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Chlorination Replacement Report
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Executive Summary

It is considered desirable to find an alternative to chlorine for treating flour destined to
be used in cakes, particularly high-ratio formulas. This project has considered a
humber of alternatives.

Three major approaches were applied.
1 The effect of flour variety and quality,
2 Adding various ingredients, and
3 Treating the flour in various ways.

a) Low proteln, low ash, fine particle size flours from soft wheats with high swelling
power were identified as most desirable.

b) Wheat starch and guar gum were helpful, and an effective cake-emulsifier system
was essential. Changes in aggs, milk, and sugar types were of little help, as was the
addition of enzymes.

¢) Various oxidizing and reducing agents and flour treatments, including annealing
the starch, were of relatively little value except for heat-treating the flour or added
starch. ‘

d) The most successful approach was demonstrated when a ‘proof-of-principle’
apparatus was constructed to fluidize non-predried flour with heated air at
temperatures considerably above prior conventional approaches. The best results
occurred when flour was fluidized in air at about 280 °C for about two (2) minutes.

e) Higher temperatures and shorter times may be possible, but this was the limit of
operation for the prototype equipment.

f) Final flour temperatures at about 150 - 160 °C appeared to be best, with
dextrinization (viscosity loss) and color darkening occurring by 170 °C.

g) The RVA appears to be useful to monitor the changes in starch properties caused
by the heat treatment, and is more rapid and lower cost than DSC techniques.

Conclusions: It is possible to heat-treat flour for high-ratio cakes in a short time
without predrying the flour. Heavier cake formulas appeared to benefit from the
treatment as well as did the ‘sponge’ type.

Recommendations: A larger scale, more instrumented and controllable fluidizer
should be constructed to (a) optimize the treatment conditions, (b) determine the
maximum temperature and minimum time limits, (c) to produce sufficient quantities of
flour for larger scale tests on a wide range of cake formulas, and (d) to provide
engineering data for scale-up to a commercial size operation.
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| Project Objectives —l
I

« Orginal Alm

~To find an effecttve, cost afficient
strategy io replaca fiour chiorination
as a treatment for cake flours,
» Chiofination
- Enablas the addition of highar
sugar levels in high-ratic cakes

— Modifies starch, lipids & proteins

- Forma more siable cakes leas
prone fo collapse
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| Project Objectives continued
|

« Why remove chicrine?
= Chiorine gas is a dangerous chemical
- Alraady banned in most European
counries & the UK
» Tha main flour traatment curently used
in the UK & in Japan is heat treatment.
« Current heat treatment methods

typically use pro-driad flour and theat to
a flour temparature of 135-145°C, for
12 hw.

—
|  Summary of Research |
|

» 3main regearch sirpams
~ Effect of flour quallty/variety
= Ingiraciant Addition
= Flour Treatrent
» Flour Quality/Vardety
- Low protain/ Low ash
—Flna particle size
= High starch swalling (Rossila)

—_— i most effective ingradient combination.
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| Summary of Research |
|

» Ingredient Addition
= Emulsifiers
- Gums/Starchas
- Egg Typas/Powders
= Maoditied Mitk Powders
- Enzymes
- Sugar Typas
» Wheat starch & guar gum wer the
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| Summary of Research |
-

= Flour Trasimont
— Oxidising/Reducing Agents
- pH variations
—Ozona
= Prasaurissd CO, & 0, treatmont
- Hoat Treatmant of siarch & flour

» Hoat treatment was the most effective
treatrnent of both flour and starch.

» Showed that the RVA can be used W

— maasyrs starch changas during heat
===

—
| Current Projects |
|

« Starch Annealing
- Effact af Molsture Cortent
- Effect of Flour Cuality
= Maximum Temperatures
~ Effoct of Particle Sizo
—Standard Heat v Fluidiged

—
| Starch Annealing |
i

= Lhing RVA Analysis 3-way ASM dasign:
= Holding time (20-80min)
- Tamparature (40-80°C)
— Watter laval (1:3 10 1:12)
a Optimally treated annaaled starch
parformad simbar to commercial wheat

starch whan added =t 50% flour
subatitution.
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| Fluidised Heat Traatment |
|

» Initial haat treatmont work used &
standerd healing method (170°C,
30min, staticnary badch procoas)

= Optimad flour mperaiures rangasd
from 125-135°C,

= The fluidised system was craated to
optimiss the surface ansa of aiv o
flour with the alm of dacraasing the
required flour treatment $me.,

Flour Fluldizer
for
Heat Treatment

M—1
| Fluidised Heat Treatment |
|

» Initial Fluidiced testing usad:
= Dried flour (—4% moisturs)
- Agad fine particle sired flour
— Bat Alr Temporatures 210-270°C
~Times of &14 minutes
= Flours re-humidified before baking

» Achieved cake scores which wers
80% of chiorinated control.
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| Etfect of Initial Flour Molsture |
|

= Tracitional heat treatmant methods
require a dryiy siep bafors hast
freatmant to prevent baling-up® of
flour.

= Investigatad whather pro-drying was
mquired bafore fluidiced heat
fraatment.

» Used aged fink flour (J5314) one non-
driad with & 12% moisture content, and
the other driad to 4% (both houted at
~270°C far 8 minutas)

=

[ —
| Effect of Initial Flour Moisture |
|

« Study indicated that pre-drying was not
regquired.

» Obtained frash flour samples for further
trials.

a Pra-dried flours in Auidisar to moisture
conienis ranging from non-dried
{11.4% moisture) to 4.8% molature,

» Flours were heat treated at 270°C for
Smin, re-humicifisd and baked.
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| Effect of Flour Quality |
|

= Naw Flours obtained from Alied Mills:
=2 Ghiornated & Unchlorinabsd pairs
+Jumba brand
+ Internal Sponge
— Unchicrinated Rosela Flour (Udon)
« With haat all unchiorinaied fiours
produced cakss of good axtbarmal
appearance and shaps.
= Internal structure and volumea were not
as good as the aged fine particla flour.

== g

Comyuriaon of Towml Calw Bcores (1180) for Ploun L4

zsszE2838

Toisl Soore {71080}
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| Maximum Treatment Temp |
l
« Almn:
= To datarming the rmsximumn gir
temparature which could be used in
the fuldised system before causing
flour browning.
» Maxdmum Set Temperature?
= Currently 320°C
- Tima 1.5min = Flour Temp 135 °C
» Crrent Maximum Temperature only
fimitad by the equipmeant.

= .

Flsur Tom puaiysy v Crongs in Mnole LD or Fuid ve Shbndin bt
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| Effect of Particle Size |
|

« Previous air classification study
indicated that fiours with a fine particla
sine parformad batier with heat
freatment,

» Pin-milled & haat trasted the bast
performing fresh flour (intemal Sponge)

« The pin-milked flour achieved a 113%
improveant in cake soors comparad
o the nan-pin-mitied flour.

H
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| Standard vs Fluidised Heat |
|

» Pin-milled flour was heat treated using:
« (8} Standard Haat

= pre-dried flour

~ 170°C aat warnp, 30 minuies
« {b) Fluickaed Heet

= non-drled flour

= 310°C sot tamp, 2 minutes

» Results indicated that bath mathods
produced cakes of equivalant quality
and RVA properties,
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|__Significant Outcomes
1

« Higheat cake acoros were achievad whh
good fiour quality, ageing, a fine particie
aiza and fluidised haxt,

= Fluidised Heat treatmant using high
temperature/short tirmas procuces cakes
of equivalent quality to standard long time
heat treatment processas.

a Pre-drying of flowr is not required with the
fuidisad systam.

= RVA Armlysis can be used fo measure

“@ the affectivencss of flour heat treatmant.
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Fluidized Flour Heat Treatinent

Fluidized Bed Heat Treatment
for Chlorine Free Cake Flour

. Report by
BRI-Australia
22 April 2004

“Wﬁ '

22 April 2004

Principle Intended:

»-Syumround particles with hot air

i Dry & heat fraat simultaneously -
s Parmit very high air temperaturas
nu-Raduce time required

»Raduce damage to flour

Prototype Equipment

wPressure air supply
w-Alr haater with tamperature controllor
u-Fluidizing column with quick connect
» uidizing section
« da-entrainment saction
w Alr & flour temperature monitoring
wFiltar sock

BRI-Presentation




< Fluidized Flour Heat Treatment

i

22 April 2004

Flour Haat Trestmant Fiuidzer

Elidizer

BRI-Presentation




Fluidized Flour Heat Treatment

Fluidized Heat Treatment
uSupply air to column ~ 285 °C

= Prohaat column to ~ 280 °C, disconnect
w-Add 300 g flour, NOT pre-dried
wRa-connact column to alr & fluidize

u Treat 2-minutes, disconnect air supply
s Floyr temperature ~ 140 - 1?0 °C
a-Hemove & rehydrate flour (,

22 April 2004

i
.

BRI-Presentation




Fluidized Flour Heat Treatment 22 April 2004

Observations/Needs
w-Apparently not necessary to pra-dry flour
mMoisture removai or addition important?
w[nitial & final flour temperatures important
w-Holding time or post-cooling mportant?
wNoead to define upper temperature lirnits
»Need larger difference in the two sections
aContro! ali emperatures & times accurately
»|mprove add/remove flour methods
aImprove cleaning proceduras
» Do a cost-anargy efficlency study ©

Safety Noto

w-Safe from dust explosions below 440 °C ?
w-Avold point ignition sources .
s-Dasgign heat source camfully & dust free
nConducted a lierature search; but

.-Still nead 10 have experts study the system.

BRI-Presentation 4



- Fluidized Flour Heat Treatment 22 April 2004

o Other Cake Formulas?

w-Moast work previously w/ Sponges

! #-Many other cake types are important

t-Some at much higher sugar levels
{whercas Furopeans use lower ratios)

) 50 tried treated flour on other types also

Madeira Cake

Rich
Choc.

SO CHEGRIMATED FLOUR ‘
Cake | CHtORINATED FLOUK |

FLUIDISED HEATED FLoyr TR

UNCHLORINATED FLOUR

BRI-Presentation 5
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Fluidized Flour Heat Treatment

Fluidization Process Advantages

#-No pre-drying required
»-Potential for reducing times even more
»:Pogsible flow-through’ continuous system?
« 150 M long conveyor tuba, or
« hold-time, or
« ‘spray diyar’ configuration
uw-No flour browning, better color

22 April 2004

Statement of the Situation

w-Pragent equipment for ‘proof of principle’
»-Have not exhausted ‘tweaking’ studies

s physical / mixing ~ spaed, time, whip dasign

= minor formuta - water, amulsifier, leavening

» baking ~ time, mpemiure

on batter denaity, viscosity, bubbie size...

w-Wider range of formula types & applicability
m-Cannol do without lots of consistent fiour
s Therefor, our recommendations:

A7

Recommendations

u-1) Do a cost-benefit ratio study
»-2) Design & construct a pilot unit

-3} Obtain data for scale-up, and
samples for larger scale bake eats
wd) Verily #1

BRI-Presentation
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Fluidized Flour Heat Treatment

In Conclusion

»-This process has the potential to save
money, space, and time

w1t is worth studying further
« Avan if anly t have data, anticipating
» when Cl2 |3 finally bannad.

»-BAI is able to do this project and
recommends that it be continued.

22 April 2004

Thank Youl

by:

Kean Quail
Kirsty Germaine
Chuck Walker

ARI Australin

BRI-Presentation




Generalized Opearation
And Some Observations
On the
Fluidized Bed Flour Heating Apparatus

The following are the general operating conditions and procedures for the fluidized
bed heat treatment of fiour, based upon the apparatus in use at the time. This
information may be of value for future scale-up and design of a pilot-scale fluidized
bed heat treatment apparatus. The good and bad features are mentioned, indicating
some places where additional engineering or research needs to be conducted. The
following list is arranged generally in operation order.

1) Baslc Principles:
By flvidizing flour in a hot rapidly moving air stream, each particle is surrounded
by air that quickly strips its water and raises its temperature. Because the flour is
drying out, the flour particle temperatures do not get as high as the air supply, so
the drying and heat treating steps can be combined into a very rapid single-stage
operation, This is analogous to the spray-drying process used for mitk and many
other heat-labile materials.

2) General Operation:

3) Preheat the air supply chamber to 310 °C. (The initial design did not anticipate
operating the apparatus at more than 200 °C.) We were operating at the upper
limits of the equipment at 310 °C. Some equipment damage was apparent at this
temperature. Air temperature was controlled where it discharged from the heater
box.

4) Indications are that even higher temperatures for even shorter times should be

' investigated, but are not practical without modifying or replacing the present
equipment. "o

5) Two portable compressors supplied air at about 175 KPa to the electric heaters,
The major pressure drop apparently occurred at the ‘quick connect' where the air
entered the heater box. No accurate airflow measurements were possible.

6) The column was preheated until the air in the empty entrainment section above
the screen was 260 °C.

7) The column was quickly disconnected from the heater and 300 g of flour was
added. The flour was not pre-dried. The room temperature flour typically ‘
warmad-up to between 40 °C & 50 °C (although a few reached 70 — 80 °C)
during the approximately 1.5 minutes required to assemble the apparatus &
connect it to the hot air supply, as indicated by the Type-K thermocoupie mounted
near the center of the fluidizing section.

8) Note that it is apparently not necessary to pre-dry flour treated by this approach
because the large quantity of air carries away the moisture emerging from the
flour rather than permitting it to make ‘balls' and/or contributing to partial pre-
gelatinization as can occur in a fixed or agitated deep bed system. The flour
being used for these trials had a moisture content of 11.4 %, which may be

-somewhat lower than flour fresh off the mill in many occasions.

9) Initial flour temperature affects final flour temperature and must be accurately

monitored and controlled for consistent resuits.

Operating Procedure.doc Page: 1 " Printed; 190444



10)The air temperature just below the fluidizing screen typically stabilized at about
- 284 °C during the actual run and should be the temperature understood as the

basis for future research rather than the 310 °C air supply set-point. Although the
systern was partially insulated, considerable heat was lost during operation, and it
was noted that the drop was apparently linear with the air temperature set point.

11)The air appeared to fluidize the sample well, as indicated by an obsarvation
section near the base of the glass column. Some flour did go to the top of the
column and lodge at the filter sock support & connect ring so it received less
treatment than the rest of the sample.

12)The change in cross-sectional area from fluidizing to de-entraining sections was
approximately a 1:4 ratio. This needs to be increased because of the large range
in cake flour particle size.

13)The column was agitated continually by vibrating the entire column at 50 Hz. Fine
flour tended to hang up on the walls without the vibration. Isolated wheat starch,
even finer, neither fluidized nor de-entrained well, and also went through the filter
sock.

14)Air typically discharged from the filter sock at more than 100 °C. This point is the
typical control point for large fluidized bed dryers, but was too variable in this one.

15)The temperature of the fluidized flour-air mixture in the entraining section was
typically around 190 C shortly before finishing. This is also a potential control
point for future studies.

16) Two-minutes after starting, the connection was broken and the flour column
collapsed back down into the fluidizing section where its temperature typically ran
between 150 °C and 160 °C for the best products produced in this series.

17)The filter sock was removed, the treatment apparatus lifted & inverted, and the
flour discharged into a rectangular aluminum pan where it cooled relatively rapidly
to near’room temperature. it typically took about 1.5 minutes from air disconnect
1il the flour was completely discharged.

18)Placing flour into the system and removing it was a major hurdle with the present

‘quick & dirty’ design. This must be changed in a farger scale more controlled test
apparatus. '

19)Reproducibility was not as good as desired. More temperature instrumentation

and controls are necessary, as well as a way to properly monitor the actual airflow
to the system.

20)The time the flour remained in the column after the fluidizing air was disconnected
did not appear to have a major influence on the baking quality, as one sample
was left in for 11 minutes after the air was disconnected. The flour temperature

- started at 131 °C (unusually low) when the air was first disconnected and was still

115 °C at that time it was removed. The cake volume and score were slightly
higher than a sample of the same flour dumped after the usual 1.5 minutes rest
time. (Note: higher cake scores were attained with higher flour temperatures, this
is an illustration of a longer holding time only.)

21)This possible influence of holding time will need to be studied further 1o determine
whether or not a controlled holding time or a cooler needs to be included in a
larger-scale design.

22)The column was briefly cleaned between runs using a vacuum cleaner, then
reheated before the next run. No obvious generalized flour discoloration occurred
when heating by this process (as opposed by the traditional oven treatment) but
occasionally a few browned particles did appear, apparently the result of some
flour remaining stuck someplace in the system for more than one cycle,

* Operating Procedure.doc Page: 2 Printed; 190404



23)Concluslons and Recommendations:

24)The obvious next step is to construct a more automated, better instrumented, and
satisfactorily controllable pilot-scale model heating fluidizer to obtain more
engineering data so that a realistic estimate can be made for a production scale
plant and to further identify the optimum times, temperatures, & holding detaits
needed to produce the best quality product. This is also necessary in order to ,
make sufficient quantity flour that it can be tested on more formulas and styles of
cakes by several bakers, determining if systematic changes need to be made in
the water or emulsifier levels or other formula changes. E.g., is re-hydration really
necessary, and if so, how might it best be done.

25)Ultimately, the system might be made continuous or automated rapid batching,
but a pilot scale unit probably still needs to be a batch design.

26)0ne major obstacle may be in finding a food grade silicone free heat proof
sealant.

27)A better and simpler cleaning procedure is needed, as well as a simpler
charge/discharge cycle method.

28)A cost and energy efficiency comparison shouid be made (estimated) between
the traditional slow (30 min.) relatively low temperature treatment method using
pre-drying with the proposed single-stage high-temperature short-time aerated
method before proceeding with the project and actually constructing a pilot scale
unit.

29)A final note must be added regarding safety in a fluidized flour system. Flour or
other organic dust is notoriously explosive when suspended at certain solids/air
ratios. A literature search was done to check this situation before we operated
the equipment above 200 °C. )

Dust explosions are not caused by a slow, generalized heating of the dust, but
rather by point sources such as sparks or flames where the ignition temperature is
exceeded. For flour in air, the ignition point has been identifiod as 440 °C. The
maximum temperature in which we have operated to date exposed air to a
maximum of about 295 °C. The design must very carefully consider these
features however to be sure that the fluidized suspension can never approach the
ignition temperature nor can errant flour dust be permitted to enter the heat
source, which may well be gas burners, and abundant safety features must be
incorporated.

See e-mail from Dan Brabec that is included in this report.

30)BRI-Australia is willing and able to continue with the design, construction, and
operation of a pilot-scale system should it be funded.

Operating Proctdoye. doc Page: 3 Printed: 190404



Statement of the Situation

The present equipment was designed and constructed as a rapid "proof of principle’
apparatus only, and was never intended to produce large quantities of treated flour.
Also, as we operated it, we discovered many additional features that we needed in
order to conduct proper studies.

We have not exhausted the necessary ‘tweaking' studies on the treated flour. Itis
quite common for bakers to make small changes in their formula or process, often
without actually being conscious that they are doing so, but they do not consider that
they are changing their formula. To have the best chances for success, it is desirable
for the ‘new’ chlorine-free flour to substitute directly for the cake flour they are
accustomed to use. This may not be possible, but small adjustments are likely to be
tolerated.

For example, there are some physical process changes that could be implemented
easily in most bakeries. This includes but is not limited to changes in the mixing
operation such as speed, time, and whip or beater design. Mixing ‘style” aiso could
be changed (all-in, batter, sugar-cream, etc. mathods).

Most bakers would accept relatively easily some general minor formula modifications
such as water amount, emulsifier quantity and type, and chemical leavening amount
& type (in cakes that use it).

Likewise, changing in baking procedures such as time and oven temperature are
known to have effects on batter density, viscosity, and bubble size, with resultant
effects on final cake volume and grain and texture properties. These, along with the
adjustments above, could be easily adopted by the baker provided they were given
general directions for the new flour such as ‘must use this new special emuisifier’,
‘increase water by X %’, ‘increase/decrease mixing action’, etc,

The new flour treatment must be studied over a wider range of formula types,
equipment, and proceduras. The ‘robustness’ must be determined, both for
producing the flour (variety, protein, particle size, etc.) and for using it.

Future studies must be conducted with sufficient rigor and replication that they could
be published in a refereed journal and possibly patented. Only in this manner can
the process attain respectability and acceptance in the scientific & trade
communities.

It is not possible to accurately determine the optimum conditions for production and
for utilization without several large consistent flour batches. To do this, we must have
a larger (small pilot scale) batch model fluidizer that is fitted with proper
instrumentation. It must also be large enough to provide small quantities of flour for
testing by interested millers and bakes. A batch size of about 10-Kg might be an
appropriate step-up from the present 300-g capacity apparatus. Experience with that
scale could then make possible the design & construction of a much larger scale,
perhaps continuous, heating-fluidizer.

Hence, we recommend additional funding for this next stage.
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100 mm i.d.
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Flour Heat Treatment Fluidizer
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From: "Dan Brabec" dan@gmpre. ksu. edu

To: ¢.walker@bri: com.au

Ce: “Floyd Dowell™ tdowellegmpre.ksu.edu

Subject: flour dust ignition temperature

Date: Wed, 18 Feb 2004 10:30:53 —-0600

To: C. Walker

From: Dan Brabec, USDA-ARS Grain Marketing Res, Eng. Unit
Regarding: dust ignition

The simple answer is 440 C for wheat flour. This value was referenced from a chart
produced by the U.S. Bureau of Mines prior to 1984.

This was the ignition temperature of a dust cloud (dispersed particles), of fine dust
particles (passing 200 mesh sieve), and of low moisture content. It was probably one of
the most flammable conditions. The ignition temperature does vary with the parameters
cited above,

A layer of wheat flour would have a higher ignition temperature since it is not dispersed
particles.

Corn flour was cited as having a 400 C dust cloud ignition temperature.

Lesikar (1991) cited wheat dust (not processed flour) as having a minimum ignition
temperature of 645 C.

This was probably because wheat dust contains larger fractions of inert materials.

And Schoeff demonstrates the flammability of a small amount of idle comstarch in the
*Deadly Dust" videos.

A small amount of starch is placed in a bowl and in one side of a double chamber. The
powder is blown out of the bowl with a blast of air and towards a glowing red electrical
wire where the dust cloud ignites, changing the powder into a plume of hot gas and flames
which then disperses and ignites idle dust in the secondary chamber and vents out the top
of the second chamber.

Other information was found on the internet using the search terms "dust ignition
temperature”.

Sincerely

Dan Brabec



John,
Explosion characteristics of CGrain Duat:

- Ignition temperature of dust clouds (&°C) = 430

- Min. spark energy required for ignition of dust cloud (millijoules) = 30
- Min, explosive concentration (oz per 1,000 cu fr) = 55

- Rate of préssure rise (psi per gec) = Avg: 1,000 Max: 2,750

Hope this helps
Plerre

Piarre G. Frepatte, ROHT, OHST

Health & Safety Officer (Occupational Hygiene)
WHECC - CSSIAT

1300 8t, Peter Avenue, Suite 220

Bathurst, N.B.

E23a 3A6

Tel: (506) 547-7391
Fax: (506) 547-7311
Email: frenettpéwhscc.nb.ca

----- Original Message----- :

From: John Orser [mailto:jorser@orserenvironmental . com]
Sent: January 15, 2002 9:16 AM

To: HS-Canada@list.ccohs.ca

Subject: HSC: Grain Dust

 Can anyone tell me the in-air concentration of grain dust that would

cause an explogion? I have looked and T can't find it. Units of mg/m3 =
would be appreciated.

Regards,

. Orser

Ehkhkhwrtdhk bk enn

John R, Orser, QHST, ROHT, Envirormental Technologist
Orser Environmental & Safety Inc.

195 Fing Street, Suite 204

8t. Catharines, Ontario, Canada L2R 3J6

Voice 905-688-0500 FPax S05-688-4746
jorserforserenvironmental . com
http://www.orserenvironmental . com




idizati g-entrain t

When designing fluldization equipment, as in the heat treatment apparatus described,
it is necessary to make estimates of the minimum alr velocity required to fluidize the
particles and the maximum velocity (terminal velocity) in the de-entrainment section.
Traditionally, entrainment occurs in a zone with a smaller cross-sectional area and
de-entrainment in a much farger area so the air velocity drops below the terminal
velocity for the particles. In both cases, the velocities of interest are a function of

both the particle diameter and the differences in densities of the particles and the
entraining fluid.

Mr. John Kalitsis designed the relative diameters for the two sections in the
apparatus, based upon theoretical considerations and an average flour particle
diameter. Using that original work as a basis, we calculated the terminal and
fluidization velocities for flour at 20'um and at 149 pm, representing the major range
nomally encountered in wheat flour. The actual velocity was then measured with a

fan-type velometer at room temperature and adjusted for the change in temperature
actually in use,

Velocity: (M/sec)
Caicylated Values Section Measured
20 um 149 pm
Fluidization 0.23 8.63 36
Teminal 0.95 2.59 0.9

Based upon the above calculations and actual ohservation, there needs 1o be greater
than the present 4:1 difference in areas for the two sections, because of the wide
range of flour particles normally encountered, especially in finely-milled soft wheat
cake flours. There was still a substantial amount of flour reaching the filter sock at
the top of the column, causing an uncertainty in the exact arnount of time and
temperature part of the flour had besn exposed to. Since fluid velocity varies across
the cross-section of a tube in approximately a parabolic profile, it will always be
higher in the center and lower near the walls. As a result, cross-section areas and

airflow rates need to be carefully considered in light of the particle diameters
encountered.



TABLE-XXX
Pir-Milled Flour Heat Treatad on 28 March (4
(Notmnﬂyﬂmd.'!nﬁmmwmocdr)
(Notpm-&iudﬂmr)__
Allied Intenal Control Cake Flour
BRI # L0328
S - Temperatures ==
Avg. Air Tamp. Max Air'Flowr [ Flour Final Four Temp __ [Final Air in Energy in, |Cake Caka
mﬁmmmmmmmm
Chiorinated L0327 N/A 1514 %)
I
Noir-Chiorinaded LO2A-Not Heatad N/A 1342 54
| ;
'mimmmpﬂmmm.
l I
Heal Treatmeants for 2 min & 310 C seipoint
I
Not Pin Millad 142 1410 64
|
Pin Milled Ona Pags 154 1438 72
I
Pin Milled two passes 145 1410 (]
I
Puplicaied Heat Trautmants with Data Logger in piace
[
Not Pin-Milled 267 165 139 132 83 257 1364 60|
I
Fin Miflad 1 Pass 271 x7 141 135 103 i 1419 68
I
[Fin Miled 2 Passes 260 188 143 136 110 323 1364 [
Trial with aftar haat trestment
Mot Milled, 13 min iot.
Traatient-2 269 142 13 i 115 236
Hold 11 — — = 115 = 1382
[Totak13 — —_ - — — 1618 1375 65)
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