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INTRODUCTION

Wheat conditioning nay b« defined as the treatment of wheat

with water and possibly heat during a period of time. Water nay

be added and/or removed during the treatment to bring the wheat

to the required moisture for milling.

To operate at a profit the miller must extract the maximum

amount of high grade flour from the wheat kernel with a minimum

cost*

The primary objective of wheat conditioning la to have the

moisture distributed in such a way that the bran is tough enough

to resist attrition and abrasion and yet can be cleanly separated

from the endosperm. The endosperm should be reduced easily to

flour with a minimum consumption of power and should sift evenly

and accurately.

The secondary objective of wheat conditioning is the im-

provement of the baking characteristics of the flour.

Adding moisture and allowing the wheat to stand for a

period of time is cold conditioning or tempering. Moisture ad*

justment in wheat with the use of heat and time at temperatures

below 46°C is warm conditioning. Using temperatures in excess

of 46 "C for moisture adjustment is hot conditioning. 46 "0 is

generally considered to be the dividing point between warm and

hot conditioning. At 46°C or lower there la no appreciable

chemical change in the grain (23)

•

The four variables encountered in conditioning T9 moisture,

time, temperature and pressure. In this study moisture and



pressure were constants while tins and temperature were vari-

ables.

Conditioned samples of wheat were milled and baking tests

were made on the flour to determine the effects of varying con*

ditionlng temperature and time* Flour yield, flour ash, farin-

ograme, particle sise, flour sedimentation and gas production

were studied.

BKVXStf OF LITEHATBSI

A knowledge of the structure of the wheat kernel la essen-

tial in understanding acme of the problems encountered in wheat

conditioning. The structure has a direct influence on the ab-

sorption of raoisture by the wheat kernel. Bradbury, Cull and

MeeMeeters (6) have covered the structure of a wheat kernel in

detail.

Wheat limnread in water for ten seconds or less has been

found to pick up approximately 2 per cent to 4 per cent of its

weight in water (18), (33)* (34) (42). This is due to the bran

absorbing the water in much the same way aa a blotter absorb*

ink. Temperature of the water seema to have no effect until

after two minutes of soaking (21), (34).

Moisture enters into the interior of the wheat kernel more

quickly around the germ (17), (42). Many workers (8), (17),

(34), (42) have concluded that the entire bran layer will allow

the paaaage of water to or from the endosperm though not as fast



as around the germ* Jonas (21) found that bran removed from a

wheat kernel will pick up twice aa much water as the bran on a

wheat kernel. Evidently one of the six bran layers slows the

passage of water from the outside of the wheat kernel to the

endosperm inside. From his studies, Jones (21) concluded that

the hyaline layer slows the passage of water.

Hinton (20) believes that the testa slows the passage of

water.

Kunerous investigators (7), (9), (17), (40), (41) have

shown that the sans or germ end absorbs moisture more quickly

than the rest of the kernel* The beard 90/1 absorbs moisture

are slowly than the germ end in unsecured or undamaged wheat

kernels. This is due in part to the air trapped by the tiny

hairs of the beard (34). In scoured kernels the germ will still

pick up moisture more quickly than the scoured brush end which

has had many of the tiny hairs removed.

This is due in part to the attachment region of the germ

which has no cuticle covering it and has many intercellular

spaces in the parenchyma tissue. Weter can move very quickly

through thia spongy tissue. Also over the lower part of the

germ there mx^ many intercellular spaces among the intermediate

cells, cross cells and tube cells which would allow the rapid

passage of water.

After the moisture has penetrated the germ area it travels

around the endosperm through the inner bran layer townnil the

brush end. At the same time the water penetrates into the endo-

sperm. A short time later water penetrates the outer bran layer



And is absorbed by the endcspen..

Hinton (20) stated that the movement of woisture through

endosperm is frou three to six tines greater than through the

testa which he considers the limiting layer in the bran.

However, the amount of endosperm present is so ouch greater

than the bran that mere time id required for complete penetration

of moisture into the endosperm*

The time required for complete penetration of moisture into

the wheat kernel is dependent on many factors.

Fraser and Haley (14) listed time, temperature, else of

kernels and variety as factors that affected the rate of water

penetration in wheat kernels* Other factors studied by investi-

gators were scouring and internal fissures*

Factors Affecting The Pickup Of Moisture By Wheat

Time ±gd Temperature . Jones (21) stated that there are

three stages of moisture absorption by an immersed kernel of wheat

at 60aF.

1. A rapid initial uptake of moisture*

2* An immediately following period during which the rate

of absorption is falling*

3. A long period of much slower but relatively steady ab-

sorption.

Similar results were observed by Haltmeier (17), (16),

Kuret (33), and Swanson and Pence (41)*

The first stage is unaffected by temperature (17), (18), (41).



However, the second and third stages are greatly affected

by temperature (10), (14), (17), (It}* As the temperature of

the wheat and water rises, the resistance of the wheat kernel

to taoisture decreases rapidly.

In referring to the influence of heat on taoisture pene-

tration into the wheat kernel, Campbell and Jones (22) stated

that between 20 CC and 43.5 VC « rise of 12'C causes a threefold

increase in speed of movement of moisture to the cheek center.

Table 1 illustrates the change.

Table 1. Relationship of temperature to rate of moisture
penetration.

Temperature

*C. *F.

20.0 06

31.5 «9

43.5 110

Hours Hours Hours

1 24.0 to

2 «.0 20

1 2. 6

Campbell and Jones also found that dampened wheat held for

different periods of time at an elevated temperature, 43* 5 "C,

varied the rate of moisture penetration into the wheat kernel.

gcourinji. Fraser and Haley (14) and Campbell (9) showed

that scouring of wheat kernels greatly increased the amount of

water absorbed during one minute* s immersion in water. Campbell

(9) stated that the increased rate of absorption was in the

peripheral dorsal region in the scoured grain. Most of the
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damage, duo to securing, was at the brush and gran enda and on

the dorsal side.

Internal Flaaures . Fisher and Hinea (12), Milner and

flfaellanberger (3D round that wheat which bad baas moistened

and dried several times had fissures or cracks in the endosperm.

It wee found that the wheat treated in this way absorbed water

are quickly than the untreated or unfiesured wheat* The rapid

moieture pick up waa attributed to the fissures.

flarae! Slae . Investigations of fiuret (33) and Fraser and

Haley (14) anew that small kernel samples absorb water faster

than large kernel samples of equal total weight. Tnia waa attri-

buted to the fact that small kernels hare a larger abaorbing

surface area in relation to weight.

Strati, Texture. Herd (19) found that soft wfaeate absorbed

moisture more slowly than hard wheats.

Buret (33) in teats with Manitoba and a soft domestic wheat

found that I^enitoba picked up water more quickly than the soft

wheat. However, the Manitoba was 1.27 per cant lower in moisture

than the domestic before the teat.

tfeeat Conditioning

Conditioning of wheat involves the adjustment of the mois-

ture content of the grain with or without the use of heat and

time. This investigation was concerned with cold, wars and hot

conditioning*

I



Cold Conditioning (Tempering). Cold conditioning requires

the addition of the proper amount of water to the wheat to brine

it to the proper moisture for milling and a standing period to

allow the aoiature to penetrate . The proper willing moisture

for the different elaaaea of wheat is determined from experience

with the mill on which the wheat is to he milled. After the

water has been added and mixed by a mixing screw or some other

suitable device, the moistened grain is held in conditioning

bins. The holding time is subject to peraonal opinion and ex-

perience. The average holding time in the United States la

probably ten hours.

Two variables encountered in cold conditioning are moisture

and time.

to 15 per cent moisture content that the length of tampering time,

within the limits of three hours and seventy-two hours, did not

affect the power consumption, amount of middlings released or

eMPaa %ii%Fa»*#^Pe>Sw %/ laaa^p a#a ewa «a«a*%naa e

Stark (37) observed very little difference in the milling of

Kansas hard red winter wheat at a moisture of 10.5 p«ar cent to

U par cent hold from twelve hours to fifty-four hours. However,

he did not report on the middlings released, power consumption

or ash content of the break flour. Swanaon and Pence (41) ob-

served little effect on moisture distribution in wheat aa

affected by tho length of the tempering period from one hour to

twenty-four hours.
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Anderson (X) observed that a Turkey variety wheat tempered

to 16 per cent cioisture for twenty-four houra gave the best curve

with the mixograph aa compared to other samples held for twenty-

four houra at moisture contents of 16 per cent, 20 p%r cent and

22 per cent.

Swanaon (3d), (39), moiatened wheat samples up to six. times

at moistures between 12 per cent and 23 per cent each time dry-

lag the aamplea back to 10 per cant moisture* Killing tests on

the samples indicated that the total flour yield and flour ash

ware unaffected by the number of times of wetting and the aaount

of moisture added* Hardness tests on the control and treated

^e>e-*^pea wp ^&wQ>Ttr^^^^r*& •• ™*f ^*e> ^^^^ep^n •»#* »#^^e> ^we^w*^^ew ww^*^w»* **"*"wip* *^ ***^**w*»»*^^«# ^»^ i^#*»

20 to 24 par cant* With moisture contents of 26 to 20 per cent

there waa a alight increase in hardness. The texture teats on

the control and treated wheat showed an increase in mealy kernels

with an increase in the number of tinea watted and aaount of

moisture added. Koster (26) showed that an increase in aoiature

caused a decrease in hardness.

oaoborg and Beraore (36) investigated the effects of various

moisture levels on soft wheat. With an increase in moisture a

decrease waa found in flour yield, flour ash and break release.

Wieheer and Shellenoerger (45) studied the affects of vary*

ins Wheat moisture and temnerliuc serloda en the granulation of

flour. Ke differences ware found on the granulation of flour.

Also no differenced ware found in the ash content, protein con-

Dedrick (U) found tliat the moisture of wheat should be



maintained during the tempering period. A large noieture loss in

tempered MhMt gave loss flour with lower quslity than tempered

wheat whoa* noisture content was maintained.

Yermeylen (4-3) showed that tempered wheat gave flour of

better gluten characteristics than flour from untempered wheat.

Flour from wheats that had the noisture added in several steps

gave better farinegrama than flour from wheats which had the

moisture added in one step.

Weber (44) stated that a wheat mix of several different

types milled beat when each component of the mix was tempered

to its optimum milling condition, using moisture and time before

blending and milling.

term flftpdltlanlng . tiara conditioning is the heating of

wheat at temperatures up to 46 °C with variable holding periods.

The moat obvious advantage of using heating la the increased

rate of penetration into the wheat berry. This can greatly re-

duce standing time of conditioned wheat.

Kant-Jones (23), (24), (22), hosted wheat samples at vary-

ing moisture contents for varying periods of time* At tempera-

tures oi" 110'F and 90 *F, and heating periods up to twenty-four

hours, no appreciable changes were noticed in the resulting

flours as indicated by ash, soluble extract, soluble phosphorus,

maltose, pH and viscosity changes.

Harm conditioning apparently doesn't eliminate the need for

separate treatment of different types of wheat. Brabender and

Abdon (4) held a washed mixture of Hanitoba and soft Plate and
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Bueaian wheats Tor eight hours and than conditioned the mixture

for seventy-five minutes at 42 °C. The flour streama naar tha

tail end of tha mill had Manitoba-like characteristics while tha

flour atresias near the head end of the mill were weaker like

soft Plate and Russian wheats • By cold conditioning the Mani-

toba wheat for forty-eight hours and the aoft wheat £or eight

hours and then conditioning the two together at 42 *C for seventy-

five minutes, the higher grade streams were properly strengthened

by endospena from the Manitoba wheat. This aeemed to prove that

it took a longer time to mellow the endosperm of the Manitoba

wheat so that it reduced easily into flour in the early stages

of grinding middlinga.

Yertoeylen (43) observed no difference in the baking quality

of wheat that had been heated for an hour to 40°G to 45 C and

wheat that had been cold conditioned for twenty-four houra.

In teats coiiducted by Losev (29), cold conditioning at

1S*C for twenty-four hours gave better baking results than warn

conditioning at 27°C for twenty-four hours and hot conditioning

at $5*C for thirty minutea.

fitatagton (35) found an increase in strength for warm con-

ditioned wheat over unconditioned wheat using lfenitoba I, Aus-

tralian and Englieh wheat.

list gondltlenlnje. Hot conditioning of wheat la the appli-

cation of temperatures in excess of 46 *C with variable holding

times. Aa in warm conditioning, hot conditioning greatly accel-

eratea the penetration of moisture in wheat. High temperatures,



while accelerating the penetration of laoieture, can cause the

denaturlsatien of the wheat proteins (13)* Therefore, the

treatment must be short and closely controlled. Swanson (4o)

atudied the effect of high tewperatureo during conditioning of

wheat, Saaples of wheat at different moisture contents ware

heated to 45°C, 70*C and 9*°C for varying periods of tin*, fie

concluded that the baking quality of flour and the willing

quality of wheat could be Improved with the use of heat.

Kent-Jones (23), {24} , (25) » in determining the effects of

heat on wheat, found that heating dampened wheat to a temperature

of 110 'F for twenty-four hours produced no changes in baking

quality or chemical properties. Uo changes were observed at

135
CF for two hours but for six hours slight changes were

noticed. Heating at 135 °F for twenty-four hours greatly in-

creased the strength* Sour odors developed after standing for

several hours* Wheat heated to 160°F for one and one-half hours

to two hours before conditioning gave flour of increased strength.

Geddea (15) found that as the moisture of the wheat is in-

creased, the critical temperature, where baking quality is im-

paired, is lowered.

Tests conducted by Lindberg (26) found the critical temper-

ature for the impairment of baking quality to be 50 9G at a wheat

moisture of 25 per cent, 55 °C at a wheat moisture of 20 per oent

and 65 °C for a wheat moisture of 15 per cox

Becker and Sallans (3) found that the critical temperature

dropped as the wheat moieture went up, when baking quality was

the criteria.



Wild (46) showed an improvement in baking quality with hot

conditioning aa compared to a cold conditioned control of soft

Canaan wheat. The beat improvement was found at a teaperature

of 50"C to 57°C for one and one-quarter hours to one and one-

half hours with an added moisture of 5 per cant to 6 par cent.

Verraeylen (43) found that Manitoba XI wheat held for twenty-

four hours with 5 per cant moisture added and heated at 55
(>

C for

ana and one-half hours gave the beat improvement. Other treat-

ment temperaturea ranged from 50 °C to 6Q fcC. Also it was found

that different gradaa and lota of wheat could vary in their re-

sponse to heat treatment.

In teats with German domestic wheat, Kuhl (27) improved the

gluten with heat treatment up to 62°C to 65 CC for oaa to two

hours. Ziegler (47) was able to increase the extensibility of

dough after treatment in a hot air conditioner at temperatures

of 4*>eC far Manitoba and 47*C for Swiaa domestic. Gehle (16)

improved the baking quality of three Carman domestic wheats by

conditioning at 45°C and 5$*C«

Becker (2) investigated the affects of hot conditioning on

the gluten of wheat. Temperatures of $6*C to 6o°C ware used.

Farinograma ahowed that the higher temperatures strengthened

the dough.

MATEfilALS AMD METHODS

The wheat used in this study was a hard red winter com-

posite composed of two varieties, Saw and Ottawa* Thia wheat
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had 13.9 p*r cent protein, 12.0 per cent *aoisturo, 1,99 per cent

ash (14.0 I-i.B.)

Cleaning

Tilt ©rain wee cleaned by passing it once Uu-ou^i a Forster

laboratory scourer, after which the foreign Material was removed

by passing it tlirough a ilart-Carter Dockage Tester , using the

riddle, screens, feed rate and air setting on the aspirator rec-

ommended by the Manufacturer for hard red winter wheat.

Addition Of ftoisturo

The final moisture of the wheat for stilling was 15.5 per

east for each test. Moisture added to the wheat waa calculated

by the following formula.

(lGO-%)

(1CXW]2 )

% * per cent uoisture in the untempered wheat saaple.

M| - per cent moisture in the tempered wheat sample.

*l " weight of untenpered wheat sample.

H m weight of water to be added*

Hater waa added to the wheat in a rotating taetal drum. Five

minutes were allowed for the mixing of the water with the wheat

after which time the moistened wheat sample was placed in a metal
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can and weighed. Knowing the weight of the empty can end the

original weight of the wheat recorded, a cheek was made on the

•Mount of water added*

Cold Conditioning

Cold conditioning waa accomplished by raoistening the sample

to 15.5 per cent and allowing it to remain in the can at roe*

temperature for twenty-four hours before milling.

Cold Soak

Cold soaking was accomplished by soaking a sample of wheat

completely ianersed in tap water for one hour. After soaking,

all the water that would drain away in five minutes was renewed

by turning the can of wet wheat upside down on an ia mesh wire

screen. By weighing the can and the wet wheat, the weight of

the water retained was determined and the per cant of moisture

waa calculated. The sample waa then dried to 15*5 per cent

aoisture la a Miag Laboratory Wheat Conditioner by forcing air

heated to 50 9C through the rotating sees of wet wheat. About

three hours waa required for this drying process. After drying,

the sample was allowed to stand for one hour before milling*

Warm And Hot Conditioning

Harm end hot conditioning was accompliehod by heating a
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wuaple of wheat, moistened I *5 per cent, la a Mag Laboratory

Wheat Conditioner for the desire ;th of time at the desired

temperature, then cooling to room temperature. H*** **8 conduc-

tad to the wheat from electrio heating elexaents in the rotating

Heating Time And Holding Perioda

The total elapsed time starting with the moistening of the

eample, including the heatlag and holding operations to the start

of the ailling was alwaye twelve hours* Heating periods of

thirty minutes, one hour, two hours and twelve hours were tried.

Holding time waa twelve hours minus the heating period and varied

frosa eleven and one half hours, eleven hours, tan hours to aero

holding time. Heating temperatures of the dampened wheat ware

43 *C, 50*C, 60*C, 70*C or 90 °C. The schedule of treatment of

the wheat at one temperature is ahown in Table 2.

Temperature Heating Time Holding Tim*

43 "C s hr. llh hr.

43 *C 1 hr. 11 hr.

43 °C 2 hr* 10 hr.

43 CC 12 hr. hr.

Heating and holding periods for 50*C and 60*C ware the



as for 43 °C. The heating periods for 70*C were one-fourth

hour and one-half hour. Corresponding holding tints were eleven

and three-fourths hours and eleven and one-half hours. For 90°C

the sample was heated for five minutes and held for eleven hours

and fifty-five minutes*

Operation Of The Miag laboratory Wheat Conditioner

The heating chamber of the Mag Laboratory conditioner is

an insulated rotating drum which has electric heating elei.ientc

in the sides and ends. The desired temperature is preset with

the thermostatic regulator. A twenty minute period was allowed

for pre-heating the conditioner before placing the sample in it.

Fifteen minutes were required to bring the sample to the desired

temperature. The timing of the period was started whan the wheat

reached the desired temperature. This temperature was maintained

throughout the heating period. Located within the interior of

the drum and in a position to be completely covered by the sample

la a temperature sensing device which actuates a temperature re-

cording instrument that records the temperature of the sample on

a thermograph. The temperature of the sample is known and re-

corded at all times.

After heating for the desired period, the sample waa cooled

to room temperature by a forced current of room air. At the

same time, the moisture content was lowered 15*5 per cent. The

rate of air flew was 13.B cubic feet per minute. It was thought
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that by moistening the sample to 16.5 per cent ana drying -

15.5 per cent moisture after heat treatment the coolin* effect

of evaporation would taring the saaple to room temperature . This

was found to work quite well at 43*C. However at 50 VC, 6G°C,

70*C, and 9G dC, it waa necessary to uee dry ice to finish cool-

ing the sample to room temperature after drying the wheat to

15.5 per cent moisture. By placing dry ice in with the saaple

in a can and continually moving the can, the wheat waa brought

to room temperature. After cooling, the dry ice remaining waa

removed and the sample waa allowed to stand for the required

holding time.

After several samples the proper length of time for cool-

... ;.ao MMtMil Ml vai-ieU to itffMNtt NflflMftfMMtt

Far high temperatures the extra one per cent of moisture waa

driven off more quickly. Thia necessitated finishing the cool-

ing with dry ice* To check the moisture content of the cooled

wheat, the sample waa weighed to determine the loss in weight

due to cooling. Since the weight of the sample at 16.5 per

cent moisture was recorded, the final moisture could be calcu-

lated by using the formula previously mentioned.

Experimental Milling

A batch system of milling was used which was simple and

gave a moderately good yield. Figure 1 shows the flowsheet

followed. Ross experimental mills were used in this study while
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sifting of the stock was dons with a Smlco laboratory sifter.

Break roll corrugations were as follows: First, second and

third breaks, T diameter x 6" long, 14 corrugations per inch,

& inch spiral, 2a :1 differential, dull to dull; fourth and fifth

breaks, 24 and 22, corrugations per inch, a inch spiral, 2a si

differential* Before each silling, while standing idle, the

rolls were spaced as follows; first break, .022 inches; second

break, .012 inches; third and fourth breaks, .008 inches; fifth

break, .007 Inches.

The smooth rolls were adjusted to just touch the sizing

stock. First middlings stock was ground with the intent of

making some flour and reducing the coarse middlings. The rest

of the reductions with the exception of first tailings were

ground to make as much flour as possible without flaking. First

tailing was ground close enough to flatten the germ and reduce

any coarse endosperm that mi&ht be present.

Sifting times were as follows: breaksand all reductions

with exceptions of first middlings were sifted for one minute.

First middlings was sifted for two minutes due to the large

amount of stock present.

Extractions were reported on cleaned tempered wheat basis,

temperature in the mill room remained between 75 *F and 80*F while

the humidity was uncontrolled.

Tabic 3 gives the break releases and break flours which ere

averages of eight samples for each treatment.



i

ft

I

-.o 10 -O (h
• • • •

•H > 3 C4
• * • •

• • • •
fN«. f*» f«i C*.

• • • •

• • • •

• « . «

• • • •

HHHH
I

Jl

• • • •

O 3 H O

3333

• • • •

~c*H CM CM

3

• • • • • •

CMW<

^•A-4-tN

r*t f"
-
! -^r v^F

• » • J
to «>•

CM CM ci (M

• • • •

Mil
i 4 «# •#

»aa»

aooo
• • • •

NH Ci CMH

S

*

"~*«-»Hrj CMCMCMrj f*>

O

3S88 4dd3 S8$£ 8 8

OS

vO
• I

W\
CM 01

as&& s&sa si a

NO

Sr-4 CVJ 3 CM q
-T-9'4f •4' «

CM O
a

<*>.

mHCMCM O O
O
o

a ?
8

h
"O "O



The moisture, ash and protein analyses wars performed

according to procedures 4B.3«, 9.1a and 67.1, in Carea^ Ubor-

Baking teats were made on the flour resulting from the

different treatments. The flour was hsld for about a month

before baking tests. Th* straight dough method baking test

was followed ss outlined in 11.2b, ptTHft laboratory Hsthods.

using the following bread formula: flour, 700 g.; sugar, 35 g.j

salt, 14 g.j shortening, 21 g.j dry milk solids, 21 g.j malt,

3.5 £.; Arkady, 3.5 g.j yeast, 15.75 g.; water as based on farin-

egraph absorption.

Farinograae ware made aoecrding to procedure 26.4, Cereal

tifrgmm &&£& using the 50 g. bowl and constant Flour Weight

Procedure.

The flour sedimentation test wss performed according to

procedure 74.1, Cereaj laboratory gftftfaftdJL,

Gas production tests were made according to procedure 34.1,

ff«rt»e I*boratary Methods with readings taken fifteen minutes

sfter the start and every thirty minutes thsreafter until a

total time of five hours had elapsed.

Flour particle sise analyses were performed using the MSA-

Whitby centrifuge sedimentation method (32).
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RESULTS AND DISCUSSION

Heating of wheat up to temperatures of 60*C for as long as

twelve hours at a constant moisture content, 16. 5 per cent, seems

to have no effect on the external appearance, other than swelling,

of the sample. However, noticeable differences are observed in

yield, ash content, water absorption, farinograias and baking

tests* Tables 4-7 show the data collected on ash and yield*

Each column shows the data gathered from eight trials for each

treatment* The means for each set of eight trials are shown at

the bottom of the columns* Figure 2 shows the mean ash value

plotted against the mean yield for each treatment*

The scale for the least significant difference, (L*S.D*), is

marked on each graph* By comparing the horisontal distance bet-

ween two points on the graph with the horisontal L.S,D, scale it

can be determined if the difference is significant.

Also by comparing the difference between two points in the

vertical direction with the vertical L*S*D* scale it can be

determined if the difference is significant*

Yield And Ash

A statistical analysis of the data showed a significant

difference in the yield at the .05 level*

The only treatments which varied significantly in yield

from the control sample were the 50 "C treatments at the four
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Tabla 4. Data celiactad ©a wheat condition*;^ at 23 °C.

Cold
Heldii

To..,*r Control
Lisa 24 Hour©

a

|

t

SajH>le
't

:

t S3E Ash tuu

1
2
3
4

i

.470 64.6
•44B 66*3
.460 65.5
.457 67.4
.456 67.3
.462 66,3
•461 66.3
•450 66.4

•4560 66.26

i

I

I

f*

•
•

#

t

:

1

*

9
iw
11
12
G

ii

1 *>w*»-

J

.416
•406
•422
•40$
.416
•404
•414
.393

.4095

65.8
66.4
67*0
66.0
65.6
65.1
66.4
65.2

65.94
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ft&la 5. 2ata collect*! on mboat conditioned at 43 *C.

Heating Tim & Hour

SobdIc
PMHMMP Aah Xiold

IB

i
21

23
24

Control

•490
.456
.446
.443
.435
.435
.431
.449

•44H
.4^0

67.2
66.3
67.1
67.6
65.6
65.4
66.0
5.3

66.46
66.26

mating Tim 2 Hour*

KUBl&Ol*
t i

Yielc

33 .432 66.6
34 .442 66.1

|| 33 S«f

U
•43*
.446

65.6
$?*2

40
-445
.464

66.9
67.7

Hian< .4410 66.5*
Control .45*0 66.2-

meting Tim 1 Hour

Sanslo *

s

29
30
31
32

•460
•466
.412
.441

33
.447
.421

.4404

67.2
6y.i
66.2
67.1
66.6
67.0
68.4
66.6

67.02

Boating Tim 12 Hour*

Smple
tiuaber Am

u
43a
2
S

.421
•44*

2B
.441
.43*
.437
•391

.4255 66.19
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Table 6 . Data collected oa wheat conditioned at 50*C.

Heating Tine & Hour Heating Tiae 1 Hour

Saaplo
Vuaber Aah Yield

5 fesMila
Kuiaber Aah Tlald

49 .406 65.0 : 57 ,au 65.2
50
51

.415

.426 fcl
» 58
[ 59

.424

.437
64.5
66.4

52 .424 65.1 60 .423 65.4
53 .397 64.6 1 61 ,416 66.1
si .395 &*1

65.6
' 62 .415 64.3

55 .403 03
38

64.2
56 .407 65

:
64 64.0

Mean* .4091 65.12 . IsM .4155 65.01
Control •4560 KB
flung

Heating Titae 2 Hours Heating Tlae 12 Hours

Sarnie
NuaLor

i
Aah Yield

Sample $
ttuBoer Aah

i
Yield

£? .424 64.2 73 ,411 65.3
6o .423 6L.6

66.4
74 .404 64.7

IS
.435 75 423 65.6
.434 65.9 a ,410 63.6

69 .434 66.3 77 ,411 65.2
70 .434 65.1 76 ,405 64.5
71
72

.415

.404
66.4
64.6

j

IS :

.417

AN
65.2
65.

Means .4254 65.44
66.26

Means ,4109 64.09
Control .4560
i .eariS
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Tftblo 7. Dot* collect*! on wfaoot ccnditioaod At 60*C.

Hooting Tiae k Hour Hooting Tiao 1 Hour

li

Control

•U7
.424
.422
.403
.4X2
.413
.403
.443

4171
.4580

Somplo
liunbor

i

66.10
66.26

•0
91
92

K

,470
443

.444

.412
432

.4376

67.6
67.3
66,*
65.7
66.6

8.1
64.6

66.41

mmm*mm

m

i

Hooting Tino 2 liours MMtlWg Tiao 12 iioura

39
.434
.471
.442
.451
•404
.404

.4301

.45*0

Yiold

105
106
107
106
109
110
111
112

66.92
66.2*

.441

66.1
67.^

8.1
67.4

82
65.4

66,3



27

cr CO
=3 or
o 3
X O— X

CM

A

(VJ

a
V
\
\
\ 51

\ a

UJ
a:
UJ
u_
u. 1-
o zu
1- o
w.

< tc

(> UJ

u_
0.

z
co CO

CO
N

CD

CO
CO

n.J _ m
CD

Q

o o o
o o o
ro o Ow m coODO LEAST SIGNIFICANT DIFFERENCE

.0155 PER CENT

CD in
-L
ro

1N30 H3d

-L i
CVJ O

ro

•P
c
1

ii
u
P

i
i

U
o

i
r- °
Z b
UJ a>

O *
or -o

a. ®
•H

UJ

c

I

10

u

>•

p
a
«

i

a
c
(0

cv

•H

HSV



N

different heating periods. In this case the yields were sig-

nificantly lower. Although the other treatments did not vary

significantly from the control they were significantly different

within themselves. At 43*0, the treatments for one hour and

twelve hours were significantly different. The one hour treat-

neat gave the highest yield* However, the one hour and twelve

treatments at 43
eC did not vary significantly from the one-half

hour and two hour treatments. This indicates that heating for

longer periods of time, twelve hours, at 43 "C will tend to lower

yield as compared to heating for moderate periods of time, one

hour at 43 °C. The twelve hour heating period may make it diffi-

cult to separate the bran from the endosperm.

Heating at 50°C produced no significant differences in yield

within the four different heating periods* This may be partly

due to a poor separation of bran from endosperm.

The four treatments at 60*C did not significantly affect the

yield as compared with the control. Within the four treatments

the two hour heating was significantly higher in yield than the

one-half hour treatment* This shows that at 60°C, heating for

two hours may give an easier separation of bran from endosperm

as compared to the one-half hour treatment*

The yield from the cold soak sample did not vary significantly

from the control.

The only treatmente giving significantly higher yields than

the cold soak treatment were at 43 *C for one hour and 60 ftC for

twelve hours. Treatments at $0°C for one-half hour, one hour, and
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twelve hours gave significantly lower yields than the cold soak

treatments.

The effects of temperature and holding tins on yield were

analysed. It was found that the effect of temperature was

significant st the .05 level while the effect of holding time

was not significant. Also the interaction of temperature and

holding tine was not significant. Therefore, in this study

temperature and length of heating tine asawed to be the only

factors that influenced yield. This influence was not linear.

The yields resulting fro* the treatments at 43 *C and 60*C were

significantly different from the yield resulting from the 5G°C

treatment. But the yields resulting from the 43 'C and 60*0

treatments were not significantly different from each other.

This is shown in Fig. 3*

Statistical analysis of the aah data shows that temperature

is significant at the .05 level. The ash differences were large

and nonlinear interaction is significsnt. This means that hold-

ing tims and temperature were not additive in effect.

The control sample gave the highest aah, .456 per cent. All

of the treatmente except 43 °C gave ash values which were signif-

icantly lower than the control. The 50°C treatment for one-half

hour and the cold soak treatmsnt gave the lowest ash values,

.409 per cent. However, the yield for 50 *C for one-half hour

waa significantly lower than the yields for the cold soak and

control. The 43 *C twelve hour treatment gave a significantly

lower ash than 43 °C for one-half hour, one hour and two hours*
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At 60 *C the one-hall' hour treatment gave an ash which was si

nificantly lower than the twelve hour treatment and the one hour

treatment,- The one-half hour treatment was not significantly

lower than the two hour treatment. Comparing the 60 °C one-half

hour treatment with the 43 °C twelve hour treatment it appears

that the higher temperature had the same effect as the lower

temperature, in a much shorter time, 43 *C for one hour gave a

significantly higher yield without a significant change in ash

as compared with 43
aC for twelve hours*

60*C for one-half hour was significantly lower in yield but

not in ash as compared with 6o cC for two hours.

The 50°C treatment for the four different heating periods

gave low ash values* 50*C for one-half hour, one hour and twelve

hours gave ash values quite close together. The 50*C treatment

for one-half hour waa significantly lower than the £0*C two hour

treatment* Neither the 50°C one-half hour treatment nor the

50°C two hour treatment was significantly different from the

other two 50*C treatments* While the 50 *C treatment seemed to

give the best ash value for all heat treatments the yield was

low*

Figure 4 shows the mean ash values for each treatment. The

treatment giving the lowest ash value without having the yield

significantly affected was the cold soak treatment.
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Characteristics

Figure 5 illustrates the changes In the farinograme which

indicate the damage produced by heating at high temperatures.

There was very little change in the farinegrams for the control,

cold soak, 43°C treatment, and 50*C treatments. The 6o°C treat-

maots produced little change except for the twelve hour treatment.

Heating for twelve hours at 60*C had a decided detrimental effect

on the farinogram of the flour. This was the first indication of

heat damage. Heating to 70 °C for fifteen minutea and thirty

minutes and 90°C for five minutes also produced heat damage aa

shewn by the farinogram.

Table 6 gives the farinograph absorption, dough development

time and mixing tolerance index. It is interesting to note that

the absorption of the flour decreased with increased treatment

temperature. Figure 6 is a graph of the corrected water absorp-

tion of the flour plotted against the treatment temperature.

Results of the baking tests are given in Table 9 and Shown

in Figs. 7-11, Baking scores ranged from 18 to 94. The 90*C

treatment ruined the wheat for baking purposes. 70*C for fif-

teen minutes and thirty minutes did not completely ruin the

wheat but it had a detrimental effect on the final loaf of bread.

The cold soak treatment gave the beat loaf of bread*

The flour from the 60°C twelve hour treatment, 70*C fifteen

minute and thirty minute treatments were difficult to handle dur-

ing baking. The 9G*C treatment waa the worst, being very sticky
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Table 8. Data taken from jTarinograph curves,

Farlncgraph Corrected Dough Mixing
Treatcjent Absorption $ Absorption Development Tolerance

Index

Control 23% 65.0 65.0 a 10

Cold Soak 23% 6**0 67*4 10 10

20
15
15
10

10
5

10
5

5
5

10
15

70% 15 oiautes 63.0 63.0 10 5
70% 30 ninutea 62.6 62.0 2

90% 5 »im*tee 60.2 59.9 1-5 40

43% £ hour
43% 1 hour
43% 2 hour
43% 12 hour

66.0
66.0
67.6
65.0

67.6
65.3

7
7
9
7

50% k hour
50% 1 hour
50% 2 hour
50% 12 hour

65.0
65.0
65-
65.0

65.0
65.0
65.6
64.4

10
10
7.5

10.5

60% k hour
60% 1 hour
60% 2 hour
60% 12 hour

65.0
65.0
65.0
63.4

65.0
64.7
64.4
63*1

10

15
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Fig. 11. Loaf baked from wheat cold soaked in water,
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and difficult to

Evaluation of the treatmente. cold soak, 43 *C, 50*0 and

60*0, through eonaidaration of tha yield, aah and baking ecere

was dona with tha following formula:

Y.A.B.-(yield-per cant) (1-ash par cant) (baking scora * 100).

The raaulta ara ehewn in Fig, 12. Cold soak gave tha oast scora

foUowad by 50*0 for twelve hours. 60*0 for ona hour had tha

lowaat scora. Tha control sample was third from the lowest score.

Flour Particle Siae Analysis

Tha particle sise was determined by tha M.S.A. Khitby sedi-

mentation teat. The results, Table 10, showed very little

difference in grmmuLation of the floura from the various treat-

Flour Sedimentation Teat

The results of the flour sedimentation test, Table 11, were

not consistent. The 90*0 treatment tor five minutee gave the

loweat aedimantation value. 50°C heating for one, two and twelve

hours gave the highest value. The cold soak treatment gave the

same value as the control. The seditaentation values did not

correlate with loaf volumea very well. It may be poasible that

heat traatmenta have a detrimental effect on the aedimentation

value*



44

"5

£fr

T70"9"

tf§

—

o£fc

3 .09
3 o05

I
i g.g»

3 o69
.OS

"0-^F

XVOS QTOO"

<M

£ 0)
=> a
o 3

z
CM UJ

UJ

or

<
UJ
X

m

I
10H1N00

to

001 -r

lO
ro

m
to

CSJ

rO
O
torh K) rO eO

3U00S 9NIHV9 * (HSV%- 01) HSV * (%)QT3IA

csj



45

ir\

(S

HrHHH r*r4r>ir-i ~tr4i*<*\ CMf\ H H H
•

HCMP-C- Uf*\VtP\ HW -H -J-HI w> «A «>

H H H

G><0 -j- 9
• • • • » • » •

ft IOC*.
• • • • *

i • i i

A CM NN

• • • •

CV.0.«*O
CMf%f\c<v

» • • •

tOCMOfv
• • • •

O <M~3S»
cm cm cm cm

• • • »

cmcvcoh

OHN«
• • • *

0>«AtOO

OHOOn
• • * •
C\CM«\»A
> 0*0*9*

* • • •

HJ IV C0 CM
CM CM CM CM

\OHHW
• • • •

CMOc*%^t

r"4rt(*X>-0
* • • •

• b -.3 S- «Q

CKC^QsQ
• • » •

>0*0*0

4:3

ON

<*»

-*

u
o ? p

*2$s3 Cs. vj>

d CM CM CM OfNfN-* Hj-*«AH filO» (^ H O
#-»Hr-« HHr-4H HHHHl H H H Hi

•ANN
8 a &

ur\ O CM
• • •

-* to H
->T «*% •«*

t© o -*
• • •

-4" CM -*O0*O

'•Oc\«*f«"» f.«*t>«C- ^fvOQ-* HO C- -» «©
• *•• •••• ••«• •• • • •

£££:$£ £££$£ 5£Sfc5£St £r£r 2> £ S£OvChOOv 0*0*00 00*0*0* 0*0* 0* O O*

aHmWHMCM -*»HN CM KtfHCMCM "****» V. O O

U O

8 »
H

o o t» a
tv 0* H OO



"

Table XI, Flour sedimentation coopered with loaf vgIub*.

Traatwent fttatlag Sedimentation Loaf
Temperature Tijef.*tiours Value Volume c.c.

Control 23 *C 46,3 293a

Cold Soak 23 °C 46.9 3025

43 °C
i

44.7 3000
43 °C 44.

B

2913
43 °C 2 43.9 2967
43*0 12 44.2 3000

M
J

a.

6

2975
5Q CC 49.0 3000
508C 2 49.5 3Q0Q
50*C 12 46.5 3000

6c

|

4#.i 2950
60°C 45.7 2637
60% 2 45.1 3000
60°C 12 4*.3 •too

70*C
1

46.7
70*C 47.1 2612

9G*C V12 3^.9 1000
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Gas Production Tests

The g*s production tests, Table 12, show little variation.

The treatments used in this study appeared to hare little effect

on the gassing power of the flour*

SUMMARY AND CONCLUSION

Traatiaonts at 43 °C, 50"C, 60°C and cold soaking proved to

be beneficial in lowering the ash content of the resulting flour.

However, treatments at 50°C had a detrimental effect on yield;

cold soaking gave the lowest ash without affecting yield.

Baking teats conducted on the flour indicated that the

cold soak treatment gave the best loaf of bread. Treatments at

60*C for twelve hours, 70 #C for fifteen minutes and one-half

hour, and 90°C for five minutes produced doughs that were diffi-

cult to handle.

Farinograms also indicated damage for these four treatments

at 60*C, 70*C and 90*C.

Gas production tests failed to show any differences in the

treatments. However, sedimentation tests on the flour showed

that at 90 #C the flour proteins had been altered in some manner.

Particle sise analysis did not show any change in granulation.

It can be concluded that:

1. Warm conditioning, hot conditioning and cold soaking can be

beneficial in relation to the ash content of the flour.
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Tabla 12. Gas production raaulto - eantiaetara «orcury

irriia t «t iI n t Tlipiirituri

Tin*
Hours

^3*C _troatatnt Tlaa - !

50"C
llourc Control

1 1 2 12 h 1 2 12 24

2.3 2.0 2.5 1.8 1.8 2.3 1.5 2,1
5.7 6.3
9.6 10.2
15.6 16.4

2.2

6,7 6.5 6.4 5.9 5.7 6.5 6.0

b
U.2
17*4

11.1
17.4 ii:I

10.0
15.7 1 16.3

10.7
16.4

r 20.4 20.5 19.2 19.8 20,8 19.6 19.7 18.7
a. 5 19.5

13.6

Si 21.3 21.5 20.2 20*| 22.9 20.8 19*2

3 21*8 22.2 .7 21.6 23.7 21.4
21,8

22.2 20,0 19.7

3i 22.4 22.7 21.1 22.2 24.3 22.7 20.3
23*2 20.6

2u.l

4 23*0 23.0 a.6 22.7 24.9 22.4
22.8

20.4

Si 23.4 23.5 22.0 23.1 25.4 23.7 20.9 20.7

5 23.7 24.1 22.5 23.6 25.8 23.2 24*1 21.1 20,9

T r • a t a ant T a a p a r a t u r a

flat 60»C 7G*C 90*C Cold
Houra Traataant Tiae - Houra

1

Soak

1/12 5

Control

I 1 2 12 4 24

1 1.6 2.3 1.6 2.4 2.6 2.0 1.2 1.3 2.2

i
9

415.1
6.3 5.6 6.2 6.4 **z

8.7 V*6
6.0

U.

4

9.5 U.2 11.9 10.8 10.7

14 17.1 15.2 16.6 16.0 16.2 XM xh7 16.4
18.62 19.0 19.8 19.1 18.3 17.4 18.0 16.8 18.5

2,; 20.1 20.6 20.1 19.0 18.1 18.9 17.9 19.5 19.2

3 20.7 21.2 20.7 19.4
19.8

18*5
19.1

19.5 18.2 20.2 19.7

e
21.2 21.8 21.2 19.9 18.5 20.7 20.1
21.5 22.3

22.6
21.8 20.6 19*4

19.1
20.1 19.0 21.2 20.4

& 22.0 22.1 20.4
20*6

20.5 19.3 21.6 20.7

5 22.3 23.0 22.6 20.2 21.0 19.7 22.0 20.9
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2. The yield my be unaffected except in the case of the 50°C

treatment.

3. Prolonged heating of wheat at 60*C and shorter heating at

70®G and 90 6C at a moisture content of 16,5 per cent can

damage the wheat proteii

4. Cold soaking is the aafeet way to improve the ash and baking

characteristics without adversely affecting the yield,

SUGGESTION FOR FUTUEE WORK

Cold soaking of wheat showed the moat promise in the improve-

ment of baking and rolling characteristics. Further work should

establish how short the soaking period can be and possibly the

highest temperature that can be used to remove the excess mois-

ture.

Mare work can be done to study the effect of higher temper-

atures on the milling results aa indicated by ash and yield and

on the baking qualities of the flour.

Steam could be studied as a moans of conditioning wheat and

hew it effects the milling and baking qualities of the flour.



The author wiehes to take this tia» to express his sin-

cere appreciation to Professor E. P. Farrell, oajor instructor,

for his guidance and auggestions during the research and prepar-

ation of the manuscript.

The author is also grateful to Dr, J. A. Shellanberger,

Bead, Department of Flour and Feed Milling Industries for pro-

viding the facilitiee and Materials that were needed to carry

out the work*

Appreciation Is also expressed to all the aeabere of the

Department who willingly gave assistance and advice.



LITEJiATUHE CITED

(1) Anderson, J. E»
What water does to wheat in tempering. Assoc. Gper.
Killers Bui., pp. 749-797, 1937.

(2) Becker, Frits.
(Wheat conditioning). Weiaenkonditionierung. Muhle 75
(3):55-5o, Jan. 21, 1936. Original not aeen. Through 5.

(3) Becker, H. A. and Sallans, H. H.
A study of the relation between time, temperature, mois-
ture content and loaf volume by the brotaete formula in
the heat treatment of wheat and flour-. Cereal Chest. 33:
254-265, 1956.

(4) Brabender, C. ¥«. and Abdon, Stem.
(The migration of the gluten optimum in the mill streams
under the influence of changes in conditioning.) Das
Wandern der Kleberoptima in den tfehlpaasagen unter dem
Slnfluss veranderter Konditionierung. Kiehlprobleme
3:15-17, 1934. Original not seen. Through 5.

(5) Bradbury. Dorothy, Hubbard, J. E., i4acJMastars, Kajel K.,
and Senti, F. K.
Conditioning wheat for milling. A survey of literature.
U.3.D.A. Misc. Pub. ho. 824. May, I960.

(6) Bradbury, Dorothy, Cull, Irene, M., and tfecHaatera, Majel M.
Structure of the mature wheat kernel. I. Gross anatomy
and relationships of parts. Cereal Cham. 33:329-342, 1956.

(7) Bure, Jean.
(The passage of water into the interior of grain kernels
during the course of conditioning and drying.) Le chemine-
ment de l'eau a l f interieur dea grains au cours du condi~
tionnement et du sechage. «un. Franc, bo. 39:26-32, 1949.
Translation by imjel itfectfasters.

(8) Bure, Jean and Goose, 5.
(The movement of water into the interior of the kernel.)
Le cheminement de l'eau a 1* interieur dea grains. Acad.
d'Agr. de France Corapt. Hendt. 35:247-248, 1949. Orig-
inal not aeen. Through 5.

(9) Campbell, J. D.
The effect of mechanical damage to wheat grains during
scouring on their subsequent absorption of water during
washing. Cereal Chem. 35:47-56, 1958.



52

(10) Campbell, J. D. and Jones, C. K.
The effect of temperature on the rata of penetration of
•cloture within damped wheat grains. Cereal Chan. 32:
132-139, 1955.

(11) Dedrlck, B. W.
Cleaning grain, conditioning and its affect in milling*
Assoc. Oper. Millers Bui. pp. 243, 1927.

(12) Fisher, K. A. and Hlnes, C. F.
Observations on the rata of movement of water in wheat.
Cereal Chen. 16:564-596, 1939.

(13) Fox, 8. w. and Foster, J. F.
Protein cheaistry. Haw York. John Wiley and Sons, Inc.,
p*. 312, 1957.

(14) Fraser, C. W. and Haley, W. L.
Factors that influence the rata of abaorption of water by
wheat. Cereal Chan* 9:45-49, 1932.

(15) Geddea, W. F.
Chemical and physico-chemical changes induced in wheat
and wheat products by elevated temperatures. Canad. Jour.
See. 1:528-556, 1929.

(16) Oehle, Heins.
(Laboratory tests that lead to improvement in baking
quality.) Laberatoriumsversuche, die aur Verbesserutig
der Backfabigkeit fuhren. Alig. deut. ttuhier-£tg. ho.
25, 1935. Original not seen. Through 5*

(17) Haltmeier, Otto.
Water penetration in the wheat kernel. (Translated from
Munis. 70:1,165-1,170, 1933 by Clinton I*. Brooke), f.atl.
Killer and Aiaer. Miller 62:35*38, 1934.

(16) Halts*ier, Otto.
(Water abaorption during washing of grain) Die Keeeerauf-
nahme beiia waachen von Getrelde* Muhlo 74:1,163-1,166.
Sept. 24, 1937. Translation by Dorothy aradbury.

(19) Herd, C. W,
Wheat washing and conditioning. Hiller (London). 63:714-
716. July 5, 1937.

(20) Hinton, J. J. C.
Resistance of the testa to entry of water into the wheat
kernel. Cereal Chem. 32:296-306. 1955.

(21) Jones, C. a,
Observatiene an the rata of penetration of water into the
wheat grain. Milling (Liverpool) 113:60-62, 64, 66, July
23, 1949.



53

(22) Jones, C. 3. and Campbell! J. D.

Micro-determination of endosperm density as a means of

napping moisture distribution in wheat grains. Cereal
Cham. 30:177-139, 1953.

(23) Kent-Jones, D. W.
A study of the effect of heat upon wheat and flour, es-
pecially in relation to strength. Through 26, pg. 755.

(24) Kent-Jones, 0. V.
The improvement of flour by physical methods, Northwest
Millar, 151:159-160, July 13, 1927.

(25) Kant-Jones, D. W. and Amoa, A, J.
Modern Cereal Chemistry. Ed. 5. Northern Publishing Co.,

Liverpool, pp. 170-173, 1957.

(26) Koster. .

(Standardisation of evaluation of wheat for industry.)
Standardisierung des Industrielien Weisenwertes. K.

Triltsch, Wuraburg, 1939.

(27) Kuhl, Hugo,
(The conditioning of grain.) Die Konditionierung des
Cetreides. Chem.-Ztg, 63:469-471. July 8, 1939. Trana-
lation by A. A. Vogel.

(28) Lindberg, J» E.
(Experiments on heat treatment of wheat.) Versuche uber
die Vtermebehandlung von Weisen. Getrelde u. Mehl. 3:17-
22, March, 1953. Original not »%9n. Through 5.

(29) Loaev, N.
Modifications in grain during conditioning.) Soviet.
Kukoraol'e Khlebopechenie 11:9-14, 1936. Translation by

. Ediger.

(30) McCormick, R. E.
Effects of length of tampering period on the process of
silling. (Unpublished master* s thesis, Kansas State
Collage, Manhattan). 1930.

(31) Milner, M. and Shallenberger, J. A.
Physical propertied of weathered wheat in relation to inter-
nal fissures detected radlographically. Cereal Cham. 30:
202-212, 1953.

(32) M.S.A. Particle sise analyser. Operating procedures and
applications. Mine Safety Appliances Company. 201 ...

Breddock Avenue, Pittsburg 6, Pennsylvania, 1959.



54

(33) Kuret, H.
(Concerning the absorption of water by grain.) Uber die
tiaeeeraufnahne von Getreide. U gee. Muhlenw. 6:193-197.
March* 1930.

(34) Pence, a. 0. and Swanson, C. 0*
Rate of water penetration in wheat during teapering. Assoc.
Oper. Millers. Bui. Book. Vol. I, pp. 110-119.

(35) Beoington, J. S.
The conditioning of wheat. Indus. Chen. 2:203-207. 1926.

(36) Beeborg, E. F. and Barmore, M. A.
The influence of Killing moisture on flour yield, flour ash
and oilling behavior of wheat. Northwest. Miller. 246:
Sect. 2: la, 14a-17a. July B, 1952.

(37) Stark, Henry.
The time of tempering. Katl. Killer. 30:20, Dec. 1925.

OB) Swanson, C. 0.
Effects of water on test weight, flour yield and other
properties of wheat. Assoc. Oper. Millers. Bui. Book.
Vol. II. pp. 299-311.

(39) Swanson, C. 0.
Effects of moisture on the physical and other properties
of wheat. Cereal Chea. IS ; 705-729, 1941.

(40) Swanson. C. 0., Fits, L. A. and Dunton, L.
The willing and baking quality and chenical composition
of wheat and flour as influenced by: 1. different methods
of handling and storage; 2. heat and moisture; 3, germin-
ation. Kansas Agr. Eipt. Sta. Tech. Bui. No. 1, 63 pp.
Jan. 10, 1916.

**

(41) Swanson, C, 0. and Pence, It. 0.
The penetration rate of water in wheat during tempering
as disclosed by college mill trials. Amer. Miller. 56:
435-436. May 1, 1930.

(42) Ugriraoff, A. von.
(So&e investigations on the entrance of water into wheat
kernels.) Einige Versuche uber das Eindringen dee V*B9wa
iri Weisenkorner. Muhle 70i603-©04| (25) : 625-627. 1923.
Translation by Irene M. Cull and Dorothy Bradbury.

(43) Vermeylen, Jos.
Ion to the study of wheat conditioning.)

Contribution a 1 'etude du conditionneraent des blee.

J
V;^ GoiV J^ernatl. 7«ck- Chi&. Indus. A^.r., Brussels

3:503-524, 1935. Original not seen. Through 5.



(44) Weber, Eud.
(Conditioning and Killing of mixtures of bard and soft
wheat without a conditioner.) Vorbereitung und Veroahlung
von Misehungen mit harten und weichen Veisen ohne Vorbereiter.
Mullerei 4(51/52) :811. Dec. 22, 1951. Translation by C. L.
Brooke.

(45) Wichser, F. v. and Shellenberger, J. A,
relationship of physical factors to the granulation of
flour. -thwest. HiUer. 23^(11) Sect. 2: la, 2oa-27a,
29a~30a. June 14, 1949.

(46) Wild, P.
(Conditioning of soft wheat and the influence on baaing
quality.) Welchweisenvorbereitung und Beeinflussung der
S*ckfahigkeit. Mullerei 3:493-494. Aug. 12, 1950.
Translation by Dorothy Bradbury.

(4?) Zlegler,
(Influence of conditioning on the extensibility of wheat
dough.) Einfluas dmr Konditionlerung auf die Dehnbarkeit
dee Weisenteiges. liulile 72(33) :l,U35-l,03o, 1935. Trans*
lation by George E. ;4cltermia, Jr.



SOKE EFFECTS OF COLD, WARM AHD HOT WHEAT
conditioning on the milling and baking

CHARACTERISTICS G* uiiLA'.

by

WALTER DALE EUSTACE

B. S. t Kansas State University, Htabattan, Kansas, 1959

At, ABSTRACT OF A MASTER'S THESIS

submitted la partial fulfillment of the

requirements for the degree

MASTER OP SCIENCE

Department of Flour and Feed Milling Industries

KANSAS STATS UNIVERSITX
Manhattan* Kansas

1962



The primary objective of wheat conditioning is to change

the physical condition of the wheat kernel into the proper con-

dition for milling through the uae of laoiature, time and with or

without the uae of added temperature or pressure. The moisture

should be distributed in such a way in the wheat kernel that

the endosperm separatee cleanly from the bran with a minimum of

attrition and abrasion And with the endosperm reducing easily

into products that can be sifted readily*

The secondary objective of wheat conditioning is to improve

the baking characteristics of the flour.

In this study moisture and pressure were constants while

time and temperature were variables.

Samples of hard red winter wheat were moistened to 16.5 per

cent moisture and heated to 43
ttC, 50°C and 60»C for varying per-

iods of time, than dried to 15.5 per cent moisture to study the

effects of different temperatures and heating periods on the

milling and baking characteristics* Several samples moistened

to 16*5 per cent moisture were heated to 70°C and 9C*C and dried

to 15*5 per cent moieture to determine the effects of heat on

baking characteristics.

Other samples were soaked under water for one hour and dried

to 15*5 per cent moisture before milling to determine what effect

cold soaking has on milling and baking characteristics*

Control conditioning was the addition of water to increase

the wheat moisture to 15*5 per cent and allowing it to stand for

twenty-four hours*



Factors studied included baking tests, flour yield, flour

ash, farinograms, particle sise analysis, flour sedimentation

and gas production.

Flour yield was significantly lower for the 50°C treatment

for one-half hour, one hour and twelve hours. Treatments at

43 aC, 5G*C for two hours, 60*C and cold soaking gave yields that

ware not significantly different from the Control.

Except for the 43 °C one-half hour treatment, all the other

treatments at 43 &C, 50°C» 60*C and cold soak gave aignificantly

lower ash values than the control.

Cold soaking and 50°C for one-half hour both had mean ash

values of .409 per cant compared with control which had an ash

of .45$ per cent.

The baking teats and farinograras ehowed heat daiaage for

samples heated to 60*C for twelve hours, 70°C for fifteen minutes

or one-half hour, and 90*C for five minutes. Cold soaking treat-

ments gave the best loaf of bread.

Considering the baking tests, flour yield and flour ash the

cold soak treatment resulted in the most improvement.


