amino Acid Changes During Storage

Very few authors have studied the changes Ëhat occur in grain Pro-

teins during storage. At Present, the information concerning these

changes in grain protein during storage remains unclear.

Jones and Gersdorf.f (L941) studied the effect of storage under

different condítions at various intervaLs over a 2 year period upon the

protein of white flour, whole flour and wheat kernels. The results

showed that three different tyPes of changes occurred: (Í) a decrease

in Èhe solubility of the proteins, (ii) a Partial breakdown of the pro-

teins indicated by a decrease in protein content and a decrease ín the



10

amount of nitrogen precipitable by trichloroacetic acid and by an increase

in amino nitrogen and (iÍi) a decrease Ín digestibility. The extent of

these changes depended on the Ëemperature, the type of container, the

duration of storage and the moisture of the materíal stored.

Pi.xton et al. (L964), Pixton and Hill (L967), Pixton er al. (1975)

and Pixton (1980) reported that vrheat, when sËored for 6, 8, 16 and 18

years in cooled bins at -15o C at moisture levels less than 1-47", showed a

sLight decrease in the salt soluble proteins duríng the first 2 years of

storage and remained constant thereafter. Crude protein, however, remained

unchanged during the 6, 8, 16 and 18 years of storage. similar results

were reported by Fífie1d and RoberËson (1959), Irlestermarck-Rosendahl (Lg78)

and lJestermarck-Rosendahl and Ylimaki (1978).

Daftary èt al. (1970a, b) investigated the effect of temperature on

Ëhe chemical composiËion of two hard red spring wheat flours stored at

about 187. moisture contenË for 16 weeks at 23, 30 and 37o C. The study

found a slight change ín the protein content of the stored wheat samples

wÍth the mold-damaged sampled having a slightly higher proËein content

than the corresponding sound flours. The relative increase, on a percen-

tage basis, could be explained by the respiratory losses of carbohydrates.

Hovrever, the gluten from the damaged flours was difficulÈ to wash out and

had inpaired rheological properties. In damaged flour, the yield of

gLuten was reduced and Ëhat of the starch fraction !ìras increased wiËh the

starch fraction rích in protein. Starch-gel electrophoretic patterns of

the gluten showed a decrease in glutenin and an increase in gliadÍn-like

components; the water-soluble fraction contaíned an unusual component

rnigrating to the anode and essentially no fast-moving component. Baking

studies of reconstituted wheaË doughs indicated damage to lipids, glut,en
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and rdeter-soluble proteíns; no darnage to the starch was demonstrate.d

Shearer et 41. (1975) reported that no changes had occurred in wheat

flour gliadin and glutenin proteins extracted from flour stored aE 25,

L2 and. -20o C for 18 months. Sodium dodecyl sulfate-polyacrylamide ge1

electrophoresis shcrued minor changes in the molecular weight distribuËion

of the gluten protein on storage.

Patey et al. (L977) found that prolonged storage of wheat for several

years resulËed in a progressive decLine in the amount of acetic acid

soluble protein, whereas the protein solubility remains unchanged.

l{estermarck-Rosendahl and Ylimaki (1973) and l{estermarck-Rosendahl (1973)

studied the effect of spontaneous heating on the protein properties of

stored wheaÈ aË high moísture content. The reports found that the gluten

content and the sedimenËation value of wheat flours decreased when spon-

taneous heat,ing occurred.

Devay (L952) reported that 18 free amino acids and an unknown

ninhydrin-reacting substance were found ín sound and moldy wheat. In

addition, gauma-amino butyric acid was identified only in uroldy wheat

stored at. relatively hígh moisture contents. Vísual comparisons of

chromatograms of sound and moldy wheat indicated changes in the concentra-

tions of cerËain free amino acid. Alaníne, gamma-amino butyric acid,

proline, serine and lysine increased while histidine decreased in concen-

tration in moldy wheat relative to the concentrations of the other

amino acids in sound wheat.

Yoneyama et al. (L97Oa, b) found that the soluble SH content decreased

narkedly during the firsË 10 days of storage when the flour was stored

at 30o C. For the flour stored at -30 and 0o C, soluble SH content

decreased slowly but continuaLly during 90 days of storage. These
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resuLts indícated that the oxidation of the soluble SH groups in air

depends to a Large exËent on the storage temperature of the flour.

Ferrel et al. (1970) sËored samples of highly fortífied wheat (by

adding lysine IICI) at 9, 11 and 137. moisture contents at 32.2 to 37.7o C"

The study indicated that lysine HCl added to the wheat under reasonable

condítions of sÈorage is stable for at least 1 year.

2. CarbohvdraÈe

Grain taken from an ancient Egyptían tomb, more than 31000

years old, rüas reported to contain dextrins and considerable amounts of

reducing sugars. ThÍs indicated thaË the amyLase activity appeared to

continue Ín the stored grain even after respiration could no longer take

place (Geddes 1935, Pomeranz L974) 
"

Loney and Meredí-tln (L974) showed thaË peak amylograph vÍscosity

increase wíth aging time, both for act.ive and inactive enzyme states.

The data indicated that the aging effect is not aLtributable to a

decline of amylase activity but involved changes in other components such

as starch. Storage at -25o C heLd the pasting ability relaEively constant

Pixton et 41. (L964), Pixton and HiLl (L967), Pixton eË al. (L975)

and PixÈon (1980) recorded that the non-reducing sugar of a l,fanÍtoba

hard wheat and a soft Englísh variety declined very quickly in Èhe period

between 6 and 8 years of cormrercial storage. Wheat at I2"L moisture con-

tent stored beËween 8 and 16 years in the same storage condítions showed

no marked effect on Ëhe proportions of reducing and non-reducing sugars.

Again during the storage period from 16 to l-8 years the reducing and non-

reducing sugars decreased for both tyPes of wheat in all bins.

GLass et aL. (1959) stored grain under aerobic and anaerobic (nitrogen)

conditions at different moisture levels (13 to 1-8%). Samples were removed
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at intervals of 2 to 4 weeks and tesËed for mold counts, viabílity and

reducing and non-reducing sugars. An íncrease in reducing sugars at all
moisture contents was observed. This change vras more pronounced at the

higher moisture contenÈs and in particular with those samples stored ín

nitrogen. At 18% moisture content there vüas a 285% i¡crease in reducing

sugars in the nitrogen stored sample as compared to L2O% ín the air-stored

sample. Non-reducing sugars decreased in all samples above 137. moisture.

This change was somewhaÈ greater at the higher moisture contents, although

the samples stored in air showed a greater decrease in non-reducing

sugars than those stored ín nítrogen.

Lynch et al. (L962) carried out additíonaI work on the changes Ëhat

occurred in the wheat sugars during storage, in presence or absence of

mold. Sound wheat ütas stored ín atmospheres of air, nitrogen or carbon

dioxide for 8 weeks at 3Oo C and 20% moisture conËent. By mosË of the

criteria used, the samples stored under anaerobic condíËions, and hence

wiËhout mold growth, deteriorated aLmost as rapidly as did a sample stored

in aerobic conditions. All stored samples had undergone exÈensive changes

in sugar content and gave flour of extremeLy poor baking quality after g

weeks. In aír, the sucrose content of wheat decreased narkedly, whereas

minor changes occurred in glucose, fructose, galactose or malËose contenÈ.

rn carbon dioxide and nitrogen, the sucrose content decreased concomitant

with a large increase in glucose, frucËose and galactose.

3. Lipids

Sound graíns contain fairly acËive antioxidants so the fats are

effecÈively protected against the effects of oxygen during storage.

Milled products in storage pose a serious problem, particularly whole

grain milled products. Iùhole wheat flour can be kept for only a shorË
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time because it readily becomes rancid, regardless of its moísture content

and storage temperature (Zeleny L954). When the moísture content and

temperature are high, fats ín grain are broken down by f.ipases into free

fatty acid and glycerol during storage. Mol-d growth also increases t,his

type of change because of the high lipolytic acÈivity of the mold. Fat

hydrolysis takes place much more rapidly than protein or carbohydrate

hydrolysis ín sËored grains (Pomeranz L974). lwo tyPes of reactions,

oxidation and hydrol-ysis, can occur in grain 1ípids during storage. The

reactions produce a variety of products whích contrÍbuËe to the deveLop-

ment of a rancíd taste and odor. Hydrolytic degradation of grain lipids

during storage is catalyzeð by exogenous (fungal) and to some extenË, by

exogenous lipases, resulting in the production of free fatty acids and

glycerol (Pomeranz L974, Bushuk and Lee 1978).

Zeleny and Coleunn (1938), Hummel et al. (L954), Glass et al-" (1959),

Larmour et al. (1961), Yoneyama et al. (1970a) and Westernarck-Rosendahl

and Ylirnaki (1979) have reporËed that the acids produced by the lipases

include free fatty acids, acid phosphates and amino acids. The levels of

fat acidÍty increase most rapidly during the early stages of deterioration.

The fatty acíd content of grain has often been suggesËed as an indicator

of grain deterioration.

Daftary and Pomeranz (L965) stored hard and soft winter wheat for

about 6 months after harvesË at 40 C. The original moisture of the

wheat samples was 12.8 and L3.4%, respecÈively and each was moistened

Ëo 18 to 227". The study found that titratable acidity was abouË 7% higher

i.n benzene extract.s than in petroLeum ether extracts of wheat. Benzene

extracËs of moistened wheat contained more free fatty acíds than did

extracts of wheat redried to 11 to 12% moisture contents. Changes in


