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INTRODUCTION

Yeast raised doughs are normally baked by conventional

heating where radiation and convection heat penetrate from

the surface of the dough into the interior (1). This process

sets up a temperature gradient with uneven heating of the

dough mass and requires time for penetration and baking of

the interior of the dough piece.

Microwave energy is a high frequency alternating electrical

force that causes molecular excitation in the dough (1). This

excitation, which is in the form of high frequency oscillation

of the molecules, produces heat internally in the dough. Not

all substances are susceptible to microwave molecular excita-

tion, but water and lipid molecules are very susceptible.

Dough, which is high in moisture content and also contains fat,

is readily heated by microwave energy. Since microwave heating

is in the form of molecular excitation, it has little tendency

to create heat gradients (1). Therefore, if the exposure to

microwave energy is constant throughout the dough piece, then

the temperature throughout the dough piece will be uniform.

Since microwave energy is evenly distributed, the surface temp-

erature of the dough is not high enough to promote browning and

form a crust.

Microwave energy, with its unique heating capability,

shows definite potential for its application in the baking in-



dustry. Microwave energy wan first suggested for use in the

baking industry in 19^7 by Cathcart et al. as a means of re-

ducing mold spore contamination in bread (2). Microwave energy

has been successfully applied in proofing of yeast raised dough-

nuts and has reduced the proofing time of 25-30 minutes down

to an average of 4 minutes (3,4). Microwave energy has also

been used in combination with deep fat frying of doughnuts to

reduce frying time and increase doughnut volumes (3). Bread

baking has been carried out using a combination of conven-

tional and microwave heating (5,6,7). This application has

not yet been applied in the industry, due to various economic

and production problems. Microwave energy has been applied

commercially for moisture reduction in the production of biscuits

(1,8). Defrosting of frozen bakery products and ingredients

has also been investigated (1,8,9).

The primary purpose of this study was to develop a yeast

raised bun by use of a combination of microwave and convention-

al baking procedures that is equal in quality to a convention-

ally baked bun. A second objective was to investigate the

effect of various ingredients and processing steps on pro-

duction of a combined microwave and conventional bake pro-

cedure as compared to the conventional procedure. This research

was performed with a hope that information gained from this

study would increase the understanding of possible applications

of microwave baking to any yeast raised baked products.



LITERATURE REVIEW

Microwave Heating— '
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Microwaves are electromagnetic waves of radiant energy

which differ from other forms of electromagnetic waves such

as light waves, radio waves and X-ray waves primarily by wave-

length and frequency (10). Microwave energy has frequencies

in the range of 400 to 20,000 megacycles per second and has

wavelengths in the range of 1 to 30 inches (10). Since some

microwave frequencies are close to those of radar and radio

waves, the Federal Communications Commission has designated

specific frequencies for specific uses. The microwave frequen-

cies that are approved for use in the food industry are 24^0+50

megacycles per second and 915+25 megacycles per second (4) of

which 2450 megacycles per second is most widely used in the

United States.

Microwaves, like all forms of electromagnetic radiation,

travel in straight lines. They are reflected by metals; trans-

mitted by materials such as glass, air, paper and plasti ;

but are absorbed by materials such as water and fat, which are

normal food constituents (10). The degree to which the micro-

wave energy is absorbed determines the amount of heat produced.

Heating efficiencies are greatly influenced by the composition

of the food (10). Microwave energy is a function of frequency

and is governed by the relationship:

Energy = hf



where f = frequency and h= Plank's constant (6.62^X10 erg sec)

(11,12). Therefore, higher frequency microwaves are absorbed

more quickly by absorbant materials and generate more energy

in the form of heat. A lower frequency microwave has the

ability to penetrate deeper into the food product. For example

a 900 megacycle microwave can penetrate in water 6 times as far

as a 2450 megacycle microwave before half of its incident

energy is lost (10).

Microwave energy, when absorbed by water or fat molecules,

causes molecular oscillation and intermolecular friction which

creates heat in the dough (10). This phenomenon is the result

of the dipolar molecules, such as water, attempting to align

themselves with an alternating electromagnetic field which is

alternating at, say, 2450 million times per second in a typical

microwave oven (4). When the molecules are aligned with the

electromagnetic field they gain potential energy that will be

released in the form of heat upon relaxation of the field (4).

Since there is a very large number of dipolar molecules in

dough, and since each of these molecules is attempting to

realign with the alternating electromagnetic field at a very

high rate, the dough mass generates a very significant amount

of heat.

Several unique properties of microwave energy that must

be considered in applying microwave energy to the heating of



food were outlined by Sale (13):

(a) Microwaves generate heat directly within the food.

Heat conduction is not involved, except as a secondary effect

of uneven heating.

(b) Microwaves raise food temperature rapidly.

(c) Microwaves cannot penetrate metal. This condition

limits the materials in which a dough can be baked. It is also

an important property in designing equipment to contain and

control microwaves.

(d) Microwaves readily pass through materials such as

glass, polypropylene, and paper. This is an important con-

sideration in choice of containers and packaging materials

for baked products when baking doughs or sterilizing final

products for mold control.

(e) With microwave heating temperture rises are not limited

by the temperature of the heat transfer medium as with conven-

tional heating methods.

(f) Both wet and dry foods can be heated by microwaves

but wet foods are heated more efficiently.

(g) The geometry of the food effects how evenly heat is

generated in the food.

(h) In thawing of foods with microwaves thermal runaway

can occur. This is caused by the fact that water in a frozen

state absorbs microwave energy less readily than water molecules

in a fluid state. The areas to thaw first can be heated much



faster than unthawed areas.

There are several other important considerations not

covered by Sale:

(a) Microwave energy does not heat the air around the

cooking product, except indirectly through conduction heat

given off by the product itself (4).

(b) Microwaves not only pass through materials such as

glass, paper, and polypropylene, but they do not heat these

materials in the process.

(c) Microwave energy does not produce heat gradients as

is the case with conventional heating.

(d) Heating is instantaneous without oven warm up as is

required in conventional ovens (4).

(e) Depth of penetration varies with frequency. However,

frequencies assigned for food use provide adequate penetration

for uniform heating in most bakery applications (4).

(f) Microwave heating, due to its uniform heating through-

out, does not allow surface temperatures high enough to promote

browning ( 10)

.

A microwave oven, as described by Potter (10), is a metal

cabinet into which an electromagnetic generator called a mag-

netron is inserted. A magnetron is an electron tube that

generates high frequency radiant energy. Its power output is

rated in Kilowatts. The cabinet normally contains a metal

fan for distributing the microwaves, which are reflected off



the microwave walls repeatedly until absorbed by the food.

The food Is normally placed on a shelf of glass or other micro-

wave transmitting material, so that it receives microwaves

from all directions allowing even distribution of microwave

absorption.

C onventional Heating and Browning

In conventional baking the oven transmits heat to the

dough surface by radiant, convection, and conduction, with the

distribution of these heat forms dependent on the oven design

(l4). This heat is gradually transferred into the interior

of the loaf by conduction (11). This gradual transfer of heat

sets up a temperature gradient within the dough piece. The

internal portion of the dough cannot reach a temperature above

100°C as long as there is free water available to form steam

(10). However, the surface of the dough does dehydrate and

reaches temperatures much higher than 100 °C, allowing browning

and crust formation to occur.

Browning involves two reactions, caramelization and the

Maillard reaction. Caramelization is the conversion of sugar

into colored substances through initial hydrolysis of mono-

saccharides and then subsequent polymerization (15). The

Maillard reaction normally utilizes free amino acids and free

reducing sugars which are condensed to form an N-substituted

glucosylamine, which, then goes through an isomerization
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reaction to form 1 -amino-] -deoxy-2-ketose3 (15). These com-

pounds undergo dehydration to form various products depending

upon the starting amino acids and sugars and the reaction

conditions (15). These reactions produce the brown crust

and characteristic flavors associated with the conventionally

baked yeast-raised product.

Microwave Appli cations to the Baking of Yeast-Raised Products

Microwave energy was first applied to yeast-raised bakery

goods as early as 1947 as a means of inhibiting mold growth (2)

Olsen (16) found that treating bread after slicing by micro-

waves until internal temperatures of 145-150 °F were reached

was more effective than calcium propionate as a means of re-

ducing the growth of contaminating fungi on bread. Olsen (l6)

also reported that the temperatures necessary to kill specific

mold types were greater with conventional thermal heat than

with microwave heat, indicating that the mold spores may

present a preferential target for microwave heating.

Microwaves have been used successfully in the doughnut

industry to greatly reduce proof times. Schiffman et al. (17)

state that proofing of yeast-raised doughnuts serves several

functions, all of which are heat dependent. These functions

are generation of leavening gases, development of gluten

structure, evolution of flavor, and formation of shape-retain-

ing skins for doughnuts. Conventional systems depend upon
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conductive heat to raise the dough temperature, and only a

small temperature differential between dough and proofing

environment can be tolerated to prevent excessive heating of

the dough surface. Consequently, conventional proofing

methods require 25-35 minutes to undergo proofing (17). Since

microwaves heat the dough rapidly and uniformly through

internal heating, the dough can be raised to final proofing

temperatures in a few seconds, allowing total proofing time

to be reduced to as short as 4 minutes (17). This very

short proofing time puts severe demands on the dough which

requires special formulations (4).

Microwave baking of pan breads has not been adopted

commercially by the baking industry. Only a few general re-

ports have been published about producing breads by a combina-

tion of microwave and conventional baking processes. Fetty (5)

reported that both rolls and one pound loaves of bread could

be produced by microwave baking a conventionally produced bread

dough. The dough was partially baked in a 10 KW power micro-

wave unit for 2 minutes with a 200 pound per hour throughput.

The optimum maximum crumb temperature was found to be 190°F to

set up the cellular structure. Optimum proof time before micro-

wave partial baking was reported to be 30 minutes. This re-

duction was thought to be due to the absence of crust formation

which restricts dough expansion during baking. Fetty (5)

stated that the product could be used at this stage as a
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partially baked roll such as brown and serve rolls, or it

could be browned in a conventional oven. The microwave pro-

ducts were reported to have reduced bakeout loss, increased

yeasty fermentation flavor, and a highly desirable eating

quality. Decareau (9) also reported the production of par-

tially baked bread by reducing proof time and baking as

little as 3 minutes in microwave oven. Product volume and

texture were claimed to be equal to conventionally produced

partially baked products. The lower ambient temperatures

in baking with microwaves were thought to improve flavor

retention. Shute (8) reported that microwave energy at 24-50

MHz frequency lacks adequate penetration for a standard size

loaf of bread and suggested the use of 900 MHz for larger

sized products.

The Flour Milling and Baking Research Association at

Chorleywood (6,7) has utilized microwave-thermal baking as

a way to overcome the excessive amylase activity of many English

wheat flours. The rapid baking achieved with microwave-thermal

heating significantly reduces the time for amylases to act

upon starch. This would increase the amount of English flours

that could be blended with stronger flours for bread produc-

tion without excessive loss of volume as is experienced with

the conventional baking process. They have also found that

lower frequencies around 900 MHz gave superior results with

1 3/4 lb. white pan bread, and that simultaneous application



11

of microwave and thermal energy was more successful in achiev-

ing normal appearance and stability than either thermal heating

before or after microwave treatment. With the simultaneous

heating, thermal temperatures as high as 600°F for 8 minutes

were required.

Lorenz et al. (l8) baked microwave breads and rolls using

relatively dark doughs such as rye, wholewheat, and Boston brown

breads which would require little if any thermal baking to

obtain an appealing crust color. They found that microwave

baking required a reduction in fermentation time and proof time

to obtain optimum results. Microwave baking of 900 gram

wholewheat loaves yielded the best texture with a 7 minute

bake, but the loaf settled reducing the volume. A 10 minute

bake produced the best volume, appearance, symmetry, and

grain. Rye bread quality was best with a 9 minute bake time.

Brown and serve rolls were found to have an optimum bake time

of 45 seconds. Microwave baked bread was slightly softer in

texture than the conventional baked bread and had 2-2. 5^ higher

moisture content. Sensory evaluation showed microwave h&.-.^.d

wholewheat bread to be less favorable in both texture and

flavor and microwave baked rye bread to be less favorable in

texture but equal in flavor to conventional controls. Micro-

wave baking of brown and serve rolls produced a quality product,

and the microwave baking permited elimination of the use of

mold inhlbiters in the formulation.
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Microwaves are not capable, in normal food cooking situa-

tions, of breaking chemical bonds (12). Therefore, nutrient

losses would not be expected, except due to thermal destruc-

tion which is apparent with any cooking system. This is sup-

ported by Goldblith et al. (19)., who tested thiamine (vitamin B-,)

at temperatures from to 102. 8°C and found that thermal de-

struction accounted for all losses of the vitamin. He also

reported that microwave irradiation for extended periods at

lower temperatures caused no destruction of thiamine.

Fetty (l>) reported that the stability of the enrichment

additives was not affected by microwave baking. Tsen et al.

(20) found that rats fed microwave bread had better protein

efficiency ratios and better feed conversion ratios than

those fed a conventionally baked control. This was thought

to be due to increased crumb and crust browning with conven-

tionally baked bread, since lysine availability is thought

to be reduced during the browning reaction.

Microwave energy has also been used for thawing bakery

products which were baked at a central plant and shipped in

a frozen state to retail locations (8). There is also pot-

ential application in frozen dough operations for utilizing

microwave energy to increase thawing rate as well as in ac-

celerating proofing and baking.

Surfactants

Surfactants serve a number of functions in food systems

(21): They function in improving solubilization, in influencing
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crystal modification, and in complexing functions as dough

improvers. In the complex dough system, surfactants may serve

several or all of the above listed functions. As a dough

Improver, a surfactant is used in production of yeast raised

products to improve shelf life, to increase mixing tolerance,

to increase dough strength, to increase volume, and to improve

crumb texture and cell structure (22). A surfactant is a polar

compound. Different parts of the emulsifier are soluble in

different solvents, usually immiscible solvents such as oil

and water (22). This ability to interact with two different

solvent phases gives the surfactant unique properties to

influence the physical or chemical characteristics of the two

phases. This unique ability is the result of the surfactant

possessing both hydrophobic and hydrophilic functional groups

(23). The hydrophobic group is usually a hydrocarbon group

and the hydrophilic group can be either an ionic or polar non-

ionic group (23).

Sodium stearoyl-2-lactylate (SSL) is anionic and hydrophilic

in nature (21). It is the reaction product of stearic acid and

lactic acid, neutralized by a sodium salt to form a sodium salt

of stearoyl-2-lactylic acid (15). It occurs as a homologous

series of stearoyl lactylic acids where the number of lactylic

groups averages 2 (24). It improves loaf volume, inhibits

crumb firming or staling, and produces good bread quality (21).

SSL also improves mixing stability and tolerance (25) and de-
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creases water absorption slightly (26). It is thought to

suppress lipid binding during dough formation by partially

replacing the lipid in the dough and promoting association

of starch, lipids, and proteins (26). SSL was found to dis-

place some glycolipids and to enchance polar lipid binding

in starch-lipid-protein complexes (27). In sponge and dough

procedures SSL does not become strongly bound to the protein

fraction until dough mixing of the dough stage (28). As temp-

erature is increased during baking protein is denatured and

the bonds between protein molecules and SSL are weakened. As

the starch gelatinizes the SSL readily forms a strong complex

with the starch molecules (28).

Ethoxylated monoglycerides (EMG) are a nonionic, hydro-

philic emulsifler (21) that is formed by reacting monogly-

cerides with ethylene oxide at a ratio of 20 moles of ethylene

oxide to 1 mole of the monoglyceride (15). EMG is reported

to improve grain, to increase volume, to retard rate of crumb

firming, and to improve resistance of proofed loaf to adverse

handling (29,15). However, EMG has only small improving effect

on staling (21). EMG, as SSL, improves dough stability and

decreases water absorption (26). Optimum dough stability

was found at the 0.5^ EMG level, while with SSL dough stability

was positively coorelated with surfactant level. This is

thought to indicate a possible difference in dough improving

mechanism between ionic and nom onic surfactants (26). EMG is
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thought to compete with lipids for binding sites and sup-

presses lipid binding to an even greater extent than SSL (26).

EMG has less binding capability than SSL, and it is sign-

ificantly less involved in linking proteins to starch than is

SSL (26). Unlike SSL, EMG was found to displace phospho-

lipids, to reduce binding of polar lipids in the protein-lipid-

starch fraction and to enchance binding of glycolipids and

phospholipids to acetic acid soluble proteins (27). EMG also

has weaker complexing effects than SSL (30).

Polyoxythylene (20) sorbitan monostearate ( Polys orbate 60)

is a nonionic, hydrophilic emulsifier with a hydrophilic

moiety, (21). It is formed by e.sterifying propylene glycol

with stearic acid to form sorbitan monostearate, which is

reacted further with ethylene oxide at a given mole ratio to

form an average polyethylene chain length of 20 (15)- I* can

improve a dough's resistance to adverse handling conditions

following proof, it can increase volumes, and can improve grain

and crumb characteristics (15,21). Polysorbate 60, like EMG,

has only a small improving effect on reducing rate of staling

(21,31). Polysorbate 60 can increase farinograph absorption.

This is thought to be due to a binding of water by hydrophilic

groups of the polysorbate (31). Ninety minutes extensograph

studies showed that Polysorbate 60 reduced extensibility and

increased resistance to extension (31). Amylograph studies

showed that Polysorbate 60 increased both hot and cold paste
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viscosities (31). Little work has been published on the

mechanism of polysorbate 's affect as a dough improver, but

since it, like EMG, is a non-ionic surfactant, the character-

istics of lipid, protein and starch interactions found with

EMG may explain, at least to some degree, the action of

Polysorbate 60.

Succlnylated monoglyceride (SMG) is an anionic and hy-

drophilic compound formed by reaction of equimolar quantities

of glycerol monostearate and succinic acid (15). It func-

tions as a staling inhibiter, it improves grain and texture,

it strengthens gluten structure, it improves loaf volume,

and it improves resistance of dough to mechanical abuse after

proofing (15,21). SMG also has been reported as an excellent

dough improver in buns, even with relatively weak flours (32).

As with SSL, SMG did not associate to any degree during the

sponge stage of the sponge and dough process, but it did form

a strong bond with flour proteins during dough mixing (28).

The strength of binding of SMG increased with gluten formation

during mixing to optimum, but it decreased when dough was

overmixed (28). The degree of SMG-protein binding is .less

for SMG than' it is for SSL. Very little complexing of starch

and SMG was found until temperatures above 50 °C were reached (28)

During baking the bonds between SMG and protein molecules

became increasingly weaker (28). SMG was much more readily

released by gluten when heated than was SSL (28).
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Response Surfa ce Methodology

Response surface methodology (RSM) was first developed

by Box and Wilson (33) to determine optimum conditions for

chemical investigations. A comprehensive discussion of the

principles behind RSM was given by Davies (3^), and basic

experimental designs for use of RSM in optimizing experiments

were outlined by Cochran and Cox (35). Myers (36) gave a

thorough presentation on both theory and modern application

of RSM.

RSM is an experimental design technique used to find

the levels of various factors that give an optimum response.

The response n is defined by a mathematical model n=

ft (X-, ,X • ' X^) , where the X-values are the independent variables

and 6 is the response function (3^)- Tne independent variables

represent the levels of the factors that are to be varied

experimentally. The responses found experimentally for

preselected X-values generate a least squares estimate of (3 ,

which can then be used to construct a response surface of

the predicted values of n=X;' as a function of the X's (37).

Through plotting this response surface three-dimensionally

or through search procedures, if the number of independent

variables is large, the experimenter can determine the levels

of the independent variables that give the optimum responses.

A number of food industry applications of RSM for ingred-

ient formulation optimization and production conditions optimiza-

tion have been reported (38,39,40).
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Snee (4l) discussed methods for design and analysis of

mixture experiments where the sum of the proportions of all

independent variables in the mixture must equal a pre-established

constant. A mathematical model for a response surface can be

determined and analysis performed In much the same manner as

RSM. Careful interpretation of the coeffecients { /^ •) in

the model can yield information as to the relative contribu-

tion of the different independent variables, both singularly

and in combination (4l).
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MATERIAI2 AND METHODS

Flour Data

Two hard red winter wheat flours were used, both of which

were milled in the KSU experimental mill. They were bleached,

enriched, and malted. The KSU flour is a relatively weak low

protein flour and the KSU Hipro flour is a relatively strong

high protein flour. The vital wheat gluten was supplied by

Midwest Solvents Co. Analyses of flours and vital wheat gluten

are given in Table I.

Farinograms

Farinograph tests were performed, using constant flour

weight, according to AACC method 54-21 (42). Water absorption

was adjusted to obtain maximum consistency at 500 Brabender

Units (B.U.). Farinograms with addition of surfactants were

made with the same water absorption as the control KSU Hipro

flour. Flours were adjusted to l4# moisture basis. Surfact-

ants were dissolved in 30 ml of 55°C water before addition to

farinograph, and the 30 ml of water was deducted from the total

water added to achieve the absorption of the control.

Baking Tests

The K-State (Kansas State University) process for making

breads (43) as was modified by Tsen et al. (44) was used as a

basic procedure for producing buns. This procedure was modifi-

ed by deleting the use of soy protein. Formulation and procedures
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were varied as will be outlined in the Experimental Results

section. Vital wheat gluten when used was added as a replace-

ment for an equal weight of the total flour. The basic baking

formula included:

Ingredient We 1 gh t ( gifts
.

)

Flour 150.0
Sugar 18.0

t
Salt 3-0
Shortening 3.0
Yeast- 6.0
KBr0

3
Water

Variable
Variable

Gluten Variable
Surfactants Variable

<fo of Total Flour

100
12.0
2.0
2..0

4.o

All ingredients were combined at room temperature and mixed

in a National Mixer with 325 gram flour capacity. Mixing times

are outlined in the Results and Discussion section. By varying

water temperature, dough temperatures were controled between

84-86°F. The dough piece was rounded, placed in a container,

and fermented for a specified time at 86°F and 85$ relative

humidity. Then the dough was scaled into four 50 gram dough

pieces, rounded, and allowed to rest 10 minutes at 86°F and

85^ relative humidity. The dough pieces were then molded into

hot dog bun shape, placed on a silicone papered pan, and proofed

for a specified period of time at 96°F and 95$ relative humidity,

ConventJonal controls were baked at 400°F for 12 minutes. Micro-

wave-Conventional bake procedures were varied and will be out-

lined in the Results and Discussion section.
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Microwave baking was done in a Montgomery Ward Model 8098

Household Microwave oven with an output of 650W and a frequency

of 2^50 MHz. All baking was done at the normal cook setting.

Conventional baking and conventional browning of microwave baked

buns were done in a Despatch reel oven. For high temperature

browning of microwave baked buns the oven shelves were covered

with a 1/4 inch thick asbestos sheet on top of which was placed

an 1/8 inch steel plate. This procedure reduced excess browning

of the bottom of the bun that is experienced when using only the

steel plate. Use of the steel plate is necessary to achieve

rapid high temperature surface browning on the bottom of the

bun.

The conventional browning procedure involves placing the

pan of four proofed dough pieces, which may or may not have

been prebaked in the microwave oven, on the steel and asbestos

lined shelf, and removing the pan while the dough pieces on a

silicone paper lining are held in place on the oven shelf.

Removal is done by merely sliding pan from under the paper

liner. Microwave baking may be performed before or after con-

ventional browning. The four dough pieces on the paper liner

are gently slid off the pan into the microwave oven. Removal

of the pan is necessary since the presence of the metal would

prevent even distribution of microwave energy in the oven, as

metals reflect microwaves (13).
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Measur ement of ta king Respon se::

Loaf weight, expressed in grams, and volume in cubic cen-

timeters as determined by seed displacement, were measured be-

tween 30 and 60 minutes after baking. In microwave baking measure-

ment of volume before 20 minuter, of cooling caused some crushing

of crust. This minimum cooling time was necessary to allow

crumb to cool and firm to help support the weight of the seeds

during the volume measurements. Volumes were taken on three

buns simultaneously and specific volumes represent an average

for three buns.

Grain was scored approximately 24 hours after baking on a

scale of 1-10. Any score less than 6 is unsatisfactory.

This is an arbitrary score done by comparing each bun with pre-

served representative buns of different grain quality and assign-

ed scores. Using preserved standard buns allows comparison of

grains of different experiments.

Compressibility measurements were made at 24+1 hours, 48+2

hours, and 72+2 hours from the time of baking. Compressibility

measurements for surfactant series were done at 24+1 hours,

72+2 hours, and 120+2 hours. The compressibility measurements were

done by placing a 3 centimeter thick cross section of the bun on a

load cell which, through a dual strain gage amplifier and a strip-

chart recorder, records the force exerted while compressing the

crumb. The crumb was compressed by a cylinder 1.0 centimeter

in diameter to a depth of 4 millimeters over a period
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of 4.0 second:;. The strain gage amplifier is calibrated so

that 100 units or the maximum value on the scale is equivalent

to a force of 310 + 5 grams , and each ten units is equal to 31

grams. Two measurements were taken from different slices of

each bun and the average value recorded.

Total scores were computed on a basis of a maximum of 10

points for specific volume, 10 points for compressibility at

one day, 10 points for compressibility at 3 days, and 10 points

for grain. An arbitrary scale was established for each of the

four measured responses, and then each measurement was given

a score between 1 and 10 based on this arbitrary scale. The

scores for the 4 responses were totaled to yield a total score.
»

Resp onse Surface Methodology

Response surface methodology, as described by Davies (34),

Cochran and Cox (35) > Myers (36), and Henika (39)? was used to

investigate several baking responses to a number of different

formula and process variations. The equation for responses

of 3 independent variable experiments was :

Y= B + B1X1 + B2X2 + B3X3 + B11X J
_2 + B22X2

2 + B33X32 +

B-j 2X|X2 + Bj '^XjXo + B2 dX2 Xd

The equation for responses of 4 independent variable experiments

was

:

Y= B + B
1
X1 + B2X2 + B3X3 + B4X4 + B11X1

f? + B22X2
2 + B33X32

+ B^X^2 + B
i 2^2"^2

+ ^13^1^3 + B
l4

X
l
X
4 + ^23^2^3 + ^24^2^4

+ B
34

X
3
X

/4
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The RSM design for the 3 ant] *1 variable experiments is given

in Table II and Table III respectively. The B values and

associated statistics were estimated by using the SAS GLM com-

puter program lor multiple regression (45). This procedure

solves the normal equation X'XB=X'Y using a modified sweep routine

and produces a generalized inverse (X'X) and a solution b=(X'X)

X'Y. Tests of the hypothesis LB-0 are then made by computing

SS (LB=0) = (Lb) '(L(X , X)"L')"
1
(Lb), where Lb is a matrix of

B estimators. The associated F values are computed using

error mean squares. This program also provides the multiple

correlation coefficient (R2 ) for each response. R
2 is defined

as the sum of squares attributable to regression divided by

the correlated total sum of squares.

Surfactants

Four surfactants were used; SSL supplied by PATCO, EMG

supplied by PATCO, Polysorbate (Tween 60) supplied by ICI America

Inc., and SMG supplied by Eastman Kodak. Standard baking pro-

cedures were used, and the surfactants were added singularly and

in combination at the .25$ and .5$ levels based on flour weight.

In the cases where surfactants were added in combination, the

total of all the surfactants was the same (.25%' or .50$) as was

that of the single surfactant additions for that experiment.

The design for the surfactant mixture experiments at .25$ and

.50$ surfactant levels is outlined in Table IV and Table V re-

spectively.
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Table II. RSM Design for Three Processing Variables at
Five Levels

Number
sequence X

1

Variables
X
2

X,

1

2

3
4

I
7
8

9
10
ll
12

ll
>-20

-1
1

-1
1

-1
1

-1

1

-1.682
1.682

o

-1
-1
1

1
-1
-1
1

1

1.682
1.682

-1
-1
-1
-1
1

1

1

1

•1.682
1.682

x
l

x2

x
3

= Yeast level, -1.682=3-5 gms
.

, -1 = 4.5 gms
. , 0=6.0 gms.,

1=7.5 gms., 1.682=8.5 gms.
= Fermentation time, -1.682=33 min., -1=40 min. , 0=50 min.,

1=60 min., 1.682=67 min.
= Proof time, -1.682=52 min., -1=55 min., 0=60 min.,

1=65 min., 1.682=68 min.



Table III RSM Design Jfor Pour Processing Variables at
Five Levels

Number Variables
sequence *1 x2 x

3
x4

1 -1 -1 -1 -1

2 1 -1 -1 -1

I
-1 1 -1 -1

1 1 -1 -1

5 .
-1 -1 1 -1

6 1 -1 1 -1

7 -1 1 1 -1

8 1 1 1 -1

9 -1 -1 -1 1

10 1 -1 -1 1

n -1 1 -1 1

12 1 1 -1 1

13 -1 -1 1 1

it 1 -1 1 1

15 -1 1 1 1

16 1 1 1 1

17 -2

18 2

19 -2

20 2 o

21 -2

22 2

23 -2

24 2

25-31

X
1

<* Water, -2-87 ml, -1=90 ml, 0=93 ml, 1=96 ml, 2=99 ml.

X
2

= Mix, -2=4.5 min, -1=5.0 mln, 0=5-5 min, 1=6.0 min, 2=6.5min.

Xo = Gluten, -2=0.0 gms, -1=3-75 gms, 0=7-5 gms, 1=11.25 gms,

2=15-0 gms.

X4 = Potasium bromate, -2=0.0 ppm, -1=20 ppm, 0=4o ppm, 1=60 ppm,

2=80 ppm.
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Table IV. Experimental Design for .25$ Surfactant Series

Number of SSL EMG Polys orbate 60 SM3

repetition g- g. g. g-

3 .375
3 .375

3 .375

3 .375
2 .1875 .1875
2 .1875 .1875
2 .1875 • .1875

2 .1875 .1875
2 .1875 .1875

2 .1875 .1875
.0472 .234 .047 .047

2 .047 .234 .047 .047

2 .047 .o47 .234 .047

2 .047 .047 .047 .234
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Table V. Experimental Design for 0.5$ Surfactant Series

Number of SSL EMG Polysorbate SMG
repetitions g- g. g. g.

3 .75
3 .75
3 .75
3 .75
2 .375 .375
2 .375 .375
2 .375 .375
2 .375 .375
2 .375 .375
2 .375 .375
2 .469 .094 .094 .094
2 .094 .469 .094 .094
2 .094 .094 .469 .094
2 .094 .09^ .094 .469
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The analysis was done by utilizing a surface response model

similar to RSM techniques, but the Independent variables are

defined such that the sum X^ + Xr, + Xo + X^ = C where C must be

a constant which was defined as .2 r$ or .5Q°/> of flour weight for

this experiment. The equation for the response model was:

Y= B
l
X
1
+ B

2
X
2

+ E
3
Xo + B^X^ + B^X^ + E^X-^ + B^XjXjj +

^23^2^3 "*" ^24^2^4 "** Bo2|X-dX2j. .

The independent variables (X,, Xr> X~, Xu) are the levels in

grams of SSL, EMS, Polysorbate fPoly) and SMG respectively.

The B values and associated data were estimated by using the

SAS GLM computer program for multiple regression (45) in a

similar manner to that used in the RSM analysis.

Design and Analysis of Sensory Te st

There are numerous different experimental designs and

statistical analysis for sensory evaluation of food products

(46,47,48). A ranking preference design was used for this ex-

periment (48), where the subject was asked to taste two samples

identified by a random 3-digit number, one of which was a con-

ventionally baked bun and the second a conventionally browned

and microwave baked bun. He was asked to indicate how well he

likes or dislikes each on a scale of likes very much^ likes, neither

likes or dislikes, dislikes, and dislikes very much.

The samples were baked approximately 24 hours prior to evalua-

tion. The bun was sliced and two cross-sect ions were placed in
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plastic bags identified by a 3-digi.t number. The crust was not

removed from the bun. but providing a sliced cross section

would minimize the tendency of the subject to judge the bun on

crust color difference alone.

Descriptive values were assigned numerical values from

1 to 5 with like very much given a value of 5 and dislikes very

much a value of 1. Then an analysis of variance was done as

outline by Larmond r48) and an F statistic computed. The Null

hypothesis was tested to see if the response to the conventionally

browned and microwave baked bun was significantly different from

that of the conventionally baked bun. If the computed F value

was less than the 5^ points for the distribution of F (49),

then the Null hypothesis was accepted
i
and there was no signi-

ficant difference in acceptability between buns baked by the

two baking procedures.



RESULTS AND DISCUSSION

De t ermination of Microwave Method

Initially a conventional control was established using, the

basic procedure outlined in Materials and Methods section by

optimizing the water absorption, mix time, proof time, and oxida-

tion. Fetty (5) and Decareau (9). both reported using micro-

wave baking followed by conventional browning in the production

of pan breads. This procedure was tried with buns. Various

microwave bake times and intensities were tried followed by

higher temperature, conventional browning. Conventional brown-

ing at 450°F was found to give a crust with satisfactory color

and thickness and with a dramatic decrease in baking time.

Various microwave baking times from 20 seconds to 120 seconds

were used. Eaking times over 60 seconds showed a very obvious

firming of the crumb. When compressibility tests were done at

24 hours after baking,, it was found that 50 second bake time

produced a compressibility value comparable to the conventional

control. If the microwave bake time was increased to 6o seconds

the compressibility value was significantly higher than the

control. If the microwave bake time was less than 4o seconds

the crumb was obviously doughy and under baked. Therefore, 50

seconds was adopted as the optimum microwave bake time.

Reduction of proof time in microwave bread baking as was

reported by Fetty (5) and Decareau (9) . produced inferior

volume when applied to the conditions used in this procedure.
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Microwave bake times of 40 seconds or more produced a bun

with a tendency to reach maximum volume before crumb was adequate-

ly baked to support the structure. Since there is no crust to

support the structure, as in conventional bread,, the bun would

then shrink back in volume leaving a wrinkled appearances in

the crust. Various combinations of conventional baking, both

before and after microwave baking, were tried to see if partially

or completely forming the crust before microwave baking would

reduce the crust wrinkling problem.

Conventional baking for 4 1/2 minutes at 450°F before micro-

wave baking was found to produce a crust that would support the

crumb and virtually eliminated the problem of crust wrinkling.

Microwave baking for 50 seconds at maximum intensity preceded

by conventional browning for h 1/2 minutes at h^0°F was adopted

as the standard conventional-microwave bake procedure. Reduc-

tion of proof time did not reduce wrinkling problem so the prob-

lem was not the result of excess proofing as might be suspect-

ed. Figure 1 shows examples of an optimum conventional bun.

a bun baked with a microwave oven alone, a bun baked in a micro-

wave oven before being browned in a conventional oven, and a

bun browned in a conventional oven before being baked in a micro-

wave oven.

RSM Formulation Series

Utilizing the conventional optimum as a center point, a 4

variable 5 level RSM experiment was designed as outlined in
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BAKE PROCEDURES

Fig. 1. Bake procedures utilizing conventional and
microwave methods both singularly and in
combination.
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Table III. The independent variables are water absorption (W),

mix time (M)j oxidation (B). and gluten (G). The fermentation

time was 40 minutes, the proof time was 50 minutes, and both

remained constant as defined in the materials and methods.

The responses that were recorded were specific volume (SpV);

compressibility at 1, 2, and 3 days (C^, C^, ^); grain score;

and total score. The sequence numbers were randomized and the

experiment conducted in a random sequence. Experimental baking

was completed in a maximum of 6 days to minimize yeast variability

The experiment was conducted for both the conventional bake

procedure and the conventional-microwave bake procedure. The

center points of the conventional RSM series were used as con-

trols to verify consistency of yeast for the conventional-micro-

wave baking series. The purpose of this experiment is to compare

the optimum responses to absorption, oxidation, mix time, and

gluten of these two baking systems. This will provide infor-

mation as to potential differences in basic dough structure

required by the two baking procedures.

The experimental results for the conventional bake series

are given in Table VI, and the results for the conventional-

microwave bake series are given in. Table VII. These results

were analyzed by computer using SAS GLM techniques (45), and

the response equations for both conventional bake procedure and

the conventional-microwave baking procedure are listed in

Table VIII and Table IX respectively. Since the number of in-



36

C

CQ

4-
O

>>

rtJ

cr

CU

.c
4->

C
o
«/> >,
CU i—
r— I—
-Q (O
•O C
r— O
S~ •«-

(T3 +J
> C

CU

CD >
C C
•i— O
to o
in

(D-o
o a»

a. CQ

u
«»-

UJ

a

CU

ia i-j a
o u
!~ (/>

«/»

CO +•>

•r~

o '—

^r-iD(v)«3Pj«5r-ou")0(\JOOtTi^(Oir)oiOr-coLf)iDujcOLO'aoi<taiir)
C\JC\JCMO.JC\JC\4CMCMC\Ji— tMWNCMNWWr- CO CM r- CMCMCMCMCMCMCMCMCMCM

K)Ni— (OOlOC0010UJinrO«tffiljDCOiOf)ClCOKtOi— lOiniONCOi— oco

iiJU3r-CMmooCTiooioii3fotr>io^-orvcoa)Or->twu)i-or-oiMN
^^•^ix>ooin^oo^in<rco^^coco^cMco^U3«3-co«3-«3-"5i-«3-cori-co«3-

Q.

Dj

CO

COmiDOlinNr- LnCMCMLOCMCMf^CMVOI.nr— r>.i— r— «tf- CM r— CO <3" O CO *3" UO
C\J CM CM r— CMCMCMCMCMCOOJCMCMCMOvJi— CM CM i— COCOCMCMCMCMCMCMt— CM r—

coN(Otrnorvcowu)ano(orvcrnDiniOLorNCON.Nis.NrsNNCOU>tON

co *3-

co r->.

<tconin«DnoioaioOLOiOr-cvJOMOoiocOi— o lo co «3- co co co
cncni-r-cyi'i3r-Nmiv.ovoocoor^c>jcooo>cyi^-Or-Noa>cM

i.nir)LOiniovoinifjir)inintr)yDioiOLfiU3iooLniniomiovDvoioiOLf)io

cu

o
a*

a.
t/> co
ii> i—
a. •

to ro
:>

•» in

CU -fJ

-l-» -r-

E =3

o
J- «

-o

0.000000000000
ClCMCMCMCMCvlCMCMCMCOtOlOlO

uiir>Lr>Lninir>LnLr>Lnuf3Lf)u")
CTr«.h«.r-r~>cvic\iCMOjr^r~.rv.rs<.

CO

CQ

oooooooooooooooooo
OCO«JOU3'«3->^-«^-'^«^-«d- CO «=1" *3" «d" "3" *3" <d"

LnLOLntnoooooooooooooo
tMtMNcvjLTinininooinioLnmwuiinLr)

to i— co
cu

> «
cu CM

co co co co i— i— i— i— co co co co i i— i— NNMsOinsSNIvNSNSN

oooooooooooo ooooinwintniflwininininm

OvDOiOOlOOlOOffl
cncricno~>cncrtc?>cncficn

o l£>

CTl CTl

OlOOlO|s(TvfO(OCOMtO(ncOfOn
cr>cncTicricocAcr.cricncncTicriC5^cr>cri

inuiin

LO ir> in

co co oo
en en oi

Mn«j-unoNcoaiOi— cm co<53-tr)(£>r-^cocr>Or— cvico^i-Lovor--.
•"— '— — i— i— i— i— CMCMCMCMCvlCMCMCM

co ci o
C\J CM co

o
-t-> 4->

CO >>
II +J
C3 -i-

Et-
•i— (/>

+-> V)

CU

X i-
•r- D.
£ S
II O

i

i— CO
a
> tj
cu— *

CsJ

$-

cu cj

<X3 •»

il

O



37

a

<a
CQ

10

c

en

o

>>

cr i/>

to

a
o
$_

c: Ol
o

01
>A >
QJ (O

r- S-
XI O
CO SL.

•I- o
S~ t-
<o s:
>• i

i—
CD r<3

C E
•r- O
tO "r—

lO +->

CI C
O CU

o >
s- c
O- Oo
4-
o >>

c/i

-fJ

(J

<D

^ o
o o
I— CO

en
co -*->

I
•'"o c

CM i— CM Cvi CM CM r— i— CM CM CM CM i— i— t— CMi— CMCMCMCMCMCMCMCMCMCM

Or-faocvicoi— nootoo.si-iochojuiNi— o cm en i— lotnwin iood
cncoinoiwinujiocria'. r^a>LDUDintncor~.co'>-.CT>ioior>.inr^iDioiDio«3-

CM +•>

•^,^t ^^o^iv.worjoMOr-owinojrs.rvir-rocoioinr^co<d-Cvjo^ONo cr^cttinoioTcoin»DLncnina^^inuir^iciDtaioaOLninioininininininin

10

t-J

T- U
rtj o
s- o

a.

^coMNcONwncoc\ioiOr-m<^(/)cocotnooocr-int>.u)"a-<tQo

oo

Ec

.vou3i^covor^r^i^r^t^voLnr^u3Lnr^voco'Xif^t^^cocor^«3rv(^.cx3 id

a
a
ex •

</i en
II

3» I—
Q. •

oo co
II

« to

CD +>

.T5

Nior-r-<jiocfiojo)nNLn«3cO'S-ouJono(n'*ococ>JCMOMco
r-(/)NNOCO<i-(Mi— CM CT» in i— WONi— O CO CM CM CM CM CM i— i— O m O

a
i.

»
OiCQ ed

cm! -a

to

r? «3- to «^- to m in in «a- <3- m co in in m m in *j- to in ** in in lo in in to in in in wU m
[«

CD CM

O O O O O O
CM CM CM CM CM CM

CU

XI

co

in m to in in in
jr-. r-^ t>» r^ cm cm

ck
CO CO CO CO l— r—

o o o o
CM CM ID ID

in in m in
(MMISN

OOOOOOOOOOOOOOOOOOOOO
lDlDlOlOlDlO«3-'Si-«q-rj!-«3-*j- aj«3-<t«3-«3-*y*^-

inmminininooocjaoooooooooo
NMMrvKMWinwininooinminininmninu'j

r— r— CO CO CO CO I—'I '— r-r>,Ms|vQm|sNSNSrNNNN

oooooooooo
inmioiominioiomm

oooocJOinininininininLnininininininin
o in in in id id in in «3- in lo in in in in in in in in in in

O ID O ID O ID
oi en en en en cr>

O ID O ID
en o i en en

oidoiooidi^ct>cococococococococococococo
crio-icricncncncocnaicncncncncncncncncriG-icncri

i-c\in<rt-ioii!rvcocno i-Mro<-iniONcocPiOi— cMoo«d-mior»»cocriOi—
1— <— '— r— I— i— i— r— i— C-JCMCMCMCMCMCMCMCMCMCOCO

E i—
CO
+-> +J
3 !«

C7, >,
II 4->

C3 -r-

CU Xi
E •«-

pr- 10
+-> CO

CJ

X s.

pr- D.
E E
II o
e: o

II

— CO
CD

> CJ
Ol
— A

CM

CJ C_3

Si-
ll

3 C->



38

CD

U

'O
CD

O
O
U
ft

CD

CO

m

CO

C
o
•H
-P
c
CD

(3

O
o

p
!h

o
<H

co

C
o
H
-P
CO

W
CD

O
CO

Cm
m

CO

to

C
o
ft
10

CD

P5

H
H
>
a)

rH

CO

Eh

ra

CD

CJ

CO
Ch
m

CD

CO

C
o
ft
CO

rH

O
Ch

s
o
•H
P
CO

ft

cl>

co -=)-

rH X
OJ X
|>- vo
o o
o o

. o
I

+
.=frC\J

X no
H X
CO 00
IS- rH
o o

I

I

co
X on
IS- X
-4" CO
is- x
oo is-

• o
o

+ ^

I

CO
X
CO
LP, 0O
LO X
-4' rH

• X
^i- vo

I o
o

X -4-

CO I X
rH CO 0O
CT\ COX

• CO CO
h ino

o> o
+ o •

I

a1

OAm
VO COX

' X CO
•JD r-tX
IS- X H

oo o
I o o
II

I +

jQ
CO

•H
M
.cO

>

-P
C O
CD •H
T3 Ch CD

fl •H £
CD O 3
ft CD H
CD P O
ft W >

CJ -St

r-iX
X H
rH X
rH OO
-3" IS-

o o
• o

+
-4- '

X CO
<H 0O
O X
co oo
in o

• o
o

i

00 +
X
oo oo
VO XO CO
oo X

• oo
oo

+ oo
o

CO •

X
VO +
CO
CO oo
oa x

• H
CO X
CO VO

in
+ o
o

H •

X -4"

VO I X
CO CO oo
CO CO X4 X CO

• CX\ o
OA IS- O

H O
+ in •

o +
VO +
LA ^4"

1>- CO X
• X CO

VO rH X
0> X CO
4- inco

IS- H
1 oo o

>H
I I

-3-

.

o
rH

CO o
X
CO +
oo
CO CO
O oo

• X
CO

+ in
CX\

-3- o
X •

-4~

co
oo
r-

+

I

oo
X
CM
X
(S-

oovo
x vo
-3- o
o •

in i

CO
1

x"^
CM r-^4"

X x o
H ^O
00 ^t o
CO ^t *

H
CO + X

oo
+ CO X
•-^ cots-
X X rH
^f r-H rH
VO IS- o
cr\ in •

VO CO
• I

-I-

s-
o
r-{

-3-

-4-

OA 0O
r-t CO

o

+ X
CO

COX
X in
rHCO
X O
oo •

I

rH X
rH

>H I X

CM
oo
X
in
CO
o
CO

X
CO +
,-t

in -4-

CO X
• CO

oo X
oo

+ oo
oo

oo oo
X •

in
CM
CO
o

I

ooco
X ^t"

rH rHX-
X Ln

I rH O
rH O

CO rH O
X o *

H I i

in c\i -4
• CO X

is- X oo
CO CO X
H VO 0O

CO oo
+ IS- o

• o
H -4"

X
in + i

CO
^t- CO -=t

^J- X X
• H CO

CO X X
00 oo m

OO IS-

+ 00 CO
CO r-H

VO
CO rH
IS- I

VO I

CO CO X
in H r-\

1 I X X
co in o\

VO CO
I -3" CO

r-\ O
• •

II

>H I I

>> >>
-P -P
•H r ;

r-H rH
•H •H
/--' JCi

•H H
CO CO

to CO

CD CD

c <u hH ^COH ?h

CO O l» 5 >3
U O O co Oco
O w Ofi UQ

CO
oo
X
CO
VO
o

-d- oo
X •

in
OA +
O
r~\ OO
X
CO
x

+ vo

^t-

oo
X +
IS-

oo oo
oa x
CT\ <-t

• X
0\ oo

oo
I OO
o

CO •

X
vo +
CO
CO CO
CT\ CO

• X CO
4- (M 4-
co vo X
<-\ covo

L^-OO
+ • omo
rH
X +
vo +
CO CO
is- X
rH H -=t

• X X
CO OO OO
in cox

CO iS-

+ ovo
• in

vo co o
co
CO I

CTn I

• CO
CO i-H^f-

oo X X
O IS- rH
oo ooX

^i- s-
I CO H
II O

CO
oo
X
CO
oo

X i

H
CO
oo oo
OA X

I

X
oo
oo

oooo
X VO
in •

oo
vo
vo

i CO

oo X
vo X oo

+ X
0-

covo
X rH
r— o
in •

CO
is- I

o
o
o

I

X
oo

O CO X
rH CO CO

X -4"

+ -4"

VO
rH.4-
x o\
IS- •

in
oo
o

COo

+
I

-4"

X
CO CO

CO X X
CO rH CO

X CO
+ IS- rH

rH O
in -3-

CT\ O
o •

oo
• +

I

o
CO

X
rH
XHX 4

in oa
oo o
co o

i

II

+

;?
•H
r-l

•H
£>
•p
CO

10

CD

fnOO r-H CD

ft CO U
S >s -P O
O cO O fj

Oft Eh co

o
•H
P>
CO

•rH

Xo
II

-4"

X

CD

>
CD

G
CD

P
H
O

II

OO
X

CD

6
•HP

•H
S

CO
X

a
o
•rH

P
ft
M
O
CO

,0
CO

H
CD

P
CO

12

X

CO



cu

!~

3
T3
CU

U
o
a.

CU

m

CU

>
fd

3:
o
$-

o

to

c
o
•I—

c
cu

>
c
oo
ai

-c
+>

s-

o
4-

t/>

E
O
•r—

4->

ni

cr

CD

o
<d

M-
$-

r«

go

a
«/t

e:

o
a.
CO

cu

DC

X

o

-C
10

a>
u
<a
<+-

j-

n
to

a
w
o
a.
</>

CU

S-

$-

o
<*-

c
o

-f-»

id

rj

a"

cu

I-—

X!
<d

•T"

S-

ld

>
+J
C
CU

-a
E
CU

a.
cu

Q

^rX
i—

C\J X
1

—

CM
X O
CJ O
«d- O

1 evi

C*l

«J" XX CO
en o
C\J o
«J- •

o

enx
CO
in
o

i

CMX
to
CO
en

CM

I

CO
X
CM
X
r-.

to
r».

o

x

oo

i— +X
CO
o
CM
lO

CO
CO
t^
lO

CM
CM

I!

>

CM
CM
X
in
CM
co
o

CM
X
X
If)

X
CO
X
tooo
o

•3-

X
CM
X
f-.

in
oo

CM Cx!

r- «ifX X
CO CO
r— O
CM Oo a

i i

d- Xx co
CO X
«3- in
<— oc o

i i

«d-X
CO CMX X

r— in
in cm
CO i—
CO O

CMX ^}-

en x
CM r—* X

• CM
co oo
+
<— +X

CO CM
O CO
CM X
CX> <5t"

CO o

t

CO
en cm
t-^ CM
r-» x

r-»o in
co co
i— CM

I •

II

>- I

l*- CD
"•" s
O 3
GJ t—
Q- O
00 >

CM

X
CM
CT>

CO

<d"X
X
CO
in

•4- +x

CO

CM

CO
X
CM
CM
CM

coX
CM
CM

CM

COX
CMX

CT> I—
CO

+
+ CM

CO «*
CM X X
x i— inm x o

. in o
cm in o

i— CM
x CM
to xm in
o CM
CO r—

« •

CO i

—

CO

X
COX

COo

CO

CM
X
r— <3"

X X
r— CO
CO CO
en in
cm «*

;--

CM «d"

I—

-

XX i—
in X
CO co
CM r—
CM CO
* o

•

+
+

<rX CM
co CO
r-. X
CO CJ»

r— CM
• in

CM CM

COX
CM

r— X
lO l^»

co co

coX
en

co

co
CO

+
+

CM COX X
** I—
i— X
cm r-»

co co
co

co in

CM

X
co
CMOO

I I

CM +
r— CMX X

«* CM
co co
«j- CM
«3- CM

co in
co

^1-

X
COX

i—
CMO

I

CMX
CO
CO
CO
>—

II

ST CM +
5f X

• X ^i-

in r>-

i^. CO
CO CO

X
CMX

CM

>- +

CO
to

9i
cz CU S_ r—
f— i- a.
id o E >>
>— o O ra

CO </) CJ Cl

to

to
cu

S- CM
a.
E >>
O rd

39

CM «=*

CM X 1X <d-

CM X X X
r— r-» o
CO X r^
Ol in CM o

CM • o
•

+ O i

1

«* ^X 1 X CM
<d- to CO
r-^ CM in X
in co CM en
CM X CO co

to • CM
r— <T> r- c

a> + • o+ r— •r*
• co 1 +J

CO X <dX + r^ CO •o
CO in X •r-
r^. cn CO r— X

—

X to X o
• CM • f>.

CO X
CM

a> to
to

u

+ •

CM
i

CM

<T>

X
CM + X 1 AX to ,_

1

—

CO CM 1^. CO CM cu
CO X >d- CJl X cJ- >
CO !* X 1^ ,

—

X cu
cr> X CO • X in 1—

• CM CO r«. sr r^
CM CM o to «^- O c
CO CM o en O cu
CO CM

•

• + ""

3
1

1

+

—

X +
1 r—

CJ3
r— "3- CM ^fX CM X CO CM X II

ej> CM CO CM CM COo X X r^ X X co
o-> CM CO • CM in X
CO to CO o O CM

• CM o in r--s o A
a> r-^ o «3- o CU
r^. • • +

co
• E

i r— 1

CM i

+ +J

r^ + CO X
<T> <tf- CT> CM «d- "1—
co X • X X 2:
r— CM CM LO r— CM

• X X r>. X X II

CM T— in *i- o-j CO
CO X r-». CM CO CM
to o co o CO X
*3- • o i CM o

CM • • • fl

II ii c>- +
.

1 >- 1 i

•1—

!->

O.
S-

CO
>. XI
4->

(d
t-
1—

s~
•i- cu
XI -»->

•i—
(d

v> 3:
v>
cu

11

$- co t— cu
a. to s_ .

E >, -l-> o Xo «o o uo a 1— i/> 3



ko

dependent variables was too large to represent relationships

with contour plots, manual search procedures were used to find

optimum regions for each response. This was done by utilizing

the computer to generate, from the response surface, the estimated

responses for various combinations of the independent variables

covering the entire range of levels experimentally tested. These

responses were visually inspected to determine which combinations

of water absorption, mix time, gluten, and oxidation gave the

best responses. The optimum regions are listed in Table X.

Comparison of the optimum regions of the two bake proce-

dures shows that the optimum regions for water absorption, mix

time, and gluten are either identical or overlapping for all

responses. This would indicate that there is little if any

difference in the response of the two baking systems to water

absorption, mix time, and gluten level. Other than specific

volume the responses to oxidation were optimum at lower levels

with the convent! onal-microwave baking procedure than with

conventional. Since the conventional-microwave procedure has

lower volumes, the tougher crumb would be more apparent in the

compressibility measurements.

Comparison of the optimum responses of the two systems

shows that the conventional-microwave procedure produced buns

with much smaller specific volume and with lower total scores

than the conventional method, but with comparable compressibility

values to the conventional procedure. Grain scores cannot be
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compared since the high values estimated for conventional bakes

were not achieved experimentally. Pictures of buns from the op-

timum regions are provided in Figure II.

Since many of the combinations which produced optimums were

at the +2 extremes of the gluten and oxidation ranges and were

not tested experimentally in the RSM design, these combinations

were verified experimentally. For the conventional procedure

the maximum specific volume attainable without unacceptable re-

duction in grai.n score was S.lk. Grain scores ranged from 6-8.

RSM compressibility estimations were consistent with experimental

results. For the conventional-microwave procedure' maximum speci-

fic volumes were attainable, but grain quality tended to decrease

Estimated compressibility values at one and two days were lower

than those achieved experimentally. Estimated grain scores were

comparable to experimental results except in cases where the

volumes were the highest.

RSM Yeast, Fermentation and Proof Series

In an attempt to improve the quality, specifically volume

of the conventional-microwave bun, an RSM series was designed

as outlined in Table II. The independent variables for this

series were proof time (R), fermentation time (F), and yeast

level (Y). The measured responses were specific volume (SpV)j

grain score; compressibility at 1, 2, and 3 days 'C-^, C 2 , c ^)>

and total score.
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Fig, Comparison of the formulati on series optimums
Hnri?* ?°nventlona l bake method and thetional-microwave hmWm mc.+u„*:rowave bake method.

conven-
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Tliis experiment was first performed using the water absorp-

tion, mix time, gluten, and oxidation levels from the optimum

ranges found in the conveni . ional -microwave formulation series.

Specific volumes increased dramatically, but grain scores de-

creased just as dramatically as large holes appeared in the

crumb. This can be explained by the lack of extensibility

that is present in a high protein, highly oxidized dough. Since

the dough lacks extensibility it is unable to stretch and expai d

in the rapid fashion that is required with the increased proof

rate with the conventional-microwave bake procedure. Therefore,

the gluten films break allowing air cells to coalesce forming

air pockets. There were also frequent problems of dough seams

splitting during proofing. This also was caused by lack of ex-

tensibility.

Reducing gluten levels to v
jfo based on flour eliminated the

problem of open grain even with increased yeast and proof levels.

The RSM yeast, fermentation, and proof series was then repeated

with both 5$ gluten addition and with no gluten additic . The

optimum levels for the other independent variables at ( 0/o and 5.

gluten levels from the RSM Formulation Series were used as a

standard for this experiment. These levels were 60$ water ab-

sorption, 5.3 minutes mix time and 20 ppm bromate for the ^.0%

gluten level and 6o<fo water absorption, 6.0 minutes mix time, and

20 ppm bromate for the 0.0^ gluten level.

Preliminary tests using these conditions showed that at

the 5% gluten level, there was a tendency for the crust to break
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late in the conventional browning phase due to internal pressure.

This break allowed sudden expansion of the dough in the area of

the break causing formation of a single large hole. This problem

was solved by reducing oven temperature for 5$ gluten level to

430 °F and increasing baking time by 20 seconds to h minutes 50

seconds. This allowed more dough expansion before setting of

the crust. Since this problem did not exist without addition

of gluten and since the reduction in gluten protein caused re-

duced crust color, the time and temperature was not altered for

the 0.0$ gluten series, and the standard procedure with 450°F

for h 1/2 minutes was used.

These experiments were each conducted in a randomized sequ-

ence in less than 6 days to reduce yeast variability. Controls

from 5.0$ gluten series were repeated during the 0.0$ gluten

series to verify consistency of the yeast performance. The

results for the RSM yeast, fermentation, and proof series at 0.0$

and 5.0$ gluten levels are given in Table XI and Table XII re-

spectively. These results were analyzed as in the formulation

series using SAS GLM techniques (45)* and the response aatlona

are listed by response in Table XIII and Table XIV. 1 lal search

procedures were used in the same manner as was described with the

RSM formulation series to determine the levels of independent

variables that gave responses in the optimum regions. The optimum

regions are listed by response in Table XV. Since the optimum re-

gions of the independent variables for each response are either
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identical or overlap for Die 0.0$ gluten and 5.0$ gluten levels,

we can conclude that both high and low protein flours respond

in the same manner to increasing yeast and proof levels. Most

responses show optimum values over a relatively large range of

fermentation times indicating that in the conventional-microwave

bake system fermentation time, within the range tested, has little

effect on the bun quality.

A comparison of optimum responses without gluten fortifica-

tion and with 5.0$ gluten fortification is made in Table XVI.

The values in parentheses represent experimental values in cases

where experimental verification of the RSM estimated optimum re-

sponse did not agree with the RSM esti.mate at the +2 levels of

the experimental design. Comparison of the RSM responses of

the 0.0$ and 5.0$ gluten proof series and of experimentally verifi-

ed values in the cases where they disagree with the RSM estimate,

shows virtually no difference in the quality of the buns pro-

duced at the two levels. Pictures of the optimums for both gluten

levels are shown in Figure 3. This is rather remarkable consider-

ing the fact that without gluten the flour protein is only lO.'j,'.

a relatively low protein flour, and with 5.0$ gluten addition

the flour protein is 13.5$ protein which is relatively strong

flour. In the conventional RSM series a reduction of 5$ gluten

or 3$ total protein caused a very dramatic reduction in specific

volume of the bun (0.7-0.8 cc). One can then conclude that when

using the conventional-microwave bake system the protein quantity
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Fig. 3. Comparison of yeast, fermentation, and proof series
optimums with no gluten fortification and with 5$
gluten fortification.
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is less critical than is generally the case with conventional

bake systems, where a 3$ reduction would greatly reduce the volume

of the product. Chamberlain (6) reported that use of a convention-

al-microwave combined bake process allowed increasing the level of

weak European wheat flour without loss of bread volume. He attri-

buted this to a reduction of alpha-amylase activity during rapid

baking since European wheat tends to have higher alpha-amylase

content. However, his findings may be due, at least in part, to

flour protein quantity being less critical in the conventional-

microwave process as was found in the RSM yeast, fermentation,

and proof series.

Table XVI also provides a comparison between optimum re-

sponses of the RSM formulation series and the RSM yeast, fermen-

tation, and proof series. Basically this comparison shows that

optimization of proof times and yeast levels greatly improved the

buns baked by the conventional-microwave process. It also showed

that the specific volumes, grain, compressibility at 2 and 3 days,

and total scores obtained in conventional-microwave process were

equivalent or better than those of the conventional control.

Compressibility values at 1 day were slightly poorer with the

conventional-microwave system than with the control.

Surfactant Series

The surfactant series were done using the standard method

described in Methods and Materials with KSU Hipro flour. Both the
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conventional and conventional-microwave baking processes were

optimized. The conventional baking optimum was found to be 62'fo

water absorption, 6.0 minutes mix time, ko ppm potassium bromate,

50 minutes fermentation time, and 55 minutes proof time. The

conventional-microwave baking optimum was found to be 62.0$ water

absorption, 6.0 minutes mix time, ppm potassium bromate, 50

minutes fermentation time, and 60 minutes proof time.

The experimental results for the conventional surfactant

series at the .25$ and .50$ levels are outlined in Table XVII

and Table XVIII respectively. The results for the conventional-

microwave series are outlined in Table XIX and Table XX respec-

tively. The responses measured in the surfactant series were

the same as in the RSM series, except the compressibility

measurements were taken at 24+1 hours, ?2+2 hours, and 120+2

hours to allow more time to observe antistaling properties of

the surfactants. SAS GLM procedures (45) were used to analyze

these results and to determine the response surface equations

which are outlined in Tables XXI - XXIV.

The SAS GLM procedure provides a number of statistal values

besides the response surface equation, such as analysis of

variance, error mean square, standard error of estimate, and pre-

dicted values, which are used to determine which surfactants pro-

duce a significant improvement over the control at a .05 sign-

ificance level. This was done by using the following procedure

and equations:
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equation 1: (Standard error of estimate)* = Ji—

2

equation 2: Sp2 = 22
(
E.M.S.) + 5 (Sg)' 2

27

equation 3: t = Estimate - Control

2 . ] i ..

In the first equation the standard error of estimate and error

mean square (EMS) are given by the SAS GLM printout and the

constant C can be computed. In equation 2 a pooled variance

(Sp) 2 is calculated using the EMS with 22 degrees of freedom

and the control variance with 5 degrees of freedom.- In equa-

tion 3 the t - test statistic is computed. The numerator is

the difference between the predicted value from the GLM program

and the mean of the 6 controls. The denominator terms were^com-

puted in equation 1 and 2. This t value was then used to test

the null hypothesis ; predicted value - mean of the control versus

alternative hypothesis 5 predicted value is greater than the mean

of the control. If the calculated t is greater than the t value

from the t - distribution (49) at .05 significance level with 27

degrees of freedom, then we reject the null hypothesis and can say

that this surfactant produced a significant improvement over the

control without the surfactant. Table XXV summarizes by response

and bake procedure the results of this test. SSL was the only

surfactant that consistently showed significant Improvement in

the responses. At the .25$ surfactant level SSL improved speci-

fic volume for both bake procedures.
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Table XXV. Surfactants Showing Significant*
Improvement over the Control

Bake Procedure Level Response Surfactant with
Significant Im-

provement

Conventional .25

Conventional .5

Conventional-MW .25

C onvent i ona 1 - MW .5

SpV
Grain sc
Compress
Compress
Compress
Total sc
SpV
Grain sc
Compress
Compress
Compress
Total sc
SpV
Grain sc
Compress
Compress
Compress
Total sc
SpV
Grain sc
Compress
Compress
Compress
Total sc

ore
ibility 1

ibility 3
ibility 5
ore

ore
ibility 1

ibility 3
ibility 5
ore

ore
ibility 1

ibility 3
ibility 5
ore

ore
ibility 1

ibility 3
ibility 5
ore

SSL
None
None
None
None
SSL
SSL
None
SSL
None
SSL
SSL
SSL
None
None
None
None
None
SSL
SSL
SSL+EMG+SMG
None
SSL
SSL

Surfactant
at the .05

when added individually showing
significance level using t-test

significant
statistic.

improvement
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At the .5$ level SSL improved specific volume, grain, compressibility

at day 1, compressibility at day 5> Q^id total score for the con-

ventional bake system, and it improved specific volume, compres-

sibility at day 1, compressibility at day 5> and total score for

the conventional-microwave series.

The SAS GLM procedure also provides information on quadra-

tic interaction of 2 surfactants. The program gives an estimate

of the effect of surfactant combinations and the probability that

the quadratic interaction of two surfactants is significantly

different than the planer relationship expected if the two sur-

factants blend linearly. In other words , if two surfactants have

only a linear relationship when we replace, say, half of one

surfactant by another keeping the total surfactant amount con-

stant, we would expect the result of this combination to have

a response that is approximately the average of the responses

of the two surfactants when added singularly. However, when

there is a significant quadratic component in the estimate there

is some kind of interaction where, when two surfactants are added

together we get a response that is quite different than the ex-

pected linear relationship. The surfactant combinations thai,

show significant increases in response value at the .05$ signifi-

cance level are shown in Table XXVI and Table XXVII for the two

bake procedures. All surfactant combinations that showed sign-

ificant improvement included SSL. SSL has the capability to

interact with some of the other surfactants and in some cases
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Table XXVI. Comparison of Surfactants Added Singularly
and in Combinat.i on for the Conventional Bake Procedure

Level Response Surfactant Prediicted Value

Control SpV M 5-97
.25 SpV SSL 6.77
.25 SpV SSL+EMG 6.76
.25 SpV SSL+SMG 6.87
.25 Grain score None -

.25 C 1 None -

Control C 3 - 44.8
.25 C 3 SSL+EMG 33.9
:25 C 3 SSL+Poly 32.3

Control C 5 - 61.7
.25 C 5 SSL+EMG 45.1

Control Total score - 27.6
.25 Total score SSL 33.6
.25 Total score SSL+EMG 35.6
.25 Total score SSL+Poly 36.3
.25 Total score SSLfSMG 33.9

Control SpV 5.97
.5 SpV SSL 6.73
.5 SpV SSL+EMG 7.C5
.5 SpV SSL+Poly .7.04
.5 SpV SSL+SMG 6.95
.5 Grain score None -

Control C 1 - 19.7
.5 C 1 SSL 12.9
.5 C 1 SSL+Poly 11.2

Control C 3 - 44.8
.5 c 3 SSL+Poly 26.8
.5 C 3 SSL+SMG 28.7

Control C 5 - 61.7
.5 C 5 SSL 43-3

Control Total score - 27.7
.5 Total score SSL 33.8
• 5 Total score SSL+EMG 37.1
.5 Total score SSL- Poly 35.4
.5 Total score SSL+SMG 37.2

Single surfactant addi.tions that showed significant improvements
above control in the response at the .05 significance level, and
surfactant combinatiori that showed a significant improvement or
quadratic deviation fr'om the linear response surface formed by
individual surfactants i •
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Table XXVII. Comparison of Surfactants Added Singularly
and in Combination for the Conventional-Microwave

Bake Procedure 8

Level Response Surfactant Predicted Value
%

Control SpV am 6.23
.25 SpV SSL 6.75
.25 Grain score None -

.25 C 1 None -

.25 C 3 None -

Control C 5 . 65.7
.25 C 5 SSL+Poly 43.9
.25 Total score None -

Control SpV 6.23
.5 SpV SSL 6.73
.5 SpV SSL+EMG 7.00
.5 SpV SSL+Poly 7.20

Control Grain score - 6.33
.5 Grain score SSL 8.0

Control C 1 - 30.0
.5 C 1 SSL 24.4
.5 C 1 EMG 19.6
• 5 C 1 SMG 23.0
.5 C 1 SSL+Poly 15.4
.5 C 1 SSL+EMG 13.1
.5 C 1 SSL+SMG 15.9

Control C 3 - 53.3
.5 C 3 SSL+Poly 35.5
.5 C 3 SSL+SMG 32.7

Control C 5 - 65.7
.5 C 5 SSL 49.4
.5 c 5 SSL+Poly 36.5

Control Total score - 25.2
.5 Total score SSL 31.7
.5 Total score SSL+EMG 35.8
.5 Total score SSL+Poly 36 J-

.5 Total score SSL+SMG 35.6

a Single surfactant additions that showed significant improvements
above control in the response at the .05 significance level and
surfactant combination that showed a significant improvement or
quadratic deviation from the linear response surface formed by
individual surfactants.
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all of the other surfactants to produce response levels that

were superior to that which is possible with either of the sur-

factants alone. Pictures representing quality improvements with

SSL and SSL + Polys orbate at .5$ level as compared to a control

without surfactant are shown in Figure 4 for the .convention-

al-microwave bake system. Quality improvements with SSL, SSL +

EMG, SSL + Polysorbate, and SSL + SMG at .5$ level are shown in

Figure 5 for the conventional system.

Farinograms of doughs mixed with surfactants, both singu-

larly and in combination with SSL, are outlined in Table XXVIII.

When the surfactants were added at the ,5$ level singularly SSL

showed a mix time that was 10-17 minutes greater than the other

three surfactants, and a mixing tolerance that was 8-l8 minutes

greater than that found with the other surfactants . When the

surfactants were combined with SSL at a total of .*$> surfactant

mix time increased to within 2-4.5 minutes of that of SSL alone.

In combination the mixing tolerance was approximately the same

or even higher than SSL alone. Farinograph peak heights were

very similar for all the surfactants when added singularly, ex-

cept SMG which was somewhat lower. In combination peak heights

for SSL + SMG was somewhat lower than that for SSL + EMG or

SSL + Polysorbate.

The mechanism of different surfactants in a dough system

is very complex, and it would be very difficult to draw any

conclusions concerning mechanism from the limited number of

'
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Fig. 4. Conventional-Microwave baked buns with 0.5$
surfactants
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Fig. 5. Conventional baked buns with 0.5$ surfactants
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Table XXVIII. Effects of Surfactants on the Farinographic
Properties of Dough8

Surfactant 13 Peak He Ight Mix Time Tolerance
B U ram mm

510 22.0 31.0

SSL 520 32.0 39-5

EMG 520 15.0 21.5

Polysorbate 60 520 22.0 30.0

SMG 490 22.0 31.0

SSL + EMG 510 28.0 38.0

SSL + Polysorbate 60 500 30.0 4l.O

SSL + SMG 48o 27.5 4i.o

8All flours were adjusted to l4$ moisture basis and received a
constant water addition of 59- 8$ based on flour-weight.

'Surfactants when added individual] y were 0.5$ of flour weight
and when added in combination both surfactants were 0.25$ of
flour-weight.
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experiments conducted. It would, however, be useful to discuss

the results by comparing them with the known structures and

properties of the surfactants from previously published research.

SSL has been reported to improve loaf volume; inhibit crumb

firming (21), improve mixing tolerance (25), and decrease water

absorption slightly (26). All of these characteristics were

found to hold true in the baking and farinograph experiments

that are represented here. EMG has been reported as having less

binding capability than SSL and is linked significantly less to

proteins and starch (26). This may account for SSL having a

more significant improving effect than EMS when added alone.

Dough stability is positively correlated with surfactant level

for SSL but not for EMS, which is thought to indicate a differ-

ence in mechanism (26). SSL is thought to displace glycolipids,

while EMS is thought to displace phosholipids (27). This may

also indicate a difference in mechanism between the two surfact-

ants. SSL is a anionic, hydrophilic surfactant and EMS is a non-

ionic, hydrophilic surfactant. Therefore, the hydrophilic group

of SSL is capable of ionic bonding, while the hydrophilic group

of EMG is capable of hydrogen bonding. All these differences

may help explain why SSL produced more significant improvements

than EMG. SSL and EMG in combination had a synergistic effect

yielding dramatic improvement in the product quality. These

potential differences in mechanism may help explain this inter-

action between SSL and EMG. Where SSL and EMG may have a different
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mechanism they could function in a complimentary manner in the

dough system. If both surfactants had the same mechanism, and

we replaced half of one surfactant by another as was done in this

experiment, the dramatic synergistic effect probably would not

have been possible. This complimentary effect might be further

explained in terms of the chemical structure of SSL and EMG.

Both SSL and EMG possess a hydrophobic and a hydrophilic group

as is characteristic of surfactants, but since SSL is anionic

and EMG is polar nonionic they are not in direct competition

for binding sites for their hydrophilic groups. SSL is capable

of forming ionic bonds while EMG is capable only of hydrogen

bonding. Since they bond at different hydrophilic sites they

can work together in interactions between hydrophobic and hydro-

philic phases in the dough system.

Polysorbate 60 is very similar to EMG in chemical structure,

except it has one more -OH group capable of hydrogen bonding.

Its lack of ability to provide a significant improvement in

dough properties and final product quality when added alone

is probably due to the same factors that were outlined in the

discussion of EMG and SSL. The synergistic effects noted with

SSL + EMG were also found with SSL + Polysorbate 60, but SV~: +

Polysorbate 60, overall, gave better responses than did SSL +

EMG. This might be explained by the fact that Polysorbate 60

has three hydrogen bonding sites as compared to EMG which has

.

only two. Polysorbate 60 would be capable of binding to more
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hydrophilic substances than EMG, or it would be capable of

forming a stronger bond with a substance with multiple hydrogen

bonding sjtes.

SMG is an anionic, hydrophilic surfactant as is SSL. The

degree of protein binding for SMG is less than that of SSL (28).

SMG is also much more readily released by gluten when heated than

SSL (28). This may indicate that SMG is bound to gluten protein

to a lesser degree or that the existing bonds are not as strong.

These differences in protein-surfactant bonding may explain

why SSL had more significant improving effect than SMG when

added singularly to the doughs. These differences may suggest

a difference in mechanism between SSL and SMG even though their

basic structure is similar. A difference in mechanism between

SSL and SMG as with SSL + EMG and SSL + Polysorbate 60 may explain

why SSL + SMG could have a synergistic effect when added in

combination.

Comparing the responses of the surfactants, both singularly

and in combination., of the two bake systems in Table XXVI and

Table XXVII shows that there is little difference between the

responses of the two systems. The surfactant combinations did

show a significant improving effect at the .25$ surfactant level

more readily in the conventional bake system. Also at the .5$

level SSL + Polysorbate 60 produced somewhat better specific volume

than the other surfactant combinations in the conventional-microwave

system. In the conventional system the specific volume response
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was almost, identical for SSL + LMfi, SSL + Polysorbate 60 and SSL +

SMG. These differences in specific volume response are probably

due to the fact that the conventional-microwave requires more

expansion of the dough during proofing and more rapid expansion of

the dough during baking. If a surfactant combination such as SSL +

Polysorbate 60 could yield a dough with superior ability to expand

rapidly and retain gas, it would produce superior volume with the

convent ional-microwave system.

Analysis of Sensory Test

Two taste panels were conducted as outlined in Materials

and Methods. A total of 101 panelists were asked to evaluate

the acceptability of the conventional-microwave baked bun, as

compared with the conventionally baked bun. The results of

the test are outlined in Table XXIX. The analysis of variance

for both taste panels is also presented in Table XXIX. The

calculated F - Value for panel 1 of .3290 was less than the

F - Value ( 5# significance level, 52 degrees of freedom) from

the F distribution which was 4.02. The calculated F value for

panel 2 of 3.4318 was also less than the F - value ( 5# signifi-

cance level, 47 degrees of freedom) from the F distribution which

was 4.04. Since for both taste panels the calculated F value was

less than the test statistic from the F distribution, we must

accept the null hypothesis that the acceptability of the conven-

tionally browned-microwave baked bun is not significantly different

from the conventionally baked bun.

•
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SUMMARY

An optimum conventional-microwave baking procedure for buns

was developed from this study. It consisted of a conventional

browning for 4 1/2 minutes at 450 °F followed by 50 seconds micro-

wave baking to produce products equal in quality to conventionally

baked buns. The new procedure could reduce the conventional time

to less than half.

Response Surface Methodology (RSM) was used to study the

effect of water absorption, mix time, gluten level, and oxida-

tion on the quality of buns baked by the conventional and con-

ventional-microwave bake procedures. The optimum levels of

these factors were found to be virtually the same in both baking

procedures, but the optimum product produced by the conventional-

microwave system was inferior in quality.

In attempt to improve the quality of the conventional-micro-

wave baked bun, an RSM series was conducted to find the optimum

yeast levels, fermentation time, and proof time. This series

was conducted with no gluten fortification and with 5.0$ gluten

fortification. Increasing yeast level from 4.0 to 5-7$ and in-

creasing proof times from 50 to 60-68 minutes produced a bun of

equal quality to that of the conventional control. Fermentation

times between the range of 38-67 minutes had only a small effect

on bun quality. There was virtually no difference in quality,

including specific volume, between the optimum buns with 5-0$
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gluten fortification and those without fortification. This is

rather remarkable compared to the conventional bake system where

specific volume and quality are effected very significantly by flour

protein quality and quantity.

The response of both the conventional baking system and the

conventional-microwave baking system to surfactant-additions was

evaluated. Sodium stearoyl-2-lactylate (SSL), ethoxylated mono-

glycerides (EMG), polyoxythylene (20) sorbitan monostearate

(Polysorbate 60), and succinylated monoglyceride (SMG) were added

singularly and in combination at the .25$ and .5$ levels. The

results were analyzed statistically. SSL was the only surfactant

that, when added alone, consistently improved product quality in

both bake systems. SSL in combination with EMG, Polysorbate 60,

or SMG was capable of producing significant improvements in most

responses measured, especially at the ,
r
jfo surfactant level. Both

the conventional procedure and the conventional-microwave pro-

cedure responded in a similar manner to the surfactant additions.

Taste panels with a total of 101 participants were asked

to compare the acceptability of buns produced by the conventional-

microwave bake process and by the conventional process. An analy-

sis of variance on the panel results showed no significant dif-

ference in acceptibility of the two products.
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Basic straight dough techniques were used to investigate

the use of microwave baking in combination with conventional

browning in production of hot dog buns. Conventional browning

at elevated temperatures prior to microwave baking was found

to produce superior products.

Response surface methodology was used to study several

responses to variations in water absorption, mix time, gluten

level, and oxidation. The conventional-microwave procedure pro-

duced lower volumes and lower quality buns than the conventional

procedure but both systems were found to produce optimums over

the same ranges of water absorption, mix time, gluten, and oxi-

dation.

RSM techniques were also used to study the effects of yeast,

proof time, and fermentation. Optimizing proof time and yeast

levels produced a conventional-microwave product that was equal

in quality to the conventionally baked product according to

both measured responses and taste panels.

Addition of surfactants to doughs baked using both systems

showed that their responses to the surfactants were virtually

the same. It also showed that SSL was the only surfactant test-

ed that significantly improved quality when added alone at .25'/

and .5$ levels. SSL when combined with EMG, Polysorbate, or

SMG showed a combined improvement that was significantly better

than the expected linear relationship between the two surfact-

ants when added singularly.
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