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INTRODUCTION

Safe storage of cereals is an important biological problem. The
average loss produced by heating of cereals during storage is large
costing millions of dollars annually. Several factors are found to
affect storage and respiratory activity of cereal grains (1,2,3).
Moisture content, temperature, and oxygen are the most important factors
influencing respiratory activity of the grain (2).

Heating of cereals during storage depends mainly upon moisture con-
tent and microflora present on the grain. As pointed out by most in-
vestigators, growth of microorganisms in moist cereal is perhaps the
most important factor related to the safe storage. Microorganisms found
on the stored grain produce heat during storage just as other living
organisms do when they respire. Because microorganisms can not grow in
dry grains, storage of such cereals is safe compared to'high molsture
grains. Higher moisture grain provides microorganisms with favorable
conditions to grow, and with the heat generated deterioration to the
grain during storage can occur. Mold is the most abundant microorganism
on stored grains, especially, in high moisture grains. The number of
mold depends on the quality and soundness of grains.

Many methods have been introduced to prevent or minimize deterior-
ation of high moisture stored grains. One of the methods recommended for
storage of high moisture grains is the use of chemical compounds, such
as propionic and acetic acid, to inhibit mold growth. Storage of grains

at low temperaturc or reduction of molsture are also common methods to



retard the microorganisms growth.

The purpose of this investigation was an attempt to sterlize damp
grain by treatment with flash heat. It was also an objective to study
the effect of heat treatment on mold , bacteria, yeast and quality of

wheat for bread making.



REVIEW OF LITERATURE

Early investigations of heating of cereals during storage believed
that heating was caused by respiration of viable grains and second by
the growth of fungi. More recently, it has been established that growth
of fungi causes excessive heat in moist grains (2,3).

Large losses, due to heating of wheat and corn are caused by fungi
(3). It has been estimated that losses of grains world wide amounts to
1% of the annual cereal production. Some years it may be higher at some
localities and usually losses run higher in such grains as sorghum and
corn depending on locality of growth.

Fungus spores can germinate at low critical moisture level of 14%,
especially at warm temperatures. Some species of fungi such as, the

Aspergillus glaucus group, can be grown at lower moisture than the other

species. Under these conditions, more moisture will accumulate and other
gpecies of fungi develop (3).

Deterioration in quality of grains can also be caused by the fungal
enzymes. These enzymes attach the carbohydraes, fats and proteins of
grains causing high acidity and deterioration of portein and starch (3).

Both external and internal molds are responsible for the deterior-
ation of stored moist wheat (4). It has been found that the.extetnal
molds are more abundant than the internal molds in the stored wheat but
this also depends upon some factors such as, the amount of mold present,
conditions of-storage and the age of grainms.

Christensen and Gordon (5) stated that molds able to grow on the



sound grain at relatively low moisture level causing temperature to rise in
stored grains. Respiration and temperature increase in wheat according

to the growth of mold until a temperature of 52-55°C is reached. At

higher moisture levels, bacterial growth will increasé causing wheat to
heat further until the thermal death range of bacteria (68-70°C) 1is

reached (6).

Mold population and temperature increase in stored wheat with
increasing moisture contents (3,5,7,8,9,10,11,13,14). Even when wheat
is stored at 13-14% moisture, certain molds invaded wheat causing
deterioration and an increase in the fat acidity by elaboration of
lipase enzyme. Two treatments were used to study relationship of mold
to grain spoilage (7). Grain surface-disinfection and mold-inoculated
samples of wheat were stored at room temperature for 5,10, and 15 days
with 15%, 18%, and 21% moisture contents, respectively. High levels
of mold infesﬁation caused an increase in the fat acidity and mold count.
Samples with 15% moisture had less mold than samples with 21% moisture.

Deterioration caused by mold to the stored wheat has been also
studied by Papavizas épd Christensen (8). Wheat was stored at different
moisture levels and temperatures for several months. They found that
when wheat was stored at 5% IOOC with 15 - 15.5% molsture content, it
remained sound for one year while mold growth caused damage to the wheat
stored with 16 - 17% moisture at 5°C. Considerable damage resulted when
the 17% moisture wheat was stored at 10°c for the same period of time.
At 18% moisture, wheat was stored for 19 months and damage was caused by

mold at both 5°C and 10°C.



Hummel, et al. (9) pointed out that when wheat was stored at moisture
contents exceeding 14.5 to 15%, growth of molds normally present on and
within grain caused increases in the respiration and fat acidity and de-
crease in nonreducing sugars. They also compared the respiratory rate
of mold-free wheat and moldy wheat stored at 35°C with moisture levels
from 15 to 31% and found it was low and constant with time in the mold-
free wheat, while it markedly increased after a few days in the moldy
wheat.

“"Chemical changes in stored grain occur at varying rates which de-
pend upon the moisture content, the oxygen supply, the temperature, and
the degree of soundness of the grain" (10). The action of the enzymes
of grains or fungi which are present within the seed coat is responsible
for these changes. Geddes (10) found that respiratory activity increased
when grain was stored at higher levels of moisture and temperature.
Deterioration of grain increased and various chemical changes took place
during storage.

Kind of microorganisms, especially molds, found on and within grain
have been studied by many investigators (1,3,4,5,6,12,13,14). Johnson (3)

pointed out that Penicillium,Aspergillus,Fusarium,Rhizopus and Cladosporium

are the common fungi found on the stored grains.

James, et al. (12) found the following genera of molds on wheat:

Aspergillus‘
Cephalosporium

Alternaria
Cephalothecium

Fusarium



Helminthosporium

Mucor

Penicillium
Rhizopus

Molds were examined in both high and low-grade lots. Alternaria

was found in the first lots, while Aspergillus and Penicillium were

found in the second lots {(4,6). '"The high-grade lots were mostly of
the top commercial grade. The low-grade lots containea from 10 to 30%
damaged seed." (4). Three of the most common molds in stored grains
were found to grow and cause heating in moist sound wheat (5). These

molds are, Aspergillus candidus, A.flavus and A.glaucus.

Christensen (13) stated that when wheat with 13.5 - 14.5% moisture

content stored for 16 months, Aspergillus restrictus, a member of A.

glaucus group, invaded this wheat especially from the germ of seed causing
brown color characteristic of "sick'" wheat. Wheat with a critical moisture
level of approximately 13.5% or more may not be stored safely for long
time (13). This is true, Christensen added, because A.restrictus mold
was isolated in high percentages from commercial bins. Other members of
A.glaucus group such as, A.repens, and A.ruber, found also growing on the
stored wheat.

Tuite and Christensen (14) inoculated different samples of mold-
free wheat with four of Aspergillus species which are commﬂnly found
on the commercial stored grains. Samples were stored with 12.2 to 16%
moisture contents at 25°C for 1 - 15 months. At a 13 - 13.6% moisture

content, A.restrictus and A.asnstelodami (glaucus) invalded the grain

gradually, while A.repens and A.ruber developed more slowly. They also



mentioned that A.repens invaded a larger percentage of grain than did
other species at a moisture level of 14.3 - 14.6% after two months of
storage, while grain was invaded by all fungi within four months. All
samples with 15.5 - 16% moisture content were invaded by mold after only
one month.

High number of bacteria has been found on the stored grains (12,
15). Several investigators studied number and genera of bacteria on
surface of wheat and other cereals grains (12,16,17). Mack (19) found
60,000 bacteria per 1 gram of wheat. Rautenstein (17) found 570,000 -
70,000,000 bacteria per 1 gram of wheat, while James, et al. (12) de-
termined the number of bacteria to be between 280,000 and 164,000,000
per 1 gram of wheat.

Many genéra of bacteria were found on grains and their products
(1,18). These genera are:

Pseudomonas
Acetobacter
Micrococcus
Pediococcus

Lactobacillus

Streptococcus

Flavobacterium

Achromobacterium
Escherishia
Serretia
Bacillus
Clostridium

Bacterium




The most abundant bacteria found on the normal wheat and other

cereal grains is Bacterium herbicola aureum (17,19,20,21,22). This

bacteria represents 86% to 100% of bacteria found in wheat, oat, barley

or rye kernels, followed by Bacterium fluorescens and Bacterium putidum.

Many attempts, procedures and methods have been introduced for
storage of high moisture wheat and other cereals (5,23,24,25,26,27,28,29,30).
More than 100 compounds were tested as fungicides to inhibite mold growth,
but only 8 of those compounds were effective as fungicides on wheat with
20%Z moisture (23). The 8 effective compounds were as follow:
a-hydroxyquinoline sulfate, thiourea, P-aminobenzoic acid, sulfanilamide,
benzene sulfanamides, a-aminothiozole, chloramine B, and calcium propionate.
At moisture contents below 24%, thiourea was found to has a little toxic
effect on seed, while germination of seeds was reduced more than 30% by
a-hydroxyquinoline sulfate (23). Christensen and Gorden (5) tested several
fungicides to store high moisture wheat. They found that none of those
fungicides reduced mold from wheat, and they stated that while thiourea
apparently inhibited some molds completely, growth and sporulation of

Aspergillus candidus developed in their test. A given compound may be

effective against certain organisms and under certain conditions (5).
Stevenson (24) also treated damp grains with propionic acid and a mixture
of acetic and propionic acids. By the strong vinager-like vapors and the
low PH of acetic and propionic acids, microorganisms of the grain were
inhibited. Moist grain can be stored without deterioration if treated
with acids. He also stated that while propionic acid has more effect as

a fungicide, acetic acid is better than propionic as a bactericide.



Stevenson (24) added "this method will never entirely replace artificial
drying, cribbing, or ensiling, but it offers an alternative to those
methods for a grower who does not want to invest in a silo or grain dryer".
Seed embryos have been known to be killed by the action of acids.

Stone (25) studied organic acids, such as propionic, to store damp
grains. The concept of this procedure is to spray a small quantity of
organic acid on a high moisture grain at the harvest time to lower the
PH of grain below 4.0. This low PH inhibites the development of micro-
organisms. Such grains can be stored without further &rying,

In Japan, underwater storage gave satisfactory results when cereals
were stored for a long period. There was no substantial loss of quality
(26).

Another method was introduced to prevent mold and insect damage of
high moisture grains, especially those cereal grains of high specific
surface such as wheat, corn and milo (27). Air, between 30° and 70°F
and about 70% relative humidity was circulated to the stored grain.
Temperature of the grain mass remained below 50°F by cooling and de-
humidified the air to maintain below 70% relative humidity. In general,
this method has not met with common success.

A new procedure has been developed in 1963 to preserve grains with
dry, cool air (28). The units of this method are called "granifrigors".
By this method, grains with 17% moisture content stored after cooling in
the "granifrigors" units. Wheat with 18.5% moisture content was stored
at 10°Cc for 40 days, and when temperature of storage was lowered to 5°C,
wheat stored up to 80 days without any change. These units have not met

wlth wide acceptance.



Gamma-Irradiation treatment has also been used for storage of high
moisture wheat (29). The number of mold and bacteria was found to de-

crease when wheat of 16 - 20% moisture was treated with 105

kilorads of
irradiation. But development of microorganisms has been retarded even
in 20% moisture wheat when 140 kilorads of irradiation was used.
Jakubezyk, et al. (30) found that darkening of flour, especially at a
higher moisture level was caused when 47 kilorads of gamma-irradiation
have been used. On the other hand, there was no adverse effect on
quality of flour milled from wheat samples which have been subjected to
20 kilorads of gamma-irradiation (31). Dough stability, the amylogram
peak hight and loaf volume decreased as the irradiation dose increased.

"Gluten fraction was responsible for the lower loaf volume potential of

flour milled from irradiated 1000 kilorads wheat (31).

10
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MATERIALS & METHODS |

Hard red winter wheat with a moisture content of 11.9%, a protein
content of 12.8%, and an ash content of 1.54% was used in these studies.
Wheat was divided into two parts, one with the original molsture content
and the other was tempered to 18% moisture by addition of water. Eacﬁ part
was subdivided into seven 5-pounds samples and treated as follows:

1 - Control

2 - Flash heated at 600°C + 10, once.
3 - Flash heated at 700°C + 10, once.
4 - Flash heated at 80000_3 10, once.
5 - Flash heated at 600°C + 10, twice.
6 - Flash heated at 700°C + 10, twice.
7 - Flash heated at 800°C + 10, twice.

An instrument was designed and built to treat wheat samples with
flash heat at different temperatures. This instrument consisted of a
60"x5" steel tube. Six baffle plates were located alternately inside
the tube to regulate flow of grains. Two gas burners were installed
inside the tube at 40" aﬁd 45" from its top. These burners were con-—
nected to gas—air mixing valves from outside. Compressed air and gas
were used as a source of fuel. A 9" long hopper with sli&e and ventil-
ation gate was attached to the top of the tube, while a metallic
10" X 8" X 6" recelving box was attached at the bottom of the tube to
receive the grain after treatment. To measure the temperature of flash

heat, a pyrometer was inserted just above the burners. The instrument
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was held vertically by a triangle iron stand. Treated wheat samples were
passed quickly through flash heat into the receiving box. The average
time for kernel to pass through the intense heat (600°-800°C) was 0.1
second. Since this apparatus has a gate to regulate flow of the grainm,
the rate of passage of grain was regulated at 6 1lbs./minute. This in-
strument is illustrated in Plate 1.

Temperature of grains after treatment was measured by inserting a
thermometer in the grain.

Total count of microorganisms was performed on the samples before
and after treatment, while physical and baking tests were performed on
the flour made from wheat samples which were milled on a Buhler experi-
mental mill. Samples of original moisture content were milled after:
treatment, while those with 18% moisture were milled after storage.
Plate count method was used to determine number of mold, bacteria and
yeast colonies. Potato dextrose agar (PDA) was used as a medium for
mold, while nutrient agar (N.A.) used for bacteria and yeast. Three
different dilutions and two plates for each dilution were made for each
sample. Incubation temperature was 30°C for a 5 daysperiod.

Total count of mold was performed for the original moisture samples
(treated and control) just after treatment, while total counts of mola.
bacteria and yeast were performed for the 18% moisture samples (treated
and control) twice, once just after treatment and the other after 10 days
of storage at room temperature (about 75°F)Awith air supplied during the
storage period. Compressed oxygen was passed to the samples through

sterilized glasswool during storage, periodically.
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Illustration of Flash Heater used for Sterlizing

Grains - Plate 1 -

To the left of tube can be seen thermostate leading to pyrometer
for recording temperature of flash heat. Just below the thermostate
are two gas burners attached to gas mixing valves. At the top of the tube
is the hopper and regulating valve, while the receiving box is attached
to the bottom of the tube. This box was located to receive the treated
grain.

The tube is equiped with baffle plates to reduce the flow rate of
the grain.

Entire assembly is supported by a tripod.
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Farinograms were used to determine absorption of flour and other
physical characteristics related to baking. "Pup' loaf procedure has
been used to test baking characteristics of flour. AACC method 54-21
and 10-10 were used for Farinogram and "Pup' loaf procedure, respectively
{32} .

Another part of this study was made as an attempt to store damp
wheat in large quantities. Two 3-bushel samples of 18% moisture content
wheat, one treated with flash heat between 700° to BOOOC, once, and the
other as a control, were stored for 15 days in insulated barrels. Total
count of microorganisms was made of these samples twice, once, just
after treatment and the other afrer 15 days of storage at room temper-
ature (75°F). Same methods as used for the small samples (5-pounds)
was used to count the number of microorganisms of large samples.

During the period of storage, temperature of grailns inside the barrels
was recorded daily by a thermometer inserted into each barrel. Air was
supplied to both samples from a compressed air cylinder. All treated
samples were brought to the same temperature of untreated samples before
storage.

Germination of seeds was performed for all samples to test viablity
of grains by planting 100 grains of each treatment in moist petri dish.
Moist petri dish was prepared by placing three filter papers in the
bottom of the dish with 10 ml. of distilled water. Petri dishes in-

cluding grain samples were incubated at 25°C for 5 days.
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RESULTS & DISCUSSION

Total Count of Microorganisms

A- Small (5-pounds) Samples Studies

Two different moisture level wheats were used in these studies,
one with original moisture content (12%) and other with 18% moisture
content. Each wheat was divided into seven 5-pounds samples as they
indicated under materials and methods.

Mold counts of the 12% moisture content wheat and total count
(mold, bacteria and yeast) of the 18% moisture content wheat were de-
termined. They are given in Tables 1-3.

The 12% and 187 moisutre wheat samples were used to test ability
of flash heat treatment and its effgctiveneas to retard development
of microorganisms on stored wheat. Data in Table 1 show that at 0.05
level of significant, control treatment differed significantly from all
samples treated with flash heat. Treatment with flash heat once at
600°C differed significantly from flash heat treatments once at 700°C,
once at 800°C, twice and 700°C and twice at 800°C, but it had no sig-
nificant difference with flash heat treatment twice at 600°C. Treat-
ment with flash heat twice at 600°C differed significantly from flash
heat treatments once at 800°C, twice at 700°C and twice at BOOOC,
while there were no significant differences between this treatment and
flash heat treatments once at 600°C and once at 700°C. There were no
significant differences between flash heat treatments once at 70000,

once at SOODC, twice at 700°C and twice at 800°C. Temperature of grain
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Table 1. Mold count and temperature of 12%
after treatwent with flash heat.

moisture content wheat before and

No. of Temperature of Mold colonies/I
Treatment Treatment grains after treatment gm wheat

1 Control 26°¢C 1250

2 Treated with flash heat once at 600°C. 42-43°% 130

3 Treated with flash heat once at 700°C. 43-45°C 90

4 Treated with flash heat once at 800°c. kmub»on 70

5 Treated with flash heat twice at 600°C. 42-44°¢C 125

6 Treated with flash heat twice at 700°C. 45-46°C 70

7 Treated with flash heat twice at 800°C. 48-49°C 60

Significant mean difference = 37
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after each treatment listed in Table 1 and showed it was between 42 and
49°c.

Mean of numbers of microorganisms in Table 2 indicated a highly
significant difference between control treatment and all flash heated
treatments. On the other hand, number of microorganisms of flash heat
treatment at 600°C, once, was significantly higher than those of flash
heat treatments once at 7000C, once at BOOOC, twice at 60000, twice at
700°C and twice at 800°C. Number of microorganisms of flash heat treat-
ment once at 700°C was significantly higher than those of flash heat
treatments once at BOOOC, twice at 60000, twice at 700°C and twice at
800°C. But there were no significant differences between treatments
once at 800°C, twice at 600°C, twice at 700°C and twice at 800°c.

Least significant mean differences at 0.05 level of significant are
presented in Tables 3 and 4.

Analysis of interaction between treatments and storage periods is
given in Table 5. There were significant differences between the
following treatments; control, flash heated once at 600°C and once at
700°C wheather they are before or after storage, while there were no
significant differences between flash heat treatments once at 800°C,

twice at 60000, twice at 700°C and twice at 800°C before or after 10

days of storage.

B- Large (3-bushels) Samples Studies
A temperature of 700° to 800°C was selected to treat large quantities

of damp grain with flash heat. Selection of this temperature depended



19

Table 2. Means of numbers of microorganisms per 1 gm wheat of 187 moisture before and after
10 days of storage combined together

No. of Mold Bacteria + yeast
Treatment Treatment colonies/l gm wheat colonies/l1 gm wheat

1 Control Hwbmmp 319416

2 Treated with flash heat once at 600°C. 6267 143083

3 Treated with flash heat once at 700°C. 3568 136166

4 Treated with flash heat once at 800°c. 664 40187

5 Treated with flash heat twice at 600°C. 226 21687

6 Treated with flash heat twice at 700°C. 89 9129

7 Treated with flash heat twice at 800°C. 22 7208
Significant mean difference for mold = 1621.2

Significant mean difference for Bacteria + yeast = 20025

Protection level = 0.05
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No. of
Treatment

Table 3. Total Count of microorganisms (mold, bacteria and yeast) and temperature
of 18% moisture content wheat samples after treatment.

Treatment

Control
Treated
Treated
Treated
Treated
Treated

Treated

with flash heat
with flash heat
with flash heat
with flash heat
with flash heat

with flash heat

of 600°C,
of 700°C,
of 800°C,
at 600°C,
at 700°C,

at 800°C,

once

once

once

twlce

twice

twice

Temperature of
grains after
treatment

26°C
41-42°C
42-44°C
46-48°C
42-43°C
45-47°C

48-50°C

Mold
Colonies/

1 gm wheat
4308

2060
2050
752
232
77

10

Bacteria + yeast
Colonies/

1 gm wheat
142333

116333
104666
27625
20500
8133

7041
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Table 4. Total Count of Microorganisms (mold, bacteria and yeast) of 18Z
moisture content wheat samples. (After 10 days of storage)

Mold Bacteria + yeast
No. of treatment Treatment Colonies/1l gm wheat Colonies/l gm wheat
1 Control | 225000 496500
2 Treated with flash heat at 600°C, once 10475 169833
3 Treated with flash heat at 700°C, once 5087 167666
4 Treated with flash heat at mccon. once 576 52750
5 Treated with flash heat at 600°C, twice 220 22875
6 Treated with flash heat at 700°C, twice 101 10125

7 Treated with flash heat at mooon. twice 35 7375



Table 5. Interaction of treatments and storage periods of 18% moisture
wheat samples.

Means of Numbers of Microorganisms

No. of Storage Molds Colonies Bacteria + yeast
treatment Before per 1 gm wheat Difference Colonies per 1 gm wheat
or After

1 Before 4308 142333
0} <- Sig. Diff. —> {

1 After 22500 496500

2 Before 206 116333
<— Sig. Diff. — {

2 After 10475 169833

3 Before 205 104666
<- Sig. Diff. — {

3 After 5087 167666

4 Before 752 27625
} <— Non-Sig. Diff — {

4 After 576 52750

5 Before 232 20500
0} <— Non-Sig. Diff {

5 After 22 22875

6 Before 77 8133
} <— Non-Sig. Diff — {

6 After 101 10125

7 Before 1 7041
<~ Non-Sig. Diff — {

7 After 35 7375

2292.7

Significant range of mold

Significant range of Bacteria + yeast = 28319.8

Protection level = 0.05
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upon two factors; first, preliminary evidence indicated that this treat-
ment would kill maximum number of microorganisms on the grain surface,
and second the temperature would has no significant change on the
physical and baking characteristics of flour milled from treated wheat
samples.

Two 3-bushels samples of 18% moisture content wheat, one control
and other treated with flash heat at 700° to BOOOC, once, were used in
these studies. Number of microorganisms of both samples was determined
before and after 15 days of storage at room temperature (about 75°F).
The data are summarized in Table.6. Control sample had very high number
of molds, bacteria and yeasts compared to the treated sample in both
cases before and after 15 days of storage.

Microorganisﬁs in both small (5-pounds) and Large (3-bushels)
samples were less in number when samples of wheat were subjected to
flash heat. This is apparently so because most of the microorganisms
found on the surface of grains have been killed by the intense of heat
when they passed through flash heat instrument. Sharp reduction of
microorganisms occured when a high temperature of flash heat was
applied.

Samples of wheat with high moisture contents were invaded by a
higher number of microorganisms comparing to those samples of low
moisture contents samples. Many investigators have found a positive
relationship between moisture content of stored grains and mold popu-

lation in their studies (3,5,7,8,9,10,11,13,14). High moisture grains
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Table 6. Total Count of mold, bacteria and yeast of 187 moisture large

samples (3-bushels).

Treatment

a-Before storage
1

Control

2- Treated with flash heat at
700° - 800°C, once

o
i

After 15 days of storage

(O%)
i

Control

4- Treated with flash heat at
700° - 800°C, once

Molds
Colonies per

1 gm wheat
4350

202

445000

8150

Bacteria + yeast
Colonies per

1 gm wheat
142000

38200

905000

332500
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provide molds and other microorganisms with their favorable conditions to
grow causing deterioration to the stored grains.

Actually, number of molds and other microorganisms increased when
grains were stored at room temperature. In this study, control treat-
ments showed sharp increases of microorganisms during storage, while
microorganisms population increased much slower in the treated samples.
In some of the treated samples the number of microorganisms remained
constant or decreased during storage. This was caused by the action of
flash heat which prevented development of microorganisms during storage.

Temperature of grains of flash heated samples was between 40-50°¢C
after treatment, but grains samples were cooled in a cold room (5°C)
until they reachéd temperature of control treatment, buring storage,
temperature of grains was recorded periodically. Barrels were insulated
with 3-inches fiberglass batting from the outside as indicated before.
There was a sﬁarp increase in the temperature of control sample, while
sample treated with flash heat at 700° to SOOOC. once, recorded almost
an imperceptible increase in thé temperature (Figure.l). Because of
high number of microorganisms which invaded control sample, temperature
of grain increased during storage by microbial respiration causing the
grain to heat. Christensen and Gordon (5) noticed that temperature and
mold population increased in the moist grain during storage.

Figures 2-5 show a heavy growth of mold, bacteria and yeast in the
control sample but slight growth in the samples given a flash heat
treatment before storage. The same organisms in the control sample

sharply increased in number after 10 and 15 days of storage, while in
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TEMPERATURE, F

DAYS OF STORAGE
Figure 1. Temperature change during storage of large (3-bushels) wheat samples at room temperature
(75°F) for 15 days.
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MOLD COUNT

BEFORE STORAGE.

110 1ﬂﬂ§

18% MOISTURE, UNTREATED

18% MDISTURE, FLASH HEAT AT
700-800°C, ONCE (LARGE SAMPLE)

185 MOISTURE, FLASH HEAT AT
800°C, DNCE [SMALL SAMPLE]

18% MOISTURE, FLASH HEAT AT
800°C, TWICE (SMALL SAMPLE)

Figure 2. Different dilutions of mold count of control and wheat samples
treated with flash heat before storage.
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8%, MOISTURE, UNTREATED

18% MOISTURE, FLASH HEAT AT
700-800°C, ONCE |LARGE SAMPLE|

0% MOISTURE, FLASH HEAT AT
$00°C, ONCE [SHALL SAMPLE) |

Figure 3. Different dilutions of bacteria and yeast count of control and
wheat samples treated with flash heat before storage.
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0 1/100 " 1/1000

18% MOISTURE, UNTREATED

18% MOISTURE, FLASH HEAT AT
700-800°C, ONCE {LARGE SAMPLE)

18% MOISTURE, FLASH HEAT AT
8D0°C, ONCE {SMALL SAMPLE)

18% MOISTURE, FLASH HEAT AT
8D0°C, TWICE (SMALL SAMFLE]

stored for 15 days

Different dilutions of mold count of control and wheat samples

Figure 4.
treated with flash heat after storage.
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Different dilutiéﬁs of bacteria and yeast count o

Figure 5.
samples treated with flash heat after storage.
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samples which were flash heated once at BOOOC, twice at 60008, twice at
700°C and twice at 800°¢C (small 5-pound samples) and those samples flash
heat treated at 700° to BOOOC, once, (3-bushels samples) showed a lower
number of mold, bacteria and yeast after 10 and 15 days of storage.

From the above data and figures, it may be observed that the action
of flash heat treatment may be used as a successful method to prevent or
minimize development of microorganisms on damp grains. Grains may be
stored safely in silos for a longer period of time without considerable
microbial damage after treatment of the grain with flash heat at

700° to 800°c.

Farinogram and Baking Studies

Farinograms of small sample treatments were determined after milling
of wheat into fIour. These were made to determine wheather there was
any change in the physical and absorption characteristics of flour.
Figures 6-7 show no significant differences between control treatment
and flash heated treatments once at 6000, once at TODOC, once at SOOOC,
twice at 600°C and twice at 7000C, but there was a slight difference in
the flash heated treatment at BOOOC, twice, of 18% moisture wheat.

Water absorption of all treatments was determined with the
Farinogram, Table 7. It is evident that there was no significant change
in the absorption as a result of treatment.

A sample of flour of each treatment was baked using a "Pup" loaf
procedure to test if there is any significant affect of flash heat
treatment on baking quality of the bread. Score of bread of these

treatments is shown in Table 8. There were no significant changes in
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Table 7. Water absorption of flours milled from different treatments.

No.

of treatment

~N O W N

% Water Absorption

12% moist. sample

67
66.2
65.8
66
66
66
65.9

'18% moist. sample

66.2
66.6
66.4
66.2
66.4
66.3
66.3
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Bread Scoring table

Table 8.

Crumb Texture Grain Break

color

Crust
color

Volume

Wedight

treatment . of loaf

No of

and
Shread

of loaf

10
10
10
10
10
10

o O O O o Q
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Table 9. Seeds

Treatment

1- Control

2- Treated with
3- Treated with
4= Tréated with
5- Treated with
6- Treated with
7- Treated with

8- Treated with

Germination of different treatment

flash

flash

flash

flash

flash

flash

flash

once [large sample

heat
heat
heat
heat
heat

heat

at

at

at

at

at

at

600°C,
700°¢C,
800°c,
600°¢C,
700°¢C,

go0°c,

heat at 700° -

{5~-bushels)

once
once
once
twice
twice
twice

goo’c,

%# Germination

100
82
80
68

69

80 - 81

36



the quality of bread baked from flash heat treated samples. There was
no adverse affect of flash heat treatment on the physical and baking
quality when temperature was between 700° and 800°cC.

Germination of seeds shows in Table 9. These data shown a decrease
in germination with increasing of flash heat temperature or number of

times grains passed through instrument.
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Summary

Wheats with 12% and 18% moisture contents were divided into seven
3-pounds samples. One sample of each wheat was used as a control and
others were subjected to the flash heat treatment at different temper-
atures through an instrument called flash heater. Total count of mold,
bacteria and yeast after treatment showed high number of microorganisms on
the control sample and considered growth on the samples treated with
flash heat once at 600°C and 700°C. Low number of microorganisms were
found on the samples treated with flash heat once at 800°C, twice at
BOOOC, twice at 700°C and twice at 800°C. Samples of 18% moisutre were
stored at room temperature for 10 days with air supply. Number of
microorganisms increased greatly in control sample after storage, while
treated samples showed a little development of microorganisms growth.

A temperature of 700°C to 800°C was selected to treat 1arge
quantities of damp grains with flash heat as a procedure to store them in
gilos without deterioration. Data of this study indicated significant
difference in the number of microorganisms between control samples and
flash heat treated samples. When temperature of grain was checked
during storage period, control sample showed a sharp increase in temper-
ature, while temperature of treated sample increase was almost imper-
ceptible.

Farinogram and baking characteristics of flour milled from control
and treated samples were studied. There were no significant changes in
both tests. Germination of seeds was reduced 20% after treatment with

flash heat once at 7000 to BOOOC.



39

ACKNOWLEDGMENTS

The author wishes to express his deep appreciation to his major
adviser professor, John A. Johnson, for his continuous help and advice
during this investigation and in the preparation of the manuscript. The
direction and consultation of professors Gerald D. Miller and John J.
Iandola have led to author's gratitude. Appreciation is also expressed
to Professor Robert J. Robinson for his help during this investigation.

The author is grateful for the free education offered to him by
his home country, Iraq, and the willing scarifice and continuous en-

couragement of his family during his graduate study.



10.

11.

12,

40

BIBLIOGRAPHY

Semeniuk, G. Microflora. Storage of Cereal Grains and Their Products
- AACC page 77-151 (1954).

Milner, M. and Geddes, W. F. Respiration and Heating. Storage of
Cereal grains and their Products. AACC page 152-220 (1954).

Johnson, A. G. The Role of Fungi in the Deterioration of Grains in
Storage. Preservation of Grains in Storage. Food and Agriculture
Organization of the U.S. 88-91 Aug. (1947).

Christensen, C. M. Fungi on and in Wheat Seed. Cereal Chem. 28:408
(1951).

Christensen, C. M., and Gordon Dorothy R. The Mold Flora of Stored
Wheat and Corn and its Relation to Heating of Moist Grain - Cereal
Chem, 25: 40-51 (1948).

Milner, M., Christensen, C. M., and Geddes, W. F. Grain Storage
Studies VI. Wheat Respiration in Relation to Moisture Content,
Mold Growth, Chemical Deterioration and Heating. Cereal Chem. 24:
182-199 (1947).

Sorger-Domenigg, H., Cuendet, L. 8., Christensen, C. M., and Geddes,
W. F. Grain Storage Studies XVII. Effect of Mold Growth During
Temporary Exposure of Wheat to High Moisture Contents Upon the
Development of Germ and other Indices of Deterioration During Sub-
sequent Storage. Cereal Chem. 32:270-285 (1955).

Papavizas, G. C. and Christensen, C. M. Fungus Invasion and Deteri-
oration of Wheat Stored at low Temperature and Moisture Contents of
15 to 18%. Cereal Chem. 35:27 (1958).

Hummel, B. C. W., Cuendet, L. S., Christensen, C. M., and Geddes, W. F.
Comparative Changes in Respiration, Viability and Chemical Composition
of Mold-Free and Mold-Contaminated Wheat upon Storage. Cereal Chem.
31:143 (1954).

Geddes, W. F. Chemistry, Microbiology, and Physics of Grain Storage.
Bibilog Food Technology Vol. 12 No. 11: 7-18 (Nov 1958).

Golubchuk, M., Sorger ~ Domenigg, H., Cuendet, L. §., Christensen,
C. M., and Geddes, W. F. Influence of Mold Infestation and Temper-
ature on the Deterioration of Wheat During Storage at Approximately
12% Moisture. Cereal Chem. 33:45 (1956).

James, N., Wilson, J., and Stark, E. The Microflora of Stored Wheat.
Can. J. Research 24C:224-485 (1948). [Cited from Storage of Cereal
Grains and Their Products - AAC) 1954].



13.

14.

15.

16.

17.

18.

19,

20.

21.

22.

23'

24,

41

Christensen, C. M. Mold Invasion of Wheat Stored for Sixteen Months
at Moisture Contents below 15 percent. Cereal Chem. 32:107 (1955).

Tuite, J. F. and Christensen, C. M. Moisture Content of Wheat Seed
in Relation to Invasion of the Seed by Species of the Aspergillus
glaucus group, and Effect of Invasion upon Germination of the Seed.
Phytopathology 47:323 (1957).

Ledingham, R. J., Sallans, B. J., and Simmonds, P. M. The Signifi-
cance of the bacterial flora on wheat seed in inoculation studies
with Helminthosporium sativum Sci. Agr 29:253-262 (1949). [(Cited
from Storage of Cereal Grains and Their Products - AACC) 1954].

Mack, E. Untersuchungen uber Bacterium herbicola. Zentr. Bakt.
Parasitenk., 2 Abt. 95: 218-261 (1936). [(Cited from Storage of
Cereal Grains and Their Products - AACC) 1954].

Rautenstein, J. I. Microbiological processes in combined wheat
during its post collection ripening, drying and storage. Micro-
biology (U.S.S.R.) 8: 211-223 (1939). [(Cited from Storage of
Cereal Grains and Their Products - AACC) 1954].

Breed, R. S., Murray, E. G. D., and Hitchens, A. P. Bergey's manual
of determinative bacteriology. 6th ed. Williams and Wilkins:
Baltimore (1948). [(Cited from Storage of Cereal Grains and Their
Products - AACC) 1954].

Burri, R. Die Bakterienvegetation auf der oberflache normal
entwickelter Pflanzen. Centr. Bakt. Parasitenk., 2 Abt. 10:
756-763 (1903). [(Cited from Storage of Cereal Grains and Their
Products - AACC) 1954].

Duggeli, M. Die Bakterienflora gesunder Samen und daraus gezogener
keimpflanzchen. Centr. Bakt. Parasitenk, 2 Abt. 12: 603-614,
695-712; 13: 56-63, 198-207 (1904). [(Cited from Storage of Cereal
Grains and Their Products - AACC) 1954].

Morgenthaler, 0. Ueber die Mikroflora des normalen und muffigen
Getreides. Landw. Jahrb. Schweiz. 52: 551-572 (1918). [(Cited
from Storage of Cereal Grains and Their Products - AACC) 1954].

Woller, H. Uber die epiphytische Bakterienflora gesunder grumer
Pflanzen. Zentr. Bakt. Parasitenk., 2 Abt. 79: 173-177 (1929).
[(Cited from Storage of Cereal Grains and Their Products - AACC)
1954].

Milner, M., Christensen, C. M., and Geddes, W. F. Grain Storage Studiles
VII. Influence of Certain Mold Inhibitors on Respiration of Moist
Wheat. Cereal Chem. 24:507 (1947).

Stevenson, K. R., Wet Grain Storage. Crops and Soils 24:8 F (1972).



25.

26.

27.

28.

29.

30.

31.

32.

42

Stone, J. B., New Procedure for Storage High - Moisture Grain.
Hoard's Dairyman. 115: 668 Je 10' 70 (Aug 70 - July 71) (1970).

Katuhiko Noda. Underwater Storage of cereals. III Large Scale
experiment for practical use. Eiyo To Shokuryo (1969) 22 (8), 578-81
(Japan) cited from Chem. Abs. (131173 t) (1968).

Kilerease, J, W., Thomas, S. A. Jr., and Whittlow, D. D. Preser-
vation of Grain Quality During Storage U.S. 3, 264, 118 (CI-99-153),
Aug. 2, 1966 Appl. Dec. 17, 1962; 10 pp cited from chem Abs. (12788)
vol. 65, 1966.

Germans Get Good Results from New Grain Preservation Method. Foreign
Agri 4:6 Ag. 1 66 (Sept. 66-Aug 67)(1966).

Jakubczyk, N. and Zarnowiecka., The effect of ionizing radiation
on wheat microflor. Zeszyty Nauk. Szkoly Glownej Gospodarst,
Wiejskiego Warzawie, Technol. Rolno-Spozywcaz No. 3, 137-48 1964
(POI) cited from Chem. Abs. (15436B) vol. 63, 1965.

Jakubczyk, N. Zarnowiecka, and Haber, T. The effect of y-Irradiation
on some technological properties of wheat. Zeszyty Nauk. Szkoly
Glownej Gospodarst. Wiejskego Warszawie, Technol, Rolno-Spozywcza
No. 3, 149-60 (1964) (POI) cited from Chem. Abs. (15436C) vol. 63,
1966.

Rao, Sudha Ramakrishna. Effect of low - Dose gamma irradiation on
breadmaking quality of wheat (A thesis of Msc. degree, KSU,
Manhattan, Kansas, page 37-38 (1972).

Cereal Labrotory methods. American Association of cereal chemists
(1962).



STORAGE OF HIGH MOISTURE WHEAT AFTER TREATMENT

WITH FLASH HEAT

by

ABDUL WAHID BAQIR

B.S., University of Baghdad, 1965

AN ABSTRACT OF A MASTER'S THESIS

Submitted in partial fulfillment of the

requirement for the degree

MASTER OF SCIENCE

Food Science

KANSAS STATE UNIVERSITY

Manhattan, Kansas

1973



STORAGE OF HIGH MOISTURE WHEAT AFTER TREATMENT WITH FLASH HEAT
Abstract

Safe storage of cereals is an important biological problem. The
average loss caused by heating of cereals during storage is great.
Heating of cereal grains dépends mainly on the moisture content and
microflora of grains. Growth of microorganisms in moist grains is the
most important factor related to safe storage as pointed out by many
investigators.

In this investigation, an attempt was made to sterilize damp wheat
by flash heat. The treated and untreated samples of wheat were examined
for microbiological population before and after storage. Samples were
also examined for any changes in physical and baking characteristics.

Wheats with 12% and 18% moisture contents, respectively, were
divided into seven 5-pounds samples. First sample of each wheat was
used as control and others were subjected to the flash heat at different
temperatures. Samples of 18% moisture wheat were examined for micro-
biological count before and after 10 days of storage at room temperature,
samples were supplied with air during storage, while molds count was
performed for samples with 12% moisture to test the ability of flash heat
treatment and its effectiveness to kill maximum numbers of microorganisms.

There were significant differences between control and treated
samples, especially those treated with flash heat once at BDOOC, twice
at 600°C, twice at 700°C and twice at 800°C. Storage of 18% molsture
wheat for 10 days showed high number of microorganisms in the control

samples while the number was very low in the last four treated samples.



Farinogram and baking tests of floufs milled from all samples were
performed. There were no significant differences befween samples indi-
cating that there were no significant changes in the physical and baking
characteristic of treated wheat.

A temperature of 700° to 800°C was selected to treat a larger
quantity of damp wheat with flash heat. Selection of this temperature
depended on killing maximum number of microorganisms on the grains without
causing any changes in the physical and baking qualty of wheat. Two
3-bushels samples of 18% moisture wheat, one control and the other
treated with flash heat at 700° to BDOOC, once, were stored into two
insulated barrels for 15 days at room temperature with oxygen supplied.
Microbiological count of control showed 146, 350 colonies before storage
and 1,350,000 colonies after storage, while sample treated with flash
heat was invaded by 36,400 colonies before storage and 340,650
colonies after storage. Thermometers which were inserted into barrels
to measure temperature of grains during storage indicated high increase
in the temperature of control and almost imperceptible change in the
treated sample temperature.

Germination of seeds was reduced 20% after wheat was treated with

flash heat at 700 to 800°C, once.



