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(ABSTRACT) 

Biscuits were prepared from eighteen different recipe 

~ o formulations. The biscuits were made from flour containing 7.53%, 

8.99%, and 10.05% protein with 30, 40, and 50 grams of shortening and 

o or 2.2 grams of microcrystalline cellulose (MeC). Biscuit quality 

was assessed by objective and sensory evaluation. The caloric content 

of the biscuits was also determined by bomb calorimetry. 

No significant differences were detected in biscuit volume, 

crumb and crust color, or tenderness. The biscuits prepared with 

lower levels of shortening were moister than the biscuits prepared 

with higher levels of shortening. No significant differences were 

found by sensory panelists with regard to evenness of exterior color, 

aroma, evenness of cell structure, size of cell structure, interior 

color, center moistness, tenderness, biscuit flavor, or aftertaste. 

Flakiness and exterior color were found to be significantly different. 

Biscuits with added MCC were detected to be less flaky. Biscuits 

prepared from medium protein level flour and low-shortening with MCC 



were darker than high-shortening biscuits without Hee. High-protein, 

high-shortening biscuits with Mee were darker than medium-protein t 

high-shortening biscuits without Mee. The caloric content of the 

biscuits prepared with lower amounts of shortening was found to be 

significantly less than biscuits prepared with the higher levels of 

shortening. In conclusion. high quality biscuits can be produced from 

flour of varying protein content with less shortening and without the 

incorporation of Mee. 
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Chapter I 

IITRODUCTIOI 

Bread is one of man's oldest foods. It is referred to in the Old 

Testament as leavened and unleavened loaves and cakes. Over the 

world, bread is known by many names and is made from many cereal 

grains - wheat, corn, rye, rice, oats, barley, and buckwheat (Demus, 

1969), 

Bread continues to be an important part of our diet because the 

grains from which cereal foods are made are grawn almost allover the 

world. These cereal grains are readily available, produce high 

yields, and have low production casts. Breads and related cereal 

foods constitute the largest single item in the average diet around 

the world and are the greatest source of carbohydrates. Enrichment 

and fortification of flour has greatly improved diets in which bread 

is the chief item (Demus, 1969), 

Wheat is the most widely cultivated of all the cereal grains and 

is the preferred grain for flour (Demus, 1969), The basic ingredients 

used in the formulas of bread product doughs and batters are wheat 

flour, liquid, fat, egg, sugar, leavening agent, and salt (Bennion, 

1985j Campbell et al., 1979; Gates, 1981). Varying the ratios of 

these primary ingredients produces a variety of different products. 

The biscuit is one of these products. 

Two types of biscuits are popular in the United States. A 

breadlike biscuit is prepared most often in the South, and a flaky 

biscuit is consumed in many other parts of the country (Campbell et 

1 



al' J 1979; Gates J 1981). Biscuits usually contain flour, fat, milk, 

baking powder, and salt (Bennion, 1985). Compared to bread, the 

biscuit has a much higher proportion of fat (Campbell et al., 1979) 

and is considered a high fat bread product. 

Mast nutrition and health.experts agree that Americans consume 

far tao much fat in their daily diets. In its most recent report, in 

1980, the Food and Nutrition Board of the National Academy of Sciences 

noted that during this century alone total fat intake has increased 

from thirty-twa to forty-two percent of the total calories consumed 

(Lecos, 1983). In its dietary guidelines for Americans, the United 

States Department of Agriculture and the United States Department of 

Health and Human Services advise that individuals reduce their 

consumption of fat to thirty percent of the total calories (United 

States Department of Agriculture, 1985; Whitney and Cataldo, 1983). 

Along with consuming too much fat, Whitney and Cataldo (1983) report 

that in the United States ten to twenty-five percent of all teenagers 

and twenty-five to fifty percent of all adults are obese. Obesity is 

often accompanied by hypertension, coronary heart disease, 

postsurgical complications, arthritis, and diabetes <Whitney and 

Cataldo, 1983; Williams, 1985). These alarming statistics indicate 

just cause for finding a means of adequate and safe weight reduction. 

One method of reducing caloric intake is to consume foods 

prepared with the highest caloric ingredient(s) eliminated or reduced 

in amount. The shortening present in the biscuit has the highest 

number of calories of any ingredient, nine per gram. The caloric 
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content of the biscuit can be reduced by eliminating a portion of the 

shortening (Smith, 1972). Contrarily, Campbell et al. (1979) have 

found that without a certain amount of shortening, the product has 

reduced loaf volume, poor grain, and increased rate of crumb firmimg. 

Therefore, a compromise must be met between high calories and a poor 

quality product. 

OBJECIIVES: The objectives of this study are 1) to produce an 

acceptable biscuit with satisfactory quality attributes from a soft 

wheat flour of known protein content with a minimal amount of 

shortening and 2) to test the feasibility of adding microcrystalline 

cellulose to the biscuit dough in order to maintain tenderness in the 

absence of a portion of the shortening. 



Flour Proteins 

Chapter II 

REVIEW OF LITERATURE 

Wheat is qUite extraordinary among cereal grains due to the fact 

that its milled product, flour, is alone capable of forming a dough 

that will entrap gas during fermentation and yield a light, well

aerated bread upon baking (Katz, 1972; Pyler, 1973), This unique 

quality is imparted to wheat by two major proteins~ glutenin and 

gliadin. 

The glutenin proteins, which make up approximately forty percent 

of the endosperm proteins of the wheat flour, are generally postulated 

to account for the viscoelastic properties of the dough. The glutenin 

molecules, because of their large molecular size and propensity for 

molecular associations, impart toughness and strength to the dough. 

The unique three-dimensional structure of glutenin proteins is thought 

to arise from the presence of disulfide bonds that crosslink 

individual polypeptide chains into a molecular network with rubberlike 

elastic properties. The mixing characteristics of wheat flour dough 

are determined largely by the nature of the glutenin component. An 

over abundance of glutenin proteins would likely produce resistance to 

the expansion of gas cells in wheat flour dough resulting in reduced 

bread volume (Pyler, 1973; Wall, 1971), 

The gliadin protein molecules are generally thought to have very 

little effect on the mixing properties of the dough, but gliadin 

4 
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proteins are responsible for the loaf-volume potential of a flour. 

The tertiary structure of gliadins appears to be that of compactly 

folded globular protein molecules with only intramolecular disulfide 

bonding, which differs from bath intermolecular and intramolecular 

disulfide banding present in the glutenin proteins (Campbell et al., 

1979; Pyler, 1983), Excessive gliadin proteins in wheat doughs would 

result.in poor carbon dioxide retention and possible dough collapse 

(Chef tel et al., 1985), 

Neither the glutenin nor the gliadin proteins in wheat flour 

alone will produce a satisfactory dough. The unique characteristics 

of wheat dough are achieved as glutenin and gliadin combine in the 

presence of water to farm gluten. The gluten proteins make up about 

eighty percent of the total wheat flour proteins (Pomeranz and Chung. 

1978). When the hydrated bread flour is mixed and kneaded. the gluten 

proteins orient, align, and partially unfold exposing functional 

groups. This promotes hydrophobic interactions and the formation of 

disulfide cross-links through disulfide sulfhydryl interchange 

reactions. A three-dimensional viscoelastic protein network is farmed 

as the initial gluten components transform into thin membranes, which 

entrap starch granules and other constituants of the flour (Chef tel et 

al., 1985; Jenkins, 1975). During baking gluten proteins release 

trace amounts of moisture, which is absorbed by the partially 

gelatinized starch granules. Gluten proteins also play an important 

role in retaining moisture during baking and help to produce bread 

with a soft crumb (Chef tel et al., 1985). 
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Wheat varieties range in protein content from six to eighteen 

percent <Pyler, 1973). Hard wheat has a high protein content and t 

therefore, a high-gluten potential of goad quality and strength. Soft 

wheat flour has a lower protein content and yields smaller amounts of 

gluten of a weak quality (Gates, 1981), The differences in protein 

content of wheat are due in part to varietal differences but also to 

the regiqnal environments in which they are grown. High nitrogen 

soils characterize hard wheat areas and account for the high protein 

grains. The soils in the soft wheat areas are normally lower in 

nitrogen and produce grain that is lower in protein content. Rainfall 

and temperature also affect the protein content of wheat. Generally, 

wheats from areas low in rainfall and higher in temperature during 

kernel growth tend to be higher in protein (Pyler, 1973), 

Gaines and Donelson (1985) conducted a study of the effect of 

varying protein content on angel food and high-ratio white layer cake 

size and tenderness. The protein content varied from seven to sixteen 

percent. The volume and tenderness of the layer cakes were not 

significantly different among the different protein levels. 

Contrastly) the height and tenderness of the angel food cake decreased 

as the flour protein content increased. Abboud et al. (1985) studied 

the significance of protein content on sugar-snap cookies. The flour 

protein content varied from seven to thirteen percent among the forty

four samples used representing four classes: hard red, club, soft 

white spring, and soft white winter wheats. The protein content 

significantly affected the cookie diameter when the forty-four samples 
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were pooled. There was a trend toward smaller cookies with increasing 

protein content. The soft wheat cookie diameter was not affected by 

the protein content. Campbell et al. (1979) and Gates (1981) have 

found that flour of the soft wheat variety and low in protein content 

performs best for biscuit products. 

Shortening 

Fats and oils are used for many reasons in bakery products. They 

contribute to aeration of the batter, lubrication of ingredients, 

improved moistness, tenderness, and structure of the finished product, 

extended shelf life, and nutritional benefits (Baldwin et al., 1972; 

Hartnett, 1977; Pyler, 1973). The use of fat in a dough brings about 

a variety of changes in the dough which ultimately affects the 

finished product. 

During mixing, the fat becomes very soft as it is dispersed into 

the warm dough. There is a thin film of fat deposited throughout the 

dough which lubricates the strands of gluten proteins. The effect of 

lubrication allows the gluten to become more extensible in a very 

short period of time, which promotes the retention of gases. The fat 

conditions the dough so that it acquires a soft, smooth feel. This 

softness protects the dough from mechanical damage during preparation 

and handling which may tear the dough, otherwise (Bennion, 1985; 

Jenkins, 1975). 

During the baking process, doughs that contain fat will brown 

more easily than those doughs without the addition of fat. Because 

the product takes an calor more easily, the baking time can be 
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decreased p and less moisture is lost through evaporation. This 

results in a softer product with extended shelf life (Jenkins, 1975), 

The shortening increases loaf volume due to sufficient solid 

shortening components remaining free in the dough. The free fat 

component is especially important during the initial stage of rapid 

dough expansion in the so-called "oven spring", The free shortening 

particles are thought to facilitate the production of oriented 

structures in the dough. These structures remain in the dough even 

when the temperature exceeds that of the melting point of the fat. 

These same structures also seem to allow for gas retention during the 

early stages of baking (Pomeranz and Chung~ 1978), 

Although there are many benefits of fat systems in bread 

products, many of today's consumers desire to lower their caloric 

intake by eating foods with reduced amounts of fat. The replacement of 

fats and oils in food products has become of particular interest since 

fats, which contain approximately nine Kcalories per gram, impart a 

high-caloric density to foods (Waring, 1988), 

Several studies have investigated effects of reducing the level 

of fat in bakery products. Burt and Thacker (1981) produced an 

acceptable short dough biscuit by substituting the level of shortening 

normally used in the biscuit formula with an emulsifier. The biscuits 

were judged to be acceptable by a sensory panel. Radlove (1981) 

patented a diabetic cake mix which substituted shortening with several 

different emulsifiers. The cake was judged by a sensory panel to have 

good volume, flavor, moistness, mouth-feel, and sweetness. 



9 

Light bakery products were also developed by Kim (1984) by 

substituting conventional fat systems with batter stabilizers. The 

product·s organoleptic properties were judged as acceptable by a taste 

panel. A shortening-free yellow layer cake was prepared by using a 

spray-dried emulsifier, which also acts as a partial egg replacement. 

A sensory panel judged the taste, mouthfeel, texture, and overall 

acceptability of the cake. The researchers concluded that a 

shortening-free cake could be produced with the addition of 

emulsifiers without sacrificing taste, texture, or acceptability 

(Kamel and Washnuik, 1983). 

Smith (1984) conducted a study to produce a low-calorie yellow 

cake and a soft cookie by substituting shortening with an emulsifier. 

The cake was judged to be of good quality. It was tender, had uniform 

cell structure, good crumb, and browned evenly. Substituting an 

emulsifier for shortening produced an acceptable cookie which was 

moist and chewy. Neville and Setser (1986) studied the effect of 

reducing calories in layer cakes by using intense noncarbohydrate 

sweeteners in place of sugar and replacing shortening with an 

emulsifier. All of the cakes contained flour, dried egg white, whole 

eggs, salt, and saccharin. Volume, symmetry, uniformity, and percent 

shrinkage were determined. Sensory measurements of cell uniformity, 

cell size, cell wall thickness, cake density, moistness, gumminess, 

softness, and crust stickiness were also used to assess changes in 

cake quality. The researchers found that an optimal formula could be 
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developed giving acceptable objective and sensory qualities with 

reduced sugar and shortening. 

Abboud et al. (1985) studied the effect of fat on sugar-snap 

cookies. Three different shortenings were used in four different 

levels. They found that the type of fat used in the cookie was not of 

importance, but the amount of fat was crucial. Increasing the fat 

from thirty percent to thirty-five percent did not affect the cookie 

spread, but it did have a finer top grain. On the other hand, 

decreasing the fat to twenty-five percent produced an irregularly 

shaped cookie with very coarse top grains. Finally, Junge and 

Roseney (1981) studied the improvement of bread loaf volume by the 

manipulation of the amount of added shortening and certain 

surfactants. They found that the total replacement of shortening with 

a surfactant did not have the acceptable volume present in the bread 

doughs containing the same amount of shortening. 

Cellulose 

Microcrystalline cellulose (KCC) 1s a metabolically inert bulking 

agent which can be used to reduce the calories of baked products (Erys 

and Zabik, 1976). It is a purified, partially depolymerized cellulose 

prepared by treating alpha cellulose with mineral acids. The alpha 

cellulase is derived from the pulp of fibrous plant materials. The 

microcrystalline cellulase serves as a stabilizer, thickener, non

nutritve filler, and/or a fiber source (Gur-Arieh et al. t 1979; 

Whistler and Daniel, 1985). 
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A number of investigations have been undertaken to study the 

effects of microcrystalline cellulose as an additive to a variety of 

food products. Brys and Zabik (1976) studied the effects of 

microcrystalline cellulose replacement in cakes and biscuits. Both 

products were prepared using a volume-far-volume replacement of KeC 

for flour. The cakes were made to contain zero, twenty, forty, and 

sixty percent Kee replacement. The biscuits had zero, twenty, forty, 

and fifty percent Kee substitution. Sensory panelists judged the 

products for color, texture,moistness, tenderness, and flavor. The 

objective tests performed on the cakes and biscuits included volume by 

rapeseed displacement, moisture, color, and shear press determinations 

for tenderness and compressibility. The cake with the twenty percent 

replacement scored the highest in the sensory evaluation. Cakes with 

increasing KCC were found to be lower in volume, moister, and more 

tender. The color did not differ significantly between treatments. 

The biscuits with zero and twenty percent replacement received 

favorable sensory evaluations. Biscuits with increasing KeC were 

moister. The tenderness and color did not differ significantly between 

treatments. 

Zabik et al. (1977) conducted another study using different types 

of cellulose in layer cakes. Both objective and subjective tests were 

performed. Only the crumb color of cakes differed significantly among 

treatments. The control cake crumb had very low 'a' values while the 

cellulose cakes had higher Hunter 'a' color values. All of the cakes 

received excellent sensory scores. 
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Volpe and Lehmann (1977) performed a study using natural fibers 

and cellulose to produce a high-fiber bread. The cellulose was 

substituted for ten percent of the flour. The bread with the added 

cellulose was moister, lower in volume, and had a darker crumb. In a 

triangle difference test, sensory panelists were able to distinguish 

between the control bread and the bread substituted with cellulose. 

Overall acceptability of the two breads was not significantly 

different. 

Pomeranz et al. (1977) studied the functional properties of seven 

different celluloses, four wheat brans, and two oat hulls on 

breadmaking. Adding levels above seven percent, decreased loaf volume 

significantly among all the treatments. An untrained taste panel 

found that the cellulose least affected bread taste, mouthfeel, crumb 

color, and crust color. 

These researchers have found that reduced-calorie products can be 

obtained by substituting a portion of the fat with MCC when the 

protein level of the flour is appropriate. Objective and sensory 

tests have conclusively shown that these low-calorie products are 

comparable to their high-calorie counterparts. 



BxperiDBntal Design 

Chapter III 

1O.TERIALS AID JIlITHODS 

The design of the study was a 3 x 3 x 2 factorial experiment with 

three observations for each of eighteen different treatment 

combinations. The three factors involved in the study design were as 

follows: Factor 1 was the protein level of the flour (high level, 

medium level, and low level). Factor 2 was the level of shortening 

used <high level, medium level, and low level), Factor 3 was the use 

of cellulose (present or absent). A representation of this specific 

design is located in Appendix A. Three replications of each treatment 

combination were prepared using a Latin square design developed by Dr. 

Robert Schulman of the Virginia Polytechnic Institute and State 

University's statistics faculty (Appendix B). This design was followed 

by baking six different treatment combinations each day for nine days 

over a period of four weeks. The six treatment combinations baked 

each day were randomly chosen by Dr. Schulman. The sensory evaluation 

and objective tests were performed on the treatments the same day of 

baking. 

Ingredients 

The Coker 916 wheat used was harvested in Giles County, Virginia, 

in 1987 by the Agronomy Department, Virginia Polytechnic Institute and 

State University. The wheat was milled into flour an a Buhler 

Experimental Mill (Xinneapolis, XI) according to AACC method 26-10 

(American Association of Cereal Chemists, 1983) at Midstate Mills in 

13 
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iewton J North Carolina. The low-protein flour (7.53%) was obtained by 

mixing flours obtained from wheat plats 118. 306, and 420 of treatment 

#6, which had fifty pounds of nitrogen fertilizer per acre added at 

Zadoks growth stage 30 (Zadoks et al., 1974). The medium-protein 

flour (8.99%) was obtained by combining flours obtained from wheat 

plots 113. 209. 317, and 401 of treatment #7, which had one hundred 

pounds of nitrogen fertilizer per acre added at Zadoks growth stage 30 

(Zadoks et al., 1974). The high-protein flour (10.05%) was secured by 

mixing flours obtained from wheat plats 108, 211, 305, and 416 of 

treatment #13, whicn had fifty pounds af nitrogen fertilizer added per 

acre at Zadoks growth stage 25 and one hundred pounds of nitrogen 

fertilizer added per acre at Zadoks growth stage 30 <Zadoks et al. , 

1974). 

The proximate composition of the milled flours was determined 

using AOAC methods 14.061, 14.062, and 14.066 for moisture, ash, and 

fat determinations, respectively <Association of Official Analytical 

Chemists, 1984). The low-protein flour had a moisture content of 

12.31% moisture, ash of .44%, and a fat content of 1.74%. The medium

protein flour had a moisture content of 12.48%, ash of .39%. and a 

fat content of 4.00%. The high-protein flour had a moisture content of 

12.37%, ash of .35%, and a fat content of 2.83%. 

All of the other ingredients for making biscuits were purchased 

by a lab technician at one time from a Blacksburg, Virginia, 

supermarket. Crisco-· shortening, Carnation" instant nonfat dry milk, 

Xorton~ iodized salt, and Hearth Club" baking powder were used in this 
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study. The micrcrystalline cellulose, sold under the trade name 

Avicel~, was purchased from The FMC Corporation (Marcus Hook, PA). 

The shortening, salt, baking powder, and microcryatalline cellulose 

were stored in airtight containers throughout the study. The dry milk 

was stared similarly, but an adequate day's supply was rehydrated 

(100g NFDK and 900g tap water) twelve hours before use and 

refrigerated. The milled flours were stored in plastic-lined airtight 

metal containers. 

Biscuit Procedure 

Procedures adapted from Campbell et al. (1979) and,AACC method 

10-31A (American Association of Cereal Chemists, 1983) were used for 

making biscuits in this study (Appendix C). The formulations given 

according to shortening level can be found in Appendix D. 

The biscuit ingredients were weighed to the nearest O.lg using a 

Xettler (Heightstown t NJ) top loading balance <model P100). A Hobart 

KitchenAid (Troy, OH) mixer (model K5-A) with a Gralab (Dayton, OH) 

experimental timer was utilized to mix the dough. The biscuits were 

baked in a conventional General Electric oven (Louisville, KY) (Hodel 

J336B1DC) at 177°C. 

Objective Ieasures 

Volume: The volume of randomly selected biscuits from each 

treatment was determined fifteen minutes after baking. Using a 

rapeseed displacement method (Brys and Zabik, 1976), biscuit volume 

was measured by first weighing a 4 x 4 x 4.5 inch plastic freezer 

container to the nearest O.lg. Then the container was filled with 
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rapeseeds, leveled with the straight edge of a knife, and weighed. A 

biscuit was placed in a second freezer container which weighing 

exactly the same as the first container. A second container was used 

in order to avoid numerous transfers of the rapeseeds which could have 

resulted in loss of some of the seeds. The rapeseeds from the first 

container which did not fit into the second container were weighed and 

then multiplied by a conversion factor of 1.65 <lg rapeseeds = 1.65ml 

rapeseeds), and this amount was recorded as the volume of each 

biscuit. 

~: The color of the crust and crumb of a representative 

biscuit from each treatment combination was determined one hour after 

baking. A computerized Hunter Color Difference Meter (Fairfax. VA)J 

model L8-5100, was used to determine color differences. The meter was 

allowed to warm up for approximately one hour prior to analysis. The 

instrument was then zeroed with a black tile and standardized with a 

green tile. The color of the top crust of an entire biscuit was 

measured by placing the sample on the sample compartment and pressing 

the "READ" button on the instrument to obtain the 'L', 'a', and 'b' 

color values. The biscuit was then sliced in half. The bottom 

portion with the interior crumb facing the meter was read. For both 

the crust and the crumb, The 'L', 'a', 'b', and calculated 'AE' values 

were recorded. The 'L' value measures lightness with zero being black 

and 100 representing white. The 'a' value measures greenness (the 

lower end of the scale) to redness (the upper end of the scale), The 

'b' value measures blueness (the lower end of the scale) to yellowness 
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(the upper end of the scale), The 6E value is calculated from the 'L', 

'a', and 'b' values according to the formula: 

6E =J (6L)2 + (.6a)2 + (6b)2 

Xoisture: The moisture determination was performed forty minutes 

after baking using a Brabender moisture tester (Hackensack, NJ). A 

ten gram sample from a biscuit of each treatment was placed in the 

drying oven and dried to a constant weight at 155°C. Once a constant 

temperature was reached. the moisture level was recorded from a scale 

on the moisture tester. 

Tenderness: The tenderness of the biscuits was determined 

twenty-five minutes after baking using a Lab-Line Penetrometer 

(Xelrose Park, IL). A biscuit from each treatment combination was 

evaluated by placing the biscuit, top crust down, on the instrument 

platform and then lowering the spindle to obtain the reading in 

millimeters from the scale present on the instrument. The numbers on 

the scale corresponded to the tenderness of the biscuit with zero 

being most. tender and decreasing from that paint up the scale. 

BEISORY EYALUATIOI 

Each of six sensory panelists evaluated the baked biscuits 

utilizing the quantitative descriptive analysis <QDA) method of 

sensory evaluation (Stone et al., 1974). The panel was made up of 

three male graduate students, two female graduate students, and one 

female faculty member. Two training sessions were held for the 

panelists. During these sessions, the panel members decided upon 

eleven attributes and corresponding anchor words to be used for 
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.judging the biscuits. A representative example of the scorecard used 

is given in Appendix E. At each of nine tasting sessions, the 

panelists were seated in individual boothes with fluorescent lighting 

located next to the baking laboratory. Each panelist received three 

coded biscuit samples placed on white paper plates, three 

corresponding score cards, a pencil, and a glass of tap water to 

cleanse the palate between each sample. The biscuits were coded with 

randomly selected three-digit numbers; and not all of the panelists 

received the same three samples at each tasting session. 

Each panelist was instructed to place a slash mark on the 14-

centimeter line corresponding to each biscuit attribute. The slash 

mark placed on the line represented how each panelist judged the 

attribute in question in relation to the two anchor words. The length 

of each line, from the extreme left end to the slash mark, was 

measured and recorded as the score for that particular attribute. 

CALORIC DBTERlIIATIOI 

The caloric value of a biscuit from each treatment was determined 

using the method of Hengel (1986). One gram of freeze-dried biscuit 

sample was formed into a pellet using a Parr Pellet Maker (Moline, 

IL), and the caloric determination was performed using a Parr 

Adiabatic Calorimeter <Parr Instrument Company, Moline, IL). 

STATISTICAL AIALYSIS 

The results from both the objective and sensory evaluation of the 

eighteen different biscuit treatments were analyzed by analysis af 

variance (ANOVA) procedures (SAS, 1985), Duncan's Multiple Range Test 
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was also used to determine significant differences in objective and 

sensory attributes af the biscuits at significance levels of p<O.05 

and p<O.Ol. 



Chapter IV 

RESULTS AID DISCU~IO. 

This study had two basic objectives: 1) to produce an acceptable 

biscuit with satisfactory quality attributes from a soft wheat flour 

of known protein content with minimal shortening and 2) to test the 

feasibility of adding microcrystalline cellulose (ICC) to the biscuit 

dough in order to maintain tenderness in the absence of a portion of 

the shortening. Objective and sensory tests were performed to judge 

the quality of the different biscuit variations. The objective tests 

done included volume, darkness or lightness of the crust and crumb 

color, moisture content, and biscuit tenderness. The sensory 

attributes judged by taste panelists were evenness of exterior color, 

darkness or lightness of exterior color, aroma, flakiness, evenness of 

cell structure, size of cell structure, internal color, center 

moistness, tenderness, biscuit flavor, and aftertaste. 

Test results are presented here in three sections. The first 

section covers the objective tests. The second section deals with the 

sensory results, and the third section gives the caloric content of 

the biscuits. For the purposes of discussion, the terms high, medium, 

and low protein biscuit refer to biscuits made with 7.53% protein 

flour, 8.99% protein flour, and 10.05% protein flour, respectively. 

High, medium, and low levels of shortening refer to biscuits made with 

30g, 40g, and 50g of shortening representing 13.6%, 18.2%, and 22.7% 

of the weight of the flour, respectively. 

20 
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Objective Test Results 

Volume: Biscuit volume was not significantly different (p<O.05) 

among all treatments. The results are located in Table 1. The 

photographs shawn in figures 1, 2, and 3 indicate that the biscuits 

appeared approximately uniform in size for all flour protein levels 

and shortening levels used. These results corresponded with the 

findings of Gaines and Donelson (1985) who showed that ,the volume of 

layer cakes was -not significantly different when made from flour of 

different protein levels. The addition of microcrystalline cellulase 

(MeC) also did not significantly alter the volume of the biscuits 

irrespective of shortening or protein levels. Zabik et al, (1977) 

also found no volume differences using KCC in layer cakes. 

Color: No significant differences <p<O.05) were observed in the 

crumb color of the various biscuits. The results of the Hunter 'L' 

values are shown in Table 2, and the ~E values are located in Table 3. 

These results agree with Zabik et al, (1977) who found no significant 

differences in the crumb color of layer cakes with added cellulose and 

Pomeranz et al. (1977) who detected no significant differences in the 

crumb of bread with added cellulose. Similar results were seen with 

respect to crust calor. The results of the Hunter 'L' values for 

crust color are in Table 4, and the results of the ~E values are shown 

in Table 5. Figures 4, 5, and 6 show that the different biscuit 

treatments appeared similar with respect to crust color. Little 

variation among treatments was found. The addition of cellulase had 



22 

Table 1. Mean Objective Scores of Biscuits Pr~pared with Flours of 
Differing Protein Content and Different Levels of Shortening 1 • 

PROTBII SHORTBIIIG COITBIT 
COITBIT 
OF FLOUR 

Low lI'ediuDl High 
(30g) (40g) (50g) 

y3 N4 Y N Y N 

Low 35~77± 39.07± 34.17± 42.57± 39.38± 39.38± 
(7.53%) 2. 54a• 7.16" 0.50- 3.09a. 3.24"" 3.28;;' 

Jredium 36.83± 43.73± 44.17± 35.00± 39.50± 36.23± 
(8.99%) 4.97'" 5.14'" 4.26" 1.42a. 5.20- 3.17a. 

High 44.60± 41. 30± 36.78± 42.88± 36.17± 40.70± 
(10.05'f.) 3.92lil 4.85· 2.64'" 4.018 8.78'" 7.0211< 

lmean of three trials 

2values with letters in common in the same row and the same column do 
not differ significantly <p<0.05) 

3'Y' refers to treatments with added microcrystalline cellulose (MGG) 

4')' refers to treatments without added microcrystalline cellulose (MCC) 
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Figures 1,2, and 3. Photographs showing the similar volumes of the 

biscuits across the different treatment combinations. Figure 1 

illustrates the low-protein treatments. 
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Figure 2, The ll.'E:dium-protein treatments. 
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Figure 3. The high-protein trea.tments. 
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Table 2. Mean Hunter IL' Values for the Crumb Calor of Biscuits 
Prepared with Flours of Differing Protein Content and Different Levels 
of Shortening",:;<:. 

PROTEIN 
CONTENT 
OF FLOUR 

Low 
(7.53%) 

Xedium 
(8. 99~~) 

(10. 05%) 

Low 
(30g) 

y-:;., 

8f) .., . "'j+ ...,;'..J ..... 

O. 61;;;' 

80. 49± 
0.58,;;' 

aO.45± 
1. 42"" 

lmean of three trials 

SHORTENING CONTENT 

Medium 

N/:!. y ~r 

80.69± 80.25± 80. 16± 
O. 24'"1 O. 42 2

" 0.69:-'\ 

80. 84± 80. 62± 80. B9± 
0.51'" 0.79"" O. l1 t ;I 

80.62± 80. 54± 80.31± 
0.58'"' 0.30'" O. 48"" 

High 
(5 ) 

y N 

8O. 19± 80. fS'7± 
O. 34 r, O. 54 

80. :30± 7~1. 7:3± 
O. 92"" O. 49'" 

80.6S± 80. '-In! 
-.;:,,1 f .I 

O. 65'" 0.20'\ 

;:::values \,,1 th letters in common ill the same row and the same column ds 
not differ ficantly (p<O.05) 

treatments with added microcrvstalline 
.! 

1~el.L Ulose 

·~J.tN' refers to treatment~:; without added microcrystalline cellulo:38 <MCC) 
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Table 3. Mean AE Values far the Crumb Calar of Biscuits Prepared with 
Flours of Differing Protein Content and Different Levels of 
Shortening 1 ,2. 

PROTEII SHORTEIIIG CORTEIT 
COITEIT 
OF FLOUR 

Low l(ediulIl High 
(30g) (40g) (50g) 

y::=: N.4 Y N Y N 

Low 82.11± 82.09± 81. 80± 81. 86± 81.96± 82.39± 
(7.53%) 0.49- 0.49'" O.72a. 0.61a 0.21& 0.57a. 

IediulB 82.15± 82.57± 82.48± 82.47± 82.04± 81. 36± 
(8.99%) O.53a. 0.41<i< 0.61'" 0.214ft O.88a O.40ilt 

High 81. 95± 82.53± 82.35± 82.05± 82.14± 82.01± 
(10.05%) 1.32a. 0.33<1\ 0.32a O.33a 0.44<111 O.27m 

lmean af three trials 

2values with letters in cammon in the same row and the same column do 
nat differ significantly <p<0.05) 

8'Y' refers to treatments with added microcrystalline cellulase (MCC) 

4'N' refers to treatments without added microcrystalline cellulose (MCC) 
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Table 4. Xean Hunter 'L' Values for the Crust Color of Biscuits 
Prepared with Flours of Differing Protein Content and Different Levels 
of Shortening 1 ,2. 

PROTEII SHORTBIIIG COlfTBBT 
COITBIT 
OF FLOUR 

Low lfediull. High 
(30g) (40g) (50g) 

ys li4 y N Y N 

Low 75.45± 74.07± 71.17± 71.79± 71. 71± 73.13± 
(7.53%) 1. 97" 1.63a 1.73- 1.98a 2.50.111 2.11.111 

Iediua 73.40± 72.49± 73.03± 72.B4± 73.87± 72.57± 
(8.99%) 0.2411< 1.85- 2.15.111 2.58'"' 1. 31- 3.23· 

High 68.85± 70.13± 73.38± 72.78± 71. 96± 70.84± 
(10.05%) 1.32a 0.32a 1. 33'" 0.56a 3.56- 1.71a. 

lmean of three trials 

2values with letters in common in the same row and the same column do 
not differ significantly <p<O.05) 

~'Y' refers to treatments with added microcrystalline cellulose (MCC) 

4'Ii' refers to treatments without added microcrystalline cellulose (MCC) 
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Table 5. lean ~E Values for the Crust Color of Biscuits Prepared with 
Flours of Differing Protein Content and Different Levels of 
Shorteni ng 1 • :2 • 

PROTEII SHORTEIIIG COITEIT 
COITEIT 
OF FLOUR 

Low Xediull. High 
(30g) (40g) (50g) 

y3 14 Y N Y N 

Low 78.96± 78.17± 75.83± 76.35± 76.14± 77.33± 
(7.53%) 1.76- 1.39- 1.38· 1.52a 2.16& 1. 65 

Ied.iull. 77.65± 76.89± 77.22± 77.06± 77.91± 76.76± 
(8.99%) 0.17" 1.60a. 1.72" 2.25· 1. 04a 2.50a• 

High 74.02± 75.07± 77.53± 76.96± 76.47± 75.49± 
(10.05%) 1.21<1\ 0.34" 1.14il1 0.44ik 2.96· 1. 44ik 

lmean of three trials 

2 values with letters in common in the same row and the same column do 
not differ significantly (p<0.05) 

3'Y' refers to treatments with added microcrystalline cellulose (MCC) 

4tH' refers to treatments without added microcrystalline cellulose (MeC) 
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Figures 4, 5, and 6. Photographs showing similar color of the biscuits 

across the different treatment combinations. Figure 4 illustrates the 

low-protein treatments. 
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Figure 5. The medium-protein treatments. 
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Figure 6 . The high-protein treatments. 
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no significant effect on the color of biscuit crust or crumb. Brys 

and Zabik (1976) and Zabik et al. (1977) ound no color differences in 

layer cakes and biscuits with the incorporation of MCC. 

Tenderness: No significant differences <p<O.05) were found in 

the tenderness of biscuits made with the different formulations. The 

results are located in Table 6. The large standard deviations could 

possibly be explained by error in the performance of the lab 

penetrometer. Gaines and Donelson (1985) reported similar results in 

a study with layer cakes. Biscuit tenderness did not differ 

significantly among various protein levels. Brys and Zabik (1976) 

also found no significant differences in biscuit tenderness with the 

addition of ICC. 

Moisture: Significant differences <p<O.05) were found in the 

moisture content of the biscuits. The mean values for moisture 

contentare reported in Table 7. The addition of MCC did significantly 

affect the moisture content of the biscuits. The biscuits prepared 

with low-protein flour with MeC added were significantly moister. The 

law shortening biscuit was significantly moister than the high 

shortening biscuit with ICC. Of the biscuits prepared with high

protein flour, the low-shortening biscuit with MCC was significantly 

moister than the high-shortening biscuit with MCC. These results 

showed a tendency of higher moisture in biscuits with lower amounts of 

shortening. Higher levels of shortening may somehow interfere with 

the water-binding capacity of the KCC, although this phenomenon, if it 

exists~ has not been reported elsewhere in the literature. 
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Table 6. Mean Objective Tenderness Scores of Biscuits Prepared with 
Flours of Differing Protein Content and Different Levels of 
Shorteni ng 1 ,2. 

PROTBII SHORTBIIIG COBTBIT 
COBTlllT 
OF FLOUR 

Low 1fediull. High 
(30g) (40g) (50g) 

y3 14- Y N Y I 

Low 6.83± 11. 83± 6.83± 9.83± 6.88± 7.25± 
(7.53%) 3.51- 6.17~ 5.30.111 4.75.111 1.75- 4.99 

Xedium 7.17± 8.50± 5.33± 6.50± 11. 67± 10.00± 
(B.99%) 3.3311h 5.6B'" 2.31'" O.B7a 2.938 0.87 3

' 

High 6.17± 8.17± B.38± 6.38± 5.50± 7.83± 
(10.05%) 1. 53- 4.37<1\ 2.78'" 2.87.111 O.OOa 0.76;;. 

lmean of three trials 

2values with letters in common in the same row and the same column do 
not differ significantly <p<0.05) 

:~'Y' refers to treatments with added microcrystalline cellulose (MeC) 

4'1' refers to treatments without added microcrystalline cellulose (MeC) 
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Table 7. Mean Percent Moisture of Biscuits Prepared with Flours of 
Differing Protein Content and Different Levels of Shorteningl ,2. 

PROTEI)" SHORTEIIIG COITEBT 
CO:I'TEB'T 
OF FLOUR 

Low Iediu:m High 
(30g) (40g) (50g) 

y3 N.4 y N Y N 

Low 29.97± 29.50± 28.27± 29.15± 26.86± 27.36± 
(7.53%) 1.1411\ 1. 43a.bC 1. 62bed.e 1. 95il1bcd 0.90· 0.51 eds-

Xediu:m 29.65± 29.50± 28.87± 28.88± 2B.17± 27.93± 
(8.99%) 0.87<11\b 1. 18akbC 1.06<11\bcd. 0.50illbcde 0.63bed

\liil' 1.19bC '::!e. 

High 29.62± 30.52± 28.51± 2B.98± 27.27± 28.33± 
(10.05%) 0.40a.t:· 0.73110 0.86abed• 0.83m.bcd. 2. 21d ... 1. 14t:·cde 

lmean of three trials 

2values with letters in common in the same raw and the same column do 
not differ significantly <p<O.05) 

8·Y' refers to treatments with added microcrystalline cellulase eMCC) 

411' refers to treatments without added microcrystalline cellulose (MCC) 
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Sensory Evaluation 

Eyenness of exterior color: No significant differences <p<0.05) 

were found by the sensory panelists regarding the evenness of exterior 

color of the biscuits. The test results are located in Table 8. 

Exterior color: Significant differences <p<O.05) were observed 

among the various treatment combinations with respect to the lightness 

or darkness of the exterior portion of the biscuits. The mean values 

for the exterior color of the biscuits are given in Table 9. Of the 

biscuits prepared with medium protein level flour, the low-shortening 

biscuit with MCC added was significantly darker than the high

shortening biscuit without added KCe. Biscuits with low-protein flour 

and high-protein flour were not significantly different among any of 

the three shortening levels. Brys and Zabik (1976) found similar 

results when they studied the addition of MeC to layer cakes and 

biscuits. Pomeranz et al. (1977) also found no differences in the 

exterior color of loaf bread with added Mee. Within the high 

shortening level, the high-protein flour biscuit with MCe was 

significantly darker than the mediumrprotein flour biscuit without 

ICC. Within the low and medium shortening level, no significant 

differences were found. 

~: No significant differences <p<O.05) were detected in the 

aroma of the biscuits. The results are given in Table 10. 

Flakiness: The sensory panel did find significant differences 

<p<O.05) in biscuit flakiness. The mean sensory scores for flakiness 
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Table B. Mean Sensory Scares of the Evenness of Exterior Calor of 
Biscuits Prepared with Flours of Differing Protein Content and Different 
Levels of Shortening 1 • 2 • 

PROTEII' SHORTBIIIG CORTBIT 
COITEIT 
OF FLOUR 

Low )(edium High 
(30g) (40g) (50g) 

y3 N4 Y N" Y 1 

Low 6.71± 6.75± 6.13± 7.51± 7.40± 6.41± 
(7.53%) 2.45" 1.3941\ 1.62- 3.03- 2.30· 1. 80 lll• 

Xedium 6.42± 6.26± 6.B9± 6.54± 7.01± 6.44± 
(S.99%) 2.06a 1.61a 2.29- 1.B8a 1. 78"" 2.02'" 

High 6.79± 4.84± 5.76± 6.30± 7.i0± 6.59± 
(10.05'%) 1.95a. 1.61- l'S9- 1.g0a 1.66- 1.57" 

lmean of three trials 

2 val ues with letters in cammon in the same raw and the same column do 
nat differ significantly <p<O.05) 

~'Y' refers to treatments with added microcrystalline cellulose (MeC) 

4'1' refers to treatments without added microcrystalline cellulose (MCC) 
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Table 9. lean Sensory Scores of the Exterior Color of Biscuits Prepared 
with Flours of Differing Protein Content and Different Levels of 
Shorteningl .2, 

PROTEI)" 
COITRIT 
OF FLOUR 

Low 
(7.53%) 

IedlulD 
(8.99%) 

High 
(10.05%) 

Low 
(30g) 

ys 

5.58± 
2. 37"0c: 

7.12± 
1.92a. 

7.03± 
1.11" 

lmean of three trials 

SHORTEIIIG COITRIT 

J'ediu. High 
(40g) (50g) 

N4 y N Y N 

5.45± 4.72± 5.66± 5.82± 5.02± 
1. 43"0 c: 1.571: 1. 61l111.bc: 1. 85.nt:·c 1. 61t:·c 

6.83± 5.81± 6.56± 5.64± 4.Bl± 
2.62"'0 2.03ao c: 2. 1280C 2,03at:.c: 1.35.:: 

6.56± 6.30± 6.48± 6.98± 6.43± 
1. 47a!lbC: 1.79at:.c: 2.06ab

C: 1:95"1::> 1. 28"OC 

2values with letters in common in the same row and the same column do 
nat differ significantly <p<0.05) 

~'Y' refers to treatments with added microcrystalline cellulose (MeC) 

4tH' refers to treatments without added microcrystalline cellulase (MCC) 



39 

!able 10. Mean Scores for the Sensory Evaluation of the Aroma of 
Biscuits Prepared with Flours of Differing Protein Content and Different 
Levels of Shortening 1 ,2. 

PROTEII SBORTEIIIG COITEIT 
COHEIT 
OF FLOUR 

Low Iedium. High 
(30g) (40g) (50g) 

y3 N4 Y N Y N 

Low 5.14± 5.61± 6.73± 6.75± 5.84± 5.59± 
(7.53%) 1.74- 2.07* 2.40- 2.95- 2.97- 2.55&\ 

Xedium. 6.43± 5.96± 5.88± 6.36± 5.38± 5.47± 
(8.99'%) 2.87;11\ 2.25.:1t 2.74- 3.02- 1. 91- 1.88a. 

High 5.51± 5.95± 5.63± 5.14± 6.88± 6.13± 
(10.05%) 2.56l1\ 2.29- 1.76- 2.27i11t 1. 91- 2.6911\ 

lmean of three trials 

2values with letters in common in the same row and the same column do 
not differ significantly <p<0.05) 

• 
3'Y' refers to treatments with added microcrystalline cellulose (MeC) 

4'N' refers to treatments without added microcrystalline cellulose <MeC) 
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are given in Table 11. Within the low protein level, the low

shortening biscuit with Kee was significantly less flaky than the low

shortening biscuit without Kee. Across all three shortening levels, 

the only biscuit that differed significantly was the low-shortening, 

low-protein biscuit with added Kee. Within the low shortening level, 

the low-protein biscuit with Kee was significantly less flaky than the 

low-protein biscuit without Kee. The low-protein, low-shortening 

biscuit without Kee was significantly more flaky than the high

protein, low-shortening biscuit with Kee. Within the medium 

shortening level, the low-protein biscuits were significantly more 

flaky than the medium-protein biscuit with Kee. These results suggest 

that the addition of Mee reduces biscuit flakiness. Microcrystalline 

cellulose may interact with the shortening in biscuits to prevent 

formation of distinct layers of shortening and dough which result in 

flakiness. 

Eyenness of cell structure: No significant differences <p<O.05) 

were detected by sensory panelists with respect to the evenness of 

biscuit cell structure. The results are located in Table 12. These 

results corresponded with the findings of Neville and Setser (1986) 

who studied the effect of reducing calories in layer cakes by 

replacing shortening with an emulsifier. They found no significant 

differences in cell uniformity. 

Size of cell structure: No significant differences <p<O.05) were 

found in the size of the biscuit cell structure. The results are 

given in Table 13. These findings agree with the results of Neville 



41 

Table 11. Mean Sensory Scores of the Flakiness of Biscuits Prepared 
with Flours of Differing Protein Content and Different Levels of 
Shorteningl ,2, 

PROTEII 
COllEIT 
OF FLOUR 

Low 
(7.53%) 

lIediull. 
(8.99%) 

High 
(10.05%) 

y:JJ 

5.60± 
2. 58t::· 

Low 
(30g) 

6.56± 
2. l1at l:> 

8.56± 
1. 16a. 

'mean of three trials 

SHORTEIIIG COITEIT 

8.33± 
0.89-

6.64± 
2.57"1:> 

6.91± 
2. 44m.1:> 

y 

Iediull. 
(40g) 

8.31± 
1.75 l1li 

5.48± 
3.43b 

7.82± 
2. 29a l:> 

N 

8.11± 
2.178 

6.47± 
2. 57 l1ll t::. 

7.38± 
2.1711\1::> 

y 

High 
(50g) 

6.16± 
2.32-1:> 

5.48± 
2.01b 

6.18± 
1.72ab 

N 

6.22± 
2.541!1t::· 

7.15± 
1.49·",t::· 

6.21± 
2. 194 • b 

2 values with letters in common in the same row and the same column do 
not differ significantly <p<O.05) 

3'Y' refers to treatments with added microcrystalline cellulose (MeC) 

4'1' refers to treatments without added microcrystalline cellulose (MeC) 
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Table 12. Mean Sensory Scores of the Cell Structure Evenness of 
Biscuits Prepared with Flours of Differing Protein Content and Different 
Levels of Shortening 1 ,2, 

PROTEI)" SHORTEIIIG COITHIT 
COITEJIT 
OF FLOUR 

Low Iediull. High 
(30g) (40g) (50g) 

ys 14 y N y N 

Low 6.B9± 5.43± 6.23± 6.42± 6.77± 5.43± 
(7.53%) 2.69- 1.92* 1. 91 111 2.56- 2.12- 1.86a< 

Xediull. 6.20± 8.07± 6.46± 7.12± 6.90± 6.08± 
(8.99%) 1.99'" 1.80'" 2.23 111 2.36- 2.33a 2.15a. 

High 6.45± 6.56± 6.62± 6.90± 7.20± 7.55± 
(10.05%) 2.39- 1.598\ 2.07- 2.178 1.Bll11l 2.39ill> 

lmean of three trials 

2values with letters in common in the same row and the same column do 
not differ significantly <p<0.05) 

3·Y' refers to treatments with added microcrystalline cellulase (MCC) 

4tH' refers to treatments without added microcrystalline cellulose (MCC) 
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Table 13. Mean Sensory Scores of the Cell Structure Size of Biscuits 
Prepared with Flours of Differing Protein Content and Different Levels 
of Shortening1 ,2. 

PROTEII 
COIlEIT 
OF FLOUR 

Low 
(7.53%) 

IediulD 
(8.99%) 

High 
(10.05%) 

Low 
(30g) 

y'3 

7.16± 
2.24a. 

6.99± 
1. 85" 

6.54± 
2.62" 

lmean of three trials 

NA-

7.53± 
1.44'"' 

5.83± 
2.39-

4.83± 
1.21-

SHORTEII IG C01lTE1IT 

JrediulIl High 
(40g) (50g) 

Y N Y N 

7.33± 6.02± 7.02± 7.28± 
2.40a 2.31i1l 2.138 1.86'"' 

7.03± 6.72± 5.86± 7.17± 
2.50- 1.19a 2.20· 1.56& 

5.89± 5.44± 6.00± 5.75± 
1.73a 1.76- 1.19- 2.24-

2values with letters in common in the same row and the same column do 
not differ significantly (p<O.05) 

:~'Y' refers to treatments with added microcrystalline cellulose (MeC) 

4'H' refers to treatments without added microcrystalline cellulose (MCC) 
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and Setser (1986) who found no significant differences in the cell 

size of layer cakes when shortening was replaced with an emulsifier. 

Interior color: The panelists found no significant differences 

'(p<O.05) among the treatments with respect to interior biscuit color. 

The results are given in Table 14. These results agree with the 

findings of Zabik et al. (1977) who found no significant differences 

in layer cake crumb with added cellulose and Pomeranz et al. (1977) 

who detected no significant differences in the crumb of bread with 

added cellulose. 

Center moistness: No significant differences <p<O.05) were found 

by the panelists with respect to center moistness of the biscuits. -

The results are shown in Table 15. These results are nat in agreement 

with the objective moisture findings. The panelists could have 

mistaken the fat content of the biscuits to be synonymous with 

moisture or were not sensitive to the relatively small but significant 

differences. 

Tenderness: The taste panel found no significant differences 

(p<O.05) in biscuit tenderness. The results are located in Table 16. 

Gaines and Donelson (1985) found similar results in a study varying 

protein content of layer cakes. Little difference was observed in the 

tenderness of the cakes with different protein levels. Erys and Zabik 

(1976) also found no differences in biscuit tenderness with the 

addition of Mee; and Zabik et al. (1977) found no significant 

differences in the tenderness of layer cakes with the addition of MeC. 



45 

Table 14. Mean Sensory Scares of the Interior Galor of Biscuits 
Prepared with Flours of Differing Protein Content and Different Levels 
of Shortening 1 ,2. 

PROTEI)" SHORTEII)"G CO:ITElIT 
COITElIT 
OF FLOUR 

Low lI'ediula High 
(30g) (40g) (50g) 

y3 N4 y N y N 

Low 5.79± 6.96± 6.53± 6.24± 6.65± 6.54± 
(7.53%) 1.7611\ 1. 4111\ 1. 92- 2.21- 1.799. 2.18'"' 

XedluJI 6.43± 5.54± 5.84± 5.78± 5.22± 6.50± 
(8.99%) 2.11- 1.39" 1.19" 0.98- 1. 41a 1.79a. 

High 4.69± 5.62± 5.26± 4.97± 5.98± 4.94± 
(10.05%) 1. 8111< 1.59'" 1.51- 1.20a 1. 47" 0.78a 

lmean of three trials 

2values with letters in cammon in the same raw and the same column do 
not differ significantly (p<0.05) 

3ty. refers to treatments with added microcrystalline cellulose (MeC) 

41N' refers to treatments without added microcrystalline cellulose (MCC) 
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Table 15. Mean Sensory Scores of the Center Moistness of Biscuits 
Prepared with Flours of Differing Protein Content and Different Levels 
of Shortening1 ,2. 

PROTEII 
CarrEIT 
OF FLOUR 

Low 
(7.53%) 

lrediull 
(8.99%) 

High 
(10.05%) 

Low 
(30g) 

y~ 

8.11± 
1.36-

6.85± 
1.59<1\ 

7.69± 
1.67St 

lmean of three trials 

N4 

8.08± 
1.17<1\ 

8.31± 
2.16-

7.17± 
2.04" 

SBORTBIIIG COITBll 

l'ediull High 
(40g) (50g) 

Y N y If 

8.24± B.71± 6.90± 7.09± 
1.33- 1.13<1\ 2.03- 2.06l!!1 

7.17± 7.76± 7.51± 7.95± 
1.62- 1. 23m. 2.00- 1.66'" 

6.79± 7.23± 8.03± 8.48± 
1.56- 1.29- 1. 71'" 1.52'" 

2values with letters in common in the same row and the same column do 
not differ significantly <p<0.05) 

3
1 y' refers to treatments with added microcrystalline cellulase (MCC) 

4'N' refers to treatments without added microcrystalline cellulase (MCC) 
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Table 16. Mean Sensory Scores of the Tenderness of Biscuits Prepared 
with Flours of Differing Protein Content and Different Levels of 
Shorteningl ,2, 

PROTEII SHORTEIIIG COITEBT 
COITEIT 
OF FLOUR 

Low Jrediu:m High 
(30g) (40g) (50g) 

y3 NA- Y N y N 

Low 6.33± 6.92± 6.19± 6.71± 7.35± 7.34± 
(7.53%) 2.882\ 2.02a. 2.62- 2.27a 1.40a 2.44" 

:rediull 6.55± 6.71± 7.59± 7.15± 7.89± 8.14± 
(8.99%) 2.44~ 2.94* 1.96- 2.19- 1.85<&0 1.55.1k 

High 6.61± 5.58± 5.79± 6.05± 8.61± 7.45± 
(10.05%) 2.12" 2.32<a 2.37a 2.43'"' 0.96- 1. 65'" 

lmean of three trials 

2values with letters in common in the same row and the same column da 
not differ significantly <p<0.05) 

:3'Y' refers to treatments with added microcrystalline cellulose (MCC) 

4'1' refers to treatments without added microcrystalline cellulose (KCC) 
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Biscuit flavor: No significant differences <p<O.05) were found 

in the flavor of the biscuits. The results are located in Table 17. 

Aftertaste: The panel detected no significant differences 

<p<O.05) in aftertaste. The results are located in Table 18. 

Caloric Content of the Biscuits 

Caloric contents of the biscuits were determined by bomb 

calorimetry and are given in Table 19. The results indicate that a 

significant difference <p<O.05) in Kcalories was achieved by 

reducingthe amount of shortening by ten grams in each recipe and 

substituting MeC for some of the shortening in the biscuits. The 

average weight of the biscuits was approximately seventeen grams, so 

at the maximum, the differences in Kcalories would be apprOXimately 

nine Kcalories per gram (from about 65 to 56 Kcalories per biscuit). 
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Table 17. Mean Sensory Scores of the Biscuit Flavor of Biscuits 
Prepared with Flours of Differing Protein Content and Different Levels 
of Shortening 1 • 2 , 

PROTBII 
COITBIT 
OF FLOUR 

Low 
(7.53%) 

Iedium. 
(B.99%) 

High 
(10.05%) 

Low 
(30g) 

y2 

8.72± 
1. 62'" 

7.81± 
1.69'" 

8.06± 
1.9931 

lmean of three trials 

)4 

7.72± 
1.76-

8.25± 
1.77a. 

7.85± 
1.63" 

SHORTBIIIG COITBIT 

Iedium. High 
(40g) (50g) 

Y N Y N 

7.79± 8.09± 8.03± 7.20± 
1. 97- 1. 88m. 1.721& 1. 71a 

B.13± 7.4B± 6.82± 7.91± 
1.50a 1.40- 2.11a 1.Bla. 

8.04± 8.03± 7.49± 6.80± 
1. 74a 1.66a 1.68a 2.24'" 

::2values with letters in common in the same row and the same column do 
not differ significantly (p<O.05) 

3'Y' refers to treatments with added microcrystalline cellulose (MCC) 

4'N' refers to treatments without added microcrystalline cellulose (MCC) 
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Table 18. Mean Sensory Scares of the Aftertaste of Biscuits Prepared 
with Flours of Differing Protein Content and Different Levels of 
Shorteni ng 1 , :2. 

PROTEII' 
COBTEIT 
OF FLOUR 

Low 
(7.53%) 

Iedium 
(8.99%) 

High 
(10.05%) 

4.40± 
1. 512\ 

5.47± 
2.50a. 

4.90± 
1. 76-

Low 
(30g) 

lmean of three trials 

6.20± 
2.06<10 

6.24± 
2.13'" 

4.88± 
1. 41 a. 

SHORTElrIIG COITEIT 

Y 

lfedlUlJl 
(40g) 

5.57± 
1. 602\ 

5.51± 
1.88a 

6.40± 
1.92'" 

N 

5.85± 
1. 331l\ 

5.71± 
1. 37m. 

5.03± 
2.47m. 

High 
(50g) 

Y N 

5.86± 4.97± 
2.09 a 1. 62 13• 

6.47± 5.25± 
1.75- 2.18'" 

6.05± 6.76± 
2.14- 1. 9010\ 

:2values with letters in cammon in the same raw and the same column do 
nat differ significantly (p<O.05) 

:::H Y' refers to treatments with added microcrystalline cellulose (MCC) 

4'N' refers to treatments without added microcrystalline cellulase (MCC) 
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Table 19. The Caloric Contents of Biscuits Prepared with Flours of 
Differing Protein Content and Different Levels of Shortening Grouped 
According to Shortening Level. 

TreatlEntl Kcalories/gram of biscuit 

000 3.36 

001 *2 

100 3.50 

101 3.37 

200 3.29 

201 3.45 

Iean3 3.39±O.08a 

010 3.67 

011 3.56 

110 3.52 

111 3.63 

210 3.63 

211 3.55 

Iean 3.59±0.06b 

020 3.80 

021 3.69 

120 3.73 

121 3.76 

220 3.79 

221 3.75 

Xean 3.75±0.04c 

Jrefer to footnote 1 in Appendix B 
2missing data 
3mean values with letters in common do not differ significantly <p<O.05) 



Chapter V 

SUllARY AID COICLUSIOI 

Biscuits were prepared from eighteen different recipe 

formulations. The biscuits were made from flour containing 7.53%, 

8.99%, and 10.05% protein with 30, 40, or 50 grams of added 

shortening. representing 13.6%, 18.2%, and 22.7% of the flour weight, 

respectively. Zero or 2.2 grams of microcrystalline (MeC) was· added, 

also. Objective and sensory results obtained were statistically 

analyzed using analysis of variance (AIOVA). Significant differences 

were further analyzed using Duncan's Kultiple Range Test. 

Four objective tests were used to evaluate the quality of baked 

biscuits. Biscuit volume was determined by rapeseed displacement. 

Crust and crumb color were determined using the Hunter Color 

Difference Meter. The moisture content of the biscuits was determined 

by drying a biscuit sample to a constant weight in a Brabender oven, 

and biscuit tenderness was analyzed using a lab penetrometer. No 

significant differences were detected in the objective tests except 

for the moisture content of the biscuits. Biscuits prepared with the 

lower levels of shortening were generally moister than the biscuits 

with higher shortening levels. 

The sensory attributes of biscuits were judged by a six-member 

sensory panel. Panelists rated eleven sensory characteristics of 

baked biscuits: evenness of exterior color, lightness or darkness of 

exterior color, aroma, flakiness, evenness of cell structure. size of 

cell structure, internal calor. center moistness, tenderness, biscuit 
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flavor, and aftertaste. The exterior color of biscuits made from some 

recipe formulations was found to be significantly different from 

others. Of the biscuits prepared with medium protein level flour, the 

low-shortening biscuit with MCC was significantly darker than than the 

high-shortening biscuit without MCC. Within the high shortening 

level. the high-protein flour biscuit with MCC was significantly 

darker than the medium-protein flour biscuit without MCG. The biscuit 

flakiness was also found to be significantly different. In general, 

the biscuits with added MCG were less flaky. 

The caloric content of the biscuits was determined using bomb 

calorimetry. The low-shortening biscuits were found to have the 

lowest number of Kcalories per gram, and the high-shortening biscuits 

had the highest number of Kcalories. There was a significant 

reduction in calories when less shortening was incorporated in the 

formulations. 

In conclusion, few significant differences were detected in the 

quality of biscuits made from the different recipe formulations. All 

three flour protein levels performed well in the biscuit treatments. 

The lower levels of shortening with MeG did produce a moister biscuit, 

and the addition of MCG did reduce flakiness. It may be concluded 

that any of the three flour protein levels could be utilized to 

produce biscuits with the lower amount of shortening. The MGG could 

be omitted due to the fact that its addition only significantly 

affected the flakiness of the biscuits. 
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This study indicated that high quality biscuits could be produced 

using all three levels of flour protein with less shortening and 

without Mee. Future research should repeat the basic conditions of 

this study with more drastic differences in flour protein levels and a 

more severe reduction in the amounts of shortening used. Other types 

of cellulose or bulking agents also may be tested to determine their 

effects on tenderness and other quality attributes of the biscuit. 
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Low flour 

XediuD flour 

High flour 

Appendix A 
Grid Design for Biscuit study 

Low shortening 

wI cellulose 
wlo cellulose 

wI cellulose 
w/o cellulose 

wI cellulose 
w/o cellulose 
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IediuD shortening 

wI cellulose 
w/o cellulose 

wI cellulose 
wlo cellulose 

wI cellulose 
w/o cellulose 

High shortening 

wI cellulose 
wlo cellulose 

wI cellulose 
w/o cellulose 

wI cellulose 
w/o cellulose 



Appendix B 
Latin Square Design Developed for the Biscuit Study 

Day 

1 2 3 4 5 6 7 8 9 

000 1 101 110 001 010 011 000 101 110 
1 120 021 020 111 100 121 120 021 020 

210 211 200 221 220 201 210 211 200 

000 101 110 001 010 011 000 101 110 
2 120 021 020 111 100 121 120 021 020 

210 211 200 221 220 201 210 211 200 

001 100 111 000 011 010 001 100 111 
Judge 3 121 020 021 110 101 120 121 020 021 

211 210 201 220 221 200 211 210 201 

001 100 111 000 011 010 001 100 111 
4, 121 020 021 110 101 120 121 020 021 

211 210 201 220 221 200 211 210 201 

000 101 110 001 010 011 000 101 110 
5 120 021 020 111 100 121 120 021 020 

210 211 200 221 220 201 210 211 200 

000 101 110 001 010 011 000 101 110 
6 120 021 020 111 100 121 120 021 020 

210 211 200 221 220 201 210 211 200 

The first digit refers to the flour protein level: 
o = 7.53% 1 = 8.99% 2 = 10.05% 

The second digit refers to the shortening level: 
o = 30g 1 = 40g 2 = 50g 

The third digit refers to the cellulose level: 
o = Og 1 = 2.2g 
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Appendix C 
PROCEDURE FOR BAIIIG BISCUITS 

1. The flour, salt, baking powder,and microcrystalline cellulose 
(when used in the treatment combination> were weighed aut and stared 
together in an airtight container at room temperature the day before 
baking. The shortening was also weighed out and stored separately in an 
airtight container. 

2. On 'the day of preparation, the dry ingredients were sifted 
twice and placed into a stainless steel mixing bawl. The shortening was 
added to the mixing bawl. 

3. The dough hook attachment was fitted to the mixer, and the 
shortening was cut into the dry ingredients for for 3 minutes at low 
speed. The nonfat dry milk solution was added, and the mixing was 
completed for 15 seconds at the second speed setting. 

4. The dough was turned aut between 2 gauge sticks onto a clean 
counter surface which was lightly floured with 109 of flour, The dough 
was rolled until the rolling pin rode an the gauge sticks. The dough 
was folded double and rolled at right angles to the fold, again until 
the rolling pin rode on the gauge sticks. 

5. A biscuit cutter (5.1 cm diameter) was utilized to cut 12 
identical biscuits from the dough. The biscuits were placed, sides not 
touching, onto an ungreased cookie sheet and baked for twelve minutes at 
177°C. 

6. After 12 minutes, the biscuits were removed from the even and 
eooIed on a wire rack for 10 minutes. Then the biscuits were placed in 
zip-lock plastic bags until objective and subjective tests were 
performed. 
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Appendix D 
Biscuit ForDUlas According to Shortening Level 

HIGH SHORTEIIIG 

Iugredient weight (g) % of Recipe 

Flour 220.0 49.0 

Baking powder 10.8 2.4 

Salt 6.0 1.3 

Shortening 50.0 11. 2 

Nonfat dry milk solution 162.0 36.1 

Cellulose 2.2 at 1% of the flour 
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JEDIUI SHORTEIIIG 
Iugredient Weight (g) % of Recipe 

Flour 220.0 49.0 

Baking powder 10.8 . 2.4 

Salt 6.0 1.3 

Shortening 40.0 8.9 

Nonfat dry milk solution 162.0 36.1 

Cellulose 2.2 at 11. of the flour 
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LOW SHORTEIlIIG 

Iugredient Yeight (g) % of Recipe 

Flour 220.0 49.0 

Baking powder 10.8 2.4 

Salt 6.0 1.3 

Shortening 30.0 6.7 

ionfat dry milk solution 162.0 36.1 

Cellulose 2.2 at 1~ of the flour 



Appendix B 
SCORECARD FOR SElSORY HVALUATIOI OF BISCUITS 

Date __ _ Panel No. __ 

Sample No, __ _ 

Evenness of colorCtop) ---1-----------------------------------------1---

Exterior color 

Aroma 

Flakiness 
(pulling apart) 

Cell structure 

Cell structure 

Internal color 

Center moistness 

Tenderness(judge 
half of bottom half) 

Biscui t flavor 

Aftertaste 

Less More 

---1-----------------------------------------1---
Light Dark 

---1-----------------------------------------1---
Weak Strong 

---1-----------------------------------------1---
Less More 

---1-----------------------------------------1---
Uneven Even 

---1-----------------------------------------1---
Sliall Large 

---1-----------------------------------------1---
Whitish Yellowish 

---1-----------------------------------------1---
Less More 

---1-----------------------------------------\---
Less More 

---1-----------------------------------------1·--
Unpleasant Pleasant 

·--1-----------------------------------------1---
"ild Strong 
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